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DISCLAilVIER 

\Vhile the testing was structured to provide reproducible test conditions, there 
\Vere several variations from '•ideallv controlled" conditions. Some of these variations _, 

resulted from the attempt to inject the reproducible conditions into a ~~real \vorld~' 

situation, and are discussed within the text of this report. \Vhile the results may not be 
scientifically exact, the trends observed during these tests should also be observed under 
strict laboratory conditions, and fall within the ranges presented in the data analysis. 
Deviations from the trends indicated in this report may occur in vehicles which vary 
substantially from the test vehicles in areas such as age, cleanliness/condition of engine, 
and the type of fuel and exhaust system employed. These test results make no statement 
as to the validity of the principles or long term performance claims of the participating 
vendors. In addition, these test results make no statements on vendor device/process 
performance claims, other than those \Vhich relate directly to emissions reduction. 



ACKNOWLEDGMENTS 

The authors \\l'ish to acknowledge the continued support from follo'"·ing 
organizations \Vith regard to the timely and successful completion of this test program: 

• Nev": Jersey Department of Transportation 

~ Office of Transportation Technology 

=:i Hanover Motor Pool 

:::::> Wayne Inspection Station of the Ne\N Jersey Division of 
Motor Vehicles 

• Environmental Systems Products: Operating Contractor of the \\/ayne 
Division of Motor Vehicles 

• GeoCenters, Inc. 

• Landing Auto Center 

• T ACOM-ARD EC Motor Pool 



EVALUATION OF AUTOMOTIVE EMISSIONS 
REDUCTION DEVICES AND PROCESSES r .. 

-· •• • >• 1. 

Prepared By: 

Armament Systems Process Division 
Energetics & Warheads Division 
Product Assurance ~irectorate 

. ~ ... 

I.. . 

Tank-Automotive and Armaments Command 
U.S. Army Armaments Research, Development 

And Engineering Center ,.· 
Picatinny Arsenal, New Jersey 

,,.. L .-.. .. ~ -

Prepa.red For: 
. .., 

... · .. 
Office Of Transportation Technology 

New Jersey DepariJll:ent Of Tl-anspoi;tation 
Trenton, New Jersey .. 

~ .. : ... 

28 February 1997 

. . · ~ 



EVALUATION OF AUTOMOTIVE EMISSIONS 
REDUCTION DEVICES AND PROCESSES 

EXECUTIVE SUMMARY 

The Federal 1990 Clean Air Act Amendments (CAAA) mandate that the State of 
New Jersey reduce air pollution emissions from mobile sources. In response, the New 
Jersey Department of Transportation (NJDOT) has been working closely with the New 
Jersey Department of Environmental Protection (NJDEP) over the past several years to 
develop strategies and control measures that reduce air pollution emissions from mobile 
sources. This action is necessary in order to fulfill the mandates of the 1990 Federal 
CAAA. The State of New Jersey has enacted legislation which included provisions for 
the testing of emissions reducing devices and other strategies. Funding was provided to 
NJDOT to carry out this study. 

The initial step of this work was for the NJDOT to release a Request for 
Information (RFI) to prospective vendors of devices or processes. The main 
considerations for evaluation of the RFI responses were as follows. In addition, 
technologies were considered that allow motor vehicles to contribute to the clean air effort 
in other ways. 

+ adaptability of the technology to mobile source applications 

+ experience with new or adapted technologies that will improve or make 
efficient or more accurate the monitoring of air quality 

+ new or adapted technologies that can reduce vehicular pollution through 
modifications of vehicular exhaust or fuel intake systems 

+ cost and effectiveness of new or adapted technologies for vehicle owners 

The RFI was released in September 1995, and a total of twenty-three responses 
were received by NJDOT. NJDOT followed up by requesting technology 
demonstrations from each of the twenty-three respondents. Of the twenty-three, eight 
vendors expressed an interest to demonstrate their technologies to NIDOT. In April 
1996, invitations were sent to the eight vendors to demonstrate their technology to 
NJDOT during the June-July 1996 time-frame. Of these, five were considered advanced 
enough and worthy off urther evaluation. The other three technologies were in the early 
research and development phase and not readily available for near term implementation. 



In the April 1996 time frame, NJDOT enlisted the participation of the U. S. Army Tank­
Automotive and Armaments Command, Armament Research, Development and 
Engineering Center (TACOM-ARDEC) at Picatinny Arsenal, NJ to develop and carry 
out an independent, unbiased engineering evaluation of the technologies offered by the 
eight vendors. TACOM-ARDEC, specifically the Armament Systems Process Division 
and the Energetics & Warheads Division, was selected to perform this work because of its 
expertise in the performance of complex engineering and environmental studies, the 
impartiality of T ACOM-ARD EC to the vendors, and the lack of any ties between 
TACOM-ARDEC (Federal Government) and NJDOT (State Government). 

Following the individual technology demonstrations the following five vendors 
remained in the program: 

+ Metal Reaction, Inc. -- Vitalizer (Device) 

+ EnviroSource of New Jersey, Inc. -- Fuel Cat (Device) 

+ Enginewity Systems, Inc. -- Engine Cleaning (Process) 

+ Compliance and Research Services, Inc. -- Tailpipe Catalytic Converter 
(Device) 

+ INSET Industries, Inc. (INSET Fuel Stabilizer) (Device) 

The program to evaluate the five vendors was approved by the Office of 
Transportation Technology, NIDOT and was subsequently initiated during November 
1996. The purpose of the test program was to detennine the ability of each of several 
emissions reduction devices and processes to address New Jersey's mobile source 
emission problems by reducing automobile pollutant emissions. The test program 
provided comparative test results on selected vehicles from an older portion of the State 
of New Jersey motor vehicle fleet. 

Test results were statistically analyzed, and life cycle cost data documented for 
each vendor's device/process. In addition, a carbon balance was used to determine if any 
device or process produces a statistically significant change in fuel economy because a 
reduction in emissions is normally related to more efficient combustion. A statistical 
analysis of the emissions test data (ESP analytical system) provides the following 
discussion. 

In terms of variability in the data, the IM 240 test was more reproducible and 
therefore better suited for discerning differences in emissions. This was realized in the 



analysis of the device data. Only the Compliance & Research Service's Tailpipe 
Catalytic Converter had a significant reduction in emissions with the ASM 2525. 

Of the five devices/processes tested, the four devices, i.e., Compliance and 
Research's Tailpipe Catalytic Converter, Metal Reaction's "'Vitalizer'', EnviroSource of 
New Jersey's "Fuel Cat" and INSET Industries' INSET Fuel Stabilizer showed a 
statistically significant reduction in CO emissions. In addition, The Compliance and 
Research Service's Tailpipe Catalytic Converter significantly reduced NOx, HC and CO 
emissions. Furthermore, the reduction in CO for this device was much greater than that 
realized with the other three devices that exhibited a reduction in CO. For the other three 
devices, the reduction in CO was basically the same order of magnitude. All three of these 
devices are of the same configuration and are installed in the fuel line. \Vi th regard to H C 
emissions, only Compliance and Research Service's Tailpipe Catalytic Converter and 
INSET Industries· INSET Fuel Stabilizer showed any improvement. Two of the devices, 
the Metal Reaction "Vitalizer" and the EnviroSource of New Jersey "'Fuel Cat". 
demonstrated a reduction in C02 emissions. This may indicate an improvement in fuel 
economy. Because a reduction in CO was also noted, more rigorous testing would be 
required to quantify this reduction. The EnviroSource of New Jersey "Fuel Cat" may 
have caused a minor increase in NOx emissions. One process, a combination of 
Enginev.,rity System's Engine Oil Cleaning Process and Gasoline Fuel and Emissions 
System Cleaning Process, showed no significant emissions reductions for CO, C02, NOx 
or HC with either the ASM 2525 or the IM 240 protocols. 

Some problems were experienced with the data for the control vehicle. When the 
analysis conducted on the control vehicle was repeated for each of the devices/process, 
the factor being first vs. last run, a statistically significant difference in some of the 
emissions is noted. For the IM 240 test, an increase in NOx and a decrease in CO 
occurred. For the ASM 2525 test, an increase in HC, CO and C02 occurred. It is 
interesting to note that in one test, a reduction in CO occurred while in the other an 
increase was noted. In terms of the effect this has on the data relative comparisons 
between devices can still be made since each device/process was evaluated by the same 
test protocol. Furthermore, the trends evident in the control vehicle were not realized in 
the test vehicle data. Since the control vehicle test was the first and last runs of the day, 
some of the trends may be due to a warm up of the dynamometer and the gas sampling 
equipment. It is recommended that this assumption be evaluated. In addition, the time 
between runs for the control vehicle was longer than the time between "with and without" 
test runs for any test vehicle. The impact that this may have can not be evaluated 
without further testing. Unfortunately, the manner in which the test program was 
configured, a vehicle was run without, then with, the device/process. If these effects are 
real they are confounded by any reductions resulting from the device. The impact that 
this may have is on the percent reductions realized. Additional testing in a controlled 
environment would be required to better quantify the true reductions resulting from any 
of these devices. 



It was thus concluded that: 

+ The Compliance and Research Services, Inc. Tailpipe Catalytic Converter 
Device showed statistically significant reductions in nitrogen oxides (NOx), Hydrocarbons 
(HC) and Carbon Monoxide (CO) in both the IM 240 and ASM 2525 testing: 

Compliance and Research Services, Inc. 
Tailpipe Catalytic Converter (Device) 

IM240 ASM 2525 
I. 

NOx (0/o) -16.4 II -29.0 
I 

HC (0/o) -37.4 -34.9 

C02 (0/o) -3.0 0.0 

co (0/o) i -63.6 ot Obtainable 

Total Carbon (0/o) -0.5 

NOTES: 

"RED'' i . tatistically significant 

0/o CO = CO (with device)/CO (without device). In all cases, either CO (with 
device) or CO (without device) = 0. Therefore. % CO was either = 0 or Infinite 

• Both the Metal Reaction, Inc. Vitalizer device and EnviroSource of New 
Jersey Fuel·Cat Device showed statistically significant reductions in CO and C02 ; 
however, the EnviroSource Fuel-Cat device showed a statistically significant increase in 
NOx (IM 240). No changes were observed in the ASM 2525. 



Metal Reaction, Inc. 
Vitalizer (Device) 

lM240 ASM 2525 

NOx (0/o) 4.9 5.3 

HC (0/o) -8.5 15.9 

C02 (0/o) -I..., -0.3 - · 

co (0/o) -13. 7 Not Obtainable 

Total Carbon (0/o) 10.0 

EnviroSource of New Jersey, Inc. 
Fuel-Cat (Device) 

IM240 ASM 2525 

NOx (0/o) .+. 1 3.2 
i 

HC (0/o) 0.9 1.7 

C02 (0/o) -1.0 0.0 

CO (0/o) -16.2 Not Obtainable 

Total Carbon (0/o) I 2.0 ! 

The INSET Industries Inc. Fuel Stabilizer Device showed a statistically significant 
reduction in HC and CO for IM 240. However there was a significant increase in NOx 
for ASM 2525. This is most likely due to a variation in process rather than a change in 
emissions. There were no observed changes for HC or CO in ASM 2525. This device­
also showed a statistically significant reduction in Total Carbon which may indicate an 
improvement in fuel economy. 



INSET Ind us tries, Inc .. 
INSET Fuel Stabilizer (Device) 

I 240 ASM 2525 

N01 (
0/o) -9.5 +44.8 I 

HC (0/o) -0.87 8.3 

C02 (0/o) 0.0 -0.7 

co (0/o) -27.4 Not Obtainable 

Total Carbon (0/o) ' -6.6 

• The Enginewity Systems, Inc. Engine Cleaning Process showed no significant 
change in any test for any gaseous species (CO C02, NO HC) 

Enginewity Systems, Inc. 
Engine Cleaning (Process) 

IM240 ASM 2525 

I 

N01 (o/o) 0.0 -3.2 

HC (0/o) I -3.7 10.7 

C02 (0/o) -1.5 0.0 

CO (0/o) -0.9 ot Obtainable 

Total Carbon (0/o) -1.8 i 
I 



• Life-cycle costs for each device/process is summarized below. The basis for 
this analysis, as per NJDOT direction, is a 12 year life at 15,000 miles per year (labor for 
installation also included). 

EnviroSource of NJ, Inc. 
"Fuel-Cat" 

Metal Reaction, Inc. 
"Vitalizer" 

INSET Industries, Inc. 
"INSET Fuel Stabilizer" 

Compliance and Research, Inc. 

""Tailpipe Catalytic Converter" 

Enginewity Systems, Inc. 
"Engine Cleaning" 

Life Cycle Cost Per Year Based On 
($Near) 

I Unit 100 Units 1,000 Units 

23 18 15 

23 21 19 

44 39 35 

52 52 52 

87 80 69 

The following recommendations are also provided: 

• The confidence intervals obtained in these tests were rather large with respect 
to the percentage reduction in emissions. Additional tests, run in a more controlled 
environment, are recommended to quantify the actual reduction in emissions. 

• These tests assessed the impact of the devices/processes directly after 
installation. A test to assess the '"long term'' benefit of these devices should be performed. 

• All of these tests were conducted during winter months. A multivariate 
regression analysis indicated that environmental conditions may impact emissions. 
Devices should also be evaluated at environmental extremes. 

• Tes ts were conducted on the older portion of the fleet. In ad di ti on, cars tested 
were predominately Chrysler K-cars or police cruisers. Impact on other vehicles and nevi 
vehicles could provide a fleet test impact. 



+ For best emission reductions, two of these devices can be used together (the 
Compliance and Research Tailpipe Catalytic Converter plus one of the in-line fuel devices 
(Metal Reaction Vitalizer, EnviroSource Fuel-Cat, or INSET Industries Fuel Stabilizer)). 
Additional tests to quantify the overall reduction should be performed. 

The preceding results, conclusions and recommendations were achieved through 
the accomplishment of a comprehensive test program at the Wayne Inspection Station of 
the New Jersey Division of Motor Vehicles (Wayne DMV). The Wayne DMV was 
selected for performance of the evaluation tests because it was conveniently located near 
T ACOM-ARD EC and had a dynamometer suitable for performing the testing. While the 
\Vayne DMV is not certified by the EPA for conducting the ASM 2525 and IM 240 
protocols, the facility is operated by the NJDMV. This is the State agency responsible 
for conducting emissions testing on light duty gasoline vehicles registered in the State of 
Nev.· Jersey. 

A key decision to be made was the nwnber of vehicles to be used for the 
evaluation of each device/process, since sample size is a trade-off between the ability to 
draw reliable inferences from the data and the minimization of test time and cost. A 
sample size of nine vehicles per device/process was selected so that there was a sufficient 
number of samples to perform the statistical analysis and discern· differences in 
performance. This takes into account the possibility that the data from one or two 
vehicles might be invalid for one reason or another. The actual sample size for one 
device/process might drop to seven or eight vehicles. The resulting sample size of seven 
or eight vehicles would still represent statistically valid data. A requirement was thus 
established for forty-five test vehicles and one control vehicle for a total of forty-six 
vehicles. 

Since the intention of this evaluation was to use vehicles typical of those found on 
New Jersey roads, the required vehicles were selected randomly from available 4-, 6-, and 
8-cylinder high-mileage vehicles of the 1984 to 1993 model years. These vehicles were 
located at NJDOT garages and other State of New Jersey agency fleets and subjected to 
cursory examinations (visuaL BAR-84 emissions test) to verify that the vehicles were in 
acceptable operating condition. As a result, minor repairs were made to a number of 
vehicles. The selected vehicles were then delivered by NJDOT drivers to the pre-test 
staging area at the Picatinny Arsenal motor pool. This location is a distance of about 25 
miles from the Wayne Division of Motor Vehicles (Wayne DMV) inspection station. In 
order to minimize the possibility that vehicle malfunction would corrupt the data, and to 
insure that each vehicle was safe to be operated on the dynamometer, these vehicles were 
again inspected by an ASE-certified mechanic contracted by TACOM-ARDEC from a: 
local garage. The purpose of this final screening was to validate the integrity of the 
exhaust system, engine mounts, ignition timing, computer codes and sensors. Additional 
repairs had to be made to several vehicles as a result of this inspection. 



After the ASE inspection and any necessary repairs, nine acceptable vehicles were 
randomly. but equitably (based on nwnber of cylinders) assigned to each vendor. A 4-
cylinder Chrysler K-car was chosen as the control vehicle, since this was the single model 
in greatest abundance in the test fleet. Once this selection was accomplished each vendor 
was given the opportunity to come to Picatinny Arsenal to inspect these vehicles in the 
presence of T ACOM-ARDEC representatives that \Vere assigned to their device/process. 
The assigned vehicles \Vere driven to the Wayne DMV by NJOOT drivers prior to the 
first day of a vendor's scheduled testing. Tested vehicles were returned to the Picatinny 
Arsenal motor pool. The control vehicle remained at Wayne DMV for the duration of the 
testing. 

At the start of testing, four OMV inspectors, who are proficient in the operation 
of the dynamometer, were assigned to this program for its duration for the purpose of 
performing the ASM 2525 and IM 240 protocols on the test vehicles. The inspector for 
each test was identified so as to evaluate operator variability as a possible factor in the 
test results. All testing on the dynamometer was conducted in accordance with the 
dynamo meter manufacturer's instructions. 

Once at Wayne OMV, each test vehicle was driven by a NJDOT driver over a 
pre-established 26-mile conditioning course. Upon return to Wayne DMV, each vehicle 
was driven onto the dynamometer by one of the three DMV vehicle test operators and 
subjected to both the IM 240 and ASM 2525 Emissions Analysis Test Schedule. It was 
mandatory that the vehicle not be turned off between returning from the conditioning 
course and undergoing the dynamometer test and, at most, only a few minutes elapsed 
between these operations. 

Each vendor then installed its device or performed its process on the vehicle in an 
unused lane at the station. At all times, the installation/process was performed in full 
view of DMV and T ACOM-ARD EC personnel. One vendor, Compliance and Research, 
was allowed to install its device at a nearby Midas shop, at its O\Vn expense, because the 
installation procedure required the use of a lift. 

After the installation procedure, each vehicle was again driven over the 26-mile 
conditioning course by a NJDOT driver. The conditioned vehicle was then again 

subjected to both the IM 240 and ASM 2525 Emissions Analysis Test Schedule by the 
DMV inspector. After completion of the second Emissions Analysis Test Schedule, the 
vehicle was returned to the Picatinny Arsenal motor pool to await return to the State. 

Prior to the start of each day's testing, the control vehicle was tested in 
accordance with the approved detailed test protocol. The same control test was 
performed at the end of the morning test period and again at the conclusion of the day's 
testing. Since it was required to refuel the control car, a quantity of standard grade 



commercial gasoline was secured by NJDOT. This fuel was used to re-fuel the control 
car. The control car was used to validate that the equipment and procedures employed 
were operating properly during the testing period at Wayne DMV. 

Vehicle testing was scheduled as follows. *However, due to procedural problems, 
Enginewity had to be re-scheduled, and was actually tested 8-9 Jan 97. 

Vendor Device/ Process Testing Dates 

Metal Reaction, Inc. Vitalizer (D) 4-6 Dec 96 

EnviroSource ofNew Jersey, Inc. Fuel Cat (D) 9-10 Dec 96 

Engincwity Systems, Inc. Engine Cleaning (P) 11-14 Dec 96* 

Compliance and Research Tailpipe Catalytic Converter (D) 16-18 Dec 96 
Services, Inc. 

INSET Industries, Inc. INSET Fuel Stabilizer (D) 19-20 Dec 96 

On each day of testing, the first and last runs on the dynamometer were conducted 
with the control car. A run on the dynamometer refers to a series in which 4 each ASM 
2525 and IM 240 cycles are run alternately. In addition, prior to data collection, each car 
was run through an IM 240 cycle to ensure the car is sufficiently warm. During the last 
ASM 2525 cycle, a sample of exhaust gas was collected for analysis at T ACOM­
ARDEC. During dry run testing, it was discovered that when drawing a gas sample during 
the fourth ASM 2525 cycle, the associated emissions measurements were significantly 
higher than the previous three runs. A representative from Environmental Systems 
Products hypothesized that placing the gas sample bag on the Wayne OMV equipment 
exhaust line caused a back-pressure in the emissions detectors. This resulted in the 
detectors overloading and providing false readings. Therefore, for the testing, it was 
determined that when the gas sample was drawn (fourth ASM 2525 cycle), the data 
documented by the Wayne DMV equipment for this cycle could not be used for final 
analysis. The test procedure was conducted on all vehicles in addition to the control car. 

Data from the control car was used to assess the consistency of the test set up 
within a day. In addition, because the sa1ne car was tested on numerous occasions, the 
variability of emissions from day to day could be assessed. Since environmental data was 
collected, a multivariate regression was conducted to detennine if any environmental 
factors had an effect on emissions. 



EVALUATION OF AUTOMOTIVE El\1ISSIONS 
REDUCTION DEVICES AND PROCESSES 

PURPOSE 

The purpose of this test program is to determine the ability of each of several 
emissions reduction devices and processes to address New Jersey's mobile source 

emission problems by reducing automobile pollutant emissions. The test program 
provided comparative test results on selected vehicles from an older portion of the State 
motor vehicle fleet. The results of the testing were analyzed, statistically evaluated, and 

appropriate conclusions and recommendations are documented in this final report. In 
addition, a carbon balance was used to determine if any device or process produces a 
statistically significant change in fuel economy, because a reduction in emissions is 
normally related to more efficient combustion. 

BACKGROUND 

The Federal 1990 Clean Air Act Amendments (CAAA) mandate that New Jersey 
reduce air pollution emissions from mobile sources. In response, the New Jersey 

Department of Transportation (NJDOT) has been working closely with the New Jersey 
Department of Environmental Protection (NJDEP) over the past several years to develop 

strategies and control measures that reduce air pollution emissions from mobile sources in 

order to fulfill the mandates of the 1990 Federal CAAA. The State of New Jersey has 

enacted legislation which included provisions for the testing of emissions reducing devices 

and other strategies. Funding was provided to NJDOT to carry out this study. 

The initial step of this work was for the NJDOT to release a Request for 

Information (RFI) to prospective vendors of devices or processes. The main 
considerations for evaluation of the RFI responses were: the adaptability of the 
technology to mobile source applications, experience with new or adapted technologies 

that will improve the efficiency and/or accuracy of air quality monitoring, new or adapted 
technologies that can reduce vehicular pollution through vehicle modifications, or the cost 
and effectiveness of new or adapted technologies for vehicle O\.Vners. Technologies that 
allow motor vehicles to contribute to the clean air effort in other ways were also to be 
considered. 

The RFI was released in September 1995, and a total of twenty-three responses 

were received by NJDOT. NJDOT followed up by requesting technology 
demonstrations from each of the twenty-three respondents. Of the twenty-three, eight 

12 
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vendors expressed an interest to demonstrate their technologies to NJDOT. In April 
1996, invitations were sent to the eight vendors to demonstrate their technology to 
NJDOT during the June-July 1996 time-frame. Of these, five were considered advanced 
enough and worthy of further evaluation. The other three technologies were in the early 
research and development phase and not readily available for near term implementation. 
In the April 1996 time frame, NJDOT enlisted the participation of the U. S. Army Tank­
Automotive and Armaments Command, Armament Research, Development and 
Engineering Center (TACOM-ARDEC) at Picatinny Arsenal, NJ to develop and carry 
out an independent, unbiased engineering evaluation of the technologies offered by the 
eight vendors. T ACOM-ARD EC, specifically the Armament Systems Process Division 
and the Energetics & Warheads Division, was selected to perform this work because of its 
expertise in the performance of complex engineering and environmental studies, the 
impartiality of T ACOM-ARD EC to the vendors, and the lack of any ties between 
T ACOM-ARDEC {Federal Government) and NJDOT (State Government). 

Following the individual technology demonstrations the following five vendors 
remained in the program: Metal Reaction, Inc. (Vitalizer (Device)), EnviroSource of New 
Jersey, Inc. ("Fuel Cat,, (Device)), INSET Industries, Inc. (INSET Fuel Stabilizer 
(Device)), Compliance & Research Services, Inc. (Tailpipe Catalytic Converter (Device)) 
and Enginewity Systems, Inc. (Engine Cleaning (Process)). TACOM-ARDEC's test 
proposal was accepted in August 1996 and its "Emissions Testing Detailed Test Plan,,, 
dated 9 October 1996, was approved by the Office of Transportation Technology, 
NJDOT. The program to evaluate the five vendors was subsequently initiated in 
November 1996. 

GENERAL METHODOLOGY 

Representative 4-, 6- and 8- cylinder vehicles (as available from various State 
motor pools, screened and inspected for suitability by NJDOT) were tested to determine 
their emission levels using the ASM 2525 and IM 240 test protocols before and after an 
emissions reduction device or procedure was installed/performed on the vehicle. An 
analysis of the gases from the vehicle was performed to determine if there was a 
statistically significant change in the emissions after the various devices or procedures 
were installed/performed on the vehicles. 
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TEST PROCEDURES 

Selection and deliverv of test vehicles: 

A key decision to be made was the number of vehicles to be used for the 
evaluation of each device/process, since sample size is a trade-off between the ability to 
draw reliable inferences from the data and the minimization of test time and cost. A 
sample size of nine vehicles per device/process was selected so that there was a sufficient 
number of samples to perform the statistical analysis and discern differences in 
performance. A requirement was thus established for forty-five test vehicles and one 
control vehicle for a total of forty-six vehicles. 

Since the intention of this evaluation was to use vehicles typical of those found on 
New Jersey roads, the required vehicles were selected randomly from available 4-, 6-, and 
8-cylinder high-mileage vehicles of the 1984 to 1993 model years. Vehicles were located 
at NJDOT garages and other State of Nev.· Jersey agency fleets and subjected to cursory 
examinations (visual, BAR-84 emissions test). These examinations verified that the 
vehicles were in acceptable operating condition. As a result, minor repairs were made to a 
number of vehicles. The selected vehicles were then delivered by NJDOT drivers to the 
pre-test staging area at the Picatinny Arsenal motor pool, a distance of about 25 miles 
from the Wayne Inspection Station of the New Jersey Division of Motor Vehicles 
(hereafter referred to as "Wayne DMV"). In order to minimize the possibility that vehicle 
malfunction would corrupt the data, and to insure that each vehicle was safe to be 
operated on the dynamometer, these vehicles were again inspected by an ASE-certified 
mechanic contracted by TACOM-ARDEC from a local garage. The purpose of this final 
screening was to check out the integrity of the exhaust system, engine mounts, ignition 
timing, computer codes and sensors. Additional repairs had to be made to several vehicles 
as a result of this inspection. 

The Wayne DMV was selected for performance of the evaluation tests because it 
was conveniently located near TACOM-ARDEC and had a dynamometer suitable for 
performing the testing (See Appendix C for dynamometer specifications and test 
protocols). While the Wayne OMV is not certified by the EPA for conducting the ASM 
2525 and IM 240 protocols, the facility is operated by the NJDMV, which is the State 
agency responsible for conducting emissions testing on light duty gasoline vehicles 
registered in the State of New Jersey. 

After the ASE inspection and any necessary repairs, nine acceptable vehicles were 
randomly, but equitably (based on number of cylinders) assigned to each vendor. A 4-
cylinder Chrysler K-car was chosen as the control vehicle, since this was the single model 
in greatest abundance in the test fleet. Once this selection was accomplished each vendor 
was given the opportunity to come to Picatinny Arsenal to inspect these vehicles in the 
presence of TACOM-ARDEC representatives that were assigned to their device/process. 
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The assigned vehicles were driven to the Wayne OMV by NJOOT drivers prior to the 
first day of a vendor's scheduled testing. Tested vehicles were returned to the Picatinny 
Arsenal motor pool. The control vehicle remained at Wayne OMV for the duration of the 
testing. 

Test controls: 

At the start of testing, four OMV inspectors, who are proficient in the operation 
of the dynamometer, were assigned to this program for its duration for the purpose of 
performing the ASM 2525 and IM 240 protocols on the test vehicles. The inspector for 
each test was identified so as to evaluate operator variability as a possible factor in the 
test results. 

All testing on the dynamometer was conducted in accordance with the 
dynamometer manufacturer's instructions. The dynamometer was calibrated each day. 
prior to testing. 

Prior to the start of each day's testing, the control vehicle was tested in 
accordance with the test protocol specified below and described in detail in Appendix C. 
The same control test was performed at the conclusion of the day's testing. Since it was 
required to refuel the control car, a quantity of standard grade commercial gasoline was 
secured by NJDOT. This fuel was used to re-fuel the control car. The control car was 
used to validate that the equipment and procedures employed were operating properly 
during the testing period at Wayne OMV. 

Since the Wayne OMV is not completely enclosed, control of climatic conditions 
during performance of testing was not possible. Several parameters (barometric pressure. 
relative humidity and ambient temperature) were recorded at the beginning and end of 
each test session. This information will be addressed during data evaluation. 

Testing of devices/processes: 

The selected order of vendor testing was as follows: 1- Vitalizer, 2 - Fuel Cat, 3 -
Enginewity, 4 - Compliance & Research, and 5 - INSET (It is noted that as a result of 
procedural problems discussed below, Enginewity had to be re-scheduled, and was 
actually tested last). These numbers were the assigned prefixes for all test results. The 
vehicles for each vendor were tested over a two- to three-day test period, as per the 
following procedures. 

Once at Wayne OMV, each test vehicle was driven by a NJDOT driver over the· 
conditioning course described in Appendix C-4. Upon return to Wayne OMV the vehicle 
was driven onto the dynamometer. The vehicle was subjected to the Emissions Analysis 
Test Schedule described in Appendix C-5 by one of the four OMV test operators. It was 
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mandatory that the vehicle not be turned off between returning from the conditioning 

course and undergoing the dynamometer test and, at most, only a few minutes elapsed 

between these operations. 

Each vendor then installed its device or performed its process on the vehicle in an 
unused lane at the station. At all times, the installation/process was performed in full 
view of OMV and TACOM-ARDEC personnel. One vendor, Compliance & Research, 
was allowed to install its device at a nearby Midas shop, at its O\Vn expense, because the 
installation procedure required the use of a lift. 

After the installation procedure, the vehicle was agam driven over the 

conditioning course by an NJDOT driver. The conditioned vehicle was then again 
subjected to the Emissions Analysis Test Schedule by the OMV inspector. After 
completion of the second Emissions Analysis Test Schedule, the vehicle was returned to 

the Picatinny Arsenal motor pool to await return to the State. 
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ANALYSIS OF DATA 

Control Car: 

On each day of testing, the first and last runs on the dynamometer were conducted 
with the control car. A run on the dynamometer refers to a series in which 4 each ASM 
2525 and IM 240 cycles are run alternately. In addition, prior to data collection, each car 
was run through an IM 240 cycle to ensure the car is sufficiently warm. During the last 
ASM 2525 cycle, a sample of exhaust gas was collected for analysis at TACOM­
ARDEC. During dry run testing, it was discovered that when drawing a gas sample during 
the fourth ASM 2525 cycle, the associated emissions measurements were significantly 
higher than the previous three runs. A representative from Environmental Systems 
Products hypothesized that placing the gas sample bag on the Wayne DMV equipment 
exhaust line caused a back-pressure in the emissions detectors. This resulted in the 
detectors overloading and providing false readings. Therefore, for the testing, it was 
determined that when the gas sample was drawn (fourth ASM 2525 cycle), the data 
documented by the Wayne DMV equipment for this cycle could not be used for final 
analysis. The test procedure was conducted on all vehicles in addition to the control car. 

Data from the control car were used to assess the consistency of the test set up 
during a day's testing. In addition, because the same car was tested on numerous 
occasions, the variability of emissions from day to day could be assessed. Since 
environmental data were collected, a multivariate regression was conducted to determine if 
environmental factors had an effect on emissions. 

To assess whether or not the data for the control car were homogenous within a 
day, a similar analysis to that which was conducted on the device data was performed. A 
student t test was conducted on the mean of the difference between the first and last run 
of the day. The results of this t test are detailed in Table I. In addition, a two way 
analysis of variance (ANOVA) was conducted. The factors in this model were Run (first 
or last) and Day. The results of this analysis indicate that a significant difference was 
measured in some of the emission species when the first run is compared to last run. The 
F and P statistics from the two way ANOV A arc detailed in Table II. The actual 
ANOVA tables are included in Appendix D-3. In addition to this analysis, a student t 
test and an f test were conducted for each day to determine whether or not a statistically 
significant difference in the mean and variance occurred on a particular day. The results of 
these t tests are included in Appendix D-3. On several days, a significant difference was 
noted. For this test, a confidence level of 95% was used. It should be noted that when 
multiplet tests are conducted in this manner, there is an increase in a and the significance 
level is no longer 95%. The implications of these findings on the conclusions made in the 
device/process tests will be discussed later. 
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Table I 
t Statistic from Comparison of First vs. Last Run 

tcrit@95 % Calculated t 
Species df=l l IM 240 ASM 

2525 

NOx 2.021 -2.44 -0.1138 

HC 2.021 1.269 -2.483 
co 2.021 3.266 -1.771 

C02 2.021 0.391 -1.766 

Table II 
F and P statistics from the Two Way ANOV A 

NOx HC co C02 

F p F p F p F p 

IM 240, Run 4.68 0.056 0.74 0.42 9.22 0.013 0.30 0.599 
IM 240, Day 1.16 0.410 2.41 0.091 2.90 0.054 4.96 0.009 

ASM 2525, Run 0.27 0.623 8.03 0.018 2.02 0.186 2.92 0.118 

ASM 2525. Day 3.22 0.040 3.68 0.026 1.42 0.295 2.61 0.073 

For each species measured in each test, a multi variate regression was conducted. 
Factors used in this regression were temperature and relative humidity, measured at the 
time the test was conducted. This analysis indicated that temperature may have an effect 
on HC and C02 emissions as measured in the IM 240 Test. No correlation was found to 
exist with relative humidity. 

For each emission measured in each test, a box and whisker plot was generated to 
demonstrate the variability in each of the species measured. These plots are included in 
Appendix D-3. It should be noted that these plots were generated after the data 
considered to be suspect was removed. In the ASM 2525 test, an occasional test run 
would have significantly higher readings ( an order of magnitude) for all species recorded. 
These data were not included in the box and whisker plots. 

To demonstrate the variability of the ASM 2525 and IM 240 tests, all of the data 
for each species were pooled so that a mean and standard deviation could be determined. 
A summary of the mean, standard deviation, minimum and maximum performance and 
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range are detailed in Table III. For each species and each test, a coefficient of variation 
was determined. These values are presented in Table IV. These values indicate that the 
IM 240 test is more reproducible than the ASM 2525 test. 

Species 

NOx 
HC 
co 
C02 

Avg 

96.803 
3.756 
0.0441 

14.897 

Table III 
Average and Range for Emissions Tests 

Conducted on the Control Car 

ASM 2525 IM240 
Std Min Max Avg Std Min 
Dev Dev 

52.7 26 292 0.725 0.1046 0.48 
2.30 0 8 0.133 0.0342 0.07 
0.0392 0 0.18 6.973 1.654 3.04 

0.212 14.1 15.3 317. 73 16.770 286.3 

Table IV 
Coefficient of Variation for Each Species in Each Test* 

Species ASM 2525 IM240 

NOx 54.4 14.4 

HC 61.2 25.7 

co 88.9 23.7 

C02 1.42 5.28 

*Coefficient of Variation= (Standard Deviation/Mean) x 100 

Device Testing: 

Max 

1.03 
0.22 
11.57 

371.1 

Prior to performing a statistical analysis, all of the data were reviewed. Based on 
this review, some of the data were eliminated from the analysis. In some instances, one 
run of either the IM 240 or the ASM 2525 would be excluded. In some cases, data from 
an entire car would be eliminated. The data eliminated and the rationale for elimination are 
detailed in Appendix B-4. 

To assess whether or not a device/process had an impact on emissions, a two 
sided student t test was conducted on both the absolute difference in the mean emissions 
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for a series of tests with and without the device and on the fractional change in emissions 
with and without the device. These analyses were conducted for both the ASM 2525 and 
the IM 240 test cycles. Since this test was presumed to be an initial screening of the 
devices, a confidence interval of 80% was selected. In addition, a two-way analysis of 
variance was conducted on the mean of either the ASM 2525 or IM 240 data from each 
test series. The factors used in this model were the device and the car. The model for this 
analysis is as follows: 

Where: 

/3, Device Effect 

'r 
1 

Car Effect 

The resulting ANOVA Table for the model is as follows. In this model the eat 
effect was assumed to be random and the device/process a fixed effect. 

Source df EMS 
Device l (j~ + 9¢~ 
Car 8 a~ + 2a~ 
Error 8 (j~ 
Total 17 

A summary of the results from the t test are detailed in Tables V through VIII 
below. The hypothesis tested for the absolute change is the mean difference in emissions 
significantly different than zero. A t value greater than the critical value oft ( +/-) would 
indicate a significant difference. For the percent difference, the mean emissions measured 
with and without the device were divided by the mean without the device. The 
hypothesis tested in this case is whether the mean fractional change significantly different 
than one. A t value with a negative sign (-) indicates an increase in emissions with the 
device. A positive t value indicates a decrease in emissions with the device. 

Table V 
t Statistic for IM 240 Test Results, Absolute Difference 

Device #of tcrit, NO" HC co C02 
Cars a=0.02 

1 8 1.415 -0.520 0.879 -1.734 •; 2:255 -·~ '>!'" 
,.: 

2 9 1.397 ' ~d::512."': - ":.. 0.216 1.020 ~1.952'"''1.~ 
3 7 1.440 0.528 -0.250 0.402 0.930 
4 8 1.415 ·2286~-:-- • J.o.--~ "'.--_ 

;.2;642 ,_ -. ~ - 2!144 '1i 
,.. 

1.002 ~~ 

5 9 1.397 0.702 1.391 2.090" 4~ -0.6628 
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Table VI 
t Statistic for IM 240 Test Results Percent Difference 

Device #of tcrit, NOx HC co C02 
Cars a=0.02 

1 8 1.415 -1.240 0.850 1.478 -: .. ··2.006_- ~-:_ .; -

2 9 1.397 -2.003- 0175 1.489 -- · l.998 .; -'· 

3 7 1.440 0.009 0.502 0.1 19 0.856 
4 8 1.415 .L789 ~ ... - 4.638 7 

.. 
6.095 ' 

. 
1.326 - . 

5 * 9 1.397 0.905 ·1.50?: -: .. _ 0.988 -0.668 

*It should be noted, that one car (VIN 18650) tested with device 5 had 
significantly different results from the other 8 cars tested. This difference was most 
evident in CO emissions. Since there was no rationale for eliminating this car from the 
analysis, it was included in the statistics detailed in the tables above. When this car is not 
included, the t values for CO change as follows: For the absolute difference tco = 2.195, 
for the percent difference tco = 2.780. These t statistics indicate a significant difference. 

Table VII 
t Statistic for ASM 2525 Test Results, Absolute Difference 

Device #of tcrit, NOx HC co C02 
Cars a=0.02 

1 8 1.415 0.757 -0.257 -0.463 0.091 

2 9 1.397 0.796 -0.158 0.992 -1.280 

3 7 1.440 0.831 -0.929 0.432 -1.315 

4 9 1.397 2~31. . - -: l:456 :,, ;;:. f.878 -
~ 

-1.028 

5 9 1.397 -1.118 0.087 1.309 0.904 

Table VIII 
t Statistic for ASM 2525 Test Results, Percent Difference 

Device #of tcrit, NOx HC co C02 
Cars a=0.02 

1 8 1.415 -0.374 -0.980 ** 0.716 

2 9 1.397 -0.498 -0.434 ** -0.617 

3 7 1.440 0.327 -0.854 ** -0.23 

4 9 1.397 2?766~_'r" -2:206"''~ 71 ** 0.06 

5 9 1.397 -1.819 -1.072 ** 0.812 
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For each device/process, the mean percent change with an 80% confidence interval 
was determined. The confidence interval is based on the number of cars used to determine 
the mean. The results are detailed in Tables IX and X. A plus (+) sign indicates an 
increase in emissions, a minus (-) indicates a decrease in emissions. The highlighted bars 
indicate a statistically significant change at the 80% confidence level. 

** Unobtainable Data: % CO = CO (v.ith device)/CO (without device). In all 
cases, either CO (v.ith device) or CO (without device) = 0. Therefore, % CO was 
either= 0 or Infinite 

Device 

I 
2 

3 
4 

5 

Device 

1 

2 

3 
4 

5 

% 

Table IX 
Mean Percent Change in Emissions from IM 240 Test 

with 80 % Confidence Interval 

NOx HC co 
CI % CI % CI 

C02 

% CI 
Change Change Change Change 

+4.94 5.62 -8.5 8.69 -13.66 13.10 -2.3 

+4.08 2.88 0.90 6.7 -16.20 15.40 -1.01 

0.0 8.46 -3.7 11.45 -1.5 18.95 -0.90 

-16.40 12.26 -37.36 10.75 -63.56 13.91 -3.0 

-9.5 14.68 -0.865 0.81 -27.36 13.90 0.0 

TableX 
Mean Percent Change in Emissions from ASM 2525 Test 

with 80 % Confidence Interval 

NOx HC co 
% CI % CI % CI % 

1.6 

0.80 

1.5 

3.21 

0.90 

C02 

CI 

Change Change Change Change 

+5.3 20.1 +15.9 22.9 ** -0.3 0.6 

+3.2 9.0 +1.7 5.4 ** 0.0 0.3 

-3.2 14.1 +10.7 18.0 ** 0.0 0.40 

-29.0 14.6 -34.9 22.1 ** 0.0 1.5 
+44.8 34.4 +8.3 82.0 ** -0.7 1.1 
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A summary of the results of the two-way analysis of variance are detailed in the 
Tables XI and XII. The detailed ANOV A tables are attached in Appendix D-3. It should 
be noted that the F statistic is the square of the t statistic. The P values represent the 
probability that the means are from the same population. A P value less than 0.20 
indicates that the means are significantly different at a confidence level of 80%. In 
addition, for those that exhibited a significant difference, a least significant difference test 
was conducted. The results, in graphical format, are attached in Appendix D-3. 

Table XI 
F and P Statistics for IM 240 Data 

Device NOx HC co C02 
F p F p F p F p 

1 0.27 .623 0.77 0.417 3.01 0.126 5.09 0.0588 

2 2.29 .1690 0.05 0.836 l.06 0.334 3.81 0.0866 

3 0.28 0.621 0.06 0.814 0.16 0.705 0.48 0.520 

4 5.07 0.0545 2.48 0.154 5.00 0.0558 2.19 .1767 

5 0.49 0.510 l.93 .2019 4.39 0.0693 0.44 0.533 

Table XII 
F and P Statistics for ASM 2525 Data 

Device NOx HC co C02 
F p F p F p F p 

I 0.57 0.481 0.07 0.8075 0.21 0.663 0.62 0.465 

2 0.63 0.457 0.02 0.880 0.98 0.361 l.64 0.236 

3 0.69 0.446 0.86 0.398 0.19 0.685 1.73 0.236 

4 5.34 0.05 2.10 0.186 3.53 0.097 0.04 0.851 

5 1.25 0.296 0.00 0.947 l. 71 0.228 0.82 0.401 

During each test conducted on the ASM 2525, a sample of the exhaust gas was 
collected and analyzed at the T ACOM-ARD EC lab for specific hydrocarbon species as 
well as CO and C02• To determine whether or not a device/process caused a change in 
emissions of specific hydrocarbons, once again, a t test was performed. The resulting t 

values determined for each species are detailed in Table XIII. 
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Table XIII 
t Statistic for Speciated Hydrocarbons (Absolute Difference) 

Device I Device 2 Device 3 Device 4 Device 5 

Species n=8 n=9 n=6 n=9 n=9 

C3 ' s 1.72 1.47 -0.83 1.89 -1.26 

C4 ' s 0.44 -0.48 -0.94 2.00 1.09 

C5 ' s -0.12 0.94 -0.88 0.72 1.49 

C6 ' s 0.20 1.79 -0.89 0.76 0.93 

Benzene 1.43 0.21 -0.73 -0.33 1.00 

C7's 0.00 - l. 71 -1.00 -1.51 0.00 

Toluene 1.53 0.99 -1.25 1.74 l.00 

C8 ' s - 1.76 0.39 0.07 -0.82 0.22 

Xylene 's I .S:~ 0.53 -1.00 1.57 1.00 

C9 ' s 1.33 -1.17 -1.14 0.96 -0.13 

Trimethylbenzene 0.00 1.00 0.00 -1.00 0.00 

Cl O' s 1.00 l .42 0.00 -1 .48 0.00 

Cll ,C12's 0.73 1.17 0.13 -0.93 0.99 

Total HC I. 73 1.50 -0.83 1.88 -0.70 

co 0.89 0.00 -0.14 1.56 2.01 

C02 -0.43 -0.67 1.12 -0.30 2.65 

Total Carbon (C) -0.39 -0.67 0.98 0.50 2.00 

Additionally, total carbon was determined to assess changes in fuel economy. 
Percent changes are outlined in Table XIV. Results indicate that only Device 5 produced 
a statistically significant reduction in total carbon and, therefore, an increase in fuel 
economy. 

Table XIV 
Percent Changes in Total Carbon (80% Confidence Interval) 

Device n t % Change CI 

I 8 -0.77 10 18.3 

2 9 -0.78 2 4.4 

3 6 0.93 -1.8 2.3 

4 9 0.34 -0.5 1.6 

5 9 2.00 -6.6 4.1 
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DISCUSSION OF RESULTS 

Note that the following designations for each individual device/process evaluated 
are utilized in the Discussion of Results that follows: 

Device Vendor 

Metal Reaction, Inc. (Vitalizer) 

2 EnviroSource of New Jersey (Fuel-Cat) 

3 Engine\\lity Systems, Inc. (Engine Cleaning) 

4 Compliance & Research Services, Inc. (Tailpipe 
Catalytic Converter) 

5 INSET Industries. Inc. (INSET Fuel Stabilizer) 

In terms of variability in the data, as noted in Table IV of the Analysis of Data, 
the IM 240 test was more reproducible and therefore better suited for discerning 
differences in emissions. This was realized in the data analysis of the device data. Only 
device 4 demonstrated a significant reduction in emissions with test procedure ASM 
2525. 

Of the five devices tested, four, designated as 1, 2, 4 and 5, showed a statistically 
significant reduction in CO emissions. One device, designated as number 4, significantly 
reduced NOx, HC and CO emissions. Furthermore, the reduction in CO for this device 
was much greater than that realized \\lith the other 3 devices that exhibited a reduction in 
CO. For the other three devices, the reduction in CO was basically the same order of 
magnitude. All three of these devices are of the same configuration; each being installed 
in the fuel line. With regard to HC emissions, only devices 4 and 5 showed any 
improvement. Two of the devices, 1 and 2, demonstrated a reduction in C02 emissions. 
This may indicate that an improvement in fuel economy. Because a reduction in CO was 
also noted, more rigorous testing would be ~equired to quantify this reduction. Device 2 
may have caused minor increase in NOx emissions. Percent changes for species which 
exhibited a statistically significant change in each test are presented in Tables IX and X of 
the Analysis of Data. 

As was noted in the Analysis of Data section of this report, there were some 
problems with the data for the control car. When the same analysis was conducted on the 
control car as was conducted on each of the device/processes, the factor being first vs. last 
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run, a statistically significant difference in some of emissions is noted. For the IM 240 
test, an increase in NOx and a decrease in CO occurs. For the ASM 2525 test, an increase 
in HC, CO and C02 occurs. It is interesting to note that in one test, a reduction in CO 
occurs while in the other an increase is noted. In terms of the effect this has on the data, 
since each device/process was evaluated by the same test protocol, relative comparisons 
between the devices can still be made. Furthermore, the trends evident in the control car 
were not realized in the test car data. Since the control car was the first and last run of the 
day, some of the trends noted may be due to a warm up of the dynamometer and the gas 
sampling equipment. It is recommended that this assumption be evaluated. Furthermore, 
the time between runs for the control car was longer than the time between without and 
with test runs for any car. The impact this may have can not be evaluated without 
further testing. Unfortunately, the way in which the test was configured, where a car was 
run without then with the device, if these effects are real they are confounded with any 
reductions caused by the device. The impact this may have is on the percent reductions 
realized. Further testing in a controlled environment would be required to better quantify 
the true reductions caused by any of these devices. 
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VARIATIONS FROM "IDEALLY CONTROLLED" 
CONDITIONS 

Test Site 

The testing was conducted at the New Jersey Division of Motor Vehicles 
(NJDMV) Facility in Wayne, New Jersey, on a test lane maintained by a contractor. 
Environmental Systems Products (ESP). This site was selected because it had a 
dynamometer capable of conducting ASM 2525 and IM 240 testing. While the Wayne 
NJDMV facility is not certified by the EPA for the conducting ASM 2525 and IM 240 
tests, the facility is operated by the NJDMV, which is the state agency responsible for 
conducting emissions testing on light duty gasoline vehicles registered in the state of New 
Jersey. The facility is not completely enclosed, therefore control of climatic conditions_ 
during testing was not possible. However. in an effort to minimize these effects, the 
baseline testing and device/process testing on each vehicle was initiated and completed on 
the same day. A multi variant analysis of the environmental conditions was performed 
and is addressed in the data analysis section. 

Several problems were developed by the dynamometer over the course of the test 
program. On 12 Dec 96 the dynamometer suffered mechanical problems. It took three 
days to diagnose and make the appropriate repairs. The length of the delay in repairing 
the dynamometer precluded Enginewity from conducting all the process treatments on 
their vehicles for the remaining tests. This, and the fact that an analysis of the data 
obtained on the vendor's prior test vehicles showed erratic results, caused the invalidation 
of all of the results for this vendor. The vendor was rescheduled and tested again in 
January. 

On 17 Dec 96 the system developed software problems and locked up. This 
occurred between tests, so there was no disruption of any test sequence. Attempts to 
restart and reboot the system were unsuccessful (due to the timing of the lock-up the 
control car was unable to be run at the end of the day to verify the day's data). The next 
day, an ESP service person arrived to correct the problem, which was diagnosed as lack of 
sufficient memory. A number of files unrelated to dynamometer opt:ration were deleted, 
and the testing was resumed. Following the repair of the computer the control car was 
run to verify calibration; the data was analyzed and no abnormalities were found, thus the 
previous day's data was determined to be valid. 

Problems with the computer system were experienced again on 8 Jan 97. In the 
first instance the system locked up, but restarting the system solved the problem. The 
problem occurred in between test sequences, so no disruption of any test sequence was 
experienced. 
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Later in the day the same problem that was experienced on 1 7 Dec 96 resurfaced. 
In this instance the lock-up occurred between the third and fourth test sequences on one 
of the test vehicles. As in Dec 96, the control car was able to be tested at the end of the 
day's tests. The problem was corrected on 9 Jan 97 by an ESP service person. The 
control car vvas run and the previous day's data validated. However, the fourth run and 
associated bag sample were not able to be run on a vehicle. 

Road Course 

Prior to baseline testing and device/process testing, each vehicle was run over a 26 
mile road course (see map in test procedure section). The purpose of this road course was 
to allow a break-in period for each device/process and to bring the vehicle up to operating 
temperature. Due to traffic, road construction and weather conditions, the elapsed time 
and average vehicle speed varied. In some cases the course had to be altered. In these cases 
the course length was maintained. In order to minimize the effects of these course/elapsed 
time variations, each vehicle was subjected to a single IM 240 test sequence prior to 
initiation of testing. No emissions data collected during this warm-up was used in any of 
the subsequent data analysis. 

While bringing each vehicle to operating temperature on the dynamometer may 
have provided a more uniform warm-up procedure, use of the road course helped 
incorporate a set of "real world" driving conditions. In addition, based on the difficulties 
experienced with the dynamometer and the test vehicles, employing the dynamometer to 
warm-up the vehicles would probably have only served to increase the number of vehicle 
problems, dynamometer down time, and the overall time required to complete the test 
program. 

Test Vehicles 

The fact that several of the vendors claimed that their devices helped clean the 
engine, and that one vendor performed engine cleaning processes therefore altering the 
operating conditions of each test vehicles, using one set of vehicles for the entire test 
program was not feasible. Resource restrictions, and the quantity of test vehicles required 
to test all five vendors severely limited the selection of test vehicles. Since the intention of 
this testing was to use vehicles typical of those found on New Jersey roads, vehicles were 
selected from the NJDOT and other state of New Jersey agency fleets. The test fleet 
consisted of 4-, 6- and 8-cylinder light duty gasoline cars, pick-up trucks, and vans, 
ranging from the 1984 to 1993 model years. In order to minimize the possibility that 
vehicle malfunction would corrupt the data, and to ensure that each vehicle was safe to be 
operated on the dynamometer, each vehicle was inspected by an ASE certified mechanic 
prior to the initiation of testing (see test procedure for vehicle inspection parameters). In 
addition, each vendor was afforded the opportunity to, under supervisor of an T ACOM-
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ARDEC representative, inspect or have a mechanic inspect the vehicles prior to initiation 
of testing. 

Despite inspection by an ASE certified mechanic, several test vehicles experienced 
mechanical problems during baseline testing. These problems included a broken motor 
mount and a faulty emergency brake cable. These vehicles were deemed unsafe for 
operation on the dynamometer and replaced by other vehicles. Prior to this, the motor 
mounts and emergency brakes on the vehicles were not inspected. Subsequently the 
motor mounts and emergency brakes on all vehicles were inspected. One van could not 
maintain 25 mph during the ASM 2525 due to a sticky throttle cable. The vehicle was 
replaced. The vehicle was repaired and then used as a test vehicle for a subsequent 
vendor. 

Several vehicles experienced mechanical problems following initial testing. A PCV 
hose joint was snapped off during device installation. The corresponding part was taken 
from a similar vehicle and installed. The part was reinstalled on the original vehicle 
following the completion of testing. One vehicle lost its resonator following baseline 
testing and was replaced. A new resonator was installed on the vehicle and it was used as 
a test vehicle for a subsequent vendor. Another vehicle experienced a flat tire on the 
dynamometer during device testing. The tire was replaced and the testing continued. One 
vehicle began leaking transmission fluid near the completion of baseline testing. Following 
completion of the baseline testing the vehicle was inspected and it was discovered that the 
transmission had been overfilled. The leak was considered minor and the vehicle continued 
in the test program unaltered. A coolant leak was discovered on one vehicle after returning 
from the road course prior to dynamometer testing. The leak was deemed minor, and the 
vehicle continued testing unaltered, with its temperature monitored while the vehicle was 
operated on the dynamometer. Finally, one vehicle experienced a ruptured transmission 
line during baseline testing. The vehicle was repaired and the transmission refilled prior to 
process testing. 

Test Vehicle Fuel 

Due to resource limitations, and the logistics involved in draining and refueling 
each of the test vehicles, laboratory grade fuel was not used. However, with the exception 
of the control car, none of the vehicles were refueled between initiation and completion of 
its testing. In the case of the control car, a quantity of fuel sufficient to complete the 
testing was secured. The grade of fuel may have varied from vehicle to vehicle during 
testing, but not between the baselining and device/process testing of each vehicle. 
Therefore, no variance due to fuel was introduced into the resulting trends. 
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ECONOMIC COMPARISON 

A table which compares the costs of the five different devices/processes is 
presented in Appendix A-2. All of the processes/devices require approximately 0.5 hour 
to install, which, based on a labor rate of $55.00/hour for a professional mechanic, would 
cost $27.50. Since the labor is part of the engine cleaning process, installation is not 
calculated separately. Excluding installation, the cost for a single in-line fuel device 
ranges from $250 to $495. For a quantity of one hundred. the cost ranges from $225 to 
$446. For a quantity of one thousand, the cost ranges from $200 to $396. The NJDOT 
requested that the cost of all devices/processes be calculated for a maximum 12 year, 
180,000 mile vehicle life, with an estimated vehicle usage of 15,000 miles/year. All of the 
in-line vehicles include warranties that would cover this period. As a result, the costs/year 
of the devices decreases proportionately on a per year and/or per mile basis. 

The cost of the tailpipe catalytic converter is $50, which ranks as the lowest 
initial cost. Again, installation is estimated to be 0.5 hour. Custom installations may be 
take longer. The current warranty for the tailpipe catalytic is 25,000 miles. Based on an 
average vehicle use of 15,000 miles/year, a new tailpipe catalytic converter would be 
required approximately every 19 months. As a result, the yearly cost of the catalytic 
converter remains fairly constant. The range of cost for the years calculated is $4 7 /year. 
to $55/year. 

The cost for the engine cleaning processes is $130 for a single treatment ($80 for 
the engine oil system cleaning process and $50 for the gasoline fuel and emissions system 
cleaning process). For one hllildred treatments the cost is $119.60 per vehicle ($73.60 for 
the engine oil system cleaning process and $46 for the gasoline fuel and emissions system 
cleaning process). For one thousand treatments, the cost is $104.00 per vehicle ($64 for 
the engine oil system cleaning process and $40 for the gasoline fuel and emissions system 
cleaning process). The time required to complete treatment with both processes is 
approximately 0.5 hour. There is no separate charge for labor, since it is included in the 
treatment cost. The warranty for these treatments is 25,000 miles. Based on an average 
vehicle use of 15,000 miles/year, treatment would be required approximately every 19 
months. The range of cost for the years calculated is $93 (I treatment, 7 years) to $62 
( 1000 treatments, 5 years). 
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The follov,ring chart summarizes life-cycle costs for each device/process (Basis, as 
per NJ DOT direction, is a 12 year life at 15,000 miles/year ; labor for installation also 
included): 

Life Cycle CostN ear Based On 

1 Unit 100 Units 1,000 Units 

EnviroSource ofNJ, Inc. 23 18 15 
''Fuel-Cat" 

Metal Reaction, Inc. 23 21 19 
"Vitalizer'' 

INSET Industries, Inc. 44 39 35 
"INSET Fuel Stabilizer" 

Compliance and Research, Inc. 52 52 52 
"Tailpipe Catalytic Converter" 

Enginewity Systems, Inc. 87 80 69 
"Engine Cleaning" 
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CONCLUSIONS 

1. The Compliance and Research Services, Inc. Tailpipe Catalytic Converter Device 
showed statistically significant reductions in nitrogen oxides (NOx), Hydrocarbons (HC), 
and Carbon Monoxide (CO) in both the IM 240 and ASM 2525 testing: 

Compliance and Research Services, Inc. 
Tailpipe Catalytic Converter (Device) 

IM240 ASM 2525 

NOx (%) -16.4 -29.0 

HC(%) -37.4 -J4.9 

C02 (%) -3 .0 0.0 

CO(%) -63 .6 Not Obtainable 

Total Carbon(%) -0.5 

NOTE: ··red'" is statisticall) significant 

2. Both the Metal Reaction, Inc. Vitalizer Device and EnviroSource of New Jersey Fuel­
Cat Device showed statistically significant reductions in CO and C02 ; however, the 
EnviroSource Fuel-Cat device showed a statistically significant increase in NOx (IM 240). 
No changes were observed in ASM 2525: 

Metal Reaction, Inc. 
Vitalizer (Device) 

IM240 ASM 2525 

NOx (%) 4.9 5.3 

HC(%) -8.5 15.9 

C02 (%) -2 .3 -0.3 

CO(%) -13 . 7 Not Obtainable 

Total Carbon(%) 10.0 
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EnviroSource of New Jersey, Inc. 
Fuel-Cat (Device) 

IM240 ASM 2525 

NOx (%) 4.1 3.2 

HC(%) 0.9 1.7 

C02 (%) -1.0 0.0 

CO(%) -16.2 Not Obtainable 

Total Carbon(%) 2.0 

3. The INSET Industries, Inc. Fuel Stabilizer Device showed a statistically significant 
reduction in HC and CO for IM 240. However, there was a significant increase in NOx 
for ASM 2525. There were no observed changes for HC or CO in ASM 2525. This 
device also showed a statistically significant reduction in Total Carbon which may 
indicate an improvement in fuel economy. 

INSET Industries, Inc. 
INSET Fuel Stabilizer (Device) 

IM240 ASM 2525 

NOx (%) -9.5 44.8 

HC(%) -0.87 8.3 

C02 (%) 0.0 -0.7 

CO(%) -17.4 Not Obtainable 

Total Carbon(%) -6.6 
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4. The Enginewity Systems, Inc. Engine Cleaning Process showed no significant change 
in any test for any gaseous species (CO, C02, NOx, HC). 

Enginewity Systems, Inc. 
n~me eanmg rocess E Cl (P ) 

IM240 ASM 2525 

NO~(%) 0.0 -3.2 

HC(%) -3.7 10.7 

C02 (%) -1.5 0.0 

CO(%) -0.9 Not Obtainable 

Total Carbon(%) -1.8 
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RECOMMENDATIONS 

1. The confidence intervals obtained in these tests were rather large with respect to the 
percent reduction in emissions. Additional tests, run in a more controlled environment, 
are recommended to quantify the actual reduction in emissions. 

2. These tests assessed the impact of the devices/processes directly after installation. A 
test to assess the "long term" benefit of these devices should be performed. 

3. All of these tests were conducted during winter months. A multivariate regression 
analysis indicated that environmental conditions may impact emissions. Devices should 
also be evaluated at environmental extremes. 

4. Tests were conducted on the older portion of the fleet. In addition, cars tested were 
predominately Chrysler K-cars or police cruisers. Impact on other vehicles and new· 
vehicles could provide a fleet test impact. 

5. For best emission reductions, two of these devices can be used together (the 
Compliance and Research Tailpipe Catalytic Converter plus one of the in-line fuel devices 
(Metal Reaction Vitalizer, EnviroSource Fuel-Cat, or INSET Industries Fuel Stabilizer)). 
Additional tests to quantify the overall reduction should be performed. 
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APPENDIX A 
Description of Devices and 

Processes Evaluated 

1. Process Descriptions and Installation Procedures 

2. Cost of Devices I Processes 



INSTALLATION 

IN-LINE FUEL DEVICES 

Installation of the three in-line fuel devices is similar. The fuel line is cut, and the 
device is inserted in the fuel line as close as possible to the fuel delivery system (carburetor, 
injectors, etc.). The device is secured with clamps at either end, and the ground wire 
connected to a ground source. At some point during the installation the battery is 
disconnected, if applicable, to clear the vehicle's computer codes. 

TAILPIPE CATALYTIC CONVERTER 

The tailpipe catalytic converter is installed by cutting a sufficient length of the 
exhaust system and inserting the device. The device is located aft of the existing catalytic 
converter, but the exact location of the device varies according to vehicle. The preferred 
location is an area along the exhaust line which provides the best access for installation. 
After installation the device is secured by either clamping or welding. 

ENGINE CLEANING PROCESS 

The gasoline fuel and emissions system cleaning process is performed by spraying 
a cleaning solution into the air intake system with the vehicle's engine running. The engine 
oil system cleaning spray is provided by the vendor's appropriate equipment. The 
crankcase cleaning process is performed by draining the oil from the crankcase and 
introducing a cleaning solution. The cleaning solution is provided via the vendor's 
appropriate equipment. Following cleaning of the crankcase the engine is refilled with new 
oil. 



2. Cost of Devices I Processes 



DEVICE/PROCESS COST COMPARISON 

UNIT/TREATMENT INSTALLATION INSTALLATION 
COST TIME COST 

DEVICE VENDOR ($) (hr*) ($)** WARRANfY 

1 Metal Reaction Inc. 250 0.5 27.50 15 Yr. 
(Vitalizer) 

2 EnviroSource of New Jersey 250 0.5 27.50 Lifetime 
(Fuel-Cat) 

3 Enginewity Systems Inc. 130 0.5 Not Available 25 ,000 miles 
(Engine Cleaning) 

4 Compliance and Research 50 0.5 27.50 25 ,000 miles 
Services Inc. 

(Tailpipe Catalytic 
Converter) 

5 INSET Industries Inc. 495 0.5 27.50 Lifetime 
(INSET Fuel Stabilizer) 

* -Estimated time, rounded up to the next 30 minute interval 

** - Based on installation by a professional mechanic at a cost of $55/hr. Does not apply to custom installations. 



COST 
DEVICE ($)* 

1 277.50 
2 277.50 
3 130.00 
4 77.50 
5 522.50 

DEVICE/COST COMPARISON 

(BASED ON A QUANTITY OF 1 UNIT) 

COST/3 YR COST/5YR 
($)** ($)** 

93 56 
93 56 
87 78 
52 47 
174 105 

COST/7 YR 
($)** 

40 
40 
93 
55 
75 

(BASED ON A QUANTITY OF 100 UNITS) 

COST COST/3 YR COST/5YR 
DEVICE ($)* ($)** ($)** 

1 252.50 84 51 
2 221.25 74 44 
3 119.60 80 72 
4 77.50 52 47 
5 473.50 158 95 

*-Including installation, if applicable. Does not apply to custom installations. 
** - Cost figures rounded off, estimates based on 15,000 miles/year 

COST/7 YR 
($)** 

36 
32 
85 
55 
68 

COST/ 12YR 
($)** 

23 
23 
87 
52 
44 

COST/ 12YR 
($)** 

21 
18 
80 
52 
39 



DEVICE/COST COMPARISON 

(BASED ON A QUANTITY OF 1,000 UNITS) 

COST COST/3 YR COST/ 5YR COST/7 YR 
DEVICE ($)* ($)** ($)** 

1 227.50 76 46 
2 185.00 62 37 
3 104.00 69 62 
4 77.50 52 47 
5 423.50 141 85 

*- Including installation, if applicable. Does not apply to custom installations. 
** - Cost figures rounded off, estimates based on 15,000 miles/year 

($)** 

33 
26 
74 
55 
61 

COST I 12YR 
($)** 

19 
15 
69 
52 
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DEVICE/PROCESS DESCRIPTION 

IN·LINE FUEL DEVICES 

lbree of the vendors which participated in this program, Metal Reaction, Inc. 
EnviroSource of New Jersey, and INSET Industries, Inc. market in-line fuel devices. The 
three devices, Vitalizer, Fuel-Cat, and the INSET Fuel Stabilizer are all designed to be 
installed in a vehicle's fuel line, as close as possible to the fuel delivery system (i.e. 
carburetor, injectors, etc.). All three devices are similar in construction, as viewed from the 
exterior of the device. Each consists of a fuel chamber, through which the fuel is passed, 
clamps for connecting the device to the fuel line, and a ground wire. Both Metal Reaction, 
Inc. and EnviroSource of New Jersey claim that, as the fuel flows through the their 
devices, the devices create turl:mlence and employ dissimilar metals which causes the fuel 
molecules to repel each other, resulting in more complete combustion. INSET Industries, 
Inc .. claims that its device aligns fuel molecules as the fuel molecules pass through the 
chamber, which provides for optimum fuel combustion. All three vendors claim that their 
devices reduce auto emissions, and increase engine performance and fuel economy. Metal 
Reaction, Inc. also claims that its device removes carbon deposits. INSET Industries, Inc. 
also claims that its device helps reduce maintenance costs. 

TAILPIPE CATALYTIC CONVERTER 

One of the vendors which participated in this program, Compliance And Research 
Services, Inc., markets a tailpipe catalytic converter. This device is designed to be installed 
on a vehicle's exhaust system, aft of the existing catalytic converter. The device is similar 
in construction, as viewed from the exterior, to existing catalytic converters. Compliance 
And Research Services, Inc. claims that its device reduces auto emissions by passing the 
exhaust gases over a catalytic material in the device. 

ENGINE CLEANING PROCESS 

One of the vendors which participated in this program, Enginewity Systems Inc., 
markets equipment which performs engine cleaning processes. As part of this test program, 
Enginewity Systems Inc. performed fuel system cleaning and crankcase cleaning 
procedures on its test vehicles. Enginewity Systems Inc., claims that its fuel system 
cleaning process removes harmful carbon-like build up in the intake manifold, on fuel 
injector tips, and on the intake valves. Enginewity Systems, Inc. claims that its crankcase 
cleaning process removes harmful contamination in the engine. Enginewity Systems, Inc. 
claims that its cleaning processes will reduce emissions, increase engine performance and 
fuel economy, and extend engine life. 



PARTICIPATING VENDORS 

Metal Reaction Inc. 
7760 West 2orh Avenue, Suite 6 
Hialeah, Florida 33016 

EnviroSource of NJ, Inc. 
P.O. Box 548 
Summit, New Jersey 07092-0548 

Compliance And Research Services, Inc. 
2 Garfield Street 
Linden, New Jersey 07036-1416 

INSET Industries, Inc. 
9 Post Road, M-1 
Oakland, New Jersey 07436 

Enginewity Systems Inc. 
12385 Automobile Boulevard. 
Clearwater, Florida 34622 



1. Process Descriptions and 
Installation Procedures 



APPENDIX B 
Description of Test Vehicles 

1. Department of Transportation (DOT) Inspection Data 

2. ASE Certified Mechanic's Data 

3. Test Allocation of Vehicles 

4. Rejection of Final Emissions Test Data for Specific 
Vehicles 

.... 



1. DOT Inspection Data 



The following compilation of DOT inspection data for the vehicles used in this test 
program are identified by test code numbers which must be defined. Since there were five 
devices/processes evaluated, each was previously assigned a number, i.e., Vitalizer - 1, 
Fuel Cat - 2, Enginewity - 3, Compliance & Research - 4 and INSET - 5. For each 
device/process evaluated, nine vehicles were used, 1 thru 9. Thus, each test vehicle had a 
two-digit code, referencing the device tested and the vehicle sequence in the test. For 
example, the fifth vehicle used for the Fuel-Cat evaluation was number "2-5". The control 
vehicle was obviously designated "Control". 

NOTE: The vehicle used as the ninth vehicle tested during evaluation of the fourth 
vendor, i.e., test 4-9, was a 1991 Dodge Ram 150 pick-up with plate# TD-5666. This 
vehicle was used to carry the spare gasoline used to refuel the Control vehicle and was not 
inspected either by the NJDOT or by the ASE mechanic. It was pressed into service as the 
necessary ninth vehicle when mechanical problems were noted with the intended vehicle 
and no other vehicles were available. It was deemed satisfactory for use because of its 
observed performance to that point. 



NJDOT VEHICLE SCREENING 

CONTROL 

Vehicle Inspection check list 

PLEASE FILL IN OR CHECK THE FOLLOWING INFORMATION FOR EACH 
VEHICLE: 

YEARt/f 

MAKE I) ,,cf r, C' 
/ 

MODEL 4r. C..f 
.,,. 

VIN# I BJ!3 D Lf ( D ;2..J f-1; ff 'fl 
- -

NUMB OF CYL L/ 
I 

MILES A 9 7 G- s-

.COMPUTER CODES CHECKED /v' 0 

IGNITION TIMING f3T C J 

AIR FILTER ----

TIRES ~ iz 

EXHAUST LEAKS 0 /.::::-

MECHANICAL PROBLEMS( BAD VALVES, BAD CAM, BAD RINGS, OIL LEAKS, 
FUEL LEAKS ETC.) ____ _ 

ELECTRICAL PROBLEMS( BAD CAP, BAD WIRES, BAD COIL, SHORTS ETC.) 

EMISSIONS READINGS co 0·~ '-- nc s-; co2Ja.o ox __ _ 

MECHANICS COMMENTS: 

-------·-----·--

-------------------

MECHANICS SIGNATURE: iJ n-:tk 
!I 

DATE: L!._117 196 



NJDOT VEHICLE SCREENING 

TEST 1-1 

Vehicle Inspection check list 

PLEASE FILL IN OR CHECK THE FOLLOWING INFORMATION FOR EACH 
VEHICLE: 

YEARf7 TOO 

MAKE D.)ce,/e 

MODEL \/C_w ;2-SZJ 
... 

VIN # 2 8 '-I /ff ;2. I I'{. l+k. 'J I J.. 7 Y r 

NUMBOFCYL ~ 

MILES CZJ. ]1 3 

- .. 

·COMPUTER CODES CHECKED fJ 0 

IGNITION TIMING (] 1 ( (. 

AIRFILTER 6~ 

TIRES Q /L-

EXRAUST LEAKS ~· 

MECHANICAL PROBLEMS( BAD VALVES, BAD CAM, BAD RINGS, OIL LEAKS, 
FUEL LEAKS ETC.) ---

ELECTRICAL PROBLEMS( BAD CAP, BAD WIRES, BAD COIL, SHORTS ETC.) 

EMISSIONS READINGS 
a,, DC 39 / )!,_s-

co__ ac_ cof __ ox __ _ 

MECHANICS COMMENTS: 

MECHANICS SIGNATUR{;9Ci ,,u_ 



NJDOT VEHICLE SCREENING 

TEST 1·3 

Vehicle Inspection check list 

PLEASE FILL IN OR CHECK THE FOLLOWING INFORMATION FOR EACH 
VEHICLE: 

YEAR ff Too§ P,<.o? 

MAKE Docg'..r e 

MODEL Hr,· r.=; 
... 

vIN #/ B 3 e J<. l.f t. o t1 kc 9 t:.11 c.,; A 

NUMB OF CYL t/ 

MILES '-12 23 I • 

. COMPUTER CODES CHECKED_-/-t-_~7 --1@,___,_7--'--rr- -7-f (;/J ) I 

IGNITION TIMING {j TC. J 

AIR FILTER 0 /:::::_ 

TIRES OL 
EXHAUST LEAKS of:-

u 

MECHANICAL PROBLEMS( BAD VALVES, BAD CAM, BAD RINGS, OIL LEAKS, 
FUEL LEAKS ETC.) -----

ELECTRICAL PROBLEMS( BAD CAP, BAD WIRES, BAD COIL, SHORTS ETC.) 

EMISSIONS READINGS cw-J F H~ co21.Z 0 ox __ _ 

MECHANICS COMMENTS: 

, ____ ----------------

MECHANICS SIGNATURE: .J ~ -{l;b 
I/ 

DATE: /o If 7 196 
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NJDOT VEHICLE SCREENING 

TEST 1-4 

Vehicle Inspection check list 

PLEASE FILL IN OR CHECK THE FOLLOWING INFORMATION FOR EACH 
VEHICLE: 

YEAR "fl f TDoa@Z330' 

MAKE t?)1ev j/ 
7 

MODELC'q,Pr1'c.. e_ .. 
viN#iGlf3LS/ ?YI<. R :loS' 'J?/ 

NuMB OF CYL 'ff 

MILES !3 /3 ;;> 2 

.COMPUTER CODES CHECKED KJ" 11'-C:...-

IGNITION TIMING ---
AIRFILTER l~ 

TIRES Fro~\.- o.t (3 4 c_k_ L~~ F/Q_J,- R<s-h+ J3°'JJ.. - ~.4'J2·~--- -EXHAUST LEAKS " -4"'ieo~ 

1 MECHANICAL PROBLEMS( BAD VALVES, BAD CAM, BAD RINGS, OIL LEAKS, 
. :FUEL LEAKS ETC.)__,,Q~/C.."----

-, 

~ J ELECTRICAL PROBLEMS( BAD CAP, BAD WIRES, BAD COIL, SHORTS ETC.) 

Of<. 
EMISSIONS READINGS co ,,. 5 ..2. HC_LLf C02/..?1 box __ _ 

MECHANICS COMMENTS: 

MECHANICSSIGNATURE:&~,L DATE:/t' 111196 



NJDOT VEHICLE SCREENING 
I 

TEST 1-5 

Vehicle Inspection check list 

PLEASE FILL IN OR CHECK THE FOLLOWING INFORMATION FOR EACH 
VEHICLE: 

TDO~ S 70<-( 

MAKE D aJ t e 
' 

MODEL ilr; e J' 
~ 

VIN#/8 3 B QL./l. DWf AJ Q ?'- 0 

NuMB OF CYL t.( 

MILES Z/ at.fl/ 

.COMPUTERCODESCHECKED M ~o ... c. Ch;;w .;.._~Glee~ 

IGNITION Tll\fING {$ TC J 0 

' 

AIR FIL TE~ B (\ ,& 

TIRES 0 /<..__ 
<..-.,._, 

EXHAUST LEAKS Vo v--. e..... 

MECHANICAL PROBLEMS( BAD VALVES, BAD CAM , BAD RINGS , OIL LEAKS, 
FUEL LEAKS ETC.) 0 I'--

ELECTRICAL PROBLEMS( BAD CAP, BAD WIRES, BAD COIL, SHORTS ETC.) 
oK 

EMISSIONS READINGS co,~') HC)73 co2l.J_ox. __ _ 

MECHANICS COMMENTS: 

MECHANICS SIGNATURE:({i/fJ?~,L DA TE: jQ_l ! 7 196 



NJDOT VEHICLE SCREENING 

TEST 1-6 

Vehicle Inspection check list 

PLEASE FILL IN OR CHECK THE FOLLOWING INFORMATION FOR EACH 
VEHICLE: 

YEAR ~ %' 

MAKE DcJ..; e_ 

MODEL Ar\' e-'.:> 

VIN# /83B D l{6hoJ F ;;J. 2...'87 8 J 

NUMB OF CYL_!f_ 
MILES S37S-t 

.COMPUTER CODES CHECKED lJC' -e__ 

IGNITION TIMING ~ T 3 ° 
I 

AIR FILTER /i\ .r 
TIRES D L 

EXHAUST LEAKS 0 /c_ 

MECHANICAL PROBLEMS( BAD VALVES, BAD CAM, BAD RINGS , OIL LEAKS, 
FUEL LEAKS ETC.) ___ _ 

ELECTRICAL PROBLEMS( BAD CAP, BAD WIRES, BAD COIL, SHORTS ETC.) 

EMISSIONS READINGS co I :l. > HC s-9 C02! 3· > ox __ _ 

MECHANICS COMMENTS: 

MECHANICS SIGNATURE: i:f/~ / DATE: LQ._/_j_J_!96 



NJDOT VEHICLE SCREENING 

TEST 1-7 

Vehicle Inspection check list 

PLEASE FILL IN OR CHECK THE FOLLOWING INFORMATION FOR EACH 
VEHICLE: 

YEAR q I TDORSG# D 3 g7 

.MAKE C h ,.) '-' v· 
c I 

MODEL C ~ 0,-1 'cc? 
7 

VIN #I GI f} I 5 3 7 cf Pi fv ;2 2 7 J /I -- ..- .. 
NUMBOFCYL 

MILES/2 D 7 11 
COMPUTER CODES CHECKED tJ 0 

IGNITION TThiING ----

AIR FILTER f"c. '..--

TIRES cJ /::::::.-

EXHAUST LEAKS .e; 

MECHANICAL PROBLEMS( BAD VALVES, BAD CAM , BAD RINGS , OIL LEAKS, 
FUEL LEAKS ETC.) -

ELECTRICAL PROBLEMS( BAD CAP, BAD WIRES, BAD COIL, SHORTS ETC.) 

EMISSIONS READINGS c~ HCZ__ill C07,{c. 1 ox --

MECHANICS COMMENTS: 

MECHANICS SIGNATURE; o__& DATE: I I 122 196 



~'<IJDOT VEHICLE SCREENING 

TEST 1-8 

Vehicle Inspection check list 

PLEASE FILL IN OR CHECK THE FOLLOWING INFORMATION FOR EACH 
VEHICLE: 

YEAR 7f8 

MAKE /3y / c /{_ 

MODEL£/~ 
r-

'FD oR sc # GkD 11c 

VIN # I G 4 c W 5" I C '-{ J I {;, ?/ 6 b ~ s-
NUMB OF CYL (, 

MILES 7-g (./ IS-

.COMPUTER CODES CHECKED D01 c,.--. e__ 

IGNITION TIMING /tb V / 6 ° 

AIRFILTER '3A:o Aepla._cef 

TIRES 0 /<:__ 

EXHAUST LEAKS ----

MECHANICAL PROBLEMS( BAD VALVES, BAD CAM, BAD RINGS, OIL LEAKS, 
FUEL LEAKS ETC.)_c?_;I:_ __ _ 

ELECTRICAL PROBLEMS( BAD CAP, BAD WIRES, BAD COIL, SHORTS ETC.) 
o.k 

EMISSIONS READINGS cot 5 0 HC9 o/' cof ~' 7 ox __ _ 

MECHANICS COMMENTS: 

·----------

·---------------------------

MECHANICS SIGNATURE: MiJd+.L--- DATE: LQ_//8' /96 



NJDOT VEHICLE SCREENING 

TEST 1-9 

Vehicle Inspection check list 

PLEASE FILL IN OR CHECK THE FOLLOWING INFORMATION FOR EACH 
VEHICLE: 

YEAR SC TD oR€f,/J: N 3 7 (,. 

MAKE O .. , rlre 
7 

MODEL ff /'1- ·e;-
~ 

VIN# !133 gpg, ~ 20~..Z.tfC.770 

NUMB OF CYL l( 

MILES 0 .5 I I 2__ 

.COMPUTER CODES CHECKED lj 0 

IGNITION TIMING~7C C 

AIR FILTER a Ao ~·~r1fl~7-~ -
7 . #._,,...,,, <"::;.,•':-·._: -

TIRES gl:_ 

EXHAUSTLEAKS µ0 

MECHANICAL PROBLEMS( BAD VALVES, BAD CAM, BAD RINGS, OIL LEAKS, 
FUEL LEAKS ETC.) ____ _ 

ELECTRICAL PROBLEMS( BAD CAP, BAD WIRES, BAD COIL, SHORTS ETC.) 

EMISSIONS READINGS 

MECHANICS COMMENTS: 

o.oo co nc_K_ co~; S-ox __ 

-J;127re.,Coez...e±~"" _ _&~~·( rf ]iii ___________ _ 

-------------

MECHANICS SIGNATURE: {) }~ 
/I 

DA TE: ~/ i.1_!96 



(f) 
NJDOT VEHICLE SCREENING 

TEST 2-1 

Vehicle Inspection check use 
·, 

PLEASE FILL IN OR CHECK THE FOLLOWING INFORMATION FOR EACH 
VEHICLE: 

YEAR tfY 
MAKE Do.{!7 e 

/ 

MODEL A- r .· e.? 

VIN #I B 3 'j3 D l/ ' l> 2«.J F 2 3 7 I {, " 

NUMB OF CYL L.--( 

MILES 3 Y 79 2. 

COMPUTER CODES CHECKED N 0 

IGNITION TIMING f3 TC .:S 

AIR FILTER <3 /::... 

TIRES 01<.. 

EXHAUST LEAKS N DIV e 

MECHANICAL PROBLEMS( BAD VALVES, BAD CAM, BAD RINGS, OIL LEAKS, 
FUEL LEAKS ETC.) Iv o rve 

ELECTRICAL PROBLEMS( BAD CAP, BAD WIRES, BAD COIL, SHORTS ETC.) "'0 ,_.. ~ o,.;<c. 
I I~? 

El\iISSIONS READINGS co~ H~ cov(, .. O ox __ _ 

l\IECHANICS COMMENTS: 

--· -------

------------ ·----------------

MECHANICS SIG NA TUR2/ '£). j k DATE: ~117 196 

\ 



NJDOT VEHICLE SCREENING 

TEST 2-2 

Vehicle Inspection check list 

PLEASE FILL IN OR CHECK THE FOLLOWING INFORMA Tl ON FOR EACH 
VEHICLE: 

YEAR qL TD OR SG # () 719 

MAKE C t---.._ I::'.,. 7 

VIN #/GIB/ SJ 7 6 tv W /YvOoL - ; 

NUMBOFCYL Y 
MILES//0937 

COMPUTER CODES CHECKED fl 0 

IGNITION TIMING __ _ 

Affi FILTER Q /:.­

TIRES 0 L 

EXHAUST LEAKS ..-

MECHANICAL PROBLEMS( BAD VALVES, BAD CAM, BAD RINGS, OIL LEAKS, 
FUEL LEAKS ETC.) ____ _ 

ELECTRICAL PROBLEMS( BAD CAP, BAD WIRES, BAD COIL, SHORTS ETC.) 

EMISSIONS READINGS CQ'7,.q'O Hc2?'t C02/Q, ?ox __ _ 

MECHANICS COMMENTS: 

-----------------------------------------------------------
.~------ ------- ·--

MECHANICS SIGNATURE: J {). fg 
0 

DA TE: j_j_I 2 '-- 196 



NJDOT VEHICLE SCREENING 

TEST 2-3 

Vehicle lnsnection check list .. 
PLEASE FILL IN OR CHECK THE FOLLOWING INFORMATION FOR EACH 
VEHICLE: 

YEARQ~ 

MAKE ·i)o J 9 r! 
7 

MODELl/c.rv J_)O 

vrn"# :Z.f!JJf t1BJ.1Y7JK1'6~st 2 -
NUMB OF CYL f" 

MILES / 3 7S7 

.COMPUTER CODES CHECKED 11 '/ S" v . .i..!' J .... -'...:. 

IGNITION TIMING {3 TC ;t,, 

AIR FILTER ra, r 

TIRES (] /::--

EXHAUST LEAKS 0 ~ 

MECHANICAL PROBLEMS( BAD VALVES, BAD CAM, BAD RlNGS, OIL LEAKS, 
FUEL LEAKS ETC.) ____ _ 

ELECTRICAL PROBLEMS( BAD CAP, BAD \VIRES, BAD COIL, SHQ.RTS ETC.) ... 

EMISSIONS READINGS co/, a 1' H~ C02~0X __ _ 

MECHANICS COMMENTS: 

~----·------------- ---·---------
~~-------------------------------------------------------------~----~------~---------

'.MECHANICS SIGNATURE: Jl D.t.k 
{/ 

DATE:/ 0I17 196 --



NJDOT VEHICLE SCREENING 

TEST 2-4 

Vehicle Inspection check list 

PLEASE FILL IN OR CHECK THE FOLLOWING INFORMATION FOR EACH 
VEIDCLE: 

YEARJ"C TDO© ,JI ~3C, 
MAKE 1) O cf 'i <:! 

7 

MODEL/ti ,·'1' )' 
., 

VIN#/(3 3i3Q:2tQ l(6/-J/ 0 l/ () {. -
NuMBOFCYL ~ 

MILES I f"337 

.COMPUTER CODES CHECKED AJo...._ ~ 

IGNITION TIMING .8 Tc 'J ~ 

AIR FILTER f3a.J. 
TIRES ok_ 

EXHAUST LEAKS 0 f:._ 

MECHANICAL PROBLEMS( BAD VALVES, BAD CAM, BAD RINGS, OIL LEAKS, 
FUEL LEAKS ETC.) 0 /c_ 

ELECTRICAL PROBLEMS( BAD CAP, BAD WIRES, BAD COIL, SPORTS ETC.) 
Dk-

EMISSIONS READINGS co.s_;J_ HC.&:/. C02 ?J ox __ _ 

MECHANICS COMMENTS: 

MECHANICS SIGNATURE: &i!!.?L.~L DA TE: Io I/? 196 



NJDOT VEHICLE SCREENING 

TEST 2-5 

Vehicle Inspection check list 

PLEASE FILL IN OR CHECK THE FOLWWING INFORMATION FOR EACH 
VEHICLE: 

YEAR£"f TDO~ 
MAKECAe1.1v 

I 

MODEL(a,.:;2;- i l <? 

" J 
VIN# JGd8L /)"! E 3K 4-1'l'i0/ ~ - .... 
NuMB OF CYL__8_ 

MILES 0 C 3 'fo 
.COMPUTER CODES CHECKED /t}o V'- e-. 

IGNITION TIMING f)T C D 

AIR FILTER 0 K 

TIRES t'l k;., 

EXHAUST LEAKS bk.. 

MECHANICAL PROBLEMS( BAD VALVES, BAD CAM , BAD RINGS , OIL LEAKS, 
FUEL LEAKS ETC.)__..CJ~)<c........>-__ 

.. 
ELECTRICAL PROBLEMS( BAD CAP, BAD WIRES, BAD COIL, SHORTS ETC.) 

.6 /<. 

EMISSIONS READINGS co ,os HC f? C02/0.3' ox __ _ 

MECHANICS COMMENTS: 
·:)1 

MECHANICS SIGNATURE: ~ ~ 
" 

DA TE: .J.Q_/ I 1f /96 



NJDOT VEHICLE SCREENING 

TEST 2-6 

Vehicle Inspection check list 

PLEASE FILL IN OR CHECK THE FOLLOWING INFORMATION FOR EACH 
VEHICLE: 

YEAR f( TDORSG# 0 j'/{; 

I\IAKE c 4etr V 
I 

MODEL Cu...rr l c. c:.. 

VIN # I GI /3 I 5 3 ? :2 M w ;)_ ~ S"" {) 3 b 

NUMBOFCYL A 
MILES / l( <(; 0 '5 L{ 

COMPUTER CODES CHECKED rVo V\. e__. 

IGNITION TIMING ---

AIR FILTER 0 )!_ 

TIRES 0 ~ 

EXHAUST LEAKS 0 /<_ 

MECHANICAL PROBLEMS( BAD VALVES, BAD CAM, BAD RINGS, OIL LEAKS, 
FUEL LEAKS ETC.)_O~K~--

ELECTRICAL PROBLEMS( BAD CAP, BAD WIRES, BAD COIL, SHORTS ETC.) 
Ok. 

EMISSIONS READINGS co21 '5' Hc;2 7~ co2/c'.?1..?, ox __ _ 

MECHANICS COMMENTS: 

:r-----

MECHANICS SIGNATURE: 3#..LJ_ DATE: // !;J~/96 



NJDOT VEHICLE SCREENING 

TEST 2-7 

Vehicle l11svection check list .. 
PLEASE FILL IN OR CHECK THE FOLLOWING INFORl\1A TION FOR EACH 
VEHICLE: 

YEAR gq 
MAKE Dotl9e 

; 

MODEL J1. r,· e.s 

VIN#/ 133 BK L{(. DeoKc L/<.:.8/ 7 '-I 

NUMBOFCYL H 

MILES LfO '?8' ? 

COMPUTER CODES CHECKED I/ 0 
--'--'----"----

IGNITIONTIMING B/c 3" 

AIRFILTER OK 

Tm.ES ~K 

EXHAUST LEAKS ~~we:. 

l\fECHANICAL PROBLEMS( BAD VALVES, BAD CAM, BAD RINGS, OIL LEAKS, 
FUEL LEAKS ETC.) 0~ 

ELECTRICAL PROBLEMS( BAD CAP, BAD WIRES, BAD COIL, ~HORTS ETC.) 
oL 

El\IISSIONS READINGS c()'.'.?. 6S- H~ '75 C0210. 2 ox __ _ 

MECHANICS COMMENTS: 

_____ _fi!f_E..~Q ----------
~-- ---------------------
1\iECHANICS SIGNATURE: J, .D~ DATE: /D ll.Z_/96 

(/ 



NJfJOT VEHICLE SCREENING 

TEST 2-7 

Vehide /11spectio11 check list 
-, 

PLEASE FILL IN OR CHECK THE FOLLO\VING INFORMATION FOR EACH 
VEHICLE: 

YEAR gq 

MODEL ft r, e.r 

VIN#/ 133 B & Lt-l D ts,KC '-IC:.8/ 7 <-/ 

NUMB OF CYL 'd 

MILES LfQ ?8? 

COMPUTER CODES CHECKED ,(/ 0 --'----
IGNITION TIMING B TC 3" 

AIR FILTER 0 J::::-

TIRES ~K 

EXHAUST LEAKS ~Aft)wc: 

:MECHANICAL PROBLEMS( BAD VALVES, BAD CAM , BAD RINGS , OIL LEAKS, 
FUEL LEAKS ETC.) oiL 

ELECTRICAL PROBLEMS( BAD CAP, BAD Wm.ES, BAD COIL, ~HORTS ETC.) 
oL 

El\IISSIONS READINGS cf£J.6"S- HC2GS covo. 7 ox __ _ 

MECHANICS COMMENTS: 

______ fi!LE.~e ---------

---------------------------
MECHANICS SIGNAruREJ ~ DA TE: / D I !2_196 



NJDOT VEHICLE SCREENING 

TEST 2-8 

Vellic/e I nspecuon c11 eek 11s1 

PLEASE FILL IN OR CHECK THE FOLLOWING INFORMATION FOR EACH 
VEHICLE: 

YEAR 37 

l\'L\KE Dod t; c 
7 

MODEL If 11·u 

VJN #/BJ l3 D.}C D7ltP/ 7 f tf if .J 

NmIBOFCYL 7' 
MU.ES ? 0 'i ) j" 

COl\'IPUTER CODES CHECKED # 1£° ,;f 37 ~ 
1GNIT10N TIMING E r c r~ 

AIR FILTER 0a..J.. 

TIRES 6k.._ 

EXHAUST LEAKS ~ l:. 

MECHANICAL PROBLE1\1S( BAD VALVES, BAD CAM , BAD RINGS , OIL LEAKS, 
FUEL LEAKS ETC.) 0 k.. 

~~---

ELECTRICAL -PROBLEMS( BAD CAP, BAD WIRES, BAD COIL, &J;IORTS ETC.) 
Ne"'e_ ,._ ,, 

E)USSIONS READINGS co . 5 t HC 360 C02 q, 0 ox __ _ 

MECHANlCS COMMENTS: 

__ l3~.U:0cf.- 'fV 05/e._ tJ~.\--er f:u.w ~ _] .!/_L6_]_ _______ _ 
.,.---·---------------------------

MECHANICS SIGNATURE:$;;/~ DA TE: I 0 l_j_2__!96 



NJDOT VEHICLE SCREENING 

TEST 2-9 

Vehicle Inspection check list 

PLEASE FILL IN OR CHECK THE FOLLOWING INFORMATION FOR EACH 
VEHICLE: 

YEAR cf 7 TD OR~ 
MAKE Ou cf r; <; 

/ 

MODEL fj /1 Cr .. 
VIN# If]£ p,·j ( J)Lt /f/=2262 75 

NUMBOFCYL L.f 

MILES 2L Y (;.7 

.COMPUTER CODES CHECKED J 7 Tt"c.,... r L--0 ~ ·~ p 

IGNITION TIMING f!> \<:._ (:. 

AIR FILTER Pc.. ,1 y 

TIRES () f_ 

EXHAUST LEAKS ----

MECHANICAL PROBLEMS( BAD VALVES, BAD CAM, BAD RINGS, OIL LEAKS, 
FUEL LEAKS ETC.) Ve. j <1..? (V.:)J I e 

ELECTRICAL PROBLEMS( BAD CAP, BAD WIRES, BAD COIL, SKORTS ETC.) --
EMISSIONS READINGS 

aao IS- 10,e,. 
co Hc_ co1 __ ox __ _ 

MECHANICS COMMENTS: 

MECHANICS SIGNATURE~ £1 t+v­
P"' 

DATE;/() /!_J_/96 

Jlf ~5 J-, let-



NJDOT VEHICLE SCREENING 

TEST 3-1 

Vehicle Inspection check list 

PLEASE FILL IN OR CHECK THE FOLLOWING INFORMATION FOR EACH 
VEHICLE: 

YEAR?? TD0@1 2 33 J 

MAKE c b '? v y_ 
MODEL C~c1'l. e. z;, , 
VIN#./ b.j /JL6/ ~7~ R /'j,l. 02j 

NuMBOFCYL l 

MILES ~ L-t 2 9,f" 

.COMPUTER CODES CHECKED ft/ 0 
<, G 

IGNmON Til\nNG ()TC. 

AIR FILTER 0 I< 

TIRES o/:---

EXBAUST LEAKS 0 k 

MECHANICAL PROBLEMS( BAD VALVES, BAD CAM, BAD RINGS, OIL LEAKS, 
FUEL LEAKS ETC.) -

ELECTRICAL PROBLEMS( BAD CAP, BAD WIRES, BAD COIL, SHORTS ETC.) 

EMISSIONS READINGS c~" f'-f' ac1 JC. co21D·7ox __ _ 

MECHANICS COMMENTS: 

3 9 tlc f )L (] c._cf 

MECHANICS SIGNATURE: fl .Ub DA TE: IV 111 196 
~/ 



NJDOT VEHICLE SCREENING 

TEST 3-2 

Vehicle Inspection check list 

PLEASE FILL IN OR CHECK THE FOLLOWING INFORMATION FOR EACH 
VEHICLE: 

YEAR cf,- moi@ n1 L(7 If 
MAKE 1)o J;e 

7 

MODEL f7/, ·e 5 
.,. 

VIN #/83 B D 'i (_I>r: r J J; 11.:r 

NUMB OF CYL t/" 
MILES 0 rr f P' 

.COMPUTER CODES CHECKED IJ () 
IGNITION TIMING 6) le_ C 

AIR FILTER 0 k 

TIRES r/ o,,, 1 f3 .:t J. 

EXHAUST LEAKS Q Jt::-

MECHANICAL PROBLEMS( BAD VALVES, BAD CAM , BAD RINGS , OIL LEAKS, 
FUEL LEAKS ETC.) o 1;-

ELECTRICAL PROBLEMS( BAD CAP, BAD WIRES, BAD COIL, SHORTS ETC.) 
0 t:: 

EMISSIONS READINGS CID. "9 H~ co2l:_6_ OX __ _ 

MECHANICS COMMENTS: 

MECHANICS SIGNATURE: ------ DATE: _/_/96 



NJDOT VEHICLE SCREENING 

TEST 3-3 

Vehicle Inspection check list 

PLEASE FILL IN OR CHECK THE FOLLOWING INFORMATION FOR EACH 
VEHICLE: 

YEAR t 2_ TD OR Sri #5!' 2d 5-

MAKE t'he._;y 
I 

MODEL (/4 ('ii"/ c_ c 

vIN # / G 1 e 1 -5- 3 ?5 rJ w 1 s-c:i 7 5 3 

NUMBOFCYL o 
MILES I 3 ;< 3 I z 
COMPUTER CODES CHECKED 

IGNITION TThUNG ---

AIR FILTER u It.._ 

TIRES 0 J:_ 

EXHAUST LEAKS ----

-----

' 
MECHANICAL PROBLEMS( BAD VALVES, BAD CAM, BAD RINGS, OIL LEAKS, 
FUEL LEAKS ETC.) ____ _ 

,._ 
ELECTRICAL PROBLEMS( BAD CAP, BAD WIRES, BAD COIL, SHORTS ETC.) 

EMISSIONS READINGS co,()'],.- HC°3'3 C02//.4/- ox __ _ 

MECHANICS COMMENTS: 

,.---------- -----------------------------
-~-----------~~----------------------------------------------

MECHANICS SIGNATURE: ------ DATE: _/_/96 



NJDOT VEHICLE SCREENING 

TEST 3-4 

Vehicle Inspection check list 

PLEASE FILL IN OR CHECK THE FOLLOWING INFORMATION FOR EACH 
VEHICLE: 

YEAR j l TD o@ fL/t,.i] 

MAKE t)0 '[jt c 

MODEL\.! (( ,J ----

VIN # 2 i) :7-VJ 8 J 5 2-2.. k I( t../ D 'J J ~ f 

NUMBOFCYL ~ 

MILES /Cf /ZL/ 

" ,. 

COMPUTER CODES CHECKED IJ 0 
-----

IGNITION TThfING /3 e re_ 

AIR FILTER '--------

TIRES D IL-

EXHAUST LEAKS C> L... 

MECHANICAL PROBLEMS( BAD VALVES, BAD CAM, BAD RINGS, OIL LEAKS, 
FUEL LEAKS ETC.) ____ _ 

... 
ELECTRICAL PROBLEMS( BAD CAP, BAD WIRES, BAD COIL, SHORTS ETC.) 

EMISSIONS READINGS co .tJ7 HC z_"'l.-- C02 /0_?,,- ox __ _ 

MECHANICS COMMENTS: 

----------·-- ------------ -------------
,-----

MECHANICS SIGNATUREJ 0 tk DATE: /2... / /0/96 



NJDOT VEHICLE SCREENING 

TEST 3-5 

Vehicle Inspection check list 

PLEASE FILL IN OR CHECK THE FOLLOWING INFORMATION FOR EACH 
VEHICLE: 

YEARf? TD o€#i OJ Cf' J. ~ 
MAKE D t.> t!-51 <? 

MODEL Ar ; 12 r 
*' 

VIN# I rf> 3 f3 D 3 (, 0(, HF'$ Ot.t7 '> 9-
..- _,.. 

NuMB OF CYL if 

MILES I () 'i' C,J 

·COMPUTER CODES CHECKED 3 7 7/-~#f._ [ L-u<-~"/? 

IGNITION TIMING f)TC Cf 

AIR FILTER () k.__ 

TIRES {J )::_ 

EXHAUST LEAKS 6 /::;_ 

MECHANICAL PROBLEMS( BAD VALVES, BAD CAM, BAD RINGS , OIL LEAKS, 
FUEL LEAKS ETC.) ____ _ 

ELECTRICAL PROBLEMS( BAD CAP, BAD WIRES, BAD COIL, SHORTS ETC.) -
EMISSIONS READINGS 

o. /} {J °' / co__ BC.LL C02~0X __ _ 

MECHANICS COMMENTS: 

CCG..t;~<'ef' w ,·"" /.r/i~f'1/c/ 

MECHANICS SIGNATURE: __ a .... '/ _[)_-~_Tu _ _,-·-~--
~1 

DATE: /cJ I <7 / 196 



NJDOT VEHICLE SCREENING 

TEST 3-6 

Vehicle Inspection check list 

PLEASE FILL IN OR CHECK THE FOLLOWING INFORMA TJON FOR EACH 
VEHICLE: 

YEAR g 6 m o@ 1J I '5' I 

MAKE /;>t,J.§ e_ 

MODEL.l}ffe:)' 

VIN# 18 '?!3 ~ 2 t DI GF ;;/DD 3 7 / 

NuMnOFCYL f 
MILEs.7</ ltJ B 

·COMPUTER CODES CHECKED Jl}o ..-e._... 

IGNITION TIMING J3 TC ? II 

AIR FILTER ----
TIRES hir 

EXHAUSTLEAKS o/C. 

MECHANICAL PROBLEMS( BAD VALVES, BAD CAM, BAD RINGS, OIL LEAKS, 
FUEL LEAKS ETC.)-=c;_,t:_ __ _ 

ELECTRICAL PROBLEMS( BAD CAP, BAD WIRES, BAD COIL, SHORTS ETC.) 
# 

EMISSIONS READINGS CO 1/C BC 31 C02~0X~ 

MECHANICS COMMENTS: 
I 

Btt. J Ba. ++-ert 

MECHANICS SIGNATURE:.8Jd.uL DATE: LQ_l I '1196 



NJDOT VEHICLE SCREENING 

TEST 3.7 

Vehicle Insoection check list ... 

PLEASE FILL IN OR CHECK THE FOLLOWING INFORMATION FOR EACH 
VEHICLE: 

YEAR }'£ TD OR SG # R I /J 5 

MAKE D (') DQ 3 Q__ 

MODEL l/t,___V"--

VIN # ;) f3 .y (;' /311 If I{; /( 6 0 5 1' ;:;._ </ 

NUMB OF CYL $ 6 
MlLES I 6 5.Q l 

COMPUTER CODES CHECKED ).)0 f /)6 c' / f-c., Sc,._,,.__ C c.:J c.g e -s. 

IGNITION TIMING -

AIR FILTER ----

TIRES D ):::__ 

EXHAUST LEAKS c:,,,i:: 

MECHANICAL PROBLEMS( BAD VALVES, BAD CAM, BAD RINGS , OIL LEAKS, 
FUEL LEAKS ETC.) ____ _ 

ELECTRICAL PROBLEMS( BAD CAP, BAD WIRES, BAD COIL, SHORTS ETC.) 

EMISSIONS READINGS co~ HC~ co2J.L ox __ _ 

MECHANICS COMMENTS: 

MECHANICS SIGNATURE: DA TE: /'.:( I/ Q 196 ------



NJDOT VEHICLE SCREENING 

TEST 3-8 

Vehicle lnsvection check list .. 
PLEASE FILL IN OR CHECK THE FOLLOWING INFORMATION FOR EACH 
VEHICLE: 

YEAR I I TDORSG# U 'Jd{ 7 

lVIAKE f'/ze u!I 
/ 

MODEL Cu.,.J11--,'c e_ 
I 

VIN # I G I (3 I S- 3 7 .)' M W J ~ S-- c.;- 7~ 

NUMB OF CYL '3 

MILES /Si../? S-0' 

COMPUTER CODES CHECKED ND v..._-'2--

IGNITION TIMING ---

AIR FILTER 0 /c_ 

TIRES 0 ,:___ 

EXHAUST LEAKS o fc._ 

l\lECHANICAL PROBLEMS( BAD VALVES, BAD CAM, BAD RINGS, OIL LEAKS, 
FUEL LEAKS ETC.) o)::._ 

ELECTRICAL PROBLEMS( BAD CAP, BAD WIRES, BAD COIL, SlIORTS ETC.) 
0 k._ 

·6Y 
EMISSIONS READINGS co~ HC.'.ZS-3 C02/tl· ~ ox __ _ 

MECHANICS COMMENTS: 

,---- --

MECHANICS SIGNATURE: 73Hc::LL DATE: _!.f_t ;J.-2._/96 



NJDOT VEHICLE SCREENING 

TEST 3-9 

Vehicle Inspection check list 

PLEASE FILL IN OR CHECK THE FOLLOWING INFORMATION FOR EACH 
VEHICLE: 

YEAR q I 'IDOR SG # Sf 3 8.) 

MAKE t..4~vv 
I 

MODEL ( flho ~ 6 

VIN# IC /f5L5:5 7;2 M Wd. ~ /5- o CJ 

NUMBOFCYL ~ 

MILES// /7 3 3 

COMPUTER CODES CHECKED -----

IGNITION TIMING ---

AIR FILTER o,,k_ 

TIRES 0~ 

EXHAUST LEAKS o/<__ 
----

MECHANICAL PROBLEMS( BAD VALVES, BAD CAM, BAD RINGS, OIL LEAKS, 
FUEL LEAKS ETC.) 0 k_ 

ELECTRICAL PROBLEMS( BAD CAP, BAD WIRES, BAD COIL, SHORTS ETC.) 
ol<. 

EMISSIONS READINGS CO ,3/ HC f'.;.:.7-- C02 /3- ll ox __ _ 

MECHANICS COMMENTS: 

--·------------------
,,_---,----

MECHANICS SIGNATURE: DATE: /d I 16 196 -------



NJDOT VEHICLE SCREENING 

TEST 4-1 

Vehicle Inspection check list 

PLEASE FILL IN OR CHECK THE FOLLOWING INFORMATION FOR EACH 
VEHICLE: 

YEAR 48'r 
MAKE C4ev V 

7 

MODEL{'~(.) L .. 

TDOR~f' /JS 

VIN# JG f.'[c <g /(£k :r ;):;J..( 6 6;).... 
. ~ ~ -

NUMB OF CYL L( · 

MILES /t!J 7 J ;:).._ 

COMJ>UTER CODES CHECKED Vo"'-- ..e.-­

IGNITION TIMING .q h V 26 ° 

AIR FILTER ,a?,' r' 

TIRES tJ/C-
EXHAUST LEAKS 0 ,t__ 

I 

MECHANICAL PROBLEMS( BAD VALVES, BAD CAM, BAD RINGS, OIL LEAKS, 
FUEL LEAKS ETC.) t:;)::_ 

ELECTRICAL PROBLEMS( BAD CAP, BAD WIRES, BAD COIL, SHORTS ETC.) 
o~ ~ 

EMISSIONS READINGS co" 93 HC)10 co213 ... ? ox __ _ 

MECHANICS COMMENTS: 

Y~~ p , S f:w= f-e A_ 

MECHANICS SIGNATURE: 7Jd/?d.uL DATE: _/_/96 



NJDOT VEHICLE SCREENING 

TEST 4-2 

Vehicle Inspection check list 

PLEASE FILL IN OR CHECK THE FOLLOWING INFORMATION FOR EACH 
VEHICLE: 

YEAR q 0 TD OR SG # () I J 2-

l\ilAKE ( V\.l.:...: v 
I 

MODEL ccyo/1Ce 

VIN# /G / {j/..)L/ 71 L /f /.),)()Ff 

NUMB OF CYL 2: 
MILES I J f" /;\_L./ 

COMPUTER CODES CHECKED N cJ 

IGNITION TIMING 6 k-

AIR FILTER () J:/ 

TIRES 0 K 
EXHAUSTLEAKS \JO 

MECHANICAL PROBLEMS( BAD VALVES, BAD CAM, BAD RINGS, OIL LEAKS, 
FUEL LEAKS ETC.) ____ _ 

ELECTRICAL PROBLEMS( BAD CAP, BAD WIRES, BAD COIL, ShORTS ETC.) 

EMISSIONS READINGS col...- 10 HC_j_Qj co210.> ox -

MECHANICS COMMENTS: 

·--·--------------------
7'--- ---------------

MECHANICS SIGNATURE: (} J\k 
- ' u 1-1..,, d c L"cL 

DATE: /I I 2 2/96 



NJDOT VEHICLE SCREENING 

TEST 4-3 

Vehicle Inspection check list 

PLEASE FILL IN OR CHECK THE FOLLOWING INFORMATION FOR EACH 
VEHICLE: 

YEAR i 2 TD o R sc # R z r 3 

MAKE boc9;) e_. 

MODEL R0-v"'- L?~o.-r-a. ef 

VIN# 3BL{ GkJ)) ro!-IM. 73 ;206 3 

NUMB OF CYL ,) 

MILES 536 7 I 
COMPUTER CODES CHECKED -----

IGNITION TIMING . 'ff' /J ( c_ 

A IR FILTER L/z D- .,.,_J e j).__ V\.) C'. u-J 

TIRES Ok. 

EXHAUST LEAKS 0 i:__ 

MECHANICAL PROBLEMS( BAD VALVES, BAD CAM, BAD RINGS, OIL LEAKS, 
FUEL LEAKS ETC.) a/.(_ 

ELECTRICAL PROBLEMS( BAD CAP, BAD WIRES, BAD COIL, Sf:IORTS ETC.) 
OK 

EMISSIONS READINGS COO• I() HC5o 7 C02 'Z I) ox __ _ 

MECHANICS COMMENTS: 

__ 1.12_~12.!!~J_c:_q~ s ~. · c t~!__- o V-- L_QL~_O- -i- ~--1_q_:_!f.. _____ _ 

MECHANICS SIGNATURE: Z?dd LL DATE: _LL! c:? ~ /96 



NJDOT VEHICLE SCREENING 

TEST 4-4 

Vehicle Inspection check list 

PLEASE FILL IN OR CHECK THE FOLLOWING INFORMATION FOR EACH 
VEHICLE: 

YEAR ql_ TD OK SG1i 5 /7- 0 7 9 t./ 

MAKE c h..ev y 

VIN # .J C2 I 8 I SJ 7/ tfl 14" 15 2. S-'-1 P' 

NUMBOFCYL Y 

MILES / I 6b 2 i 

COMPUTER CODES CHECKED IV D 

IGNITION TIMING ---

AIR FILTER 0 /.C::::.. 

TIRES 0 f::_ 

EXHAUST LEAKS -

MECHANICAL PROBLEMS( BAD VALVES, BAD CAM, BAD RINGS, OIL LEAKS, 
FUEL LEAKS ETC.) ..,.---

ELECTRICAL PROBLEMS( BAD CAP, BAD WIRES, BAD COIL, SlIORTS ETC.) -
EMISSIONS READINGS CO,tJ:? 2~ HCQ_ C02__LL2_ ox __ _ 

MECHANICS COMMENTS: 

--------------------------
,---

~----------------~----------------·~~--~-------------------------------------------------------

MECHANICS SIGNATURE: 0 au 
0 

DA TE: ( 2._ /jQ__/96 



NJDOT VEHICLE SCREENING 

TEST 4-5 

Vehicle Inspection check list 

PLEASE FILL IN OR CHECK THE FOLWWING INFORMATION FOR EACH 
VEHICLE: 

YEARfd 

MAKE :l) o d f c> 
;> 

MODEL t4 r; ~f .. 
VIN# 1/3 36 D'I' D/..JP..U795'f • 
NUMBOFCYL~ 

MILES . 5 7s-r 7 

.COMPUTERCODESCHECKED ,.v'O 

IGNITION TIMING 8f C I '-I 

AIR FILTER 6 k 

TIRES S' ..0 c.. c (' R1J!.A /- /.ru~ r v /'' 
EXHAUST LEAKS ----
MECHANICAL PROBLEMS( BAD VALVES, BAD CAM, BAD RINGS, OIL LEAKS, 
FUEL LEAKS ETC.) ti~) (.>J Cove"' L e>c... k 

ELECTRICAL PROBLEMS( BAD CAP, BAD WIRES, BAD COIL, SHORTS ETC.) --
EMISSIONS READINGS coO' I I HC/ OL, co2/t/, 7ox __ _ 

MECHANICS COMMENTS: 

MECHANICS SIGNATURE: ;f D..:ilr 
ti 

DA TE: }.!! ... J i.Lt96 



NJDOT VEHICLE SCREENING 

TEST 4-6 

Vehicle Inspection check list 

PLEASE FILL IN OR CHECK THE FOLLOWING INFORMATION FOR EACH 
VEHICLE: 

YEAR81 TDO~R£8:] 
MAKFJ)o{;5 e 

MODEL &er , 
VIN # /.? J fJ f3 C. "])I f:tP ..26 52.3? 

