
 
 
 
 
 
 

 
 
 
 
 

Description of document: National Aeronautics and Space Administration (NASA) 
Space Shuttle STS-4 Final Flight Evaluation Report 
Volume I 1982 

 
Requested date: 01-July-2021 
 
Release date: 21-September-2021 
 
Posted date: 15-August-2022 
 
Source of document: FOIA Request 

NASA Headquarters 
MS 5-R30, Freedom of Information Act Office 
300 E Street, SW 
Washington, DC 20546 
Email: hq-foia@mail.nasa.gov 
Online FOIA Public Access Link (PAL) 

 
 
 
 
 
 
 
 
 
 
The governmentattic.org web site (“the site”) is a First Amendment free speech web site and is noncommercial 
and free to the public. The site and materials made available on the site, such as this file, are for reference only. 
The governmentattic.org web site and its principals have made every effort to make this information as complete 
and as accurate as possible, however, there may be mistakes and omissions, both typographical and in content. 
The governmentattic.org web site and its principals shall have neither liability nor responsibility to any person or 
entity with respect to any loss or damage caused, or alleged to have been caused, directly or indirectly, by the 
information provided on the governmentattic.org web site or in this file. The public records published on the site 
were obtained from government agencies using proper legal channels. Each document is identified as to the 
source. Any concerns about the contents of the site should be directed to the agency originating the document in 
question. GovernmentAttic.org is not responsible for the contents of documents published on the website. 

mailto:hq-foia@mail.nasa.gov
https://pal.hq.nasa.gov/


National Aeronautics and Space Administration 

Headquarters 
Office of Communications 
Washington, DC 20546-0001 

Reply to Attn of: FOIA Office 

Via Email 

September 21, 2021 

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 9Rl7 
Washington, DC 20546 
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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 
ChiefFOIA Public Liaison 
Freedom of Information Act Office 
NASA Headquarters 
300 E Street, S.W., 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 

~ ~---L Mireya Nyirenda 
'r='' e-u-<Q Date: 2021.09.21 

16:56:51 -04'00' 

MIREYA P. NYIRENDA 
FOIA Public Liaison Officer 
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1.0 FLIGHT SUMMARY - This Stttion provides a description of the STS-4 rtlght and a 
summary ol the evahualion result.a which arc detailed in I.he remainder of the report. 
MSFC STS-4 results a.re reported in two volumes. Volume 1 covers the evaluation result~ 
for the Solid Rocket Boosters (SRBa) .. the External Tank {ET). the Space Shut lie 
Main Eneines (SSMEs) and the Ranae Safety System (RS3). Volume 2 reports the 
evaluation of MSFC responsible systems tasks: the Ma.in Propulsion System (MPS), the 
Shuttle Aacent Baee Healing Environment. ET Separation, Entry and Breakup and 
Ignition Overpressure. 

l.l FLIGHT ESC IPTI N - The fourth launch of lhe Space Shullle Orbiter Columbia 
(SiS-4 occurred on June 27, 1982 at ll A.M. EDT. The final countdown was normal. Th<· 
&5ME and SRM ignitions occurred as expecteci·. Ascent performance during the roll 
maneuver, lhe max Q lhrollle back and the 3G throtllin1 was as expected. SRB 
separation occurred approximately 3 seeonds later than e>:pected due to a longer SRM 
burn time than predicted. 

ET separGlion and reentry occurred QS planned with the LT tumble system operating 
properly. ET debris fell within the predicted-footprint. 

1.2 FLIGHT RESULTS - All SI'S-4 mission critical funcliomi assiocialed w ilh the MSFC 
elements (SRBs. ET and ~MF.:s) were performed sati:sfnclorily. The follow inQ paraeraphs 
summarize the evaluation results for ea.ch MSFC element. 

1.2.1 SRB SUMMARY - SRM propulsion performance parameters were within 
specification limits llnd showed 1ood reproducibility with prev lous rJights. SRB thrust 
dirferenlials also were w.ithin specification. 

All Thrust Vector Control (TVC) pre launch redlinn were met w Ith ample margin. 
Analyses verified that nil TVC system paramet.en. indicated nominal operation durin& 
flight. 

The SRB support post loads ,Jata at llrlofr showed footpad compression and holdown bolt 
tension lo be within desicn limits. 

SRB base momenl calculations based upon MLP support strain data indicated a moment 
94~ of dnign during SSME buildup. 

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

The Electrical and lnstrumentatlon (E&cl) operational system evaluation indicates. within 
the reaolution of available data, that nit ascent runctions were performed nominally. 
Based on available data, al] indications are that the 6&I separation functions performed 
nominally. The bulk of the SRB DFI data wa• lost resulting in no data after separation. 

No dllta are available on SRB reentry aerodynamics. Available data from Orbiter 
recorders indicated no vibroacaust.ic exceedancea.during a~nl. Temperature limits 
experienced by primary structures and subsystem components have not been verified due 
to a lack or data. 

The loss of OFI data prevents analysis of BSM p~ure ~·rformance curves. Available 
photographic data and visual inspection reviews indicate. 110 debris from BSMs durin~ 
separation. 

Reentry trajectory characleristice of each SRB were eimil&r to the nominal until end of 
drogue parachute phase. A separate report will be issu<.>d on the failures related to both 
~~ . 

1.2.2 Li' SUMMARY - Pre launch end ascent thermal env ircnmenls were nominal. 

l:.'T vibroacoustic levels were near or below predicted vnlu«-s Cor all measurement 
locations. 

1 • O- l 



Flighl dynamic paramelere revealed no indication of L02 slosh aclivily. 

ET compartment venting predictions for S'l'S-4 were as expected. 

•.~. 

There were no ET design load exceE!dances r or Sl'S-4. All E:'1' loads & slrains were equal 
to or less than expected. 

1.2.3 ~ME SUMMARY- All prelaunch purge operations (pretanking purges. interlank 
purges and CN2 puraes) were execuled eucceaafully wilh conlaminalion concenlralions 
remaining well w lth1n requirements. The launch support GSE prov lded adequate control 
capability and satidactory operation for launch preparation. 

