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Reply to Attn of:

National Aeronautics and Space Administration

Headquarters
Office of Communications
Washington, DC 20546-0001

September 21, 2021

FOIA Office

Via Email

REF: FOIA Case No. 21-HQ-F-00582

This is our final determination of your Freedom of Information Act (FOIA) request, dated
July 1, 2021, and received by the National Aeronautics and Space Administration
((NASA) Headquarters (HQ) FOIA Office on July 7, 2021. Your request was assigned
FOIA Case Number 21-HQ-F-00582 and sought:

“A copy of the final report or reports on the Failure of the SRB (Solid Rocket
Booster) recovery on the STS-4 space shuttle mission.”

In response to your request, we conducted searches of NASA’s Office(s) of Johnson Space
Center (JSC) Retired Space Shuttle Program, Marshall Space Flight Center (MSFC) Heavy
Lift and Propulsion Research and Development, and MSFC System Launch System (SLS)
Office (Boosters Program) using the search terms STS-4 Solid Rocket Booster Recovery
Report. Those searches did not locate any final report on the recovery system failure and/or
SRB recovery in particular. However, one of the searches conducted by the MSFC SLS
Office located one document titled “STS-4 Final Flight Evaluation Report” that may be of
interest to you. We determined that all 192 pages are appropriate for release without excision
and copies are enclosed.

Appeal Rights

If you believe this to be an adverse determination, you have the right to appeal my action on
your FOIA request. Your appeal must be received within 90 calendar days of the date of this
response. Your appeal must be in writing and addressed to:

Administrator

ATTN: FOIA Appeals
NASA Headquarters
Executive Secretariat
MS 9R17

Washington, DC 20546



Both the envelope and letter of appeal should be clearly marked “Appeal under the Freedom
of Information Act.” You must also include copies of your initial request, this
correspondence, and any other correspondence with the FOIA office. In order to expedite the
appellate process and ensure full consideration of your appeal, your appeal should also
contain a brief statement of the reasons you believe this initial determination should be
reversed. Additional information on submitting an appeal is set forth in the NASA FOIA
regulations at 14 C.F.R. § 1206.700.

Assistance and Dispute Resolution Services

If you have any questions, please feel free to contact me at Mireya.P. Nyirenda@nasa.gov.
For further assistance and to discuss any aspect of your request, you may contact:

Stephanie Fox

Chief FOIA Public Liaison
Freedom of Information Act Office
NASA Headquarters

300 E Street, SW., 5P32
Washington D.C. 20546

Phone: 202-358-1553

Email: Stephanie. K.Fox@nasa.gov

Additionally, you may contact the Office of Government Information Services (OGIS) at the
National Archives and Records Administration to inquire about the FOIA mediation services
it offers. The contact information for OGIS is as follows:

Office of Government Information Services
National Archives and Records Administration
8601 Adelphi Road-OGIS

College Park, Maryland 20740-6001

Email: ogis@nara.gov

Telephone: (202) 741-5770

Toll-free: 1-877-684-6448

Fax: (202) 741-5769

Important. Please note that contacting any agency official including the undersigned,
NASA’s Chief FOIA Public Liaison, and/or OGIS is not an alternative to filing an
administrative appeal and does not stop the 90 day appeal clock.

Sincerely,
Digitally signed by

% % Mireya Nyirenda
W Date: 2021.09.21
16:56:51 -04'00'

MIREYA P. NYIRENDA
FOIA Public Liaison Officer

21-HQ-F-00582
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1.0 FLIGHT SUMNARY - This section provides a descriptiornn of the STS-4 flight and a
summary of the evaluation results wguch are detailed in Lhe remainder of the report.
MSFC STS-4 results are reported in two volumes. Volume 1 covers the evaluation results
for the Solid Rockel Boosters (SRBs), the External Tank (ET), the Space Shuttle

Main Engines (SSMEs) and the Range Safety System (RSS). Volume 2 reports the
evaluation of MSFC responsible systems tasks: the Nain Propuision System (MPS), the
Shuttle Ascent Base Healing Environment, ET Separation, Entry and Breakup and

Ignition Overpressure.

11 FLIGHT DESCRIPTION - The fourth launch of the Space Shuttle Orbiter Columbia
(STS-4) occurred on June 27, 1982 at 11 AN. EDT. The fina! countdown was normal. The
SSNE and SRM ignitions occurred as expected. Ascent performance during the roli
manecuver, the max Q throttle back and the 3G throttling was as expected. SRB

separation occurred approximalely 3 seconds later than expected due to a longer SRM
burn time than predicted.

ET separut.lon and reentry occurred as planned with the ET t.umble system operating
properly. ET debris fell within the predicted- footprint.

12 FLIGHT RESULTS - All STS-4 mission critical functions associated with the MSFC

clements (SKBs, ET and SSMEs) were performed satisfactorily. The following pnrngraphs
summarize the evaluation results for each MSFC element.
121 SRB SUMMARY - SRM propulsion performance parameters irere within

specification limits and showed good reproducibility with previous flights. SRB thrust
differentiala also were within specification.

All Thrust Vector Control (TVC) prelaunch redlines were met with ample margin.
Analyses verified thnt all TVC system parameters indicated nominal operation during
flight.

The SRB suppart post loads data at liftofl showed footpad compression and hoildown bolt
tension to be within design limita

SRB base moment calculations based upon MLP support strain data |nd|cated a moment
947 of design during SSME buildup.

No data were available for strut loads analysis. The SRM motor case loads (axial force)
show good agreement with STS-3.

The Electrical and Instrumentation (E&l} operational system evaluation indicates. within
the resclution of available data, that all ascent functions were performed nominally.

Based on available data, all indications are that the E&| separation functions performed
nominally. The bulk of the SRB DFl data was lost resulling in no data after separation.

No data are available on SRB reentry aerodynamics Available data from Orbiter
recorders indicated no vibroacoustic exceedances during ascent. Temperature limits
experienced by primary structures and subsystem components have not been verified duc
to a lack of data.

The loss of DFI data prevents analysis of BSN pressure performance curves. Available
photographic data and visual inspection reviews indicate no debris from BSMs during
separation.

Reentry trajectory characteristics of each SRB were similar to the nominal until end of
drogue parachute phase. A separate report will be issued on the failures related to both
SRBs. ‘

122 ET SUMMARY - Prelaunch and ascent thermal envircnments were nominal.

ET vibroacoustic levels were near or below predicted values for all measurement
locations.

1.0-1
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Flight dynamic parameters revealed no indication of LO2 slosh activity. .
ET compartmeni venting predictions for STS-4 were as expected. 1

There were no ET design load exceedances for STS-4. All ET loads & strains were eq'ual
to or less than expected.

123 SSME SUMMARY- All prelaunch purge operations (gretanking purges, intertank
purges and CN2 purges) were executed successfully with contamination concenltrations
remaining well within requirements. The launch support GSE provided adequate control .
capability and satisfactory operation for launch preparation.

All three SSMEs ignited properly. Buildups and shutdowns of all engines as well as

malinstage performances were within specifications. The SSME controllers provided

nominal control of the engines throughout powered flight. Oscillations of the MCC

chamber pressure measurement occurred on ME-2 during throttling These oscillations .
hrafd btgen obeerved an previous tests with thie controller and have caused no detrimental

effects. -

POGO system operation was normal. EngineA gimbal operations were normal in response
to Orbiter commands. '

Hydraulic system pressure and temperature were within allowable limits throughout
flight. Helium interface requirements were met on all three engines. SSME thermal
data showed no probleme which could impact future flights. Engine dynamic data were
generally comparable to previous tests and indicate no problems. :

All on-orbit activities associated with the SSME were accomplished succesafuily. There
was no damage to the SSMEs or nozzles during Orbiter reentry and landing

During postflight inspections, a high torque was noted on the HPFTP of ME-3. A
Subsequent teardown of the pump revealed a piece ol second stage impeller missing .
The pump haa been replaced for STS-5. :

124 RANGE SAFETY SYSTEM SUMMARY - Analysis indicates that the performance of
the Range Salety System hardwere for both the SRBs and the ET was as expected.

1.3 VERIFICATION - Table 1.3-1 iiate Level Il and llI requirements applicable to MSFC
to be verified by the appropriate Shuttle Project Office and the degree to which these
requirements were met for the Flight Readiness Firing STS-1, STS-2, STS-3 and STS-4.

The loss of SRB data has delayed Lhe planned completion of several requirements. In

all areas in which data were available, requirements were at least partially satisfied. In .
some areas all Flight Test Requirements have been completed. There were no problems

or anomalies associated with the STS—4 flight which are considered a constraint (or

STS-5.
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TABLE 1,3-1  MSFC SPACE SHUTTLE FLIGHT EVALUATION

SPECIFICATION REQUIREMENTS & FLIGHT

TCOCCTY DNy lﬁc_'.c.lns

LS IR N T}

JSC 00770~=-X SPECIFICATION REQUIREMENTS MSFC RESPONSIBLE STATUS PER
FLIGHT TEST REQUIREMENTS FER ELEMENT/SYSTBM STS NG, * oFT
ICD/CEt SPECIFICATIONS SECTION SSME SR8 MPS O t 2 3 4 STATUS
3.1 SHUTTLE SYSTEM DEFINITION
3.1.3 SHUTTLE SYSTEM WEIGHTS & PERFORMANCE CONTROL -« VERIFY ELEMENT X S s § § §
CONTROL WEIGHTS DEFINED IN APPENDIX 10.12 .
41Vv011 ESTABLISH CLOSE TOLERANCE ON LIQUID OXYGEN RESIDUALS 5¢342 X WA S S S5 S
41VV012 ESTABLISH CLOSE TOLERANCE ON LIQUID HYDROGEN RESIDUALS 5.3.2 X NMNA S S S S
41VV019 DEVELCP PROCEDURES TO FULFILL LQ2 LOADING' ACQURACY 5¢3.1 X S P S S S
41VV019A DEVELOP PROCEDURES TO FULFILL LH2 LOADING ACCURACY 5.3.1 : X S s § § S
41VV023 VERIFY CAPABILITY TO PREDICT MPS FLIGHT PERFORMANCE 5.3.2, X S P P P P
5.4.1, X S P P P P
5.4.2, X s P P P P
5443 X S P P P P
MC-1 VERIFY SHUTTLE VEHICLE ASCENT PERFORMANCE N FLIGHT 2,2.0, NNA S S S S
531, X A S S S S
5.3.2 X NNA S S S S
SR8 CEI, CPO13M0000(B
MASS PROPERTIES, PARA, 3.2.2.1, IN ACCORDANCE WITH SE-019-066-2H 2,2.0 NMNA S S S§ S C
RECOVERY CENTER OF GRAVITY - CG AT VEHICLE STATION IN RANGE OF 56 - 59 2.2.0 WA S S S § C
PERUENI UF VEHIULE LENSIH
3.2 PERFORMANCE AND DESIGN CHARACTERISTICS
3.2.1 MISSION PERFORMANCE
3.2.1.1 MISSION QPERATIONS FUNCTIONS
3.2.1.1.5 PROPELLANT DUMP = VERIFY CAPABILITY OF DUMPI NG PROPELLANTS X X NA P P P P
TRAPPED IN THE MPS FEEDLINES AND MAIN ENGINE,
41VV010 ESTABLISH TIME LINE FOR POST MECO PROPELLANT DUMP 5.4.6 X X NNA P P S S
41VV007 MPS RELIEF VALVE VERIFICATION 5¢343 X X NMNA S S S S C
1CD 13M15000
PROPELLANT DWMPI NG, PARA, 4.5, PROPELLANT DWMP SEQUEMNCE, FLOWRATES 5.4.6 X X NA P P P P

AND CONSTRAINTS

#5 - SUCCESSFUL P - PARTIAL ‘SUCCESS

F - FAILIRE C - COMPLETION F REQUIREMENT VERIF ICATION
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TABLE 1.3~1  MSFC SPACE SHUTTLE FLIGHT EVALUATION
SPECIFICATION REQUIRBMENTS & FLIGHT TEST REQUIRBMENTS (CONT| NJED)

JSC 00770-X SPECIFICATION REQU IREMENTS
FL IGHT TEST REQU IREMENTS

MSFC RESPONSIBLE
FER ELEMENT/SYSTIM

STATUS PER
STS NO* CFT

ICD/CE} SPECIFICATIONS SECTION SS4E ET SR8 MPS 0 1 2 3 4 STATUS
3.2.1.1.9 SHUTTLE VEHICLE SEPARATION - NOMIML MODES - VERIFY SEPARATION X X X WA S S S S c
SUBSYSTEMS PROVIDE FOR ELEMENT SEPARATION WITHOUT DAMAGE (R
RECONTACT OF ELEMENTS,
41VY009 DEMONSTRATE ET SEPARATION EVENTS FOLLON PLANNED SEQUENCE  5.4.5 X X WA S S S § ..C
47VB003 DEMONSTRATE SRB SEPARATION MOTCR PERFORMANCE 2.10.0 X WA S S S 8.0 c',b
3.2.1.1,9,1.1.1 SEPARATION FLIGHT CONTROL FUNCTIONS = VERIFY SRB NZZLES X MA S S S S C
RETURN TO NULL POSITION FOR 5 SECONDS AFTER SEPARAT}ON
COMMAND, _
47VBOO7 VERIFY SRB TVC SERVOACTUAT(R PERFORMANDE TO DETERMINE 2.4.1 X MA S S S S
RESPONSE, STABILITY, POSITIONING ACCURACY AND :
REDUNDANCY SCHEME CPERAT|ON,
3.2.141494141.3 BSM SYSTEM - VERIFY SRB BSM (PERATION O/ER A PROPELLANT X A § S S S c
SUWK TEBMPERATYURE RANGE OF 30 DEG £ TO 120 DEG F,
47vB003 DEMONSTRATE SRB SEPARATION MOTCR PERFORMANCE 2,10.,0 X WA S S S S c
3.2.14149.1.2 SR8 SEPARATION SEQUENCE = RELEASE OF STRUCTURAL ATTACHMENTS 2.10.0 X, WA S S S S c
SHALL OCCUR WITHIN 30 MS OF TIME SEPARATION COMMAND
CROSSES (RB/SRB | NTERF ACE,
3,2.14149.1.3 DESIGN SRB STAGING CONDITIONS ~ THE SRB SEPARATION SYSTBM X MVA S S S S c
SHALL PROVIDE SAFE SEPARATION FROM STAGIN: CONDIT!IONS
WITHIN SPECIFIED LIMITS OF THE DEF| NED PARAMETERS,
47vBO17 VERIFY ADEQUACY COF PREFLIGHT ENTRY ANALYSES OF DYNAMIC 2.11.1 X WA S S S S c
PRESSURE AND VEHICLE MOTION FROM SEPARATON TO '
WATER IMPACT,
SR8 CEl CPO13M000008
SRB WILL BE CAPABLE OF WITHSTANDING MAXIMUM REENTRY ANGULAR RATES CF 2.11.1 X MA S S S § c

WX = 190 DEG/SEC, WY = 50 DEG/SEC, WL = 50 DEG/SEC.

.- -—-- - - - -

*S - SUCCESSFUL P - PARTIAL SUCCESS F = FAILLRE C - COMPLETION OF REQUIRBMENT VERIFICATION

- - -t — -
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TABLE 1.3-1 MSFC SPACE SHUTTLE FLIGHT EVALUATION
SPECIF ICATION REQUIREMENTS & FLIGHT TEST REQUIREBMENTS (CONT1 NUED)

JSC 00770-X SPECIF ICAT | ON REQU IRBMENTS MSFC RESPONS IBLE STATUS PER
FLIGHT TEST REYUIRBMENTS FER  ELEMENT/SYSTEM oFT
ICD/CE| SPECIF ICAT 1ONS : SECTION SME  ET 0 4 STATUS
3.2.1.1.9.2.2 (RBITER/ET SEPARATION SEQUENCE - ORBITER/ET SEPARAT|ON SEQUENCE X VA S c
IS INITIATED WHEN MECO INITIATION IS VERIFIED, VERIFY PROPER :
ISSUANCE OF PIC ARM COMMAND, TIME SEQUENCED VALVE CLOSURE
COMMANDS, ELECTRICAL DEADFACING COMMAND AND PIC FIRING
COMMANDS.,
41VV009 DEMONSTRATE SEPARATION EVENTS FOLLOW PLANNED SEQUENCE. 5.4.5 X A S c
3.24141417 ET DISPOSAL ~ VERIFY NO ET IMPACT BELOW 60 DEG S PARALLEL X WA s C
AND NO CLOSER THAN 200 N,MI. FROM LAND MASSES, VERIFY ET ’
TUMBLE SYSTEM CPERATION,
48VT009 VAL IDATE PREDICTED ET TUMBLE RATE, BREAKUP 7.0 X NA s c
ALTITUDE, AND RESULTANT FRAGMENTAT|ON
ET CEl, CPTOIM26A .
TANC DEBRIS SHALL BE WITHIN FOOTPRINT OF 600 N.Mi, ALONG TRACK 7.0 X VA s c
AND 100 N.MI. CROSSTRACK, '
3.2.1.2 ASSEMBLY AND LAUNCH FUNCTIONS
3,2.1.2.3.1 CRYO LOADING MONITOR & CONTROL - SHUTTLE GROUND SYSTEM SHALL BE X s 3
CAPABLE OF MONITCRING AND REMOTELY CONTROLLING FUNCTIONS
. AND PARAMETERS CRITICAL TO PROPELLANT LOADING.
41VV019 DEVEL(P PROCEDURES TO FULFILL LO2 LOAD ING ACCURACY OF 5.3.1 X s 3
+/- .54 PERCENT.
41VVO19A ‘DEVELGP PROCEDURES TO FULFILL LH2 LOADING ACCURACY OF 5.3.1 X S S

+/- 69 PERCENT,

*S - SUCCESSFUL P - PARTIAL SUCCESS F = FAILWIRE C - COMPLETION OF REQUIRBMENT VERIF ICATION



TABLE 1.3-1  MSFC SPACE SHUTTLE FLIGHT EVALUATION
SPECHF ICATION REQUIRBMENTS & FLIGHT TEST REQUIREMENTS (CONTI NJED)

JSC 00770~-X SPECIF ICAT {ON REQU IREMENTS MSFC RESPONSIBLE STATUS PER
FLIGHT TEST REQUIREMENTS FER ELEME NT/SYSTEM STS NO,* oFT
ICD/CE| SPECIF ICAT IONS SECTION SSME ET SRB MPS 0 1 2 3 4 STATUS
3.2.1.2.7 PROPELLANT FILL = ET PROPELLANTS SHALL BE CAPABLE OF BEING X X S S S s s c
LOADED AT THE MAX IMUM RATES CF 5000 GPM FOR LO2 AND
12000 GPM FOR LH2. '
41VV019 DEVELGP PROCEDURES TO FULFILL LO2 LOADING ACCURACY OF 5.3.1 X X s S S S s
+/- .54 PERCENT, : )
41VWD19A DEVELOP PROCEDURES TO FULFILL LH2 LOADING ACCURACY COF 5¢3.1 X X S S S S s
+/- .69 PERCENT,
3.241.2.8 PRELAUNCH PURGE - ALL SHUTTLE ELEMENTS SHALL UTILIZE GSE - X X X S S S s s c
AND FACILITIES TO MEET ALL PURGE REQUIREMENTS DWRI N PRELAUNCH
PHASE,
OMRSD, FILE {1
$41000.M01, VERIFY ET LO2/LH2 FEED SYSTEM MOISTURE CONTENT AND 5.2.1 X X S S S s s c
CONTAM | MTION LEVEL PRICR TO LOAD ING CRYO'S. .
S05000,F03, VERIFY ET INTERTANC HAZARDOUS GAS CONCENTRATION 5.2.1 X X S S S S s c
$41000.F03, VERIFY MPS GN2 ENGINE PURGE REQUIREMENTS 5.2.1 X X S P S S S c
$41000.F14, VERITY ET INTERTANC COMPARTMENT TEMP BETWEEN 33 TO 118 DEG F  5.2.1 X X S S S S s c
PRICGR TO PROPELLANT LOADING.
3.2.2 DESIGN CHARACTER|STICS
3.2.2.1 FLIGHT SYSTEMS DESIGN
3.2.2.1.4 POGO - SHUTTLE VEHICLE SHALL BE FREE GF INSTABILITIES RESULTING X X X X MA S S S S c
FROM DYNAMIC COUPLING CF THE STRUCTURE, PROPULSION AND
FLIGHT CONTROL SUBSYSTEMS.
41VV024 VERIFY ABILITY TO MAINTAIN CORRECT LIQUID/GAS LEVEL 5.7.0 X X MA S S S S c

I N THE ACCUMULATOR UNDER FLIGHT CONDITIONS,

*5 - SUCCESSFUL P =~ PARTIAL SUCCESS F = FAILURE C - COMPLETION OF REQUIREMENT VERIFICATION
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TABLE 1,3-1  MSFC SPACE SHUTTLE FLIGHT EVALUATION
SPECIF{CATION REQUIRBMENTS & FLIGHT TEST REQUIRBMENTS (CONT | NJED)

JSC 00770~X SPECIF ICATION REQU IREMENTS MSFC RESPONSIBLE STATUS PER
FLIGHT TEST REQUIREMENTS FER ELEMENT/SYSTEM STS NO.* T
ICD/CE{ SPECIFICATIONS SECTION SSME ET SR8 MPS 0 1 2 3 STATUS
3.2.2.1.4.,1 POGO SUPPRESSOR REQUIREMENTS = SEE ICD REQUIREMENTS BELOW, X X ] S § S§ c
41VV024 VERIFY ABILITY TO MAINTAIN CORRECT LIQUID/GAS LEVEL S5¢740 X X NA S S S c
IN THE ACCUMULATOR UNDER FLIGHT CONDITIONS. ’
ICD 13M15000, PARA 4.2,10,2
COMPL IANCE, SUPPRESSOR SHALL HAVE MINIMUM GAS VOLUME OF 0.6 FT3 AND 5.7.0 - X . X S s § S c
PROV IDE COMPL IANCE GREATER THAN 0.045 IN2 OVER THE PRESSURE/
TEBMPERATURE (PERATI NG RANGE,
I NERTANCE, SUPPRESSOR |NERTANCE SHALL NOT EXCEED 0011 SEC2/IMN. 5.7.0 X X S S § S c
RESISTANCE, STEADY STATE PRESSURE DROP THROUGH ACCUMULAT(R INLET 5.7.0 X X S S § S c
PORT SHALL BE LESS THAN 1,25 PSI FOR A STEADY, 50 B/SEC L2 FLOW
THROUGH SUPPRESSOR INLET PORT.
3e242.1.12 TANK/LIQUID COUPLING = TANKS SHALL PREVENT (R SUPPRESS COUPLIN; X WA S S S c
BETWEEN SLOSH OF LIQUIDS AND VEHICLE STRUCTURE, AND BETWEEN
LIQUIDS AND FLIGHT CONTROL SUBSYSTEMS,
48YT007 VERIFY SPECIFICATIONS REQUIRING GUARANTEED VALUES NA § S S C

OF SLOSH DAMPING IN THE ET L2 TANK ARE MET,

3.2.0 X

%5 - SUCCESSFUL P = PARTIAL SUCCESS F - FAILLIRE C - COMPLETION OF REQUIREMENT VERIF ICATION
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TABLE 1,31
SPECIFICATION REQUIREMENTS & FLIGHT TEST REQUIRBMENTS (CONT | NJED)

MSFC SPACE SHUTTLE FLIGHT EVALUAT{ON

JSC 00770=-X SPECIF ICAT 10N REQU IRBMENTS MSFC RESPONG IBLE STATUS PER
FLIGHT TEST REQUIRBMENTS FER ELEMENT/SYSTEM STS NO.* T
ICD/CE| SPECIF ICAT I ONS SECTION SSME ET SRB MPS O 1 2 3 4 STATUS
3.2.2.1.13  PROPELLANT LOADINS ACCURACIES = ROOT SUM SQUARE OVERALL SYSTEM X X S $§ S S S
LOAD I N5 ACCURACY TO 1008 MASS LOAD LEVEL OF SHUTTLE SYSTEM
SHALL BE +/=- 0.5% FOR LO2 AND 0.69% FOR LH2.
41VV019 DEVELGP PROCEDURES TO FULFILL L2 LOAD1NG ACCURACY, 5.3.1 X X S S S § S
41VV019A DEVELCP PROCEDURES TO FULFILL LH2 LOADIN; ACCURACY. 5.3.1 X X S S S s S
MC-1 VERIFY SHUTTLE VEHICLE PERFORMANCE IN FLIGHT 5.3.1 X X MA S S S S
EN IRONMENT, :
3.2.2.1.15.1 02 VENTING = THE LQ2 TANC VENT VALVES SHALL PROVIDE ET REL {EF X X S S S S s c
’ PROTECT1 ON, '
41VV003 DEMONSTRATE ABILITY TO MAINTAIN ET L2 ULLAGE PRESSURE 5.4.4 X X MA S S S S c
AT 20 TO 22 PSIG UNDER FL IGHT CONDIT1ONS,
1CD=2=12001 ,
L@ TANC ULLAGE PRESSURE, PARA. 3.3.3.3, ULLAGE PRESSURE AT 20 TO 22 5.4.4 X X S S 'S s s c
PSIG FOR BOTH ENGINE PRESTART AND CPERATION,
ICD 13M15000
SSME/(RB PRESSURANT CRITERIA, PARA. 5.1, GOX FLOWRATE, TEMPERATURE AND 5444 X X P S S S§ s c
PRESSURE LIMITS,
OMRSD, FILE |1 :
S00000,F01, LO2 TANC ULLAGE PRESSURE 3.3+/-1,7 PSiG PRIGR TO CRYO LOADING. 5.3.1 X X $ $ § § s c
$41000.F20, L2 TANC ULLAGE PRESSURE 5+/-3 PSIG DURING FAST FILL. 5¢3.1 X X S S S S .8 c
$41000,F38, L2 TAN ULLAGE PRESSURE 5+/-3 PSIG DIRING T(PPI NG, 5.3.1 X X S S S$ S s c
X X S S S S § c

S41000.F41, LO2 TAN ULLAGE PRESSURE 5¢/-3 PSIG DIWRIN; REPLENISH, 5¢3.1

*#S - SUCCESSFUL P - PARTIAL SUCCESS

F - FAILLRE C - COMPLETION OF REQUIREMENT VERIFICATION
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TABLE 1.3=1  MSFC SPACE SHUTTLE FLIGHT EVALUATION
SPECIFICATION REQUIREMENTS & FLIGHT TEST REQUIRBMENTS (CONTI NJED)

JSC 00770-X SPECIF ICAT |ON REQUIREME NTS MSFC RESPONS IBLE STATUS PER
FLIGHT TEST REQUIREMENTS FER ELEMENT/SYSTEM STS NO.* oFT
ICD/CE} SPECIF ICATIONS SECTION SME ET SR8 MPS 0 | 2 3 STATUS
3.2.2.1.15.2 H2 VENT - THE H2 VENT SYSTEM SHALL BE CAPABLE OF VENTING THE X X S s s s c
MAX IMUM STEADY-STATE BOIL CFF FROM THE H2 ET TO LIMIT THE
TANC PRESSURE OF 16 PSIA MAX AT A MAX S.L. AMBIENT PRESSURE
OF 15 PSIA DURING THE REPLENISH MODE OF THE TANKING CPERATION.
FACILITY BACX PRESSURE AT THE FAG/ET INTERFACE SHALL NOT
EXCEED 0.5 PSIG MAX AT A BOILOFF RATE OF 2,9 LB/SEC.
41Vv004 DEMONSTRATE ABILITY TO MAINTAIN ET LH2 ULLAGE PRESSURE  5.3.1, X X s S s s c
AT 41 TO 44 PSIA FOR PREPRESS AND 32 TO 34 PSIA FOR Sede4
FLIGHT CONDITIONS.
1C0-2-12001 L .
LH2 TAN ULLAGE PRESSURE, PARA. 3.3.2.3, A MINIMUM (F 38.5 PSIA WILL 5.4.4 X X s S S S c
BE PROVIDED AT LIFTGFF PLUS ONE SECOND.
ICD_13M15000 A
SME/ORB PRESSURANT CRITERIA, PARA 5.1, GH2 FLOWRATE, TEMPERATURE AND 5.4.4 X X S S § S c
PRESSURE LIMITS,
QMRSD, FILE |1 _
$00000.FO1, LH2 TAN ULLAGE PRESSURE 18+/-1.7 PSIA PRIGR TO CRYO LOADING. 5.3.1 X X S s s S c
$41000.F32, LH2 TANC ULLAGE PRESSURE GREATER THAN 0 DWRING CHILL; 5.3.1 X X § s s 8 c

15-20 PSIG DUIRING FILL; VENT TO 0.2 ~ 0.4 WHEN FULL.

*S - SUCCESSFUL P - PARTIAL SUCCESS F = FAILLIRE C - COMPLETION OF REQUIRBMENT VERIFICATION
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SPECIFICAT ION REQUIREMENTS & FLIGHT TEST REQUIREMENTS (CONTI NJED)

TABLE 1,31 MSFC SPACE SHUTTLE FLIGHT EVALUATION

JSC 00770=-X SPECIF ICAT ION REQU IREMENTS

FLIGHT TEST REQU IREMENTS
ICD/CE1 SPECHF ICAT I ONS

MSFC RESPONSIBLE
FER ELEMENT/SYSTEM

SECTION SSME

0

STATUS PER

T
STATUS

342424117

3e20241,41742

DESIGN ENV IRONMENTS

| NDUCED ENV IROMENT = EACH ELEMENT OF mE SHUTTLE FLIGHT

VEHICLE SHALL BE CAPABLE OF WITHSTANDING THE )NDUCED
EN/ IRONMENTS AS DEFINED IN APPENDIX 10.11.

47VBOON

47vYB002

47vYB008

47vB009

47vB012

47VBO15

48VT001

48VT002

48YT003

48YT004

48VYT005

48vT006

VERIFY DESIGN AND TEST CRITERIA OF SRB TO PRECLUDE 2.5.0,
STRUCTURAL FAILURE DWRING FLIGHT, 2.6.0
VERIFY THE LOADS ANALYS!S TECHNIQUES AND THE DERIVED 2.5.0
VEHICLE LOADS.,

VERIFY ADEQUACY OF LOADS ANALYSES TECHNIQUES AND THE 2,542
DERIVED PRESSURE LOADS AT WATER IMPACT.

DETERMINE ACOUSTIC ENVJRONMENTS DURI NG HOLDDOWN, 2.6.2

ASCENT, AND ENTRY,

DETERM|NE INTERNAL AND EXTERNAL PRESSURES ON NOSE CONE, 2.6.1
FORWARD AND AFT SKIRTS FOR VENTING ASSESSMENTS. ‘

VERIFY THE ADEQUACY OF THE SRB STRUCTURAL THERMAL 2.7.0,
DESIGN AND THERMAL ENVIROMNMENT USED FOR TEST CRITERIA, 2.8.1
DEMONSTRATE PERFORMANCE OF ET THERMAL PROTECTION SYSTEM 36542

AND VERIFY ET THERMAL MODEL.

VERIFY THERMAL AND PRESSURE ENY IRONMENT OF ET NOSE 3441,
CAP AND INTERTANK FOR VENTING ANALYSIS. 3e5¢3
VERIFY ET/ORB INTERFACE, ET/SRB I NTERFACE AND LIQUID 3.3.0
HYDROGEN TANK LOADS.

VERIFY LOADS ANALYSIS TECHNIQUES AND THE DERIVED 3.3.0
VERICLE LOADS.

VERIFY THE DESIGN AND VIBRATION TEST CRITERIA FOR 3.4.2
THE ET.

VERIFY THE ACOUSTIC EN IRONMMENT AND CRITERIA FOR THE 3.4.2

EXTERMAL TANK,

NVA

NA

WA

VA

WA

WA

NA

NA

NA

WA

NA

NA

¥3 - SUCCESSFUL P -

PARTIAL SUCCESS

F - FAILIRE C - COMPLETION OF REQUIREMENT VERIFICATION
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TABLE 1.3-1  MSFC SPACE SHUTTLE FLIGHT EVALUATION
SPECIFICATION REQUIRBMENTS & FLIGHT TEST REQUIRBMENTS (CONT | NJED)

JSC-00770-X SPECIF ICATION REQU IREMENTS MSFC RESPONSIBLE STATUS PER
FLIGHT TEST REQUIRBMENTS FER ELEMENT/SYSTEM STS NO,* oFT
ICO/CE| SPECIFICATIONS SECTION SSME ET SRB  MPS 0 1t 2 3 STATUS
SRB CEl, CPO13MD0000B
LOADING CONDITIONS, PARA 3.2.1.1.4, VERIFY STRESSES IN SRM AND AFT 2.5.1 - - X S S § S c
ATTACH STRUTS DO NOT EXCEED DESIGN LIMITS IN SE=019~057=2H,
ASCENT, PARA 3.2.1.1.4,3, SRB SHALL BE CAPABLE CF ASCENT FLIGHT 2.5.1, X WA S S S c
UNDER THE DEFINED |NDUCED EN IRONMENTS, 2.6.0 4
REENTRY, PARA. 3.2.1.1.4.4, SRB SHALL BE CAPABLE OF REENTRY UNDER 2.5.2, X NA P P P
THE DEF INED | NDUCED ENV IRONMENTS, 2.6.0
RECOVERY, PARA. 3.2.1.1.4.5.1, SRB SHALL BE CAPABLE (F RECOVERY 2.5.2 X NA P P P
UNDER THE DEFINED |NDUCED ENY IRONMENTS,
VENTING, PARA. 3.3.6.15, VERIFY THAT INTERMAL LiMIT PRESSURES 2.6.1 : X MA S S S c
DEFINED IN SE-019~057-2H ARE NOT EXCEEDED (WHERE | NSTRUMENTATION IS
AVAI LABLE)
1CD-2-12001
UMBILICAL PLATE LOADS, PARA, 3.2,3, LIMIT LOADS AT ET/ORB | NTERFACE 3.3.0 X S S S S C
DEFINED IN TABLE 3.2.3-1, _
LIQUID LEVEL POINT SENSOR SIGNAL CONDITIONING, PARA 3.4.6.2.1, 3.5.3 X S S S S c
ELECTRONIC PADKAGE SHALL BE CAPABLE OF WITHSTANDING A TEMPERATURE
RANGE OF 130 DEG F TO -65 DEG F.
3¢242e141742.1 ASCENT HEATING DESIGN CRITERIA = THE SHUTTLE ELEMENTS SHALL BE X X X WA S S S
CAPABLE OF WITHSTANDING THE ASCENT AERODYNAMIC HEATING : :
EN/IRONMENT AS DEFINED IN APPENDIX 10.11.
47VB015 VERIFY THE ADEQUACY OF THE SRB STRUCTURAL THERMAL 2.8.1, X WA S S S
DESIGN AND THERMAL ENVIRONMENT USED FOR TEST CRITERIA. 6.2.0
48VT001 DEMONSTRATE PERFORMANCE F ET THERMAL PROTECTION 3.5.2, X WA S S S
SYSTEM AND VERIFY ET THERMAL MODEL. ' 6.3.0

%S - SUCCESSFUL P - PARTIAL SUCCESS F - FAILWIRE C - COMPLETION OF REQUIREMENT VERIFICATION
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TABLE 1,3-1 MSFC SPACE SHUTTLE FLIGHT EVALUATION
SPECIFICAT {ON REQUIREMENTS & FLIGHT TEST REQUIRBMENTS (CONTINJED)

JSC 00770=X SPECIFICAT |ON REQU IRBMENTS: MSFC RESPONSIBLE STATUS PER
FLIGHT TEST REQUIREMENTS : FER ELEMENT/SYSTEM STS NO.* o7
ICO/CEl SPECIFICATIONS ' SECTION SME ET SRB MPS 0 1 2 3 STATUS
3.3 SHUTTLE VEHICLE END ITBM PERFORMANCE AND DESIGN CHARACTERISTICS
3.3.1 (RBITER VEHICLE CHARACTERISTICS
3.3.1.2 (RBITER DESIGN CHARACTERISTICS
3.3.1.2.2 PROPULSION
3.301424241  MAIN PROPULSION SYSTEM - THE (RBITER YEHICLE MPS ASSISTED BY X X X X WA S S S S
TWO SRBS, .. SHALL PROVIDE VELOCITY INCREMENT AND THRUST
VECT(R CONTROL, .o WITH A MAXIMUM SSME GIMBAL DEFLECTiONS CF
+/- 11 DEGREES IN PITCH AND +/- 9 DEGREES IN YAW,
41VV023 VERIFY CAPABILITY TO ACCURATELY PREDICT MPS FLIGHT . 5.4.1, X S P P P
PERFORMANCE AND ASSURE MPS PERFORMANCE WITHIN 5.4.2,
PRESCRIBED ACCEPTABLE LIMITS. 5.4.3
47vB007 VERIFY SR8 TVC SERVOACTUAT(R PERFORMANCE IN FLIGHT 2.4.1 X VA S S S
EN IROMENT TO DETERMINE RESPONSE, STABILITY,
POSITIONING ACCURACY AND REDUNDANCY SCHEME CPERATION,
47vB010 DEMONSTRATE ADEQUATE SRB PROPULS{ON SYSTEM PERFORMANCE. 2.3.0 X NA S § §°
MC-1 VERIFY SHUTTLE VYEHICLE PERFORMANCE (1NIECTED WEIGHT) 2.3.0, X WA S S S
I'N THE FLIGHT EN IRONMENT, 5.4.2 X NA S S §
SR8 CEl, CPO13M00000B
IGNITION INTERVAL, PARA, 3,2.1.6,2,1, SRM IGNITION INTERVAL SHALL BE 2.3 X NA § S S c
BETWEEN 170 AND 340 MS AFTER IGNITION COMMAND,
PRESSURE RISE RATE, PARA. 3,2.1.6.2.1, MAX RATE OF HEAD END CHAMBER 2.3.0 X NA § § § c

PRESSURE BUILDUP SHALL BE 109 PSI FOR ANY 10 MILLISECOND |NTERVAL.

- -_—_ o~ - - - - - Bt BT 1 B WY o W > - -
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TABLE 1,3-1  MSFC SPACE SHUTTLE FLIGHT EYALUATION
SPECIFICATION REQUIRBMENTS & FLIGHT TEST REQUIRBMENTS (CONT | NJED)

JSC 00770=-X SPECIFICAT!ON REQUIRBMENTS MSFC RESPONSIBLE STATUS PER
FLIGHT TEST REQUIREMENTS : ‘ FER ELEMENT/SYSTEM STS NO.* T
ICD/CEl SPECIFICAT|{ONS SECTION SHME ET SR8 MPS 0 1 2 3 4 STATUS
THRUST DIFFERENTIAL, PARA. 3.2.1.6.2.4, IGNITION THRUST IMBALANCE, 2.3.0 X NA S S S § C
STEADY STATE THRUST IMBALANCE, AND TAILOFF THRUST IMBALANCE.
PERFORMANCE TOLERANCES, PARA. 3.2.1.6.2.2.3, SHALL NOT EXCEED TOLERANCES 2,3.0 X WA S S S § c

LISTED IN TABLE 3-2.

ICD 13M15000

ENGINE STARTING TIME, PARA. 4.1.4, DEPICTED N FiG. 4.1.4«1 OF 5.1 X X S $ S S S c
SQURCE DOCUMENT.

ENGINE START PROPELLANT CONSUMPTION, PARA. 4.1.5, PROPELLANTS CONSUMED L X X s S S s S c
DURI NG START SHOWN IN FIGURE 4.1.5=1,

ENGINE (PERATING CONDITIONS, PARA. 4.2.4, THRUST, SPECIFIC IMPULSE T 5.4.2 X ' X s P P P P
AND INLET FLOWRATES, '
STEP COMMAND RESPONSE, PARA. 4.2.6, ENGINE THRUST CHANGE LIMITS, 5.4.2 X X S S '§ S S c
ENGINE SHUTDOWN IMPULSE, PARA 4.3.1, SHALL NOT EXCEED THAT SHOWN IN 5e443 X . : X S S § S S c
FIGLRE 4.3.1-1, ’ - '
ENGINE SHUTDOWN TIME, PARA, 4.3.2, SHALL NOT EXCEED THAT SHOWN IN 5e443 X X S S § S§ 'S c
FIGURE 4.3.1-1. :

PROPELLANT CONSUMPT|ON, PARA, 4,3.,3, PROPELLENTS CONSUMED DWRI NG Se4 3 X X S S § S S c
SHUTDOWN ARE SHOKN IN FIGURE 4,1.5-1. ' A

SHUTDOWN REQU IRBMENTS, PARA 4.3.4, MPL WILL BE MAINTAINED A Sed¢3 X X WA S S P S c
M| NIMUM OF TWO SECONDS PRIR TO SHUTDOWN COMMAND,

SHUTDOWN FLOW DECELERATIONS, PARA 4.3.5, ENGINE SHALL NOT GENERATE 5.4.3 X X 5 s S S S c

FLOW DECELERATIONS GREATER THAN SHOWN IN FIGURE 4,3.5-1,

%S - SUCCESSFUL P - PARTIAL SUCCESS F - FAILURE C - COMPLETION OF REQUIRBMENT VERIFICATION
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TABLE 1,3=1  MSFC SPACE SHUTTLE FLIGHT EVALUATION
SPECIFICAT ION REQUIRBMENTS & FLIGHT TEST REQUIRBMENTS (CONTI NJED)

JSC 00770-X SPECIFICATION REQU IRBMENTS ‘ MSFC RESPONSIBLE STATUS PER
FL IGHT TEST REQUIRBMENTS FER ELEMENT/SYSTEM STS NO* T
ICO/CE} SPECIFICATIONS SECTION SSME ET SRB MPS 0 1 2 3 4 STATUS

3.3.14245 (RBITER POWER

3.3414245.1  ELECTRICAL POWER SUBSYSTEM - THE ELECTRICAL POWER SUBSYSTEM X X S $ § § S c
SHALL GENERATE THE ELECTRICAL POWER REQUIRED FOR ALL CRBITER
YEHICLE SUBSYSTEMS. .