NUMBOFCYL ~ 

MILES Ji'-L/ 3 )3 

·COMPUTER CODES CHECKED J 7--·/;..-"'$ /-oc.L."iJ 

IGNITION TIMING (J TC 'j' 

AIR FILTER ~ ,4 D 

TIREs or-
EXHAUST LEAKS ----
MECHANICAL PROBLEMS( BAD VALVES, BAD CAM , BAD RINGS , OIL LEAKS, 
FUEL LEAKS ETC.) ____ _ 

ELECTRICAL PROBLEMS( BAD CAP; BAD WIRES, BAD COIL, sliORTS ETC.) 

EMISSIONS READINGS c~~oo HcJ co?; 7 ox __ _ 

MECHANICS COMMENTS: 

MECHANICS SIGNA TUREc# Jl f &t I \ = 
DATE: _Q_/_il_/96 



NJDOT VEHICLE SCREENING 

TEST 4-7 

Vellic/e I 11soecfio11 checK list .. 
PLEASE FILL IN OR CHECK THE FOLLOWING INFORMATION FOR EACH 
VEHICLE: 

YEAR ~g" 

MAKE Dod¥c 
7 

MODEL t1r; e.r 

VIN #1.8.J iD 't' D3J f",ZJ 7 7 'i' 

NUMB OF CYL L-/ 

MILES 6 'r l 5" I 

COMPUTER CODES CHECKED tJ D "-<-

IGNITION TIMING ()Tc 3 

AIRFILTER ~,-,­

TIRES 0 /<. 

EXHAUST LEAKS ----

MECHANICAL PROBLEMS( BAD VALVES, BAD CAM , BAD RINGS , OU, LEAKS, 
FUEL LEAKS ETC.) k rv o 'f.= 

ELECTRICAL PROBLEI\fS( BAD CAP, BAD WIRES, BAD con,, ~~ORTS ETC.) - ... 

E:!\IISSIONS READINGS co~ J . .ti Hot___dJ' C02 9 .. g- ox __ _ 

MECHANICS COMMENTS: 

KNO"A... -------r-
r----------------·---·----------

MI:CHANICS SIG NA TUREd 8 . -I:b DA TE: .f.!J_/ 17 /96 



NJDOT VEHICLE SCREENING 

TEST 4-8 

Vehicle Inspection check list 

PLEASE FILL IN OR CHECK THE FOLLOWING INFORMATION FOR EACH 
VEHICLE: 

TDOR~ fh~fu 

MODEL Vo v 3.S- <:> .. 
VIN# 2.i3.?vv65 twor;1c c. o'i':i....k I 

NUMBOFCYL ~ 

MILES J 5 /J.. :> 

.COMPUTER CODES CHECKED No rva_... 

IGNITION TIMING /3 TC:. o0 

AIR FILTER Q ~ 

TIRES Q.t::-

EXHAUST LEAKS ----
MECHANICAL PROBLEMS( BAD VALVES, BAD CAM, BAD RINGS , OIL LEAKS, 
FUEL LEAKS ETC.) ~.I::.. 

ELECTRICAL PROBLEMS( BAD CAP, BAD WIRES, BAD COIL, SHORTS ETC.) 
() /< 

EMISSIONS READINGS co/..t:..6.L_ Hc73 co2?, 7 ox __ _ 

MECHANICS COMMENTS: 

MECHANICS SIGNATURcY P~-tw- DATE: /ii / 17 196 



NJDOT VEHICLE SCREENING 

TEST 5-2 

Vehicle Inspection check list 

PLEASE FILL IN OR CHECK THE FOLLOWING INFORMATION FOR EACH 
VEHICLE: 

YEAR :'.f 7 

MAKE DeirV 5 e_ 
~ 

MODEL P iJ. 

VIN# I 13 7G DI Y!IZ!f 5 S-1 -:ft.1• S-c) 

NUMBOFCYL b 

MILES o3 2{3 

COMPUTER CODES CHECKED ,()0 f- ) 6.-'/ le: 5c·.:.- (}._J (_-c:,.s,,...) 

IGNITION TIMING ---

AIR FILTER fd.,'1.~ 
I 

TIRES())( 

EXHAUST LEAKS ----

MECHANICAL PROBLEMS( BAD VALVES, BAD CAM , BAD RINGS , OIL LEAKS, 
FUEL LEAKS ETC.) ____ _ 

ELECTRICAL PROBLEMS( BAD CAP, BAD WIRES, BAD COIL, SllORTS ETC.) -
EMISSIONS READINGS co /),()d HC~):-025.9' ox __ _ 

MECHANICS COMMENTS: 

------------ ·-- ·--·------------------------------------

MECHANICS SIGNATURE: DATE: /~ I /O 196 ------



NJDOT VEHICLE SCREENING 

TEST 5-3 

Vehicle Inspection check list 

PLEASE FILL IN OR CHECK THE FOLLOWING INFOR..t'\'IA TION FOR EACH 
VEHICLE: 

YEAR <t{, @lRSG# CJ 37C 

MAKE D't:. t/t; e 
./ 

MODEL /3 ,,· e S 

VIN#/ 8 3 B 02. b 0 i'G;:-J /1 yt.ro 

NUMB OF CYL L/ 

MILES 75 7( 2. 

COMPUTER CODES CHECKED -----

IGNITION TIMING ---

AIR FILTER d Jc_ 

TIRES 6 IL.. 

EXHAUST LEAKS 

MECHANICAL PROBLEMS( BAD VALVES, BAD CAM, BAD RINGS, OIL LEAKS, 
FUEL LEAKS ETC.) .-

ELECTRICAL PROBLEMS( B \D CAP, BAD WIRES, BAD COIL, SlIORTS ETC.) --
EMISSIONS READINGS c )~ HC____:i_ C02-11::_ ox __ _ 

MECHANICS COMMENTS: 

;-- ---· ------ -----------

MECHANICS SIGNATURE:_8 j~ DATE: IL /_LQ/96 



NJDOT VEHICLE SCREENING 

TEST 5-4 

Vehicle Inspection check list 

PLEASE FILL IN OR CHECK IBE FOLLOWING INFORMATION FOR EACH 
VEHICLE: 

YEAR '8'ez5 TD OR~M 3 6 c__ 

MAKE ehc:vy 
MODEL Ct< I) r 1 'c._ e_ 

' 

MECHANICAL PROBLEMS( BAD VALVES, BAD CAM, BAD RINGS, OIL LEAKS, 
FUEL LEAKS ETC.) CJ~ 

ELECTRICAL PROBLEMS( BAD CAP, BAD WIRES, BAD co~ SHORTS ETC.) 
ot- . 

EMISSIONS READINGS coo,tf/ HC/f"O co215, I ox __ _ 

MECHANICS COMMENTS: 

MECHANICS SIGNATURE: ti.#~~ DATE: !£J__li..:E._!96 



NJDOT VEHICLE SCREENING 

TEST 5-5 

Vehicle Inspection check list 

PLEASE FILL IN OR CHECK THE FOLLOWING INFORMATION FOR EACH 
VEHICLE: 

YEAR ~ 7 

MAKE {).:;A; e_ 

MODEL J'1,-, e '..:::,, 
,,,, 

VIN # lf3 3 B b 3 (:, D I It F _? .)___ t '-/ j 7 

NUMBOFCYL i 
MILES .J (, 7 3 Ef 

. COMPUTER CODES CHECKED__,3=-· -'-7 _ __,_/_,_/"..<e.<R£1 ........ r 

IGNITION TIMING61 ( 3 

AIR FILTER 8 e:...c,,& f? e ple...e. efl 
TIRES D /(_._ 

EXHAUST LEAKS t:)L 

MECHANICAL PROBLEMS( BAD VALVES, BAD CAM, BAD RINGS, OIL LEAKS, 
FUEL LEAKS ETC.) V~ ( ve c. '-~ _,"' r )_ ~'--L 

ELECTRICAL PROBLEMS( BAD CAP, BAD WIRES, BAD COIL, SHORTS ETC.) 
r:,,f:: 

EMISSIONS REAOINGS coo· 3,-t 2 y- /2 7 
HC~ C02_-_ox __ _ 

MECHANICS COMMENTS: 

MECHANICS SIGNATURE;c-j f J; l~ 
(/ 

DA TE: Io 11 r 196 



NJDOT VEHICLE SCREENING 

TEST 5-5 

Vehicle Inspection check list 

PLEASE FILL IN OR CHECK THE FOLLOWING INFORMATION FOR EACH 
VEHICLE: 

YEAR '5' 7 

MAKE {).:;A; e_ 

MODEL ;1,-, e '..:::;, 
,,. 

VIN# !f33B'D3(:, bl ltf _?J__c{t/)'7 

NUMBOFCYL i 
MILES .l 6 7 3 f5 

. COMPUTER CODES CHECKED__,3=-· --'-7 _ __,_/_,_/"-<e.<RL!.......,r 

IGNITION TIMINGS! ( 3 

AIR FILTER 8.c;;;_c.,& f?epl~e.Q. 

TIRES D ;:.._ 

EXHAUST LEAKS cL 

MECHANICAL PROBLEMS( BAD VALVES, BAD CAM, BAD RINGS, OIL LEAKS, 
FUEL LEAKS ETC.) V.;,. ( ue c '-~ ._,"' r .L ~'--· L 

ELECTRICAL PROBLEMS( BAD CAP, BAD WIRES, BAD COIL, SUORTS ETC.) 
c:,,f:: 

EMISSIONS REAOINGS coo. 3<-1 
2 l"- /2 7 

HC~ C02_-_ox __ _ 

MECHANICS COMMENTS: 

-------

MECHANICS SIGNATUREJ-:;-t f )~l~ 
(_/ 

DA TE: Io 11 r 196 



NJDOT VEHICLE SCREENING 

TEST 5-6 

Vehicle lnsvection check list .... 

PLEASE FlLL IN OR CHECK THE FOLLOWING INFORMATION FOR EACH 
VEHICLE: 

YEAR er I TDORSG# Sf j~_s-s-

l\'IAKE C ~ -e._ v Y 
MODEL Cc._£ r ,· L c:._ 

VIN# !G!Bb~~ 7 3M R} s- I:;.:< <J 

NUMB OF CYL {) 

MILES !/Ss ?Cf 

COMPUTER CODES CHECKED -----

IGNITION TIMING ---

AIR FILTER La · r 
TIRES oL 

EXHAUST LEAKS CJtC.. 

MECHANICAL PROBLEMS( BAD VALVES, BAD CAM, BAD RINGS, OIL LEAKS, 
FUEL LEAKS ETC.)---'CJ=--../:._---

ELECTRICAL PROBLEMS( BAD CAP, BAD WIRES, BAD COIL, Sb.ORTS ETC.) 
oK_ 

EMISSIONS READINGS co .1/-.i"i HC S-&7 co2___;ljox __ _ 

MECHANICS COMMENTS: 

-- --------------
----------

MECHANICS SIGNATURE: DATE: /)... I I(. 196 ------



NJDOT VEHICLE SCREENING 

TEST 5-7 

Vehicle Inspection check list 

PLEASE FILL IN OR CHECK THE FOLLOWING INFORMATION FOR EACH 
VEHICLE: 

YEAR Zt°'6 TDORSG# p~.5 f 

MAKE Ooc2.3 e._. 

MODEL Vea----

VIN # ;2 ,8 l{ GB I I H 3 G k 6 L) 3 g d- > 
NUMBOFCYL b 

MILES ~S~S-

COMPUTER CODES CHECKED nJot CoJe 5 cc.....__ c.._b I e__ 

IGNITION TIMING -­

AIR FILTER /; <. ,,,-

TIRES of_ 

EXHAUST LEAKS ---- . 
MECHANICAL PROBLEMS( BAD VALVES, BAD CAM, BAD RINGS, OIL LEAKS, 
FUEL LEAKS ETC.) oJL 

ELECTRICAL PROBLEMS( BAD CAP, BAD WIRES, BAD COIL, SHORTS ETC.) 
0 ;:__ 

EMISSIONS READINGS CO HC_ C02 ox" __ _ 

MECHANICS COMMENTS: 

MECHANICS SIGNATURE: _____ _ DA TE: id_! _l.£196 



NJDOT VEHICLE SCREENING 

TEST 5-7 

Vehicle Inspection check list 

PLEASE FILL IN OR CHECK THE FOLLOWING INFORMATION FOR EACH 
VEHICLE: 

YEAR Zt°'6 TD OR SG # p ,5 5 f 

MAKE Ooc2.3 e.__ 

MODEL Ver----

VIN # ;;<' 8 l{ G' B I I H 3 G k 6 6 3 g d- > 
NUMBOFCYL b 

MILES ..-' S ~ S-

COMPUTER CODES CHECKED nJot CoJe 5 cc......__ c.._b I e__ 

IGNITION TIMING -­

AIR FILTER /4 <. ~ 

TIRES of_ 

EXHAUST LEAKS ----

' MECHANICAL PROBLEMS( BAD VALVES, BAD CAM, BAD RlNGS, OIL LEAKS, 
FUEL LEAKS ETC.) oJL 

ELECTRICAL PROBLEMS( BAD CAP, BAD WIRES, BAD COIL, SHORTS ETC.) 
0 ;:__ 

EMISSIONS READINGS CO HC_ C02 ox" __ _ 

MECHANICS COMMENTS: 

MECHANICS SIGNATURE: _____ _ DA TE: id._I _}£196 



NJDOT VEHICLE SCREENING 

TEST 5-8 

Vehicle Inspection check list 

PLEASE FILL IN OR CHECK THE FOLLOWING INFORMATION FOR EACH 
VEHICLE: 

TD 0 R SG # .. (P y p Is- u. 
MAKE DC cC cj C_. 

J 

MOD EL____,r_____..L'-'----.\ __ 

VIN # I /,,~ ? G D ~ L{ 1-t { F S ~. 7 I 5 3' I 

NUMBOFCYL 0 
MILES (!: 0 i f 
COMPUTER CODES CHECKED -----

IGNITION TIMING ---
.-

AIR FILTER .r4, t-' 

TIRES 0 k__ 

EXHAUST LEAKS . l~ J k 

MECHANICAL PROBLEMS( BAD VALVES, BAD CAM, BAD RINGS, OIL LEAKS, 
FUEL LEAKS ETC.) -

ELECTRICAL PROBLEMS( BAD CAP, BAD WIRES, BAD COIL, SlIORTS ETC.) --
EMISSIONS READINGS co ,07 HCfi__ co2_ll_ ox. __ _ 

MECHANICS COMMENTS: 

7-------·--
~---------------------------·---

MECHANICS SIGNATURE: DATE:/.) //0 196 ------



NJDOT VEHICLE SCREENING 

TEST 5-9 

Vehicle Inspection check list 

PLEASE FILL IN OR CHECK THE FOLWWING INFORMATION FOR EACH 
VEHICLE: 

YEAR '8" 7 

MAKE D-="J4e 

MODEL /tr ,'e.~ .. 

TD0~8S-oo 

VIN# //33/31J"3kD~HF /?( ?~~ 

NuMBOFCYL f 

MILES 3 /3? Cf 

·COMPUTER CODES CHECKED 3 7 

IGNITION TIMING /3 TC '? 0 

AIR FILTER h 1'1" 

TIRES C>L 

EXHAUST LEAKS 0 I:._ 

MECHANICAL PROBLEMS( BAD VALVES, BAD CAM, BAD RINGS, OIL LEAKS, 
FUEL LEAKS ETC.)_u_/::.. __ _ 

ELECTRICAL PROBLEMS( BAD CAP, BAD WIRES, BAD COIL, SHORTS ETC.) 
.!)):;_ 

\ 

EMISSIONS READINGS CO "d f HC_Q_j_ co2 IJ. 1 9 OX __ _ 

MECHANICS COMMENTS: 

MECHANICS SIGNATURE: 'Q~k_L DA TE: L~J .L2__!96 



2. ASE Certified Mechanic's Data 



NOTE: The ASE mechanic did not get a chance to inspect nine of the vehicles used 
in the vendor evaluations, including the control vehicle, as they were inadvertently moved 
to Wayne DMV before the mechanic could inspect them. These vehicles were then 
inspected by an NJDOT ASE-certified mechanic before use in the test program. The nine 
vehicles were designated Control, 3-1, 3-4, 4-1, 4-4, 5-3, 5-4, 5-7, and 5-8. See the DOT 
inspection data immediately preceding for the description of these vehicles. 



ASE CERTIFIED MECHANIC 
VEHICLE SCREENING 

TEST 1-1 

LANDING AUTO CENTER 

-------- CUSTOMER IIFOIUIATIOI --------
9: 09 AM 
U.S. ARMY R,D & E CENTER 

ARMAMENT SYSTEMS PROCESS DIV 
PICATillY ARSEKAL K.J.07806 
(201)724-3572 
ik:(201)724-3162 

Date: 12/04/H Due Date: 12/04/96 

99 MOUIT !RLIIGTOI BLVD. 
LAIDIKG, K.J. 07850 

(201) 398-1050 

WORK ORDER: 5596 

--------------- SERVICE----------------
SYMPTOM: ENGIIE PERFORMAKCE CHECK 
SERVICE: ASE IISP!CTIOK PHASE 
YR/KAKE: 87 DODGE V!KS 8250 3/4 T 
LICEKSE: SGR938 
VII : 2B4HB21TXHK312948 
MLG : 92 I 417 

SGR938 PAGE: 1 

COMMENTS AND DESCRIPTION OF CHARGES ______ PRICE __ PARTS & LUBRICAKTS USED _____ QTY ._PRICE_TOTAL_ 
ENGINE PERFORK!KCE TEST 27.50 : 
LABOR TO HOOK UP EQUIPMEKT,IISPECT RUllIIG 
COKDITIOK & EVALUATE FOR IM 240 & ASK 25/25 
TESTl!G. 
tttAT THIS TIME TIMIKG,S!XSORS,EXH!OST !RE GOOD 
tttcODES AID DATA IDT AVAILABLE ON THIS MODEL 
tttTEST RESULTS:PASS 

'1 
I l 

'1 11 

11 
11 

11 
11 

11 
11 

11 
J 1 
11 
11 

11 
11 

11 
11 
11 
11 

·-------------------------------------------------------------------------------------------------------------------------------· ,----------------------·••••••••••-T--------------------··••••••T••-•·------------------------T·--------------·--·----------.:.::.:.• 
LABOR 
SUBLET 

27.50 : Information Access: 
0.00 : SHOP SUPPLIES 

0. 00 : 
0' 00 : 

PARTS 
EPA CHARGES 

0.00 : 
a. oo : 

::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

___________ : This vehicle will be reassembled within 

QUOTE {paying br CASH) 
THANK YOO FOR YOUR BUSIIESS .. 

: 3 days of the date shown above if I do 
: not authorize the recommended services. 
1----------------------------------------------------------1 ,----------------------------------------------------------, 

... 

SUB-TOTAL 27.50 

TOTAL 27.50 

ACCEPTANCE SIGNATURE =--~---------~ 
::::::::::::::::::::::::=::::::::::::::::::::::::::::::::::::::::::::::::::::~::::::::;::::::::::::::::::::::::~:::::::::::::::::: 

I authori1e the above repairs and necessary materials. Your employees may operate vehicle for inspection, testing, delivery at my 
risk. You &ill not be responsible for loss or damage to vehicle or items left in it. I agree to pay reasonable storage on vehicle 
1A•t more that 48 hours after notification that repairs are completed. An express Mechanics Lein is acknowledged on above vehicle 

'Cure the a1ount of repairs thereto. Labor is guaranteed for 90 days or 4000 miles whichever occurs first. All other guarantees 
~hose made e1clusivel1 by the manufacturer. iarranty &ark that is based on this repair order 1ust be performed at this shop. 
~ R E M 0 V E D P ! R T S W I L L B E D I S P 0 S [ D 0 F U I L E S S I I I I T I ! ~ H E R E 

:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::; 



-------- CUSTOMER IKFORM!TIOK --------
8: 58 AM 
U.S. ARMY R,D & E CENTER 

!RMAMEKT SYSTEMS PROCESS DIV 
PICATIKKY !RSEKAL K.J.07806 
(201)724-3572 
Wk:(201)724-3162 

Date: 12/04/96 Due Date: 12(04/96 

ASE CERTIFIED MECHANIC 
VEHICLE SCREENING 

TEST 1-2 

99 MOUHT ARLIKGTOK BLVD. 
LllDIKG, K.J. 07850 

( 201) 398-1050 

WORK ORDER: 5594 

--------------- SERVICE----------------
SYMPTOM: EIGIKE PERFORM!KCE CHECK 
SERVICE: !SE IKSPECTIOK PHASE 
YR/MAKE: 88 DODGE !RIES 
LICEKSE: SGS165 
VIK : 1B3BD46D5JF229823 
KLG : 26,168 

SGS165 PAGE: l 

COKKEm m DESCRIPTIO! OF CHARGES _____ _ PRICE_ - PARTS & LOBRICAHTS USED ----~TY ._PRICE_TOUL 
E!GIKE PERFORK!KCE TEST 27.50 11 

11 

LABOR TO BOOK UP EQUIPMEKT,I!SPECT RUK!IKG 
COKDITIOK & EVALUATE FOR IK 240 & !SK 25(25 

11 
11 
11 
11 

TESTI!G. 11 
11 

ttt!T THIS TIME TIKIKG,SEHSORS,EIBAUST ARE GOOD 11 
11 

***KO CODES AID DATA STREAM IS GOOD 11 
11 

***TEST RESULT:P!SS 11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
'I 
1; 
11 
11 
11 
11 
11 
f I 

11 
11 
11 

:==::::::::::::::::::::::::::::::::T::::::::::::::::::::::::::::T:::::::::::::::::::::::::::::;::::::::::::::::::::::::::::::..:..:..:.: 

QUOTE (paying hr CASH) 
THAKK YOO FOR YOUR BOSIRESS .. 

moR 
SUBLET 

27.50 : Information Access: 
0.00 : SHOP SUPPLIES 

0. 00 : 
0.00 : 

PARTS 
EPA CHARGES 

0.00 : 
0.00 : 

l·-------·--------------·----1-----------------------------1----------------------------1 ,----------------------------,-----------------------------1---------------------------·1 
This vehicle will be reassembled within : \ 

: 3 days of the date shown above if I do 
: not authorize the recommended services. 1 ..._ 

I 

1----------------------------------------------------------1 1---~------------------------------------------------------1 
SUB-TOTAL 27.50 

TOTAL 27.50 

ACCEPTANCE SIGNATURE =~-----~-----~ 
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

I authorize the above repairs and necessary 1aterials. Your employees 1ay operate vehicle for inspection, testing, delivery at my 
risk. You will not be responsible for loss or da1age to vehicle or items left in it. I agree to pay reasonable storage on vehicle 
left more that 48 hours after notification that repairs are completed. An eipress Mechanics Lein is acknovledqed on above vehicle 

~cure the a101lllt of repairs thereto. Labor is guara11teed for 90 days or 4000 miles whichever occurs first. !11 other guarantees 
.hose made e1clusively by the manufacturer. iarranty work that is based an this repair order must be performed at this shop. 
. R E H 0 V E D P A R T S i I L L B E D I S P 0 S ! D 0 F D I L E S S I I I I T I ! L H E R E 

=~:::::::=:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

l-2 



ASE CERTIFIED MECHANIC 
VEHICLE SCREENING 

TEST 1-3 

LANDING AUTO CENTER 

99 MOOKT ARLIKGTOK BLVD. 
------·· CUSTOMER IKFORM!TIOX -···----
8: 36 AK 

LAIDIKG, l.J. 07850 
(201) 398-1050 

-----------···- SERVICE------··--------

U.S. ARMY R,0 & E CENTER 
!RK!MEIT SYSTEMS PROCESS DIV 

SYKPTOK: EKGIIE PERFORMANCE CHECK 
SERVICE: ASE IISPECTIOK PHASE 
YR/MAKE: 89 llODGE ARIES 

PICATIKIY !RSE!f!L K.J.07806 LICEISE: SGF208 
(201)724-3572 VIK : 1B3BK46D4KC468742 
ik:(201)724-3162 MLG : 4 2, 324 
---------------------------------------------------------------------------------------------------------------------------------
Date: 12/04/96 Due Date: 12/04/96 WORK ORDER: 5590 SGF208 PAGE: l 

COKME!TS !!fD DESCRIPTIOK OF CB!RGES ______ PRICE_ _PARTS & LOBRICAKTS USED _____ QTY ._PRICE_TOTAL_ 
: EIGIKE PERFORKAKCE TEST 27.50 : : 

LABOR TO HOOK OP EQUIPMEKT,IKSPECT ROKIIKG ~: 
COKDITIOK & EVALUATE FOR IK 240 & !SK 25/25 : : 
TEST I KG. : : 
***AT THIS TIME TIMIKG,SEISORS,EIB!OST !RE GOOD : : 
***KO CODES !HD DATA S!RE!K IS GOOD. : : 
***TEST RESOLT:PASS : : 

11 
11 
11 
11 

11 
11 

11 
11 
r I 
11 
r r 
! I 
11 
11 
I I 
I I 
11 
11 
11 
f I 

·-----------------------------··------------·-----------------------------------------------------------------------------------· .----------------------------------T·-----------••••••••••-••---T-•-••••••••••·---------------T··---------------------------:.::.:.• 
LABOR 
SUBLET 

27.50 : Information Access: 
0.00 : SHOP SUPPLIES 

0. 00 : 
0.00 : 

PARTS 
EPA CHARGES 

0.00 : 
o. oo : 

1----------------------------1-----------------------------1----------------------------l 1----------------------------,-----------------------------,----------------------------1 
___________ : This vehicle rill be reassembled 1itbin ' : 

QUOTE (paring by CASH) 
TH!IK YOO FOR YOUR BOSIKESS .. 

: 3 days of the date shorn above if I do ~ 
: not authori1e the reco111.ended services. : 
1----------------------------------------------------------1 1--------------------------------------------------------·-1 

SOB-TOTAL 27. 50 

TOTAL 27.50 

ACCEPTANCE SIGNATURE =-------~--~-~ 
••••••-------------••••••••••••-------------------••••••-•••------------••••••••••••••---------·••••••••••••-••-------•-•a•••••••• ----------------------------------------------------------------------------------------------------------------------------------
I authorize the above repairs and necessary materials. tour employees nay operate vehicle for inspection, testing, delivery at my 
risk. Iou rill not be responsible for Jass or damage to 'ehicle er items left in it. I agree to pay reasonable storage on vehicle 

., more that 48 hours after notification that repairs are completed. !n e1press Mechanics Lein is ackno1ledqed on above vehicle 
!cure the amount of repairs thereto. Labor is guaranteed for 90 days or 4000 miles 1hichever occurs first. All other quarantees 
those made eiclusivelr by the manufacturer. iarrantr 1ork that is based on this repair order must be perforJed at this shop. 

Q ~ L R E K 0 i E D P A R T S i I L L 8 E D I S P 0 S E D 0 F U ! L E S S I I ! I T I A L 8 E R E 
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 



ASE CERTIFIED MECHANIC 
VEHICLE SCREENING 

TEST 1-4 

99 MOUKT ARLIKGTOK BLVD. 
-------- CUSTOMER IKFORMATIOK --------
8:43 AK 

L!KDIKG, K.J. 07850 
(201) 398-1050 

--------------- SERVICE----------------

U.S. ARMY R,D & E CENTER 
AR!t!K!KT SYSTEMS PROCESS DIV 
PIC!TIMKY ARSENAL H.J.07806 
(201)724-3572 
!ik: (201)724-3162 

Date: 12/04/96 Due Date: 12/04/96 WORK ORDER: 5591 

SYKPTOK: EKGIRE PERFORMANCE CHECK 
SERVICE: !SE IKSPECTIOK PHASE 
YR/KAKE: 89 CHEVY CAPRICE 
LICENSE: SGZ338 
VIK : 1GlBL517XKR208399 
KLG : 131,450 

SGZ338 PAGE: l 

COKME!iTS AKD DESCRIPTIOX OF CBARGES ______ PRICE __ PARTS & LUBRICUTS um ____ -&TY._PRICE_TOTAL 
EXGIKE PERFORKAXCE TEST 
LABOR TO BOOK UP EQUIPM!KT,IKSPECT RUKRIKG 
COKDITION & EVALUATE FOR IK 240 & !SK 25/25 
TESTIKG. 
tttAT THIS TIME TIKIMG,SEKSORS,EXH!UST !RE GOOD 
tttKO CODES !!D DAT! STREAM IS GOOD 
***TEST RESOLT:P!SS 

27.50 11 
11 

11 
11 
11 
11 

11 
11 

11 
11 

11 
11 
11 
11 
11 
11 

11 
I• 

11 
11 
11 
11 

11 
11 

11 
11 
11 
11 

11 
11 
11 
11 

11 
11 

·--------------------------------------------------------------·---------------------------·------------------~-----------------· ,--------------------·--··---------T-------------·•-------------T•·---------------------------~-----------------------•••--•:.:.:.:.• 

LABOR 
SUBLET 

27.50 : Infcrnation Access: 
0.00 : SHOP SUPPLIES 

0 '00 : 
0.00 : 

PARTS 
EPA CHARGES 

0.00 : 
0.00 : 

1---------·------------------1-----------------------------1----------------------------· ,---------------------------- ---------------------~-------~----------------------------. 
____________ : This vehicle will be reassembled within \ 

QOOTE (paring by CASH) 
THANK YOU FOR YOUR 8USIKESS .. 

: 3 days of the date shown above if I do 
: not authorire the reco111ended services. 
1-------··········------------·····-·------------------····r ~----------------------------------------------------------1 

... 

SUB-TOTAL 27.50 

TOTAL 27.50 

ACCEPTANCE SIGNATURE :--------~---~ 
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

I authorire the above repairs and necessary materials. Your employees may operate vehicle for inspection, testing, delivery at ny 
risk. You viii not be responsible for loss or damage to 'ehicle or items left in it. I agree to pay reasonable storage on vehicle 
l~ft 1ore that 48 hours after notification that repairs are conpleted. An e1press Mechanics Lein is acknowledged on above vehicle 

~cure the amount of repairs thereto. Labor is guaranteed for 90 days or 4000 miles rhichever occurs first. All other guarantees 
'hose made e1clusively by the nanufacturer. Marranty work that is based an this repair order 1ust be perfor11ed at this shop. 
L REMOVED PARTS WILL BE DISPOSED OF OILESS I HITIAL HERE 

--:::::::::::::::::::::::::::::=:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 



ASE CERTIFIED MECHANIC 
VEHICLE SCREENING 

TEST 1-5 

99 MOOIT ARLIKGTOI BLVD. 
-------- CUSTOMER IIFORl!ATIOK --------
8: 48 AM 

LAIDIKG, K.J. 07850 
(201) 398-1050 

--------------- SERVICE----------------

U.S. ARMY R,D & E CENTER 
ARK!HEIT SYSTEMS PROCESS DIV 
PICATillY ARSEKAL l.J.07806 
{201)724-3572 
Wk:{201)724-3162 

Date: 12/04/96 Due Date: 12/04/96 WORK ORDER: 5592 

SYKPTOM: EIGIKE PERFORKAKCE CHECK 
SERVICE: ASE IISPECTIO! PHASE 
YR/MAKE: 88 DODGE ARIES 
LICENSE: SGS704 
VII : 1B2BD46DOJF232760 
MLG : 71,118 

SGS704 PAGE: 1 

COMMEITS AND DESCRIPTIOI OF CHARGES ______ PRICE __ PARTS & LUBRIC!KTS OSED _____ QTY ._PRICE_TOTAL_ 
: EIG!KE PERFORl!AKCE TEST 
: LABOR TO HOOK UP EQUIPKEIT,IKSPECT RUKIIIG 
: COKDITIOK & EVALUATE FOR IM 240 & ASK 25/25 
: TESTIIG. 
: tttAT THIS TIME TIKIIG,SEISORS,EIH!OST ARE GOOD 
: tt•10 CODES AID DATA STREAK IS GOOD 

***TEST RESOLT:PASS 

27.50 11 
11 
11 
11 

11 
I J 

11 
11 

11 
11 

'J 11 
It 11 
11 
It 
11 11 
11 11 
JI 
1 I 
11 
11 

11 
11 

11 
11 

11 
11 
I I 
11 

11 
11 

:::::::::::::::::::::::::::::::====i=::::::=::::::::::::::::::::;:::::::::::::::::::::::::::::;::::::::::::::::::::::::::::::..:.:.:.: 

LABOR 
SUBLET 

27.50 : Information Access: 
0.00 : SHOP SUPPLIES 

0.00 : 
0.00 : 

PARTS 
EPA CHARGES 

0.00 : 
0 . 00 : 

1------·--·------------------·--------------·--------------1----------------------------1 ,----------------------------1-----------------------------1----------------------~-----, 
___________ : This vehicle vill be reassellhled within 

: 3 days of the date shown above if I do 
: not authorize the reco111ended services. 

I 
I 

I 
I 

QUOTE (payinq by CASH) 1----------------------------------------------------------1 1----------------------------------------------------------
THAKK YOU FOR YOUR BUSI!ESS .. 

.. 
SUB-fOTAL 27 .50 

TOTAL 27. 50 

ACCEPTANCE SIGNATURE =---~-~~-~~~~-
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

I authori1e the above repairs and necessary materials. Your employees may operate vehicle for inspection, testinq, delivery at my 
risk. You will not be responsible far lass or danaqe to vehicle or itens left in it. I aqree to pay reasonable storaqe an vehicle 
left more that 48 hours after notification that repairs are canpleted. An express Mechanics Lein is acknavledqed on above vehicle 

~re the anou.nt of repairs thereto. Labor is quaranteed for 90 days or 4000 1iles whichever occurs first. All other guarantees 
.ose 1ade etc!usively by the manufacturer. Warranty work that is based on this repair order nust be perfor11ed at this shop. 

R E K 0 V E D P A R T S W I L L B E D I S P 0 S E D 0 F U I L E S S I I I I T I A L H E R E 
=~---==:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::=::::::::::::::::::::::::::::::::::::::::::::::: 



ASE CERTIFIED MECHANIC 
VEHICLE SCREENING 

TEST 1-6 

LANDING AUTO CENTER 

99 KOUllT ARLillGTOll BLVD. 
-------- CUSTOMER IHFORKATIOK --------
9: 02 AK 
U.S. ARMY R,D & E CENTER 

ARKA!IEHT SYSTEMS PROCESS DIV 
PICATIKHY ARSEH!L ll.J.07806 
(201)724-3572 
~k:{201)724-3162 

Date: 12/051% Due Date: 12/05/96 

LAllDillG, 11.J. 07850 
(201) 398-1050 

INVOICE NUMBER: 5616 

--------------- SERVICE----------------
SYMPTOM: EHGIHE PERFORMANCE CHECK 
SERVICE: ASE IKSPECT!Oll PHASE 
YR/KAKE: 88 DODGE ARIES 
LICEllSE: SGS199 
VIII : 1B3BD46DOJF228983 
MLG : 34,073 

SGS199 PAGE: 1 

COHHEKTS !!ID DESCRIPTIOll OF CHARGES ______ PRICE_ _PARTS & LUBRICAllTS USED ____ _,.TY ._PRICE_rom 
: E~GillE PERFORHAllCE TEST 27.50 11 

Io 

: LABOR TO HOOK UP EQUIPHEllT,IllSPECT RUKllillG 11 
11 

: COllDITIOll & EVALUATE FOR IM 240 & ASK 25/25 11 
I' 

: TESTING. I l 
11 

tttAT THIS TIME TIMillG,SEllSORS,EIHAUST ARE GOOD 11 
11 

ttt110 CODES AKD DATA STREAM IS GOOD 11 
11 

tttTEST REUSLT:PASS 11 
11 

11 
11 

11 
11 

11 
11 

'J 
11 

11 
11 

I• 

'' 
11 
11 

11 
11 

11 
11 

11 
11 

:::::::::::::::::::::::::::::::::::T::::::::::::::::::::::::::::;:::::::::::::::::::::::::::::;:::::::::::::::::::::::::::::~: 

LABOR 
SUBLET 

27.50 : Information Access: 
0.00 : SHOP SUPPLIES 

0.00 : 
0. 00 : 

PARTS 
m. CHARGES 

0. 00 : 
0.00 : 

;::::::::::::::::::::::::::::~::::::::::::::::::::::::::::::::::::::::::::::::::::::::::~ 

____________ : This vehicle will be reassenbled within 
: 3 days of the date shown above if I do 
: not authoriie the recommended services. I 

CASH l----------------------------------------------------------1 1------------------------------------·---------------------1 
TB!KK YOO FOR YOOR BUSillESS .. SUB-TOTAL 27. 50 

TOTAL 27.50 
AMOUNT PAID 27.50 

ACCEPTANCE SIGNATURE =~~-----------
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

I authorize the above repairs and necessary materials. Your employees may operate vehicle for inspection, testing, delivery at my 
risk. You will not be responsible tor loss or damage to vehicle or itens left in it. I agree to pay reasonable storage on vehicle 
1·•t nore that 48 hours after notification that repairs are completed. An express Mechanics Lein is acknowledged on above vehicle 

cure the anount of repairs thereto. Labor is guaranteed tor 90 days or 4000 miles whichever occurs first. Al! other guarantees 
•hose nade exclusively by the nanufacturer. ~arranty work that is based on this repair order nust be performed at this shop. 

R E M 0 V E D P A R T S ~ I L L B E D I S P 0 S E D 0 F U K L E S S I I K I T I ! ~ H E R E 
::::::::::::::::::::::~::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 



ASE CERTIFIED MECHANIC 
VEHICLE SCREENING 

TEST 1-7 

LANDING AUTO CENTER 

-------- CDSTOMER IWFORM!TIOK --------
8: 53 AM 
U.S. ARMY R,D & E CENTER 

!RKAJ!EKT SYSTEMS PROCESS DIV 
PIC!TI!XY !RSEK!L H.J.07806 
{201)724-3572 
Wk:{201)724-3162 

Date: 12/04/96 Due Date: 12/04/96 

99 MODKT !RLIKGTOK BLVD. 
L!KDIWG, K.J. 07850 

(201) 398-1050 

WORK ORDER: 5593 

--------------- SERVICE·---------------
SYMPTOM: EKGIKE PERFORM!KCE CHECK 
SERVICE: ASE IKSPECTIOK PHASE 
YR/MAKE: 91 CHEVY CAPRICE RWD 
LICEKSE: KOKE 
VIK : 1GlBL5378MW227311 
MLG : 120,789 

KOH PAGE: 1 

COMllEXTS !KD DESCRIPTIOK OF CH!RGES ______ PRICE_ _PARTS & LOBRICAKTS OSED ____ _,.TY. PRICE_Tom 
: mm PERFORM!llCE TEST 2 7 . 5 0 : : 
: LABOR TO HOOK DP EQOIPKEKT,IKSPECT RDKKIKG 
: COKDITIOK & EV!LO!TE FOR IM 240 & !SM 25/25 
: ***AT THIS TIME TIK!IG,SEKSORS,EIH!DST !RE GOOD 
: ***KO CODES !ND DAT! STREAM IS GOOD 
: ***TEST RESDLT:P!SS 

11 
11 
11 

I 

• I 
11 

l I 
11 
11 
11 

11 
11 

11 
11 
11 
11 
11 
11 
11 
11 
11 
11 

·-------------------------------------------------------------------------------------·-----------------------------------------· .------------------••••-••-•-------T---------•••••••••---------•T••••-------------------------T-----------------------------:.:..:.:., 
~!BOR 

SUBLET 
27.50 : Infornation Access: 
0.00 : SHOP SUPPLIES 

0. 00 : 
0.00 : 

PARTS 
EPA CHARGES 

0 .00 : 
0.00 : 

:::::::::::::::::::::::::::::l::::::::::::::::::::::::::::::::a.:::::::::::::::::::::::::: 

___________ : This vehicle will be reassembled within 

QUOTE (paying by CASH) 
TH!KK YOU FOR YODR BOSIJESS .. 

\ 3 days of the date shown above if I do 
: not authorize the reconmended services. 
1-----------------------~----------------------------------1 1----------------------------------------------------------1 

I 
I 

I 
I 
I 
I 

SOB-TOTAL 27.50 

TOTAL 27.50 

ACCEPTANCE SIGNATURE =-------~-----
:::::::::::::::::::::::::::::::::::::::::::::::::;:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

thorize the above repairs and necessary 1aterials. Your employees iay operate vehicle for inspection, testing, delivery at my 
. You will not be responsible for loss or da1age to vehicle or itens left in it. I agree to par reasonable storage on vehicle 
more that 48 hours after notification that repairs are completed. An e1press Mechanics Lein is acknowledged on above vehicle 

~u secure tbe a1ount of repairs thereto, Labor is guaranteed for 90 days or 4000 miles whichever occurs first. All other guarantees 
are those made e1clusively by the manufacturer. Warranty work that is based on this repair order 1ust be performed at this shop. 
UL REMOVED PARTS WILL BE DISPOSED OF DHLESS I ll!TIAL HERE 
:~:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 



A3E CERTIFIED MECHANIC 
VEHICLE SCREENING 

TEST 1-8 

LANDING AUTO CENTER 

-------- CUSTOMER I!FORK!TIO! --------
8: 22 AM 
U.S. ARMY R,D & E CENTER 

!RK!MEIT SYSTEMS PROCESS DIV 
PICATIKXY ARSE!!L X.J.07806 
(201)724-3572 
ik:(201)724-3162 

Date: 12/0 4/ 96 Due Date: 12/ 04/ 96 

99 KOUXT !RLIXGTOX BLVD. 
LAXDIIG, K.J. 07850 

(201) 398-1050 

WORK ORDER: 5588 

--------------- SERVICE-------------·-· 
SYMPTOM: EIGIIE PERFORKAXCE CHECK 
SERVICE: !SE lXSPECTlO! PHASE 
YR/MAKE: 88 BUICK PARK !VE!UE 
LICEISE: GKDllC 
VII : 151 
KLG : ?a,757 

GKDllC PAGE: l 

COKl!EITS !KD DESCRIPTIOK OF CHARGES ______ .PRICE __ PARTS & LOBRIC!ITS OSED _____ QTY ._PRICE_TOT!L_ 
: EKGIXE PERFORl!AICE TEST 
: LABOR TO HOOK UP EQUIPME!T,IISPECT RUKKIIG 
: COIDITIOW & EV!LO!TE FOR IM 240 & !SM 25/25 

TESTIKG. 
: ***AT THIS TIME TIKIIG,SE!SORS,EXHAUST !RE GOOD 
: ***KO CODES !!D DAT! STRE!ll IS GOOD. 

tttTEST RESULT:P!SS 

27. 50 11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
I I 

11 
11 
11 
I I 

11 
11 
II 
11 

·-------------·---·--~-----·--------·---·------------·------------·------~----------------·-------------------------------------· .--------------------------------··T·---------------------------T·----------------------------~---------------------------··:.::.:.• 

QUOTE (paying by CASH) 
TH!IK YOU FOR YOUR BUSINESS .. 

LABOR 
SUBLET 

27 .SO : Information Access: 
0.00 : SHOP SUPPLIES 

0. 00 : 
0. 00 : 

PARTS 
EPA CHARGES 

0.00 : 
0.00 : 

1----------------------------1-----------------------------1----------------------------1----------------------------,-----------------------------1----------------------------
This vehicle will be reassembled within : 

: 3 days of tbe date shown above if I do : "' 
: not authorize the reco111ended services. 
l----------------------------------------------------------1 ,----------------------------------------------------------1 

SUB-TOTAL 

TOTAL 

27.50 

27.50 

ACCEPTANCE SIGNATURE : ____________ _ 
::::::::::::::::::::=::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

I authorize the above repairs and necessary materials. Your employees 1ay operate vehicle for inspection, testing, delivery at nr 
risk. You will not be responsible for loss or damage to vehicle or items left in it. I agree to par reasonable storage on vehicle 

more that 48 hours after notification that repairs are completed. An e1press Mechanics Lein is acknovledqed on above vehicle 
!cure the amount of repairs thereto. Labor is guaranteed for 90 days or 4000 miles whichever occurs first. All other guarantees 
those aade e1clusivelr by the manufacturer. iarrantr work that is based on this repair order must be performed at this shop. 

-~L RnOVED PARTS iILL BE DISPOSED OF UKLESS I I~ITIAL HERE 
:::::::::::::::::::::=:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 



ASE CERTIFIED MECHANIC 
VEHICLE SCREENING 

TEST 1-9 

LANDING AUTO CENTER 

99 MOUIT ARLIIGTOI BLVD. 
-------- CUSTOMER IIFORKATIOK --------
8:31 AJI 

LAIDIIG, l.J. 07850 
(201) 398-1050 

--------------- SERVICE---------------· 

U.S. ARMY R,D & E CENTER 
!RK!1!EIT SYSTEMS PROCESS DIV 

SYMPTOM: EIGIIE PERFORKAKCE CHECK 
SERVICE: ASE IISPECTIO! PHASE 
YR/KAKE: 86 DODGE ARIES 

PICATIIKY ARSEIAL l.J.07806 LICEKSE: SGl376 
( 201)724-3572 VII : 1B3BD26DGF286770 
Wk:(201)724-3162 MLG : 5, 512 

Date: 12/04/96 Due Date: 12/04/96 WORK ORDER: 5589 SGK376 PAGE: l 

COMKE!fTS !KD DESCRIPTIOI OF CBARGES ______ PRICE __ PARTS & LDBRICHTS USED _____ QTY._PRICE_TOTAL_ 
: EKGIKE PERFORKAKCE TEST 1 27.50 11 

11 

: LABOR TO HOOK UP EQUIPKEIT,IISPECT RUllIIG 
: COIDITIOK & EVALUATE FOR IM 240 & ASK 25/25 
: TESTING. 

tttAT THIS TIME TIK!IG,SEKSORS AID EXHAUST ARE 
tttGOOD,10 CODES AND DATA STEAK IS GOOD 
tttTEST RESULTS:PASS 

t I 
11 
11 
11 
11 
11 
11 
11 
11 
11 
I I 
11 
11 
11 
11 
11 
11 
11 
11 
l I 

11 
11 
11 
I! 

I I 
l I 

11 
11 
I I 
11 
11 
11 

·----------------------------------------------------------------------------------------··----------------~-------------------~· ,-•••••------------------•-••••••--T••--------------··-·--------,-----·-•••••--------------·--y---------------------------··:..::..:.• 
LABOR 
SUBLET 

27.50 : Information Access: 0.00 
0.00 i SHOP SUPPLIES 0.00 

PARTS 
EPA CHARGES 

0.00 : 
0.00 : 

!--~-------------------------·----------------------------- ----------------------------! ,---------------------------- ----------------------------- ----------------------------1 
___________ : This vehicle will be reassembled within 

QUOTE (paying by CASH) 
TH!RK YOU FOR YOUR BDS!KESS .. 

: 3 days of the date shown above if I do 
: not authorize the recommended services. 
l----------------------------------------------------------1----------------------------------------------------------

SOE-Tom 27.50 

TOTAL 27 .50 

ACCEPTANCE SIGNATURE =---~-----~---
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

I authorize the above repairs and necessary materials. Your enployees may operate vehicle for inspection, testing, delivery at ny 
risk. You viii not be responsible for loss or daaaqe to vehicle or iteas left in it. I agree to pay reasonable storage on vehicle 

1ore that 48 hours after notification that repairs are conpleted. An eipress Mechanics Lein is acknowledged on above vehicle 
;cure the anount of repairs thereto. Labor is guaranteed for 90 days or 4000 niles whichever occurs first. All other guarantees 
.hose made e1clusirelr by the manufacturer. iarranty work that is based on this repair order must be performed at this shop. 

""~ REMOVED PARTS iILL BE DISPOSED OF UILESS I III!IAL HERE 
:::::::::::::::::::::::::::::::::::::::::::::::;::::::::::::::;:::::::::::::::::::::::::::::::=::::::::::::::::::::::::::::::::::: 



ASE CERTIFIED MECHANIC 
VEHICLE SCREENING 

TEST 2-1 

LANDING AUTO CENTER 

99 llOUKT ARLil!GTOK BLVD. 
-------- CUSTOMER IKFORHATIOK --------
8: 33 All 

LAKDI!G, N.J. 07850 
(201) 398-1050 

--------------- SERVICE----------------

U.S. ARMY R,D & E CENTER 
ARMAJ!EKT SYSTEMS PROCESS DIV 
PICATIKKY ARSEKAL K.J.07806 
(2011724-3572 
lik: ( 201) 724-3162 

Date: 12/05/96 Due Date: 12/05/96 INVOICE NUMBER: 5611 

SYKPTOK: EKGINE PERFORMANCE CHECK 
SERVICE: ASE IKSPECTIOK PHASE 
YR/HAKE: 88 DODGE ARIES 
LJCEMSE: SGS552 
VIK : 1R3BD46D2JF237186 
llLG : 39,065 

SGS552 PAGE: 1 

CO!!HEKTS AND DESCRIPTION OF CHARGES ______ PRICE __ PARTS & LUBRICAKTS USED _____ QTY ._PRICE_TOTAL_ 
EKGIKE PERFORMANCE TEST 
LABOR TO HOOK OP EQUIPHEKT,IMSPECT RUMKIKG 
COKDITIOK & EVALUATE FOR JM 240 & AS!! 25/25 
!EST!l!G. 
tttAT THIS TIME TIKIKG,SEKSORS,EIHAUST ARE GOOD 
***KO CODES AND DATA S!REAK IS GOOD 
***TEST RESULT:PASS 

27.50 11 
11 
I I 
11 
11 
11 
11 
11 
11 
11 

11 
I 

11 
11 
11 
I' 

11 
11 
11 
11 

:::::::::::::::::::::::::::::::::::T:=::::::::::::::::::::::::::y:::::::::::::::::::::::::::::T::::::::::::~:::::::::::::=~=.:.:.:.:.: 

I LABOR 
SUBLET 

27.50 : Information Access: 
0.00 : SHOP SUPPLIES 

0.00 : 
0. OG : 

PARTS 0.00 : 
EPA CHARGES 0.00 : 

l----------------------------1-----------------------------1-----------------~----------! r·--------------------------- -----------~-----------------1----------------------------1 

___________ : This vehicle will be reassembled vithin 

CASH 
TH!IK YOO FO~ YOOR BOSil!ESS .. 

: 3 days of the date shown above if I do 
: not authorise the reconmended services. 
!----------------------------------------------------------! 1----------------------------------------------------------t 

SOB-TOTAL 27.50 

TOTAL 27. SO 
AMOUNT PAID 27.50 

ACCEPTANCE SIGNATURE =----~--~~-~--
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

I autborite tbe above repairs and necessary materials. Your employees nay operate vehicle for inspection, testing, delivery at my 
riot. You will not be responsible for loss or danaqe to vehicle or items left in it. I aqree ta pay reasonable storage on vehicle 

more that 48 hours after notification that repairs are co1pieted. An e1press Mechanics Lein is acknowledged on above vehicle 
ecure the amount of repairs thereto. Labor is guaranteed for 90 days or 4000 miles whichever occurs first. All other guarantees 
those made eiclusively by the manufacturer. Warranty work that is based on this repair order must be performed at this shop. 

n " L R E M 0 V E D P A R T S W I L L B E D I S P 0 S E D 0 F U W L E S S I I K I T I A L H E R E 
:::::::::::::::::::::::=::::::::::::::::::::::::::::::::::::::::::::::::::::::::~::::::::::::::::::::::::::::::::::::::::::::=:::: 



ASE CERTIFIED MECHANIC 
VEHICLE SCREENING 

TEST 2-2 

LANDING AUTO CENTER 

-------- CUSTOMER IKFORKATIOK --------
8: 49 AK 
U.S. ARMY R,D & E CENTER 

!RHAHEKT SYSTEMS PROCESS DIV 
PIC!TIKKY ARSEKAL 1!.J.07806 
(201)724-3572 
Wk:(201)724-3162 

Date: 12/05/96 oue Date: 12/05/96 

99 HOUl!T !RLil!GTOJ BLVD. 
L!KDIKG, 1!.J. 07850 

(201) 398-1050 

INVOICE NUMBER: 5614 

--------------- SERVICE----------------
SYHPTOH: EKGIKE PERFORMANCE CHECK 
SERVICE: ASE IKSPECTIOK PHASE 
YR/HAKE: 92 CHEVY CAPRICE RWD 
LICEKSE: KOKE 
VIK : 1GlBL5370JW15002 
HLG : 111,009 

l!OKE PAGE: l 

COHHEllTS Al!D DESCRIPTIOK OF CHARGES~~~~~~PRICE~ ~PARTS & LUBRICANTS USED~~~~~QTY.~PRICE~TOTAL_ 
mm PERFORKAKCE TEST 27. 50 
LAEOR TO HOOK UP EQUIPHEKT,IKSPECT RUKKIKG 
COKDITIOK & EVALUATE FOR IM 240 & ASH 25/25 
TESTillG. 
tttAT THIS TIME TIHIKG,SEKSORS.EXH!UST ARE GOOD 
***KO CODES !KD DATA STREAM IS GOOD 
tttTEST RESULT:PASS ' 1 I 

11 
11 

11 
11 

IC 

! i 

IC 
11 

I I 
11 

<I 
'I 
11 
1 I 

I I 
11 

11 
11 

11 
<I 

·-------------------------------------------------------------------------------------------·-------------------------------·-·-· ,----------------------------------T----------------------------~---------------------------··T·----------------------------.:.:.:.:.· 

LABOR PARTS 0.00 : 
___________ : SUBLET 

27.50 : Information Access: 
0.00 : SHOP SOPPLIES 

0.00 : 
0.00 : EPA CHARGES 0. 00 : 

1----------------------------1-----------------------------1----------------------------1 ,----------------------------,--------------------------·--1·---------------------------1 
___________ : This vehicle will be reassembled within 

: 3 days of the date shown above if I do 
: not authorize the recommended services. 

1 I 
I < 

I 
! ... 

C!S8 
THANK YOU FOR YOUR BUSIKESS .. 

·-------------------------·--------------------------------1 .----------------------------------------------------------! 
I 
I SUB-TOTAL 27.50 

TOTAL 27. 50 
Al!OllKT PAID 2 7.50 

ACCEPTANCE SIGNATURE =~~~~~~~~~~~~~ 
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

I authori1e the above repairs and necessary materials. Your employees may operate vehicle for inspection, testing, delivery at my 
risk. You will not be responsible for loss or danage to vehicle or items left in it. I agree to pay reasonable storage on vehicle 

more that 48 hours after notification that repairs are completed. An e1press Mechanics Lein is acknowledged on above vehicle 
:cure the a1ount of repairs thereto. Labor is guaranteed for 90 days or 4000 niles whichever occurs first. All other guarantees 
those made exclusively by the manufacturer. Warranty work that is based on this repair order 1ust be performed at this shop. 

~L REMOVED PARTS ~ILL BE DISPOSED OF OKLESS I IKIT!AL HERE 
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 



A!":E CERTIFIED MECHANIC 
VEHICLE SCREENING 

TEST 2-3 

LANDING AUTO CENTER 

99 MOUl!T ARLINGTON BLVD. 
-------- COSTOllER IKFORMATIOK --------
9: 19 AM 
U.S. ARMY R,D & E CENTER 

ARMAMEKT SYSTEMS PROCESS DIV 
PICATIKHY ARSEKAL K.J.07806 
(201)724-3572 
~K:(201)724-3162 

Date: 12/05/96 Due Date: 12/05/96 

LAKDI!G, K.J. 07850 
(201) 398-1050 

INVOICE NUMBER: 5619 

--------------- SERVICE---------------­
SYMPTOM: EHGIHE PERFORMANCE CHECK 
SERVICE: ASE IKSPECTlOK PHASE 
YR/MAKE: 88 DODGE VANS B350 1 T 
LICENSE: AGM16U 
VIK : 2B4HB21Y7JKA86582 
llLG : 13,838 

AGll16U PAGE: 1 

COllllENTS AND DESCRIPTION OF CHARGES ______ PRICE_ _PARTS & LOBRICAKTS USED _____ QTY._PRICE_!OTAL_ 
: EKGIKE PERFORMANCE TEST 27.50 : : 
: LABOR TO BOOK UP EQO!PMEKT,IKSPECT RO!!KIKG : : 
: COKO!TIOK & EVALUATE FOR IM 240 & !SI! 25/25 : : 
: TESTIKG. : : 

***AT THIS !IllE TIMIKG,SEKSORS,EXHAUST ARE GOOD : : 
***CODES AKD DATA KOT AVAILABLE OK THIS MODEL : : 
***TEST REOSLT:PASS : : 

11 
I• 

11 
11 

11 
I• 
I 
I 

; I 

'' ·------------------------------------------------------------------------·------------------------------------------------------· ,----------------------------------T·---------------------------T·----------------------------T·---------------------------·:.:..:.:..• 

CASH 

LABOR 
SUBLET 

27.50 : Information Access: 0.00 : 
0.00 : SHOP SUPPLIES 0.00 : 

PARTS 
EPA CHARGES 

0.00 : 
0. 0 0 : 

;::::::::::::::::::::::::::::!::::::::::::::::::::::::::::::::::::::::::::::::::::::::::~ 

This vehicle will he reassembled within 
: 3 days of the date shown above if I do 
1

1 not authorite the recommended services. 
1----------------------------------------------------------l 1----------------------------------------------------------1 

THAKK YOO FOR YOUR EOSIKESS .. SOB-TOTAL 27.50 

TOTAL 27. 50 
AMOUNT PAID 27.50 

ACCEPTANCE SIGNATURE =---~~--~----~ 
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

I authorite the above repairs and necessary materials. Your employees may operate vehicle for inspection, testing, delivery at my 
risk. You will not be responsible for loss or damage to vehicle or items left in it. I agree to pay reasonable storage on vehicle 
l~tt more that 48 hours after notification that repairs are completed. An express Mechanics Lein is acknowledged on above vehicle 

~cure the amount of repairs thereto. ~abor is guaranteed for 90 days or 4000 miles whichever occurs first. All other guarantees 
.hose made e1clusively by the manufacturer. Warranty work that is based on this repair order must be performed at this shop. 

REMOVED PARTS iILL BE DISPOSED OF UKLESS I IKITIAL HERE 
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::~:::::::::::::::::::::::::::::::============~:::::::::: 



ASE CERTIFIED MECHANIC 
1 VEHICLE SCREENING 

TEST 2-4 

LANDING AUTO CENTER 

99 MOUKT ARLIKGTOK BLVD. 
-------- CUSTOMER IKFORKATIOK --------
8: 22 AM 

LA!DilfG, K.J. 07850 
( 201) 398-1050 

--------------- SERVICE----------------

U.S. ARMY R,D & E CENTER 
!IUIAKEKT SYSTEMS PROCESS DIV 

SYKPTOM: EKGIKE PERFORKAKCE CHECK 
SERVICE: ASE IKSPECTIOK PHASE 
YR/MAKE: 86 DODGE ARIES 

PICATIKKY ARSEKAL K.J.07806 LICEKSE: SGK936 
(201)724-3571 VIK : 183BD26D4GF310406 
Wk:(201)724-3162 KLG : 18,414 
---------------------------------------------------------------------------------------------------------------------------------
Date: 12/05/96 Due Date: 12/05/96 WORK ORDER: 5609 SGK936 PAGE: 1 

COl!KENTS AND DKSCRIPTIOI OF CHARGES ______ PRICE_ _PARTS & LUBRICAKTS USED _____ QTY ._PRICE_TOTAL_ 
1 EKGIKE PERFORMAKCE TEST 27.50 : : 

LABOR TO HOOK OP EQUIPMEIT,IMSPECT RUMMIKG : : 
COXDITIOM & EVALUATE FOR IK 240 & ASK 25/25 : : 
TESTING. : : 
ttt&T THIS TIKE,SEKSORS,EXBAUST ARE GOOD : : 
tttlfQ CODES DATA STREAM IS GOOD : : 
tttTEST RESOLT:PASS : : 

11 
11 

11 
11 

11 
11 

11 
11 
11 
11 

11 
11 

11 
11 
11 
11 

11 
11 

11 
11 

:::::::::::::::::::::::::::::::::::T::::::::::::::::::::::::::::;:::::::::::::::::::::::::::::T:::::::::::::::::::::::::::::.:..:..:.:.: 

hABOR 
SUBLET 

27.50 : Information Access: 
0.00 : SHOP SUPPLIES 

0. 00 : 
0.00 : 

PARTS 
EPA CHARGES 

0 . 00 : 
0. 00 : 

1----------------------------1-----------------------------1----------------------------1 1----------------------------,-----------------------------1----------------------------1 
___________ : This vehicle will be reassembled within : 

QUOTE (paying by C&SH) 
THAIK YOO FOR YOOR BUSIKESS .. 

: 3 days of the date shown above if I do : ... 
: not authori1e the recommended services. 
1----------------------------------------------------------1 i----------------------------------------------------------1 

SUE-TOTAL 

TOTAL 

27.50 

2 7. 50 

ACCEPTANCE SIGNATURE : ____________ _ 
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

I authorize the above repairs and necessary materials. Your employees may operate vehicle for inspection, testinq, delivery at my 
risk. You will not be responsible for loss or danage to vehicle or items left in it. I agree to pay reasonable storage on vehicle 

more that 48 hours after notification that repairs are completed. An e1press Mechanics Lein is acknowledged on above vehicle 
;cure the amount of repairs thereto. Labor is quaranteed far 90 days or 4000 miles whichever occurs first. All other guarantees 
those made e1clusivelr by the manufacturer. Warranty work that is based on this repair order must be performed at this shop. 

uL REMOVED PARTS WILL BE DISPOSED OF OKLESS I IKITIAL HERE 
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 



ASE CERTIFIED MECHANIC 
VEHICLE SCREENING 

TEST 2-5 

LANDING AUTO CENTER 

-------- CUSTOMER IIFORK!TIOK --------
9: 07 AK 
U.S. ARMY R,D & E CENTER 

ARMAMENT SYSTEMS PROCESS DIV 
P!CAT!MNY ARSENAL N.J.07806 
(201)724-3572 
Wk: (201)724-3162 

Date: 12/05(96 Due Date: 12/05196 

99 MOUNT ARLINGTON BLVD. 
LANDING, K. J. 07850 

(201) 398-1050 

INVOICE NUMBER: 5617 

--------------- SERVICE----------------
SYKPTOM: ENGINE PERFORK!KCE CHECK 
SERVICE: ASE I~SPECT!OK PHASE 
YR/KAKE: 89 CHEVY CAPRICE 
LICENSE: SGZ353 
VIN : lGlBL51ESKA1490l6 
HLG : 699 

SGZ3S3 PAGE: 1 

COMMENTS AND DESCRIPTIOK OF CH},RGES ______ PRICE_ _PARTS & LUBRICANTS USED _____ QTY._PRICE_TOTAL_ 
: EKGm PERFORMANCE UST 27 .SO : : 
: LABOR TO HOOK UP EQUIPKEKT,IKSPECT RUNNING : : 
: CONDITIOK & EVALUATE FOR IM 240 & ASM 25/25 : : 
; TES!IMG. : : 

tttAT THIS TIME TIKING,SEKSORS,EXHAUST !RE GOOD : : 
tttNQ CODES DATA mm Is GOOD : : 
tttTEST RESOLT:PASS : : 

11 
11 
11 
11 

11 
11 

11 
11 

l I 
1 I 

11 
11 

11 
11 
11 
11 

11 
11 
11 
11 

·--·----------------------------------------------------------------------------------------------------------------------------· ,----------------------------------T----------------------------T-----------------------------T-----------------------------:..:.:.:.• 
LABOR 
SUE LET 

27.50 : Information Access: 
0.00 : SHOP SUPPLIES 

0. 00 : 
0.00 : 

PARTS 
EPA CHARGES 

0. 00 1

1 

0.00 : 
1----------------------------1-----------------------------1----------------------------1 ,------------------·--------- ---------------------------·-1··-*------------------------1 

___________ : This vehicle will be reassembled within : : 

CASH 

: 3 days of the date shown above if I do 
: not authorize the recommended services. I 

I .,._ 

1----------------------------------------------------------1 ,----------------------------------------------------------1 
THAKK YOU FOR YOUR BUSINESS., SUB-TOTAL 27.50 

TOTAL 27.50 
!KOOKTPAID 27.50 

ACCEPTANCE SIGNATURE :--~--------~~ 
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::~:::::::: 

I authorite the above repairs and necessary materials. Your employees may operate vehicle for inspection, testing, delivery at my 
risk. You will not be responsible for loss or damage to vehicle or items left in it. I agree to pay reasonable storage on vehicle 
left more that 48 hours after notification that repairs are completed. An e1press Mechanics Lein is acknowledged on above vehicle 

ecure the amount of repairs thereto. Labor is guaranteed for 90 days or 4000 miles whichever occurs first. All other guarantees 
.hose made e1clusively by the manufacturer. ~arranty work that is based on this repair order must be performed at this shop. 
L R E M 0 v E D p A R T s ~ I L L B E D I s p 0 s E D 0 F a K L E s s I I K I T I A L e E R E 

___ :::::==::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::=: 



ASE CERTIFIED MECHANIC 
VEHICLE SCREENING 

TEST 2-6 

LANDING AUTO CENTER 

99 KOUKT ARLIHGTOK BLVD. 
-------- CUSTOMER IKFORKATIOK --------
9: 25 AK 
U.S. ARMY R,D & E CENTER 

!RKAKEKT SYSTEMS PROCESS DIV 

L!WDIKG, K.J. 07850 
(201) 398-1050 

--------------- SERVICE---------------­
SYKPTOK: EKGIKE PERFORMANCE CHECK 
SERVICE: ASE INSPECTION PHASE 
YR/MAKE: 91 CHEVY CAPRICE RWD 

PICATIHKY ARSENAL K.J.07806 LICEKSE: NOKE 
(201)724-3572 VIK : 1GlL5372KW225036 
Wk:(201)724-3162 KLG : 148,153 

Date: 12/05/96 Due Date: 12/05/96 INVOICE NUMBER: 5620 NOKE PAGE: 1 

COMMENTS AKD DESCRIPTION OF CHARGES ______ PRICE __ PARTS & LUERICAHTS USED _____ QTY._PRICE_TOTH_ 
: EKGIKE PERFORMANCE TEST 1 27.50 11 

11 

: LABOR TO HOOK UP EQUIPMEKT,IKSPECT RUKKING 
COKDITIOK & EVALUATE FOR IM 240 & ASK 25/25 
TESTIKG. 
tttAT THIS TIME TIMIKG,SEKSORS,EXHAUST ARE GOOD 
tttKQ CODES !KD DATA STREAK !RE GOOD 
tttTEST RESULT:PASS 

It , , 
11 
11 

! I 
1 t 

I 
I 
I 
I 

:::::::::::::::::::::::::::::::::::;::::::::::::::::::::::::::::;:::::::::::::::::::::::::::::T:::::::::::::::::::::::::::::.:..:..:..:.: 

LABOR 
SUBLET 

27.50 : Information Access: 
0.00 : SHOP SUPPLIES 

0. 00 : 
0.00 : 

PARTS 
EPA CHARGES 

0.00 : 
0.00 : 

1----------------------------1-------------···-------------1-------~-·------------------r 1---------------------------- -----------------------------1··--------------------------, 
___________ : This vehicle will be reassembled within 

CASH 

: 3 days of the date shown above if ! do 
: not authorize the recoll!lended services. I 

I 

l----------------------------------------------------------1 1----------------------------------------------------------1 
THANK YOU FOR YOUR BUSINESS .. SUB-!O!AL 27.50 

TOTAL 27. 50 
AMOUNT PAID 27. 50 

ACCEPTANCE SIGNATURE =·-~-~-----~--~ 
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

I authorite the above repairs and necessary materials. Your employees may operate vehicle for inspection, testing, delivery at my 
risk. You will not be responsible for loss or damage to vehicle or items left in it. I agree to pay reasonable storage on vehicle 
i~ft more that ~8 hours after notification that repairs are completed. An eipress Mechanics Lein is acknowledged on above vehicle 

~cure the amount of repairs thereto. Labor is guaranteed for 90 days or 4000 miles whichever occurs first. All other guarantees 
those nade erclusively by the manufacturer. liarranty work that is based on this repair order must be performed at this shop. 
L REMOVED PARTS li!LL BE DISPOSED OF OKLESS I INITIAL HERE 

:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 



ASE CERTIFIED MECHANIC 
VEHICLE SCREENING 

TEST 2-7 

LANDING AUTO CENTER 

-------- CUSTOMER lKFORMATlOK --------
8: 27 AK 
U.S. ARMY R,D & E CENTER 

!RKAJIEKT SYSTEMS PROCESS DIV 
PlCATlNKY ARSENAL K.J.07806 
(201)724-3572 
~k:(201)724-3162 

Date: 12/05/96 Due Date: 12/05/% 

99 KOOKT ARLIKGTOK BLVD. 
LAKDIKG, M.J. 07850 

(201) 398-1050 

INVOICE NUMBER: 5610 

--------------- SERVICE----------------
SYMPTOM: EKGIKE PERFORMAKCE CHECK 
SERVICE: ASE IKSPECTIOK PHASE 
YR/MAKE: 89 DODGE ARIES 
LICENSE: SGF428 
VIK : 1B3BK46D6KC468774 
MLG : 40, m 

SGF428 PAGE: l 

COMMENTS AKD DESCRIPTION OF CHARGES ______ PRICE __ PARTS & LOBRICAKTS um ____ ~TY._PRJCE_TOTAL 
: mm emom.KCE TEST 27. 50 : : 
: LABOR TO HOOK UP EQUIPMENT, !HSPECT RUK!ING : : 
: COKDITION & EVALOAU FOR IM 240 & ASK 25/25 : : 
~ TES,IRG. : : 
: tttAT TBIS TIME TIKIKG,SEll'SORS,EXBAOST ARE GOOD : : 
: tUftO CODES AKD DATA STREAM IS GOOD : : 

***TEST RESOLT:PASS : : 
11 
11 

11 
11 

11 
11 

I I 
! I 
11 
11 

11 
11 

11 
I I 

11 
11 
11 
11 
11 
11 

:================:::::::::::=======;===========:===========~====r=============================r=====================:=======.:..:..:..:..: 

I 
I LABOR 

SOBLET 
27.50 : Information Access: 
0.00 1 SHOP SUPPLIES 

0. 00 : 
0. 00 : 

PARTS 
EPA CHARGES 

0. 00 : 
0.00 : 

1----------------------------1-----------------------------1-----------·-·--------------1 .---------------------------- -----------------------------1----------------------------1 
___________ : This vehicle will be reassembled within 

: 3 days of the date shown above if I do 
: not authorize the reco11111ended services. 

' I 

CASH 1----------------------------------------------------------1 1--------------------------------------------~------------~1 

THANK YOO FOR YOOR BUSINESS .. SOB-TOTAL 27.SG 

TOTAL 27.50 
AMOOIT PAID 27.50 

ACCEPTANCE SIGNATURE =~-~---~--~~-~ 
::::::::::;:::::::::::=::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

I authorize the above repairs and necessary materials. Your employees may operate vehicle for inspection, testing, delivery at my 
risk. You will not be responsible for loss or da1aqe to vehicle or items left in it. I agree to pay reasonable storage on vehicle 

more that 48 hours after notification that repairs are completed. An express Mechanics Lein is acknowledged on above vehicle 
~cure the amount of repairs thereto. Labor is guaranteed for 90 days or 4000 miles whichever occurs first. All other guarantees 
<hose made exclusively by the manufacturer. ~arranty work that is based on this repair order must be performed at this shop. 

ALL REMOVED PARTS HILL BE DISPOSED OF OKLESS I IKITIAL HERE 
::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::=::::::::::: 



ASE CERTIFIED MECHANIC 
VEHICLE SCREENING 

TEST 2-8 

LANDING AUTO CENTER 

99 MOOKT ARLIKGTOK BLVD. 
-------- CUSTOMER IKFORKATION --------
10: 10 AM 
U.S. ARMY R,D & E CENTER 

ARKAKEKT SYSTEMS PROCESS DIV 

LANDING, K.J. 07850 
(201) m-1050 

--------------- SERVICE---------------­
SYKPTOK: EKGIKE PERFORMAKCE CHECK 
SERVICE: ASE IKSPECTIOK PHASE 
YR/KAKE: 87 DODGE ARIES 

PlCATIKKY ARSEKAL K.J.07806 LICEl!SE: SGR484 
(201)724-3572 VIK : 1B3BD36D7HF199843 
Wk:(201)724-3162 MLG : 80,533 

Date: 12/05/96 Due Date: 12/ O 5/ 96 INVOICE NUMBER: 5628 SGR484 PAGE: l 

COMMEJnS AKD DESCRIPTION OF CHARGES ______ PRICE_ _PARTS & LUBRICANTS OSED _____ QTY._PRICE_TOTAL_ 
EKGIKE PERFORMANCE TES~ 27 .50 
LABOR TO HOOK UP EQUIPMEKT,IKSPECT RUKKIKG 
COKDIT!OK & EVALUATE FOR IK 240 & ASK 25/25 
TESTING. 
tttHAS CODE 15 SPEED SENSOR IS KOT WORKING 
***TEST RESOLT:FAIL 

I , , 
11 
l I 

11 
11 

------------·--·----------------------------------------------·--------------------------------------------------·-·-----------· ••••••••••••••••••••••••••••••----~------------••••••••••••••••T••••••··---------------------T•••••••••••••••••••••••••---·:.:.::.• 

LABOR 
SOB LET 

27.50 : Information Access: 
0.00 : SHOP SUPPLIES 

0.00 : 
0.00 : 

PARTS 
EPA CHARGES 

0.00 
0.00 

1----------------------------1-----------------------------1----------------------------1·---------------------------,-----------------------------i----------------------------
___________ : This vehicle vil I be reassembled within 

CASH 
THAKK YOU FOR YOOR BUSIKESS .. 

: 3 days of the date shown above if I do I ._ 

: not aut~orize the reco1111ended services. 
1----------------------------------------------------------1 1----------------------------------------------------~-----1 

SUB-TOTAL 21.50 

TOTAL 2 7.50 
AMOUKT PAID 27.50 

ACCEPTANCE SIGNATURE :-~~----~-----
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

I authorize the above repairs and necessary materials. Your employees mar operate vehicle for inspection, testing, delivery at my 
risk. You will not be responsible for loss or damaqe to vehicle or items left in it. I aqree to pay reasonable storage on vehicle 

more that ~8 hours after notification that repairs are completed. An e1press Mechanics Lein is acknovledqed on above vehicle 
:cure the amount of repairs thereto. Labor is guaranteed for 90 days or 4000 miles whichever occurs first. All other guarantees 
those 1ade e1clusively by the manufacturer. Warranty work that is based on this repair order must be performed at this shop. 

A L L R E K 0 V E D P A R ! S R I L L B E D I S P 0 S E D 0 F 0 ! L E S S I I K I T I A L H E R E 
:::::::::::::::::::::::::::::::::::::::::=:::::::::::::::::::::::::::::::::::::::!=:::::::::::=::::::::::::::::::::::::::::::::::: 



ASE CERTIFIED MECHANIC 
VEHICLE SCREENING 

TEST 2-9 

LANDING AUTO CENTER 

99 MOUNT ARLINGTON BLVD. 
-------- CUSTOMER IKYORMATIOH --------
9: 36 AM 
U.S. ARMY R,D & E CENTER 

ARMAMENT SYSTEMS PROCESS DIV 

LAKDIKG, K.J. 07850 
(201) 398-1050 

--------------- SERVICE---------------­
SYMPTOM: EKGIHE PERFOIUIAKCE CHECK 
SERVICE: ASE INSPECTION PHASE 
YR/MAKE: 87 PLYMOUTH RELIAftT 

PICATINNY ARSENAL N.J.07806 LICENSE: SGR683 
(201)724-3572 VIN : 1P3BP36D4HF226275 
~!:(201)724-3162 MLG : 22,542 

Date: 12/05/96 Due Date: 12/05/96 INVOICE NUMBER: 5622 SGR683 PAGE: 1 

COMMENTS AKD DESCRIPTION OF CH!RGES ______ PRICE __ PARTS & LUBRICANTS USED _____ QTY._PRICE_TOTAL_ 
EKG IKE PERFORMAll'CE TEST 2 7. 50 ~ : 
LABOR TO HOOK UP EQUIPMEKT,IKSPECT RUKKING 
COKDITIOK & EVALUATE FOR IM 240 & ASK 25/25 
TESTiKG. 
***HAS CODE 51 EXHAUST LEAK OXYGEN SENSOR IS KOT 
***SWI!CHIKG,HAS BROKEN MO!OR MOUNT 
***TEST RESULT:FAIL 

11 
11 

I' 

'. 
11 
11 
~ ! 

I' 
11 
11 
11 

'' 11 
I 

;::::::::::::::::::::::::::::::::::;::::::::::::::::::::::::====i==:::::::::::::::::::::::::::;:::::::::::::::::::::::::::::::::: 

LABOR 
SUBLET 

27.50 : Iofornation Access: 
0.00 : SHOP SUPPLIES 

0.00 : 
o. oa : 

PARTS 
EPA CHARGES 

0. 00 : 
0. 00 : 

1----------------------------1-----------------------------1----------------------------1 1·-----•••••••••••••••••••-•• 1 ••••••••••••••••-••••••••••••1••••••••••••••••••••••••--~TI 

___________ : This vehicle will be reassenbled within : : 

CASH 

1 3 days of the date shown above if I do : 
: not autbori!e the recommended services. : ~ 
1------·-·-------------------------------------------------1 1----------------------------------------------------------, 

!HANK YOO FOR YOUR BOSIMESS .. SOB-TOTAL 27.50 

TOTAL 27.50 
AHOOKT PAID 27.50 

ACCEPTANCE SIGNATURE :~------~-~~~~ 
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

I authori1e the above repairs and necessary materials. Your employees may operate vehicle for inspection, testing, delivery at my 
risk. You vii! not be responsible for Joss or damage to vehicle or items left in it. I agree to par reasonable storage on vehicle 
left nore that 48 hours after notification that repairs are completed. An express Mechanics Lein is acknowledged on above vehicle 

•cure the amount of repairs thereto. Labor is guaranteed for 90 days or 4000 niles whichever occurs first. All other guarantees 
.hose nade e1clusively by the nanufacturer. ~arranty work that is based on this repair order nust be perforned at this shop. 
L REMOVED PARTS WILL BE DISPOSED OF U!LESS I INITIAL HERE 

:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 



ASE CERTIFIED MECHANIC 
VEHICLE SCREENING 

TEST 3-2 

LANDING AUTO CENTER 

-------- CUSTOMER Il!FORKATION --------
10 :04 AK 
U.S. ARMY R,D & E CENTER 

ARKAHEHT SYSTEMS PROCESS DIV 
PICATIHKY ARSEKAL K.J.07806 
( 201)724-3572 
Wk:(201)724-3162 

Date: 12/05/96 Due Date: 12/05/96 

99 KOOHT ARLINGTOfi BLVD. 
LAHDING, l!.J. 07850 

(201) 398-1050 

INVOICE NUMBER: 5627 

-----------···· SERVICE-··------------­
SYKPTOM: ENGINE PERFORMANCE CHECK 
SERVICE: ASE IKSPECTION PB&sE 
YR/KAKE: 85 DODGE !RIES 
LICE!!SE: SGK47A 
VIN : 1B3BD49D8FF333113 
KLG : 5,674 

SGK47A PAGE: l 

COKKEfiTS AND DESCRIPTION OF CH!RGES ______ PRICE __ PARTS & LUBRICANTS USED _____ TY._PRICE_TOTAL 
: ENG In PERFORMANCE TEST 2 7. 50 : : : 
: LABOR TO HOOK UP EQUIPKEl!T,IHSPECT ROHKIKG : : 
: CONDITION & EVALOATE FOR IM 240 & ASK 25/25 : : 

TESTING. : : 
tttTIKIKG IS OFF .. OIYGEK SEKSOR KOT SRITCHJKG, : : 
tttSPEED SENSOR IS NOT WORKING : : 
tttTEST RESULT:FAIL : : 

, , 
11 

11 
11 
I! 
I' 
11 
11 

I: , , 
, , 
, , , , , , 
I: 
I' 
11 
11 

11 
11 

·--------------------------------------------------------~----------------------------------------------------------------------· ,------------·---------------------T·---------------------------T-----------------------------T-----------------------------.:.:.:.:.• 
LABOR 
SUE LET 

27.50 : Infornation Access: 0.00 : 
0.00 : SHOP SUPPLIES 0 .00 : 

PARTS 
EPA CHARGES 

0. 00 : 
0. 00 : 

1-··------------------·-·----1-----------------------------1----------------------------t 1----------------------------,-----------------------------1----------------------------~ 

___________ : This vehicle will be reassembled within 
: 3 days of the date shown above if I do 
\ net authorize the recommended services. 

I I 
I I 

I 0. 
I 

CASH 1---------------------------------------------·------------t 1··--------------------------------------------------------1 
THAKK YOO FOR YOOR BOSJXESS .. I SUB-TOTAL 2 7. 50 

TO!AL 27. 50 
Al!Oon PAID 27.50 

ACCEPTANCE SIGNATURE =-~~~--~-~----
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

I authorite the above repairs and necessary materials. Your enployees nay operate vehicle for inspection, testing, delivery at my 
risk. You vill not be responsible for loss or danage to vehicle or itens left in it. I agree to pay reasonable storage on vehicle 
left more that 48 hours after notification that repairs are completed. An express Mechanics Lein is acknowledged on above vehicle 

ecure the amount of repairs thereto. Labor is guaranteed for 90 days or 4000 niles whichever occurs first. All other guarantees 
those nade e1clusively by the manufacturer. ~arranty work that is hased on this repair order nust be performed at this shop. 
L R E K 0 V E D P A R T S R I L L B E D I S P 0 S E D 0 F U K L E S S I N I T I A L H E R E 

:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 



ASE CERTIFIED MECHANIC 
VEHICLE SCREENING 

TEST 3-3 

LANDING AUTO CENTER 

-------- CUS?OMER lfiFORMATIOM --------
3: 15 PM 

99 MOUNT ARLIKGTOK BLVD. 
i.ANDIKG, U. 07850 

(201) 398-1050 
--------------- SERVICE---------------­
SYMPTOH: 

U.S. ARMY R,D & E CENTER 
ARMAMENT SYS~EMS PROCESS DIV 
P!CAT!NHY ARSENA~ N.J.07806 
(201)724-3572 
~k:(201)724-3162 

Date: 12112/% Due Da~e: 12/18/9E INVOICE NUMBER: 5712 

SERVICE: ASE INSPECTION PHASE 
YR/HAKE: 92 CHEVY ChPR!:E R~D 
LICENSE: NOKE 
VIK : 1GlBL5378K~lS0733 
MLG : 132,m 

NONE P~.GE: 1 

comm m DESCRIPTION OF CHARGES _______ PRI8E _nm ~ LOBRICAKTS OSED _____ QTY._PRICE_TOTAL_ 
mm PERFCRHANCE ~EST 27. 50 ': 
LABOR TO HOOK OP EQUIPHEKT,!KSPECT RUNKING : : 
CONDITION o EVALUATE FOR IM 240 & ASH 25/25 
TESTING. 
***AT THIS TIME TIMJHG,SEMSORS,EXHAUS~ ARE GOOD 
***NC CODES AN~ DATA STREAM JS GOOD 
***!ES! RESTIL!:PA!S 

11 
r I 

I I 
'I 

11 
r I 
r I 

r' 
11 
Ir 
11 

11 
11 

11 

'. 
'I 
. r 

r r 

r I 

'' 'r 
11 
11 

11 
r r 

11 
r I 

·-------------------------------------------------------------------------------------------------------------------------------· ,----------------------------------~----·••••·------------------T-----------------------------T·-------------------------···:.:.:..:.• 

CHH 

U..EOR 
SUBLET 

27.50 : lnfcrmaticn Access: 0.00 : 
G.00 : SHOP SUPPLIES G.00 ' 

PAR!S 
EPA CHARGES 

0.00 : 
0. 00 : 

1----------------------------1-----------------------------1----------------------------: 1---------------------------- -·---------------------------1----------------------------; 
This vehicle will be reassembled within 

: 3 days of the date shown above if l de 
: not authori!e the recom.mended services. 
i----------------------------------------------------------! /-----------------------~------------------~---------------, 

THANK YOO FOR YOUR BUS!KESS .. SUB-TOTAL 27.50 

TOTAL 27.50 
AMOUKT PAID 2i.50 

ACCEPTANCE SIGNATURE =~~~~~~~~~~~~~ 
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

I authori1e the above repairs and necessary materials. Your employees may operate vehicle for inspection, testing, delivery at mf 
risk. You will not be responsible for loss or damage to vehicle or items left in it. I agree to pay reasonable storage on vehicle 
lr' 're that 48 hours after notification that repairs are completed. An express Mechanics Lein is acknowledged on above vehicle 

.e the amount of repairs thereto. Labor is guaranteed for 90 days or 4000 miles whichever occurs first. All other guarantees 
·se made e1clusiveif by the manufacturer. Warranty work that is based on this repair order must be perforned at this shop. 

~.~. REMOVED PARTS nLL BE DISPOSED OF UNLESS I INITIAL HERE 
::::::::::::::::::::::::::::=::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 



ASE CERTIFIED MECHANIC 
VEHICLE SCREENING 

TEST 3-5 

LANDING AUTO CENTER 

99 MOUNT ARLIKGTON BLVD. 
-------- COSTOMER IKFORMAT!ON --------
3: 2: Pl! 

LANDING, U. 07850 
(201) 398-1050 

--------------- SERVICE---------------­
SYKPTOM: 

U.S. ARMY R,D & E CENTER 
ARMAMENT SYSTEMS PROCESS DIV 
PICATINNY ARSEKAL N.J.07806 
(201)724-3572 
Wk: (201)724-3~62 

SERVICE: ASE INSPECTION PHASE 
YR/MAKE: 87 DODGE ARIES 
LICEHSE: SGM92E 
VIN : 1B38D3606HF304758 
MLG : 11.090 

~-------------------------------------~------------------------------------------------------------------------------------------

Date: 12/18/96 Due Date: 12/18/96 INVOICE NUMBER: 5713 SGK92E PAGE: l 

COllllENTS AND DESCRIPTION OF CHARGES ______ PRICE __ ems & LUBRICANTS um _____ QTY ._PRICE_Tom_ 
ENGINE PERFORl!~.NCE TES! 27. SD 
LABOR TO HOOK DP EQOIPMEKT,JKSPECT RUMKIHG 
CONDITION & EVALUATE FOR IM 240 & ASM 25/25 
TESTIKG. 
tttAT THIS TIME TIMIHG AND EXHAUST IS GDGD 
***CAR IS RUNKIHG RICH OXYGEN SENSOR IS STAYING 
***RICH 
tttTEST RESOLT:FAJL 

, I 
'I 

! I 
! I 

I' 
11 

11 
I I 

11 
11 

I' 

I' 

I I 

I' 

·------------------------------------------------------------------------------------------------------------------------~------· ,----------------------------------T----------------------------T-----------------------------T·----------------------------:.:..:.:.· 

CASH 
THAKK YOU FOR YOUR BUSIKESS .. 

hABOR 
SUELET 

27. 50 : lnforl!lation Access: 
0.00 : SHOP SUPPLIES 

G.00 : 
a. a o : 

Pms 0 '00 : 
EPA CHARGES C.00 : 

1----------------------------1-----------------------------1----------------------------1 1----------------------------,-----------------------------1----------------------------1 
!his vehicle will be reassembled within 

: 3 days of the date shown abo~e lf I de 
: not authorize the recommended services. 
t------------------------------------------~~--------------
! _________________________________________________________ _ 

I 

SUB-Tom 27.50 

TOTAL 27. 50 
AMOUKT PAID 27.50 

ACCEPTANCE SIGNATURE : ____________ _ 
::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::;:::=::::::::: 

I authorize the above repairs and necessary materials. Your empicyees may operate vehicle fer inspection, testing. delivery at my 
r' 'au 11il 1 not be responsible for loss or damage tc vehicle or items left in it. I agree to pay reasonable storage on vehicle 
!' .e that 48 hours after notification that repairs are completed. An express Mechanics Lein is acknowledged on above vehicle 

re the amount of repairs thereto. Labor is quaranteed for 90 days or 4000 miles whichever occurs first. All other guarantees 
are cnose made e1ciusively by the manufacturer. Warranty work that is based on this repair order must be performed at this shop. 
ALL REMOVED PAR~S ~ILL BE DlSPOSEU OF OMLESS I !KITIAL HERE 
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 



ASE CERTIFIED MECHANIC 
VEHICLE SCREENING 

TEST 3-6 

LANDING AUTO CENTER 

-------- CUSTOMER INFORKATION --------
3: 37 PK 
U.S. ARMY R,D & E CENTER 

ARMAMENT SYSTEMS PROCESS DIV 
PICATIKKY ARSENAL K.J.07806 
(2Gl)72H572 
Wk:(201)724-3162 

Date: 12/18196 Due Date: '.2118196 

99 KOOKT ARLINGTON BLVO. 
LAKD!KG, K . .J. 07850 

( 201 l 398-1050 

INVOICE NUMBER: 5716 

--------------- SERVICE---------------­
mPTOK: 
SERVIC!: ASE INSPECTIOK PHASE 
YR/KAKE: 86 DODGE ARIES 
LICENSE: SCK181 
VIN : 1B3BD26D7GF20087l 
KLG : 34.840 

SCK181 P.;GE:: 

COMKEl!TS AND DESCRIPTION OF CHARGES ______ PRICE_ _PARTS & LUBRICANTS USED _____ Q~Y._?R!CE_Tom_ 
ENGINE PERFORMANCE TES: 27.50 : : 
LABOR TO HOOK OP EQDIPKEK!,JNSPECT RONNING : : 
CONDI~IOK & EVALUATE FOR IM 240 & ASK 25/25 : : 
TESTING. :: 
tttCAR HAS BAD CO~PUTER AKD BROKEN MOTOR MOUNT : : 
ttt~ES~ RESuL ! : nli. : : 

11 
11 

I I 
'I 
11 
11 

I I 
'I 

': 
11 

11 

'' 
l ! 
1 • 

11 
I I 

11 
I• 

11 

'I 
11 
; I 
11 
I• 

·-------------------------------------------------------------------------------------------------------------------------------· ,----------------------------------T·---------------------------,•----------------------------T·----------------------------:.:..:.:.• 
LABOR PARTS C.00 : 

___________ : SUBLET 
27.50 : Information Access: 
0.00 : SHOP SUPPLIRS 

0 'oc 
o.oc EPA CHARGES 0. 00 : 

CASH 
THAHK YOU FOR YOUR BUSINESS .. 

1----------------------------l----------------------------- ----------------------------1 1---------------------------- ----------------------------- ----------------------------, 
This vehicle will be reassembled within 

: 3 days cf the date shewn above if I de 
: not authorize the recommended services. 
l----------------------------~----------------------------­.----------------------------------------------------------1 

SUB-TOTH 2 i '50 

TOTAL 27.50 
AMOUNT PAID 27.50 

ACCEPTANCE SIGNATURE : ____________ _ 
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::; 

I authorize the above repairs and necessarr materials. Your employees nay operate vehicle for inspection, testing, delivery at my 
ri rou will not be responsible for loss or damage to vehicle or items left in it. I agree to par reasonable storage on vehicle 

e that 48 hours after notification that repairs are completed. An express Mechanics Lein is acknowledged on above vehicle 
tc re the amount cf repairs thereto. Labor is guaranteed for 90 days or 4000 niles whichever occurs first. All ether guarantees 
are cnose made exclusively by the manufacturer. Warranty work that is based on this repair order must be performed at this shop. 
ALL REMCVED ?H!S RILL BE DISPOSED OF UNLESS I INITIAL HERE 
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::=:::::::::::::::::::::::::::::::: 



ASE CERTIFIED MECHANIC 
VEHICLE SCREENING 

TEST 3-7 

LANDING AUTO CENTER 

99 KOUllT ARLINGTON BLVD. 
-------- CUSTOMER IllFORMATIOll --------
3 : 3 2 PK 
u_s. ARMY R,D & E CENTER 

ARM!MEll! SYSTEMS PROCESS DIV 
PICATINllY ARSENAL M.J.07806 
(201)724-3572 
Wk:(2G!)724-3162 

Uate: :2/18/96 Due Date: 12/18/96 

LANDING, 11.J. 07850 
(201) 398-1050 

INVOICE NUMBER: 5715 

--------------- SERVICE---------------­
SYKPTOM: 
SERVICE: ASE INSPECTION PHASE 
YR/MAH: 86 DODGE VANS BlSO 112 T 
~ICEllSE: SGRlOS 
VIII : 2B4Gll1TlGK603824 
KLG : 16, 5 9S 

?~.GE: '. 

COKMms AllD DESCRIPTION OF CHARGES ______ PRICE __ PARTS & LUBRICANTS am _____ Q~'i ._PRICE_TOTA~_ 
EllGIKE PERFORMANCE ~EST 27 .50 : : 
LABOR TO HOOK UP EQUIPKEllT,!NSPE~T RUllllillG : : 
COKDITIOll & EVALUATE FOR IM 240 & ASK 25/2$ : : 
TESTING. I I 

***RAS S~'.CKY GAS PEDAL 
tttTES! RESULT:FAIL 

'I 
'I 
1 I 
11 

11 
11 

'I . ' 
11 
11 

11 

'' 

I l 
I' 

I l 
11 

I l 
I' 

11 
I' 

11 
11 

11 

1 • 

·---------------~------------------------------------------------------------·--------------------------------------------------· ,----------------------------------T·---------------------------r-----------------------------7-----------------------------:.:.:.:..• 

CASH 
TRANK YOu FOR YOQR BUSINESS .. 

moR 
SUBLET 

27.50 : Information Access: 
a.oo : SHOP SUPPLIES 

0.00 : 
a. o a : 

PARTS 
EPA CHARGES 

0.00 : 
0. 00 ; 

1----------------------------1-----------------------------1----------------------------1 1---------------------------- -----------------------------1----------------------------r 
This vehicle will be reassembied within 

: 3 days of the date shown above if I d8 
: not authoriie the recommended services. 
J----------------------------------------------------------! !-------------------~----·---------------------------------, 

... 

SOB-TOTAL 27 ,50 I 

TOTAL 27 .50 
AMOUKT PAID 27.50 

ACCEPTANCE SIGNATURE : ____________ _ 
::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::=::::::::::::::::::::::::::::: 

I authorite the above repairs anci necessary materials. Your employees may operate vehicle for inspection. testing, delivery at my 
ri You will not be responsible for loss or damage to vehicle or items left in it. I agree to pay reasonable storage on vehicle 

·e that 48 hours after notification that repairs are completed. An express Mechanics Lein is acknowledged on above vehicie 
ti re the amount of repairs thereto. Labor is guaranteed for 90 days or 4000 miles whichever occurs first. All other guarantees 
art .uose made e1clusiveiy by the manufacturer. ~arranty work that is based on this repair order must be performed at this shop. 
ALL REMOVED PARTS ~ILL BE DISPOSED OF UNLESS IKITIAL HERE 
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::=:::: 



ASE CERTIFIED MECHANIC 
VEHICLE SCREENING 

TEST 3-8 

LANDING AUTO CENTER 

-------- CDSTOMER IKFORKATIOK --------
9: 21 AM 
U.S. ARMY R,D & E CENTER 

ARMAMEIT SYSTEMS PROCESS DIV 
PICATIIKY ARSEl!AL K.J.07806 
(201)724-3572 
Wk:(201)724-3162 

Date: 12/04/96 Due Date: 12/04/9b 

99 KOUIT ARLIIGTOI BLVD. 
LAIDIIG, l.J. 07850 

(201) 398-1050 

WORK ORDER: 5598 

---·····------- SERVICE·---------------
SYMPTOH: EIGIIE PERFORMAKCE CHECK 
SERVICE: ASE IKSPECTIOK PHASE 
YR/MAKE: 91 CHEVY CAPRICE RWD 
LICENSE: KONE 
VIK : 1GlBL537XH~225575 
MLG : 155,027 

!!DIE PAGE: 1 

COIDIEKTS UD DESCRIPT!OI OF CHARGES ______ PRICE __ PARTS & LUBRICAkTS um _____ QTY ._PRICE_Tom_ 
Ell'GI!E PERFORM&!CE TEST 27 .50 : : 
LABOR TO HOOK UP EQUIPKEKT,llSPECT RUKKIKG :: 
COIDITIOK & EVALDATE FOR IM 240 & ASH 25/25 : : 
TESTUG. : : 
tttAT THIS TIME KO CODES HOWEVER EKGIKE DOES KO! 
tttREACH OPERATING TEMPERATURE OXYGEK SEKSOR IS 
tttREADIKG RICH. 
***TEST RESULT: FAIL 

11 
11 
11 
11 

11 
11 

r I 
11 

11 
11 

11 
11 

::::::::::::::::::::::::::::::::::;::::::::::::::::::::::::::::;:::::::::::::::::::::::::::::i:::::::::::::::::::::::::::::.:..:.:..:: 

QUOTE {paying by CASH) 
TBAKK YOU FOR YOUR BOSIKESS .. 

L&BOR 
SUBLET 

27.SO : Information Access: 
0.00 : SHOP SUPPLIES 

0.00 : 
0. 00 : 

PARTS 
EPA CHARGES 

0. 00 : 
0.00 : 

----------------------------1-----------------------------1----------------------------1 --------------~-------------,-----------------------------,----------------------------i 

This vehicle viii be reassembled within 
3 days of the date shovn above if I do 
not authori1e the recolD!lended services. 

----------------------------------------------------------! ----------------------------------------------------------, 
SUB-TOTAL 

TOTAL 

27. 50 

27. 50 

ACCEPTANCE SIGNATURE '-------~-----
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

I authorite the above repairs and necessary materials. Your employees may operate vehicle for inspection, testing, delivery at my 
'. You will not be responsible for loss or damage to vehicle or items left in it. I agree to pay reasonable storage on vehicle 

more that 48 hours after notification that repairs are completed. An express Mechanics Lein is acknowledged on above vehicle 
ecure the amount of repairs thereto. Labor is guaranteed for 90 days or 4000 miles vbichefer occurs first. All other guarantees 
those made e1clusively by the manufacturer. ~arranty work that is based on this repair order must be performed at this shop. 

A L L R E H 0 V E D P A R T S W I L L B E D I S P 0 S E D 0 F U K L E S S I I M I T I A L H E R E 
::::::::::::::::::::::::::::=:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::;::::::::::::::::::::::::::::: 



ASE CERTIFIED MECHANIC 
VEHICLE SCREENING 

TEST 3-9 

99 KOUKT ARLINGTOK BLVD. 
----··-- CUSTOMER IKFORMATIOK -··-----
3 : G 3 PM 

LAHDIKG. K. J. 07850 
(201) 398-1050 

···------------ SERVICE---------------­
SYllPTOK: 

U.S. ARMY R,D & E CENTER 
!RMAKEK~ SYSTEMS PROCESS DIV 
PICATIKHY ARSENAL K,j,07806 
(201)724-3571 
Wk:(201)724-3lE2 

Date: :2/H/~f Due [·ate: !2/18/96 INVOICE NUMBER: 5710 

SERVICE: ASE INSPECTION PHASE 
YR/KAKE: 90 CHEVY CAPRICE 
LI CEKSE: SCEVS 
VIK : lGlBL5372MW227580 
KLG : 119,800 

SCEVS ?AGE: l 

COMKEKTS m DESCRIPTION OF CBARGES ______ PRICE _PARTS & LUBRICANTS USED _____ QTY ._PF.I:E_TGTAL_ 
ENG !HE P!RFORKAm mT 17' 50 
LABOR TO HOOK GP EQUIPMEKT,IKSPECT RUKKING 
CONDITION & EVALUATE FOR IM 240 & ASK 25/25 
TESTING. 
tttAT THIS ~IKE TlKING,SENSORS,EXBAITS! ARE GOOD 
***KO CODES AND DATA STREAK IS GOOD 
tttTES~ RESDLT:PASS 

I 
11 

11 
11 

I• 

I I 
I 

\ 1 . , 
! ! 

'I 
11 
11 

11 
11 

:==================:===============~============================r===============:======:::::::;::::==================:======:..:.:.:.: 

LABOR 
SUBLET 

27.50 : Infcrmaticr, Access: 0.00 : PARTS 
0.00 : SHOP SUPPLIES 0.00 : EPA CHARGES 

0. OiJ : 
o. o a : 

t----------------------------1-----------------------------:----------------------------1 1----------------------------.-----------------------------i----------------------------1 
------------' ThLs vehicle vi!! be reassembled within 1 

CASH 
THAKK YOU FOR YOUR BOSJMESS .. 

: 3 days cf the date shewn above if i do 
: not au tho rite the reco!llilended services. 
1----------------------------------------------------------1 1--------------------------------·---·---------------------1 

.. 
SUB-TOTAL 17 '50 

TOTAL 27 .50 
}.MOUNT PAID 27. 50 

ACCEPTANCE SIGNATURE :----------~-~ 
====:::::::::::::::::::::::::::::=::::::=:::::::::::::::::::::::::::::::::~=====:::::::::::::::::::::::::::::::::::::::::::::::::: 

I authorite the above repairs and necessary materials. Your employees may operate veticle for inspection, testing, delivery at my 
risk. You will not be res~onsible for loss or damage to vehicle or items left in it. I agree to pay reasonable storage on vehicle 
left more that 48 hours after notification that repairs are completed. An express Mechanics Lein is acknowledged on above vehicle 
tr re the amount of repairs thereto. Labor is guaranteed for 90 days or 4000 miles whichever occurs first. All other guarantees 
a ,e made exclusively by the manufacturer. Warranty work that is based an this repair order must be performed at this shop. 
A REMOVED PARTS WILL BE DISPOSED OF UHLESS I IKITIAL HERE 

~==:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 



I 

ASE CERTIFIED MECHANIC 
VEHICLE SCREENING 

TEST 4-2 

99 HOUl!T ARLIKGTOK BLVD. 

R. 

----- CUSTOMER Il!FORMATIOK --------
9:57 AM 
U.S. ARMY R,D & E CENTER 

ARMAMENT SYSTEMS PROCESS DIV 

LAl!DIKG. K.J. 07850 
(201) 398-1050 

--------------- SERVICE---------------­
SYMPTOM: EKGil!E PERFORMANCE CHECK 
SERVICE: ASE IKSPECTIOI! PHASE 
YR/HAKE: 90 CHEVY CAPRICE 

PICATIKl!Y ARSEKAL K.J.07806 LICEKSE: KOKE 
(201)724-3572 VII! : 1GlBL571LA153059 
ik:(201)72~-3162 HLG : 138,185 

Date: 12/05/96 Due Date: 12/05/96 INVOICE NUMBER: 5626 HOKE PAGE: 1 

CO!O!El!TS AKD DESCRIPTIOK OF CHARGES ______ PRICE __ PARTS & LUBRICANTS USED _____ QTY._PRICE_TOTAL_ 
EKG Il!K PERFORKAKCE TEST 2 7.50 1 

LABOR TO HOOK UP EQUIPMEHT,IKSPECT RU!il!IKG 
COKDITIOK & EVALUATE FOR IM 240 & ASH 25/25 
TES!ll!G. 
tttCODES AKO DATA ARE O.K 
tttTIHIRG IS ADVAftCED EKGIKE IS PIKG!JiG 
tttTEST RESOLT:FAIL 

1 l 
I' 

11 
11 
11 
11 

11 
11 

11 
1 • 

11 
I' 
11 
•I 

11 
11 

11 
11 

·-------------------------------------------------------------------------------------------------------------------------------· ,----------------------------------T·-••·-----------------------T-----------------------------~----------------------------·.:.:.:..:.• 

CASH 

LABOR 
SUBLET 

27 .50 : Infornation Access: 
0.00 : SHOP SUPPLIES 

0 . 00 : 
0.00 : 

PARTS 
EPA CHARGES 

a .oo : 
0.00 : 

1----------------·-----------1-----------------------------1----------------------------' 1----------------------------,-----------------------------i----------------------------; 
This vehicle will be reassembled within 

: 3 days of the date shown above if I do 
: not authorize the recoll!lended services. 

I 

I 
I 

I 
I .. 

1----------------------------------------------------------1 1----------------------------------------------------------, 
THAl!K YOU FOR YOOR BUSIKESS .. SOB-TOTAL 27.50 

TOTAL 27.50 
!HOOKT PAID 27.50 

ACCEPTANCE SIGNATURE =----~-------~ 
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

I authoriie the above repairs and necessary materials. Your enployees may operate vehicle for inspection, testing, delivery at ny 
risk. You will not be responsible for loss or danage to vehicle or itens left in it. I aqree to pay reasonable storage on vehicle 
left more that 48 hours after notification that repairs are conpleted. An express Mechanics Lein is acknowledged on above vehicle 
· ~ecure the anount of repairs thereto. Labor is guaranteed for 90 days or 4000 niles whichever occurs first. All other guarantees 

hose nade e1clusiveiy by the manufacturer. ~arranty work that is based on this repair order nust be performed at this shop. 
L R E K 0 V E D P A R T S ~ I L L B E D I S P 0 S E D 0 F U K L E S S I I W I T I A L H E R E 

.::::::::::::::=::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 



---··--- CUSTOMER Il!FORHATIOK --------
8: 54 AM 
U.S. ARMY R,D & E CENTER 

ARMA!!EKT SYSTEMS PROCESS DIV 
PICATIKKY ARSEKAL K.J.07806 
(201)724-3572 
~k:(201)724-3162 

Date: 12/0S/9! Due Date: 12/05/96 

ASE CERTIFIED MECHANIC 
. VEHICLE SCREENING 

TEST 4-5 

99 HOUllT ARLIKGTOK BLVD. 
LAllDIKG, K.J. 07850 

(201) 398-1050 

INVOICE NUMBER: 5615 

-------------·- SERVICE---------------­
SYMPTOH: EllGillE PERFORMAllCE CHECK 
SERVICE: ASE IKSPECTIOK PHASE 
YR/MAKE: 88 DODGE ARIES 
L!CEKSE: SGP47P 
VIK : 1B3BD46DXJF227954 
HLG : 57.594 

SGP47P PAGE: l 

COMHEK!S AllD DESCRIPTIOK OF CHARGES ______ .PRICE __ PARTS & LUBRICAl!TS USED _____ QTY ._PRICE_!OTAL_ 
: EKGIKE PERFORHAllCE TEST 
: LABOR TO BOOK UP EQUIPMEllT,IKSPECT ROKKING 
: COKDITION & EVALUATE FOR IH 240 & ASH 25/25 
: TEST!KG. 
: tttAf THIS TIME TIHIKG,SEKSORS,EXHAOST ARE GOOO 
: tttHQ CODES AND DATA STREA!! IS GOOD 

tttTEST RESULT:PASS 

27.50 I l 
I' 
11 
I' 
l I 
l l 

I I 
I• 
11 
'I 
I l 
If 
I I 
'I 

l I 
11 
l I 
11 

11 
11 

I l 
l 1 

f I 
'I 
I: 

l I 
l l 

I: 
I' 
l l 

I' 
11 
I' 

1-------------------------------------------------------------------------------------------------------------------------------· ,---------·--------------------••••T•••••·•--------------------•T••••••---~-------------------T--------------------------·-·:.:.:.:..· 

: LABOR PARTS 
___________ : SUBLET 

27.50 : Information Access: 
0.00 ~ SHOP SUPPLIES 

0.00 
0.00 EPA CHARGES 

0.00 
0.00 

1---------··-----------------1·---------·------------------ -·-··-----------------------1·--------------------------- ----------------------------- ----------------------------
___________ : This vehicle vill be reassembled within 

CASB 

: 3 days of the date shown above if I do 
: not authorize the recomnended services. 
1---------------------------------------------------------­,------------------------------------------------p---------

THANK YOU FOR YOUR BUSil£SS .. SUB-TOTAL 27.50 

TOTAL 27.50 
AHOUKT PAID 27.50 

ACCEPTANCE SIGNATURE =-----~~~-~~~-
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

I authorize tbe above repairs and necessary materials. Your employees may operate vehicle for inspection, testing, delivery at my 
risk. You will not be responsible for loss or damage to vehicle or items left in it. I agree to pay reasonable storage on vehicle 
loft more that 48 hours after notification that repairs are completed. An express Mechanics Lein is acknowledged on above vehicle 

'cure the amount of repairs thereto. Labor is guaranteed for 90 days or 4000 miles whichever occurs first. All other guarantees 
,hose made exclusively by the 1anufacturer. Warranty work that is based on this repair order must be performed at this shop. 
L REMOVED PARTS nLL BE DISPOS£D OF UNLESS I !KITIAL EERE 

:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 



ASE CERTIFIED MECHANIC 
VEHICLE SCREENING 

TEST 4-6 

LANDING AUTO CENTER 

99 KOUKr ARLIHGrOK BLVD. 
-------- CUSTOMER IKFORKATIOK --------
9: 41 AK 
U.S. ARMY R,D & E CENTER 

ARKAKEKT SYSTEMS PROCESS DIV 
PICATIKKY ARSENAL K.J.07806 
(20l)i2H572 
~k:(201)724-3162 

Date: 12/05/96 Due Date: 12/05/96 

LAKDIMG, K.J. 07850 
(201) 398-1050 

INVOICE NUMBER: 5623 

--------------- SERVICE---------------­
SYKPTOM: EKGINE PERFORMANCE CHECK 
SERVICE: ASE IKSPECTIOK PHASE 
YR/MAKE: 87 PLYMOUTH RELIANT 
UCEHSE: SGR58 3 
VIN : 1P3BP36D1HF205237 
KLG : 34,429 

SGR583 PAGE: 1 

COKKENTS AND DESCRIPTION OF CHARGES ______ PRICE_ _PARTS & LUBRICANTS OSED _____ QTY ._PRICE_TOTAL_ 
: ENGINE PERFORMANCE TEST 2 7. 50 11 

11 

LABOR TO HOOK OP EQUIPKENT,IKSPECT RUNNING 
: CONDITION & EVALUATE FOR IM 240 & ASK 25/25 

11 
11 
11 
11 

; TEST I KG. 11 
11 

tttAT THIS TIME TIMING AND EIHAUST ARE GOOD 11 
11 

***HO~EVER SPEED SEKSOR IS KOT WORKI~G 11 
11 

***TEST RESULT:FAIL 11 
11 

11 
11 

11 
I I 

11 
11 

11 
11 

11 
11 

11 
! I 

11 
11 
11 
11 

11 
11 

11 
11 

:::::::::::::::::::::::::::::::::::T::::::::::::::::::::::::::::T:::::::::::::::::::::::::::::;::::::::::::=:::::::::::::::::.:..:...:..: 
I 
I LABOR 

SUBLET 
27.50 : Infornation Access: 
0.00 : SHOP SUPPLIES 

0. 0 0 : 
o.oa : 

PARTS 0.00 : 
EPA CHARGES 0. 00 : 

1----------------------------1-----------------------------1----------------------------1 1----------------------------1-----------------------------1----------------------------1 
____________ : This vehicle will be reassellbled within 

: 3 dars of the date shown above if I do 
: not authoriie the recommended services. 

I I 
I I 

I 0. 
I 

CASE 1----------------------------------------------------------1 ,----------------------------------------------------------! 
THAKK YOD FOR YOUR BUSINESS .. SUB-Tom 27.50 

TOTAL 2i .50 
AMOUNT Ph! D 2 7. 50 

ACCEPTANCE SIGNATURE :-----~~~--~--
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

I authari1e the above repairs and necessary materials. Your enployees llay operate vehicle for inspection. testing, delivery at my 
risk. You will not be responsible far loss or damage to vehicle or itens left in it. I agree to pay reasonable storage on vehicle 
JPft more that 48 hours after notification that repairs are conpleted. !n e1press Mechanics Lein is acknowledged on above vehicle 

·cure the amount of repairs thereto. Labor is guaranteed for 90 days or 4000 ni!es whichever occurs first. All other guarantees 
hose llade e1clusively by the manufacturer. iarranty work that is based on this repair order must be performed at this shop. 