All lhree SSNF.s Ignited properly. Buildups and shutdowns or all engines as well as 
mainlllage performance& were within apecificaliona. The SSME controllena provided 
nominal control ot the engines throughout powered tughL Oscillations or the MCC 
chamber pressure measurement occurred on ME-2 during throt.llin«, These oscillations 
had been obeerved an previous leele with lhia controller and have caused no detrimental 
effects. 

POGO system operalion was normal. Engine gimbal operations were normal in response 
to Orbiter commands. 

Hydraulic system pressure and tempera lure were w I thin allowable limits throughout 
flight. Helium Interface requirements were mel on all lhree en"ines. SSME thermal 
data showed no problems which could impact future tli1hts. Bnaine dynamic data were 
generally comparable to prev lous tests and Indicate no problems. 

All on-orbil activities aaaacialed with the ~ME were accomplished succealully. There 
was no damage ta the SSMF.s or nozzles during Orbiter reentry and landing. 

Durin1 posUllght Inspections. a high torque was noted on the HPITP of ME-3. 
Subsequent teardown or the pump revealed. a plece of second stage impeller missing. 
The pump hea been replaced for ffi'S-5. 

1.2.4 RANCE SAFF:J'Y SYSTEM SUMMARY - Analysis indlcates that the performance of 
the Renae Safely System hardware for both the SR&, and the ET was ns expected. 

1.3 VERlflCATION - Table 1.3-1 tlata Level U and Ill requirements applicable to MSFC 
to be verified by the appropriate Shuttle Project Office e.nd the degree lo which lhese 
requirements were met for the F'llght Readiness Fir inc. STS-1. STS-2. S'l'S-3 and STS-4. 

The loss of SRB data has delayed the planned oomplellon of several requirements. In 
all areas in which data were available. requirements were al least partially salisried. In 
some areas all Fli&hl Test. Requirements have been completed. There were no problems 
or anomalies associated with t.hci STS--4 flight which are considered a constraint ror 
S"I'S-5. 

l. 0 -2 
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JSC 00770-X SPECIFICATION REQUIREMENTS 

FLIGHT TEST REQUIREMENTS 

ICD/CEI SPECIFICATIONS 

3.1 SHUTTLE SYSTEM DEFINITION 

TABLE 1.3-1 MSFC 9)ACE StfJTTLE FLIGHT EVALUATION 

SPECl:"ICATION REQUIP.EME~rrs l f"LIGHT TEST R~U::1C-IENTS 

MSFC RE9)0NSIBLE 

FER ELEMENT/SYSTEM 

SECT I ON S94E ET sm ~s 

STATUS PER 

S.TS NO.• a=T 
0 I 2 3 4 STATUS 

----------------------------------------------------------------------------------------------------------------------
3.1.3 StfJTTLE SYSTEM WEIGHTS & PERFCH4AK:E CONTROL - VERIFY ELEMENT 

CONTROL WEIGHTS (?EF lt~D IN N>PEN> IX 10.12 

41VV011 ESTABLISH CLOSE TOLERAK:E ON LIQUID O<YGEN RESIDUALS 

41VV012 ESTABLISH CLOSE TOLERAK:E ON LIQUID HYCROOEN RESIDUALS 
41VV019 DEVEL<P PROCEDlRES TO FULFILL L02 LO\DltG AC~ACY 

41VV019A OEVEL<P PROCEDlRES TO FULFILL LH2 LO\DltG ACQ.RACY 

41VY023 VERIFY CN>AB I LllY TO PREDICT MPS FLIGHT PERFCH4A~E 

M~1 VER I FY SHUTTLE VEHICLE ASCENT PERFCB1AK:E IN FLIGHT 

sm CE I , CP013MOOOOCB 

MASS PRCJ>ERTI ES, PARA. 3 .2 .2 .1 , I N ACC(R()A~E W 1TH SE--019-066-2 H 

RECOVERY CENTER a= GRAVITY- CG AT VEHICLE STATION INRAr-l3E a= 56 - 59 

l't.~tNI l.t- 'it.Hli,;Lt LtN.:il H 

3.2 
3.2.1 
3.2.1.1 

PERFCB1AK:E AN> DESIGN CHARACTERISTICS 

MISSION PERFCB1AK:E 

MISSION <PERATIONS FUN::TIONS 

5.3.2 
5.3.2 
5.3.1 
5.3.1 
5.3 .2, 
5 .4 .1, 
5 .4 .2, 
5.4.3 
2.2.0, 
5 .3. 1, 
5.3.2 

2.2.0 
2.2.0 

X X 

X 

X 

X 

X 

X 
X 
X 
X 
X 
X 
X 
X 

X 
X 

s 

t+'A 
WA 
s 
s 
s 
s 
s 
s 

WA 
WA 
WA 

WA 
WA 

s s s s 

s s, s s 
s s s s 
p s s s 
s s s s 
p p p p 

p p p p 

p p p p 

p p p p 

s s s s 
s s s s 
s s s s 

s s s s C 

s s s s C 

-----------------------~------------------------------------------------------------------------
3.2.1.1.5 PR<PELLANT DI.NP - VERIFY CN>AB I LITY a= DU4P I tG PRCJ>ELLANTS X X WA p p p p 

TRIPPED IN THE MPS FEEDLHES AN> MAIN EtGlt-E. 