47vB004 DEMONSTRATE ADEQUATE PERFORMANCE OF THE SRB ELECTRICAL 2.9,.1 X S S S S S C
POWER SYSTBM,
4/VBU1S U IERMINE (PERATING ENIKUMENI OF THE O EQU IFMENI ZeYel X S 5 5 5 s G
AND ITS EFFECT ON DATA SYSTEM ACCURACY.
48YT008 VALIDATE ET ELECTRICAL SYSTEM PERFORMANCE DURING FLIGHT, 3.6.1 X S S S S S Cc
{CD=-2-14001
PARA. 3,1, CHARACTERISTICS OF ELECTRICAL POWER SUPPLIED TO EACH SR8. 2.9.1 X S S S S S Cc
1CD=2-12001 :
PARA, 3.4.,1, CHARACTERISTICS OF DFI AND TUMBLING SYSTEM POWER, 3.6.1 X S ) s S S C

ET CEI, MMC-ET-CMO2A-A
TWO (2) VOLT OROP ALLOWED FROM THE |NTERFACE WITH THE (RBITER TO THE 3.6.1 X 'S s S S S c
OF I BUS INET I/T.

334143 (RBITER INTERFACE CHARACTERISTICS
3e3414301 CRBITER |NTERFACE WITH EXTERNAL TANK = THE (RBITER YEHICLE X S $ 8§ S S C
SHALL INTERFACE WITH THE ET AS DEFINED IN ICD-2-12001.
41VV005 VYERIFY THAT THE PROPELLANT CONDITIONS AT THE ET L2 5¢3.3 X S s § S S
D ISCHARGE DURING MA] NSTAGE ARE WITHIN SPECIFIED LIMITS,
41YV006 VERIFY THAT THE PROPELLANT CONDITIONS AT THE ET LH2 5.3.3 X ) s § § S c
“ DISCHARGE DURING MAINSTAGE ARE WITHIN SPECIFIED LIMITS, '
3¢36143.2 CROBITER |INTERFACE WITH SOLID ROCKET BOGSTER

L L L L T T v L Y Y ] - - - D 8t ey W % b R B T W W el A W
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TABLE 1.3=-1 MSFC SPACE SHUTTLE FLIGHT EVALUATION
SPECIFICAT ION REQUIREMENTS & FLIGHT TEST REQUIRBAENTS (CONT1NJED)

JSC 00770-X SPECIFICATION REQU IREMENTS MSFC RESPONSIBLE STATUS PER
FLIGHT TEST REQUIRBMENTS FER ELEMENT/SYSTEM STS NO.* T
ICD/CE| SPECIFICATIONS SECTION SME ET SRB MPS 0 1 2 3 STATUS
3¢3¢14342.1  ASCENT GUIDANCE AND CONTROL = FLIGHT CONTROL SHALL BE X WA S S §
PERFORMED JOINTLY BY THE (RBITER VEHICLE AND THE SRB'S FR(M
LIFTOFF TO STAGING. THE CGRBITER SHALL PROVIDE STEERING
COMMANDS TO THE SRB TvC.
47VB007 VERIFY SRB TVC SERVOACTUATOR PERFORMANCE TO DETERMINE 2.4.1 X WA S S S
“RESPONSE, STABILITY, POSITIONING ACCURACY, AND
REDUNDANCY SCHEME (PERATION
3e3.1.3.4 ORBITER VEHICLE INTERFACE WITH MAIN ENGINE =" THE (RBITER X S S §S°°S
YEHICLE SHALL INTERFACE WITH THE MAIN ENGINES AS DEFINED IN
ICD 13~M=-15000.
41VW005 VERIFY THAT THE PROPELLANT CONDITIONS AT THE L@@ 5.3.3 X ) s § § c
ENGINE INLETS ARE WITHIN SPECIFIED LIMITS,
41VV006 VERIFY THAT THE PROPELLANT CONDITIONS'AT THE LH2 5343 X S s § § c
ENGINE INLETS ARE WITHIN SPECIFIED LIMITS,
3.3.2 SOLID ROCKET BOOSTER (SRB) CHARACTERISTICS
33421 SRB PERFORMANCE CHARACTERISTICS
3¢3.2.1.1 SR8 ASCENT - THE SRB'S IN PARALLEL WITH SSME'S SHALL PROVIDE X WA S S S
IMPULSE AND TVC TO THRUST THE FLIGHT VEHICLE FROM LIFTCOFF
TO SR8 STAGIN.
47vB007 VERIFY SR8 TVC SERVOACTUATCR PERFORMANCE TO DETERMINE 2.4.1 ' X NA S S§ S
RESPONSE, STABILITY, POSITIONING ACCURACY, AND i
REDUNDANCY SCHEME QPERATION,
47VvB010 DEMONSTRATE ADEQUATE SRB PROPULSION SYSTBM PERFORMANCE. 2.3.0 X NA S S §
MG-1 VERIFY SHUTTLE VEHICLE PERFORMANCE (| NJECTED WEIGHTS) 2.3.0 X WA S S §

IN THE FLIGHT EN IRONJENT,

*S -« SUCCESSFUL P - PARTIAL SUCCESS - F = FAILIRE C - COMPLETION OF REQUIREMENT VERIF ICATION
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TABLE 1,3-1  MSFC SPACE SHUTTLE FLIGHT EVALUATION
SPECIF ICATION REQUIRBMENTS & FLIGHT TEST REQUIRBMENTS (CONT{ NJED)

JSC 00770~X SPECIF ICATION REQU IRBMENTS MSFC RESPONSIBLE STATUS PER
FLIGHT TEST REQUIRBMENTS FER ELEMENT/SYSTEM STS NO.* oFT
ICD/CE| SPECIF ICATIONS SECTION SME ET SRB MPS O 1 2 3 STATUS
SR8 CEI, CPO13M00000B _
IGNITION INTERVAL, PARA. 3.2.1.642.1, INTERVAL SHALL BE BETWEEN 170 2.3.0 X MWNA S S S c
AND 340 MS AFTER IGNITION COMMAND,
PRESSURE RISE RATE, PARA. 3.2.1.6.2.1, MAXIMUM RATE FOR PRESSURE BUILDUP  2,3.0 X MA S § S c
SHALL BE 109 PSI FOR ANY 10 MS |NTERVAL.
THRUST DIFFERENTIAL, PARA., 3.2.1.642.4, IGNITION THRUST IMBALANCE, 2.3.0 X WA S S S c
STEADY STATE THRUST IMBALANCE AND TAILOFF THRUST IMBALANCE.
PERFORMANCE TOLERANCES, PARA 3.2.1.6.2.2.3, SHALL NOT EXCEED TOLERANCES  2.3.0 X NA S S S c
IN TABLE 3-2,
3.3.2.1.2 SR8 PERFORMANCE REQUIREMENTS = THE NOMINAL VACUWM THRUST-TIME X MA S S S
CURVE SHALL FALL WITHIN THE LIMITS ILLUSTRATED ON FIGLRE
3.3.2.1.2A AND TABULATED IN TABLE 3.3.2.1.2A. THE NOMINAL
SRM VACUWM IMPULSE SHALL MEET THE REQUIREMENTS ON FIGLRE
3.3.24142A, .
47VB010 DEMONSTRATE ADEQUATE SRB PROPULSION SYSTEM PERFORMANCE. 2.3.0 X MA S S S
MC-1 VERIFY SHUTTLE VEHICLE PERFORMANCE (| NIECTED WEIGHTS) 2.3.0 X MWNA S S S
IN THE FLIGHT EN IROMENT,
SRB CEI, CPO13MD0000B
IGNITION |NTERVAL, PARA, 3.2.1.6.2.1, !NTERVAL SHALL BE BETWEEN 170 AND  2.3.0 X WA S S S c
340 MS AFTER IGNITION COMMAND. :
PRESSURE RISE RATE, PARA 3.2.1.6.2.1, MAXIMUM RATE FOR PRESSURE BUILDUPP  2.3.0 X MA § S S c
SHALL BE 109 PSI FOR ANY 10 MS INTERVAL.
THRUST DIFFERENTIAL, PARA. 3.2.1.6.2.4, IGNITION THRUST IMBALANCE, 2.3.0 X WA S S S c
STEADY STATE THRUST IMBALANCE AND TAILOFF THRUST IMBALANCE.
PERFORMANCE TOLERANCES, PARA 3.,2.1.6.2.2.3, SHALL NOT EXCEED TOLERANCES  2.3.0 - X WA S S S c

IN TABLE 3~2.

3.3.2.2 SR8 DESIGN CHARACTERISTICS
3.3.2.201 EXTERNAL CON IGURATION

“S‘- SUCCESSFUL P - PARTIAL SUCCESS F - FAILURE C - COMPLETION OF REQUIREMENT VERIF{CATION
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TABLE 1.3=1  MSFC SPACE SHUTTLE FLIGHT EVALUAT{ON

SPECIF ICATION REQU IREMENTS & FLIGHT TEST RBYUIRBAENTS (CONT I NJED)

JSC 00770-X SPECIF ICAT |ON REQU IRBMENTS MSFC RESPONSIBLE STATUS PER
FLIGHT TEST RBQU IRBMENTS FER ELEMENT/SYSTEM STS N * kT
ICD/CEI SPECIF ICAT |0NS SECTION SMME ET SRB MPS O 1 2 3 4 STATUS
3.3.2.2.1.4 THRUST VECTC(R CONTROL - THE SRB TVC SUBSYSTEM N CONJUNCTION X WA S S S S
WITH THE SRY SHALL BE CAPABLE (F PROVIDING PITCH, ROLL, AND
YAW VEHICLE MOVEMENTS, ..
47vB007 VERIFY SRB TVC SERVOACTUATCR PERFORMANCE TO DETERMINE 2.4.1 X WA S S S S
RESPONSE, STABILITY, POSITIONING ACCURACY, AND
REDUNDANCY SCHEME CPERATION,
47VBO11 DEMONSTRATE ADEQUATE INLIGHT PERFORMANCE CF THE 2.4.2 X WA S S S S C
THRUST VECTCR CONTROL POWER SUPPLY.
SR8 CEI, CPO13M00000B
HYORAUL IC POWER SUPPLY, PARA, 3.2.1.7.1.3, VERIFY THE FOLLOWING 2.4.2 X P S S S s c
PRE-APU START
LEVEL HYDRAULIC FLUID RSVR SHALL BE 60~80% (70 +/- 5§ FOR STS-0)
M2 5HI45 GNI25 BOTTLE OUTLET PRESSURE 385 PSIA +/= 10 PSIA AT 70 DEG F
M2 5H845 GMI25 BOTTLE GAS TEMPERATURE SHALL BE 45-139.5 DEG F
GAS GENERAT(R BED TEMPERATURE SHALL BE 219 +/- 29 DEG F
DURING QPERATION
APU TURBINE SPEED SHALL BE 72,000 +/- 5760 RPM
HYORAULIC FLUID SUPPLY PRESSURE SHALL BE 3125 +/- 125 PSIA
3.3.2.2.3 SR8 DESTRUCT SYSTEM - THE SRB'S SHALL BE PROVIDED WITH X WA S S S S
GROUND COMMANDED SYSTEMS TO DESTRUCT THE SRB'S.
47VB014 MONITCR AND VERIFY PERFORMANCE AND STATUS OF THE 8.0 X WA S S S S
RANGE SAFETY SYSTEM DURING PRELAUNCH AND FLIGHT
CPERAT 10MS, \
SR8 CEI, CPO13MO0000B
DESTRUCT SAFING, PARA 3.2.6.7.2, THE SRB DESTRUCT SYSTEMS SHALL BE 8.0 X WA S S S S

SAFED ELECTRONICALLY AND MECHANICALLY PRIR TO NCRMAL SRB SEPARATION ..

*S - SUCCESSFUL P - PARTIAL SUCCESS
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TABLE 1.3-1  MSEC SPACE SHUTTLE FLIGHT EVALUATION
SPECIFICATION REQUIREMENTS & FLIGHT TEST REQUIREMENTS (CONT I NJED)

JSC 00770-X SPECIFICATION REQU IREMENTS MSFC RESPONSIBLE STATUS PER
FL IGHT TEST REQUIREMENTS FER  ELEMENT/SYSTEM STS NO.* oFT
ICD/CEI SPECIFICATIONS ‘ SECTION SSME ET SR8 MPS 0 1 2 3 STATUS
34343 EXTERNAL TANK CHARACTERISTICS
3e343.2 EXTERNAL TANK DESIGN CHARACTERISTICS
3:33.2.4 PROPELLANT SLOSH DAMPIN; - VERIFY ET PROVIDES DAMPING OF THE X WA S S S c
L@ TANK WITHIN LIMITS OF TABLE 3.3.3.2.4 INVOL. X.
47VT007 VERIFY SPECIFICATIONS REQUIRI NG GUARANTEED VALUES 3.2.0 X NA S S S c
OF SLOSH DAMPING IN THE ET L2 TANK ARE MET,
3.3.3.2.6 THERMAL PROTECTION - ET THERMAL DESIGN SHALL ASSURE THAT THE ’ X s s s s
EXTERNAL SURFACE DOES NOT GO BELOW 32 DEG F UNDER TBD ATMOSPHERIC
CONDITIONS, (SPECIFIED BY JSC)
48YTOO01 DEMONSTRATE ADEQUATE PERFORMANCE OF THE ET THERMAL 3.5.0 X WA S S S
PROTECTION SYSTEM DURING ASCENT AND YERIFY THERMAL
MODEL.
3.3.3.2.8 SAFE _SEPARATION DISTANCE = TO INSURE A MINIMUM SAFE SEPARATION X NA S S S c
DISTANCE BETWEEN THE CRBITER AND THE ET OF 4 N.MI., FOR NOM| ML
MISSION THE ET SHALL NOT RUPTURE UNTIL AFTER ENTRY BELOW
350 KFT.
48VTO09 VAL IDATE PRED ICTED ET TUMBLE RATE, BREAKUP ALTITUODE, 7.0 X WA P S S c
AND RESULTANT FRAGMENTAT | ON, '
3.3.4 MAIN ENGI NE CHARACTERISTICS = THE SPACE SHUTTLE MAIN ENGINE X X S P P P
SHALL MEET THE REQUIRBMENTS SPECIFIED IN3.3.4.1.1, 3.3.4.1.2,
AND ICD 13M15000.
ICD _13M15000
SEE ICD 13M15000 REQUIRBEMENTS DEF | NED UNDER 3.3.1.2.2.1 5.4.0 X X S P P P

%S -~ SUCCESSFUL P - PARTIAL SUCCESS F - FAILLRE C - COMPLETION OF RB}UIREMENT VERIFICATION
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TABLE 1,3=-1  MSFC SPACE SHUTTLE FLIGHT EVALUATION
SPECIFICATION REQUIREMENTS & FLIGHT TEST REQU IRBMENTS (CONCLUDED)

JSC 00770-X SPECIFICAT{ON REQUIREMENTS MSFC RESPONSIBLE STATUS PER
FLIGHT TEST REQUIREMENTS FER ELEMENT/SYSTEM STS NO.® T
ICD/CE) SPECIFICATIONS SECTION SSME ET SRB MPS 0 1 2 3 4 STATUS
3.3.4,1 MAIN ENGINE PERFORMANCE CHARACTERISTICS
3.3.4.1.1 ENGINE PERFORMANCE LEVELS = VERIFY SINGLE ENGINE PERFORMANCE X X S P P P P
THRUST, MIXTURE RATIO, SPECIFIC IMPULSE, '
41Vv023 VERIFY THE CAPABILITY TO ACCURATELY PREDICT THE MPS 5e4.2 X X S P P P P
FL IGHT PERFORMANCE AND ASSURE MPS PERFORMANCE WITHIN
PRESCRIBED ACCEPTABLE LIMITS.
3.3.4.1.2 ENGINE (PERATING CONDITIONS = THE ENGINE CPERATING CONDITIONS - X X S P P P P
FOR THRUST, SPECIFIC IMPULSE, AND MIXTURE RATIO ARE GIVEN IN
TABLE 3.3.4.1.2,
41VV023 VERIFY THE CAPABILITY TO ACCURATELY PREDICT THE MPS 5.4.2 X X S P P P P
FLIGHT PERFORMANCE AND ASSURE MPS PERFORMANCE WITHIN
PRESCRIBED ACCEPTABLE LIMITS.
3.5 CPERABILITY
3.5.3 USEFUL LIFE
353,10 REUSE
345434142 ET - THE ET 1S NOT REUSABLE AND SHALL BE CAPABLE OF A SINGLE X NA S S § S c

VERTICAL LAUNCH.

3.5.3.1.3 SRB - EACH SR8 SHALL BE CAPABLE OF A MINIMWM OF 20 VERTICAL X NA S S S F
LAUNCHES WITH RECOVERY, RETRIEVAL AND REFURBISHMENT AFTER ’
EACH MISSION,

3.543.145 SME - THE SSME SHALL BE CAPABLE OF A SERVICE LIFE, BETWEEN X 4 S s § § §

OVERHAUL, OF 55 STARTS (R 7 1/2 HOURS TOTAL TIME INCLUDING
NOT M(RE THAN 14,000 SECONDS AT FPL.

*S - SUCCESSFUL P = PARTIAL SUCCESS F = FAILIRE C - COMPLETION OF REQUIREMENT VERIF ICATION



20 SOLID ROCKET BOOSTER

210 SRB_FLIGHT SUMMARY - This subsection provides a summary of the sigmﬂcanl
evaluation results relatxve to the SRB during STS-4.

211 SRB FLIGHT OBJECTIVES AND ACCOMPLISHMENTS - Table 21.1-1 summarizes the
STS-4 objectives pertaining to the SRB along with the degree of accomplishment and

discrepancies for each objective.

TPABLE 2.1.1-1 SR8 OBJCCTIVES AND ACOOMPLISHIENTS
o DLsTeL oF ’

0BJCCTIVES ACCOMPL I SHAENT DISCREPANCIES
EVALURTC SR8 MASS PROPERTIES, " coMPLETE NONE
RECONSTRUCT MASS PROPERTIES - »
CONPARC TO PREDICTED DATA AND
PREDICTED DISPCRSIONS AT
SIGNIFICANT FLIGHT EVENTS.
EVALUATE SRM PROPLLSION COMPLLTEC NONE
PERFORMANCE. COMPARE TO
PREFLIGHT PREDICTION. _
VERIFY TVC SCRVORCTUSTOR CORPLLTT NONE

- PERFORMANCE DURING FLIGHT.
VERIFY TVC HYORAULIC PONER
SUBSYSTEM PCRFORFANCE WAS
WITHIN OESIGN LIAIT.

VERIFY OESISN LIMITS LOAOS
MERE NOT EXCEEDEO QLRING
LIFTOFF, ASCENT, SEPFRATION,
PARACHUTC DEPLOYMENT,
DESCENT AND WATCR IMPACT.
NCRIFY SIRLSSCS [N e SR

N01 ClCtCOCD IJURI'G lBllTlO‘,
HOLDOONN, FLIGIT MND RECGVERY,

VERIFY PRESSURESY ON THE SRB
DJ0 NOT EXCCED OCSICN
CRITERIA QURING HOLOOOWN,
ASCENT AND RCENTRY. VERIFY
SR8 STRUCTURAL VIBRATION
FNVIRONMENT £ INTORNAL
ACOUSTIC CNVIRONMENT.

VERIFY CL[ AND MEOMNICAL
CONPONENTS DESIEN CRITERIA
WERC NOT CxCCLOCO.

VERIFY THAT THC ACRODYNAMIC
HERTING ENVIRONMENT OF THE
SRB WAS WITHIN OCSIGN LIMITS
DURING ASCENT AND REENTRY.

EVALURTE THE TPS PERFURMANCE
AND VERIFY ALL PRIMARY.SRB
STRUCTURES AND SUBSYSTEM
COMPONENTS OID NOT EXPERIDNCE
zt,;;l‘n;ggnrunzs BEYOND DESIGN

EVALURTE THE PERFORMANCE OF
THE RANGE SAFETY SYSTEM,
DURING RLL PHASES OF FLIGHT,

YERIFY BSM PCRFORMANCE, VERIFY
RELEASC OF AL 3RB STRUCTURAL
:gf;ggntnrs IN REQUIRED TIME

- VERIFY SR8 RCONTRY TRAECTORY
AND ATTITUDE AND VERIFY
PERFORNANCE O RCCOVORY
YSTEN.

ASCENT-CONPLLCTE
» RCENTRY - INCONPLETE
INPACT - INCOMPLETE

- INCOM.!.'I‘E
Rm! = [NCOMPLETE

INCOMPLETE

PART AL

PARTIAL

PARTIA.

NONE .
BOTH SRBs LOST AT WATCR

- 1PRCT

OATA NOT RVAILABLE

oA NOT AVAILASLE

OLE 10 LOSS OF SR8 DATA
MECORCERS TEMPERATURE LINMITS

- HAVE NOT BEEN VERIFIED,

NONE

83t PRESSU

RE ORTA NOT
AVRILABLE .

ALL MAIN PARACHUTES FAILED
ON B0TH SRBs AFTER OROBUL
QUTT OCPLOYMENT. 80TH
MBe WERE LCST AFTLR
SPLASHOOKN .

2.1-1



212 SRB CONFIGURATION DESCRIPTION SUMMARY — Figure 2.12-1 presents the SRB
configuration for STS-4.

As a result of probability of main chute damage at deployme. t, the main chute floa's
were disconnected. One deck fitting remained attached Lo prevent Joss of the main
chutes after splashdown. Alsa, the main parachute first astage reefed area was increased
to baiance f{irst and second stage loads

The following changes were made to the TVC:

o Accumulator added in TVC hydraulic system to increase system stability.
o APU "purge in" flex hose was re-added.

Insulation on nose cap was changed from bonded cork to sprayable ablator.

gdditlonal ring reinforcement was made on aft skirt rings to reduce water impact
amage.

2.1-2
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13.27 SPHERE R. 42
NOSE CAP (75" LONG)
FWD SEPARATION MOTORS (4) FLY ,4Y
FRUSTUM (126" LONG) ‘
PILOT & ‘SEALED FORWARD AYTACH FITTING
DROGUE . FORWARD SKIRT {120” LONG) v X
PARACHUTES &7 .=y
67.76" Yo ‘ IGNITER (SAM)
DIA. ' ; -2
THREE MAIN ORWARD RKT MTR SEGMENT
PARACHUTES < 1321.65" LONGI
RECOVERY :
BEACON _~ FORWARD CENTER AKT MTR SEGMENT
' (320" LONG)
AFT‘FENTER RKY MTR SEGMENT
SOLID {320” LONG) ig;cu
P N
PROPELLANTY AVIONICS STRUTS
AFT RKT MTR SEGMENT
WITH NOZZLE
(498,12" LONG)
KICKRING
AFT SEPARATION
MOTORS (4)
. AFT SKIRT
SYSTEMS AFf (60.5% LONG)
, ATTACH
: ING
CEl TARGET 1,204,206 A
WEIGHT: 587,042kg. KG. TWO CASE
LENGTH: 1,789,60 INCHES STIFFENER
) {149.13 FT.) AT RECOVERY RINGS
. (45.48 METERS) . NO PARACHUTES Two aimBaL’ NOZZLE J
BASIC DIAMETER: 146 INCHES DF) 164438, L3¢ ACTUATORS  EXTENSION
. C 27T OF  163705,LB§ TWO THRUST VECTOR
« CONTROL SYSTEMS

{3.71 METERS)

FIGURE2:1.2.-1 SRB CONFIGURATION




213 SRB SIGNIFICANT EV%% TIMES - Table 213-1 lists the SRB significant event times
for STS-4, relative to the ignition command (B2178:14:59:569.793 CNT). The actual,
predicted and delta times are shown along with the event description and number. A
reference time of 1982:17814:59:-58:000 CNT was established for STS-4 data raduction
purposes and is referred to in thie report as the "GNT REFERENCE TIME'. Data
resolution for the STS-4 SRB significant event times is nol consistent with that of
Bx{-eévi)ous flights. (Note: 1tem 8 - SRB Ignition PICs are replaced by KSC Holddown

S. :

TABLE 2.1.3-1  SRB SIGNIFICANT CVENT TIMES

TIME FROM SRB IGN CMND= {SEC)

1TEN CVENT DESCRIPTION *510/S0URCE ACTUAL  PREDICTED DIFF, ux
! SRB 16N S&A DEVICE ARM B55x1842X -297.634 -299.000 1.366
B55x1843X% -297.634 -299.000 1.366
B55x2842X -297.234 -299.000 1.766
B55x2843x -297.634 -299.000 1.366
2 SRB FLT RECORDER [ND ON B78x7688R -47,234 -50.000 2.76%
’ B76x8888X -46.234 -50.000 3.766
3 FOM RUTO CAL B78X7926X -39.234 -39.000 -.234
B78x8926X -39.234 -39.000 -.234
4 SR8 HPU ACTIVATION CMD B38K3017x -27.644 -28.000 . 356
RESPONSC TIME . B568K3019x -27.404 -28.000 «596
B58K4017X ~27.324 ~-28.000 .676
B58K4019x -27.164 -28.000 .836
S 16N PIC ALB ARM CMD B55v16013C ~17.234 -18.600 . /68
B855v16Q4C ~17.234 -18.000 . 766
B55v26Q3C -17.234 -18,000 766
BSSv2604C -17.234 -18.000 .766
& E-3 START CHD ACCEPTED E41M3076D -6.310
7 SRA IGNITION CMD GPC .00
8 XSC HOLD DONN PICS GN3SVI30XA 017 .010 0:074
GMSV230XAR 013 010 003
9 LIFTOFF 3.6M LBS . «230
SRM THRUST
10 SHUTTLE MAx Q BET 71.000 65.000 6.000
11 BOTH SRMg PC SD PSIA vapP2535C 123.900 120.170 3.730
OR BELOW vIOP2536C
12 SRM NOZZLE NULL CMD V79H2110R 128.209 124.470  1.739
V7OH2111A 128.210 124.470 3.740
V7SH2130R 128,210 124.470 3.740
V7a12131R 128.213 124,470 3.743
13 SRB PHYSICAL SEPARATION LH SR8 128,979 126.170 3.809
RH SRB 129,981 126.170 3.8
14 LH RECOVERY PIC ARM B52X7884E 156.170 :
1S RH RECOVERY PIC RRM B52x8884L 1564170
16 RE-ENTRY MAX O INOMI LH SRB BET 315.800  314.000 1.800
: RH SRB BET 314,200 314.000 .200
17 LH HI ALT BARO SW CLOSED BSSvI6I7A 346.070
18 RH H] ALT BARQ 34 QLOSED BSSV2617A 346.070
19 LH LO ALT BARD SW CLOSED BSSvIGIBA 367.820
20 RH LO ALT BRARO SW CLOSED B55v2618A 387.820
2l LH NOZZLE JETTISON OMD B52x7897E 387.320
22 RH NOZZLE JETTISON CMO B852x68897E 387.320
23 LA SR8 [MPACT B52x7886E 400.810
24 RH SRB [MPACT B52x8686€ 400.830
25 LKW RECOVERY SYS PWR OFF 6852x7885E 400.830
26 RH RECOVERY SYS PWR DFF B52x8885L 400.830

w 1982:178:14:59:59.793 GMT
= QIFF. - ACTUAL - PREQICTED

214 Wummnm(m - There were two
anomalies associated with the SRB during STS-4: (1) The #7 SRB holddown boit did not
eject properly and (2) both SRBs were lost due to malfunctions of the Recovery

Subsystem. The FTPRs generated on these anomalies are presented in Figures 21.4-1 and
214-2
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FLIGHT TEST PROBLEM REPORT NO. MSFC-1 9/15/82;

Statement of problem:

#SRB'S were not recovered
Discussion:

Both SRB's failed to decelerate properly after separat1on of the frustrums from the
boosters resulting in the loss/sinking of both SRB's.

—

Required date for resolution:
STS-5 FRR g; {'%'ﬁ £ fé
Personnel assigned: sTs.4 Board of Investigation {§;-c. . Hardy

e

~compiling its report.

Action Progress: v

In accordance with the MSFC Contingency Plan, a Board of Investigation was appo1nted
by the MSFC Cirector to conduct a complete 1nvest1gat1on of the loss of the SRB's
and to publish a comprehens1ve report of its findings:

The Board of Investigation has concluded its investigation and is in the process of

Effect on subsequent missions:

None expected for STS-5

Conclusions:

They will be published. in the report of the Board of Investigation.

‘

Corrective action:

Separation nuts will be replaced by non-explosive structural nuts for STS-5.

FIGURE 2.1.4-1 FLIGHT TEST PROBLEM REPORT - MSFC-1
’ 2.1-5




FLIGHT TEST PROBLEM REPORT NO. MSFC-2 9/15/82

Statement of problem:

One SRB hold-down bolt did not eject properly at 1iftoff.

Discussion:
Hold-down bolt No. 7 on the LH SRB did not eject properly ar 1liftoff.

At STS-2 1iftoff two (Nos. 6 and 8) of the eight hold-down bolts did not properly
eject. Bolt tension preload method and procedures were revised to assure that
correct prelsad was applied and maintained. The timing skew between the two
detonations of the nut is suspected as the most 1ikely cause for the bolt ejection
problem after analysis of STS-4 liftoff experience.

Required date for resolution:
Not 1iftoff/flight critical

Personnel assigned: EP15/0. Harrison

Action Progress: , ’

Approval has been given to conduct a timing-delay (time skew) firing test between
detonators 1 and 2 on a hold-down nut. Eight nuts will be used in the test series.
Tests are scheduled to start at KSC on September 16, 1982.

Effect on subsequent missions:

None expected

Conclusions:

None can be formulated until after analysis of KSC test results.

Corrective action:

Awaiting results of KSC test.

FIGURE 2.1.4-2 FLIGHT TEST PROBLEM REPORT - MSFC-2
2.1-6



220 SRB M% PROPERTIES - Table 220-1 shows final mass properties for the
left-han and righi-hand (RH) SRBa, rewpectively. These data are compared against

preflight data at selected mission time pointa

No weight changes were applied to the preflight prediction at the ignition time point.
Differences noted at end of action time, separation and splashdown are atiribuled to the
burn profile and to the probability that the nomxle exit cones were not jettisoned. Prior
to the flight, an error was detected in the (RH) SRM center of gravity resuiting in an
aft cg movement of 1.7 inches at the separation time point.

The ignition and separation "X" center of gravity impacts are 000 inches and +0.38
inches (LH) and +011 inches and +1088 inches (RH). respectively. The separation center ol
gravity is 59.18% (LH) and 5931% (RH) of vehicle length The mean liftoff inert weight
and standard deviation of flight motors utilized thus far is 180499 +/- 681 pounds. For

the loaded condition, the mean weight is 1207339 +/- 1,080 pounda At separation, Lhe

mean weight is 182316 +/— 479 pounds. These data were derived from a sample of 8.
Table 220-2 provides a weight comparison between predicted and flight evaluation data.

TABLE 2,2.0-1 SRB MASS PROPLRTIES COMPRRISON

e o = o = e S o T~ " " " W W A B o W W W = o -~

STS-4A (LH) STS-48 (RH)
CVENT PRED ] CTEDx FINAL DELTR PRCDICTEOx FINRL DLLTR
IENITION ,
WEIGHT, POUNDS 1,298,213 1,298,213 0 1,299,253 1,299,253 0
X' C8,INCHES . 1168.77 1168.77 0 1168.82 1168.93 <0, 11
" EORT
WEIGHMT, POUNDS 183,710 183,818 +108 183, 404 183,175 + 229
X CB, INCHES 1258.01 157.46  -0.55 1258.53 1260. 42 +1.88
SEPARAT | ON
NEIGHT, POUNDS 192, 947 182,937 - 10 182,666 182, 651 - 15
X' C8, INCHES 1259.51 1258.15  ~0.36 1253, 67 1261.35 +1.68
. SPLASHDOWN . :
WEIGHT, POUNDS 167,936 169,889 +1,953. 167,603 169, 569 +1,966.
X' C8, INDHES 1317.43 1324.34  *6.91 1317.68 1326.92 49,24

«REFERENCE MSFC MEMORANDUM EL43 146-82) DATED APRIL 1S, 1982,

2.2




SRB SuBSYSTEM
STRUCTURE
RECOVERY

THRUST YECTOR CONTROL

SEPRRAT [ON

ELECTRICAL/ INSTRUMENTATION

RANBE SRFCTY

SRM ([NERTI
STRUCTURE

. INSULATION
LINER
INHIBITOR
IGNITION SYSTEM
INSTRUMENTAT[ON
EXTERNAL [NSULATION
UNCONTROLLED 1NERT

PROPELLANT
USERBLE
I0 LIFTOFF
LIFTOFT TO COAT
UNUSERBLE - ’
COAT TO SCPARATION
UNEXPENDED .

- TABLE 2. 2.0 2 STS-4 WEIGNT CDHPRRISDN

. 141,123
28,067
7,333
2,329
1,343

1 »901
150

1149, 1161
- 125,353
18,165
1,353

11,107,973

1,107,235

562
1.106‘641

(41,1231

1149,116)

125,347
18,473
1,3A4
1,938
482
8
95
233

11,107,9731
(1,107, 1021

S71
1,106,531
8§71

717
1A

2.2-2

(41,3300

28,202
7,333
2,329
1,343
1,973

150

1148, 6301
125; 209
18,222
1,349
1,951
488
257
932
226

1,109,293
i, 108,548)

1, lO7 984

730
17

1148,629)
125,208
18,217
1,348
1,958
488
6
9i8
2%

t1,109,293)
11, 108, 784)

569
1,108,215
1509)

491
i8



230 SRM PROPULSION PERFORNANCE

231 S PROPULSI1O N
231! SRM PERFORMANCE COMPARISONS TO PREDICTED -- The SRMs for STS-4 are

designated Al13 and Al4 for the left and right motors, respectively, as viewed from the
afl end of the vehicle. All times shown in Lhis mection, unless noted otherwise, are
referenced to the SRB ignition command time at 1982178:(4:59:59:798 (GMT).

All actual performance data were derived from the Orbiter Flight Instrumentation data
base (125 spg). The SRB recorders which have high samp:e rates (320 spe) had not been
recovered when this report was prepared Ignition performance requiring the high
sample rate is not shown and is noted N/A, meaning not available.

The STS-4 (Al13/A14) thrust-time performance iz compared to the icted performance
on Figures 23.1-1 and 23.1-2 These figures show the comparison for the steady

state/tailoff traces for STS-4(A13) and STS-4(A14), respectively. The actual lgnition
transients are not available. '

BOMO0

200000 —

= TCHT THRUST ABOUT
h;/~"“‘:3t§:-- LGW PREDICTED

&
/1
W

:
/

5TS-4 (RIB)

§ 20000 RECONSTRULT! \
5 o0 ' ‘ '
D 1
[+ 4 “X
& 1200000 d
: 4
3 womoo — - w
[v a3
S \
400000 —- T
o -
1] oL 40 ‘60 80 100 120
TIME (SEC)

FIGURE 2.3.1-1 STEADY STATE-TAILOFF LK SRM VAGUUM THRUST




300000

3200000 = - v

= 3 TGHT THRUST ABOUT 1,87
P~ /A Q P )
= :3%;:~—- LOW PREDIETED 1" 0 .
00 <] [ PREQ[CTION
\_ .12 \

2400000
STS-4 (AIl] \
RECONSTRUCTIO g

2000000

16°m Al
|' \'
\

1200000 T
\‘ \
800000 .

400000 h :

(oskme;

VACUUM THRUST (LB

0 : E- 10 60 0 ool 120
TIMC (SEC)

FIGLRE 2.3.1-2 STEFDY STATE-TRILOFF RH SRM VACUUM THRUST

The maximum percent differences during steady stale operation between the predicted
and reconstructed values of thrust plus the times of occurrence are shown on the
following table.

ST3-41(R13) STS-4iA1 4!
MAX MAX
DIFFERENCE=  TIME (5EC) DIFFERENCE = TIME (SEC)
-3.6 3.0 -4.0 6.0
-3.4 21.0 -3.8 20.0
-3.1 61.5 -4.0 62.9
3.7 106.5 3.8 106.0

» % DIFFERENCE = ([RECONSTRUCTED - PREDICTED!)/PREDICTED! X10Q

2.3-2




2312 SRM PREDICTED IMPULSE, ISP, BURN RATE COMPARISON ~ The STS-4(A13/A14)
reconstructed vacuum impulse performance is compared to the predicted performance on
the following table,

IMPULSE GRTES PREDICTED RECONSTRUCTED  DELTA(Z)x

STS-41R13)
120 (10%x6 LB-SEC) 61.90 59.85 -3.31
160 (10xx6 LB-SEC)  169.90 165. 00 -2.07
1AT (10%x6 LB-SEC)  284.43 285.57 0.39 .
STS-4(R14)
120 (10xx6 LB-SEC)  62.20 59.94 -3.63
160 (10wx6 LB-SEC)  169.64 ©165.28 -2.57
IAT (10xx6 LB-SEC)  294.78 295. 84 0.36

wDELTA = (| (RECONSTRUCTED - PREDICTED)/PRECICTED! X100

The predicted and reconstructed (based on OFl data — 125 sps) vacuum specific impulses
at action time are compared as follows:

PREDICTED RECONSTRUCTED»ex DELTAx

STS5-4(RA{3) 265.70 266.77 1.07
STS-4(A14) 265.70 256.70 1.00

»0ELTA = RECONSTRUCTED - PREDICTED
wxHISTORICALLY THE OF[ DATA (12.S SPS) EXCEEDS THE SRB OF1 DATA
(320 SPS) BY 0.237 (RBOUT 0.6 SEC.)

The predicted and reconstructed propellant burning rates are compared as follows

BURN RATE (IN/SEC)

PREDICTED RECONSTRUCTED  DELTA(%) =

STS-4(A13) ‘ .3708 « 3642 -1.83
STS-4(R14) L3712 .3638 - =2.05

»0ELTA = (IRECONSTRUCTED - PREDICTFEDI/PREDICTED) X100

2.3-3




&%
S
2313 SRM_EVENT TIME COMPARISON TO. PREDICTED - The actual STS-4(A13/A14) event
times are compared to the predicted vgf;ues on the following table .

STS-41R13)

IGNITION INTERVAL (SEC) 0.226 N/R N/R

NEB TIME (SEC! 110.6 114.2 1.6

TIME OF SO PSIA CUE (SEC)  120.2 122.9 2.7

ACTION TIME (SEC) 122.4 126.1 3.7 )
STS-4 (R4}

IGNITION INTERVAL I(SEC) 0.226 N/R N/R

WEB TIME (SEC) 110. 4 114.1 3.7

TIME OF SO PSIA CUE (SEC)  119.9 123.9 4.0

ACTION TIME (SEC) 122.1 127.0 4.9

«DELTA = ACTUAL - PREDICTED

The predicted and actua! separation command times are compared on the following
[ table. Separation is based upon the S0 psia cue from the last SRM plus 8.0 seconds plus

O a time interval between receipt and execution of the command to separate. No time
o delay is assumed in the prediction.
SEPARATION COMMAND
TIME (SEC)
PREDICTED 126.17 ‘
ACTURL 129.98
ACTUAL - PREDICTED 3.81

2314 SRM PMBT - The error in the preflight prediction of the propellant mean bulk
temperature (PMBT) of the SRM contributes to the difference between the predicted and
actual thrust levels and times. The preflight predicted PMBT is issued to JSC/RI at L-7
days and is based upon monitoring the SRM environment in the VAB and on the pad -
until L-10 days. The environment after L-10 days is forecast by the Atmospheric
Sciences Division at MSFC. The postflight PMBT is determined by using measured
environment data instead of the forecast. The preflight predicted PMBT and postflight
calculated PMBT are compared as follows

PMBT (DEEREES F) . P
PREFLIGHT POSTFLIBHT DELTAx
STS-4(A!3) 80. 78. -2.
ST5-4(HI4) 80~ ! 78. -2l

»0ELTR - POSTFLIGHT - PREFLIGHT

2. 3-4




2315 SRM TEMPERATURE PROFILE- The STS-4(A13/A14) segment temperature profiles at
ignition are shown on the following teble. The profile is shown for one segment and is
representative of the temperature gradients throughout both motors. The angular
locations are measured counterclockwise from the 0O degree reference (South) looking
forward from the motor aft end. .

SEBMENT TEMPERATURE (DEG F)
DISTANCE (IN!xx Ox 45x G0x 135x 1BOx 225« 270 3JiSx
0 82.1 79.5 78.6 79.3 79.6 86.5 94.5 94.4
2.63 76.3 75.6 75.4 75.8 76.6 80.2 Bl.6 79.7
7.88 - 76.0 75.4° 7S.3 75.6 76.1 77.9 78.6 77.6
14.19 77.0 76.5 76.4 76.6 77.2 78.6 79.2 78B.4
21.56 77.8 77.3° 77.2 77.4 77.3 78.9 79.4 78.8
28.94 78.1 77,7 77.6 77.8 78.2 79.0 79.3 78.9
36.31 77.8 77.9 77.8 77.8 78.2 78.7 78.9 78.7

w DEGREES ROTATION
x»x MEASURED TO CENTER OF MOTOR FROM QUTSIDE OF CASE WALL.