REMOVED PARTS ii!LL BE DISPOSED OF UKLESS I IKITI!L BERE 
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 



ASE CERTIFIED MECHANIC 
, VEHICLE SCREENING 

TEST 4-7 

LANDING AUTO CENTER 

99 MOUKT ARLINGTO! BLVD. 
-------- COSTOMER IKFORK!TIOK --------
10: 28 AM 
U.S. ARMY R,D & E CENTER 

ARKAMEKT SYSTEMS PROCESS DIV 
PICATIKKY ARSEKAL X.J.07806 
(201)724-3572 
~k:{201)724-3162 

Date: 12/05/96 Due Date: 12/05196 

LAKDIKG, K.J. 0785C 
(201) 398-1050 

INVOICE NUMBER: 5630 

--------------- SERVICE---------------­
SYMPTOM: EHGIKE PERFORMANCE CHECK 
SERVICE: ASE IKSPECTIOK PHASE 
YR/MAKE: 89 DODGE ARIES 
LICENSE: S6Z647 
VIK : 1B3BD46D85F239746 
MLG : 64,725 

S6Z647 PAGE: l 

COMKEMTS AKO DESCRIPTION OF CHARGES ______ PRICE __ PARTS & LOBRICAKTS OSED _____ QTY ._PRICE_TOTAL_ 
EMGIKE PERFORMANCE TEST 27 .50 
LABOR TO HOOK UP EQOIPMEKT,IKSPECT ROKMIKG 
COKDITIOK & EVALUATE FOR IM 240 & ~SK 25/25 
TESTING. 
***CODES TIMING O.K. 
***BAS BROKEN MOTOR MOUKT 
***TEST RESOLT:FAIL 

11 
11 
11 
11 

11 
11 

t t 
t t 

:::::::::::::::::::::::::::::::::::y::::::::::::::::::::::::::::;::::::::::::::::::::::::::::=T=::::::::::::::::::::::::::::~: 

UBOR 
SUBLET 

27.50 : Information Access: 
0.00 i SHOP SUPPLIES 

0. 00 : 
0. 0 0 : 

PARTS 
EPA CHARGES 

0. 0 0 : 
0.00 : 

1-••••-----------------------1---------••••--••-••w--------l---------~------------------1 1----------------------------,-----------------------------1----------------------------, 
____________ : rhis vehicle will be reassembled within : : 

CASH 

: 3 days of the date shm above if I do : .. : 
: not authorite the recommended services. 
l----------------------------------------------------------1 1----------------------------------------------------------1 

rHA!K YOO FOR YOOR BUSIWESS .. SUB-Tom 27.50 

TOTAL 27. 50 
AMOOKT PAID 27.50 

ACCEPTANCE SIGNATURE =-------~----~ 
::::::::::::::::::::::::::::::::;:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::=::::::::::::::::::::: 

I authori1e the above repairs and necessary materials. Your employees may operate vehicle for inspection, testing, delivery at my 
risk. You will not be responsible for loss or damage to vehicle or itens left in it. I agree to pay reasonable storage on vehicle 
' ' 1 more that 48 hours after notification that repairs are completed. An express Mechanics Lein is acknowledged on above vehicle 

~cure the amount of repairs thereto. Labor is guaranteed for 90 days or 4000 miles whichever occurs first. All other quarantees 
'hose nade exclusively by the manufacturer. iarranty vork that is based on this repair order must be performed at this shop. 
L REMOVED PARTS WILL BE DISPOSED OF OKLESS I IllITIAL HERE 

::::::::::::=:::::::=::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 



ASE CERTIFIED MECHANIC 
VEHICLE SCREENING 

TEST 4-8 

LANDING AUTO CENTER 

-------- CUSTOMER IJFORKATIOK -------­
a: 44 AH 
u_s. ARMY R,D & E CENTER 

ARKAKEKT SYSTEMS PROCESS DIV 
PICATIXKY ARSEKAL K.J.07806 
(201)724-3572 
Rk:(201)724-3162 

Date: 12/05/96 Due Date: 12/05/96 

99 KOUKT ARLIKGTOK BLVD. 
Lmm, K.J. 01sso 

(201) 398-1050 

INVOICE NUMBER: 5613 

--------------- SERVICE---------------­
SYKPTOK: EKGIKE PERFORMAKCE CHECK 
SERVICE: ASE IKSPECTIOH PHASE 
YR/KAKE: 86 DODGE VANS 8350 l T 
LICENSE: SGH680 
VIK : 2BSRB31ROGK60926: 
MLG : 35,202 

SGM68U PAGE: 1 

CO!tl!EKTS AHO DESCRIPTION OF CHARGES ______ PR!CE __ PARTS & LUBRICA!!TS om _____ QTY._PRICE_Tom_ 
: mm PERFORHA!fCE TEST 27 .50 
: LABOR TO HOOK UP EQOIPMEK!,IKSPECT ROKKIKG 
; COKnITION & EVALUATE FOR IM 240 & ASK 25/25 

tttAf THIS TIME TIMIKG,SEKSORS,EXHAUST ARE GOOD 
***CODES AKD DATA KOT AVAILABLE ON THIS MODEL 
***TEST RESULT:PASS 

11 
I I 

11 
I I 

'I 
I! 

I l 
11 

11 
11 
! I 
11 
Ir 
r I 

11 
11 

11 
11 

:::::::::::::::::::::::::::::::::::T::::::::::::::::::::::::::::;:::::::::::::::::::::::::::::T:::::::::::::::=::::::::::::::..:.:_:.: 

LABOR 
SUBLET 

27.50 : Information Access: 
0.00 : SHOP SUPPLIES 

0. 00 : 
0. 00 : 

PARTS 
EPA CHARGES 

0 .00 : 
0. 00 : 

l----------------------------1-----------------------------1----------------------------' 1----------------------------1-----------------------------1----~~--------------~-------1 

___________ : This vehicle will be reassembled within 

CASE 

: 3 days of the date shown above if I do 
: not authoriie the recommended services. 
:::!::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

!HAKK YOU FOR YOOR BUSINESS .. SUB-TOTAL 27. 50 

TOTAL 27.50 
AMOUNT PAID 27 .50 

ACCEPTANCE SIGNATURE =--~----------
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::;:::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

1 ~uthorite the above repairs and necessary naterials. Your employees may operate vehicle for inspection, testing, delivery at my 
You will not be responsible for loss or damage to vehicle or items left in it. I agree to pay reasonable storage on vehicle 

more that 48 hours after notification that repairs are completed. An e1press Mechanics Lein is acknowledged on above vehicle 
ecure the amount of repairs thereto. Labor is guaranteed for 90 days or 4000 ailes whichever occurs first. All other guarantees 

are those made e1clusively by the manufacturer. Rarranty vork that is based on this repair order must be performed at this shop. 
ALL REMOVED PARTS llILL BE DISPOSED OF Ol!LESS I IKITIAL HERE 
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::=:::::::: 



ASE CERTIFIED MECHANIC 
VEHICLE SCREENING 

TEST 5-1 

LANDING AUTO CENTER 

99 KOGl!T ARL!KGTOK BLVD. 
-------- CUSTOMER IKFORKATIOK --------
2: 48 PK 

LAKDIKG. K.J. 07850 
(201) 398-1050 

--------------- SERV!CE---·-----------­
SYKPTOM: 

U.S. ARMY R,D & E CENTER 
ARKAKEKT SYSTEMS PROCESS DIV 
PICAT!KKY ARSENAL K.J.07806 
(201)724-3572 
iik: (201)724-3162 

Date: 11/18./90 Due Date: 12/18/9E INVOICE NUMBER: 5709 

SERVICE: ASE !KSPECTIOK PHASE 
YR/KAKE: 87 DODGE ARIES 
LICEKSE: SGK76E 
Vil! : 1B3BD36D8HF304759 
KLG : 27,188 

SGH76E PAGE: 1 

COMHms Al!O DESCRIPT!OK OF CHARGES ______ PRICE __ PARTS & LGBRICAKTS om _____ QTY ._PRICE_Tom_ 
EKGil!E PERFORKAKCE TEST 27. 50 : . 1 

LABOR TO HOOK UP EQOIPKEKT,IKSPECT RONNING : ' 
COKDITIOK & EVALUATE FOR IM 240 & ASK 25/25 
TESTING. 
tttAT THIS TIME TIKIKG,SEKSORS,EXHAOST ARE GOOG 
tttNO CODES AKD DATA STREAK IS GOOC 
tttTEST RRSOLT:PASS 

l 

'I 11 11 
l l 

' ' 11 11 
l I 

'' :::::::::::::::::::::::::::::::::::T::::::::::::::::::::::::::::;:::::::::::::::::::::::::::::T::::::::::::::::::::::::::::::.:..:.:.: 

CP.SE 
THAl!K YOC FOR YOUR BOSIMESS .. 

LABOR 
SUBLET 

27.50 : Infcrmaticn Access: 
0.00 : SHOP SUPPLIES 

0. oc : 
0 . 0 c ~ 

PARTS 
EPA CHARGES 

G . 00 : 
0.00 : 

1----------------------------1-----------------------------1-·--------------------------1 1----------------------------1-----------------------------f----------------------------1 
This vehicle will be reassembled within 

: 3 days of the date shown above if I cic 
; not authoriie the recollilended services. 
1----------------------------------------------------------1 1·-------------·-------------------------------------------1 

SOMO!H 27. 50 

TOTAL 27. 50 
AMOONT PAIV 27.50 

ACCEPTANCE SIGNATURE :~~----------~ 
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

I autborite the above repairs and necessary materials. Your employees may operate vehicle far inspection, testing, delivery at my 
risk. !au will not be responsible for loss or damage to vehicie or items left in it. I agree to pay reasonable storage on vehicle 
left ~ore that 48 hours after notification that repairs are completed. An express Mechanics Lein is acknowledged on above vehicle 
t ·e the amount of repairs thereto. Labor is guaranteed for 90 days or 4000 miles whichever occurs first. All other guarantees 
a, se made e1clusively by the manufacturer. ~arranty work that is based on this repair order must be performed at this shop. 
L REMOVED PARTS nLL BE DISPOSED OF UNLESS I INITIAL HERE 
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 



A~E CERTIFIED MECHANIC 
·VEHICLE SCREENING 

TEST 5-3 

LANDING AUTO CENTER 

99 MOUKT ARLINGTON BLVD. 
-------- CUSTOMER IKFORllA~IOK --------
2 :29 PK 

LAKDIKG .• N.J. 0785C 
(201) 398-lOSC 

--------------- SERVICE---------------­
SYllPTOll: 

U.S. ARMY R,D & E CENTER 
ARllAllEKT SYSTEMS PROCESS DIV 
PICATIKNY ARSENAL N,j,07806 
(201;724-3572 
Rk:\2Cl)724-31E2 

Date: 12/18/96 Due Date: 12/18/96 INVOICE NUMBER: 5707 

SERVICE: ASE INSPECTION PHASE 
YR/KAKE: 86 DODGE ARIES 
LICENSE: SCEVH 
VIN 1B3BC26D8GF313440 
llLG 75,831 

SCEVH PAGE: l 

co1111ms m DESCRIPTIOK OF CHARGES ______ PR!CE __ PARTS & LUBRICANTS um _____ Q~'i._PRICE_TQTAL_ 
: ENG:NE PERFORllAHCE TEST 

LABOR TO HOOK OP EQOIPllENT,IKSPECT RUNNING 
CONDITION & EVALUATE FOR Ill 240 & ASK 25/25 
TESTING. 
tttA! !H!S TillE TillING,SEKSORS,EXHAOST ARE GOOD 

1 tttMO CODES AKD DATA STREAK IS GOOC 
tttTEST RESUL!:PASS 

2 7 '50 'I 
'I 

I• 
I' 

I I 
I I 

11 
11 

I I 
I I 

11 
I' 

11 

' I 

11 
, , 
I I 
I I 

11 
I I 

I I 
I I 

I I 
I 

I' 
I 

I 
11 

11 , , 
I I 
I I 

11 , , 
:::::::::::::::::::::::::::::::::::T::::::::::::::::::::::::::::;=::::::::::::::::::::::::::::r:::::::::::::::::::::::::::::::::: 

U.BOR 
SUBLET 

27 .50 '. Information Access: O.Oa : 
0.00 : SHOP SOPPLJES 0.00 : 

PARTS 
EPA CHARGES 

Q.00 : 
0.00 : 

1----------------------------1~----------------------------l----------------------------: !---------------------------- -----------------------------1----------------------------: 
___________ : This vehicle will be reassembled within 

: 3 days of the date shown above if I do 
: not authorite the recol!lllended services. 

cm !----------------------------------------------------------! !-----·----------------------------------------------------! 
THAKK YOO FOR YOGR BUSINESS .. SOB-!OTAL 27. 50 

TOTAL 27.50 
!KOURT PAID 27.50 

ACCEPTANCE SIGNATURE =-~-----~----~ 
::~::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

I authorite the above repairs and necessary materials. Your employees may operate vehicle for inspection, test~ng, delivery at my 
,;~k. You will not be responsible for loss or damage to vehicle or items left in it. I agree to pay reasonable storage on vehicle 

more that 48 hours after notification that repairs are completed. Ao express Mechanics Lein is acknowledged on above vehicle 
ecure the amount of repairs thereto. Labor is guaranteed for 90 days or 4000 miles whichever occurs first. All other guarantees 
those made exclusively by the manufacturer. iarranty work that is based on this repair order must be performed at this shop. 

ALL REMOVED nns RILL BE DISPOSED OF UllLESS I INITIAL HERE 
::=::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 



L 

ASE CERTIFIED MECHANIC 
VEHICLE SCREENING 

TEST 5-5 

99 MOUl!T ARL!l!GTOK BLVD. 

- ~R. 

-------- CUSTOMER ll!FOIU!ATIOI! --------
9: 33 AM 
U.S. ARMY R,D & E CENTER 

AIU!AJIEl!T SYSTEMS PROCESS DIV 

LAKDIKG, 1!.J. 07850 
(201) m-1050 

--------------- SERVICE---------------­
SYMPTOM: EKGJl!E PERFORMANCE CHECK 
SERVICE: ASE IKSPECTIOI! PHASE 
YR/MAKE: 87 DODGE ARIES 

PICATil!l!Y ARSENAL 1!.J.07806 L!CEl!SE: SGM95G 
(201)724-3572 VIK : 183BD36DlHF326487 
Wk:(201)724-3162 KLG : 2 6, 813 

Date: 12/04/96 Due Date: 12/04/96 WORK ORDER: 5599 SGM95G PAGE: l 

COMMENTS AKO DESCRIPTION OF CHARGES ______ .PRICE_ _PARTS & LUBRICAl!TS USED _____ QTY ._PRICE_TOTAL_ 
: El!Gil!E PERFOIU!AKCE TEST 27.50 1 I 

11 

: LABOR TO BOOK UP EQUIPMENT,Il!SPECT RUl!KIKG I I 
11 

COKDIT!OK & EVALUATE FOR IM 240 & ASK 25/25 11 
11 

TESTillG. 
tttCODES 51 Al!D 52 
tttOXYGEI! SEl!SOR IOT SWITCH 
tttTEST RESULT:FAIL 

I I 
11 
11 
11 

11 
1 I 

11 
11 

11 
11 

I I 
I I 

11 
11 
11 
11 

11 
11 

l 1 
t I 

11 
11 

11 
11 
1 I 
11 
11 
r I 

:===:::::::::::::::::::::::::::::::;::::::::::::::::::::::::::::i:::::::::::::::::::::::::::::T:::::::::::::::::::::::::::::.:..:..:.:.. 

QUOTE (paying by CASH) 
THANK YOU FOR YOUR BUSINESS .. 

LABOR 
SUBLET 

27 .50 : Infornation Access: 0.00 : 
0.00 : SHOP SUPPLIES 0.00 : 

PARTS 
EPA CHARGES 

0. 00 : 
0.00 : 

-----------------------··--~1--·-·------------------------1-4--------------------------1 ----------------------------,-----------------------------1----------------------------1 
This fehicle will be reassembled within 
3 days of the date shown above if I do 
not authorite the reconnended services. 

:::::::::::::::::::::::::::::::;;;:::::::::::::::::::::::: 

.. 
SUB-!OTAL 27 .50 

TOTAL 27 .50 

ACCEPTANCE SIGNATURE : ____________ _ 
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

I authoriie the above repairs and necessary materials. Your employees nay operate vehicle for inspection, testing, delivery at my 
risk. You iii! not be responsible for Joss or da1age to vehicle or ite1s left in it. I agree to pay reasonable storage on vehicle 
left more that 48 hours after notification that repairs are completed. An erpress Mechanics Lein is acknowledged on above vehicle 

~cure the amount of repairs thereto. Labor is guaranteed for 90 days or 4000 niles whichever occurs first. Ali other guarantees 
.hose macie eiclusively by the manufacturer. iarranty work that is based on this repair order nust be performed at this shop. 

R E M 0 V E D P A R T S i I L L B E D I S P 0 S E D 0 F 0 I L ! S S I I K I T I A L H E R E 
___ ::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 



ASE CERTIFIED MECHANIC 
, VEHICLE SCREENING 

TEST 5-6 

LANDING AUTO CENTER 

99 MOOKT ARLINGTON BLVD. 
---- CUSTOMER INFORMATION --------

3: 11 PM 
LANDING, H.J. 07850 

(2Cl) 398-1050 
--------------- SERVICE---------------­
SYKPTOK: 

U.S. ARMY R,D & E CENTER 
ARMAMEKT SYSTEMS PROCESS ~IV 

PICA!INHY ARSENAL K.J.07806 
( 201 )724-3572 
ik:(201)724-3iE2 

SERVICE: ASE IMSPECTIOK PHASE 
YR/KAKE: 90 CHEVY CAPRICE 
~ICEKSE: SCEV6 
VIK : 1GlBL5373KR151429 
MLG : 115,441 

----------------~----------------------------------------------------------------------------------------------------------------

Date: 12/H/96 Due Date: !2/18/96 INVOICE NUMBER: 5711 SCEV6 

COMMEKTS m DESCRIPTIOK o~ CHARGES ______ PRICE __ PARTS & LUBRICANTS om _____ QTY ._PRICE_~om_ 
ENGINE PERFORMANCE TEST 
LABOR TO HOOK OP EQOIPKEKT,!KSPECT ROKKIKG 
CONDITION & EVALUATE FOR IM 240 & ASM 25/25 
TEST I KG. 

27. 50 : : 
! I 
I I 

11 

11 

1 tttAT TE!S TIM! !IHING,SEKSORS,EXEADST ARE GGOD 
I' 

11 
11 

11 tttKO CODES AKD DATA STREAK IS GOOD '' 
***TEST RESOLTS:P!.SS 11 

11 
11 
I I 

11 
11 

11 
I I 

11 
I• 

I J 
1 • 

: I 
I 

-1 

11 
11 

, I 
. I 

11 
11 

:::::::::::::::::::::::::::::::::::T::::::::::::::::::::::::::::T::::::::::::::::::::::::::::: :::::::::::::::::::::::::::::::::: 
I 
I 

C>.SH 
THAKK YOO FOR YOUR BOS!KESS .. 

LABOR 
SOB LET 

27.50 : Information Access: 
0.00 : SHOP SUPP~lES 

0.00 
uo 

PARTS 
EPA CHARGES 

0. oc : 
0. oc : 

l----------------------------1----------------------------- ----------------------------! /---------------------------- -------~--------------------- ----------------------------! 
Tbis vehicle will be reassenbled within 

: 3 days of the date shown above if I de 
: not autharite the recollmended services. 
1--------·-------------------------------------------------1----------------------------------------------------------

.. 
SOB-TOTAL 2 7. 50 

TOTAL 27.50 
AMOUKT PAID 27 .50 

ACCEPTANCE SIGNATURE =------------~ 
::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::=::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

I authorite the above repairs and necessary materials. Your employees may operate vehicle for inspection, testing, delivery at my 
risk. You will not be responsible for less or damage ta vehicle or items left in it. I agree to pay reasonable storage on vehicle 
left more that 48 hours after notification that repairs are completed. An express Mechanics Lein is acknowledged an above vehicie 
tr ··re the amount cf repairs thereto. Labor is guaranteed for 90 days or 4000 miles whichever occurs first. All other guarantees 
a ;e made e1clusively by the manufacturer. iiarranty work that is based on this repair order must be performed at this shop. 
A REMOVED PARTS iiILL BE DISPOSED O~ OKLESS IllITIAL HERE 

~::::::::::::::::::::::::::::::::::::::::::::;::::::::::::::::::::::::::::::::::::::::::::::::::::=::::::::::::::::::::::::: 



ASE CERTIFIED MECHANIC 
VEHICLE SCREENING 

TEST 5-9 

LANDING AUTO CENTER 

19 MOUNT ARLING!ON BLVD. 
-------- CUSTOMER IHFORKATIOH --------
2: 43 PK 

LARDING, K.J. 07850 
(201) 398-1050 

--------------- SERVICE···------------­
SYKPTOK: 

U.S. ARMY R,D & E CENTER 
ARKAKEHT SYSTEMS PROCESS DIV 
PICA~IHHY ARSENAL N.J.0780€ 
(2Dl!724-3572 
Wk: (2011724-31£2 

Date: 12(1819t Due Date: 12/18/96 WORK ORDER: 5708 

SERVICE: ASE INSPECTION PHAS! 
YR/KAKE: 87 DODGE ARIES 
LICENSE: SGRSOC 
VIN : 1B3SD36D8EF1997fi8 
MLG : 3U72 

SGR500 P~GE: i 

COMMENTS AND DESCRIPTION OF CHARGES ______ PR!CE _PARTS & LOBRICAm USED _____ QTY._PRJCE_~OTAL_ 
ENG m ?ERFORKAK:E TEST 2 7. 50 : : 

' LAEOR TD HOOK OP EQDIPKEN~.IHSPECT RUNNING 
CONDITION & EVALUATE FOR IM 240 & ASH 25/25 
rmm. 

1 tttA! THIS TIME TIKIKG,SEKSORS.EXHADST ARE GOOC 
tttNO CODES IND DAT! STREAM IS GOOD 
tttTEST RESOLT:PASS 

: r 
r I 

11 
11 

11 
11 

rt 
t t 

I I 

' ' 11 
11 

11 
11 

11 
11 

11 
'I 

11 
11 

11 

'' 
11 
11 

11 
11 

'I 

'' 
·-------------------------------------------------------------------------------------------------------------------------------· ,---------------------------·----·-T·--------------------·------T-----------------------------T-----------------------------.:..:..:..:., 

LABOR 
SITBLE~ 

27,50 : Information Access: 
a.co : SHOP SUPPLIES 

0. 00 : 
0 .OD 'i 

PAR7S 
EPA CEARGES 

C.00 : 
0. 00 : 

1----------------------------1-----------------------------1----------------------------1 1----------------------------1------------------·----------i----------------------------, 
____________ : This vehicle wiil be reassembied within ' 

QUOTE (paying by CASH) 
THAKK YOU FOR YOCTR BUSINESS .. 

: 3 days of the date shown above if I de : .. 
: net authorize the recommended services. 
1·---------------------------------------------------------1 ,----------------------------------------------------------! 

SUB-Tom 

Tom 

27.50 

27. so 

ACCEPTANCE SIGNATURE :--~---------~ 
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

1 authorite the above repairs and necessary materials. Your empioyees may operate vehicle for inspection, testing, delivery at my 
risk. You will not be responsible for loss or damage to vehicle or items left in it. I agree to pay reas~nable storage on vehicle 

more that 46 hours after notification that repairs are ccmpleted. An express Mechanics Lein is acknowledged on above vehicle 
ccure the amount of repairs thereto. Labor is guaranteed for 90 days or 4000 miles whichever occurs first. All other guarantees 
those made e1clusively by the manufacturer, Warranty work that is based on this repair order must be performed at this shop, 

~LL REMOVE~ PARTS WILL BE DISPOSED OF ONLESS I INITIAL CERE 
:::::::::::=::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::=:::::::::::::::::::::::::::::::::::~::: 



3. Test Allocation of Vehicles 



TEST1 VIN 

Control 31996 

1-1 a 12948 

l-2a 29823 

1-1 b 12948 

1-3a 68742 

l-2b 29823 

l-4a2 08399 

1-3b 68742 

Control 31996 

Notes: 

CAR TESTING ORDER 
VITALIZER 

4 DECEMBER 1997 

DESCRIPTION YEAR CYLINDERS 

K-Car 88 4 

Van 87 8 

K-Car 88 4 

Van 87 8 

K-Car 89 4 

K-Car 88 4 

Chevy 89 8 

K-Car 89 4 

K-Car 88 4 

DRIVER 

A 

c 
A 

c 
A 

c 
A 

A 

A 

1. An 'a' suffix after the Test Number indicates the baseline of the vehicle. A 'b' 
suffix after the test number indicates, the testing of the vehicle with a device or process. 

2. The car was baselined, but there was not sufficient time to in$tll the device and 
complete testing. Car was baselined and tested following day. 



TEST1 VIN 

Control 31996 

I-Sa 32760 

l-4a 08399 

l-6a 28983 

1-Sb 32760 

l-7a 27311 

1-4b 08399 

l-6b 28983 

l-7b 27311 

Control 31996 

Notes: 

CAR TESTING ORDER 
VITALIZER 

5 DECEMBER 1997 

DESCRIPTION YEAR CYLINDERS 

K-Car 88 4 

K-Car 88 4 

Chevy 89 8 

K-Car 88 4 

K-Car 88 4 

Police Cruiser 91 8 

Chevy 89 8 

K-Car 88 4 

Police Cruiser 91 8 

K-Car 88 4 

DRIVER 

c 
A 

c 
A 

c 
A 

c 
A 

c 
A 

1. An 'a' suffix after the Test Number indicates the baseline of the vehicle. A 'b' 
suffix after the test number indicates, the testing of the vehicle with a device'iJr process. 



TEST1 VIN 

Control 31996 

2-la 37166 

2-2a 54002 

2-3a 86582 

2-1 b 37166 

2-2b2 54002 

2-4a 10406 

2-3b 86582 

2-2b 54002 

2-4b 10406 

2-5a 49016 

2-6a 25036 

2-5b 49016 

2-6b 25036 

Control 31996 

Notes: 

CAR TESTING ORDER 
FUEL CAT 

9 DECEMBER 1997 

DESCRIPTION YEAR CYLINDERS 

K-Car 88 4 

K-Car 88 4 

Police Cruiser 92 8 

Ram Van 88 8 

K-Car 88 4 

Police Cruiser 92 8 

K-Car 88 4 

Ram Van 88 8 

Police Cruiser 92 8 

K-Car 88 4 

Chevy Caprice 89 8 

Police Cruiser 91 8 

Chevy Caprice 89 8 

Police Cruiser 91 8 

K-Car 88 4 
... 

DRIVER 

A 

c 
A 

A 

c 
c 
A 

c 
A 

c 
A 

A 

A 

A 

A 

1. An 'a' suffix after the Test Number indicates the baseline of the vehicle. A 'b' 
suffix after the test number indicates, the testing of the vehicle with a device or process. 

2. A complete series was not run. The vehicle was run on the road course again, and 
retested. The data from this series was not used for overall device performance. 



TEST 1 VIN 

Control 31996 

2-7a 68774 

2-8a2 99843 

2-8a 99843 

2-9a 26275 

=-7b 68774 

:-Sb 9984) 

2-9b 26275 

Control 31996 

Notes: 

CAR TESTING ORDER 
FUEL CAT 

10DECEMBER1997 

DESCRIPTION YEAR CYLINDERS 

K-Car 88 4 

K-Car 88 4 

K-Car 87 4 

K-Car 
...,..., 
;') / 4 

K-Car "(7 4 _,' 

K-Ca:- ;!-) 4 

K-Car 4 

K-Car ~~7 4 

K-Car 88 4 

DRIVER 

B 

D 

A 

c 
D 

B 

c 
D 

A 

l. An 'a' suffix after the Test Number indicates the baseline of the vehicle. A 'b' 
suffix after the test number indicates, the testing of the vehicle with a device or process. 

2. The clutch on the dynamometer malfunctioned. The clutch was lubricated and the 
test sequence for this vehicle was rerun. The data from this run was not used in the device 
analysis. 



TEST1 

Control 

4-Ia2 

4-la 

4-2a4 

4-3a 

4-lb 

4-3b 

4-2b5 

4-2a 

Control 

Notes: 

CAR TESTING ORDER 
COMPLIANACE AND RESEARCH 

16 DECEMBER 1997 

VIN DESCRIPTION YEAR CYLINDERS 

31996 K-Car 88 4 

03369 Ram Van 89 8 

29662 Chevy Wagon 89 4 

53039 Police Cruiser 90 8 

32063 Dodge Ram 87 8 

29662 Chevy Wagon 89 4 

32063 Dodge Ram 87 8 

53039 Police Cruiser 90 8 

53039 Police Cruiser 90 8 

31996 K-Car 88 4 

DRIVER 

B 

c 
C/B3 

B 

c 
B 

c 
A 

A 

A 

1. An 'a' suffix after the Test Number indicates the baseline of the vehicle. A 'b' 
suffix after the test number indicates, the testing of the vehicle with a device or process. 

2. Problems developed with this vehicle. It was discarded from all testing, and was 
replaced by a Police Cruiser (Test 4-2). 

3. Drivers switched after second series. 

4. Car did not have sufficient gas to run second series. Gas put into car and a 
baseline was run after the test with the device was performed. 

5. Only the first three sets of data were obtained for the IM240. 



TEST 1 

Control 

4-4a 

4-5a 

4-6a 

4-4b 

4-5b 

4-6b 

Notes: 

CAR TESTING ORDER 
COMPLIANACE AND RESEARCH 

17 DECEMBER 1997 

VIN DESCRIPTION YEAR CYLINDERS 

31996 K-Car 88 4 

52548 Police Cruiser 92 8 

27954 K-Car 88 4 

05237 K-Car 87 4 

52548 Police Cruiser 92 8 

27954 K-Car 88 4 

05237 K-Car 87 4 

DRIVER 

c 
B 

c 
C/A2 

A 

A 

A 

1. An 'a' suffix after the Test Number indicates the baseline of the vehicle. A 'b' 
suffix after the test number indicates, the testing of the vehicle with a device or process. 

2. Drivers changed after second series. 



TEST' 

Control 

4-7a 

4-8a 

4-9a 

4-7b 

4-8b 

4-9b 

Control 

Notes: 

CAR TESTING ORDER 
COMPLIANACE AND RESEARCH 

18 DECEMBER 1997 

VIN DESCRIPTION YEAR CYLINDERS 

31996 K-Car 88 4 

39746 K-Car 88 4 

09261 Ram Van 86 8 

42293 Ram Pick-up 91 6 

39746 K-Car 88 4 

09261 Ram Van 86 8 

42293 Ram Pick-up 91 6 

31996 K-Car 88 4 

DRIVER 

c 
B 

B 

A 

A 

A 

A 

A 

I. An 'a' suffix after the Test Number indicates the baseline of the vehicle. A 'b' 
suffix after the test number indicates, the testing of the vehicle with a device or process. 



Control 

5-la 

5-2a 

5-3a 

5-lb 

5-2b 

5-3b 

5-4a 

5-5a 

5-4b 

5-5b 

5-6a 

5-6b 

Control 

Notes: 

CAR TESTING ORDER 
INSET 

19 DECEMBER 1997 

VIN DESCRIPTION YEAR CYLINDERS 

31996 K-Car 88 4 

04759 K-Car 87 4 

18650 Pick-up 87 6 

13440 K-Car 86 4 

04759 K-Car 87 4 

18650 Pick-up 87 6 

13440 K-Car 86 4 

85054 Police Cruiser 88 8 

26487 K-Car 87 4 

85054 Police Cruiser 88 8 

26487 K-Car 87 4 

51429 Police Cruiser 91 8 

51429 Police Cruiser 91 8 

31996 K-Car 88 4 
,._ 

DRIVER 

B 

c 
B 

c 
c 
B 

B 

c 
B 

A 

A 

A 

A 

A 

1. An 'a' suffix after the Test Number indicates the baseline of the vehicle. A 'b' 
suffix after the test number indicates, the testing of the vehicle with a device or process. 



TEST1 VIN 

Control 31996 

5-7a 03825 

5-8a 91881 

5-7b 03825 

5-8b 91881 

5-9a 99768 

5-9b 99768 

Control 31996 

Notes: 

CAR TESTING ORDER 
INSET 

20 DECEMBER 1997 

DESCRIPTION YEAR CYLINDERS 

K-Car 88 4 

Van 86 6 

Pick-up 85 6 

Van 86 6 

Pick-up 85 6 

K-Car 87 4 

K-Car 87 4 

K-Car 88 4 

DRIVER 

B 

c 
B 

c 
B 

B 

c 
B 

1. An 'a' suffix after the Test Number indicates the baseline of the vehicle. A 'b' 
suffix after the test number indicates, the testing of the vehicle with a device or process. 



TEST 1 VIN 

Control 31996 

3-la 82021 

3-2a 33113 

3-3a 50733 

3-1 b 82021 

3-4a 03369 

3-2b 33113 

3-3b 50733 

3-4b 03369 

Notes: 

CAR TESTING ORDER 
ENGINEWITY 

8 JANUARY 1997 

DESCRIPTION YEAR CYLINDERS 

K-Car 88 4 

Caprice 89 8 

K-Car Wagon 85 4 

Police Cruiser 92 8 

Caprice 89 8 

Van 89 8 

K-Car Wagon 85 4 

Police Cruiser 92 8 

Van 89 8 

DRIVER 

B/A2 

B 

A 

A 

B 

B 

A 

c 
B 

1. An 'a' suffix after the Test Number indicates the baseline of the vehicle. A 'b' 
suffix after the test number indicates, the testing of the vehicle with a device or process. 

2. Drivers changed after two series were completed. 



TEST1 VIN 

Control 31996 

3-5a 04758 

3-6a 00871 

3-7a 03824 

3-8a 25575 

3-Sb 04758 

3-6b 00871 

3-9a 27580 

3-7b 03824 

3-8b 25575 

3-9b 27580 

Control 31996 

Notes: 

CAR TESTING ORDER 
ENGINEWITY 

9 JANUARY 1997 

DESCRIPTION YEAR CYLINDERS 

K-Car 88 4 

K-Car 87 4 

K-Car 86 4 

Van 86 6 

Police Cruiser 91 8 

K-Car 87 4 

K-Car 86 4 

Police Cruiser 91 8 

Van 86 6 

Police Cruiser 91 8 

Police Cruiser 91 8 

K-Car 88 4 

DRIVER 

A 

c 
B 

A 

A 

A 

B 

A 

c 
B 

A 

A 

1. An 'a' suffix after the Test Number indicates the baseline of the vehicle. A 'b' 
suffix after the test number indicates, the testing of the vehicle with a device or process. 



4. Rejection of Final Emissions 
Test Data for Specific Vehicles 



0 

Data Not Included in Analysis with Rationale for Exclusion 

Device Plate Data Excluded Rationale 
I Z338 IM240 Run 1 Car not sufficiently warmed up. 

and 2 
1 N376 All Significant degradation in car 

performance from run 1 to run 2 
not attributed device. 

2 SGZ353 IM240, Run 2 Data significantly different from 
three other tests. 

2 P428 ASM2525, Run Car not sufficiently wanned up 
1 

3 SGM92E All Significant degradation in 
performance from without to with. 
Degradation in perf orrnance during 
with. Not attributed to device. 

3 SGN181 IM240, Run 1 Car not sufficiently wanned up. 
3 SGR105 All Car leaking transmission fluid on to 

exhaust system. 
4 TAG0744 IM240, All Bimodal distribution in data. 

Suspected car problem. 
4 SGP47P Run4 Flat Tire during run. 
5 835 IM240 Run 3 Data significantly different from 

three other tests. 
5 SCEV6 IM240 Run 1 Car not sufficiently wanned up. 
5 T05666 IM240 Run I Car not sufficiently warmed up. 

... 
For the ASM2525 Test, a systematic error occurred in which data for a run was 
significantly different than the remaining data. It was presumed that this difference 
was due to the gas sampling equipment and therefore not used in any analysis. 
Occasions in which this occurred are detailed below: 

Device Plate Test Run 
Control SGP906 12110, 1st 
Control SGP906 12119, 3rd 
Control SGP906 1/9, 3rd 
1 SGS165 with - 1 
I 2338 without - 1 
1 GKDI le without - 2 
2 SGN936 with - 2 
2 SGZ353 without - 1 
5 SGPI5U without - 3 



APPENDIX C 
Description of Test Procedure 

1. Description of Test Facility 

2. Calibration Records 

a. Constant Volume Sampler 

b. Dynamometer 

3. Test Plan 

4. Road Conditioning Course 

5. Emissions Analysis Test Schedule 



1. Description of Test Facility 



EQUIPMENT LIST 

ANALYZERS 

Total Hydrocarbons 
California Analytical Insrtuments 
Modle: 240 FID 

Oxides of Nitrogen 
California Analytical Insrtuments 
Model: 240 CLO 

CO andC02 

California Analytical lnsrtuments 
Model: 240 IR 

CONSTANT VOLUME SAMPLER 

Manufactured by: Environmental Systems Products, Tucson, Arizona 

BAR 90 ANALYZER AND SAMPLE SYSTEM 

Manufactured by: Environmental Systems Products, Tucson, Arizona 

DYNAMOMETER 

Manufactured by: Clayton Industries, El Monte, California 



2. Calibration Records 

a. Constant Volume Sampler 

b. Dynamometer 



2. Calibration Records 

a. Constant Volume Sampler 



CVS ation 

STATION LANE CAL_DATE CAL_TIME LAST_DATE LAST_TIME VALID_DATE VALID_TIME CONCTHCZER CONCCOZER CONCC02ZER 
0033 12/3/96 155349 12/3/96 155349 12/4/96 075349 0.00 0.00 0.00 
0033 12/4/96 085010 12/4/96 085010 12/5/96 005010 0.00 0.00 0.00 
0033 12/5/96 090711 12/5/96 090711 12/6/96 010711 0.00 0.00 0.00 
0033 12/6/96 085955 12/6/96 085955 1217196 005955 0.00 0.00 0.00 
0033 12/9/96 091055 12/9/96 091055 12/10/96 011055 0.00 0.00 0.00 
0033 12/10/96 082928 12/9/96 091055 12/10/96 011055 0.00 0.00 0.00 
0033 12/10/96 083320 12/9/96 091055 12/10/96 011055 0.00 0.00 0.00 
0033 12/10/96 083922 12/10/96 083922 12/11/96 003922 0.00 0.00 0.00 
0033 12/11 /96 085028 12/ 11 /96 085028 12/12/96 005028 0.00 0.00 0.00 
0033 12/12/96 082245 12/12/96 082245 12/13/96 002245 000 0.00 0.00 
0033 12/12/96 160413 12/12/96 160413 12/13/96 080413 0.00 0.00 0.00 
0033 12/13/96 081915 12/13/96 081915 12/14/96 001915 0.00 0.00 0.00 
0033 12/14/96 082446 12/14/96 082446 12/15/96 002446 0.00 0.00 0.00 
0033 12/16/96 085038 12/14/96 082446 12/15/96 002446 0.00 0.00 0.00 
0033 12/16/96 085416 12/16/96 085416 12/17/96 005416 0.00 0.00 0.00 
0033 12/29/96 134149 12/29/96 134149 12/30/96 054149 0.00 0.00 0.00 
0033 12/19/96 07 4934 12/19/96 074934 12/19/96 234934 0.00 0.00 0.00 
0033 1 12/20/96 075904 12/20/96 075904 12/20/96 235904 0.00 0.00 0.00 
0033 1 12/27/96 101000 12/27196 101000 12/28/96 021000 0.00 0.00 0.00 
0033 1 1/7/97 080547 1/7/97 080547 1 /8/97 00054 7 0.00 0.00 0.00 
0033 1 1/8/97 075102 1/8/97 075102 1/8/97 235102 0.00 0.00 0.00 
0033 1 1/9/97 075608 1/9/97 075608 1/9/97 235608 0.00 0.00 0.00 
0033 1 /30/97 090421 1 /30/97 090421 1/31/97 010421 0.00 0.00 0.00 
0033 1 215197 111031 1 /30/97 090421 1/31/97 010421 0.00 0.00 0.00 
0033 1 215197 111331 215197 111331 216197 031331 0.00 0.00 0.00 
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CVS ation 

CONCNOXZER CONCTHCSPN CONCCOSPN CONCC02SPN CONCNOXSPN CONCTHCMID CONCCOMID CONCC02MID CONCNOXMID 
000 644.00 9330.00 37200.00 479.00 150.00 1500.00 6040.00 110.00 
0 00 644.00 9330.00 37200.00 47900 150.00 1500.00 6040.00 110.00 
0.00 644.00 9330.00 37200.00 479.00 150.00 1500.00 6040.00 110.00 
000 644.00 9330.00 37200.00 479.00 150.00 1500.00 6040.00 110.00 
0.00 644.00 9330.00 37200.00 479.00 150.00 1500.00 6040.00 110.00 
0.00 644.00 9330.00 37200.00 479.00 150.00 1500.00 6040.00 110.00 
0.00 644.00 9330.00 37200.00 479.00 150.00 1500.00 6040.00 110.00 
0.00 644.00 9330.00 37200.00 479.00 150.00 1500.00 6040.00 110.00 
0.00 644.00 9330.00 37200.00 479.00 150.00 1500.00 6040.00 110.00 
0.00 644.00 9330.00 37200.00 479.00 150.00 1500.00 6040.00 110.00 
0.00 644.00 9330.00 37200.00 479.00 150 00 1500 00 6040.00 110.00 
0.00 644.00 9330.00 37200.00 479.00 150.00 1500.00 6040.00 110.00 
0.00 644.00 9330.00 37200.00 479.00 150.00 1500.00 6040.00 110.00 
000 644.00 9330.00 37200.00 479.00 150.00 1500.00 6040.00 110.00 
0.00 644.00 9330.00 37200.00 479.00 150.00 1500.00 6040.00 110.00 
0.00 644.00 9330.00 37200.00 479.00 150.00 1500.00 6040.00 110.00 
0.00 644.00 9330.00 37200.00 479.00 150.00 1500.00 6040.00 110.00 
0.00 644.00 9330.00 37200.00 479.00 150.00 1500.00 6040.00 110 00 
0.00 644.00 9330.00 37200.00 479.00 150.00 1500.00 6040.00 110.00 
0.00 644.00 9330.00 37200.00 479.00 150.00 1500.00 6040.00 110.00 
0.00 644.00 9330.00 37200.00 479.00 150.00 1500.00 6040.00 110.00 
0.00 644.00 9330.00 37200.00 479.00 150.00 1500.00 6040.00 110.00 
0.00 644.00 9330.00 37200.00 479.00 150.00 1500.00 6040.00 110.00 
0.00 644.00 9330.00 37200.00 479.00 140.00 1500.00 6040.00 110.00 
0.00 644.00 9330.00 37200.00 479.00 145.00 1500.00 6040.00 110.00 
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CVS ation 

CONCNOXZER CONCTHCSPN CONCCOSPN CONCC02SPN CONCNOXSPN CONCTHCMID CONCCOMID CONCC02MID CONCNOXMID 
0.00 644.00 9330.00 37200.00 479.00 150.00 1500.00 6040.00 110.00 
0.00 644.00 9330.00 37200.00 479.00 150.00 1500.00 6040.00 110.00 
0.00 644.00 9330 00 37200.00 479.00 150.00 1500.00 6040.00 110.00 
0.00 644.00 9330.00 37200.00 479.00 150.00 1500.00 6040.00 110.00 
0.00 644.00 9330.00 37200.00 479.00 150.00 1500.00 6040 00 110.00 
0.00 644.00 9330.00 37200.00 479.00 150.00 1500.00 6040.00 110.00 
0.00 644.00 9330.00 37200.00 479.00 150.00 1500.00 6040.00 110.00 
0.00 644.00 9330.00 37200.00 479.00 150.00 1500.00 6040.00 110.00 
0.00 644.00 9330.00 37200.00 479.00 150.00 1500.00 6040.00 110.00 
0.00 644.00 9330.00 37200.00 479.00 150.00 1500.00 6040.00 110.00 
0.00 644.00 9330.00 37200.00 479.00 150.00 1500.00 6040.00 110.00 
0.00 644.00 9330.00 37200.00 479.00 150.00 1500.00 6040.00 110.00 
0.00 644.00 9330.00 37200.00 479.00 150.00 1500.00 6040.00 110.00 
0.00 644.00 9330.00 37200.00 479.00 150.00 1500.00 6040.00 110.00 
0.00 644.00 9330.00 37200.00 479.00 150.00 1500.00 6040.00 110.00 
0.00 644.00 9330.00 37200.00 479.00 150.00 1500.00 6040.00 110.00 

0.00 644.00 9330.00 37200.00 479 00 150.00 1500.00 6040.00 110.00 
0.00 644.00 9330.00 37200.00 479.00 150.00 1500.00 6040.00 110.00 
0.00 644.00 9330.00 37200.00 479.00 150.00 1500.00 6040.00 110.00 
0.00 644.00 9330.00 37200.00 479.00 150.00 1500.00 6040.00 110.00 
0.00 644.00 9330.00 37200.00 479.00 150.00 1500.00 6040.00 110.00 

0.00 644.00 9330.00 37200.00 479.00 150.00 1500.00 6040.00 110.00 

0.00 644.00 9330.00 37200.00 479.00 150.00 1500.00 6040.00 110.00 
0.00 644.00 9330.00 37200.00 479.00 140.00 1500.00 6040.00 110.00 
0.00 644.00 9330.00 37200.00 479.00 145.00 1500.00 6040.00 110.00 
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CVS dtion 

AVGVTHCZER AVGVCOZER AVGVC02ZER AVGVNOXZER AVGVTHCSPN AVGVCOSPN AVGVC02SPN AVGVNOXSPN AVGVTHCMID 
-0.02 0.14 0.23 0.00 10.00 9.11 9.24 1.92 2.46 
-0.02 0.09 0.23 0.02 10.00 9.01 9.22 1.91 2.46 
-0.02 -0.03 0.28 0.01 10.00 8.95 925 1.93 2.47 
-0.02 0.14 0.24 0.00 10 00 9.00 9.13 2.02 2.40 
-0.02 0.10 0.28 0.00 10.00 8.99 9.16 1.88 2.45 
-0.05 0.10 0.27 -0.01 -0.05 9.07 9.24 2.03 -0.05 
-0.05 0.09 0.28 0.00 -0 05 9.06 9.25 2.04 -0.05 
-0.02 0.11 0.28 -0.01 10.00 9.08 9.23 2.04 2.36 
-0.02 -0.01 0.28 0.00 10.00 8.91 9 19 1.89 2.46 
-0.02 0.11 0.28 -0.01 10.00 9.07 9.24 1.99 2.38 
-0.02 0.11 0.30 0.00 10.00 9.07 9.26 1.99 2.45 
-0.02 -0.01 0.21 0.00 10.00 8.98 9.23 1.97 2.35 
-0.02 0.12 0.23 -0.01 10.00 9.10 9.26 2.11 2.38 
-0.02 -0.05 0.20 0.00 10.00 8.90 9.22 1.66 2.41 
-0.02 -0.05 0.21 0.00 10.00 8.91 9.22 1.92 2.41 
-0.01 -0.02 0.27 0.02 10.00 8.95 9.21 1 83 2.45 
-0.01 -0.06 0.20 0.01 10.00 8.90 9.17 1.89 2.33 
-0.01 -0.07 0.22 0.00 10.00 8.92 9.18 1.89 2.37 
-0.01 -0.07 0.22 0.00 10.00 8.96 9.23 1.92 2.44 
-0.01 -0.03 0.15 -0.01 10.00 8.93 9.13 1.91 2.31 
-0.01 -0.02 0.17 -0.01 10.00 8.96 9.20 1.99 2.33 
-0.01 -0.11 0.18 0.02 10.00 8.84 9 21 1.87 2.43 
-0.01 -0.07 0.22 -0.01 10.00 9.00 9.29 1.93 2.43 
-0.01 -0.08 0.23 0.00 7.80 8.93 9.19 1.87 2.33 
-0.01 -0.07 0.23 0.01 10.00 8.92 9.20 1.93 234 

• 
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CVS .::ltion 

AVGVCOMID AVGVC02MID AVGVNOXMID SPAN_ADJ MID_ADJ ZERO_ADJ ADJCOEFF _o ADJCOEFF _ 1 COEFF _o COEFF 1 COEFF 2 
2.50 2.94 0.43 
2.41 2.92 0.43 
2.31 2.97 0.42 
2.45 2.90 0.44 
2.41 2.93 0.43 
2.43 2.97 0.44 
2.45 2.96 0.45 
2.46 2.96 0.45 
2.30 2.94 0.40 
2.46 2.97 0.44 
2.48 3.00 0.45 
2.34 2.92 0.43 
2.48 2.95 0.45 
2.26 2.91 0.39 
2.27 2.92 0.43 
2.31 2.93 0.42 
2.25 2.88 0.43 
2.28 2.90 0.42 
2.29 2.91 0.42 
2.30 2.85 0.43 
2.33 2.88 0.44 
2.21 2.88 0.42 
2.30 2.97 0.43 
2.26 2.91 0.00 
2.27 2.91 0.41 
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CVS at ion 

COEFF _3 COEFF_ 4 PERCMIDTHC PERCMIDCO PERCMIDC02 PERCMIDNOX PERCSPNTHC PERCSPNCO PERCSPNC02 PERCSPNNOX 
5.59 -0.43 1.22 6.48 1.09 -2.36 -0.99 -4.46 
5.63 -1 10 0 75 3.82 1.09 -4.44 -1.55 -4.91 
5 92 -1.22 0.61 2.18 1.09 -5.73 -0.82 -3.69 
3. 13 -0.70 1.70 3.42 1.09 -4.70 -3 48 0.25 
4.96 -0.87 1 10 7.99 1.09 -4.92 -2.72 -5.85 

332.01 -1.91 1.49 4.19 -100.49 -3.20 -1.16 0.44 
320.98 -0.70 0.61 4.63 -100.49 -3.35 -0.82 0 81 

1.47 -0.70 1.00 5.65 1.09 -2.95 -1.26 1.03 
5.51 -1.61 0.84 0.30 1 09 -6.49 -2.27 -5.71 
2.24 -0.65 0.93 5.35 1.09 -3.24 -1.02 -1.36 
5.29 0.27 1.33 7.85 1.09 -3.14 -0.63 -1.40 
1.05 -1.22 0.96 3.29 1.09 -5.13 -1.37 -1.95 
2.49 -0.89 1.06 4.01 1.09 -2.61 -0.56 3.75 
3.37 -2.19 0.54 11.83 1.09 -6.62 -1.46 -15 84 
3.58 -2 05 0 96 6.20 1.09 -6.46 -1.51 -4 24 
5.02 -1.73 0.10 5.64 1.09 -5.74 -1.71 -8.29 

-0.14 -2.13 0.57 5.13 1.09 -6.66 -2.56 -5.71 
1.52 -1.07 0.64 5.30 1.09 -6.30 -2.32 -5.41 
4.19 -1.49 0.42 2.95 1.09 -5.37 -1.34 -4.45 

-1.10 -1.39 1.00 7.41 1.09 -6.13 -3.44 -4.56 
-0.03 -1.07 0.71 5.07 1.09 -5.50 -2.05 -115 
3.79 -1.83 0.12 3.42 1.09 -7.93 -1.79 -6.39 
3.78 -1.52 1.25 7.47 1 09 -4.75 0.11 -3.76 

38.64 -2.01 0.60 -98.39 -22.03 -6.15 -2.18 -6.30 
3.70 -1.85 0.37 -0.85 1.09 -6.29 -1.89 -3.95 

f 
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CVS 3tion 

PERCZERTHC PERCZERCO PERCZERC02 PERCZERNOX RESULT 
-0.13 -1.22 -0.06 2.37 p 
-0.16 -1.53 -0 07 3.12 p 
-0.13 -2.22 0.21 2.45 p 

-0.16 -1.24 -0 02 2.08 p 
-0.14 -1.50 0.20 2.32 p 
-0.49 -1.48 0.14 1.68 F 
-0.49 -1.51 0.19 1.99 F 
-0.20 -1.44 0.20 1.90 p 
-0.17 -2.09 0.19 2.20 p 
-0.21 -1.41 0.21 1.88 p 
-0.16 -1.42 029 2.17 p 
-0.20 -2.10 -0.13 2.36 p 
-0.22 -1.34 -0.05 1.67 p 
-0.15 -2.33 -0.18 2.32 F 
-0.15 -2.35 -0.13 2.43 p 
-0.05 -2.13 0.14 3.19 p 
-0.06 -2.40 -0.19 2.79 p 
-0.05 -2.42 -0.09 2.25 p 
-0.05 -2.44 -0.11 2.34 p 
-0.06 -2.22 -0.41 1.79 p 
-0.08 -2.15 -0.36 1.70 p 
-0.05 -2.68 -0.27 3.05 p 
-0.04 -2.44 -0.08 1.86 p 
-0.04 -2.48 -0.05 2.27 F 
-0 03 -2.41 -0.06 2.92 p 

t 
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2. Calibration Records 

b. Dynamometer 



D ,f 

CAL_DATE CAL_TIME CAL_PERF CAL PASSED CAL_RESULT OLDT1 - ZERO OLDT1_SPAN OLDS1_ZERO OLDS1_SPAN NEWT1_ZERO 
12/3/96 145911 y y 0 0.00 15.91 0.00 10.01 0.01 
12/3/96 150850 y y 0 0.01 15.91 0.00 10.01 0.00 
12/3/96 155834 y y 0 0.00 15.90 0.00 10.01 0.01 

12/12/96 081452 y y 0 0.01 15.93 0.00 10.02 0.00 
12/13/96 192518 y y 0 0.00 15.88 0.00 10.02 0.00 
12/27/96 091058 y y 0 0 00 15.91 0.00 10.01 0.01 

1/6/97 161321 y y 0 0.01 15.93 0.00 10.02 0.00 
1 /6/97 164326 y y 0 0.00 15.91 0.00 10.01 0.01 
1/7/97 100356 y y 0 0.01 15.92 0.00 10.01 0.01 
1/7/97 120445 y y 0 0.01 15.90 0.00 10.03 0 00 

1 /30/97 0807 41 y y 0 0.00 15.90 0.00 10.02 0.00 
215197 112348 y y 0 0.00 15.92 0.00 10.04 0.02 

Page 1 



0 ii 

NEWT1_SPAN NEWS1 ZERO NEWS1 SPAN ZEROTORQUE SPANTORQUE ZERO_MPH SPAN_MPH - -

15.91 0.00 10.01 0.01 723 0.00 4.46 
15.90 0.00 10.01 0.00 7.23 0.00 4.46 
15.93 0.00 10.02 0.01 7.23 0.00 4.46 
15 88 0.00 10.02 0.00 7.24 0.00 4.46 
15.91 0.00 10.01 0.00 7.23 0.00 4.46 
15.93 0.00 10.02 0.01 7.23 0.00 4.46 
15.91 0.00 10.01 000 7.23 0.00 4.46 
15.92 0.00 10.01 0.01 7.24 0.00 4.46 
15.90 000 10.03 0.01 7.24 0.00 4.46 
15.90 0.00 10.02 0 00 7.23 0.00 4.46 
15.92 0.00 10.04 0.00 7.23 0 00 445 
15.89 0.00 10.01 0.02 7.26 0.00 4.46 
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3. Test Plan 



EMISSIONS TESTING 
DETAILED TEST PLAN 

PREPARED BY: 

ENERGETIC SYSTEMS PROCESS DIVISION 
and 

ENERGETICS & WARHEADS DIVISION 
U.S. ARMY ARMAMENT RESEARCH, DEVELOPMENT, AND 

ENGINEERING CENTER 

PREPARED FOR: 

OFFICE OF TRANSPORTATION TECHNOLOGY 
NEW JERSEY DEPARTMENT OF TRANSPORTATION 

9 OCTOBER 1996 



1. BACKGROUND 

The federal Im Clean Air Act Amendments mandate that New Jersey reduce air pollution 
emissions from mobile sources. One potential way of meeting this mandate is the use of devices 
that reduce pollutants in the air through the modification of a vehicle exhaust system or fuel intake 
system. Another is the removal of deposits/cleaning of the intake, exhaust (catalytic converter), 
and combustion chambers of an engine. Pursuant to P.L. 1995, Chapter 112, (Senate No. SCS-
1700) the "Federal Clean Air Mandate Compliance Act," funds were reserved to study al tematives. 
The NJ Department of Transportation has requested testing to determine the effectiveness of 
devices submitted for study. The testing will be performed by the Armament Engineering 
Directorate of the U.S. Army Armament Research Development and Engineering Center 
(ARDEC), which is located at Picatinny Arsenal, N.J. The testing will be performed at ARDEC 
and at the New Jersey Division of Motor Vehicles Inspection Facility in Wayne. 

2. PURPOSE 

The purpose of this testing is to determine the ability of each device/process to reduce 
automobile pollutant emissions. The testing will provide comparative laboratory results on selected 
vehicles from the oldest portion of the State vehicle fleet These vehicles represent the highest 
polluting vehicles in the State of New Jersey based on current OMV records. The results of the 
testing will be analyzed, statistically evaluated, and a cost/benefit analysis will be included in the 
test report Based on the results of this cost/benefit analysis, one or more devices/processes may 
be subjected to further laboratory testing/fleet evaluation. 

3. PREPARATION OF VEHICLES FOR TEST 

a. INITIAL VEHICLE SELECTION 

Vehicles in the State fleet shall be inspected and screened by the State. The vehicles 
selected for the test shall be randomly screened from this fleet and shall be determined to be in 
proper running condition. 

The make, mcxlel, and year of the selected vehicles shall be those which provide an 
adequate sample quantity to test all 5 devices/processes, as well as a control vefilcle and three spare 
vehicles. Following vehicle selection by the State the vehicles will be delivered to ARDEC. 

b. ASE INSPECTION 

Following arrival at ARDEC, the vehicles shall be inspected by an independent ASE 
Certified mechanic. The vehicles shall be inspected/ tested for any mechanical/electrical/physical 
problems that may result in questionable test data. The vehicles failing insµection/testing shall be 
excluded. 

INSPECTION ITEMS: 
Ignition Timing 
Sensors (Oxygen, Idle, etc.) 
Computer ccxles 
Integrity of exhaust system 
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c. FINAL VEHICLE SELECTION AND VENDOR INSPECTION 

After the ASE inspection, nine vehicles, which have been found to be aoceptable, will be 
randomly assigned lo each device/process. The Vehicle Identification Number (VIN) for the 
vehicles in each group will then be recorded. (In addition to the nine, from the acceptable vehicles, 
a control car will be chosen, tested and evaluated). 

Once this sorting has been accomplished each vendor will be given the opportunity to come 
to ARDEC to inspect (for proper operation) those vehicles which have been assigned for their 
device/process. All inspections will be done under the observation of an ARD EC representative. 

d VEHICLE TRANSPORT 

The velucles to be tested shall be driven from Picatinny Arsenal to the OMV Inspection 
facility in Wayne, N.J. The driving will be done by DOT employees. On the first day of testing 
five of the nine vehicles shall be tested. On the second day the remaining vehicles shall be tested. 

e. VEHICLE DISPOSITION 

Upon completion of testing, the vehicles shall be returned to the holding lot at ARDEC. 
From there it is the responsibility of the NJ DOT to remove the vehicles. 

4. DEVICE/PROCEDURE VENDOR SUPPLIED DAT A 

Prior to irutiation of vehicle testing, each vendor shall provide ARDEC, through the NJ DOT, 
the following: 

l. Cost for 1, 100, l,Q)() units/treatment (with and without installation). 
2. Warranted performance claims 
3. Specific installation instructions and estimated installation time. 
4. Performance/application limitations 

5. TEST PROCEDURE 

a. DMV INSPECTORS 

At the start of the testing, two OMV inspectors who are certified in the operation of the 
dynarnometer shall be selected at Wayne. These same two inspectors shall be used for the duration 
of the test procedure. This is to minimize any changes in the outcome due to operator variability. 
All testing on the dynamometer shall be conducted in accordance with the dynamometer 
manufacturer's instructions. 

b. CONTROL TEST 

Prior to the start of testing, a control car shall be tested. This car shall be used as a process 
control during all days of testing. Since it will be required to refuel this car, it shall be fueled with 
a standard grade commercially available fuel. Sufficient fuel from the same batch load will be on 
hand to refuel this car as necessary. This car shall be used to validate that the equipment and 
procedures are operating properly during the testing at the Wayne Inspection Station. 
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(I) EMISSIONS ANALYSIS TEST SCHEDULE 

The control car shall be subjected to the following schedule: 
ASM 25/25, IM 240, ASM 25/25, IM 240, ASM 25/25, IM 240, ASM 25125, 
IM240 
These test protocols can be found in Appendix B, with the following exceptions: 

Test procedures 
(a) General Requirements 
(4) and (6) do not apply 

(b) Vehicle Pre Inspection and Preparation 
(3) does not apply 

( 10) Vehicle Conditioning 
(i) does not apply 
(ii) discretionary precondition - an ASM 25/25 shall be performed 

On the third ASM 25125 for each vehicle, a Tedlar sample bag shall be hooked up to 
the exhaust of the Constant Volume Sampler and an exhaust gas sample shall be drawn. This 
sample shall be placed in a UV protected cooler and transported back to ARD EC for analysis using 
Gas Chromatography and Mass Spectrometry methods described in Appendix C. All sampling 
and analysis shall be performed by trained personnel, and in accordance with the sampler and 
analytic manufacturer's instructions. 

(2) CONTROL RE-RUN 

The same control test shall be performed at the end of the morning period and at the 
end of the day. All exhaust gas samples shall be transported to ARDEC within four hours of 
collection, i.e. at the end of the morning test period and at the end of the day. The samples will be 
promptly injected into the analyzers for analysis. If during these re-runs, the exhaust gases 
measured deviate from the average performance by more than 2.5 standard deviations and it is 
determined that it is not due to a malfunction of the vehicle, the test shall be considered void. A 
total of five tests will be required before tills condition will be imposed. 

c. PRE-TEST 

(1) ROAD TEST CONDITIONING 

Once at the Wayne Inspection Station, the vehicles shall be driven over the course 
indicated in Appendix A. The vehicles shall then be brought into the Wayne Inspection Station and 
tested. 

(2) EMISSIONS ANALYSIS 

Once the vehicle has been warmed, the CVS shall be connected to the vehicle 
exhaust and the 'Emissions Analysis Test Schedule' described under "Control Test" shall be 
performed. 
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d DEVICE/PROCEDURE TESTING 

(1) INSTALLATION: 

Once the baseline for each vehicle has been completed, the suppliers shall be 
provided the time to install their device or perform their procedure. The vendor shall be allowed to 
take each assigned vehicle off the Wayne Inspection Station lot in order to install the 
device/perform the procedure. The location to which the vehicles are taken shall be approved by 
ARDEC and DOT five business days prior to initiation of testing. Any special tools or methods 
employed in the installation/procedure not described in the previously provided procedures shall be 
noted. All installation and devices/processes shall be pe1formed at the contractors expense. 

At all time during installation, there shall be a representative from ARDEC to 
witness the procedure/installation to assure that it was accomplished in accordance with the 
procedure/description previously furnished by the vendor. 

Each test vehicle shall remain under the observation of an ARD EC or DOT 
employee at all times during the testing phase .. 

(2) TEST PROCEDURE: 

After installation of the device/process, the vehicle shall be subjected to the same 
tests and analyses described under the 'Emissions Analysis Test Schedule' section of the 'Control 
Test' phase. 

If the test results for any vehicle indicate a potential mechanical/electrical/physical 
problem, this vehicle shall be set aside until the problem can be corrected. The re-inspection shall 
be performed by an ASE mechanic. If the problem cannot be corrected, one of the spare vehicles 
shall be substituted. 

e. POST-TEST: 

Following completion of testing, the vendor shall have the option of removing the devices 
from the test vehicle. The vendor shall be responsible for returning to its original condition any 
vehicle which has a device removed. 

6. DATA ANALYSIS: 

Analysis of Variance (ANOVA) and the student "t" test will be employed to analyze the data. 
As an initial screening, comparisons will be made at a confidence level of 80%. For 
devices/processes that show a significant improvement, the percentage improvement will be 
determined. Furthermore, based on the data generated in this test, the required percentage 
improvement to discern differences at the 80% level will be provided. Each parameter recorded 
will be individually evaluated. 

The ANOVA Test is used to compare two or more means. To use this test, the following 
conditions must be met: 

1. The samples are independent. 
2. The populations can be approximated by a normal distribution. 
3. Each of the populations have equal standard deviations. 
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This test allows the pooling of variance thereby increasing the confidence of the estimate of 
this parameter. In addition, through the use of a multifactor ANOV A, the variance can be 
apporuoned to different factors. 

When performing the analysis, these assumptions will be verified. 

The Student "t" Test is used to make a comparison of means. To use this test, it is 
assumed that the population can be approximated by a normal distribution. 

Each device/process will be judged solely against the pre-test condition. Due to limited 
sample size, no comparison between the relative improvement of each of the devices/processes will 
be made 

7. FINAL TEST REPORT 

Following the completion of all testing and data analysis, ARDEC will prepare a final test 
report. This report shall consist of the following: 

a. Statement of the objective of the test program. 

b. A description of the devices/procedures evaluated and the actual vehicles used. 

c. A summary of the test procedures, including any noteworthy occurrences, difficulties 
encountered, etc. 

d. Discussion of results, including statistical analyses. (All test data will be in the appendix to 
the report) 

e. Cost/Benefit Analysis: The total cost of each device/process, including installation, will be 
compared to the percent reduction of emissions to provide a cost/benefit analysis. 

f. Conclusions, Recommendations to DOT. 

8. PROGRAM SCHEDULE (BASED ON ACTUAL AWARD DATE OF 7 OCT 96) 

TASK 

Provide NJ DOT Detailed Test Plan 

Receive NJ DOT Vendor Comments 

Finalize Test Plan 

Initiate Device/Process Testing 

Complete Device/Process Testing 

Deliver Final Report 
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21Oct96 

28 Oct 96 

01Nov96 

05Nov% 

03 Dec96 

15 Jan 97 
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ROAD TEST COURSE 

The road test course will be as described below and as shown on the accompanying map. 

Starting at the Wayne DMV inspection station, exit onto Rt 46 West (W). From Rt. 46 W, 
enter Rt. 80 Wand proceed on Rt. 80 W to the Rt 2Z7 exit in Parsippany - Troy Hills. Get back 
onto Rt. 80 East (E) and proceed to Rt. 23, Rt. 46 exit in Wayne. Exit to Rt. 46 E. Proceed on 
Rt. 46 E. Take the first exit past the DMV station and take Rt. 46 W back to the DMV station. 

The above route is roughly 20 to 24 miles, and will be used by all vehicles in this program. 
Actual odometer readings may vary because of calibration, and will be recorded. All vehicles will 
travel as close to the posted speed limit as possible. 
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§85.1 §85.l 

§85.1 Test Standards and Calculations 

(a) Emissions Standards 

Page J 

(1) Start-up ASM Standards. Start-up standards should be used during the first cycle of 
the program. The exhaust emissions standards for the fo11owing model years and 
vehicle types are cross-referenced by the number in the column in §85. l{a)(l), as 
noted in the column headings: 

(i) Light Dutv Vehicles. 

Model Years Hidrocarbons · Carbon Monoxide Oxides of Nitro~n 
Table §85.l (a)(3)(i) Table §85.1 (a)(3)(ii) Table §85.l (a)(3)(ili) 

1994+ Tier l · 1 21 41 
1991-1995 2 22 42 
19-83-1990 4 23 43 
1981-1982 4 26 43 
1980 4 26 48 
1977-1979 11 30 48 
1975-1976 11 30 so 
1973-1974 13 34 so 
l968-I972 13 34 51 

(ii) High-Altitude Light Duty Vehicles. 

Model Years Hydrocarbons Carbon Monoxide Oxides of Nitrogen 
Table §85.I (a)(3)(i) Table §85 .1 (a)(3 )(ii) Table §85.1 (a)(3)(ili) 

1983-1984 4 26 43 
1982 4 29 43 

(iii) Light Duty Trucks 1 (less than 6000 pounds GVWR). 

Model Years Hvdrocarbons Carbon Monoxide ()~ides of Nitrogen 
Table §85.1 (a)(3)(i) Table §85.l (a)(3)(ii) Table §85.l (a)(3)(ili) 

1994+. Tier I ~3750 L VW l 21 41 
1994+ Tier 1 >3750 L VW 2 22 42 
1991-1995 5 26 43 
1988-1990 7 29 44 
] 984-1987 7 29 49 
1979-1983 11 31 49 
1975-1978 12 32 so 
1973-1974 13 34 so 
1968-1972 13 34 51 .. 

(iv) High-Altitude Light Duty Trucks 1 Oess than 6000 pounds GVWRl. 

Model Years Hydrocarbons Carbon Monoxide Oxides of Nitrogen 
Table §85.l (a)(3)(i) Table §85.l (a)(3)(ii) Table §85.1 {a)(3)(ili) 
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§85.I 

1991+ 6 28 43 
1988-1990 9 30 44 
1984-1987 9 30 49 
1982-1983 12 33 49 

(v) Light Duty Trucks 2 (greater than 6000 pounds GVWR). 

Model Years H!drocart>ons Camon Monoxide Oxides of Nitro~n 
Table §85.I (a)(3)(i) Table §85.I (a)(3Xii) Table §85.1 (a)(3Xiii) 

19~4+ Tier l $_5750 L VW 2 22 42 
1994+ Tier l >5750 LVW 5 26 45 
1991-1995 5 26 46 
1988-1990 7 29 47 
1984-1987 7 29 49 
1979-1983 11 31 49 
1975-1978 12 32 50 
1973-1974 13 34 so 
1968-1972 13 34 51 

(vi) Hi~h-Altitude Light Duty Trucks 2 (greater than 6000 pounds GVWR). 

Model Years Hvdrocarbons Carbon Monoxide Oxides of Nitro~n 
Table §85.1 (a)(3)(i) Table §85.I (a)(3)(ii) Table §85.1 (a)(3Xiii) 

1991+ 6 28 46 
1988-1990 9 30 47 
1984-l 987 9 30 49 
1982-1983 12 33 49 

(2) Final ASM Standards. The following exhaust emissions standards are designed to 
achieve the emission reduction credits issued by EPA. They should only be used 
after at least one cycle of operation using the stan-up standards in §85.l(aXl). The 
exhaust emissions. standards for the fo11owing model years and vehicle types are 
cross-referenced by the number in the column in §85.l{a)(3), as noted in the column 
headings: 

(i) Lighr°Duty Vehicles. 

Model Years Hvdrocarbons . Carbon Monoxide Oxides of Nitro~n 
Table §85.l (a)(J){i) Table §&5.1 (a)(3Xii) Table §85.l (a)(3Xiii) 

I 994+ Tier 1 J 21 41 
1983-1995 .l- 21 41 
1981-1982 . 1 23 41 
1980 1 23 45 
1977-1979 6 27 45 
1975-1976 6 27 48 
1973-1-974 10 32 48 
1968-1972 IO 32 49 
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(ii) High-Altitude Light Duty Vehicles. 

Model Years Hydrocarbons Carbon Monoxide Qxides of Nitrogen 
Table §85.l (a)(3)(i) Table §85.1 (a)(3)(ii) Table §85.1 (a)(3)(iii) 

1983-1984 2 23 41 
1982 2 23 41 

(iii) Light Duty Trucks 1 Gess than 6000 pounds GYWR.). 

Model Years Hydrocarbons Carbon Monoxide Oxides of Nitrogen 
Table §85.1 (a)(3)(i) Table §85.1 (a)(3)(ii) Table §85.1 (a)(3)(iii) 

1994+ Tier 1 1 21 41 
1988-1995 2- 24 42 
1984-1987 3 24 46 
1979-1983 8 28 46 
1975-1978 9 29 48 
1973-1974 10 32 48 
1968-1972 10 32 49 

(iv) High-Altitude Lieht Duty Trucks 1 (less than 6000 pounds GVWR). 

Model Years Hydrocarbons Carbon Monoxide Oxides of Nitrogen 
Table §85. I (a)(3 )(i) Table §85.l (a)(3)(ii) Table §85.1 (a)(3)(iii) 

1988+ 4 26 42 
] 984-1987 4 26 46 
1982-1983 9 30 46 

(v) Light Duty Trucks 2 {greater than 6000 pounds GV\VR). 

Model Years Hydrocarbons Carbon Monoxide Oxides ofNitro~n 
Table §85.I (a)(3)(i) Table §85.l (a)(3)(ii). Table §SS.I (a)(J)(iii) 

... 
1994+ Tier 1 1 21 41 
1988-1995 3 24 44 
1984-1987 3 24 46 
1979-1983 8 28 46 
1975-1978 9 29 48 
1973-1974 10 32 48 
1968-1972 10 32 49 

(vi) High-Altitude Light Duty Trucks 2 {greater than 6000 pounds GVWR). 

Model Yem; HvdrocaJbons Caibon Monoxigc . Oxides of Nitro~n 
Table §85.1 (a)(3)(i) Table §85.l (a)(3)(ii) Table §85.l (a)(3)(iii) 

1988+ 4 26 44 
1984-1987 4 26 46 
1982-1983 9 30 46 

Poge3 712196 .Test Standards and Calcvlations 



§85.1 §85.J 

(3) ASM 2525 and 5015 Concentration Tables 

(i I ASM2525 and ASMSOI 5 Hydrocarbon (ppm C6 1 Table 
Column• I I 2 2 1 ! I • 5 I .s ' ' ' ' I I , I ' 10 10 JI II 12 12 ll I u 

5015 2525 50U 2S2S ~ ~ SllJS ~ lOU ill25 SU l:Sl:S .SOJS 2525 .SOl5 ll25 .sou pm .sou ll25 5015 2!12S .sou "2S .sou 1ms F?W : I 

1750 10 136 22• 216 2!17 l<> 29l m 1'lol \ l!S l14 )6' -Jll «17 ,,, ~7 ~ ,. ... '14 'HI I.a 1121 1111 1a 

1875 l:M 129 212 205 2c 236 2'5 w J06 i 297 153 ,.... )61 »t JM J?S 01 Cl t65 653 7J9 711 'IN ,., IOS:Z 104 

2000 127 123 201 IM 2lO 2l3 260 m m I •1 m llS JG »> Kl »4 l/IJ'I -m fK -"' 
.,. ,,. "2 m 

2125 121 116 191 IU 219 212 2~ 239 11• l 26i l16 :IJCl8 3l't l21 JO m _,;)7'' "2 S2 658 - 'V7 .,, ,. '21 

2250 115 Ill IS:l 175 20I 201 ™ 2l7 26CI j n> 2'9 292 112 )05 w )II )6511$1 "' »I 'IS 604 .. "' 117 m 
2375 109 106 ~173 1,67 191 192 223 216 "' i 2•1 214 277 2'7 2'0 J09 J02 :M6 '»t $31 m ., m w Cl Ml ,m 
2500 IOS IOI 166 160 119 113 212 206 236 ! 230 271 264 213 2'76 2'4 -m Im '°' .. SS. .144 till "3 :1: 2625 16o 97 IS9 ISJ Ill 175 203 lt'7 225 l 219 "' 2S2 :no Ml 211 %7• JI• I J01 •I m S2I , .. '7• "4 ' ' 

2750 P6 93 l!al Hi 1'3 "' IM 119 216 ~ 210 247 2•1 "' m 2" 2'2 JOO' 29-1 
.,, ~I .503 es ,,. ll9 72li I 7141 

m I 211 2875 92 19 14' UI 167 J6J 11'7 Ill 207 ! 201 231 131 2'7 241 "' 251 I 09 01 •I '7J SU 515 .,, 1m 
3000 " 16 JAi 136 JQ) us llO 114 199 ~ HM lll 222 m m 247 241 m'm C20 413 -Ml 453 JCl2 e) :1:: 3125 16 13 136 132 U5 rsc 17) 16& ltl l 1116 219 21• 221 m 13a m ~ '* -1'7 4IO w Cl 474 

3250 13 IO m 127 14' us 167 162 115 i llO 211 206 220 215 229 2l• ~ i 2!IO .. Kl 06 "' .. C56 'isle. 
' I 

3375 II 71 121 123 14S 140 162 151 179 ! m 204 1'9 21l 20I 221 216 247 i J.41 J7• 161 411 ol04 "' .WO JD I .Ill 
' 

m ''° 
3500 71 76 124 120 140 136 157 152 

1'3 ~ "' 
!ft 193 206 201 214 209 :i: Ml "' 

,,, )90 02 C24 

3625 76 74' 120 117 136 132 152 14 1'8 l 164 1!12 117 JO() 195 2C7 203 :uo )4.1 JM )77 4111 Cll ™I SM 

3750 7C 72 117 114 Ill 129 14 14' 163 i IS9 116 112 IN 119 201 IP"I 2l41 ! Z20 D9 333 3'2 l6S 405 ,,. m!m 
I I 

3875 71 7~ ll' 111 .1~ 12S 144 140 1St i m Ill l'TI ID .... 196 191 211 ! 213 l29 m J61 "5 Jn * Sll ! Sl2 

4000 71 " 112 108 126 122 140 137 us J u1 J?o 172 113 I" 19J 116 m!• :no JIC :m w Kl J1S 506 ! ., 

4125 69 6. 109 106 123 119 137 ll3 151 j ,.., 172 161 179 17' 116 Ill 206 ~ 202 Jll ~ :Ml m 171 J65 .m! .. 
i f 

4250 ,, 65 10- l~l J2() !!'7 134 130 1"1~10 167 164 174 170 Ill 177 201 l IP"I >Ol 2'7 J3l JM J61 SSS .,,, • 471 
I .,Ja 4375 l>ci 6.4 I°' 101 111 JIC Ill 127 144 j lfO 164 J60 110 166 177 17.J IH;192 29S 2tO J2l Jll 152 ~ 
' 4500 65 63 102 99 Ill 112 1%1 12, 141 j ll7 160 15'1 166 162 172 16!1 1!12 i 1a 21'7 212 JU 310 )0 )37 .,, .., 

! I 

4625 63 61 100 97 113 109 125 122 1)7 : l:M ISi\ Ul 162 I.ff 16!1 1'5 117 i 113 2IO 2'5 ->OJ JlS m ... °' 4750 61 60 H 95 110 107 '12'2 119 l:M ! 131 Ul 149 159 us 1'5 161 113 i 179 m 269 JOO 2'.S J%7 lll OJ cs 
4875 61 59 96 93 IOI IOS uo IJ1 132 i 121 IC9 140 155 Ul HI 1'7 179 i 17.S 2"7 Ml m -)If JJJ C23 4u 
5000 60 511 94 92 106 103 11• 114 129 i ,,. 140 IC 152 14 157 1.14 m j 111 HO 2"5 216 211 Jll JOS Cl2 I e5 

5125 $1 57 93 PO ICM IOI llS 112 110 \ 123 1'3 ll!l 14 14' J,S4 I'° 111 i '" 2S4 "° 219 2'741 JCM 291 <IG2 ., 

5250 5' .Mi 9! a 101 99 Ill 110 Ill j 120 140 I» 1415 ID ISD 147 16'7 I 10 24 2.U m 2"7 2'6 2'1 :1:: ' 5375 5li H 19 16 JO(] '' 110 107 121 l 111 ll7 Ill IC 139 1"7' JM 1'3 i"' 242 131 266 261 -.. 
5500 SS "" 17 15 ,. 95 108 IOS Ill f JU ,,.. ue 1)9 1l6 164 141 .,, ! 1!i6 2)6 232 2St 2'5 212 m 174 J6'7 

h6 i 152 
. - I 

5625 M ~ &,; g) 96 Pl 106 103 116 ! JI) Ill 121 ll6 Ill 141 Ill 231 ~22' m 24 2'76 %71 J65 i J9t 

5750 S3 S1 " 12 " Pl UM IOI Ill l Ill 121 12S ll3 llO Ill 1>5 152 j 1e m 221 U1 20 :N9 2'C 1$1 I J50 

5875 S2 SI 13 IO fl PO 101 '9 Ill l IOI 125 12'2 llO 1%7 1>5 w ••11• 2211 21, 2<11 231 2liJ 2JI ,. ! M2 

6000. SJ 50 II " '° • 100 " 109 ~ 106 123 120 1%7 12• Ill 12' 
1416il0 

215 211 :Dll 2J2 251 2S2 Ml JM 

' 6125 50 ., IO 11 19 16 ,. t5 107 j llM IJO Ill 12!1 Ill 129 12' IG lei 210 -DI m 2'1 U7 m m 
6250 50 a 79 76 " IS " 

,. IOS i 102 Ill 11' ID 1211 1%7 12<1 
ICI 11>'7 2116 202 2:2' m 246 2C2 Di -6375 C9 4 '17 7S " ... ,, ll 1m j 1oi 116 IU 1211 Ill w m Ill w 2112 "' m 211 2C2 2J7 DI , .. 

6500 G ..., 'J;i ?4 I!> tJ t3 " 102 i M 11• 11' U9 ll' ID llO ~im tit 19' 211 21• DI m Jl,S -IOI i II 
i I 

6625 .. 46 '6 74 ... 12 ~ '°' ID n• l!"I fl• 171 llt 041111 ... 191 215 1211 D<I DO JIO .. 
6750 " ~ 15 73 13 II tl " JOO l f7 112 109 116 Ill Ill 11'7 lJ2 12' 1'4 Ito wr 232 m J07 »I 

6875 "' ~ 75 7.J m 11 ti It ., ~ ,, Ill 109 IU llJ lit 11'7 m 129 In ID 211 J07 DO m )05 2't 

7000 47 40 ,. 72 13 IO fl a " i " UJ ,.. Its Jl2 Ut IH 111 121 1'2 1• 211 2G"I 22t m .. 211 

7125 47 ~ 741 12 12 IO '° a .. I " Ill WI n~ U2 Ut nil Ill Ill 1'2 111 2JJ 21116 22t m JIM Bl 

725-0 " 40 7• 72 12 IO '° a 91 ! " Ill Ill IU 111. '" '" m; m ltl ,. 211 -22t m .. 211 

Ill 1121 
-

7375 47 46 7.& 72 ll IO '° • 91 i " 111 IOI IU 112 lit 11' 1!12 ID 211 2116 22t 22!1 JIM 211 

7500 47 * 
,. 72 12 IO '° • .. I " Ill IOI llS 112 119 116 Ill 121 112 1a 211 206 m 22!1 JIM 211 
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§85.1 §85.J 

(ii) ASM2525 and ASMSOI 5 Carbon Monoxide (%CO 'Table 
">lllmn. 21 ll 22 22 2J 2J ,. 24 25 25 26 i :hi ?7 27 2S i 21 29 29 

>O I JO 
ll 11 

Jl I J2 
u J3 ,.1,.. 

' 
S01' 12S2S - JOU n~ sc:~ 2Sl5 .SOl5 2525 .SOIS :U25 5015 2525 .sou i "" JOIS J.525 JOlS i2J25 SOIS 252' 501'. 2S2S JOIS 252' JOU 2:S2S JOU 

ElW ! 
2m 

1750 uo 0.77 1l6 I'!': 1.64 11".l l-0, HJ 2.ll 2.73 271 ,_ .. 2.97 llM 1.16 ju• l..U us l.112 i SAS OJ 6.06 S.117 : 7.26 S.26 7.4<1 u:z. uo 
1s·15 0.75 D.73 !.J9 1.14> J.SS 1.72 I.Pl Ull 2-09 2..51 2"3 Ul 2JI l.71 1.lljUO ).Joi 01 uo I S.l' U6 S.111 t.11 "" 4.16 7..IS .7.116 uo 
2000 0.7] 0.69 Lil 1 09 1.-i '-" I.II 2.17 U7 UJ lC J.J.C 2.-" UI 2.G i )_77 U6 01 l.elus 113 s .. C.SI us .... UI 7.1' .... I 

2125 UI 0.66 LC7 LOI l.J9 1..5<1 1.71 u~ u:- U9 "' J_t6 VI l.J1 26'; l.J7 "' ... "' '-" Ul 5Jlt 4.26 '-10 t.O 6.M us '-" I 
2250 OJ.I D 6l 1.02 D.ll9 l.ll .. .., l.'2 J.N r TT 1.n 2.D uo 2.ll l.14 Ul l J.JI U) J.16 :::i: JM il:2 u. S.11 uo uo 6M tJ• 

2375 Ul D.59 097 0.94 1.26 l.l9 1..5<1 IS~ 1.69 2.07 2.12 2.7' l.26 291 2-40 121 2.611 ]Mi "' 01 113 JAi J91 JM U1 U7 

2500 0.59 0..!17 093 090 l.lO l.ll U7 1.7' 1.61 I,, 2.12 UJ 2.U 2.M "' :us U6 , .. U:J UI 1.10 OS us 5.21 ,_.,, 
-SAi .UI I.ZS 

2625 0-"5 0-" 0.19 OM )_U 1.27 UI UI I.SJ 1.a l.'2 :uo 2.0S 2.111 2.11 UI 2-" J.ll 2-111 J.73 2.96 4.1• lAI 1 U6 1'1 SJS 5.51 7.1:5 
i 1321 UJ 2750 0-" 0-'2 0.13 0.12 LIO l.ll 1.34 1.60 .. .., 1.10 l.M ~ U6 2..51 l.OP 2-11 U3 U7 1S '1'6 U3 ,,, us U2 S.26 7311 - w I u1 JJl IUJ S.IJ I 7J7 2875 0.52 D.50 on 079 us l.H ll11 1-"' 1-•I. 1.7.1 1.76 "' 1.a U7 2.IXI 2.66 Ul 1.03 UI UI llD 4.'llD 

3000 0.50 D.G 0.79 0.7i l.01 1.12 1.24 1..a l.l.S 1-'6 1.69 2.19 1.IO 2.31 ..,, U5 2.1• 2.91 2.37 i l.%1 uo l.Q J.OS °' J.17 C.SI .ii IU7 I I 
3125 OG 0" O?(; O.'T.I o.n I.GI I.It IA2 uo 1..59 1.63 2-11 1.1' 2.21 l.M us 2.116 2.7' 2.21i11• "° >.• 2-93 4.J1 ,... 03 U4 6.8 

3250 0.<16 0 45 0.73 071 03' I.Of LI' l.l7 1.26 1.5) 1.57 2.113 1.67 2.20 1.71 11.)6 Ut 2.69 2-20 i ]Jn 2AO l.JS 1-12 UI Ul 4.11 oU7 us 
3375 045 HJ 0.11 0.6~ 0-91 1.0 I.I! 132 l.ll LG l~ U6 1.62 2.12 1.72:2.21 U2 2.60 2-121 2-tl U2 l.ll 

2-72 IU? 2.13 U2 OJ Ul 
I 

3500 0,U 0 42 D.69 0.67 o.n Q.9i \.DI l.ll 1.17 l.C 1.n I.Ill 1-'6 2.0S l-'6 i 2.lt 1.16 2.51 2.05 l 2.IJ 2-.l4 l.12 2-!3 J.'7• 2-73 lll 4.17 S.92 

3625 0 . .0 0.41 U7 0.65 0.16 O.M LOS 1.2' U• l.Jll ._., l.M l.J2 I.ti J.61i2-13 IJO 2Al I.ft 12-73 2.17 l.112 "'11.Q 1" l.76 "'1'-Tl 
3750 041 040 c~ 06J O.JJ 092 1.o; 

·~ I.l J I.JS l.ll 1.71 '" l.'2 1.56 i 2.D7 1.7• 2.16 I.fl ;2.6'1 2-11 2-93 lA7 1.51 157 1.6' "I 1 s.ss 
3875 0.0 D.39 0.63 0.61 OJI 0.19 O.ll9 1.17 I.DI l.ll 1.34 1.73 l.C 1.17 l.J2 ! 2.DI IA9 l.l9 U-71157 2.05 l.IS UO iJAO , ... l..U ~11» 4000 0.39 0.31 D.62 0.60 0.79 0.11 0.96 Ll4 l.O' 1.21 l.ll l.61 l.J!I J.IJ 1..aj1n 1.65 2.22 u2iut ,,, l-'77 l33!ll1 2AJ lM uo 1JA 

lM j 1.90 1 n l uJ 
! 

4125 0.31 0_]1 0.60 OSI 077 015 0.94 1-11 l.D2 l.l4 l.l7 1.6'1 l.16 1.77 1.61 2-16 1-"I 2.69 2-.l7 j J.%2 1.J6 ).Joi MCI SM 
! 

1-73 l 1.)6 4250 0.)7 0.36 0-'9 O_ji 0.7' 0.83 0.9"2 i.oa 1.00 1.ll 1.l• 1.60 l.ll 1.72 uo ~ 1.13 1-"5 2.11 1.19 lil 2-21 ! JJ) 1.JO "' u.I .. I 

4375 0.36 O.lS D.~ 0-"5 0.14 OJI 0.19 1.06 0.97 UI 1.ll 1.56 1.29 1.61 1.37 ~ I.II l.'3 2.D6 1.61 l 2.ll l.M 2-SS 2.16 i :us 2.24 U7 JA2 4.13 • 
4500 0.36 0.3l C.57 0.Sl 0 72 0 79 CJ7 103 0'5 J 16 Ill J_j; 1.26 1.6' 13' ! 116 l.'9 l.01 1.6'1!2.2S IJO UP 2.11 j 2-91 "' J.DP Uol 1 t.11 

i I I 
4625 OJS 03' 0..!15 0-'4 0 70 0 77 oJs LOI o.93 1.13 I.IS .... 1.23 1.60 I.JO j 17.1 1-'6 U6 u1 j ut 1.76 2Al l.D6 ! "° 2-14 1.D2 "'!uo 

1.5712.14 
I 

4750 0.J.j 0.33 O.~ 0..!13 0 69 0 76 OM 0-~ 091 I.JO j_I) LO 1.lO l..!17 l.ll ~ 1.61 1-•2 191 1.7:1 2.l7 Ul j 2.13 "' as l.11 i4M 

4875 0.J.j 0.33 o.~J os; 0.67 D 14 on 0.97 0.19 LOI LIO l.'2 LP I.SJ l.lSjl.6'1 l.J9 1.17 I.SJ i 1.0P UI 2-J2 U6 h.'77 2JM 2-17 111 OI ; 
1.92 ! 2.111 5000 O.l3 0.32 0.S2 O..Sl 0.66 0.73 O.JO 09S 0.17 I.OS I.DI 1.31 1.U IA9 1.22 i 1.60 1.36 l.IJ I.SO f 2.0I '"" 2.26 I.ft UI w UI 

u•iuo ,.., IUI -
5125 0.32 0-31 O..SI o~ HS 071 0.7' 0.97 OU I.OJ I.OS 1.35 1.12 l.'6 1.19 i 1-'7 l.ll 1.71 uo 2-21 ,,, ,_.,. U7 UI 

5250 O.l2 O.ll 0.50 0 49 0.63 O'l<l 0 'T1 090 O.U I.OJ I.DJ l.ll 1.10 l.C I.I' i 1.s3 I.JO l.l• u1jus 1..56 2.H 1.13 ! 2.SI uo 2AI uo ... 
5375 1.29 l.D7 1.1• ! I.SO l.l7 1.111 1.51 1JI t 1.16 UI Ul "' 0.ll O.lO o•9 O.G 0.62 0.61 0.7S ,.., 0.11 O.ll9 UI l.J9 UC! IJIO 1.7'. l.51 

I.II l 1A6 u1 j 1.16 
I 

5500 0.30 03'> O.G 0 47 0.61 0-67 0 73 l 0.17 O.JO 0-91 0-" 12'i IJ1' 1.36 l.U U6 ... "" 1.'7S I :u' 1.1:2 l.SS l-'77 ,.. 
i 

l.M i 1.12 5625 0.30 O.l9 o•7 0.46 0.59 0.65 o:n 1 o.as 0.71 O..M H'1 l.l• IJD Ill I.DP i I.CJ 1.21 IQ IM 2.01 1.71 l:uo l.'77 2-8 l-111 ,. 
i 5750 029 0-29 046 0 4S 0.51 06' 010 l GD 0.76 on 0.94 l.ll 1.01 )JO ur.11.• 1.19 1.59 l.ll i 1.71 I.Cl 1.16- U7 j 2.M 1.7' 2Al 2-"' .171 
I 

5875 O.l9 O.ll 04$ o" O_j7 0.63 0.69 l OSI 0.75 091 02 I.II 091 1.n IJM l 1.37 1.16 I.SS 
1.21 l '·" IAO in l.'1 j 2.2t 1.'10 2.ll Ut li2 

6000 0.21 0.21 04-1 04-1 0-"5 062 0.67 l II.JO 0.73 0.19 0.91 1.16 O.t6 1.25 l.Dl ! l.M I.I• l.J2 J.2.5 i 1.111 J_» , .. 1.60 I U• IMi 1.J) JS "' i j 

6125 0.21 0.27 0.4-1 o_o 0.5S 0,61 066 jo11 on 0.17 0.19 1.13 O.N l.l2 I .DO i l.ll I.II 1.-19 l.ll; 1.66 13' .... 1.57 i 2.lf UJ 2.21 2-AI lA7 

6250 D:6S i 0.77 091!1.21 lM 1.20 i 1.63 
I 

0.71 0.27 043 0., 0.54 0.60 071 o.as 0.17 I.II 093 1.20 l.09 l.ll I.IC 1.s. i"s 1.60. U3 2Al , .. 
6375 0.27 O.l6 0 . .0 0 . .0 0..!13 0.59 o .. i 0.76 OM O.M OM I.lit 0,1 IJI 0.96 i 1.26 l.D7 IAl IJI j IAO 1.2' l.'77 I.SI 2.11 IS7 1U 2.Jt ,__,. 

6500 0.26 0.26 Ul 0.41 0-'l 0.31 G.6310.7' 0.61 0.13 0.14 , .. 0.90 IJ6 0-" ! 1.2• 1.16 IAI 1.16I1S7 1.27 l.'M IAI 107 ,_,. 2.1S us lll 
! 

1.U ! 1.ss 6625 O.l6 0.26 0.41 0•1 0.52 0.57 on j o.73 0£7 0.IJ 0.13 1.116 o..a I.I• O.N i l.D I.Of l.l9 us U2 1-'!6 2.D4 1.52 2.12 ll2 llJ 

6750 O.l6 o.u O.•I o . .i 0.51 0.57 u1 jo.'T.I H7 0.11 O.IJ 1.115 .. UJ on i 1.21 1.0 1.37 IJ4 I I_,. 1.24 uo IAS 2Jl2 I.SO 2.lt 1.2' "' 6875 O.l6 OlS o•o 0 «) 0.51 0.56 O"I i 0-72 0-'6 OJO 0.12 , ... ..., IJ2 onlu' JJ)l 1.16 IJJ : 1.52 1.23 1• IM 2.IO" 1.e 111 "' 117 

7000 0.2S O.lS 040 O«> 0.51 0.56 11.61~0.7:1 0-'6 uo O.IJ I.JM 0.1.7 1.12 U2;UO UCI U6, Ul '1.52 l.D 1.a 1.0 uo ... 111 U'7 UT 

7125 o.:u O.lS 0.40 o.10 0.51 0-'6 D.61 \ t '72. OM aa 11•1 lM 0.17 1.12 H2_J I.JI 1.12 1.16 
IJl I Ul 1.22 1.8 !Al uo IM 111 U7 ,.., 

""250 11.25 QJ5 140 ~.Ml UI> t.jj Ul ~Ul OM OM UJ 1.M D.16 1.12 D.'2 l 1.20 I.All 1.16 Ul 1.52 1.%2 1.8 IAl uo lM 111 U7 J.11 

0.2.S O.l5 ll.~ 0..0 0.50 U6 OJI ~ • 11 11'6 O.D Ul ... U6 1.12 U2 i 1.20 1.112 I.Ji U2 1 1.52 1.%2 ... IAl uo ,. 2Jll U7 "' 
': O.ls O.l5 o.c "-'° U15 Q.}6 0.6l l 0.72 0.66 llJO o•1 1.14 •Ill 1.12 •n!1~ Ul2 13' 1.12 I 1.52 1.%2 1.8 1.0 1IO lM 2M 2.%7 "' 
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§85.1 §85.1 

(iii) ASM252 and ASM5015 Nitric Oxide(% NO) Table 

Column# 41 41 42 42 43 43 44 44 4S 4S 46 46 47 47 41 41, ~1~ so I so SI SI 

SOl~ ;s~s SOIS 2525 SOIS 252S SOlS lS25 sou 2525 SOIS 2525 SOIS 2525 5015 lS25 SOIS lS25 SOIS 2525 sots 1525 
ET\V 
1750 IJl~ 111!1:" 1119 1642 22n 2114 272.S 2517 3171 )()60 3631 3Sl2 40'4 .-ios 4990 4950 49901~ 4990: 491() 4990 4990 

1875 11<12 1~;1 17\'3 lWI 211! 1991 2649 2.43.S 3117 2179 3Sl6 DD 40S4 3767 4990 4655 4990 4731 .t9llO 49(16 4990 4990 

2000 1077 973 161(; 1460 lQSl 1177 2499 nP:5 2NJ 2113 lllJ 3131 312.4 3541 4707 4314 4771. 4SJS 49111 4131 4990 4990 

2125 1011 ll20 1527 1380 11144 I 'T'M 2360 2167 271' 1561 JY'l ms 3609 ~ 4441 4136 4571 Gfll 4153 ,4716 4990 4990 

2250 ll64 171 1446 1307 1139 16'71 m2 20SO 2625 24:0 3011 2194 3411 3165 4\97 U09 43~ 4179 4792 4720 4990 4990 

2375 91S 127 13n 124-0 174-4 1.592 2115 llMl 24'7 :m 2159 2646 3231 2!l9t 3974 3701 4221 402.4147]6 4661 4990 4990 

2500 169 716 1304 1179 16S7 1512 2009 ll4S 2361 2179 2714 2512 3066 210 Jm 3$12 «176 Jiii <1615 ~ 4990 4990 

2625 l28 749 1242 1123 1571 14'W 1912 1756 2246 2073 2511 2319 2916 2106 lSIS ll39 39361 J7S2 I 4639 4$77 4990 4990 

2750 79J 7lS 1116 10n IS-04 1374 1123 1675 2142 19'76 l460 2277 2779 2579 3416 llll 3809

1 
3S79 I 459614314 4990 4772 

2875 156 614 1134 1026 1431 1313 1742 1601 2046 llU 23SO 217S 26S4 2.463 3261 3037 36611 341714414 4176 4192 4556 

3000 72S 656 1018 914 1371 l2SI 166* 1533 1959 llOI 2249 20l2 2$39 23S7 31)0 2906 JS 10 J210 4290 J996 461() 4359 

3125 696 6313 11345 !MS 1323 1208 1601 1471 II~ 1734 21S7 1997 243S 2260 2992 2717 "66 313S I 4114 I lll2 ...... 4llO 

·3250 670 607 1006 910 1273 l\6) 1539 141S ll06 1667 2073 1920 2340 2172 2174 2617 3234 J012 ! m2 l 3611 4311 4016 

3375 647 585 97() '78 1227 l121 1413 1363 1740 1606 1997 1149 2253 2092 2767 2577 3113 2199 • JI04 ; 3S44 4150 3166 

3500 625 !-66 937 148 1114 1082 1431 1316 1679 lSSO 1926 1714 2174 2011 2661 2416 3002 %7961 )669 ! :Mll '9002 3121 

3625 60~ S47 907 '21 1146 1047 1314 1273 1623 1498 1162 1724 2100 1950 2S'71 2401 2900 2701 ! JS44 i 3302 3167 l60l 

3750 586 531 179 796 ll 10 1014 1340 1233 1571 1451 ll02 1669 2033 1117 2494 2323 2I06 2614 J :M29 f ms J74l )41$ 

3875 S69 SIS 153 773 1077 914 1300 1195 1523 1407 1747 1611 1970 1129 2417 2251 2719 2533 j nD j 3096 362S ll77 

4000 553 501 S29 751 1046 9S6 1262 1161 1479 1365 1695 1570 JYJ2 1775 234S 2114 Mll l4S7 ! 3224 ' 3003 3517 Jl76 

4125 538 487 107 731 1017 930 1227 1121 1437 1327 1647 1526 1157 1724 22n 2122 2562 n11 l 1u1 I 2911 3416 3112 

4250 524 475 7i6 712 990 90S l1Sl4 1091 1391 1291 1602 1414 ll-06 1677 2214 2063 2490 2320 ! J044 i 2136 3321 D4 

4375 510 463 1(,f, 694 964 "1 1162 1069 1360 1257 15S9 1444 1757 1632 21S4 2007 2423 m• 12961 I m11 3230 JOIO 

4500 498 451 747 677 939 IS9 1132 1042 1325 1224 1511 1406 1711 1Sl9 2096 1953 23'9 2191 211312616 3145 2ll30 

4625 486 4'W 728 661 916 131 1104 IOU 1291 1193 14711 1370 1666 1541 2042 151()3 2297 2140 l 2I07 2616 3063 JIS4 

4750 474 430 71 l 645 193 Ill 1076 990 1259 1163 1441 1336 162• lSOI 1919 llS4 2231 20l5 i 2735 l 2S49 2913 27IO 

4875 463 420 694 630 172 79! 1049 1166 1227 1134 140S 1302 ISl3 1470 1931 ll-06 2ll0 2032 i 2665 j 2413 2907 2109 

5000 452 410 677 615 <SQ 771 1023 lM.2 1196 1106 1369 1269 lS42 1433 1119 1760 2125 19IO 1 is111 i 2420 2133 2640 

5125 441 400 661 600 130 160 998 919 1167 1071 1335 1237 IS03 1397 1&40 1715 2070 1930 I :WO i 2359 2MO 2513 

5250 431 391 646 516 II() 141 974 196 1131 JOSI 1301 1206 1465 1362 1193 167.2 2017 1111 246612291 26SIO 2507, 

5375 420 Jt2 631 573 790 723 9so 174 1109 1025 1269 1176 1421 1327 17'7 1629 1966 1133 ' 2403 ! 2:240 2621 2A4l 

5500 410 373 616 559 771 706 926 In 10&2 1000 1237 1147 1392 1294 1703 ISl1 1916 171612341 12113 2554 nil 

5625 401 364 601 ·~ 752 619 ll04 132 lOSS 915 1206 1111 1357 1261 1659 IS47 1167 1740 i 2212 12121 2419 m1 

5750 391 3S6 587 S34 734 673 182 112 1(129 9Sl 1176 1090 1323 1230 1617 lSQl ll20 1697 ' 222.4 l 2074 2'26 2252 

5875 793 
I i 

313 341 574 522 717 657. l60 1004 1121 114i 106' 1290 1199 IS77 1471 1774 1654 ; ll61 ; 2022 2366 2206 

6000 374 340 Stil SlO 701 642 IMO rn "° 906 1120 1039 1259 1171 1539 143.S 1731 1614 j 2116 ! 1m 2lOI llSl 

6125 366 333 S49 499 615 621 122 757 9SI 116 1094 IOIS 1230 1144 1503 1401 1690 157712066 i 1927 22S4 1102 

6250 359 326 S31 'ljl) 671 615 1134 741 937 161 · 1070 !193 1203 II 151 1469 1371 1653 1542 2020 11114 llOot 2056 

6375 3S2 320 528 •BO 6Sli 604 711 727 919 ISO 1049 tn 117' 1096 1439 1343 1619 UIO 1'79I1146 :ZIS9 2014 

6500 346 3LS 5J9 473 647 $93 ns 714 902 _13S 1030 956 1151 1077 1413 1311 1590 1413 111'43, I till 2119 1977 

6625 341 311 512 ~ SI 5t5 '163 704 119 m 1014 PCl 1140 1060 1391 1291 1565 1460 19ll 1715 20l7 INT 

6750 33t J()i SO? 461 631 m 755 696 179 lll lOOl '31 1121 104& lll4 12U 1S46 140 ll90 ! 1764 20Q Int 

6875 335 305 SOJ 451 QllS 574 149 691 m I07 995 924 1111 1040 1364 1273 1$34 143l 1175 1750 2046 lt09 

7000 33S 30S S02 457 624 51J .,., 119 1'>11 IOS "2 '21 lllS 1037 1360 1269 1530 1421 ll70 1745 2040 1904 

7125 JJ< ~ SQ2 4J'! 625 m 'Mil .. a70 m5 992 '21 JIJ5 J037 IUO 1269 1$31 1421 1114 1"'5 2045 1904 

7250 335 , 305 'S02 457 625 573 'M'7 -rm -m 921 ll!S JCl.17 1360 1269 JDI 1421 1114 1745 204$ l!IOC 

7375 335 )05 502 457 625 573 'U7 61'i1 no I05 992 '21 111.5 103'1 1S60 1:169 1531 142111114 1145 1045 1904 

7500 33S 305 S02 4S7 625 sn 747 619 l70 IOS 992 '21 lllS 1037 1360 D69 1531 1421 117• 1745 2045 1904 
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(b) Test Score Calculation 

Page 7 

(I) Exhaust Gas Measurement Calculation. 

(i) Measurement Start. The ilnalysis and recording of exhaust gas concentrations 
shall begin l 5 seconds after -the applicable test mode begins, or sooner if the 
system response time (to 100019) is less than 15 seconds. The analysis and 
recording of exhaust gas concentrations shall not begin sooner than the time 
period equivalent to the response time of the slowest transducer. 

_(ii). Sample Rate. Exhaust gas concentrations shall be analyzed at a minimum 
rate of once per second. 

(iii) Emission Measurement Calculations. ·Partial stream (concentration) 
emissions shall be calculated based on a running 10 second average. The 
values used for HC(j), COG), and NOG) are the raw (uncorrected) tailpipe 
concentrations. 

J HCG) • DCFG) 

(A) AvgHC 
j-10 

== 10 

J CO(j) • DCFG) 

(B) AvgCO 
j-10 

= 
10 

J NO(j) • DCFG) 

(C) AvgNO == 
j-10 

10 

(iv) Dilution Correction Factor. The analyzer software shall multiply the raw 
emissions values by the Dilution Correction Factor (DCF) during any valid 
ASM emissions test. The DCF accounts for exhaust S_8JDple dilution (either 
intentional or unintentional) during an emissions test. The analyzer software 
shall calculate the DCF using the following procedure; and shall select the 
appropriate vehicle fuel formula. If the calculated DCF exceeds 3.0 then a 

·default value of 3.0 shall be used. 

(A) 
X = [C02]measured 

f C02lmeasured + [CO]measured 

Where [C02]measured and [CO]measured are the instantaneous 
ASM emissions test readings. 

(B) Calculate [C02]adjusted using the following formulas. 

(I) For Gasoline: 

[C02]adjusted == [ 4_~44~Lss~] •100 
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(2) For Methanol or Ethanol: 

[C02]adjusted = [ 4.73:i.ssx] •100 

(3) For Compressed Natura] Gas (CNG): 

[C02]adjusted = [ 6.64:i.ssx] •100 

(4) For Liquid Propane Gas (LPG): 

[C02]adjusted =: [ 5.3:i .ssx] • 100 

{C) Calculate the DCF using the following formula: 

DCF = [C02]adjusted 
[C02]measured 

- . 
(v) NO Humidity Correction Factor. The NO measurement shall be adjusted 

based on relative humidity using a correction factor Kh. calculated as follows: 

(A) Kb= 
1 

1 - 0.0047(H-75) 

(B) H = Absolute humidity in grains of water per pound of dry air. 

= 
( 43 .478)Ra •Pd 
Pa-(Pd•RaJI 00) 

(C) Ra;;: Relative humidity of the ambient air, percent. 

(D) Pd= Saturated vapor pressure, mm Hg at the ambient dry bulb 
temperature. If the temperature is above 86_F, then it 
shall be used in lieu of the highe~temperature, until EPA 
supplies final correction factors. 

(E) Pe= Barometric pressure, mm Hg. 

(2) Pass/Fa.ii Detennination. A pass or fail determination shall be inade for each 
applicable test mode based on a comparison Of the applicable test standards and the 
measured value for HC, CO, ·and NO as described in §85.l(bXI)(iii). A vehicle shall 
pass the test mode if the emission values forHC, CO, and NO are simultaneously 
bclow or equal to the applicable short test standards for all three pollutants. A 
vehicle shall fail the test mode if th~ values for HC, CO, or NO, or any combination 
of the 'three, are above the applicable standards at the expiration of the-test time. 
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§85.2 Test Procedures 

(a) General Requirements. 

(1) Vehicle Characterization. The following information shall be determined for the 
vehicle being tested and used to automatically select the dynamometer power. 
absorption settings: 

(i) Vehicle type: LDGV, LDGTl, LDGT2, HDGT, and others as needed 

(ii) Chassis model year 

(iii) Make 

(iv) Model 

(v) Number of cylinders 

(vi) Cubic inch or liters displacement of the engine 

(vii) Transmission type 

(viii) Equivalent Test Weight. 

(2) Ambient Conditions. The ambient temperature. absolute humidity, and barometric 
pressure shall be recorded continuously during the test cyc1e or as a single set of 
readings up to 4 minutes before lhe stan of the driving cycle. 

(3) Restart. If shut off, the vehicle shall be restarted as soon as possible before the test 
and shall be running for at least 30 seconds prior to the start of the ASM driving 
cycle. 

(4) Void Test Conditions. The test sbaJJ immediately end and any exhaust gas 
measurements shall be voided if the instantaneous measured concentration of CO 
phis C02 falls below six percent or the vehicle's engine stalls at any time during the 
test sequence. 

(5) 

(6) 

Vehicle Brakes The vehicle's brakes shall not be applied during the test modes. If 
~ 

the vehicles brakes are applied during testing the mode timer shall be reset to zero (tt 
= 0). 

Test Termination. The test shaJl be aborted or terminated upon reaching the overall 
maximum test time. 

(b) Vehicle Pre-inspection and Preparation. 

-Page 9 

(1) Accessories. AJJ accessories (air conditioning. heat; defogger. radio, automatic 
traction control ifnntchable, etc.} shall be turnectofT(ifnecessary, by the inspector}. 

(2) Exhaust Leaks. The vehicle shall be inspected for exhaust leaks. Audio assessment 
while blocking exhaust flow, or gas measurement of carbon dioxide or other gases 
shall be acceptable. Vehicles with leaking exhaust systems shall be reject~ from 
testing. 
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(3) Fluid Leaks. The vehicle shall be inspected for fluid leaks. Vehicles with leaking. 
engine oil, transmission fluid. or coolant shall be rejected from testing. 

(4) Mechanical Condition. Vehicles with obvious mechanical problems (engine, 
transmission, brakes, or exhaust) that either create a safety hazard or could bias test 
results shall be rejected from testing. 

(5) Operating Temperature. The vehicle shall be at normal operating temperature prior 
to the start of the test. The vehicle temperature gauge, if equipped and operating, 
shall be checked to assess temperature. Vehicles in overheated condition shall be 

_rejected from testing. 

'(6) Tire Condition. Vehicles shall be rejected from testing if tread indicators, tire cords, 
bubbles, cuts, or other damage are visible. Vehicles shall be rejected from testing if 
they have space-saver spare tires or if they do not have reasonably size~ tires on the 
drive axle or axles. Vehic1es may be rejected if they have different sized tires on the 
drive axle or axles. Jn test-and-repair facilities, drive wheel tires shall be checked 
with a gauge for adequate tire pressure. In test-only facilities: drive wheel tires shall 
be visually checked for adequate pressure level. Drive wheel tires that appear low 
shall be inflated to approximately JO psi, or to tire side wall pressure, or vehicle 
manufacturer's recommendation. Alternatively, vehicles with apparent low tire 
pressure may be rejected from testing. 

(7) Gea_r_Selection. The vehicle shall be operated during each mode of the test with the 
gear selector in drive for automatic transmissions and in second (or third if more 
appropriate) for manual transmissions for the loaded modes. 

(8) Roll Rotation. The vehicle shall be maneuvered onto the dynamometer with the 
drive wheels positioned on the dynarnometer rolls. Prior to test initiatio~. the rolls 
shall be rotated until the vehicle laterally stabilizes on the dynamometer. Vehicles 
that cannot be stabilized on the dynamometer shall be rejected from testing. Drive 
wheel tires shall be dried if necessary to prevent slippage. 