41VV010 ESTABLISH TIME LI t£ FCR POST MECO PRCJ>ELLANT DU4P 5.4 .6 X X WA p p s s 
41VV007 MPS RELIEF VALVE VERIFICATION 5.3.3 X X WA s s s s C 

ICD 13M15000 
PR<PELLANT DI.NP I tG, PARA. 4 .5, PRCJ>ELLANT DUMP SEQUEN::E, FLClffiATES 5.4.6 X X WA p p p p 

AN> CONSTRAINTS 

*S- SUCCESSFUL P- PARTIAL -SUCCESS F - FAILlRE C- COtPLETION a= REQUl~EMENT VERIFICATION 
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TABi..E 1.3-1 MSFC ~ACE SHJTTLE FLIGHT EV,4-LUATION 
SPECIFICATION REQUIREMENTS & FLIGHT TEST REQUIRB-IENTS (CONTINJED) 

--------------------------------------------------------------------------------------------------------------
JSC 00770-X SPECIF !CATION REQUIREMENTS 

FL IGHT TEST RfQU IREME HTS 

ICD/CE I SPECIFICATIONS 

MSFC RE~ONSIBLE 
FER ELEMENT/SYSTIJ,1 

SECTION S~E ET sm MPS 

s·TATUS PER . 
STS NO.* CFT 

0 1 2 3 4 STATUS 

----------------------------------------------------------------------------------------------------------
SHJTTLE VEHICLE SEPARATION- N041~L MOOES- VERIFY SEPARATION 
SUBSYSTEMS PR<N I DE FM ELEMENT SEPARATION W ITH<lJT DAMAGE <R 

RECONTACT CF ELEMENTS. 
41VY009 DEMONSlRATE ET SEPARATION EVENTS FOLLOI PLAN~D SEQUEi-CE 5.4.5 
4 7VB003 DEMONSlRATE SR3 SEPARATION MOT<R PERF<H4At£E 2. 10 .O 

3 .2. 1.1.9. 1. 1 .1 SEPARATION FLIGHT COmROL FUt-cTI ONS - VERIFY SR3 t-X:2ZLES 
RETURN TO NJLL POSITION F~ 5 SECOt,OS AFTER SIPARATION 

C04MAND. 

4 7~07 VERIFY sm TVC SERVMCTUAT<R PERF<»1AICE TO DETER-1 I~ 2.4. 1 
RESPONSE, STABILITY, POSIT! ONI tu ACQJRACY Al'{) 

RB>UNDAt-cY SCHB-IE CPERATI ON. 

X X X 

X X 

X 

X 

X 

WA S S S S C 

. 
WA s s s s C:,,.i, 
WA s s s, _.'-:S.:,. ,,:\ ct·,,,· 

WA s s s s C 

WA s s s s 

·---------------------------------------------------------------------------------------------------------------------
3,2.1.1.9.1.1.3 BSM SYSTB4 - VERIFY sm BSM CPERATION OJER A PRCPELLANT 

BUlK T94PERAT\.IRE RAt-GE CF 30 DEG F TO 120 DEG F. 
4 7VB003 DEMONSTRATE Sfe SEPARATION MOT<R PERF<H4At£E 

3,2.1.1.9.1,2 sm SEPARATION SEQUEN::E - RELEASE CF STRUCTURAL ATTAD+1ENTS 
S~LL OCCUR WITHIN 30 MS CF TIME SEPARATION C04MAND 
CROSSES CRB/Sfe I NTERF ACE. 

2.10.0 

2. 10 .o 

X 

X 

X. 

WA S S S S 

WA S S S S 

WA S S S s 

C 

C 

C 

----·----------------------------------------------------------------------------------------------------------------------~--
3,2.1.1.9.1,3 DESIGN Sfe STAG I tu COt-0 ITI ONS - THE sm SEPARATION SYSTS4 X WA s s s s C 

S~LL PROVIDE SAFE SEPARATION FR01 STAGltu COt-OITIO~ 
WITHIN ~ECIFIED LIMITS CF THE OEFI ~D PARN-IETERS. 

4 7VB017 VERIFY ADEQUACY CF PREFLIGHT EmRY A~LYSES CF DY~ IC 2.11. 1 X WA s s s s C 
PRES5mE Al'{) VEHICLE MOTi ON FR04 SEPARATION TO 

WATER IMPACT. 

S!e CEI CPO 1 3K>OOOOB 
SR3 WI LL BE CAPABLE CF WITHSTAND I 1-G MAXIMUM REEmRY At-GULAR RATES CF 2.11.1 X WA s s s s C 

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

-------·-·-----~-·•-----------·--------------------··--------------------------------------------------------------------------·-------------·~• 
•:; - SUCCESSFUL P - PARTIAL SUCCESS F - FAILURE C - C04PLETI ON CF REQU IRB-1ENT vERIF !CATI ON 

- -
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TABLE 1.3-1 MSFC SPACE SHJTTLE FLIGHT EVALUATION 

SPECIFICATION REQUIREMENTS & FLIGHT TEST REQUIREMENTS (CONTltt.lEO> 

; 

-----------------------------------------------------------------------------------------------------------------------
JSC 00770-X SPECIF I CAT I ON REQU IR 9-IE NTS MSFC RESPOt61BLE STATUS PER 

FLIGHT TEST REQUIREMENTS FER ELEJo4ENT/SYSTEM STS NO.* CJ'T 
ICO/CEI SPECIFICATIOt6 SECTION S9'1E ET sm fiPS 0 1 2 3 4 STATUS 

--------------------------------------- --------------------------------------------
3.2.1.1.9.2.2 CRBITER/ET SEPARATION SEQUEK:E - MBITEP/ET SEPARATION SEQUEK:E X X WA s s s s C 

IS INITIATED WHEN MECO INITIATION IS VERIFIED. VERIFY PR<PER 

ISSUAK:E CJ' PIC A"'1 C04MANO, TIME SEQUEK:ED VALVE CLOSURE 

C04MANOS, ELECTRICAL DEAOFACI t6 C04MANO ANO PIC FIRI t6 
C04MMOS. 

41VV009 DEJo40t6TRATE SEPARATION EVENTS FOLLOf PLANNED SEQUEK:E. 5.4 .5 X X WA s s s s C 

3.2.1.1.11 ET DISPOSAL- VERIFY~ ET IMPACT BELOf 60 DEG S PARALLEL X WA p s s s C 
MO ~ CLOSER THAN 200 N.M I. FR04 LANO MASSES. VERIFY ET 
TlJ.IBLE SYSTEM CPERATI ON_ 

48VT009 VALIDATE PREDICTED ET TUMBLE RATE, BREN<UP 7.0 X WA p s s s C 
1--' ALTITUDE, AN;> RESULTANT FRAGMENTATION. . 
0 

ET CE I, O'T01M26A I 
U1 

TAN< DEBRIS SHALL BE W 1TH IN FOOlPR I NT CF 600 N.M I. ALO tu TRAO< 7.0 X WA s s s s C 

ANO 100 N.M I. CROSSTRAO<. 