232 SRM NOMINAL PERFORMANCE REQUIREMENTS

2321 STS-4(A13/A14) THRUST-TIME COMPARISON TO REQUIREMENTS -~ The SRM
performance limits are specified in JSC 07700, Volume X. The flight motor
reconstructed thrust-time traces are normalized to a PMBT of 80 deg F before cormpearing
the traces to the JSC 07700, Voiume X performance limits. The limits are constru~sted
by applying the web time average vacuum thrust, web time, and action time dispersions
to the JSC 07700, Volume X nominal thrust-time trace. The STS-4(Al13) and STS-4(al4)
reconstructed thrust-time traces normalized to 60 deg ¥ are compared to the Volume X
limits on Fxgura 232-1 and 232-2 respectively.
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2322 SRM NOMWW— The nominal SRM performance is
defined as the average performance of the qualification static test and flight motor
series at standard conditlong The standard ocenditions consist of the prepellant burn
rate of 0288 ips at 623 peia and a PMET of 68 Deg F. The [light motor reconstructed
thrust-time traces are normaliaed to standard conditiona and averaged with the QM
static test data at standard conditions to form the SRM population nominal thrust-time
trace. This nominal SRN performance will be continually updated during the Shuttle '
program. It is the current estimate of the total population nominal. The population
nominal does not include STS-4 since the SRB DFI recorder data is not available. The

SRM population nominal is compared to the J8C 07700, Volume X population performance
requirements of +/-3% on Figure 232-3.

= NCRHHLIZEDJID
STANDARD CONDITIONS

L YOLUME
MAX {MUM REQUIREMENT
§ 200000 J ‘\: \‘\
. 0 A
= 1500000 v
LLATIDON vy !
g l NOMINRY, w + Y
b - ‘| \ \
=3 \ !
o somoo .
[+ \
> \ \
400000 -
) . “\
0 0 40 &0 © 100 120 140

TIME (SEC)

FIGURE 2.3.2-3 SRM NOMINAL VACUUM THRUST AT STANDARD CONDITIONS
VS. VOLUME X THRUST-TIME REQUIREMENTS (+/- 3]

The SRN population nominal at delivered conditions is the SRM population nominal at
standard conditions coupled with the average target burn rate miss. The average burn
rate miss is defined as the average of the differences in the target burn rate and the
actual burn rate at PMBT=80 deg F for the QM/STS-1234 static test and flight series.
The average target burn rate n:fs is ~70X. The delivered SRN population nominal

per formance is compared to the ISC 07200, Volume X population performance
requirements on Figure 232-4. '
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FIGURE 2.3.2-4 SRM DELIVERED NOMINRL VACUUM THRUST VS.
VOLUME X THRUST-TI[ME REQUIREMENTS (+/- 34)

The vacuum impulge at standard and delivered conditions at each of the gates Is
compared to the JSC 07700. Volume X requirements on the following table.

CEL | YERED
IMPULSE REQUIREMENT NOHINAL= NOM INAL= =
120 (10x=6 LB-SEC) 59,40 (MIN) 8].20 60.77
160 (10== LB-SEC) 165.50 170.46(-3)! 167.682 166. 45
163.685(-121
IAT (10==6 LB-SEC) 291.20 (MIN) 294.43 294.43

«NORMAL 1 ZEQ TO STANGARG CONDITIONS
w=NORMAL 1ZED TO M.IVEREB CONOITIONS - H(V)ERE% Tﬂgsti‘]‘ BLRN RATE MISS
oM/ 1 4]

233 SRM IGNITION PERFORMANCE

2331, .SRM IGNITION INTERVAL- The SRM ition interval is required by the SRB CEl
&ecxﬁcau'on to be between 170 and 340 milliseconds after ignition command to the NSls
in the S&A device. The ignition interval ends when the head end chamber pressure has
increased to a value of 5835 peia. The ignition intervals measured from the STS-4(Al13)
and STS-4(A14) motors are compared with the predicted inlervals as follows on the
following table.

PREDICIEO MERSURED OELTAx
ST5-4(RIJ3) 226 N/R N/A
5T5-4(R14) 226 N/H N/A

«DELTA = MEASURED - PRfDlCTED
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2332 SRM_IGNITION PRESSURE %lﬁﬁ RATE - The maximum rate of head end chamber
premsure buildup during the ignition transient is required to be lems than 109 pei for
any 10 milllisecond interval. e messured maximum ignition pressure rise rates for the
STS-4(A13) and STS~4(Al4) motors are compared with the predicted rise rates as follows:

NAXTHMUM [BNITICN
PRESSURE RISE RATE (PS]/10 MSI

PREDICTED MCASURED DELTA~
STS-4(A]3!) q].0 . N/A ‘ N/A
STS-41A14] 9].0 N/A N/A

B e T T I R P R R e B

»0ELTA = MEASURED - PREDICTED

234 SRB SEPARATION DELAY AND CUEING PRESSURE

2341 SRB SEPARATION CUEING PRESSURE- SRB separation command was set to oceur

at 6 seconde after the SRM head end chamber pressure has decayed to 50 psia in both
the STS-4(A13) and STS-4(A14) motors The 50 psia cue time Is defined as the time when
the head end chamber pressure has decayed (0 30 psia. The actual separation command .
time based upon this cue is 381 )

2342 SRB_PRE-SEPARATION THRUST-TIME HliﬂRY - The time delay for SRB
separation command is fixed to allow Lhe thrust to decay to a value less than or
equal to 60,000 pounds. The nominal and 3-sigma meximurn SRM tailoff thrust-time
history after the SRB head end chamber pressure has decayed to 50 pmia has been
derived based upon the STS-1, 2 and 3 flights The reconstructed vacuum thrust for the
STS-4(A13) and STS—4(A14) motors is compared to the nominal and 3-sigma maximum
tailoff on Figure 234-1

210000

T TINE - .0 FOR S0 PSIA
180000 — — -
‘P.\ 3 pleMm mx UM
150000 - ——— e
o 12000 \ - e .
- _ STS-4_IA13)
= N3N [‘ RECORSTRUCT 10N
= — .
©  9man T , - ]
: / TN \ B
& NOMINAL | N T - 1
= 60000 A‘\\ - — —
g SIS-4 (AR 4) __/\\\
S RECONSTRUCTION St ]
P— "~
: . B
]

0 1 3 3 4 13
SECONDS RELATIVE TO THE TIME HEAD PRESSURE DECAYS TO SO_PS(ﬁ

FIGURE 2.3.4-1 LH/RH SRM RECONSTRUCTED VACUUM THRUST-TIME
: HISTORIES vS. NOMINARL AND 3-SIGMA MAX TAILOFF

o
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JSC 07700 Volume X specifies that the nominal decay time for motor head end pressure
to decrease from S0 psia to a pressure corresponding to 60K pounds thrust is 24
seconds. A 3-sigma varialion of this decay time is +/- 118 seconds. The transducer
error for 50 psia is +/- 15 psia. The time variation associated with this error is L13
gseconds. This veriation and the above 3-sigma variation shall be’ root-sum-squared to +
182 seconds and added to the nominal decay time of 24 seconds for a maximum decay
time of 4.0 seconds based upon cueing pressure. The decay time intervals for STS-4(A13)
and STS-4(Al4) are measured from the time the motor head end chamber pressure has
decayed to 65 psia to the time corresponding to 60,000 pounds of thrust. The measured
decay times are compared to the predicted decay times as follows :

PREDICTED 4.62 : 4.51

MERSURED S.30 4.65
DELTAx 0.68 0.14

=0ELTA = MEASURED - PREDICTED

The variation of the STS-4(A13) and STS—4(A14) measured decay time intervals with the
average decay time is shown on the following table. - The decay time is the time from
65 psia of chamber pressure to 60,000 pounds of thrust. The average decay time is
based upon the average of the DM/QM/STS-123 static test and flight series.

AYERAGE VRARIAT[ON
DECAY DECAY FROM
TIME TIME AVERAGE
(SEC) (SEC) (SEC)
STS-41A13I 4.73 5.30 - 0.57
STS-41R14] 4.73 4.65 -0.08
2343 STS-4 SRB SEPARATION COMMAND I} ME DELAY - The STS-4 SRB separation

command time delay of 8 seconds was selected to insure that the SRBs do not separate
{rom the Shuttle vehicle before the SRM thrust decays below 80,000 pounds. This time
delay was statistically determined from the DM/QM/STS-1, 2 3 static test and flight
series. The SRM separalion Lime delay statistically based upon the DM/QM static test and
Qlight motor series (STS 1, 2 3) for STS-5 is 8.0 seconds

235 MATCHED PAIR THRUST DIFFERENTIAL
2351 MEASURED IGNITION THRUST |MBALANCE — The maximum thrust imbalance

between two SRMs on the Shuttle vehicle for the first second of operation results from
the sum of the difference in thrust-time profiles and the difference caused by a
difference in the time of SRM ignition. This maximum thrust imbalance is defined by
the AFSIG as +/-427,000 pounds over the time span from first ignition to 0.4 seconds
The comparison of reconstructed sea level thrust from ignition through 10 second
between the STS—4(A13) and STS-4(Al4) motors is not showh for STS-4 as the ignition
transients are not available.

2352 TIME DELAY BETWEEN SRM IGNITION - The time delay between the ignition of
the LH and RH SRM is due to the avionics response to start command. The ignition

time delay for STS-4 is not available.

2353 NORMALIZED IGNITION THRUST IMEALANCE - The maximum thrust imbalance
between two SRMs on the Shuttle vehicle defined in the SRB CEl Specification for the
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first second of operation assumes no Lime delay between the ignition of the LH and RH
motora On STS-4, no time delay is available. The dilference in reconstructed thrust

between the STS-4(A13) and the STS-4(Al4) motors compared lo the SRB CEl Specification
ignition thrust imbalance profile is not shown. The ignition transients are not available

2354 STEADY STATE THRUST IMBALANCE - The maximum 3SRM steady stale thrust
imbalance for a matched pair of SRNs is delined by the SRB CEl Specification as 83,000
pounds beginning at 1.0 second and ending at 4.5 seconds before the earliest motor web
time. The steady state thrust imbalence includes a transition during the 45 second
time interval to the tailoff imbalance requirement by increasing linearly from 85000
pounds to 268,000 pounds. The instantaneous thrust imbalance between STS-4(A!3) and
STS-~4(A14) during steady state operation is compared to the SRB CEl Specification
requirement on Figure 235-1.

300000
240000 : - ]
18a00 SRB [CE1 SPECIF |CATION ;
IMBALANCE REQU|REMENT (485,000 LBS) [ N
120000 ~S— —tem
e e e m e - e - - - fem - U j_\-...,-,'
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= [»] - A PO et —
m ‘«/w \—\jv\v*\.\’f
D -60000 -
% ---------------------------------- - D -7-- =" -_\
[t
-120000 7 n
g SRB [CE] SPECIF|CATION Y \
= IMBRLANCE REQU |REMENT (-B8%,000 LBSI .
g -1emo0 .
> \
-240000 _— A‘
0 o 40 a0 100 130

«
TIME (SEC)

FIGURE 2.3.5-1 LH/RH INSTANTANEQUS STERDY STATE THRUST
[MBALANCE v5. SRB CEl IMBALANCE REQUIREMENT

The thrust imbalance between STS—-4(A13) and STS-4(Al4) during steady state operation is
the maximum difference between the reconstructed vacuum thrusts averaged over any
four-second time span within the steady state interval. The steady state thrust
imbalance over all 4 second spans between STS-4(A13) and STS-4(A14) is compared to the
SRB CEl Specification requirement on Figure 235-2
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2355 1 ;, - The tailoff thrust imbalance between STS-4{Al3)
and STS-4(Al4) is compared to the SRB CE] Specification uirement on Figure 235-3.
The SRM tailoff imbalance time interval is defined in the SRB CEI Specification as

beginning at the first motor web time and ending at the last motor action time.

8000

oL SR8 CEI SPECIFICATION
00000 - . "~ _IMBRLANCE REQUIREMENT
q " WAX IMBALANCEx e
-~ oo -61,370 LBS AT 123.0 SEC. 1
o L -
= 0 e
E hlxwf—
'é -200000 1 ] —
(&) \ -
a ‘\ .,’
” 00000 - —
600000 o -
« Iremance. ~o__]--7 \|_ SRB CEI SPECIFICATION
om0 STSt4 (A13] MINUS [STS-4 (RL4) 1 MEN
110 112 14 16 118 120 122 124 126 128
TIME (SEC!

FIGURE 2.3.5-3 LH/RH SRM TRILOFF THRUST [MBRLANCE V5.
SRB CE. RZOUIREMENT
2.3-12



. The impulse during the tailoff time interval is to be less than or equal to 4,500,000
Ib-rec. The impuise during tailoff is compared to the predicted impulse and the
maximum requirement on the following table:

(10«6 Lb-sec)

MAXTMUM REQUIREMENT 4.500

PREDICTED 0.593

: ACTURL - 0.200

- DELTAx -0.383

»DELTA - ACTURL - PREDICTED

236 PERFORMANCE TOLERANCES

2361 TOTAL POPULATION VARIATION - The parameter variations of the total

population of SRMs about a nominal value are constrained by the requirements defined
in Lthe SRB CEl Specification. The nominal SRM performance is defined as the average
performance of the QM static test and flight motor series al standard conditions. This
nominal SRM performance will be continuilly updated with DFI data during the Shuttle
program. It will not be updated for STS~4. It is the current estimate of the total
population nominal. This performance is defined using the propellant burning rate of
0368 in/sec at 625 psia and PMBT of 60 deg F. A comparison of the STS-4(Al13/Al4)
calculated and reconstructed parameters at PMBT of 60 deg F with respect to the
nominal values ana the SRB CEl Specification maximum 3-sigma requirements is shown
on the following table: : ]

. SRB CEl

(+ OR -} ST5-4 STS-4 STS-4 STS-4
MAX 3-SIGHA NOMINAL» tR13) 1A13) un IRL4) (A14) mx
PARAMETER VARIATION (%) VALUE . 160 DEG F! VARIATION (%) (60 OCG F) VARIATION (2}
WEB TIME S.0 111.98 SEC 116.19 SEC 3.8 . 116.04 SeC 3.6
ACTION TIME 6.5 123.40 SEC 128.08 SEC . 3.8 128.98 SEC 4.5
WEB TIME AVE
PRESSURE 5.3 . 648.4 PSIA 626.2 PSIA -3.4 626.6 PSIA -3.4
KAX HERD END
PRESSURE 6.5 863.0 PSIA B32.1 PSIA -3.6 833.6 PSIA -3.4
MAX SEA LEVEL
. THRUST 5.2 2,543,000 LB 2,824,000 LB -4.1 2,820,000 LB -4.2
HEB TIME AVG ‘
VARG THRUST 5.3 2,562,000 (8 2,479,000 LB -3.2 2,481,000 LB -3.2
vAC DEL
SPECIFIC .
JHPULSE wun a.7 265.84 SEC 266.53 SEC 0.26 266.45 SEC 0.23
NEB TIME VAC .
TOTAL IMP 1.0 285.87 MLB-SEC 288.00 MLB-SEC  0.39 287.87 MLB-SEC Q.35
ACTION TIME ‘
VRC TOTRL ' : .
IMPULSE 1.0 294.27 MLB-SEC 295.10 MLB-SEC  0.28 285.46 MLB-SEC  0.40

w QM STATIC TEST/STS-1,2,3 AVERAGE AT STANDARD CONDITIONS
ww VARIATION = ((STS-4(R13/14) - NOMINRL)/NOMINAL) X 100
wun BASED UPON OPERATIONAL PROPELLANT LOROING OF 1,107,880 POUNOS.

2362 MATCHED PAIR SRM VARIATIONS~ The parameter variations between the SRMs in
a matched pair are constrained by requirements defined in the SRB CEl specilication.
- The variations between the matched pair of SRMs shall be calculated using average
' measured values The differences between the STS-4(Al3) and STS-4(Al4) calculated and
reconstructed parameters are compared with the SRB CE[ Specification requirements
belween matched pairs on the following table: '
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SR8 CEI - ’ ,
MATCHLE PAIR S1S-41A13/A14) STS-4(A13/A14)

PARAMETER REQUIREMENTS (%)  DIFFERENCE VARIATION (%) un
NEB TIME 2.0 0.15 SEC g.13
ACTION TIME 3.0 -0.94 SEC -0.74
WEB TIME AVG

PRESSURE 2.0 -0.4 PSIA -0.06
WNEB TIME AVG

VARG THRUST 2.0 -2,055 L8 -0.08
VRC DEL :

SPECIFIC AR

IMPULSE 1.0 0.07 SEC 0.03
NEB TINC VAC

TOTAL IMPULSE 1.4 - 0.14 m8-SEC 0.05
ACTION TIME VAC '

TOTAL IMPULSE 1.4 -0.36 HMLB-SEC -0.12

s - - - - - - - -

»DIFFERENCE = STS-4(Al3! - STS-4(R14)
uxVARIRTION BASED UPON AVERAGE VALUE OF STS-4(Al13/A14)

- —-----
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240 THRUST VECTOR CONTROL SYSTEM

241 SRB TVC SERVOACTUATOR PERFORMANCE - During prelaunch and ascent flight, all .
actuators performed as expected with respect to positioning accuracy, rates and
redundant operation. In general, performance was similar to that exhibited by the
STS—-1 through STS-3 flight actuators, with no anomalies. Figures 2.4.1-1 through 2.41-4
show the measured actuator parameters for prelaunch and ascent flight. Shown for
each actuator are the following: command (degrees), position (inches%. secondary
differential pressures for channels A, B, C and D (psid) and system supply pressure (psia).
Actuator load data (actuator differential pressure and force) were lost on the DFi
Recorders. Also lost were the actuators secondary position measurements intended for
splashdown data. :

2411 SYSTEM DESCRIPTION -~ The TVC servoactuator is a four channel electrohydraulic
Yroportional control device, receiving input commands in milliamps and outputting
inear actuator piston position in inches The SRB nozzle is then vectored in accordance
with the nozzle pivot point and the actuator attaching geometry. The unlimited stroke
capability ot the actuator is +/- 64 inches (approximately +/— & degrees)

The actuator basically consists of the (ollowing subassemblies and components

Four servovalves (each consisting of conventional torque motor/
nozzle - flapper first stage with second stage spool)
Four solenoid bypass valves
Power valve
Main actuator piston
Prefiltration and supply source selector vaive
Hydraulic leck and manual bypass valve
Four dynamic pressure feedback modules
kechanlcal piston position feedback mechanism
. Transient load relief mechanism ,
Four servovalve differential pressure traneducers
Dual piston position transducers
Actuator differential pressure tranaducer
Actuator force measurement :
Primary pressure OK switch

ldentical current commands to the torque motors create secondary differential pressure
outputs from’each servovalve. These are summed on the simplex power valve spool to
divert flow into either side of the main actuator piston, effecting an extend or retract
piston output motion. Position of the main piston is mechanically fed back to the
torque motors to stop actuator travel when the commanded position is reached. ‘

Servovalve secondary differential pressures are transmitted to the Ascent Thrust Vector
Controller (ATVC) for redundancy management. The ATVC will activate a solenoid bypass
valve, thus isolating an offending servovalve, should that valve's secondary differential
pressure output cxceed 2000 +/-200 psid for 120 milliseconds. S

Pressure source redundancy is achieved with the supply pressure source selector valve
which receives a primary and secondary supply pressure (each nominally at 3000 to 3230
psia) from the "A" and "“B" APUs. A primary supply pressure falling into the 1900-2200 -
psia range causes switching to the secondary source. A primery pressure OK indicator
switch signals the source status as “on" for the primary mode and "off" for the
secondary mode. :

Polarities for the telemetered actuator parameters are as follows

Position: "+" indicates actuator extend

Command: : “+" indicates actuator extend for LH Rock & RH Tilt
"-* indicates actuator extend for LH Tiit & RH Rock

Secondary differential pressure: “+“ extends actuator

Actuator differential pressure “+“ indicestes actuator extend or compressive load

Actuator force: “+“ indicates compressive load
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‘2412 LAUNCH COUNTDOWN REDLINES - The redlines imposed during launch countdown

were met with ample margina. Redline J:aramelem consisted of 18 secondary differential .
pressures, 16 actuator channel fajlure indlicatlons and 4 actuator positions. The redline
rec‘uiremenl. is'+/-1 deg +/- 05 during the gimbal test and 0 deg +,- 0.4 during the

null requirement. The secondary differential pressures are required to be 0 psid + .- 990

from gimbal test. completion 0 "go for SSME start.” All channel bypess commands were

"off" as required from SRB gimbal test start to “go for SSME start’

2413 ACTUATOR AND NOZZLE POS|ITIONS ~ These data are summarized in Tables 2.4.1-1
and 24.1-2. Tabulated are the maximum excursione for specific events during prelaunch
and ascent flight. The maximum excursion occurred on the right tiit actuator during
initiation of Lhe roll maneuver Also tabulated are the actuator null positions and
associated angles during prelaunch and just prior to separation.

TRBLE 2.4.1-] SR8 TVC RCTUARTOR MAXIMUM POS{TIONS

LEFT SR8 RIGHT SRB
ROCK TILT ROCK TILT

PRELAUNCH

INITIAL NULL OFFSET -0.59 -1.13 -0.54 -0.64

+ ] DEG GIMBAL TEST 1.25 1.22 1.33 1. 40

- | DEB GIMBAL TEST -1.33 -1.32 -1.24 41,20

NULL -0.05 . -0.05 .05 0.10
SRM IGNITION -0.5 -0.5 G.6 -0. 4
ROLL MANEUVER '

INITIATION 2.0 -1.3 2.4 -3, 2

CORRECTION . ' -2.2 1.3 -1.4 2.2
0 MAX -1.9 1.5 1.8 -1.9 ‘
SEPARATION NULL -0.18 -0.2 -0.15 -0.03

NOTE: POSITIONS IN INCHES ACTURTOR PISTON TRAVEL FROM NuLL POSITION

TABLE 2.4.1-2 SRB NOZZLE VECTOR POSITIONS

LEFT SRB R1GHT <RB
ROCK °~ TILT . ROCK TILT

PRELAUNCH

INITIAL NULL QFFSET .00 -.31 .12 -.03

- | OEG GIMBAL TEST 1.42 1.51 1.58 1.54

- 1 DEG GIMBAL TEST -.98 -.46 “o44 ~. 47

NULL .42 .92 .95 .52
SRM {GNITION -.50 =25 .35 s
ROLL MANEUVER '

INITIRTION 1.33 -1.20 1,69 -2.59

CORRECTION . -1.80 .85 -1.23 1.52
0 MRAX A -1.45 1.20 i.td -1.145
SEPARATION NULL 0.35 0.42 <19 .50
NOTE: POSITIONS IN DEGREES QF VECTOR ANGLE FORM NULL POSITION
2414 ACTUATOR POSITIONING ACCURACY - Actuator positions closely followed
commands during flight. These data are summarized in Table 24.1-3. In general, Lhe .
larger errors occurred at separation null. Thiz was caused by temperature eensitivity of

the servovalve configuration. 'This sensitivity induced a drift to the retract direction as
2.4-6




hydraulic fluid temperature increued. This trend is consistent with STS-1 through
STS-3 flights

TABLE 2.4.1-3 SR8 TVC ACTUATOR POSITIONING ERRORS

- - - - - - - - - - P D - D D D S D P T L D I D D D D s~ TR A D e D D D S R e .

LEFT SR8 RIGHT SRB
ROCK TILT ROCK TILT
PRELAUNCH
s 1 DEG BIMBAL TEST 0.05 .02 -0.01 -0.12
- 1 DEG GIMBAL TEST .01 .01 -0.01 -0.06
NJLL .04 04 -0.04 -0.08
* SRM IGNITION 005 © -0,03  -0.08
ROLL MANEUVER : : '
~INITIARTION 0.03 0.04 0.05 -0.08
CORRECT 10N 0.10 0.06 0.05 -0.09
0 MAX _ ' 0.13 0.08  0.07 0.02
SEPARATION NULL 0,14 0.16 0.12 0.02
NET NULL DRIFT -0.10 -0.12 -0.16 ~0.10

- = = = - = = = = = = - = = = = - -~ - - = - - - - = - -

NOTE: POSITION ERRORS IN DEGREES
S ERROR - ACTURTOR COMMAND (DEG) -0.8 HCTUF!TOR POSITION (IN)

2415 ACTUAIQB RATES - Table 241-4 summarizes the actuator rate history. Rates

were hig during prelaunch when actuators were initially unlocked by system pressure

fphcation The offset positions coupled with zero command caused these rates to be
During the ascent flight phase, significant rates wers encountered during gmdance

releuse after ignition, roll manecuver and actuator nuil prier to leparauon

TRABLE 2.4.1-4 SRB IVC HC'ILHTOR MAXTHMUM RHTES

- = = = e = - = = = P = @ = - -

LEFT SRB RIGHT SR8
ROCK TILT ROCK TILT o

PRELAUNCH

RCTUATOR NULL : 4.0 8.7 4.6 4.7

SIMBAL TEST 4.5 4.6 4.3 4.4
SRM - [GNITION ' 24 23 2.8 2.6
ROLL MANEUVER o | "

INITIRTION 1.7 1.0 2.3 2.9

CORRECTION 1.5 0.9 1.4 2.0
0 MAX 0.3 0.2 0.5 0.3
THRUST TRILOFF 0.4 0.3 0.5 0.8
SEPRRATION NULL ' : 1.6 2.2 3.0 4.1

NOTE: RATES [N DEGREES/SEC (SCALE FACTOR = 0.8 OEG/IN)
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24.18 SECONDARY DIFFERENTIAL PRESSURES - The secondary differential pressures are
measu rom channels A, B, C D of each acluator. Pressures were within 0 +/- 280
psig during prelaunch and drifted to steady state values of +/-500 psig at separation.
This drift was caused by the servovalves sensitivity to Lemperature and is consistent
with results of previous flights.

2417 DUTY CYCLE - The total accrued angle for all actuators during prelaunch and
ascent flight was 146 degrees. The allotment to the left rock, left tiit, right rock and
right tilt actuators are respectively 32 32 39 and 42 de%ees. Total number of
degree-seconds required from the actuators were 83, 58, 68, and &2 respectively.

242 HYDRAULIC PCWER SUBSYSTEM PERFORMANCE - On Tables 242-1 and 242-2 are
summarized the critical flight measurements and prelaunch event times for this flight.
Several differences were noted between this and previous flights. First, this is the first
gi&t;t using a piston accumulator, which is precharged with 88 +/- 1 cu. in. of GN2 at
. +/~ 80 psila. The accumulators are physically located near each actuator and are

shown schematically on Figure 24.2-1 The hydraulic pressure trace (typical of all)
shown on Figure 242-2 indicates that pressure fluctuations were significantly decreased
when the accumulator was employed. This verification can be made by comparing
Figures 242-2 with Figure 242-3. Unfortunately a more detailed comparison cannot be
made since the high sample DFI measurements are not currently available. Figure
242-2 indicates a much greater drop in the reservoir level than has been previously
geen. The 32X additional drop was due to charging the accumulator during pressure
buildup to 3200 ps! in the system. If the 32X is sublracted from the tabulated values
gpre—st.art and g@t start) the level decrease wiil be In very close agreement with STS-|,

and 3 data. The second discrepancy noted concerned Lhe right hand, B system FSM
pressure. For some time prior to the terminal countdown it had been noted thatl the
FSN premmure had been decaying al a constant slow rate, approximately 1 to 1.5 psi per
day after correcting for temperature. This pressure was carefully monitored during the
prelaunch period and no noticeable rate increase was noted. The other 3 FSM pressures
were at least 20 psi higher when the final countdown was initiated. The 350 pesia FSM
redline which is valid until APU start was passed with a 97 peia margin. After APU
start this redline is reduced to 300 psia. The lower FSM pressure for RH B system did
not adversely affect the APU performance.

All APU operational bands were within prescribed limita A typical turbine speed trace
and associated FSM pressure are shown on Figure 242-4. Hydrazine consumption was
approximately 28% of lotal available. Valve times were in close agreement with STS-3
data and all,redlines were comfortably paseed. :

.Turbine exhaust and reservoir ¢il temperatures were not oblained since they are DFI
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TABLE 2.4.2-1 SRB TVC SUBSYSTEN OVERALL PERFORHANCE

~ 'y RH
MERSUREMENT - mmmmm mmmmmmmmmeccceoee-
CILIMITS) “SYSTEM R SYSTEM B SYSTEM A SYSTEM B
FSM PRESSURE (PSIAI ' , -

'START 1300 PSIA MIN) 382.9 - 384.5 380.4 359.7
CUT-OFF 1200 PSIA MIN) 327.9 . 331.9 325.2 - 304.6
N2H4 USED (w/GALI 6.1/.73 5.6/.66 5.7/.68 6.2/.74

FSM TEMP (DES F) | 80 78 79 80 ]
wHYD RES TEMP (DEG F1 - s s -
«TURBINE EXHAUST TEMP (DEG F - - - -

66 TEWP IDEG FI , - A '

PRE-START .1190-248 DEG F) 25.5 224.5 225.5 230.5

RESERVOIR LEVEL (%) , o o -

PRE-STRRT 160-80%) - 71.B 74.2 - 74.8 79.0
. POST-STRRT (S5-99%) 65.8 68.6 69.0 73.0
CUT-OFF « 68 71.6 71.4 75.4
TURBINE SPEED '
(% OF 72 KRPMI : _
100%Z (+8%) -4.7 -4.3 -5.0 -4.4
(‘87.] ’ ) ‘5. . .5.3 ' ‘6.0 ‘6-0
1102 (+82) 3.4 - - 42,2 -
-8 - :
APU START (SEC) C , '
100% (2.7 T0 3.8 SEC). T 3.24 12,76 3.00 3.24

lHEﬂSUREHENTS NOT OBTRAINED FOR THIS FLIGHT
TRBLE 2.4.2-2 SRB TVC SUBS'ISTEH STS-4 PRELAUNCH EVENT SEGUENGCE

——-- e e - - - e e . - = - - - - -

LH Ry
EVENTS | SYSTEM A SYSTEM B SYSTEM A.  SYSTEM B
FUEL [SOLATION VALVE OPEN -29.46 - -29.14 -28,83" -28.55
SECONDARY SPEED CONTROL VALVE OPEN -26.82 -26.66  -26.50 -26.34
BYPRSS VALVE CLOSED _ -21.82 - -21.67  -21.50  -21.34
“ APY ACTIVITIES . - :
RPU-T0 110 PCT SPEED -21.49 " -21.29 "
SPEED BELOW 79.2 K-RPH -20.89 " - -20.94 <.
ACTIVATE 55-79.2 K-RPM : . x x x
0ELTA TIME _ . x " % ¢
PREFLIGHT 3!'MBAL PROGRAM . '
START 18.90 18.90 _ 16.90 18.90
ACTURTOR POSITION UNDER +/- 0.5 IN  15.84 - 15.84 15.84 15. 84
END 15.58 15.58 15.58 15.58'
- .5 IN REDLINE RACTIVE , |
ACTIVE HYDRAULIC PRESSURE REDLINE D " x . »
2800 - 3363 PSIA " R u x

TIMES IN SEC. GMT 14:59:59. 000-0
" URTR NOT AVRILABLE = - _ R
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250 STRUCTURE AND LOADS

251 SRB A ADS V - The failure to recover Lhe SRBs drastically

reduced the number of structural load measurements available. The measurements
avallable for the evalunuon were: :

18 strains on 8 MLP support posts

8 low [requency accelerometers —— forward skirt, rmd—case.
aft skirt . ,

The MLP strain daia was usablc l'or evaluating tension and compression loads on the
pads during buildup. The strain gauges were biased to allow for the tension calibration.
Predicted static and design loads for the MLP support post evaluation were provided by
Rockwell. A schematic of the shuttle vehicle on the launch platform giving the
numbering system for the SRB support pads is shown in Figure 25.1-1. Figures 25.1-2
ang .351-3 show lypical renponsa p ots of lhe MLP support post slram tor compression
and tension.

The MLP strain gauges were cahbrated over a short period of time, which resulted in
lower calibration factors and more reliable results The calibration factors were
multiplied hy the delta build-up strain and added to the static load to arrive at the
total Joad. The lower calibration factors resulted in no exceedances for STS-4. The
" percent of design of compression. tension, bolt tension, and base momnent were 89%, 84%,
© 89%, and 94%, respectively. Table 251-1 compares all four flights. Table 231-2 lists the
support post tension and compression loads for all tour flights and compares them to
the design loads ,

VIEW LOOKING FORWARD

SUPPORT PAD
NUMBERS

RIGHT-HAND
SR8

4 * 0° (NORTH)

FIGURE 2.5.1-1 NUMBERING OF FACILITY/SR8 SUPPORT PADS
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TABLL 2.5.1-1 FOOT PAD LOADS

S5T5-1  373-2 5TS-3 STS 4 DESIGN STS-4
LOAD LOno LOAD LORD Loro % OF
C[PS)  IKIPS) IKIPS)  (K]PS! IKIPSH  DESIGN

CUHPRFSSIUN 1368 1328 1381 1341 1355 93.0
TENSION - . -80S -672 -527 -628 83.9
.BOLT. TENSIGN - 918 985 ‘840 941 89.3
BASE MOM. 110%xG IN-LB) -334 ~360 -361 -327 -347 .2

TABLE 2.5.1-2 MLP SUPPORT POST TENSION AND COMPRESSION
LOADS COMPARED TO DESIGN LOADS

, STS-1 STS-2 ST5-3 STS-4x  DESIGN LORD

POST (K1PSI (K[F’Sl {K]PS) (KPS} IK1PS)

I CL1PPED -560 -618 -527 -§28nx

2 CL 1PPED -605 . -513 -422 -628

3 1265 1295 1297 1221 1355

4 1368 1328 1381 1341 1355

5 CLIPPED 425 - -458 -497 -§28

6 CLIPPED -578 -672 -487 -628

7 1280 217 - 1202 1192 1355

8 1325 1247 1214 1267 1355

« INCLUDES 1.2-INCH MISMATCH AT FORWARD ET/SRB ATTACH POINT AND
PRELOAD OF AFT RADIAL STRUTS.
wx -628 (TENSIJON LORO) = 941 (BOLT LOMD)

&wmwmw& - Table 251-3 shows the SRB low [requency
accelerations for the forwa irt, aft mid-point, and aft skirt for the right and left
SRBs for liftoff and ascent flight. Only 8 out of the 13 measurements were available
and only the forward accelerometer in the X-direction was usable on the left SR8
There is close agreement between STS-3 and STS-4 g levels and although STS-1 and
STS-2 results were not included they were also in good agreement with the last two

flights. Ograms were read for STS-1 results while bne plots have been used for
the last three flights.
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TRABLE 2.5.1-3 SRS LOW FREQUONCY RCCOLIRATIONS

LIFTOF ASCENT
<e $75-3 STS~4 $T5-3 STS-4
' . : SR FROD WERS.  FREO. MERS.  FRXO. PRCD nERS.  FRCD.  MERS.  FRCD.
LOCAT | ON SRB RXIS 1IN} te/-Q! t+/-Q1 IH2) [RYE ] Q) 1e/-8) 1e7-8) Z) 1+/-C) (7]
ND SKIRT L -4 4% 26 1.55« - 1.50. - L5 2.50« - .44 . -
: : . .23 10 2 10 2.45 3 2.32 3
.08 4 .08 4 .05 20 .12 0
ND SKIRT (] X 4% 2.6 1.57« .- 1.55+ - 3.5 2.30¢ - 2,45« -
W25 20 37 30 . 2.40¢ 3 35 3
) .05 § .08. 4 .10 2 .10 30
ND SKIRY n -7 48 8.4 23 13 e 14 0.4 .17 P} .30 18
WD 3KIRT (3 T 426 6.4 a7 20 - - 0.4 .19 28 - -
WT YD SENENT L =< NN 1.9 1.90% - - .- 1 8} 2.58« - - -
. 3 18 - - . 2.%5 3 - -
a 1 - - © .03 2 - -
NT YD SCERONT R - 191 1.9 1.8e - .52« - s 2.45¢ - 2.3 -
: S 7 b1} Y . a2 2.4 3 25 - 3
.0? 1 .08 4 . 24 .13 %
AT L. -2 uel 2.1 .20 20 - - 1.1 .2 2 - -
T rD SCRMENT R -2 na 2.1 2000 20 2 2 il .20 F7] 2 b2 ]
AT 1D SERMENT L T 91 L .13 10 - T N .12 30 - -
T 1D STONTNT R 7T NA 1 Je 13 2 14 1.1 .18 28 2 12
T SKIRT R X 1845 1.9 1.8a - 1.4 - s 2.0« - 2.48« -
A4 2 -S0 2 2.38 3 s 3
.18 4 .08 . 4 .12 0 - .13 30
T SKIRT 3 1 1843 2.8 29 12 2% 2 o.e .10 2 .7 12
AT SKIRT (] - 185 2.8 .1 20 - - 0.8 .10 2 - -
. . .08 14 - . .
.3 4 - -
m x nccumnu 1S 0-PERK "€2) PREDICICD G'S AAE OESIGN CRITERIA FOR COPONONTS 131 S15-1 AND STS-2 RESILTS COMPRRED
PLAX K RCCELERATIONS INGLLOE x.s, RIGIO BOOY AT LIFTOFF AND 2.48 FOR nsu:n' WLLL WITHM STS-3 AND STS-4

SUMMARY - The holddown post compression, tension, and bolt tension loads were 99%,
84%, and 89% of design, respectively. The base bending moment of -327 x 10**8 in. lb.
was 94% of design. The lower calibration factors were responsible for the lower loads
and the lower calibration factors can be traced to the short calibration time.

'l‘he low frequency SRB accelerations were close to the previous three flights, but only
one measurement was avaxlable on the left SRB.

252 DESCENT AND WATER IMPACT LOADS -~ No data is avallable tor this section due to
loss of both SRBs.
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260 PRESSURE. VIBRATION AND_ACOUSTIC_ENVIRONMENT

28.0 SRB _INTERNAL PRESSURE ENYIRONMENT - No data is available [or this seclion due
to loss of both SRABs. )

262 SRB _VIBROACOUSTICS - Ten (10) vibration and two (2) acoustic measurements were
recorded on the Orbiter tape recorder during ascent. One channel (BOBDBOS2A, on Lhe Aft
Booster Separation Motors) showed no data during the entire fiight. A data squawk has

been turned in on this measurement. All of the avallable data compared well with the
previous flights and no exceedances were noted. . :

o
(o))
1




270 SRB_REENTRY AERODYNAMIC HEATING - No data i available for this section due
@ to loss of both SRBs.




280 S‘I‘RUCTURAL/COMPONENT TQNEQRATUHE AND E[Eg EVALUATION - This section
normally reporis the evaluation o id Rocket er (SRB) Thermal Protection
System ('I‘PSYOThe SRBs sank after splashdown and the data recorders have not been
recovered, therefore the temperature limits experienced by primary structures and
subsystermn components have not been verified.
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290 SRB EhECTB]FAL AND mqmgummpgg %EYSIEM - This section presents the
results of the performance evaluation of the Electrical and Instrumentation Subsysiems
(E&I) of both -4 SRBs. The e¢lements of the E&I Subsystems under evaluation include
the Operational Instrumentation (0]). Development Flight Instrumentation (DFI) data

was lost when the SRBa could not be recovered. The results of Lhe evaluation are
presenied in the following peragraphs. ‘

291 TERMINAL COUNTDOWN/ASCENT PHASE ELECTRICAL AND INSTRUMENTATION

PERFORMANCE - This section addremses the terminal countdown, commencing at T-5

S?gra countdown Lime, and culminating at SRB separation during the ascent phase of
-4 :

29.11 SIGNIFICANT E&l EVENTS AND TIMELINE - All significant B&! events occurred
nominally with no redline violations. Table 29.1-1 lists significant E&| events by
function and measurement description with predicted versus actual timee. Requirements =
and comments are Included as applicable All predicted and actual times are adjusted
to the FEWG data base reference time.

Generally, command times which are the predicted times for the E&! functions are not
available and the functional performance iz evaluated on the basis of ase
indications that the function has been implemented. The delay between the command
and the response indication is a function of delays in processing the commend and
responee signals as well as the sample rate of the response measurements. For the
above cited reason, the evaluation of the difference between actual and command times
is not always feasible. Where actual command times are used, this will be noted in the
comments column. Typically, when a response indication is 1 aps, the predicted value is
adjusted by 1| second to allow for measurement system response.



FUNCTION

TRBLE 2.3.1-1 SIGNIFICANT E&1 EVENTS & TIMELINC

MEASUREMENT
DESCRIPTION

11 [SNAPSHOT)

2) SRB RATE GYRO
AISCMBLY (RGA)
BOWER ON

31 APY BG HERTERS
ON (LK & RH)

4] SRB RGR
TORQUE TESTS
ILH & RH)

- 51 SRB AND ET
RANGE SAFETY
SYSTEM (RSS)
POWER ON .

6) DF! PRR. ON

71 £T R33, SR8
RSS, AND 16N
SRFE § PARM
DEVICES ARMED.

- B) BROUND PONER
TRANSFER

91 REMOVE SR8
DF1 FLIGHT
RCOR INMIBITS
ILH § RH)

10) SRB FOM
CALIBRATION

i1) SRB FKO
1A MOM LOCXOUT

LH OF1
RH OFI
LN OFL OFF
RH OF[  OFF

6 RGA POWER ON
CONMANDS MONI-
TORED BY 12
GYRQ SMRD
[WHEEL. SPEED!
IND ICAT {ONS.

8 66 MEATERS OM
COMMANDS £ 4 GE
TEMPERATURE
MERSUREMENTS.