. . . 
(9) Vehicle Restraint. Testing shall not begin until the vehicle is restrained. Any 

restraint system shall meet the requirements of §85.J(aXS)(ii). In addition, the 
parking brake shall be set for front wheel drive vehicles prior to the start of the test. 
unless parking brake functions on front axle or if is automatically disengaged when 
m gear. 

(10) Vehicle Conditioning. 

(i) Queuing Time. When a vehicle waits in a queue more than 20 minutes or 
when a vehicle is shut-off for more than S minutes prior to the test, vehicle 
conditioning shall be performed for 60 seconds, as specified in 
§85.2(bXlO)(iiXC). Emissions may be monitiored during this cycle and if 
passing readings are obtained, as specified for the ASM cycle in ·§85.2(d), 
then the cycle may be terminated and the respective ASM mode skipped. 
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(ii) 
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Discretionary Preconditioning. At the program's discretion, any vehicle may 
be preconditioned using any of the following methods: 

(A) Non-loaded Preconditioning. Increase engine speed to approximately 
2500 rpm, for up to 4 minutes, with or without a tachometer. 

(B) Loaded Preconditioning. Drive the vehicle on the dynamometer at 30 
miles per hour for up to 240 seconds at road-load. 

(C) ASM Preconditioning. Drive the vehicle on the dynamometer using 
either mode of the ASM test as specified in §85.2(d). 

(D) Transient Preconditioning. After maneuvering the vehicle onto the 
dynamometer, drive a transient cycle consisting of speed, time, 
acceleration, and load relationships such as the I.M240. 

(c) Equipment Preparation and Settings. 

Paup I I 

(I) Analyzer Wann-Up. Emission testing shall be locked out until the analyzer is 
warmed-up and stable. The analyzer shall reach stability within 30 minutes from 
startup. If an analyzer does not achieve stability within the allotted time frame, it 
shall remain locked out from testing. The instrument shall be considered •wanned­
up" when the zero and span readings for HC, CO, NO, and C02 have stabilized 
within the accuracy values specified in §85.3(c)(3) for five minutes without 
adjustment (this does not require span gas verification of warm-up, but provides the 
quality assurance method for checking). 

(2) Emission Sample System Purge. While a lane is in operation, the sample system 
shall be continuously purged after each test for at least 15 minutes if not taking 
measurements. 

(3) Probe Insertion. The sample probe shall be inserted into the vehicle's tailpipe to a 
minimum depth of 10 inches. H the vehicle's exhaust system -prevents insertion to 
this depth, a tailpipe extension shaJI be used. 

(4) Multiple exhaust pipes .. Exhaust gas concentrations from vehicle engines equipped 
with functionally independent multiple exhaust pipes shall be sampled 
simultaneously. 

(5) Analyzer Preparation. The analyzer shall perform an automatic zero, an ambient air 
reading, and an BC bang-up check prior to eacll test. This process shall occur within 
two minutes of the stan of the test. 

(i) Automatic Gas Zero. The analyzer shall conduct automatic zero adjustments 
using the zero gas specified in §85.4(d)(2)(iii). The zero adjustment shall 

. include the HC, CO, C02, and NO channels. Bottled or generated zero air 

may be used. 
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(ii) Ambient Air Reading. Filtered ambient air shall be introduced to the 
analyzer before the sampJe pump, but after the sample probe, hose, and 
filter/water trap. The analyzer shall record the concentrations of the four 
measured gases, but shall make no adjustments. 

(iii) HC Hang-up Determination. The anaJyzer shall sample ambient air through 
the probe to determine backgrOO.nd pollution levels and HC hang-up. The 
analyzer shall be locked out from testing until (1) the sample through probe 
has less than 15 ppm HC, 0.02% CO, and 25 ppm NO; and, (2) the residua) 
HC in the sampling system (probe sample - ambient air reading) is less than 7 
ppm. 

0

(6) Cooling System. When ambient temperatures exceed 72°F, testing shalJ not begin 
until the cooling system blower is positioned and activated. The cooling system 
blower shall be positioned to direct air to the vehicle cooling system, but shall not be 
directed at the catalytic converter. 

(7) Dynamometer Warm-Up. The dynarnometer shall be automatically warmed-up prior 
to official testing and shaJl be locked out until it is warmed-up. Dynamometers 
resting (not operated for at least 30 seconds and at least 15 mph) for more than 30 
minutes shall pass the coast-down check specified in §85 .4(b }(I) prior to use in 
testing. As specified in §85.4(a)(2}, control charts may be used to demonstrate 
allowing a longer duration of inactivity before a required warm-up. 

(8) Load Setting. Prior to each mode, the system shall automatically select the load 
setting of the dynamometer from a look-up table supplied by EPA or the state. 

(9) Engine Speed. Engine speed measurement equipment shall be attached on all 1996 
and newer light duty vehicles and trucks, and in test-and-repair programs, engine 

_speed shall also be monitored on all pre-1996 vehicles. Starting in 1998, the SAE­
standardized OBD plug shall be used on 1996 and newer vehicles. Engine speed 
measurement equipment shall meet the requirements of §85.3(cX5). 

Test Procedures. .. 
The test sequence shall.consist of either a single ASM mode or both ASM modes described 
in §85.2(d)(l) and (2), and may be performed in either order (with appropriate chnage in 
transition requirements in §85.2(d)(l)(iv)). Vehicles that fail the first-chance test described 
in §85.2(d) shall receive a second-chance test if the conditions in §85.2(e) apply. The test 
timer shall stan (tt=O} when the conditions specified in §85.2(c)(2) and §85.2(c)(3) are met 
and the mode timer initiates as specified in §85.2(dXl) or §85.2(d)(2). The test sequence 
shall have an overall maximum test time of 290 seconds (tt=290). The test shall be 
immediately termina.ted or aborted upon reaching the overall maximum test time. 

(1) ASM5015 Mode. 

(i) The mode timer shall start (mt=O) when the dynamometer speed (and 
corresponding power) is maintained within 1S±1.0 mi Jes per hour for S 
continuous secc>nds. If the inertia simulation error exceeds the tolerance 
specified in §85.3(a)(4)(ii)(A} (or §85.3(a)(4)(ii)(B) if used) for more than 3 
consecutive seconds after the mode timer is started, the test .mode timer shall 
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be set to mt=O. Should this happen a second time, the test shall be aboned. 
The dynamometer shall apply the correct torque fot 15.0 mph for the torque 
at any testing speed within the tolerance of 15::1:: 1.0 mif es per hour (i.e., 
constant torque load over speed range). The torque tolerance shall be ::1:: 5% 
of the correct torque at 15 mph. 

(ii) The dynamometer power shall be automatically selected from an EPA­
supplied or EPA-approved look-up table, based upon the vehicle 
identification infonnation described in §85.2(a)(l). Vehicles not listed in the 
look-up table and for which ETW is not available shall be tested using the 
following default settings: · 

Default ASMSOIS Actual Horsepower Settings 
For 8.6" Dynamorneters HP5015g 

..!.Vehicle Type 
Number of Cylinders-+ 3 4 5&6 8 . 

Sedans 7.9 11.4 n.s· 16.4 
Station Wagons 8.1 11.7 13.8 16.l 
Mini-vans 10.2 14.l 15.8 17.9 
Pickup Trucks 9.6 13.I 16.4 19.2 
Sport/Utility IO.I 13.4 15.5 19.4 
Full Vans 10.3 13.9 17.7 19.6 

Default ASMSOIS Actual Horsepower Settings 
For 20" Dynamometers HP501520 

..1. Vehicle Type 
Number of Cylinders-+ 3 4 5&6 ·8 -

Sedans 8.1 11.8 14.3 16.9 
Station Wag~ns 8.3 12.1 14.2 16.6 
Mini-van's 10.4 14.5 16.3 . 18.S 
Pickup Trucks 9.8 13.4 16.&- .. 19.8 
Sportr'Utility 10.5 13.8 . 15.9 19.9 
Full Vans 10.8 14.4 18.2 20.2 

>8 

16.0 
16.1 
18.2 
2Ll 

. 21.1 
20.5 

>8 

16.6 
16.6 
18.7 
21.7 
21.7 
21.1 

If the dynamometer speed or torque falls outside the speed or torque tolerance 
for more than 2 consecutive seconds, or for more than 5 seconds total, the 
mode timer shall reset to zero and Tesume timing. The minimum mode length 
shall be determined as described in §8S.2(d)(ili). The maximum mode length 
shall be 90 seconds elapsed time (mt=90). 

During the 10 second period used for the pass decision, the dynamometer 
speed shall not fall more than 0.5 mph (absolute drop, not cumulative) . .If the 
speed at the end of the IO second period is more than 0.5 mph less than the 
speed at the start of the 10 second period, testing shall continue until the 
speed stabilizes enough to meet this criterion. 
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The ten second emissions window shall be matched to the cc:>rresponding 
vehicle speed trace time window. This shall be performed by subtracting the 
nominal response time for the analyzers from the mode time to determine the 
time for the corresponding vehicle speed. 

(iii) The pass/fail analysis shall begin after an elapsed time of 25 seconds 
{mt=25). A pass or fail determination shalJ be made for the vehicle and the 
mode shall be terminated as follows: 

(A) The vehicle shall pass the ASM5015 mode and the mode shall be 
immediately terminated if, at any point between an elapsed time of 25 
seconds (mt=25) and 90 seconds (mt=90), the 10 second running 
average measured values for each pollutant are simultaneously less than 
or equal to the applicable test standards described in §85.1 (a). 

(B) The vehicle shall fail the ASM5015 mode and the mode shall be 
terminated if the requirements of §85.2(d)(l)(iii)(A) are not satisfied by 
an elapsed time of90 seconds (mt=90). 

(iv) Upon termination of the ASM5015 mode, the vehicle shall immediately 
begin accelerating to the speed required for the ASM2525 mode. The 
dynarnometer torque shall smoothly transition during the acceleration period 
and shall automatically reset to the load required for the ASM2525 mode as 
specified in §85.2(d)(2)(i) once the roll speed specified in §85.2(d)(2)(i) is 
achieved. 

(2) ASM2525 Mode. 

(i) The mode timer shall start (rnt=O) when the dynamometer speed (and 
corresponding power) are maintained within 25±1.0 miles per hour for S 
continuous seconds. If the inertia simulation error exceeds the tolerance 
specified in §85.3(a)(4)(ii)(A) (or §85.3(a)(4)(ii)(B) if.~sed) for more than 3 
consecutive seconds after the mode timer is staned, tne test mode timer shall 
be set to mt=O. Should this happen a second time, the test shall be aborted. 
The dynarnometer shall apply the correct torque for 25.0 mph for the torque 
at any testing speed within the tolerance of 25±1.0 miles per hour (i.e .• 
constant torque load over speed range). The torque tolerance shall be± 5% 
of the c~rrect torque at 25 mph. 

(ii) The dynamometer power shall be automatically selected from an EPA­
supplied or EPA-approved look-up table, based upon the vehicle 
identification information descn"bcd in §8S.2(a)(l). Vehicles not listed in the 
look-up table and for which ETW is not available shall be tested using the 
following default settings: 
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Default ASM252S Actual Horsepower Settings 
For 8.6" Dynamometers HP2525s 

!Vehicle Type 
Number of Cylinders-+ 3 4 5&6 8 >8 

Sedans 6.7 9.5 11.S 13.7 13.3 
Station Wagons 6.8 9.7 11.5 13.4 13.3 
Mini-vans 8.8 11.7 13.2 14.9 15.3 
Pickup Trucks 8.0 10.9 13.6 16.0 17.8 
Sport/Utility 8.8 11.2 12.9 16.1 17.8 
Full Vans 9.0 11.6 14.7 16.3 17.2 

Default ASM2525 ~ctual Horsepower Settings 
For 20" Dynamometers HP252520 

.!Vehicle Type . I Number of Cylinders-+ 3 4 5&6 8 >8 • -
Sedans 6.9 10.1 12.3 14.5 14.3 I 
Station Wagons 7.0 10.4 12.2 14.2 14.4 I Mini-vans 8.9 12.5 14.0 15.9 16.3 l 

Pickup Trucks 8.1 11.4 14.4 16.9 18.8 i 
I 

! 
Sport/Utility 8.9 11.8 13.6 17.1 18.8 l 
Full Vans 9.1 12.5 15.5 17.3 18.3 

i 
I 

If the dynamometer speed or torque falls outside the speed or torque tolerance 
for more than two consecutive seconds, or for more than S secopds total, the 
mode timer shall reset to zero and resume timing. The minimum mode length 
shall be detennined as described in §85.2(d)(2)(iii). The maximum mode. 
length shall be 90 seconds elapsed time (mt=90). 

During the 10 second period used for the pass decision, the dynamometer . 
speed shall not fall more than 0.5 mph (absolute drop.-not cumulative). If the 
speed at the end of the 1 O second period is more than 0.5 mph less than the 
speed at the start of the 10 second period, testing shall continue until the 
speed stabilizes enough to meet this criterion. 

(iii) The pass/fail analysis shall begin after an elapsed time of 25 seconds 
(mt=25). A pass or fail detennination shall be made for the vehicle and tbe 
mode shaU be terminated as follows: 

(A) The vebicJe shall pass the ASM2525 mode if, at any point between an 
elapsed lime of25 seconds (mt=25) and 90 seconds (mt=90)~ the 10-
second running avengt measured values for each pollutant are 
simultaneously less than or equal to the applicable test standards 
described in §85.l(a). If the vehicle passed the ASMSOIS mode, as 
described in §85.2(dXI )(iii). the ASM2525 mode shall be terminated 
upon obtaining passing scores for all three pollutants. If the vehicle 

71?/0I'. 
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_ failed the ASMSOIS mode, the ASM2525 mode shall continue for an 
elapsed time of 90 seconds (mt=90). 

(B) The vehicle shall fail the ASM2525 mode and the mode shall be . 
terminated if the r~uirements of §85.2(d)(2)(iiiXA) are not satisfied by 
an eJapsed time of 90 seconds (mt=90). · 

(e) Second Chance Tests. 

Page 16 

(1) If the vehicle fails the fir5t-chance test, the test timer shall reset to zero (tt=O) and a 
- second-chance test shall be performed, except as noted below. The second-chance 

test shall have an overall maximum test time of 145 seconds (tt=I45) if one mode is 
repeated, an overall maximum time of 290 seconds (tt=290) if two modes are 
repeated. 

(2) Repetition or extension of failed modes for two mode ASM tests. Except in the case 
ofvehicJes subject to preconditioning specified in §85.2(b)(IO(i), if at least 90 · 
seconds of loaded preconditioning is performed, as specifielin §85.2(b)(10)(ii)~ then 
the ·second-chance test may be omitted. 

(i) If the vehicle failed only the first mode (ASMSOIS) of the first chance test, 
then that mode shall be repeated upon completion of the second mode 
(ASM2525). The repeated mode shall be performed as described in 
§85.2(d)(l) except that the provisions of §85.2(d)(l)(iv) shall be omitted. 
The test will terminate when the mode ends or when the vehicle passes, 
whichever occurs first. 

(ii) If the vehicle is failing only the second mode (ASM2525) of the first chance 
test, then the second mode shall not end at 90 seconds but shall continue for 
up to 180 seconds. Mode and test timers shall not reset but rather continue 
up to 180 seconds. The provisions of §85.2(d)(2) shall continue to apply 
throughout the 180 second test period. 

... 
(iii) If the vehicle failed both modes (ASM5015 and ASM2525) of the first 

chance test, then the vehicle shall receive a second·chance test for the 
ASM5015. If the vehic1e fails the second-chance ASM5015, then the vehicle 
shall fail the test. Otherwise, the vehicle shall also receive a second-chance · 
ASM2525. . 

(3) Repetition of failed modes far single mode ASM tests. 

(Ii) lfthe vehicle js failing at the end of the mode then the test mode shall not end 
at 90 seconds but sbaJJ continue for up to 180 seconds. Mode and test timers 
shall not reset but rather oootinue up to 180 seconds. The provisions of . 
§85.2(d)(l) or §85.2(d)(2) shall continue to apply throughout the 180 second 
test period. 
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'§85.3 Test Equipment Specifications 

(a) Dynamometer Specifications. 

Page 17 

(1 ) General Reguirem en ts 

(i) Only one diameter of dynamometer shall be used in a program. 

(ii) The dynamometer structure (e.g., bearings, rollers, pit plates, etc.) shall 
accommodate all light-duty vehicles and light-duty trucks up to 8500 pounds 
GVWR. 

(iii) Dynamometer ASM load horsepower (HP501S or HP2525) shall be 
automatically selected based ori the vehicle parameters in the test record. 

(iv) All dynamometers shall have an identification plate permanently affixed 
showing at a minimum, the dynamometer manufacturers name, the system 
provider's name, production date, model number, seriai number, 
dynamometer type, maximum axle weight, maximum HP absorbed, roll 
diameter, roll width, base inertia weight, and electrical requirements. 

(v) Alternative dynamometer specifications or designs may be allowed if 
proposed by a state and upon a determination by the Administrator that, for 
the purpose of properly conducting an approved short test, the evidence 
supporting such deviations show that proper vehicle loading wiJI be applied. 

(2) Power Absorption. 

(i) Vehic1e Loading. The vehicle loading used during the ASM driving cycles 
shall follow the equation in §85.3(a)(2)(ii) at IS and 25 mph. Unless 
otherwise noted, any horsepower displayed during testing shall be expressed 
as HP. ' 

(ii) 1HP = THP- PLHP - G1RL 

HP = IHP + PLHP 

Where: 

HP = The actual Horsepower value contained in the look-up table for a 
vehicle being tested (using the ASM5015 or 2525) on a 
dynamometer with the specified diameter rollers. The actual 
horsepower is the sum of the indicated horsepower and the. 
parasitic losses (PLHP) · 

lliP = Indicated Horsepower value set on the dynamometcr. 

THP = Total Horsepower for an ASM test includes indicated, tire losses, 
and parasitics. This value is independent of roll size. 

GTRL = Generic Tire/Roll Interface Losses at the specified speed (15 or 
25 mph) on a dynamometer with the specified diameter rollers. 
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PLHP = Parasitic Losses Horsepower due to internal dynamometer 
friction. A value is specific to each individual dynamometer and 
speed. 

(iii) Range of Power Absorber. The range of the power absorber shall be 
sufficient to simulate the load required to perform an ASM50IS and an 
ASM252S on aJJ light-duty vehicles and light-duty trucks up to 8500 pounds 

. GV\llR. The power absorber shall absorb, at 141 mph and above, a minimum 
of 25 horsepower continuously for a steady-state test of at least 5 minutes, 
with 3 minutes between each test. 

(iv) Parasitic Losses. The parasitic losses (PLHP) in each dynamometer system 
(including but not limited to windage, bearing friction, and system drive 
friction) shall be characterized at 15 and 25 mph upon initial acceptance, and 
during each dynamometer calibration. The parasitic power losses shall be 
determined as indicated in §85.4(b)(2). 

(v) Power Absorber. Only electric pow.er absorbers shall be used unless 
alternatives are proposed by the state and approved by the Administrator. 
The power absorber shall be adjustable in 0.1 hp increments at both 15 MPH 
and 25 MPH. The accuracy of the power absorber (PAU +parasitic losses) 
shall be ±0.25 horsepower or ±2% of required power, whichever is greater, in 
either direction of rotation. For field auditing the accuracy shall be ±0.5 
horsepower. 

(vii) Accuracy Over the Operating Range. The dynamometer's accuracy when 
warm shall not deviate more than ±0.5 horsepower over the full ambient 
operating range of35°F to l 10°F. This may be accomplished by intrinsic 
design or by software correction techniques. At any constant temperature. 
the dynamometer shall have an accuracy of±0.5 horsepower within 15 
seconds of the stan of the test, and shall have an accuracy of ±0.25 
horsepower within 30 seconds of the start of the test. F..or temperatures 
outside the specified range, the dynamometer shall provide correction or 
proceed With a manufacturer warm-up sequence until full warm condition has 
been reached. 

(3) Rolls. 

(i) Size and Type. The dynarnometer shall be equipped with twin rolls. The 
rolls shall be electrically or mechanically coupled side-to-side and front-to­
rear. The dynamometer rolJ diameter shall be between 8 .5 and. 21.0 inches. 
The spacing between the roll centers shall comply with the equation in 
§85.3(aX3)(1i) to within O.S inches and --0.25 inches of the calculated value.· 
Fixed dynamometer rolls.shall have an inside track_ width of no more than 30 
inches and outside track width of at least 100 inches. Rolls moveable from 
side-to-side may be used if adequate measures are taken to prevent tire 
damage from lateral vehicle movement and the dynamometer sufficiently 
accommodates track widths of the full range of vehicles to be tested on the 
dynamometer. Alternative track widths, roll sizes, and number of rolls may 
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be used if approved by the state and the Administrator and if adequate 
m~asures are taken to prevent tire damage from lateral vehicle movement and 
the dynamometer sufficiently accommodates track widths of the full range of 
vehicles to be tested on the dynamometer. 

(ij) Roll Spacing= (24.37S+D) • Sin 3LS153 

D = dynmnometer roll diameter. 

Roll spacing and roll diameter are expressed in inches. 

(iii) Design. The roll size, surface finish, and hardness shall be such that tire 
slippage is minimized under all weather conditions; that water removal is 
maximized; that the specified accuracy of the distance and speed 
measurements are maintained; and that tire wear and noise are minimized. 

(4) Inertia 

(i) Base Inertia. The dynamometer shall be equipped with mechanical 
flywheel(s) or with full inertia simulation providing a total base inertia weight 
of 2000 pounds ±40 pounds. Any deviation from the 2000 pound base inertia 
shall be quantified and the coast-down time shall be corrected accordingly. 
Any deviation from the stated inertia shall be quantified and the inertia • 
simulation shall be corrected accordingly. The actual inertia weight shall be 
marked on the ID plate required in §85.3(a)(l){iv). 

(ii) Inertia/Inertia Simulation. The dynarnometer shall be capable of conducting, 
at a mjrumum. diagnostic level transient inertia simulations with an 
acceleration rate between 0 and 3.3 miles per hour per second with a 
minimum load (power) of 25 horsepower at 14 mph over the inertia weight 
range of 2000 pounds to 6000 pounds. For the diagnostic level inertia 
simulation, the 25 horsepower criterion is a requirement on acceleration only, 
while for the full inertia simuJ~tion option, the requir.ement is for both 
acceleration and deceleration. Mechanical inertia simulation shall be 
provided in 500 pound increments; electric inertia simulation shall be 

. provided in I pound increments. Any deviation from the stated inertia shall 
be quantified and the inertia simulation shall be corrected accordingly. 
Mechanical or electrical inertia simulation, or a combination of both, may be 
used, subject to review and approval by the state. 

(A) Diagnostic Level Simulation. 

l. Svstem Response. The torque response to a step change shall be 
at least 90D/o of the reguested change within 300 milliseconds. 

2. Simulation Error. An inertia simulation error (ISE) shall be 
continuously calculated any time the-actual dynamometer speed is 
between 10 MPH and 60 MPH. The ISE shall be calculated by the 
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equation in §85.3(a)(4)(ii)(C), and shall not exceed 3% of the 
inertia weight selected (IW s) for the vehicle under test. 

(B) Full Inertia Simulation. (Recommended.Option) 

1. System Response. The torque response to a step change shall be 
at least 90°/o of the requested change within 100 milliseconds after 
a step change is commanded by the dynamometer control system, 
and shall be within 2% of the commanded torque by 300 
milliseconds after the command is issued. Any overshoot of the 
commanded torque value shall not exceed 25% of the torque 
value. 

2. Simulation Error. An inertia simulation error (ISE) shall be 
continuously calculated any time the actual dynamometer speed is 
between 10 MPH and 60 MPH. The ISE shall be calculated by the 
equation in §85.3(a)(4}(ii)(C), and shall not.exceed 1% of the 
inertia weight selected (IW s) for the vehicle under test. 

(C) Inertia Simulation Error Calculation. 

ISE = [(IWs-It)/{IWs)J • 100 

It= Im + (~) J~ (Fm -Fri) dt 

Where: 
= Inertia Simulation Error 

= Inertia Weight Sele~ed 

ISE 

IWs 

It = Total inertia being simulated by the dynamometer 
(kg) 

It (lb force) = It (kg)• 2.2046 
. . . 

Im -- = Base (mechanical inertia of tlie dynamometer (kg) 

V = Measured roll speed (mis) 
Fm = Force measured by the load cell (translated to the roll 

surface) (N) 
FrI = Road load force (N) required by IlIP at the measure 

roll speed M . 
t = Time {sec) 

(5) Other Reguirements. 

(i) Vehicle Speed. The measurement of roll speed shall be accurate within 0.1 
mph over the full operating range. The dynamometer shall accommodate 
vehicle speeds of up to 60 mph. 

(ii) Vehicle Restraint. The vehicle shall be restrained during the driving cycle. 
The restraint system shall be designed to insure that vertical and horizontal 
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force on the drive wheels does not significantly affect emission levels. The 
restraint system shall allow unobstructed vehicle ingress and egress and shall 
be capable of safely restraining the vehicle under all reasonable operating 
conditions without damaging the suspension system. 

(iii) Vehicle Cooling: The test _system shall provide for a method to prevent 
overhearing of the vehicle. The test shall be conducted with the hood open 
and the cooling system activated when ambient temperature exceeds 72°F. 
The cooling method used shall direct air to the test vehicle's co0ling system. 
The cooling system capacity shall be at least3000 SCFM within 12 inches of 
the intake to the vehicle's cooling system. The cooling system shall avoid 

· improper cooling of the catalytic converter. 

(iv) Four-Wheel Drive. If used, four-wheel drive dynamometers shall insure the 
application of correct vehicle loading as defined in §85.3(a)(2), shall not 
damage the four wheel drive system of the vehicle, and shall accomodate 
vehicles equipped with anti-lock brakes and/or traction control. Front and 
rear wh~l rolls ·shall maintain speed synchronization ·within 0.2 mph. 

(v) Installation. Either in-floor or above ground installations of the dynamometer 
are acceptable. In all cases, installation must be performed so that the test 
vehicle is approximately level (:C5°) while on the dynamometer during 
testing. 

(vi) Aue:mented Braking. Dynamometers shall apply augmented braking on 
major decelerations during transient drive cycles, if such cycles are used in 
the program. The dynarnometer software shall provide a signal output to 
inform the operator when augmented braking is activated. 

(b) Emission Sampling System. 
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(1) The sampling system shall be designed to insure durable, leak free operation and be 
easily maintained. Materials that are in contact with the gases sampled shall not ... 
contaminate or change.the character of the gases to be analyzed, including gases 
from vehicles not fueled by gasoline (except diesels). The system shall be designed 
to be corrosion-resistant and be able to withstand typicaJ vehicle exhaust 
temperatures when the vehicle is driven through the ASM test cycle for 290 seconds. 

(2) The sampling system shall draw exhaust gas from the vehicle, shall remove 
particulate matter and aerosols ftom the sampled gas. sbaU drain condensed water 
from the sample if necessary. and shall deliver the resultant gas sample to the 
anaJyzerslse.niOl"s for analysis and then deliver the analyzed sample directly outside 
the building. The sampling systan shall. at a minimum, consist of a tailpipe probe, 
flexible sample line, water removal system, a partiaJlate trap. sample pump, and 
flow control components. 
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(3) Sample Probe. 

(i) Insertion. The sample probe shall allow at least a 16 inch insertion depth of 
the sample point into the vehicle's exhaust. In addition, the probe shall be 

· insened at least IO inches into the vehicle's exhaust. Use of a tailpipe 
tttension is permitted as long as the extension does not change the exhaust 
back pressure by more than ±1.0 inch of water pressure. 

(ii) RetentiQn. The p.robe shall incorporate a positive means of retention to 
prevent it from slipping out of the tailpipe during use. High through-put test 
systems may use alternative means to insure probe retention. 

(iii) Flexibility. The probe shall be designed so that the tip extends 16 inches into 
the tailpipe. The probe tip shall be shielded so that debris is not scooped up 
by the probe when it is insened into the tailpipe. High through-put test 
systems may use alternative means to insure adequate probe insertion . 

• 
(iv) Probe Tip. Probe tips shall be designed and constructed to prevent sample 

dilution. 

(v) Materials. All materials in contact with exhaust gas prior to and throughout 
the measurement portion of the system shall be unaffected by and shall not 
affect the sample (i.e., the materials shall not react with the sample, and they 
shall not taint the sample). Acceptable materials include stainless steel, 
Teflon, silicon rubber, and Tedlar. Dissimilar metals with thermal expansion 
factors of more than 5% shall not be used in either the construction of probes 
or connectors. The sample probe shall be constructed of stainless steel or 
other non-corrosive, non-reactive material which can withstand exhaust gas 
temperatures at the probe tip of up to 1:1oo_F for 10 minutes. 

(vi) System Hoses and Connections. Hoses and all other sample handling 
components must be constructed of, or plated with a non-reactive, non-
corrosive, high temperature material which will not affect, or be affected by, 
the exhaust constituents and tracer gases. 

(vii) -. Dual Exhaust. The sample system shall provide for the testing of dual 
exhaust equipped vehicles. When testing a vehicle with functional dual 
exhaust pipes, a dual sample probe of a design certified by the analyzer 
manufacturer to provide equal flow in each leg shall be used. The equal flow 
requirement is considered to be met if the flow rate in each leg of the probe 
has been measured under two sample pump flow rates (the normal rate and a 
rare equal to ihe onset of low flow), and if the flow rates in each of the legs 
are found 10 be equal to each other (Within 15% of the flow rate in the leg 

. having lower flow). 

(4) Paniculate Filter. The particulate filter shall be capable of trapping 97% of all 
particulate and aerosols 5 microns or larger. the filter element shall not absorb or 
adsorb hydrocarbons. The filter housing shall be transparent or translucent to allow 
the operator to observe the filter Clement's condition without removing the housing. 
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The filter element shall be easily replaceable and shall provide for reliable sealing 
after filter element changes. 

(5) Water Trap. The water trap shall be sized to remove exhaust. sample water from 
vehicles fueled with gasoline. propane, compressed natural gas, refo~ulated 
gasoline, alcohol blends or neat. and oxygenated fuels. The filter element. bowl and 
housing shall be inert to these fuels as weJJ as to the exhaust gases from vehicles 
burning these fuels. The condensed water shall be drained from the water trap's 
bowl either continuously or automatically on a periodic basis such that the following 
perfonnance requirement is maintained. Sufficient water shaU be trapped. regardless 

- of fuel, to prevent condensation in the sample system or in the optical bench's 
sample cell. 

(6) Low Flow Indication. The analyzer shall lock out official testing when the sample 
flow is below the acceptable level. The sampling system shall be equipped with a 
flow meter (or equivalent) that shall indicate sample flow degradation when 
measurement error exceeds 3% of the gas value used for checking, or causes the 
system response time to exceed 13 seconds to 90 percent of a step change in input 
(excluding NO), whichever is less. 

(7) Exhaust Ventilation System. The high quantities of vehicle emissions generated 
during loaded mode testing shall be properly vented to prevent buildup of hazardous 
concentrations of HC, CO, C02 and NOx. Sufficient ventil~tion shall be provided in 
the station to maintain HC, CO, C02 and NO levels below OSHA standards. 

(i) The ventilation system shall discharge the vehicle exhaust outside the 
building. 

(ii) The flow of the exhaust collection system shall not cause dilution of the 
exhaust at the sample point in the probe. 

(iii) The flow of the exhaust collection system shall not cause a change of more 
than ±1.0 inches of water pressure in the vehicle's eY.lnrust system at the 
exhaust system outlet. 

(c) Analytical Instruments. 

(I) General Requirements. 

(i) Measured Gases. The analyzer system shall consist of analyzers for HC, CO, 
NO, and C02, (02 optional) and digital displays for eXhaust concentrations 

of HC, CO. NO, and C02, and fCI" vehicle speed .. 

(ii) Emission Accuracy. The system shall ensure that the analytical 'system 
-, -~ , provides an accurate accounting of the actual exhaust emissions produced 

/ ~ <l / during the test, taking into consideration the individual channel accuracies, 
/, /~1 

(_ repeatabilities, interference effects, ~pie transport times, and analyzer 
~r \ Q f(i(1J"-W.~ ( response times. 

\ ~ ~ ( 
\., c 
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(iii) Sample Rate. The analyzer shall be capable of measuring exhaust 
concentrations of the gases specified in §85.3(cXI)(i) at a minimum rate of 
once per second. 

(iv) Alternative Eguipinent. Alternative analytic equipment specification, 
materials, designs, or detection methods may be allowed if proposed by a 
state and upon a determination by the Administrator, that for the purpose of 
properly conducting a test, 1he evidence supporting such deviations will not 
significantly affect the proper measurement of emissions. 

(2) - Performance Reguirements. 

(i) Temperature Operating Range. The analyzer system and all associated 
hardware shall operate within the performance specifications described in 
§85.3(c)(3) at ambient air temperatures ranging from 35_F to llO_F. 
AnaJyzers shall be designed so that adequate air flow is provided around 
critical components to prevent overheating (and autooiatic shutdown) and to 
prevent the condensation of water vapor which could reduce the reliability 
and durability of the analyzer. The analyzer system shall otherwise include 
necessary features to keep the sampling system within the specified range. 

(ii) Humidity Operating Range. The analyzer system and all associated hardware 
shall operate within ihe performance specifications described in §853(cX3) 
at a minimum of 85% relative humidity throughout the required temperature 
range. 

(iii) Interference Effects. The interference effects for non-interest gases shall not 
exceed ±4 ppm for hydrocarbons, ±0.02% for carbon monoxide, ±0.200/o for 
carbon dioxide, and ±20 ppm for nitric oxide when using the procedure 
specified in §85.4(d)(5Xiv). Corrections for collision-broadening effects of 
combined high CO and C02 concentrations shall be taken into account in 
developing the factory calibration curves, and are included in the accuracy 
specifications. ... · -

(iv) Barometric Pressure Compensation. Barometric pressure compensation shall 
be provided. Compensation shall be made for elevations up to 6000 feet 
(above m~ sea level). At any given altitude and ambient conditions 
specified in §85.3(cX2)(i) and (ii). enors due to barometric pressure changes 
of ±2 inches of mercury shall not exceed the accuracy limits specified in 
§85.3(c)(3). 

(v) S~stem Lockout During Warm-up. Functional operation of the gas sampling 
unit shall remain disabled through a system lockout until the instrument 
meets stability and warm~up requirements. The instrument shall be · 
considered "warm" when the zero and span readings for HC, CO, NO, and 
C02 have stabilized, Within the accuracy values specified in §85.3(cX3) for 
five minutes without adjustment. 
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(vi) Zero Drift Lockout. If zero or span drift cause the optical bench signal levels 
to move beyond the adjustment range of the analyzer, the system shall be 
locked out from testing: · 

(vii) EJectromagnetic Isolation and Interference. Electromagnetic signals found in 
an automotive service environment shall not cause malfunctions or changes 
in the accuracy in the electronics of the analyzer system. The instrument 
design shall ensure that readings do not vary as a result of electromagnetic 
radiation and induction devices normally found in the automotive service 
environment, including high energy vehicle ignition systems, radio frequency 
transmission radiation sources, and building electrical systems. 

(viii) Vibration and Shock Protection .. System operation shall be unaffected by the 
vibration and shock encountered under the normal operating conditions 
encountered in an automotive service environment. 

(ix) Propane Eguivalency Factor. The nominal PEF range.shall be between 0.490 
and 0.540. For each audit/calibration point, the nominal PEF sha11 be 
conveniently displayed for the quality assurance inspector and other 
authorized personnel. If an optical bench must be replaced in the field, any 
external labels shall be changed to correspond to the nominal PEF of the new 
bench. The analyzer shall incorporate an algorithm relating PEF t.o HC 
concentration. Corrections shall be made automatically. The corrected PEF 
value may cover the range of 0.470 to 0.560. 

(x) System Response Reguirements. The response time from the probe to the 
display for HC, CO, and C02 analyzers shall not exceed 8 seconds for 90% 
of a step change in input, nor shall it exceed 12 seconds to 95% of a step 
change in input. The response time for a step change in 02 from 20.90/o 02 
to 0.1 % 02 shall be no longer than 40 seconds. For NO analyzers, the 
response time shall not exceed 12 seconds for 90% of a step change in input. 
The response time for a step change in NO from a stfbilized reading to 10% 
of that reading shall be no longer than 12 seconds. 

(3) Detection Methods. Instrument Ranges. Accuracy. and Re,peatability. 

(i) Hydrocarbon Analysis. Hydrocarbon analysis shall b~ determined by non· 
dispersive infrared (NDil:l) analyzer. The analyzer shall cover at )east the 
range of 0 ppm HC to 9999 ppm HC, where ppm HC is parts per million of 
hydrocarbon volum·e as hexane. The accuracy of the instrument from 0.2000. 
ppm HC shall be %3% of point or 4 ppm C6, whichever is greater. The 
-accuracy of the instrument between 2001 ppm HC and .SOOO ppm HC shall be 
at least ±5% of point. The accuracy of the instrument between 5001 ppm He· 
and 9999 ppin HC shall be at leaSt ±10% of point. The instrument shall 
comply with the quality control specifications in §85.4(d). 

(ii) Carbon Monoxide Analysis. Carbon monoxide analysis shall be determined 
by non-dispersive infrared (NDIR) analyzer. The analyzer shall cover at Jeast" 
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the range of 0.00 % CO to 14.00% CO, where% CO is% vqlume CO. The 
accuracy of the instrument between 0.01 % and 10.00% CO shall be ::1:::3% of 
point or 0.02% CO, whichever is greater. The accuracy of the instrument 
between 10.01 % and 14.00% shall be at least ±5% of point. The instrument 
shall comply with the quality control specifications in §85.4(d). 

(iii) Carbon Dioxide AnaJysis. Carbon dioxide analysis shall be determined by 
non.dispersive infrared (NDIR) analyzer. The analyzer shall cover at least 
the range ofO.O % C02 to 18.0% C02. The accuracy of the instrument 
between 0.01% and 16.00% C02 shaU be ::1:::3% of point or 0.3% C02, 
whichever is greater. The accuracy of the instrument between 16.01% and 
18.00% shall be at least ::1:::5% of point. The instrument shall comply with the 
quality control specifications in §85.4(d). 

(iv) Nitric Oxide Analysis. The analyzer shall cover at least the range of O ppm 
NO to 5000 ppm NO, where ppm NO is parts per million nitric oxide. The 
accuracy of the instrument between 0 and 4000 ppm ~all be at least ::1:::4% of 
point or 25 ppm NO, whichever is greater. The accuracy of the instrument 
between 400 I and 5000 ppm shall be at 1 east ::1:::8% of point. The instrument 
shall comply with the quality control specifications in §85.4(d). 

(v) Oxygen Analysis. (optional) If an oxygen analyzer is included, the analyzer 
shall cover at least the range of 0.0% 02 to 25.0% 02. The accuracy of the 
instrument over this range shall be at least 5% of point or ::1:::0.1 % 02, 
whichever is greater. The instrument shall comply with the quality control 
specifications in §85.4(d). 

(vi) Repeatability. The repeatability for the HC analyzer in the range of 0-1400 
ppm HC shall be 2% of point or 3 ppm HC absolute, whichever is greater. In 
the range of 1400·2000 ppm HC, the repeatability shall be 3% of point The 
repeatability for the CO analyzer in the range of 0-7 .00% CO shall be 2% of 

. point or 0.0f% CO absolute, whichever is greater. Iq the range of 7.000/o to 
l 0 .00% CO, the repeatability shall be 3% of point. The repeatability for the 
C02 analyzer in the range of 0·10.0% C02 shall be 2% of point or 0.1% C02 
absolute, whichever is greater. In the range of 10.0o/o to 16.0% ~02, the 
repeatability shall be 3% of point. The repeatability of the NO analyzer shall 
be 3% of point or 20 ppm NO, whichever is greater. The repeatability of the 
02 analyzer shall be 3% of point or O.i% 02, whichever is greater. 

(vii} Rounding Rule. Rounding beyond the decimal places shown in §85.3(c)(3) 
shaU f ~low the standard mathematical practice of going to the next higher 
number for any numerica.I value of five or more. This shall also hold true for 
pass/fail decisions. For example, if 2.00-/o CO passes and 2.01% CO fails, 
and the reading is 2.0049%, the value shall be rounded down and the decision 
shall be a pass. If the reading is 2.0050, the value shall be rounded _up and 

.the.decision shall be a fail. The value displayed and printed on the test report 
shall be consistent with the value used for the pass/fail decision. 

712196 Test Equipmenl Sr>ecifications 



§85.3 

(4) 

f8S.3 

Ambient Conditions. The current relative humidity, dry-bulb temperature, and 
barometric pressure shall be measured and recorded prior to the start of every 
inspection in order to calculate Kb {nitric oxide correction factor §85. l(b)(I)(v)). 

(i) ReJative Humidity. The relative humidity measurement device shall cover 
the range from 5% to 95% RH, between 35_F - UO_F, with a minimum 
accuracy of::t:l-/o RH. Wet bulb thermometers shall not be used.· 

(ii) Drv-bulb Temperature. The dry-bulb temperature device shall cover the 
range from O_F - l~O_F with a minimum accuracy of 3_F. 

(iii) . Barometric Pressure. The barometric pressure measurement device shall 
cover the range from 610 mm Hg - 810 mm Hg absolute (24-32 inches), and 
35_F - 1 IO_F, with a minimum accuracy of::l:3% of point or better. 

(5) Engine Speed Detection. The analyzer shall utilize a tachometer capable of 
detecting engine speed in revolutions per minute (rpm) with a 0.5 second response 
time and an accuracy of±3% of the true rpm. Starting in 19§8, on vehicles equipped 
with onboard diagnostic (OBD) systems, the engine speed shall be taken by 
connecting to the SAE standardized OBD link on 1996 and newer vehicles. RPM 
readings shall be recorded on a second-by-second basis for the 1 O second period 
upon which the pass/fail basis is based. 

(6) OBD Fault Code Retrieval. Starting in 1998, the system shall include the hardware 
and software necessary to access the onboard computer systems on 1996 and newer 
vehicles, detennine OBD readiness, and recover stored fault codes using the SAE 
standardized link. 

(d) Automated Test Process Software and Displays. 
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(I) Software. The testing process, data collection, and quality control features of the 
analyzer system shall be automated to the greatest degree possible. The software 
shall automatically select the emission standards and set the ... vehicle load based on an 
EPA-provided or approved look-up table. Vehicle identification information shall be 
derived from a database accessed over a real-time data system to a host computer 
system. Entry oflicense plate and all or part of the VIN shall be sufficient to access 
the vehicle record. Provision shall be made for manual entry of data for vehicles not 
in the host computer system. 

(2) Test and mode timers. The analyzer shall be capable of simultaneously detennining 
the amount of time elapsed in a test (overall test time), and in~ mode within that test 
(mode time). 

(3) Clocks and Timers. The clock used to check the coast-down time shall be accurate 
to within 0.1% of reading between 0.5 and 100 seconds, with a resolution of0.001 
seconds. -The test mode timers used shall be accurate to within 0.1 % of reading 
between 10 and 1000 seconds with a resolution of 0.1 seconds. 
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(4) Driver's Aid. The system shall be equipped with a driver's aid that shall be clearly 
visible to the driver as the test is performed. The aid shall continuously display the 
required speed, the number of seconds into the test mode, the driver's actual 
speed/time performance (a display showing the deviation between set-point and 
actual driving tm:e}, engine RPM, the use of augmented braking, and necessary 
prompts and alerts. The driver's aid shall also be capable.of displaying test and 
equipment status and other messages as required. Dynamic infonnation being 
displayed shall be refreshed at a minimum rate of twice per second. Emissions 
values shall not be displayed during official testing. 

(5) Minimum Analyzer Display Resolution. The analyzer electronics shall have 
sufficient resolution to achieve the following: 

HC I ppm HC as hexane 

NO 1 ppm NO 

-CO 

C02 

02 

RPM 

Speed 

Load 

Relative Humidity 

Dry Bulb Temperature 

Barometric Pressure 

0.01 
0.1 

0.1 

10 

0.1 

0.1 

I 

I 

l 

%CO 

o/o C02 

% 02 (optional) 

RPM 

mph 

hp 

o/o RH 
F 

mm HG 
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§85.4 Quality Control Requirements 

(a) General Requirements 

(1) Minimums. The frequency and standards for quality control specified here are 
minimum requirements, unJess modified as specified in §85.4(aX2). Greater 
frequency or tighter standard·s may be used as needed. 

(2) Statistical Process Control. Reducing the frequency of the quality control checks, 
modifying the procedure or specification, or eliminating the quality control checks 

- altogether may be allowed if the state demonstrates and the Administrator 
determines, for the purpose of properly conducting an approved short test, that 
sufficient Statistical Process Control (SPC) data exist to make a determination, that 
the SPC data support such action, and that taking such action will not significantly 
reduce the quality of the emissions measurements. Should emission measurement 
performance or quality deteriorate as a result of allowing such actions, the approval 
sha!J be suspended and the frequencies, procedures specifications, or checks 
specified here or otherwise approved shall be reinstated, pending further 
determination by the Administrator. 

(b) Dynamometer 
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(1) Coast Down Check. 

(i) The calibration of each dynamometer shall be automatically checked every 
72 hours in low volume stations (less than 4000 tests per year) and daily in 
high volume stations by a dynamometer coast-down procedure equivalent to 
§86.118-78 (for reference see National Vehicle and Fuel Emission . 
Laboratory's Testing Services Division test procedure TP-302A and TP-202) 
between the speeds of 30-20 mph if the ASM2525 is used and 20-10 mph if 
the ASM5015 is used. All rotating dynamometer c0mponents shall be 
included in the coast-down check. Speed windows smaller than :I:: S mph may 
be used provided that they show the same calibratiOfl ·capabilities. 

(ii) The base dynamometer inertia (2000 pounds) shall be checked at two 
random horsepower settings for each speed range. The two random 
horsepower settings shall be between 8.0 and 18.0 horsepower. A shunt 
resistor for a load cell peiformance check shall not be used. 

(iii) The coast-down procedure shall use a vehicle off-dynamometer type method 
or equivalent. Using a vehicle to bring the dynamometer up to speed and 

. removing the vehicle before the coast-down shall not be permitted. If either 
the mca.sumf 30-20 mph coast-down time or 20-10 mph coast-down time is 
outside the window bounded by the Calculated Coast-Down Time (CCDT) 
(seconds) ::1:::7% then it shall be locked out for official testing purposes until 
re~Iibration allows a passing value. · 

(A) Randomly select an IlIP2525 value that is between 8.o hp and 18.0 hp 

and set dynarnometer PAU to this value. 
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Coast-down dynamorneter from 30-20 mph. 

(0.5 • DIW)• (V 2 _ V 2) 
. 32.2 30 20 

CCDT@ 25 mph = 550 • (lliP2525 + PLHP25) 

Where: 

DIW = Dyriamometer Inertia Weight. Total "inertia" 
weight of all rotating components in dynamometer. 

V30 = Velocity in feet/sec at 30 mph. 

V20 = Velocity in feet/sec at 20 mph. 

lliP2525 == Randomly selected ASM2525 indicated 

horsepower. 
• 

PLHP25 = Parasitic Horsepower for specific dynamometer at 
25 mph. 

(B) Randomly select an IHP5015 value that is between 8.0 hp and 18.0 hp 
and set dynamometer PAU to this value. 

Coast-down dynamometer from 20-10 mph. 

(
0.5 • DIW)• (V 2 V 2) 

- 32.2 - 20 - 10 
CCDT@ 15 mph= 550 * (lliPSOI5 + PLHP15) 

Where: 

DIW = Dynamometer Inertia Weight. Total "inertia" 
weight of all rotating compo~~nts in dynamometer . 

... 
V 20 = Velocity in feet/sec at 20 mph. 

V 10 = Velocity in feet/sec at 10 mph. 

nn>so1s z:: Randomly selected ASMSOIS indicated 

horsepower. 

PLHP1s = Parasitic Horsepower for specific dynamometer at 
15 mph. 

(2), Parasitic Value Calculations 

(i) Parasitic losses shall be calculated using the following equations at 25 and 15 
mph whenever~ coast-down check is performed. The indicated horsepower 
(IHP) shall be set to zero for these tests. This is only necessary if the coast­
down values do not verify in §85.4(b)(l)(iii) above. 
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(ii) Parasitic losses at 25 mph for a dynamometer with specified diameter roJJers. 

~0.5 • DIW)• (V 2 _ V 2)· 
l 32.2 . 30 20 

PLHP25 = 550 • (ACDT) 

Where: 

DlW - Dynamometer Inertia Weight. Total "inertia" 
weight of all rotating components in dynamometer. 

V 30 · = Velocity in feet/sec at 30 mph. 

v20 = Velocity in feet/sec at 20 mph. 

ACDT = Actual coast-down time required for dynamometer to 
coast from 30 to 20 mph. 

(iii) Parasitic losses at 15 mph for a dynamometer with specified diameter rollers. 

32.2 20 - 10 (
0.5 • DIW)• (V 2 ~ 2) 

PLHP15 = 550 • (ACDT) 

Where: 

DIW = Dynarnometer Inertia Weight. Total "inertia" 
weight of all rotating components in dynamometer. 

V 20 = Velocity in feet/sec at 20 mph. 

V 10 = Velocity in feet/sec at IO mph. 

ACDT = Actual coast-down time required for dynamometer to 
coast from 20 to l 0 mph. 

(3) Roll Speed. Roll speed and roll counts shall be checked at least once per week by an 
independent means (e.g .• photo tachometer). Deviations greater than :t:0.2 mph or a 
comparable tolerance in roll counts shall require corrective action. Alternatively, a 
redundant roll speed transducer independent of the primary transducer may be used 
in lieu of the weekly comparison. Accuracy of redundant systems shall be checked 
bimonthly. 

' 
(4) Load Measuring Device. lfthe dynamometer fails a coast-down check or requires a 

recalibration for any other reason, the load measuring device shall be checked using 
a dead-weight method or an equivalent procedure proposed by the state and 
approved by the Administrator. The check shall cover at least three points over the 
range of loads used for vehicle testing. pead weights shall be tracea~le to the 
Nati cm al Institute of Standards (NIST) and shall be accurate to within :O. l %. The 
dynamometer shall provide an automatic load measuring device caJibration and 
verification feature. 

(5) Acceptance Check. 
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(i) 

f85.4 

Load Cell Verification (if equipped). This test confirms the proper operation 
of the dynamometer load cell and associated systems. Weights in the proper 
range shaJI be supplied by the system supplier. Weights shaJI be NIST 
traceable to 0.1 % of point. · 

(A) Calibrate the load cell according to the manufacturer's direction. 

(B) Using a dead weight me.thod, load the test cell to 200/o, 4()0/o, 60%, and 
80% (in ascending order) of the range used for ASM testing. Record 
the readings for each weight. Reinove the weights in the same steps 
(descending order) and record the results. 

(C) Perform steps A through B two more times (total of three). Calculate 
the average value for each weight. Multiply each average weight from 
Eby the length of the torque arm. 

(D) Acceptance Criteria: The difference for each re.ading from the weight 
shall not exceed 1% of full scale. 

(ii) ·speedometer Verification. This test confirms the accuracy of the 
dynamometer's speedometer. 

(A) Set dynamometer speed to 15 mph. Independently measure and record 
dynarnometer speed. Repeat at 25 mph. 

(B) Acceptance Criteria: The difference for each reading from set 
dynamometer speed shall not exceed 0.2 mph. 

(iii) Parasitics Verification. Parasitic losses shall be calculated using the 
following equations at 25 and 15 mph . The indicated horsepower (IlIP) 
shall be set to zero for these tests. Using time versus speed data from the 
system, calculate PLHP for 25 mph and 15 mph. 

.. ... ... 
(A) Parasit"ic losses at 25 mph for a dynamometer with specified diameter 

rollers. 

Vt'bere: 

DIW 

(°·5 • DIW)• (V 2 V 2). 
32.2 30 - 20. 

= sso.• (CDT) 

= Dynamometer Inertia Weight. Total "inertia" 
weight of all rotating components in dynamometer. 

= _Velocity in feet/sec at 30 mph. 

== Velocity in feet/sec at 20 mph. 

= Coast-down time required for dynamometer io coast 
from 30 to 20 mph. 

712196 Quality Control Requirements 



§85.4 §85.4 

Pave 33 

(B) Parasitic losses at 15 mph for a dynarnometer with spec~fied diameter 
rollers. 

PLHP1s 

(°·5 • DIW)• (V 2 _ V 2) 
32.2 20 10 

= SSO •(CDT) 

Where: 

DIW = Dynamometer Inertia Weight Total "inertia" 
weight of all rotating components in dynamometer. 

V 20 - Velocity in feet/sec at 20 mph. 

V 10 = Velocity in feet/sec at 1 O mph. 

CDT = Coast-down time required for dynamometer to coast 
from 20 to IO mph. 

• 
(C) Acceptance Criteria: The difference between the externally calculated 

value and the machine calculated value shall not exceed 0.25 HP. 

(iv) Verify Coast-Down. The coast-down procedure shall use a vehicle off­
dynamometer type method or equivalent. Using a vehicle to bring the 
dynamometer up to speed and removing the vehicle before the coast-down 
shall not be permitted. 

(A) Randomly select an lliP2525 value that is between 8.0 hp and 18.0 hp 
and set dynamometer PAU to this value. 

Coast-down dyoamometer from 30-20 mph. 

CCDT@25 mph = 550 • (IHP2525 + PLHPis · ) 
- yy -yy 

(0.5 * DIW)• (V 2 _ V . 2) 
~ 32.2 - 30 20 

Where: 

DIW = Dynamometer Inertia Weight. Total "inertia" 
weight of all rotating components in dynamometer. 

V 30 = Velocity in fe.et/sec at 30 mph. 

V 20 = ·Velocity in feet/sec at 20 mph. 

IHP2S25 - Randomly selected ASM252S indicated 

horsepower. 

PLHP25 = Parasitic Horsepower for specific dynamometer at 
25 mph. 

(B) Randomly select an lliPSOI 5 value that is between 8.0 hp and 18.0 hp 
and set dynamometer PAU to this value. 

712196 Oualitv Control Reauirements 



§85.4 185.4 

Coast-down dynamometer from 20-10 mph. 

(°.5 • DIW)• (V 2 _ V 2) 
32.2 20 10 

CCDT@lS mph= 550. (lliPS0-15 + PLHP1s ) . . yy -yy 

Where: 

DIW = Dynarnometer Inertia Weight. Total •mertia• 
weight of all rotating components in dynamometer. 

V 20 = Velocity in feet/sec at 20 mph. 

V 10 = Velocity in feet/sec at IO mph. 

IHP5015 = Randomly selected ASM5015 indicated 

horsepower. 

PLHP15 = Parasitic Horsepower for spe·cific dynamometer at 
15 mph. 

(C) Acceptance Criteria: The measured 30-20 mph coast-down time and 
the 20-10 mph coast-down time must be inside the window bounded by 
CCDT (seconds)± 7%. 

(c) Emission Sampling System. 
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(I) Leak Check.. The entire sample system shall be checked for vacuum lea.ks on a daily 
basis and proper flow on a continuous basis. This may be accomplished using a 
vacuum decay method, reading a span gas, or other methods proposed by a state and 
a~proved by the Administrator. The analyzer shall not allow an error of more than 
1 % of reading using the high-range span gas described in §85.4(d)(2)(iii)(C). The 
analyzer shall be locked out from testing if the leak check is not performed when due 
or fails to pass the check. 

(2) Dilution. The flow rate on the analyzer shall not cause more than 10% dilution 
during sampling of exhaust of a 1.6 liter engine a normal idle. Ten-percent dilution 
is defined as a sample of 900/o exhaust and H1'/o ambient air. 

(3) Dilution Acceptance Test. 

(i) Set vehicle wi1h 1.6 liter maximum engine displacement at factory -
recommended idle speed, OEM configuration exhaust system, transmission in 
neutral, hood up (a fan to cool the engine may be used if needed). Set idle 
speed not to exceed 920 RPM. (Set for 900 RPM with a tolerance% 20 
,RPM.) .. 

(ii) With a laboratory grade analyzer system, sample the exhaust at 40 
centimeters depth with a flow sample rate below 320 liters per hour. Allow 
sufficient time for this test. Record all HC, CO, NO, C02. and 02 readings. 
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(iii) 

(iv) 

(v) 

f8S.4 

A chart recorder or electronically stored data may be used to detect the point 
of stable readings. 

While orerating the candidate analyzer system in a mode which has the same 
flow rate as the official test mode, record the levels of HC, CO, NO, C02, 

and 02. Ensure that the probe is installed correctly. · 

Repeat step (ii). 

Acceptana Criteria: If the difference of the readings between (ii) and (iv) 
exceed five percent of the average of (ii) and (iv), repeat (ii), (iii), and (iv); 
otherwise average (ii) and (iv) and compare with (iii). If (iii) is within 10 
percent of the average of (ii) and (iv). then the equipment meets the dilution 
specification. 

(d) Analytic Instruments. 
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(1) General Requirements. The analyzer shall, to the extent possible, maintain accuracy 
between gas calibrations taking into account all errors, including noise, repeatability, 
drift, linearity, temperature, and barometric pressure. 

(2) Two-Point Gas Ca1ibration and Low-Range Audit . 

(i) Analyzers shall automatically require a zero gas calibration and a high-range 
gas calibration for HC, CO, NO, and C02. The system shall also use a low­
range gas to check the calibration in the range.of vehicle emission standards. 
In high volume stations (4000 or more tests per year), analyzers shall be 
calibrated within four hours before each test. In low volume stations (below 
4000 tests per year). analyzers shall be calibrated within 72 hours before each 
test. If the system does not calibrate or is not calibrated, the analyzer shall 
lock out from testing until corrective action is taken. 

(ii) Gas Calibration and Check Procedure. Gas calibration -shall be accomplished 
by introducing span gases that meet the r:equirements of 85 .4(d)(2)(iii) into 
the calibration port The pressur.e in the sample cell shall be the same with 
the calibration gas flowing as with the sample flowing during testing. The 
analyzer channels shall be Adjusted to the center of the allowable tolerance 
range as a result of the calibration. The system shall record the gas reading 

· data from before the adjustment and other data pertinent to control charting 
analyzer performance. 

(A) ~o the analyzer and perform a leak check. 

(B) Calibrate the analyzer usirig the high·range caJibration gas specified in . 
§85 .4( d)(2 )(iii). . 

(C) Introduce the low·range check gas specified in §85.4(d)(2}(iii). If the 
low·range check gas readings differ from the label v.alue by more than 
±2%, the analyzer shall be locked out from testing. 
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(iii) The following gases shall be used for the 2-point calibration and low-range 
audit. 

(A) Zero Gas 
02 = 20.7% 
HC < 1 ppm THC 
co < 1 ppm 
C02 < 400ppm 
NO < 1 ppm 
Ni >= Balance 99.99 % pure 

(B) Low-Range Audit Gas 
HC = zoo ppm propane 
co = 0.5% 
COi = 6.0% 
NO = 300 ppm 
N2 = Balance 99.99 % pure 

(C) High-Range Calibration Gas 
HC = 3200 ppm propane 
co = 8.0% 
C02 = 12.0% 

NO = 3000 ppm 
N1 ·- Balance 99.99 % pure 

(iv) Traceability. The audit and span gases used for the gas caJibration shall be 
traceable to National Institute of Standards and Technology (NISn standards 
± l %. Gases shall have a zero blend tolerance. Stations that use large 
capacity gas bottles (size B or larger) and that provide a quality control check 
to insure proper entry of gas values, may use gases with a blend tolerance of 
up to 5%. Gases with a 5% blend tolerance may also be used by any station 
if the analyzer system reads the bar-coded caJibration--gas bottle specifications 
and adjusts the calibration accordingly. · 

(3) Five-Point Calibration Audit. 

(i) Analyzers ·shall automatically require and successfully pass a five point~ 
audit for HC, CO, NO, and C02. For high volume stations, audits shall be 
checked monthly. In low volume stations, analyzers shall undergo the audit 
proc.edure every six months. 

(ii) Gas Audit Procedure. Calibration auditing shall be accomplished by 
introducing audit gas through the probe. The pressure in the sample cell shall 
be the same with the audit gas flowing as with the sample flowing during 
testing.· 

(A) Zero the analyzer and perform a leak check. 
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(B) Flow the low range audit gas specified in §85.4(dX3Xiii) through the 
sampJe probe, ensuring that the tip is equal to ambient barometric 
pressure %0.1 inches Hg (a balloon teed into the gas flow line is an 
acceptable pressure indicator; the balloon shouJd stand slightly erect). 

(C) When the HC. CO, NO, and C02 readings have stabilized (no less than 
20 seconds of gas flow) Tecord them as weJJ as the PEF value at each 
audit blend. 

(D) Repeat steps B and C for each audit gas specified in §85.4(d)(3)(iii). 

(E) Compare the readings with the audit gas values. Divide the HC reading 
by its PEF using the following relationship: 

T 1 
o/c • (Reading - Cylinder Value) 

o erance o = 100 CyJjnder Value 

(F) If the tolerance exceeds :1:4.0% for CO, C02, and HC/PEF, or ±5.0% for 
NO, then the analyzer shall fail the gas audit and shall be locked out 
from testing until it passes. 

(iii) The following gases shall be-used for the five-point calibration audit. 

(A) Zero Audit Gas_ 
02 = 20.7% (if 02 span is desired) 
HC < 0.1 ppm THC 
co < 0.5 ppm 
C02 -< 1 ppm 
NO < 0.1 ppm 
N2 = Balance 99.99 % pure 

(B) Low Range Audit Gas 
HC = 200 ppm propane 
co = 0.5% 
C02 = 6.0% 
NO = 300 ppm 
N2 = Balance 99.99 % pure 

(C) Low-Middle Range Audit Gas 
HC = 960 ppm propane 
co = 2.4% 
C()i = 3.6% 
NO = 900ppm 
Ni ~ Balance 99.99 % pure 

(D) High-Middle Range Audit Gas 
HC = 1920 ppm propane 
co = 4.8%" 
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C02 = 
NO = 
N2 = 

7.2% 
1800 ppm 
Balance 99.99 % pure 

(E) High Range Audit Gas 
HC = 3200 ppm propane 
co = 8.0% 
C02 = 12.0% 
NO = 3000ppm 
N2 = Balance 99.99 % pure 

f8S.4 

(iv) Traceability. The gases used for the audit shall be traceable to National 
Institute of Standards and Technology (NIST) standards ±1%. Gases shall 
have a zero blend tolerance. · 

(4) Service. Repair and Modification. 

(i) Each time an analyzer's emissions measurement system, sensor, or other 
related electronic components are repaired or replaced, the calibration audit 
required in §85.4(d)(3) shall be performed, at a minimum, prior to returning 
the unit to serv1ce. 

(ii) Each time the sample line integrity is broken, a leak check shall be performed 
prior to testing. 

(5) Acceptance Testing. 

(i) Analyzer accuracy. This test confirms the ability of the candidate instruments 
to read various concentrations of gases within the tolerances required by this 
specification. The test compares the response of the candidate instrument 
with that of standard instruments, and also estimates the uncertainty of the 
readings. 

The analyzer shall be zeroed and gas calibrated using the high-range 
calibration gas. The instrument shall be tested using propane, carbon 
monoxide, carbon dioxide, and nitric oxide in nitrogen, with a certified 
accuracy of ±1%, in the following concentrations: 0%1, 100/o, 20%, 30%, 40%, 
S 0%, 60%, 70%, 80%, 900.4 of full Scale for the analyzers. Full scale is 
defined in §85.3(c)(3). · 

{A) fatroduce the gases in ascending order of concentrations beginning with 
the zero gu. Record the readings of the standard and candidate 
instruments to each concentration value. 

(B) After the highest concentration' has been introduced and recorded,· 
introduce the same gases to the standard and candidate analy~ in · 
descending order, including the zero gas. Record the reading of 
analyzers to each gas, including negatives (if any). 
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(C) Repeat steps A and B for the candidate only, four more.times (total of 
five times). 

(D) Calculations: 

1. Calculate the average value of each concentration for the 
readings of the standard instruments. 

2. Calculate the mean and standard deviation of each candidate's 
readings for each concentration. Include both upscale and 
downscale readings for the same gas concentration. (All 
calculations may not be possible for zero concentrations.) 

3. For each concentration, calculate the difference between the 
candidate mean and the standard average. 

4. For each concentration, compute the follQJNing: 
(i) YI= x + Ksd 

(ii) Y2 = x - Ksd 

-Where 

Ksd =std dev • 3.5 for zero and the highest concentration 

value 
Ksd =std dev • 2.5 for all other concentration values 

x =mean (arithmetic average) of the set of candidate readings. 

5. Compute the uncertainty (U) of the calibration curve for each 
concentration as follows: 
(i) U 1 = concentration vafue - YI 

(ii) U2 =concentration value·- Y2 

6. · Acceptance Criteria: 

(a) For each concentration. the differences calculated in Step 3 
shall be no greater than the accuracy tolerances specified in 
§85.3(c)(3) for each instrument 

(b) For each concentration, the uncertainties, (U} and U2) shall 
be no greater than the accuracy tolerances required in 
§85.J(c)(3). 

. . 

(J.i) Analyzer System Repeatability. This test characterizes the ability of the 
instrument to give consistent readings when repeatedly sampling the same 
gas concentration . 

. (A) Using an 80% full scale gas, introduce the gas thrqugh the calibration 
port. Record the readings. 
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(B) Purge with ambient air for at least 30 seconds but no more than 60 
seconds. 

(C) Repeat steps A and B above four more times. 

flS.4 

(D) Repeat steps A, B> and C, introducing the gas through the sample-probe. 

(E) Acceptance Criteria: The differences between the highest and lowest 
readings from both ports shall not exceed the values specified in 
§85.3(cX3)(vi). 

(iii) . Analyzer System Response Time. This test determines the speed of response 
of the candidate instrument when a sample is introduced at the sample probe. 

(A) Gas calibrate the candidate instrument per the manufacturer's 
instructions. 

(B) Using a solenoid valve or equivalent selector system, remotely 
introduce an 800/o full scale gas to the probe. The gas pressure at the 
entrance to the probe shall be equal to room ambient. 

(C) Measure the elapsed time required for the instrument display to read . 
90% and 95% of the fin~l stabilized reading for HC, CO, C02 and NO. 
(Optional: Also, measure the time required for the 02 analyzer to read 
0.1 % 02). Alternatively the bench outputs may be recorded against a 
time base to determine the response time. Record all times in seconds. 

(D) Switch the solenoid valve to purge with zero air for at least 40 seconds 
but no more than 60 seconds. 

(E) Measure the elapsed time required for the NO instrument display to read 
10% of the stabilized reading in Step C. 

... 
(F) Repeat steps ~ B, and C, two more times (total three times) . 

. (G) Acceptance Criteria: The response (drop time for 02 and NO; rise time 
for HC, CO, C02 and NO) times shall meet the requirement specified in 
§85.3(c)(2)(x). The response. time shall also be within ±1 sec:Ond of the 
nominal response time suppJied by the equipment supplier for use in 
§85.S(b)(S). 

(iv) Analyzer Interference Effects. The following acceptance test procedure shall 
bepe1fonned at45_F9 75_F. and IOS_F conditions, except as noted. 

(A) Zero and span the instrument. 
l 

(B) Sai:iple the following gases for at least one minute. Record the 
response of each channel to the presence of these gases. · 
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1. 16% Carbon Dioxide in Nitrogen. 

2. 1600 ppm Hexane in Nitrogen. 

3. 10% Carbon· Monoxide in Nitrogen. 

4. 3000 ppm Nitric Oxide in Nitrogen. 

S. 75 ppm Sulfur Dioxide (S02) in Nitrogen. 

6. 75 ppm Hydrogen Sulfide (H2S) in Nitrogen. 

(C) Water-Saturated Hot Air. Water-saturated hot air shall be drawn 
through the probe from the top of a sealed vessel partially filled with 
water through which ambient air will be bubbled. The water shall be 
maintained at a temperature of 122_F :2: 9 _F. This test shall be 
performed at only the 75_F. and I05_F conditions. 

(D) Acceptance Criteria: The interference effects shall not exceed the limits 
specified in §85.3(c)(2)(iii). 

(v) Electromagnetic Isolation and Interference. This test shall measure the ability 
of the candidate instrument to withstand electromagnetic fields which could 
exist in vehicle testing and repair facilities. For all tests described below, 
sample "Low-Middle Range Audit Gas" specified in §85.4(d)(3)(iii)(C), at 
atmospheric pressure, through the sample probe. Record analyzer reading 
during test periods. 

(A) Radio Frequency Interference Test. 

I. Use a test vehicle with an engine having a high energy ignition 
system (or equivalent), a solid core coil wire and a 3/8" air gap. 
Leave engine off. 

2. Locate the candidate.instrument within 5 feet of the ignition coil. 
Gas calibrate the candidate instrument. 

3. Sample gas specified above. Wait 20 seconds, and record 
analyzer readings. 

4. Start engine. With the hood open and gas flowing to the 
analyzer, cycle the engine from idle through 25 mph on the 
dynamometer at ASM loads and record the analyzer. readings. 

5. Relocate the instrumeDt to within 6 inches of one side of the 
vehicle near the engine compartment. Follow procedure 
described in st.cp 4 and record analyzer readings, 

6. Relocate the instrument to within 6 inches of the other side of the 
vehicle near the engine compartment:· Follow procedure 
described in step 4 and record analyzer readings. 
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Acceptance Criteria: The analyzer readings shall deviate no 
more than 0.5% full scale. 

(B) Induction Field Test. Use a variable speed (commutator type) hand drill 
having a plastic housing and rated at 3 amps or more. While the 
analyzer is sampling the gas. vary the drill speed from zero to maximum 
while moving from the front to the sides of the instrument at various 
heights. 

Acceptance Criteria: The analyzer readings shall deviate no more than 
0.5% full scale. 

(C) Line Interference Test. Plug the drill used in part B above into one 
outlet of a #16-3 wire extension cord approximately 20 feet long. 
Connect. the instrument into the other outlet of the extension cord. 
Repeat part B above. 

• 
Acceptance Criteria: The analyzer readings shall deviate no more than 
0.5% full scale. 

(D) VHF Band Frequency Interference Test. Locate both a citizens ban 
radio (CB), with output equivalent to FCC legal maximum. and a 
highway patrol transmitter (or equivalent) within 50 feet of the 
instrument. While the analyzer is sampling the gas, press and release 
transmit button of the both radios several times. 

Acceptance Criteria: The analyzer readings shall deviate no more than 
0.5% full scale. 

(E) Ambient Conditions Instruments. Upon installation and every six 
months thereafter, the performance of the ambient conditions 
instruments shall be cross checked against a master weather station. 

Acceptance Criteria: The individual instruments shall be within the 
tolerance specified in §85.3(c)(4). 
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§85.5 Test Record Information 

The following information shall be collected for each test performed (both passing and 
.failing tests), recorded in electronic form, and made available to EPA upon request. 

(a) General Information. 

(1) Test Record Number 
(2) Inspection station and inspector numbers 
(3) Test system number 
(4) Dynamometer site 
(5) - Date of test 
(6) Emission test start time and the time final emission scores are determined. 
(7) Vehicle identification number 
(8) License plate number 
(9) Test certificate number 
(IO) Vehicle model year, make, and type 
( 11) Number of cylinders or engine displacement 
(12) Transmission type 
(13) Odometer reading 
{14) Type of test pe~ormed (i.e., initial test, first retest, or subsequent retest) 

(b) Ambient Test Conditions. 

(1) Relative humidity(%) 
(2) Dry·bulb temperature L_F). 
(3) Atmospheric pressure (mm Hg) 
(4) NO correction factor. 
(5) Nominal response time for each instrument {Transport+ T90) 

(c) ASM Mode or Modes. The foJJowing information shall be captured separately for each test 
mode (ASM5015 and/or ASM2525} performed .. 

(1) Final HC running average (AvgHC) (ppm) 
(2) Final CO running average (AvgCO) (%) 
(3) Final NO running average (AvgNO) (ppm) 
( 4) Total horsepower used to set the dynamometer (THP5015) (hp) 
(5) Engine RPM running average corresponding to the final test score 
(6) Dilution correction factor (DCF) 

(d) Diagnostic/Quality Assurance Information. 

Page 43 

(1) Test time (seconds) 
(2) Mode time (seconds) 
(3) Vehicle speed (mph) for each second of the test 
(4) Engine RPM for each second of the test 
(5) Dyn.amometer load (pounds) for each second of the test 
(6) HC concentration (ppm) for each second of the test, not corrected for dilution 
(7) CO concentration (O/o) for each second of the test, not corrected for dilution 
(8) NO concentration (ppm) corrected for humidity for each second of the test, not 

corrected for dilution 

712196 Test Record Information 
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(9) C02 concentration(%) for each second of the test 
(10) 02 concentration(%) for each second of the test (optional) 
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In trod u ct ion 

This document is the successor to the April 1994 version of "High-Tech I/M Test Procedures, 

Emission Standards, Quality Control Requirements, and EquipmentSpecifications." It iricorpora:tes 

changes discussed by the l/M Test Committee since April 1994 and thus includes the latest standards 

and procedures recommended for IM240 testing. Several major additions and changes have been 

made. The draft supplemental technical guidance dynamorneter specifications that were issued in 

August of I 994 under separate cover are now incorporated, with changes discussed in Committee, 

into this ,document This version also includes the standards for fast-passing vehicles and for heavy­

duty vehicles; fast-fail references have been deleted. This version includ.es the evaporative system 

pressure tests, including the gas cap pressure test, the fuel inlet pressure test, and the canister end 

pressure test Final!)-, this version incorporates the recommended reporting format for vehicles that 

fail the IM240 Many other smaller changes were made to the document as well. 
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§85.2205 Test Standards 

(a) IM240 Emission Standards 

(1) Two Ways to Pass.Standards. If the corrected, composite emission rates calculated 
in §85.2205(b) exceed standards for any exhaust.component, additional analysis of 
test results shall look at the second phase of the driving cycle separately. Phase 2 
shall include second 94 through second 239. Second-by-second emission rates in 
grams, a.nd composite emission rates in grams per mile for Phase 2 and for the entire 
test shall be recorded for each gas. For any given exhaust component, if the 
composite emission level is equal to or below the composite standard or if the·Phase 
2 grams per mile emission level is equal to or below the applicable Phase 2 
standard, then the vehicle shall pass the test for that exhaust component. 

(2) Start-up Standards. Stan-up standards should be used during the first two years of 
program operation. Tier I standards are recommended for 1996 and newer vehicles · 
and may be used for 1994. and newefvehicles certified to Tier I. standards. The 
following exhaust emissions standards, in grams per mile, afe recommended: 

(i) Lieht Duty Vehicles. 

Model Yea[S ·. Hvdrocarnons Carbon Monm.;de Qxides of Nitmgen 
Composite Phase 2 Composite Phase 2 Composite Phase 2 

1994+ Tier I 0.80 0.50 15.0 12.-0 2.0 . 2.0 

1991-1995 l.20 0.75 20.0 16:0 2.5 .. 2.5 

1983-1990 2.00 1.25 30.0 24.0 3.0 3.0 
1981-1982' 2.00 1.25 60.0 48.0 3.0 3.0 
1980 2.00 1.2.5 60.0 48.0 6.0 6.0 
] 977-1979 7.50 5.00 90.0 72.0 6.0 6.0 
1975-1976 7.50 5.00 90.0 72.0 9.0 9.0 
1973-1974 - 10.0 6.00 150 120 9.0 9.0 
1968-1972 10.0 6.00 150 12.0 10.0 10.0 

(ii) HiQh-Altitude Light Duty Vehicles. 

Model Years- H}'.drocarbons Carbon Monoxide Oxides of Nitrogen 
Composite Phase 2 Composite Phase 2 Composite Phase 2 

1983-1984 . 2.00 1-25 60.0 48.0 3~0 3.0 
1982 2.00 1.25 75.0 60.0 3.0 3.0 

(iii) Light Duty Trucks 1 Oess than 6000 pounds GVWR). 

Model Years Hvdrocarbons 
Composite Phase 2 

1994+ Tier 1 
~3750 LVW) 0.80 
(>3750 LVW) 1.00 

1991-1995 2.40 

Standards .I Calculations 

0.50 
0.63 
1.50 

Carbon Monoxide 
Composite .Phase 2 
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Qxides of Nitrogen ~ 

Composite .. Phase 2 

2.0 2.0 
2.5 . - 2.5 
3.0 3.0 
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1988-1990 3.20 - 2.00 80.0 64.0 3.5 3.5 
1984-1987 3.20 -2.00. 80.0 64.0 7.0 7.0 
1979-1983 7.50 5.00 100 80.0 7.0 7.0. 
1975-1978 8.00 ·s.oo 120 96.0 9.0 9.0 
1973-1974 10.0 6.00 150 120 9.0 9.0 
1968-1972 10.0 6.00 150 120 10.0 10.0 

(iv) Hil!h-Altitude Light Duty Trucks 1 Oess than 6000 pounds GVWR). 

Model Years Hvdrocarbons Carbon Monoxide Oxides of Nitrogen 
Composite Phase 2 Composite Phase 2 Composite Phase 2 

1991+ 3.00 2.00 70.0 56.0 3.0 3.0 
1988-1990 4.00 2.50 90.0 72.0 3.5 3.5 
1984-) 987 4_00 2.50 90_0 72.0 7.0 7.0 
1982-l 983 8.00 5_.oo 130 104 7.0 7.0 

• (v) Li 1:1:ht J?utv Trucks 2 (greater than 6000 pounds GVWR). 

Model Years Hvdrocarbons Carbon Monoxide Oxides of Nitrogen 

- ' Composite Phase- 2 Composite Phase 2 Composite Phase 2 
1994+ Tie~"1' 
~5750 LV\V) 1.00 _0.63 20.0 16.0 2.5 2.5 
(>5 750 L VW) 2.40 1.50 60.0 48.0 4.0 4:0 

199t-1995 2.40 I.50 60.0 48.0 4.5 4.5 
1988-1990 . 3.20 2.00 80.0 64.0 5 . .0 5.Q 
1984-1987 _. 3.20 ' - 2.00 . 80.0 64.0 7.0 7.0 
1979-1983 7.50 5.00 100 80.0 7.0 1.0 r 

1975-1978 8.00 - 5.00 120 96.0 9.0 9.0 
1973-1974 10.0 6.00 150 120 9.0 9.0 
1968-1972 .. · ·10.0 6.00 150 120 10.0 ro.o 

(vi) Hi1:1:h-Altitude Light Duty Trucks 2 {greater than 6000 pounds GVWR). 

Model Years Hvdmcarbons Carbon Monoxide --oxides of Nitrogen 
Composite Phase 2 Composite Phase 2 Composite Phase 2 

1991+ 3.00 2:00 70.0 56.0 4.5 4.5 . -
1988-1990 4.00 - 2.50 90.0 72.0 5.0 5.0 
1984-1987 -4.00. 2.50 90.0 72.0 7.0 7.0 
1982-1983 ~ .. '8.00 5.00 130 104 7.0 7.0 

(vii) Heayy;.Duty Trucks (greater than 8500 pounds GVWR): 

Model Years Hydrycarbons 
· Composite Phase 2 

Carbon Monoxide 
Composite Phase 2 

Oxides of Nitrogen 
Composite Phase 2 

• The hea,·y-duty truck standards provi_ded herc were calculated using new vehicle certification standards and have not 
be subjected to field testing. This documen1 provides no other guidance on heavy duty truck testing. Thus. anyone 
interested in perfonning IM240 tests on heavy-duty trucks should proceed with appropriate caution 

Standards I Calculations Page3 
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1998+ 2.00 "1.30 30.0 24.0 4.0 4.0 
1991-1997 3.00 1.90 60.0 48.0 6.0 6.0 
1987-1990 3.00 1.90 60.0 48.0 8.0 8.0 
1985-1986 5.00 3.10 75.0 60.0 8.0 8.0 
1979-1984 6.00 3.80 100.0 80.0 8.0 8.0 
1974-1978 10.0 6.30 150.0 120.0 10.0 10.0 
1970-1973 10.0 6.30 175.0 

-

140.0 10.0 10.0 
pre-1970 20.0 12.50 200.0 160.0 15.0 15.0 

(3) Final Standards. The following exhaust emissions standards, in grams per mile, are 
recommended for vehicles tested in the calendar years 1997 and later. Tier 1 
standards are recommended for all 1996 and newer vehicles but may be used for 
1984 and newer vehicles. 

(i) Light Dutv Vehicles. 

Model Ye;irs Hvdrocarbons Carbon Monoxide Oxides of Nitrogen 
Composite Phase 2 Composite Phase 2 Oomposite Phase 2 

1994+ Tier I 0.60 0.40 10.0 8.0 1.5 1.5 
1983-1995 0.80 0.50 15.0 12.0 2.0 2.0 
1Q81-1982 0.80 0.50 30.0 24.0 . 2.0 2.0 
1980 0.80 0.50 30.0 24.0 4.0 4.0 
1977-1979 3.00 2.00 65.0 52.0 4.0 4.0 
1975-1976 3.00 2.00 65.0 52.0 6.0 6.0 
1973-1974 7.00 4.50 120 96.0 . 6.0 6.0 
1968-1972 7.00 4.50 120 96.0 7.0 7.0 

(ii) Hi eh-Altitude Light Duzy Vehicles. 

Model Years Hvdrocarbons Carl>on Monoxide Oxides of Nitrogen 
Composite Phase 2 Composite Phase 2 Composite Phase 2 

1983-1984 1.20 0.75 . 30.0 24.0 2.0 2.0 
1982 1.20 0.75 45.0 "36.0 2.0 2.0 

(iii) Lieht"Duty Trucks I Qess than 6000 pounds GVWR). 

"•J -·: ~ -

.. · .:·- __ -

Model Years Hydro!;:arbons Carbon Monoxide Oxides of Nitrogen 
. . /_ 

Composite Phase 2 Composite Phase 2 Composite P~ 2 
1994+ Tier I 
~3 750 L VW). 0.60 0.40 10.0 8.0 1.5 1.5 
(>3750 LVW) 0.80 0.50 13.0 10.0 LS 1.8 

· 198.8-1995 1.60 1.00 .. 40.0 32.0 2.5 2.5 
1984-1987 l.60 1.00 40.0 32.0. 4.5 4.5 
1979-1983 3.40 2.00 70.0 56;0 4.5 4.5 
1975-1978 4.00 2.50 80.0 "64.0 6.0 6.0 
1973-1974 7.00 4.50 120 96.0. 6.0 6~0 
1968-1972 7.00 4.50 120 96.0 7.0 7.0 
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(iv) . High-Altitude Light Duty Trucks 1 Oess than 6000 pounds GVWR). 

Model Years Hvdrocarbons Carbon Monoxide OXides of Nitrogen 
Composite . Phase 2 Composite Phase 2 Composite Phase 2 

1988..;- 2.00 1.25 60.0 48.0 2.5 2.5 
1984-1987 2.00 1.25 60.0 48.0 4.5 4.5 
1982-1983 4.00 2.50 90.0 72.0 4.5 4.5 

(v) Li e:ht Duty Trucks 2 (greater than 6000 pounds GVWR). 

Model Years Hvdrocarbons Carbon Monoxide Oxides of Nitrogen 
Composite Phase 2 Composite Phase 2 Composite Phase 2 

1994+ Tier 1 
t;:5750 LVW) 0.80 0.50 13.0 10.0 1.8 1.8 
(>5750 L VV.l) 0.80 0.50 15.0 12.0 2.0 2.0 

1988-1995 l.60 1.00 40.0 32.0 3.5 3.5 
1984-1987 1.60 1.00 40.0 32.0 • 4.5 4.5 
1979-1983 3.40 2.00 70.0 56.0 4.5 4.5 
1975-1978 4.00 2.50 80.0 64.0 6.0 6.0 
1973-1974 7.00 4.50 120 96.0 6.0 6.0 
1968-1972 "· 7,.00 4.50 120 96.0 7.0 7.0 

( \'i) Hie:h-Altitude Light Duty Trucks 2 (e:reater than 6000 pounds GVWR). 

Model Years Hydrocarbons Carbon Monoxide . Oxides of Nitrogea 
Composite Phase 2 Composite Phase 2 · Composite Phase 2 

1988+ ·2.00 1.25 60.0 -48.0 3.5 3.5 
1984-1987 - 2.00 L25 60.0 48.0 4.5 4.5 

. 1982-1983 . 4.00 ·2.50 90.0 72.0 4.5 4.5 

(\'ii) Heavy-Duty Trucks (greater than 8500 pounds GVWR). 

Model Years . · Hvdrocarbons Carbon Monoxide Oxides of Nitrogen 
Composite Phase 2 Composite Phase 2 Composite Phase 2 

1998+ 2.00 1.30 30.0 24.0 ·4_0 4.0 
1991-1997 . '2.00 1.30 40.0 32.0" 5.0 5.0 
1987-1990 ~.~O 1.30 40.0 32.0 6.0 6.0 
1985-1986 3.00 1.90 50.0 40.0 6.0 6.0 
1979-1984 5.00 . 3.10 75.0 60.0 6.0 6.0 
1974-1978 10.0 . 6.30 150.0 120.0 10.0 10.0 
1970-1973 10.0 6.30 175.0 140.0 10.0 10.0 

. pre-1970 20,0 12.50 200.0 160.0 15.0 15.0. 
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Fast-Pass. Vehicles may be fast-passed using the following aJgorithm. Fast-pass -
shall only be used when more than one vehicle is waiting in the queue for a test. 

(i) Beginning at second 30 of the driving cycle, cumulative second-by"-second 
emission levels for each second, caJculated from the start of the cycle in 
grams, shall be compared to the cumulative fast-pass emission standards for 
the second under consideration. For exhaust components subject to Phase 2 
standards, cumulative second-by-second emission levels calculated from 
second 109 forward in grams shall be compared to cumulative second-by­
second fast-pass Phase 2 emission standards for the second under 
consideration. 

(ii) A vehicle shall pass the IM240 for a given exhaust component if either of 
the _following conditions occur: 

(A) cumulative emissions of the exhaust component for the full 
driving cycle are below the full cycle fa~t-pass standard for the. 

- second under consideration; or, 

(B) _at second 94 and later, if the exhaust component is subject to · -· 
'" Phase 2 standards, cumulative Phase 2 emissions are below the 

Phase 2 fast-pass standards for the second under consi.deration; 

(iii) Testing may be terminated when fast-pass criteria are met for aJI subjec_t 
·exhaust components and for purge as described in §85.2205(cXI) or·'> ._, 
§85.2205(c)(3)(ii) in the same second. · · -

(v) If a fast-pass determination cannot be made for aJl subject exhaust' --· '_/­
components and for purge before the driving cycle ends, the pass/fail . : · · _: · · 
determination for each component shall be based on composite orPhase 2 ·. 
emissions over the ful1 driving cycle as described in §85.2205(a){l). · .. _ 

(vi) Vehicles may be fast~passed using other approaches if approved by the 
_Administrator. States are.encourage to develop and use equations to define -
fast-pass standards for each composite emission standard rather than using : 
tabular standards for each second of the test.' EPA--Oeveloped tabular.fast­
passed standards are included in Appendix A. ·Fast-pass standards -- ... -
developed by Colorado's contractor are included in Appendix B. _ -

(b) Transient Test Score Calculations 

( l ) Composite Scores. The composite scores for the test- slia1 I be determined by 
dividing the sum of the mass of each exhaust component obtained in each second or 
the test by the number of miles driven in the test. -The first data· point is the sample_ ._ 
taken from t=O to t=l. The composite-test vaJue shall be calculated by1he equatibn ·., 
in (b )(I )(i )~ 

Standards/ Calculations Page6 
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(i) Composite gpm 

Where: s = 
= 

s 
L, grams of emissions 

sec=O 
s 
I. mi]es traveled 

sec=O 

dur~tion of test in seconds for fast pass 

239 seconds for complete IM240 

§85.2205 

(2) Second-by-Second Mass Calculations. The mass of each exhaust component shall 
be calculated to five significant digits for each second of the test using the following 
equations 

(i) .Hydrocarbon mass: HCmass 
• . • HCconc 

= V mix Dens1tyHc lOOOOOO 

(ii) Carbon Monoxide mass: 
_ . • . • COconc 

COmass - Vm1x Dens1tyco 1000000 

(iii) 
·- -NOxconc 

Oxides of Nitrogen mass: NOxmass = Vmix • DensityN02 • KH • 1000000 

- (iv) _Carbon Dioxide mass: Co V • D . • C02conc 
2mass = _mix ens1tyco2 100 

(3) Meanin12ofTerms 

(i) HCmass = Hydrocarbon emissions in grams per second. 

(ii) Densit)'HC = Density of hydrocarbons is 16.33 grams per cubic foot assuming 
__ an average carbon to hydrogen ratio of 1: 1.85 at 68°F and 760 

(iii) HCconc 

. -mm Hg pressure. 

= Average hydrocarbon concentration per second.of the dilute 
·exhaust sample measured as described in §85.2226(c)(4), and­
corrected for background. in ppm carbon equivalent. i.e .• 
equivalent propane• 3. 

(A) HCconc = HCc-HCd (1-~F) Where: 
, 

(B) HCe = Hydrocarbon concentration of the dilute exhaust sample· 
as measured in ppm carbon equivalent. 

(C) HCct = ·Background hydrocarbon concentration of the dilution 
air, sampled as described in §85.222I(b)(5), as measured 
in ppm carbon equivalent 

Standards/ Calculations Page 7 , 
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(D) DF = · . -4, calculated on a second-by-
C02e + (HCe +. COe) • 10 · . 

13 4 . -

second basis. 

(iv) V mix = The CVS flow rate in cubic feet per second corrected to 
standard temperature and pressure. 

(v) COmass = Carbon monoxide emissions in grams per second. 

(vi) Density co = Density of carbon monoxide is 32.97 grams per cubic foot at 
68°F and 760 mm Hg pressure. 

(vii) COconc = Average carbon monoxide concentration per second of the 
dilute exhaust sample measured as in §85.2226(c)(4), and 
corrected for background, water vapor, and C02 extraction, in 
ppm. 

• 

I 
(A) COconc = COe ~ COd (1'.'Df) 

(B) COe = Carbon monoxide concentration of the dilute exhaust in 
ppm. 

(C) CO ct = Background carbon monoxide concentration of the dilution 
air, sampled as described in §85.222l(b)(5), in ppm. 

-

(viii) NOxmass = Oxides of nitrogen-emissions in 8JllllS per.second, ... 

(ix) DensitYN02 =Density of oxides of nitrogen is 5~.16 grams per cubic foot -
assuming they are in the fonn of nitrogen dioxide at 68°F and . 
760 mm Hg pressure. 

{x) NOxconc 

(B) NOxe 

Average concentration of oxides ofrutrogen per second of the 
dilute exhaust sample measured as described in §85.2226(c)(4), 
and corrected for backgroond in ppm. · · · 

= Oxides of nitrogen concentration of th.e dilute exhaust 
sample as measure in ppm. 

. (C) NOxd - Background oxides of nitrogen eoneentration of the 
dilution air, sampled as described in·§85.222I(b)(5), 
measured in ppm. · 

(xi) KH = humidity correction factor. 
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(A) KH 

(B) H 

(C) H 

§85.2205 

1 = 1 - 0.0047 (H - 75) . 

= Absolute humidity in grains of water per pound of dry ajr. 

(43.478) Ra• Pd 
= 

PB - (Pd• r;:O) 

(D) Ra = Relative humidity of the ambient air, percent. 

(E) Pd = Saturated vapor pressure, mm Hg at the ambient dry bulb 
temperature. If the temperature is above 86° F, then it 
shall be used in lieu of the higher temperature, until EPA 
supplies final correction factors. 

(F) Ps Barometric pressure, mm Hg. 

(xii) C02mass = Carbon dioxide emissions in grams per second. 

(xiii) Densityco2 =Density of carbon dioxide is 51.81 grams per cubic foot at 68°F 
and 760 mm Hg. 

(xi\') C02conc : Average carbon dioxide concentration per second of the dilute 
exhaust sample measured as described in §85:2226(c), and . 
corrected for background in percent. ' 

1 
(A) .C02conc =' C02e - C02d (1-DF) 

(B) C02d = Background carbon dioxide concentration of the dilution· 
air, sampled as described in §85.222l(b)(5), measured iii 
percent. 

(c) · E\'aporative.System Purge Test Standards 

' (1) Total Flow Method. The vehicle shall pass the purge test when the total volume of 
flow exceeds one standard liter. If total volume of flow is less than LO standard 
liter at the conclusion of the transient driving cycle, the vehieie shall fail. Any 
rrieasurement 'below the noise specification in §85.2227(b )(2)(vi) shall not be 
included in the total flow calculation. · 

(2) Total Flow Method Fast-Pass. Vehicles may be passed using the following 
algorithm. 

(i) Beginning at second 30 of the driving cycle, cUmulative second-by·sccond 
purge levels for each second, in litel'.'s, shall be compared to the cumulative 
fast-pass purge standards for the second under consideration. 
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(ii) A vehicle shall pass the purge test if cumulative purge levels are above the 
fast-pass standard for the second under consideration.· 

(iii) Testing may be terminated when a fast-pass decision has been made for 
purge and for all subject exhaust components as described in §85.2205(aX4). 

(v) If a fast-pass decision cannot be made for purge and for all subject exhaust 
components before the driving cycle ends, the pass/faiJ determination for 
purge shall be based on purge levels over the full driving cycle as described 
in §85.2205(c)(I). 

(d) • E\'aporative System·Pressure Test Standards 

( l) Visual Check. The vehicle shall fail the evaporative system visual check if any part 
·ofthe·system is missing, damaged, improperly connected. or disconnected as 
described in §85 .2222(b ). 

(2) Canister End Pressure Test Standards. The vehicle shall fair the pressure test if the 
-system cannot maintain a pressur:e above eight inches of water for up to two minutes 
after being pressurized to 14±0.5 inches of water. The vehicle shall also fail if it 
does not pos.ess a check valve, as identified in the Look-up Table, and if no pressure 

. drop is detected when the gas cap is loosened as described in §85.2222(~)(4). 
. -

(3) Fuel Inle-t Pressure Test. 

(i) Pass/Fail Determination_ Flow rate. fill pressure," and decay pressure shall be 
measured at 2 Hz, averaged over I· second intervals, and curVe fitted using a 
least squares technique. If the volume compensated pressure drop is more 
than the pressure loss determined from starting and ending pressures in the 
Pressure Decay R.eference Equation in §85.2205(c)(3)(ii), the vehicle shall 
fail. Otherwise the vehicle shall pass. -Jf not using volume compensation, 
the vehicle shall fail if the loss in pressure exceeds 6 inches of water. 

(ii) Pressure Decay Reference Equation. This equation provides pressure loss 
values equivalent to a loss of pressure from 14 to 8 inches of water when the 
startii:ig pressure is other than 14 inches of water.· · · 

p =40. (.0.9967 - 2.7. 10-6. t )t -

Where:· 

P =·Starting or ending pressure, in inches of water. 

t =Time, in seconds. 
I • • - ' 

(iii) Fast-Pass. Fast-pass detenninaiions may be made anytime during the 
pressure decay between 20 and 120 seconds if the measured pressure 
exceeds the corresponding Pressure Test Reference Equation cutpoint, from 
§85.2205 (c)(3)(ii), by 1 inch of water pressure. The cutpoint is determined 
by adding I inch of water to the pressure value at a time t The pressure at 
time t corresponds to the pressure at the .equivalent •start time• plus the time 
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in seconds between 20 and 120 when the fast pass determination is made. 
States may propose and the Administrator may approve other fast pass 
algorithms provided they minimize false results. 

(iv) Pressure Drop. For vehicles without vapor control valves (burp valves); the 
clamp(s) shall be removed from the hose(s) and the system shall be 
monitored for a gradual pressure drop. If no pressure drop is detected, the 
vehicle shall fail the test. If the Pressure Test Look-up Table identifies the 
vehicle as possessing a vapor control valve, the system shall not be 
monitored for a loss of pressure . 

• ( 4) Gas Cap Test. 

(i) Pressure Decay Method. If pressure decays by 6 inches of water or more 
during the 10 second period, the vehicl~ _shall fail the fuel cap integrity test. 

(ii) Flow Rate Method. The fuel cap leak rate shall be c~pared to an orifice 
with a National Institute of Standards and Technology traceable flow rate 
which will result in a pass/fail flow rate threshold of 60 cubic centimeters per­
minute of air at 30 inches of water column. If the leak rate exceeds 60 cubic 
centimeters per minule at a pressure of 30 inches of water column, the cap ._· 
shall fail the test 
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§85.2221 11\1240 and Evaporative System Purge Test Proce~ures. 

(a) General Requirements 

(1) Data Collection_ The following information shall be determined for the vehicle 
being tested and used to automatically select the dynamometer inertia and power 
absorption settings: 

(2) 

(3) 

(i) Vehicle type: LDGV. LDGTI, LDGT2, HDGT, and others as needed, 
(ii) Chassis model year, 
(iii) Make, 
(iv) Mo~el, 

(v) Number of cylinders, or cubic inch displacement of the engine, and 
(vi) Transmission type. 

Ambient Conditions. The ambient temperature, absolute humidity, and barometric 
pressure shall be recorded continuously during the transient~r as a single set of 
readings up to 4 minutes before the start of the transient driving cycle. 

Restan. If shut 'off, the vehicle shall be restarted as soon as possible before the test - . 
and shall be running at least 30 seconds prior to the transient driving cycle. 

(b) Pre-inspection and Preparation 

(1) 

(2) 

(3) 

(4) 

(5) 

Accessories All accessories (air conditioning, heat, defogger, radio, automatic _ 
traction control if switchable, etc.) shall be turned off (if necessary, by the 
inspector). - - - -

Leaks The vehicle shall be inspected for exhaust leaks. Audio assessment while . 
blocking exhaust flow or gas measurement of carbon dioxide or other gases shall be 
acceptable. Vehicles with leaking exhaust systems shall be rejected from testing. 

Operating Temperature. the vehicle temperature ga1:1ge, if equipped and operating, 
shall be checked to·assess temperature. -If the temperature gauge indicates that the 
engine is riot at noi-mal operating temperature, the vehicle shall not be fast-failed 
and shall get a second-chance emission test if it fails the initial test for any aiteria 
exhaust component: Vehicles in oyerbeated condition shall be rejected from testing._ 

Tire Condition. Vehicles shall be rejected from testing if the tire cords, bubbles, 
cuts, or other damage are visible. ~Vehlcies shall be rejected that have space-saver 
spare tires on the drive axJe .. Vehicles may be rejected that do not have reasonably 
sized tires. Vehicle tires shall be visually checked for adequate pressure level. 

_Drive wheel tires that appear low shall be inflated to approximately 30 psi, or to tire -
side wall p-ressure, or manufacturer's recommendation. Tires of vehicles being 
tested for the purposes of program.evaluation under §51.3.53(c) shall have their tires 
inflated to tire side wall pressure.:· c - ' • 

Ambient Back2round. Background concentrations of hydrocarbons, carbon 
monoxide, oxides of nitrogen, and carbon dioxide (HC, CO, NOx, and C02. 
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respectively) shall be sampled as specified in §85.2226(b)(2)(iv) to detennine 
background concentration of constant volume sampler dilution air. The sample _ 
shall be taken for a minimum of 15 seconds within 120 seconds of the start.of the · 
transient driving cycle, using the same analyzers used to measure tailpipe emissions. 
except as provided in §85.222I(f)(3). Average readings over the 15 seconds for· 
each gas shall be recorded in the test record. Testing shall be prevented until the 
average ambient background levels are less than 20 ppmC HC. 30 ppm CO, and 2 
ppm NOx, or outside ambient air levels (not influenced by station exhaust), which 
ever are greater. 

(6) Sample System Purge. While a lane is in operation, the CVS shall continuously 
purge the CVS hose between tests, and the sample system shall be continuously 
purged when not taking measurements. 

(7) NeQative Values. Negative gram per second readings shall be integrated as zero and 
recorded as such. 

• 
(c) Equipment Positioning and Settings 

(l) Purne Equipment. If an evaporative system purge test is to be performed: 

(i) The e'Vaporative canister shall be checked unless the canister is inaccessible. 

(ii) 

A missing or obviously damaged canister shall result in failure of the visual 
evaporative system check. 

The evaporative system shall be visually inspected for the appearance of 
proper hose routing and connection of hoses, unless the canister is 
inaccessible. If any evaporative system hose is disconnected, then the· ' 
Yehicle shall fail the visual evaporative system check. All hoses 
disconnected for the test shall be reconnected after a purge flow test is 
performed. 

(iii) The purge flow measurement equipment shall be connected in series 
between the evaporative -canister and the engine, preferably on the canister 
end of the hose. For vehicles equipped with a service port for evaporative 
functional testing, the measurement equipment shall be connected to the 
port 

(2) Roll Rotation.- The vehicle shall be maneuvered onto the dynamometer with the 
drive wheels positioned on the dynamometer rolls. ·Prior to test initiation. the rolls 
shall be rotated until the vehicle laterally stabilizes on the dynamometer. Drive 
wheel tires shall be dried if necessary to prevent slippage during the initial 
a cc el era ti on. · · 

(3) Coolin£ System. Testing shall not begin until the test.cell cooling system is 
positioned and activated whenever ambient temperature exceeds 72°F. The vehicle 
hood shall be open whenever ambient temperature exceeds 72°F. The cooling 
system shall be positioned to direct air fo the vehicle cooling system, but shall not 
be directed at the catalytic convener. 
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(4) 

(5) 

§85.2221 

Vehicle Restraint. Testing shall not begin until the vehicle is restrained. Any 
restraini system shall meet the requirements of §85.2226(a)(5)(ii). In addition, the 
parking brake shall be set.for front \vheel drive vehicles prior to the start of the test. 

Dynamometer Settings. Dynamometer power absorption and inertia weight settings 
shall be automatically chosen from an EPA-supplied electronic look-up table which 
will be referenced based upon the vehicle identification information obtained in 
(a)(l ). Vehicles not listed shall be tested using default power absorption and inertia 
settings as follows: 

VEHICLE l NUMBER OF 

TYPE i CYLINDERS 

All 3 
All 4 
J\ll 5 

I 
J\11 6 

I 
LDGV 8 
LDGT 8 

' LDGV IO 
'LDGT 10 
LDGV 12 
LDGT 12 · 

l TRACK ROAD 
j LOAD 

! HORSEPOWER 

12.l 
12.8 
14.5 
14.5 
16.2 
17.7 
16.2 
19.2 
17.7 
20.7 

TEST 

INERTIA 
WEIGHT 

2000 
2500 
3000 
3000 
3500 
4000 
3500 
4500 
4000 
5000 

(6) Exhaust Collection System. The exhaus~ collection system shall be positionedto 
insure complete capture of the entire exhaust stream from the tailpipe-during the 
transient driving cycle. The system shall meet the requirements of §85.2226(b)(2). 

(d) Vehicle Conditioning 

(1) Queuing Time. When the vehicle queue exceeds 20 minutes, a vehicle shall get a 
second-chance emission test if it fails the initial test and all criteria exhaust 
components are at or'below 1.5 times the standard. 

(2) Prm!ram Evaluation. Vehic1es being tested for the purpose of program eva,luation 
under'§51.353(c) shall ·reeeive two full ·transient emjssion tests (i.e ... a full 240 . 
seconds each). Results from both tests and the test order shall be separately 
recorded in the Jest record. Emi~sion soores and results provided to the motorist. 
may be from either test. 

(3) Discretionary Preeonditioning. At the program's.discretion, any vehicle may be 
preconditioned using any of the following methods: 

(i) · Non.;.Joaded Preconditioning. Increase engine speed to approximately 2500 
rpm,' for up to 4 minutes, with or without a tachometer. 

..... • - • I 

(ii) Loaded Preconditi~nil;'g. Drive the vehicle on the dynamometer at 30 miles 
. per hour for up to 240 seconds at road-load 
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(iii) Transient Preconditioning. After maneuvering the vehicle onto the 
dynamometer, drive a transient cycle consisting of speed, time, acceleration, 
and load relationships similar to that of the transient driving cycle in · 
§85.2221(e)(I). · 

(4) Second-Chance Purge Testing. Vehicles that exhibit significant purge activity 
during the driving cycle but do not accumulate one liter of purge shall receive a 
second-chance purge test. The second-chance test may be the Transient Driving 
Cycle or modified sequences of shorter duration designed to rapidly produce purge. 
activity. 
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(e) Vehicle Emission Test Sequence 

(1) ·Transient Driving Cyc1e. The vehicle shall be driven over the foJlowing cyCie: 

Time I Speed 
second mph 

Time I Spe.ed 
second mt>h 

Time I Speed 
second mph 

Time I Speed 
second mph 

Time I Speed 
second mph 

0 0 48 25.7 96 0 144 24.6 192 54.6 
I 0 49 26.1 97 0 145 ~4.6 193 54.8 
2 0 so 26.7 98 3.3 146 2S.J 194 SS.I 
3 0 SI 27.S 99 6.6 147 2S.6 195 ·SS.S 
4 0 S2 28.6 100 9.9 148 25.7 196 SS.7 
s 3 53 29.3 101 13.2 149 25.4 197 56.I 
6 5.9 54 29.8 102 16.S ISO 24.9 198 56.3 
7 8.6 SS 30.J 103 19.8 151 25 199 56.6 
8 11.S 56 30.4 104 22.2 152 25.4 200 56.7 
9 14.3 57 30.7 105 24.3 153 26 201 56.7 

I 
10 16.9 58 30.7 106 25.8 154 26 202 56.3 
11 17.3 59 30.S 107 26.4 155 25.7 203 56 
12 18.l 60 30.4. 108 25.7 156 26.1 204 SS 

! l3 20.7 61 30.3 109 25.1 157 26.7 205 53.4 
i 14 217 62 30.4 110 24.7 158 27.3 •206 51.6 
; 15 224 63 30.8 111 25.2 159 30.5 207 51.8 
l 16 22.5 64 30.4 112 25.4 160 335 208 52.1 

~ 17 .22 l I 65 29.9 113 272 161 36.2 209 52.5 

i 18 21.5 I' 66 29.5 114 26.5 162 37.3 210 53 
; 19 20.9"- 67 29.8 115 24 163 39.3 2ll 53.5 
' I 20 204 68 30.3 116 ·22.7 164 40.5 212 54 

; 21 19.8 69 30.7 117 19.4 165 42.1 213 54.9 
l 22 17 70 30.9 118 17.7 166 43.5 214 55.4 
I 23 14.9 71 31 119 17.2 167 45.J 215 55.6 

I 24 14.9 72 30.9 120 18.J 168 46 216 56 
25 151 73 30.4 121 18.6 169 46.8 217 56 

! . 26 15.5 74 29.8 122 20 170 47.5 218 55.8 
I 

27 16 75 29.9 . 123 20.7 171 47.5 219 55.2 ! 
i 28 17.l 76 30.2 124 21.7 172 47.3 220 54.5 
! 29 J 9.] . 77 30.7 125 22.4 173 47.2 221 53.6 
i 

30 21.l 78 31.2 126 22.5 174 47.2 222 52.5 ; 
i 31 22.7 

I 
.79 31.8 127 - 22.1 175 47.4 223 51.5 ! 

f 
32 22.9 80 32.2 128 21.5 176 47.9 224 50.5 ·, 

i 33 22 7 81 32.4 129 20.9 177 48.5 225 48 

i 34 22 6 82 32.2 130 20.4 178 49.1 -226 44.S 
l 35 21.3 83 31.7 131 19.8 179 49.5 227 ,41 

36, 19 84 28.6 132 17 180 so 228 37.5 
37 ']7.J 85 25.1 133 17_1 181 S0.6 229 ~ 
38 . 15.S. 86 21.6 - 134 15.8 182 51 230 30.5 
39 15.8 87 18.J 135 15.8 183 51.5 231 27 
40 17.7 '88 14.6 136 17.7 184 52.2 232 23.5 
41 19.8 89 1 l.l 137 19.8 . 185 53.2 233 20 
42 21.6 90 7.6 138 21.6 186 54.1 234 16.S 
43 23.2 '91 4.1 1'.39 22.2 187 54.6 235 13 
44 24.2 92 0.6 140 24.S 188 54.9 236 9.5 
45 24.6 93 0 141 24.7 189 SS 237 6 
46 24.9 94 0 142 24.8 190 S4.9 238 2.S 

. 47 25 95 0 143 24.7 191 S4.6 239 0 

(2) Driving Tr~ce. ·The,inspector shall follow an electronic, ~isual depiction of the 
time/speed relationship of the transient driving cycle (hereinafter, the trace). The 
visual .depiction of the trace shall be of sufficient magnification and adequate detail 
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to allow accurate tracking by the driver and shall permit the driver to anticipate 
upcoming speed changes. The trace shall aJso clear]y indicate gear shifts as , 
specified in §85.222l(e)(3). 

(3) Shift Schedule. For vehicles with manual transmissions, inspectors shall shift ~ears 
according to the following shift schedule: 

(4) 

Shift Speed Nominal 
Sequence miles per hour Cycle Time 

Kear seconds 

I - 2 15 9.3 
2-3 25 47.0 
De-cJutch 15 

.. 
87.9 

I - 2 15 101.6 
2-3 25 . .105.5 
3-2 17 119.0 • 
2 - 3 25 145.8 
3-4 40 163.6 

' 4-5 45 167.0 
5-6 50 180.0 
De-clutch 15 ' 234.5 

Gear shifts shall occur at the points in the driving cycle where the specified speeds 
are obtained. For vehicles with fewer than six· forward gears the same schedule 
shall be followed with shifts above the highest gear disregarded. :: · 

Speed Excursion Limits. Speed excursion limits shall apply as follows: 

(i) 

(ii) 

(iii) 

(iv) 

(v) 

The upper limit is 2 mph higher than the highest point on the trace.within I . · · · -
second of the given time. -·, . ' . · 

The lower.limit is 2 mph lower than the lowest point on the trace within I . 
second of the given time. 

Speed variations greater, than the tolerances (such as may occur during geai 
changes) are acceptable provided they occur for no more than 2 seconds on 
any ·occasion. · .., 

Speeds lower than thos; prescribed during acce1erations are acceptable 
provided the vehicle is operated at maximum available power during such 
accelerations until the vehicJe speed is within the excursion limits. ·. · ' 

Exceedances of the limits in §85.222l{i) through §85.222l(iii) shall .. •. . -
automatically result in a void test. The station manager can ovenide the · ' 
automatic void of a test if the manager determines that the conditions .· . · 
specified in §85.2221 (e)(4Xiv) occurred. Tests shall be aborted if the upper 
excursion limits are exceeded. Tests may be aborted if the lowerlimits ar~ 
exceeded. 
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Speed Variation Limits. 

(i) A linear regression of feedback value on reference value shall be performed · 
on each transient driving cycle for each speed using the method ofleast 
squares, with the best fit equation having the form: y = mx + b, where: 

(A) y = The feedback (actual) value of speed; 

(B) m = The slope of the regression line; 

(C) x = The reference value; and 

(D) b = They-intercept of the regression line. 

(ii) The standard error of estimate (SE) of y on x shall be calculated for each 
regression line. A transient driving cycle lasting the full 240 seconds that 
exceeds the following criteria shall be void and the test shall be repeated: 

(A) SE = 2.0 mph maximum. 

(B) m = 0.96 • 1.01. 

(C) r2 = 0.97 minimum. 
~-, r· 

CDL b '= ·±2.0 mph. 
'"'· . 

(iii) · A fr~nsient driving cycle that ends before the full 240 seconds that exceeds 
the following criteria shall be void and the test shall be repeated: 

. (A)· SE.= (Reserved) 

(B) rn = (Reserved) 

(Cf .r2 , = .(Reserved) 

{D.). h = (Reserved) 

(6) Dis.tance Criteria. The actual distance traveled for the transient drlving cycle and 
the equivalent vehicle speed (i.e., roll speed) shall be measured. If the absolute 
difference between the measured distance and the theoretical distance for the actual 
test exceeds 0.05 miles, the test shall be void. 

(7) Vehicle Stalls. Vehicle stalls during the test shall result in a void and a new test. 
More thanJ stalls shall result in test failure. 

(8) Dynamometer Controller Check. For each test, the measured horsepower, and 
inertia· if electric simulation is used, shall be integrated from SS seconds to 81 
seconds (divided by 26 seconds), and compared with the theoretical road-load 
horsepower (for the vehicle selected) integrated over the same portion of the eycle . 