--------------------------------------------------------------~-----------------------------------------------------------~-----
ASS9-1BLY ANO LAUK:H FUK:T I 01'6 

3.2.1.2.3.1 CRYO LOAD I t6 MONIT<R & CONTROL - SHJTTLE tRCXJNO SYSTEM SHALL BE X X s s s s s 
Ci'PABLE CJ' MONIT<RI t6 ANO REMOTELY CONTROLLINi FUK:TIOl'6 

. ANO PARN-1ETERS CRITICAL TO PR<PELLANT L<Y\D I tu. 
41VV019 OEVELCP PROCEDURES TO FULFILL LCTZ L<Y\D I tG A~ACY CF 5.3. 1 X X s s s s s 

+/- .54 PERCENT. 

4 I VVO 19 A DEVELCP PROCEDURES TO FULFILL LH2 LOt.O I Ni ACClRACY CF 5.3. 1 X X s s s s s 
+/- .69 PERCENT. 

------------------------------------------------------------------------------------------------------------------------
*S - SUCCESSFUL P - PARTIAL SUCCESS F - FAI LLRE C - C04PLETION Cf" REQUIREMENT VERIFICATION 
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TABLE 1.3-1 MSFC 9>.ACE SHUTTLE FLIGHT EVALUATION 
SPECIFICATION ~EQUIREMENTS & FLIGHT TEST REQUIREMENTS (CONTIN.JED) 

---------------------------------------------------------------------------------------------------------------------------
JSC 00770-X SPECIFICATION REQUIREMENTS 

FLIGHT TEST REQU IREJ,IENTS 

ICD/GEI SPECIFICATI0"6 

MSFC REs>ONS IBLE 

FER ELEMENT/SYSTEM 
SECT I ON S94E ET S~ t-f>S 

STATUS PER 

STS NO.* CFT 

0 1 2 3 4 STATUS 

------------------------------------------------------------------------------------------------------------------------
3.2.1.2.1 PRCPELLANT Fl LL - ET PRCPELLANTS SHALL BE CAPABLE CF BEi tG X X s s s s s C 

LO\DED AT THE MAX IMl."4 RATES CF 5000 GPM f<R L02 MO 

12000 GPM F<R LH2. 

41VV019 DEVELCP PROCEDURES TO FULFILL LOZ LO\D I tG ACOJRACY CF 5.3.1 X X s s s s s 
+/- .54 PERCENT. 

41V~19A DEVELCP PROCEDURES TO FULFILL LH2 LCW> I N, ACCURACY CF 5.3.1 X X s s s s s 
+/- .69 PERCENT. 

-------------------------------------------------------------------------------------------------------------------------------------------
3.2.1.2.e PRELAU~H PURGE - ALL SHJTTLE ELEMENTS SHALL UTILIZE GSE · X X X s s s s s C 

Af'O FACILITIES TO MEET ALL PURGE REQU IREJ,IENTS DURI N, PRELAU~H 

PHASE. 

G1RSD, fl LE II 
S41000.~1, VERIFY ET L02/LH2 FEED SYST94 MOISTURE CONTENT AtO 5.2 .1 X X s s s s s C 

CONTAM I t+\TI ON LEVEL PRI CR TO LO\D IN, CRY01 S. 

S05000. F03, VERIFY ET I NTERTAN< HAZARDOOS GAS COt-CENTRAT I ON 5.2 .1 X X s s s s s C 

S41000.F03, VERIFY MPS GN2 EN31~ PURGE REQUIR94ENTS 5.2 .1 X X s p s s s C 

S41000.F14, VERITY ET I NTERTAN< C04PARlMENT TEMP BElWEEN 33 TO 118 DEG F 5.2.1 X X s s s s s C 

PR I CR TO PRCPELLANT LO\D I tG. 

-------------------------------------------------------------------------------------------------------------------------------
3.2.2 
3.2.2.1 

DESIGN 0-IARACTERI STICS 

FLIGHT SYST9o1S DESIGN 

-------------------------------------------------------------------------------------------------------~---------------------------
3.2.2.1.4 POOO - SHUTTLE VEHICLE SHALL BE FREE CF INSTABILITIES RESULT! N, X X X X WA s s s s C 

FR04 DY~IC COUPLltG CF THE STRUCTURE, PRCPULSION AtO 

FLIGHT CONTROL SUBSYSTEMS. 

41VV024 VERIFY ABILITY TOMAINTAINCCRRECT LIQUIO/GAS LEVEL 5.7.0 X X WA s s s s C 
IN THE ACClJ.1ULAT<R Ut{)ER FLIGHT COt{) ITI ONS. 

-·-··---------------··--------------------------------------------------------------------------------------------------------------------
•s - SUCCESSFUL P - PARTIAL SUCCESS F - FAILURE C - C04PLETION CF REQUIREMENT VERIFICATION 
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TABLE 1 .}-1 MSFC 9>ACE SHUTTLE FLIGHT EVALUATION 

SPEClftCATION REQUIREMENTS & FLIGHT TEST REQUIREMENTS (CONTI NJED) 

JSC 0077~X SPECIF !CATI ON REQUIREMENTS 
FLIGHT TEST REQUIREMENTS 

ICD/CEI SPECIFICATIONi 

3.2.2.1.4.1 POOO SUPPRESS<R REQUIREMENTS - SEE ICD REQUIREMENTS BELOt. 

41VY024 VERIFY ABILITY TO MAINTAIN C<RRECT LIQUIQ/GAS LEVEL 
IN THE ACQJMULAT<R Ut-OER FLIGHT COIO ITI Ot-6. 