ON
ON

24 TQRQUE CHOS
f« ANDO -1 TD )2
GYROS MONITORED
BY 12 SYRO RATE
QUTPUTS.

6 POWER ON CMDS
MONITORED BY 2
BATTERY CURRENT'S
{ET RSS) RAND 4
EVENTS (SRB RS&
DECODER PWR, OM)

2 (LM & RHI OFI
PONER ON CMOS,
MON|TORED BY 2«
DF'| COMPONENT
EVENTS ¢ OFI
VOLTREES/
CLRRENTS,

5 COMMANDS HONI-
TORED BY 10

S&A OEVICE
POSITION INDI-
CATIONS.

MONITCRED By 8 -
SR8 AND 3 ORB.

. 01 MEASUREMENTS.

2 COMMANDS HONI
TORED B8Y 2
RECORDER INDICH-
TIONS,

2 COMMANDS MONI
TORED BY 2 FOM
CAL. INDICATIONS

4 QISCRETES FRCH
SR8 MOM BITE
STATUS REGISTEFS
(B3RS}

«1982:178:14:59:59.000 GMT

FEWG REF TIMEx (SEC)

PREDICTED

-8400

-8400

-6600

-3900

-299

-210
NOMINAL

-48

- 18

-40

ACTURL

-29,090
-29,088
-29, 046
-29,043

-8443 10

SEC
SEC
SEC
SEC

-8335

-8446 10 -8445

-6565 TO -6472

L4 Rt
LH B
ET A:
€T B:
RH A:
RM B

-3974
-397%
-3973
+3973
-3997
-3974

L1 -819
RH: -812

Lt 16N:
LH RSGt
RH 16N
RH RSSt -297.4
ET RSS: -297.2

START -238
FINISH -234

-296.8
-297.4
~296.8

LH:
RH:

-46.44
-45.4

-38.44
-38.44

LM
. RMt

™o

O
[

o

REQUIREMENT

SMROS ON WITHIN
120 SEC, OF
PONER ON COMMAND

MAINTAIN G6 TEH-
PCRATURE WITHIN
A RANGE OF 190

10 249 DEG-F,

+ TORQUE COMMAND:
10 +/- 2 DEG/SEC

- TORQUE COMMAND:
10 *»/- 2 DEB/SEC

NULL
Q +/-} DFR/SEN

S&A DEVICES -
SHOULD INDICRTE
ARMED WITHIN 2
SEC. COF COoMmAnDs.

COMMENTS

RBAS TURNED ON
SEQUENTIALL T,

OATAR OF ACTUAL
COMMANDS NOT RVAL .-
PALE FOR CVRALUATION

G6 HCATERS RRE
CYCLED ON & OFF TILL
T-30 SEC. WHEN
CICLING ]S STOPPLD
AS NECESSRARY.

TORQUE COMMANDSP
ARE [SSUED SEQUEN-
TIALLY.

AT DISCRETION
OF THE TEST
CONDUCTOR

PRMED INDICATION
TIMES.

NOMINRLLY,
SR8 FLT. RECOROER
IND. ON WlTRIN
3 SEC DF CMDS.

CAL. CCMMPNDS
REMAIN ON.

GISCRETE MEASURE
HENTS NOT AVA[L AR F
OR CVALUATICN. it




TRBLE 2.3.1-1

SIGNIFICANT £4] CVENTS & TIMELINE !CONCLUDED!

FEWG REF TIMEx (SCCH

FUNCTION

TURNED OFF 1A
NECESSARY

12b1BYPASS VALVES

TURNED-ON

12c) RPY ISOLA-
TION VRLYES
TURNLD ON

(A] & Bl START
COMMANDS)

13) A2 & B2
START POWER TO
H#PU CONTROLLERS
iN AFT IERS.

14) CLOSE HPU
BYPARSS VRLVES
IRESPONSE

151 TVC GIMBAL
PROFILE TEST

16) ARM SRB
IGNITION PICS

17) AFT MOM
LOCKDUT

18) SRB RSS
INHIBITS OFF

19) SRM [GN.

20) SRB RSS
SYSTEMS SAFED
& PONERED DO

21) 5RB 3EPA-
RATION ARM

221 SRB SEPA-
RATION

MEASUREMENT
DESCRIPTION

8 G6 HEATER
CHD. OISCRETES

4 CHMDS WITH

NO MERSUREMENTS
AVAILABLE FOR
MONTTOR ING.

4 CHDS MONI-
TORED BY 8
VARLVE POSITION
DISCRETES.

4 CHMOS MONITORED
By 8 EVENTS &
B TURBINE SPEED
MERSURLMENTS,

4 CMDS MONITORED
BY SYS. PERFOR-
MANCE (4 MYDRAU-
L1C PRESSURES,
4 CYENTS, & 8
TURBINE SPLED
MERSUREMENTS.

16 COMMANDS
(QUAD, REDIN-
DANT] WHMOSE
RESPONSE 15
MONITORED By
VARIOUS SYSTEM
MERSUREMENTS.

4 COMMANDS 1MON-
ITORED BY ¢ PIC
VOL TRGE MERSURE-
MENTS.

4 COMMRNDS MON-
I1TORED BY ¢
DISCRETES.

MONITORED BY 4
PIC VOLTAGE
MEASURCHENTS

6 CMDS (4 TO
SAFE, 2 RSS SER
DEVICES] MONT-
TORECD BY 8
INDICRTIONS ¢

4 CURRENT
MERSUREMENTS

24 SEPARATION
P1C VOLTAGES

24 SEPARATION
PIC VOLTAGES

«1982:178:14:53:59,000 GMT

2.8-3

PREDICTED ACTUAL
-30 -28 10 -27
_30
-30 LH A1 -29, 44]
LH Br -28.441
RH A: -28. 44]
RH B: -28.44]
-27 LH P -26.85
LH B -26.61
RH A: -26.53
RM Br -26,37
-22 Lt Rt -21.64
LH Bt -21.52
RM A: -21.32
RH 8¢ -21.20
-20 LH ROCK: -19.04
LH TILT: -19.04
RM ROCK: -19.D4
RH TILT: -19.04
-17 LM A: - 16, 44
LH Bt -16.44
RH A - 16, 44
RH B: -16.44
-18
-9 LH A1 -10.04]
LH Bt - 9.04]
RH Ar - 10,441
RH B: -10.44]
1(NOM.!  LH A1 » 1.343
LH B: + 1.343
RH M2+ 1,343
RH Br + 1.343
LM RSSt 124.8
RH RSS: 124.8
LH S&M: 124.8
RM S&RA: 125.0
125.3 129
127 N/R

REQUIREMENT

120! GG HIR, CHDS

COMMENTS -

MANUAL COMMANDS
CYCLE OFF A
NECESSARY,

NO INOICATICND
AVAILARBLE

QVERALL SYSTEM
PERFORMANCE COVERCDH [N
SCCTION 2-4.

OVERARLL STSTENM
PERFORMANCE TOVERED [N
SECTION 2-4.

RESPONSE TIMES,E

OVERALL SYSTEM
PERFORMANCE COVERED
IN SECTION 2-4.C
RESPONSE TINMES, [

OVERALL SYSTEM
PCRFORMANCE COYERLD
IN SECTION 2-4.L

START OF GIMBALT
PROGRAM COMMAND TIMES

1 575 OATA

NO INDITRTION
AVAILABLE

HARDWIRE CMDS.

1 SPS 0ATA

5 35 0HTA

5 SPS 0ATA |



2912 LAUNCH COUNTDOWN REDLINE REVIEW - There were no launch countdown redline

violalions.

2913 0} BUS VOLTAGE SUMMARY AND REV[EW - For the STS-4 final countdown and

ascent, all SRB and Orbiter Bus voltage measurements were within specification.

29.1-1 and 29.1-2 are anpplicable voltage plats.

VOLTS OC

YOLTS OC

DATA SOURCE:. STS40B

34
V76V3033R ORBITER BUS C VOLTS ------
B76V1600C LH SRB BUS A VOLTS ———
124 B76V1601C LH SRB BUS B VOLTS  ——-
' '
1 [ ]
' K
n{ UIFTOF ) SEPARATION !
----- tJ-0m4f': WY T T T Rv T T T ST ATT N I.J.'.Vl.h.h Py P N .E"D----
[} ]
204 ' '
: A
[} ]
[} s
[ [}
: :
26 I l "
-50 150
SECONDS RELATIVE 10 '82: 178: 14:59: 59. 000
FIGURE 2.9.1-1 LH SRB OPERATIONAL BUS YOLTRBGES
DATA SOURCE: STS40S
34
V76V3093A ORBITER BUS C VOLTS =------
. B76V2600C RH SRB BUS A VOLTS ———
13- B76V2601C RH SRB BUS B VOLTS — =
' « ,
o]  LIFTOFF R SEPRRRTIQY |
..... ‘_“-"“\A‘_ -Eh\'ﬂf---.-"'-"- “ehaT AN ‘J‘.*ll V (% P Y .E"l---.
1 I
28 P o '
VT :
. |
= s
2 ' o y
-5Q Q

50 100
SECONDS RELATIVE 10 B2:l78:14=59:59.000
FIGURE 2.9.1-2- RH SRB OPERATIONAL BUS VOLTAGES
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ICD 2-14001 has a transient voltage requirement that the iower voltage limit shall not
exceed |1 VDC below the specified steady state voltage or an upper value of 36.7 voitls for
02 seconds with decay to steady state values within 2 seconds. Since the voltage
measurement sample rate is | sps, the data would not reflect a voltage transient should
it occur. '

There are no dedicated SRB current measurements and the resolution of the Orbiter bus
current measurements is not sufficient for an evaluation ¢f nominal SRB loads.

29.1.4 |EA PERFORNANCE - Each SRB is equipped with one forward and one aft IEA
(Integrated Electronics Assembly). The |EAs provide Lhe interface between the various
SRB and Orbiter subsystems. All IEA functions performed satisfactorily during
countdown and ascent mission phases.

A_MDM AND HA AR 44 A S E DATA - The 1EAs have provislon for
accepting. implementing. and outputing the se for certain critical functions
through redundant hardwire connections. Examples of this are the redundant SRM
Ignition Arm and Fire Commands.

On the basis of available data, all required NDN and hardwire command and response
funclions were successfully performed during STS—4.

SRB _IEA RGA QQE{IRQLF ~ The FWD SRB IEA controls and measurements for the 6 rate
gyro assemblies (RGAs rformed nominally for the STS—4 mission. RGA functions
provided by the FWD | include RGA "Power ON commands with associated aswitchesn,
RGA torque test commands, discrele measurements and various hardwire interfaces

SRB IEA APU CONTROLS - Each aft SRB 1EA includes two APU controllers for the dual
HPU systems A and B 2 APU BITE (Built-In Test Equipment) assemblies, and associated
command and signal conditioning cireuitry. The overall aysiem performance, including
related electronics, is discuseed in Section 242 In summary, regulation of the APU
turbine shaft speed was +/- B2% which indirectly indicates the APU controller operated
properly within the overall control aystem. The APU BITE system performed nominally
during the final STS-4 countdown, although it is not operated during the terminal
rtion of the countdown. Measurements which define the command state of the APU
ITE Assemblies are not available for evaluation. .

THRUST VECTOR CONTROL CIRCUITRY AND MEASUREMENTS - Each SRB aft IEA contains
provision for hardwire commands, measurements and signel conditioning to support the
Thrust Vector Contirol (TVC) subsystem and its redundant hydraulic subsystems. The
overall performance of this subaystem is discuseed in Section 24.1. The TVC Bkl
subsystem performance was satigfactory.

SRM IGNITION FUNCTIONS - The SRB forward [EA controls iand measurements related
to SRM Ignition S&A Devices and PICs performed nominally during the STS-4 launch.

SBRM IGNITION S&A DEVICE FUNCTIONS - Although command times are not avallable, the
LH and RH Ignition S&A devices were observed to change state near the nominal
predicted time. Both S&A Devices changed poeition from safed to armed within 04
gseconds. Although the requirement that the ignition S&A devices change state within 2
geconds cannot be directly verified, it can be inferred, since no redline violations were
reported for this function. This in turn indicated the |EA circuitry which drives the
S&A devices performed as required.

SRM 1GNITION PERFORMANCE - The SRN lgmuon PICs performance appeared nominal.
The requirement is that the LH and the RH SRN ignition occur within 94 ms of each

other. Since loes of SRBs resulted in loss of DFl high sample rate data, no
high~-resolution analysis can be obtained on this flight. There was, however, no
indication of exceszive ignition timing skew. .

SRB_SEPARATION PERFORMANCE - Besed on available data, all E&] subsystem SRB
separation functions performed nominally. The Ol data haz separation PIC voltage data
for the redundant channel A separation PICs (6 RH SRB and 6 LH SRB) at a 5 sps rate
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while the other 12 LH and RH channel B separation PICs are sampled at a | sps rate.
The 5 spa data showed separation PIC arming for the LH and RH channel A separation
PICs in process at 129.000 seconds. The 1| sps dala for the LH and RHY channel B
separation P1Cs also indicated arming in process. The data showed all separation PIC
armed to a nominal 38 volt level

As was observed in the first 3 (lights, the Ol data did not register the separation PICs
firing. Correlating measurements indicates that separation for both LH and RH SRBs
occurred at 130.77 seconds. This is consistent with the normal interval between
separation PIC arm and fire commands (nominally L7 seconds) and past flight data. The
indications are Lhat the SRB separation sequence for STS-4 was nominal

DFI_CONTROL AND MEASUREMENTS - The forward |[EA MDMs provide DFl subsystem
commands to apply and remove DFI power, auto callbrate the DFl Frequency Division
Multiplexers (FDMs), and to inhibit recording or reverse the SRB DFI flight tape recorders.
Within the Ol MDM data system these functions may be monitored by various DF!
component power ON discretes. DFl battery voltage and current measurements, and status
discrete indications for the SRB tape recorder and FDM auto calibrate functions. During
the final oountdown and ascent mission phases, performance for these [unctions was
acceptable :

RSS_CONTROL AND MEASUREMENTS - The forward SRB 1EAs provide various functions

for the SRB and ET Range Safety Systems (RSS) from the final hours of countdown
through ascent. Performance for these functions with respect to the F&l subsystem was
nominal. RSS functions provided by the forward 1EAs inciude command processing for
power, inhibits, and RSS S&A device positioning with associated measurement capability.

2915 SRB RATE GYRO PERFORMANCE - Prelaunch SRB rate gyro performance was
nominal with rate gyro nulls typically holding within +/- 1 count (04 deg/sec absolute)
and torque tests auccessfully completed. No SMRD dropouts occurred.

All indications are that the 6 SRB rate gyro assemblies on STS-4 operated satisfactorily
during all mission pheses

In STS-4, procedures were implemented in the mounting and alignment of the SRB rate
gyro mounting platea. These procedures reduced the axls cross coupling effects
experienced in previous flights to well within specification.

In summary, from available data, all SRB rate gyroe operated satisfactorily.

2918 ENVIRONMENTAL PARAMETERS - In general, data for the thermal and dynamic
environments that the SRB E&I components are subject to are acquired by the LH and
RH SRB DFl data systems As these data are not currently available, no statements
regarding Lhese parameters may be made.

292 INSTR N - There are two systems on each SRB monitloring

SRB rformance and environmental conditions, the Operational Instrumentation (0l) and
Development Flight Instrumentation (DFI). The Ol provides the capability to accomplish
prelaunch checkout and limited performance assessment during the boost phase of flight.

DFI supplements Ol instrumentation and provides additional capability to evaluate SRB
performance and design limits against actual flight regimes of liftoff. boost, reentry and
splashdown.

This section of the report contains an appraisal of the performance of the sensors used
in both the Ol and DFI.

2921 (Ol SENSQRS - Table 292-1 summarizes the measurements available during the
lnunch and boost portion of the flight. All Ol sensors were operative to separation.



TABLE 2.9.2-1 SUMMARY OF SRB MERSUREMENTS MADE THROUGH 0] SYSTEH
DURING LRUNCH AND BQQST PHASES OF MISULION

. = R T D P T = e T W Ay - -

Al3 : Al4 TGTAL
MERSUREMENTS MERSUREMENTS MBASUREMENTS
TYPE ol DF 1w ol OF 1w ol OF In
VOLTAGE 26 1 % 1 52 2
CURRENT 2 i 2 ] % 2
TEMPERATURE S 2 5 2 10 4
PRESSURE 7 7 14
EVENTS 70 16 70 16 140 32
RATE . 4 4 8
LEVEL 2 2 4
POSITION 2 2 4
2 2 4
TOTALS 120 20 120 20 240 40

- - -

w DF1 SYSTEM MERSUREMENTS MONITOURED THRQUGH QI SYSTEM.

2822 DFI SENSORS — The baselined SRB design scheduled €604 DFI measurements to be
made on STS—-4 Al13 and Al4. Table 292-2 contains a summary of the measurementc by
parameters for Al3 and Al4. ,

TABLE 2.8.2-2 BASELINED DF[ MEASUREMENTS

. . T T A Y = R TR e e e G A S e s G S M AR P S T R W M M G e T W e = e e S e e W e

LH SRB RH SRB ~ TOTAL
TYPE MERSUREMENTS MEASUREMENTS MERSUREMENTS

VOLTAGE 26 26 52
CURRENT 2 2 4
TEMPERATURE 38 55 g3
PRESSURE - 59 56 115
HEAT FLUX SQ 26 76
ACCELERATION 3 : 3 : 6
RATE 3 3 b
VIBRATION 26 40 66
ACOUSTIC 6 B .
FORCE 20 20 40
STRAIN 16 24 40 -
EVENTS 44 44 88
TIME CODE 1. 1 2
POSITION 2 2 4
TOTALS 236 308 604

Prior to launch. eleven (11) measurements were determined to be inoperative or
inaccurate, and were waived by KSC with MSFC concurrence and subsequent change board
approval. These measurements are listed in Table 29.2-3.
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MS1D
307785187
30807079R
5328D8CAGA
808081 22A
308PB3L A
087B3BEA
i30808092A
P0BPB31 SA
30808121A
B080DBO94R
BO8G7 200R

TABLE 2.9.2-3 SRB OF ] MEASUREMENTS WAIVED FOR 9134
MEASUREMENT NOMENCLATURE WRIVER NO
TEMP., ET ATTACH STRUT, MID AFT BI-"8!
viB, AFT SKIRT INTERNAL, RADIAL DIR, Bi-782
viB, NOSE CONE EQUIP. TANG. BIR, 31-786
V1B, THERMAL CURTAIN B1-788
PRESS., AFT SKIRT INTERNAL =2 B1-789
ACOUSTIC, AFT SKIRT HEAT SHICLD EXT. Bi-"90
VI8, BT SEPARATION MOTOR, RACIAL DIR. gi-791
PRESS., AFT BULKHERD 81-792
VIB, INPUT TO TVC LOWER FRAMC RADIAL DIR BI1-733
V1B, AFT BULKHERD, TANGENTIAL DIR, BI-794
FORCLC, MAIN CHUTE i, ATTRCH PT. 1 B1-795%

Due to the decelerator asystem problerb. all DFI measurementis stored by the DFl recorder

on both SRBs were lost.

stored on the Orbiter In-flight recorder up to separation.

TABLE 2.3.2-4 SRB DFI DATIR

SRB DF! data measured at both FDMIMUXI's were collected and

Table 292-4 lists these

Measurement responses appear normal except as indicaled.

STORED ON ORBITER

RECCORDER (TO SEPARATIONI
DESCRIPTION NOTES
VIB FND E&! EOQUIPMENT -X AXIL! SNSR A
VIB MID SIDEWALL -X AXIL} SNSR A (1
VIB MID SIDEWRLL -Z AXIR) SNSR R (2)
VIB MID SIDEWALL +Y AXITI SNSR A (21
VIB AFT SKT INTERNAL RAD[AL DIR
VIB NOSE CONE EQPT. RADIAL DIR
VIB INPT ROCK ACTR AFT SKT ATTACH FLT QIR
V1B INPT ROCK ACTR AFT SKT RTTACH ROL DIR
VIB TVC UPPER FRAME . . . . FLT IR
PRESS AFT BULKHERD
VIB FND E&I EQPT. FLT DIR SNSR A
VIB FND E&1 EQPT. -Z AXIR1 SNSR A
VIB MID SIDEWALL =X AXIL] SNSR A
VIB MID SIDEWALL -Z AXIR] SNSR A
viB MID SIDEWALL +Y RAX(T) SNSR R
ViB AFT SKIRT -X AXiL! SNSR R
VIB AFT SKIRT -Y AXIR) SNSR A
VIB AFT SKIRT INT. FLT DIR
VIB NDSE CONE EQPT RDL DIR
VIB AFT SKT P RCTR ATTACH NOR OIR Y
VIB FAD SEPN MOTOR RDL DIR
viB RFT SEPN MOTOR RDL DIR (3!

measurements.
MSID

BO8D7Q70A LH
B0O8D7073AR LH
B080707 4R LH
B80807075AR LH
B08D7079A LH
808070838 LH
B08D71273A LH
B0OBD7 ) 24R LH
BO8D7 1 25A LH
RO8P7315A LH
B8080B070R RH
B0808Q7 1A RH
8080807 3A RH
B0806807 4R RH
B08DBAO75A RH
B08DBO76R RH

"~ BO8DBO77A RH
BO8DBO79A RH
B80808083A RH
B0O8D80BER RH
80808089 RH
B08080SAA RH
NQTES (1

THESE MERSUREMENTS SHOW EXCESSIVE GAIN -

PRCBABLY CQUE TO

IMPROPER SIGNAL CONDCITIONER GAIN LEVELS.

THESE MEASUREMENTS APPCAR TO HAVE B8EEN MOUNTED IN THE WRONG
AX1S (RS COMPARED TO RESPONSES FROM PREVIQUS FLIGHTSI,

THIS MERSUREMENT WRIVED PRICR TO FLIGHT PER B1-791.

2923 STS-4 MEASUREMENT SYSTEM ANCE E

measurements (100%) performed properly throughout their respective mission phases
604 DFI measurements were lost due to loss of SRBs with the exception of
measurements contained in both FDMIMUXIl's (which were recorded on the Orbiter

In-Flight Recorder up to separation as outlined in Para. 28.22)

VALUATION - A taotal of 240 O]

v

.9-8
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All
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293 RECOVERY PHASE Ol ELECTRICAL PERFORMANEE - Analysis of Recovery Battery
Current and Voltage profiles indicate nominal loading for preflight, RSS sytem turn-on
through RSS sytem turn-off and separation. USNS>Vandenberg uncorrected prellminary
tracking data indicate nominal nose-cap release times (3466 sec.LHSRB and 345
sec.RHSRB). Vandenberg data also indicate nominal Frustum Separation (373 sec.LHSRB
and 367 sec.RHSRB) (estimated times) and indicates Water Impact Limes to be: 386
sec:LHSRB and 378 sec.RHSRB. All times are relative to lift-off. There are no SRB DF|
data available at this time to support any of the above observations

294 DEVELOPMENT FLIGHT INSTRUMENTATION DATA ACQUISITION SYSTEMS - Each SRB

on STS-4 contained an independent, onbcard DFI data acquisition system to condition and
record measurements on SRB performance and environmental conditions during the last
stages of countdown and flight. The DF! data acquisition system included signal
conditioning, Pulse Code Modulation (PCM) Multiplexer and Frequency Division

Multiplexers (FDM), multi—channel tape recorder, time code generator, power distribution
and control, and independent battery power. The DFl1 data acquisition system interfaces
with the SRB O] system for controls and selected measuremenis Its principal operating
period is from approximately forty seconds prior to liftoff through boost and reentry
to 300 seconds after splashdown.

2-9-4.1 ’ '.I () A ) M Yo q. N ‘l.\ \| . - Thc Dm dat&
acquisition system operated satisfactorily through separation. [n the event of
gsubsequent recovery of SRB DFI Flight Recorders, this report will be appended as data
become available.

2942 DFI DATA ACQUISITION SYSTEM ELECTRICAL POWER - DF1 Battery temperature

conditions were available from Ol measurements up to SRB separation. These data are
shown in Table 28.4-1. During this period, the battery temperature were within required
limits.

TABLE 2.9.4-1 OF[ BRTTERY TEMPERRTURES I(DEG F)

LOWER ACTURL RACTUAL UPPER

DESCRIPTION LIMIT MIN. MAX. = LIMIT
B76T7528C LH TEMP DOFI BATTERY 34 77.5 78.5 120
B76T8523C RH TEMP DF[ BATTERY 34 78.5 78.5 1200

.................................................... IR I O ek T SR



2100 SRB SEPARATION SUBSY%EM PERFORMANCE -~ Loss of DFl tape recorder data
resulted in no analysis o pressure performance curves. Available phatographic dala
and visual inspection reviews indicate no debris from the BSMs during STS-4 separation.

The one FWD BSM cover, which was missing after Al4 water impact, was determined to
have been lost during reentry.



2110 REENTRY AND RECOVERY ,
2111 POST SEPARATION DYNAMICS AND TRAJECTORY

21111 SUMMARY - Each SRB had reentry characteristics sumilar to the nominal
predicted values until the end of the drogue parachute phase. Thereafler, recovery
gystem malfunclions caused the loss of both SRBs due to extremely high water impuact
velocities.

21112 DATA_ACQUISITION - The tracking ship USNS Vendenberg was stationed near the
impact zone to provide reeniry rader tracking and photographic data. A separatec radar
track was obtained for each SRB from separation to just before splashdown. Cloud
cover and haze caused several gaps in the Vandenberg photographic coverage. No main
parachute phase photographic data were obtained [rom the Vandenberg except {or a lew
frames of the left SRB just before and including splashdown.

The sinking of each SRB after splashdown caused the loss of recorded reentry data
such as event times and Separation Instrumentation Package rate gyro data.

21113 TRAJECTORY - The measured reentry. trajectory of each SRB was similar to the
nominal predicted trajectory through the dy ogue parachute phase. The measured apogee
was 226,000 feet for each SRB at T+199 seconds. The nominal predicted apogee was
231,000 feet at T+197 seconds.

Figures 2111-1 and 211.1-2 compare the altitudes of the right and left SRBs. respectively.
to that of the nominal predicted trajectory.
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FIGURE 2.11.1-2 LH SRB MEASURED & NOH[NHL PREDICTED ALTITLDE

Figures 2.11.143 and 211.1-4 compare the measured dynamic pressﬁres of the right and

left SRBs. respectively, to that of the nominal predicted trajectory. The

peak measured

values of dynamic pressure for both SRBs during reentry were slightly lower than the

nominal predicted peak value, but within the predicted limits
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FIGURE 2.11.1-4 LH SRB MEASURED & NOMINAL PREDICTED DYNRAMIC PRESSURE

The measured Mach number histories of both SRBs are compared to that of the nominal
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At T+328 seconds, approximately 12 seconds after sach SRB passed through peak dynamic
pressure, the SRBs crossed patha within a few hundred feet of each other. Collision’
analyses over the past five years have shown the possibility of such a crossing but the
probability of actual contact is very low and is not cause for alarm.

Each SRB had favorable conditions for drogue parachute deployment. The approximate
times of the nose—cap separations were T+348 seconds for the right SRB and T+348
seconds for Lhe left SRB The measured dynamic pressures at the nose-cap separations
were approximately 215 and 75 ps{ for the right and left SRBs, respectively. compared
to the nominal predicted value of 189 psf. The approximate altitudes at the nose-cap
separations were 14,41 feet for the right SRB and 16,489 feet for the left SRB, both
within the predicted limils

The SRBs and frustums impacted within the predicted footprints. Each nozzle extension
was probably still attached at water impact, due to the extremely short time between
frustum release and waler impact of each SRB The impact coordinates for the right
SRB were 28673 degrees north, 78035 degrees west: and for the left SRB were 2864
degrees north, 78.020 degrees west. Relative to the nominal predicted impact points, the
right SRB impacted 3.4 naulicai miles uprange and the left SRB impacted 26 nautical
miles uprange. Each f{rustum impacted within 500 yards of the corresponding SRB

21114 VEHICLE DYNAMICS - The measured angle ol attack of each SRB during
reentry was consistent with that measured on the previous [lights, and very close to
that of the nominal predicted STS-4 trajectory.

Figures 211.1-7 and 211.1-8 compare the measured angles of atiack of the right and left
SRBs, respectively, to that of the nominal predicted trajectory. At nose-cap separation,
the aggroximate angle of attack for the right SRB was 113 degrees and for the left SRB
was 133 degrees, both within the predicted limits.
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No angular rate information was available because of the loss of both SRBa Based on
' the peak measured values of dynamic pressure for both SRBs, the tumble rates imparted
dust after SRB separation were probably similar to the nominal predicted value of 14

degrees per second. 5115




30 EXTERNAL TANK EVALUATION

310 ET FLIGHT SUMMARY
311 FLIGHT OBJECTIVES AND ACCOMPLISHMENTS -~

Table 31.1-1 summarizes the STS-4

objectives pertaining to the ET along with the degree of accomplishment and

discrepancies for each objective.

TAELE 3.1.1-1 CT OBECTIVES AND ACCOMPLISHNENTS

0BJECTIVES ACCOMPL

DEGREC OF

OISCREPANCIES

3 2.0 LD2 SLOSH DAMPING

EVALUATE THE RDEQUACY OF THE LOZ2 TANK
SLUSH BRAFFLING. DETERMINE [F SIGNIF]-
CANT SLOSH INTERACTICN 1S PRESENT IN
THE VEHICLE OYNAMIC RESPONSE AND [F
SO COMPARE FL]IGHT RESPONSES WITH
PREOICTED RESPONSE WHEN FORCED BY

THE MEASURED FLIGHT WIND.

3.3.0 STRUCTURC RND LOADS

VERIFY THAT THE LOADS ON THC CT/ORBITER
INTERFACE, SRB BEAM, LO2 TANK AND LH2

TANK WERE WITHIN DESIGN LIMITS DURING
THRUST BUILDUP, RELEASE AND ASCENT.

YERIFY THAT THE LATERAL AND LONGITUDINAL
LOADS ON THE ET STRUCTURE AND FEEDLINES WERE
WITHIN DESIGN LIMITS OURING THRUST BUILDUP,
RELERSE ANO ASCENT. VERIFY THE LORAOS RANALYSIS
TECHNIOQUES ANDO THE DERIVED YEHICLE LOADS.
VERIFY THAT THE CT DYNAMIC RESPONSE DID NOT
EXCEED THE DESIGN CRITERIA DURING THRUST
BUILOUP, RELEASE AND ASCENT, VERIFY THAT
THE LO2 FEEDLINE LOAOS 010 NOT EXCEEQ DESIGN
CRITERIA OURINE RSCENT. VERIFY THAT THE
STRUCTURAL STRAINS ON THE ET/ORBITER
INTERFACE HARONARE, THE SRB BEAM, THE LH2
TANK AND THE L02 TANK WERE NITHIN DESIGN
LIMITS DURING THE TIME PERIOD ENCOMPASSING
LOADING OF PROPELLANTS THROUGH. FLIGHT.

3.4.0 COMPARTMENT VENTING, VIBRATION AND ACOUSTICS
3.4.1 NOSE CAP AND INTERTANK COMPARTMENT VENTING

EVALLATE THE ET [NTERTANK WALL PRESSURES DURING
ASCENT TO VERIFY THE PREDICTED WRLL PRESSURE.
EVALUATE PRESSURES WITHIN THE NJSE CAP AND
INTERTANK COMPARTMENTS OURING ASCENT T0 VERIFY
COMPRRTMENT VENT PERFORMANCE.

3.4.2 ET VIBROACOUSTICS -

VERIFY THAT THE ET STRUCTURE AND PRUTUBERF'NCI:
VIBRATION ENVIRONMENTS AND THE ET INTERNAL
ACQUSTIC ENVIRONMENTS WERE WITHIN OESIGN SPEC-
IFICATIONS. EVALUATE EXCEEDANCES AND RECOMMEND -
NECESSARY ACTIONS FOR THEIR RESQLUTION,

COMPLETT

COMPLETC

COMPLETE

3. 1"1

COMPLETC

NONE

EXCEPT FOR MID SRB BEAM RACCEL, AC
ACCELS CONTINWE TO GIVE HIGHER

THAN PREDICTED G LEVELS. RFT DOME
POGO PRESS ALSO CONTINUES TC GIVE
HIGHER THAN PREDICTEQ PRESS LEVELS.
NEW POBO PRESS TRANSDUCELR ON
FEEOLIKE RBREED WITH STRRIN GAUGES
AND PREDICTIONS. LOW FRCO ACCELS AND
POGO PRESS TRANSDUCERS ON FLEX18LE
BASES ARC CONCLUDED TO BE IN ERROR,
NQ STRUCTURRL. DYNAMIC PROBLEMS EXIST
ON AFT LO2 DOME FOR KSC LAUNDHES

NONE

NONE



3.5.1  PRELRUNCH THERHAL ENVIRONMENT

VERIFY THAT THC OVERALL ET PRCUALNCH THERMAL COMPLETE NONC
CONDITIONS WERE WITHIN DESIGN LIMITS AND THAT ‘ : - B
THERE WERE NO TPS DIVOTS PRIOR TO LAUNCH,

SUBSTANTIATE THE CAPABILITY TO RCCURATELY

PREDICT PRELAUNCH TEMPERATURE. CONFIRM THAT

TPS SIZING HRS SUFFICIENT FOR PREVENTING ICE/

“RCST FORMATION PRIOR TQ LAUNCH., DEVELOP

SUPPORTING RATIONALE IN THE EVENT OF AN

ANOMALY- OR MALFUNCT JON.

3.5.2  STRUCTURAL TENPERRTURE/TPS EVALUATION

VERIFY THAT THE TEMPERATURLS Or THE PRIMARY ET COMPLETE NONL
STRUCTURE REMRIN WITHIN BESIGN LIMITS THROUGHOUT .
FLIGHT, CONFIRM THE ROEQUACY OF THE TPS SIZING

AND PERFORMANCE PREDICTIONS. SUBSTANTIATE THE :

CAPABILITY TO ACCURATELY MODEL AND PREDICT INFLIGHT

TRANSIENT TEMPERATURES. OEVELOP SUPPORTING

RATIONALE IN THE EVENT OF AN ANOMALY.

3.5.3  CONPARTMENT AND COMPONENT TEMPERATURES |

EVALURTE THE THERMAL ENYIRONMENT WITHIN IHE NOSC COMPLETE NDNE
CRP AND_INTERTANK COMPPRTMENTS. VERIFY THAT

TEFPERATURES OF QRONANCE AND ELECTRICAL COMPONENTS

REMAIN WITHIN OESIGN LINITS,

3.6.0 ELECTRONICS AND [NSTRUMENTATION

3.6.)  BUS VOLTRGE

VERIFY THAT THC QRBITER BUS B VOLTRGE AND OFI COMPLETE NONE
SYSTEM BUS VOLTAGE WERE NITHIN PREDICTED LIMITS

DURING THC PRELAUNCH RND HSCENT.

3.6.2  INSTRUMENTRTION PERTORMANCE

EVALUATE THE PLRFORMANCE OF THE €T 01 AND Dﬁ COMPLETE 9 MSID'S WAIVED

SENSORS AND MEASUREMENTS DURING FLIGHT. DETERMINE ’ 1 ANOMOLOUS OF]
ANOMALIES OR FRILURES OF SENSORS AND OF ORTA 4 ANCNOLOUS FM1 SENSORS

%CUJSITJON CLQUIPOMENT AND RECOMMEND CORRECTIVE -

-

312 CONFIGURATION DESCRIPTION SUMMARY - The External Tank (ET) contains all of

the subsystems and components necessary to provide fuel and oxidizer for the SSMEs

It must be environmentally secure in:order to accomplish its function and structurally
accommodate Lhe variety of loads imposed on it. “A schematic diagram depicting the ET
and its components ‘is shown in Figure 312-1

The two major components of the ET are the liquid oxygen: {(LO2) tank and the liquid
hydrogen (LH2) tank. Both tanks are constructed of aluminum alloy skins with support
or stability frames as required. The primary structural attachment to the Orbiter )
consists nf one forward and two aft connéctions. The primary structural attachment in
each of the two SRBs also consists of one forward and two aft conncctions.

Spray—on Foam Insulation (SOF1) is applied to the complete outer surface of the ET.
including the sidewalls and the bulkheads. A lightweight ablator is applied to selected
areas, such as the attachment structures where shock impingement causes increased
heating. When the ET is fully loaded,.it contaics approximately 1,500,000 pounds of
usable propellant. The LH2 tank volume is 33000 cubic feet and the LOZ2 tank volume
is 19, cubic feet. These volumes include a 37% ullage provision.

3.1-2




ET-4 peculiar instrumentation included the addition of:

1) 2 DC accels on the SRB beem end and middle respectively
2) 2 AC accels on the SRB beam end and middle respectively

J) 4 radial and 2 tangential strain gauges on aft dome
é4 1 additional AC accel on afl dome

5) 1 POGO pressure transducer on LOZ feedline inside /T

The measurements were added t.o provide additional data in areas that required
additional analysis.

The 1D number of the fourth ET is CEI-TOIMZ28BA - S/N 0000004.

313 FAILURES. ANOMALIES AN EC! N - There were several
instrumentation anomalies associated wilh'the ET DF1 during STS-4 and none associaled
with the Ol Tables 362-1 through 382-%3 in Section 360 "Electronics and
Instrumentation” present the total instrumentation status for the S{S-4 External Tank.
including squawked data. There were na ET failures or probleme. Figure 312-2 preeents
a formal closeout of MSFC STS-1 Anomdy 81‘8—0016 which was' reeolved based upon. STS--4

data and laboratory tests

[89]
.

|
)
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AFT ET/ORB
SUPPORT ATTACHMENT
SLA-661

FWD ET/ORB o
SUPPORT ATTACHMENT :

| SLA-661 . Sty AFTLM
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SKIN/STRINGER DOME

{5 RING FRAMES) A
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CPA--488 LO2 ELLIPTICAL LENGTH 1$3.60 FT (47 MiTERS)
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: PROPELLANT 156MLBS {708,000 KILOGRAMS)

FIGURE 3.1, 2-] SPACE SHUTTLE EXTERNAL TANK




FLIGHT TEST PROPLEM REPORT np, MSFC-1

Statement of problem: ,
High ET LOX Tank Bulkhead and Y-Ring Oscillatory Loads (MSFC STS-1 Anomaly STS-0016)

Discussion: Higher oscillatory pressures than expected were indicated by flight and
calculated data on the LOX tank aft bulkhead (dome) on STS-1, STS-2, and STS-3 at
liftoff. These pressures did not exceed design loads. However, there was concern that
an increase in these pressures on later flights could exceed LO, tank proof tests at
the dome and Y-ring between the LO, tank aft dome and barrel.

On STS-2 strain gauges were added to the aft dome and the range of an accelerometer
was increased to prevent its saturation during liftoff. Evaluation of STS-2 strain
gauge data converted to pressures matched flight predictions. However, STS-2 accel-
erometer data (like STS-1) indicated approximately four times predicted data. Sub-
sequent ground tests disclosed that accelerometers were not properly grounded and
were sensitive to static-charged items near them. As a result grounded STS-3 accel-
erometers showed a 60 percent decrease im amplitude compared to STS-1 and -2.
However, STS-3 accelerometer and pressure data were still inconsistent.

Required date for resolution:
None

Personnel assigned: ED22/T. Bullock 5 EEZ - g% Za ééwj%./}
Action Progress: Additional instrufentation was added for STS-4 to determine the

accuracy of existing measurements: AC and DC accelerometers on crossbeam; AC accel-
erometer and six strain gauges on L0 aft dome; pressure transducer replacing tempera-
ture sensor in LOX line; and sample rate increase for two existing strain gauges from
10 to 50 sps. Dynamic pressure gauge testing was performed. Based on results from
the additional instrumentation and from pressure gauge tests, it appears that the

dome oscillatory pressures at liftoff are from +5 to #7 psi. This dynamic pressure
was determined from the new pressure transducer in the LOX inlet line about 15 inches
below tank bottom and from strain gauges on the dome.

Effect on subsequent missions:

None on KSC launches

Conclusions: The pressures measured by the original (STS-1, -2, -3, and -4) dome
gauges showed pressures much higher than expected.Those higher pressure levels seem
to reflect a phantom magnification because of the location of the original dome gauge
on a structure experiencing high strains. The false readings were verified in the
dynamic flexible bottom container tests. It is, therefore, concluded that no LOX
dome pressure anomaly exists for KSC liftoff transients. Also, the measured data

now verifies the predictions.

Corrective action:

None required. For more reliable flight data, the piezo-type POGO pressure trans-
ducer on the LOX tank dome will be replaced with a pot-type and accelerometers will
be grounded better starting with STS-5 heavy-weight ET.

FIGURE 3.1.2-2 MSFC STS-1 ANOMALY STS-0016 CLOSEOUT
3.1-5




fIN. BELOW SURFACE!

SLOSH MRSS LOCAT (O

320 PROPELLANT SLOSH DAMPING - The flight dynamic parameters did not show
enough oscillatory activity in the LO2 slosh frequency range to provide a means of
determining any value for the siosh damping. The LOZ predicted slosh mass and

dynamic characteristics using the theoretical model and the STS-4 flight values for the

liquid level and vehicle accelerations are shown in Figure 320-1.