. The same procedure shall be used to integrate the horsepower between 189 seconds· 
to 201 sec.onds (divided by 12 seconds). The theore~cal horse.power shall be 
calculated based on the observed speed during the integration interval. If the 
absolute difference between the theoretical horsepower and the measured 
horsepower exceeds 0.5 hp, the test shall be void. For vehicles over 8500 pounds 
GVWR, if the _absolute difference between the theoretical horsepower and the 
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measured horsepower exceeds 2 hp, the test shall be void. Alternate error checking 
methods may be used if shown to be equivalent. 

(9) Inertia Weight Selection. Operation of the inertia weight selected for the vehicle 
shall be verified as specified in §85.2226(a)(4)(iii). For systems employing 
electrical inertia simulation, an algorithm identifying the actual inertia force applied 
during the transient driving cycle shall be used to determine proper inertia · 
siDJulation. For all dynamometers, if the observed inertia is more than 1% different 
from the required inertia, the test shall be void. 

(10) CVS Operation The CVS -0peration shall be verified for each.test for a CFV-type 
CVS by measuring either the absolute pressure difference across the venturi or 
measuring the blower vacuum behind the venturi for minimum levels needed to 
maintain choke flow for the venturi design. The operation of an SSV-type CVS 
shall be verified throughout the test by monitoring the difference in pressure 

.. between upstream and throat pressure. The minimum values shall be determined 
from system calibrations. Monitored pressure differences below the minimum 
values shall void the test.· 

(11) FuelJ~conomy. For each test, the health of the overall analysis system shall be 
evaluated by checking a test vehicle's fuel economy for reasonableness, relative to 
upper and lower limits, representing the range of fuel economy values normally 
encountered for the test inertia and horsepower selected. For each inertia selection, 
the upper fuel economy limit shall be determined using the·Jowest horsepower 
setting typically selected for the inertia weight; along with statistical data, test ·. ·• 
experience, and engineering judgment. A similar process for the lower fuel · -~·-
economy limit shall be used with the highest h~rsepowe~ setting typicatly s~le~ted ... .1 • . 

for the inertia weight. For test.inertia selections where the range of horsepower - ·. 
settings is greater than 5 horsepower, at least two sets ofupper·and lower fuel 
economy limits shall be determined and appropriately used for the selected test· 
inertia. Tests with fuel economy results in excess of 1.5 times the upper limit shall 
result in a void te~. 

(f) Emission Measurements 

(l) Exhaust MeasuremenL The emission analysis system shaU sample and record dilute 
exhaust HC, CO, C02, and NOx during the transient driving cycle as descnbed in 
§85_2226( c ). 

(2) Purge Measurement. The analysis system shall sample and record the purge flow In . 
standard liters per second and total volume of flow in standard liters over the.course· 
of the actual driving cycle as described in· §85.2227(b). 

(3) Integrity Measurement. The analysis system shall meas~re and record .the integrity 
of the evaporative system and the gas cap as described in §85.2227(c). 
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§85.2222 - - Evaporative System Pressure Test Procedures 

(a) General Requirements 

(1) The on-vehicle pressure tests described in §85.2222(c) and (d) shall be performed -
after any tailpipe emission test to be performed on a vehicle. Gas cap tests 
described in §85.2222(e) and (f) may be.performed before or after the tailpipe 
emission test. 

{2) 

(3) 

(4) 

The pressure test shall be conducted in a manner that minimizes changes in 
temperature, since pressure me.asurements are affected by changes in the vapor 
space temperature. 

The Look-up Table identifies which on-vehicle pressure test to perform on a given 
vehicle. Vehicles receiving the canister end pressure test specified in §85.2222(c) · 
do not need to receive any other pressure tests. Vehicles receiving the fuel inlet 
pressure test specified in §85.2222(d) should also be given one of the gas cap 
pressure test~ specified in §§85.2222(e) and (f). • 

Alternative procedures may be used if they are shown to be equivalent or better to 
the satisfaction of the Administrator. Except in the case of government-run test 
facilities claiming sovereign immunity, any damage done to the evaporative 

_emission control system during this test shall be repaired at the expense of the' 
inspection facility. 

(b) Pre-~nspection and Preparation 

(l) - The evaporative canister(s) shall be visually checked to the degree practical. 'A 
missing or obviously damaged canister(s) shall fail the visual evaporative system 
check. · 

(2) The evaporative system hoses shall be visually inspected for the appearance of 
proper routing, connection, and condition, to the degree practical. If any 
evaporative system hose is misrouted, disconnected, or damaged, the vehicle shall 
fail the visual evaporative system check. 

(3) if the gas ·cap is missing. obviously defective or the wrong scyle cap for the vehicle, 
the· vehide shall fail the visual ev_aporative system check. 

- (c) Canister·End Pressure Test 

(1) Equipment Set-up. Test equipment shall be connected to the fuel tank canister hose 
at the canister end. The gas cap shall be checked to ensure that itis properly, but 
not excessively tightened, and shall be tightened if necessary. 

_·._ (2) Pressure Value. The system shaJI be pressurized to 14 ±0.5 inches of water without 
exceedin-g26 inches of water system pressure. 

Test Procedures Page 10 

.. 



§85-2222 

(3) 

(4) 

(5) 
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Stability. Close off the pressure source, seal the evaporative system and momtor 
pressure decay for up to two minutes. 

DepressJrization. Loosen the gas cap after a maximum of two minutes and monitor 
for a sudden pressure drop, indicating that the fuel tank was pressurized. 

' 

Reconnection. The inspector shaJI carefully ensure that all items disconnected or 
lessened in the course of the test are properly reconnected at the conclusion of the 
test. 

(d) Fuel Inlet Pressure Test 

(1) 

(2) 

(3) 

(4) 

(5) 

Equipment Set-up. The vapor vent line(s) from the gas tank to the canister(s) shall 
be clamped off as close to the ·canister(s) as practical without damaging evaporative 
system hardware. If the line(s) can not be clamped (for example a rigid line). they 
shall be removed at the canister(s) and capped or plugged. Dual fuel tanks shall be 
checked individually if the complete vapor control system can not be accessed by 
pressurizing from the fill pipe interface of only one fuel tank. A fuel inlet adapter, 
as specified in §85.2227(c), appropriate to the style of.fuel inlet on the vehicle (not 
the gas cap, on the vehicle) shall be selected based on a software prompt and shall be 
installed on the vehicle's fuel inlet. 

. Pressure Value. The gas tank shall be pressurized to a value at or slightly above the 
minimum test pressure specified in the Look-up Table. 

Stability. Pressure stability shall be µiaintained for a period of JO seconds prior to 
the start of the pressure decay measurement.. :Pressure-shall not increase by more 
than 0 .5 inches of water during the first 20 seconds .of the -decay measurement. 
Alternate definitions of stability may be proposed by the state and approved by the 
Administrator provided they minimize the risk of false resulis. 

Volume Compensation. (Optional) Pressure decay measurements are affected by 
the vapor volume (fuel tank level) in.the fuel tank. Volume-compensated pressure 
decay ·measurements will increase test repeatability, and are· therefore · 
recommended. Measure the volume-co~pensated pressure decay for up to 120 
seconds after- stability is achieved, using the equation in §85.2222(d)(5). This 
equation is based on normalizing the pressure decay measurements to a vapor 
volume of 50 liters. States may propose and the Administrator may approve other 
methods of compensation for differences in fuel tank vapor volume. 

' . . 

t•-( v) 
p = Po• k Vs 

Where: 

P = Pressure, in. inches of_water ~t time t, com~nsat~d for differen~es in fuel · · 
tank vapor space volume. 
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P0 = The.stabilized pressure at the stan of the decay portion of the pressure 

test, in inches of water. 

k = A constant derived from curve fitting the pressure/time data from the ; 
decay portion of the pressure test, using the equation: 

p = Po* kt 

t Time measured from the start of the decay portion of the pressure test, in 
seconds. 

V 5 = Reference volume of the fuel vapor space, 50 liters. 

V = Volume of the fuel vapor space, in liters, calculated using the following 
equation: 

v 

• 
Where: 

Pb = Barometric pressure, in inches of Hg. 

tEP = Pressure increase during the fill period, in inches of water . 

..£V = The flow meter measured volume of gas which pressurizes the 
vapor sp~ce, in liters at 20 C and 1 atmosphere. 

&PL = The loss in pressure due to the presence of a leak during the fill 

process, in inches of water. 

(ii~ Pt - /11 Po ) (ii1 Pt - /11 Po) 
\ Ink - I \ Jnk 

...EPL:: t p 0 * k - p 0 • k 
t=O 

Where: 
-

= Summation of the second-by-second pressure loss during the fill 
period. 

P0 · = The stabilized pressure at the start of the decay portion of the 

· pressure test, in inches of water. 

k = A cqnstant derived from curve fitting the pressure/time data from 
the decay portion of the pressure test, using the equation: 

p = Po• kt 

Pt = Pressure values reported in one second intervals during the fill 
period, in inches of water. 

(e) Gas Cap Leak Tes't - Pressur~ Decay Method 
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(f) 

(l) 

(2) 

(3) 

§85.2222 

The fuel cap shall be removed from the fuel inlet and installed on a test rig with a 
nominal l liter head space and be pressurized to 28±1.0 inch of water. 

The pressure decay shall be moni~ored for 10 seconds after stability is achieved for 
IO seconds. 

The fuel cap shall be replaced on the fuel in1et and tightened appropriately. 

Gas Cap Leak Test - Flow Rate Method 

(1) The fuel cap shall be removed from the fuel inlet and installed on the flow test 
device using the adapter appropriate for the fuel cap. as specified in §85.2227(c). 

(2) The fuel cap shall be pressurized to approximately 30 inches of water until flow rate 
measurements meeting the requirements of §85.2205(d)(4)(ii) are met. 

(3) The fuel cap shall be replaced on the fuel inlet ·and tightened appropriately. 
\ . 
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§85.2226 ll\1240 Equipment Specifications 

(a) Dynamometer Specifications 

(1) General Requirements. 

(i) The dynamometer structure (e.g., bearings, rollers, pit plates, etc.) shall 
accommodate all light-duty vehicles and light-duty trucks up to 8500 pounds 
GVWR. 

(ii) Road load horsepower and inertia simulation shall be automatically selected 
based on the vehicle parameters in the test record. · 

(iii) Alternative dynamometer specifications or designs may be proposed by a 
state and approved based upon a determination by the Administrator that, Jor 
the purpose of properly conducting an approved short test, the evidence 
supporting such deviations will not cause improper vehicle loading . , 

• 

('.2) Pov .. ·er Absorntlon 

(i) Coefficients. The coefficients Av. Bv. and Cv, from vehicle track coa~t 

down testing, and referenced in the equations in this section are those 
specified during new car cenification, or as specified by a vehicle class 
designator determined by the Adminisf!3tor. · Coefficients shall be calculated 
to a ·minimum of five (5) significant digits by the equations specified in 
§85.2226(a)(2)(i)(A) through §85.2226(a)(2)(i)(C). Powerfractions 
determined from track coast-down data shall be calculated to a minimum of · 
two (2) significant digits as specified in §85.2226(a)(2)(i). In the absence of 
new car cenification coefficients information or a vehicle class designator 
identifying a power fraction, the default power fractions in 
§85.2226(a)(2)(i)(J) sha11 be used . 

/M240 Equipment 

. AvPF 
(A) Av = ~SO • (TRLHP@so mph) hp/mph 

(B) Bv 
BvPF 

= 2500 • (TRLHP@ so mph) hp/mph2 

CvPF. , 
(C) Cv = 125000 • ~HP@SOmph) ·hp/mph3 

(D) Where AvPF, BvPF, and CyPF are power fractions (PF), and indicate 

the fraction of the total power reflected by each coefficient Av. Bv, and 

Cv . 

. (E) AvPF + BvPF + CyPF = I 
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(F) Derivation of AvPF, BvPF, and CvPF from known track coast--down 

curves shall be computed as follows: 

(I) AvPF = 
Av (SO) 

{Av (50) + Bv (2500) +Cy (125,000)} 

(2) BvPF = 
Bv (2SOO) 

{Av (SO)+ Bv (2500) +Cy (125,000)} 

(3) CvPF = 
Cv (12S,OOO) 

{Av (50) + Bv (2500) +Cy (125,000)} 

(4) Default values: 
AvPF = 0.35 

'ByPF = 0.10 

CvPF = 0.55 
• 

(ii) Vehicle Loading. The true vehicle loading used during the transient driving· 
cycle"shall follow the equation in §85.2226(a)(2)(iii) between 10 and 60 
mph. The dynamometer controls shall set the dynamometer loading to 
achieve the coast-down target time(± 1 second) with the vehicle on the 
dynamometer using the vehicle-specific inertia test weights. A conversion 
equation or table of target time versus horsepower for the dynamometer 
design shall be used. Target time shall be converted to horsepower by the 
equation §85.2226(a)(2)(iv) or pre-defined horsepower values may be used. 

.. ' - -

(iii) TRLHP@;Obmph= {Av• Obmph} + {Bv. Obmph2} + {Cv • Obmph3} 

(iv) 

Av, Bv, Cv ;= Coefficients specified in §85.2226(a)(2)(i) for vehic~e 
track ~oast down curves. 

Obmph = Observed mph 

TRLHP = Track.Road Load Horsepower, which includes loading 
, contributions from the power absorber, parasitic losses, 
and tire/roll interface losses. 

. . . . (05 • ETW)' (V 2 V 2) 
. . 32.2 1 • 2 

Track Road-Load Horsepower = (550 • ET) 
. ' . . 

ET - . Elapsed time for the vehicle on the road to coast down from 55 
· , ·to 4~5 mph, and from 22 to 18 mph 

ETW ·;:: Inertia weight in pounds 
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= Initial velocity in feet/second (i.e., velocity at either S'S or 22 

mph) 
= Final velocity in feet/second (i.e., velocity at either 45or18 

mph) 

(v) 1n practice, the true vehicle loading is derived from equations of "force" (i.e., 
F=MA). In determining vehicle load on a dynamometer, applied loads in . 
units of force tangential to the roll surface are not dependent on the roll 
diameter used, whereas applied loads in units of torque of horsepower are 
dependent on the roll diameter. The equation in §85.2226(a}(2)(vi) may be 
used to convert track road-load horsepower values in §85.2226(a)(2)(iii) to. 
units of force. 

(vi) TRLF@Obmph = {Af} +{Bf• Obmph} +{Cf* Obmph2} 

TRLF =Track Road-Load Force (in units of pounds) 
Ar = 375 •Av (Av in HP/mph units) 

Bf = 375 • Bv CBv in HP/mph2 unit~) 
Cf = 375 • Cv (Cv inHP/mph3 .units) 

Af, Bf, Cf = Equivalent force coefficients to the coefficients 
specified in §85.2226(a)(2)(i) for vehicle track coast 
down curves .. 

(vii) Ranee and Curve of Power Absorber. The range of power absorber at 50 

(viii) 

mph shall be sufficient to cover track road-load horsepower (TRLHP) values . ·. 
between 4 and 35 horsepower. The absorption shall be adjustable across the 
required horsepower range at SO.mph in 0.1 horsepower increments. The 
accuracy of the power absorber shall be :0.25 horsepower or :2% of point 
wh.ichever is greater. 

Parasitic Losses (General Reguirernents). The-parasitic losses in each 
· dynamometer system (such as windage, bearing friction, and system drive 
friction) shall be characterized between 10 and 60 mph uponinitial 
acceptance. There shall be no sudden discontinuities in parasitic losses 
below l 0 mph. Further, when added to the lowest possible loading of the 
power absorber (dynamometer motoring is considered a negative load), the · 
parasitic losses must be sufficiently small such that proper loading will occur 
between 10 and 60 mph for a vehicle With a 50 mph track road-load 
horsepower value of 4 horsepower. The parasitic horsepower losses shall be . 
characterized either digitally in five mph increments and linearly interpolated · 

·· in-between, or the data at 10 mph increments shall fit the equati.on in , 
· §85.2226(a)(2)(ix) to within 2 percent of point. 
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(ix) PLHP = {Ap • (Obmph)} + {(Bp) • (Obmph)2} + {(Cp) • (0bmph)3} 

PLJil>= Dynamometer parasitic losses. 

Ap, Bp. and Cp are curve coefficients necessary to properly 

characterize the dynamometer parasitic losses for 
the inertia weight(s) used. 

(x) Parasitic Losses O.,ow Speed Requirements). The coast down time of the 
dynamometer between 8 and 12 mph shall be greater than or equal to the 
value calculated by the equation in §85.2226(a)(2)(xi) when the 
dynamometer is set for a 2000 pound vehicle with a track road-load 
horsepower of 4 horsepower at 50 mph. 

(xi) .Low Speed Loading. The following procedure is used to determine if a 
dynamometer system is correctly loading a vehicle with an ETW of 2000 
pounds and a TRLfil> of 6.0 horsepower at low speeds. Use "default" 
coefficients from §85.2226(a)(2)(i)(F)(4). Dynamometer must be warmed 
up prior ,to this procedure. 

1M240 Eq1i;pme11t 

(A) "'Select vehicle with a dtjven axle weight between 1200 and 1300 
pounds (sandbags or other ballast may be used to achieve this weight). 
Record vehicles driven axle weight to the nearest pound. 

(B) Calculate the actual tire/roll interface losses (A TRL) using the 
following sub procedure. 

(1) Dete.nnine PLHP for dynamometer system being tested. 

(2) · Calculate GTRL using equations from §§85.2226(a)(2)(xiii) and 
(xv) or (xvi).· ' 

(3), Calculate~ using the following formula: 

IBP = TRLHP-PLHP-GTRL 

. (4). Set dynamometerbased on IliP calculated is step C above . 

. (5) · Perform dynamometer coast down with vehicle selected in step 1 
correctly positioned on rolls. Record coast down time from 12 
mph to 8 mph. · 

1(6) Cal~late new ~HP based on 12 mph to 8 mph coast 

· (7) CalcuJate actila] tire/roll interface losses (ATRL) using the 
foll_owing equatio_n. · · 

A TRL= TRLHP-PLHP-IHP 
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(C) Using calculated A TR.L determine new IliP using the following .· ... 
formula: 

IHP =' TRLHP-PLHP-A TRL 

(D) Set dynamometer based on IHP calculated is step 3 above. 

(E) Perform dynamometer coast down with vehicle selected in step 1 
correctly positioned on rolls. Record coast down time from 12 mph to 
8 mph. 

(F) The maximum, average, and minimum time limits for the on­
dynamometer coast-down ~ndow at 10 mph (DTMax@ 10 mph, 

DT Ave@ 10 mph, and DTMin@ IO mph) shall becaJculated by the 
following equations. 

DT Ma"@ IO mph = 

(0 5 * ETWJ 2 • 2 
~2.17405 • (V 12 - V 8 ) 

550 • (TRLHP@ 10 mph - 0.088 HP) 

0.5 * ETW • . 2 2 
32.17405 (VI2 - V8 ) 

DT Ave@, IO mph = 550 * (TRLHP@ IO mph) 

(.0.5 * ETWj • . 2 2) 
l32.17405) CV12 -Vs 

DT Min@ IO mph = 550 • (TRLHP@ 10 mph·+ 0.088 HP) 

. 
(xii) Tire/Roll Interface Losses. Generic tire/roll interface losses shall be 

determined for each dynamometer design used, and applied to obtain proper 
vehicle loading. A means to select or determine the appropriate generic 
tire/roll interfac·e loss for each test vehicle shall be emplqyed. Dynamometer 
design parameters include roll diameter. roll spacing, and roll surface finish. 
Generic tire/roJl intefface losses inay be determined by the acceptance 
procedures in §85.2234(b)(4). Alternatively, generic Values detennined by 
the Administrator, .or by a procedure accepted by the Administrator, may be 
used. The equation in §85.2226(a)(2)(xiii) may be used to quantify tire/roll 
interface losses. Coefficients for equation in §85.2226(a)(2)(xiii) shall be . 
calculated to a minimum of five (5) significant digits by the equations · 
specified in §85.2226(a)(2Xxiii)(A) through §85.2226(a)(2Xxiii){I). Tire 
loss power fractions determined from track coast-down data shall t>e 
calculated to a minimum of two (2) significant digits as specified in ·· · 
§85.2226(a)(2)(xiii)(J). In the absence of new car.certification information 
or a vehicle class desisnator identifying a tire loss power fraction, the default 
tire loss power fractions indicated equations §85.2226(a)(2)(xiii)(E) through 
§85.222;6(a)(2)(xiii)(I) shall be.used as specified in §85.2226(a)(2)(xiiiXJ). 
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(xiii) GTRL@ Obmph = {At* (Obmph)} + {Bt * (Obmph)2} + {Ct* (Obmph)3} 

GTRL@ Obmph = Generic Tire/Roll Interface losses at the observed 
mph · 

Where: A1, B1, and Ct are curve coefficients necessary to 

.properly characterize the tire/roll interface losses. 
(A) At = (AtPF 150) • (GTRL@ 50 mph) hp/mph 

(B) Bt = (BtPF 12500) • (GTRL@ 50 mph) hp/rnph2 

(C) Ct = (CtPF / 125,000) • (GTRL@ 50 mph) hp/mph3 

(D) At8 = (0.76/ 50) • (GTRL@ 50 mph) hp/mph 

(E) Bts == (0.33 / 2500) • (GTRL@ 50 mph) hp/mph2 

(F) Cts = (-0.09 / 125,000) • (GTRL@ 50 mph) hp/rnph3 

(G) At20 (0.65 150) • (GTRL@ 59 mph) hp/mph 

(H) B120 (048 I 2500) • (GTRL@ 50 mph) hp/mph2 
. 

hp/mph3 (I) C120 = (-0.13 I 125,000) * (GTRL@ 50 mph) 

(J) ·,.Where 

(1) A1, B1, and C1 are curve coefficients necessary to properly 

characterize the tire/roll interface losses. 

(2) At8· Bt8· and C18 are curve coefficients when using twin 8.625 
inch diameter rolls. 

··(3) At20, B120. and Cao are curve coefficients when using twin 
20.0 inch diameter rolls. 

(4) AtPF, BtPF, and CtPF indicate the fraction of the total tire loss 

power fraction reflected by each coefficient At, Bt, and Ct. 
"(5) AtPF + B1PF + C1PF = 1 

(6) Derivation of A1PF, B1PF, and CtPF.from known track or 

dynamometer data shall be computed as follows: 

A 1 (50) 

A1PF ""' {At (50) + B1 (2500) +Ct (125,000)} 

B1P_F = 
Bt (2500) 

{At (50) + Bt (2500) +<; (125,000)} 

Ct (125,000) 
C1PF = {A1 (50) + B1 (2500) +Ct (125,000)} 

(xiv) In the absence of new car cenification GTRL@ 50 mph or a vehicle class 
designator, the GTRL@ 50 mph shall be calculated 
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(xiii) GTRL@ Obmph = {A1 • (Obmph)} + {B1 • (Obmph)2} + {Ct• (Obmph)3} 

GTRL@ Obmph = Generic Tire/Roll Interface losses at the observed . 
mph · 

Where: A1, Bt, and Ct are curve coefficients necessary to 

,properly characterize the tire/roll interface losses. 
(A) At = (AtPF 150) • (GTRL@ 50 mph) hp/mph 

(B) Bt = (B1PF / 2500) • (GTRL@ 50 mph) hp/mph2 

(C) Ct = (CtPF / 125,000) • (GTRL@ 50 mph) hp/mph3 

(D) At8 = (0.76/ 50) • (GTRL@ 50 mph) hp/mph 

(E) Bt8 = (0.33 / 2500) • (GTRL@ 50 mph) hp/mph2 

(F) Cts = (-0.09 / 125,000) • (GTRL@ 50 mph) hp/mph3 

(G) At20 (0.65 150) • (GTRL@ 59 mph) hp/mph 

(H) B120 (0.48 / 2500) • (GTRL@ 50 mph) hp/mph2 

(I) Ct20 = (-0.13 I 125,000) • (GTRL@ 50 mph) hp/mph3 
' 

(J) ""Where 

(1) A1, B1, and C1 are curve coefficients necessary to properly 

characterize the tire/roll interface losses. 

(2) Ats, B1g, and Ct8 are curve coefficients when using twin 8.625 

inch diameter rolls. 

(3) A120, Bt2Q, and Cao are curve coefficients when using twin 
20.0 inch diameter rolls. 

(4) A1PF, B1PF, and C1PF indicate the fraction of the total tire loss 

power fraction reflected by each coefficient At, Bt, and Ci. 

'(5) A1PF + B1PF + CtPF = I 

(6) Derivation of A1PF, BtPF, and CiPF~rom known track or 

dynamometer data shall be computed as foltqws: 

A 1 (50) 

. A1PF = {Ai(SO) + B1 (2500) +Ct (125,000)} 

B1P_F = 
Bt (2500) 

{At (50) + Bt (2500) +Ci (125,000)} 

Ci (125,000) 

C1FF = {A1 (50) + B1 (2500) +Ci (125,000)} 

(xiv) In the absence of new car cenification GTRL@ SO mph or a vehicle class 
designator, the GTRL@ 50 mph shall be calculated 
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(A) by the equation in §85.2226(a)(2)(xv) when using twin 8.625 
inch diameter rolls · ~ 

(B) by the equation in §85.2226(a)(2)(xvi) when using twin 20.0 
inch diameter rolls 

(xv) For 8.625" dynamometers: 

GTRL@ 50 mph = (·0.378193) + {(0.0033207) • (DAXWT)} 

Where: DAXWT = Axle weight on the drive tires 

GTRL@ 50 mph = Losses for 8.625 inch diameter roU 

(xvi) For 20" dynamometers: 

GTRL@ 50 mph = (reserved)+ {(reserved)• (DAXWT)} 

• 
Where: DAXWT = Axle weight on the drive tires 

GTRL@ 50 mph = Losses for 20.0 inch diameter roll 

(xvii) lndicated Horsepower. The power absorption for each test shall be selected 
at 50 mph. The indicated power absorption (IBP) at 50 mph after. . 
accounting for parasitic and generic tire losses shall be determined by the 
equation in §85.2226(a)(2)(xv). . · 

(xix) In systems w:here the power absorption is actively controlled, the i~dicated · 
horsepower at each speed between 0 and 60 mph shall conforin to the · 
equation in §85.2226(a)(2)(xvii). Approximations for a smootJi ~rve With .. 
no.disconti.nuities may be used between 0 and IO mph. 

(xx) IHP@ ObmpT1 = TRLHP@Obmph • PLHP@Obmph. GTRL@ Obmph 

(3) Rolls 

(i) Size and·Type. The dynamometer shall be equipped with twin rolls. The 
. rolls shall be coupled side to side. In addition, the front and rear rolls shall 
be coupled. The dynamometer roll diameter shall be between 8.5 and 21.0 
inches. The spacing between the roll centers shall comply with the equation 
in §85.2226(a)(3)(ii) to within· +0.5 inches and ·0.25 inches. The parasitic 
and generic tire/roll interface losses for the specific roll di~eter; spacing, 
and surface finish used shall be·determined as indicated in 
§85.2226(a)(2)(viii), (a)(2Xix), and §85.2226(a)(2)(xii) as necessary to 
properly load vehicles as defined in §85.2226(a)(2)(ii) arid . · 
§85.2226(a)(2)(iH): The dynamometer rolls shall accoininOdate an i~side 
track width of 30 inches and an outside· track width of at least I 00 inches. 
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(ii) Roll Spacing = (24.375 + D) •SIN 31.5153...;_ 

'· 

D = dynamometer roll diameter. 

Roll spacing and dynamometer roll diameter are expressed in inches. 

(iii) Design. The roll size, surface finish, and hardness shall be such that tire 
slippage on the first acceleration of the transient driving cycle is minimized 
under all weather conditions; that the specified accuracy of the distance 
measurement is maintained; and that tire wear and noise are minimized. 

,(4) Inerti<L.. 

(i) Mechanical Inertia Simulation. The dynamometer shall be equipped with 
mechanical flywheels providing test inertia weights between at least 2000 to 
5500 pounds, in increments of no greater than 500 pounds. T~e tolerance on 
the base inertia weight and the flywheels shall be wit~in I% of the specified 
test weights. The proper inertia weight for any test vehicle shall be 

. selectable. 

(ii) Electric Inertia Simulation. Electric inertia simulation, or a combination of 
electric and mechanical simulation may be used in lieu of mechanical 
flywheels, provided that the performance of the electrically simulated inertia 
complies with the following specifications. Exceptions to these 
specifications may be allowed upon a determination· by the Administrator 
that such exceptions would not significantly increase vehicle loading or 

. · emissions for the purpose of properly conducting an approved short test. 

· (A) System Response. The torque response to a step change shall be at 
least 90% of the requested change within lOO milliseconds after a step 
change is commanded by the dynamometer control system, and shall 
be within 2 percent of the commanded torque by 300 milliseconds after 

. the command is issued. Any overshoot of the commanded torque value 
shall not exceed 25 percent of the torque value. · 

· (B) Simulation Error. An inertia simulation error (ISE) shall be 
continuously calculated any time the actual dynamometer speed is 
above 10 MPH and below 60 MPH. The ISE shall be calculated by the· 
equation in §85.2226(a)(4)(ii)(C), and shall not exceed l percent of the 
inertia weight s,elected (1'V s) for the vehicle under test. 

(C) ISE = (IW5 - Ii) I (IWs) • 100 

. (D) It = Im '..+- (~) f~ <Fm - Fri) DT 

Where: 
It = Total inertia being simulated by the dynamometer (kg) 
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It (lb force) = lt(kg) • 2.2046 

Im = Base (mechanical inertia of the dynamometer (kg} 

V = Measured roll speed (mis) 

Fm = Force measured by the load cell (translated to the roll 
surf ace) (N) 

Fri = Road load force (N) required by IlIP at the measured roll 
·speed (V) 

t = Time (sec) 

(iii) Inertia WeiQht Selection. For dynamometer systems employing mechanical 
inertia flywheels, the test system shall be equipped with a method, 
independent from the flywheel selection system, .that identifies which inertia 
weight flywheels are actually rotating during the transient driving cycle . 

Other Reguirements. • 

(i) Test Distance and Vehicle Speed.· The total number of dynarnometer roll 
revolutions shall be used to calculate the distance traveled. Pulse counters 
may be used to calculate the distance directly if there are at least 16 pulses· 
per revolution. The measurement of the actual roll distance for the · 
composite and each phase of the transient driving cycle shall be aceurate.to · 

·within ±0.01 mile. The meas~rement of the roll speed shall be accurate to 
within ±0.1 mph. Roll speed measurement systems shall b~· capable of ,_ 
accurately measuring a 3.3 mph·per second acceleration rate ov.er a orie · 
second period with a starting speed of 10 mph.· · 

(ii) Vehicle Restraint The vehicle sha11 be restrai.ned during the1ransient 
driving cyc1e. The restraint system shall be designed to minimize vertical 

· and horizontal force on the drive wheels such that emission levels are riot 
significantly affected. The restraint system shall allow unobstructed yehicle 
ingress and egress and shall be.capable of safely restraining the vehicle · 
under all reasonable operating ronditions. , 

(iii) Vehicle Cooling. The test system shall provide for a method to prevent 
overheating of the vehicle. The cooling method shall direct air to tlte cooling 
system of the test vehicle .. The cooling syst~m capacity shall be 5400 ±300 
SCFM within 12 inches (30.5 cm) of the intalce to the vehicle's cooling. 
system. The cooling system design shall avoid improper cooling of the 
catalytic convertor. 

(iv) Four-Wheel Drive:. If used, four-wheel drive'dynamometers shall insure the 
-application of correct vehicle loading as defined in §85.2226(aX2) and shall 
not damage the four wheel drive system of the vehicle~· Front and rear wheel 
rolls shall ma_intain speed synchronization within 0.2 mph. , · 
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(v) Augmented Braking. Fully automatic augmented braking shall be used from 
seconds 85 through 95 and after second 223 of the driving cycle. Fully 
automatic augmented braking may be used in other deceleration periods of 
the driving cycle with the approval of the Administrator. During the periods 
of augmented braking the operator shall be made aware that augmented 
braking is occurring and shall be trained not to use the vehicle accelerator 
during these periods. It shall be automatically interlocked such that it can be 
actuated only while the vehicle brakes are applied. Simultaneous engine 
acceleration is systematically prevented through periodic quality assurance. 

(b) Constant Volume Sampler 

(1) General Desi 1rn Requirements. 

(i) Venturi Type. A constant volume sampling (CVS) system of the critical 
flow venturi (CFV) or the sub-sonic venturi (SSV) type shall be used to 
collect vehicle exhaust samples. The CVS system anp components shall 
generally conform to the specifications in §86.109-90. 

(ii) CVS Flow Size The CVS system shall be sized in a manner that prevents 
condensation in the dilute sample over the range of ambient conditions to be 
encountered during testing. A 700 SCFM system is assumed'to satisfy this 
requirement. The range of ambient conditions may require the use of heated 
sample lines. A 350 SCFM CVS system and heated lines may be.used to 
eliminate condensation and to increase measured concentrations for better 
resolution. Should the heated sample lines be used, the sample line and 
components (e.g., filters, etc.) shall be heated to a minimum of 120° F and a 
maximum of 250°F, which shall be monitored during the transient driving 
cycle. 

(iii) CVS Compressor. The CVS compressor flow capacity shall be sufficient to 
maintain proper flow in the main CVS venturi with an adequate margin. For 
CFV CVSs the margin shall be sufficient to maintain choke flow. The 
capacit)r of the blower relative to the CFV flow capacity shall not be so large 
as to create a limited surge margin. 

(iv) Materials All materials in contact with exhaust gas shall be unaffected by 
and shall not affect the sample (i.e., the materials shall not react with the 
sample, and neither shall they taint the sample as a resu1t of out gassing) .. 
Acceptable materials include stainless steel, Teflon®, silicon rubber, and 
Tedlar®. · ' 

(v) Alternative Approaches. Alternative CVS specifications. materials, or 
designs may be allowed upon a determination by the Administrator, that for 
the purpose of properly conducting an approved shon test, the evidence 
supporting such deviations will not significantly affect the proper 

. measurement of emissions. 
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Sample System. 

(i) Sample Probe. The sample probe within the CVS shall be designed such 
that a aontinuous and adequate volume of sample is collected for analysis. 
The system shall have a method for determining if the sample collection 
system has deteriorated or malfunctioned such that an adequate sample is not 
being collected, or that the response time has deteriorated such that the time 
correlation for each emission constituent is no longer valid. 

(ii) CVS Mixing Tee: 

(A) Design and Effect. The mixing tee for diluting the vehicle exhaust 
with ambient air shall be at the vehicle tailpipe exit as in §86.I09-
90(a)(2)(iv). The dilution mixing tee shall be capable of collecting 
exhaust from all light-duty vehicle and light-duty truck exhaust 
systems. The design used shall not cause static pressure in the 
tailpipe to change such that the emission levels are significantly 
affected. A change of ±1.0 inch of water, or less, shall be acceptable. 

(B) Locating Device. The mixing tee shall have a device for positively 
locating the tee relative to the tailpipe With respect to distance from 

· the tailpipe, and with respect to positioning the exhaust stream from 
the tailpipe(s) in the center of the mixing tee flow area. The locating 
device, or the size of the entrance to the,tee shall be such that if a 
vehicle moves laterally from one extreme position on the -
dynamometer to the other extreme, that mixing tee will collect all of 
the exhaust sample. 

(iii) Dual Exhaust. For dual exhaust systems, the design used shall insure that. 
each leg of the sample collection system maintains equal flow. Equal flow 
will be assumed if the design of the "Tee" intersection for the dual CVS 
hoses is a "Y" that.minimizes the flow loss from each leg of the "Y," ifeach 

· leg of the dual exhaust collection system is approximately equal in length (:!: 
1 foot), and if the dilution area at the end of each leg is approximately equal. 

·In addition, the CVS flow capacity shall be such that the entrance flow 
velocity for each leg of the dual exhaust system is sufficient to entrain all of 
the vehicle's exhaust from each tailpipe. 

(iv) Background Sample. The mixing tee- shallbe used to collect the background 
sample. The position -0fthe mixing tee for taking the background sample 
shall be within 12 lateral and 12 longitudinaf feet of the position during the 
transient driving cycle, and approximately 4 vertical feet from the floor. 

~ 

(v) Integrated Sample. A continuous dilute sample shall be provided for 
integration by the analytical instruments in a manr~er similar to the method 
for collecting bag samples as described in §86.109. 

, , 

(c) Analytical Instruments 
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General Reguirements. 

(i) The emission analysis system shall automatically sample, integrate, and 
record the specified emission values for HC, CO, C02, and NOx. 
Performance of the analytical instruments with respect to accuracy and 
precision, drift, interferences, noise, etc. shall be similar to instruments used 
for testing under §86 Subparts B, D, and N. Analytical instruments shall 
perform in this manner in the full range of operating conditions in the lane 
environment. 

(ii) Alternative analytic equipment specifications, materials, designs, or 
detection methods may be a!Jowed upon a determination by the 
Administrator, that for the purp·ose of properly conducting an approved short 
test, the evidence supporting such deviations will not significantly affect the 
proper measurement of emissions. 

(2) Detection Methods and Instrument Ranaes. 

(i) Total Hydrocarbon Analysis. Total hydrocarbon analysis shal1 be 
determined by a flame ionization detector. If a 700 SCFM CVS is used, the 
analyzer calibration curve shall cover at least the range of 0 ppmC to 2,000 
ppmC. Use of a different CVS flow capacity shall require an adjustment to 
these ranges. Appropriate documentation supporting any adjustment in 
ranges shall be available. Such documentation shall also address the ability·-, 
of any altered ranges to accurately measure all cutpoints, including cutpoints 
for vehicles older than those specified in §85.2205(a), that may be used in 
the specific l/M program for which the altered ranges are proposed to be 
used. The calibration curve must comply with the quality control 
specifications in §85.1234(d) for calibration curve generation. 

(ii) Carbon Monoxide Analysis CO analysis shall be determined using a non-
dispei-sive infrared analyzer. If a 700 SCFM CVS is used, CO analysis shall 
cover at least the range of O ppm to 10,000 ppm (1 %). In order to meet the 
calibration curve requirements, two CO analyzers may be required - one 
from 0 to J 000 or 2000 ppm, and one from 0 to I% CO. Use of a different 
CVS flow capacity shall require an adjustment to these ranges. Appropriate 
documentation supponing any adjustment in ranges shall be available. Such 
documentation shall also.address the ability ofanyaltered ranges to 
accurately measure all cutpoints, including cutpoints for vehicles older than 
those specified in §85.2205(a), that may be used in the specific l/M program 
for which the altered ranges are proposed to be used. The calibration curve 
requirements and the quality control specifications in §85.2234(d) apply to 

·both analyzers. 

(iii) Carbon Dioxide Analysis. C02 analysis shall be-determined ,using an NDIR 
analyzer. If a 700 SCFM CVS is used, C02 analysis shall cover at least the 
range ofO ppm to 40,000 ppm (4%). Use of a different .CVS flow capacity 

·shall require an adjustment to these ranges. Appropriate doeumentation 
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supporting any adjustment in ranges shaJI be available. Such documentation 
shall also address 'the ability of any altered ranges to accurately measure all 
cutpoints, including cutpoints for vehic1es older than those specified in 
§85.2205(a), that may be used in the specific l/M program for which the 
altered ranges are proposed to be used. The ca.Jibration curve must comply 
with the quality control specifications in §85.2234(d) for calibration curve 
generation. 

(iv) Oxides of Nitrogen Analysis. NOx analysis shall be determined using 
chemiluminescense. The NOx measurement shall be the sum of nitrogen 
oxide and nitrogen dioxide. If a 700 SCFM CVS is used, the NOx analysis 
shall cover at least the range of 0 ppm to 500 ppm. Use of a different CVS 
flow capacity shall require an adjustment to these ranges. Appropriate 
documentation supporting any adjustment in ranges shall be available .. Such 
documentation shall also address the ability of any altered ranges to 
accurately measure all cutpo-ints, including cutpoints for vehicles older than 
those specified in §85.2205(a), that may be used in die specific IIM program 
for which the altered ranges are proposed to be used. The calibration curve 
must comply with the quality control specifications in §85.2234(d) for 
calib~ation curve generation. 

(3) Svstem Response Requirements. The governing requirement for system response is 
the ability of the integration system to measure vehicle emissions to within ±5% of 
that measured from a bag sample simultaneously collected over the same integration 
period, on both- clean and dirty vehicles. Historically; continuously integrated 
emission analyzers have been required to have a response time of 1.5 seconds or 
less to 90% of a step change, where a step change was 60% of full scale or better. 
System response times between a step change at the probe and reading 90% of the 
change have generally been less than 4 - 10 seconds. Systems proposed that exceed 
these historical values shall provide an engineering explanation as to why the slower 
system response of the integrated system .Will compare to the bag reading within the_ 
specified 5%. 

(4) Integration Requirements. 

(i) The analyzer voltage responses, CVS pressure(s), CVS temperature(s), 
dynamoineter speed, and dynamometer power shall be sampled at a 
frequency of no less than 5 Hertz, ·and the voltage levels shall be,averaged 
over 1 second intervals. - -

(ii) Th~ system shall properly time correlate each abalyzer signal and the CVS 
signals to the driving trace. 

J 

(iii) The one-second average analyzer voltage levels shall be converted to 
concentratio!JS by the analyzer calibration curves. Corrected concentrations 
for each gas sh.811.be dei:ived by subtracting the pre-test background 
concentrations from the measured concentrations, according to the method in 

'§85.2205(b). The correct~_d concentrations shall be converted to grams for 
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each second using the equations specified in §85.2205(b) to combine the 
concentrations with the CVS flow over the same interval. The grams of 
emissions per test phase shall be determined using the equations in 
§85.2205(b). 

(iv) When multiple analyzers are used for any constituent, the integration system 
shall simultaneously integrate both analyzers. The integrated values for the 
lowest analyzer in range shall be used for each second. 

(v) For all constituents, the background concentration levels from the lowest 
range analyzer shall be used, including the case where multiple analyzers 
may have been used. 

(5) Analvtical System Design. 

(i) Materials. All materials in.contact with exhaust gas prior to and throughout 
the measurement portion of the system shall be unafffcted by and shall not 
affect the sample (i.e., the materials shall not react with the sample, and 
neither shall they taint the sample as a result of out gassing). Acceptable 
materials include stainless steel, Teflon, silicon rubber, and TedJar®. 

(ii) Bar< PonL All analysis systems shall have provisions for reading a sample 
bag A portable pump for sampling such bags is permitted. 

(iii) Svstem Filters The sample system shall have an easily replaceable filter 
element to prevent particulate matter from reducing the reliability of the · 
analytical system. The filter element shall provide for reliable sealing after 
filter element changes. If the sample line is heated, the filter system shall 
also be heated 

(iv) Availability oflntennediate Calculation Variables. Upon request prior to a 
test, all intermediate calculation variables shall be available to be _ 
downloadea to electronic files or hard copy. These variables shall include 
those that calculate the vehicle emission test results, perfonn emission 
analyzer and dynamometer function checks, and perform quality assurance 
and quality control measurements. 
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§85.2227 Evaporative System Inspection Equipment 

(a) General Requirements 

(b) 

(l) Equipment Design. Automated and computerized test systems shall be used for the 
evaporative system tests. Pass/fail decisions shall be made automatically. -The 
systems shall be tamper resistant and designed to avoid damage to ~e vehicle 
during installation, testing, and removal. 

(2) Alternative Systems. Alternative purge or pressure test equipment. specifications, 
materials, or designs, may be proposed by a state and approved upon a 
determination by the Administrator that. for the purpose of properly conducting an 
approved shon test, the evidence supponing such deviations will not appreciably or 
adversely affect the proper determination of system integrity, the proper 
measurement of purge, or the proper operation of the vehicle. 

Evaporative Purge System • 

(1) General Reguirements. The evaporative purge analysis. system shall measure the 
instantaneous purge.flow in standard liters/minute, and shall compute the total 
volume of the -flow in standard liters over the transient driving cycle. 

(2) Specifications. The purge flow measuring system shall comply with the following 
requirements. · 

(i) Flov.; Capacitv. A mini~um of 50 liters per minute. 

(ii) Pressure Drop. ·Maximum of 16 inches of water at 50 liters per minute for 
the complete system including hoses necessary to connect the system· to the 
vehicle. · 

(iii) Totaled Flow. Oto 100 liters of volume 
. 

(iv) Response Time. 410 milliseconds maximum to 90% of a step change 
betweenapproximately 2 and 10 liters per minute measured with air. 

(v) Accuracy. 

(A) · ±2.0 liters per minute between 10 and 50 liters per minute (rate) 

(B) , ±0.15 'liters p~r minute between 0 and 10 liters per minute (rate) 

(C) ±4% of 50 standard liters total flow volume between 10 and 50 
liters total flow volume over one minute. 

(D) ±l.5% of IO.standard liters between 0 and 10 liters total volume 
flow .over one minute. 

(vi) Noise. }he maximum noise shall be less than 0.001 liters per second 
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(vii) · .. Calibration Gas. Air 

(3) Automatic Operation. Vehicle purge flow shall be monitored with a computerized 
system at a minimum sample rate of I Hz, shall automatically capture average (if 
sampled faster than I Hz) second-by-second readings, and shall automatically 
derive a pass/fail decision. In determining the total volume of flow, the monitoring 
system shall not count signal noise as flow volume. The test sequence shall be 
automatically initiated when the transient driving cycle test is initiated. 

(4) Adaptability. The purge flow system shall have sufficient adapters to connect in a 
leak-tight manner with the variety of evaporative systems and hose deterioration 
conditions in the vehicle fleet. The purge measurement system shall not 
substantially interfere with purge flow. 

(c) Evaporative System Pressure Test Equipment 

(l) General Requirements. .. 

(i) 

(ii) 

(iii) 

Pressure Gas. Nitrogen (N2), or an equivalent non-toxic, non-greenhouse, . . ' 

inert gas, shall be used for pressurizing the evaporative system. 

Automatic Operation. The process for filling the evaporative system, 
monitoring compliance, recording data, and making a pass/fail decision shall· 
be automatic. After the determination that the evaporative system has been , . 
filled to the specified pressure level, and upon initiation of the test, the 
pressure level in the evaporative system shall be recorded at a frequency of' ... 
no less than 1 Hertz until the conclusion of the test. · 

Test Abon. The system shall be equipped with an abort system that ~ ; 
positively shuts off and relieves pressure. The abort system shall be capaJ?le 
of being activated quickly and conveniently by the inspector should the need 
anse. 

(2) Adapters and Clamps. 
. . . 

(i) Canister Hose Adapters. The system shall have sufficient adapters to 
connect in a leak-tight 111anner with the variety of evaporative systems and· 
hose deterioration conditions in the vehicle fleet 

(iif Fuel Inlet Adapters. Fuel inlet adapters that fit on the vehicle's·fuel inlet in a 
manner similar to the gas cap and designed to admit a pressurized source of 
gas into the fuel tank shall be used for the fuel inlet pressure test specified in 
§85.2222(d). Inlet specific adapters shall be available for at least 95 percent 
of the fuel inlets that are used on U.S. light duty vehicles aJ)d light. duty 
trucks for the model years covered by the program. Varying internal · 
volumes of the adapter assemblies shall not affect the accuracy of the test 
results. Adapters shall be made available within two years of the 
introduction of new model year vehicles. 
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(iii) Hose Clamp. The hose clamp used for the fuel inlet pressure test shall be 
designed to apply only enough pressure to close the hose without damaging 
it. The nose of the clamp shall be smooth·surfaced or otherwise designed to 
avoid abrasion of the vehicle hose. 

(3) Pressure Gauge. The device for measuring pressure in the vehicle's evaporative 
system shall have a minimum range of 0 to 50 inches of water and an accuracy of 
±0.3 inches of water (2% of 15) or better. 

(4) Flow Meter A flow meter with a range of at least Oto 10 liters per minute and ::t:5% 
accuracy shall be used for the measurement of flow. 

(5) Gas Cap Tester The tester shall provide a visual or digital signal that the required 
air supply pressure is within the acceptable range and the flow comparison test is 
ready to be conducted. The tester shall incorporate an upstream maintainable filter. 
If the tester is battery powered, it must be equipped with an automatic shutoff and a 
low-battery indicator. A NIST traceable reference passing (uel cap of nominal 52-
56 cubic centimeters per minute, and a NIST traceable reference failing fuel cap of 
nominal 64-68 cubic centimeters per minute shall be supplied with the tester for 
daily test verifieation. Leak rate measurements shall be accurate to ±3 cubic 
centimeters'·perrninute .. 

(6) Flow SJ~ndard The flow standard shall be a square edged circular orifice with a 
NIST traceable flow rate which in combination with the comparison circuitry will 
produce a pass/fail threshold of 60 cubic centimeters at 30 inches of water column. 
Transducers used in the comparison circuitry shall have accuracy traceable to NIST. 
The supply pressure may be obtained using room air and any convenient low 
pressure source. The tester shall contr.ol the supply pressure and prevent over 
pressurization. 
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§85.2234 . IM240 Test Quality Control Requirements 

(a) General Requirements 

(I) Minimums. The frequency and standards for quality control specified here are 
minimum requirements, unless modified as specified in §85.2234(2). Greater 
frequency or tighter standards may be used as needed . 

. 
(2) Statistical Process Control. Reducing the frequency of the quaJity control checks, 

modifying the procedure or specifications, or eliminating the quality control checks 
altogether may be allowed if the Administrator detennines, for the purpose of 
properly conducting an approved shon test, that sufficient Statistical Process 
Control (SPC) data exist to make a detennination, that the SPC data support such 
action, and that taking such action will not significantly reduce the quaJity of the 
emission measurements.-- Should emission measurement performance or quaJity 
deteriorate as a result ·of allowing such actions~ the approval shall be suspended, and 
the frequencies, procedures, specifications, or checks specifred here or otherwise 
approved shall be reinstated, pending further determination by the Administrator. . 

. 
(3) Modifications. The Administrator may modify the frequency and standards 

contained in 'this section if found to be impractical. 

(b) Dynamometer 

( l) Coast Down Check. 

(i) The calibration .of each dynamometer shall be checked on a weekly basis.by 
a dynamometer coast-down equivalent that in §86.118-78 (for reference-see· 
EOD Test Procedures TP .. 302A and TP-202) between the speeds of 55 to 45 
mph, and between 22 to 18 mph. All rotating dynamometer components · 
shall be included in the coast-down check for the inertia weight selected. 

(ii) The base dynamometer and the base plus each prime inertia weight flywheel, 
if any, shall be checked with at )east two horsepower settings within the 
normal range of the inertia weight. For dynamometers that use electrical 
inenia simulation and have a base inertia outside of the range of 3000 
pounds to 4500 pounds, the coast-down check shall be conducted with at 
Jeast two horsepower settings at the base inerti~ and two settings at either 
2500 pounds or 4500 pounds, whichever is furthest from the base inertia 
weight. For both mechanical fly-Wheel dynamometers arid electricaJ inertia 
simulatio~ dynamometers, the horsepower settings selected shall--correspond 
to a vehicle I engine category that matches the inertia weight selected for the 
-coast-down test. Where the base inerti~ or the base inertia plus the smallest · 
flywheel results in a coast-down inertia of less than 2250 pounds, only one 
horsepower setting is required for the check.! 

(iii) The coast-down procedure shall use a vehicle ofT-dynamometer type meth~ 
or equivalent. If a vehicle is used to motor the dynamometer to the 
beginning coast-down speed, the vehicle shall be lifted off the dynamometer 
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rolls before the coast-down test begins. If the difference between the 
measured coast-down time and the theoretical coast-down time is greater 
than± 1 second on the 55 to 45 mph coast-down as calculated by 
§85.2234(b)(l)(iii)(A) or (B), official testing shall automatically be 
prevented, and corrective action shall be taken to bring the dynamometer 
into calibration. Official testing shall also automatically be prevented. and 
corrective action shall be taken to bring the dynamometer into calibration, if 
the difference between the measured coast-down time and the theoretical 
coast-down time for 22 to 18 mph is outside of the time window calculated 
by §85.2234(b)(l)(iii)(C) or (D). For tests using inertia weights of 8500 lbs. 
and above, if the difference between the measured coast-down time and the 
theoretical coast-down time is.outside of the time window calculated by 
§85.2234(b)(l)(iii)(C) or (D) for the 22 mph to the 18 mph coast-down when 
substituting 0.27 HP for the allowable force-error (equivalent to 5.0 pounds­
force at 20 mph), official testing shall automatically be prevented, and 
corrective action shall be taken to bring the dynamorpeter into calibration. 

(A) The off-dynamometer target coast-down time at 50 mph (DET@So mph­

, 8) for dynamometers with 8.265 inch rolls 'shall be calculated as 

'follows. 

DET @SOmph-8 = 
(0.5 • ETW)• (V 2 V 2) 

' ' 32.2 55 - 45 

550 • (TRLHP@SOmph - GTRL@SO~ph-8) 

(B) _ The off-dynamometer target coast-down time at 50 mph (DET@SO mph-

20) for dynamometers with 20.0 inch rolls shall be calculated as 

follows. 

·(C) 

- DET @,SOmph-20 = 
(0.5 • ETW)* (V 2 V 2_} 

32.2 55 - 45 

550 • (TRLHP @SOmph - .GTRL@SOmph-20) 

The maximum and minimum time Jimi!S for the off-dynamometer 
coast-down window at 20 mph (DT Max@ 2o mph-8, DT Min@20 mph-8) 

·for dynamometers with 8.265 inch rolls shall be calculated by the 
following equations_ The TRLHP and GTRL used in these calculations 
shall be determined from the same vehic1e I engine category used to 
determine the 50 mph off-dynamometer target coast-down time. If the 
calculated maximum value (DT Max @ 20 mpb-8 } exceeds twice the 

target value calculated for a specific vehicle I engine category (D.T Ave 

-@20 mph-8}, or'if the maximum value is a negative number, a value 

equal to twice the target value shall be substituted for the maximum 
time limit 
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(;O.S*ETW\..(V 2_v 2) 
l 32.2 J . 22 18 

DTM @2 h = ax cv Omp -8 5SO•(TRLHP@20mph-GTRL@20mph-8-0. l 7HP) 

(0.5 • ETW)• (V 2 _ V 2) l 32.2 - 22 18 
DT @ g-Ave 20mph- - 550•(TRLHP@20mph-GTRL@20mph-8) 

· (o.s•ETW\.(V 2 v 2) 
. L 32_2 L 22 - 1s 

DT Min@20mph-8 : 550•(TRLHP@20mph-GTRL@20mph-8+0. I 7HP) 

(D) The maximum and minimum time limits for the off-dynamometer 
coast-down window at 20 mph (DTMa.x @io mph-20, DTMin@20 mph-

20) for dynarnometers with 20.0 inch rolls shall be calcuiated by the 
• 

following equations. The TRLHP and GTRL used in these calculations 
shall be detennined from tfie same vehicle I engine category used to 
determine the 50 mph off-dynamometer target coast-down time. 

(0.5*ETW\. 2 2 • ·. 
. · . ( 32.2 [(V22-V18) 

DT Max@20mph-20 = 550• (TRLHP@20mph-GTRL@20mph-20-0. l 7HP) 

(o.s•ETW\ ·. · .· 2 · 2 l 32.2 · JCV22 -Vis ) . 

DT Min@20mph-20 = 550*(TRLHP@20mph·GTRL@20mph-20+0. l 7HP) .· 

(E) Where: 

DET@ ;o mph-dd : Off-dynamometer target co~st-down time 

(seconds) at 50 mph for a dynamoineter with a roll diameter 
corresponding to the designator •dd" · 

DT Ma" @ 20 mph-dd = Upper off--dynamometer target coast-down time 

limit (seconds) at 20 mph for a dynamometer with a roll 
diameter corresponding to the designator "dd" 

DTAve@lO mph-dd = Off-dynarnometertarget coast-down time 

(seconds) at 20 mph for a dynamometer with a roll diameter 
corresponding to the designator "dd" . 

DT Min @20 mph-dd = Lower off-dynamomeier target coast-~own time 

limit (seconds) at 20 mph for a dyriamometer with a roll 
· diameter corresponding to the designator "dd" 
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TRLHP@ 50 mph = Track Road L~ad Horsepower at 50 mph for a 

specific vehicle engine category selected for the coast down. 
check. 

TRLHP@ 20 mph = Track Road Load Horsepower at 20 mph foi:: the 

corresponding specific vehicle engine category selected for the 
50 mph coast down check. 

GTRL@ 50 mph-dd = Generic Tire/Roll Horsepower loss at 50 mph for 

a dynamometer with "dd" roll size, and corresponding to the 
specific vehicle engine category selected for the 50 mph coast 
down check. 

' 
GTRL@. 20 mph-dd = Generic Tire/Roll Horsepower loss at 20 mph for 

a dynamometer with "dd" roll si.ze, and corresponding to the 
specific vehicle engine category selected-for the 50 mph coast 
down check . 

. ETW = Equivalent Test Weight (i.e., inertia weight) in pounds 
corresponding to the specific vehicle engine category selected 
for the 50 mph coast down check. · 

V xx 2 = Velocity in feet per second corresponding ~o the mph value 

"xx" 

0.17 HP = Horsepower representation of an allowable force-error of · 
3 .3 pounds-force at 20 mph. This allowable force-error is 
approximately equivalent to a± 2 second tolerance in the off­
dynamometer target coast-down time at 50 mph for a 
dynamometer with 8.625~ rolls when using a TRLHP computed 

• from the EPA on-dynamometer target coast-down time. This 
force-error is approximately equivalent to a::!: 1.25.second 
tolerance in the off-dynamometer target coast-down time at 50 
mph for a dynamometer with 20.0" rolls. 

{iv) The clock used to check the coast-down time shall be accurate to 0.1 percent 
of reading between 10 and 1000 seconds with a resolution of0.01 seconds. 

(v) The results of each dynamometer coast-doWn check performed shall be 
automaticaUy computed and recorded on electronic media with a date and 
time stamp. 

(2) Roll Speed. Roll speed and roll counts shall be checked each operating day by an 
. independent means (e.g., photo tachometer). Deviations of greater than ±0.2 mph 

or a comparable tolerance in roll counts shall require corrective action. 
Alternatively, a redundant roll speed transducer independent of the primary 
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transducer may be used in lieu of the daily comparison. Accuracy of redundant 
systems shall be checked monthly. 

(3) \Vann-Up. Dynamometers shall be in a warmed up condition for use in official 
testing. Warm-up is defined as sufficient operation that allows the dynamometer to 
meet the coast down time (within 3 seconds) identified for the specific 
dynamometer during calibration. The reference coast-down time shall be the value 
for 55 to 45 mph with the lightest inertia weight and lowest horsepower for that 
weight used during weekly calibrations. Alternatively, the reference coast-down 
time shall be the value for 22 to 18 mph with the lightest inertia weight-and lowest 
horsepower for that weight used during weekly calibration, with a time standard of 
±20%. Warm-up may be checked by comparing the measured parasitic losses at 
least 25 mph to reference values established during calibration. 

( 4) Acceptance Testing. Upon initial installation and prior to beginning official testing, 
the performance of each dyriamometer and dynamometer design shall be verified 
for compliance with the requirements in §85.2226(a). Specific acceptance 
verification requirements are described in §85.2234(b)(4)(i) through 
§85 .2234(b )(4 )(v) 

(i) Coast Down I Vehicle Loading Check Following InstaJlation . The coast 
down performance of each dynamometer shall be checked to verify the 
ability of the dynamometer and dynamometer load settin$ system to meet 
dynamometer target coast down times prior to beginning official testing. 
The performance shall be checked by the procedure defined in 
§85 2234(b )(4)(i)(A) through §85.2234(b)(4)(i)(J), or by a comparable 

- procedure acceptable·to the .Administrator. 
r 

(A) The dynamometer shall be warmed-up by the dynarnometer 
manufacnirer's procedure. · · 

(B) At least three vehicle I engine categories shall be.selected from the 
EPA Look-Up table for vehicle loading. The vehicle I engine 
categories should cover the.range of expected test vehicles. If look-up 
table data is not available at the time of acceptance testing, TRLHP 
values can be sele~ed from the table of defaulfvalues in· §85.2221 . 
(c)(5). If default TRLHP values are used, drive.-ax1e weight (DAXWT) 
shall be computed as 46.0 percent of the test inertia weight in the table 
for 22 50 pounds and above. A value of 63 percent of the test inertia 
weight in the table shall be used for 2249 pounds and below. 

(C) The dynamometer shall be set for the first vehicle/engine category 
selected based on the variables used to uniquely index the vehicle 
engine category (e.g., modei year, manufacnirer, model, number of 
cylinders, engine size, and transmission type)'. 

(D) The dynamometer shall be coasted down from 65 mph to 5 mph with 
the settings pre-selected in §85.2234(bX4)(iXC). 

D--... AC' 
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(E) The 55 mph to 45 mph, and the 22 mph to 18 mph coast down times 
shall be recorded for the data collected in §85.22-34(b)(4}(i)(D). 

(F) The dynamometer sha11 be coasted down from 65 mph to 5 mph after 
having been adjusted for each of the other two vehicle engine . 
categories, and the 55 mph to 45 mph, and the 22 mph to 18 mph coast 
down times shall be recorded for each coast-down. · 

. 
(G) The coast-downs specified in §85.2234(b){4)(i)(C) through §85.2234 

(b)(4)(i)(F) shall be replicated for a total of three coast-down tests for 
each vehicle inertia category. The replications of the coast-downs for 
each vehicle engine category shall be run in random sequence. 

(H) The off-dynamometer target coast-down time at SO mph (DET ~ 50 
rnph-dd) for each vehicle I engine category shall be calculated as 

specified in §8 5 .2234(b )(1 )(iii)(A) or (B) for the applicable 
dynamometer roll size. • -

(I) The upper and lower off-dynamometer coast-down time limits at 20 
1!1Ph (DT Max@ 20 mph-dd, DT Min@ 20 mph-dd) for each vehicle I engine 
category shall be calculated as specified in §85.2234(b)(I)(iii)(C) or 
(D) for the applicable dynamometer roll size. 

(J) The dynamometer vehicle loading is considered acceptable if each 
measured 55 mph to 45 mph coast-down time for each vehicle I engine 
category tested is within± 1 second of the off-dynamometer target . 
coast-down time determined in (b)(4)(i)(H) above, and if each­
measured 22 mph to 18 mph coast-down time for each vehicle I engine 
category tested is within the off-dynamometer target coast-down time 
limits determined in (b )( 4)(i)(I) above. 

(ii) Vehicle Loading Check ofDynamometer Design. For each dynamometer 
design used, the 1/M Program Office shall obtained and maintain a repon 
verifying the ability of the dynamometer design to properly load vehicles as 
specified in §85.2226(8). The dynamometer manufacturer may prepare the 
report The report shall identify how each requirement in §85.2226(a) is 
perfonned by the specific ·dynamometer design used. In addition. where 
specific perfonnance levels or characterizations are specified {e.g .• §85.2226 
(a)(2)(viii), §85.2226(2)(x), §85.2226(4)(ii) and §85.2226(a)(5}}. test data 
with supporting analysis verifying compliance shall be included. At a 
minimum, the test data shall include a comparison and analysis of the 
expected coast-down times versus the actual vehicle on-dynamometer coast­
down times for at least three vehicles spanning the range of drive axle 
weights and horsepower. Actual track coast~own data and curves shall be 
available for the makes and models ofvehicles·selected from which the · 
expected coast-down times shall be derived. The analysis shall also· 
graphically compare the track horsepower curves to curves generated from 
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the on-dynamometer coast.:down testing. Reasons for variations in time, 
equivalent to one horsepower, between the expected coast-down times and 
the actual vehicle on-dynarnometer coast-down times, or variations between 
the curves of mote than one horsep~wer shall be explained in the report. 

(iii) Alternative Coast Down I Vehicle Loading Check This procedure may be 
used in lieu of the procedures in §85.2234(b)(4)(i). The coast down 
performance of each dynamometer shall be checked with at least two 
categories of vehicles to verify the ability of the dynamometer and 
dynamometer load setting system to meet dynarnometer target coast down 
times. The coast down performance of each dynarnometer design used shall 
be checked with at least 6 categories of vehicles to determine the ability of 
the dynamometer design to properly load the vehicle over the required speed 
range as defined in §85 .2226(a)(2). The performance of the design shall be 
checked by the procedure defined §85.2234(b)(4)(ii)(A) through 
§85.2234(b)(4)(ii)(L), or by a comparable procedure acceptable to the 
Administrator. • · 

(A) The dynamometer shall be warmed-up by the dynamometer 
manufacturer's procedure, and the tires and drive train on the test car 
shall be warmed-up by operating the vehicle at 50 mph for 20 minutes. 
The tire pressure in the tes.t vehicles shall be at 45 psi. 

(B) The dynamometer indicated power (IHP) and inertia weight for the 
vehicle shall be selected for the test vehicle. 

(C) The test vehicle shall be coasted down from 65 mph to 5 mph on the 
dynamometer with the settings pre-selected in §85.2234(b)(4)(i)(B). 

(D) The 55 mph to 45 mph, and the 22 mph to 18 mph coast down times 
shall be recorded for the data collected in §8S.2234(b)(4)(i)(C). 

(E) The test vehicle shall again be .coasted down from 65 mph to 5 mph on 
the ·dynamometer with the dynamometer power absorber reset to a load 
of zero. 

.-
. (F) A speed versus horsepower equation of the form in §85.2226(a)(2Xiii) 

shall be determined tor the data collected in §85.2234(bX4)(l)(E). 

(G} The test vehicle shall be removed from the dynamometer, and the 
dynamometer shall be coasted down from 65 mph to 5 mph with the 
dynamometer power absorber set to a load of zero. 

(H) A speed versus horsepo~er equation of the form in §8S.2226(aX2)(ix) 
for parasitic losses (PLHP)_shall be determined for the data collected in 
§85.2234(b )(4)(i)(G). . 

(I) The tire/roll interface losses shall be determined by subtracting the 
horsepower curve determined ~n §8S.2234(b)(4)(i)(H) from the 
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horsepower curve detennined in §85.2234(15)(4)(i){F). The tire loss 
curve (GTRL) shall be in the form specified in §85.2226(a)(2)(xiii). 

(J) Repeat the steps in §85.2234(bX4)(i)(B) through §85.2234(b)(4)(i){I) 
to obtain a total of three sets of data for each test vehicle. The 
dynarnometer and vehicle may be wanned·up as needed to meet the 
requirements in §85.2234(b)(4)(i)(A). · 

(K) For each test _vehicle, compute the average 55 mph to 45 mph coast 
down time, the average 22 mph to 18 mph coast down time, and the 
average tire/roll interface loss curve as measured in 
§85.2234(b)(4)(i)(B) through §85.2234(b)(4)(i)(J). 

(L) The dynamometer vehicle loading is considered acceptable if, for each 
test vehicle, the average values determined in §85.2234(b)(4)(i)(K) are 
within± 1 second of the 55 mph to 45 mph for the target time specified 
in §85.2226(a)(2)(ii), are within ±7 percent oft'he 22 mph to 18 mph 
that is calculated from §85.2226(a)(2)(iii) and §85.2226{a)(2)(iv), and 
within ± 15 percent of a generic tire/roll loss curve for the category of 
.vehicle. 

(iv) Load Measuring Device Check. The load measuring device on each 
dynamometer shall be checked by a dead·weight method (or equivalent) at 
least six points across the range ofJoads used for vehicle testing. Physical 
checking weights shall be traceable to NIST standards to within± 0.5 
percent. . Equivalent methods shall document the method used to verify 
equivalent accuracy. The accuracy of the interpreted value used for 
calculation or control shall be within ±1 percent of full scale. 

(v) Vehicle Inenia Loading. The actual inertia applied to the vehicle by each 
inenia weight, in combination with the base inertia, shall be verified for each 
dynamometer to insure compliance with the requirements in 
§85.2226(a)(4)(i) or §85.2226(a)(4)(ii) as applica~le. 

(vi) Parasitic loss check between 8 and 12 mph. The coast down time of.each 
· dynamo~eter between 8 and 12 mph -Shall be verified for compliance with 
the requirements of §85.2226(a)(2)(x). 

(vii) Speed and Distance Check. The performance of the speed and distance 
measuring system of each dynarnometer shall be verified for compliance 
with the requirements of §85.2226(a)(S)(i). The ability to resolve 
acceleration .as specified in §85.2226(a)(5)(i) need only be generically 
verified for the design used. If more than one design is used, each design 
shall be verified . 

. (viii) Warrn·up System Check. The dynamometer warm·up system shall be 
checked for compliance with the requirements in §85.2234(b)(3) by 
conducting a coast down check immediately following completion of the 
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wann-up specified by the dynamometer manufacturer or the system. The 
design of the warm-up system should be checked across the range of 
temperatures experience in-use, and particularly at the lower speeds. 

(5) Coast-down Times. Following acceptance, 55 to 45 mph, and 22 to 18 mph coast­
down times shall be detennined for quality control purposes with the vehicle off the 
dynamometer for each inertia weight and for at least 2 horsepower settings within 
the normal range of the inertia weight as required in §85.2234(b)(1Xii). These 
quality control values shall be determined when the dynamometer has been set to 
meet either the coast-down target times with the vehicle on the dynamometer (i,e., 
55 to 45 mph and 22 to 18 mph), or the equation coefficients. The I/M program · 
manager, may however, select different vehicle/engine categories to check coast­
down times as in §85.2234(b)(4)(i) for audit purposes. 

(c) Constant Volume Sampler 

(l) 

(2) 

(3) 

(4) 

(5) 

(6) 

Flow Calibration The flow of the CVS shall be calibrated al six flow rates upon 
initial installation, 6 months following installation, and every 12 months thereafter. 
The flow rates shaH include the nominal rated flow-rate and a rate below the rated 
flow-rate foLboth critical flow venturis and subsonic venturis, and a flow-rate above 
the rated flow for sub-sonic venturis. The flow ca1ibration points shall cover the· 
range of variation in flow that typically occurs when testing. A complete calibration 
shall be performed following repairs to the CVS that could affect flow. · 

. . 
Svstem Check CVS flow calibration at the nominal CVS design flow shall be 
checked once per operating day using a procedure that identifies deviations in flow 
from the true value.· A procedure equivalent to that in §86.l 19(c) shall be used. 
Deviations greater than ±4% shall result in automatic lockout of official testing until 

· corrected. 

Cleaning Flow Passa12es. The sample probe sha11 be checked at least once per 
month and cleaned i.f necessary to maintain proper sample flow. CVS venturi 
passages shall be checked once·per year and cleaned if necessary. -

· Probe Fl ow. The indicator identifying the presence of proper probe flow for the 
system design (e.g., proportional flow for CFV systems, minimum flow for time 
correlation of different analyzers) sha11 be checked on a daily basis. Lack ,of proper 
flow shall require corrective action. 

Leak Check. The vacuum portion of the sample system shall be checked for Jeaks 
on a daily basis and each time the syste~ integrity is violated (e.g., changing a 
filter). 

Bae Sample Check. On a quarterly basis, vehicle exhaust shall be collected in 
sample bags with simultaneous integrated measurement of the sample: At least one 
bag each for Phase 1 and for Phase 2 of the transient test cycle shall be conducted. 
Differences between the two measurement systems greater than 100/o sha11 result in 
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system lockout until corrective action is taken. For the purposes of acceptance 
testing, the differences shall be no greater than 5%. · 

(7) Response Time Check. The response time of each analyzer shall be checked upon 
initial installation, during each check for compliance with §85.2234(cX6), after each 
repair or modification to the flow system that would reasonably be expected to 
affect the response time, and at least once per week. The check shall include the 
complete sample system from the sample probe to the analyzer. Statistical process 
control shall be used to monitor compliance and establish fit for use limits based on 
the requirements in §85.2226(c). At a minimum. response time measurements that 
deviate significantly from the average response time for all CVS systems designed 
to the same specification in the program shall require corrective action before 
testing may resume 

(8) Mixing Tee Acceptance Test 

(i) The design of the mixing tee shall be evaluated by rutming the transient 
driving cycle on at least two vehicles, representing the high and low ends of 
engine displacement and inertia. Changes in the static tailpipe pressure with 
and without CVS, measured on a second-by-second basis within 3 inches of 
the end of the tailpipe, shall not exceed ±1.0 inch of water. 

(ii) ·.The ability of the mixing tee design to capture all of the exhaust as a vehicle· 
moves laterally from one extreme position on the dynamometer to the other 
extreme shall be evaluated with back-to-back testing of three vehides; 
representing the high and low'ends of engine displacement and inertia. The 
back-to-back testing shall be done with the mixing tee at the tailpipe and 
with an ainight connection to the tailpipe (i.e .• the mixing tee will be 
effectively moved downstream, as in typical FTP testing). The difference in 
carbon-balance fuel economy between the mixing tee located at the vehicle 
and the positive connection shall be no greater than .5%. 

(iii) The desig~ of the dual exhaust system shall be evaluated with back-to-back 
testing of three vehicles, representing the high and low ends of engine 
displacement and inertia, with an airtight connection to the tailpipe (i.e., the 
mixing tee will be effectively moved downstream, as in typical FTP testing, 
for these qualification tests). The difference in carbon-balance fuel economy 
between the two methods shall be no greater than 5%. 

(d) Analysis System 

(1) Calibration Curve Generation. 

(i) Upon initial installation, calibration curves shall be generated for each 
analyzer. If an analyzer has more than one measurement transducer, each 
transducer shall be considered as a separate analyzer in the analysis system 
for the purposes ·of curve generation and analysis system checks. 

n __ - ,.,.,,, 
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(2) 

(3) 

(ii) -The ca1ibration curve shall consider the entire range of the analyzer as one 
curve. 

(iii) At least 5 calibration points plus zero shall be used in the lower ponion of 
the analyzer range corresponding to an average concentration of 
approximately 2 gpm for HC, 30 gpm for CO, 3 gpm for NOx, and 400 gpm 
for C02. When both a low range analyzer and a high range analyzer are 
used for a single interest gas (e.g., CO), the high range analyzer shall use at 
least 5 calibration.points plus zero in the lower portion of the high range 
scale corresponding to approximately 100% of the full-scale value of the low 
range analyzer. For ,all analyzers, at least 5 calibration points shall be used 
to define the calibration curve above the 5 lower calibration points. The 
calibration zero gas shall be used to set the analyzer to zero. 

(iv) Gas dividers may be used to obtain the intermediate.points for the general 
- range classifications specified. ,. 

- -

(v) The calibration curves generated shall be a polynomial of the best fit and no 
greater than 4th order, and shall fit the data within 2.00/o at each ca1ibration 
poinf'as specified in §86.121-90, §86.122-78, §86.123-78, and §86.124-78. 
·An exception to the 2% fit may b_e allowed with approval by the 
Administrator if supponed by appropriate data for the lowest two non-zero 

- calibration points, provided that those points are below a value 
corresponding to an average concentration of approximately l gpm fcir HC, 
15 gpm for CO, 1.5 gpm for NOx, and 200 gpm for C02. For those points 
the allowable.curve fit may be increased to no more than 5%. (For 
reference, see EPA NVFEL Procedure No. 204) · 

(vi) Each curve shall be verified for each analyzer with a confirming calibration 
standard be!Ween 40-80% of fu]J scale that is not used for curve generation. 
Each confirming standard shall be measured by the curve within 2.5%. 

SpanninEZ Freg-uency. The.zero and up-scale span points shall be checked at 2 hour 
intervals following the daily mid-scaJe ctlrve check specified in §85.2234(d)(4) and 
adjusted if necessary. If the up-scale span point drifts by more than 2.0% from the 
previous check or, for the first check performed after the daily calibration check 
described in §85.2234(d)(4), from the daily check official testing shall be prevented 
and corrective action sha11 be taken to bring the system into compliance. If the zero 
point drifts by more than 2 ppmC HC, 1 ppm NOx, ){) ppm CO, or 40 ppm C02, 
official testing shall be prevented and corrective action shall be taken to bring the 
system into compliance. Or, the unit may be zeroed prior to each test. 

Limit Check. The tolerance on the adjustment of the up-scale span point shall be 
0.4% of point. A software algorithm to perform the zero arid span adjustment and 
subsequent calibration curve adjustment shall be used. Cumulative software up­
scale zero and span adjustments greater than ±10% from the latest calibration curve 
shall cause official testing to be prevented and corrective action shall be taken to 
bring the system into compliance. 
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Daily Calibration Checks. The curve for each analyzer sha11 be checked and 
adjusted to correctly read zero using a working zero gas, and an up-scale span gas 
within the tolerance in §85.2234(d)(3), and then by reading a mid-scale span gas· 
within 2.5% of point, on each operating day prior to vehicle testing. If the analyzer· 
does not read the mid-scale span point within 2.5% of point, the analyzer shall · 
automatically be prevented from official testing. The up-scale span gas 
concentration for each analyzer shall correspond to approximately 80% of full scale, 
and the mid-point concentration shall correspond to approximately 15% of full 
scale. 

(5) Weekly NOx Convenor Checks. The converter efficiency of the N02 to NO 
converter shall be checked on a weekly basis. The check shall be equivalent to 
§86.123-78 (for reference see EOD Form 305..01) except that the concentration of 
the NO gas shall be in the range-of 100-300 ppm. Alternative methods may be used 
if approved by the Administrator. 

(6) }\'eekly NO IN Ox Flow Balance. The flow balance between the NO and NOx test 
modes shall be checked weekly. The check may be combined with the NOx 
convenor check as illustrated in EPA NVFEL Form 305-01. 

(7) Monthlv Calibration Checks. The basic calibration curve shall be verified monthly 
by the sa!1le procedure used to generate the curve in §85.2234(d)(l), and to the 
same tolerances -

(8) · FID Check 

(i) 

(ii) 

(iii) 

Upon initial operation, and after maintenance to the detector, each FID shall 
be checked, and adjusted if necessary, for proper peaking and 
characterization. using the procedures described in SAE Paper No. 770141 or · 
by analyzer manufacturer recommended procedures. 

The response of each FID to a methane concentration of approximately 50 
ppm CH4 shall be checked once.per month. If the response-is outside of the 

range of 1.00 to 1.30, corrective action shall be taken to bring the FID 
respQnse within this range. The response shall be computed ·by the equation 
in §85.2234(d)(9)(iii). 

. FID response in ppmC 
Ratio of Methane Response == cu.· 1· d ppm u 4 m cy m er 

(9) Inteerator Checks. Upon initial operation, and every three months thereafter, 
emissions from a vehicle with transient cycle test values between 60% and 4000/o of 
the 1984 LDGV standard shall be simultaneously sampled by the normal integration 
method and by the bag method in each lane. The data from each method shall be · 
put into a historical data base for determining nonnal and· deviant perfonnance for - _· .. '· 
each test Jane, facility, and all facilities combined. Specific deviations betw.eeil the = 
integrator and bag readings exceeding± I 0% sha11 require corrective action. 

IM2.JO Oualirr Comrol . Par!e 52 



§85.223.l §85.2234 

/ . 
(10) Cross-Checks. On a quarterly basis, and whenever gas bottles are changed, each 

analyzer in a given facility shall analyze a sample of a test gas. The test gas shall be 
independent of the gas used for the daily calibration check in §85.2234(d)(4). in 
independent bottles. The same test gas, or gas mixture shall be used for all 
analyzers. The concentration of the gas shall be one of three values corresponding 
to approximately 0.5 to 3 times the cutpoint (in gpm) for 1984 and later model year 
vehicles for the constituent. One of the three values shall be at the lower end of the 
range, another shall be at the higher end of the range, and the other shall be near the 
middle of the range. The values selected shall be rotated in a random manner for 
each cross-check. The value of the checking sample may be detennined by a gas 
divider. The deviation in analysis from the concentration of the checking sample 
for each analyzer shall be recorded and compared to the historical mean and 
standard deviation for the analyzers at the facility and at all facilities. Any reading 
exceeding 3 sigma shall cause the analyzer to be placed out of service .. 

(11) Interference - Laboratory Testing. The design of each CO,.C02, and NOx analyzer 
shall be checked for water vapor interference prior to initial service. The 
interference limits in this paragraph shall apply to analyzers used with a CVS of 700 
SC.FM ·or~reater For analyzers used with lower flow rate CVS units, the allowable 
interference·response shall be proportionately adjusted downward. 

(i) CO Analyzer. A gas mixture of 4% C02 in Ni bubbled through water with a 
saturated-mixture temperature of 40°C shall produce a response on the CO 
analyzer of no greater than 15 ppm at 40°C. Also, a gas mixture of 4 percent 
C02 in Ni shall produce a response on the CO analyzer of no greater than I 0 
ppin at 40°C. , 

(ii) C02 Analyzer. A calibration zero gas bubbled through water with a 
saturated-mixture temperature of 40°C shall produce a response ~n the C02 
analyzer of no greater than 60 ppm. 

(iii) NOx Analyzer. A calibration zero gas bubbled through water with a 
saturated-mixture temperature of 40°C shall produce a response on the NOx 
analyzer of no greater than l ppm. Also. a gas mixture of 4 .percent C02 in 
either N2 or air shall produce a response on the NOx analyzer of no greater 
than 1.0 ppm at 40°C. 

(12) Interference~ Field Testing. Each CO, C02, and NOx analyzers shall be checked 
for water vapor interference prior to initial service, and on a yearly basis thereafter. 
The in-field check prior to initial service and the yearly checks shall be performed 

· on a high ambient temperature summer day (or simulated conditions). For 
analyzers used with lower flow rate CVS units, the allowable interference response 
shall be proportionately adjusted downward. The allowable interference level shall 
be adjusted to· coinCide with the saturated-mixture temperature used. For the CO 
analyzer, a rejection ratio of9,000 to 1 shall be used for this calculation. A ratio of 
2000 to I shall be used for C02 analyzers. A ratio of 90,000 to 1 shall be used for 
NOx analyzers. 
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(e) Gases 

(I) General-Requirements. Gas blends may contain up to three of any of the following .· 
components: HC , CO, C02, and NO. The HC component shall be propane. The 
diluent for blends containing HC shall be air. The diluent for blends containing NO -
shall be N2. CO and C02 may be used with either air or N2 as the diluent. Blends 
containing four interest components may be used only if approved by the 
Administrator. Blends containing N02 shall also require approvaJ by the 
Administrator prior to use, except if used to perfonn the NOx converter check 
specified in §85.2234(d)(5). Any interference effects between components in a gas 
blend shall be addressed in the quality control and quality assurance process. When 
a gas audit of the analytical system is performed, the auditor shall indicate whether 
C02 is present in the audit gas mixture prior to perfonning the audit. · 

(2) Calibration Gases Gases used to generate and check caJibration curves shaJl be 
traceable to a NIST SRM, CRM, NTRM, or RGM and have a stated uncertainty to 
within 1 % of the standard by Gas Comparison methods. C\1ibration zero gas shaJJ 
be used when using a gas divider to .generate intermediary calibration gases. · 

(3) Span Gases Gases used for up-scale span adjustment, cross-checks, and for mid­
scale span checks shall be traceable to NIST SRM, CRM, NTRM, or RGM and· 
have a stated uncertainty to within 2% of the standard by Gas Comparison methods. 
Span gas concentrations shall be verified immediately after a ·monthly ca1ibration 
curve check and before being put into service. If the reading on the span gases · 
exceeds 2.5% of the label value, the system or gases shall be taken out of service 
until corrective action is taken. When a gas divider is used to generate span gases, 
the diluent gas shall not have impurities any greater than the working zero· gas: ' 

' . . 

(4) Calibration Zero Gas The impurities in the calibration zero gas shall not exceed 0.1 
ppmC, 0.5 ppm CO, 1 ppm C02~ and 0.1 ppm NO. Calibration zero grade air shall 
be used for the FID zero calibration gas. Calibration zero grade nitrogen or 
calibration zero grade air shall be used for CO, C02, and NOx zero calibration 
gases. 

(5) Working Zero Gas. The impurities in working zero grade gases shall not exceed 1 
ppmC; 2 ppm CO, 400 ppm C02, and 0.3 ppm NOx: Working zero grade air or 
calibration zero.grade air shall be used for the FID zero span gas. Working or . 
calibration zero grade nitrogen or air shall ~e used for C.O. C02; and NOx zero span · 
gases. 

' (6) FID Fuel. The fuel for the FID shall cons!st of a mixture of 400/o (±2%) hydrogen, · 
and the balance helium. The FID oxidizer.shall be zero grade air, which can consist 
of anificial air containing 18 to 21 mole percent of oxygen. 

(7) Gas Naming Protocol. Gases used for calibration or auditing shall be named 
according to a written established practice that has been approved by the 
Administrator.· · 
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(f) Overall System Performance 

(1) Emission Levels. For each test lane, the average, medial), 10th percentile and 9oth 
percentile of the composite emissions (HC, CO. C02. and NOx) measured shall be . 
monitored on a monthly basis. Differences in the monthly average of greater than 
±I 0% by any one lane from the facility-average or combined facility-average, or by 
any one facility from the combined facility-average shall require an investigation to 
determine whether the single lane or facility has a systematic equipment or 
operating error or difference. Where it can be determined that the averages from 
one facility (or facilities) are offset from the average of the other facilities based on 
the mix of vehicles tested, the ±10% limit shall be compared to the expected offset. 
If systematic equipment or operating errors or differences causing the offset are 
found, such errors shall be corrected. The sample period may be adjusted to assure 
that a reasonably random sample of vehicles was tested in each lane. 

Pass/Fail Status The average number of passing vehicles and the average number 
of failing vehicles shall be monitored monthly for each test iane. Differences in the 
monthly average of greater than± 15% by any one lane from the facility-average or 
combined facility-average, or by any one facility from the combined facility­
average shall require an investigation to determine whether the single lane or facility 
has a systematic equipment or operating error or difference. Where it can be 
determined that the averages from one facility (or facilities) are offset from the 
average of the other facilities based on the mix of vehicles tested, the ±15% limit 
shall be compared to the expected offset If systematic equipment or operating 
errors or differences causing the offset are found, such errors shall be corrected. _ 
The sample period may be adjusted to assure that a reasonably rapdom sample of 
vehicles was tested in each lane. 

(g) · Control Charts 

(1) Genera1 Requirements. Control chans and StatisticaJ Process Control theory shall 
be used to determine, forecast, and maintain performance of each test lane, each 
facility, and all facilities in a given network. The control charts shall cover the 
performance of key parameters in the test system. When key para.rpeters approach 
control charlJimits, close monitoring of such systems shall be initiated and 
corrective actions shall be taken when needed to prevent such systems from 
exceeding control chart limits. If any key parameter exceeds the control chart 

Jimits, corrective action shall be taken to bring the system into compliance. The 
control chart limits specified are those values listed for the test procedures, the 
equipment specifications, and the quality control specifications that cause a test to 
be voided or require equipment to be removed from service. These values are •fit 
for use" limits, unlike a strict interpretation of SPC control chart theory which may 
use tighter limits to define the process. The test facility is encouraged to apply SPC 
strict control chart theory to detennine when equipment or processes could be 
improved. No action shall be required until the equipment or process exceeds the 
"fit for use limits" specified in this section. 

D--- cc 
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(f) Overall System Performance 

(1) Emission Levels. For each test lane, the average, medial), 10th percentile and 9oth 
percentile of the composite emissions (HC, CO, C02, and NOx) measured shall be 
monitored on a monthly basis. Differences in the monthly average of greater than 
± 10% by any one lane from the facility-average or combined facility-average, or by 
any one facility from the combined facility-average shall require an investigation to 
detennine whether the single lane or facility has a systematic equipment or 
operating error or difference. Where it can be determined that the averages from 
one facility (or facilities) are offset from the average of the other facilities based on 
the mix of vehicles tested, the ±10% limit shall be compared to the expected offset. 
If systematic equipment or operating errors or differences causing the offset are 
found, such errors shall be corrected. The sample period may be adjusted to assure 
that a reasonably random sample of vehicles was tested in each lane. 

{2) Pass/Fajl StatuL The average number of passing vehicles a!Jd the average number 
of failing vehicles shall be monitored monthly for each test lane. Differences in the 
monthly average of greater than± 15% by any one lane from the facility-average or 
combined facility-average, or by any one facility from the combined facility­
average shall re.quire an investigation to determine whether the single lane or facility 
has a systematic equipment or operating error or difference. Where it can be 
detennined that the averages from one facility (or facilities) are offset from the 
average of the other facilities based on the mix of vehicles tested, the ±15% limit 
shall be compared to the expected offset. If systematic equipment or op~rating 
errors or differences causing the offset are_ found, such errors shaH be corrected. _ 
The sample period may be adjusted to assure that a reasonably rapdom sample of 
vehicles was tested in each lane. 

(g) Confrol Charts 

(1) Genera1 Reguirements. Control chans and Statistical Process Control theory shall 
be used to determine, forecast, and maintain performance of each test lane, each 
facility, and all facilities in a given network. The control charts shall cover the 
performance of key parameters in the test system. When key parameters approach 
control chart.limits, dose monitoring of such systems shall be initiated and . 
corrective actions·shall be taken when needed to prevent such systems from 
exceeding control chart limits. If any key parameter exceeds the control chart 

,Jimits, corrective action shall be taken to bring the system into compliance. The 
control chart limits specified are those values listed for the test procedures. the 
equipment specifications, and the quality control specifications that cause a test to 
be voided or require equipment to be removed from service. These values are "fit 
for use" limits, unlike a strict interpretation of SPC control chart theory which may 
use tighter limits to define the process. The test facility is encouraged to apply SPC 
strict control chart theory to determine when .equipment or processes could be 
improved. No action shall be required until the equipment or process exceeds the 
"fit for use limits" specified in this section. 
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Control Charts for Individual Test Lanes. In general, control .charts for individual 
test lanes shall include parameters that will allow the cause for abnormal 
performance of a test lane to.be pinpointed to individual systems or components. 
Test lane control charts shall include at a minimum: 

(i) Overall number of voided tests 

(ii) Number of voided tests by type 

(iii) Level of difference between. theoretical and measured coast-down times 

(iv) Level of difference between theoretical and measured CVS flow 

(v) Level of up-scale span change from last up-scale span (not required if 
software corrections are tracked) 

(vi) Level of mathematical or software correction to the OR!ibration curve as a 
result of an up-seal e span change (if used) 

(vii) Level of difference between the analyzer response to the daily cross-check, 
and the test gas concentration 

(\iii) Level of difference between the integrated measurements and the bag 
m easurem en ts 

(ix) The system response time 

(x) · Level of the FID CH4 response ratio 

(xi) Level of the ambient background con'centrations 

(xii) The average, ~edian, 10th percentile and 9oth percentile of the composite 
emissions '(HC, CO, C02, .and NOx) measured over the defined periodic 
basis 

(xiii). Average number of passing vehicles, and average numb.er of failing vehicles 
o~er the defined periodic basis 

(xiv) Level of difference between theoretical or measured values for other 
parameters measured during quality assurance procedures 

(3) Control Charts for Individual Facilities. Control ·chartS for individual facilities shall 
consist of facility-averages of the test lane control charts for each test lane at the 
facility. 

(4) Combined Control Charts for All Facilities. Combfoed control charts for ~l of the 
facilities in a given net\vork shall consist of an average of the facility-average 
control chans for each facility. 
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Control Chans of Individual Inspectors. Control charts for individual inspectors 
shall include parameters that will allow the cause for abnormal performance to be 
evaluated. Control ch&rts for individual inspectors shall be compared to the 
combined control charts for each facility and for the network. 

.. 
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§85.2235 Evapor2tive Test System Quality Control Requirements 

(a) Evaporative Purge Analysis System Flow Checks 

(l) Daily Check. Each flow meter used to measure purge flow shall be checked each 
operating day with simulated purge flow (e.g., auxiliary pneumatic pump) against a 
reference flow measuring device with performance specifications equal to or better 
than those specified for the purge meter. The check shall be made at a flow rate of 
between 4 and 5 liters per minute. The test shall be conducted for one minute. 
Deviations greater than ±0.3 liters per minute, or ±3% of total flow from the values 
determined by the reference device shall require corrective action. 

(2) Monthly Check. On a monthly basis, the calibration of purge meters shall be 
checked for total volume of flow at 0.8, 2, 20, and 35 liters over 4 minutes with a 
device or method capable of measuring these flow volumes to within ::1::0.2 liters 
over the test period. Deviations exceeding 1.5 times the specifications in 
§85.2227(b)(2)(v)(D) shall require corrective action. • 

(3) Alternative Freguencies Where appropriate, control charts and statistical process 
control (SPC) theory shall be used to determine, forecast, and maintain performance 
of the purge measurement system. 

(b) Evaporative System Integrity Checks 

(I) Dai Iv Checks Relevant parameters of the evaporative system integrity analysis 
system shall be checked on each operating day. ' 

(i) Systems that monitor pressure decay shall bb checked for integrity. If, after . 
the vehicl~ attachment end of the checking system is capped and the 
checking system is pressurized to between 14 and 28 inches of water, the 
pres.sure system changes more than 0.2 inches of water over 15 seconds, 
testing sha!I be autom.atically prevented until corrective action is taken. 

(ii) The gas cap flow tester shall be verified daiJy by testing and correctly 
identifying the passing and faiJing reference fuel caps. The tester shall be 
automatically Jocked out from use untiJ -it properly fails and passes the 
reference caps. Flow calibration of the reference fuel caps shall be 
conducted before initial usage and thereafter as required by examining 
quality control data. 

(2) Weekly Check. Pressure gauges or measurement devices shall be checked on a 
weekly basis against a reference gauge or device equal to or better than the specified 
performance requirements. Deviations exceeding-the specified accuracy shall 
require corrective action. 

(3) An_Qual Check. The flow standard orifice shall be calibrated before initial µsage and 
thereafter on an annua] basis unless qua1ity control data suggests other intervals are 
appropriate. The flow calibration method shall be traceable to NIST. 



~85.2235 

(4) 
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Filter Check - The gas cap flow tester filter shall be maintained in accordance .with 
the leak test manufacturer's recommendations. . \ 

Alternative Freguencies. Where appropriate, control chans and statistical process 
control (SPC) theory shall be used to determine, forecast, and maintain performance 
of the overall pressure and flow test measurement systems. 
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§85.2239 Test Report 

(a) General Test Report Information 

(1) Vehicle Description. 

(i) License plate number, 
(ii) Vehicle identification number, 
(iii) Weight class, and· 
(iv) Odometer reading. 

(2) Date and end time of the tailpipe emission measurement test. 

(3) Name or identification number of the individual performing the test and the location 
of the test station and lane. 

(4) For failed vehicles, a statement indicating the availability orwarranty coverage as 
provided In Section 207 of the Clean.Air Act. 

(5) A statement certifying that the short tests were performed in accordance with 
applicable regulations. 

(b) Tests and Results 

(1) Test Tvpes and Standards. The test report shall indicate the types of tests performed 
on the vehicle and the test standards for each. Test standards shall be displayed to 
the appropriate number of significant digits as in §85.2205(a). For the IM240 the 
reported standards shall be the composite test standards. · 

(2) Test Scores The test report shall show the scores for each test performed.· Test 
scores shall be displayed to the same number of significant digits as the standards. 

(3) IM240 Scores. The reported score for the IM240 shall be in units of grams per mile 
and shall be selected based upon the following: 

(i) · If the emissions of any exhaust cemponent on the composite IM240 are 
below the applicable standard in §85.2205(a), then the vehicle shall pass for 
that constituent and the col'!lposite score shall be reported. 

(ii) If the emissions of any exhaust component on the composite IM240 exceed 
the applicable-standard in §85.22_05(a) but are below the Phase 2 standard, 
then the vehicle shall pass for that component and the Phase 2 score shall be 
reponed. 

(iii) If the emissions of any exhaust component on the composite IM240 exceed 
the applicable standard in §85.2205(a)(2) through §85.2205(a)(4) and 
exceed the Two Ways to Pass Standard as described •n §85.2205(a)(l). then 
the vehicle shall fail for that component and the composite score shall be 
reponed. 
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(iv) lf a passing decision is made for all three exhaust components on the IM240, 
and for purge before the end of the full driving cycle according to the criteria 
described in §85.2205(a)(4) and §85.2205(c)(2), the passing results and 
reported emissions levels shall be those obtained at the time the test is 
terminated Emission levels for the IM240 sha11 be reported in grams per 
mile calculated using the full IM240 mileage (not actual mileage). The 
emission standards reported shall be the composite standards (i.e .• not the 
fast-pass standards). 

( 4) Purge Scores. The score for the purge test shall be reported in units of liters and 
shall be selected based upon the following: 

(i) If purge levels at the conclusion of the transient driving cycle are below the 
applicable standard in §85.2205(c)(I). then the vehicle shall fail. 

(ii) If a passing decision is made for all three exhaust components ·on the IM240, 
and for purge before the end of the full driving cycle according to the criteria 
described in §85.2205(a)(4) and §85.2205(c)(3), the passing result and 
reported cumulative purge levels shall be those obtained at the time the test 
is terminated. 

(5) Pressure Test Scores The score(s) for the pressure test(s) shall be reported as a 
change in pressure expressed in inches of water. 

(6) Test Results The test report shall indicate the pass/fail result for each test 
performed and the overall result. In the case of exhaust emission tests, the report 
shall indicate the pass/fail status for each component for which standards apply. 

(7) . Second-by-Second Measurements. For vehicles failing the IM240, a graph showing 
the second-by-second emission levels (see following example), for each exhaust 
component in grams per mile equivalent, and for purge in liters per second sha11 be 
given to the motorist. 

,.,..~_ ... n ____ ... 
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Recommended IM.240 Second-By-Second Emissions Report 
Test Number 4719 

Model Year 1988 TeSt Weight 3000 Emission Actual Cu!,QQint 

Make xxxx TRLHP 14.7 HC(gpm) 2.45 0.80 

Model yyyy Traction Control No CO(gpm) 23.1 15.0 

Cylinders 4 ABS No NOx (gpm) 0.71 2.00 

Transmission Auto Purge Test Yes C02 (gpm) 279 Dia 

Vehicle Type LDGV Press Test Yes Purge (L) 30.2 1.0 
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§85.2231 Terms 

(a) Definitions 

(b) 

(I) Track coast-down target time The new vehicle certification track coast~own time 
between 55 and 45 mph. . 

(2) Road load horsepower: The power required for a vehicle to maintain a given constant 
speed taking into account power losses due to such things as wind resistance, 
tire losses, bearing friction, etc. 

(3) Tier l: New gaseous and particulate tailpipe emission standards for use in certifying 
new light duty vehicles and light duty trucks phased in beginning with the 
1994 model year. 

'(4) CVS hose: The hose, connecting to the tailpipe of the vehicle, that carries exhaust and 
dilution air to the stationary portion of the CVS system. 

Abbreviations 

(1) CFV: 
(2) CH4: 
(3) I C02 
(4) CO: 
(5) CRM: 
(6) CVS: 
(7) FID: 
(8) gpm: 
(9) GVWR: 
(I 0) HC: 
( 1 1 ) HDGT: 
( 12) hp: 
(13) .Hz: 
( 14) I/M: 
( 15) IW:. 
(16) LDGT1: 
(17) LDGT2:. 
(18) LDGV: 
(19) LVW 
(20) mph:. 
(21) NDIR: 
(22) NIST: 
(23) N02: 
(24) NO: 

. (25) NOx: 
(26) NVFEL: · 
(27) Ob mph: 

(28) PLHP: 
'(29) ppm: 
(30) ppmC: 

Critical flow venturi 
Methane 
Carbon dioxide 
Carbon monoxide 
Certified reference material 
constant volume sampler 
Flame ionization detector 
Grams per mile 
Gross Vehicle Weight Rating 
Hydrocarbons 
Heavy-Duty Gasoline-powered Truck greater than 8500 pounds GVWR 
horsepower 
cycles per second (Hertz) · 
Inspection and Maintenance 
Inertia weight 
Light-Duty Gasoline-powered Truck from 0 to 6000 pounds GVWR 

.Light-Duty Gasoline-powered Truck from 6001to8500 pounds GVWR 
Light-Duty Gasoline-powered Vehicle 
LQaded Vehicle Weight 
Mil es per hour 

· non-dispersive infrarCd 
·National Institute for Standards and Technology 
Nitrogen dioxide 
Nitrogen oxide 
Oxides of nitrogen 
National Vebicle and Fuel Emissions Laboratory 
Observed dynamometer speed in mph of the loading roller, if rolls are 
not coupled · 
Parasitic horsepower loss at the observed dynamometer speed in mph 
parts per million by volume 
pans per million, carbon 

n ___ ,.,. 
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(31) 
(32) 
(33) 
(34) 
(35) 
(36) 
(37) 
(38) -
(39) 

psi: 
RFP: 
RLHP 
rpm: 
SCFM: 
SPC: 
SRM: 
SSV: 
TRLHP: 

T--~&- -·~....1 .ill.I. _____ ._.,,.:~.&-

Pounds per square inch 
Request for Proposal 
Road Load Horsepower 
revolutions per minute 
standard cubic feet per minute 
Statistical process control 
Standard reference material 
Subsonic venturi 
Track road-load horsepower 

§85.2231 
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Guidance on the Use of Fast-Pass IM:240 Standards 

A fast-pass decision is made by measuring the vehicle's cumulative emissions of each 
pollutant in each second, and comparing them to cumulative emission fast-pass standards for each 
pollutant for the second of the test under consideration. In general, if the vehicle's cumulative 
emissions are below a given level for all pollutants the vehicle passes. Testing continues until 
decisions are made for each pollutant and for purge. Measurements of all constituents shall continue 
to be taken as long as the test continues, including those constituents for which a decision has 
already been made. 

These fast-pass standards are derived from an Arizona IM240 data set which included 3,718 
tests. Fast-pass standards for each second represent the tenth lowest cumulative emission levels in 
that second obtained for vehicles failing the IM240 using the two-ways-to-pass criteria. Hence, 
vehicles that fall below this level are showing lower cumulative emissions at that point in the test 
than the cleanest vehicles failing the full test and therefore pass .. Fast-pass detenninations begin at 
second 30.of the I.M240 cycle. · .. 

Beginning at second 104, fast pass decisions for HC and CO are based upon analysis of 
cumulative emissions in phase 2; the portion of the test beginning at second 94, as well as emission 
levels accumulated from the-beginning of the test (the "composite" test). Fast-pass standards are 
derived for phase 2 of the test as described above. Since the phase 2 standards for NOx are the same 
as the composite, the phase 2 NOx fast-pass standards are also the same as the composite .. · 

The fast-pass algorithm for purge is essentially the same as for tailpipe emissions. Secorid­
by-second cumulative purge levels are compared with second-by-second cumulative purge pass 
standards Fast•pass standards correspond to the tenth highest cumulative purge levels for failing 
vehicles There are no Phase 2 standards for purge. . 

A vehicle passes the IM240/purge test if cumulative composite purge is above the cumulative 
composite purge fast-pass standard, and if any of the follo~ing three conditions occur: 

cumulative composite emi~sions ofHC, CO, and NOx are below the composite fast·pass 
standards; 

cumulative phase 2 emissions of HC, CO, and NOx are below the phase 2 fast-pass 

standards; 

• any combination of the first two conditions exist. 

Scores 
HCt = cumulative composite HC at time= t seconds 
COt =cumulative composite CO at time= t second,s 
NOxr =cumulative composite NOx at time= t seconds 
Pt= cumulative composite purge at time= t seconds 

HCbr =cumulative Phase 2 HC at time =·t seconds 
CObr =cumulative Phase 2 CO at time= I seconds. 
NOxbr:; cumulative Phase 2 NOx at time = t seconds 

n __ - ""' 
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Cumulative composite scores represent the cumulative grams of emissions from t = 0 seconds 
Cumulative Phase 2 scores represent the cumulative grams of emissions from t = 104 seconds 

Fast-Pass Standards 

HCpt = composite HC fast-pass standard at time= t seconds 
COpt =composite CO fast-pass standard at time= t seconds 
NOxpr =composite NOx fast-pass standard for failing vehicles at time= t seconds 
Ppt =composite purge fast-pass standard at time= t seconds 

HCp,br = Phase 2 HC fast-pass standard at time = t seconds 
COpbr = Phase 2 CO fast-pass standard at time = t seconds 
NOxpbt = Phase 2 NOx fast-pass standard at time= r seconds 

Fast-Pass Conditions 

Fort:> 30 seconds, the vehicle shall pass if: 

HCr < HCpr and COr < COpt, NOx1 < NOxpr~ and Pt> Ppr 

additionally, for r > 104 seconds, the vehicle shall pass if: 

• 

HCbr < HCpbt and CO bi< COpbt and NOxbr < NOxpbt and Pr> Ppr, or 

HCr < HCpr and CObr < COpbt and NOxbr < NOxpbt and Pr> Ppr. or 
HC1 < HCpr and COr_< COpr and NOxbr < NOxpbr and Pr> Ppr. or 

. HCbt < HCpbt and COt < COpt and NOxbr < NOxpbt and Pr> Ppr. or 
HCbt < HCpbr and COr < CO,pt and NOxr < NOxpt and Pt> Ppt. or 

HCbr < HCpbt and CObt < COpbr and NOxr < NOxpr and Pr> Ppr. 

\ 
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ll\1240 FAST·PASS EMISSION STANDARDS 
(~rams) 

Hydroc-ubons Carboo MoMsldc Osldes .r l\"i&rop1i 

Comp· 1 Comp- Comp- c-p- c-p- C..p- Eftp 
Sec osi lt Pbasf' l Hll.t Pbaul odl.t Pbu•l .. 11 .. Plout2 .u ... Ptoaul ...... Pllaw l 2.0 1.5 J.O ,,....... 
1M2~ C!.8 0.5 1.25 0.,$ 2.00 1.25 lS.D 12.0 20.0 16.0 )0.0 240 Pu .... 