ICD 13M15000, PARA 4.2.10.2 

C04PLIAt£E, SUPPRESS<R SHALL HAVE Ml NIMUM GAS VOLUME Cf 0.6 FU AN) 

PROV I DE C04PL 1At£E ~EATER THAN 0.045 I NZ 0/ER THE PRESSl.Rf/ 

TEMPERATURE <PERAT I tu RAN3E. 
lt-ERTAN:E, SUPPRESS<R I tERTAN:E SHALL l()T EXCEID .0011 SEC2/ I NZ. 
RESISTAN:E, STEADY STATE PRESSURE CR<P TtROJGH ~CQJ4ULAT<R HUT 

P<RT SHALL BE LESS THAN 1.25 PSI F<R A STEADY, 50 LB/SEC L02 FLOt 

TtROJGH SUPPRESS<R I ~T P<RT • 

MSFC RE!PONi IBLE 
FER ELEMENT/SYSTEM 

SECT I ON S~E ET Sfe 

5.7.0 

5.7 .o 

5.7.0 

5.7.0 

X 

X 

X. 

X 
X 

WS 

X 

X 

X 

X 

X 

0 

s 

STATUS PER 
STS NO.* 

1 2 3 4 

s s s s 

t+'A S S S S 

s s s s s 

s 
s 

s s s s 
s s s s 

en 
STATUS 

C 

C 

C 

C 

C 

---------------~-----------------------------------------------------------------------------------------------
3.2.2.1.12 TAt-K/LIQUID COJPLltu - TAN<S SHALL PREVENT CR SUPPRESS COUPLlt-G 

BEl)IEEN SLOSH Cf LIQU I OS AN) VEHICLE STRUCTURE, At-0 BETWEEN 

LIQUIDS AM:> FLIGHT CONTROL SUBSYSTEMS. 

48VT007 VERIFY SPECIFICATIOt-S REQUIRI t-G GUARANTEID VALUES 3.2.0 

ci= SLOSH DN4PI tu IN THE ET L02 TAN< ARE MET. 

X t+'A S S S S C 

X t+'A S S S S C 

----------------------------------------------------------------------------------------------------------------------
•s - SUCCESSFUL P - PARTIAL SUCCESS F - FAILURE C - C0,1PLETION rF REQUIREMENT VERIFICATION 
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TABLE 1.3-1 MSFC S,ACE SHUTTLE FLIGHT EVt'.LIJATION 
SPECIFICATION REQUIREMElllrS & FLIGHT TEST REQUIREMENTS (COillrl NJED) 

JSC 00770-X SPECIFICATION REQUIRB-1ENTS 
FLIGHT TEST REQUIRB-1ENTS 

ICO/CEI SPECIFICATIOtli 

MSFC RES"Olfi IBLE 
FER ELEMENT/SYSTEM 

SECT I ON S9'1E ET Sll3 MPS 

STATUS PER 
STS NO.* CfT 

0 1 2 3 4 STA rus 
------------------------------------------------------------------------------------------------------------------------------
3.2.2.1.13 PRCPELLANT LO\Dlt6 Acet.fiACIES- ROOT SUM ~UARE 0/ERALL SYSTB,1 

LQ\D 116 ACCI.RACY TO 100j MASS l<W> LEVEL CF Stt.lTTLE SYSTEM 
SHALL BE +/- 0.5j FCR LCJZ At{) 0.69S FCR LH2. 

41 VVO 19 DEVELCP PROCEOI.RES TO FULFILL LCJZ LO\D HG ACCI.RACY • 
41VVOl9A DEVELCP PROCEDI.RES TO FULFILL LH2 L0\0116 ACCURACY. 
MC-1 VERIFY SHUTTLE VEHICLE PERFc»1At£E IN FLIGHT 

EM/ IRON4ENT. 

5.3.1 
5.3.1 

5.3.1 

X 

X 

X 
X 

X 

X 
X 
X 

s s s s s 

s s s s s 
s s s s s 

WA S S S S 

------------------------------------------------------------------------------------------------------------------------------------------
3.2.2. I• 15. 1 02 YENTi t6 - THE LCJZ TAN< VENT VALVES SHALL PROVIDE ET RELIEF 

PROTECT I ON. 

41VV003 DEMONSTRATE PBI LITY TO MAINTAIN ET LCJZ Ult.AGE PRESSLRE 
AT 20 TO 22 PSIG Ut{)ER FLIGHT COt{)ITIOtli • 

ICD-2-12001 
L<I2 TAN< ULLAGE PRESSI.RE, PARA. 3.3.3.3, ULLAGE PRESSI.RE AT 20 TO 22 

PSIG FCR BOTH EN31N: PRESTART MO CPERATION. 

ICD UM15000 
S9'1E/<RB PRESSURANT CRITERIA, PARA. 5.1, GO<. FLOIRATE, TB1PERATURE AN) 

PRESSURE LIM ITS. 

<J,1RSO, FILE !I 

5.4.4 

5.4.4 

5.4 .4 

SOOOOO.F01, LCJZ TAN< ULLAGE PRES~E 3.3+/-1.7 PSIG PRICR TO CRYO LO\Dlt6. 5.3.1 

S41000.F20; lCJZ TAN< ULLAGE PRESSI.RE 5+/-3 PSIG DI.RI Ki FAST Fl LL. 5.3.1 
541000.F:58, LCJZ TAN< ULLAGE PRESSURE 5+/-3 PSIG DI.Rlt6 TCPPll6. 
S41000.F41, LCJZ TAN< ULLAGE PRESSURE 5+/-3 PSIG DI.RI t6 REPLENISH. 