20D =

g

g

8

This flight confirms that the damping fell within the required range. as predicted. and
was adequale for the maneuvers and environmental conditions experienced. The LO2
level sensors localed in the baffled region of the tank were uncovered cleanly, further
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FIGURE 3.2.0-1

SLOSH MRSS AND OYNAMIC CHARRACTERISTICS

indicating the low level of any slosh oscillations.
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330 STRUCTURE AND LOADS

ET ASCENT LOADS VERIFICATION - Structure loads measurements for the ET assessment
include:

28 strain gauges ET/ORB - 7 struts

19 strain gauges on LH2 tank (Sta. 1554)
strain gauges on ET crossbeam

strain gauges on LO2 aft dome

strain gauges on LO2 [eedline brackets
accelerometers on LO2 dome
accelerometers on LH2 tank bottom
dynamic pressure gauge on LO2 dome
dynamic pressure gauge on LH2 tank bottom
ET nose accelerometers ' 4
LO2 feedline aft hardpoint accelerometers
LO2 feedline upper section accelerometers
dynamic pressure gauges on LO2 feedline
mid SRB crossbeam accelerometer

mid LOZ2 feedline accelerometer
accelerometers on ET crossbeam

dynamic pressure gauge on LOZ2 f{eedline

A== LWWWWLW==WdbdLbdd

In general, the approach used for the loads assessment is as follows: The slrains were
converted to loads by the product of cross sectional area, modulus of elasticity and the
delta strain reading for the event being analyzed. This delta measured load then is
added to the predictled initial condition load and the combination results in a total or
net load. This procedure -is followed because the gauges reflect a biased strain prior to
ignition of the SSME's which is not a Llrue strain of the structure. The low frequency
accelerometers and pressure gauges are dynamic measurements and the response peaks
were assessed. The LO2 and LHZ2 aft dome pressure were added to the static head and
ullage pressure to determine a total pressure. From the measured strut strains
(Bl‘/Orbtter). the orthogonal loads were calculated for the interface structure.

Strain data from the SRB crossbeam were used to determine the forward ET/SRB allach
loads

The primary interest in the loads evaluation was how well the predicted and STS-],
STS-2, and STS-3 measured loads compared with the STS—4 measured loads for their
respective burn times. Therefore. this assessment concentrates in these areas. Rockwell
International provided predictions on all ET/Jrbiter strut and ET/SRB strut loads for
pre—ignition, SSME buildup, liftoff and ascent conditions. MPTA data were used as
comparisons for accelerations and pressures.

Locations of Orbiter and E'l‘ attachment strut (P1 through P?) are shown in Figure

330-1. Each of these struts were mstrumented with four strain gauges
-2 -

FORWARD ET/ORMTER
v ' - APY ET/ONBITER
[311) TRUSS MEMBEAS: PY TO M3
POSITIVE TENSION
X (4] NEGATIVE COMPAE 83108
r N,\ [
OATHOGONAL LOADS: P4 TO M9 T
POSITIVE DIRECTIONS LOWN

// Nl 7 K N
£ | / ,,,( [ B O\

TN

(a2)

PORWARD ETRARS AFTETANS

FIGURE 3.3.0-1 ET ATTACH STRUTS
3' 3-1



ET/ORBITER STRUT LOADS - Loads on the Orbiter to ET attachment struts have been i
assessed for the following event= ' ’ .
1. SSME Thrust Buildup

2 Liftoff

3. Meximum Dynamic Pressure (High Q)

4. Maximum SRB Acceleration SBA)

5 SRB Tailoff (Pre-SRB Staging

6. SRB Post-staging

7. Maximum C Orbitler Burn

8. Orbiter End Burn

The predicted net loads were furnished by Rockwell International/Downey and -
JSC/Housten.  SSME thrust buildup and lifto!f were based on zero wind and no
E:rameter dispersiona Predicted loads for maximum dynamic pressure conditions are
sed upon L + 13 minute nominal measured winds Maximum SRB acceleration through -
Orbiler end burn load predictions are based on 3 sigma dispersed loads. ot

Measured net loads were calculated by avereging the four strain gauges for each strut
(except during buildup and liftoff), then multiplying by a modulus of elasticity E =
105x10E8 psi and the cross sectional areas for the appropriale strut. Design limit loads
were obtained from the Rockwell International Loads Data Book. The design limit loads
reftect the results of combining -3C and -3D loads

A comparison of STS—1 measured/STS-2 measured/STS—-3 meacurcd /STS—-4 measured.

predicted, design loads are shown in Tablee 3.30-1 through 3.3.0-8 STS-1, STS-2, STS-3,

and STS-4 loads show good agreement, especially STS-2, STS-3, and STS-4 results A high

angle of attack was :flown during the max q region, which resulted in lower loads on

the forward atruls: (P! and P2) Figure 330-2 is a typical strain gauge plot with the

tension and compression limit loads superimposed. Nember loads versus time are shown

in Figure 3.3.0-3 tlirough 3.30-9. Baseline aerodynamic data and aerodynamic data from

the previous flights were the bagis for the predfcted and measured dala, respectively. .

TABLE 3.3.0-1 ET STRUT LOADS -5SME BUILDUP

PREDICTED MEASURED NET LOAD DESIGN LINIT

NET LORD 3T5-1 3TS-2 ST3-3 515-4 LORAD

(K1P3) IKIPS) (K1PSI IKIPS) KIPS) KPS

P] -45 -52 -53 -48 -47 -131

P2 -45 -50 -46 -45 -48 -131
P3 ' 168 171 171 162 157 1476 -

P4 168 176 157 160 161 +480

P5 -518 ~560 -532 -538 -541 -834

P& -518 ~542 -508 -530 -5833 -B34

P7 -8 8 -5 10 8 177

- PREDICTED LORDS BASED ON NO WIND AND DISPERSION

3.3-2




TAGLE 3.3.0-2 ET STRUT LORDS -LIFTOFF

PREDICTEDw

MERSURED NET LORD DESIEN LIMIT
NET LORD'  STS-1 8TS-2 STS-3 STS-4 LOAD
(K1PS) - (KIPS) (K1PS) (KIPS) (KIPS) (K1PS)
P1 -58 -68 -56 -52 -50 -131
P2 -58 -65 -48 -46 -47 -131
P3 183 180 156 153 145 +476
P4 183 192 149 155 166 +490
PS -535 -551 -518 -516 ~504 -834
P6 -535 -537 -192 -514 -495 -834
P7 -28 7 1 10 8 *177
w PREDICTED LOADS BASEO ON NO WINO AND DISPERSION
TRBLE 3.3.0-3 ET STRUT LORDS -MAX OYNAHIC PRESSURE
PRED]CTED= MEASURED NET LOAD | DESIGN LINIT
NET LORD STS-1 STS-2 STS-3 STS-4 LORD
(K1PS) (KIPS) (K1PS) (KIPS) (K1PS) IK1PS)
P1 -32 -40 -34 -15 -19 -131
P2 -25 -36 -42 -31 -2] -13
P3 250 219 211 224 255 +476
P4 275 245 19] 272 272ux +490
PS -425 -504 -481 -447 -460 -834
P& -420 -486 ~484 -456 -486 -834
P7 -20 -21 -7 -20 -10 -173
w PREDICTED LOADS BASED ON L + 15 MIN. WINDS
wx DISPERSED PREDICTED LOAD AT LAUNCH > 90% DESIGN
TRBLE 3.3.0-4 ET STRUT LOADS -MAX SRB ACCELERATION (A
PREDI CTEDx MERSURED NET LORO DESIGN LIMIT
NCT LORD STS-1 ST5-2 STS-3 STS-4 LOAD
(K1PS} KIPS) (K1PS) (KIPS) . KIPSI IKIPS)
P1 -20 -30 -13 . -3 -25 -131
P2 -19 -28 -19 -22 -2 -131
P3 129 135 201 17 137 +476
P4 131 154 © 184 135 182 +490
PS  -480 -473 -414 -458 -397 -834
PE -48] -477 -418 -464 -412 -834
P7 -1 3 8 6 2 177
» PREDICTED LOADS BASED ON 3 SIGMA DISPERSION
TABLE 3.3.0-5 ET STRUT LORDS - PRE-SRB STRGING
PRED] CTED MEASURED NET LORD DESIEN LIMIT
NET_LORD STS-1 STS-2 STS-3 STS-4 LOAD
_IKIPS) (KIPSI " IK1PS] (KIPSI (KIPS? IK]PS)
Pl -50 -53 -49 -50 -49 -3
P2 -50 -S| -48 -45 -52 -131
P 217 244 218 214 228 . 478
Pa 217 252 191 212 216 +420
PS5  -735 -722 -724 -736 -736 . -8
P56 -735 -703 711 -734 -712 -834
P7 0 -12 10 -2 -18 -173

w PREDICTED LORDS BASED ON 3 SIGMR DISPERSION

3.3-3



TABLE 3.3.0-6 ET STRUT LOADS - PQST SRB STABINS

PREDICTEDx MERSURED NET LORD OESIGN LINIT
NET LORD STS-1 5T5-2 STS-3 STS5-4 LOAD :
{(K1PS) (KIPS) (KIPS) (KIPS) (KIPS) (K1PS)
P] -59 =55 -57 -S9 -~ -S6 -131
P2 -59 -57 =55 =54 : -58 ~131
P3 261 253 261 238 253 +476
P4 261 261 245 ' 253 . 231 +490°
PS -742 o 758 -729 -718 =721 -834
P6 ~742 - 735 =713 =720 -706 -834

P7 0 -9 -3 3 -2 -173
» PREDICTED LOADS BASED ON 3 SIGMA DISPERSION -

TABLE 3.3.0-7. ET STRUT LOADS - ORBITER MAX BURN

PREDICTED . MERSURED NET LORD DESIGN LIMIT
NET LOAD ST5-1 STS-2 "S15-3 STS-4 LORD
K1PS) KIPS) - IKIPS) (KIPS) (K1PS) (KIPS}
P -5 -11 -18 -17 -13 -131
P2 -5 -0 -12 -13 -15 -131
P3 127 153 - 168 141 145 +476
P4 127 153 . 1S2 151 131 +490
PS  -449 - -442 ©  -480 -474 -476 -834
P -443 -435 -4@2 -480 -469 -6
P7 0 3 1 7 7 177
TABLE 3.3.0-8 ET STRUT LOADS - ORBITER END BURN
PREDICTED : MEASURED NET LORD DESIEN LIMIT
'NET LORD STS-1 - STS-2- SIS-3 . STS-4 LORD
(K1PS) (KIPS) IK1PS) - IKIPS) - [X1PS) IK1PSI
P 12 8 7 12 8 146
P2 12 8 8 10 8 +146
P3 44 82 .82 o 45 +476
Pt 44 63 18 52 63 +490
PS  -178 -148 -181 -170 -128 . -84
P6  -178 . -157 -181 -179 -153 - -834
o 2 ) 7 7 77
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AFT ET/SRB STRUT LOADS — The hl’t SRB to ET strut loads (P8 — PI3) afe usualily
1scussed in tion 2.8.0 (SRB Structure and Loads) but due to the loss of the SRB's
there are no data for STS-4.

ET/ORBITE — The strains measured by the gauges on the
ET/Orbiter interface hardware and the LO2 feedline support brackels are used within a
computer program (FLYTAN) written by MMC/MAF to evaluate the ET/Orbiter Interface
loads (FTOI Lthrough FT08) and the interface hardware strut loads (P! through P7%).

The indicated strain is adjusted for Orbiter weight and LO2 feedline loads to give a true
strain for each gauge. The strains are averaged for each strut and converted to strut
(P) loads by multiplying with croms—sectional areas and modulus of elasticity. The true
strain is then corrected for LO2 feedline fluid and dynamic loads LO2 f{eedline weight
and used with procedures described in MMC ET-004 Calibration Report (828-2186-04) to
calculate the FTO loadse. Results of strut (P) and FTO loads calculated usi

measurements at 10 sps are shown in Figure 330-10 through Figure 3.&0-2? using a
reference time 1982178:14:59:59.793 GMT.
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- A summary of the LO2 and LH2 tank
es are contained in Table 330-9. _Peak levels

SRB post. separation Stnce these are dynamic gauges, no static or ullage pressures are
gresented The LO2 feedling oscillalory pressures are depicted in Table 330-10. Tables
3.0-11 through 33.0-16 show the low frequency. acceleration data. These gauges are
located on the ET noee, LOZ tank bottom. LO2 feediine, and LHZ2 tank bottom. These
accelerationse were obtained f rom (ri-axis accelerometer data and are described in the X,
Y, and Z directions.

The HP’{‘ predicted data- are shown as a comparison to the measured levels and ‘
frequencies. No. rigid body accelerations are included. The AC. accelerometer located on
the aft LO2 dome was retained from the STS-3 flight and two new AC accelerometers
were located on the crossbeam middle and end (Table 33.0-16). Table 3.30-1I7 shows three
DC. accelerometors located on the middle of the crossbeam in the normal, Y, and Z
directions. One other DC. :accelerometer was located on the crossbeam end and a new
pressure gauge was located in the LO2 inlel line located 16 inches below the LO2 aft
dome. Table 3.30-18 depicts the results A comprehensive discussion of the LOZ aft
dome problem will be made in that section, but certain conclusions can be drawn;
namely, that the lox frequency AC. pressure and accelerometer measurements located on
the crossbeam and LOZ2 aft dome are probably invalid. (See FTPR MSFC-1 in Section 3.1)
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TRBLE 3.3.0-9 STS-4 ET - LO2 und LK TANK BOTTOM PRESSURES

TIME LOQw FREQG. LHa - FREQ.
(3EC) te/-FS1) (HZ) Le/-PSHH (MY
ISME IGNITION -4 . 7.0 4 3.5 4
LIFTOFF Q. 21.0 4 7.0 S
SRB STERBY STRIE 25 1.5 ) 2.0 6
45 7.0 24 3.0 | 6
m G -84 4.0 31 5.0 40
POST SEPARATION 130 8.0 28 5.0 40

-

«THE PRIFARY PRESSURE GAUGE,

WHICH 1S LOCATED ON THE OOME, DOES NOT PROVIDE VALID DATA BECRUSE
THE OSCILLATORY PRESSURES 0O NOT CORRELATE W1TH PREDICTED URTH STRAIN GRUGES ON THE DOME, AND A
PRESSURE BRUGE LDCRTED IN THE LD2 le INLET ABOUT IS INCHES BELON THE TRNK BOTTON.

TAALE 3.3.0-10 . STS-4 E7 - LO2 FEEDLINE PRESSURES
© TIME FORNARD FRED. MIDOLE FREQ. . LOWER  FRED.
. +/-PS] W2 +/-pS1 HZ - .+ /-PS] H2
SSME IGNITION -2 - 2.3 42 1.5 3.0 0.3 15
LIFTOFF 0 2.5 30 7.5 20 ‘0.t 36
SRB STEADY STAIE 19 0.8 14 1.4 22 0.5 38
KAX O 50 9.8 24 11.8 17 0.1 40
HAX 6 . 84 8.0 30 8.0 26 0.5 n
POST SEPARATION ~ 130 3.4 22 3.0 28 0.1 32
TABLE 3.3.0-11 STS-4 ET - LO2 TRNX BOTTOM ACCELERATIONS
TINE X-ACCEL. . FREO. Y-RCCEL.  FREQ. Z-RCCEL. FRED.
, SET. -5 2 /-G HZ /-6 HZ
SSME IGNITION -4 1.1 4 0.3 % 0.3 4
LIFTOFF 0 1. 4n 4 0.5 4 0.7 4
SRB STERDY STATIE 25 0.4 42 0.2 4?2 ‘0.2 2
X0 45 0.8 46 0.2 37 0.3 0
MAX 6 - . 84 1.1 40 0.3 39 0.3 3%
POST SEPARATION 130 4.1 40 0.7 40 0.7 42
T PREDICTE:B 3.5 20 1.3 .20 4.0 16
WACCELEROMETERS GROUNGED WHICH RCCOUNT FOR OECREASE FRONM STS-2.
TRBLE 3.3.0-12 STS-4 ET - LK2 TANK BOTTOM ncca:amms
TIME X-RCCEL.  FREG. Y-ACCEL. FRED.  Z-ACCEL. FREN.
. +/-G 2 +/-6 HZ -8 7]
SSME 1GNITION -4 3.0 16 0.7 32 19 .0
LIFTOFF 0 3.1 37 0.7 2 1.0 36
SRB STERQY STATIE 25 1.5 42 0.2 1 ‘0.5 40
#AX O 45 5.3 38 1.8 23 2.2 3B
HAX G a4 3.0 36 1.5 35 2.8 35
POST SEPARATION 130 5.0 40 1.0 38 1.5 £
WPT PREDICTED 6.0 @0 1.8 40 2.5 40

3.3-17




TABLE 3.3.0-13 ST5-4 ET - NOSEC ACCELERATIONS

-

X-RACCEL. FREG. Y-ACCEL..  FREQ. .

+/-8 72 +/-8 HZ = +/-8 HZ
LIFTOFF a 0.4 50 0.1 49 0.8 4
SSME IGNITION -4 0.8 30 .8 S0 0.8 52
SRB STERDY STRIE 25 0.8 37 1.5 33 0.8 42
HAX O 45 0.2 60 Q0.7 48 1.0 St
HAX G . 85 0.4 SO g.8 40 0.8 T 42
POST SEPARATION 130 1.1 50 1.0 35 1.6 42
MPT PREDICTED 1.5 10 1.5 40 1.5 40

TROLE 3.3.0-14 STS-4 ET - LO2 FEEDLINE AFT HARDPOINT RCCELERATIONS

ThE X-ACCEL.  FREQ. Y-ACCEL. FRED.  2-ACCEL. FREO.

SEC. /-5 Wz +/-§ HZ /-6 HZ
SSHE 1GNITION -4 0.9 34 0.8 35 1.0 33
LIFTOFF 0 0.8 14 0.9 39 0.5 a5
SR8 STEADY STAIE 25 0.4 3 0.6 g 0.3 8
mAX 0 45 10 37 2.0 3 1.2 36
HAX & 84 1.2 36 2.0 33 1.2 30
POST SEPARATION 130 0.6 19 0.9 37 n.g 6
#PT PREDICTED 1.8 4 1.5 40 1.3 30

TARLE 3.3.0-15 STS-4 £T - LO2 FEEOLINE UPPER SECTION

e LONG-RCC.  FREQ. TANG.-RCC. FREQ.  NORM-ACC. FRED.

see. +/5 Wz v/-§ nz /g Hz
SSME JGNITION -4 0.8 52 BELETED 1.0 a2
LIFTOFF 0 0.8 1 0.8 43
SR8 STERDY STAIE 25 0.8 42 0.5 40
MAX 0 45 1.0 51 1.1 42
MAX G 4 0.8 12 1.8 30
POST SEPARATICN 130 1.6 42 2.1 v
MPT PREDICTED 1.0 40 1.2 40 1.4 40

TABLE 3.3.0~16 STS-4 €T - CROSSBEAM & LO2 AFT DOME A.C. RCCELEROMETERS
TIME  CROSSBEAM < LD2 AFT
FREQ END »l  FREQ  MIODLE =] FREQ DOME
+/-8 H2 PPar v +/G HZ

SSME 1GNITION -2 0.5 42 1.6 46 0.7 50
LIFTOFF 1 0.8 42 1.6 46 2.0 4
SRB STEROY STRIE 23 0.3 28 0.8 42 0.4 51
HAX 0 50 0.5 28 2.1 44 1.0 10
KAX 6 ] 0.9 33 2.7 4] 0.8 18
POST SEPRRATION 130 1.8 42 34 42 1.5 6

-
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TABLE 3.3.0-17 STS-¢ ET - CROSSBEAM MIOOLE w2 0.C. ACCELEROMETERS

TIME X-AX1S FRED. Y-MX[S FRED.  Z-RXIS  FREQ,

+/-8 HZ . /-8 HZ /-8 1474
SSME IGNITION -2 0.3 34 0.05 25 1.2 46
LIFTOFF 1 0.4 44 . g.o8 24 1.1 22
SRB STERDY STRIE 18 0.1 4 043 16 0.33 26
MRX Q 48 0.4 42 Q.18 18 2.2 25
nAx § - 88 0.4 42 . 0.7 25 &0 223

POST SEPARATION 130 1.2 2 ' 0.12 25 0.7

TABLE 3.3.0-18 STS-4 ET - CROSSBERM D.C. ACCELERGMETER & LO2 LINE INLET PRESSURE GAUGE

TiE CROSSBERM END »2 LO2 LINE INMET
; X-RX1S FREQ PRESSURE FREQ.
+/-8 HZ +/-6 ‘ 74

SSHME IGNITION -2 0.1 T X 7.0 I

LIFTOFF : 1 0.3 3 5.0 9
SRB STERDY STRIE 23 0.03 K+ ] 0.3 2

KAX D 48 0.1 k3 1.2 ]
HAX ©& a8 0.1 38 1.3 30

POST SEPRRATION 130 0.3 42 2.3 30

LO2 TANK PRESSURES - The original dome pressure gauge showed oacillatory pressiures
even higher (+/-20.0 psi and 4 Hz) than those experienced on STS-3.. However, based on
the new pressure, strain, and acceleration measurements on STS—4 and results of the .
Wyle testing of the pressure transducers, it appears that the dome. oscillatory pressures -
at liftoff are from +/-6 psi to +/-7 psi. This dynamic pressure was determined from
a new pressure gauge located in the LO2 line inlet about. 15 inches below the tank - -
bottom and from strain gauges on the dome = The high oscillatory pressures measured by
the original dome gauge seem to reflect a Fhantom magnification because of its location
on a structure experiencing high strainz Testing of the oscillatory pressure. -
measurements in a test configuration at Wyle Laboratories using a flex” bottom contairer
verified that these measurements were erroneous. - The six strain gauges flown on STS-2
were again flown on STS-4 and a typical gauge is shown in Figure 3.3.0-24 at liftoff. A
plot of the pressure gauge locat,xon in the LO2 line inlet at liftoff is shown in Figure
330-25. In summary, it can be concluded that there is no LO2 dome problem at liftoff
because of the Wyle test results, the new LO2 feedline pressure gduge, STS-2 and STS-4
strain data, new DC. accelerometers located on the crossbeam, and predictions The low
frequency AC. pressure and accelerometer measurements may be incorrect on the '
crossbeam and LOZ2 dome. New instrumentation will be proposed for STS-5 which will
prolv;de“an analysis for the LO2 dome to crossbeam dynamic de{lection analysis for VAFB
at lifto
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The dynamic pressure was added to the static head and ullage pressure (o obtain a total
tank bottom pressure. At the Y ring no pressure gauge was available. Therefore, Lhese .
“oscillatory pressures were extrapolated {using the LO2 tank analytical modal data) to the

P Ny
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Y ring to determine dynamic pressure for this location. Static head pressure was
calculated for the Y ring and combined wiih Lthe oscillatory and ullage pressure to give
a total pressure at this location. The tank bottom and Y ring pressures are listed in
Table 3.3.0~18 (or the LO2 dome pressure gauge, etrain gauge, and the pressure gauge
located in the LO2 line inlet. The strain and pressure transducer gauges are in close
agreement.

TRELE 3.3.0-19 PRESSURES ON LO2 TANK BOTTOM & Y RING

- 1 oy o - - - T - - - - " i s oo W O’ " - -

_ LO2 TANK BOTTOM (PSI1 Y RING (PST! '
STS-1  ST5-2  STS-3  STS-4  ST15-1  5TS-2 SIS-3  ST5-4
PRESSURE GAUGE - 63.9 64.7  68.4 69.0x  54.5  55.3 G5.7  55.6x
STRRIN GAUGE - 59,7 - 54, 2ux - 80.1 . - 45, Bun
PRESSURE TRANSOUCER - - - 85, O - . - Co- 48, Iumn
DESIGN 70.6 70.6  70.6 70.6  S7.5  57.5 SI.5  57.5

wOSCILLATION PRESSURE ~ </~ 20 PS]
we(OSCILLATION PRESSURE = /- 5.2 PS]
wuwUSCILLATION PRESSURE = +/- 6.0 PS]

LH2 TANK AFT DOME PRESSURE -~ The LH2 tank dome pressure oscillations were
considerably lower than the oscillations observed in the LO2 tank. These pressures (Table
33.0-9) were +/—7 psi in amplitude at a frequency of 5 Hz. The table below lists the
pressures for all four flights after combining the ullage and static head pressures with
the oscillatory. : )

LH2 TANK BOTTOM (PSD)

STS-{ ST$-2 STS-3 STS-4
PRESSURE GRUGE 42.8 41.3 36.9 36.9
DESIGN 44.3 44.3 4.3 1.3

The measured tank pressure level is 83% of the design pressure. No dynamic pressure

predictions were made by the Rockwell International loads personnel for the LH2 tank

because of the complexity of incorporating and using a hydroelastic model in their

~ response analyses In addition, no large dynamic pressures were expected because of the
low density of the LH2 propellant. No explanation has been made for the drop in the

LH2 pressure oscillations

LH2 BARREL STRAIN GAUGES — The strains measured by the 19 gauges on the LH2
barrel at Sta. 1554 are used within a computer program (Barrel 4) written by MMC/MAF
to evaluate the internal loads in the tank throughout the flight. These inlernal loads
are from loads applied at the interfaces, from tank and propellant inertia and from
airloads. They exclude internal loads from tank pressure. '

The procedure used for calculations of these internal loads is as follows

.~ 1 Determine the change in measured strains from a prelaunch time point with the tank
' full and escentially unpressurized (T-100 seconds) to the flight time of interest.

2. Subtract from these delta sirains the presaure-induced strains

3. The remaining delta strains (from flight-induced loads) are corrected for
cross—senasitivity to give the corrected strains. '

4. The total strzin from external loads can now be found by adding back the strain
due to 1G przlaunch loads (calculated analyticaily).

6. The total strains due to applied load (from 4. above) is converted to stresses
using Hooke's Law. . -
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6. The stresses In the X-direction are plotted and a sine curve fitled to them. The

sine curve is the theoretical solution for bending an axial load on a thir -walled
cylinder. (Figure 33.0-26).

7. The internal loads Px and My at Sta. 1554 are calculated using the mean stress

to calculate the end load Px and the amplitude of Lhe sine curve lo calcuiate
the end moment My.

Calculated loads from STS-1 thru STS—4 for different flight conditions are listed in Table
33.0-20 along with available predicted data from Rockwell International STS-1 Flight
Readiness Review documents. Prelaunch axial load prediclions are slightly lower duc to

changes in Orbiter and ET weights. Calculated loads at liftoff were compared with
maximum predicted values.

10000 -
000 e PR‘ELHUNCH" INCRT
=
o
T2
W
& 40004
Q.—-
[F2)
&
vy -10000 4
€
,,,,, -INERT CONDITION THEORETICAL o o
- 15000 4.2 -PRESSURE EFFECT BRCKED OUT PUST-STRGE  T-34C
—STS-3 . STS-4
..... STS-2
.Zmoo T ¥ e C s e s e ng
0 9% 180 27Q 160

RZIMUTH (DEGREES)
FIGURE 3.3.0-26 LH2 BARREL STA 1554 CIRCUMFERENIAL STRESS UISTRIBUTION

TABLE 3.3.0-20 LH2 BARREL. AT STATION 1554

HEAN STRESS (PSTH DIFF, STRESS (PSTI CRL, MAX STREZS (PSS

L IGHT

TOMDITION 5TS-1 571§-2 3TS-3  STS-4  STS-1 STS-2 STS-3 STS-4  S5TS~! STS-2 ST9-3 ST3 4
Bl INLRT 2518 2673 2608 2722 1SA@3 677 1992 1590 4201 4600 4200 4272
1.0 0 SECS -27861 -3220 -3646 -3311 -H778 -6B25 -B196 -B3I21  -9539 -G462 -9842 -9672
H#1G 60 SECS 753 1104 603 639 -2590 -254¢ -2554 -2530 -3003 3646 -3157 <3177
POO140 SECS 5474 5449 -58B3  -5%87  -i0110-9815  ~)10197 -98B3 -15584 -19264 - 19860 - 13,596




END LORD Px (KIPS)- MGMENT Hy (KIP IN)

FLIGHT
CONDITION  STS-1 STS-2 STS-3 STS-¢ PREDICTED  STS-1

STS-2  SIS-3  ST1S-4 PREDICTED
~PL INSERT 483 S30 480 50} 430 25500 27000 28600 24900 246800
L0 0 SECS - -509 -593 -672 -6i1Q0 -700 -108999 -106534 -99600 -101600 -110000
HIQ 60 SECS 139 203 11l 118 N.& -40880 -4402! ~-41075 -40800 N.A,
PO 140 SECS -1010 -1004 -108Q0 -1029 -llDO -163000 '155000 -165000 -156000 -16700Q ,
'{l;f post staging (PO) conditions (T approx. 140 sec) were well within desxgn as shown
ow:
MAX1MUM MEASURED - ‘
DESIGN STS-1  SIS-2  STS-3 . STS-4  SIS-4
7 DESIGH
STRESS -17.4 -14.9 ~15.6 ~16.1 ~-15.3 a8
END L?gg -1210 -1qa10 ~-1100 -1080 -1029 as
K ) . , Co
NJHEN'{PS -183000 -1683000 -165000 -165%000 2 -155000 82
{K ] . )
P-EQ. END -3500 -2980 -2970 -2960 -2508 83
LOAD (KIPSI

- - - - o A o < o T T . Y -

exceed design lixmts
SRB CROSSEERM STRAIN

N_GAUGES — The strain gauges on the

SRB_CROSSBEAM AND LO2 FEEDLINE BRACKET STRAl

crossbeamn [langes provide data to vernfy that the utrmm on the beam do not

€T SRB '
MERSURED STRAIN RENGE

LIMIT ALLOWABLE  MAX % LIMIT

STRAIN RANGE

STS-1 S1s-2 SIS-3  STS4

STS4

FHD FLANGE 400/-1180 180/-1410 300/-)380 380/-1350

LIN=]N)
IW 1475/-220 1S50/-180 1550/-135  1550/-145

2480/-200
2480/-2000

-

The measured strain on both Lhe forward and aft flanges were well within the limit
allowable range, with the maximum measured strain reaching 88% of the limit allowable.
This comparison is based on strength rather than stiffness (the criterla used for the

crossheam design).

The measured strain range on the LO2 feodline bracket strain gauges were well within
the limit allowable strain range. with the maximum measured strain reaching 14% of

limit allowable.

02 FEEDLINE BRAUKET STRAINS

[rem—

WEASURED LIMIT ALLDN. X, %
STRAIN RANGE -STRRIN RANGE LIMIT ALLOR
$1S-1 STS-2 STS-3 STS-4 STS-4
ALL POSITIONS 352/-342 3I86/-324 367/-302 385./-366 3320/-2490 14%

{IN-1IN)

Although the above iz based on data that is nof. compensated [or
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range indicated will largely be unaffected as temperature changes are small.

FORWARD ET/SRB_ATTACH LOADS - The following table snows the forward attach loads
FTBS and FTB8 for three flight times

- . T W TS 0 - O W] . - 43— - - - " T - -

TIHE A MEASURED LOAD (KIPS)
{5ECH STS-1 515-2 STS-3 515-4
0 ~366 -362 -384 -356
60 1214 -1218 -1168 -1160
80 ~1474 -1479 ~1503 -1520

T I G - - T T " A - - S - " . - g - -

PREDICTED 3 SIGMA LOAD (LOWEST) 1358
IHIGHEST) 1547
DESIGN LORD 1872

The loads fall within the predicted 3 sigma loads obtained from Rockwell International.
‘i‘hei measured loads are derived {rom the ET intertank strain data and are within the design
imit. :

SUMMARY - The ET structural loads and stresses have been evaluated frem the STS—4
measured strains, pressures, and accelerometer data from pre-launch through the ascent
flight regime. All loads, stresses, pressures and acceleration responses were within the design
limit throughout flight and were compared with STS-1, STS-Z, anu 515-3 resulls

All ET/ORB strut loads for STS-4 were similar to STS-3 and STS-2 and generally lower

than for STS-1 during build-up and liftoff. Pl and P2 were lower for max q because of ‘he
higher angle of attack which reduced the loads on the forward siruts P3 was higher (max
q) but was more in line with P4. The vertical strut loads were higher and the thrust strut
loads were lower {or maximum SRB acceleration compared with §1S-3. The same general
trend held for pre—-SRB staging Post SRB staging. orbiter max burn, and erbilter end burn
loads were similar to the [irst three flights.

Based on results of the new pressure, strain, and acceleration measurements on STS-4 and
results of the Wyle testing of the pressure transducer, it appears that the dome oscillatory
pressure at liftoff are from +/-5 psi to +/~7 pzi at 4 Hz. These results contradict the
large oscillatory pressures measured by the pressure gauge located on the LO2 dome. These
high pressures seem to reflect a phantom magnification because of its location on a
structure experiencing high strains, and it appears that there is no LO2 dome pressure
anomaly for the KSC liftofl transients. However, new instrumentation will be proposed for
STS-5 because small exceedances of design pressures can be expected for a VAFB liftoff. The
LH2 pressure gauge measured +/-7 psi al § Hz compared with +/-127 psi at 7 Hz for STS-|,
+/-11.4 psi at 6 Hz for STS-2, and +/-7 psi at 85 Hz for STS-3 There is no explanation
to explain the decrease from the first two flights No oscillatory pressures have been
calculated by RI for the LH2 tank because their all-up systems model does not contain a
hydroelastic LH2 tank. These dynamic pressures, when added to the static head and ullage
pressure, result in the following total pressures for the pressure gauge located in the LO2
line inlet:

(a) LO2 measured pressure at dome = 850 psi
design = 706 pst

(b) LO2 tank Y ring (extrapolated) {rom dome = 483 psi
design = 575 psi

(c) LH2 aft dome measured pressure = 369 psi
design = 443 psi

The percent of measured levels to the design limit pressures is 78% for the LO2 tank bottom,
81% for the LO2 tank Y ring and 83% for the LHZ2 tank dome. The new DC. accelerometers
agree with expected values on the SRB crossbeam (+/~0.1 g) and the existing AfL.
accelerometers continue to have higher thar. predicted values and to disagree with the D.C.
accelerometers Two AC. accelerometers on the LO2 aft dome still have a 4 Hz {requency,
but Lthey do not agree with each other or the strain gauges.

3.3-24



. Table 3.30-21 shows the load comparison in percent of design for the struls, crossbeam, LO2
dome, Y ring and LH2 dome.

TABLE 3.3.0-21 LORDS COMPARISON IN % OF DESIEN

STRUCTURE 57151 3T5-2 STS-3 S5T3-4

YAEVENT) ZIEVENT) YIEVENT) ZIEVENTY
Pl 52 (LIFTOrT) 44 (PQST SRB ST5.1 45 (PQST SRB S5TB.) 43 {(POST SRB STG.)
P2 50 ILIFTOFF) 42 'POST SR8 STG.! 41 {POST SRB 576.) 44 (POST SRB HT6.)
P31 53 (POST SR8 STG.) G5 (POST SRB SIG.1 50 {POST SRB STE.1 54 (MAX O3
P4 . 53 (PQST SRB.516.) 5O (PQST SRB STG.) 56 (MAX Q1 56 (MAX Q)
PS 91 IPOST SRB 5TG.) 87 IPQST SR8 S5IG.} 68 IPRE SRH S716.1 68 [(PRL SRB STG.!
Pg 88 (POST SRB STG.) 85 (POST SRB STG.! 88 (PRE SRB $16.1 85 (PRC SRB STG.)
P7 12 tMAxX ) 6 (PRE SRB 5TG.1 18 (PRE SRB 3768.) 10 (PREC SRB $7G.)
CROSSBERM BB IMAX SRE ACCEL.' 88 (MAX SRB ACCEL.! 90 (MAX 3RB ACCLL.1 91 (MAX SRB ACCEL.)
LG2 DOME 91 ILIFTOFT} 92 ILIFTOFF) 97 ILIFTOFF) 78 (LIFTOFF)
1 RING 95 (LIFT0FT) 9% (LIFTOFF) 97 (LIFTOFF) 81 (LIFTOFM
LH2 O0ME 96 (LIFTOFT) . 83 ILIFTOFF) 83 (LIFTOFE)Y B3 (LIFTOFF)
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34.0 PRESSURE AND VIBROACQUSTICS

34.1 NOSE CAP AND IN N v G - The compartment venting of
the ET nose cap and intertank and the differential pressures at three intertank locations
were calculaled using the Quick Look Best Estimated Trajectory (BET). The comparison
of calculated and flight nose cap compartment pressure is shown in Figure 34.1-1. It
should be noted that the flight data have been biased by +18 p#i as recommended in
MMC Data Squawk 158. The prediction is slightly lower than flight data.

The intertank compartment differential pressure referenced to ambient is shown in
Figure 3.41-2. The flight data is computed as Lthe difference between the intertank
pressure transducer (TO7TP9562A) and the ambient pressure from the BET. As seen in the
figure the predicted values are slightly higher than flight data and within the
instrument tolerance range of +/- 08 psi.

Figures 3.4.1-3 through 3.4.1-5 show the differential pressures across the intertank wall at
three locations. These are: two feet in [ront of the ET Orbiter attach blggd (24.1-3),
wevenn feet in front of the RH SRB attach fitting (3.4.1-4), and seven feet behind the RH
SRB attach fitting (34.1-5). All of the differentlal wall pressure fiight values are within
the instrument tolerance range around the predictions.

---- FLIBHT DRIR (TO7PSS5SAI

ORTR SOURCE: STS40B POST FLIGHT PREDICTION

ABSOLUTE PRESSURE (PS]!

0 20 0 80 100 120

~ SECONDS RELATIVE TO 82:178:14:58:59.793
FIGURE 3.4.1-1- ET NOSE CAP [NTERNAL PRESSURE
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34.2 ET VIBROACOUSTICS — The vibroacoustic measuring program for the ET on STS-4
consisted of 31 vibration and eight acoustic measurements. Twenty-nine vibration and : .
seven acoustic measurements provided good data. One vibration channel (TOBDS282A) was

dead and one (TOBDO2B1A)} appears to have a bad connector or cable. One acoustic

measurement (TOBY9956A) has consistantly provided unreasonably low data as shown in

Figure 3.42-1. This problem could be caused by ice or water in the holes of the metal

heat shield of the transducer attenuating the sound level. An ECR has been submitted

to replace the transducer with a transducer having no heat shield. Generally, ET

vibration and acoustic levels compared very well to STS-1, STS-2, and ST3-3 data and

were within predicted criteria. Typical acoustic plots are presented i{n Figure 3.42-2 and

typical vibration plots are given in Figure 342-3

ET AFT BULKHEAD  LIFTOFF
AREA
1S
"
1. -
P11 o .
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—— = B CRITERIA
W==== 2 FEIVO8Y9681A
s X if
1e == ENCR = 13
- =535 = STS TOBY9956 4 |
g = s 238 4
| eeaer T08Y9956- g

FIGURE 3.4.2-1 LOW LEVELS FOR ACOUSTIC SENSOR T08Y9956
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350 THERNAL ASSESSMENT - ET thermal conditions are monitored using numerous KT
mounted structural and compartment measurements desiznated as either Operational
instrumentation (Ol), mandatory for {light, or as Developmental Flight Instrumsnlation
(DFI). used for design assessment after flight. Another source of thermal monitoring is
ground support instrumentation such as purge heater lemperatures. A review of
thermal data shows no LCC or OMRSD violations. All facility supplied ET thermal
conditioning was sufficienl to maintain acceptable prelaunch temperatures and there
were no anomalies with TPS acreage performance. During flight, recorded skin and
structural temperatures were in the mid range of predictions and component
temperatures remained at or near liftoff valuea

351 PRELAUNCH THERMAL ENVIRONMENT - Active conditioning and heating systems are
ulilized for certain areas of the ET to maintain specific requirements. These areas
consist of the nose cone and intertank (I/T) compartments, LH2 and LO2 pressurization
lines, ET/ORB forward bipod fittinge and aft feedline attachment hardware. The ET
Thermal Protection System (TPS) is used for passive control ‘

35.1.1 NOSE CONE QQ%FAE!:MEE!: PURGE ~ For the nose cone compartment, a dry

gaseous nitrogen (GN2) purge Is used to preclude hezardous gas concentrations and
moisture buildup. This purge is heated and temperature controlled to prevenit {ormation
of ice/frost around vent areas and to provide thermal conditioning for electronic

components within the compartment. :

The nose cone purge heater Is actively controiled by the facility using temperature
feedback either from redundant Ol nose gas sensors or from a sensor at the healer
outlet. LO2 tanking conditions determine the set peint value and sensor with which the
heater is controlled. During initial LO2 loading operations, the heater was controlied by
an Ol nose gas sensor using an 85 deg-F set point (Figure 351-1). As LO2 load neared
100%, heater control was switched to a heater outlet probe with a set point value of 300
deg-F which remained in force until purge termination just prior to liftoff. ET-4 nose
cone temperatures are similar to those of ET-2 and ET-3. ET-1 nose cone temperature
data are cooler because foam had not yet been added to the GO2 vent duct. A summary
of measurements associated with the nose compartment purge system. required limits
and corresponding predicted and measured data ranges. is presented in Table 35.-1.
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FIGURE 3.9.1-1 NOSE CONE PURGE TEMPERATURES DURING TANK ING
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TABLE 3.5.1-1 NOSE COMPARTMENT PURGL

PARAMETER LIMITS PREDICTEL ACTUAL
HERTER QUTLET (DEG-F) 325 MAX (OMRSD) 300 MAX 300 MAX
COMPRRTMENT GRS I[BEG-F) S5 - 130 (LCC)Ix 55 - 110 77 - 104
AADS PACKAGE (DEG-F) 200 MAX (QUAL) AMB - 150 79 - 146
NOSE CONE SKIN (DEG-F) 200 MAX (DSGN) AMB - 180 72 - 160
L0Z2 C/T AT LSC (DEG-F) 140 MAX (DSGN) AMB - 100 69 - 88

" PURGE PRESSURE (PSIG) 2200 MAX (ICD) 1900 - 2005 1910 - 1980

«LONER LIMIT EXCEEDANCE ALLOWANCE - 15 MINUTES

3512 INTERTANK COMPARTMENT PURGE - For the I/T compartment, a dry GN2 purge,
used to preclude hazardous gas concentrations and moisture buildup, is heated and
temperature controlled to prevent formation of ice/frost around vent areas and to
provide thermal conditioning for electronic components within the compartment.
Temperature control is aiso required in order not to exceed maximum 1/T skin liftoff
temperature.