30 012~ nia 0.247 nil 0407 Dia 0.693 Dia l.S02 Dia l.ICM Dia 0.167 0.262 0.419 0.14 
31 0 126 nl• 0.:?53 nil 0415 Dia o.m -Dia 1.546 Dia 3.91.S Dia 0.177 0.27.S 0.425 0.14 
32 0 129 ft/a O.:H8 Jl.'I 0423 Dia 0.137 D/1 1.561 Dia 4.21.S Dia o.iu 0.301 0.431 0.1.S 
33 0 135 n/1 0263 n/1 0436 Dia O.ISI n/1 1..512 Dia 4."40 Dia 0.21• 0.317 0."49 0.1.5 
l4 0 140 nil 0.268 nl• 0451 nla 0.153 Dia 1..593 Dia 4..579 Dia 0.232 0.327 0.476 0.16 
35 0 14(; n/1 o.zn nll 0464 Dia 0.157 ni• 1.602 Dia 4.6'1 Dia 0.240 0.330 0.491 0.16 
36 0 150 nl• 0.283 nl• 0468 nla 0.900 nil 1.621 Dia . 4.749 Dia 0.243 0.332 0..51.5 0.16 
37 0153 Dia 0.293 D/I 0475 n/1 0.960 n/a l.631 Dia 4.7113 Dia 0.245 0.334 0 . .516 0.17 
38 0 156 nil 0.297 n/a 0487 Dia 1.034 Dia 1.702 Dia 4.113 ala 0.246 0.336 0..519 0.11 
39 0 160 nl• 0.298 nia 0 506 nil 1.070 n/1 1.714 ala 4.176 Dia 0.246 0.337 . 0..527 0.11 
40 0 165 n/1 0.313 nil 0.530 i:va 1.076 n/1 1.179 ala .S.104 al• O.lSO 0.3S4 0..542 0.19 
41 0 1'69 nl• 0.320 nia 0.549 'Ala 1.013 Dia 2.162 n/1 S.217 ala 0.260 0.366 O.s60 0.19 
•: 01n nl• 0.327 ni• 0.569 "'" 1.102 Dia 2.307 Illa .5313 Dia 0.277 0.410 0..591 0.19 
43 0 173 nil 0342 Dia 0.588 Dia I.Ill Dia 2.343 Dia S..571 Dia 0.311 0.414 0.616 0.20 
4ol 0.177 Illa 0.360 Dia 0.609 nl• 1.114 Dia 2.376 n/1 .S.111 ala 0.321 0.<01 0.64.5 0.20 
4< 0 197 n'> 0.376 nl• 0611 nll 1157 Dia 2.406 ala 6.199 Dia 0.343 0.417 0.670 0.20 
46 o.zw n·a 0.389 nla 0.636 nil 1.344 Dia 2.433 nit 6.245 'Ala 0.3.59 0..506 0.691 0.21 
47 o :0s n/a 0408 n'• 0649 nil I 482 'Al• 2458 'All 6318 'Ala 0.373 0..511 0.716 0.22 
<18 0.::.:1 nll 04::?3 n/1 0666 nil 1.530 Dia 24U ...,. 6411 nil 0.313 0..522 0.735 0.22 
<19 0 :3:\ n.'.ill 043-< n.'a 0679 nl• 1.542 ni• 2 714 ...,. 6.540 ni• a.Ju 0.526 0.765 0.22 
50 0 ::35 n:a (J 44--l n.'• 06% ,.,. 1.553 Dia 2844 Dia 6.690 rJI• 0.400 0..5.54 0.102 0.23 
Sl 013~ r. 'a 04~ nll 0 71'.: .,,. 1571 nla 2.900 Illa 6.175 nla 0410 0 . .574 0.136 0.24 
S:l o :..iu IH 0465 nla 07:7 nil 1.595 Dia 2.936 nll 7.029 nll 0.434 0..517 O.IQ 0.24 
53 0 :-<: ·n·a 047::! Illa 0 745 n!• l.633 nil 3133 Dia 7.129 Dia 0.464 0.601 0.190 0.24 
S-4 0 :?46 n'• (J 478 ·1 n1a· 0760 nl• 1.685 nl• 3.304 Dia 1.359 .'Ala 0.472 0.61S 0.911 0.24 
~!- 0 :..i9 "'' 0 485 I n11 on6 nl• 1.689 nil 3.407· - Dia 7.722 rJ/a 0.410 0.629 0.1136 0.24 
S-6 0 ::5:: n'• ()493 nil 0797 nil 1693 Dia HS6 rJ/a 1.017 'Ala 0.491 0.643 0.947 0.24 
57 (J :61 n·• (J soo n11 0814 ni• l 700 Illa 3.480 "'a 1.249 ...,. o..soo 0.667 O.llSI 0.24 
SS 0.:71 nli 0 sos n'• 0826 Illa j 723 Ill• 3 . .511 "'" 1425 Dia 0.506 0.678 0.970 0.2.5 
59 () :76 n!• 0.514 nl• 0137 nl• 1152 nl• 3.560 Dia 1.563 Dia 0.509 0.613 0.912 0.2.5 
60 o:n nl• 0 537 .. ,. 0.149 ni• 1.172 DI• 3 . .593 Dia 1.616 Dia 0 . .512 0.616 0.994 0.2.5 
61 0 :t;V . n·'I (J~ I n'• 086:2 nl• 1.872 Dia 3.618 ...,. 1.804 ..,. 0.516 0.693 1.019 0.26 
6:2 0 ::t~ 0543 0.871 n.'a un n/1 3.641 . Dia 1.916 Dia 0..519 

.. 
0.699 1.042 0.26 n·a n:a 

63 0 :~:; n • 0~6 nl• 0187 ,.,,. 1.900 - Dia 3.6S5 . Dia 902S Dia 0..523 0.703 1.049 0.26 
~ 0 :?8-< 0.551 ! 

n.-a·~ 0 895 nll l.917 nll 3680 nia 9.138 Dia 0.529 0.'707 I.OSI 0.27 na 

I 65 0 :?F> ..... 0559 Dll 0903 n1& l.944 ni• 3700 Dia 9.250 .Dia 0..533 0711 1.062 0.27 
66 O:?H na 0 567 n·a 0915 Ilia 2.000 Dia 3728 ·Dia 9.3.54 D/1 0..535 0.716 1.064 0.27 
67 on~ n·a 0 575 n."1 0 933 n.'a 2 060 Ill• 3157 ·nil 9457 Dia 0..540 0.721 1.070 0.21 
68 0 :i;1 na 0 588 ' n'I 0~5 Ilia "064 .,,. 3.194 ·,D/a 9515 nla -:0..SSl 0.726 l.071 0.21 
69 (J :94 na 0 595 I n'• 0959 I nil 2.076 nil 3.943 Dia 9.721 Dia· 0.563 0742 LOIS 0.29 
70 01% n·a 0601 n-• 0970 

' ... -. 2.l04 D/1 3.913 ,.,. 9.931 Dia 0.575 0.159 1.()92 0.29 
71 O:l9S n!• 06Clf 

I 
n.'• 0980 b/I 2.117 Dia 4.009 ...,. 10.140 Dia 0..511 0.773 I.IOI 0.29 

72 0300 na 0.610 n·a 0 988 1\11 :.1:s nl• 4.023 Dia 10.222 Dia 0.600 0.7&4 1.111 0.29 
73 0 30: n• (1617 n·a 0997 ...,. 2130 Dia 4.023 "'' 10.261 ·"'• 0.603 0.790 1.121 OJO 
74 0.304 n/a 0631 n'• l 022 1111 2.138 Dia 4.053 D11 10211 Dia 0.604 0.194 1.131 0.30 
75 o 3ui na 0643 n'• l.037 P:• 2 152 Dia 4.063 ,.,. 10.290 nl• 0.613 0.799 ,1.141 0.30 
76 0.30• n!• 0.651 n.'1 1.051 • nia 2.170 Dia 4.071 ,.,. 10.715 Dia 0.624 0.109 1.IS9 0.31 
77 0308 n/1 0659 n.'• l.064 ni• 2188 Dia 4.225 D/1 10.790 Dia . 0.646 o.12r 1.164 0.31 
78 0.308 nll 0667 nl• 1.075 'DI• 2.200 Dia 4.243 ,.,. 10.1"4 1111 0.6.51 0.133 1.116 0.32 
79 0.314 ·n/1 0.676 ~ 1.oa1 Dia 2.212 Dia 4.260 a/II 10.n1 Dfj 0.6.59 D.139 1.221 0.32 
10 0.3:0 nil 0.681 n/1 1097 111i 2.212 ,.,. 4.212 Dia 11.010 Dia 0.673 _!).SW 1.260 0.32 
11 0.32~ Dia 0.68~ Di• 1.105 "'" 2.221 Dia 4.322 ... 11.090 .,. 0.696 0.1.57 l..261 0.32 
12 0.3:7 Dia 0.689 ,.,. l.ll<I "'' 2.m Dia 4.391 ala 11.136 D/1 0.706 O.l70 ··1.272 0.33 
13 -0.32~ nl• 0.694 ,.,. U36 ...,. 2.227 Dia 441l ..... 11.136 . D/1 0.715 0.113 1.217 0.33 
&4 0 333 Dia 0.700 Dia 1.160 DI• 2.236 Dia 4.Sl:S 11111 11.16.5 1111 0.124 0.194 1..211 0.34 
85 0.336 nil 0105 DI• 1.112 ni• 2.243 Dia 4..511 Dia } 1.191 Dia cr.n1 0.902 1.310 0.34 
16 0339 0709 ,.,. 1.201 ...,. '2.262 ala 4.520 ,.,. 11.lOS ,.,. ' . 0.7<17 0.907 1.319 0.34 Iii• 
17 0.343 nll 0.713 Dia 1.217 ...,. 2.271 "'" 4.522 Dia 11.211 Dia. 0.741 0.1110 1.320 0.3S 
IS . 0.347 nil 0.717 DI• 1.233 Dia 2.21<1 Dia 4.S22 Dia 11.211 .,. 0.741 0.1112 1.337 ojs 
19 0.350 nil 0.721 Dia l.248 a/1 2.299 Dia 4..523 Dia 11.211 "'" 0.741 0.5113 1.341 0.35 
90 0.356 n'• 0724 Di• 1.262 nil 2.lOll ala 4..526 ..,. 11.211 Dia 0.741 0.5114 1.361 . 0.36 
91 0358 b/I o.n1 Dia 1.271 ,., .. 2.326 "'' 4..527 ala 11.220 Bio 0.741 0.5115 1.366 0.36 
92 0.360 ni• 0.729 ,.,. l.279 "'• 2.330 Dia 4..527 .,. 11.294 Dll 0.741 0.5116 1.369 0.37 
93 0.363 ni• 0.731 nil l.217 ...,. 2.331 Dia 4.521 ..... 11.332 .,. 0.741 -0.1117 1.373 0.37 
94 0367 nll 0.734 n/1 1.295 "'" 2.344 DI• 4.S28 Dll l l.3S5 ,.,. 0.741 O.!HI 1.375 0.37 
95 0.370 l n•a 0.7<1<> n/I 1.3-02 Ill• 2.347 Dia 4..521 ...,. U.313 Dia 0.741 0.919 1.377 -0.31 
!lo6 037: J 

nll 0 748 n/1 l.l-09 nia 2.355 'Ala 4 . .529 Dia. 11.410 D/1 0.741 0.1120 1.379 0.31 
97 0376 l 

1111 0 759 nl• 1.316 nl• '2.395 Dia 4 . .575 ...,. 11.433 ,., . 0.748 0.921 1.311 0.39 "I 

98 0 38~ I n'• OTII "'" 1.3:!5 ni• 2451 Dia 4.703 Dia 11..516 Dia 0.741 0922 1.313 0.39 
99 0396 Jl.'1 0763 . "'a 1339 n/1 2.SOB ,.,. 4.105 Dia 11.120 Dia 0751 0.924 1.315 0.39 
100 0405 i n:a 0 793 nil l 356 Ilia 2.S90 nil 4186 "'' 12.104 Dia 0.764 0.929 1.399 0.40 
101 0410 nll 0810 l 

"'' 1.365 

I 
nll 2660 Dia 4.9S7 "'' 12.344 Dia C.7119 0.941 1.405 0.40 

l l 10: 0<111 I nil 0.823 nll 1.378 Dll 2749 Dia S.104 ala 12.111 DI• o.m 0.970 1.466 0.40 
103 0•1: ""' 0.536 I nl• 1.397· nil 2913 ,.,. S.l40 nll 13412 Dia· 0.167 Ul27 1.415 0.41 

r __ .. n ___ r .. .:J_&~--
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104 0413 0007 0 853 I 0016 1420 0055 3.162 O.o38 5.496 0.094 14.405 O.Sr2 0.905 1.093 1.546 0.41 
105 0421 0008 0 871 0017 1445 0.094 3.170 0.039 5.625 0.122 14.108 0.100 0.925 1155 1.623 0.41 
106 04:8 0009 0 887 I 0022 1470 0 110 3 197 0.061 UIS 0 ISi 14.965 0.92.S 0.955 1.234 1.699 0.42 I 
107 0430 0.010 0 899 0.029 1.491 . 0116 3.288 0.062 6.473 0.191 15.121- 0.973 OSllS 1.275 1.760 0.42 
108 0455 0013 0 931 0036 l.S06 0.132 3419 O.IOI! 7.C•37 0.234 I S.372 1.091 0.993 IJOS l.711 0.43 
109 0459 0.015 0 9-47 I o 040 1.517 0.151 3.587 0168 7.419 0.246 IS.530 l.IJ3 0.995. 1.320 1.791 0.43 
110 0462 0017 0 957 0 047 1 S28 0159 3.595 0173 7.643 0.251 IS.617 1.213 0.996 1.332 U42 0.43 
Ill 046-l 0.021 0965 I o 052 1.s-12 0172 3640 0.237 1.159 0.216 16.011 1.344 1.010 1.346 1.164 0.44 
112 0466 0024 0971 0.056 1.559 0.116 3 740 0.266 7.124 0.379 16.527 1.399 1.021 1.351 1.111 0.44 
113 0468 -0.024 0.977 0.061 1.578 0.199 3.168 0210 7.119 0.425 16110 1.520 1.034 1.371 uos 0.44 
114 0471 0.025 0 983 0.064 1.594 0.207 3.1n 0.291 7.960 0.457 16.961 1.640 1.044 1.406 1.920 0.44 
115 0418 0026 1.003 0.072 1.605 0.216 3.934 0.314 1.024 04n 17.120 1.614 l.OS9 1.426 1.926 0.45 
116 0513 0.029 1.030 0.081 1.615 0.229 4.015 0.331 1.076 0.494 17.135 1.693 l.015 1.431 l.939 0.46 
117 0.538 0.032 1041 0012 1.625 0.235 4.061 0.345 I.I II 0.504 17.249 1.716 1.08-0 1.441 1.9$1 0.46 
118 0.561 0.035 l.050 0.083 1.642 0.240 4.063 0.350 1.130 0.512 17.451 2.007 1.080 I~ 1912 047 
119 0 577 0 035 1.052 0 092 1.670 0.245 4.079 0.3S6 1.141 0.519 17.509 2.084 I.Oil I.~ 1911 0.47 
120 0 580 0.036 I 055 0.09-I 1.694 0.261 4140 0.367 1.211 0.$29 17.60S 2.179 l.091 1.467 Ul7 0.47 
121 0 516 0 038 1.061 0097 l 705 0.267 4.115 o.Jn l.471 0.529 17.734 2.264 1.096 1.476 1.991 0.41 
122 o~ 004-0 I 071 0100 1.717 0.277 4.199 0.407 1.541 0.530 11049 2321 I.I II 1.494 1.996 0.41 
123 0603 0 041 I.Oil 0 103 1.732 0217 4.205 0.463 1$61 0.531 11.447 2.375 1.122 l.$05 2.012 0.41 
124 0 610 

I 
0 04: l.091 0 106 1 747 0.298 4.212 0410 l.S61 0.532 11.592 2.437 1.135 1.$17 2.040 0.49 

115 0615 0042 I 102 0.108 J.763 0.308 4.232 0.506 t.572 0.$33 11.657 2.543 1131 1.546 2.060 0.49 
126 06:4 

! 
0 042 1.110 0 110 1.779 0.316 4.298 0.511 t.514 0.541 11.796 2.$93 1.139 1.569 2.069 0.5-0 

127 062& 0 ws l 116 0 112 I 795 0322 4.J.44 0.522 t.592 0.610 11.952 2.641 1.139 l.516 2.09'2 0.5-0 
128 0.63'.: 

I 
0046 l.121 0l14 I 810 0.329 4.361 0.525 l.S96 0.614 19137 2.663 1.139 1.596 2.114 0.5-0 

129 0 637 0 ()46 I 125 0 116 1.823 0.331 4 366 0.521 1:591 0.622 19.329 2.672 1.139 1.603 2.132 0.5-0 
130 064\ 0.049 l.l :?8 0.!18 l 135 0.346 4.369 0.530 1.601 0.631 19.519 2.676 J.139 1.605 2.144 0.51 
131 0.643 0050 1.130 0120 1145 0.354 4.37: 0.530 1605 0.640 19.707 2.6&3 ,139 1.606 2.152 0.52 
I"' 06-U 0 052 01:::?:: l.154 0.356 0.534 1.608 0.646 19.112 2117 J.139 L607 2.157 0.52 >• ! l 13: 4435 
1_33 0 645 

I 
OOS4 I 134 0123 l.16:? 0.3S7 4.523 0.5SO l.626 0.650 19.905 2.992 ll39 L607 2.160 0.52 

13-1 0647 OOS4 1.135 0124 I 870 0.3S9 4.52-l O.Ss-1 1650 0.652 20.049 3.111 ·l.l 39 1.60!! 2.163 0.53 
135 OM! 

I 
00~ l 143 0 127 1183 0362 4525 0.590 1.660 .0.738 20.460 3.234 I 139 L614 2.165 0.53 

136 0 658 0055 l 147 0130. 1888 0.36-l 4.531 -0616 • 767 0 7Sol 20.746 3.304 1.160 1.616 2.161 0.54 
137 (l 663 0 oss l.156 .o I :>.I I 196 0.368 453-1 0639 9.029 0710 2 l.Cl68 3.310 l.174 J.631 2.171 0.54 
138 0 666 0056 I 163 0 139 l 911 I Oln 4542 0653 9.238 0795 21.380 3..320 l.113 1.643 2.116 0.54 
139 0 668 

j 
0059 1 I 80 0 146 I 9:?8 0391 4553 0662 9.389 Q.104 21 748 3.354 1.197 1.6S6 2.235 0.55 i I 140 0 670 ! 0061 I 253 0 149 I 949 u.io: 4.5S4 0.683 9493 0110 22.046 3.436 1.223 1.673 2.298' 0.55 

141 0 67: i 0061 l :?6: 0 15i J.969 0408 4554 0696 9.583 0.115 22.341 3443 1.255 1.703 2.333 0.56 
14:? 0675 0061 J :11 0 153 1.98:? I 04:?:? 45S-l 0708 9.626 0118 22.397 3A52 1.272 1739 2.373 0.56 
143 067S l 0('6-3 l.;!77 0 155 1.999 04:08 4 55-l o:m 9.669 O.i:?I 22.407 3.490 1.216 1.767 2406 0.56 
1"4 0681. • 006J 1 :?83 0 157 2011 043:! 45~ 0 739 9 716 O.l25 22417 3.SS2 · 1.304 1.n4 l416 0.56 
145 068-l I o 06~ 1.291 0 16:? :?.O~:? 0434 4 5Sol 0742 9763 0.&40 22.922 3.SU i'.307 1.715 2.420 0.57 
146 0686 1·o066 l :?9-l 0 It;.; -2035 -0439 4.5S4 0743 9.109 0.147" 22.951 3.600 1.312 l.&06 2.424 0$7 
147 0..6S8 0 067 I 296 -0 166 2.043 0450 4..5Sol 0.745 9.15:? 0.155 22.976 3.616 1.317 1.130 2.435 0.51 
148 0.690 0068 1.298 0168 2049 0460 4.554 0748 9115 0.165 23.QI 1 3.627 1.321 1.144 2.4SS 0.51-
149 0692 I 6069 1.303 0 169 2.063 0467 4.5S4 0.751 9.932 0.174 23.073 3.636 1.325 .1.145 l.471 0.59 
150 0 69-l 

I 
0070 1.316 0.170 2.015 0472 4.554 '0762 9.986 0.191 23.161 3.676 1.321 1.146 2.414 0.59 

151 0696 0071 1330 0 171 2104 0480 4.556 0.719 10.039 0.914 23.211 3112 1.332 1.152 249S - 0.59 

I~:? 0698. oon 1.3-C 0.172 2117 0491 4.556 0790 10.072 0.929 23.253 4011 1.331 1.161 2.509 0..59 
153 071)(> I 0073 1.348 0 173 2 127 0.503 4.565 0794 10090 . 0.931 23..337 4.047 1;.. 1.177 2.522 O.S9. 
IS4 0 70:? 0073 .1.353 0 175 2 138 0505 4.61: 0799 10.105 0.942 234:?5 4.067 l.3SO l.179 2.533 0.59 
155 07~ ' (J 07~ l.362 0 178 2.152 0.515 4.834 0105 10.146 0.949 23.534 4.081 1.357 1.1'6 2.S41 0.60 
156 0 706 ·I (J 077 1.365 0 180 2 168 0.52:? 5~ 0142 10.245 1.375 23652 4.116 1.365 l.900 2.552 0.60 
157 0708 J 0 079 I 366 0189 2 186 0.527 5.141 0.990 10.397 1.576 23.739 4.251 . 1.379 1.910 2.519 0.61 I 

158 0110 

I 
0 08: l.373 0 198 2205 0.531 6170 1.038 10.923 1.943 24.606 S.099 1.41'1 1.936 2631 0.61 

159 0712 0 os: 1397 0203 2224 0 S49 ti 670 1357 11.910 2.120 25.6tS S.313 1.466 l.954 2.704 0.61 
160 ·0 .. 716 0 086 1.423 0.207 2.242 O.S68 7<125 1.455 13.421 3.211 26.073 6..362 .l.514 1.916 2.7SI . 0.61 
161 0 750 l 0095 1440 0.214 2.268 0.5'6 1.379 1.546 15.ll9 3.413 - 21.49'6 7.926 1.559 2.0SO 2.102 0.62 
162 0 71-l 

I 
0.107 1.45;! 0.221. 2..308 0.610 9.641 1.124 IS.91:! 3.620 29.m 1.429 1.591 2.131 2.904 0.62 

163 0 805 O.l 15 I 465 0.229 2.352 0.648 10.918 2.746 16.530 4.161 3l.OS6 9.201 1.641 2.D5 "60 0.63 
16-l 0 1\40 0122 1.509 0.247 2.406 o.6n 12157 J.073 17.622 4.331 l3.3SI 10.125 1.719 2.320 J.027 -0.63 
165 0.153 0.127 1.533 021~ 2421 0699 12.731 3.633 11.366 4612 34.l90 12.291 \ t.m 2.39S 3.127 0.64 
166 0174 0 IS9 l.555 0.309 2.435 0.720 12.131 4.SOS 19.169 S.633 35.937 13.366 1.132 2.411 J.117 0.64 
167 0.903 0116 l.576 0.311 2470 0731 12.192 4.952 20.711 6.137 37.012 14.421 1.919 2.563 3.306 0.64 

'161! 0.910 0189 1.598 0.322. 2 SOI 0.767 12932 S.2Sol 22.319 6.153 37.192 IS.311 1.972 2~5 3.314 0.65 
169 0914 0200 1.611 0.333 2537 0.121 13.702 S.7l0 23 751 7.136 39.021 15.699 2.013 2.746 J.467 0.6S 
170 0.916 0220 1.636 0.343 B71 0.155 14.139 6.051 24.142 7.320 <&0.406 16:073 2.100 2m 3.565 0.66 
171 0.919 0 236 1666 0 356 2 625 0.169 14.964 6.333 25.410 7.615 41.379 16.415 2.200 2.792 3.640 0.66 

IT.? 0.931 0247 1.615 0.38S 2 657 o ... s !S.704 6.490 25.791 l.OS2 42.033 17.ISI USI 2.110 ,3.711 0.67 
173 0948 0.2S7 1.726 0409 2683 0.900 16.253 6796 26122 1.344 42.432 17.532 2.270 2.147 3.711 0.67 

.174 0.983 0267 1.742 0433 2 701 0941 16.907 1.205 26.353 1.602 42.742 17.965 2.301 2.174 3.127 D.61 
175 l.018 0.2&3 1.156 0 453 2.717 0.979 17.655 I.ISi 26.631 1.198 43.399 11242 2.311 2.905 . 3.1.52 0.61 
176 I 027 0295 1769 0463 2732 I 002 1ao20 1.230 21.219 9.251 43.195 11.213 2.33S 2..950 3.903 0.61 
177 l.035 0.311 1.78-l 0.507 2 7S6 1.025 11.349 . 1.514 27.279 10.253. 44.227 11.410 2.349 3.001 3.930 0.61 
J7B I 051 0318 I 80:! 0523 2 781 I 047 18.671 uoo 27.320 10121 44.926 19.S76 2.387 3.047 3.970 0.61' 

179 1.074 0.3:?3 U22 0.528 2111 1.065 11.972 1.147 27.352 10.933 45256 20.0IS 2.423 3.104 4.01.S 0.61 
no IO« 0.337 1143 Os.II 2153 .J.089 19.228 1.913 27.122 11.060 45.553 20.203 2.462 3.173' 4.074 0.61 
181 I 099 0 3-lS 1.16-l O.s-19 H98 l.109 20.123 9.122 21.763 II.JU 45.753 20.433 2.S03 3.231 4.JS9 0.61 
u: l f21 ,_0.350 1114 0559 2.946 1.133 20405 9.532 29402 11.345 46.210 21.025 2.54.S 3.302 4.230 0.61 

·113 1.132 0.359 1.196 '0.571 2.918 l JSB 20.7S4 10.256 29.971 ll.733 47.017 21.112 2.Sl6 3.372 42'6 0.61 
114 1.152 0.317 1.91 s 0.514 3.023 1.114 21.614 10.162 3-0.276 12.591 41 llS 22.204 2.627 3452 4.334 0.61 
115 1161 '0.398 l.940 0598 3051 L209 21.955 10.996 3-0.91& 12.953 41741 -22.159 2.673 3.545 4.311 . ()..61 
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116 I 16& 

I 
0400 1.958 0613 3076 I 222 22.65-0 11.206 31.()95 13.213 49.462 23.533 2.749 3.641 4.4'7 0.69 

117 I 175 040~ 1.972 0.624 3101 1.231 22.919 I 1.514 31.314 14.131 S0.313 24.211 l.104 3.701 4..SOS 0.70 
118 I 181 0 4()5 1.985 0.629 .3120 1.239 23.535 11.194 31.133 14.139 Sl.llS 25.071 :Z.151 3.759 4.561 o:n 
189 1 I 18 

I 
0418 1.991 0.629 3 136 1.254 23.176 12019 32.239 lS.137 52.076 25.276 2194 3.121 4.625 0.72 

190 I 203 0429 I 993 0.638 3 151 1.278 :24.011 ll.170 32.S47 IS.131 S2.Si7 25.511 2-931 3.170 4.696 . 0.73 
191 I 219 0..-2 I 995 0.648 3.163 1.300 24464 12.517 32155 IS.141 S2.l76 25.159 l.971 3.192 4.731 0.73 
19:! l 233 

I 
0 457 2 001 0.659 3209 1.313 24615 12.598 33.153 IS.S9S 53.067 25.985 3.020 3.914 4.710 0.74 

193 I "51 0473 2015 0663 3.223 1.324 24.931 12625 33.444 IS.651 nm l6.IS3 3.077 3.9SS 4.137 0.74 
I~ I 255 04P 2.03! 0671 3.237 1340 25188 12.653 33.412 IS.704 S4.l42 26.512 3.132 3.997 4.176 0.14 
195 I 258 0.501 2 047 0.681 3.263 1.361 25468 12.777 33.516 lS.729 S4.419 27.067 3.11.5 4.035 4.921 0.15 
196 I 265 0 510 2.063 0693 3.302 1.317 25.6:27 12.906 33$49 16.0SI S4.601 l7.4S6 3.219 4.0l9 4.972 0.76 
197 I 280 05D 2 079 0709 3.338 1402 25 746 12.919 33.653 16.9'7 54.912 27.&05 3.261 4.146 S.025 0.76 
198 ]293 0.514 2.094 0 725 3.372 1417 25.150 13.060 33.5173 17.064 SS.Sii 21 .. 070 3.299 4.206 5.104 0.76 
199 I 301 0.516 2109 0.740 3.390 1432 25.97'1 13165 34.159 17.073 56.266 21.590 3.350 4.243 5.119 0.76 
200 1313 0.518 2 122 0 75'1 3428 1.446 26.)'11 13.242 34.191 17.153 56617 21.914 '3.406 4.295 S.215 0.77 
201 1.324 0.527 2.130 0767 3470 1460 26.225 13412 34.250 17.332 56.163 29.063 3.466 4.3SI S.336 0.77 
20: 1332 0.540 2 137 0775 3493 14177 26.331 13.662 34.469 17.406 57.204 29.502 3.497 4.391 S.366 0.77 
203 1.3'11 0.5'17 2 157 0.787 3509 1.492 26.547 13.773 34.716 17.641 57.371 29.697 3.514 4.410 S.317 0.71 
204 1~57 0.553 2.172 0795 3522 1.501 26.111 13942 34.969 17.922 57.417 29.713 3.517 4.4151 S.427 0.79 
205 1 375 0 559 2 19-1 0.803 3533 I .SID 27.052 14090 35.144 11414 57.728 29.713 3.519 4.426 5.444 0.79 
206 l 392 0 563 :? 2:?::! 0 85'1 3.550 l.522 27393 14.224 35411 11.553 Sl.097 29.5142 3.523 4.429 5.447 O.IO 
207 I 408 0 567 2.2<115 0.159 3.578 1.561 27.SOI 14.426 35.766 18.651 Sl.572 30.214 3.545 41.453 S.477 0.11 
20& 1.4~:! 0 571 2 268 0172 3 607 I.SIS 27.632 14491 35.949 ll.9Sl S9.02'1 30755 3.570 4.416 S.520 0.11 
2('9 l 433 0 575 2279 

I 
0 89:? 3630 1.597 27803 I.II 776 36010 19.266 59.321 31.217 3.600 4.542 5.560 0.12 

210 1~3 0 579 z 288 0 896 3.658 1607 27953 1'1.907 36S41 19.309 59715 31.549 3.619 4.591 5.603 013 
:?Ji } .;53 Q SSS 2 301 ·I 09v3 3 701 I 627 2005 1<1916 37179 19731 60.045 31.120 3.639 4.638 S.657 0.13 
21: 146) 0605 2 316 i 09:~ 3 745 I 645 28.5'13 I lSOl4 37.651 19.902 60'153 32.25-0 3.6&6 4.715 5.698 0.14 
213 1 46S 0 61~ ~-33: i 0 93& 3 77& 1656 21997 15221 38.041 20012 60.935 32.546 "5.732 4.774 S.762 0.15 
:14 l 470 0 6~: :? 3-45 l o~; 3114 l 663 29000 15472. 38591 20260 61.307 32.108 3 791 4.129 5.827 0.15 
: ls 1474 0 6:7 : 3S4 l 0.951 3525 l 669 29.005 IS.SSS 38.152 20 739 61.666 33.060 3.i33 4.172 5.149 0.15 
216 1478 Q 63~ : 36: l 0966 3i35 I 674 29081 IS652 31861 21.346 62.141 33.204 3.190 4.931 5.8'4 0.16 
217 I 481 0 6-l3 2 368 ' 0 919 3 844 1.685 29.281 15.969 38926 21.110 62.S32 33.3'1 I 3.932 4.96-0 S.901 0:16 
2l 8 l 484 (J 6-l3 : 376 ! 0.980. 3.153 l 700 29483 16.028 39.1514 22.0CIJ 62.546 33.414 3.960 4.963 5.921 0.17 
219 I 487 0 6-15 : 384 ; 098] 386-l I 704 29 73-1 16375 394174 22.290 62.559 33.Sl4 3.997 4.965 :S.931 0.17 
220 I <490 0651 :.391 I 005 3 874 l.706 29103 16417 39.661 22.3241 62.570 33640 4.013 •.9'61 5.939 0.11 
2:1 I 493 0 655 2395 I 016 3891 1·709 29.121 16.52'1 39 711 22.343 62.146 33.692 4035 4.971 5.947 0.11 
222 I .Sr.4 0663 2 400 1022 3 !r.:B 1.711 29147 16571 39.190 22.522 63.097 33.711. 4.031 4.974 S.9S2 0.11 
223 I s:: 0671 2 405 I 028 3.966 l 714 29.862 16.614 39.9S4 22661 63.15-0 33.733 4.050 .i.9n S.955 0.19 
224 l ~7 0 675 2409 I .035 4008 I 718 29173 16.755 39.98-4 22666 63 ISO 33.770 4.066 <1.979 :S.957 0.90 
225 l '.-l9 0.684 2 413 

i 
t·0--11 4010 1.121 30008 16770 39:919 22.667 63 ISO 33796 4.070 4.980 S.959 0.90 

226 15C 0 69-> 2 4]5 I 045 '1012 I 723 30126 16.105 3!1.990 22.661 63.15-0 33.110 4.072 4.911 5.961 0.91 
2:1 I 57,: 0701 2 417 I I 051 4016 I 126 30127 16.165 39990 22669 63.ISO 33.121 4.072 4.!112 S..963 0.91 
:!:S I $7~ 0 702 2 419 I IOSS 4.019 1729 30.127 l6960. 39.990 :?i.670 63.ISO 33.139 4.073 4.5183 :S.966 0.92 
::9 I 5~4 0 708 ~4~{1 I l 059 '1057 I 731 30W8 16.960 39.991 22671 63150. 33.165 4.073 4.5114 S.!171 0.92 
~30 1589 0708 2 421 i l 062 ... 065 1733 30.314 16.96:1: 40.0ll 22.671 63.1.SO 33.1514 4.073 '1.915 5.977 0.92 
231 l 59(1 0 709 2423 1.063 4.071 l 735 30 3:?3 16.988 40061 22.672 63.l:SO 33.911 4.073 4.916 :S.914 0.92 ,., _,_ l ~96 0 710 2'125 1.063 4 (•73 1.743 30325 17.072 40.116 22.673 63.lSO 33.944 4.074 4.987 5.990 O.S>l 
233 I.Sn 0.710 2 427 1.063 4 075 1.749 30.368 17.094 40.2'19 22673 63.15-0 33.915 "°74 4.911 :S.997 0.93 
234 I 6.)..1 0 711 2 4;!9 I .06-l 4.077 I 753 3041 l 17.11-4 40.2S3 22673 63.153 34.01'1 4.075 4.989 6.0CM .0.93 

"-35 l 61(> 071: 2 430 I 06-l .4 079 1.757 30.416 17 JS7 40.290 22674 63.159 34.032 '1.075 4.990 6.012 0.93 
236 l 61: ·011~ 2 431 I 1.066 4081 I 762 30'128 17.118 40.315 22675 63173 34.051 4.076 4.991 6.024 094 
237 l 613 011: 2 43~ I I 069 40$3 I 767 30430 17.119 40481 22675 63.193 34.067 4076 4.992 6.037 0.51'1 
23, l 61~ 0 713 2 4:;3 1072 4 08-1 I l 772 30 452 17.241 40.120 2H75 63.214 34 079 "4.076 4993 6.049 051'1 
239 l 615 0716 ~ .;;:;...: ! 'l 075 4CJS5 J l 776 30'188 17.370 40.763 22 677 63.233 34 085 4.076 4.994 '6.060 0 51'1 
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Appendix B 

Alternative Fast-Pass rn240 Standards 
Corresponding~to Composite Stan-up Emission Standards 

in §85.2205(a)(2)(i) and §85.2205(a)(2)(ii) 

L ie:ht Duty Vehicles 
Low Altitude Low Altitude Low Altitude 

1981-1982 1983-1990 1991-1995 
Sec HC co NOx HC co NOx HC co NOx 
30 0.330 4.189 0.250 0.330 .1.941 0.251 0.174 l.307 0.222 
31 0.342 4.278 0.267 0.342 1.983 0.268 0.179 . 1.329 0.246 
32 0.353 4.366 0.283 0.353 2.025 0.285 0.184 1.350 0.270 
33 0.364 4.455 0.300 • 0.365 2.067 0.302 0.189 l.372 0.294 
34 0.37; 4.544 0.316 0.376 2.108 0.320 0.194 l.394 0.318 
35 0.386 4.633 0.333 0.388 2.150 0.337 0.199 1.416 0.342 
36 0.398 4.728 0.336 0.399 2.230 0.339 0.201 1.453 0.345 
37 0.409 4.823 0.339 0.410 2.310 0.342 0.203 1.490 0.348 
38 0.420 4.917 0.342 0.420 2.390 0.344 0.205 1.527 0.350 
39 0.431 5.012 0.345 0.431 2.471 0.347 0.207 1.565 0.353 
40 0.443' 5.107 0.348 0.442 2.551 0.349 0.209 1.602 0.356 
41 0.458 5.429 0.371 0.458 2.738 0.373 0.214 1.642 0.373. 

42 0.474 5.751 0.394 0.473 2..926 0.397 0.219 1.682 0.390 
43 0.489 6.073 0.418 0.489 3.114 0.422 0..224 1.722 0.407 
44 0.505 6.395 0.441 0.505 3.302 0.446 0.228 l.763 0.425 
45 0.521 6.717 0.465 <D.520 3.489 0.470 0..233 l.803 0442 
46 0.535 6.985 0.480 0.536 3.589 0.486 0.238 1.867 0.465 
'47 0.550 7.254 0.496 0.552 3.688 0.501 0.244 1.932 0.487 
48 0.565 7.522 0.512 0.568 . 3.787 0.517 0.250 1.997 0.510 
49 0.580 7.791 0.527 0.58:1 3.887 0.533 0.255 2.061 0.533 
50 0.594 8.060 0543 0.600 3.986 0.549 0.261 2.126 0.555 
51 0.611 8.511 0.567 .0.617 4.029 0.571 0.268 2.152 0.573 
52 0.628 8.962 0.590 0.633 .•4.072 0.594 0.275 2.179 0.590 
53 0.644 9.413 0.613 0.649 4.115 0.616 0.282 2.205 0.608 

AppcodixB 

High Altitude 
1982 

HC co NOx 
0.330 7.391 0.250 
0.342 7.667 0.267 
0.353 7.944 0.283 
0 . .364 8.220 0.300 
0.375 8.497 0.316 
0.386 8.773 0.333 
0.398 9.0ll 0.336 
0.409 9.249 0.339 
0.420 . 9.488 0.342 
0.431 9.726 0.345 
0.443 9.964 0.348 
0.458 10.527 0.371 
0.474 11.090 0:394 
0.489 11.652 0.418 
0.505 12.21 s 0.441 
0.521 12.778 0.465 
0.535 13.265 0.480 
0.550 13.751 0.496 
0.565 14.238 0.512 
0.580 14.724 0.527 
0.594 15.211 O.S43 
0.611 15.550 0,567 . 
0.628 15.889 0.590 
0.644 16.228 0.613 

S4 0.661 9.865 0.637 0.665 4.157 0.638 0.290 2.232 0.625 ·. 0.661 16.567 0.637 
55 -0.678 10.316 0.660 6.681 4.200 ' 0.661 0.297 2.258 0.643 0.678 16.907 0.660 
56 0.691 10.818 0.675 0.696 4.263 0.676 0.302 . 2.348 0.654 0.691 17.199 0.675 
57 0.705 11.320 0.689 0.710 4:326 0.691 0.306 2.437 0.666 0.705 17.492 0.689 
58 0.718 11.822 0.703 0.725 4.388 0.707 0.311 2.526 0.677 0.718 17.785 0.703 
59 0.731 12.325 0.718 0.740 4.451 0.722 0.316 2.616 0.688 0.731 18.078 0.718 . 
60 0.745 12.827 0.732 0.754. 4.514 0.737 0.320 2.705 0.700 0.745 18.371 0.732 
61 0.758 13.228 0.743 0.767. 4.589 .. 0.748 0.323 2.726 0.707 0.758 18.609 0.743 
62 0.772 13.62 9 0.754 . 0.780 4.664 tl.758 0.326 2.746 0.714 0.772 18.847 0.754 
63 0.786 14.029 0.764 0.794 4.740 0.769 0.329 2.767 0.722 0.786 19.085 0.764 
64 0.799 14.430 0.775 0.807 4.815 0.780 tl.332 2.787 0.729 0.799 19.323 0.775 
65 0.813 14.831 0.786 0.820 4.891 . ·0.790 0.335 2.808 0.736 0.813 19..S62 0.786 
66 0.827 15.046 0.794 0.833 4.945 0.799 0.340 2.812 0.742 0.827 19.&87 0.794 
67 0.841 15.261 0.803 0.846 4.999 0.808 0.345 2.816 0.747 0.841 20.213 0.803 
68 0.855 15.476 0.811 0.859 5:053 0.817 0.350 2.820 0.753 0.855 20.539 0.811 
69 0.869 15.692 0.820 ·0.872 . S.107 0.826 0.3SS 2.825 0.758 0.869. 20.865 0.820 
70 0.883 15.907 0.828 -0.885 · 5.162 0.835 0.360 2.829 0.764 0.&83 21.191 0.828 
71 0.894 16.118 0.838 0.896 5.226 0.846 0.364 2.847 0.783 0.894 21.396 0.838 

72 0.905 16.330 0.848 0.906 S.291 0.857 . 0.367 2:865 0.802 0.905 21.602 0.848 
73 0.917 16.542 0.858 ·o.917 S.356 0.868 0.371 2.884 0.822 0.917. 21.808 0.858 
74 0.928 . 16.753 0.868 0.928 ·5.421 0.878 0.375 2.902 0.841 0.928 22.013 0.868· 

75 0.939 16.965 0.878 0.939 - 5.486 0.889 0.378 2.921. 0.860 0.939 22.219 0.878 
.76 0.953 17.199 0.891 0.952 . - 5.553 0.900 0.387 2.982 0.874 0.953 22.685 0.891 
77 0.967 17.432. 0.904 0.965- S.620 0.911 0.396 3.044 0.888 0.967 23.151 0.904 

78 0.981· 17.666 0.917 0.978 5.687 0.922 0.405 3.106 0.902 0.981 23.617 0.917 

79 0.994 17.900 0.930 0.991 5.754 0.933 0.414 3.167 0.916 0.994 24.083 0.930 

80 1.008 J 8.133 0.944 I.004 5.821 0.944 0.423 3.229 0.930 l.008 24.549 0.944 
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81 1.019 18.182 0_951 1.015 S.S42 0_951 0.428 3.240 0.945 1.019 24.570 0.951 
82 1.031 18.231 0.958 . 1.026 5.863 0.959 0.432 3.250 0.959 1.031 24.591 0.958 
83 1.042 18.280 0.965 l.037 5.883 0.966 0.437 3.261 0.973 1.042 24.612 0.965 
84 1.053 18.329 0.972 1.048 5.904 0.973 0.441 3.271 0.987 1.053 24.633 0.972 
85 J.065 18.378 0.979 1.059 5.925 0.980 0.445 3.281 1.002 1.065 24.654 0.979 
86 l.072 18.393 0.980 1.067 5.970 0.,981 0.448 3.290 1.003 l.072 24.666 0.980 
87 1.079 18.408 0.981 l.._075 6.015 0;982 0.452 3.298 1.004 1.079 24.678 0.981 
88 1086 18.423 0.982 1.083 6.060 0.982' 0.455 '3.306 1.005 1.086 24.690 0.982 
89 1.093 18.438 0.983 1.091 6105 0.983 0.458 3.315 1.006 1.093 24.703 0.983 
90 1.099 18.453 0.983 1.099 6.151 0.984 0.462 3.323 1.007 1.099 24.715 0.983 .. 
91 I. 107 18.467 0.984 l.106 6.185 0.985 0.463 3.360 1.008 1.107 24.737 0.984 
92 l.114 18.481 0.985 1.114 6.219 0.986 0.464 3.397 1.008 l.114 24.758 0.985 
93 l.121 18.495 0.985 1.122 6.253 0.986 0'.465 3.434 1.009 1.121 24.780 0.985 
94 1.128 18.509 0.986 l.129 6.287 0.987 0.466 3.470 1.009 J.128 24.801 0.986 
95 1.13~ ) 8.523 0.986 1.137 6.321 0-988 0.468 3.507 1.010 l.135 24.823 0.986 
96 1149 18.681 0.992 1.150 6.489 0.993 0.472 3.536 1.011 1.149 25.193 0.992 
97 1.162 18.840 0.997 1.163 6.657 0.999 0.477 3.565 1.012 1.162 25..563 0.997 
98 l. I 76 18.998 1.002 1.176 6.825 l.004 0.481 3.594 1.013 1.176 25.933 1.002 
99 l 189 19.157 1.008 l '189 6.992 1.009 0.486 ·3.623 1.014 1.189 26.303 1.008 
JOO 1.203 19.315 1.013 l.202 7.160 l.014 0.490 3.651 1.015 1.203 26.672 1.013 
101 1.223 20.090 1.049 1.224 7.269 1.049 0.499 3.685 l.042. 1.223 27.821 1.049 
102 l.244 20.864 1.085 l.:i!45 7.378 1.084 0.509 3.719 1.069 1.244 28.969 1.085 
103 1.26-l 21639 1121 1.266 7.487 1.119 0.518 3.753 1.097 1.264 ·30.117 1.121 
104 1.285 22.414 l.157' 1.287 7.596 1.154 0.527 . 3.787 l.124 J.285 31.265 1.157 
105 1.305 23.189 1.193 . 1.309 7.705 1.18~ 9.537 3.821 1.151 1.305 . 32.414 1.193 
106 l.319 23.46 I 1.224 1.323 7.835 1.215 0.541 3.842 1.194 1.319 33.103 ' -l.224 
107 1.333 23.733 1.255 1.338 7.965 l.241 0.545 3.863 1.237 1.333 33.792 1.2SS 
108 1.346 24.006 1.286 1.352 8.095 1.267 0.548 3.884 1.280 l.346 34.481 1.286. 

109 l.360 24.278 1.317 1.367 8.225 1.293 0.552 3.904 l.323 1.360 35.170 1.317 
110 1.37-1 24.550 1.348 l.382 8.355 1.319 0.556 3.925 1.366 1.374 35.859 1.348 
1 JI 1.385 24.846 1.356 1.394 8.414 1.327 0.562. 3.931 1.368 J.385 36.177 · l.356 
112 1.396· 25141 1.363 l.406 8.472 1.336 0.568 3.937 l.371 'l.396 36.495 1.363 
113 l 407 25.437 l.371 1 418 8.531 1.345 0.574 3.943 1.374 1.407· '36.813 1.371 
Jl4 1417 25 732 1.378 1.430 8.590 1.354 0.580 3.949 l.377 1.417 37.132 •.1j78~;: 
Jl5 1.428 26.028 1386 1.442 8.649 1.363 0.586 3.956 l.380 1.428 37.450' 1.386' 
116 1.4:17 26 045 1.388 1.451 8.735 1.364 0.590 3.975 1.380 1.437 37.554 'L.388 · 
117 1.446 26.062 1.389 1.460 8.821 l.365 0.593 3.995 1.381 1.446 . 37.658 1.389 
118 1.455 16.079 l.391 1.469 8.907 1.366 0.597 4.015 ' 1.382 1.455 37.761 J.391 
119 1.46-l ' 26.096 1.393 1.479 8.992 1.368 0.600 4.035 1.383 1.464 37.865 1.393 
120 1472 26.114 l .394 1.488 9.078 1.369 0.604 .4.055 1.383 1.472 37.969 1.394 
121 1.488 26.293 1.408 L501 9.152 l.385 0.610 "-152 l.400 1.488 38.310 1.408 
122 1.503 26.472 1.422 l.514 9..227 f.401 0.615 4.250 1.417 1.503 38.650 1.422 
123 l.518 26.651 1.435 1.527 9.301 1.417 0.621 4.348 1.433 l.S18 38.990 1.435 
124 1.534 26.830 1.449 l.540 9.375 l.434 0.627 4.445 1.450 ' 1.534 39.330 1.449 
125 l.549 27.010 1.463 1.553 ,9.449 1.450 0.632 4.543 1.466 1.549 39.671 1.463 
126 l.559 '27.151 1.471 l.563 9.519 1.458 0.636 .4.567 1.470. 1.559 . 39.865 J.471 
127 l.569 27.292 N79 1.572 9.590. 1.461 0.639 4.592 1.473 l.S69 40.059 ·1.479 

128 1.579 27.433 1.487 l.582 9.661 l.475 0.642 4.617 1.476 1.579 40.254 1.487 ,· 
129 1.590 27.575 1.495 l.592 9.731 1.484 0.645 4.641 1.479 1.590 40.448 1 .. 495 
130 J.600 27.716 1.502 l.601 9.802 1.492 0.648 4.666 1.482 1.600 40.642 · 1.502 
131 J.612 27.878 l.506 l.615 9.849 1.496 0.653 4.685 1.483 1.612 40.790 1.506 
132 1.624 28.040 1.509 1.628 9.895 LSOO 0.657 4.704. 1.485 1.624 40.937 '1..S09 
133 1.635 28.202 1.512 1.642 9.942 1.504 0.661 4.724 ·J.486 1.635 .tt.084 1.512 

" 134 1.647 28.365 l.515 1.655 9.989 1.508 0.666 4.743 1.488 1.647 41.231 1.515 
135 1.659 28.527 1.519 . 1.669 J0.035 1.512 0.670 4.762 1.489 1.659 41.379 1.519 
136 1.676 28.833 1.542 l.685 l0.104 I.534 ·o.678 4.785 l.507 1.676 42.023 1.542 
137 1.693 29.140 1.566 1.700 IQ.173 1.551 0.685' 4.807 1.524 1.693 42.668 1.566 
138 1 709 29446 1.589 1.716 10.241 1.580 0.693 4.830 l.54l 1.709 43.312 1.589 
139 1.726 . 29.753 1.613 1.732 10.310 1.603 0.700 4.853 1.559 1.726 ·43.957 J.613 
140 1.743 30.060 1.636 J.747 10.378 1.626 0.708 . 4.875 1.576 1.743 44.602 1.636 
141 1.756 30.160 1.651 ' 1.762 10506 1.640 0.716 4.886 1.592 1.756 -45.010 1.651. 
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142 1.770 30.260 1.666 l.777 10.633 l.655 0.723 4.897 1.608 1.770 45.419 1.666 
143 1.783 30.361 1.681 1.791 10.761 1.669 0.731 4.908 1.624 1.783 45.828 1.681 
144 1.797 30.461 l.696 1.806 10.888 1.684 0.738 4.918 1.640 1.797 46.237 1.696 
145 l.810 30.562 l.71 l 1.821 11.016 1.699 0.746 4.929 1.656 . 1.810 46.646 1.711 
146 1.822 30.592 1.720 1.830 11.101 1.709 0.751 4.954 1.663 1.822 46.945 1.720 
147 1.834 30.622 1.730 1..840 11.187 1.720 0.755 4.979 1.671 1.834 47.244 1.730 
148 1.846 30.653 I.740 1.850 11.273 1.730 0.760 5.004 1.679 1.846 47.544 1.740 
149 1.858 30.683 1.750 1.860 11.359 1.741 0.765 5.029 1.687 1.858 47.843 1.750 
150 1.869 30.713 I.760 1.869 l I.445 1.752 0.770 5.054 . 1.694 1.869 48.143 1.760 
151 1.880 30.741 1.767 1.879 11.504 J.759 ·0.775 . 5.060 l.7Jl 1.880 48.423 1.767 
152 1.890 30.768 1.775 1.890 11.564 1.767 0.780 5.065 1.727 1.890 48.704 1.775 
153 1.900 30.796 1.783 1.900 11.624 1.775 0.785 5.070 1.743 1.900 48.984 1.783 
154 1.910 30.823 1.791 1.910 11.683 1.783 0.791 5.015 1.760 1.910 49.265 1.791 
155 l. 92tl 30.850 1.798 l.920 11.743 1.790 0.796 5.080 1.776 1.920 49.545 1.798 
156 1.949 32.415 l.828 1.945 12.434 1.821 0.819 5.150 1.813 1.949 50.517 t.828 
157 1.977 33.980 1.858 um 13.125 1.852 0.842 5.220 1.850 1.977 51.489 1.858 
158 2.006 35.545 1.888 1.996 13.816 1.883 0.865 5.290 1.887 2.006 52.461 1.&88 
159 2.034 37.110 l.918 2.022 14.507 1.913 0.888 S.360 1.924 2.034 53.433 1.918 
160 2.063 38.674 1.948 2.047 15.198 1.944 0.911 5.430 1.961 2.063 54.406 1.948 
161 2.105 \ 41.040 2043 2.092 16.627 2.038 0.951 7.045 2.030. 2.105 56.279 2.043 
162 2.147 43.405 2.138 2137, 18.056 2.133 0.992 8.661 2.099 2.147 58.152 2.138 
163 2.190 45.770 2.234 2.182 19.485 2.227 ' J.032 I0.276 2.168 2.190 60.026 2.234 
164 2.232 48. 136 2.329 . 2.227 20.914 2.321 1.073 11.891 2.237 2.232 61.899 2.329 
165 2.275 50.501 2424 2.272 22.343 2.415 1.113 13.506 2.306 2.275 63.773 2.424 
166 2.304 52.979 2.509 '2.300 23.672 2.502 1.163 14.131 2.357 2.304 65.726 2.509 
1.67 2.333 55.458 2.593 2.328 25.002 2.589 1.213 14.755 2.409 2.333 67.678 2.593 
168 2.362 57.937 2.678 2.356 26.331 2.676 1.263 15.380 2.460 2:362 69.631 2.678 
169 2.391 60.415 2.762 2.385 27.660 2.763 l.313 16.004 2.512 2.391 71.584 2.762 
170 2.420 62.894 2.847 2.4l3 28.989 2.849 1.363 16.628 2.564 . 2.420 73.536 2.847' 
171 2.451 63.874 2.890 2.442 29.484 2.892 l.386 16.692 2.603 2.451 75.553 2.890 
172 2.481 .64.855 2.933 '2472 29.978 2.934 1.410 16.756 2.643 2.481 77.570 2.933 
173 2.512 65.835 2.976. 2.502 30.473 2.976 1.433 16.820 2.683 2.512 . 79.587 2.976 
174 2.542 66.815 3.019 2.532 . 30.967 3.019 1.457 16.883 2.723 2.542 81.604 3.019 
175 2.573 67.796 3.062 2.562 31.462 3.061 1.480 16.947 2.762 l.573 83.621 3.062 
176 2.598 68.919 3.122 2.588 ·32.216 3.119 1.494 17.044 2.809 2.598 85.074 3.122 
177 2.623 70.042 3.181 2.615 32.970 3.178 1.508 17.141 2.856 2.623 86.528 3.181 
178 2.648 7).]65 3.240 2.641 . 33.725 / 3.236 1.522 17.238 2.903 2.648 87.981 3.240 
179 2.674 72.287 3.300 2.668 34.479 3.295 1.536 17.335 2.949 2.674 89.434 3.300 
180 2.699 73.410 3.359 2.694 35.233 3.353 1.550 17.431 2.996 2.699 90.888 3.359 
181 2.726 74.714 3.432 2.718' 35.950 3.424 1.565 17.453 3.040 2.726 92.421 3.432 
182 2.753 76.017 3.504 2.743 . 36.666 ' . 3.495 1.580 17.475 3.084 2.753 93.953 3.504 
183 2.780 77.320 3.576 2.767 37.382 3.567 l.595 17.497 3.129 2.780 95.486 3.576 
184 2.807 . 78.623 3.648 2.791 38.099. 3.638 1.610 17.519 3.173 l.807 97.019 3.648 
185 2.834' 79.927 3.720 2.8i6 38.815 3.709 1.624 17.540 3.217 2.834 98.552 3.720 
186 2.861 81.488 3.804 2.843 39.562 3.795 1.639 17.816 3.277 2.861 100.583 3.804 
187 2.888 83.049 3.889 2.869. 40.309 3.880 1.654 18.091 3.337 2.888 102.615 ·3.889 
188 2.915 84.611 3.973 2.896 41.056. 3.965 1.668 18.366 3.397 2.915 .104.646 3.973 
189 2.942 86.172 4.057 . 2."923 41.803 4.051 1.683 18.641 3.457 2.942 106.677 4.057 
190 2.969 87.733 4.141 2.950 -42.550 4.136 1.697 18.916 3.518 2.969 108.709 4.141 
191 2.994 88.668 4.196 2.975 43.279 4.190 J.711 19.891 3.565 2.994 Jl0.057 4.196 
192 3.019 89.603 4.250 3.CIO! 44.008 4.243 1.724 20.866 3.612 3.019 111.405 4.250 
193 3.044 90.538 4.304 3.027 44.737 4.297 1.737 21.840 3.658 3.044 112.753 4.304 
194 3.070 91.473 4.358 3.052 .45.466 4.351 1.750 22.815 3.705 3.070 114.101 4.358 
195 3.095 92.407 4.412 3.078 46.195 4.404 1.763 23.790 3.752 3.095 115.449 4.412 
196 3.120 93.768. 4.485 3.105 46.747 4.477 1.778 24.992' 3.794 3.120 116.561 4.485 
197 3.145 95.129 4.558 3.132 47.299 .C.S49 1.793 26.194 3.836 3.145 117.674 4.558 
198 3.169 96.490 4.630 3.159 47.852 4.622 1.808 27.396 3.877 3.169 118.786 4.630 
199 3.194 97.851 4.703 3.lk6 48:404 4.694 1.823 28.597 3.919 3.194 119.899 4.703 
200 3.219 99.212 4.775 3.213 48.957 4.767 U38 29.799 3.960 3.219 121.011 4.775 
201 3..242 99.878 -4.821 3.234 49204 4.812 1.858 29.975 4.004 3.242 121.695 4.821 
202 3.266 100.544 4.867 3.255 49.451 4.858 1.877 30.152 4.047 3.266 122.378 4.867 
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203 3.289 IOL210 4.914 3.277 49.698 4.904 1.897 30.328 4.090 3.289 123.062 4.914 
204 3.312 101.876 4.960 3.298 49.945 4.950 1.916 30.504 4.133 3.312 123.745 4.960 
205 3.335 102.542 5.006 3.320 50.192 4.996 1.936 30.68Q 4.176 3.335 124.429 5.006 
206 3.362 103.507 5~037 3.346 50.698 5.029 1.948 30.747 4.193 3.362 125.599 5.037 
207 3.388 104.472 5.069 3.373 51.205 5.063 1.961 30.813 4.209 3.388 126.769 .S.069 
208 3.415 105.437 5.101 3.399 51.711 5.097 1.973 30.879 4.225 3.415 127.939 S.101 
209 3.441 106.402 5.132 3.426 52.218 5.130 1.986 30.946 4.241 3.441 129.109 S.132 
210 3.468 107.366 5.164 3.452 52.724 5.164 1.998 31.012 4.257 3.468 130279 S.164 
211 3.488 108.519 5.234 3.472 53.327 5.233 2.006 32.744 4.311 3.488 132.D09 S.234 
212 3.509 109.671 5.304 3.492 53.931 5.303 2.015 34.476 4.365 3.S09 133.740 · S.304 
213 3.530 110.823 5.374 3.513 54.534 5.372 2.023 36.207 4.419 3.530 135.470 S.37:4 
214 3.550 111.976 5.444 3.533 55.137 5.442 2.031 37.939 4.473 3.550 137.201 S.444 
215 3.571 113.128 5.514 3.553 55.740 5.51 I 2.039 . 39.671 4.527 3.571 138.931 5.514 
216 3.591 113.763 5.564 3.571 56.057 5.559 2.044 39.822 4.565 3.591 140.070 5.564 
217 361~ 114.398 5.613 3.589 56.373 5.606 2.048 39.973 4.602 3.612 141.208 5.613 
218 3632 115.033 5.663 3.608 56.689 5.654 2.053 40.125 4.640 3.632 142.347 5.663 
219 3.652 115.668 5.713. 3.626 57.005 5.701 2.058 40.276 4.677 3.652 143.485 5.713 
220 3.672 116.304 5.763 3.644 57.321 5.149 2.062 40.427 4.715 3.672 144.624 S.763 
221 3.693 116.644 5.775 3.669 57.474 5.761 2.076 40.526 4.724 3.693 144.903 5.775 
222 3.714 116.984 5.787 3.693 57.626 5.773 2.089 40.626 4.732 3.714 145.182 5.787 
223 3.736 . 117.324 5.799 3.717 57.779 5.785 2.103 40.725 4.741 • 3.736 145.462 S.799 
224 3 757 117663 5.811 3.741 57.931 5.797 2.IJ7 40.825 4.750 3.757 145.741 S.811 
225 3.778 118.003 5.823 ·3.766 58.084 5.809 2.130 40.924 4.759 3.778 146.020 S.823 
226 3.795 118158 5.828. 3.782 ·58.158 5.814 2.160 40.962 4.764 3.795 "146.177 5.828 
227 3811 118.312 5.833 .. 3.798 58.232 5:820 2.190 41.000 4.770 3.811 146334 ,S.833 
228 3.828 118.466 5.838 3.815 58.307 5.825 2.219 41.038 4.775 - 3.828 146.491 . S.838 ·· 
229 3.8.45 118.621 5.842 3.831 58.381 5.830 2.249 41.076 . 4.781 3.845 146.648 S.842 
230 3 862 118.775 5.847 3.848 58.455 5.835 2.278 41.114 4.786 3.862 146.805 S.847 
231 3.873 118.885 5.852 3.858 58.534 5.840 2.285 41.142 4.790 3.873 147.057 5.852 
232 3.884 118.995 5.856 3.868 58.612 5.845 2.292 

0

41.171 4.794 3.884 147.308. 5.856 
233 3.896 119.105 5.860 3.879 58.690 5.850 2.299 41.199 4.797 3.896. 14~.569 5..860 . 
234 3.907 119.215 5865 3.889 58.769 . 5.855 2.306 41 .228 4.801 . 3.907 147.812 -S.865 
235 3:918 119.325 5.869 3.900 .58.847 5.860 2.313 41.256 4.IOS 3.918 .. 148.064' :S.169 
236 3:924 119.407 5.874 ·3.907 58.990 5.865 2.315 . 41.285 4.808 3.924 ' 148.450 S.874 
237 3.930 119.488 5.878 3.913 59.132 5.869 2.318 -41.313 . 4.812 3.930 148.$37. S.8'?8. 
238 3.935 119.570 5.883 3 920 59.275 5-.874 2.320 41.341 . 4.815 3.935 ·149223 5.883 
239 3.941 119.651 5.887 3.927 59.418 5.878 2.322 41.369 4.818 3.941 . 149.609 5.887 
240 3.9~7 119 733 5.892 3.934 59.560 5.883 2.325 41.397 ·4.822 3.947 t49.996 S.892 



Appcndi..x B 

1982-1983 
Sec HC co 

30 ).064 14.776 
31 l.091 15.338 
32 1.118 15.900 
33 Ll45 16.462 
34 1.172 17.023 
35 l. 1~9 17.585 
36 1.237 17.834 
37 1.275 18.084 
38 l.313 18.333 
39 l.351 18.582 
40 1.389 18.832 
41 1.45\ 19.867 
42 1529 20.902 
43 1.599 21.937 
44 1.669 22.972 
45 1.738 24.008 
46 - 1.7&4 24.572 
47 J.830 25.136 
48 1.876 25.701 
49 1922 26.265 
50 1.968 26.830 
51 2.020 27.642 
52 2.072 28.454 
53 2.124 29.266 
54 2.176 '30.079 
55 2.228 30.891 
56 2.265 31.485 
57 2.302 32.078 
58 2.340 32.672 
59 2.377 33.266 
60 2.415 . 33.860 
61 2.451 - 34.449 
62 2.487 - 35.037 
63 2.523 35.626 
64 2.559 -36.215 
65 2.595 36.804 
66 2.639 37.463 
67 2.683 - 38.122 
68 2.728 -38.782 
69 2m . 39.441 
70 2.817 40.100 
71 2.859 40.631 
72 2.901 4Ll61 
73 2.943 41.692 
74 2.985 42.222 
75 3.027 42.753 
76 3.061 43.694 
77 3.096 44.636 

I 78 3130 45.577 
79 3.165 46.519 
80 3.200 47.461 
81 3.237 47.831 
82 3.2'75 48.201 
83 3.313 48.571 

Alternative Fast-Pass IM240 Standards 
Corresponding to Composite Stan-up Emission Standards 

in §85.2205(a)(2)(iv) 

Hieh Altitude, Li~ht Dutv Truck 1 
1984-1987 1988-1990 

NOx HC co NOx HC co NOx 
0.562 0.585 10.661 0.513 0.585 10.661 0.298 
0.610 0.609 l 1.033 0.551 0.609 11.033 0.319 
0.657 0.633 11.405 0.590 0.633 11.405 0.340 
0.705 0.657 11.777 0.629 0.657 11.777 0.361 
0.752 0.681 12.149 0.667 0.681 12.149 0.382 
0.800 0.705 12.521 0.706 0.705 12.521 0.403 
0.804 0.730 12.895 0.711. ' 0.730 12.895 0.407 
0.808 0.754 13.269 0.716 0.754 13.269 0.410 
0.813 0.779 13.643 0.721 0.779 13.643 0.414 
0.817 0.803 14.018 0.727 0.803 14.018 0.418 
0.822 0.828 14.392 0.732 0.828 14.392 0.422 
0.869 0.854 15.098 0.796 0.854 15.098 0.451 
0.915 0.880 15.805 0.861 0.880 1 S.805 0.47r/ 
0.962 0.907 16.51 I 0.925 0.907 16.51 J 0.508 
l.009 0.933 17.217 0.989 0.933 17.217 0.536 
J.056 0.959 17.924 1.053 0.959 17.924 0.565 
1.098 "0. 989 18.458 l.096 0.989 18.458 0.587 
1.140 1.019 18.992 1.138 ].019 18.992 0.609 
1.182 l.050 19.526 1.180 1.050 19.526 0.631 
1.224 1.080 20060 1.223 1.080 20.060 0.652 
1.266 l. llO 20.594 1.265 1.110 20.594 0.674 
l.305 1.146 - 21.719 1.294 1.146 21.719 0.701 
1.343 ·1.1&2 22.845 l.324 1.182 22.845 0.728 
l.381 l.218 23.970 1.353 l.218 23.970 0.755 
1.420 L254 25.095 1.382 1.254 25.095 0.782 
1.458 1.290 26.221 l.411 1.290 26.221 0.809 
] .490 J.310 26.449 l.449 l.310 26.449 0.826 
1.522 1.330 26.677 1.486 1.330 26.677 0.842 
l.555 1.350 26.905 1.523 J.350 i6~905 0.859 
1.587 1.370 27.133 1.560 1.370 27.133 0.876 
1.619 1.390 27.361 1.597 1.390 27.361 0.892 
1.637 1.405 27.372 1.6]) 1.405 27.372 0.903 
1.656 1.420 27.383 1.625 1.420 27.383 0.915 
L674 f434 27.393 1.639 1.434 27.393 0.926 
1.693 J.449 27.404 1.653 1.449 27.404 - 0.938 
1.711 1.464 27.415 . 1.667 1.464 27.415 0.949 
1.737 1.497 28.054 1.699 1.497 28.054 0.960 
1.763 1.530 28.694 1.732 J.S30 28.694 0.972 
l.789 1.563 29.333 1.765 J.563 29.333 0.983 
1.815 l.596 29.972 1.797 1.596 29.972 0.994 
1.841 l.-629 30.612 1.830 1:629 30.612 I.ODS 
1.862 1.650 31.097 1.854 l.650 31.097 1.016 
1.884 J.672 31.583 1.878 1.672 31.583 1.028 
1.906 1.694 32.068 1.902 1.694 32.068 1.039 
1.928. 1.715 -32.554 1.925 1.715 32.554 1.051 
1.950 1.737 33.039 l.949 '1.737 33.039 1.062 
1.978 1.760 33.193 1.977 1.760 33.193 ·1.074 
2.007 1.782 33.347 2.005 -1.782 33.347 1.085 
2.035 1.805 33.501 2.033 1.805 33.501 1.096 
2.063 l.828 -33.655 2.061 l.828 33.655 1.108 
2.092 1.851 33.809 2.089 1.851 33.809 1.119 
2.111 1.872 34.035 2.111 1.872 34.035 J.131 
2.130 1.894 34.261 2.132 J.894 34.261 1.144 
-2.149 1.915 34.488 2.154 1.915 34.488 1.156 

Appc:ndixB 

1991 
HC co NOx 
0.477 S.069 0..2S4 
0.494 S.129 0.270 
0.512 S.189 0.285 
0.529 S.249 0.300 
0.547 S.309 O.Jl6 
0.564 S.369 0.331 
0.582 S.S62 0.334 
0.601 S.1SS O.J36 
0.619 S.948 0.339 
0.637 6.142 0.341 
0.656 6.335 0.344 
0.681 6.890 0.368 
0.707 7.445 0.392 
0.732 7.999 0.416 
0.758 8.554 0.440 
0.783 9.109 0.464 
0.799 9.593 0.480 
0.816 10.076 0.496 
0.832 10560 0.512 
0.848 11.044 0.528 
0.864 ll.S27 - 0.543 
0.891 12.038 0.563 
0.917 12.549 0.582 
0.943 13.059 -- 0.601 
0.969 13.S70 ·o.621 
0.995 14.081 . 0.640 

1.015 14.438 0.6S3 
1.035 14.796 0.666 
1.055 lS.154 0.679 
1.075 lS.512 -- 0.692 
1.095 lS.870 0.705 
1.109 16.268 0.714 
1.124 16.667 0,723 
1.138 17.066 0.732 
1.153 17.465 0.741 
1.167 17.863 0.750 
1.182 18.249 0.7S9 

. 1.196 18.635 0.768 
1.211 191120 o.m 
l.225 19.406 0.716 
1.239 19.792 0.795 
1.255 19.906 0.805 
1.271 20.020 0.815 
1.287 20.134 0.125 
1.303 20.248 0.835 
1.318 20.362 0.145 
1.331. 20.782 0.8S9 
1.344 21.202 0.874 
1.357 21.623 0.888 
1.370 22.043 0.902 
1.382 22.463 0.916 
1.407 22.571 - 0.925 
1.431 22.678 0.934 
1.455 22.786 0.942 



Appendix B AppendixB 

84 3.351 48.941 2.168 1.937 34.714 2.175 1.937 34.714 l.169 1.480 22.894 0.951 
85 3.389 49.31 l 2.187 l.958 34.941 2.197 1.958 34.941 1.181 l.S04 23.001 0.960 
86 3.432 49.503 2.189 1.973 35.115 2.200 1.973 35.115 1.182 1.531 23.112 0.961 
8"/ 3.475 49.694 2.192 l.988 35.289 2.203 1.988 35.289 1.182 1.558 23.223 0.963 
88 3.518 49.886 2.194 2.002 35.463 2.206 2.002 35.463 1.183 1.586 23.334 0.964 
89 3.562 50.077 2.197 2.017 35.637 2.209 2.017 35.637 1.184 1.613 23.445 ·0.966 
90 3.605 50.269 2.199 2.032 35.811 2.212 2.032 35.811 1.185 1.640 23.556 0.967 
91 3.645 50.447 2.200 2.044 35.968 2.213 2.044 35.968 1.186 1.654 23.558 0.968 
92 3.686 50.626 2.201 2.056 36.125 2.214 2.056 36.125 1.187 1.668 23.560 0.968 
93 3.727 50.805 2.202 2.068 36.282 2.215 2.068 36.282 l.188 1.682 23.562 0.968 
94 3.767 50.984 2.203 2.081 36.440 2.216 2.081 36.440 1.189 1.696 23.564 0.969 
95 3808 51.J62 2.204 2.093 36.597 2.217 2.093 36.597 l.190 1.710 . 23.567 0.969 
96 3.853 51.779 2.212 2.111 36.968 2.227 2.111 36.968 1.195 1.727 23.924 0.978 
97 3.8~8 52.395 2.219 2.129 37.339 2.236 2.129 37.339 1.201 1.744 24.282 0.987 
98 3.943 53.012 2.227 '2.147 37.710 2.245 2.147 37.710 1.207 1.762 24.639 0.996 
99 3.988 53.628 2.234 2.165 38.081 2.254 2.165 38.081 1.213 1.779 24.997 1.004 

100 4.033 54.245 2.242 2.183 38.453 2.263 2.183 38.453 1.218 1.796 25.355 1.013 
101 4.081 55.131 2.322 2.221 40.429 2.342 2.221 40.~29 1.259 l.819 25.871 1.045 
102 4.128 56.016 2.403 . 2.258 42.405 2.420 2.258 42.405 1.299 1.842 26.387 · t.076 
103 4.175 56.902 2.4~ 2.295 44.382 2.498 2.295 44.382 1.340 1.865 26.903 1.107 
104 4.223\ 57.788 2.565 2.333 46.358 2.576 2.333 46.358 1.38(1 't.887 27.419 1.139 
105 4.270 58.674 2.646 2370 48.335 2.654 2.370 48.335 1.421 1.910 27.935 1.170 
106 4 300 59.122 2.721 2.404 49.060 2.740 2.404 49.060 1.458 1.936 28.221 1.201 
107 4.331 59.771 2.797 2437 49.785 2.826 2.437 49.785 1.495 1.962 28506 1.232 
108 4.361 60.319 2.872 2.471 50.511 2.912 2.471 50511 1.531 1.988 ·28.792 1.263 
109 4.391 60.868 2.948 "2.504 51.236 2.998 2.504 51.236 1.568 2.014 29.077 1.294 
) 10 4.421 61.416 3.023 2.538 51.962 3.084 2.538 51.962 . 1.605 2.040 29.363 l'.325 
JI I 4.449 61.935 3.038 2.560 "52.113 3.101 2.560 52.113 '1.615 2.057 29.405 L332 
112 4 476 62.455 3.053 .2.582 52.265 3.118 2.582 52.265 . 1.624 2.074 29.447 1.338 
113 4.503 62.974 3.067 2.604 52.417 3.136 2.604 52.417 1.634 2.090 29.489 1.344 
114 4.531 63.493 3.082 2.625 . 52.569 3.153 2.625 S2.569 1.644 2.107 29.S3J 1.350 
115 4.558 64.013 3.097 2.647 52.721 3.170 2.647 S2.721 1.653 . 2.124 . 29.S13 1.357 
116 4.600 64.559 3.099 2.673 52.723 3.173 2.673 52.723 l.656 2.152 29.865 1.359 
117 4.6-l2 65.105 3.102 2.698 52.724 3.175 2.698 52.724 1.658 2.179 30.157 1.361 
118 4.6~ 65.651 3.J05 2.723 ' 52.726 3.178 2.723 52.726 1.661 2.207 . 30.449 1.363 
119 4.726 66.197 3.108 2.749 52.728 ' 3.181 2.749 32.728 1.663 . 2.234 . 30.741 i.365 
120 4.768 66.743 3.111 . 2.774 52.729 3.184 2.774 52.729 . 1.666 2.262 31.033 ·-1.368 
121 4.804 67.600 3.134 2.199 53.168 3.206 2.799 53.168 ·\ 1.684 2.276 . 31130 1.383 
122 4.~0 68.458 3.156 2.824 53.606 3.229 2.824 .53.606 1.703 2.290 31.428 1.399 
123 4.876 69.315 3.179 2.850 54.044 3.251 2.850 '54.044 1.722 2.304 31.625 1.415 
124 4.911 70.173 3.202 2.875 54.483 3.274 2.875 "54.483 1.741 2.318 31.823 1.431 
125 4.947 71.030 3.224 2.900 54.921 3.296 2.900 54.921 1.759 2.332 .. 32.020 1.446 
126 4.983 71.729 3.241 2.920 55.078 3.310 2.920 55.078 1.770 2.355 32.099 1.453 
127 5.019 72.427 3.257 2.941 55.236 3.323 2.941 55.236 1.780 . 2.377 .32.178 1.460 
128 5.055 73.126 3.274 2.961 . 55.393 3.337 2.961 55.393 1.790 2.399 32.256 1.468 
129 5.091 73.825 3.290 2.981 55.551 3.350 2.981 55.551 1.800 2.422 ll.335 1.475 
130 5.126 74.523 3.307 3.001 55.708 3.364 3.001 . 55.708 1.811 2.444 32.413 1.482 
131 5.178 75331 3.311 3.027 55.921 3.370 3.027" 55.921 1.813 2.464 32.638 1.484 
132 5.230 76.1.39 3.316 3.052 56.134 3.376 3.052 56.134 1.816 . 2:485 32.862 l.487 
133 5.282 76.947 3.321 .3.078 56.346 3.382 3.078 ·56.346 ·J.819 2.505 33.086 1.490 
134 5.334 77.755 3.326 3.103 56.559 3.388 3.103 56.559 1.822 2.525 33.310 1.492 
135 5.386 78.563 3.331 3.129 56.771 3.394 3.129 56.771 1.825 2.545 33.534 1.495 
136 5.468 79.372 3.365 3.167 57.854 3.432 3.167 57.854 1.851 2,.573 . 34.147 1.520 
137 5.549 80.181 3.32.8 3.206 58.937 3.469 3.206 58.937 1.877 2.i500 34.760 l.S46 
138 5:630 80.990 3.431 3.244 60.020 3.507 3.244 60.020 1.903 2.628 35.373 1.571 
]39 5.712 81.798 3.464 3.283 61.102 3.544 3.283 61.)02 1."929 2.655 35.985 1.596 
140 5.793 82.607 3.498 . 3.322 62.185 3.582 . 3.322 . 62.185 1.955 2.682 36.598 1.622 
141 5.825 83.486 3.536 3.342 62.366 3.639 3.342 62.366 1.977 2.702 36:880 1.639 
142 5.856 84.365 3.575 3.363 62.548 3.697 . 3.363 62.548 1.999 2.722 37.162 1.656 
143 5.888 85.245 3.613 3.383 62.729 3.754 3.383 62.729 2.021 2.742 37.444 1.673 
144 5.920 86.124 3.652 ' 3.4Q4 62.910 3.811 3.404 62.910 l.043 2:762 37.727 1.691 
145 5.951 87.003 3.690 3.425 63.091 3.869 3.425 63.091 2.065 l.782 38.009 1.708 



Appendix B AppendixB 

146 5.975 87.915 3.718 3.453 63.539 3.892 3.453 63.539 2.074 2.797 38.632 1.717 
147 5.998 88.827 3.745 3.482 63.987 3.916 3.482 63.987 2.082 2.811 39.255 1.726 
148 6.022 159.739 3.772 3.510 64.435 3.939 3.510 64.435 2.090 2.825 39.878 l.735 
149 6.046 90652 3.800 3.539 64.883 3.963 3.539 64.883 2.098 2.839 40.501 1.743 
150 6.069 91564 3.827 3.568 65.331 3.9&6 3.S68 65.331 2.106 2.853 41.l24 1.752 
151 6.099 92.475 3.852 3.595 65.704 4.000 3.595 65.704 2.117 2.868 41.450 1.765 
152 6.129 93.387 3.877 3.623 66.077 4.014 3.623 66.077 2.129 2.883 41.776 1.778 
153 6.159 94.298 3.901 3.650 66.450 4.029 3.650 66.450 2.141 2.898 42.102 J.791 
154 6.189 95.209 3.926 3.677 66.823 4.043 3.677 66.823 2.152 2:913 42.428 l.803 
155 6.219 96.121 3.951 3.705 67.197 4.057 3.705 67.197 2.164 2.927 -42.754 l.816 
156 6.313 97.599 4.030 3.767 69.206 4.117 3.767 69.206 2.205 2.969 44.233 1.849 
157 6.407 99.077 4.110 3.829 71115 4.176 3.829 71.215 2.247 3.011 45.712 1.182 
158 6.501 100.555 4.190 3.891 73.225 4.236 3.891 73.225 2.289 3.053 -47.191 l.915 
159 6.5~5 102.033 4.269 3.953 75.234 4.295 3.953 75.234 2.330 3.095 48.670 1.948 
160 6.689 103.511 4.349 4.015 77.243 4.355 4.015 77.243 2.372 3.136 S0.149 l.981 
161 7.010 107.552 4.542 4.078 79.985 4.551 4.078 79.985 2.472 3.182 51569 2.071 
162 7.331 111.593 4.736 4.142 82.727 4.747 4.142 82.727 2.571 3.227 52.988 1.162 
163 7.652 115.634 4.930 4.205 85.469 4.943 . 4.205 85.469 2.671 3.272 S4.408 2.252 
164 7.972 119.676 5.123 4.268 88.211 5.139 4.268 88.211 2.770 3.318 55.828 2.343 
165 8.293. 123:717 5.317 4.332 90.953 5.335 4.332 90.953 2.870 3.363 57.247 2 . .C34 

. 166 8.576 125.252 5.496 4.380 93.266 5.516 4.380 93.266 2.96t 3.410 58.958 2.509 
167 8.859 126.786 5.676 4.428 95.579 5.696 4.428 95.579 3.053 3.458 60.670 . 2.584 
168 9.142 128.321 5.855 4477 97.892 5.876 4.477 97.892 3.144 3.505 62.381 2.659 
169 9.425 129.855 6.034 4 .. 525 100.205 6.056 4.525 100.205 . 3.235 3.552 64.092 2.735 
170 9.708 131.390 6.213 4.573 102.517 6.237 4.573 102.517 3.327 3.600 65.804 2.810 
171 9.788 132 095 6 318 4.618 103.813 6.345 4.618 103.813 3.373 3.644 66.939 2.863 
172 9.868 132.801 6422 4.664 105.109 6.452 4.664 105.J 09 3.420 3.688 68.07S- 2.916 
173 9.948 133.506 6.527 4.709 106.404 6.560 4.709 106.404 3.467 3.732 69.210 2.969 
174 10.028 13-UIJ 6.632 4.754 107.700 6.668 4.754 107.700 3.513 3.776 70345 3.022 
175 10.107 134.917 6.736 4.799 108.995 6.776 4.799 108.995 3.560 3.821 71.481 3.1J75 
176 10.174 137.703 6.876 4.858 110.733 6.910 4.858 110.733 3.626 3.856 73.077 3.130 
177 10.242 140.490 7.016 4.917 112.471 7.045 4.917 112.471 3.692 3.i91 . -74.674 3.llS 

. 178 10309 143.276 7.155 4.977 114.209 7179 4.977 114.209 3.758 3.927 76.271 3.240 
179 10.376 146.063 7.295 5.036 115.946 7.313 5.036 115.946 3.824 ).962 ·11.861 3.295 
180 10.443 148.849 7.435 5.095 117.684 7.447 . S.095 117.684 3.889 3.997 79.464 33SO 
181 10.506 152.900 7.603 5.158 119.775 7.621 5.158 l19.775 3.979 4.024 81.282 3.430 
182 10.570 156.950 7.772 5.221 121.866 7.795 5.221 121.866 4.069 4.050 83.100 ··3_509 

183 10.634 161001 7.941 . 5.284 123.956 7.969 5.284 123.956 4.159 4.077 84.919 3.589 
184 10.698 165.051 8.110 5.347 126.047 8.143 5.347 126.047 4.248 4.104 86.737 3.668 
185 10.761 169.102 8.279 5.411 128.138 8.318 5.41 l 128.138 4.338 4.131 88.555 . 3.748 
186 10.836 171.850 8.477 5.4i8 129.673 8.499 5.428 129.673 4.443 4.154 90.333 3.841 
187 IO 911 174.598 . 8.675 5.446 131.209 8.681 5.446 131.209 4.547 4.178 92.110 3.934 
188 10.986 177.345 8.873 5.463 132".745 8.862 5.463 132.745 4.652 A.202 93.888 4.026 
189 11.06 J 180.093 9.071 5.481 134.281 9.043 5.481 134.281 4:156 4.225 95.665 4.119 
190 11.136 182.841 9.269 5.499 135.816 9.225 5.499 135.816 4.861 4.249 97.442 4.212 
191 ll.307 184.591 9.422 5.561 137.198 "9.386 5.561 137.198 4.932 4.285 98.856 4.274 
192 11.477 186.341 9.576 5.623 138.580 9.S47 5.623 138.580 S.003 4.321 100.271 -i.336 
193 11.648 188.091 9.730 5.686 139.961 9.708 5.686 139.961 S.074 4.357 101.685 4398 
194 l l.819 189.841 9.884 5.748 141.343 9.869 5.748 141.343 5.146 4.393 103.099 4.459 
195 11.9-90 191.591 10.038 5.810 142.724 10.030 5.810 142.724 5.217 4.430 104.513 4.521 
196 12.067 194.037 10.193 5.828 144.052 10.188 5.828 144.052 5.301 4.460 106.134 4.589 
197 12.144 196.482· 10.348 5.845 145.381 J0.346 5.845 145.381 5.385 4 . .C90 107.755 -i.658 
198 12.221 198.927 10.503 5.863 146.709 J0.504 5.863 146.709 5.469 4.520 109.376 4.726 
199 12.298 201.373 10.658 5.880 148.037 10.662 . 5.180 . 148.037 5.553 4.550 110.997 4.795. 
200 12.376 203.818 J0.813 5.898 149.365 10.820 5.898 149.365 5.637 ·4.580 112.617 4.863 
201 12.463 204.868 10.912 5.942 150.214 10.948 5.942 150.214 5.692 4.623 113.207 4.906 
202 12.551 205.918 11.012 5.986 151.063 11.075 5.986 151.063 5.746 4.666 113.796 '4.949 
203 12.639 206.967 11.111 6.029 151.912 11.203 6.029 151.912 5.801 4.709 114·.385 4.993 
204 12.72~ 208.017 11.211 6.073 15:2.760 11.330 6.073 152.760 5.856 4.752 114.974 S.036 
205 .· 12.814 209.067 11.310 6.117 153.609 11.458 6.117 153.609 5.911 4.795 115.563 5.079 
206 12.891 211.915 1 l.381 6.174 154.888 11 .530 6.174 154.888 5.951 4.848 116.847 S.119 
207 12.969 214.764 11.452 6.231 156.166 11.601 6.231 156.166 S.990 4.901 ))8.131 5.160 



Appendix B AppcndixB 

208 13.~6 217.612 11.523 6.288 157.445 11.673 6.288 157.445 6.030 4.955 119.415 5.201 
209 13124 220.460 .11.59:1 6.345 158.724 11.745 6.345 158.724 6.070 5.008 120.699 5.241 
210 13.201 223.309 11.665 6.401 160.002 11.817 6.401 160.002 6.110 5.061 121.983 S..282 
211 13.243 226.365 11.862 6.451 161.606 11.984 6.451 161.606 6.194 5.090 123.498 5.355 
212 13.285 229421 12.060 6.500 163.210 12 152 6.SOO 163.210 6.278 5.119 125.012 S.429 
213 13.327 232 478 12.257 6.550 164.814 12 .319 6.550 164.814 6.362 5.147 126.526 5.502 
214 13.370 235.534 12.455 6.599 166418 12.486 6.599 166.418 6.446 5.176 128.040 S.S16 
215 13.412 238.591 12.653 6.649 168.022 12.653 6.649 168.022 6.530 5.204 129.554 S.649 
216 13.470 240.891 12.778 6.693 168.948 12.780 6.693 168.948 6.S8S 5.240 130.345 S.695 
217 13.528 243.191 12.904 6.737 169.874 12.906 6.737 169.874- 6.640 S.215 131.136 5.741 
218 13.586 245492 13.030 6.782 170.800 13.032 6.782 170.800 6.695 S.310 131.928 S.787 
219 13.645 247.792 13.156 6.826 171.726 13.159 6.826 171.726

1 
6.750 5.34S 132.719 S.833 

220 13.703 250.092 13.282 6.870 172.653 13.285 6.870 172.653 6.804 5.380 133.510 S.879 
221 13.8.,96 250.710 13.307 6.946 173.200 13.314 6.946 173.200 6.818 5.436 133.899 5.888 
222 14.088 251.329 13.332 7.022 173.748 13.343 7.022 173.748 6.831 5.492 134.287 S.896 
223 14.2.81 251.947 13.358 7.098 174.295 13.371 7.098 174.295 . 6.844 5.548 134.676 S.905 
224 14.474 252.565 13.383 7.173 174.843 13.400 7.173 174.843 6.857 5.604 135.064 S.913 
225 14667 . 253.184 13.409 7.249 175.391 13.429 7.249 175.391 6.870 5.660 135.453 5.922 
226 14.845 253888 13.422 7.334 175.611 '13.440 7.334 175.611 6.877 5.699 135.633 5.927 
227 15 02~ 254.593 13.436 7.419 175.831 13.452 7.419 175.831 6.884. 5.738 135.814 S.931 
228 15..201 255.297 13.450 7.504 176.051 13.464 7.504 176.051 6.89f 5.776 135.995 5.936 
229 15.379 256.002 13.464 7.589 176.271 13.475 7.589 176.271 6.897 5.815 136.176 S.941 
230 15.557 256.706 13.478 7.674 176.491 13.487 7.674 176.491 6.904 5.854 136.3S6 S.946 
231 15.658 257.286 13.488 7.'710 176612 13.498 7.710 176.612 6.910 5.815 136.581 S.951 
232 15.759 257.866 13.499 '• 7.746 176.732 13.508 7.746 176.732 6.916 S.897 136.806 5.956 
233 15.861 258445 13.510 7.782 176.853 13.519 7.782 176.853 6.922 S.918 137.031 5.962 
234 15.962 259.025 13.521 7.818 176.974 13.530 7.818 176.974 6.928 5.940 137.256 S.961 
235 16.063 259.605 13.531 7.853 177.095 13.540 -7.853 177.095 6.934 S.961 I37.482 5.972 
236 16.104 259.940 13.543 7.867 177.463 13.55) 7.867 177.463 6.940 5.977 137.680 S.978 
237 16.144 260.276 13.554 7.881 177.830 13.561 7.881 177.830 6.946 S.994 137.879 5.983 
238 16.185 260.612 13.566 7.894 178.198 13.572 7.894 178.l 98 6.951 6.010 138.078 5.989 

- 239 ]6.225 260.947 13.577 7.908 J 78.566 13.582 7.908 178.566 - 6.957 6.026 138.277 5.994 
240 16.265 261.283 13.589 7.922 178.933 ) 3.592 7.922 178.933 6.962 6.042 138.476 6.000 



Appendix B 

I I 1982-1983 
l~ HC I co I 

30 l.064 14.776 
31 1.091 ] 5.338 
32 1.118 15.900 
33 1.145 16.462 
34 1.172 17.023 
35 I.I~ 17.585 
36 1.237 17.834 
37 1.275 18.084 
38 l.313 18.333 
39 1.351 18.582 
40 1.389 18.832 
41 1.459 19.867 
42 1.529 20.902 
43 1.599 21.937 
44 1.669 22.972 
45 1.738 24.008 
46 1.7&4 24.572 
47 l.830 25.136 
48 l.876 25.701 
49 J.922 26.265 
50 J.968 26.830 
51 2.020 27.642 
52 2.072 28 454 
53 2.124 29.266 
54 2.176 30.079 
55 2.228 30.891 
56 2.265 31.485 
57 2.302 32.078 

-
58 2.340 32.672 
59 2.377 33.266 
60 2.415 33.860 
61 2.451 34.487 
62 2.487 35.113 
63 2.523 35.740 
64 .2.559 36.367 
65 2.595 36.994 
66 2.639 37.728 
67 2.683 38.462 
68 2.728 39.197 
69 2.m 39.931 
70 2.817 40.666 
71 2.859 . 41.083 
72 2.901 41.500 
73 2.943 41.91 g 
74 2.985 42.335 ' 
75 3.027 42.753 
76 3.061 43.705 
77 3.096 44.657 
78 3.130 45.609 
79 3.165 46.562 
80 3.200 47.514 
81 3.237 47.873 
82 3.275 48.233 

Alternative Fast-Pass IM240 Standards 
Corresponding to Composite Start-up Emission Standards · 

in §85.2205(a)(2)(vi) 

H' 1gh Altitude, Light Dutv Truck 2 
I 1984-1987 I 1988-1990 I 

NO.x I HC I co I NOx I HC I co I NOx I HC I 
0.513 0585 10.661 0.513 0.585 10.661 0.436 0.477 
0.551 0.609 11.033 0.551 0.609 11.033 0.463 0.494 
O.S90 0.633 ] 1 .405 0.590 0.633 11.405 0.490 0.512 
0.629 0.657 11 .777 0.629 0.657 11.777 0.517 0.529 
0.667 0.681 12.149 0.667 0.681 12.149 0.544 0.547 
0.706 0.705 12.521 0.706 0.705 12.Sll o.m 0.564 
0.711 0.730 12.895 0.711 0.730 12.895 0.576 0.582 
0.716 0.754 13.269 0.716 (}.754 13.269 0.580 0.601 
0.721 0.779 13.643 0.721 0.779 13.643 0.584 0.619 
0.727 0.803 14.018 0.727 0.803 14.018 0.588 0.637 
0.732 0.828 14.392 0.732 0.828 14.392 0.592 0.656 
0.796 0.854 15.098 0.7% 0.854 15.098 0.636- 0.681 
0.861 0.880 15.805 0.861 0.880 15.805 0.681 0.707 
0.925 0.907 16.511 0.925 0.907 16.511 0.726 0.732 
0.989 0.933 17.217 0.989 0.933 17.217 0.771 0.758 
1.053 . 0.959 17.924 1.053 0.959 17.924 0.815 

-
0.783 

' 1.096 0.989 18.458 1.096 0.989 18.458 0.840 0.799 
1.138 1019 18.992 1.138 1.019 18.992 0.866 0.816 
1.180 1.050 19.526 1.180 1.050 19.526 0.891 0.832' 
l.223 1.080 20.060 1.223 1.080 20.060 0.916 0.848 
1.265 l.l 10 20.594 1.265 1.110 20.594 0.941 0.864 
1.294 1.146 21.719 1.294 1.146 21.719 0.978 0.891 
1.324 1.182 22.845 1.324 J.182 22.845 1.016 0'.917 
1.353 1.218 23.970 I.353 1.218 23.970 1.053 0.943 
1.382 1.254 25.095 1.382 1.254 25.095 1.090 0.969 
1.411 1.290 26.22 I 1.411 1.290 26.221 1.128 . 0.995. 
1.449 1.310 26.449 1.449 1.310 26.449 1.160 i.015 
1.486 1.330 26.677 1.486 1.330 26.677 1.192 U'.135 
1.523 . 1.350 26.905 1.523 l.350 26.905 1.224 1.055 
1.560 1.370 27.133 1.560 l.370 27.133 U56 1.075 
1.597 1.390 27.361 :l.597 l.390 27.361 1.288 1.095 
1.611 1.405 27.372 1.611 1.405 27.372 1.301 1.109 
1.625 1.420 27.383 1.625 1.420 27.383 1.313 1.124 
1.639 1.434 27.393 '1.639 1.434 27.393 1.326 1.138 
1.653 1.449 27.404 l.653 1.449 27.404 1.338 1.l5:J . 
1.667 1.464 27.415 l.667 1.464 27.415 1.351 U67 
l.699 1.497 28.054 1.699 1.497 28.0.54 1.366 1.182 
l.732. 1.530 28.694 1.732 1.530 28.694 1.382 l.196 
1.765 1.563 29.333 1.765 1.563 29.333 1.397 1.211 
1.797 1.596 29.972 1.797 1.596. 29.972 1.412 1.225 
1.830 1.629 30.612 1.830 1.629 30.612 · l.427 1.239 
1.854 1.650 31.097 1.854 l.6SO 31.097 l.443 1.255 
1.878 1.672 31.583 1.878 1.672 31.583 1.459 1.271 
1.902 1.694 32.068 1.902 1.694 32.068 1.475 1.287 
1.925 1.715 32.554 l.925 1.715 32.554 1.491 l.303 
1.949 1.737 33.039 1.949 1.737 33.039 1.507 1.318 
1.977 1.760 33.193 1.977 1.760 33.193 1.528 1.331 
2.005 1.782 33.347 2.005 1.782 33.347 1.5SO 1.344 
2.033 1.805 33.501 2.033 1.805 33.501 ' 1.571 1.357 
2.061 1.828 . 33.655 2.061 1.828 33.655 1.593 1.370 
2.089 1.851 33.809 2.089 1.851 33.809 1.615 J.382 

. 2.111 1.872 34.035 2.111 1.872 34.035 l.623 1.407 
2.132 1.894 34.261 2.132 l.894 34.261 1.632 1.431 

AppciidiXB 

1991 I 
co I NOx I 
5.069 0.395 
S.129 0.420 
S.189 0.445 
5.249 0.470 
S.309 0.495 
5.369 0.520 
5.562 O.S24 
S.755 0.527 
5.948 0.531 
6.142 0.535 
6.335 0.539 
6.891> 0-578 
7.445 0.617 
7.999 0.657 
8.554 0.696 
9.109 0.735 
9.593 0.760 
10.076 0.7&5 
10.560 0.810 
11.044 0.835 
11.527 0.860 
12.038 0.893 
12.549 0.926 
13.059 0.959. 
13.570 . 0.992 
14.081 ' 1.026 
14.438 . 1.051 
14.796 t.on 
15.1S4 l.103 
15.512 1.129 
15.870 USS 
16.268 1.166 
16.667 1.177 
171>66 1.188 
17.465 .1.200 
17.863 1.211 
18.249 1.230 
18.635 1.250 
19.020 .· 1.269 
19.406. 1.2&9 
19.792 1.308 
19.906 1.321 
20.020 1.334 
20.134· 1.347 
20.248 1.361 · 
20.362 1.374 
20.782 1.391 
21.202 1.409 
21.623 1.426 
22.043 1.444 
22.463 1.461 
22.571 t.47.S 
22.678 1.489 



Appendix 8 AppcndixB 

83 3.313 48.592 2.154 1.915 34.488 2.154 1.915 34.488 l.640 1.455 22.786 1.503 
84 3.351 48.952 2.175 1.937 34.714 2.175 1.937 34.'714 1.648 1.480 22.894 1.517 
85 3.389 49.311 2.197 l.958 34.941 2.197 1.958 34.941 1.657- 1.504 23.001 1.531 
86 3.432 49.503 2.200 1.973 35.115 2.200 1.973 35.115 1.659 ' 1.531 23.112 l.531 
87 3.475 49.694 2.203 1.988 35.289 2.203 1.988 35.289 1.661 1.558 23.223 . 1.532 
88 3.518 49.886 2.206 2.002 35.463 2.206 2.002 35.463 1.663 1.586 23.334 1.533 
89 3.562 50.077 2.209 2.017 35.637 2.209 2.017 35.637 1.665 1.613 23.445 l.S33 
90 3.605 50.269 2.212 2.032 35.811 2.212 2.032 35.811 1.667 1.640 23.556 1.534 
91 3.645 50.447 2.213 2.044 35.968 2.213 2.044 35.968 1.668 1.654 23.558 l.534 
92 3.686 50.626 2.214 2.056 36.125 2.214 2.056 36.125 l.669 1.668 23.560 1.534 
93 3.727 50-805 2.215 2.068 36.282 2.215 2.068 36.282 1.671 1.682 23.562 1.535 
94 3.767 50.984 2.216 2.08! 36.440 2.216 2'.081 36.440 1.672 1.696 23.564 1.535 
95 3808 51.162 2.217 2.093 36.597 2.217 2.093. 36.597 1.674 1.710 23.567 1.535 
96 3.8~ 51.779 2.227 2.111 36.968 2.227 2.111 36.968 l.680 1.727 23.924 1.S47 
97 3.898 52.395 2.236 /2.129 . 37.339 2.236 2.129 37.339 1.686 1.744 24.282 1.558 
98 3.943 53.012 2.245 2.147 37.710 2.245 2.147 37.710 I.692 1.762 24.639 1.570 
99 3.988 53.628 2.254 2.165 38.081 2.254 2.165 38.081 l.698 1.779 24.997 1.581 
100 4.033 54.245 2.263 2.183 38.453 2.263 2.183 38.453 1.704 1.796 25355 1.593 
101 4.081 55.131 2.342 2.221 40.429 2.342' -2.221 40.429 1.779 1.819 25.871 1.636 
102 4 128 56.016 2.420 - 2.258 42.405 2.420 2.258 42.405 1.854. 1.842 26.387 '1.678 
103 4_175 56.902 2.498 2.295 44.382 2.498 2.295 44.382 1.928 1.865 26.903 1.721 
104 4.223 57.788 2.576 2.333 46.358 '2.576 2.333 46.358 2.003 1.887 27.419 1.764 
105 4.27() 58.674 2.654 2.370 48.335 2.654 2.370 48.335 2.078 1.910 27.935 1.807 
106 4.300 59.222 2.740 2.404 49.060 2.740 2.404 49.060 2.132 1.936 28.221 1.864 
107 4.331 59.771 2.826 - 2.437 49.785 2.826 2.437 49.785 2.187 1.962 28.506 1.921 
108 4.361 60.319 2.912 2.471 50.511 2.912- 2.471 50.51 l 2.241 1.988 28.792 1.978 
109 4.391 60.868 2.998 2.504 51.236 2.998 2.504 51.236 2.296 2.014 2fJ.077 2.035 
110 4 421 61.416 3.084 2.538 51.962 3.D84 2.538 Sl.962 _ 2.350 2.040 29363 2.092 
111 4_449 61.935 3. 101 2.560 52.113 3.101 2.560 52.l 13 2.365 2.057 29.405 2.107 
112 4.476 62.455 3.118 - 2.582 52.265 3.118 2.582 52.265 2.381 2.074 29.447 2.121 
1 I3 4.503 62.974 3.136 2.604 52.417 3.136' 2.604 - 52.417 - 2.396 2.090 29.489 2.13S 
114 4.531 63.493 3.153 2.625 52.569 . 3.153 2.625 52.569 2.411 2.107 29.531 ·2.149 
115 4.558 64013 3.170 '2.647 52.721 3.170 2.647 52.721 2.426 2.124 29.573 2.163 
116 4.600 64.559 3.173 2.673 52723 3.173 2.673 52.723 2.430_ 2.1S2 29.865 2.166 
117 4.642 65.105 3. 175 2.698 52.724' 3.175 2.698 52.124- 2.433 2.179 30.157 2.169 
118 4.6~ 65.651 3.178 2.723 52.726 3:178 2.723 52.726 2.437 2.207 30.449 .2.173 
119 4.726 66.197 3.181 2.749 52.728 3.181 2.749 S2.728 2.441 2.234 30.741 2.176. 
120 4.768 66 743 3.184 2.774 52.129 3.184 2.774 52.729 2.445 2.262 31.033 2.179 
121 4.804 67.600 3.206 2.799 53.168 3.206 2.799 53.168 2.467 2.276 31.230 2.200 
122 4.8-40 68.458 3.229 2.824' 53.606 . 3.229 - 2.824 53.606 2.489 2.290 - 31.428' 2.222 
123 4.876 69.315 -3.251' 2.850 54.044 3.251 2:850 S4.044 2.512 2.304 31.625 2.243 
124 4.91J 70.173 3.274 2.875 54.483 3.274. ~.875 - 54.483 2.534 2.318 ' 31.823 2.265 
125 4.947 71.030 3.296. 2.900 54.921 3.296 -2.900 54.921 2.557 2.332 32.020 2.286 
126 4.983 71.729 3.310 2.920 55.078 3.310 2.920 ~5.078 2.569 2.355 32.099 2.297 
127 5.019 72.427 3.323 2.941 55.236 ,. 3j23 2.941 S5i36 2.580 2.377 32.178 2.307 
128 5.055 73.126 3.337 2.961 55.393 3.337 2.961' 55.393 2.592 2.399 32.256 2.318 
129 5.091 73.825 3.350 2.981 55.551 · 3.3SO 2.981 55.551 2.004 -2.422 32.335 2.329 
130 5.126 74.523 3.364 3.001 - 55.108 3.364 3.001 55.708 2.616 2.444 32.413 2.339 
131 5.178 - 75.331 3.370 3.027 55.921 J.370 3.027 55.921 2.619 2.464 32.638 2.343 
132 5.230 76.139 3.376 3.052 56:134 3.376 3.052 S6.l34 2.623 2.485 32..1162 -2.347 
133 5.282 76.947 3.382 3.078 56.346 - 3.382 3.078 56.346 2.627 2.S05 33.086 2.3SO 
134 5.334 77.755' 3.388 3.103 56.559 3.388 3.103 S6.559 2.630 2.525 33.310 2.3S4 
135 5.386 78.563 3.394 3.129 56.771. 3.394" _ 3.129 56.771 2.634 2.545 33.534 2.358 
136 5.468 79.372 3.432 3.167 57.B54 3.432 - 3.167 57.854 2.6n- 2.S73 34.147 l.395 . 

137 5_549 80.181 3.469 3.206 58.937 - 3.469 3.206 58.937 .2.711 2.600 . 34.760 -2.431 
138 5.630 80.990 3.507 3.244 60.'()20" 3.S07 3.244 60.020 2.749 2.628' 35.373 2.468. 
139 5.712 81.798 3.544 3.283. 61.102 l.544 3.283 61.102 '2.787 2.655 35.985 2.SOS 
140 5 793 82.607 3.582 3.322 62.185 3.582 3.322 62.185 2.826 2.682 36.598 2.542 
141 5.825 83.486 3.639 3.342 62.366 3.639 3.342 62.366 - 2.151 2.702 36.880 2.574 
142 5.856 84.365 3.697 3.363 62.548 3.697 3.363 62.548 2.875 2.722 37.162 2.606 
143 5.888 85.2<5 3.754 3.383 62.729 3.754 - 3.383 62.729 2.900 2.742 37.444 2.631 



AppendixB Appc:ndixB 

144 5.920 86.124 3.811 3.404 62.910 3.81 I 3.404 62.910 2.925 2.762 37.727 2.671 
14~ 5.951 87.003 3.869 3.425 63.091 3.869 3.425 63.091 2.949 2.782 38.009 1.703 
146 5.975 87.915 3.892 3453 63.539 3.892 3.453 63.539 1.959 1.797 38.632 .1.715 
147 5.998 88.827 3.916 3.482 63.987 3.916 3.482 63.987 2.968 2.811 39.255 .2.726 
148 6.022 89.739 3.939 3.510 64.435 3.939 3.510 64.435 2.978 2.825 39.878 1.738. 
149 6.046 90.652 3.963 3.539 64.883 3.963 3.539 64.883 2.987 2.839 40.501 2.750 
150 6.069 91.564 3.986 3.568 65.331 3.986 3.568 65.331 2.997 2.853 41.124 1.762 
151 6.099 92.475 4.000 3.595 65.704 4.000 3.595 65.704 3.007 2.868 41.4SO 1.774 
152 6.129 93.387 4.014 3.623 66.077 4.014 3.623 66.077 3.017 2.883 . 41.776 1.786 
153 6.159 94.298 4.029 3.650 66.450 4.029 3.650 66.450 3.028 1.898 42.102 2.799 
154 6.189 95.209 4.043 3.677 ·66.823 4.043 3.677 66.823 3.038 2.913 42.418 1.811 
155 6.219 96 121 4.057 3.705 67.197 4.057 3.705 67.197 3.049 2.927 42.754 1.823" 
156 6.313 97.599 4.117 3.767 69.206 4.117 3.767 69.206 3.113 2.969 44.233 2.870 .· 
157 6.4~ 99.077 4.176 3.829 71.215 4.176 3.829 71.215 3.178 3.011 45.712 1.917 
158 6.501 100.555 4.236 3.891 73.225 4.236 . 3.891 73.225 3.242 3.053 47.191 2.964 • 
159 6.595 102.033 4.295 3.953 75.234 4.295 3.953 75.234 3.307 3.095 48.670 3.011 
160 6.689 103.511 4.355 4.015 77.243 4.355 4.015 77.243 3.371 3.136 S0.149 3.057 
161 7.010 107.552 4.551 4.078 79.985 4.551 . 4.078 79.985 3.503 3.182 51..569 3.181 
162 7.331 111.593 4.747 4.142 82.727 4.747 4.142 82.727 3.635 3.227 52.988 3.306 
163 7.652 115.63-4 

\ 
4.943 4.205 85.469 4.943 4.205 85.469 3.767 • 3.272 54.408 3.430 . 

164 7-972 I 19.676 5.139 4.268 88.21 l 5.139 4.268 88.211 3.899 3.318 55.828 3.554. 
165 8.293 123.717 5.335 4.332 90.953 5.335 4.332 90.953 4.030 3.363 57.247 3.678 
166 8.671 125.252 5.516 4.380 93.266 5.516 . 4.380 93.266 4.145 3.410 58.958 3.796 
167 9.050 126.786 5.696, 4.428 95.579 5.696 4.428 95.579 4.260 3.458 60.670. 3.914 
168 9.428 128.321 5.876 ,.4.477 97.892 5.876 4.477 97.892 4.375 3.505 62.381 4.033. 
169 9.806 129.855 6.056 4.525 J00.205 6.056 4.525 100.205 4.490 3.552 64.092 4.151 
170 10.184 131.390 6.237 4.573 102.517 6.237 .4.573 102.517 4.605 3.600 65.804 .t.269 
171 10.426 132.095 6.3-45 4.618 103.813 6.345 4.618 103.813 4.673 3.644 66.939 4.322 . 
172 10.667 132 801 6.452 4.664 105.109 6.452 . 4.664 105.109 4.741 3.688 68.075 . ..t.374. 
173 10.909 133.506 6.560 4.709 106.404 6.560 4.709 106.404 4.808 3.732 69.210 4.426. 
174 llJ50 134.211 6.668 4.754 107.700 6.668 4.754 107.700 4.876 3.776" 70.345 .t.479 
175 11.392 134.917 6.776 4.799 108.995 6.776 4.799 108:995 4.944 3.821 71.481 4.53r·: 
176 l l .439 137.703 6.910 4.858 110.733 6.910 4.858 110.73~ 5.051 3.856 73.077 4.626 
177 11.486 140.490 7.~5 4.917 112.471 7.045 4.917 112.471 5.171 3.891 74.674 -4.722 ·; 
178 11.533 143.276 7.179 4.977 114.209 7.179 4.977 l 14.209 S.284 3.927 76.271 .t.817 .. 

179 11 :581 146.063 7.313 5.036 115.946 7.313 5.036 115.946 5.398 3.962 "17.867 .. ~912 
180 11.628 148.849 7.447 5.095 117.684 7.447·· S.095 117.684 5.511 3.997 79.464. . 5.008 .·. 
J81 11.671 154.282 7.621 5.158 119.775 7.621 5.158 119.775 5.641 4.024 81.282 5.111 
182 11 715 159.715 7.795 5.221 121.866 7.795 5.221 121.866 s.no 4.050 83.100 5.214 
183 11.759 165.147 7.969 5.284 123.956 7.969 5.284 123.956 5.900 4.Q77 84.9~9 · S.318 
184 11.803 170.580 8.143 5.147. 126.047 8.143 5.347 126.047 6.029 4.104 86.737 S.421 
185 11.846 176.013 8.318 5.411 128.138 8.318 5.411 128.138 6.159 4.131 88555. S.524 ~ 
186 11.887 179.970 8.499 5.428 129.673 8.499 5.428 129.673 -6.285 4.154 90.333 5.656 
187 11.928 183.927 8.681 5.446 131.20~ 8.681 5.446 131.209 6.411 4.17S 92.110 S.787 
188 11.969 187.884 8.862 5.463 132.745 8.862 S.463 132.745 6.537 4.202 93.888 5.919 .. 
189 11.0IO 191.841 9.043 5.481 134.281 9.043 5.481 134.281 6.663 4.225 95.665 6.050 
]90 12.051 195.798 9.225 . 5.499 135.816 9.225 5.499 135.816 6.7S9 4.249 97.442 6.182 
191 12.090 197.691 9.386 5.561 137.198 9.386 5.561 137.198 6.875 4.285 98.856 6.266 
192 12.128 199.584 9.547 5.623 138.580 9.547 5.623 138.580 6.961 4.321 100.271 6.350 
193 12.166 201.476 9.708 5.686 139.961 9.708 5.686 139.961 7.047 4.357 101.685 6.435 
194 12.205 203.369 9.869 5.748 141.343 9.869 S.748 J4L343 7.133 4.393 103.099 6.519. 
195 12.243 205.262 10.030 5.810 142.724 10.030 5.810 142.724 7.219 4.430 104.513 6.603 
196 12.281 208.341 10.188 5.828 144.052. 10.188 5.828 144.052 7.346 4.460 106.l~ 6.706. 
197 12.319 211.419 10.346 5.845 145.381 10.346 S.845 145.381 7.473 4.490 107.7SS ·.6.810 
198 12.357 214.498 10.504 5.863 146.709' 10.504 S.863 146.709 7.600 4.520 109.376 6.913 
199 12.395 217.577 10.662 S.880 148.037 10.662 5.880 148.037 7.727 4.550 110.997 7.017 
200 12.433 220.656 10.820 5~898 }49.365 10.820 5.898 149.365 7.853 4.580 112..617 7.120 
201 12.509 221.810 10.948 5.942 150.214 10.948 5.942 150.214 7.929 4.623 113.707 1.195 
202 12585 222.965 11.075 5.986 151.063 11.075 5.986 UI.063 8.005 4.666 113.796 ·7270 
203 12.~1 224.119 11.203 6.029 151.912 11.203 6.029 151.912 8.080 4.709 114.385 ' 7.345 
204 12.738 225.274 11.330 6.073 152.760 11.330 6.073 152.760 8.156 4.752 114.974 7.419 



APPENDIXC 
ANALYTIC PROCEDURES 

C-1 



The following procedure shall be adhered to for the analysis of gas samples once they have 
been drawn from the CVS. 

1. The samples shall be stored in an insulated ice chest which will be free from UV light 
contamination. 

2. The samples shall be removed from the Tedlar bag using a gas tight syringe. 

3. 200 microliters of gas sample shall be removed the bag. 

4. The sample shall be mjected into the sample port of the GC/MS. 

C-2 



Instrument 

AnaJytical column: 

Carrier gas: 

Detector: 

Injector temperature: 
Detector temperature: 

Temperature program: 

Instrument 

Analytical column: 

Carrier gas: 

Detector: 

Injector temperature: 
Detector temperature: 

Temperature program: 

Analysis of CO and C0
1 

by GC 

Perkin Elmer A utosystem GC 

60180 Carbosieve G, 10 ft. x 1/8" SS 

Helium @ 25 ml/min. 

TCD 

2QOoC 
2QOoC 

Initial: 40>C 
Initial hold: 5 min. 
Ramp: 3QoC/min. to 195<>C, hold for 15 min. 

Analysis of Hydrocarbons by GC/MS 

Perkin Elmer Autosystem GC 

Econo-Cap (SE-30), 30m x 0.32mm fused silica 

Helium @ 1.5 ml/min. 

PE QMASS 910 Mass Spectrometer 

15QoC 
15()oC 

Initial: QoC 
Hold: 25 min. 

C-3 



4. Road Conditioning Course 



ROAD CONDITIONING COURSE 

The road conditioning course used is as described below and as shown on the 
accompanymg map. 

Starting at the Wayne OMV Inspection Station, exit onto Route 46 West. From 
Route 46 West, enter Route 80 West and proceed to the Route 287 exit in Parsippany­
Troy Hills. Go north on Route 287 to the first exit (Inverness Road) and make a U­
turn to Route 287 South. Take Route 287 South to the Route 80 split. Take Route 80 
East to the Route 23 /Route 46 exit in Wayne and ex.it to Route 46 East. Take Route 
46 East to first exit. Take the Route 46 overpass to Route 46 West and return to the 
OMV Inspection Station. 

The above route is approximately 25 miles, and was used by all vehicles as a 
conditioning course before undertaking the ASM 2525/IM 240 test regimen with and 
without the device/procedure installed. Actual odometer readings may vary because of 
calibration, and were recorded. All vehicles were driven at as close to the posted speed 
limit as possible. 
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5. Emissions Analysis Test Schedule 



EMISSIONS ANALYSIS TEST SCHEDULE 

Once the vehicle returned from the conditioning drive, it was driven onto the 
dynamometer by the DMV inspector, the Constant Volume Sampler (CVS) was attached to 
the vehicle exhaust pipe, its Vehicle Identification Number (VIN) was recorded and tested 
according to the following schedule: ASM 2525, IM 240, ASM 2525, IM 240, ASM 2525, 
IM 240, ASM 2525, IM 240. These test protocols, with the following exceptions, are 
detailed in AppendixC3. 

Exceptions to test protocols: 

-- (a) General Requirements (4) and (6) do not apply 

-- (b) Vehicle Pre Inspection and Preparation (3) does not apply 

-- (10) Vehicle Conditioning (i) does not apply, (ii) discretionary precondition - an 
ASM 2525 shall be performed 

On the fourth ASM 2525 for each vehicle, a Tedlar sample bag was hooked up to 
the exhaust of the CVS and an exhaust sample was drawn. This sample was placed in a 
UV protected cooler and transported back to T ACOM-ARDEC for analysis using gas 
chromatography/mass spectrometry (GC/MS) procedures described below. All sampling 
and analysis were performed by trained and experienced T ACOM-ARDEC personnel, in 
accordance with the sampler and equipment manufacturer's instructions. The fourth ASM 
2525 data was not used for statistical analysis. 

Environmental conditions (ambient temperature, relative humidity and barometric 
pressure) were recorded at the beginning and end of each vehicle emissions test. 

GC/MS test procedure 

The following procedure was adhered to for the analysis of the gas samples once 
they were drawn from the CVS. 

I. The samples were stored in an insulated ice chest which was protected from UV light 
contamillation. 

2. The samples were removed from the Tedlar bag using a gas-tight syringe. 

3. 200 microliters of gas sample were removed from the bag. 

4. The sample was injected into the sample port of the GC/MS. 



ANALYSIS OF co AND co2 BY GC 

Instrument: Perkin Elmer Autosystem GC 

Analytical column: 60/80 Carbosieve G, 10 ft. x 1/8' SS 

Carrier gas: Helium@ 25 mVmin. 

Detector: TCD 

Injector temperature: 200°c 
Detector temperature: 200°C 

Temperature program: Initial: 40°C 
Initial hold: 5 min. 
Ramp: 30°C/min. to 195°C, hold for 15 min. 

ANALYSIS OF HYDROCARBONS BY GC/MS 

Instrument: Perkin Elmer Autosystem GC 

Analytical column: Econo-Cap (SE-30), 30m x 0.32mm fused silica 

Carrier gas: Helium@ 1.5 m.Umin. 

Detector: PE QMASS 910 Mass Spectrometer 

Injector temperature: 150°C 
Detector temperature: 150°C 

Temperature program: Initial: 0°C 
Hold: 25 min. 