5.3.1 
5.3.1 

X 

X 

X 

X 

X 

X 

X 
X 

X 

X 

X 

X 

X 

X 

X 
X 

s s s s s 

WA S S S S 

s 

p 

s 
s 
s 
s 

s . s s s 

s s s s 

s s s s 
s s s . s 
s s s s 
s s s s 

C 

C 

C 

C 

C 

C 

C 
C 

-----------------------~----------------------------------------------------------------------------------------------------------
*S - SUCCESSFUL P - PARTIAL SUCCESS F - FAILI.RE C - CCNPLETION CF REQUIR94ENT VERIFICATION 
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TABLE 1.3-1 MSFC SPACE SHJTTLE FLIGHT EVALUATION 

SPECIFICATION RB;)UIREMENTS & FLIGHT TEST RB;)UIREMENTS (CONTI l'UED) 

---------------------------------------------------------------------------------------------------M•---------------------
JSC 00770-X SPECIFICATION REQUIREMENTS 

FLIGHT TEST REQU IR EJ.1ENTS 

I CD/CE I SPECIF I CATI Ot-S 

MSFC RE9'0t-S IBLE 
FER ELEMENT/SYSTEM 

SECT I ON S94E ET SR3 t-PS 

STATUS PER 

STS NO.* en 

0 I 2 3 4 STATUS 

-----·· .. ·--------------------------------------------------------------------------------------------------------------------
3.2.2.1.15.2 H2 VENT - THE H2 VENT SYSTEM SHALL BE CN>ABLE CF YENTi tG THE X X s s s s s C 

MAX IMIJ,I STEADY-STATE BOIL CFF fRCJ,l THE H2 ET TO LIMIT THE 

TAN< PRESSURE CF 16 PSIA MAX AT A MAX S.L. lt4BIENT PRESSLRE 

CF 15 PSIA DlRltG THE REPLENISH MOOE CF THE TAN<IN3 CPERATION. 

FACILITY BAO< PRESSURE AT THE FAr/ET INTERFACE SHALL N:>T 

EXCEED 0.5 PSIG MAX AT A BOIL<FF RATE CF 2.9 LB/SEC. 

41VY004 DEMOt-STRATE AB I L ITY TO MA I NTA I N ET LH2 UL LAGE PRESSURE 5.3.1, X X s s s s s C 

AT 41 TO 44 PSIA Fm PREPRESS At{) 32 TO 34 PSIA Fm 5.4.4 
FLIGHT COl{)ITIOt-S. 

1c~2-12001 

LH2 TAN< ULLA.GE PRESSURE, PARA. 3.3.2.3, A MINIMUM CF 38.5 PSIA WILL 5.4.4 X X s s s s s C 
BE PROVIDED AT LIFTCFF PLUS ONE SECOI{). 

ICD 13M15000 

S94E/CRB PRESSlRANT CRITERIA, PARA 5.1, GH2 FL~RATE, TEJ.1PERATURE At{) 5.4.4 X X s s s s s C 

PRESSURE LIMITS. 

CJ,IRSD, FI LE I I 

SOOOOO.FOI. LH2 TAN< ULLAGE PRESSURE 18+/-1.7 PSIA PRI CR TO CRYO LO\D I t-G. 5 .3.1 X X s s s s s C 

S41000.F32, LH2 TAN< ULLAGE PRESSURE ~EATER THAN O DI.RI t-G CHILL; 5.3.1 X X s s s s s C 

15-20 PSIG DI.RI t-G FI LL; VENT TO 0.2 - 0.4 WHEN FULL. 

*S - SUCCESSFUL P - PARTIAL SUCCESS F - FAILI.RE C - CCJ,IPLETION CF REQUIREMENT VERIFICATION 



TABLE 1.3-1 MSFC SPACE SHUTTLE FLIGHT EVALUATION 
SPECIFICATION REQUIRa.1ENTS & FLIGHT TEST REQUIRa.lENTS (CONTI N.JEDJ 

-----------------------------------------------------~-------------------------------------------------------------------------------
JSC 00770-X SPECIFICATION REQUIREMENTS MSFC RESPO~ IBLE STATUS PER 

FLIGHT TEST REQUIRa.lENTS FER ELEME NT/SYSTa.1 STS NO.* CFT 
ICD/CE I SPECIF ICAT I 0~ SECTION S9-IE ET s~ MPS 0 l 2 3 4 STATUS 

---------------------------------------------------------------------------------------------------------------------------------------
3.2.2.1.11 DESIGN EflN IRON4ENTS 

3.2.2.1.11 .2 I N:>OCED Et-N IRON-1ENT - EACH ELEMENT CF THE 51-llTTLE FL IGI-IT X X s s s s p 

VEHICLE SHALL BE CAPABLE CF WITHSTAN>I tG THE I NlUCED 
ENIIROt-MENTS AS DEFHED IN APPEN>IX 10.11. 

47V0001 VERIFY DESIGN AN> TEST CRITERIA CF S~ TO PRS:::LUDE 2~5.0, X WA s s s p 
STRUCTURAL FAI Lt.RE DI.RI tG FLIGHT. 2.6.0 

4 7V0002 VERIFY THE LOADS AW'\LYSIS TECHNIQUES AN> THE DERIVED 2.5.0 X WA s s s p C 
VEHICLE LOADS. 

47V0008 VERIFY ADEQUACY CF LOADS AW'\LYSES TECHNIQUES AN> THE 2.5.2 X WA p p s F 

..... DERIVED PRESSURE LO-.DS AT WATER IMPACT • 

0 47V0009 DETER4 I~ ACOUSTIC HN IRON4ENTS DI.RI tG HOLOOOfN, 2.6.2 X WA p p s p 
I 

ASCENT, AN> ENTRY • ..... 
0 47V0012 DETEl'4 I ~ I NTERW'\L AN> EXTERNAL PRESSLRES ON l>OSE co~, 2.6.1 X WA p s s p 

FCRWARD AN:> AFT SKIRTS FCR YENTi tG ASSES9-IENTS. 

47V0015 VERIFY THE N>EQUACY CF THE S~ STRUCTURAL THER-1AL 2.1.0, X WA s s s p 

DESIGN AND THE1'4AL EflN IRON4ENT lJSB) FCR TEST CRITERIA. 2.a.1 
48VT001 DEMO~TRATE PERFffiMA~E CF ET THE1'4AL PROTECT! ON SYSTS4 3.5.2 X WA s s s s 

AN:> VERIFY ET THEl'4AL MOOEL. 