The 1/T purge heater is actively controlled using temperature feedback from redundant
Ol I/T gas sensors. Cryo tanking requires an initial set point of 80 deg I' to offset
initial thermal shock of a cold LO2 dome. After the LO2 aft dome is full and as LH2
load level approaches 100%, the set point is stepped down to 5o aeg F by increments of
5 deg F (Figure 35.1-2). A summary of measurements associated with the I/T
compartment purge system, required limits and corresponding predicted and measured
data ranges, is presented in Table 35.1-2 : :

S6LHTS736A HERTER OUTLET
' ‘ ——— —— T4ITIBIOH INTERTANK GAS 1
DATA SOURCE: STS4RT ---------- TSSTS00LA RSS PANEL GRS

: A AN :
B YT IT YL IAAAL YA YTTR YT
B TG A AT ATATA
111 1L 1 AL
g [ ~
é . 80 °F SET POINT} B ?.gcgspaqﬁ_.,
= PRIAT YA T A o =S MMV o

, SECONDS RELATIVE TO B82:178:14:59:59.793
FIGURE 3.5.1-2 INTERTANK PURGE TEMPERATURES DURING TANKING
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TABLE 3.5.1-2 INTERTANK COMPARTMENT PURKE

PRRAMETER - LIMITS PRECICTED ACTUAL

HEATER DUTLET (DEG-FI = .

LOADING 500 MRAX 391 HAX- 380 HAX

PRELAUNCH 500 MAX 260 - 370 220 - 350
COMPRRTMENT GRS (DEG-F) :

LOADING 33 - 118 (OMRSD) 33 - 90 72 - 89

PRELAUNCH 33 - 5B.5 ILCClx 33 - S8 42 - 54
1/T SKIN (DEG-F) Lo ,

LORDING N. A. 33 - 90 68 - 80

PRELAUNCH 60 MAX {DSGN) 55 MAX 51 MAX
RSS BATTERY ICEG-F! 30 - 120 {OSGNI 33 - 90 42 - 83

PURGE PRESSURE (PSIGI 3080 MAX (ICD) - 2750 - 2950 2920 - 2940

------ - e - 0 O o -

wLOWER LIM]T EXCEEDANCE ALLOWANCE - 15 MINUTES
UPPER LIMIT EXCECEDANCE ALLOWANCE - 5 MINUTES

3513 PRESSURIZATION LINE ANTI-ICING PURGES -~ During prelaunch operations, GO2
and GH2 pressurization lines are purged with helium which is heated in order to
prevent ice/frost formations at line attachments.to the ET. Limits, predictions and
measured temperatures for the anti-icing purge at the heater outlet and at LO2 and
LH2 diffuser inlets are presented in Table 361-3. Measured temperatures imply no
fce/Irost formations on pressurization lines and no ice/frost formations were observed. -

IRBLE 3.5.1-3 PRESS LINE ANTI-ICING PURGE

- D - - - - -

PARAMETER : LIMITS PREDICTED ACTURL

HERTER OUTLET (BEG-F1 240 - 260 (OMRSD} 240 - 2680 240 - 243
LO2 TANK INLET (CEG-F)- 32 MIN  (DSGN) 40 - 100 72 - 85
LH2 TANK INLET (DEG-F). 32 MIN  (DSGN) 40 - 100 59 - 8

- - - - - -

3514 BIPOD AND AFT FEEDLINE BRACKET HEATERS -~ For ET/ORB forward bipod
gpindles and aft feedline attachment brackets, electrical heaters are used to prevent
ice/frost formations. Allowable temperature and current limits for these heaters are
summarized in Table 35.1~4 along with corresponding predictions and measured data.

Each bipod spindle contains a 160 watt calrod heater which is aclivated prior to LH2
loading. These heaters are separately controlled using on/off switching in responae to a
temperature sensor on each spindle with control set points of 60 deg F. Temperature.
on either spindle were maintained between 58 deg F and 78 deg F.

Aft 102 and LH2 feedline support brackets require heaters to prevent ice/frost
formations where the brackets attach to the crossbeam. These heaters have no means
of active control or temperature monitoring. In accordance with requirements
established through MPTA testing, LO2 heaters were activated 20 minutes after LO2 ECO
sensors indicated wet and LH2 heaters were activated 75 minules after LH2 low level
sensors indicated wet. ' : . :
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TABLE 3.5.1-4 ANTI-ICING HEATERS

G - > - - - . W A W sy o W o - -

- PARAMETER LINITS PREDICTED ACTUARL
DRB/ET BIPOD
CONTROL TEMP 10EG FI 41 - 181 wecoe S0 - 70 56 - 78

AFT ATTACHMENTS

LH2 INBD BRKT (AMPI  .095 - .155 IOMRSD) .1US - .145 .118 - .125
L2 OUTBD BRKT (AMPI  .280 - .450 (OMRSO]  .320 - .420 .374 - .388
LD2 FOLN BRKTS (AMP)  1.35 - 1.85 IOMRSD) (.40 - 1.80 1.60 - 1.70

.- - - . - - - A

3515 TIPS PERFORMANCE -~ The ET Thermal Protection System (TPS) is designed to
maintain cryogenic propellant quality, protect the structure from ascent and plume
heating, and minimize ice/frost and liquid air formations. An optimum thickness of
insulation precludes icing for most ambient conditions at KSC while maintaining a
reasonable subsystem weight. Table 351-5 presents ambient conditions encountered
during prelaunch and predicted TPS surface temperatures for the range of wind speeds
experienced. As shown, predicted surface temperatures range from 58 deg F to 73 deg F.
To assess prevailing ambient conditions during launch operations against TPS design
capability, an LCC was developed in the form of ice rate nomographs. Figure 351-3
presents the nomograph applicable for the LH2 tank in areas of caim wind together
with a track of ambient conditions experienced during loading. As seen in this figure,
recorded ambient conditions are well to the right of any icing conditions and there was
no ice/frost observed on ET-4 acreage.

TABLE 3.5.1-5 TPS PCRFORMANCE

- - - 1 " - - " - . - - -

RMBIENT CONDITIONS PREGICTIONS (RCRERGE]
TEMPERATURE 76 - 85 DEG F NIND (KNOTS} .5 2.5
HUMIDITY 70 -937% 0 mmmemmeseseescccececooo-
DEN POINT 67 - 72 DEG F OGIVE 68 73
NIND SPECO 1.5 ~ & KNOTS L02 BARREL 61 64
NIND DIRECTION 135 - 180 DEG LH2 BRARREL 58 62
LOCAL WIND .5 - 2.5 KNOTS
(ET SURFACE) (80 DEG-F AND 70 % RH)

- - - - o V- - . S " T - " T > - -
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FIGURE 3.5.1-3 ICE/FROST NOMOGRAPH FOR LH2 TANK ACREAGE WITH CALM WIND

RELATIVE HUNIDITY

352 STRUCTURAL TEMPERATURES/TPS EVALUATION - All ET skin and structural
temperature measurements are mounted under TPS either on attachments (Figure
352-1), or on tank skin (Figure 352-2). Data from these measurements and associated
correlations confirm the adequacy of TPS sizing and performance and substantlate the
capablhty to accurat.ely predict inflight transient temnperature.
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Aerohealing environmenis for STS—4 are reported to be slightly higher than previous
flighta. This is observed on separation film where SOFl charring is more evident on '
ET-4 than on ET-3 Charred areas Include the LO2 feedline, thrust strut, longerons, and
I/T fairings and area around these fairings. Alsc on separation film, popcorning on the
aft dome 18 significantly more evident than on previcus flights. SOFl popcorning is
not considered to be an impact to thermal protection but is indicative of material
variance. From separation slides, recession plugs are visible on the LHZ tank on the aft
barrel section, +Z axis, and along the L02 feediine. Based on Lhese data there wes less
than 14 inch SOFI recession. .

Some ice/frost remained on various waiver areas. These included anii-geyser line
bellows and around the edge of instrument island 33. White areas visible on LHZ tank
in SLA areas are the same as observed on ET-3. These are judged to be solid air
formations.

Two sections of the upper LHZ2 cable tray PAL ramp were lost. The largest secilon, STA
1160, is approximately 30 inches long and the second section. STA 1400. is approximalely
20 inches long SOFl divols are apparent at the LH2-[/T splice Thewe are located
approximately 50 deg from the +Z axis and are from 3 to 9 inches In diameter. This
TPS loss is minor and does not degrade flight performance

3621 LO2 TANK - LO2 skin and structural temperatures responded as expected.

Measured and predicted external healing environments are slightly groater than on
previous flights while GO2 ullage temperatures are slightly lower. Since internal heating
from the GOZ2 ullage has dominant influence on temperature change, skin temperature
traces from ET-4-are alightly lower than previous flights Figure 362-3 presents
measured data traces, grouped at forward locations, along with analytical predictions
using varying internal heat transfer coefficients. Analytical correlations amume forced
com;ection for the ogive area and natural convection after liquid uncover for Lhe barrel
gection.

Recorded temperatures from the measurement at STA 441, Theta = 180 (TO9T9809A) are
approximately 20 def F warmer at MECO than temperatures from measurements at the
same station but different thetas. Per configuration drawings, SLA existas under foam
back to STA 440. Since the messurement location is at STA 441 +/- 8 inches. some of
STA 441 measurements could be under SLA and others not. Per analyses a measurement
at STA 441 not covered with SLA shows approximately a 20 deg F greater increase in
temperature than one that is covered with SLA.

------ PREDICTIONS
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" FIGURE 3.5.2-3 LO2 SKIN TEMPERATURE CORRELATIONS
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3522 INTERTANK - Intertank skin temperature data shows minimal response due to
aeroheating. Data from locations between forward and aft frames remain within 10
deg-F of grelaunch asteady state temperatures Sensors located in Lhe crotch between
the aft I/T frame and the LH2 tank splice show a decrease in temperature due to
conduction from the splice joint and loss of warming from [T purge gas These duta
are all similar to those recorded on previous flights and are consistent with predictions

3523 LH2 TANK ~ LHR skin and structural temperature traces responded as expected
due almost entirely to liquid draindown and the subsequent exposure of the inner
skinline to a warmer LH2 ullage. Correlalion analyses using the same models developed
for ET-! provide similar good agreement. Ullage velocities are very low, Lherelore
correlations are made using heat transfer coefficients provided by nalural convection.

Boundary conditions driving ET-4 LH2 tank skin temperatures are very closc to those
experienced on previous flights; hence, temperature transients for corresponding
temperature measurements are in close agreement. Figure 352-4 presents ET-4 dala at
measurement locationa indicated along with repreeentative analylical correlation traces
for stations 1137, 1618, 184 and 2046. A 25 deg F deviation is well within expected range
of divergence between analytical and data.
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CIBURE 3.5.2-4  LH2 TANK SKIN TEMPERATURE CORRELATIONG

3524 ATTACHMENTS - Temperature sensors on attachments responded as expecled with
no big surprigses. Maximum temperatures and the maximum temperalure change
recorded for each attachment on ET-1 through ET-4 are presented in Table 352-1. 'This
comparison shows that aeroheating on each flight had a similar impact on atlachment
temperatures. The slightly higher aeroheating environment reported for STS < is evident
in temperature data for the bipod strut, diagona! strut and ET/SRB [orward altach
fitting. On other attachments, slight differences in healing are not reflected in flight
temperature delias because of excessive insulation. Higher maximum temperatures for
these attachments resull from a warmer ambient temperature.



TABLE 3.5.2-1 ATTACHMENT STRUCTURE TEMPERATURES

- " T - - . W - D R DD - W W A

FLIGHT DELTA (DEG-F) ~ FLIGHT MAXIMUM (DEG-F)

ATTRCHMENT ET-1  ET-2 ET-3 ET-4 ET-1 ET-2 ET-3 ET-4
BIPOD STRUTS 11 14 12 22 80 8Q 86 105
ET/SRB FWD ATTACH 11 24 23 28 68 82 81 90
THRUST STRUT IS 16 15 13 72 78 78 88
VERT{CAL STRUT 1 i 2 2 47 50 52 62
AFT CROSS BERM 9 13 12 10 72 76 66 78
DIRGONAL STRUT -B -5 -5 2 2] 20 16 29
ET/SRB AFT RTTACH 77 52 100 120 -203 -210 -160 -160

CABLE TRAY COVER 12 28 8 13 . 87 96 92 95

- — - . " > - - - - - - - - - - -

353 COMPARTMENT AND COMPONENT TEMPERATURES -~ Maintaining required nose cone

and /T compartment gas temperatures is a primary concern only during prelaunch
operations Minimum compartment temperature requirements are established to preclude
ice/frost formations at vent areas. This necessilates temperature control starting before
cryo load and continuing through lo liftoff. Maximum nose cone gas temperalure is
limited by the LSC localed in the LO2 ceble tray next Lo the nose cone purge line.
Maximum I/T gas temperature is limited initlally by electrical component limits and
then by structural temperature gradients at liftoff. Just prior to liftoff, conditioning
purges were lerminated causing compartment gas.temperatures to decrease continuing
into flight. The gas is vented to a reducing atmosphere and is virtually gone after 130
seconds into flight. S

Components within the compartments are qualified and calibrated corresponding to given
compariment temperature ranges ‘ . :

For a properly maintained prelaunch compartment gas temperature, decrease in gas
temperature during flight has a very small effect on components because of the short
time involved. Components have an appreciable thermal capatitance and are ahbie to
retain the majority of the stored thermal energy through ET separation preventing
component temperatures from decreaging below minimum speciflied operating limita

Comﬁonenta external to the compartments are thermally isolated from cryogens and/or
aercheating environments in order to maintain required operating temperatures. These

components, by design, have a wider operating range and are not as sensitive to changes
in temperature

A summary of compartment and component tomperatures is presented in Table 35.3-1.
1/T gas temperature decreased as predicted &nd component temperatures remained at or
near liftoff values As expected, reference temperatures for instrument islands
increased during ascent. For the feedline fairing temperature decreased because of cold
1/T gas venting over the calorimeter base. Nose cone gas temperature is not recorded
during flight. ‘ ‘
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TABLE 3.5.3-1 COMPARTMENT AND COMPONENT TEMPERATURES

o A o . - - W -] " - - - - - . - - - -

TEMPERATURE TEMPERATURE CHANGES

COMPRRTMENT /COMPONENT -84 10 T-0 DURING FLIGHT
ARDS BRACKET (DEG-F) 136 - 141 QECREASED TO 129
NOSE CONE €RS (DEB-FI 86 - 89 NOT MEASURED
RSS PANEL GAS {DEG-F! 42 - 44 QECRERSED 70 8
INTERTANK GAS  (DEG-FI 43 - 51 DECREASED TO 5
L02 C/T ODONANCE (DEG-F! 87 DECREASED 10O Bl
LH2 C/T ODNANCE (DEG-F! 87 - DECREASED TO 56
CALORIMETER REF TEMP (DEG-F) ‘ .
BOLT CATCHER 66 INCREASED TO 97
FEEOLINE FAIRING S0 DECREASED TO 43
L02 OGIVE ISLAND = 2 59 INCRERSED TQ 83
INTERTANK ISLAND |7 71 [NCREASED TO 100
LH2 BARREL ISLAND #35 17 INCRERSED TD S5
AFT DOME ISLAND =48 43 INCREASED TO 108

. - - " o o " ]~ ] - - - - - - W -
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360 ELECTRONIC3 AND INSTRUMENTATION

38.1 BUS B VOLTAGE AND DFl VOLTAGE - The main Bus B voitage limils are 26 lo 32

Vde and the DFI Bus voltage limits are 24 to 32 Vde. As can be seen in Figure 381 |
both of these vollages were within limits during the period of -600 seconds to :600

seconds.
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SECONDS RELATIVE TO B2:178: 14109: 58,793
FIGURE 3.6.1-1 BUS VOLTAGE

36.2 Wﬂm&m - Based upon tolal measurements af Ol DFlI/PCM
and DFI/FM, data return was 97.8%. Based upon measurements avallable for flight, dala
return was 98.7%. The LOZ and LHZ ullage pressure measurements ard tllustrated in
Figures 382-1 and 3682-2 for the entire Lest period and Figures 3.6223.and"368.2-4 for
the prepressurization through flight period. All pressures tracked each other within the
required accuracy. ]
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Table 362-1 summarizes the Ol Instrumentation. There were no anomalies. Four of the
liquid level sensors were nolt connected to recording channels and no data were
available. Data from the two spare ullage sensors were not recorded.

TRABLE 3.6.2-1 ET 01 MERSUREHENTS

-~ " A . - - ] T s " - - " A T W - O AN R T o

TYPE T0TAL  WRIVED PRIOR ANGHALIES PARTIALLY NO DRTA ACCEPTABLE
T0 STS-4 5TS-4 VALID gq1R
VENT VALVE 3 0 0 g 0 3
ULLRGL TEMP 2 o 0 0 Y 2
ULLAGE PRESSURE 8 0 0 0 2 6
£co g8 0 o ¢ 0 8
TUMBLE VALVE 1 0 0 g 0 l
LIOUID LEVEL -~ 24 0 0 0 4% 20
GROUND TEMP & a 0 0 0 6
GROUND PRESSURE 2 4] b g 0 2
TOTALS 54 0 o 0 & 48

- - " S - T " " " T - WD o a8 AW W o - - - P 1 -

w#INSTRUNENTS NOT CONNECTED.

TOTAL DATA RETURN - 48748 -~ |00
FLIGHT DATA RETURN = 48748 = 100%

Table 382-2 summarizes the DFI/PCM Instrumentation and Table 362-3 summarizes the
DFI/FM Instrumentation. Tables 382-4 and 38.2-5 list the anomalies, probable causes
and planned actions or solutions for ET-5 and up.

TRBLE 3.6.2-2 OF1 PCM INSTRUMENTATION PERFORMANCE

- - - Al S - - = - - ] - - - -~ - - - - = = e e > T - -

TYPE TOTAL WAIVED/MRB'D ANQMAL [ES " PARTIALLY NO DATA ACCEPTABLE
PRICR TO STS-4 STS-4 VRLID OATA
HEAT FLUX 54 0 0 0 0 54
STRAIN 64 o 0 0 0 64
LI10UID LEVEL 10 0 0 0 0 10
CURRENT 4 0 0. 0 o 4
PCM FIXED 1 o 0 0 0 1
RESISTOR

PCH MUX BITE 16 0 o 1] o 16
B8US VOLTRGE 2 1) 4] 0 0 2
PRESSURE 45 TO7PSS59R 0 0 0 15

TO7P9568R
TEMPERATURE 102 T41T9048A T41790289 T41T8029R T417T9048A 97

T09T9665R ' TO9T9665R

T09T9626R TO9T9626R

T09T9615R TO9T9615R

T07180S1A

T09T19634A

T4179034A
TOTALS 298 9 1 1 4 293

- - " - - - - - - " > - - " - - - -

TOTAL OATA RETURN -~ 293,298 - 98.3%
FLIGHT DATR RETURN - 2937294 - 99.7%
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IﬂBLC 3.5.2" 0F1/FM INSTRUMENTRTION PER! ORMANCLC
TQTH. I&Wm PRIOR ANOMAL [ES HQTI“LLY NO DATA %ng;RBLC
]

70 STS5-4 5154 YRLIO
POGO PRESSURE s 0 141P9993A c T41P9993A 5
VIBRATION, LOW FRECQUENCY 21 o - o 0- o 21
VIBRATION, HIGH FREQUENCY k) ] : }gggggg‘l?g TORDACEIA  TDBD9262RA 29
RCOUSTICS 8 0 T08Y9956A TOBOISSEA ) 7
TOTALS ' 66 ) 4 2 2 62

10TAL DATA RETURN - 62/66 - 94.0%
FLIGHT DATA RETURN = 62/66 = 94.0%

TRBLE 3.6.2-4 5T5-4 £T OF] PCH [NSTRUMENTRTION PERT‘ORHHNQZ

- - - . - - -

£T-4 PROBLEM PROBABLE CAUSE PLANNED ACTION/SOLUTION
' : ET-5 AND UP
3 STICK ON TYPE TEMPLRATURE TEMPERATURL CYCLING OPENED . R REVIEW OF FAILED SENORS
SENSOR FRAILED OURING TANKING SENSOR ELEMENT OR CONNECTION RLVEALED THAT ALL HAVE BEEN
PHASE WITHIN THE SENSOR. CAUSE OF = CYCLED CORRECTLY. NO PLANNED
(TO9T9665A, TGST96826A, FRILURE (SENSOR OPENINGI (S ACTION AT PRESENT - THESE
TO9T9615R) ) NDT KNDWN, HIGH FRILURE RATE FAILURES ART CONSIODERED RANQOH

ON STS-1 AND STS-2 WAS GCUE T0 FRJLURES.

IMPROPER CYCLING DURING R.T.P.

NO FRILURES ON STS-3.
GO2 ORIFICE IMLET TEMPCRATURE  FAILED MIGH INOICATING AN OPEN SINCE THIS TYPE OF SENSOR 1S
FRILED AFTER TANKING TEST BUT  SENSOR OR CIRCUIT OR INCREASED USED IN 31 LOCRTIONS OM THE ET

PRIOR TO FLIGHT RESISTANCE IN CIRCUIT AND THIS 1S THE FIRST FAILURE
{T417T3048A) . : SINCE SF1], [T IS CONSIDERED
‘ . ‘ A RANDDM FRILURE WITH NGO FURTHER
ACTION PLANNED,
LH2 TANK BOTICM LIGUID - INTERMITTENT OPENING [N SENSOR SINCE THIS TYPL OF SENSOR 1S
TEMPERATURE FRILED HIGH :OR CIRCUIT CAUSED A HIGH JSED IN 31 LOCATIONS ON THE ET
FOR APPROXIMATELY 60 SECONOS TEMPERATURE INDICATION - AND THIS IS THE FIRST FRILURE
DURING FLIGHT . SINCE SF11, 1T IS CONSIOCRECD
{T4178029A) , R RANDOM FRILURE WITH NO F URTHER
L . ’ ACTION PLANNED,
HOSE CAP INTERNAL PRESSURE REFCRENCE CHAMBER MPPRRENTLY SINCE DATA COULD BE SHIFTELD TU
INDICRTED LON APPROXIMATELY LERKED SUFFICIENTLY -TO B(AS RESULT IN ACCEPTABLE DATA THERE
[.6 PSR OUTPUT BY 1.6 PSIA, DATA WAS 15 NO FURTHER ACTION PLRHNED
(YO7P9553A) USEFUL RFTER AODING BIAS, ONLY OTHER THAN REPERT THIS
: . DATA LOSS OCCLRRED AT 0 TO 1.6 CORRECTION IN THE EVENT OF R

Coe - PSIM. THIS HEASURECMENT HAD . SIMILAR ANONALY,
- : BEEN WRIVED BUT WAS CONSIDERED . . '
: : 0K DURING FLIGHT.

- - - - - - - — - - - o - - - -

-GAS -TEMPERATURES ON AFT LH2 THEPMOCOUPLE TEMPERATURE SCNSDR SRB'S FACING SAME PROBLEM. R

DOME CONSIODERPBLY LOKWER THAN 74L1-1 USED ON ET-3 & ET-4 SMALLER THERMCCOUPLE CAPRBLE OF
PREDICTED RPPSRCNTLY DOES NOT WAVE FRE- MERSURING UP T0 2600 ¥ WRS
(TC7T9225A, TO7T9226R, QUENCY RESPONSE NOR CAPRBILITY EVALUATEG ON STS-4 SRB. CUE
707T9?2?R T0779228R, OF MEASURING THE BOUNOARY LARYER  TO LOSS OF SR8°S DATA HAS NOT
TO?TSZZQﬂ) . GRS TEMPERATURES [N THE BEEN RECOVERED, RILL CONTINVE

RARIFIED ﬂTHUSPﬁERE AT ALTITUDE. YO0 USE PRESCNT SENSORS.

- P - - - - -
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TABLE 3.6.2-5 STS-4 ET OF] Fn lNSAQUHﬁMTﬂfloN PERFORMANCE

- - - e -

£T-4 PROBLEM PROBRBLE CAUSE ;
LOWER FEEDLINE POGO PRESSURE  OPEN CIRCUIT POSSIBLY CORX:
RAPPERRLCD DEAOD. CONNECTOR CENTER PIN DR %
{T41PQ933A) WIKE. -
FORWARD LH2 TANK INPUT TO OPEN CIRCUIT POSSIBLY COAX -
GHZ2 PRESSLINE, NCRMAL - CONNECTOR CENTER PIN.
APPCRARED OERQ.

{TOBD9262A3 )

FORWARD LH2 TANK [NPUT TO NQIS* CYRCUIT POSSIBLY OUE
GH2 PRESSLINE, LONG T0 COAX CONNECTOR CENTECR
APPEARED NOISY. PIN.

(TGBD9261R3

AM AFT LH2 BULKHERD. WATER IN TRANSOUCER.
(TDBYISSEA)

- . - S S - - - -

3.6-6

- - " -

PLANNCD ACTIONSOLUTION
CT-5 AND UP

LRRGER PINS USED WHERE
INSPECTION SHOWS SPREAD
FEMALE CONTACT ON TRANSDUCERS,

- " " -

LARGER PINS USEN WHERE INSPEC-
TION SHOWS SPRERD FEMALE COMTACT
ON TRANSOUCERS.

- " - - - - - - -

LARGE PINS USED wHERE [NSPECTIOM
SHOWS SPREAD FEMALE CONTRCT O
TRANSDUCER,

- " "

MSFC INITIARIED AN CCR 10 MOOIFY
TRANSDUCER.

- - o —— > W~ - - - " o " -



4.0 SPACE SHUTTLE MAIN ENGINES EVALUATION - This section presents the evalualion
results for the threze Space Shuttle Main Engines (SSME) during the flight of STS—4.

410 SSME FLIGHT SUMMARY - This subsection provides a summary of the more
gignificant STS—-4 evaluation results relative to the SSNEs

411 SSME STS-4 OBJECTIVES AND ACCOMPLISHMENTS - Tuble 4.11-1 summarizes the
STS-4 objectives pertaining to the SSMEs along with the degree of accomplishment and
discrepancies for each objective. ' ' ,

TRBLE 4.1.1-1 SSME OBJECTIVES AND RCCOMPLISHMENTS

- — - A " A AP - S o - - - - - " W - " W - - -

: DEGREE OF A '

OBJECTIVES RCCOMPLISHMENT ~ DISCREPANCIES
VERIFY THE CPERATIONAL COMPLETE © NONE
CHARACTERISTICS OF THE : ~ S
§58MEs
PROVE SSMEs AS INSTALLED COMPLETE - NONE
OPERATE PER STANDARD | | ,
VERIFY SSMEs FOR STS-S COMPLETE ME-3 HPFTP REPLACEMENT

- - - W W - - g - —— - ] - - - — - —— Y "~ -

412 SSME CONFIGURATION DEFINITION SUMMARY - The SSME uses a stag~d combustion
cycle in which propellants are partially burned at low mixture ratio, high pressure, and
relatively low temperature in the preburners and then completely burned in the main
combustion chamber. The SSME flow schemalic al rated power level is shown in Figure
412-1. The propellant system uses four turbopumps. The two low pressure turbopumps
operate at relatively low NPSP to permil low pressures in the vehicle tanks. The
funciion of these pumps is to provide sufficient pressure at the inlets of the high
pressure turbopumps to permit them to operate at high speeds Approximately 757 of
the flow from the High Pressure Oxidizer Turbopump (HPOTP) goes directly to the main
combustion chamber. Approximately 10% is directed to the preburner pump, which raises
.the pressure to Lthai required by the preburners Small quantities are ble! through the
heat exchanger for oxidizer tank pressurization and POGO suppression pressure. The
balance of the oxidizer drives the turbine powering the Low Pressure Oxidizer
Turbopump (LPOTP) and is then recirculated to the inlet of the HPOTP.

Approximately 20% of the High Pressure fuel Turbopump (HPFTP) dischargze flow is used
to cool the Mein Combustion Chamber (MCC), drive the low pressure fuel turbopump
turbine, cool the hot-gas manifold and injecter, and provide fuel tank pressurant. The
remeining fuel is first used to ccol the nozzle, and then to supply the preburners.

The hydrogen-rich steam generated by the fuel and oxidizer preburners first drives the
high-pressure pump turbines, and then flows to the main injector where iL is mixed
with additional oxidizer and fuel and is injected into the main combustion chamber.

The main injector is a baffled, coaxial-element injector, with dual faceplates that are
transpiration—cooled by gaseous hydrogen. The gimbal bearing is bolted to the main
injector and dome assembly and is the thrust interface between the engine and vehicle.
1t also enables the engine to be gimballed to provide pitch, yaw and roll control. The
Main Combustion Chambper (MCC) consists of an internal coclant liner and an external
structural jacket. The cooiant liner has longitudinal channels to form a fuel-cooled,
up-pass cuoling circuit. The nozzle is boited to the MCC and is constructed of tapered
tubes reinforced by a structural jacket with insulated hatbands The tubes provide an
up-pass fuel coolant circuit that is supplied with hydrogen through three down-pass
transfer ducts connected to the aft inlet manifold. The nozzle has an expansion ratio
of 715 '

4.1-1
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The SSME engine is 187 inches tail. Its cross-sectional dimensions at the power head are
105 in. x 85 in. and the nozzle exit is circular with a diameter of 94 inches. The
engine is designed to deliver a vacuum specific impulse of 454.4 seconds and have a life
of 75 hours with 55 starts

Table 4.12-1 provides the unit and serial numbers for SSME components used for the
STS—-4 flight. Table 4.12-1A shows hardware changes for STS-4.

TABLE 4.1.2-1 STS-4 SSME HAROKARE UNIT/SERIAL NUMBERS

ENGINE 1 ENGINE 2 ENGINE 3

(WNIT 2007) (UNIT 20060 ~  (UNIT 2005
MAIN CONBUSTION CHAMBER 0008 /4881917 2005 /,4104030 2005 /4104032
MAIN INJECTOR 2007 /4104037 2006 /4104025 9004 /4889614
NOZZLE 2007 /4686387 2005 /4887354 2006 /4887351

LOW PRESSURE OXIDIZER 2006 /4886830 2009 /4862206 2004 /4887683
TURBOPUNP

'HIGH PRESSURE OXIDIZER 0007R1/48848?5 2004 /4866100 2005R 174886098
TURBOPUMP

LON PRESSURE FUEL 2005 /4686875 2007 /,4886347 0007 /4887903
TURBOPUMP ‘

HIGH PRESSURE FUEL 2009 /4881525  O306R2/4884626  OODIR1/4882640
TURBOPUMP _ , o

PONER HEAD . 2007 /4886294 = 2006 /4887018 2005 /4103704

MEAT EXCHANGER 2006 /4911014  00OS - /4911941 0008 /4889420

PNCUMATIC CONTROLLER 2007 /4913199 2006 /4887088 2005 /4887469

CONTROLLER A F8 F4 " P7

" - - - — - - - - W - .

ENGINE 1 ENGINE 2 ENGINE 3
LON PRESSURE OXIDIZER 2009 /4882206
TURBOPUNP WAS
0008 /485693
HIGH PRESSURE FLEL 2008 /4881525 0306R2/4884626
TURBOFUMP WAS WAS
. mnsm/qeeenﬁs 0306R | /4884626
CONTROLLER Fa
WAS FS

- - " " " . - - - -

413 SSME FAILURES ANOMALIES AND RECOMMENDED ACTION - There were no significant
anomalies that will impact the STS~5 mission associaled with the SSMEs; there were two
significant problems encountered which are described in Flight Test Problem Reports
{FTPRs) ian Figures 413-1 and 4.13-2 .

4.1-3



FLIGHT TEST PPOBLEM REPORT __No. MSFC-3

Statcment of problem:
ME-3 (2005) HPFTP Impeller Damage Revealed During Post-flight STS-4 Hardware
Inspectiqn.

Discussion:
"Post-flight disassembly and inspection of the ME-3 HPFTP revealed a 3/4" x 1/2" piece
missing from the second stage impeller. The pump had been removed due to an excessive
initial torque which exceeded the 370 in-1b specification value and excessive shaft
travel. A review of the flight data did not reveal any significant changes in pump
vibration or performance parameters, indicating that the failure probably occurred
during engine shutdown. The cause of failure is impeller rubbing. This resulted in
overheating and embrittlement of the titanium impeller teeth with subsequent cracking
and propagation thereof by high cycle fatigue. '

'

Required date for resolution:
Prior to STS-5

L/
Personnel assigned: G. Smith & (D",f‘ca( «JCa— =
R. Bledsoe/EE2]

Action Progress: .

A review of the FMOF development and certification test history (28 turbopumps and
116,000 seconds of total operation) revealed only one other instance of a failed
impeller which was also discovered during post test inspections.

Effect on subsequent missions:

None

Conclusions: ,
The FMOF configuration .is considered acceptable for the STS-5 flight based on the
development and certification history of this design, the low probability of failure
and the benignancy of the failure mode.

Corrective action: '

ME-3 HPFTP (2005) was replaced with the space flight pump from engine 2009 per RAR
(Rocketdyne Action Request) No. 213 "High Pressure Fuel Turbine Pump Changeout,”
dated July 27, 1982.

FIGURE 4.1.3-1 FLIGHT TEST PROBLEM REPORT - MSFC-3
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FLIGHT TEST PROBLEM REPORT NO. MSFC-5 9/15/82 p 1
Statement of problem: Sporadic MCC chamber pressure oscillations on ME-2 (2006) with )
controller F-4 during mainstage of STS-4.

Discussion: Sporadic oscillations in ME-2 main chamber pressure of + 15 psi were noted
*during mainstage and * 25 psi oscillations during maximum Q throttling with frequency
range of approximately 2 Hz. The oscillations are not POGO instability but are control
system related. The current controller F-4 was installed on ME 2006 for acceptance test
and FRF. F-4 was replaced with controller F-5 prior to STS-1 due to a channel B failure.
Controller F-4 was reinstalled on ME-2 after STS-3 and after correcting the channel “B"
failure probTem. No oscillations were observed on STS-1 thru STS-3. Oscillations have
been noted on the current controller F-4 on three previous single engine tests. and FRF.
These oscillations have the same character as that noted on STS-4. ’

Possible causes of the oscillation are: :
1. Digital/analog (D/A) failure resulting in valve position command deadband.

2. Servoamp electronics failure resulting in gain error, dead zone offset in the
forward loop of the OPOV control. -

Required date for resolution:
Prior to STS-5

Personnel assigned: |, Grant/EE21 & R. Bledsoe/EE21

Action Progress: Analysis of flight data has been completed. The control system
gains have been assessed as well as all engine testing of the current controller F-4.
The vehicle structures group have evaluated the oscillations for impact to the Orbiter
structure by loads analysis. No detrimental effects are expected on STS-5 as result of
this analysis. : ' ’

Tests were conducted at the Huntsville Simulation Lab (HSL):
1. Simulating D/A failure with software patch in sampling/hold output.

2. Simulating forward loop gain error, dead zone and offset with breadboard circuit
between controller and valve input.

Effect on subsequent missions:

STS-5

Conclusions: The oscillations experienced on STS-4 are not anticipated to have any
detrimental effects on the vehicle nor the engine control system. The controller
anomaly has not changed over a three-year period as evidenced by review of all engine
test data. There is no reason to believe the anomalous behavior will become more
pronounced. The "latched-bit" is believed to be the cause, and is self-limiting.

Engine performance with the controller (F-4) is acceptable for STS-5 flight. Controller
should not be replaced for STS-5.

Corrective action:

DAR (Deviation Acceptance Request) SSME-N1409 will be submitted for STS-5.

APPROVED: 0. Wew . Urs/en FIGURE 4.1.3-2 FLIGHT TEST PROBLEM
L. 0. Wear REPORT - MSFC-5
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{
420 SSME PERFORMANCE - This section provides the evaluation of the SSMEs during
the STS-4 flight. )

42.1 START PREPARATION PHASE — The SSME system purges and propellant conditioning
were performed in preparation for engine start. The start preparation phase consists of
five functions. These functions are purge sequence 1 through 4 (PSN 1-4), and engine
ready mode. PSN-1 initiates the oxidizer system and HPOTP intermediate seal gasecus
nitrogen purge which inerts the oxidizer system. Also included is the continuous
verification of propellant valve closed position by application of the vehicle pneumatic
supply system. PSN-2 turns on the fuel system purge which inerts the fuel system and
the continuation of PSN-1. PSN-3 prepares the engine for propellant loading by opening
the oxidizer and {uel bleed valves. Each hour during PSN-3, the fuel system purge is
turned on for three minutes. At T0-5 minutes the hydraulic system is pressurized to
operational levels when the APUs are activated. PSN-4 (initiated at approximately TO-4
- minutes), turns on the fuel system purge, switches valve actuators over from pneumatic
to hydraulic system control. removes pneumatic shutdown pressure from the engine,
opens the CCV and initiates engine ready monitoring. When engine ready for this flight
was achieved, all launch commit criteria were met and confirmed to start.

The SSME controller and boattail pur?e system were activated to inert the boatiail before
propellant loading. The effect of propellant loading on the Aft Fuselage Center bulk air
temperature is shown in Figure 421-1. The heated GN2 purge was- aclivated prior to
PSN-2 to insure that the engine remained dry during propellant loading The heated
purge was maintained for 30 to 45 minutes at approximately 130 deg F (Figure 4.21-1A).
The onboard hydraulic systemm was activated for engine actuators warmant flow during
chill (Figure 4.21-2). Engine chilidown was normal Bleed valve and POGO recirculation
isolation valve operation were as planned. The cycling of the engine. bleed valve
(Figures 42.1-3 through 5) assurred the collapse of the GO2 bubble that may occur in
the low pressure oxidizer duct during chilldown. Engine ready was achieved when all
conditions of the launch commit criteria were met (Table 421-1) Figures 42.1-6
through 9 show the propellant conditions at engine ready.

~ Pneumatic and purging functions were normal The fuel system purge (Figure 421-10)
was initiated every 60 minutes throughout chill and continuously at PSN—4 (Figure
421-11) to ensure a dry inert environment downstream of the engine main fue] valve
Switchover from GN2 to helium for purging of the HPOTP intermediate seal was
accomplished at PSN-4 and verified to meet the minimum limitl of I?0 psia (Figure
421-12). The engine GN2 purge supply was terminated at PSN—4 and the fuel and
oxidizer preburner purge pressures decayed below the maximum allowable value of 50
g;ia(Figure 421-13). The emergency shutdown pneumatic pressure was removed at
N—-4 and verified to be below the maximum of 50 psia &‘igure 421-14), as required.

Hydraulic operations during start preparation were as predicted. The warmant flow mede
was conducted at approximately 500 psia supply pressure (Figure 421-2) and MFV
actuator heater operation was normal throughout chill. The three Orbiter APU hydraulic
systems were activated at TO-5 minutes to provide 3200 psia supply pressure to the
SSMEs (Figure 421-15). Subsequently the MFV and MOV actuator outlet temperatures met
the engine ready requirements during PSN-4 (Figures 421~16 and I?).

Valve and turbomachinery liftoff seal leakagé monitoring verified nonleaking conditions
through the start preparation phase. : The MFV and OPQOV line skin temperature
measurements met all required limits (Figures 421-18 through 21).

The engine coniroller thermal environment was maintained within required limits
(PSN-4) for both the power supply and the input electronics (Figure 421-22). Actuator
operations at al! positions were normal during the start preparation (Table 421-1)

An overall summary of prestart requirements is found in Table 42.1-1 for MEC
monitored parameters and Table 421-2 for the observer LPS monitored parameters.