APPENDIXD 
Em.issions Test Data 

1. Environmental Conditions on Test Dates 

2. Raw Emissions Test Data 

a. IM 240 I ASM 2525 
b. Individual GCMS Analyses (TACOM-ARDEC) 

3. Calculated Emissions Test Data 

a. Data Roll-Up I Summary 
(1) Control Car 
(2) ASM 2525 
(3) IM 240 

b. Individual Statistical Data 
(1) Two way ANOVA for Control Car, Run x Day 
(2) Student t tests for the Control Car 
(3) Multi-factor regression of Control Car versus 

Environmental Factors 
(4) Box and Whisker Plots, Range of .Control 

Car Data 
(5) Two way ANOV A, Device x Car 
(6) Least Significant Different Tests for Devices 

4. Emissions Gas Analysis Data 

a. Data Roll-Up I Summary 
b. Individual Statistical Data 



1. Environmental Conditions on 
Test Dates 



4 DECEMBER 1996 

-<>--Temperature (0 C) 

90 ---- Pressure (mm Hg) 

--6-- Humidity(%) 

80 

70 

60 

50 

40 

' 30 • • • •: • • • •• • • •• • • ·= 
20 1--~~~~--1-~~~~___,~~~~~-+-~~~~___,~~~~~-+-~~~~-+~~~~~+-~~~~--+~~~~~+-~~~~-' 

8:00 9:12 10:24 11:36 12:48 14:00 

TIME 

1512 16:24 17:36 18:48 2000 



100 

90 

80 

70 

60 

50 

40 

' 
30 • •• • • •• •• 

5 DECEMBER 1996 

• • •• •• • • •• • 

·~ Te~p~-r~ture (-;-CTl 

-e- Pressure {mm Hg)J 

--..-.. Humidity (%) 

20 1-~~~~--1-~~~~-+~~~~~+-~~~~-+-~~~~--+~~~~~+-~~~~-+-~~~~--'~~~~~+-~~~~-j 

800 9:12 10:24 11:36 1248 14:00 

TIME 

1512 16:24 17:36 18:48 20:00 



6 DECEMBER 1996 

90 

--:<>= Te~perature (°C} 1 

----- Pressure (mm Hg) 

---...- Humidity (%) _ J 

80 

70 

60 

50 

40 

30 • • • - • • • •• • 

20 1-~~~~--+~~~~~-+-~~~~--+~~~~~-+-~~~~~t--~~~~-+~~~~~+-~~~~--+~~~~~-+-~~~~---l 

800 912 10:24 11:36 12:48 14 00 

TIME 

15:12 16:24 17 36 18:48 20:00 



9 DECEMBER 1996 

-<>-Temperature ("C) 

-+-Pressure (mm Hg) 

90 ----.- Humidity (%) 

80 

70 

60 

50 

40 

30 • • • • • •• • • •• •• • • •• • • - •• • • •• -· 
20 +--~~~~--+~~~~~....-~~~~--+~~~~~-t-~~~~~t---~~~~-+-~~~~~+--~~~~-+-~~~~~-t---~~~~-----i 

800 9:12 10:24 11:36 12:48 14:00 

TIME 

1512 16:24 17 36 18:48 20:00 



10 DECEMBER 1996 

--0--Temperature ('C) 

--- Pressure (mm Hg) 
90 

___._Humidity (%) 
- -

80 

70 

60 

50 

40 

' 

30 • • • ••• • • - - • • • 

20 1--~~~~-+-~~~~~+-~~~~-+~~~~~~~~~~---'~~~~~~~~~~~f---~~~~-+-~~~~~+-~~~~-1 

8:00 9:12 10:24 11:36 12:48 14:00 

TIME 

15:12 16:24 17:36 18:48 20 00 



16 DECEMBER 1996 

90 

80 --<>-Temperature (°C) 

-9- Pressure {mm Hg) I 

---t- Humidity (%) _ I 

70 

60 

50 

40 

30 • •• • ••' • • • • • • • • • •• 

20 1---~~~~~~~~~-+--~~~~~~~~~-+~~~~~~~~~------l~~~~~~~~~~+-~~~~~~~~~-1-~~~-' 

8:00 10·24 1248 15:12 17 36 20:00 

TIME 



90 

80 

70 

60 

50 

40 

30 

20 

8:00 9:12 10:24 11:36 12:48 

17 DECEMBER 1996 

14 00 

TIME 

1512 16:24 

-<>-Temperature (°C) 

- Pressure (mm Hg) 

_....,_Humidity{%) 

17:36 18 48 20:00 



18 DECEMBER 1996 

90 

80 

70 

60 

50 

40 

30 • • • • • 

~
. -0- re-mperature ('C) 

- Pressure (mm Hg) 

___.,_Humidity (%) 
--- - ----- -· 

...... - . 
20+--~~~~~~~~~'--~~~~~~~~--+~~~~~~~~~--+-~~~~~~~~~-+-~~~~~~~~~~~~----J 

8:00 10:24 12:48 1512 17:36 2000 

TIME 



19 DECEMBER 1996 

90 -
--<>--Temperature ('C) 

--- Pressure (mm Hg) 

_.,__Humidity (%) 

BO 

70 

60 

50 

40 

t 

30 • •• •• •• •• •• • • • • • . - - • • - • 

20 1--~~~~~~~~--+~~~~~~~~~-t--~~~~~~~~~-+-~~~~~~~~~-1--~~~~~~~~~+--~~--' 

8:00 10:24 12:48 15:12 17:36 20:00 
TIME 



90. 

80 

70 

60 

50 

40 

30 

Shl ,hart 1 

20 DECEMBER 1996 

• 

' -0-- Temperature (°C) 

- Pressure (mm Hg) 

---..- Humidity (%) 

20 +-~~~~--+-~~~~~--~~~~-+-~~~~~~~~~~-r-~~~~~.--~~~~~~~~~---t~~~~~---~~~~---

8: 00 912 10:24 11 36 12:46 14:00 

TIME 

Page 1 

15:12 16 24 17 36 18 48 20:00 



6.0--

FD19008. RAW 

5.s-= 

5.6-= 

54-= 

5.2 = 

2 4 

6 0--

FD19009. RAW 

5.s-= 

5.6 J 

54-= 

52__j 

5.0 

GAS CHROMATOGRAMS 

TEST 4-6 

'I 

6 8 10 12 
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14 16 
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I 
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8 JANUARY 1997 

90 

80 

f-<>-- Temperatur; (•C) 
I I-• Pressure (mm Hg) 

~Humidity(%) 

70 

60 

50 

~::::: 
40 

30 

20 1--~~~~-+-~~~~--l~~~~~-+-~~~~--l~~~~~-1-~~~~--+~~~~~~~~~~-+~~~~~~~~~~--1 

8:00 9:12 10:24 11:36 12:48 14:00 

TIME 

15:12 16 24 1736 18:48 20:00 



90 

80 

70 

60 

50. 

40 

30 • •• 

9JANUARY1997 

!=<>=Temperature (°C) 
I 

I
- Pressure (mm Hg) 

-6-- Humidity (%) 
. -·--- -

20 +-~~~~---~~~--+---~~-+-~~---+-~-~~-t---~~~+-~~~~~~~~~~+--~~~~----------1 

8 00 9:12 10:24 11:36 12:48 14 00 

TIME 

1512 16 24 17:36 18:48 20:00 



2. Raw Emissions Test Data 

a. IM 240 I ASM 2525 

b. Individual GCMS Analyses 
(TACOM-ARDEC) 



2. Raw Emissions Test Data 

a. IM 240 I ASM 2525 

• 



Raw Eniissions Test Data 
IM 240 I ASM 2525 

Metal Reaction, Inc. 
Vitalizer 
4 Dec 96 



DOT Emission Testing Program 

Date: 12/4/96 Test#: Control 

VIN: 31996 Description: Control Car - 1988 Dod9e 

Runs: 1 & 9 

RL 25/25: RL 25/25: 

NOx HC co C02 NOX HC co C02 

39 0 0.07 14.90 139 6 0.13 14.7 

75 3 0.05 14.90 

41 1 0.03 14.90 

Average: 51.7 1.3 0.05 14.90 139 6 0.13 14.7 

a: 20.2 1.5 0.02 0.00 

IM240: IM240: 

NOx HC co C02 NOx HC co C02 

0.67 0.37 11.14 309.5 0.81 0.19 7.38 323.1 

0.58 0.28 10.60 315.5 

0.61 0.22 9,95 319.6 

0.62 0.15 7.11 321.6 

Average: 0.62 0.26 9.70 316.6 0.81 0.19 7.38 323.1 

a: 0.037 0.093 1.79 5.34 

Vitalizer 



DOT Emission Testing Program 

Date: 12/4/96 Test#: 1-1 

VIN: 12948 Description: Van - Dodge 

Runs: 2&4 

RL 25/25: RL 25/25: 

NOx HC co C02 NOx HC co C02 

817 19 0.00 10.90 780 20 0 10.8 

808 20 0.00 10.80 819 20 0 10.8 

811 18 0.01 11.00 834 21 0.12 10.9 

Average: 812.0 19.0 0.00 10.90 811 20.3 0.04 10.83 
cr: 4.6 1.0 0.01 0.10 27.9 0.6 0.07 0.06 

IM240: IM240: 

NOx HC co C02 NOX HC co C02 

2.89 0.24 5.99 532.9 2.89 0.23 6.51 512.9 

2.95 0.26 6.08 540.3 2.76 0.24 5.93 520.9 

2.92 0.24 ?.17 538.0 2.91 0.24 6.86 519.6 

2.92 0.24 S.50 535.2 2.73 0.27 7.75 531.9 

Average: 2.92 0.25 6.44 536.6 2.82 0.25 6.76 521.3 

cr: 0.024 0.010 0.54 3.23 0.091 0.017 0.76 7.87 

Vitalizer 



DOT Emission Testing Program 

Date: 12/4/96 Test#: 1-2 

VIN: 29823 Description: K-Car 

Runs: 3&6 

RL 25/25: RL 25/25: 

NOx HC co C02 NOx HC co C02 

55 21 0.18 14.90 253 81 0.86 24.8 

75 25 0.19 14.90 174 60 0.73 14.3 

73 33 0.20 15.00 90 32 0.22 14.8 

Average: 67.67 26.33 0.19 14.93 172.33 57.67 0.6 17.97 
a: 11.02 6.11 0.01 0.06 81.51 24.58 0.34 5.92 

IM240: IM240: 

NOx HC co C02 NOx HC co C02 

0.71 0.41 11.96 302.0 0.74 0.34 13.25 309.8 

0.69 0.40 11.32 302.9 0.77 0.33 10.82 317 

0.64 0.42 1'1.22 307.6 0.81 0.37 8.14 314.7 

0.79 0.37 14.35 307.9 0.66 0.26 7.56 316.7 

Average: 0.71 0.40 12.21 305.1 0.75 0.33 9.94 314.6 

a: 0.062 0.022 1.46 3.08 0.064 0.047 2.62 3.33 

Vitalizer 



DOT Emission Testing Program 

Date: 12/4/96 Test#: 1-3 

VIN: 68742 Description: K-Car 

Runs: 5&8 

RL 25/25: RL 25/25: 

NOx HC co C02 NOx HC co C02 

55 21 0.18 14.90 98 39 0.2 14.6 
75 25 0.19 14.90 98 36 0.17 14.7 

73 33 0.20 15.00 103 37 0.17 14.2 

Average: 67.67 26.33 0.19 14.93 99.67 37.33 0.18 14.5 
cr: 11.02 6.11 0.01 0.06 2.89 1.53 0.02 0.26 

IM240: IM240: 

NOx HC co C02 NOX HC co C02 

0.71 0.41 11.96 302.0 0.84 0.23 7.82 316.5 

0.69 0.40 11.32 302.9 0.74 0.29 7.12 315.8 

0.64 0.42 H.22 307.6 0.91 0.31 8.61 314.1 

0.79 0.37 14.35 307.9 0.78 0.25 6.16 320.2 

Average: 0.71 0.40 12.21 305.1 0.82 0.27 7.43 316.7 

er: 0.062 0.022 1.46 3.08 0.074 0.037 1.04 2.57 

Vitalizer 



Raw E1nissions Test Data 
IM 240 I ASM 2525 

Metal Reaction, Inc. 
Vitalizer 
5 Dec 96 

• 



DOT Emission Testing Program 

Date: 12/5/96 Test#: Control 

VIN: 31996 Description: Control Car - 1988 Dodge 

Runs: 1 & 10 

RL 25/25: RL 25/25: 
NOx HC co C02 NOx HC co C02 

140 6 0.10 15.00 44 8 0.06 15 

66 5 0.05 14.90 99 7 0.11 14.9 

85 4 0.04 15.00 42 6 0.07 15.1 

Average: 97.00 5.00 0.06 14.97 61.67 7 0.08 15 

cr: 38.43 1.00 0.03 0.06 32.35 1 0.03 0.1 

IM240: IM240: 

NOx HC co C02 NOx HC co C02 

0.57 0.13 8.46 315.2 0.67 0.17 6.61 304.4 

0.51 0.10 6.10 319.9 0.6 0.15 6.9 300.9 

0.65 0.12 B.59 315.7 0.74 0.17 7.68 307.4 

0.63 0.12 8.44 323.0 0.68 0.13 7.27 303.7 

Average: 0.59 0.12 7.90 318.5 0.67 0.16 7.12 304.1 

cr: 0.063 0.013 1.20 3.69 0.057 0.019 0.46 2.67 

Vitalizer 



DOT Emission Testing Program 

Date: 12/5/96 Test#: 1-4 

VIN: 08399 Description: Chev~ 

Runs: 3&7 

RL 25/25: RL 25/25: 

NOx HC co C02 NOx HC co C02 

158 10 0.07 14.90 361 23 0.01 13.1 

127 17 0.09 14.50 369 20 0 13 
151 17 0.12 14.80 457 23 0 13.2 

Average: 145.33 14.67 0.09 14.73 395.67 22 0 13.1 

cr: 16.26 4.04 0.03 0.21 53.27 1.73 0.01 0.1 

IM240: IM240: 

NOx HC co C02 NOx HC co C02 

0.81 0.12 7.97 305.1 1.62 0.13 1.51 450.8 

0.85 0.12 8.42 304.0 1.69 0.13 1.62 457.7 

0.89 0.18 H.12 307.8 1.6 0.12 1.49 453.3 

0.78 0.12 9'.03 307.2 1.61 0.14 4.14 456.9 

Average: 0.83 0.14 9.14 306.0 1.63 0.13 2.19 454.7 
cr: 0.048 0.030 1.39 1.78 0.041 0.008 1.3 3.21 

Vitalizer 



DOT Emission Testing Program 

Date: 12/5/96 Test#: 1-5 

VIN: 32760 Description: K-Car 

Runs: 2&5 

RL 25/25: RL 25/25: 

NOx HC co C02 NOx HC co C02 

132 33 0.24 15.00 98 27 0.19 15 

129 30 0.25 14.90 86 30 0.23 14.9 

104 30 0.22 14.90 53 20 0.16 15.1 

Average: 121.67 31.00 0.24 14.93 79 25.67 0.19 15 

cr: 15.37 1.73 0.02 0.06 23.3 5.13 0.04 0.1 

IM240: IM240: 

NOx HC co C02 NOX HC co C02 

0.60 0.22 13.16 304.1 0.52 0.17 8.64 292.8 

0.54 0.27 13.21 308.8 0.49 0.22 9.1 292.7 

0.51 0.25 1 '1.08 314.2 0.5 0.14 7.76 293.5 

0.51 0.25 11'.88 312.1 0.57 0.19 9.1 297.1 

Average: 0.54 0.25 12.33 309.8 0.52 0.18 8.65 294 

cr: 0.042 0.021 1.04 4.40 0.036 0.034 0.63 2.08 

Vi!alizer 



DOT Emission Testing Program 

Date: 12/5/96 Test#: 1-6 

VIN 28983 Description: K-Car 

Runs 4&8 

RL 25/25: RL 25/25: 

NOx HC co C02 NOX HC co C02 

158 10 0.07 14.90 168 14 0.11 14.9 

127 17 0.09 14.50 134 12 0.11 14.9 

151 17 0.12 14.80 153 11 0.08 14.9 

Average: 145.33 14.67 0.09 14.73 151.67 12.33 0.1 14.9 

cr: 16.26 4.04 0.03 0.21 17.04 1.53 0.02 0 

IM240: IM240: 

NOx HC co C02 NOx HC co C02 

0.81 0.12 7.97 305.1 0.78 0.09 6.88 293.8 

0.85 0.12 8.42 304.0 0.76 0.14 10.06 293.1 

0.89 0.18 H.12 307.8 0.81 0.16 9.31 296.2 

0.78 0.12 9.03 307.2 0.9 0.17 7.79 305.9 

Average: 0.83 0.14 9.14 306.0 0.81 0.14 8.51 297.3 

cr: 0.048 0.030 1.39 1.78 0.062 0.036 1.44 5.92 

Vitalizer 



DOT Emission Testing Program 

Date: 12/5/96 Test#: 1-7 

VIN: 27311 Description: State Police Chevy Ca~rice 

Runs: 6&9 

RL 25/25: RL 25/25: 

NOx HC co C02 NOx HC co C02 

442 1 0.00 14.70 610 8 0 14.9 

127 3 0.00 14.80 143 0 0 15 

453 1 0.00 15.00 144 2 0 15 

Average: 340.67 1.67 0.00 14.83 299 3.33 0 14.97 

a: 185.12 1.15 0.00 0.15 269.33 4.16 0 0.06 

IM240: IM240: 

NOx HC co C02 NOX HC co C02 

1.10 0.22 4.31 463.5 1.12 0.19 2.84 427.2 

1.11 0.10 1.84 462.4 1.28 0.1 1.12 441.5 

1.05 0.11 ~.56 443.7 1.32 0.2 4.07 438.9 

1.12 0.07 1'.02 444.4 1.24 0.08 1.49 445.9 

Average: 1.10 0.13 2.18 453.5 1.24 0.14 2.38 438.4 

cr: 0.031 0.066 1.46 10.92 0.086 0.061 1.35 7.99 

Vitalizer 



Raw Emissions Test Data 
IM 240 I ASM 2525 

Metal Reaction, Inc. 
Vitalizer 
6 Dec 96 



DOT Emission Testing Program 

Date: 12/6/96 Test#: Control 

VIN: 31996 Description: Control Car - 1988 Dod9e 

Runs: 1 & 6 

RL 25/25: RL 25/25: 

NOx HC co C02 NOx HC co C02 

54 2 0.09 14.90 61 8 0.03 14.9 

36 2 0.11 14.90 30 1 0.01 14.3 

84 7 0.02 14.90 176 4 0.15 14.7 

Average: 58.00 3.67 0.07 14.90 89 4.33 0.06 14.63 

cr: 24.25 2.89 0.05 0.00 76.92 3.51 0.08 0.31 

IM240: IM240: 

NOx HC co C02 NOX HC co C02 

0.68 0.16 8.09 309.4 0.62 0.14 5.97 313.2 

0.63 0.10 6.34 327.4 0.6 0.11 5.3 314.4 

0.71 0.14 S.70 325.8 0.68 0.13 5.68 319.8 

0.79 0.18 9°.31 335.2 0.63 0.17 7.11 315.5 

Average: 0.70 0.15 7.61 324.5 0.63 0.14 6.02 315.7 

cr: 0.067 0.034 1.36 10.84 0.034 0.025 0.78 2.87 

Vitalizer 



DOT Emission Testing Program 

Date: 12/6/96 Test#: 1-8 

VIN: 86665 Description: Buick 

Runs 2&4 

RL 25/25: RL 25/25: 

NOx HC co C02 NOx HC co C02 

112 10 0.08 15.00 106 12 0.04 15 

18 10 0.04 25.40 114 12 0.05 14.9 

72 11 0.05 14.90 114 11 0.06 14.4 

Average: 67.33 10.33 0.06 18.43 111.33 11.67 0.05 14.77 
cr: 47.17 0.58 0.02 6.03 4.62 0.58 0.01 0.32 

IM240: IM240: 

NOx HC co C02 NOx HC co C02 

0.22 0.03 0.65 399.4 0.38 0.04 0.95 384.5 

0.24 0.04 4.35 385.0 0.34 0.04 1.2 388.8 

0.33 0.06 ii.54 399.8 0.28 0.03 0.64 392.8 

0.22 0.07 5.58 439.5 0.3 0.04 2.73 405.9 

Average: 0.25 0.05 4.03 405.9 0.33 0.04 1.38 393 

a: 0.053 0.018 2.32 23.42 0.044 0.005 0.93 9.24 

Vitalizer 



DOT Emission Testing Program 

Date: 12/6/96 Test#: 1-9 

VIN: 86770 Description: K-Car 

Runs: 3&5 

RL 25125: RL 25/25: 

NOx HC co C02 NOx HC co C02 

96 10 0.35 14.50 50 104 2.91 13 

47 26 1.17 13.90 64 43 1.96 13.2 

45 55 1.87 13.10 63 179 4.14 12 

Average: 62.67 30.33 1.13 13.83 59 108.67 3 12.73 

cr: 28.88 22.81 0.76 0.70 7.81 68.12 1.09 0.64 

IM240: IM240: 

NOx HC co C02 NOX HC co C02 

0.59 0.41 23.47 319.1 0.36 0.66 38.43 259.8 

0.56 0.35 22.71 313.1 0.49 0.71 32.44 280.9 

0.51 0.42 26.23 311.8 0.45 0.79 40.72 275.7 

0.44 0.46 26.18 314.3 0.56 0.66 34.01 287.8 

Average: 0.53 0.41 24.65 314.6 0.47 0.71 36.4 276.1 

cr: 0.066 0.045 1.83 3.18 0.083 0.061 3.84 11.91 

Vitalizer 



Raw Em.issions Test Data 
IM 240 I ASM 2525 

EnviroSource of NJ 
Fuel-Cat 
9 Dec 96 

... 



DOT Emission Testing Program 

Date: 12/9/96 Test#: Control 

VIN: 31996 Description: Control Car - 1988 Dodge 

Runs: 1 & 15 

RL 25/25: RL 25/25: 
NOx HC co C02 NOX HC co C02 

159 1 0.02 15.00 93 3 0.01 15 

94 4 0.08 14.80 60 4 0.03 15.1 

64 5 0.03 14.50 

Average: 105.67 3.33 0.04 14.77 76.5 3.5 0.02 15.05 
cr: 48.56 2.08 0.03 0.25 23.3 0.7 0.01 0.07 

IM240: IM240: 

NOx HC co C02 NOx HC co C02 

0.81 0.14 7.28 308.4 0.8 0.15 3.28 318.9 

0.65 0.16 7.78 328.8 0.7 0.1 3.04 294.2 

0.65 0.18 r.24 321.8 

0.67 0.11 6°.10 326.8 

Average: 0.70 0.15 7.10 321.5 0.75 0.13 3.16 306.6 

cr: 0.077 0.030 0.71 9.18 0.071 0.035 0.17 17.47 

Fuel Cat 



DOT Emission Testing Program 

Date: 12/9/96 Test#: 2-1 

VIN: 37166 Description: Red K-Car 

Runs: 2&5 

RL 25/25: RL 25/25: 
NOx HC co C02 NOX HC co C02 

227 52 0.27 14.70 119 64 0.28 15.1 

231 59 0.33 14.70 202 63 0.32 14.9 

214 50 0.33 14.70 197 68 0.35 14.9 

Average: 224.00 53.67 0.31 14.70 172.67 65 0.32 14.97 
cr: 8.89 4.73 0.03 0.00 46.54 2.65 0.04 0.12 

IM240: IM240: 
NOx HC co C02 NOx HC co C02 

0.84 0.34 9.33 301.6 0.96 0.34 9.78 300.4 

0.82 0.28 7.36 305.6 1.04 0.31 11.12 309.7 

0.92 0.26 6.01 314.3 1.07 0.38 10.34 312.7 

0.92 0.26 8.80 313.6 0.92 0.30 8.47 312.2 

Average: 0.88 0.29 8.38 308.8 1 0.33 9.93 308.8 
cr: 0.053 0.038 0.87 6.20 0.069 0.036 1.12 5.72 

Fuel Cat 



DOT Emission Testing Program 

Date: 12/9/96 Test#: 2-2 

VIN: 54002 Description: St Police White Chevl Caprice 

Runs: 3&9 

RL 25/25: RL 25/25: 
NOx HC co C02 NOX HC co C02 

3108 155 0.66 14.20 3009 154 0.54 14.20 

3197 160 0.68 14.00 3036 149 0.52 14.10 

3144 156 0.64 14.10 3065 153 0.59 14.20 

Average: 3149.67 157.00 0.66 14.10 3036.67 152.00 0.55 14.17 

cr: 44.77 2.65 0.02 0.10 28.01 2.65 0.04 0.06 

IM240: IM240: 
NOx HC co C02 NOx HC co C02 

4.63 1.29 17.72 438.1 4.88 1.13 11.84 443.0 

4.67 1.17 14.64 444.5 4.84 1.16 10.99 439.1 

4.50 1.23 1'8.02 444.6 4.78 1.18 11.06 442.7 

4.87 1.24 14.99 449.1 4.75 1.18 11.63 449.3 

Average: 4.67 1.23 16.34 444.1 4.81 1.16 11.38 443.5 

cr: 0.153 0.049 1.77 4.52 0.059 0.024 0.42 4.24 

Fuel Cat 



DOT Emission Testing Program 

Date: 12/9/96 Test#: 2-3 

VIN: 86582 Description: White Van, RAM 

Runs: 4&8 

RL 25/25: RL 25/25: 
NOx HC co C02 NOx HC co C02 

1089 21 0.01 11.30 1090 20 0.01 11.40 

1219 24 0.01 11.40 1141 21 0.01 11.40 

1135 20 0.01 11.40 1217 20 0.01 11.50 

Average: 1147.67 21.67 0.01 11.37 1149.33 20.33 0.01 11.43 

cr: 65.92 2.08 0.00 0.06 63.91 0.58 0.00 0.06 

IM240: IM240: 
NOX HC co C02 NOX HC co C02 

2.90 0.27 5.22 536.5 3.13 0.29 9.42 517.0 

2.98 0.28 6.15 530.5 2.95 0.33 8.99 519.9 

3.11 0.35 1'3.66 530.3 2.84 0.23 5.40 518.1 

2.91 0.27 7.21 536.0 2.77 0.27 9.09 531.4 

Average: 2.98 0.29 8.06 533.3 2.92 0.28 8.23 521.6 

cr: 0.097 0.039 3.82 3.38 0.157 0.042 1.89 6.64 

Fuel Cat 



DOT Emission Testing Program 

Date: 12/9/96 Test#: 2-4 

VIN: 10406 Description: White K-Car 

Runs: 7 & 10 

RL 25/25: RL 25/25: 
NOX HC co C02 NOx HC co C02 

283 20 0.01 14.30 198 20 0.00 14.10 

396 39 0.03 22.70 198 20 0.00 14.10 

228 23 0.00 14.20 200 21 0.00 14.10 

Average: 302.33 27.33 0.01 17.07 198.67 20.33 0.00 14.10 
a: 85.65 10.21 0.02 4.88 1.15 0.58 0.00 0.00 

IM240: IM240: 
NOx HC co C02 NOx HC co C02 

1.14 0.24 7.28 331.2 1.27 0.22 4.81 350.3 

1.24 0.27 6.94 334.5 1.16 0.17 3.84 325.7 

1.10 0.28 .g_93 325.7 1.23 0.17 3.83 327.1 

1.19 0.30 A.48 333.0 1.19 0.20 5.28 329.6 

Average: 1.17 0.27 8.16 331.1 1.21 0.19 4.44 333.2 

cr: 0.061 0.025 1.35 3.84 0.048 0.024 0.72 11.53 

Fuel Cat 



DOT Emission Testing Program 

Date: 12/9/96 Test#: 2-5 

VIN: 49016 Description: Blue Chevy Caprice 

Runs: 11 & 13 

RL 25/25: RL 25/25: 
NOx HC co C02 NOX HC co C02 

375 22 0.00 12.40 714 35 0.01 22.50 

449 32 0.01 12.80 386 25 0.01 12.60 

208 19 0.01 12.50 194 19 0.00 12.50 

Average: 344.00 24.33 0.01 12.57 431.33 26.33 0.01 15.87 

cr: 123.45 6.81 0.01 0.21 262.95 8.08 0.01 5.74 

IM240: IM240: 
NOx HC co C02 NOX HC co C02 

1.38 0.15 3.57 421.5 1.44 0.10 0.37 425.8 

1.36 0.11 0.45 414.2 1.28 0.09 0.10 388.7 

1.37 0.11 0.70 426.6 1.42 0.10 0.39 434.1 

1.39 0.11 d.76 424.3 1.36 0.12 0.37 426.6 

Average: 1.38 0.12 1.37 421.7 1.38 0.10 0.31 418.8 

cr: 0.013 0.020 1.47 5.39 0.072 0.013 0.14 20.41 

Fuel Cat 



DOT Emission Testing Program 

Date: 12/9/96 Test#: 2-6 

VIN: 25036 Description: St Police White Chev~ Caerice 

Runs: 12 & 14 

RL 25/25: RL 25/25: 
NOx HC co C02 NOX HC co C02 

1083 40 0.14 15.10 1072 44 0.25 15.00 

1296 40 0.19 14.80 1032 37 0.20 15.10 

1216 42 0.27 14.80 1000 39 0.16 15.10 

Average: 1198.33 40.67 0.20 14.90 1034.67 40.00 0.20 15.07 

cr: 107.59 1.15 0.07 0.17 36.07 3.61 0.05 0.06 

IM240: IM240: 
NOx HC co C02 NOx HC co C02 

2.47 0.36 3.48 445.4 1.68 0.31 1.17 341.0 

2.35 0.40 2.70 449.8 2.38 0.41 2.22 445.2 

2.35 0.42 ,2.52 451.9 2.41 0.39 1.76 446.8 

2.32 0.36 2.07 454.6 2.45 0.59 1.60 425.8 

Average: 2.37 0.39 2.69 450.4 2.23 0.43 1.69 414.7 

cr: 0.067 0.030 0.59 3.88 0.368 0.118 0.43 50.05 

Fuel Cat 



Raw Entissions Test Data 
IM 240 I ASM 2525 

EnviroSource of NJ 
Fuel-Cat 

10 Dec 96 

... 



DOT Emission Testing Program 

Date: 12/10/96 Test#: Control 

VIN: 31996 Description: Control Car - 1988 Dodge 

Runs: 1 & 9 

RL 25/25: RL 25/25: 
NOx HC co C02 NOx HC co C02 

111 16 0.01 15.10 82 7 0.18 14.90 

48 3 0.02 14.70 53 2 0.03 15. 10 

134 4 0.05 14.90 

Average: 97.67 7.67 0.03 14.90 67.5 4.5 0.11 15.00 

a: 44.52 7.23 0.02 0.20 20.5 3.5 0.11 0.14 

IM240: IM240: 
NOx HC co C02 NOx HC co C02 

0.79 0.10 6.86 331.4 0.71 0.13 4.70 308.7 

0.80 0.14 8.55 334.0 0.69 0.09 4.78 308.6 

0.73 0.11 8.14 342.3 

0.78 0.13 S.25 341.2 

Average: 0.78 0.12 7.95 337.2 0.70 0.11 4.74 308.7 

a: 0.031 0.018 0.75 5.35 0.014 0.028 0.06 0.07 

Fuel Cat 



DOT Emission Testing Program 

Date: 12/10/96 Test#: 2-7 

VIN: 68774 Description: K-Car 

Runs: 2&6 

RL 25125: RL 25/25: 
NOx HC co C02 NOx HC co C02 

387 9 0.02 15.00 598 33 0.42 14.60 

419 10 0.03 14.90 644 9 0.00 14.90 

550 8 0.00 14.90 582 13 0.02 15.00 

Average: 452.00 9.00 0.02 14.93 608.00 18.33 0.15 14.83 

cr: 86.37 1.00 0.02 0.06 32.19 12.86 0.24 0.21 

IM240: IM240: 
NOx HC co C02 NOx HC co C02 

1.31 0.25 8.35 329.1 1.44 0.35 9.29 321.9 

1.30 0.30 8.42 320.2 1.37 0.34 7.97 313.5 

1.25 0.42 Q.52 328.8 1.43 0.32 8.34 316.4 

1.38 0.41 10.94 326.0 1.41 0.35 7.30 314.8 

Average: 1.31 0.35 9.31 326.0 1.41 0.34 8.23 316.7 

cr: 0.054 0.083 1.21 4.13 0.031 0.014 0.83 3.70 

Fuel Cat 



DOT Emission Testing Program 

Date: 12/10/96 Test#: 2-8 

VIN: 99843 Description: K-Car 

Runs: 4&7 

RL 25/25: RL 25/25: 
NOx HC co C02 NOX HC co C02 

293 55 0.02 14.10 355 59 0.02 14.10 

298 57 0.01 13.80 296 55 0.02 13.90 

322 53 0.01 14.10 345 51 0.02 14.10 

Average: 304.33 55.00 0.01 14.00 332.00 55.00 0.02 14.03 

cr: 15.50 2.00 0.01 0.17 31.58 4.00 0.00 0.12 

IM240: IM240: 
NOx HC co C02 NOx HC co C02 

*** 9.74 4.38 119.30 1589.0 1.29 0.51 13.04 275.8 

1.34 0.49 10.31 300.9 1.30 0.40 9.15 301.1 

1.31 0.38 6.48 304.3 1.35 0.42 11.43 302.6 

1.28 0.36 1.98 298.8 1.44 0.41 11.81 301.1 

Average: 1.31 0.41 8.92 301.33 1.35 0.44 11.36 295.2 

cr: 4.215 1.986 55.20 643.84 0.069 0.051 1.62 12.92 

***Exhaust not on i nore data. 

Fuel Cat 



DOT Emission Testing Program 

Date: 12/10/96 Test#: 2-9 

VIN: 26275 Description: K-Car 

Runs: 5 & 8 

RL 25/25: RL 25/25: 
NOx HC co C02 NOx HC co C02 

270 32 0.03 14.20 296 27 0.02 14.20 

272 28 0.02 14.20 284 33 0.02 14.20 

229 34 0.02 14.20 266 32 0.02 14.20 

Average: 257.00 31.33 0.02 14.20 282.00 30.67 0.02 14.20 

cr: 24.27 3.06 0.01 0.00 15.10 3.21 0.00 0.00 

IM240: IM240: 
NOx HC co C02 NOx HC co C02 

1.48 0.34 9.45 336.4 1.56 0.28 7.27 319.5 

1.51 0.40 11.41 337.5 1.51 0.42 10.08 325.4 

1.44 0.30 e.25 345.4 1.86 0.38 10.81 354.6 

1.44 0.29 8.73 353.6 1.57 0.41 11.09 332.0 

Average: 1.47 0.33 9.46 343.2 1.63 0.37 9.81 332.9 

cr: 0.034 0.050 1.39 7.99 0.159 0.064 1.75 15.36 

Fuel Cat 



Raw Eniissions Test Data 
IM 240 I ASM 2525 

Compliance & Research Services, Inc. 
Tailpipe Catalytic Converter 

16 Dec 96 

... 



DOT Emission Testing Program 

Date: 12/16/96 Test#: Control 

VIN: 31996 Description: Control Car - 1988 Dod9e 

Runs: 1 & 10 

RL 25/25: RL 25/25: 

NOx HC co C02 NOx HC co C02 

52 5 0.02 15.00 102 1 0.09 14.8 

39 3 0.03 14.90 103 7 0.03 14.9 

56 4 0.02 14.90 34 3 0.02 14.8 

Average: 49.00 4.00 0.02 14.93 79.67 3.67 0.05 14.83 

cr: 8.89 1.00 0.01 0.06 39.55 3.06 0.04 0.06 

IM240: IM240: 

NOx HC co C02 NOX HC co C02 

0.69 0.12 6.23 317.4 0.88 0.11 6.28 352 

0.63 0.08 5.70 323.0 0.8 0.11 5.07 348.2 

0.64 0.11 S.34 335.1 0.84 0.11 5.92 341.8 

0.67 0.11 6:04 333.5 

Average: 0.66 0.11 6.08 327.3 0.84 0.11 5.76 347.3 

cr: 0.028 0.017 0.28 8.48 0.04 0 0.62 5.15 

Compliance and Research 



DOT Emission Testing Program 

Date: 12/16/96 Test#: 4-1 

VIN: 29662 Description: Chev~ Wagon 

Runs: 3&6 

RL 25/25: RL 25/25: 

NOx HC co C02 NOx HC co C02 

388 36 0.14 14.90 174 14 0.02 14.9 

209 15 0.06 14.90 92 14 0.02 14.9 

692 44 0.09 14.90 127 12 0.02 14.9 

Average: 429.67 31.67 0.10 14.90 131 13.3 0.02 14.9 
cr: 244.18 14.98 0.04 0.00 41.1 1.2 0 0 

IM240: IM240: 

NOx HC co C02 NOx HC co C02 

1.16 0.12 1.94 388.4 1.1 0.09 1.21 331.7 

1.32 0.09 2.12 397.4 1.17 0.09 0.95 337.9 

1.40 0.10 1.84 371.5 1.05 0.1 2.65 349.1 

1.18 0.08 0.93 345.9 

Average: 1.29 0.10 1.97 385.77 1.11 0.09 1.6 339.57 

cr: 0.122 0.015 0.14 13.15 0.06 0.006 0.92 8.82 

Compliance and Research 



DOT Emission Testing Program 

. Date: 12/16/96 Test#: 4-2 

VIN: 53039 Description: Police Cruiser 

Runs: 9&8 

RL 25/25: RL 25/25: 

NOx HC co C02 NOx HC co C02 

1847 143 0.64 12.70 1367 136 0.65 12.9 

2035 141 0.77 12.80 912 127 0.48 13.1 
1880 145 0.64 12.60 1154 133 0.59 13 

Average: 1920.7 143.0 0.68 12.70 1144.3 132 0.57 13 
cr: 100.4 2.0 0.08 0.10 227.7 4.6 0.09 0.1 

IM240: IM240: 

NOx HC co C02 NOx HC co C02 

3.71 1.10 16.79 432.5 2.06 0.85 6.5 457 

3.70 1.02 14.46 437.1 2.04 0.68 5.14 462.4 

3.65 1.20 1S.24 447.8 2.11 0.74 5.72 467 

3.63 1.11 17:90 444.1 

Average: 3.69 1.11 16.50 439.13 2.07 0.76 5.79 462.13 
cr: 0.032 0.090 1.91 7.85 0.036 0.086 0.68 5.01 

Compliance and Research 



DOT Emission Testing Program 

Date: 12/16/96 Test#: 4-3 

VIN: 32063 Description: Dodge Ram K-Car 

Runs: 5&7 

RL 25/25: RL 25/25: 

NOx HC co C02 NOx HC co C02 

2771 79 0.48 10.80 2631 55 0.07 11.4 

2786 82 0.62 10.90 2565 53 0.08 11.6 

2879 91 0.74 10.90 2632 48 0.06 11.8 

Average: 2812.0 84.0 0.61 10.87 2609.3 52 0.07 11.6 

cr: 58.5 6.2 0.13 0.06 38.4 3.6 0.01 0.2 

IM240: IM240: 

NOx HC co C02 NOx HC co C02 

5.13 0.96 33.88 553.6 4.73 0.44 6.09 581.9 

5.05 0.95 35.95 548.9 4.9 0.36 4.17 588.2 

5.21 0.96 3li.84 547.1 4.6 0.38 4.62 591.6 

5.28 0.91 33'.83 550.3 4.48 0.4 5.48 580.5 

Average: 5.13 0.96 35.22 549.87 4.74 0.39 4.96 587.23 

cr: 0.080 0.006 1.16 3.36 0.15 0.042 1 4.92 

Compliance and Research 



Raw E01issions Test Data 
IM 240 I ASM 2525 

Compliance & Research Services, Inc. 
Tailpipe Catalytic Converter 

17 Dec 96 



DOT Emission Testing Program 

Date: 12/17/96 Test#: Control 

VIN: 31996 Description: Control Car - 1988 Dodge 

Runs: 1 

RL 25/25: 

NOx HC co C02 

79 2 0.01 14.80 

59 3 0.01 14.70 

101 0 0.02 24.90 

Average: 79.7 1.7 0.01 18.13 

cr: 21.0 1.5 0.01 5.86 

IM240: 

NOx HC co C02 

0.78 0.18 7.48 308.8 

0.69 0.21 6.66 313.9 

0.73 0.17 i.23 317.9 

0.82 0.20 9'.63 320.8 

Average: 0.76 0.19 8.00 315.4 

cr: 0.057 0.018 1.26 5.20 

Compliance and Research 



DOT Emission Testing Program 

Date: 12/17/96 Test#: 4-4 

VIN: 52548 Description: Chev~ Police Cruiser 

Runs: 2&5 

RL 25/25: RL 25/25: 

NOx HC co C02 NOx HC co C02 

229 9 0.08 14.80 25 7 0.07 14.8 

127 13 0.28 14.80 71 0 0.06 15 

100 17 0.30 14.80 21 9 0.09 14.8 

Average: 152.0 13.0 0.22 14.80 39 5.3 0.07 14.87 
(J': 68.0 4.0 0.12 0.00 27.8 4.7 0.02 0.12 

IM240: IM240: 

NOX HC co C02 NOx HC co C02 

0.96 0.38 4.18 486.2 0.85 0.62 0.97 436.6 

0.99 0.28 3.55 486.9 0.99 0.79 1.1 436.2 

1.41 0.54 ().46 662.1 1 0.62 0.9 431.9 

1.61 0.54 9:59 670.4 0.92 0.54 1.03 432.6 

Average: 1.24 0.44 5.95 576.4 0.94 0.64 1 434.3 

cr: 0.320 0.128 2.73 103.81 0.068 0.105 0.09 2.42 

Compliance and Research 



DOT Emission Testing Program 

Date: 12/17/96 Test#: 4-5 

VIN: 27954 Description: K-Car 

Runs 3&6 

RL 25/25: RL 25/25: 

NOx HC co C02 NOX HC co C02 

131 5 0.17 14.50 34 4 0 14.4 

116 13 0.14 14.60 76 9 0 14.6 

273 14 0.11 14.70 29 2 0.02 14.6 

Average: 173.3 10.7 0.14 14.60 46.3 5 0.01 14.53 

er: 86.6 4.9 0.03 0.10 25.8 3.6 0.01 0.12 

IM240: IM240: 

NOx HC co C02 NOx HC co C02 

0.99 0.18 6.11 305.7 0.65 0.09 2.72 293.7 

1.12 0.23 8.52 312.4 0.72 0.07 1.82 295.3 

1.21 0.25 9.57 330.6 0.65 0.07 1.96 294 

1.24 0.22 ?:68 339.0 0.64 0.09 4.45 308.6 

Average: 1.14 0.22 7.97 321.9 0.67 0.08 2.74 297.9 

cr: 0.112 0.029 1.46 15.50 0.037 0.012 1.21 7.17 

Compliance and Research 



DOT Emission Testing Program 

Date: 12/17/96 Test#: 4-6 

VIN: 05237 Description: Pli'.mouth 

Runs: 4&7 

RL 25/25: RL 25/25: 

NOx HC co C02 NOx HC co C02 

214 9 0.00 14.00 144 6 0 13.8 

203 10 0.00 14.00 141 0 0 13.9 

194 8 0.00 14.00 158 0 0 14.2 

Average: 203.7 9.0 0.00 14.00 142.5 3 0 13.85 

cr: 10.0 1.0 0.00 0.00 2.1 4.2 0 0.07 

IM240: IM240: 

NOX HC co C02 NOx HC co C02 

1.19 0.15 7.97 286.1 0.59 0.08 4.08 272.4 

1.02 0.12 4.81 285.9 0.57 0.07 2.54 279.6 

1.17 0.14 ~.75 286.5 0.62 0.07 3.49 293.9 

1.01 0.09 5'.09 289.6 

Average: 1.10 0.13 6.16 287.0 0.59 0.07 3.37 282 

cr: 0.096 0.026 1.48 1.73 0.025 0.006 0.78 10.94 

Compliance and Research 



Raw Eniissions Test Data 
IM 240 I ASM 2525 

Compliance & Research Services, Inc. 
Tailpipe Catalytic Converter 

18 Dec 96 

.. 



DOT Emission Testing Program 

Date: 12/18/96 Test#: Control 

VIN: 31996 Description: Control Car - 1988 Dodge 

Runs: 1 & 8 

RL 25/25: RL 25/25: 

NOx HC co C02 NOx HC co C02 

82 4 0.02 14.10 99 8 0.01 14.7 

95 5 0.02 14.80 115 2 0.15 14.5 

67 4 0.01 14.80 136 3 0.01 15 

Average: 81.3 4.3 0.02 14.57 116.7 4.3 0.06 14.73 

a: 14.0 0.6 0.01 0.40 18.6 3.2 0.08 0.25 

IM240: IM240: 

NOx HC co C02 NOx HC co C02 

0.71 0.16 7.43 300.2 1 0.18 5.65 299.9 

0.64 0.18 8.06 298.2 0.96 0.11 4.79 302.9 

0.55 0.17 &.82 301.7 1.03 0.11 4.76 299.8 

0.72 0.17 7.'55 304.7 0.99 0.13 5.82 305.9 

Average: 0.66 0.17 7.47 301.2 1 0.13 5.26 302.1 

cr: 0.079 0.008 0.51 2.74 0.029 0.033 0.56 2.9 

Compliance and Research 



DOT Emission Testing Program 

Date: 12/18/96 Test#: 4-7 

VIN: 39746 Description: K-Car 

Runs: 2&5 

RL 25/25: RL 25/25: 

NOx HC co C02 NOX HC co C02 

71 29 0.09 14.60 61 80 0.21 14.9 

18 38 0.26 14.50 51 88 0.28 14.9 

57 60 0.19 14.60 35 57 0.2 14.8 

Average: 48.7 42.3 0.18 14.57 49 75 0.23 14.87 

cr: 27.5 15.9 0.09 0.06 13.1 16.1 0.04 0.06 

IM240: IM240: 

NOx HC co C02 NOx HC co C02 

0.27 0.20 5.81 322.7 0.43 0.21 5.19 301.8 

0.37 0.20 6.09 321.2 0.46 0.19 4.31 300.7 

0.38 0.17 5.81 327.4 0.47 0.19 3.63 299.5 

0.38 0.20 4.
0

97 334.3 0.46 0.15 4.74 300.8 

Average: 0.35 0.19 5.67 326.4 0.46 0.19 4.47 300.7 

cr: 0.054 0.015 0.48 5.89 0.017 0.025 0.66 0.94 

Compliance and Research 



DOT Emission Testing Program 

Date: 12/18/96 Test#: 4-8 

VIN: 09261 Description: Blue Ram Van 

Runs: 3&6 

RL 25/25: RL 25/25: 

NOx HC co C02 NOX HC co C02 

1403 32 0.04 9.00 1260 15 0.01 8.8 

1410 32 0.04 9.10 1414 9 0.01 8.9 

1378 35 0.04 9.10 1335 16 0.01 8.9 

Average: 1397.0 33.0 0.04 9.07 1336.3 13.3 0.01 8.87 
cr: 16.8 1.7 0.00 0.06 77 3.8 0 0.06 

IM240: IM240: 

NOx HC co C02 NOx HC co C02 

5.45 0.50 8.71 653.3 5.52 0.21 0.08 608.9 

5.91 0.47 5.18 631.5 5.52 0.22 0.02 651.1 

5.87 0.55 5.18 618.7 5.72 0.25 0.23 613.9 

5.83 0.69 6.E35 618.6 5.79 0.2 0.18 617.4 

Average: 5.77 0.55 6.43 630.5 5.64 0.22 0.13 622.8 

cr: 0.213 0.097 1.67 16.35 0.139 0.022 0.1 19.17 

Compliance and Research 



DOT Emission Testing Program 

Date: 12/18/96 Test#: 4-9 

VIN: 42293 Description: Ram Pick-Up 

Runs: 4&7 

RL 25/25: RL 25/25: 

NOx HC co C02 NOx HC co C02 

293 12 0.00 10.50 261 o 0.01 10.3 

305 13 0.01 10.50 263 13 0 10.3 

314 14 0.01 10.50 296 0 0.01 10.3 

Average: 304.0 13.0 0.01 10.50 273.3 4.3 0.01 10.3 

cr: 10.5 1.0 0.01 0.00 19.7 7.5 0.01 0 

IM240: IM240: 

NOx HC co C02 NOx HC co C02 

1.92 0.17 1.14 506.2 1.91 0.15 0.15 496.6 

1.98 0.19 1.80 500.4 2.07 0.14 0.01 496.1 

2.12 0.18 4.12 504.8 1.9 0.14 0.16 454.5 

2.35 0.23 1 :12 508.5 

Average: 2.09 0.19 1.55 505.0 1.96 0.14 0.11 482.4 

a: 0.191 0.026 0.50 3.41 0.095 0.006 0.08 24.16 

Compliance and Research 



Raw Emissions Test Data 
IM 240 I ASM 2525 

INSET Industries, Inc. 
INSET Fuel Stabilizer 

19 Dec 96 



DOT Emission Testing Program 

Date: 12/19/96 Test#: Control 

VIN: 31996 Description: Control Car - 1988 Dodge 

Runs: 1&14 

RL 25/25: RL 25/25: 
NOx HC co C02 NOx HC co C02 

70 3 0.02 14.90 127 4 0.07 15.00 

52 0 0.02 14.80 94 5 0.03 15.00 

100 4 0.01 14.90 210 11 0.13 23.00 

Average: 74.0 2.3 0.02 14.87 143.7 6.7 0.08 17.67 
cr: 24.2 2.1 0.01 0.06 59.8 3.8 0.05 4.62 

IM240: IM240: 
NOX HC co C02 NOx HC co C02 

0.69 0.07 5.02 318.3 0.84 0.08 3.97 333.7 

0.65 0.10 5.06 319.6 0.83 0.09 4.53 335.4 

0.62 0.09 ff.63 318.7 0.74 0.10 4.39 335.8 

0.66 0.10 6.21 317.7 0.77 0.09 6.41 335.3 

Average: 0.66 0.09 5.48 318.6 0.80 0.09 4.83 335.1 

cr: 0.03 0.01 0.56 0.8 0.05 0.01 1.08 0.9 

Inset 



DOT Emission Testing Program 

Date: 12/19/96 Test#: 5-1 

VIN: 04759 Description: K-Car 

Runs: 2&5 

RL 25/25: RL 25/25: 
NOx HC co C02 NOX HC co C02 

329 14 0.02 13.60 340 12 0.02 13.90 

317 14 0.03 13.60 361 18 0.02 13.80 

311 15 0.02 13.50 317 22 0.02 13.80 

Average: 319.0 14.3 0.02 13.57 339.3 17.3 0.02 13.83 

cr: 9.2 0.6 0.01 0.06 22.0 5.0 0.00 0.06 

IM240: IM240: 
NOx HC co C02 NOx HC co C02 

1.22 0.29 10.62 313.9 1.22 0.30 8.78 318.1 

1.18 0.43 15.82 310.9 1.32 0.44 15.45 316.9 

1.04 0.37 1J¥.81 313.3 1.35 0.35 11.70 338.4 

1.20 0.36 13.22 314.4 1.37 0.44 18.20 314.8 

Average: 1.16 0.36 13.62 313.1 1.32 0.38 13.53 322.1 

CJ: 0.08 0.06 2.27 1.5 0.07 0.07 4.14 11.0 

Inset 



DOT Emission Testing Program 

Date: 12/19/96 Test#: 5-2 

VIN: 18650 Description: Pick-up 

Runs: 3&6 

RL 25/25: RL 25/25: 
NOx HC co C02 NOx HC co C02 

2056 19 0.00 11.30 2530 21 0.00 10.90 

1980 29 0.00 11.30 2321 20 0.00 11.10 
1866 18 0.00 11.40 2253 14 0.00 11.20 

Average: 1967.3 22.0 0.00 11.33 2368.0 18.3 0.00 11.07 
cr: 95.6 6.1 0.00 0.06 144.4 3.8 0.00 0.15 

IM240: IM240: 
NOx HC co C02 NOX HC co C02 

3.52 0.13 0.41 502.1 3.26 0.14 0.42 491.8 

3.51 0.13 0.58 499.2 2.99 0.14 0.60 488.8 

3.74 0.13 C>.09 515.3 3.16 0.13 0.30 495.8 

3.83 0.12 O.bO 494.3 2.89 0.14 0.67 513.1 

Average: 3.65 0.13 0.27 502.7 3.08 0.14 0.50 497.4 

cr: 0.16 0.01 0.27 9.0 0.17 0.01 0.17 10.9 

Inset 



DOT Emission Testing Program 

Date: 12/19/96 Test#: 5-3 

VIN: 13440 Description: K-Car 

Runs: 4&7 

RL 25125: RL 25/25: 
NOx HC co C02 NOx HC co C02 

623 13 0.00 14.30 837 6 0.00 13.50 

608 2 0.00 14.30 574 2 0.00 13.90 

436 2 0.00 14.30 1003 7 0.00 13.80 

Average: 555.7 5.7 0.00 14.30 804.7 5.0 0.00 13.73 

cr: 103.9 6.4 0.00 0.00 216.3 2.6 0.00 0.21 

IM240: IM240: 
NOx HC co C02 NOx HC co C02 

1.39 0.10 6.54 334.3 1.37 0.09 3.98 333.9 

1.48 0.10 7.68 336.9 1.56 0.06 1.94 340.0 

1.58 0.15 a,96 342.7 1.56 0.06 1.76 339.4 

1.49 0.10 9 .. 09 343.1 1.71 0.07 3.40 339.5 

Average: 1.49 0.11 8.07 339.3 1.55 0.07 2.77 338.2 

cr: 0.08 0.03 1.20 4.3 0.14 0.01 1.09 2.9 

Inset 



DOT Emission Testing Program 

Date: 12/19/96 Test#: 5-4 

VIN: 85054 Description: Police Cruiser 

Runs: 8&10 

RL 25/25: RL 25/25: 
NOx HC co C02 NOx HC co C02 

222 12 0.09 14.60 375 18 0.08 14.90 

206 11 0.06 14.50 454 22 0.05 14.30 

224 10 0.07 14.90 359 15 0.04 14.40 

Average: 217.3 11.0 0.07 14.67 396.0 18.3 0.06 14.53 

cr: 9.9 1.0 0.02 0.21 50.9 3.5 0.02 0.32 

IM240: IM240: 
NOx HC co C02 NOx HC co C02 

1.31 0.25 10.29 487.1 1.27 0.16 3.83 491.1 

1.20 0.25 9.39 483.6 1.32 0.17 3.61 496.8 

1.27 0.25 1 'lr.27 488.1 1.18 0.19 4.16 561.5 

1.23 0.30 13.'77 492.2 1.40 0.16 3.53 505.9 

Average: 1.25 0.26 11.18 487.8 1.29 0.17 3.78 513.8 

a: 0.05 0.02 1.89 3.5 0.09 0.01 0.28 32.4 

Inset 



DOT Emission Testing Program 

Date: 12/19/96 Test#: 5-5 

VIN: 26487 Description: K-Car 

Runs: 9&11 

RL 25125: RL 25125: 
NOx HC co C02 NOx HC co C02 

272 9 0.00 13.90 253 7 0.00 13.90 

215 9 0.00 14.00 312 12 0.00 13.50 

171 9 0.00 14.00 279 12 0.00 13.90 

Average: 219.3 9.0 0.00 13.97 281.3 10.3 0.00 13.77 

cr: 50.6 0.0 0.00 0.06 29.6 2.9 0.00 0.23 

IM240: IM240: 
NOx HC co C02 NOX HC co C02 

1.17 0.11 4.30 322.4 1.19 0.10 3.52 323.2 

1.14 0.11 5.14 329.1 1.25 0.14 7.51 320.2 

1.19 0.13 0.35 330.3 1.24 0.11 3.89 323.3 

1.20 0.10 4.'36 335.9 1.30 0.11 3.69 329.4 

Average: 1.18 0.11 5.04 329.4 1.25 0.12 4.65 324.0 

cr: 0.03 0.01 0.96 5.5 0.05 0.02 1.91 3.9 

Inset 



DOT Emission Testing Program 

Date: 12/19/96 Test#: 5-6 

VIN: 51429 Description: Police Cruiser 

Runs: 12&13 

RL 25/25: RL 25/25: 
NOx HC co C02 NOx HC co C02 

95 2 0.00 14.80 496 18 0.00 15.20 

150 1 0.00 14.70 548 3 0.00 14.90 

244 1 0.00 14.80 554 4 0.00 15.10 

Average: 163.0 1.3 0.00 14.77 532.7 8.3 0.00 15.07 

er: 75.3 0.6 0.00 0.06 31.9 8.4 0.00 0.15 

IM240: IM240: 
NOx HC co C02 NOx HC co C02 

0.77 0.09 0.15 445.4 0.74 0.06 1.77 449.7 

0.80 0.07 0.02 457.0 0.76 0.06 0.08 462.4 

0.67 0.07 G.09 465.2 0.75 0.08 0.10 453.2 

0.79 0.07 0.'14 457.2 0.78 0.07 0.00 450.4 

Average: 0.76 0.08 0.10 456.2 0.76 0.07 0.49 453.9 

er: 0.06 0.01 0.06 8.2 0.02 0.01 0.86 5.8 

Inset 



Raw Etnissions Test Data 
IM 240 I ASM 2525 

INSET Industries, Inc. 
INSET Fuel Stabilizer 

20 Dec 96 

.. 



DOT Emission Testing Program 

Date: 12/20/96 Test#: Control 

VIN: 31996 Description: Control Car - 1988 Dodge 

Runs: 1&8 

RL 25/25: RL 25/25: 
NOx HC co C02 NOx HC co C02 

117 6 0.10 14.90 84 7 0.03 15.20 

229 3 0.06 15.10 60 3 0.02 15.30 

292 3 0.06 15.00 235 4 0.05 15.20 

Average: 212.7 4.0 0.07 15.00 126.3 4.7 0.03 15.23 

cr: 88.6 1.7 0.02 0.10 94.9 2.1 0.02 0.06 

IM240: IM240: 
NOX HC co C02 NOx HC co C02 

0.75 0.12 10.53 316.2 0.80 0.12 7.27 330.5 

0.65 0.08 7.44 334.7 0.61 0.11 8.15 339.7 

0.68 0.11 8t53 342.6 0.74 0.12 8.75 332.1 

0.70 0.10 7.16 339.0 0.81 0.13 11.31 371.1 

Average: 0.70 0.10 8.42 333.1 0.74 0.12 8.87 343.4 

cr: 0.04 0.02 1.53 11.7 0.09 0.01 1.74 18.9 

Inset 



DOT Emission Testing Program 

Date: 12/20/96 Test#: 5-7 

VIN: 03825 Description: Van 

Runs: 2&4 

RL 25/25: RL 25/25: 
NOx HC co C02 NOx HC co C02 

2908 16 0.00 10.20 2676 15 0.00 10.20 

3504 20 0.00 10.30 2838 19 0.00 10.20 

3498 22 0.00 10.40 3169 13 0.00 10.50 

Average: 3303.3 19.3 0.00 10.30 2894.3 15.7 0.00 10.30 
cr: 342.4 3.1 0.00 0.10 251.3 3.1 0.00 0.17 

IM240: IM240: 
NOx HC co C02 NOx HC co C02 

5.53 0.12 1.90 467.6 4.63 0.12 1.91 456.7 

5.81 0.11 1.93 456.3 4.79 0.10 1.84 449.6 

5.78 0.11 1~83 472.4 4.87 0. 11 1.82 459.8 

5.33 0.10 1.96 464.2 5.08 0.10 1.81 456.3 

Average: 5.61 0.11 1.91 465.1 4.84 0.11 1.85 455.6 

cr: 0.23 0.01 0.06 6.8 0.19 0.01 0.05 4.3 

Inset 



DOT Emission Testing Program 

Date: 12/20/96 Test#: 5-8 

VIN: 91881 Description: Pick-up 

Runs: 3&5 

RL 25/25: RL 25/25: 
NOx HC co C02 NOx HC co C02 

2321 45 0.04 11.40 2055 42 0.02 10.91 

2090 71 0.16 11.90 2165 44 0.03 11.10 

4037 102 0.19 22.60 2183 47 0.05 11.40 

Average: 2816.0 72.7 0.13 15.30 2134.3 44.3 0.03 11.14 
cr: 1063.7 28.5 0.08 6.33 69.3 2.5 0.02 0.25 

IM240: IM240: 
NOx HC co C02 NOx HC co C02 

2.40 0.46 22.10 528.6 2.78 0.45 15.51 544.8 

2.61 0.51 25.89 514.2 2.79 0.47 16.79 550.5 

2.71 0.51 2&18 507.4 2.94 0.48 19.17 533.7 

2.67 0.46 23.'10 513.8 2.89 0.43 17.09 508.7 

Average: 2.60 0.49 24.32 516.0 2.85 0.46 17.14 534.4 
cr: 0.14 0.03 2.03 9.0 0.08 0.02 1.52 18.5 

Inset 



DOT Emission Testing Program 

Date: 12/20/96 Test#: 5-9 

VIN: 99768 Description: K-Car 

Runs: 6&7 

RL 25/25: RL 25/25: 
NOx HC co C02 NOx HC co C02 

270 11 0.02 14.00 262 15 0.03 14.20 

268 19 0.03 14.00 337 19 0.02 14.00 

236 18 0.02 13.60 266 18 0.02 14.10 

Average: 258.0 16.0 0.02 13.87 288.3 17.3 0.02 14.10 

cr: 19.1 4.4 0.01 0.23 42.2 2.1 0.01 0.10 

IM240: IM240: 
NOX HC co C02 NOx HC co C02 

1.13 0.17 8.45 364.3 1.18 0.19 11.13 322.5 

1.05 0.16 7.95 323.0 1.19 0.19 10.05 327.1 

1.12 0.21 12':49 323.6 

1.40 0.24 11.'99 333.9 1.16 0.21 9.62 338.4 

Average: 1.18 0.20 10.22 336.2 1.18 0.20 10.27 329.3 

cr: 0. 15 0.04 2.35 19.4 0.02 0.01 0.78 8.2 

Inset 



Raw Entissions Test Data 
IM 240 I ASM 2525 

Enginewity Systenis, Inc. 
Engine Cleaning 

8 Jan 97 



DOT Emission Testing Program 

Date: 1/8/97 Test#: Control 

VIN: 31996 Description: Control Car - 1988 Dodge 

Runs: 1 

RL 25/25: 
NOx HC co C02 

107 1 0.01 15.00 

56 1 0.02 14.90 

50 0 0.02 14.30 

Average: 71.0 0.7 0.02 14.73 

a: 31.3 0.6 0.01 0.38 

IM240: 
NOx HC co C02 

0.72 0.12 8.75 315.5 

0.70 0.17 8.82 320.7 

0.70 0.10 7.64 317.9 

0.76 0.10 6.91 330.0 

Average: 0.72 0.12 8.03 321.0 

a: 0.03 0.03 0.92 6.3 

Enginewity 



DOT Emission Testing Program 

Date: 1/8/97 Test#: 3-1 

VIN: 82021 Description: Ca~rice 

Runs: 2&5 

RL 25/25: RL 25/25: 
NOx HC co C02 NOx HC co C02 

390 13 0.06 12.60 269 15 0.05 12.70 

189 16 0.03 12.20 322 21 0.05 12.80 

258 21 0.13 13.30 337 10 0.05 12.60 

Average: 279.0 16.7 0.07 12.70 309.3 15.3 0.05 12.70 

a: 102.1 4.0 0.05 0.56 35.7 5.5 0.00 0.10 

IM240: IM240: 
NOx HC co C02 NOx HC co C02 

1.23 0.15 5.52 461.5 1.25 0.18 7.14 452.6 

1.39 0.17 6.89 473.9 1.26 0.18 6.82 444.3 

1.17 0.18 7t99 440.8 1.24 0.16 6.86 448.3 

1.14 0.16 6.36 457.7 9.12 1.42 63.32 1614.0 

Average: 1.23 0.17 6.69 458.5 3.22 0.49 21.04 739.8 

cr: 0.11 0.01 1.03 13.7 3.94 0.62 28.19 582.8 

Enginewity 



DOT Emission Testing Program 

Date: 1/8/97 Test#: 3-2 

VIN: 33113 Description: K-Car Wa9on 

Runs: 3&7 

RL 25/25: RL 25/25: 
NOx HC co C02 NOx HC co C02 

301 17 0.05 14.20 408 23 0.04 14.10 

379 22 0.02 14.20 440 25 0.04 14.30 

316 24 0.02 14.30 453 27 0.05 14.20 

Average: 332.0 21.0 0.03 14.23 433.7 25.0 0.04 14.20 

cr: 41.4 3.6 0.02 0.06 23.2 2.0 0.01 0.10 

IM240: IM240: 
NOx HC co C02 NOx HC co C02 

0.86 0.15 8.81 301.3 0.94 0.15 6.17 304.4 

0.81 0.17 9.22 301.7 0.87 0.16 7.84 309.0 

0.82 0.15 8"t59 307.5 0.87 0.15 7.33 301.6 

0.78 0.18 11.25 305.9 0.97 0.16 6.97 300.8 

Average: 0.82 0.16 9.47 304.1 0.91 0.16 7.08 304.0 

cr: 0.03 0.02 1.22 3.1 0.05 0.01 0.70 3.7 

Enginewity 



DOT Emission Testing Program 

Date: 1/8/97 Test#: 3-3 

VIN: 50733 Description: Cruiser 

Runs: 4&8 

RL 25/25: RL 25/25: 
NOx HC co C02 NOx HC co C02 

12 11 0.03 14.80 339 2 0.00 14.90 

10 3 0.03 14.70 347 5 0.00 15.00 

10 14 0.04 14.90 332 4 0.00 14.80 

Average: 10.7 9.3 0.03 14.80 339.3 3.7 0.00 14.90 

cr: 1.2 5.7 0.01 0.10 7.5 1.5 0.00 0.10 

IM240: IM240: 
NOx HC co C02 NOx HC co C02 

0.48 0.22 3.14 463.4 0.53 0.22 3.09 441.9 

0.48 0.20 2.54 466.3 0.50 0.22 6.08 448.2 

0.47 0.24 445 460.1 0.56 0.22 2.50 455.1 

0.54 0.23 3.'45 467.6 0.65 0.23 6.37 457.8 

Average: 0.49 0.22 2.90 464.4 0.56 0.22 4.51 450.8 
(J': 0.03 0.02 0.48 3.3 0.06 0.00 2.00 7.2 

Enginewity 



DOT Emission Testing Program 

Date: 1/8/97 Test#: 3-4 

VIN: 03369 Description: Van 

Runs: 6&9 

RL 25/25: RL 25/25: 
NOX HC co C02 NOX HC co C02 

1154 20 0.18 12.80 1435 22 0.17 13.00 

1206 19 0.20 12.90 837 8 0.09 12.60 

827 2 0.10 12.70 825 8 0.12 12.70 

Average: 1062.3 13.7 0.16 12.80 1032.3 12.7 0.13 12.77 

cr: 205.5 10.1 0.05 0.10 348.8 8.1 0.04 0.21 

IM240: IM240: 
NOX HC co C02 NOx HC co C02 

3.99 0.47 17.86 625.4 4.40 0.43 13.82 632.3 

3.80 0.38 15.56 618.5 4.15 0.32 9.57 636.0 

4.64 0.37 16.61 659.8 4.35 0.31 9.85 641.4 

5.11 0.35 14:55 700.4 

Average: 4.39 0.39 16.15 651.0 4.30 0.35 11.08 636.6 
cr: 0.60 0.05 1.42 37.5 0.13 0.07 2.38 4.6 

Enginewity 



Raw E1nissions Test Data 
IM 240 I ASM 2525 
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DOT Emission Testing Program 

Date: 1/9/97 Test#: Control 

VIN: 31996 Description: Control - 1988 Dod9e 

Runs: 1&12 

RL 25/25: RL 25/25: 
NOX HC co C02 NOx HC co C02 

174 2 0.02 14.80 138 0 0.01 14.90 

118 3 0.01 14.80 58 4 0.06 14.90 

320 19 0.11 31.00 121 6 0.09 14.90 

Average: 204.0 8.0 0.05 20.20 105.7 3.3 0.05 14.90 

cr: 104.3 9.5 0.06 9.35 42.1 3.1 0.04 0.00 

IM240: IM240: 
NOx HC co C02 NOX HC co C02 

0.72 0.13 10.63 316.8 0.48 0.09 6.30 303.8 

0.62 0.12 6.71 327.5 0.63 0. 11 6.82 336.2 

0.72 0.15 1'0.29 328.7 0.78 0.10 7.58 337.1 

0.68 0.20 11.57 330.8 0.69 0.11 9.99 336.1 

Average: 0.69 0. 15 9.80 326.0 0.65 0.10 7.67 328.3 

cr: 0.05 0.04 2.13 6.3 0.13 0.01 1.63 16.3 

Enginewity 



DOT Emission Testing Program 

Date: 1/9/97 Test#: 3-5 

VIN: 04758 Description: K-Car 

Runs: 2&6 

RL 25/25: RL 25/25: 
NOx HC co C02 NOx HC co C02 

157 3 0.00 13.70 153 212 6.05 10.70 

129 6 0.00 13.70 135 243 6.48 10.50 

300 7 0.00 13.70 173 845 9.99 6.20 

Average: 195.3 5.3 0.00 13.70 153.7 433.3 7.51 9.13 

cr: 91.7 2.1 0.00 0.00 19.0 356.9 2.16 2.54 

IM240: IM240: 
NOx HC co C02 NOX HC co C02 

0.76 0.16 6.88 324.6 0.57 1.70 74.32 259.7 

0.84 0.12 5.92 330.4 0.48 2.51 107.20 236.4 

0.76 0.10 t5.55 330.2 0.10 3.48 153.10 204.9 

0.89 0.10 6.26 348.7 0.10 3.83 163.50 202.8 

Average: 0.81 0.12 6.15 333.5 0.31 2.88 124.53 226.0 

cr: 0.06 0.03 0.57 10.5 0.25 0.96 41.46 27.2 

Enginewity 
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DOT Emission Testing Program 

Date: 1/9/97 Test#: 3-6 

VIN: 00871 Description: K-Car 

Runs: 3&7 

RL 25/25: RL 25/25: 
NOx HC co C02 NOx HC co C02 

1499 21 0.22 14.70 1719 8 0.12 14.90 

1623 21 0.15 14.60 1454 15 0.15 14.80 

1641 19 0.28 14.50 1519 17 0.15 14.80 

Average: 1587.7 20.3 0.22 14.60 1564.0 13.3 0.14 14.83 

cr: 77.3 1.2 0.07 0.10 138.1 4.7 0.02 0.06 

IM240: IM240: 
NOx HC co C02 NOx HC co C02 

3.68 0.46 15.46 373.9 2.65 0.30 15.53 316.8 

2.73 0.24 11.29 333.3 2.84 0.39 16.81 356.3 

2.73 0.20 t9.39 334.7 2.69 0.22 12.23 327.1 

2.65 0.24 12.34 335.0 2.68 0.33 15.14 337.2 

Average: 2.95 0.29 12.12 344.2 2.72 0.31 14.93 334.4 
a· 0.49 0.12 2.54 19.8 0.09 0.07 1.93 16.8 

Enginewity 



DOT Emission Testing Program 

Date: 1/9/97 Test#: 3-7 

VIN: 03824 Description: Van 

Runs: 4&9 

RL 25/25: RL 25/25: 
NOX HC co C02 NOx HC co C02 

478 149 0.17 11.50 259 208 0.25 12.40 
487 143 0.15 11.50 313 196 0.20 12.10 

510 121 0.14 11.70 313 200 0.20 12.30 

Average: 491.7 137.7 0.15 11.57 295.0 201.3 0.22 12.27 
cr: 16.5 14.7 0.02 0.12 31.2 6.1 0.03 0.15 

IM240: IM240: 
NOx HC co C02 NOX HC co C02 

1.14 1.47 24.16 485.1 0.75 1.95 47.07 472.0 

1.06 1.25 17.87 490.4 0.81 1.73 40.30 471.8 

1.07 1.54 4.7.57 473.6 0.83 1.78 41.27 472.0 

1.09 1.42 18.75 486.1 0.86 1.68 38.73 474.1 

Average: 1.09 1.42 22.09 483.8 0.81 1.79 41.84 472.5 
cr: 0.04 0.12 4.59 7.2 0.05 0.12 3.64 1.1 

Enginewity 



DOT Emission Testing Program 

Date: 1/9/97 Test#: 3-8 

VIN: 25575 Description: Police Cruiser 

Runs: 5&10 

RL 25/25: RL 25/25: 
NOX HC co C02 NOx HC co C02 

837 27 0.04 14.90 964 29 0.02 14.90 

627 27 0.10 14.80 850 29 0.03 14.70 

723 26 0.06 14.90 709 26 0.14 14.70 

Average: 729.0 26.7 0.07 14.87 841.0 28.0 0.06 14.77 

cr: 105.1 0.6 0.03 0.06 127.7 1.7 0.07 0.12 

IM240: IM240: 
NOx HC co C02 NOx HC co C02 

1.67 0.31 6.44 443.6 1.72 0.28 4.30 467.8 

1.61 0.28 5.57 444.2 1.63 0.25 3.92 471.4 

1.56 0.26 1'4.67 449.7 1.75 0.26 4.53 464.9 

1.62 0.24 '3.75 456.0 1.82 0.26 4.07 473.5 

Average: 1.62 0.27 5.11 448.4 1.73 0.26 4.21 469.4 

cr: 0.05 0.03 1.16 5.8 0.08 0.01 0.27 3.8 

Enginewity 



DOT Emission Testing Program 

Date: 1/9/97 Test#: 3~9 

VIN: 27580 Description: Police Cruiser 

Runs: 8&11 

RL 25/25: RL 25/25: 
NOx HC co C02 NOx HC co C02 

831 3 0.00 14.60 344 1 0.03 14.30 

1235 0 0.00 14.00 799 7 0.00 14.70 

914 4 0.00 14.40 683 3 0.00 14.60 

Average: 993.3 2.3 0.00 14.33 608.7 3.7 0.01 14.53 

cr: 213.4 2.1 0.00 0.31 236.4 3.1 0.02 0.21 

IM240: IM240: 
NOx HC co C02 NOx HC co C02 

1.46 0.08 4.07 474.7 0.92 0.06 1.33 448.4 

1.77 0.08 0.78 471.7 1.28 0.07 0.77 450.2 

1.79 0.08 O.v8 466.1 1.04 0.08 1.49 458.7 

1.58 0.07 0.58 467.6 1.20 0.09 0.62 464.6 

Average: 1.65 0.08 1.53 470.0 1.11 0.08 1.05 455.5 

cr: 0.16 0.01 1.70 3.9 0.16 0.01 0.42 7.6 

Enginewity 



2. Raw Emissions Test Data 

b. Individual GCMS Analyses 
(TACOM-ARDEC) 

.. 



vUO-

5_90-=: 
- FD04010.RAW 

5.so-= 

560~ 

)~ 

5.40~ 

5_30_: 

·1 

5.20~ 
J 
_J 

' 1 
i 

510~ 

---, 
J 

? 
I I 

LI 

GAS CHROMATOGRAMS 

CONTROL CAR 

I I 
1 A 

1.,--,,-:-·~---~- 1·' 
1 n 10 

I I' I 

) /,...._· .. 

1.......,.1 ,, 
,' vf/ 

' 1 i:: 



6. o--=i. 

- FD04008.RAW 

5.8-

5.6-= 

5.4 

j 

I .. 

2 

6.0-

- FD04011.RAW 

5.8-= 
j 

5.6~ 

I 

4 6 

A 

GAS CHROMATOGRAMS 

TEST 1-1 

8 10 

0 
I. I 

I ' 

I I . • I . ·,., 

. r -. ~-.-~~~~ 
14 16 

I I II'~ . ,.. . 



6.0-. 

I FD0400 RAW 

5 s-= 
j 
' 

5.6--= 

5.4-=' 

2 

6.0~ 
_j 

-
_j 

- FD05011.RAW 

s.s-= 

_, 
5 6--j 

I 
I 

J 

1 

I' I 

4 

GAS CHROMA TOG RAMS 

TEST 1-2 

I I I I 

8 10 12 14 16 

• 



6. 0--:J 

::J FD05009.RAW 

5.s-=-: 

5.6-= 
i 

~ 
' 

54--=; 

..., FD05010.RAW 

5.8-= 

5_5----=-: 
~ 

j 

_J 

54--~ 

j 

5.2--= 

i 

! 
I! 
,I 

GAS CHROMATOGRAMS 

TEST 1-3 

• 



6.0-

FD05014 RAW 

5.8--= 

5.6--

5.4_::; 
-', 

5.2--.: 

5.o--= I f: I, 
~-~- ._ ... ,_,.~!.__,·~...__}----, ,__.,---

2 

6.0--

- FD09010.RAW 

5.8-= 

1 

5.6-=; __, 

J 
I 

_] 
I 

3 
5.4~ 

I I I I : 

GAS CHROMATOGRAMS 

CONTROL CAR 

6 8 
' i 
10 

I ' 

12 14 16 



6.0-, 

FD05012RAW 

5.8-= 

6.0-

-· FD09009.RAW 

5.8-= 

5_5__: 
-r 

--i 5.41 
J 

GAS CHROMATOGRAMS 

TEST 1-4 

5.2-= I 
/ 

I~-

-:i I I _,,/ 

1 I I ' ,/ 
5 0l--~1ll:JLLJJJ1J~J 1JJ~_,J~l'!'-/w~~--/~ 

I I I 

? 0 

,_ 
',' ~.__. 

-,-, 

16 

.~· 



6.0-

- FD05015.RAW 

5.8~ 

5 6-= 
j 

5.4~ 

---,-~--,-:--...,--------

I 

2 

6.0-

~ FD05016.RAW 

5. g_::: 
~ 

_J 
I 

·1 
J 

54-=j 
_J 
_J 

J 

4 

GAS CHROMATOGRAMS 

TEST 1-5 

111,---,-,----

6 8 10 
1--rc 

12 14 16 



6.0 -

~ j FD05013 RAW 

' 
5.8_] 

~ 

5.6--= 

~ 
5.2_::-: 

2 

6.0-, 

- FD09008.RAW 

5.8-= 

5.6--= 

5.4~ 

' 
j 

5.2 ~ 

5.o--= 

') 

4 

GAS CHROMATOGRAMS 

TEST 1-6 

, I 

6 8 10 

I 1 I: 
0 

12 14 16 

/ 

I • 



60-

- FD09006 RAW 

5.8-= 

~ 

5.6_-:; 

5.4-= 

5.2--= 

6.0-

- FD09007.RAW 

5.8--= 

5.6 j 

I 
5.21 

? 

GAS CHROMATOGRAMS 

TEST 1-7 

,,. 
'• 

··-.--------
12 14 16 

- -, -, i-·--,-,-:-1~.-,-,-,---,-,-,-,----,--,-.,-, ----~~r-,--,-,-.r--~~----,-,--, ,. 
;'[ R I) 1t\ 1'l 1

1
A 

i ' 
1 c:: 



9.0-

5_; FD09011 RAW 
_J 

-
8.0-

-

75-

J 

7.0-

-
6 5-

-
6.0-

9.0-

8.5-

-· 
_j 

I 

8.0-' 

7.5-

1 o---= 

6.5 

6.0~ 

FD09016RAW 

I 
I 

4 

GAS CHROMATOGRAMS 

TEST 1-9 

,-~, -~,-,j" 'I 

6 1
1n 

1--

16 

---:---rT--i-- - I • I I I 

1 ') 1 A 1~ 



b.00----, 
I 
J 

5.90-

GAS CHROMATOGRAMS 

CONTROL CAR 

- F012015.RAW 

5_so--= 

-I 

I 

' 
5.60____::; 

540__::: 

5.30--= 

5.20___.:. 

5. 1 o____::; 

~-~---------,---,1---,--,------,---r-r---,:-~--,---r---j ' ' 
~ A C n 

... 

•'-

/r' 

i 

I ii I Ii 1 I 
.I,' 

'' !11 / 

11 ,, '., 

1 I_ 

I 

!;' 
I' 

' 
I I r, 
.·1/ 



-4 ·-
::::i 
- FD12016.RAW 
- ' 

6.2-= 

6.Q-.: 

5 a..J . ~ 

::::i 

-
5.6--= 

-
5.4--='. 

5.2~ 
:J 

5.o-=--

64--= 

_, 
_j 

6.0 ~ 
-=1 

:::J 

5.84 
~ 

_j 

5.6--=1 
3 

54--= 

-
)--= 

2 

FD12022.RAW 

I 

4 ' 6 

GAS CHROMATOGRAMS 

TEST 2-1 

10 12 

... 

14 16 

,' 
.: \, 



-
4-= 

- FD12016.RAW 

6.2~ 

-
6.0-= 

l 

-
5.8-= 

=i 
5.6__:::: 

=1 

----1 ··-;-~----~-------

' I 
2 

--=1 FD12022.RAW 
-

6.2-= 

60~ 
-, 

5.8-=; 
_j 

:::J 
-1 

::J 

5.4---: 

4 

GAS CHROMATOGRAMS 

TEST 2-1 

:'1 

' ,-

6 8 10 12 14 16 



8.0 

-i 

7 5_J 

7.0_: 

6.5-. 

6.0~ 

8.0-

7.5-

I 

1 
7 .0---j 

6.5-

FD12014.RAW 

2 

FD12021.RAW 

? 

I 

4 

4 

GAS CHROMATOGRAMS 

TEST 2-2 

I 

8 10 12 

TTT,-r~-~,-----~ ~-------·----~ 

R 

---,-:: 
14 16 

' ' ,,,, 



6.0-

- FD12012.RAW 

5.8--= 

1 5.6 --1 

5.4--= 

I 
5.2_j 

6.0--

' I 

2 

- FD12019.RAW 

5 8_:::1 
1 

-
5.6~ 

5.4.-J 
-1 
-I 

4 6 

GAS CHROMATOGRAMS 

TEST 2-3 

: I, 

8 10 12 

.. 

I
',' 
'J 

I, 
14 

!I,\ 

16 

/ 
t•.' 



7.0--:::; 

a..;J 
FD12013 RAW 

6 s-:: 

6.4:: 

6.2: 

6.0 = 

58~ 

·-

5.6-= 

5.4~ 

2 4 6 

7.0-:::; 

6.8-~ 
- FD12020.RAW 

6.6~ 

6.2 :: 

-

6.0~ 

-
5 8:: 

5.s.; 

~ 
5.0~ ,, .I I. :! I 
~--- 1.L..J..J ........... , .... .',__·~J ... _ ... ~_ l____.11_________,...._. 

I I I 

GAS CHROMATOGRAMS 

TEST 2-4 

8 10 12 

• 

I. 

·-r-,-,-~---~. ~-

14 16 



6_0-

~ FD12017.RAW 

5.8--= 

5_5_____: 

54__:::: 

52----= 

2 

6.0-

- FD13006.RAW 

5.8--= 

54~ 
' 

4 

GAS CHROMATOGRAMS 

TEST 2-5 

I : I i : 

6 8 10 12 

I; 

' ' 

14 

j 
I I! 

I
' :1 

I : 

I fl/ 

52- 1,; I ,I 

c 11 ,/,' 

5.0-~lJi I,' ,I, ' ,l__.J~---~·'-.----l'---------J----------
1 ~ ~'----''----" ..--J ~ 

-j 

.I.' 



6.0--

--1 FD12018.RAW 

5.s---=-: 

5 6-= 

GAS CHROMATOGRAMS 

TEST 2-6 

-----,-.,----·--,.., --,----~[""-~~, -,-1 -;-, '! '1 ---~~ 

2 4 

6.0-

- FD13007.RAW 

5 s-= 

5.6.::: 

5.4~ 

6 10 

J. 
•I' 

12 14 

----, -· - -------



6.00-

5.90 -
- FD13012 RAW 

5.so-= 
--' 

5.70-~ 
-1 
--j 
j 

-I 
-1 -

_J 

5.60-j 

5.40__J 
J 
_J 

I 

_J 
I 

5. 30-=-: 

') 
A ' I I I 

GAS CHROMATOGRAMS 

CONTROL CAR 

I I I 

.... 

'' I \ 

I , 



6.0-. 

- FD13010.RAW 

5.8--, 

5.6---: 

5.2--.: 

I I I 

2 

6.0-, 
=J 

' ·; 

' FD13013.RAW 

5.8 ___; 

I 
-; 

' 5.4-=j 
"l 
J 
_J 

5.2J 

-
~ 

4 

GAS CHROMATOGRAMS 

TEST 2-7 

I I I I. 

6 10 

\ .. ' 

12 14 16 

j 

I. 



6.0--

--' FD13009.RAW 

5.8-= 

5.6-= 

5.4 -

52-= 

2 

6.0-

FD13015RAW 

5.8-= 

5.6--= 

5.4_::_ 

4 

GAS CHROMA TOG RAMS 

TEST 2-8 

I 

8 10 
I I 

14 

... 

,'j 

I I 
16 



6.0~ 
--1 

_ FD13011.RAW 

5.8-= 

5.6-= 

5.4-= 

2 

6.0-· 

FD13014.RAW 

5.8-= 

5.6-= 

~ 

5.4~; 
j 

~ 
·1 
·1 

5.2~ 

I 

4 

T 

GAS CHROMATOGRAMS 

TEST 2-9 

6 8 10 

I T1 l ' I -...,..,.- I 

12 14 

.. 

/ 

1 ;,•/ 

' 
I 

16 

''-

'v 

I ' ' 



GAS 

6.00-

5 go-= 
- FJ09013 RAW 

5.so-= 

5_40--=: 

J 

5.30~ 
..J 

I 

i 

5.20J 
j 
~ 

-:::J 
~ 

5.10~ 
I 

i ... '--;--, ;--:-, ' --,::-;-r-r·~ 

CHROMA TOG RAMS 

CONTROL CAR 

~,----· 
' ' 

... 

: I' 

·'-



6.0 -

FJ09008.RAW 

5.s--= 

5.6--=1 

54___:_ 

2 

6.0-

- FJ09009.RAW 

5.8-: 

5.6 -

~ 
J 

5 -I 
.4-·1 

J 
_J 

5.2~ 
_J 

I 

J 

A 

GAS CHROMATOGRAMS 

TEST 3-1 

12 

... 

14 16 



GAS CHROMATOGRAMS 

6.0- TEST 3-2 

=1 FJ09006.RAW 

5.8---= 

5.6-i 

5.4-~ 

5.2-:: 

2 

6.0-

---i 
1 FJ09007.RAW 

5.8 __: 

5.6---: 

5.4-=1 

5.2__: 

I I I 

4 6 8 10 12 14 16 



6.0-

~ FD18019.RAW 

5 a-= 

5.6-i 

54-= 

5.0 -

6.0 ~ 

j 

I 

2 

-, FD18020.RAW 
-j 

5.8' 

5.6-= 

5.4 
j 

i 
5.2..J 

-·~, --~'i: 

? 

4 

r I 

GAS CHROMATOGRAMS 

TEST 4-1 

, I I -71 I 

6 8 10 12 14 

,_/ 

/ 
/ 

/ 

.-// 

i\ ,....r--
1 ~' ,.,' 

1\,,.-

v 

I' 

/ 



6.00-

5.90 J 
I 

--1 -, 

5.80--: 

5.?o-= 

5.60--= 

~ 

' 

5.40-= 

5.30-= 

-i 

5 10-= 

FJ09012RAW 

I ,.., I, 

GAS CHROMATOGRAMS 

TEST 3-4 

'.'1_--c-c~-- r-



6.0-

j 

I FJ10016.RAW 
J 

5.8-.i 

5.6-= 

J 
5.4_:: 

~ 
5.2-~ 

j 

GAS CHROMATOGRAMS 

CONTROL CAR 

5 o-=:: . i, 
·~'--l..1_,~. 1 ... __ l~-~~------__,._~-~--

6.0-

_ FJ10017.RAW 

s.s-= 

5_4__: 

•I I 

4 
I I I 

6 8 

I, 
·~-~~· 

I: 
14 16 



6.0-

- FJ10007.RAW 

5.8 ·~ 

5.6-= 

5.2-= 

' 

GAS CHROMATOGRAMS 

TEST 3-5 

5.0 ~ 11 .--+-~-''.-.J)_,_)J~.___,·-~~-------~----

T-ri-T1-r-:--,11~-r----~-, I: ' 

2 

' 
50-= ! 

- FJ10008.RAW 
I 

45-= 

40-= 

35_: 

20-= 

15_.:: 

4 

o_: I . 

5 :::j --~· ttJJ~~~'. __ .. __;,_~~1',_~'--· 
--L 

6 8 10 

----·-·· - ----

• I 

12 14 

I I i _---il~TT,T.T1T.~.~.-,-.1,1.T,T!T1T1---~ 

, I 
16 



6.0· 

- FJ10009.RAW 

5.8___: 

5.6--= 

_J 

J 
I 
~ 

2 

- FJ10010.RAW 

5.8....:..: 

5_5_:~ 

-I 

5.4--=:J 

5.2___: 

~I 

'! 

4 

1 I: 

GAS CHROMA TOG RAMS 

TEST 3-6 

I -~---,··~1'·~._,.. ... )L ________ ..... ,/~'~---·~·~ ·~·------

! 

6 8 10 12 

I I 

, I 
14 16 

. -p-;-·-.~--



6.0-

j FJ10018RAW 

5.8 -=i 

J 
_J 

_j 

5.6-= 

; 

5.4--= 

J 

80-: 
-

7.5-

7.0-

6.5-

6.0--i 

2 

FJ10019 RAW 

4 
: 

6 

GAS CHROMATOGRAMS 

TEST 3-7 

8 10 
'' I 
12 14 16 

r I ii 
- , '"--~~·I'../'~,·~~~'----•-~- _J l~J~--------···---~ 



6.0 

- FJ10013.RAW 

5.8-= 

-
I 

5.4 

5.2__:; 

1 

5.s-= 

5.6-= 

5.4---: 

s.2-=; 

FJ10015 RAW 

GAS CHROMATOGRAMS 

TEST 3-8 

~ 
-~ 

50 ::__·I.,.. ____ il,J1 __ )-!J~~·J-'~____JuJ~u---~~,!~"'-



6.0-. 

- FJ10011.RAW 

58-= 

5.6-=-: 

5.4--: 

5.2-= 

2 

6 0-, 

- FJ10012.RAW 

5.8-= 

5.6 -

5.4-= 

5.2-= 

=1 
5.0-~ 

__,_-----

-, 

2 

GAS CHROMATOGRAMS 

TEST 3.9 

, 'f4·,--, --:-.~I .~, I ~r'' --,--~--,------:--~--:-,.,---.,----~­, i' 8 10 ' I I I 1-; 
12 

4 6 
I ' ' 

rn 1? 

14 16 



v.00-

5.so-= 
-- FD18021.RAW 

5.80-=] 

5.10..::::; 

5.60__; 

-1 
)--= 

..J 

5.4o-= 

-I 

5.30-1 

~ 
..J 

2 4 

GAS CHROMATOGRAMS 

CONTROL CAR 

6 

./ 

1· 
' i 

I 't) 
'•' 

·1··-;,~~~~~--

111 



8.0-

1 FD18015.RAW 

7.5--

70-

6.5-

6.0 -

GAS CHROMATOGRAMS 

TEST 4-2 

---------,~·~--------------,-,---~----------------------,·I 

2 4 6 

8.0-

7 5-. 

1 

70= 
J 
I 

6 5_; 

6.0--i 

)I 
I 

_J 

5.0-

8 10 12 

FD18016.RAW 

- -- --------r--- - -r-; -- -----,-I---------,-,----------, -, -, -----------~ ~------, -; -, I 
A t> 

14 
I 

16 

I I: 



70-=c 

3-~ I 
FD18017RAW 

-

6.6 ~ 

64--°=: 

--

6.2 =-: 

6.0 ::_i 

5.8 = 

5.6~ 

-~ 
5.4----=: 

-< __, 

5.2~ 

7.0-= 

6.8-; 

6.6--=: 

6.4 =-: 

6.2 : 

6.0-~ 

5.8~ 
-

5.6 = 

-

2 

FD18018 RAW 

4 

GAS CHROMATOGRAMS 

TEST 4-3 

I ~ I 

6 8 10 12 14 

2 = i I 
5 0 = _____ tu __ ,., -1~j_.1. ____ } __ _AJ~·~·---~'·~--·11. __ '--'_.\ __ j,~----·~~'-----------------, 

l 

16 

/ 



bOO-

5.9o-= 
-· FD19012.RAW 

5.ao-= 

5.?o-= 

_J 

_J 

560_] 

5.30-='. 

5.20- : 

s.1 o-= 

~-;----;- ----··~--,-,---,--,--~~ 

'1 ? 

GAS CHROMATOGRAMS 

CONTROL CAR 

Q 

---·-1-----;---c:-r-r~--

-1 /"\ I -11 
A.-, 

I I ' I 

" : .' 
11/ 



6.0 -

5.8-= 

5.6--= 

5.2-= 

5 o-= 

6.0--

5.s-= 

5.6-= 

5.4-= 

5.2-= 

FD1901 RAW 

I 

GAS CHROMATOGRAMS 

TEST 4~4 

_,.__.__:• J
1
c\

1L __ ;l~~J._1_J,,i_,l ___ ~v ~;"" -"--~ _._:l_ L~'.,_,__'~J-'~--
, ___ ,., 

---, ----~! --
1 

• ~ -- --·-1·--T ' 

2 4 

FD19011.RAW 

I I 

6 8 

; -,-:--r---,-, ,-, !'""-,.-,---,-,--~ 
. a 0 

10 12 

'.i. -- --,- --- -­
·~ 



FD19006.RAW 

5.8-= 

5.2---: 

2 

6.0--, 

- FD19007RAW 

5.8= 

54-~ 

~ 
5.2~ 

j 

4 

5.o-= ;· .1· I 
-· 11 ----------·~1...J'c...-----

GAS CHROMA TOG RAMS 

TEST 4-5 

! . 
6 8 10 

I 

12 14 

1'1 _,:1-.... / 

__.....~~------ - __ ....J'--~~---1,___.._..-~f-/--~ 

16 

"'" --



6.0-

- FJ09010.RAW 

5.8-= 

5.6-1 

J 
' 

5.4-

5.2-= 

6.0-
-~ 

2 

- FJ09011.RAW 

5.s.= 

5.6-= 

J _, 

5.2-= 

' ! 

6 

GAS CHROMATOGRAMS 

TEST 3-3 

I 
8 12 

! I I -1 
14 16 

- " 5.o--=: i 1 I\ ~~J_,~....--J''~~--------------~-- .._____,,_~-- '~~-----"-----':,---------------~ 



60 

- FD19013.RAW 

5.8-= 

5.6--= 

I 
5.4-J 

] 
_J 

' 
5.2-= 

GAS CHROMATOGRAMS 

CONTROL CAR 

I "~• 

5.0-~ I I· .. ~,~-~ 
~---~·~r1,-....___,.........1 .. _ ~-------~~---

I 

2 4 6 8 10 12 

6.0·-

FD19015 RAW 

5.8-= 

5.6--= 

-
__J 

·I,,:-;--;---
6 "''" ') 

/ 

,_,..,...,.-

:\,....,.... 

, Ii 

16 

/ 



6.0~ 

~ F019017.RAW 

5.8-. 

5.6 .:-'. 

5_4_j 

5.2--= 

2 

6.0 -, 

' FD19018.RAW 

5.8__j 
~ 

' 
5.6-= 

') A 

GAS CHROMATOGRAMS 

TEST 4-7 

6 8 
I, 

: I I 

i . -;-- ,..-, --,----

12 14 16 

_.i 



6.0-, 
=1 

- FD1901 RAW 

5.8---: 

_J 

5.6 -! 

54--

5.2-= 
I 

GAS CHROMATOGRAMS 

TEST 4-8 

5.oi~• ____ l),\U~'~J1_;_:,_;J~~~~---'~--·~L~·~-·-~·,./°··~ 
-i 

6.0-

- FD19016.RAW 

s s-= 

56-= 

5.4--: 

12 14 

:./ 

16 

I _ .... -

1 

II// 
i/ 

5.o-=·,._ ______ 1t1.J1J~-."__,'-J _____ .~,1~~-------},_ ~-~-'·~·~·~._.............-·/ 
0 

/ 



6.0-

FD23007.RAW 

5.8--= 

5.6--= 

54 

5.2--= 

2 

6.0 

FD23008.RAW 

5.8 

5 e--= 

50-=- ' I I 

4 

GAS CHROMATOGRAMS 

TEST 4-9 

6 8 10 12 14 

,,.__.-'~,,.._ 

- I ' I 
--,----~- .;..J_t........,._ ..- ~- ..__._._....' 1 __ .- -~------~--~_,..__,_,.,,,__....,...,.. ......... ....., ________ .~--

--·~~-----------------------,__,.....------

··--- .. 
' 

A 0 

16 

/ 



6.0-

- FJ07006.RAW 

5.8-J 

55_] 

5_4_:_j 

5 2--= 

GAS CHROMATOGRAMS 

CONTROL CAR 

' 5.0~ ! 1'· i ~"'"-.:--~~·______,._ 
-!.----- , I -- ___.•, - ----.... --------------- ---------------
~, --------------~L~------~ - --~ 

6.0-
-, 
J 

2 

l FJ07007.RAW 

' 5.8-J 

5_~ 

' _J 

' 
5.2J 

2 

4 

·--~ I 1 

4 
I i I 

I , : I I 

6 8 10 12 14 16 

, I 1-, - -------,----,-------~--;---~ 

6 8 12 14 16 



6.0-

- FJ06013.RAW 

5.8-= 

5.6-::: 

5.4-=-: 

5.2-

GAS CHROMATOGRAMS 

TEST 5-1 

. i I , 
s.oc; i 1 J 1

1 '\ II ' --, ---' J_tLl~~ ... L _____ }i._i.J_.--!___.__,~~, ~---~,------~~·'-'·-----/~-.:·-~ 

2 

6.0-

- FJ06015.RAW 

5.~ 

5.6-= 

5.4--

I 
J 

5 2 ·: 
·1 

' ' ~ 
' 

j 
'---,r-·---.~~ ,.----~-

2 

I! I: 

4 

I: I I I 

4 

I I' I 

6 8 10 
: : 1 '2 i ·-111---,---,-, Tr ---,--,-,--~~ I I I I 

14 1'5 

I I 

6 



6.0 

- FD23011.RAW 

5.8-= 

5 s-= 

54--=f 
I 

I 
=i 

5.2__'. 

GAS CHROMATOGRAMS 

TEST 5-2 

I ~ 
5.o-=_,,,_--+--~l·_j __ IJ __ )~'-J_,~---~----~'' . __ J·.~-~· 

6 0 -

' I - ' i ' 

2 

_ FD23012.RAW 

5.8-= 

5.6-= 

5.4-= 

6 8 10 14 16 
I' I 



6.0-
-i 

_J 

J FJ06011.RAW 

s s-= 

·1 
I 

5.6__j 

54_::: 

' _J 
- FJ06012.RAW 

ss-= 

5.4-= 

5.2---' 
-
-, 

2 

GAS 

6 

CHROMATOGRAMS 

TEST 5-3 

1? 



6.0-

- FJ06007.RAW 

5 s-= 

5.6-= 

5.4__:_ 

52~ 
J 

60-

2 

- FJ06008.RAW 

5.s-=: 

5.6-= 

5.4-= 

5.2_j 
~ 

-1 

? 4 

GAS CHROMATOGRAMS 

TEST 5-4 

8 10 

I I , ·,-,-~~-

R 1n 

12 
, '1r·~--,-----,-l-I 

14 16 

'I, r-~-~.-,--- ~71-, -
~, 



6.0--

5.8-= 

5.6-= 

5.4-= 

5.2_j 
--1 

__I 

FJ06009.RAW 

GAS CHROMATOGRAMS 

TEST 5-5 

' so::: fl ' I 

I 

I', . ..-J~·' 11..--------_____.--

=.~L.J_1_.~·~,__~:,,_ ~-------~--__,___~-~~ '-----··-· ~ 

6. 0---, 
~ 

I 

2 

- FJ06010.RAW 

5.8-= 

5.6~ 

5.4-=1 

5.2-= 

4 16 

I': 

4 6 



~ FD23009.RAW 

5.8-= 

5.6-:; 
_J 

-I 
_ _J 

-
-I 

5.4--

5.2-= 

6.0-

2 

- FD23010.RAW 

5.8---=; 

_J 
_J 

~ 
J 

5.6_J 

~ 
-1, 

_J 

5.4-= 

52---:j 

J 

4 

- I 
50~ 

1
, 

--r-------------i ·-~-__,_____~~ '----' 

GAS CHROMATOGRAMS 

TEST 5-6 

6 
' I 

8 

i ___ ' -, "l~--~~-~-,-;l~ITT--;-T' I I' 

2 4 6 8 10 

/ 

' ---,-.-,~~~-,, ,.---------, -, -i -, ~ 

12 14 16 

~--,-,---

12 14 16 



6.0-

- FJ06019.RAW 

5.8_j 

5.6-= 

54_: 

5.2~ 

-i 
~ 

60~ 

2 

- FJ07009.RAW 

s.s-= 

:J 
I 

5.6-= 

5.4-= 

5.2_j 

4 

GAS CHROMATOGRAMS 

CONTROL CAR 

I I I : I I Ii I I I I I I ! l: 

8 10 

10 

: I 

14 
I I ' i I " I 

16 

-~,, ----, ~, ~, ~ 
14 1'5 



6.0-
j 

GAS CHROMATOGRAMS 

TEST 5-7 

- FJ06018.RAW 

5.8 

56~ 

5.4-: 

5.2_:::: 
I 
-j 

_J 

6.0-

5.8-= 

J 

j 
5.6-~ 

5.2--=-

~ 

FJ07010.RAW 

--·--~~ --,I ,-,---~~~:-- - -

4 6 8 
I., 

2 10 
, I' 

14 16 



6.0 -

-J 
I FJ06017.RAW 

1 
5 s-=j 

-! 
j 

_J 

5.6_::; 

54-J 
_j 

5.2_:_: 

I, 

GAS CHROMA TOG RAMS 

TEST 5-8 

--i 1'1 I ~ I C JI ' I ' s.o-:,______'·~.J~J-J_)w iL---'·-)-"'.J~...J'1~· JL·.J~J.°"'.J_~~~~ 
- """ 

6.0-, 

- FJ07011.RAW 

5.8-1 
I 

j 

-i 
I 

5.6-= 

~ 
_! 

5.~ 

J 

5.2-= 

I 
_j 

s.o-= 

'I-,-,-. 

14 16 

I 

14 16 



6.0-

j FJ06016.RAW 

5.8-=1 

' __:_:; 

I 
I 

5.6--=: 
i 

' 

5.4 .J 

J 
I 

6.0--:.J 

2 

- FJ07008.RAW 
_j 

-I 
58-j 

5.6_j 

I 
"""=! 
J 

5.4_J 

J 
I 

.I 

4 

GAS CHROMATOGRAMS 

TEST 5-9 

6 8 10 12 
. I ' I I 

14 
-~ 
' • I I 

16 



3. Calculated Emissions Test Data 

a. Data Roll-Up I Summary 
(1) Control Car 



DOT Test L ...,ontrol Car 
25/25 IM240 Comments 

Time Driver Temp RH Press NOx HC co C02 NOx HC co C02 
11/19/96 

1 144 3 0.03 15 0.82 0.16 8.79 290.6 
2 161 4 0.04 14.8 0.82 0.14 6.85 293.3 
3 0.78 0.21 7.01 288.5 
4 151 2 0 15.2 0.79 0.22 7.16 290.8 

Avg - 152 3 0.0233 15 0.8025 0.1825 7.4525 290.8 
Std-Dev 8.544 1 0.0208 0.2 0.0206 0.0386 0.9006 1.9647 
11/96196 J NOx HC co C02 NOx HC co C02 

1 143 3 0.01 15.1 0.93 0.15 6.65 288.1 
2 151 1 0.02 15.1 0.84 0.14 6.97 286.3 
3 169 8 0.01 15.2 0.85 0.18 7.32 290.7 
4 0.93 0.12 7.24 294.7 

AVG 154.33 4 0.0133 15.133 0.8875 0.1475 7.045 289.95 
STD Dev 13.317 3.6056 0.0058 0.0577 0.0492 0.025 0.3029 3.6455 

11/26/96 11 :21 c 57.2 81 30.24 NOx HC co C02 NOx HC co C02 
1 105 5 0.03 15 0.57 0.12 5.47 305.7 
2 26 0 0.05 14.9 0.62 0.12 5.89 307 
3 35 8 0.1 14.8 0.64 0.13 6.03 301.8 
4 0.67 0.16 6.61 307 

AVG 55.333 4.3333 0.06 14.9 0.625 0.1325 6 305.~9 

SID Dev 43.247 4.0415 0.0361 0.1 0.042 0.0189 0.4712 2.4609 
11/26196 13:50 c 54.5 86 30.23 NOx HC co C02 NOx HC co C02 

1 80 5 0.06 14.9 0.85 0.2 8.41 302.5 
2 68 0 0.09 14.8 0.69 0.15 5.62 299.2 
3 51 7 0.07 15.1 0.69 0.16 5.71 299.2 
4 0.76 0.14 5.67 305.1 

AVG 66.333 4 0.0733 14.933 0.7475 0.1625 6.3525 301.5 
STD Dev 14.572 3.6056 0.0153 0.1528 0.0759 0.0263 1.3722 2.8601 

12/4/96 10:11 A 47.8 65 29.83 ~ 

1 . 39 0 0.07 14.9 0.67 0.37 11.14 309.5 
2 75 3 0.05 14.9 0.58 0.28 10.6 315.5 
3 41 1 0.03 14.9 0.61 0.22 9.95 319.6 
4 0.62 0.15 7.11 321.6 

Avg 51.667 1.3333 0.05 14.9 0.62 0.255 9.7 316.55 
Std-Dev 20.232 1.5275 0.02 0 0.0374 0.0933 1.7939 5.342 

P;:iqn 1 



DOT Test ..ontrol Car 

Time Driver 
1219/96 9:29 A 

AVG 
STD Dev 

1 
2 
3 
4 

12/9/96 19:37 A 
1 
2 
3 
4 

25125 IM240 Comments 
Tern RH Press NOx HC CO C02 NOx HC CO C02 

46.85 45 29.56 NOx HC CO C02 NOx HC CO C02 
159 1 0.02 15 0.81 0.14 7.28 308.4 
94 4 0.08 14.8 0.65 0.16 7.78 328.8 
64 5 0.03 14.5 0.65 0.18 7.24 321.8 

0.67 0.11 6.1 326.8 
105.67 3.3333 0.0433 14.767 0.695 0.1475 7.1 321.45 
48.563 2.0011 0.0321 0.2511 o.on2 0.0299 0.1105 9.1846 

40.1 54 30.53 NOx HC CO C02 NOx HC CO C02 
93 3 0.01 15 0.8 0.15 3.28 318.9 
60 4 0.03 15.1 0.7 0.1 3.04 294.2 

AVG 76.5 3.5 0.02 15.05 0.75 0.125 3.16 306.55 
STD Dev 23.335 0.7071 0.0141 0.0707 0.0707 0.0354 0.1697 17.466 

12/10/96 9:49 B 42.8 45 30.63 NOx HC 
t-~~-1+-~-+-~~t----'--+-~--t~~~ 

CO C02 NOx HC CO C02 

AVG 
STD Dev 

2 
3 
4 

12/10/96 18:01 A 

AVG 
STD Dev 

1 
2 
3 
4 

12116196 

AVG 
STD Dev 

1 
2 
3 
4 

9:16 B 

43.7 30.59 

45 65 

48 
134 

3 
4 

0.01 15.1 
0.02 14.7 
0.05 14.9 

0.79 0.1 6.86 331.4 RL 25125 Run1 Systematic 
0.8 0.14 8.55 334 Error. Not used In analysis. 