48VT002 VERIFY THE1'4AL AN> PRESSURE ENI IRON4ENT CF ET l>OSE 3.4. 1, X WA s s s s 
CAP AN:> I NTERTAN< FCR VENT I tG ANALYSIS. 3.5.3 

48VT003 VERIFY ET/CRB INTERFACE, ET/S~ INTERFACE AN> LIQUID 3.3.0 X WA s s s p C 
HYCROOE N TAN< LOADS. 

48VT004 VERIFY LOADS ANALYSIS TECHNIQUES AN> THE DERIVED 3.3.0 X WA p s s s C 
VEHICLE LOADS. 

48VT005 VERIFY THE DESIGN Atl> VIBRATION TEST CRITERIA FCR 3.4.2 X WA s s s s 
THE ET. 

48VT006 VERIFY THE ACOUSTIC EflN IRON4ENT AN:> CRITERIA FCR THE 3.4 .2 X t+'A s s ·s s 
EX TERW'\L TAN<• 

·---·---------------------------------------------------------------------------------------------------------------------------------
•s - SUCCESSFUL P - PARTIAL SUCCESS F - FAI LLRE C - CCJ,IPLETION CF REQUIR8'1ENT VERIFICATION 
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TABLE 1.3-1 MSFC SPACE SI-LITTLE FLIGHT EVALUATION 

SPECIFICATION REQUIREMENTS & FLIGHT TEST REQUIR8'\ENTS (CONTI N.JED) 

JSC 00770-X SPECIF I CATION REQUIREMENTS 
FLIGHT TEST REQUIREMENTS 

ICD/CEI SPECIFICATIOl'-5 

MSFC RESP0"51BLE 
FER ELEMENT/SYSTEM 

SECT I ON S9'1E ET SFl3 Mf>S 

STATUS PER 
STS NO.* CFT 

0 1 2 3 4 STATUS 

- ..... ----.......... ----------------------------------------------- . ----------------------------------------------------------------------
SFl3 CE I ! CPO 13t,()0000B 
LO\Olt-G CONllTIOl'-5, PARA 3.2.1.1.4, VERIFY SlRESSES IN S"-1 MV AFT 2.5.1 X s s s s p C 

ATTAOI SlRUTS 00 NOT EXCEED DESIGN LIMITS IN SE-019--057-2H. 
ASCENT, PARA 3.2.1.1.4.3, Slfl SHALL BE CPJ>ABLE CF ASCENT FLIGHT 2.5.1, X t+'A s s s s C 

U NlER THE DEF I N::D I Nll.CED El'N IR0t+4E NTS. 2.6.0 
REENTRY, PARA. 3.2.1.1.4.4, SFl3 SHALL BE C/IPABLE CF REENTRY Ut-l>ER 2.5 .2, X t+' A p p p F 

THE DEF It-ED I Nll.CEO El'N IROt+4ENTS. 2.6.0 
RECOVERY, PARA. 3.2.1.1.4.5.1, Slfl SHALL BE CN>ABLE CF RECOVERY 2.5.2 X t+' A p p p F 

UNlER THE DEF It-ED I Nll.CEO EW IROt+4ENTS. 

YENTi N;, PARA. 3.3.6.15, VERIFY THAT I NTER~L LIMIT PRESSLRES 2.6.1 X t+'A s s s s C 
DEF I N::D IN SE-019--057-2 H ARE t()T EXCEEDED (WHERE I ~TRUMENTATI ON IS 

AVAi LABLE) 

ICD-2-12001 

Lf.1BILICAL PLATE LO\OS, PARA. 3.2.3, LIMIT LO\OS AT ET/CRB INTERFACE 3.3.0 X s s s s s C 
DEF I 11£0 IN TABLE 3.2.3-1. 

LIQUID LEVEL POINT SEtliCR SIGt-¥\L CONllTIONIN;, PARA 3.4.6.2.1, 3.5.3 X s s s s s C 
ELECTRONIC PAO<AGE SHALL BE C/IPABLE CF W ITHSTAt-1> IN; A TEMPERATURE 

RAl'-GE CF 130 DEG F TO -65 DEG F. 

-------------·--------------------------------------------------------------------------------------------------------
3.2.2.1.11.2.1 ASCENT HEATI N; DESIGN CRITERIA - THE Sl-l.lTTLE ELEMENTS SHALL BE X X X t+' A s s s s 

CN>ABLE CF W ITHSTAt-1> IN; THE ASCENT AEROOYNt.M IC HEAT I N; 

ENr'IROt+4ENT AS DEFIN::D IN/IPPENJIX 10.11. 
47VB015 VERIFY THE N>EQUACY CF THE SFl3 SlRUCTURAL THEll4AL 2.8 .1, X t+' A s s s p 

DESIGN At-I> THER-1AL El'N IROl'MENT USED FCR TEST CRITERIA. 6.2.0 

48VT001 DEM0"51RATE PERFffiMAtCE CF ET THER~AL PROTECT I ON 3.5.2, X t+' A s s s s 
SYSTEM At-I> VERIFY ET THEftllAL MODEL. 6.3.0 

*S - SUCCESSFUL P - PARTIAL SUCCESS F - FAILURE C - COIPLETION CF REQUIREMENT VERIFICATION 



TABLE 1.3-1 MSFC PACE SHUTTLE FLIGHT EVALUATION 

SPECIFICATION REQUIRe-1ENTS & FLIGHT TEST REQUIRe-lENTS (CONrl NJED) 

JSC 00770-X SPECIFICATION RB;)UIRB-IENTS MSFC REPOt-5 IBLE STATUS PER 

FLIGHT TEST REQU 1Re-1ENTS FER ELEMENT/SYST94 STS NO.• CFT 
ICD/CE I SPECIF ICAT I Ot-5 SECTION SS'-1E ET s~ MPS 0 I 2 3 4 STATUS 