4.2-1



TABLE 4.2.1-1 SSME LAUNCH COMMIT CRITERIA PRESTART
MEC MONITORED

- - " ] - - > - - W " - " " ] s - o -

- S5TS-4 CRITERIA STS-4 VALUES
PARAMETER VALUE MONITOR PERIQOD ME-1  ME-2 ME-J
ENGINE STRTUS "ENGINE  PRICR TO GLS RUTD -79.6 -79.6 -80.1
WORD RERDY"  START (T-31 SEC)

TO START CMO
PROPELLANT CONDITIONS
LPFP DISCH PR,  47-B1 "FOR ENG READY™ MIN 50.9 S51.0 5I1.5

PSIA MRX 52.5 52.9 53.1
LPFP DISCH T,R 42 MAX "FOR ENG RERDY" 38.9 39.3 38.1
LPOP DISCH PR, 95-600 °FOR ENG READY" CH A 93.2 107.0 107.8
PSIA 104.3 110.2¢ 112.9

PBP DISCH T,R 178 MAX 'FOR ENG RERDY' CH A 171.6 171.4 173.0

PRESSURES
OPB PURGE,PSIA SO MAX °FOR ENG RERDY™ OXID - 14.0 14.7 18.3
FPB PURGE,PSIA FUEL  14.7 14.7 4.6
EMERG S/D SO MAX °FOR ENG READY' CH A 14.7 1S.0 19.2
PURGE, PS1A CHB  14.5 11.5 15.2
FUEL SYSTEM 200 MIN °FOR ENG RERDY" CH A 322.0 338.8 344.7
PURGE, PS1R CHB 322.2 337.5 344.5
HPOP IMSL 170 MIN °'FOR ENG REROY' CH A 195.9 204.3 187.6
PURGE, PSIA CHB 194.6 203.6 187.6
POGO PRECHAREE, 600-1425 SIART -2.54
PSIA 70 -2.48 CHA 710.2 724.7 714.6
(FROM ME-3) CH B 710.9 720.1 714.6
TEMPERATURES
MOV HYDRAULIC, 495 MIN 'FOR ENG READY' CH A  SB3.9 556.6 552.6
DEG R CHB 562.9 555.6 555.7
MFV HYDRALULIC, 495 MIN °'FOR ENG READY" CH A 563.4 553.7 552.0
OEG R CHB 564.6 S557.2 553.4
HPFT OISCH T, 700 MAX "FOR ENG READY' CH A 464.5 487.3 481.4
DEG R CHB 462.4 459.2 461.0
HPOT DISCH T, 700 MAX °'FOR ENG READY' CH A 468.7 464.7 470.3
 DEG R "CHB 474.8 460.6 475.5
VALVE POSITIONS
MAIN PROPEL- 6 MAX °FOR ENG READY' MOV -.12 -5 -1.4
LANT VALVES, % MFV -.62 -1.16 --.98
oPOV ~ -.04 -.1]1 .42
FPOV 85 -.44 -.17
cev -.52  -.03 -.67
HEX ANTI- 10 MAX °FOR ENG RERDY' CHA -1.18 -1.73 -1.96
FLOOD VALVES, % CHB - .96 -1.29 - .85
FUEL/OXI0 80 MIN FOR ENG RERDY FUEL  102.1 104.3 106.0
BLEED VALVES, ¥ OX[0O 106.5 101.2 105.3
20 MAX FOR ENG READY  FUEI B .86 -.41
| oxIp .8, ~-.52. - .85
«POGO RECIRC 20 HAX FOR ENG READY" 2,12 3.38  4.14
VALVE, %
80 MIN FOR ENG RERDY 102.3  94.0 104.1
4.2-2
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TARE 4.2.1-2 SSKE LRUNBH COMMIT CRITERIR PRESTRRT
OBSERVERACPS MONITORED

D - - - - - -~ - T - -—Q-—-‘»"‘- - - " W - - "

| » STS-4 CRITERIA : ' STS-4 VALLES
PARRMETER  VALLE  MONITOR.PERIOD_ ME-1  ME-2  FE-3
PRESSURES
HYDRAULIC SUPPLY, PSIA o .
ENGINE 2700 MIN  T-243 SEC 3163 3197. 3193,

ORBITER  2800-3400  T-243 SEC MIN 3083, 3135. 3088.
, -SRB IGN  MAX 3152, 3221. 3178,

T-165  MIN 3120 3168. 3120.

10 T-31' . MAX. 3135, . 3184. - 3136.

. s - - ‘
OPOV INLET . 300 MIN - CRYOCLORD CHR 478. 475. 495,
LINE, OEB R - 10 T-31 CH B 481, 475.  49.

$C) )
MFV OUTLET 210 MIN CRYOLORD - CHA 282. 3i4. 251..
LINE, DES R .10 T-31 CHB 283, 303. 240.
N . $c. ! . ) M
HPFT DISCH, 360 MIN . ORYOLORD CHA 463, 464. - 463.
SR . S T10T-3 CHB 467. 463. 469.
MEC INUT  SSI1 MAX CRYO LOAD . §32.x $22.x 532.x
ELECT, BEE R . 10 T-31 o
. ', xca i
MEC POWER 585 MAX - CRYO LOAD = S63.x 553.%  S54.x
SUPPLY, DES R . . .Tgs E-!l ‘ .
>

w— e g A T - - -

w TRKEN ﬁT T-31 SECONDS

4,2-9



422 START PHASE - The engine start command was accepted by ME-3 at 8558 seconds
prior to T-0 (SRB Ignition Command). ME-2 and ME-1 start followed at 0133 and 0246
seconds respectively after ME-3 start as planned. All three engines were started to RPL
and all valve opening positions and rates were nominal ‘

Power level transienls for the three engines, as shown in Figure 422-1, were similar to
each other, agreed with predicted and fell within the ICD limits Flight results are
compared to ICD requirements in Table 422-1. All ICD requirements were met. A more
detailed discussion of power level rise and propellant consumption during the start
transient is given In sectlon §41. =

For the start phase, there are also several redline limits or gates monitored by the
engine controller that the engine must meet or premature shutdown will result. These
redlines are shown in Tables 422-2 and 422-3 with actual values noted for the MEC
monitored and the GPC monitored parameters. The margins on all limits were
satisfactory and no anomalies were noted. The actual engine operating conditions are
shown plotted versus these limitls in Figures 422-2 through 7. Figure 4.22-2 shows the
HPFP: speed buildup with the 4600 RPM minimum gate noted. Figure 422-3 shows the
ignition confirmed Pc limits at 234 seconds versus the actual engine start transients.
The 90 percent Pc minimum check is also shown on this graph. The HPOT discharge
temperature limits and engine start transients are shown in. Figure 422-4. The HPIT
discharge temperature gate and engine values are shown in Figure 422-6. The POGO
precharge pressure limits and antliflood valve position limits are shown in Figures 4.22-6
and 7. respectively.

An additional limit which results in a Major Component Failure (MCF)  indication if
exceeded is the OPOV position. A maximum commanded limit i8 included in the engine
software and il the OPOV commanded position exceeds this limit for 60 msec
continuously after 50 seconds, an NCF will be indicated. If this occurs prior to SRB
ignition, the Orbiter will issue an engine shutdown command. The OPOV ftion limits
and actual valve positions are shown in Figures 422-8 through 10 for ME-1 ME-2 and
ME-3, respectively. ' These limils are set for approximately two percent margin. As
noted, these limits were not exceeded. 4

Three software changes were incorporated to increase the margins and clarify posting of
FIDs during the start transients. These changes were: (1) increase ME-3 OPOV open loop
command to 48%; (2) increase actuation time of the HPOT Turbine Discharge MCF monitor
from 35 to 38 seconds; and (3) fix for HPFT Turbine Discharge temperature prestart
monitor. All of these changes produced satis{actory results.
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TAOLL 4.2.2-1  START TRANSIENT FOR STS-4 COMPARED TO [CO REOUIREFENTS
1c0 - '
REOUIREMENTS ME-1 -2 -3
ENGINE START (GMTI (1} o
182:178: 143591 :153.480 193,367 353.a
COMMANDED POKER LEVEL NONE RPL RPL RPL
TIME FROM ENGINE STRRT  3.73 to 5.00 4.16 4.16 4.28
10 STEROY-STATE (2} (SEC)
TIME FROM ENGINE START 5.5 IMAX] 3.44 3.76 3.84
TO COMMANDED MR (3) (SED) .
ENGINE START RATE
 THRUST RISE RATE TO 20,000 (MAX) 5428, 8145. SU9.
152 RPL ~ 1L85/0.01 SECI -
THRUST RISE RRIL AFIER 7,000 (rnax) 3I7st. 3922, Sa26.
15¢ RPL  1LBS/0.01 SEC) : :
THRUST RISE RATE AFTER 175,000 1MAX) 136,916, 137,005. 137,702,
207 RPL  (LBS/0.5 SEC)
ENGINE PROPELLANT CONSUNPTION (4) o
TOTAL ILBS! 1025/1725 1445, 1452, 1554.
. - MINMAX)
OXIDIZER  iLBS) 83071380 1185, 1178. 1280,
: tMIN/MR)
S ;! (LBS! 1957345 250, 274, 200.
. (MINMAX) ,
[1) BASED ON INITIAL MOVOENT OF WPV POSITION COMMAND
€2) DEFINED MS TIME TO COMMWDED THRUST LEVEL +/- 600 LBS.
€3) DEFINED RS TIME FOR MIXTURE RATIO TO ENTER THE +/- 1%
TOLERANCE BAND AVERRSED QVER 500 MS.
(4) PROPELLANT USED UP .0 STCAOY STATE MS DEFINED IN (2).
IABLE 4.2.2-2 SSME LAUNCH COMMIT CRITERIA
. PRE-SRB 16NITION-MEC MONITORED
STS~4 CRITERIA
TIME FROM STS-4 VALUES
PRARAMETER VRLUE START,SEC ME-1  ME-2 ME-3
START CONFIRM |
PC ¢ FUEL FLON  LOSS OF INPUT  0-2.3 o o o
VALID :
HPFP SPEED, RPM 4600 MIN 1.24-1.28 6073. G873, E704.
e PC, PSIA 610-1000 2.3 -2.34 80S. 8l4. 8l4.
ANT1-FLOGD POS, % 80 NIN 2.3 -2.34
CH A 103. t0I. 102,
CH B 102, i01.  103.
WPFT DISCH 1EMP, 810-1960 4.50-4.54
DEB R CH R 1576. 1599.  168S.
CH B 1638. 1633, 1671. °
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TRBLE 4.2.2-3 SSME LAUNCH COMMIT CRITERIR PRE-SRB

IGNITION-GPC MONITORED

" - - . W W A " W YT il S > I - _ 3, - 1 T > - -

5T5-4 CRITERIA

STS-3 VALUES

ME-2

ME-3

- . - . S~ T o ) - - o o A . " - -

ENGINE STATUS WORD
PHASE \ - START/

MAINSTAGE

MAJOR COMPONENT FRILURE -

POS0O PRECHARGE, 600 MIN
PSIA A

POGO GO2 FLOM, B0OO-1445
PSIA :

LOSS OF REOUNDANCY ENG OK

CONTROLLER ENG OK
ACTURTOR ENG OK
REDLINE ENG OK

REDLINE LIMIT FAIL ENS OK
OPOV CMD LIMITED  ENG OK

ELECTRICAL LOCKUP =~ NORMAL .

MOCE CONTROL

HYORRULIC LOCKUP  NORMAL

MODE . CONTROL
MCC FC, PSIA  »80% RPL

CHO/DRTA PATH FAIL  PATH OK

TIME FROM
START, SEC
0 - SRB IGN
2.50 - i‘{n
4.94 - 4.98
0 - SRB IN
0 - SRB IGN
0 - SRB IEN
0 - SRB IGN
" D - SR8 IGN
0 - SRB IGN
2.3-SRB 16N
0-- SR8 IEN
4.6-SRB 16N
0 - SRB IGN

ST/NS

714,
1202.

ENG 0K
ENG OK
ENG 0K
ENG 0K
ENG OK
ENG 0K

NORMAL
NORMAL
99.9
ox

ST/MS

728 L]

1274.

ENG 0K

ENG OK
ENG 0K

ENG 0K
ENG OK

ENG OK
NORHAL

NORMAL

99.7
oK

715.

1159.

ENG OK

ENG OK
ENG 0K

ENG OK

ENG OK
ENS 0K
NORMAL

NORMAL

99.6
1 4

- oo T - . - o " S - - - - A - T - . o " oW -

4.2-12



€1-¢'v

*t

POMER LEVEL

DATA SQURCLC: ANALYSIS

—_ENGINE 3 1SN 2005! O——E41R10070 ME-1 HPIP SPEED CH B
. -.ENGINE 2 SN 2006) A C41R20070 MC-2 HPTP SPELCD Crt O
.....CNGINE 1 (SN 20071} X -——E£41RI0070 ME-3 1PFP SPEED Crt 8

E4iR1G062 ME-i ~PTP SPEEC Dt B
== - ~C41R20000 nC-2 ~Pre PCCO O A
ceeccee {41R3J06D NC-T rorP SFLCED O A

120 24000
Em um¥ 2000
Ry I
100 T e = . 20000
//C/ _ 18900
80 . £ 1e000 //
// o 14000 a
-
60 - T 2000 / 79(
// E 10000
04— - & eano z
. / & o
/ : 3 600 RPH{ MINIMUH
2 g ) ar e B E
N : 17814t .
J ., IL\ ] +179: 14:89: 2000
0 - ' 0 —}
0 1 2 3 q 5 6 7 0 02 04 D& 08 1 1.2 L4 1.& 1B
TIHE FROM ENGINE START , SECS. TIME FROM ENGINE START , SECOMDS

FIGURE 4.2,2-1 PONER LEVEL OF ENGINE 1,2 AND 3

CONPARLD TD I1CD REQUIREMENTS

—E41P10230 NE-1 MCC PRCSSURE AVG
- - E41P20210 HE-2 HMCC PRESSURE AVE
DRTA SQURCE: STS40B  -----E41P30230 ME-3 MCC PRESSURE RVG
3500

3000 —_—

2500 // 90 PERGENT PC MINIMUM
2000

1300

. PSIA

000 PS18 MAXIMUM o

1000 -
, ijem PSIA MIKIMUM

500 :
y l

0 —

0 1 2 3 4 3 ) ?
TIMC FROM ENGINE START , SECONDS

FIGURE 4.2.2-3 MAIN CHAMBER PRECSSURE DURING START TRANSICH

MCC PRESSURE RVG,

2 22 24 26

FIGURE 4.2.2-2 HPFP SPEED DURING START TRANSIENT



vi-2'¢

T—€41 115130 1C-1 #POT 01SCh TEMP, [H B — 41716120 NC-1 WPOT OISCH TEMP. CH A {3——E41T10110 NE-1 WPFT DISCH TCMP, CH B —C4ITIGIID ME-| HPIT DISCh TEMP, Ck A
A-—£4112010 -2 #OT DISCh TEPE, TH B - = £41120120 nC-2 WPOT DISCH TENP. Cn A A——€41T20110 BE-2 WPTT DISCH TENP. Cn B - - E41T201(0 NE-2 rPrT OI3CH TP, Ch A
X£4ITI0IM -3 WAOT DIXCH TEMP. DB E41730120 NC-3 nPOT DISCN TEMP. Cn A X—€41T30110 BE-3 1orT DISCH TOP. e B -t £41TI0I0D AE-3 HPFT DISCH TEMP, Ch A
2000 2200 ] {
gmﬂ P — 1760, LEG2- L. 1 fapooe < 1960 DEG R HAxHom-|
O, 800 ™
g ?
a“m - () T+ xanwa¥d E‘“co
Qf.’m g‘uw
2 ; o
gum Qmo —
[ ] A «} 000
£ B 810 pes. R nir &
7 g = ] UARR L LITALLLRL & eoo - < B10 DEG R MINHtN—]
= ~ P PR A ERRR 5
5 o 550 bEg. R M{niMm Em ]
%
00 ¢ 400 '
9 1 2 3 ‘4 : s ) i 2 3 4 5 ‘
TIME FROM ENGINC START | SECONDS TIME FROM ENGINE START , SECONDS
TIGURL 4.2.2-4 HPOT DISCHARGE TEMP, DURING START TRANSIENT FIGURE 4.2.2-5 HPFT DISCHARGE TEMP, DURING START TRANSIENT
—£41P10S50 ME-1 POGD PREOHE PRESSURE CH R O—T4 1411050 ¥E-1 ANTI-FLOOD VLV POS CH B —E4IHI{040 8E-1 ANTI-FLDDD vy POS CH A
- - T4 1PINSSD ME-2 PORO PREDHE PRESSURE CH R L——F41021050 HE-2 ANTIFLOOD VLV POS CH B - - E4IH2104D ME-2 ANTI-FLOOD WLV POS CH R
DATR SOURCEY STS4DB -~ L41P30S50 HE-3 POSD PRECHS PRESSURE CH A X —14I431050 HC-3 ANTI-FLOOD VLV POS (H B - L4IH3I040 -3 ANTI-FLOOD WV POS CH R
1600 = 110
st 1125 Psln mxi E 160
{1100
ﬂﬂﬂﬂﬂ ™ %
- ”» A -~
e—.‘m 71 N IREECERTS RAALA, A L b m
xI ‘\\ § mq——i 1‘/ -
“ 100 G : = & oo FEmeENt Mininun
fed &0
i } o
A wo q BOQP314 i ] 6 o _—
7 7 g
& > 4 - R
a. (3] E ;l
00 MININg o ®
? )i ’
O wod— A g x
g: "', qu 10 S . — [
o1 3 =
(45 . - SR SN VN
3 R
[+ -1 frm——cep ¥ 1 T Y
] 1 2 3 + 3 -] 4 Q 0.2 G4 0.8 Q.8 i 1.2 L4 1868 1.8 2 2.2 s 2.8 .
TIME FROM CNGINE STRART ., SECONDS TIHE FROM ENGINE START |, SECOMCS
Fiouke 4.2.2-6 POGO PRECHARGE PRESSURE DURING START TRANSIDNT FIBURE 4.2.2-7 BNTI-FLOOD vALYE POSITION [LRING START TRANSIENT



S1-2'%

PERCENT

14

OPOV RCTUATOR POSITION.

DATA SOURCE: STS4D8 - C41H10280 ME-1 OPOV ACTURTOR POSITION DATA SOURCC: STS40B  —--E41H20280 MEC-2 OFOv ACTUATOR POSITION
a5 ;. 90 14 '
L] g o0 __...‘*._..__
”n 65.9 MRXIM | ) 6.5 MR BUM
........... 4 ) R M
§0 / z //'
- Vo) v L Fan! ,z’// —
a4 B «®
b E w
i e 1]
2 P 2
1 :
] ] g 0 [ S———
q ]
0 1 o2 R 4 S [ ? ] 1 3 3 4 S ¢ 7
TIMC FROM CNSINE START , SECONDS : TIME FROM ENBINE START |, SECONDS

FIGURE 4.2.2-8 OPOV ACTUATION POSITION DURING STRART TRANSIENT.

3

, PERCENT

© OPOY ACTURTOR FPOSITION.

A SOURCE: 575408 —-E41H30280 ME-3 OPOY ACTUATOR POSITION
%

1]

70 67,1 maxXitm. |

g B
-l
-4

AN
£

g

-
o

L

0 1 L] 7

2 3 4 3
TIME FROM ENGINE START , SECONDS
FIBURE 4.2.2-10 OPOV ACTUATION POSITION DURING START TRANSIENT

FIGURE 4.2.2-9 OPOV RCTUATION POSITION DURING START TRANSIENT



423 MAINSTAGE PHASE - Main chamber pressure and mixture ratio command levels
were maintained throughout the entire flight. The main chamber oressure throttling for
the three engines was normal (Figure 4.23-1). Significant event times during STS-4
mainstage operation are given in Teble 4.23-1

TABLE 4.2.3-1  SIGNIFICANT TIMES DURING STS-4x

- - - T T - - - " o "~ " ] o T " - -

ENGINE SRB MAX O REACHED THROTTLE  RERCHED 36 REACHED

S/N IGNITION THROTTLE 65% up RPL THROTTLE 857 MECO

ME-] 6.31 43.12 46.12 57.20 €0.70 484.80 513.20 518.03
{(5/N 2007) .

HME-2 6.43 413.20 46.70 57.30 60.80 464.80 513.40 S19.15

. (S/N 2006) ’

ME-3 6.56 43.20 46.85 57.45 80.95 464.00 5!3.50 51¢.3]

(578 2005)

- -~ - - - ——— - - o T - -

«TIME FROM ENGIKE START (SEC)
4231 ENGINE OPERATIONS - Propellant interface conditions met requirements. The

L02 inlet pressure (Figure 423-2) reached a maximum value at SRB staging as expected.

The oxidizer inlet temperature was within requirements and reflected little bulk
temperature rise during flight (Figure 4.23-3) Engine fuel inlet pressure and
temperature, shown in Figures 423-4 and § were all within requirements Figures:
423-8 and 7 summarize the oxidizer and fuel NPSP during the flight These values
were within the ICD limils Helium interface conditiona were met on all three enginea
Figures 423-8 and 9 show that the hydraulic pressure and MOV/NFV hydraulic
temperatures met all system requirementa

All mainstage redline requirements, summarized in Teble 423-2 were met. The HPOT
discharge temperature is shown in Figure 423-10, the HPOTP intermediate seal purge
ressure is shown in Figure 42311, the turbine secondary seal cavity pressure is shown
in Figure 423-12, and the primary oxidizer seal drain pressure is shown -in Figure
423-13. The controller redlines are also included on the charts to show operating
margin. The redline value of 100 psia is not shown in Figure 423-12. The HPOTP seal
package parameters all compared favorably to previous flight results. HPFTP turbine
temperatures shown in Figure 423-14 were normal. The OPOV thrust limit margins,
reflected in Figures 423-15 through 17, were within acceptable limits.

TARBLE 4.2.3-2 5TS-4 MAINSTAGE REQUIREMENTS

- - T " - - - o W - — O - - - - - . . . . - o T - -

REDLINE TIME FROM ENGINE 5T5-4 VALUE

PARAMETER VALUE START (SECS) ME~1 ME-2 ME-3
HPOT DISCH TEMP,R 550 - 1760 2.30 - G/, CHVH 1320, 1402. 1481
(MRX1 CH B 1349, 1405. 1511

3.80 - C/0, CH A 884 962. 969

{MIN] CH 8 924 964. 1010
HPCP L02 DRAIN PR, 45 MAX START - C/0, CH A 17.2 17.2 16.0
(PSIA) : CH B 17.2 16.6 15. 4
POT SEC SL CRv PR, 100 MAX START - C/0, CH A 40.9 43.7 48.5
(PSIA} CH B 40.7 43.8 49,1
HPOT IMSL PURGE PR, 170 MIN START - €/0, CH A 205. 213, 197
(PSLAI CH B 204 213. 197

- - " - - — . - - " " - . " " - - - - o S A W A - O - -
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Oxidizer tank préssurization performance was acceptable. Although actual.:
repressurization temperatures on ME~{ and ME-3 were slighlly above [CD limils, rated
performance fell within limits for both the temperatures and pressurss (Figures 423-18
and 18). Fuel tank pressurization performance was as expected. Orbiter measurements
of nglz pressurization systemn pressure and temperature are shown in Figures 423-20
an .

POGO systern operation was normal (Figure 4.2.3-22). Engine gimbal operations were
normal in response to Orbiter commands. The gimbal actuation pesitions during the
flight are shown in Figures 4.2.3-23 through 25.

4232 ENGINE PERFORMANCE - This section evaluates the performance of the SSME
engines during the flight. The performance analysis used the Rocketdyne Flight Data
Evaluation Program and was based upon Rocketdyne SSME tags issued prior to STS-4. A
change in the performance model! was made for the STS-4 analysis The reasons for
the change were 1) mission analysis indicated a change in thrust level during Stage 2
operation (150 to 450 seconds), and 2) reanalysis of the acceptance lest data indicated a
slight (less than .1%) thrust trending. Since this thrust trending influenced vehicie
performance, it was decided to simulate the trending in the engine analysis

Figure 423-28 shows the spread between channel A and channel B main engine charaber
pressure during the flight During the 100 to 450 second time slice, ME~2 and ME-3 had
a S psia drift. The drift in ME-1 was negligible. For accuracy considerations, channel
A was used to evaluate ME-2 and ME-3 performance. For consistency channel A was
also used to evaluate the performance of ME-1. After thrust decay. zero shifts of the
MCC channel A sensor were used to evaluate the flight data because of better agreement
between main chamber pressure channel A and B data ulilizing this method than others
evaluated :
Table 423-3 gives the SSME performance during the standard 150-160 time slice. These
values met SSME requirements and were consistent with the previously issued tag values
Table 423-4 gives a comparison of the actual flight values of the internal engine
periormance parameters compared with predictions. These predicted values were based
upon SSME tag values corrected to actual inlet conditions occurring during the flight.

All performance parameters were consistent with predicted. Figures 423-27 through 29
show the inlet mixture ratio, vacuum thrust and specific impulse of the three SSME _
engines during the flight. Figure 4.23-30 shows the vehicle iniet mixture ratio during
the flight. The average mixture ratio during mainstage operation was 8003. The overall
mixture ratio including start and shutdown was 5885 Figure 4.23-31 shows the vehicle
thrust during Stage 2 operation. The vehicle vacuum thrust rise during the 200 to 450
second time [(rame was 102 lbs/sec. Sensor drift contributed 37 lbs/se¢ and thrust
trending contributed the remaining 8.5 lbs/sec. Figure 423-32 shows the trending of
thrust in the early portion of the flight. Thrust rise rates of minus 80 lbs/sec were
determined. This effect is attributed to thrust trending. The vehicle specific impulse is
- shown in Figure 423-33 The average specific impulse during the flight Stage 2 based
on engine reconstruction was 454.68 sec. The thrust., mixture ratio and specific impulse
for various time slices are shown in Table 423-5 Propellant consumption during the
flight is given in Table 4.23-6. Propellant consumption for STS-4 based on the engine
reconstruction flow rates was 1,344,950 lbs of LO2 and 224,735 lbs of LHZ

4.2-22
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TABLE 4.2.3-3 - SSME STS-4 PERFORMANCE SUMMARY

- -

-

-

- -

-

ENBINE PARRMETER

- - - -

CHRMBER PRESSURE
INLET LO2 FLOKRATE
INLET FUEL FLOWRATE
MIXTURE RATI0

602 PRSRNT FLOWRATE
GH2 PRSRNT FLOKRATE
YACUUM THRUST
YRCUUM 1SP

INLET L0O2 FLOWRATE

STS4 10 SEC SHFTD CHAN A 08/03/82 1 P4] 43:34
FLIGHT MEASURED
TIME SLICE 150 70 160  SECONDS
"ENBINE 1 ENGINE 2 ENGINE 3
UNITS 2007 2006 2005
PSIA 3009.4 3013.2 3011.4
LB/SEC 889.30 840, 48 851.41
LB/SEC 148.50 /148,30 148.78
QsF 5.4988 - 6.005 5.891
LB/SEC 1.123 1.755 1.141
LB/SEC .679 751 . 454
L8 470847. 470960, 471718,
SEC 454.48 454,48 454.19
STRNDARD TANK PRESSURIZATION
LB/SEC  889.79 #90. 13 892.54
asF S5.992 6.002 5.999

MIXTURE RATIOD

——— -

’

TABLE 4.2.3-4 FLIGHT PERTORMANCE COMPRRED TQ PREDICTED

——

STS4 10 SEC SHFTO CHAN A 08/03/82 12145134
wPREDICTED
TIME SLICE 150 TO 160 SECONOS
ENGINE 1 OBINE 2 ENGINE 3
ENGINE PRRAMETER 2007 2006 2008
' PRED  FLIGHT  PRED  FLIGHT  PRED  FLIGHT. .
HPOT SHAFT SPEEND 27764,  27788.  208081.  27785.  27954. 28144,
WPFT SHAFT SPEED  34732. 34849, 34533, 34518,  34723. 34722,
HPOT DISCH PRESS 4043, 4009, 4033, 4045. 4072, 4080,
HPFT DISCH PRESS 6047. 6015. 603%6. 5939 6041. - S963.
OP8 CHMBR PRESS 4940. 4540. 4588, 4388, 5010, 5010,
FPB  CHYBR PRESS - 4934. 4988, 4967 4962. 4946, 4316,
LO2 FLOW- RATE 866.42 689,30 609.61 690.48 B91.85  B89L.41
FUEL FLOW- RATE 149.03  14B.50 146,13 148.30 148.79 148,78
VARG THRUST 469313. 470847. 470520, 470950, 471811. 471719,
OX TK PRSRNIFLOW 1.103  1.123 1.740 1.755  1.127  1.141
FL TK PRSRNTFLOW 6772 .6787 .7503 7514 .4528  .4539
OPOY CMD  POS .6386  .6188  .64%4 6423 L6332 .6393
FPOV CMO POS 7638  .7755 .7649 .7570 7733 .7808
MCC  PRESS AVG 3008.4 3009.3  3013.2  3013.2 3011.4  3011.4
LPOT DISCH PRESS  314.70  320.36  288.4!  324.64 303.43 3X5.68
LPFT DISCH PRESS 165.85  185.95 174.07 169.60 171.98 172.%7
PEP  DISCH PRESS 7385. 7405. 7534, 7382, 7420. 7345.
LOPT DISCH TEMP 171.3  171.3 171.2 171.2 - 171.4 171.4
HPOT DISCH TEMP 192.3  192.3 192.2 192.2 192.9  192.9 .
HPFT DISCH TEMP 94.21 94,21 94,60  94.60  93.30  93.30
PBP  DISCH TEMP 205.5  205.9  206.8  205.1 207.7  207.6
LPFT DISCH TEMP 41.85  42.06  41.91 42.00  41.86  42.08
LPOT SHAFT SPEED 5040. 4624, 5023. 4997, 508¢.  SII7.
LPFT SHAFT SPEED 15020,  1S015.  1S311.  15225.  15357.  15330.
HPOTT DISCH TEMP 1294. 1292. 1454. 1382, 1390, 1403.
HPFTT DISCH TEMP 1576. 1623. 1594. 1639, 1648, 1701.
OPOV  RESIST 213.9 - 280.0 186.1.  203.7  229.5  211.9
FPOV RESIST 13.22 . 11.20 13.03 14.65 11.5¢ - 10.36
DX TK PRSRNTPRESS 4051. 3899, 3668, 3710, 4102. 3950.
fL TK PRSRNTPRESS 3423, 3093, 3420. 3136, w72, 439,
OX TK PRSRNTIEMP g02.7  B96.6  856.3  832.6  895.8 . 897.2
FL TK PRSRNTTEMP 485.4  4B0.2  442.6  44l.4 44l.4  439.4
LPOT NS5 12867. 0.  12226. 0.  12425. 0.
LPFT NSS 18556, ~ 18534,  19756.  1966l.  19B49.  19828.
HPOT  NSS 12351. 12131, 13146,  12035.  12550.  13154.
HPFT NS5 s921. 7021. B666. BE19. 6762. 5794,

A — - " "

» PREDICTED YALUES RARE BASED UPON ROCKETDYNE TAG VALUES
CORRECTED TO INLET CONDITIONS OCCURRING DURING FLIGHT.
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TABLE 4.2.3-S VEHICLE PERFORMANCE SUMMARY FOR STS-4

- 1 " o " - . . - . s W S - - - - non - - > A - - - -

5154 1 SEC SHIFTED CHAN A

——— - - - - - - . " T~ s - - - - ;] " - - - - -

VEHICLE AVERAGE DATA FOR

VEHICLE  THRUST-
ENGINE 1 THRUST=
ENGINE 2 THRUST=
ENGINE 3 THRUST-

VEHICLE AVERAGE DATA FOR

VEHICLE  THRUST=-
ENGINE 1 THRUST-
ENGINE 2 THRUST-
ENGINE 3 THRUST-

VEHICLE AVERAGE DATA FOR

VEHICLE  THRUST-
ENGINE 1 THRUST~
ENGINE 2 THRUST-
ENGINE 3 THRUST-

08/03/82
VEHICLE AVERAGES
200.00 TO = 449.50
1413451, MR- S5.8916 [P~ 454.6843
470852, MR= 5.96854 [SP= 454.7147
470967. MR-  6.0051 [SP- 454,817l
471632, MR-  5.9843 [SP- 454.5215
200.00 TO  519.40
1371873. MR-  5.9945 [SP- 454.6386
458872. MR- 5.8878 ISP~ 454.5624
457037, MR-  6.0057 [SP- 454.7957
457964. MR- 5.9900 [SP- 454.4589
7.00 TO  519.90
1374820, MR-  6.0019 [SP- 454.3526
457769. MR-  5.9926 [SP- 454.4413
458007. MR-  6.0121 [SP- 454,44983
459044. MR-  6.0008 [SP- 454.1i96

———— o T - - T " " e W W~ 0 W - o W - -~ - . - " - -, "

TRBLE 4.2.3-6 PROPELLANT CONSUMPTION SUMMARY

> - - - - - > " W s . -l T T W T T W O . - o - -

STS4 1 SEC SHIFTED CHRN A 08/03/82  13:19:48°
' START STERDY STATE CUT OFF T0TAL
‘ (21451 133 (41 (5)
ENGINE 1 :
FUEL CONSUMED (LB} 576.0 74062.8 237.0 74675.8
LO2 CONSUMED (LBl  3109.0 443959.2 425.0 447493.2
cné?:ngc (L8 SEC) 1218000.0  230028952.1 282000.0  231528952.1
FUEL CONSUMED (LBI £03.0 73943.9 231.0 74777.9
LO2 CONSUMED (LB!  3166.0 444644.2 414.0 448224.2
IMPULSE (LB SEC) 1267000.0  230122142.3 271000.0  231660142.3
ENGINE 3 :
FUEL CONSUMED (L8} 613.0 74240.1 229.0 75082. 1
LO2 CONSUMED (LB  3329.0 445502.7 401.0 449232.7
INPULSE (LB SECI 1313000.0  230615957.5 260000.0  232188957.5°
VEHICLE
FUEL CONSUMED (LB!  1792.0 222246.8 697.0 224735.8
LO2 CONSUMED (LB!  9604.0 1334106.2 1240.0 1344950. 2
IMPULSE (L8 SECI 3798000.0  690767051.9 813000.0  695378051.9
TOTAL LO2+FUEL (LBI  11396.0 1556352.9 1937.0 1569685. 9
HIXTURE RARTID (Q/F1  5.35%4 6.0028 1.7791 5.9846

- —— - - - - — - ——— - - - - - U - — "

(11 DATAR ARE PRESENTED AS CALCULATED AND MAY EXCEED THE SIGNIFICﬂNT DIGITS.
{21 ENGINE START TO SRB IGNITION COMMAND
(31 SRB IGNITION COMMAND TO MECQ
(4) MECO TO VALVE CLOSURE
(5! SIART AND SHUTDOWN VARLVES NORMRLIZED TO MAINSTAGE VALUES
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424 SHUTDOWN PHASE - The shutdown transients were nominal. The shutdown
occurred from MPL and all valves’ closing positions and rates were normal. The thrust
decay transients as shown in Figure 424-1, were similar to each other, agreed with
predicted and fell within ICD limita Flight results are compared to ICD requirements in
Table 424-1. All ICD requirements were met.

Shutdown purge sequences and pressures were normal. No adverse turbine temperature
transients were encountered (Figures 424-2 through 5). The LPFTP and HPFTP shaft
speeds during the shutdown transient (Figure 424~8) were normal. The HPOTP pump
speeds were determined from accelerometer data and were normal with no indication of
overspeed of the pumps (Figure 424-7). The oxidizer NPSP during the shutdown was
satisfactory (Figure 4.2.4-8).

TRBLE 4.2.4-1 ENGINE SHUTDOWN FOR STS-4 COMPARED TO 1CO REQUIREMENTS

D D D - >l D D e W - - - - - - - - —

PARAFETER RECUIREMENTS  ME-1  ME-2 ME-3
PONER LEVEL AT SHUTOOWN (1) NONE 65 65 6
T}gc?r“s;ﬁﬂDUNN COMMAND NONE 519.03 518.15 513.31.
ENGINE SHUTOOWN TIME ISEC) 6.5 5.88 5.68  5.52

1ECO o 1% PC) (2)
ENGINE SHUTDOWN RATE

TOTAL  (LBS/.01 SEC) 7,000 - 4,767 - 5,040 - 5,521
: (MAX) , :
RBOVE 185,000 LBS ~ =500, 000 -372,512 -392,165 ~380,676
THRUST (LBS/SEC) {MAX) ,
BELOW 185,000 LBS -560,000 -106,981 ~-124,658 ~-106,712
THRUST (LBS/SEC) (RAX)
ENSINE SHUTDORN IMPULSE 342,738 291,000 280,000 267,000
(LBS/SEC! " (MAX)
ENGINE PROPELLANT CONSUMPTION (31
TOTAL  (LBS) 400/840 504 589 565
(MIN/MAX)
OXIDIZER  (LBS) 280/600 425 414 399
(NIN/MAX)
FUCL  (LBS) 1207240 179 175 166
(MIN/MAX)
FLON DECELERATION ‘ ,
OXIDIZER (LBS/SEC-SEC) 1570 (MAX! 300 950 1160
fucL (LBS/SEC-SEC) 375 (MAX) 145 140 120
(1} INITIARL HOVEMENT OF OPQV ENGINE © CUTOFF 82:178:15:08:32:510

COMMAND POSITION .
(21 TQO ZERQ THRUST APPROXIMATE-  ENGINE 2 CUTOFF 82:178:15:08:32:517
LY 12 PC RS DEFINED IN I1CD , .
3! ;ﬁgﬂr;& TJ CLOSE OF MOV ENGINE 3 CUTIOFF 82:178:15:08:32:547
v :
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425 POST SHUTDOWN - The propellant dump consisted of dumping the LO2 through the

MCC injector by opening the MOV. LH2 was dumped by opening the LH2 prevalve, bleed valves,
and LH2 topping valves allowing the LH2 to dump out the fill and drain port. This
operation was performed satisfactorily. A more detailed discussion of the propeliant dump

and vacuum lnerting is given in Section 546

428 POSTFLIGHT EVALUATION - The following tables describe the post hardware report and
software changes, post instrumentation report, ICD and LOC changes for STS-5 (Tables 4.26-1

through 4.2.6-5).

. IABLE 4.2.6-1 POST HAROWARL REPORT

] o " ] - T

HE-1, WPOQTP FIRST STAGE BLARE
INSPECTION U/N 0007R}

UNSCHEDULED CHANGES
ME-1, ONE COLOWALL PINHOLE LERK
ME-1, THO CLASS 11 CO.ONALL
LERKS AT FFT MANIFOLD

BE-1, ONC CLASS 111 MOTWALL LERK
AT JINT 6-15

HE-1, MINOR TPS DAMAGE

ME-1, HPOTP INDICRTED SLIGHT
INCRERSING VIBRATION LEVELS
QURING GREEN RUN U/N GOO7R2

KE-2, HCC CHANNEL B IGNITER
%ufm POST IGNITER OMECKQUT

KE-2, TPS DAMAGE

HE-2 TRD CLASS 11 HOT WL
ROZZLES LEAKS, ONE AT &FT
RANIFOLD, ONE AT 6 FT, FROM
AFT MANIFOLO. ONE CLASS 1)t
HOTNALL LERK AT G-15

ME-3, HPFTP HIGH TORCUE TLIRING
POST TEST INSPECTION, METAL
WISSING FROM 2NO STAGE [MPLLLER
NE-3, CONTRMINANT IN 0FB

ELEMENT R-11

HE-3, CONTRMINANTS FOUND IN WFY .
DURING SPECIAL POST TEST INSEPCTION

NE-3, ONE CLASS 11 HOT WALL
LEAK AT NOZZLE AFT FANIFOLO

HE-3, ONE CLASS 111 COLOWALL
NOZZLE LERK AT H/B 9

RE-3, TPS ORMAGE

KE-3, FOUND Q-TIP STICK
IN FPB AS] FUEL SUPPLY LIKE

- "~ o

- - -

- - > — " ] oy " -

o - " - O W - "

{NSPECT PER ECP 473
3000 SEC LlRlTRTlON. 1

BRAZEL REPAIR PINHOLE,
FISHMOUTH INSERT TYPE,

REPAIR COLOKALL LEFKS
G-15 LEAK REPAIRED WITH
LOCTITE AT ORYDEN
STRNORRD REPAIR
REPLACED W1TH U/N 900SR3
SN 4879728

REPLACED WilH LIKE PART

" STANDARD REFAIR

LOCTITE REPRIR AT AFT MANIFOLD
AND 6-15

REPLACED ®WITH U/N BOOSR2
S/N 4382840 2

REMOVE CONTAMINANT - OETERMINED
TO BE TITANIUM ALLDY (FROM THE

_ HPFIP QKD STREE IMPELLER]

REPLACE MFV AND ACTURTOR WITH
MFY S/N 4912558 AND HFVA 5/N 036

LOCTITE REPAIR
~ISHM0UTH [NSEPT TYPE. REPRIR
COLDWALL LERK

STANDARD REPAIR

REMOVED

- . -~ - ] " o

1 BLAOES REPLACED BY ROCKETDYNE TO UPERADE HPQTP - INSPECTION

SCHEDULED, NOT CHANGE
2 SLE FIPR NO. MSFC-2 (SCCTION €.1.3
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TRBLE 4.2.6-2 SOFTWARE CHANGES FOR S5TS-S

- - - - D - W T W - - - - D T - " " - - T T -

-~ . D W D T A O > D W D D W D ST S W T SO A W O R A S W A S T

REMOVAL ANT1-GEYSER
LINE

HIGH PRESSURE FUEL
TURBINE 01SCHARGE
TEMPERATURE REOLINE

ELIMINATION OF OUAL
- BLEED VALVE CYGLE
PRIOR TC START

ME-1 START BUILD-UP
SLOW

ME-2 START BUILD-WP
SLOW

¥E-3 OGPOV WITHIN U/
OF THRUST LIMIT .

POSITION IRECGUIRED
MARGIN 27)

- - - -

INCREASE OXI1DIZER
INLET TEMPERATURE

PROVIDE FAST ENGINE
PROTECTION REPONSE
AGAINST FRILURE OUE
T0 HIGH HPFT DIS-

CHARGE TEMPERATURE

DECREASE OX101ZER
INLET TEMPERRTURE

REOUCE PC IGNITION.
CONF'[RM MARGIN

REDUCE PC IGNITION.

CONF [RM MARGIN

MCF PRIOR TO SRB
IGNITION

INCREASE ENGINE RERDY
LIMIT FOR PIP DISCHARGE
TEMPERRTURE FROM 178 DEG
R T0 186.5 DEG R

REDUCE ONE TIME CHECX AT
4.5 SEC FROM 1960 DEG R
TO TBD OEG R.