0.73 0.11 8.14 342.3 
0.78 0.13 8.25 341.2 

91 3.5 0.035 14.8 o.n5 0.12 7.95 337.23 
60.811 0.7071 0.0212 0.1414 0.0311 0.0183 0.747 5.3506 

50 NOx HC CO C02 NOx HC CO C02 
82 7 0.18 14.9 0.71 0.13 4.7 308.7 
53 2 0.03 15.1 0.69 0.09 4.78 308.6 

67.5 4.5 0.105 15 0.7 0.11 4.74 308.65 
20.506 3.5355 0.1061 0.1414 0.0141 0.0283 0.0566 0.0707 

30.83 N HC co C02 NOx HC co C02 
: 52 5 0.02 15 0.69 0.12 6.23 317.4 

39 3 0.03 14.9 0.63 0.08 5.7 323 
56 4 0.02 14.9 0.64 0.11 6.34 335.1 

0.67 0.11 6.04 333.5 
49 4 0.0233 14.933 0.6575 0.105 6.0775 327.25 

8.8882 1 0.0058 0.0577 0.0275 0.0173 0.2805 8.4808 
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DOT Test~ Jontrol Car 
25/25 IM240 Comments 

Time Driver Temp RH Press NOx HC co C02 NOx HC co C02 
12/4/96 17:35 A 48.2 58 30.68 NOx HC co C02 NOx HC co C02 

1 139 6 0.13 14.7 0.81 0.19 7.38 323.1 
2 
3 
4 

AVG - 139 6 0.13 14.7 0.81 0.19 7.38 323.1 
STD Dev 

12/5196 9:28 c 43.7 48 30.8 NOx HC co C02 NOx HC co C02 
1 140 6 0.1 15 0.57 0.13 8.46 315.2 
2 66 5 0.05 14.9 0.51 0.1 6.1 319.9 
3 85 4 0.04 15 0.65 0.12 8.59 315.7 
4 0.63 0.12 8.44 323 

AVG 97 5 0.0633 14.967 0.59 0.1175 7.8975 318.45 
STD Dev 38.432 1 0.0321 0.0577 0.0632 0.0126 1.2002 3.6937 

12/5196 15:42 c 46.4 60 30.77 NOx HC co C02 NOx HC co C02 
1 44 8 0.06 15 0.67 0.17 6.61 304.4 
2 99 7 0.11 14.9 0.6 0.15 6.9 300.9 
3 42 6 0.07 15.1 0.74 0.17 7.68 307.4 
4 0.68 0.13 7.37 303.7 

AVG 61.667 7 0.08 15 0.6725 0.155 7.14 304.1 
STD Dev 32.347 1 0.0265 0.1 0.0574 0.0191 0.4Y71 2.6696 

12/6/96 10:13 A 37.8 88 30.25 NOx HC co C02 NOx HC co C02 
1 54 2 0.09 14.9 0.68 0.16 8.09 309.4 
2 36 2 0.11 14.9 0.63 0.1 6.34 327.4 
3 84 7 0.02 14.9 0.71 0.14 6.7 325.8 
4 0.79 0.18 9.31 335.2 

AVG 58 3.6667 0.0733 14.9 0.7025 0.145 7.61 324.45 
STD Dev 24.249 2.8868 0.0473 0 0.067 0.0342 1.3615 10.841 

12/6/96 14:38 c 41.5 78 30.36 NOx HC co C02 NOx HC co C02 
1 61 8 0.03 14.9 0.62 0.14 5.97 313.2 

' 2 30 1 0.01 14.3 0.6 0.11 5.3 314.4 
3 176 4 0.15 14.7 0.68 0.13 5.68 319.8 
4 0.63 0.17 7.11 315.5 

AVG 89 4.3333 0.0633 14.633 0.6325 0.1375 6.015 315.73 
STD Dev 76.922 3.5119 0.0757 0.3055 0.034 0.025 0.7799 2.8745 
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Device3 I~ . ..1 . ' 

NOx HC co C02 Comments 
Test W/O w D W/O w D W/O w 0 W/O w 0 
Car7 Plate: SGR105 

1 1.14 0.75 1.47 1.95 24.16 485.1 Car problem. DO not use In analysis 
2 1.06 0.81 1.25 1.73 17.87 490.4 leaking transmission. 
3 1.07 0.83 1.54 1.78 27.57 473.6 
4 1.09 0.86 1.42 1.68 18.75 486.1 

1.09 0.8125 0.2775 1.42 1.785 -0.365 22.0875 41 .8425 -19.755 483.8 472.475 11 .325 
Cara Plate: AG0927 

1 1.67 1.72 0.31 0.28 6.44 4.3 443.6 467.8 
2 1.61 1.63 0.28 0.25 5.57 3.92 444.2 471.4 
3 1.56 1.75 0.26 0.26 4.67 4.53 449.7 . 464.9 
4 1.62 1.82 0.24 0.26 3.75 4.07 456 473.5 

1.615 1.73 -0.115 0.2725 0.2625 0.01 5.1075 4.205 0.9025 448.375 469.4 -21.025 
Car9 Plate: TAG0385 

1 1.46 0.92 0.08 0.06 4.07 1.33 474.7 448.2 
2 1.77 1.28 0.08 0.07 0.78 0.77 471.7 450.2 
3 1.79 1.04 0.08 0.08 0.68 1.49 466.1 458.7 
4 1.58 1.2 0.07 0.09 0.58 0.62 467.6 464.6 

1.6 1.11 0.54 0.0775 0.075 0.0025 1.5275 1.0525 0.475 470.025 455.425 14.6 
Summary dbar 0.04548 dbar -0.0036 dbar 0.43524 dbar 4.55357 

stddev 0.22789 stddev 0.03775 stddev 2.86135 stddev 12.9504 
t 0.52797 t -0.2503 t 0.40244 t 0.93029 

' 



Device 1 RL 25125 
NOx HC co C02 

W/O w D W/O w D W/O w 0 W/O w D Comments 

Car1 Plate: Van 
1 817 780 19 20 0 0 10.9 10.8 
2 808 819 ~ 20 20 0 0 10.8 10.8 
3 811 834 18 21 0.01 0.12 11 10.9 

Avg 812 811 1 19 20.3333 -1.3333 0.00333 0.04 -0.0367 10.9 10.8333 0.06667 
Car2 Plate: SGS165 

1 55 21 0.18 . 14.9 Problems with next run CW device) 
2 75 174 25 60 0.19 0.73 14.9 14.3 Cloggged Line 
3 73 90 33 32 0.2 0.22 15 14.8 

Ava 67.6667 132 -64.333 26.3333 46 -19.667 0.19 0.475 -0.285 14.9333 14.55 0.38333 
Car3 Plate SGP208 

1 100 98 39 39 0.17 0.2 14.7 14.6 
2 128 98 37 36 0.43 0.17 14.6 14.7 
3 104 103 47 37 0.3 0.17 14 14.2 

Avg 110.667 99.6667 11 41 37.3333 3.66667 0.3 0.18 0.12 14.4333 14.5 -0.0667 

Car4 Plate: 5704 
1 132 98 33 27 0.24 0.19 15 15 
2 129 86 30 30 0.25 0.23 14.9 14.9 
3 104 53 30 20 0.22 0.16 14.9 15.1 

Avg 121 .667 79 42.6667 31 25.6667 5.33333 0.23667 0.19333 0.04333 14.9333 15 -0.0667 

Cars Plate: Z338 
1 582 361 30 23 0 0.01 13.1 Run 1 - Systematic Error 
2 489 369 28 20 0 0 13 13 Not used In analysis. 
3 568 457 29 23 0 0 12.9 13.2 

Avg 528.5 395.667 132.833 28.5 22 6.5 0 0.00333 -0.0033 12.95 13.1 -0.15 

Cars Plate: S199 .. 
1 158 168 10 14 0.07 0.11 14.9 14.9 

2 127 134 17 12 0.09 0.11 14.5 14.9 

3 151 153 17 11 0.12 0.08 14.8 14.9 
Avg 145.333 151.667 -6.3333 14.6667 12.3333 2.33333 0.09333 0.1 -0.0067 14.7333 14.9 -0.1667 
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Device 5 IM. 
NOx HC co C02 Comments 

Test W/O w D W/O w D W/O w D W/O w D 
Car1 K-Car Plate: SGM76E 

1 1.22 1.22 0.29 0.3 10.62 8.78 313.9 318.1 
2 1.1 8 1.32 0.43 0.44 15.82 15.45 310.9 316.9 
3 1.04 1.35 0.37 0.35 14.81 11.7 313.3 338.4 
4 1.2 1.37 0.36 0.44 13.22 18.2 314.4 314.8 

1.16 1.315 -0:155 0.3625 0.3825 -0.02 13.6175 13.5325 0.085 313.125 322.05 -8.925 
Car2 K-Car Plate: SCEV4 

1 1.39 1.37 0.1 0.09 6.54 3.98 334.3 333.9 
2 1.48 1.56 0.1 0.06 7.68 1.94 336.9 340 
3 1.58 1.56 0.15 0.06 8.96 1.76 342.7 339.4 
4 1.49 1.71 0.1 0.07 9.09 3.4 343.1 339.5 

1.485 1.55 -0.065 0.1125 0.07 0.0425 8.0675 2.77 5.2975 339.25 338.2 1.05 
Car3 Dodae Pick-up Plate: TD4501 

1 3.52 3.26 0.13 0.14 0.41 0.42 502.1 491 .8 
2 3.51 2.99 0.13 0.14 0.58 0.6 499.2 488.8 
3 3.74 3.16 0.13 0.13 0.09 0.3 515.3 495.8 
4 3.83 2.89 0.12 0.14 0 0.67 494.3 513.1 

3.65 3.075 0.575 0.1275 0.1375 -0.01 0.27 0.4975 -0.2275 502.725 497.375 5.35 
Car4 Chevv Crusler Plate: 835 

1 1.31 1.27 0.25 0.16 10.29 3.83 487.1 491.1 
2 1.2 1.32 0.25 0.17 9.39 3.61 483.6 496.8 Suspected equip problem 
3 1.27 1.18 0.25 0.19 11 .27 4.16 488.1- run 3 w not used In analysis -
4 1.23 1.4 0.3 0.16 13.77 3.53 492.2 505.9 

1.2525 1.33 -0.0775 0.2625 0.1 6333 0.09917 1 us 3.65667 7.52333 487.75 497.933 -10.183 
Cars K-Car Plate: SGM95G 

1 1.17 1.19 0.11 0.1 4.3 3.52 322.4 323.2 
2 1.14 1.25 0.11 0.14 5.14 7.51 329.1 320.2 
3 1.1 9 1.24 0.13 0.11 6.35 3.89 330.3 323.3 
4 1.2 1.3 0.1 0.'11 4.36 3.69 335.9 329.4 

1.175 1.245 -0.07 0.1125 0.1't5 -0.0025 5.0375 4.6525 0.385 329.425 324.025 5.4 
Car6 Chevv Crusler Plate: SCEV6 

1 0.77 0.74 0.09 0.06 0 15 1.r'"~ . . ::~~:~~~· ·: .... ' : 445.4 449.7 Insufficient warm up, run 1 w 
2 0.8 0.76 0.07 0.06 0.02 0.08 457 462.4 not used In analysis. 
3 0.67 0.75 0.07 0.08 0.09 0.1 465.2 453.2 
4 0.79 0.78 0.07 0.07 0.1 4 0 457.2 450.4 

0.7575 0.76333 -0.0058 0.075 0.07 0.005 0.1 0.06 0.04 456.2 455.333 0.86667 
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Device 4 IM240 
NOx HC co C02 Comments 

Test W/O w D W/O w D W/O w D WIO w D 
Car1 Cavalier Wa on Plate: SGP735 

1 1.16 1.1 0.12 0.09 1.94 1.21 388.4 331.7 
2 1.32 1.17 0.09 0.09 2.12 0.95 397.4 337.9 
3 1.4 1.05 0.1 0.1 1.84 2.65 371 .5 349.1 
4 1.18 0.08 0.93 345.9 

1.29333 1.125 0.16833 0.10333 0.09 0.01333 1.96667 1.435 0.53167 385.767 341.15 44.6167 
Car2 Crusler Plate: T AG0132 

1 3.71 2.06 1.'1 0.85 16.79 6.5 432.5 457 
2 3.7 2.04 1.02 0.68 14.46 5.14 437.1 462.4 
3 3.65 2.11 1.2 0.74 18.24 5.72 447.8 467 
4 3.63 1.11 17.9 444.1 

3.6725 2.07 1.6025 1.1075 0. 75667 0.35083 16.8475 5.78667 11.0608 440.375 462.133 -21 .758 
Car3 Dod R; Plate: K9 Car 

1 5.13 4.73 0.96 0.44 33.88 6.09 653.6 681 .9 
2 5.05 4.9 0.95 0.36 35.95 4.17 548.9 588.2 
3 5.21 4.6 0.96 0.38 35.84 4.62 547.1 591.6 
4 5.28 4.48 0.91 0.4 33.83 5.48 550.3 580.5 

5.1675 4.6775 0.49 0.945 0.395 0.55 34.875 5.09 29.785 549.975 585.55 -35.575 
Car4 Cruiser Plate: T AG07 44 

0.85 0.62 0.97 436.6 Bimodal Distribution 
0.99 0.79 1.1 436.2 Apparent Cra problem 

1 0.62 0.9 431 .9 Not used In analysis. 
0.92 0.54 1.03 432.6 

0.975 0.94 0.035 0.6425 -0.3125 3.865 1 2.865 486.55 434.325 52.225 
Car5 K-Car Plate: SGP47P 

1 0.99 0.65 0.18 0.09 6.11 2.72 305.7 293.7 
2 1.12 0.72 0.23 0.87 8.52 1.82 312.4 295.3 Run 4 w tire went flat 
3 1.21 0.65 0.25 0.0'7 9.57 1.96 330.6 294 Not used In analysis 
4 1.24 0.64 0.22 0.09 7.68 4.45 339 308.6 

1.14 0.67333 0.46667 0.22 0.07667 0.14333 7.97 2.16667 5.80333 321 .925 294.333 2 .5917 
Car6 Pl mouth Plate: SGR583 

1 1.19 0.15 7.97 286.1 
2 1.02 0.59 0.12 0.08 4.81 4.08 285.9 272.4 
3 1.17 0.57 0.14 0.07 6.75 2.54 286.5 279.6 
4 1.01 0.62 0.09 0.07 5.09 3.49 289.6 293.9 

1. 0975 0.59333 0.50417 0.125 0.07333 0.05167 6.155 3.37 2.785 287.025 281.967 5.05833 

Page 1 



Device 4 IM. 
NOx HC co C02 Com·ments 

Test WIO w D WIO w D W/O w D W/O w D 
Car7 K-Car Plate: SPZ647 

1 0.27 0.43 0.2 0.21 5.81 5.19 322.7 301.8 
2 0.37 0.46 0.2 0.19 6.09 4.31 321.2 300.7 
3 0.38 0.47 0.17 0.19 5.81 3.63 327.4 299.5 
4 0.38 0.46 0.2 0.15 4.97 4.74 334.3 300.8 

0.35 0.455 -0.105 0.1925 0.185 0.0075 5.67 4.4675 1.2025 326.4 300.7 25.7 

Care RAM Var Plate: SGM68U 
1 5.45 5.52 0.5 0.21 8.71 0.08 653.3 608.9 
2 5.91 5.52 0.47 0.22 5.18 0.02 631.5 651.1 
3 5.87 5.72 0.55 0.25 5.18 0.23 618.7 613.9 
4 5.83 5.79 0.69 0.2 6.65 0.18 618.6 617.4 

5.765 5.6375 0.1275 0.5525 0.22 0.3325 6.43 0.1275 6.3025 630.525 622.'825 7.7 
Car9 RAM Pick·UP Plate: T05666 

1 1.92 1.91 0.17 0.15 1.14 0.15 506.2 496.6 
2 1.98 2.07 0.19 0.14 1.8 0.01 500.4 496.1 
3 2.12 1.9 0.18 0.14 2.12 0.16 504.8 454.5 
4 2.35 0.23 1.12 508.5 

2.0925 1.96 0.1325 0.1925 0.14333 0.04917 1.545 0.10667 1.43833 504.975 482.4 22.575 
Summary dbar 0.42333 dbar 0.18729 dbar 7.36365 dbar 9.48854 

stddev 0.52366 stddev 0.20049 stddev 9.71491 stddev 26.7947 
t 2.28653 I • 2.6422 I 2.14387 t 1.0016 
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DOT Test L ,ontrol Car 
25125 IM240 Comments 

Time Driver Temp RH Press NOx HC co C02 NOx HC co C02 
12/16196 20:00 A 47.3 86 30.77 NOx HC co C02 NOx HC co C02 

1 102 1 0.09 14.8 0.88 0.11 6.28 352 
2 103 7 0.03 14.9 0.8 0.11 5.07 348.2 
3 34 3 0.02 14.8 0.84 0.11 5.92 341.8 
4 

AVG - 79.667 3.6667 0.0467 14.833 0.84 0.11 5.7567 347.33 
SID Dev 39.552 3.0551 0.0379 0.0577 0.04 0 0.6213 5.1549 

12/17/96 13:29 c 51.8 99 30.59 NOx HC co C02 NOx HC co C02 
1 79 2 0.01 14.8 0.78 0.18 7.48 308.8 
2 59 3 0.01 14.7 0.69 0.21 6.66 313.9 
3 101 0 0.02 14.9 0.73 0.17 8.23 317.9 
4 0.82 0.2 ·9.3 320.8 

AVG 79.667 1.6667 0.0133 14.8 0.755 0.19 7.9175 315.35 
STD Dev 21.008 1.5275 0.0058 0.1 0.0569 0.0183 1.1227 5.2029 

12/18/96 15:11 c 58.55 67 30.46 NOx HC co C02 NOx HC co C02 
1 82 4 0.02 14.1 0.71 0.16 7.43 300.2 
2 95 5 0.02 14.8 0.64 0.18 8.06 298.2 
3 67 4 0.01 14.8 0.55 0.17 6.82 301.7 
4 0.72 0.17 7.55 304.7 

AVG 81.333 4.3333 0.0167 14.567 0.655 0.17 7.465 301.2 
STD Dev 14.012 0.5774 0.0058 0.4041 0.0785 0.0082 0.5094 2.7386 

12/18/96 19:53 A 53.6 71 30.4~ NOx HC co C02 NOx HC co C02 
1 99 B 0.01 14.7 1 0.18 5.65 299.9 
2 115 2 0.15 14.5 0.96 0.11 4.79 302.9 
3 136 3 0.01 15 1.03 0.11 4.76 299.8 
4 0.99 0.13 5.82 305.9 

AVG 116.67 4.3333 0.0567 14.733 0.995 0.1325 5.255 302.13 
STD Dev 18.556 3.2146 0.0808 0.2517 0.0289 0.033 0.5587 2.8987 

12/19/96 9:03 8 42.8 88 30.46 Nux HC co C02 NOx HC co C02 
1 : 70 3 0.02 14.9 0.69 0.07 5.02 318.3 
2 52 0 0.02 14.B 0.65 0.1 5.06 319.6 
3 100 4 0.01 14.9 0.62 0.09 5.63 318.7 
4 0.66 0.1 6.21 317.7 

AVG 74 2.3333 0.0167 14.867 0.655 0.09 5.48 318.52 
STD Dev 24.249 2.0817 0.0058 0.0577 0.0289 0.0141 0.5608 0.7974 
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DOT Test . ontroi Car · ' 

25125 IM240 Comments 
Time Driver Temp RH Press NOx HC co C02 NOx HC co C02 

12/19/96 20:19 A 43.7 77 30.33 NOx HC co C02 NOx HC co C02
1 

1 127 4 0.07 15 0.84 0.08 3.97 333.7 
2 94 5 0.03 15 0.83 0.09 4.53 335.4 
3 .~:i: .. :·, .• 

"- ..... . ffll~"-11 '7;( ' :~~· •• ~ ~~~:! . ' .t .. ~ ' b.74 0.1 4.39 335.8 RL 25125 Run 3 Systematic 
4 0.77 0.09 6.41 335.3 Error. Not used In analysis. 

AVG - 110.~I 4.5
1 

o.o~I 15 0.795 0.09 4.825 335.05 
SID Dev 23.335 0.7071 0.0283 0 0.048 0.0082 1.0831 0.9256 

12/20/96 9:16 B 27.5 43 30.39 NOx HC co C02 NOx HC co C02 
1 117 6 0.1 14.9 0.75 0.12 10.53 316.2 
2 229 3 0.06 15.1 0.65 0.08 7.44 334.7 
3 292 3 0.06 15 0.68 0.11 8.53 342.6 
4 0.7 0.1 7.16 339 

AVG 212.67 4 0.0733 15 0.695 0.1025 8.415 333.13 
SID Dev 88.636 1.7321 0.0231 0.1 0.042 0.0171 1.5288 11.736 

12120/96 15:51 B 31.1 40 30.68 NOx HC co C02 NOx HC co C02 
1 84 7 0.03 15.2 0.8 0.12 7.27 330.5 
2 60 3 0.02 15.3 0.61 0.11 8.15 339.7 
3 235 4 0.05 15.2 0.74 0.12 8.75 332.1 
4 0.81 0.13 11.31 371.1 

126.33 4.6667 0.0333 15.233 0.74 0.12 8.87 343.35 
94.87 2.0817 0.0153 0.0577 0.092 0.0082 1.7365 18.93 

1/8/97 10:14 8/A 31 .1 36 30.67 NOx HC co C02 NOx HC co C02 
1 107 1 0.01 15 0.72 0.12 8.75 315.5 
2 56 1 0.02 14.9 0.7 0.17 8.82 320.7 
3 50 0 0.02 14.3 0.7 0.1 7.64 317.9 
4 0.76 0.1 6.91 330 

AVG 71 0.6667 0.0167 14.733 0.72 0.1225 8.03 321.03 
STD Dev 31.321 0.5774 0.0058 0.3786 0.0283 0.033 0.9218 6.3495 

1/9/97 9:00 A 31 .1 47 30.69 NQx HC co C02 NOx HC co C02 
1 : 174 2 0.02 14.8 0.72 0.13 10.63 316.8 
2 118 3 0.01 14.8 0.62 0.12 6.71 327.5 
3 i~l8jfl~JBB~llWWWf;8 -~"'"· .~ti@~ .,::::;.,. ...;;".@k~, .... ~,M ... :>W>:::::::<~':~::~· . ..<;,: 0.72 0.15 10.29 328.7 RL 25125 Run 3 Systematic 
4 0.68 0.2 11.57 330.8 Error. Not used in analysis. 

AVG 14~1 2 . ~, 0.0151 14.8 0.685 0.15 9.8 325.95 
SID Dev 104.29 9.5394 0.0551 9.3531 0.0473 0.0356 2.1299 6.2506 
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3. Calculated Emissions Test Data 

a. Data Roll-Up I Summary 

b. Individual Statistical Data 

.. 



3. Calculated Emissions Test Data 

a. Data Roll-Up I Summary 
(2) ASM 2525 



Device 1 RL 25125 
NOx HC co C02 

WIO w D WIO w D W/O w D W/O w D Comments 
Car7 Plate: DID43 

1 422 610 1 8 0 0 14.7 14.9 
2 127 143 3 0 0 0 14.8 15 
3 423 144 1 2 0 0 15 ' 15 

Av 324 299 25 1.66667 3.33333 -1.6667 0 0 0 14.8333 14.9667 -0.1333 
Car8 Plate: GKD11C 

1 112 106 10 12 0.08 0.04 15 15 Run 2 - Systematic Error 
2 114 12 0.05 14.9 Not used In analysis. 
3 72 114 11 11 0.05 0.06 14.9 14.4 

Av 92 111.333 -19.333 10.5 11.6667 -1.1667 0.065 0.05 0.015 14.95 14. 7667 0.18333 
Car9 Plate: SGN376 

1 '96 10 0.35 14.5 Car performance degrades slg 
2 47 26 1.17 13.9 from test 1 to test 2 
3 45 55 1.87 13.1 Not used In ana sis. 

Av 62.6667 59 3.66667 30.3333 108.667 -78.333 1.13 3.00333 -1.8733 13.8333 12.7333 1.1 
Summary AvgD 15.3125 AvgD -0.75 AvgD -0.0192 Avg D 0.00625 

Std Dev 57.1827 Std Dev 8.2616 StdOev 0.11722 StdDev 0.19333 
t 0.7574 t -0.2568 t -0.4625 t 0.09144 

' 

I '11uo :· 



.· ) 

Device 2 Rl 25125 
NOx HC co C02 

WIO w D W/O w D W/O w D W/O w D Comments 
Car 1 Plate: SGS552 

1 227 119 52 64 0.27 0.28 14.7 15.1 
2 231 202 - 59 63 0.33 0.32 14.7 14.9 
3 214 197 50 68 0.33 0.35 14.7 14.9 

Avg 224 172.667 51.3333 53.6667 65 -11.333 0.31 0.31667 -0.0067 14.7 14.9667 -0.2667 
Car2 Plate: DTT743 

1 3108 3009 155 154 0.66 0.54 14.2 14.2 
2 3197 3036 160 149 0.68 0.52 14 14.1 
3 3144 3065 156 153 0.64 0.59 14.1 14.2 

Avg 3149.67 3036.67 113 157 152 5 0.66 0.55 0.11 14.1 14.1667 -0.0667 
Car3 Plate SGMU16U 

1 1089 1090 21 20 0.01 0.01 11 .3 11.4 
2 1219 1141 24 21 0.01 0.01 11.4 11.4 
3 1135 1217 20 20 0.01 0.01 11.4 11.5 

Avg 1147.67 1149.33 -1.6667 21.6667 20.3333 1.33333 O.Q1 0.01 0 11.3667 11.4333 -0.0667 
Car4 Plate: SGN936 

1 283 198 20 20 0.01 0 14.3 14.1 Run 2 - System error 
2 396 198 39 20 0.03 0 14.1 Not used In analysis. 
3 228 200 23 21 0 0 14.2 14.1 

Avg 255.5 198.667 56.8333 21.5 20.3333 1.16667 0.005 0 0.005 14.25 14.1 0.15 
Cars Plate: SGZ353 

1 375 714 22 35 0 0.01 12.4 Run -1 System error 
2 449 386 32 25 0.01 0.01 12.8 12.6 Not used In analysis. 
3 208 194 19 19 0.01 0 12.5 12.5 

Avg 344 290 54 24.3333 22 2.33333 0.00667 0.005 0.00167 12.5667 12.55 0.01667 

Car6 Plate: 916 ' ' 

1 1083 1072 40 44 0.14 0.25 15.1 15 
2 1296 1032 40 37 0.19 0.2 14.8 15.1 
3 1216 1000 42 39 0.27 0.16 14.8 15.1 

Avg 1198.33 1034.67 163.667 40.6667 40 0.66667 0.2 0.20333 -0.0033 14.9 15.0667 -0.1667 
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Device 2 Rl 25125 
NOx I HC co C02 

W/O w D W/O w D W/O w D W/O w D Comments 
Car7 Plate: P428 

1 387 598 9 33 0.02 . ,~~ -,._ 15 14.6 Car not warm. Data #1 not used. 
2 419 644 - 10 9 0.03 0 14.9 14.9 
3 550 582 8 13 0 0.02 14.9 15 

Avg 452 613 -161 9 11 -2 0.01667 O.Q1 0.00667 14.9333 14.95 -0.0167 
Cara Plate: R484 

1 293 355 55 59 0.02 0.02 14.1 14.1 
2 298 296 57 55 0.01 0.02 13.8 13.9 
3 322 345 53 51 . 0.01 0.02 14.1 14.1 

Ava 304.333 332 -27.667 55 55 0 0.01333 0.02 -0.0067 14 14.0333 -0.0333 
Car9 Plate: SGR683 

1 270 296 32 27 0.03 0.02 14.2 14.2 
2 272 284 28 33 0.02 0.02 14.2 14.2 
3 229 266 34 32 0.02 0.02 14.2 14.2 

Avg 257 282 -25 31 .3333 30.6667 0.66667 0.02333 0.02 0.00333 14.2 14.2 0 
Summary Avg D 24.8333 AvgD -0.2407 Avg D 0.01222 Avg D -0.05 

StdDev 93.6088 Std Dev 4.56063 Std Dev 0.03698 StdDev 0.11696 
t 0.79587 t -0.1584 t 0.99158 t -1.2824 

' 
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Device 2 RL 25/25 

NOx 'HC co C02 
W/O w D W/O w D W/O w D W/O w D Comments 

Car7 Plate: P428 
1 387 598 9 33 0. 02 ,,,,,,,,,,,.,,,,,,n:i"'~i 15 14.6 Car not warm. Data #1 not used. 

.•.·...:· 

2 419 644 - 10 9 0.03 0 14.9 14.9 
3 550 582 8 13 0 0.02 14.9 15 

Avg 452 613 -161 9 11 -2 0.01667 0.01 0.00667 14.9333 14.95 -0.0167 

Cara Plate: R484 
1 293 355 55 59 0.02 0.02 14.1 14.1 
2 298 296 57 55 0.01 0.02 13.8 13.9 
3 322 345 53 51 0.01 0.02 14.1 14.1 

Avg 304.333 332 -27.667 55 55 0 0.01333 0.02 -0.0067 14 14.0333 -0.0333 

Car9 Plate: SGR683 
J 

1 270 296 32 27 0.03 0.02 14.2 14.2 
2 272 284 28 33 0.02 0.02 14.2 14.2 
3 229 266 34 32 0.02 0.02 14.2 14.2 

Avg 257 282 -25 31.3333 30.6667 0.66667 0.02333 0.02 0.00333 14.2 14.2 0 
Summary Avg D 24.8333 Avg D -0.2407 Avg D 0.01222 Avg D -0.05 

Std Dev 93.6088 Std Dev 4.56063 Std Dev 0.03698 Std Dev 0.11696 
t 0.79587 t -0.1584 t 0.99158 t -1.2824 
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Device ::. • l5125 Test . I 

NOx HC co C02 
W/O w D W/O w D W/O w D W/O w D Comments 

Car 1 Plate: Z331 
1 390 269 13 15 0.06 0.05 12.6 12.7 
2 189 322 16 21 0.03 0.05 12.2 12.8 
3 259 337 21 10 0.13 0.05 13.3 12.6 

Avg 279.333 309.333 -30 16.6667 15.3333 1.33333 0.07333 0.05 0.02333 12.7 12.7 -4E-15 : 
Car2 Plate: SGM47H -

1 301 408 17 23 0.05 0.04 14.2 14.1 
2 379 440 22 25 0.02 0.04 14.2 14.3 
3 316 453 24 27 0.02 0.05 14.3 14.2 

Avg 332 433.667 -101 .67 21 25 -4 0.03 0.04333 -0.0133 14.2333 14.2 0.03333 
Car3 Plate: TAG0725 

1 12 11 2 0.03 0 14.8 14.9 Large difference between w/o w 
' 2 10 3 5 0.03 0 14.7 15 for NOx 

3 10 14 4 0.04 0 14.9 14.8 Not used In analvsls. 
Avg 10.6667 339.333 -328.67 9.33333 3.66667 5.66667 0.03333 0 0.03333 14.8 14.9 -0.1 
Car4 Plate: SGP46B 

1 1154 1435 20 22 0.18 0.17 12.8 13 
2 1206 837 19 8 0.2 0.09 12.9 12.6 
3 827 825 2 8 0.1 0.12 12.7 12.7 

AV!l 1062.33 1032.33 30 13.6667 12.6667 1 0.16 0.12667 0.03333 12.8 12.7667 0.03333 
Cars Plate: SGM92E 

1 157 153 ~ 0 13.7 Large difference between w/o w .. 
2 129 135 6 0 13.7 for all species. degradation w/in test. 
3 300 173 7 0 13.7 Not used in analvsls. 

Avg 195.333 153.667 41 .6667 5.33333 433.333 -428 0 7.50667 -7.5067 13.7 9.13333 4.56667 

Car6 Plate: SGN181 
1 1499 1719 21 8 0.22 0.12 14.7 14.9 
2 1623 1454 21 15 0.15 0.15 14.6 14.8 
3 1641 1519 19 ' 15 0.28 0.15 14.6 14.8 

Avg 1587.67 1564 23.6667 20.3333 12.6667 7.66667 0.21667 0.14 0.07667 14.6 14.8333 -0.2333 



Device ~ _ -~25 Test 
NOx HC co C02 

W/O w 0 W/O w 0 W/O w D WIO w D Comments 
Car? Plate: SGR105 

1 478 259 149 208 0.17 0.25 11.5 12.4 
2 487 313 143 196 0.15 0.2 11.5 12.1 
3 510 313 121 200 0.14 0.2 11.7 12.3 

Avg 491.667 295 196.667 137.667 201.333 -63.667 0.15333 0.21667 -0.0633 11.5667 12.2667 -0.7 

Cara Plate: TAG0927-
1 837 964 27 29 0.04 0.02 14.9 14.9 
2 627 850 27 29 0.1 0.03 14.8 14.7 
3 723 709 26 26 0.06 0.14 14.9 14.7 

Avg 729 841 -112 26.6667 28 -1.3333 0.06667 0.06333 0.00333 14.8667 14.7667 0.1 
Car9 Plate: TAG0385 

1 831 344 3 1 0 0.03 14.6 14.3 
2 1235 799 0 7 0 0 14 14.7 
3 914 683 4 3 0 0 14.4 14.6 

Avg 993.333 608.667 384.667 2.33333 3.66667 -1.3333 0 0.01 -0.01 14.3333 14.5333 -0.2 

Summary Avg D 55.9048 Avg D -8.619 Avg D 0.00714 Avg D -0.1381 
Std Dev 177.956 Std Dev 24.5443 Std Dev 0.04373 Std Dev 0.27784 
t 0.83116 t -0.9291 t 0.43211 t ·1.315 



Device 4 RL 25/25 
NOx HC co C02 

W/O w D W/O w D W/O w D W/O w D Comments 

Car1 Plate: SGP735 
1 388 174 36 14 0.14 0.02 14.9 14.9 
2 209 92 15 14 0.06 0.02 14.9 14.9 
3 692 127 44 12 0.09 0.02 14.9 14.9 

Avg 429.667 131 298.667 31.6667 13.3333 18.3333 0.09667 0.02 0.07667 14.9 14.9 0 

Car2 Plate: TAG0132 - . 

1 1847 1367 143 136 0.64 0.65 12.7 12.9 
2 2035 912 141 127 0.77 0.48 12.8 13.1 
3 1880 1154 

J 
145 133 0.64 0.59 12.6 13 --·---

Avg 1920.67 1144.33 776.333 143 132 11 0.68333 0.57333 0 11 12.7 13 -0.3 

Car3 Pt ate K9 Car 
--·-- - --

1 2771 2631 79 55 0.48 O.Ol 10.8 11.4 ·-
2 2786 2565 82 53 0.62 0.08 10.9 11.6 
3 2879 2632 91 48 0.74 0.06 10.9 11.8 -----

Avg 2812 2609.33 202.667 84 52 32 0.61333 0.07 o r:i4:133 10.8667 11.6 -0.7333 ., ... 
Car4 Plate: TAG7044 

···--
1 229 25 9 7 0.08 0.07 14.8 14.8 

i 
2 127 71 13 0 0.28 0.06 14.8 15 

I 3 100 21 17 9 0.3 0.09 14.8 14.8 
!Avg 152 39 113 13 5.33333 7.66667 0.22 0.07333 0.14667 14.8 14.8667 -0.0667 
iCar5 Plate: SGP47P ---

1 131 34 5 4 0.17 0 14.5 14.·I 
2 116 76 12 9 0.14 0 14.6 14 6 
3 273 29 14 2 0.11 0.02 14.7 14.6 

Avg 173.333 46.3333 127 10.3333 5 5.33333 0.14 0.00667 0.13333 14.6 14.5333 0.06667 
Car6 Plate: SGR583 

1 214 144 9 ~ 0 0 14 13.8 
2 203 141 10 o: 0 0 14 13.9 
3 194 158 8 0 0 0 14 14.2 

··--·---
Avg 203.667 147.667 56 9 2 7 0 0 0 14 13.9667 0.03333 

~-·~ 
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,1 

DeVice 4 AL 25/25 --·· 
NOx HC co C02 

W/O w D WIO w D W/O w D W!O w D Comments 

Car? Plate: SPZ647 
··- ·- -1-

1 71 61 29 80 0.09 0.21 14.6 14.9 
' 2 18 51 38 88 0.26 0.28 14.5 14.9 

3 57 35 60 57 0.19 0.2 14.6 14.9 ... 
Avg 48.6667 49 ·0.3333 42.3333 75 ·32.667 0.18 0.23 .() 05 14.5667 14.9 ·0.3333 -· Cars Plate: SGM68U 

-- ~- -------
1 1403 1260 32 15 0.04 0.01 9 8.8 
2 1410 1414 32 9 0.04 0.01 9.1 8.9 
3 1378 1335 35 16 0.04 0.01 9.1 8.9 - - . -

Avg 1397 1336.33 60.6667 33 13.3333 19.6667 0.04 0.01 0.03 9.06667 8.86667 0.2 
--~-,---~· 

Car9 Plate: T05666 
-~~~- - -· -· .. 

1 293 261 12 0 0 0.01 10.5 10.3 .. 
2 305 263 13 13 O.Q1 (l 10.5 10.3 
3 314 296 14 0 0.01 0.01 10.5 10.3 

Avg 304 273.333 30.6667 13 4.33333 8.66667 0.00667 0.00667 0 10.5 10.3 0.2 .. --~ 
Summary Avg 0 184.963 Avg 0 8.55556 Avg D 0.11 Avg 0 ·0.1037 

Std Dev 240.24 StdDev 17.6336 StdDev 0.1757 Std Dev 0.30251 
t 2.30973 t 1.45555 t 1.87815 t -1.0284 
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Device 5 RL 25125 
NOx HC co C02 

W/O w D W/O w D WIO w D W/O w D Comments 
Carl Plate: SGM76E 

1 329 340 14 12 0.02 0.02 13.6 13.9 
2 317 361 - 14 18 0.03 0.02 13.6 13.8 
3 311 317 15 22 0.02 0.02 13.5 13.8 

Avg 319 339.333 -20.333 14.3333 17.3333 -3 0.02333 0.02 0.00333 13.5667 13.8333 -0.2667 
Car2 Plate: SCEV4 

1 623 837 13 6 0 0 14.3 13.5 
2 608 574 2 2 0 0 14.3 13.9 
3 436 1003 2 7 0 0 14.3 13.8 

Avg 555.667 804.667 -249 5.66667 5 0.66667 0 0 0 14.3 13.7333 0.56667 
Car3 Plate: T04501 

1 2056 2530 19 21 0 0 11.3 10.9 
2 1980 2321 29 20 0 0 11.3 11.1 
3 1866 2253 18 14 0 0 11.4 11.2 

Avg 1967.33 2368 -400.67 22 18.3333 3.66667 0 0 0 11.3333 11.0667 0.26667 
Car4 Plate: 835 

1 222 375 12 18 0.09 0.08 14.6 14.9 
2 206 454 11 22 0.06 0.05 14.5 14.3 
3 224 359 10 15 0.07 0.04 14.9 14.4 

Avg 217.333 396 -178.67 11 18.3333 -7.3333 0.07333 0.05667 0.01667 14.6667 14.5333 0.13333 
Cars Plate: SGM95G 

1 272 253 9 7 0 0 13.9 13.9 
2 215 312 9 12 0 0 14 13.5 
3 171 279 9 12 0 0 14 13.9 -

Avg 219.333 281.333 -62 9 10.3333 -1.3333 0 0 0 13.9667 13.7667 0.2 

Car6 Plate: SCEV6 " 
1 95 496 2 I 18 0 0 14.8 15.2 
2 150 548 1 3 0 0 14.7 14.9 
3 244 554 1 4 0 0 14.8 15.1 

Avg 163 532.667 -369.67 1.33333 8.33333 -7 0 0 0 14.7667 15.0667 -0.3 
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Device 5 RL 25125 
NOx HC co C02 

W/O w D W/O w D W/O w D W/O w D Comments 
Car7 Plate: P35P 

1 2908 2678 16 15 0 0 10.2 10.2 -
2 3504 2838 20 19 0 0 10.3 10.2 
3 3498 3169 22 13 0 0 10.4 10.5 

Avg 3303.33 2895 408.333 19.3333 15.6667 3.66667 0 0 0 10.3 10.3 0 
Cara Plate: SGP15U r 

1 2321 2055 45 42 0.04 0.02 11.4 10.91 Run 3 System error. 
2 2090 2165 71 44 0.16 0.03 11.9 11 .1 Not used in analysis. 
3 2183 47 0.05 11.4 

Ava 2205.5 2134.33 71 .1667 58 44.3333 13.6667 0.1 0.03333 0.06667 11.65 11.1367 0.51333 
Car9 Plate: SGRSOO 

1 270 262 11 15 0.02 0.03 14 14.2 
2 268 337 19 19 0.03 0.02 14 14 
3 236 266 18 18 0.02 0.02 13.6 14.1 

AVQ 258 288.333 -30.333 16 17.3333 -1 .3333 0.02333 0.02333 0 13.8667 14.1 -0.2333 
Summary AvgD -92.352 Avg D 0.18519 Avg D 0.00963 Avg D 0.09778 

StdDev 247.823 Std Dev 6.4142 Std Dev 0.02208 StdDev 0.32462 
t -1.118 t 0.08661 t 1.30862 t 0.90362 

1' 



3. Calculated Emissions Test Data 

a. Data Roll-Up I Summary 
(3) IM 240 



DOT Emlss1. . , est Program, IM240 Data , ,I 

Device 1 IM240 
NOx HC co C02 Comments 

Test W/O w D W/O w D W/O w 0 W/O w D 
Car1 Van 

1 2.89 2.89 0.24 0.23 5.99 6.51 532.9 512.9 
2 2.95 2.76 0.26 0.24 6.08 5.93 540.3 520.9 
3 2.92 2.91 - 0.24 0.24 7.17 6.86 538 519.6 
4 2.92 2.73 0.24 0.27 6.5 9.75 535.2 531.9 

AVG 2.92 2.8225 0.0975 0.245 0.245 0 6.435 7.2625 -0.8275 536.6 521.325 15.275 
Car2 RedK Plate: SGS165 

1 0.71 0.74 0.41 0.34 11 .96 13.25 302 309.8 
2 0.69 o.n 0.4 0.33 11 .32 10.82 302.9 317 
3 0.64 0.81 0.42 0.37 11 .22 8.14 307.6 314.7 
4 0.79 0.66 0.37 0.26 14.35 7.56 307.9 316.7 

AVG 0.7075 0.745 -0.0375 0.4 0.325 0.075 12.2125 9.9425 2.27 305.1 314.55 -9.45 
..;ar3 BlueK Plate: SGP208 

1 0.83 0.84 0.21 0.23 7.86 7.82 310 316.5 
2 0.8 0.74 0.22 0.29 6.8 7.12 311 .1 315.8 
3 0.84 0.91 0.23 0.31 6.47 8.61 308.3 314.1 
4 0.67 0.78 0.25 0.25 6.26 6.16 311 .4 320.2 

AVG 0.785 0.8175 -0.0325 0.2275 0.27 -0.0425 6.8475 7.4275 -0.58 310.2 316.65 -6.45 
Car4 K-Car Plate: 5704 

1 0.6 0.52 0.22 0.17 13.16 8.64 304.1 292.8 
2 0.54 0.49 0.27 0.22 13.21 9.1 308.8 292.7 
3 0.51 0.5 0.25 0.14 11 .08 7.76 314.2 293.5 
4 0.51 0.57 0.25 0.19 11 .88 9.1 312.1 297.1 

AVG 0.54 0.52 0.02 0.2475 0.18 0.0675 12.3325 8.65 3.6825 309.8 294.025 15.775 

Car5 Brown Chevv Cap1 Plate: Z338 
1 1.54 1.62 0.17 0.13 1.51 450.8 Car not fully wanned, test 1 and 2 
2 1.55 1.69 0.17 0.'1.3 1.62 457.7 w/o not used In analysis. 

3 1.63 1.6 0.14 O.f2 3.4 1.49 481.4 453.3 
4 1.71 1.61 0.14 0.14 1.98 4.14 489.7 456.9 

AVG 1.67 1.63 0.04 0.14 0.13 0.01 2.69 2.19 0.5 485.55 454.675 30.875 

Car6 K-Car Plate: S199 
1 0.81 0.78 0.12 0.09 7.97 6.88 305.1 293.8 
2 0.85 0.76 0.12 0.14 8.42 10.06 304 293.1 
3 0.89 0.81 0.18 0.16 11 .12 9.31 307.8 296.2 
4 0.78 0.9 0.12 0.17 9.03 7.79 307.2 305.9 

AVG 0.8325 0.8125 0.02 0.135 0.14 -0.005 9.135 8.51 0.625 306.025 297.25 8.775 . 
Paget 



Device l .... - ... o 
NOx HC co C02 Comments 

Test W/O w D W/O w D W/O w D WIO w 0 
Car7 Che Ca rice Plate: OTI7 43 

1 1.1 1.12 0.22 • 0.19 4.31 2.84 463.5 427.2 
2 1.11 1.28 0.1 0.1 1.84 1.12 462.4 441 .5 
3 1.05 1.32 0.11 0.2 1.56 4.07 443.7 438.9 
4 1.12 1.24 0.07 0.08 1.02 1.49 444.4 445.9 

AVG 1.095 1.24 -0:145 0.125 0.1425 -0.0175 2.1825 2.38 -0.1975 453.5 438.375 15.125 
Cara Buick Plate:GKD11 C 

1 0.22 0.38 0.03 0.04 0.65 0.95 399.4 384.5 
2 0.24 0.34 0.04 0.04 4.35 1.2 385 388.8 
3 0.33 0.28 0.06 0.03 5.54 0.64 399.8 392.8 
4 0.22 0.3 0.07 0.04 5.58 2.73 439.5 405.9 

AVG 0.2525 0.325 -0.0725 0.05 0.0375 0.0125 4.03 1.38 2.65 405.925 393 12.925 
Car9 K-Car Plate: N376 

1 0.59 0.36 0.41 0.66 23.47 319.1 Significant degradation In 
2 0.56 0.49 0.35 0.71 22.71 313.3 performance noted from test 1 to 
3 0.51 0.45 0.42 0.79 26.23 311 .8 test 2. Car not used In analysis 
4 0.44 0.56 0.46 0.66 26.18 314.3 

AVG 0.525 0.465 0.06 0.41 0.705 -0.295 24.6475 -11.753 314.625 38.575 
dbar -1 -0.0138 dbar-1 0.0125 dbar -1 1.01531 dbar-1 10.3563 Car 9 not used In analysis 
stddev 0.07477 stddev 0.04022 stddev 1.65573 stddev 12.9899 

1.415 t -0.5201 t 0.87899 t 1.73442 t 2.25498 

' 
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Device 2 IM240 
NOx HC 

Test W/O w D W/O w D 
Car1 Red K-Car SGS552 

1 0.84 0.96 0.34 0.34 
2 0.82 1.04 - 0.28 0.31 
3 0.92 1.07 0.26 0.38 
4 0.92 0.92 0.26 0.3 

0.875 0.9975 -0.1225 0.285 0.3325 -0.0475 
Car2 Chew Caprice DTI7 43 

1 4.63 4.88 1.29 1.13 
2 4.67 4.84 1.17 1.16 
3 4.5 4.78 1.23 1.18 
4 4.87 4.75 1.24 1.18 

4.6675 4.8125 -0.145 1.2325 1.1625 0.07 
Car3 White Va Plate: SGM16U 

1 2.9 3.13 0.27 0.29 
2 2.98 2.95 0.28 0.33 
3 3.11 2.84 0.35 0.23 
4 2.91 2.77 0.27 0.27 

2.975 2.9225 0.0525 0.2925 0.28 0.0125 
Car4 White K-1 Plate: SGN936 

1 1.14 1.27 0.24 • 0.22 
2 1.24 1.16 0.27 0.17 
3 1.1 1.23 0.28 0.17 
4 1.19 1.19 0.3 0.2 

1.1675 1.2125 -0.045 0.2725 0.19 0.0825 
Cars Blue Chew Caorfc Plate: SGZ353 

1 1.38 1.44 0.15 0.1 
2 1.36 1.28 0.11 0.09 
3 1.37 1.42 0.11 0.1 
4 1.39 1.36 0.11 0.12 

1.375 1.40667 -0.0317 0.12 0.10667 0.01333 
Car6 White CHew Cao1Plate: 916 

1 2.47 1.68 0.36 0.31 
2 2.35 2.38 0.4 0.41 
3 2.35 2.41 0.42 0.39 
4 2.32 2.45 0.36 0.59 

2.3725 2.23 0.1425 0.385 0.425 -0.04 

co 
W/O w D 

9.33 9.78 
7.36 11.12 
8.01 10.34 

8.8 8.47 
8.375 9.9275 -1.5525 

17.72 11 .84 
14.64 10.99 
18.02 11.06 
14.99 11 .63 

16.3425 11 .38 4.9625 

5.22 9.42 
6.15 8.99 

13.66 5.4 
7.21 9.09 
8.06 8.225 -0.165 

7.28 4.81 
6.94 3.84 
9.93 3.83 
8.48 5.28 

8.1575 4.44 3.7175 

3.57 0.37 
0.45 0.1 

0.7 0.39 
0.76 0.37 
1.37 0.37667 0.99333 

3.48 1.17 
2.7 2.22 

2.52 1.76 
2.07 1.6 

2.6925 1.6875 1.005 

I ' n Ub I 

C02 
W/O w 

301.6 300.4 
305.6 309.7 
314.3 312.7 
313.6 312.2 

308.n5 308.75 

438.1 443 
444.5 439.1 
444.6 442.7 
449.1 449.3 

444.075. 443.525 

536.5 517 
530.5 519.9 
530.3 518.1 

536 531.4 
533.325 521.6 

331 .2 350.3 
334.5 325.7 
325.7 327.1 

333 329.6 
331.1 333.175 

421 .5 425.8 
414.2 lilllm 
426.6 434.1 
424.3 426.6 

421.65 428.833 

445.4 441 
449.8 445.2 
451.9 446.8 
454.6 425.8 

450.425 439.7 

D 

0.025 

0.55 

11 .725 

-2.075 

-7.1833 

r 

10.725 

-; ,., _, _ _ . •• • .f 

Comments 

: .::·~ . ,.; .. 

Run 2 w not used in analysis. 



Device 2 IM240 
NOx HC co C02 Comments 

Test W/O w D W/O w D W/O w D W/O w D 
Car? K-Car Plate: P428 ' 

1 1.31 1.44 0.25 0.35 8.35 9.29 329.1 321.9 
2 1.3 1.37 0.3 0.34 8.42 7.97 320.2 313.5 
3 1.25 1.43 0.42 0.32 9.52 8.34 328.8 316.4 -
4 1.38 1.41 0.41 0.35 10.94 7.3 326 314.8 

1.31 1.4125 -0.1025 0.345 0.34 0.005 9.3075 8.225 1.0825 326.025 316.65 9.375 
Cara K-Car Plate:R484 

1 1.29 0.51 13.04 275.8 
2 1.34 1.3 0.49 0.4 10.31 9.15 300.9 301.1 
3 1.31 1.35 0.38 0.42 8.48 11.43 304.3 302.6 
4 1.28 1.44 0.36 0.41 7.98 11.81 298.8 301.1 

1.31 1.345 -0.035 0.41 0.435 -0.025 8.92333 11.3575 -2.4342 301.333 295.15 6.18333 
Car9 Plvmoutt Plate: SGR683 

1 1.48 1.56 0.34 0.28 9.45 7.27 336.4 319.5 
2 1.51 1.51 0.4 0.42 11.41 10.08 337.5 325.4 
3 1.44 1.86 0.3 0.38 8.25 10.81 345.4 354.6 
4 1.44 1.57 0.29 0.41 8.73 11.09 353.6 332 

1.4675 1.625 -0.1575 0.3325 0.3725 -0.04 9.46 9.8125 -0.3525 343.225 332.875 10.35 
Summary dbar -0.0494 dbar 0.00343 dbar 0.8063 dbar 4.40833 

stddev 0.09794 stddev 0.04749 stddev 2.35188 stddev 6.77363 
t -1.5117 t 0.21643 t 1.02849 t 1.95242 
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Device 3 IM<:. ., 
NOx HC co C02 Comments 

Test W/O w D W/O w D W/O w D W/O w D 
Car1 Plate: Z331 I 

1 1.23 1.25 0.15 0.18 5.52 7.14 461 .5 452.6 
2 1.39 1.26 0.17 0.18 6.89 6.82 473.9 444.3 
3 1.17 1.24 0.18 0.16 7.99 6.86 440.8 448.2 
4 1.14 0.19 6.36 457.7 

1.2325 1.25 -0.0175 0.1725 0.17333 -0.0008 6.69 6.94 -0.25 458.475 448.367 10.1083 
Car2 Plate: SGM47H 

1 0.86 0.94 0.15 0.15 8.81 6.17 301.3 304.4 
2 0.81 0.87 0.17 0.16 9.22 7.84 301.7 309 
3 0.82 0.87 o.15 • 0.15 8.59 7.33 307.5 301 .6 
4 0.78 0.97 0.18 0.16 11 .25 6.97 305.9 300.8 

0.8175 0.9125 -0.095 0.1625 0.155 0.0075 9.4675 7.0775 2.39 304.1 303.95 0.15 
Car3 Plate: TAG0725 

1 0.48 0.53 0.22 0.22 3.14 3.09 463.4 441 .9 
2 0.48 0.5 0.2 0.22 2.54 6.08 466.3 448.2 
3 0.47 0.56 0.24 0.22 2.45 2.5 460.1 455.1 
4 0.54 0.65 0.23 0.23 3.45 6.37 467.6 457.8 

0.4925 0.56 -0.0675 0.2225 0.2225 0 2.895 4.51 -1.615 464.35 450.75 13.6 
Car4 Plate: SGP468 

1 3.99 4.4 0.47 0.43 17.86 13.82 625.4 632.3 
2 3.8 4.15 0.38 0.32 15.56 9.57 618.5 636 
3 4.64 4.35 0.37 0.31 16.61 9.85 659.8 641.4 
4 5.11 0.35 14.55 700.4 r 

4.385 4.3 0.085 0.3925 0~35333 0.03917 16.145 11 .08 5.065 651.025 636.567 14.4583 
Car 5 Plate: SGM92E 

1 0.76 0.57 0.16 1.7 6.88 324.6 Significant degradation In perf. 
2 0.84 0.48 0.12 2.51 5.92 330.4 w/o to with 
3 0.76 0.1 0.1 3.48 5.55 330.2 Degradation of performance within 
4 0.89 0.1 0.1 3!83 6.26 348.7 test. Do not use in analysis. 

0.8125 0.3125 0.5 0.12 2.88 -2.76 6.1525 124.53 -118.38 333.475 225.975 107.5 

Car6 Plate: SGN181 
1 3.68 2.65 0.46 0.3 15.46 15.53 373.9 316.8 w/o - test 1 dlff erent from rest 
2 2.73 2.84 0.24 0.39 11.29 16.81 333.3 356.3 Car not warmed up. Not 
3 2.73 2.69 0.2 0.22 9.39 12.23 334.7 327.1 used in analysis. 
4 2.65 2.68 0.24 0.33 12.34 15.14 335 337.2 

2.70333 2.715 -0.0117 0.22667 0.31 -0.0833 11.0067 14.9275 -3.9208 334.333 334.35 -0.0167 

I ' 111Ju t 



Device 5 IML. . v 

l 
NOx I HC co C02 Comments 

Test W/O w D W/O w D W/O w D W/O w D 
Car7 DodaeVan Plate: P35P 

1 5.53 4.63 0.12 0.12 1.9 1.91 467.6 456.7 
2 5.81 4.79 0.11 0.1 1.93 1.84 456.3 449.6 
3 5.78 4.87 0.11 0.11 1.83 1.82 472.4 459.8 
4 5.33 5.08 0.1 • 0.1 1.96 1.81 464.2 456.3 

5.6125 4.8425 -0.77 0.11 0.1075 0.0025 1.905 1.845 0.06 465.125 455.6 9.525 
Cara RAM Var Plate: SGM68U 

1 2.4 2.78 0.46 0.45 22.1 15.51 528.6 544.8 
2 2.61 2.79 0.51 0.47 25.89 16.79 514.2 550.5 
3 2.71 2.94 0.51 0.48 26.18 19.17 507.4 533.7 
4 2.67 2.89 0.46 0.43 23.1 17.09 513.8 508.7 

2.5975 2.85 -0.2525 0.485 0.4575 0.0275 24.3175 17.14 7.1775 516 534.425 -18.425 
Car9 RAM Pick-UP Plate: T05666 

1 1.13 1.18 0.17 0.19 8.45 I 11.13 322.5 Run1 w/o insufficient wann up 
2 1.05 1.19 0.16 0.19 7.95 10.05 323 327.1 not used In analysis. 
3 1.12 1.16 0.21 0.21 · 12.49 9.62 323.6 338.4 
4 1.4 0.24 11 .99 333.9 

1.19 1.17667 0.01333 0.20333 0.19667 0.00667 10.81 10.2667 0.54333 326.833 329.333 -as 
Summary dbar 0.08139 dbar 0.01676 dbar 2.32046 dbar -1.9824 

stddev 0.34768 stddev 0.03614 stddev 3.3209 stddev 8.97273 
t 0.702.28 t 1.39107 t 2.09623 t -0.6628 

' 
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3. Calculated Emissions Test Data 

b. Individual Statistical Data 
(1) Two way ANOVA for 

Control Car, Run x Day 



Two way Analysis of Variance for Control Car 
Factors: 

Time of run (1st or last) 
Day 

Analysis of Variance for IM240_NOx - Type III Sums of Squares 

Source Sum of Squares Of Mean Square F-Ratio P-Value 

MAIN EFFECTS 
A:M_A 
B:Day 

RESIDUAL 

TOTAL (CORRECTED) 

0.0342071 
0.0847568 
0.0731523 

1 0.0342071 
10 0.00847568 
10 0.00731523 

0.192116 21 

4.68 0.0559 
1.16 0.4102 

Analysis of Variance for IM240_HC - Type III Sums of Squares 

Source 

MAIN EFFECTS 
A:M_A 
B:Day 

RESIDUAL 

TOTAL (CORRECTED) 

Sum of Squares Of Mean Square F-Ratio P-Value 

0.000290909 I 0.000290909 0.74 0.4200 
0.00951761 10 0.000951761 2.41 0.0910 
0.00395284 I 0 0.000395284 

0.0137614 21 

Analysis of Variance for IM240_CO- Type ill Sums of Squares 

Source Sum of Squares Df Mean Square F-Ratio P-Value 
-------------- - --- - --------------------------------- - ------------------------------ -- -- -.~-·- - - -- - ---
MAIN EFFECTS 
A:M_A 
B:Day 

RESIDUAL 

TOTAL (CORRECTED) 

9.44576 I 9.44576 9.22 0.0125 
29.7631 10 2.97631 2.90 0.0538 
10.2467 10 1.02467 

49.4556 21 



Analysis of Variance for IM240_C02 - Type ill Sums of Squares 

Source Sum of Squares Df Mean Square F-Ratio P-Value 

MAIN EFFECTS 
A:M_A 
B:Day 

RESIDUAL 

TOT AL (CORRECTED) 

29.026 1 
4733.82 10 
953.979 10 

5716.83 21 

29.026 0.30 0.5991 
473.382 4.96 0.0092 
95.3979 

Analysis of Variance for RL_NOx -Type ill Sums of Squares 

Source Sum of Squares Df Mean Square F-Ratio P-Value 

MAIN EFFECTS 
A:M_A 
B:Day 

RESIDUAL 

TOT AL (CORRECTED) 

210.986 1 
25598.1 10 
7960.07 10 

33769.2 21 

210.986 
2559.81 
796.007 

Analysis of Variance for RL_HC - Type ill Sums of Squares 

0.27 0.6232 
3.22 0.0396 

Source Sum of Squares Df Mean Square F-Ratio P-Value 

MAIN EFFECTS 
A:M_A 
B:Day 

RESIDUAL 

TOT AL (CORRECTED) 

2.78677 1 2.78677 8.03 0.0177 
12.7662 10 1.27662 3.68 0.0259 
3.47108 IO 0.347108 

19.0241 21 

Analysis of Variance for RL_CO - Type III Sums of Squares 

Source 

MAIN EFFECTS 
A:M_A 
B:Day 

RESIDUAL 

Sum of Squares Df Mean Square F-Ratio P-Value 

0.00104604 
0.0073569 
0.00518407 

1 0.00104604 
10 0.00073569 
10 0.000518407 

2.02 0.1859 
1.42 0.2951 

TOTAL (CORRECTED) 0.013587 21 



Analysis of Variance for RL_C02 -Type III Sums of Squares 

Source 

MAIN EFFECTS 
A:M_A 
B:Day 
RESIDUAL 

TOTAL(CORRECTED) 

Sum of Squares Of Mean Square F-Ratio P-Value 

0.0360045 1 0.0360045 2.92 0.1182 
0.3217 10 0.03217 2.61 0.0731 
0.123245 10 0.0123245 

0.48095 21 



Summary 
RL25125 
Summary 
Date 

11/19/96 
11/26/96 

12/4/96 
1215196 
1216/96 
1219/96 

12110/96 
12116/96 
12118196 
12119/96 
12/20/20 

1/9/97 

IM240 
Summarv 
Date 

11/19/96 
11/26196 

12/4196 
12/5196 
1216/96 
12/9/96 

12110/96 
12/16196 

12/18196 
12119/96 
12120/20 

1/9/97 

AM 

AM 

ol Car Data with Student t Tests 

NOx HC 
PM D AM PM 

152 154 -2 3 4 
55.33 66.33 -11 4.33 4 
51.67 139 -87.33 1.33 6 

97 61.67 35.33 5 7 
58 89 -31 3.67 4.33 -

105.67 76.5 29.17 3.33 3.5 
91 67.5 23.5 3.5 4.5 
49 79.7 -30.7 4 3.67 

81.33 116.67 -35.34 4.33 4.33 
74 110.5 -36.5 2.33 4.5 

212.67 126.33 86.34 4 4.66 
146 105.67 40.33 2.5 3.33 

Avg -1.6 
Std Dev 46.64948 

t -0.11375 

NOx HC 
PM D AM PM 

0.8025 0.8875 -0.085 0.1825 0.1475 
0.625 0.7475 -0.1225 0.1325 0.1625 

0.62 0.81 -0.19 0•255 0.19 
0.59 0.6725 -0.0825 0.1175 0.155 

0.7025 0.6325 0.07 0.145 0.1375 
0.695 0.75 -0.055 0.1475 0.125 
0.775 0.7 0.075 0.13 0.11 

0.6575 0.84 -0.1825 0.105 0.11 

0.655 0.995 -0.34 0.17 . 0.1325 
0.655 0.795 -0.14 0.09 0.09 
0.695 0.74 -0.045 0.1025 0.12 
0.685 0.645 0.04 0.15 0.1025 

Avg -0.08813 
Std Dev 0.119707 
t -2.44161 

co C02 
D AM PM D AM PM D 

-1 0.0233 0.0133 0,01 15 15.1 -0.1 
0.33 0.06 0.0733 -0.0133 14.9 14.93 -0.03 

-4.67 0.05 0.13 -0.08 14.9 14.967 -0.067 
-2 0.0633 0.08 -0.0167 14.97 15 -0.03 

-0.66 0.0733 0.0633 0.01 14.9 14.63 0.27 
-0.17 0.0433 0.02 0.0233 14.77 15.05 -0.28 

-1 0.035 0.105 -0.07 14.8 15 -0.2 
0.33 0.023 0.0467 -0.0237 14.93 14.83 0.1 

0 0.0167 0.0567 -0.04 14.57 14.73 -0.16 
-2.17 0.0167 0.05 -0.0333 14.87 15 -0.13 
-0.66 0.0733 0.033 0.0403 15 15.23 -0.23 
-0.83 0.015 0.0533 -0.0383 14.8 14.9 -0.1 

-1.04167 -0.01931 -0.07975 
1.391656 0.036164 0.149748 
-2.48252 -1.77076 -1.76631 

co C02 
D AM PM D AM PM 0 

0.035 7.4525 7.045 0.4075 290.8 289.95 0.85 
-0.03 6 6.3525 -0.3525 305.375 301.5 3.875 
0.065 9.7 7.9 1.8 316.55 323.1 -6.55 

-0.0375 7.8975 7.14 0.7575 318.45 304.1 14.35 
0.0075 7.61 6.015 1.595 324.45 315.725 8.725 
0.0225 7.1 3.16 3.94 321.45 306.55 14.9 

0.02 7.95 4.74 3.21 337.225 308.6 28.625 
-0.005 6.0775 5.757 0.3205 333.5 347.33 -13.83 

0.0375 7.465 5.255 2.21 301.2 302.125 -0.925 
0 5.48 4.825 0.655 318.58 335.05 -16.47 

-0.0175 8.415 8.87 -0.455 331.125 343.35 -12.225 
0.0475 9.8 7.6725 2.1275 325.95 328.3 -2.35 

0.012083 1.351292 1.58125 
0.031566 1.372228 13.38399 
1.269597 3.266023 ' 0.391842 

~ 



3. Calculated Emissions Test Data 

b. Individual Statistical Data 
(3) Multi-factor regression of 

Control Car versus 
Environmental Factors 



Model fitting results for: DOTERIC.co2a 
--------------------------------------------------------------------------------

iependent variable 

L.uNSTANT 
DOTERIC.rh 
DOTERIC.temp 

coefficient std. error 

15.15255 
0.000079 

-0.006524 

0.157828 
0.001966 
0.004183 

t-value 

96.0067 
0.0402 

-1.5597 

sig.l~ 

0. OlOC 
0. 9l8:; 
o.mE 

R-SQ. (ADJ.) = 0.0564 SE= 0.142308 MAE= 0.110101 DurbWat= 1.8!2 
Previously: 0. 0571 1. 569622 1. 081782 1. 8;.J 
24 observations fitted, forecast(s) computed for O missing val. of dep. var. 



Analysis of Variance for the Full Regression 
--------------------------------------------------------------------------------

'l'."Ce Sum of Squares OF Mean Square F-Ratio P-value 
---------------------------------------------------------------------------­·' 

.. ...1del 
Error 

0.0683352 
0.425285 

Total (Corr.) 0.493621 

R-squared = 0.138437 
R-s~ared (Adj. for d.f.) = 0.0563831 

2 
21 

23 

0.0341676 
0.0202517 

1. 68715 . 2092 

Stnd. error of est. = 0.142308 
Durbin-Watson statistic = 1.88154 
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Model fitting results for: DOTERIC.hca 

·-----------------------------------------------------------------------------
~endent variable coefficient std. error t-value sig.level 

--~-----------------------------------------------------------------------------
CONSTANT 
DOTERIC.rh 
DOTERIC.temp 

2.437952 
-0.020239 

0.060292 

1.53177 
0.01908 

0.040596 

1. 5916 
-1.0608 

1.4852 

0 .1264 
0. 3008 
0. 1524 

--------------------------------------------------------------------------------
R-SQ. (ADJ.) = 0.0126 SE= 1.381146 MAE= 0.951903 DurbWat= 1.926 
Prev'iously: O. 0000 O. 090429 o. 064407 2. 602 
24 observations fitted, forecast(s) computed for O missing val. of dep. var. 



Analysis of Variance for the Full Regression 
- ---------------------------------------------------------------------------~ 

·ce sum of Squares OF Mean Square F-Ratio P-vahe 
----------------------------------------------------------------------------

Model 4. 37610 2 2 .18805 1.14704 . 335-:-
Error 40.0589 21 1.90757 
-----------------------------------------------------------------------------~ 
Total (Corr.) 44.4350 

R-squared : 0.0984833 
R-squared (Adj. for d.f.} ~ 0.0126245 

23 

Stnd. error of est. : l.38i.:= 
Durbin-Watson statistic = 1.92== 



Model fitting results for: DOTERIC.nob 
--------------------------------------------------------------------------------

'~pendent variable coefficient std. error t-value sig.level 
----------------------------------------------------------------------------

......... #STANT 
DOTERIC.rh 
DOTERIC.temp 

0.640129 
0.000152 
0.001489 

0.100291 
0.001249 
0.002658 

6.3827 
0.1220 
0.5602 

0.0000 
0.9041 
0. 5813 

--------------------------------------------------------------------------------
R-SQ. (ADJ.) = 0.0000 SE= 0.090429 MAE= 0.064407 DurbWat= 2.602 
Previously: 0.2056 33.143565 23.243403 1.857 
24 o~servations fitted, forecast(s) computed for 0 missing val. of dep. var. 



Analysis of Variance for the Full Regression 
--------------------------------------------------------------------------------

·rce Sum of squares DF Mean Square F-Ratio P-value 
·----------------------------------------------------------------------------

Model 
Error 

0.00470448 
0.171727 

2 
21 

0.00235224 
0.00817745 

0.287650 .7525' 

--------------------------------------------------------------------------------
Total (Corr.) 0.176431 

R-squared = 0.0266647 
R-squared (Adj. for d. f.) O 

23 

Stnd. error of est. = 0.0904293 
Durbin-Watson statistic = 2.60204 
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Model fitting results for: DOTERIC.noa 
-------------------------------------------------------------------------~-
pendent variable coefficient std. error t-value sig.l~ 

~--~-----------------------------------------------------------------------------
CONSTANT 
OOTERIC.rh 
DOTERIC.temp 

192.04475 
-0.46447 

-1.605878 

36.758095 
0.457854 
0.974178 

5.2246 
-1.0145 
-1.6484 

O. OQOI 
0. 3.2..1..! 
O. ll.C 

R-SQ. (ADJ.) = 0.2056 SE= 33.143565 MAE= 23.243403 DurbWat= 1.837 
Previously: 0.0000 0.000000 0.000000 o.oJo 
24 observations fitted, forecast(s) computed for 0 missing val. of dep. var. 



Analysis of Variance for the Full Regression 

rce sum of Squares DF Mean Square F-Ratio P-value 
----------------------------------------------------------------------------

}\oiodel 
Error 

8734.60 
23068.4 

2 
21 

4367.30 
1098.50 

3.97571 • 0343 

--------------------------------------------------------------------------------
Total (Corr.) 31803.0 

R-squared = 0.274647 
R-s~ared (Adj. for d.f.) = 0.205566 

23 

stnd. error of est. = 33.143f 
Durbin-Watson statistic = 1.8568~ 



Model fitting results for: DOTERIC.co2b 
---------------------------------------------------------------------------~--

'~pendent variable coefficient std. error t-value sig.l&el 
-~-------------------------------------------------------------------------

i...vNSTANT 
DOTERIC.rh 
DOTERIC.temp 

443.239246 
0.864167 

-4.352376 

60.394851 
0.75227 

1. 600609 

7.3390 
1.1487 

-2.7192 

o.moo 
0.2i36 
0.029 

--------------------------------------------------------------------------~~-
R-SQ. (ADJ.) = 0.1946 SE= 54.456051 MAE= 31.416942 DurbWat= 2.1:4 
Previously: 0.0564 0.142308 0.110101 1.BI2 
24 observations fitted, forecast(s) computed for 0 missing val. of dep. var. 



Analysis of Variance for the Full Regression 
--------------------------------------------------------------------------------

·rce Sum of Squares DF Mean Square F-Ratio P-valur: 
---------------------------------------------------------------------------

... el 
Error 

22409.5 
622.74.7 

2 
21 

11204.7 
2965.46 

3.77841 

--------------------------------------------------------------------------------
Total (Corr·.) 

R-squared = 0.264624 
R-squared (Adj. for d.f.) 

84684.2 

0.194588 

23 

Stnd. error of est. = 54.456: 
Durbin-Watson statistic = 2.123~ 



Model fitting results for: DOTERIC.hcb 
--------------------------------------------------------------------------------

'ependent variable coefficient std. error t-value sig.level 
,------------------------------------------------------~---------------------

1....0NSTANT 
DOTERIC.rh 
DOTERIC.temp 

0.061787 
-0.000232 

0.002059 

0.039777 
0.000495 
0.001054 

1. 5533 
-0.4680 

1. 953 3 

0 .1353 
0.6446 
0.0642 

--------------------------------------------------------------------------------
R-SQ. (ADJ.) = 0.0919 SE= 0.035865 MAE= 0.024804 DurbWat: 1.315 
Prev~ously: 0.0126 1.381146 0.951903 1.926 
24 observations fitted, forecast(s) computed for o missing val. of dep. var. 



Analysis of Variance for the Full Regression 
--------------------------------------------------------------------------------

Sum of Squares DF Mean Square F-Ratio P-valo.e 
-------------------------------------------------------------------------~ 

. ~ .... el 
Error 

0.00556802 
0.0270130 

2 
21 

0.00278401 
0.00128633 

2.16430 .U98 

--------------------------------------------------------------------------------
Total (Corr.) 0.0325810 

R-squared = 0.170898 
R-sq~ared (Adj. for d.f.) = 0.0919358 

23 

Stnd. error of est. = 0.035865.5 
Durbin-Watson statistic = 1.31511 



Model fitting results for: DOTERIC.cob 
--------------------------------------------------------------------------~---
- 'ependent variable 

1..~.i_STANT 

OOTERIC.rh 
OOTERIC.temp 

coefficient std. error 

9.94964 
-0.018275 
-0.042025 

1. 7408 
0.021683 
0.046135 

t-value 

5.7156 
-0.8428 
-0.9109 

sig.l~ 

o.omo 
0.4CliB 
0. 3-::7 

------------------------------~-------------------------------------------------
R-SQ. (ADJ.) = 0.0571 SE= 1.569622 MAE= 1.081782 DurbWat= 1.s= 
Previously: o. 194 6 54. 456051 31. 416942 2 .12-
24 ·observations fitted, forecast(s) computed for 0 missing val. of dep. var. 



Analysis of Variance for the Full Regression 

-----------------------------------------------------------------------------~ 
rce Sum of Squares OF Mean Square F-Ratio P-value 
~-------------------------------------------------------------------------~ 

Model 
Error 

8.36135 
51.7380 

2 
21 

4.18068 
2.46371 

1.69690 . 2074 

-----------------------------------------------------------------------------~ 
Total (Corr.) 60.0994 23 

R-squared = 0.139125 Stnd. error of est. 1.5696.2 
R-sqilared (Adj. for d.f.) = 0.0571374 Durbin-Watson statistic = 1.832~7 

,._ 
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Model fitting results for: DOTERIC.coa 

pendent variable coefficient std. error 

Pa:p: :.. 

t-value sig.l~ 

- -~----------------------------------------------------------------------------
CONSTANT 
DOTERIC.rh 
DOTERIC.temp 

0.035165 
-0.000197 

0.000641 

0.034265 
0.000427 
0.000908 

1. 0262 
-0.4616 

0.7055 

0 .31.E 
0 .6-t!::_ 
0 • .{&E: 

R-SQ. (ADJ.) = 0.0000 SE= 0.030896 MAE= 0.023131 DurbWat= 1.7L. 
Previously: 0.0919 0.035865 0.024804 1.31= 
24 observations fitted, forecast(s) computed for O missing val. of dep. var. 



Analysis of Variance for the Full Regression 
-------------------------------------------------------------------------------

Sum of Squares OF Mean Square F-Ratio P-va..l:.: 

-------------------------------------------------------------------------~-• __ ..:I.el 

Error 
0.000482961 

0.0200459 
2 

21 
0.000241480 
0.000954566 

0.252974 

----------------------------------------------------------------------------~-
Total (Corr.} 0.0205288 

R-squared = 0.023526 
R-s~ared (Adj. for d.f.) = o 

23 

Stnd. error of est. = 0.030tF-O 
Durbin-Watson statistic= 1.12:= 



3. Calculated Emissions Test Data 

b. Individual Statistical Data 
(4) Box and Whisker Plots, 

Range of Control Car Data 



Box-and-Whisker Plot, IM240 Data for the Control. Car 
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Box-and-Whisker Plot, IM240 Data for Control Car 
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Box-and-Whisker Plot, IM240 Data for the Control Car 
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Box-and-Whisker Plot, IM240 Hat a for Control Car 
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Box-and-Whisker Plot, RL 25/25 Data for Control Car 

0.18 

0.15 
.L ............... ·.·:.·.·.·.·.·.·.·.·.-.·.·.·.·.·.·.·.·.·.·:.·.·::.·::.·.·:.·.·.·.·.·:.·.·.·_·_·_·_·_·.·.·::.·.·.·.·.·:.·.·.·.·:::.·.·.·.·.·::.·.·::.·.·:.·::.-: ·.·_·:.·.·:::.·.·.·.-.·.·.-.·.·.·.·.·.·.·.·.·.-.._ .. ._._ ........ ·.·:.·.-.·.·: ... ·.·.·.·_·:.·::.·:.·.·.·.·.·.·.·.·.·.·.·:.·.·.·.·.·.·.·.·.-.·.·························-·.1 

l i 
I ; 

0.12 
~ 

0 0.09 

u 
0.06 

.;. ........................................................................... .. ........................................................................................................... ~. 
j : 
: i 

.i ........................................................................................................................................................................................ ~ 
I • 

l ! 
4................. . ................ ~. 
I ; 

0.03 

0 

im m I 



u 
= 

8 

6 

4 

2 

0 

Box-and-Whisker Plot, RL 2S/2S Data for the Control Car 
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Box-and· Whisker Plot, RL 25/25 Data for the Control Car 
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Box-and-Whisker Plot, RL 25/25 Data for the Control Car 
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3. Calculated Emissions Test Data 

b. Individual Statistical Data 
(5) Two way ANOVA, Device x 

Car 



Two way Analysis of Variance for Device #1 Data from RL 25/25 Test 
Factors: 

Device (without vs. with) 
Car 

Eight cars were used in this analysis. 

Conclusions: 
At the 80 % level (P= 0.20) no significant difference in any of the emissions measured was 

noted when a comparison of without vs. with the device is made. 
For all emissions, a significant difference from car to car is noted ( P < 0.05). 

Analysis of Variance for NOx - Type ill Sums of Squares 

Source Sum of Squares Df Mean Square F-Ratio P-Yalue 

MAIN EFFECTS 
A:Device 
B:Car 

RESIDUAL 

TOTAL (CORRECTED) 

937.983 
919610.0 

11444.1 

1 
7 
7 

931992.0 15 

937.983 
131373.0 
1634.87 

0.57 
80.36 

0.4813 
0.0000 

Analysis of Variance for HC - Type III Sums of Squares 

Source Sum of Squares Of Mean Square f='-Raw1 P-Valul' 

MAIN EFFECTS 
A:Device 2.247 I 2.2.+7 \J.U7 U.8075 
B:Car 2246.14 7 320.877 !.) .40 0.0042 

RESIDUAL 238.964 7 34.1378 

TOTAL (CORRECTED) 2487.35 15 

Analysis of Variance for CO -Type III Sums of Squares 

Source 

MAIN EFFECTS 
A:Device 
B:Car 

RESIDUAL 

TOTAL (CORRECTED) 

Sum of Squares Df Mean Square F-Ratio P-Value 

0.00146996 
0.22221 
0.0480955 

0.271775 

1 0.00146996 
7 0.031744 2 
7 0.00687078 

15 

0.21 0.6625 
4.62 0.0306 



Analysis of Variance for C02 - Type ITI Sums of Squares 

Source 

MAIN EFFECTS 
A: Device 
B:Car 

RESIDUAL 

TOT AL (CORRECTED) 

Sum of Squares Of Mean Square F-Ratio P~ Value 

0.058564 
28.7233 

0.660892 

0.058564 0.62 0.4649 
7 4.10333 43.46 0.0000 
7 0.0944131 

29.4428 15 



Two way Analysis of Variance for Device #2 Data from RL 25/25 Test 
Factors: 

Device (without vs. with) 
Car 

Nine cars were used in this analysis. 

Conclusions: 
At the 80 % level (P= 0.20) no significant difference in any of the emissions measured was 

noted when a comparison of without vs. with the device is made. 
For all emissions, a significant difference from car to car is noted ( P < 0.05). 

Analysis of Variance for NOx - Type ill Sums of Squares 

Source 

MAIN EFFECTS 
A:Device 
B:Car 

RESIDUAL 

TOT AL (CORRECTED) 

Sum of Squares Df Mean Square F-Ratio P-Value 

2774.88 
l.39778E7 

35049.3 

I 
8 
8 

i.40156E7 17 

2774.88 
1.74722E6 
4381.17 

0.63 0.4573 
398.80 0.0000 

Analysis of Variance for HC - Type III Sums of Squares 

Source Sum of Squares D! \'1ean Suuan· F-Ratio P-Valut: 

MAIN EFFECTS 
A: Device 0.25992 !•.2599:2 !)_(:2 0.8799 
B:Car 30719.3 8 3839.91 369.23 0.0000 

RESIDUAL 83.1975 8 10.3997 

TOTAL (CORRECTED) 30802.7 17 

Analysis of Variance for CO - Type III Sums of Squa.11.;~" 

Source 

MAIN EFFECTS 
A:Device 
B:Car 

RESIDUAL 

TOTAL(CORRECTED) 

Sum of Squares Df Mean Square F-Ratio P-Value 

0.000671856 
0.697199 
0.00547011 

0.703341 

1 0.000671856 
8 0.0871499 
8 0.000683764 

17 

0.98 0.3609 
127.46 0.0000 



Analysis of Variance for C02 - Type III Sums of Squares 

Source 

MAIN EFFECTS 
A:Device 
B:Car 

RESIDUAL 

TOT AL (CORRECTED) 

Sum of Squares Df Mean Square F-Ratio P-Value 

0.011265 1 0.011265 1.64 0.2357 
22.8233 8 2.85291 416.29 0.0000 

0.0548249 8 0.00685312 

22.8893 17 



Two way Analysis of Variance for Device #3 Data from RL 25/25 Test. 
Factors: 

Device (without vs. with) 
Car 

Seven Cars were used in this analysis. 

Conclusions: 
At the 80 % level (P= 0.20) no significant difference in any of the emissions measured was 

noted when a comparison of without vs. with the device is made. 
For all emissions, a significant difference from car to car is noted ( P < 0.05). 

Analysis of Variance for NOx -Type ill Sums of Squares 

Source Sum of Squares Of Mean Square F-Ratio P-Value 

MAIN EFFECTS 
A:Device 10938.3 10938.3 0.69 0.4462 
B:Car 2.48753E6 6 414588.U 26.18 0.0005 

RESIDUAL 95002.8 6 158.i3.;\ 

T()T.;\L (CORRECTED\ 2.59347E6 13 

Analysis of Variance f(ir HC - Type II1 Sums of Square· 

Source Sum of Squares Of Mean S<.juarc !--r\.aLH' P- \' aluc 

MAIN EFFECTS 
A:Device 259.979 1 259.979 U.86 U.3982 
B:Car 40835.7 6 6805.96 22.60 0.0007 

RESIDUAL 1806.84 6 301.139 

TOT AL (CORRECTED) 42902.6 13 

Analysis of Variance for CO - Type III Sums of Squares 

Source Sum of Squares 

MAIN EFFECTS 
A:Device 
B:Car 
RESIDUAL 

OT AL (CORRECTED) 

0.000178571 
0.0617752 
0.00574277 

0.0676965 

Of Mean Square F-Ratio P-Value 

1 0.000178571 
6 0.0102959 
6 0.000957128 

13 

0.19 
10.76 

0.6853 
0.0054 



Analysis of Variance for C02 - Type III Sums of Squares 

Source Sum of Squares Df Mean Square F-Ratio P-Value 

MAIN EFFECTS 
A:Device 
B:Car 

RESIDUAL 

TOT AL (CORRECTED) 

.0667921 I 
16.1685 6 

0.231351 6 

16.4667 13 

0.0667921 1.73 0.2362 
2.69475 69.89 0.0000 

0.0385586 



Two way Analysis of Variance for Device# 4, Data from ASM2525 
Factors: 

Device (without vs. with) 
Car 

Nine cars were used in this analysis 

Conclusions: 
At the 80 % level (p=0.20) a significant difference in NO., HC and CO emissions was 

noted when a comparison of without vs. with is made. A reduction in all emissions occurred with 
the device. 

Analysis of Variance for NOx - Type ill Sums of Squares 

Source Sum of Squares Df Mean Square F-Ratio P-Value 

MAIN EFFECTS 
A: Device 
B:Car 

RESIDUAL 

TOTAL (CORRECTED) 

153961.0 I 
l.38552E7 8 

230865.0 8 

1.424E7 17 

153961.0 
1.7319E6 
28858. l 

Analysis of Variance for HC - Type III Sums of Square.'> 

Sauret: 

MAIN EFFECTS 
A:Device 326.657 1 326.f:Y' 
B:Car 30692.0 8 3836.5 

RESIDUAL 1245.14 8 155.642 

TOTAL (CORRECTED) 32263.8 17 

Analysis of Variance for CO - Type III Sums of Squares 

5.34 - 0.0497 
60.01 0.0000 

- ! i'; 0. 1855 
2-t ll) 0,()()() l 

Source Sum of Squares Df Mean Square F-Ratio P-Value 

MAIN EFFECTS 
A: Device 
B:Car 

RESIDUAL 

TOTAL (CORRECTED) 

0.05445 1 
0.678893 8 
0.123474 8 

0.856817 17 

0.05445 
0.0848617 
0.0154342 

3.53 0.0972 
5.50 0.0133 



Analysis of Variance for C02 - Type III Sums of Squares 

Source Sum of Squares Df Mean Square F-Ratio P-Value 

MAIN EFFECTS 
A: Device 
B:Car 

RESIDUAL 

TOT AL (CORRECTED) 

0.00293889 
81.285 

0.610199 

1 0.00293889 0.04 0.8513 
8 10.1606 133.21 0.0000 
8 0.0762749 

~l.8981 17 



Two way Analysis of Variance for Device #5 Data from RL 25/25 Test 
Factors: 

Device (without vs. with) 
Car 

Nine Cars were used in this analysis. 

Conclusions: 
At the 80 % level (P= 0.20) no significant difference in any of the emissions measured was 

noted when a comparison of without vs. with the device is made. 
For all emissions, a significant difference from car to car is noted ( P < 0.05). 

Analysis of Variance for NOx - Type ill Sums of Squares 

Source 

MAIN EFFECTS 
A: Device 
B:Car 

RESIDUAL 

TOT AL (CORRECTED) 

Sum of Squares Of Mean Square F-Ratio P-Value 

38383.0 1 
l.92879E7 8 
245651.0 8 

l.95719E7 17 
! ' 

38383.0 
2.41098E6 

30706.4 

1.25 0.2960 
78.52 0.0000 

Analysis of Variance for HC - Type III Sums of Squares 

Source 

MAIN EFFECTS 
A:Device 
B:Car 

RESIDUAL 

TOTAL (CORRECTED) 

Sum of Squares DI !vkan Squat\'. 1--RaliP P- \ aiul: 

0.1008 
3051.45 x 
166.986 x 

3218.54 17 

11. lOOX 
3:-11.432 
20.8733 

:l.Oii 0.Y47(J 

i 8.27 0.0002 

Analysis of Variance for CO - Type ITI Sums of Squares 

Source 

MAIN EFFECTS 
A: Device 
B:Car 

RESIDUAL 

TOT AL (CORRECTED) 

Sum of Squares Of Mean Square F-Ratio P-Value 

0.000419534 1 0.000419534 1.71 0.2279 
0.0123989 8 0.00154987 6.30 0.0087 
0.00196819 8 0.000246024 

0.0147866 17 



Analysis of Variance for C02 - Type III Sums of Squares 

Source 

MAIN EFFECTS 
A: Device 
B:Car 
RESIDUAL 

TOTAL (CORRECTED) 

Sum of Squares Of Mean Square F-Ratio P-Value 

0.0431201 
44.9636 
0.421087 

1 0.0431201 0.82 0.4012 
8 5.62045 106.78 0.0000 
8 0.0526359 

45.4278 17 



Two way Analysis of Variance for Device #1, Data from IM240 TesL 
Factors: 

Conclusions: 

Device (without vs. with) 
Car 

At the 80 % level (P=0.20) a significant difference in CO and C02 emissions were noted 
when a comparison of without vs. with the device is made. 

A significant difference from car to car is noted (P < 0.05). 

Analysis of Variance for NOx - Type ill Sums of Squares 

Source Sum of Squares Df Mean Square F-Ratio P-Value 

MAIN EFFECTS 
A: Device 
B:Car 

RESIDUAL 

TOTAL(CORRECTED) 

0.000763141 
9.46617 
0.019552 

9.48649 

1 
7 
7 

15 

0.000763141 
1.35231 
0.00279314 

0.27 0.6227 
484.15 0.0000 

Analysis of Variance for HC - Type III Sums of Squares 

Source 

MAIN EFFECTS 
A:Device 
B:Car 

RESIDUAL 

TOTAL(CORRECTED) 

Sum of Squares D1 .\1ear, Sqwm: F-Rat1P P- \"aluc 

0.000625 il.\)\)1)62.:' (l.77 !J.4!7h 

0.134263 ( il.019!8fl~ 23.71 lUJOU2 

0.0056625 7 0 .00080892 9 

0.14055 15 

Analysis of Variance for CO - Type III Sums of Squares 

Source Sum of Squares Df Mean Square F-Ratio P-Yalue 

MAIN EFFECTS 
A: Device 
B:Car 

RESIDUAL 

TOT AL (CORRECTED) 

4.1209 
182.948 
9.58839 

7 
7 

196.658 15 

4.1209 
26.1355 

1.36977 

3.01 
19.08 

0.1264 
0.0005 



Analysis of Variance for C02 - Type III Sums of Squares 

Source 

MAIN EFFECTS 
A:Device 
B:Car 

RESIDUAL 

TOT AL (CORRECTED) 

Sum of Squares Df Mean Square F-Ratio ?-Value 

429.111 1 429.111 5.09 0.0588 
113019.0 7 16145.6 191.33 0.0000 
590.706 7 84.3866 

114039.0 15 



Two way Analysis of Variance for Device #3 Data fromlM240 TesL 
Factors: 

Device (without vs. with) 
Car 

Seven Cars were used in this analysis. 

Conclusions: 
At the 80 % level (P= 0.20) no significant difference in any of the emissions measured was 

noted when a comparison of without vs. with the device is made. 
For all emissions, a significant difference from car to car is noted ( P < 0.05). 

Analysis of Variance for NOx - Type III Sums of Squares 

Source Sum of Squares Of Mean Square F-Ratio P-Value 

MAIN EFFECTS 
A:Device 
B:Car 

RESIDUAL 

TOT AL (CORRECTED) 

0.00725953 1 
20.5789 6 

0.155769 6 

20.7419 

0.00725953 0.28 
3.42981 132.11 
0.0259615 

Analysis of Variance for HC - Type III Sums of Squares 

0.6213 
0.0000 

Source Sum of Squares U;· \tean Suucm· F-RatiP ?- VaJu,· 

MAIN EFFECTS 
A:Device 
B:Car 

RESIDUAL 

TOTAL (CORRECTED) 

0.0000442864 
0.109225 

0.00427505 

C\.0000442XM 

6 0.0182042 
6 (J.000712508 

0.113544 13 

Analysis of Variance for CO - Type III Sums of Squares 

0.06 
25.55 

0.8140 
0.0005 

Source Sum of Squares Of Mean Square F-Ratio P-Value 

MAIN EFFECTS 
A:Device 
B:Car 

RESIDUAL 

TOTAL (CORRECTED) 

0.664246 
258.354 
24.5497 

1 
6 
6 

283.568 13 

0.664246 
43.059 
4.09162 

0.16 
10.52 

0.7051 
0.0057 



Analysis of Variance for C02 - Type III Sums of Squares 

Source Sum of Squares Df Mean Square F-Ratio P~Value 

MAIN EFFECTS 
A: Device 
B:Car 

RESIDUAL 

TOTAL (CORRECTED) 

72.5543 I 
144750.0 6 
503.145 6 

145325.0 13 

72.5543 0.87 0.3977 
24125.0 287.69 0.0000 
83.8575 



Two way Analysis of Variance for Device #4 Data from IM240 Test 
Factors: 

Device (without vs. with) 
Car 

Eight Cars were used in this analysis. 

Conclusions: 
At the 80 % level (P= 0.20) a significant difference in NO •. HC, CO and C02 emissions 

was noted when a comparison of without vs. with the device is made. Emissions are signficantly 
less for the with device measurements. 

For all emiSSions, a significant difference from car to car is noted ( P < 0.05). 

Analysis of Variance for NOx - Type III Sums of Squares 

Source Sum of Squares Df Mean Square F-Ratio P-Value 

MAIN EFFECTS 
A:Device 
B:car 

RESIDUAL 

TOTAL (CORRECTED) 

0.716732 
55.3319 

0.959866 

I 
7 
7 

57.0085 15 

0.716732 5.23 
7.90456 57.65 
0.13712.+ 

0.0561 
0.0000 

Analysis of Variance for HC - Type Ill Sums of Squ:.rrL·. 

Source Sum of Squares Df Mean Suuar\~ kRatll' P-Va!UL' 

MAIN EFFECTS 
A:Device 0.140318 U.J.:+U3lx 6.98 0.0333 
B:Car 1.33589 7 0.190841 9.50 0.0041 

RESIDUAL 0.140686 
,.., 

0.0200981 .' 

--------------------------------------------------------------------------------------------,.,~~--

TOT AL (CORRECTED) 1.61689 15 

Analysis of Variance for CO - Type III Sums of Squares 

Source 

MAIN EFFECTS 
A:Device 
B:Car 

RESIDUAL 

TOT AL (CORRECTED) 

Sum of Squares Of Mean Square F-Ratio P-Value 

216.895 
555.404 7 
330.326 7 

1102.63 15 

216.895 
79.3435 
47.1894 

4.60 0.0692 
1.68 0.2547 



Analysis of Variance for C02 - Type III Sums of Squares 

Source Sum of Squares Df Mean Square F-Ratio P-Value 

MAIN EFFECTS 
A: Device 
B:Car 

RESIDUAL 

TOTAL (CORRECTED) 

360.164 
232120.0 7 

2512.91 7 

234993.0 15 

360.164 1.00 0.3499 
33160.0 92.37 0.0000 
358.987 



Two way Analysis of Variance for Device #5 Data from IM240 Test 
Factors: 

Device (without vs. with) 
Car 

Nine Cars were used in this analysis. 

Conclusions: 
At the 80 % level (P= 0.20) a significant difference in CO emissions was noted when a 

comparison of without vs. with the device is made. Emissions are signficantly less for the with 
device measurements. 

For all emissions. a significant difference from car to car is noted ( P < 0.05). 

Analysis of Variance for NOx -Type ill Sums of Squares 

Source Sum of Squares Of Mean Square F-Ratio P-Value 

MAIN EFFECTS 
A:Device 
B:Car 

RESIDUAL 

TOTAL(CORRECTED) 

0.0298087 
33.8236 

0.483515 

l 
8 
8 

34.337 17 

0.0298087 
4.22795 
0.0604394 

Analysis of Variance for HC - Type III Sums of Squan:s 

0.49 
69.95 

0.5097 
0.0000 

Source Sum of Squares Di Mean Squari: F-Rauo P-Yalui: 

MAIN EFFECTS 
A: Device 
B:Car 

RESIDUAL 

0.00126337 
0.303673 

0.00522873 

1 
8 
8 

0.00126337 
0.0379592 
0.000653591 

1.93 
58.08 

0.2019 
0.0000 

--------~--------------------------------------------------------------------------------~~-----------,._ 

TOTAL(CORRECTED) 0.310165 17 

Analysis of Variance for CO - Type III Sums of Squares 

Source Sum of Squares Df Mean Square F-Ratio P-Value 

MAIN EFFECTS 
A:Device 
B:Car 

RESIDUAL 

TOTAL(CORRECTED) 

24.2303 
738.179 
44.1135 

1 
8 
8 

806.523 17 

24.2303 
92.2724 
5.51419 

4.39 
16.73 

0.0693 
0.0003 



Analysis of Variance for C02 - Type III Sums of Squares 

Source 

MAIN EFFECTS 
A: Device 
B:Car 

RESIDUAL 

TOTAL(CORRECTED) 

Sum of Squares Of Mean Square F-Ratio P-Value 

17.6775 1 17 .6775 0.44 0.5330 
119603.0 8 14950.3 371.38 0.0000 
322.046 8 40.2558 

119942.0 17 



3. Calculated Emissions Test Data 

b. Individual Statistical Data 
(6) Least Significant Different 

Tests for Devices 
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4. Emissions Gas Analysis Data 

a. Data Roll-Up I Summary 

b. Individual Statistical Data 



HYDROC~"'~'>N ANALYSIS 

Hydrocartx. . .A!.rbon Data n=8 
Device 1 Car1 Car2 Car3 . Car4 Cars Car6 Car7 Care Average Std Dev t 

3.87E+OO 5.30E+01 s.saE:+00 1.0SE+OO 7.21E+OO 1.30E+01 9.42E-01 1.02E+OO 10.711 1.76E+01 1.72 
-5.29E-05 1.38E-02 2.30E-03 5.26E-03 -1.11E-03 -1.14E-02 O.OOE+OO -5.84E-06 0.001 7.01 E-03 0.44 
-9.36E-04 1.79E-03 4.90E-04 4.54E-03 0.00E+OO -7.02E-03 O.OOE+OO O.OOE+OO 0.000 3.25E-03 -0.12 
5.17E-03 4.0SE-03 7.01E-03 2.17E-03 -1.35E·02 ·1.44E-02 5.16E-03 9.39E-03 0.001 9.23E-03 0.20 
O.OOE+OO 7.06E-03 9.63E-03 -6.09E-04 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.002 3.97E-03 1.43 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.000 O.OOE+OO #DIV/O! 
O.OOE+OO 1.24E-02 6.nE-03 8.18E-04 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.002 4.63E-03 1.53 
9.0SE-04 -7.15E-03 1.85E-03 ·6.01E-03 -1.18E-03 -2.20E-02 -1.51 E-03 -2.83E-03 ·0.005 7.64E-03 ·1.76 

0.00E+OO 1.60E-02 O.OOE+OO O.OOE+OO O.OOE+OO 1.90E-02 O.OOE+OO O.OOE+OO 0.004 8.15E-03 1.52 
4.85E-03 -7.81E-04 1.70E-03 -3.33E-03 3.1 1E-04 1.18E-02 -1 .62E·03 5.45E-03 0.002 4.89E-03 1.33 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.000 O.OOE+OO #DIV/01 
O.OOE+OO O.OOE+OO 1.78E-03 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.000 6.30E-04 1.00 
1.47E-03 2.30E-03 ·3.34E-03 3.45E-03 -8.29E-05 -3.60E-03 6.67E-04 5.64E-03 0.001 3.17E-03 0.73 

9.40E+01 1.28E+03 1.36E+02 2.54E+01 1.72E+02 3.11E+02 2.28E+01 2.62E+01 257.871 4.23E+02 1.73 
O.OOE+OO 4.08E+04 ·2.40E+03 6.00E+03 -9.60E+03 O.OOE+OO O.OOE+OO 3.60E+03 4800.000 1.52E+04 0.89 

·9.60E+03 6.89E+05 3.00E+04 -1 .20E+04 -7.07E+05 -5.32E+05 4.20E+04 ·1 .44E+04 -64200.000 4.19E+05 -0.43 

·9.51E+03 7.31E+05 2.nE+04 -5.97E+03 ·7.16E+05 -5.31E+05 4.20E+04 -1 .08E+04 -59142.129 4.32E+05 ·0.39 
%Change 1.01E+OO 5.53E-01 9.83E-01 1.00E+OO 1.71E+OO 1.56E+OO 9.75E-01 1.01E+OO 1.100 3.66E-01 -o.n 
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HYOROC~ "-'JN ANALYSIS 

Hydrocarbt.. <1rbon Data n=9 
Device 2 Car 1 Car2 Car3 Car4 Car5 Car6 Car 7 Cara Car9 Avg Std Dev I 

-1.SSE+OO 6.48Et00 2.35E+01 -1.17E+01 7.16E-01 1.00E+01 4.67E+-OO 1.67E+01 -2.26E+OO 5.18E+OO 1.00E+01 1.47 
-5.46E-04 6.82E-04 1.36E-03 -8.SSE-03 1.84E-03 4.02E-03 3.13E-04 1.22E-03 -5.89E-03 -6.SOE-04 4.07E-03 -0.48 
7.41E-04 4.91E-03 6.86E-03 -5.93E-03 1.02E-03 3.93E-03 3.89E-02 2.70E-03 -1 .28E-02 4.47E-03 1.43E-02 0.94 
3.52E-02 2.68E-02 2.SOE-02 1.14E-02 -4.09E-03 1.72E-02 -3.40E-02 9.43E-03 2.27E-02 1.25E-02 2.10E-02 1.79 

O.OOE+-00 O.OOEt-00 8.13E-04 -4.58E-03 O.OOE+-00 5.84E-03 4.00E-03 O.OOEt-00 -4.04E-03 2.26E-04 3.31E-03 0.21 
O.OOE+-00 0.00Et-00 -9.25E-05 -2.16E-03 O.OOEt-00 -2.19E-03 O.OOE+-00 -5.97E-03 O.OOE+OO -1.16E-03 2.03E-03 -1.71 
O.OOE+OO O.OOEt-00 3.nE-03 -3.72E-03 O.OOE+-00 6.54E-03 2.15E-03 -1 .10E-04 O.OOEt-00 9.59E-04 2.90E-03 0.99 
3.75E-03 -7.25E-04 2.20E-03 2.84E-03 4.63E-03 -4.61E-03 -2.02E-03 -2.61E-04 -2.19E-03 4.01E-04 3.12E-03 0.39 
O.OOE+OO O.OOEt-00 6.00E-03 -5.70E-03 O.OOEt-00 5.00E-03 O.OOE+-00 O.OOEt-00 O.OOEt-00 5.95E-04 3.37E-03 0.53 
-4.68E-02 5.38E-03 2.36E-03 3.96E-03 -5.28E-03 -2.46E-03 -8.45E-03 -1.22E-03 -3.11E-03 -6.18E-03 1.59E-02 -1 .17 
O.OOE+-00 O.OOEt-00 1.00E-03 O.OOE+-00 O.OOEt-00 O.OOEt-00 0.00E+OO O.OOEt-00 O.OOEt-00 1.18E-04 3.54E-04 1.00 
4.19E-02 O.OOEt-00 ··8.58E-04 -2.86E-03 O.OOEt-00 O.OOE+OO 0.00E+OO 3.97E-02 O.OOE+OO 8.66E-03 1.83E-02 1.42 
3.72E-02 1.21 E-01 9.21E-03 5.21E-03 -5.nE-02 4.36E-02 4.42E-03 -1 .00E-03 6.43E-03 1.87E-02 4.79E-02 1.17 

-2.91E+01 1.75E+02 5.70E+02 -2.81E+02 8.95Et00 2.49E+02 1.12E+02 4.00E+02 -5.37E+01 1.29E+02 2.57E+02 1.50 
O.OOEt-00 O.OOEt-00 1.08E+04 -3.60E+03 O.OOEt-00 7.20E+03 3.60E+03 -1 .20E+03 -1.68E+04 O.OOE+OO 7.73E+03 0.00 
7.08E+04 9.12E+04 8.16E+04 4.68E+04 -2.27E+05 -1.85E+05 1.08E+04 -1 .27E+OS -7.20E+03 -2.72E+04 1.21E+05 -0.67 

7.08E+04 9.14E+04 9.30E+04 4.29E+04 -2.27E+05 -1.nE+OS 1.45E+04 -1.28E+05 -2.41E+04 -2.71E+04 1.21E+05 -0.67 
0.94 0.94 0.94 0.97 1.21 1.12 0.99 1.09 1.02 1.02 9.44E-02 -0.78 
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HYDROCAP"l)N ANALYSIS 
) ) 

Hycarbon/C.~ .. mData 
Devlce3 Car 1 Car2 Car3 Car4 Car5 Car 6 Avg Std Dev t 

2.63E+01 3.28E+OO 5.61 E--01 7.82E-01 -2.60E+02 6.78E+OO -3.70E+01 1.10E+02 -0.83 
1.01 E--02 -5.28E-03 O.OOE+OO -2.59E-03 -2.12E-01 8.10E-03 -3.35E-02 8.74E-02 -0.94 
1.25E-02 -7.62E-03 O.OOE+OO -3.68E-03 -1.41E-01 1.17E-02 -2.13E-02 5.91E-02 -0.88 
4.52E-03 -5.11 E-03 4.63E-04 6.97E-03 -1 .03E-01 2.25E-03 -1.57E-02 4.31E-02 -0.89 
1.14E-02 O.OOE+OO 0.00E+OO O.OOE+OO -5.12E-02 0.00E+OO -6.64E-03 2.23E-02 -0.73 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO -5.05E-02 O.OOE+OO -8.42E-03 2.00E--02 -1.00 
0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO -4.04E-02 -9.29E-03 -8.29E-03 1.62E-02 -1.25 
1.27E-03 -1.70E-02 1.77E-03 6.79E-03 -7.34E-03 1.65E-02 3.20E-04 1.15E-02 0.07 
O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO -5.36E-02 0.00E+OO -8.93E-03 2.19E-02 -1.00 
O.OOE+OO -1 .38E-02 O.OOE+OO O.OOE+OO -4.15E-02 6.03E-03 -8.21E-03 1.76E-02 -1 .14 
O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO 0.00E+-00 O.OOE+-00 O.OOE+-00 #DIV/01 
O.OOE+-00 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+-00 O.OOE+-00 O.OOE+-00 #DIV/O! 
-1 .07E-04 4.94E-03 8.16E-05 -2.20E-03 O.OOE+OO -1 .89E-03 1.36E-04 2.56E-03 0.13 

6.33E+02 7.51E+01 1.37E+01 1.93E+01 -6.28E+03 1.65E+02 -8.96E+02 2.65E+03 -0.83 
1.08E+04 -2.40E+03 O.OOE+-00 2.40E+03 -1 .92E+04 4.80E+03 -6.00E+02 1.02E+04 -0.14 
3.00E+04 -6.36E+04 8.52E+04 1.21E+05 -1 .92E+04 3.12E+04 3.08E+04 6.71E+04 1.12 

4.14E+04 -6.59E+04 8.52E+04 1.24E+05 -4.47E+04 3.62E+04 2.93E+04 7.32E+04 0.98 
%Change 9.71 E--01 1.04E+-OO 9.46E-01 9.23E-01 1.03E+OO 9.77E-01 9.82E-01 4.72E-02 0.93 
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HYOROCAP0 0N ANALYSIS 

Hydrocartx rbon Data n=9 
Devlce4 Car 1 Car2 Car3 Car4 Cars Car6 Car7 Cara Car9 Avg Std Dev t 

-2.69E+-01 9.78E+-01 5.76E+OO 1.29E+02 1.02E+-01 2.10E+-01 -6.85E+OO 8.69E-01 6.70E+-01 3.31E+-01 5.27E+-01 1.89 
2.69E-02 1.59E-02 7.37E-03 4.23E-02 O.OOE+OO 5.97E-03 -1 .48E-02 1.54E-03 1.37E-02 1.10E-02 1.65E-02 2.00 

-1.23E-02 1.30E-02 6.54E-03 1.50E-02 O.OOE+OO 2.11E-03 -1 .15E-02 2.49E-03 5.10E-03 2.27E-03 9.43E-03 0.72 
-2.32E-02 1.52E-02 2.30E-02 1.34E-02 3.05E-02 -3.03E-03 -1.21E·02 -7.58E-03 3.49E-03 4.42E-03 1.75E-02 0.76 
9.91E-04 -2.11 E-02 O.OOE+OO 1.70E-02 O.OOE+OO 0.00E+OO -1.10E-02 O.OOE+OO 3.90E-03 -1.14E-03 1.04E-02 -0.33 

-2.16E-03 O.OOE+OO O.OOE+OO O.OOE+-00 O.OOE+OO O.OOE+OO ·2.02E-03 O.OOE+OO O.OOE+OO -4.64E-04 9.22E-04 -1.51 
·9.13E-04 3.06E-02 O.OOE+OO 2.10E-02 8.18E-03 O.OOE+OO ·4.61E-03 O.OOE+OO 6.90E-03 6.79E-03 1.17E-02 1.74 
1.05E-03 -2.74E-03 -1.79E·03 ·5.53E-05 -2.54E·03 -5.09E-03 -1.42E-03 -2.19E·03 6.61E-03 -9.06E-04 3.30E-03 ·0.82 

-4.27E-03 3.93E-02 O.OOE+OO 3.39E-02 7.90E-03 O.OOE+-00 O.OOE+-00 O.OOE+OO O.OOE+OO 8.54E-03 1.83E-02 1.57 
-3.83E-04 8.76E-03 -2.40E-03 4.69E-03 -8.21E-04 7.24E-04 -6.35E-04 O.OOE+OO O.OOE+OO 1.11 E-03 3.45E-03 0.96 
-4.47E-03 O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+-00 O.OOE+OO O.OOE+OO -4.97E-04 1.49E-03 -1.00 
O.OOE+-00 -2.63E-02 -3.71E-02 O.OOE+OO O.OOE+OO O.OOE+-00 O.OOE+-00 O.OOE+OO O.OOE+OO -7.05E-03 1.43E-02 ·1.48 
-3.27E-04 -1.36E-02 -3.40E-03 1.SSE-03 3.72E-03 -4.28E-03 3.85E-04 6.01 E-05 1.26E-03 -1 .59E-03 5.12E-03 -0.93 

-6.47E+-02 2.35E+-03 1.35E+-02 3.11E+-03 2.49E+-02 5.03E+-02 -1.68E+-02 2.03E+-01 1.61 E+-03 7.96E+-02 1.27E+-03 1.68 
-1 .56E+04 7.92E+04 2.40E+-03 3.00E+04 O.OOE+OO 1.68E+-04 1.32E+04 O.OOE+OO 2.40E+-03 1.43E+04 2.75E+04 1.56 
5.04E+04 -1.36E+-05 -9.60E+-03 -4.SOE+-03 -6.48E+-04 1.68E+-04 8.76E+04 -2.28E+-04 2.40E+04 -6.53E+-03 6.51E+-04 -0.30 

3.42E+04 -5.41 E+-04 -7.06E+03 2.63E+-04 -6.46E+04 3.41E+04 1.01 E+-05 -2.28E+04 2.60E+04 8.53E+-03 6.13E+04 0.50 
%Change 9.78E-01 1.04E+OO 1.00E+OO 9.81E-01 1.0SE+OO 9.77E-01 9.36E-01 1.02E+OO 0.970 9.95E-01 3.64E-02 0.34 
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HYDROCAP"'"'IN ANALYSIS 

Hydrocartx. Aton Data n=9 J 
Device 5 Car1 Car2 Car3 Car4 Cars Cars Car7 Cara Car9 Avg StdDev t 

1.57E+OO 7.19E-01 -7.73E+OO -4.61 E-01 1.nE+-00 9.82E+OO -6.10E+OO -1 .34E+01 -3.35E+01 -5.25E+OO 1.25E+01 -1.26 
3.BSE-03 -7.48E-04 O.OOE+OO -4.12E-03 -8.28E-03 4.74E-03 4.nE-03 5.49E-03 2.13E-02 3.00E-03 8.28E-03 1.09 

O.OOE+OO -1.15E-05 O.OOE+OO O.OOE+OO -1 .88E-04 O.OOE+OO 1.13E-02 O.OOE+OO 1.00E-02 2.35E-03 4.73E-03 1.49 
-1 .94E-02 3.84E-03 1.nE-02 -7.93E-03 1.13E-03 -1 .62E-03 1.SSE-02 2.04E-02 5.33E-03 4.01E-03 1.30E-02 0.93 
0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 3.79E-03 4.21 E-04 1.26E-03 1.00 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO #DIV/01 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 6.68E-03 7.42E-04 2.23E-03 1.00 
2.15E-02 7.07E-03 1.28E-03 -5.05E-02 8.57E-03 1.76E-02 1.54E-04 8.SSE-03 -4.56E-04 1.53E-03 2.09E-02 0.22 

O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 3.81E-03 4.23E-04 1.27E-03 1.00 
-4.04E-03 O.OOE+OO 3.47E-03 -5.26E-02 2.49E-02 5.71E-03 6.00E-03 O.OOE+OO 7.64E-03 -8.91E-04 2.11 E-02 -0.13 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO #DIV/01 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO #DIV/01 
1.58E-02 -2.36E-02 -2.62E-03 -2.BSE-03 -1 .49E-02 2.59E+OO -8.15E-03 4.24E-03 4.14E-03 2.85E-01 8.SSE-01 0.99 

4.02E+01 1.49E+01 -1 .84E+02 -2.28E+01 4.36E+01 5.96E+02 -1 .45E+02 -3.18E+02 -7.99E+02 -8.59E+01 3.69E+02 -0.70 
O.OOE+OO O.OOE+OO O.OOE+OO 1.20E+03 1.20E+04 2.40E+03 2.40E+03 O.OOE+OO 7.20E+03 2.80E+03 4.16E+03 2.02 
1.24E+05 8.76E+04 1.20E+04 -1 .32E+04 1.02E+05 -1 .68E+04 2.29E+05 1.80E+05 -1 .20E+04 7.69E+04 9.07E+04 2.55 

1.24E+05 8.76E+04 1.18E+04 -1 .20E+04 1.14E+05 -1 .38E+04 2.31E+05 1.80E+05 -5.60E+03 7.96E+04 9.03E+04 2.65 
%Change 9.19E-01 9.27E-01 9.93E-01 1.01E+OO 9.28E-01 1.01E+OO 8.22E-01 7.94E-01 1.006 9.34E-01 8.07E-02 2.00 
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VITALIZER 
1214196 

0 1566000 

9.47E-03 
3.58E-02 

O.OOE+OO 
O.OOE+OO 
0.00E+OO 
1.03E-02 

O.OOE+OO 
9.85E-03 
O.OOE+OO 
O.OOE+OO 
7.23E-03 

48 1596000 

1008000 

0 9600 0 

1566000 14400 16800 

1714800 1200 10800 

2.88E+01 2.49E+01 
1.09E-02 1.09E-02 
6.33E-03 7.27E-03 
1.93E-02 1.41E-02 

O.OOE+OO O.OOE+OO 
0.00E+OO O.OOE+OO 
O.OOE+OO O.OOE+OO 
9.95 -03 9.04E-03 

0.00E+OO O.OOE+OO 
1.33E-02 8.46E-03 

O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO 
3.30E-03 1.83E-03 

695 601 1190400 1200000 

12/5/96 

O.OOE+OO 
2.26E-02 

0.00E+OO 
O.OOE+OO 
0.00 +0.0 
2.07E-02 
O.OOE+OO 
1.81E-02 

O.OOE+OO 
O.OOE+OO 
1.70 -03 

170 1693200 1716000 

3.62 +01 
1.14E-02 
9.28E-03 
1.52E-02 

0.00E+OO O.OOE+OO 
O.OOE+OO O.OOE+OO 
0.00 +00 O.OOE+OO 
O.OOE+OO 2.20E-02 
2.46E-02 5.59E-03 
1.18E-02 O.OOE+OO 

O.OOE+OO 0.00E+OO 
O.OOE+OO O.OOE+OO 
7.38E-03 1.10E-02 

877 566 950400 1482000 

CARBON ANALYSIS 

9.28E+01 
2.58E-02 
9.34E-03 
2.48E-02 
1.41E-02 

0.00E+OO 
2.10E-02 
9.98E-03 
1.60E-02 O.OOE+OO 
1.28E-02 1.36E-02 

O.OOE+OO O.OOE+OO 
0.00E+OO O.OOE+OO 
B.29E-03 5.99E-03 

0 0 2239 963 1580400 891600 54000 

9.20E-03 
5.76E-03 
O.OOE+OO 
5.16E-03 
1.53 -02 

0.00E+OO 
1.08E-02 1.41E-02 

O.OOE+OO O.OOE+OO 
0.00 +00 O.OOE+OO 
4.80E-03 1.35E-03 

8400 1200 760 735 1338000 1350000 20400 14400 

7.73E+OO 
O.OOE+OO 
O.OOE+OO 
2.0BE-02 

O.OOE+OO 
O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO 
1.43E-02 1.58E-02 

O.OOE+OO O.OOE+OO 
9.82E-03 1.14E-02 

O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO 
2.44E-03 1.77E-03 

0 0 213 190 1692000 1650000 0 0 



12/8198 

FUEL CAT 
12/9/H 

1859800 1707800 0 

0 985200 0 3800 

5.30E-02 
5.41E-02 
2.57E-02 
1.01E-02 
5.71E-02 
7.94E..03 
6.24E..02 
1.38E-02 
4.IME-03 
3.89E-03 
9.19E·03 

8106 1544400 1482800 67200 

2.0BE-02 6.02E-02 
3.52E-02 3.33E·02 
9.28E·02 1.98E-01 
4.38E-03 3.00E-02 
2.26E-02 1.03 -01 
1.92E·02 2.33E·02 
1.78E-02 1.03E..Q1 
1.37 -02 2.53E-02 

O.OOE+OO 5.73E..03 
O.OOE+OO O.OOE+OO 
6.04E-03 O.OOE+OO 

3800 

0 1218000 1 47200 0 

2.25E-02 
2.89 -02 
9.82E-03 
2.18E-03 
9.91E-03 
1.0BE-02 
5.70E-03 
9.61E-03 
O.OOE+OO 
2.86E-03 
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