INCORPORATE MRIN-STAGE
REDLINE :

CH A SET FOR TBO DEG R
CH B SET FOR.TBO DEG R
SAME VOTING LOGIC RS HPOT

. DISCHARGE TEMPERATURE

REOLINE

CHANGE POEO PRECHARGE
PRESTART PURGE DCURRT [ON
FROM 220 TO 440 MSECS

INCRERSE OPQOvV OPEN LOOP
COMMAND FROM 474 TO 48%

INCREASE OPOV OPEN LOOP
COMMAND FROM 487 T0 49%

INCREASE OPOV THRUST
POSITION LIMIT BY

'1Z TO 68.1% IN SOFTWARE

TABLE 4.2.6-3 POST INSTRUMENTATION REPORT

- - A W S W U D SR W A N W N D R MBI A G A G T N A S D D A A A D DA W W W - . .

- - - o WS O D S T A S O W I T O Y LD OO U O O o O D T W e o W A W

ME-1 POGD DF1 TRANSOUCER-
HPOTP [NLET PRESSURE FRILED,

DATA SATURRTION

REPLACED PER RAR KLO-209

ME-1 FASCOS ACCELEROMETER
PBP RADIAL 45-1, FF![LED HT
230 SEC

ME-2 FUEL PREBURNER PC TRANSQUCER
DATA FAILURE RT S06 SEC

HE-2 FASCOS ACCELEROMETER

HPFTP RADIAL S0, FAILED AT 480 SEC |

‘ME-2 POGO OF1 TRANSOUCER -
HPFTP [NLET PRESSURE - SRTURATED
CUTPUT

ME-3 FASCOS RCCELEROMETER
PBP RADIAL 135-3, EXTREME NOISE

" - - ;- - - - - - - -

REPLACED ACCEL & CABLE

FAILED TRANSDUCER, REPLACED
WITH S/N 400
REPLACED RCCEL & CRBLE

NO ACTION REOQUIRED, WAIVED

REPLACED ACCEL & CABLE

o D S D W s G WD N D e D - -




TABLE 4.2.6-4 1CD CHANGES FOR STS-5

- - - ]~ . - - - e k" - - - - -

1TEMS EFFECT ACTION
CHANGE TO PRESTART INCRERSE LD2 INLET . APPROVED - 1RND244
PROPELLANT CONDITIONS TEMPERATURES PRCBO SO3655HR3
FOR ANT1-GEYSER LINE . 9-7-81
OELETION -
CHANGE TD SSME BLEED ELIMINRTE RDDITIONAL -  RPPROVED - IRND253
YALVE OPERATION DURING BLEED vALVE CYCLE - PRCBO - S021381
PSN-4 , 7-26-82
REVISES MAINSTAGE FUEL BECREASES REQUIRED NPSP  RPPRQVED - IRN 0237
NPSP REQUIREMENTS AT RPL AND FPL PRCBD - S05755A

5-12-81

- - - . 1 W . . o "

T S o - - - - - . -

LCC
REVISION . PRGE NO.
PREBURNER PUMP DISCHARGE TEMPERATURE MAXIMUM - 6.2.2-5
186.5 DEG R (WAS 178 DEG R)
HPFT DISCHARGE TEMPERATURE ONE TIME CHECK MAXIMUM - 6.2.2-13
1860 OEG R (WAS 1960 DEG R)
INCORPORATION OF HPFT DISCHARGE TEMPERATURE REDLINE 6.2.2-14

DURING MAINSTAGE. SET FOR TBO DEG R CHANNEL R -
AND TBO DEG R CHANNEL B MAXIMUM

- - - " - o " - " - - - - S Y - A > - A - - "
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420 INSTRUMENTATION — Each SSME has 43 flight transducers or 129 transducers Tar
the flight engine set. Many of these transducers are enquipped with dual recording
capability resulting in 68 measurements per engine for a total of 188 measurements Tor
‘t‘l}’eo f:ight set. The 'utilization of each type transducer per engine is depicted in Table

TABLE 4.3.0-1 TRANSDUCER ALLOCATION

- ——— - ——— " > > Y DL - - . W - - o -

TYPE OQUANTITY MEASUREMENTS
PRESSURE ’ 20 30
TEMPERATURE 9 13
SPEED/FLOW 5 8
POSITION ] 15
TOTAL 43 66

- - - - - W - - - -

Operation of the SSME f{light instrumentation was excellent except for the failure of the
fuel preburner chamber pressure sensor on ME-2 (E41P2031D.B). This instrument will be
replaced prior to STS-8. This is a maintenance only parameter and has no effect on
engine performance.

431 SSME THERMAL DFI - In addition to the operational flight instrumentation, there
were a total of 86 thermal DFl and 12 leak detection transducers installed on the SSMEs
for STS~4 flight. Of the 88 thermal DFl transducers, 25 are installed on ME-i, §7 on
ME-2, and four on ME-3. There are also four prelaunch leak detection measurements
installed on each of the SSME engines. A breakdown of the transducer type per engine
is shown in Table 43.1-1. :

TABLE 4.3.1-1 THERMAL DF1 TRANSDUCERS

TRANSOUCERS ME-1  ME-2  ME-3

- - - —— - - W 4 W S W - - % o o -

CALORIMETER

CALORIMETER SURFACE
TEMPERATURE

RABJOMETERS

SKIN TEMPCRATURES

SURFACE PRESSURES

N NN
1O NN
i

REENTRY

CALORIMETER - 1] -
CALOR IMETER SURFRCE - 11
TEMPERATURE

o " - - - T . - -

Progressive (light to flight deterioration of data was experienced as expected. As
“specific examples, E4IT9212A and E4IT9148A ¢ :hibil increasing deviations from expected
nominal behavior explained by increased detachment from the mounting surlace.

Scaling factors for all parameters appear valid. Measurements yielding the largest flight
to flight differences are those that were at one time functioning properily and then were
last, invalidating a comparison of magnitudes. No flight to flight deviations of
significance were noted on any properly functioning DFl parameters

-4.3-1



432 FASCOS — Each SSME has six accelerometer measurements to monitor high

pressure turbopump vibration data. Four of these measurements are mounted on Lhe
high pressure oxidizer turbopump and two on the high pressure fuel turbopump. Of the
18 measurements reviewed (total for the flight engine set), the FASCOS acceleromcters.
provided generally good quality data. The channels that were questionable are shown in
Table 4.32-1 . .

Of the seven listed questionable measurements, only two (ME-1 PBP 45-1 and ME-2 HPFP
90) exceeded the (inactive) 12 GRMS redline value. Had. the redline value been active for
STS-4, no SSME shutdown would have resulted from these instrumentation errors. The
action to remove and replace these accelerometers and cables should preclude similar
behavior during STS-5.

- ] - W W U D D U U T W A O o W W O O W D W A S e W e A -

CHANNEL OESCRIPTION ACTION

WE-1 PBP 45-1  -FAILED +230 SEC REMOVE & REPLACE ACCEL. & CRBLE
ME-2 HPFP 90 FAILED +460 SEC REMOVE & REPLACE RCCCL. 2 SNOLE
ME-3 PBP 45-] VERY NOISY REPLACE COAXIAL CABLE
ME-3 PBP 135-3 EXTREME NO1SE REMOVE & REPLACE ACCEL. & CRELE

ME-3 PBP 135-) NOISY VISURL INSPECTION OF ACCEL INSTALLATION
HE-3 PBP 180-1 SPIKES VISURL INSPECTION OF RCCEL INSTALLATION
ME-3 HPFP 90 SPIKES VISURL INSPECTION OF ACCEL INSTALLATION

- - " T A O L A A L T " "> - > - -

Postflight inspection of the ME-2 HPFTP radial 90 accelerometer showed that the cable
coax was torn. ME-3 PBP 45-1 radial accelerometer revealed a bad cable and had been
replaced for STS-5. The remaining accelerometers which were inspected revealed no
anomalies and no further action was taken.

433 POGC DF] -~ There were 19 POGO DFlI measurements installed on the SSME flight
sel for STS—4. The measurement locations and quality of data output are presented in
Table 4.3.3-1

TABLE 4.3.3-1 POG0 DOF1 MEASUREMENTS

- - " - . ] - W W d fn e W - " — T - "

- - - - -~ " " - - - - - -

MCC PC 1 1
HPFTP INLET PR, 1 2
HPCTP INLET PR. 2 1
POCO ACCUMULATOR PR, 1 !
HPGTP X AX1S ACCEL. | 1
HPOTP Y AX1S RCCEL. 1 t
HPCTP Z AXIS ACCEL. 1 l

CODE: 1} ACCEPTABLE
2) NOT ACCLPTRBLF

3) QUESTIONABLE
4) NOT INSTALLED

The descriptions of the discrepancies are as lollows

il) HPOTP [nlet Pressure (E41P9197A) showed saturation and drift at start.
2) HPFTP 1inlet Pressure (E41P9298A) showed no data. )

4.3-2



440 ENGINE CONTROLLER PERFORMANCE - This subsection provides a performance
summary for the-three engine controllers in the evaluation areas of sofiware, response,
accuracy, stability, and hardware.

441 SSME CONTROLLER SOFTWARE PERFORMANCE — The controller software performance
is considered satisfactory. Its performance can best be determined by examination of
any reported failure identifications (FIDS). No software problem FIDS nor system herd
failure FIDS were reported.

Table 4.4.1-1 summarizes the sofiware conliguration of the STS-4 controllers and notes
their results. All software changes made prior to STS-4 are shown in Table 4.4.1-2.

TABLE 4.4.1-1 CONTROLLER HARDWARE AND SOFTWARE SUMMARY

- - " — - . - - . T - " e - . - - -

SOFTWARE CONF{GURAT[ON HARDWARE CONFIGURATION
FLIGHT VERSION 20 HARDWARE BURN ISEC)
' ME-1(2007/F6) . 519.03
SOFTWARE CHANGES AND PROBLEMS : ME-2(2006/F4) 519.15

NO SOFTWARE PROBLEMS 1DENTIFIED - HME-3(2005/P7) 519,31
SOFTWARE CHANGES MADE PRIOR TO STS-4 :
ARE GIVEN IN TRBLE 4.4.1-2

FLIGHT FAILURE 1D°S

NONE
TABLE 4.4.1-2 SSME SOFTWARE CHANBES FOR STS-4
PRORLEMS EFFECT ACTION
ME-3 START BUILD UP REDUCE PC IGNITION INCREASE ME-3 OPQY OPEN
SLOW. CONFIRM MARGIN. LOOP COMMAND FROM 47 TO 48%.
POGO PRECHARGE PRES- FID REPORTED OUE TO ° UPPER LIMIT INCREASED FROM
SURE EXCEEDS UPFER TOO0 LOW UPPER LIMIT 1425 TO 1800 PSIA
LIMIT , BEING SET. \
MARGIN FOR HPOT TOT MCF, RESULTING IN MIS- INCREASE ACTURTION TIME
MCF MOMITOR TOO TIGHT SION ABORT, MAY BE . FROM 3.5 TO 3.8 SECONOS.
IN ENGINE START PHASE. POSTED FOR OTHERWISE
SATISFACTORY TOT
, . TEMPERRTURE PROFILE.
FIX FOR PRESTART RED- INHIBIT RESPONSE OK INCLUDE F1X FOR HPFT TOT
LINE REDUNDANCY MON[- BUT NO FID POSTED IF  PRESTART MONITOR.
TOR HPFT TDT FAILURE OCCURS
' DURING START PREPARA-
TION PHASE
CHANGE CONTROLLER OM HARDWARE /SOF TWARE MODIFY SOFTWARE TO
ME-2 FROM F% 10 F4 MUST BE COMPATIBLE ENSURE COMPRTIBILITY
RECOVERABLE POWER 1) PREMATURE SHUTOOWN  SOFTWARE CHANGE TO
TRANSIENT HICPENDING OF NORMARLLY FUNC- 1) USE TIME REFERENCE EXISTING
UPON TIME OF OCCUR- TIONING ENGINE AT ONSET OF POWER TRANSIENT
RENCE) CAN CRUSE - 2) POTENTIAL BYPASS OF 2) INITIALIZE VALUES OF VALVE
SINGLE POINT CONTROL ENGINE FUNC-  COMMANDS TO CURRENT POSITION
FAILURE : TION .

- - > . - W W O A o AR S W A T D0 S O N - T 4 D T I R A TR T I A




442 SSME CONTROLLER RESPONSE, ACCURACY, AND STABILITY - Control stability and
dynamic response were satisfactory during the closed loop operation of the controller.
The controller errors in chamber pressure and mixture ratio were wilhin the accuracy
of the data used to make the calculation.

Examination of the fuel and oxidizer preburner valve positions, chamber pressure, and
fuel flow shows no oscillations in the steady state nor any unexpected overshoots during
throttling. These time responses agree well with previous tests and analyses and indicate
adequate stability and no unusual transient response. Figures 4.42-1 through 4.42-3
show a typical chamber pressure response during mainstage operation including MAX Q
:{%d 33(3 throttling for ME-1. These traces are similar to those obtained on ME-2 and

In postflight data examination, the main engine chamber pressure contained oscillations
"of 15 psi peak to peak during mainstage up-thrust operation of ME-2. A new controlier
4, had been mounted on ME-2 and was used for the STS—4 mission. Similar oscillations
have been seen on this controller during all previous tests over the last three years -
with no increase in oscillation magnitudes. Since the oscillations have no negative
effect on vehicle performance, the 4 controller will remain on ME-2 for the STS-5
mission.

Figure 44.2-4 shows that the controller held the mean mixture ratio close to the
controlled value of 80. An independent calculation of the mixture ratio, using the
algorithm in the contiroller and the mean value of the measurement, shows good results.
Table 4.42-1 shows the results of this calculation over a time period from 10 seconds to
MECO. :

TABLE 4.4.2-1 MIXTURE RATIO CONTROL DURING STEADY-STATE OPERATION

- - " - ———— A —— 4o - 7O -

ENGINE NO CALCULATED MR MR DEVIATION (%)
ME-1 5.8981 -.032
ME-2 } 5.8882 -.030
HE-3 5.9988 -.021

- - "~ - - o ——— - - - W - - - - -

443 SSME CONTROLLER HARDWARE PERFORMANCE — The controller hardware
performance is considered satisfactory. Its performance, as in the previous software
task, can best be determined by examination of any reported FlDs. There were no FiDs
nor SSME system problems relating to controller hardware performance reported during
Lthe mission. All commands sent to the controlier were accepted and processed in the
normal sequence with no command rejections encountered.

Controller internal pressures remained between 21 and 22 psi for all three controllers
throughout the flight. There were no pre—lo—post flight differentials for any controller.

The controller temperatures were acceptable. [t was noted that during the on-orbit
tail-to—sun attitude, the controller internal temperatures warmed up to a maximum of
130 deg F. During the belly-to—sun attitude intermal controller temperatures ‘dropped to
‘a minimum of 15 deg F.

1t is significant that only routine testing and no maintenance were performerd on the
ME~1 and ME-3 controllers between STS-3 and STS-4. However, it was necessary to
remove the V'S controller from ME-2 following the STS-4 tanking test and replace it
with F4 whici supported the STS-4 mission satisfectorily. F5 was subsequently shipped
to Honeywell-Florida for failure analysis and repair.

4.4-2
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450 SSMLE THERMAL ASSESSMENT - The STS-4 thermal data appear valid and within the
expected ranges. Only parameters determined to be malfunctioning yiclded data outside
appropriate scales. Most measurements followed established trends based on STS-1, STS-2,
and STS-3, with the exceptlion of the nozzle surface temperatlure parameters which were
gignificantly lower.

This phenomenon of lower nozzle surface temperatures was the only STS-4 iscue
requiring thermal related engineering support beyond data review. See Section 453

Particle emission from the aft end of the Orbiter in the area of the main engines was
observed during the tail to sun attitude on STS-3. No such particles were observed on .
STS-4. This confirms the belief that the particles were due to oxygen entrapment in
the feedlines to the main engines due to the pneumatic cutofl of ME-3. Performance
of the main engines (specifically ME-3) was not affected during STS-4 due to this
occurrence on STS-3 ‘

STS—-4 landing occurred on a concrete runway, resulting in a smaller amount of loose
debris being kicked up into the air around the Orbiter during landing and rollout. This
caused a favorable lighter dusting of nozzle surfaces than noted during previous
postflight inspections. )

Prelaunch thermal conditioning and cleansing purges were nominal. No events were
encounlered as in STS-3 with the water contamination of the GN2 purge. The STS~3
~evenl was an individual isolated case with no expectations for repeatability.

The engine component surface temperatures were below allowable upper limils and were
nominal. Specifically, controller temperatures, valve and valve acluator surface
temperatures, powerhead surface temperatures, and nozzle surface temperatures were
within allowable limits . The engine compartment (aft fuselage) environment was cool
and benign, between 30 and 70 deg F during the majority of engine operation.

451 THERMAL ASSESSMENT DURING CHILLDOWN — Thermal evaluation of the three
engines during chilldown showed no anomalous results No structural temperature limits
were viclated. A comparison of the ambient engine compartment bulk air temperatures -
on STS-4 with STS-3 snows them to be almost identical as given by vehicle
measurements. Figure 451~1 shows STS-4 values. ‘

Engine components not in direct contact with the eryogenic fluids reflected the bulk air
temperature changes in chilldown, as expected. Controller internal temperature (Figure
451-2) and power head surface temperature (Figure 451-3) can be compared with the
bulk air temperature environment (Figure 4.5.1*%) to note that the trends are similar.

MFV and MOV skin temperatures (see Figure 4.5.1-4) responded to introduction of
propeliant to the engine, stopping at the closed valve surfaces. The MFV outboard side
surface temperature was cooler than the corresponding MOV measurement partially due
to the fact that LHZ2 is cooler than LO2 by approximately 150 deg F. The relatively
slower response of the MOV parameter was due to a longer thermal path from the LO2
to the thermocouple location. This also partially contributed to the temperature
difference between the two parameters o '

4.5-1
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With a STS-4 morning launch time, nozzle surface temperatures were not influenced by
a solar heating effect. The attitude of the Ordbiter on the launch pad is tail to south,
meaning that ME-3. mounted on the starboard side, wolfld be on the eastern side of the
vehicle towards the morning sun. ME-3 was lightly instrumented and so a parameter
on the east side of ME-2 (541T9246. Nozzle Temperature Aft Manifold Side 135 degrees)
was selected which had the best view factor of any nozzle surface temperature
measurement. Figure 4.51-5 shows the data from this thermocouple during prelaunch.
No trend of increasing lemperature was seen, and the temperature was steady between
two dnscrete output values.

452 ASCENT ENGL\E COMPONENT TEMPERATURES -~ Engine component temperatures
within the engine compartment remained within allowable limits during ascent. Local
environmental temperatures within the aft fuselage (engine compartment) are shown in
Figure 452-1. After an initial decrease due to Lhe circulation of nitrogen atmosphere
over the mostly cold components, the nitrogen gradually bled out of Lhe aft fuselage,
leaving the environment at nominal temperatures, between 20 and 70 deg F.

Surface temperatures on the PCA and three of the four valve actuators each stayed
within a narrow and allowable temperature band during ascent as seen in Table 4.52-1.

TABLE 4.5.2-1 ACTUATOR SURFACE TEMPERATURES DURING ASCENT

- -~ W - - - - - -~ - -

. STS-3 STS-4
: MEASUREMENT  INITIAL  MAXIMUM  INITIRL  MAXIMUM
T/C LOCRTION NUMBER IDEG F1  (DEG F)  (DEG F1  IDEG FI
ME-2 MFV ACT - [41T9203A . S8 75 49 70
SURFACE : ,
ME-2 MOV RCT  E41T9204R 54 81 60 84
SURFACE : - .
© ME-2 CCVA _ C4179206A e - 55 g7
. SURFRCE . _ o
ME-2 FPOV ACT E4179208 63 98’ 67 100
SURFRCE A o
ME-2 CPOV ACT £4179209A — - 70 . 102
SURFACE :

- - - R o A O M G W o, - - - > TS R . o - - " o . -

OPERAT]ONAL ALLOWABLE IS NOT BASED ON SURFACE TEMPERATURES BUT ON F'LUIU
INTERFACE TEMPERATURES AMD COMPARTMENT TEMPERATURES.

- - - T -]~ -] ] o~ - " - " " ]— " "

» NOT AVAILABLE ON STS-3

The maximum allowable temperature for the controller is I?5 deg F during active
operation based on internal temperatures. Engine operational controlier internal
temperature data shown in Figure 452-2 show the internal electronics package
temperatures fcr all three engines. All three curves remained below 73 deg F for the
duration of the flight. The warmest position in each of the controller assemblies was
the power supply, measured as parameters E4IT1150A, 2150A, and 3150A. All three
temperatures remained steady and were below 105 deg F.

: | | 4.5-3
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Table 4.52-2 compares engine component surface temperatures with STS-3. These
measurements were smooth and lergely similar to STS-3 data profiles. The exception
was the MFV outboard side temperature parameter. This rmeasurement continued to show
some erratic behavior as was noted during STS-3. The mainstage value was warmer
than previous {light experience by approximately 20 deg a likely indication of partial
unbonding of the thermocouple. This parameter should be regarded with caution in the
future even though the dala appear to be reasonably valid.

-

TRBLE 4.5.2-2 ENGINE COMPONENT SURFACE TEMPERATURES

- - " - - - W " A - - - -

5TS-3 STS-3 STS-4 5TS-4
MEASUREMENT . 40 SEC M/S» . 40 SEC N/ Sw

LOCATION NUMBER (DEG F) (DES F) IDEG F)  IDEG FI
nc-z PWR HD LO2 DOME £417T9201A - 70 - 4 - 65 0
MC-2 PCR SURF TEMP £41T9202R — —— 66 84
ME-2 MFY OTBD SIDE £41T9212R -~ -270 -298 ° -210 -275
ME-2 MOV OTBD SIDE £41T9213A -225 -262 -225 -260

- " - - - - . - " - - - - - -

x M/S - MRINSTAGL
-=-» - NOT AVRILABLE

453 ASCENT NOZZLE STRUCTURAL TEMPERATURES — A total of fifteen thermocouples
were mounted on nozle surfaces and drain lines to measure the hardware temperatures.
Twelve of these were positioned to provide information oseful during the ascent phase
and the remaining three for information on areas significant during reentry. Table
453-1 gives a comparison of the ascent. thermocouple measnremenl& : .

Typical behavior of the nozzle thermoccuyles on STS-4 was to follow previous. ﬂlght
experience until approximately 100 sec and then decrease in magnitude or only siowly
increase, distinctly different from the rise noted in STS-1l, STS-2, and STS-3. See Figures
453-1 through ~3. The divergence at approximately 100 sec can be easily noted, as aiso
the tendency for the slopes to become similar or more paraliel begmnmg at
approximately 250 to 300 sec.

These lower nozzle temperatures can be explained by the water soaking of the exposed
nozzle insulation during the prelaunch rainstorm. The nozzle insulation is a fine metal
mesh that can retain water. Winds and Orbiter drainoff can be assumed to provide a
good dispersion of rainwater onto the three nozzles The combined effect of increased
heat capacity of the insulation due to the addition of water (which overpowered the
increased thermal conductivity effects) and the energy absorbed in evaporation of that
water resulted in surface temperatures thal were lower than on previous flights.

The delayed effect until it can be noticed at approximately 100 sec can be attributed to
thermal soakback time and the influence of local atmospheric pressure. Atmospheric
pressure decreases with altitude and asymptotically approached © psia at 100 sec. The
boiling point of water is lower at iower pressures than at higher pressures, so the
vaporization rite of the water increased with altitude until approximately 100 sec.
Water can be vaporized at a faster rate at 100 sec than immediately after liftoif and
therefore Lhe energy absorption effect of the waler would be more significant al 100 sec.

. ’ 4.5-5




TRABLE 4.5.3-1  RASCENT NJZZLE SURFRCE TEMPERARTURES
(DEGREES FAHRENHEIT)
: $TS-4 FLIGHT STS-3
NUMBER ENG LOCATION 100 250 SO0 MAX  HMAX ALLOWED
: SEC  SEC SEC

- - " " - - - W AR Al A W m e WA . -

£4179123 HME-1  H/B 2, 240 OEG, 52 53 83 90 183 758

SIDE
E41T9127 M-t W/B S, 260 DEG, 68 28 -18 68 S8 SIS
o SIBE -
E41T9129 M-1 /BB, 2600E6, 70 3 0 93 185 471
SI10E
E41T9143 ME-1  STR 7, 268 DEG, 430 470 420 490 520 1000
TUBE . o

£41T9149 MC-1  AFT MANIFOLD -240 -220 -240 60 B0  6SO
260 DEB, LIP .

E41T9150 ME-I  H/B 9, 260 DEG, 60 2 -12 103 177 430

SIDE
£41T9223 ME-2  H/B 2, 135 DESG, 46 46 63 83 40 758
: SIOE .
E41T9228 MC-2 H/B G, 135066, 70 35 ~-12 87 138  Si0
: SIDE _ .
E41T9228 HME-2 H/B' B, 135 DEG, 80 46 0 92 240 - 471
. S10E | .
£4179243 ML-2 STR 7, 178 OEG, 485 490 440 500 S25 1000
_ TUBE
£41T9246 ME-2  AFT MANIFOLO -240 -240 -240 60 60 650
135 0EG, LIP : ,
£41T9247 . ME-2 g/ggg, 132 DEG, . 68 45 17 90 143 430
! 1 |

- - — W " T W W A W W o U - - -
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458 REENTRY ENGINE TE\!PERATURES - Reentry nozzle structural temperatures ca
STS-4 were nc expected to be significantly different from previous flight experience.
Preflight reentry aeroheating predictions indicated a slight (less than 2%) increase in
heat load over STS-3 values. Although minor repairs were made to nozzle insulation
following STS-3. no specific cleaning éffect was undertaken on the insuiction. The

expectation from this fact is that as the insulalion becomes darkened and discolored, the -

radiative absorplivity will increase, increasing the heat absorbed and thus the nozzle
temperature. :

The locations of the four highest STS-4 SSME nozzle reentry temperatures were the
same as on STS-3, See Table 456-1 for a tabulation and comparisons of nozzle
temperatures. The similar locations of the highest readings show the repeatability of
the reentry heating effects, demonstrating predictable behavior and response.

TRABLE 4.5.6-1 DESCENT NOZZLE SURFACE TEMPERATURES (DEG F)
: 5T5-2 STS-3 S5T5-4
NUMBER ENGINE ' LOCATION, TEMPERARTURE ALLOWABLE

o~ - . - — - - Y - - S e e A e A e -

£41729238 HME-2 H/8 B, 315 OEG, SIDE 390 315 230 1200
£4179255 ME-2 RFT MAN, 31S DEG, LIP 515 475 430 1200
£41T9266  ME-2 HFTVBHY, 315 DEG, SIDE  BOS 580 620 1200
C4173149 ME-1 AFT MAN, 260 OEG, LIF 80 380 340 1200
E£41T79246 ME-2 RFT MAN, 135S DEG, LIP 405 370 360 1200

- e - - W —— .- . - - " - - A e W . - - -

Nozzle surface temperatures during STS-4 reentry exhibited similar response profiles to
earlier flights The parameter with the highest magnitude of response, E41T92866,
continues to be the only measurement with twin peaks near the point of maximum
temperature. Maximum temperatures were in general less than STS-3, which were less.
than STS-2. Assuming the reentry aerchealing environment prediction to be accurate, it
leads to the conclusion that the nozzle insulation becomes more effective with
continued use. The effect of contaminants within the insulation {(SRB exhaust" products.
dust from touchdown on unpaved runways) appedrs to be decreasing the thermal
conductivity of the insulation enough to overcompensate for the hxgher heat load and
increased radiative absorptivity. .

In response to the magnitude of reentry nozzle temperatures on the first ,three'!lights. o

an initial assessment was made prior to STS-4 as to potential reduction of nozzie
insulation. STS-4 data, because of the repeatability and increasing effectivity of the
insulation, strengthens the reasoning for a reduction of insulation {or reentry. .

Engine temperatures in the aft fuselage during reentry were ruch less affected than

the exposed nozzle surfaces, as expected. Temperalures in the aft fuselage rose between

28 and 40 degrees, partially due to the reentry heating and partially due to landing in a‘w
warm desert environment. The data deflinition in the reeniry and landing time period *
was fine enough to notice the elfects of warm hydraulnc fluid circulating through the _

valve actuators. (The hydraulic system for the main engines is activated for a short
time after landing to reposition the nozzles fcr drainage and access purposes).

In conclusion, all hardware thermocouples appear to have functioned accurately during_ ..
the reentry and landing time period. All temperatures are well below allowable limits -~

2
R
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460 SSME DYNAMICS EVALUATION - This wtion reports the evaluation of 18 vibration

. measurements on Mb-1, ME-2, and ME-3 (See Section 4.32 for further discussion of
FASCOS instrumentation.) The objective of the evaluation was to verily that the SSME
turbopumps operated within established vibration limits.

Compos:te and synchronous vibration levels measured on the HPOTP of ME-1 were
slightly higher than noted on previous flights. Measurements on the other two engines -
and the HPFTP were similar to those levels measured during previous flights Tables
46.0-1 through 4.80-3 compare STS-4 with STS-1, STS-2 and STS-3 data. :

TABLE 4.6.0-1 SSME DYNAMIC DATA COMPAR1SON lHE‘ll

- AT " " - - T T T i o . " - - - - - -

LOCAT[ON (GRMS) 5TS-4 STS-3 STS-2 - 8T5-1
HPOTP COMP (117.0 5.8 4.8 4.0
PBP 45-1  SYNCH 6.0 5.0 4.3 3.9
HPOTP COHP 6.5 . 5.5 5.2 4.2
PBP 135-1  SYNCH 5.9 - 5.0 5.0 4.0 '
HPOTP CONP 5.0 5.0 5.5 5.0
PBP 135-3  SYNCH 5.3 4.7 5.0 41
HPOTP - COMP 4.9 4.1 3.5 3.9
PBP 180-1  SYNCH 4.1 3.6 3.0 3.0
HPFTP coMP 12)4.0 4.1 4.8
RADIAL 90 SYNCH = 2.9 4.0 4.5 -
@ HPFTP -~ COMP © - (2)4.5 7.0 7.2 6.2
© RADJAL 180  SYNCH 3.9 6.4 5.8 5.6
(1) NDISY 8 S + 240 SECONDS
(21 HPFTP_2009
'TRBLE 4.6.0-2 SSME DYNAMIC DATA COMPARISON (ME-2)
MAX VIB- o - o
LOCATION (GRMSI °~  STS-4 STS-3 515-2 STS-1
. HPOTP COMP 3.1 3.0 2.5 2.5 -
) HPGTP . coMP . | 4.0 3.8 3.4 3.8
PBP 135-1  SINCH 3.8 - 3.7 3.1 3.2
'WPOTP .| COMP - 3.9 3.7 3.5 3.5
PBP 135-3  SYNCH . 3.3 3.3 3.0 3.1
HPOTP CoMP. (1) 3.1 3.0 3.0 3.0
PBP- 180-1  SYNCH™ '~ .1.4 1.4 1.0 1.2
HPFTP COMP BAD 2.3 2.3 -
RADIAL 90  SYNCH BAD 1.3 .0.8 -
HPF TP " COMP {1) 2.0 1.8 1.8 2.2
RADIAL 180  SYNCH 7 1.2 0.5 1.8
() (1) NOISY, INTERMITTENTLY BAD o ‘ B



TABLE 4.6.0-3 SSME DYNAMIC DRTA COMPARISON (HME-3)

- . o " "~ —- " - = -~ - -

MAX VIB
LOCAT[ON (GRMS) STS-4 STS-3 5715-2 STS-1
HPOTP coMP (1) 4.0 4.8 3.2 3.0
PBP 45-1 SYNCH 2.0 2.0 1.0 1.2
HPOTP coMP BAD 3.8 4.1 4.9
_PBP 1351  SYNCH BAD 1.3 1.8 3.8
HPQTP COMP BAD 3.2 3.4 4.5
PBP 135-3  SYNCH BAD 1.4 1.8 3.0
HPOTP . CcoMP 2.7 2.5 3.0 3.1
PBP 180-1  SYNCH 2.0 1.5 1.5 2.1
HPFTP COMP 3.1 4.0 3.5 L

. RADIAL 90  SYNCH 2.5 2.5 2.1 -
HPFTP COMP 3.1 2.8 3.5 3.2
RADIAL 180  SYNCH 2.1 2.3 2.7 2.0

(1} NOISY

4.6-2



8.0 RANGE SAFETY SYSTEN

81 INTRODUCTION - This section reports data analysis results for the Shuttle Range
Safety System (SRSS) for STS-4.

following data ba banen in the MSFC UNOO Computer STS4RT. STS4DH, and. STS4JSC

There were cases of disagreement between data from the three sources RT and DB
agreed on the two moat troublesome data discrepancies. These two discrepancies were an
indicated increase in LH SRB RSS battery current and an ET Decoder arm outipul,
occurring at a time (1215 sec} when their respective MDM's were just recovering from a
momenlary synchromzntnon loss.

Careful analysis of each SRSS measurement using all available data sources showed that

the above discrepancies were data, rathér than hardware problems.
83 SHUTTLE RANGE SAFETY SYSTEM ANALYSIS RESULIS — The following tables show
performance measurements for the SRSS Event times are based on . DB (data base)

timnes which were referenced to the first full second befare SRB.ignition command time
(STS4DB reference is 1962:178:14:69:59.0 GMT. SRB ignition eammnnd time is
1982.178:14:69:60.783 GNT). :

8.0-1



STS-4 over the perlod from T—-400 seconds to SRB separation. All measurements were

The follovnng SRB Range Safety System:. (RSS) event measurements were evaluated for .
normal

Ms10 DESCRIPTION COMMENTS
LEFT SR8 :
AS5XTBEOX S4A SAFED SLA DEVICE WAS ARMED AT T-297. s SEC.
BSSX1870x S$4A RRMED . AND SAFED AT T-124.55 SEC.
BSSX1881X -ARM [NHIBIT A INHIBIT WAS REMOVED AT T-9.7 SEC.
B55X1862X ARM [NHIBIT B INHIBIT WRS REMOVED AT T-8.7 SEC.
B5SX1871X OECODER A POWER ON ON UNTIL T+124.72 SEC., OFF THERERFTER
B55X1872x " DECODER B POWER ON ON UNTIL T+124.72 SEC., OFF THEREAFTER -
BSSX1877X OECODER ARM A " OFF FOR FULL FLIGHT PERIOD .
EXCEPT FOR TURNQFF TRANSIENT AT 124.72 SEC. (NORMAL}
BSSX1878X DECODER ARM B OFF FOR FULL FLIGHT PERIOD - . o
B855X1879x OECOOER FIRE A OFF FOR FULL FLIGHT PERIOD e e
EXCEPT FOR TURNGFF TRANSIENT AT 124. 72 SEC. (NORMAL)
B55X1880x DECODER FIRE B OFF FOR FULL FLIGHT PERIOD. . BT
855X 1865X PIC A ARMED OFF THROUGHOUT PERIGD canuarco
BSSX1866X PIC B ARMED OFf THROUGHOUT PLRICD EVALUATED.
BSSX1867X PIC A FIRED OFF THROUGHOUT PERI00 EVALURTED
855X 1868X PIC' 8 FIREN OFF THROUGHOUT PERIQD EVALUATED
B55X1875% LOAD TEST A OFF THROUGHOUT PERIQD EVALUATLL
A55X1876X LORD TEST 8 OFF THROUGHOUT PERIGO EVALURTED |
BS5X1873X RES. TEST A OFF THROUGHOUT PERICD EVALUATED -,
855X1874X  © RES. TEST B OFF THROUGHOUT PCRIOD EVALURTED | .
RIGHT SRB N
855X2869X . SER SAFED SER DEVICE WAS ARMED AT T-297.6 SEC.-
B55X2870x SLA ARMED ANO SAFED AT T+124.5% SEC.
"B55X2881 X ARM INHIBIT A INHIBITS WERE REMOVED AT T-9.7 SEC. . .o .
B55X2BB2X ARM INH{BIT B
B55X2871X DECOOER A POWER ON ON UNTIL T+124.72 SEC., OFF THEREAFTER .
BS5X2872X OECOUER B POWER ON ON UNTIL T+124.72 SEC,, OFF THERERFTER T
B55X2877X OECODER ARM A OFF FOR FULL FLIGHT PERIOD - . ™
EXCEPT FOR TURNOFF TRANSIENT AT 124.72 SEC (NORMAL)
BSSX2878X DECODER ARM B OFF FOR FULL FLIGHT PERIOD DR
EXCEPT FOR TURNOFF TRANSIENT AT 124.72 SEC {NORMAL |
BSSX2879X . DFCOOER FIRE A OFF FOR FULL FLIGHT PERIOD ‘
EXCEPT FOR TURNOFF TRANSIENT AT 124,72 SEC. (NORMALI
B55x2880X OECODER FIRE B QFF FOR FULL FLIGHT PERICD
EXCEPT FOR TURNOFF TRANSIENT AT 124.72 SEC. (NORMAL! .
BS5X2865X PIC A ARMED OFF THROUGHOUT PERIOD EVALUATED - - RS SR
BSSX2066X PIC B ARMED OFF THROUGHOUT PERIGD EVALUATED ) .
B55X2867X PI1C & FIRED OFF THROUGHOUT PERICD EVALURTED , & -
BSSX28BBX PIC B FIRED OFF THROUGHOUT PERIOQD Eva&.ﬁﬂm RN )
BSSX2875X LORD TEST R OFF THROUGHOUT PERICD CVRLURTEU L
BSSX2876X LOAD TEST B OFF THROUGHOUT PERICD EVALUATED T TR
BS5X2873X RES. TEST A OFF THROUGHGUT PERICD CVALUARTED , ‘
BSSX2B74X PES. TEST B OFF THROUGHOUT PERIGD EVALURTED

- e e
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The following ET RSS event measurements were evatuated for STS~-4 over the penod
.trom T-400 seconds to ET separation.

DESCRIPTION

All measurements were normal.

COMMENTS

- " - - - W S W . - . A A W W YR W W 4D M

TS5X1869X

_ TSSX1870X

TS5X1885X

. TS5x2888x -

TS5X1925€
TSSX1931E

TS5X1933E

ISS5X1867X

T55X1864X
TSSX2887X
T55x1883%
T55X2886X

TSS5X2868X

S4A SATED
S&A ARMED

ARM [NHIBIT A
ARM INMIBIT B

DECCOER POWER ON

OECOIER RRM
DECCOER FIRE

" PIC A FIRED
_ PIC B FIRED

LORD TEST A

LORD TEST 8
RES. TEST A
RES. TEST B

SEA DEVICE WAS ARMED AT i-297.6 SEC.
(THE S¢A DCVICE WAS NOT SAFED)

- INHIBITS WERE REMOVED AT T-9.7 SEC.

ON THROUGHOUT PERIOD EVALUATED
OFF EXCEPT FOR DATA DISCREPANCY AT 121.5 SEC
OFF THROUGHOUT PERICD CYALUATED

OFF THROUGHOUT PERIOD EVALUATED
OFF THROUGHOUT PERIOD EVALUATED

 OFF THROUGHOUT PERIOD EVALUATEQ

OFF THROUGHOUT PERIQD EVALUAIED
OFF THROUGHOUT PERIGD £VALUATED
OFF THROUGHOUT PERICD EVALUATED

- - - o S A o ]~ " - - - - - - -

from T-400 seconds to SRB separation.

"The fol!owmg SRB RS analog measurements were evaluated for STS-4 over the perxod
All measurements exhibited normal behavior.

The measured values shown below are for Lhe time period from T-400 seconds -until just

betore the command was issued to power down the SRB RSS (approximately T+124.5 sec)

LEFT SR
BS5V1625C
B76v 16020

BSSCIO0SIC
B76C1050C
855E£1100C

BSSC1101C

BSS5v1623C
BS5v1624C

RIGHT .5RB
855v2625C

B76v2602C
855C2051C
876C2050C

BSSE2100C
855E2101C

BSS5v2623C
BS5v2624C

LR e

DESCRIPTI(N

RSS BAT. R VOLTS
REC. -BAT. B VOLTS'

'RSS BAT. A CLR. -

REC BHT. B CUR :

SIG. STRENSTH A
© 516, STRENGTH B

PIC. A CRP. VOLTS

PIC B CAP.- voLrs;_, .

RSS BﬁT. A VﬂLTS

REC. BAT. B VOLTS -

R55 BAT. A CUR.
REC. BAT. B CUR

SI6. STREMGTH A
€16. STRENSTH B,

PIC A CAP. VOLTS
FIC B CAP. VCLTS

‘MEASURED VALUES

L - - - - . o - " - - > - - o - - -

27.76 10 27.84 voC

-30.0 T0 30.08 vOC

<310 ADC: 2.14 ADC DURING S&R ROTATION (ALSO
1,46 ADC OATA DISCREPANCY AT 121.5 SEC.)

.30 70 .31 ROC

3,16 TO 3.57 vDC (ALSO SEE SECTION 8.4)
3.51 TO 3.75 vOC (ALSQ SEE SECTION 8.4)

0 voC
0 vboC

2800 To 28008 VDC . e Q\ ’
30.0 TO 30.1 vOC :

.300 TO .330 ADC 5 .
.280 TO .290 ROC < s

2.67 T0 3.75 VDC (ALSO SEE SECTION 8.4)
2.57 TO 3.80 VOC (ALJ SEE SECTION 8.4)

g voC
0 voc

- - o - - " " - -~ W T W . - T W A S W W D T Y " -
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. 87 CONCLUSIONS - Analysis of available measurement data indicates that all SRSS : .
- hardware '_per,?o_rmed: as. expected during the STS-4 launch and .ascent.

All indications
are that iif it had been necessary to use the Range Safety System at any time between
liftoff and ET separation, it. would have performed as designed.- : :
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