---------------------------------------------------------------~-----------------------------------~-----------------------------
3.3 SHUTTLE VEHICLE HO IT94 PERFmMANCE Ate DESIGN OiARACTERI STICS 

3 .3. I ffiB ITER VEHICLE CHARACTERISTICS 

3.3.1.2 ffiB ITER DESIGN CHARACTERISTICS 

3.3.t.2.2 PRCPULSI ON 

-----------------------------------------------------------------------------------------------------------------------------------
3.3.1.2.2.1 MAIN PRCPULSION SYSTe-4 - THE <RBITER VEHICLE MPS ASSISTID BY X X X X WA s s s s s 

"NO s~s. • • SHALL PROV I DE VELOCITY I tCR84ENT AN) Tt-RUST 

VECTCR CONTROL ••• WITH A MAXIMll-1 SS'-1E GIMBAL DEFLECTIOt-5 CF 

+/- 11 DEGREES IN Pl TCH AND+/- 9 DEGREES IN YAW. 

I-' . 41VV023 VERIFY CAPABILITY TO ACQRATELY PRIDICT MPS FLIGHT 5.4 .1, X s p p p p 
0 PERFOOMANCE AND ASSl)RE MPS PERFOOMANCE WI TH IN 5.4 .2, I 
I-' PRESCRIBED ACCEPTABLE LIMITS. 5.4.3 N 

4 7V0007 VERIFY Sffi TVC SERVCY\CTUAT<R PERfffiMANCE IN FLIGHT 2.4.1 X WA s s s s 
EMIIROl+4ENT TO OETER-11t£ RE!F0"5E, STABILITY, 
POSIT I ONI I{, AC~ACY AN) RIDUN)ANCY SCHa.lE CPERAT I ON. 

47VB010 OEMOt.liTRATE .aDEQUATE S~ PRCPULS I ON SYSTEM PERFCH4ANCE. 2.3.0 X WA s s s s 
MO-I VERIFY SHUTTLE VEHICLE PERFOOMANCE ( I NJECTB:> WEIGHT) 2.3.0, X WA s s s s 

IN THE FLIGHT E~ IRON-IE NT. 5.4 .2 X WA s s s s 

Sffi CE It CPO 13/'-000008 

IGNITION INT~VAL, PARA. 3.2.1.6.2.1, SR-1 IGNITION INTERVAL SHALL BE 2.3 .c X WA s s s s C 
8ETWEEN 170 AN) 340 MS AFTER IGNITION COIMAN). 

PRESSURE RISE RATE, PARA. 3.2.1.6.2.1, MAX RATE CF HEAD E~ CHAMBER 2.3.0 X WA s s s s C 
PRESSURE BUILDUP SHALL BE 109 PSI Fffi Am 10 MILLISECON) INTERVAL. 

•s - SUCCESSFUL P - PARTIAL SUCCESS F - FAI LlRE C - C()IPLETI ON CF RfQU IREMENT VERIFICATION 
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TABLE 1 .3-1 MSFC SPACE SHUTTLE FLIGHT EVALUATION 

SPECIFICATION REQUIREMENTS & FLIGHT TEST REQUIREMENTS (CONT I NJED) 

-----------------------------------------------------------------------------------------------··-------· .. ··------, .. -----------------------
JSC 00770-X SPECIFICATION REQU IR9-1ENTS 

FLIGHT TEST REQU IR9-1ENTS 

ICD/CEI SPECIFICATIONS 

MSFC RESPONS 18 LE 
FER ELEMENT/SYSTEM 

SECT I ON sg,iE fl sm ws 

STAnJS PER 
STS NO.• c.FT 

0 I 2 3 4 STATUS 

-- -·· . -. -------------------------------------------------------------------------------------------------------------------
Tl-RUST DIFFERENTIAL, PARA. 3.2.1.6.2.4, IGNITION Tl-RUST IMBALANCE, 2.3.0 

STEADY STATE Tl-RUST IMBALANCE, At{) TAI LCf'F THRUST IMBALANCE. 

PERFCR4ANCE TOLERANCES, PARA. 3.2.1.6.2.2.3, SHALL t()T EXCEED TOLERANCES 2.3.0 
LISTED IN TABLE 3-2. 

ICD 13M15000 

EN,INE STARTIN, TIME, PARA. 4.1.4, DEPICTED tN FIG. 4.1.4-1 Cf' 5.4 .1 X 

SQJRCE DOCUMENT. 
EN,INE START PRCPELLANT COt-SUMPTION, PARA. 4.1.5, PRCPELLANTS CONSUMED 5.4 .1 X 

DURIN, START SHOIN IN FIGURE 4.1.5-1. 
E ti, I NE CPERAT IN, CONJ IT IONS, PARA. 4.2.4, THRUST, SPECIFIC IMPULSE 5.4.2 X 

Al{) I NUT FLCMRATES. 

STEP C(),tMAt{) RESPONSE, PARA. 4 .2 .6, EN; I NE THRUST OIAN;E LIM ITS. 5.4 .2 X 

Et-6INE SHUTDCMN IMPULSE, PARA 4.3.1, SHALL t()T EXCEED THAT SHOIN IN 5.4.3 X 
FIGLRE 4.3.1-1. 

EN,I NE SHUTDOWN TIME, PARA. 4.3.2, SHALL t()T EXCEED THAT SHCWN IN 5.4 .3 X 

F I GUR E 4 • 3. 1- 1 • 

PRCPELLANT COt-SUMPTION, PARA. 4.3.3, PRCPELLENTS COt-SUMED DlRI N, 5.4 .3 X 

SHJTDOWN ARE SHOIN IN FIGURE 4.1.5-1. 

SI-UTDOWN REQUIREMENTS, PARA 4.3.4, MPL WILL BE MAINTAINED A 5.4 .3 X 

MINIMUM Cf' TWO SECOt{)S PRI CR TO SHUTD<MN C(),tMAt{). 
SHJTDOWN FLCM DECELERATIONS, PARA 4.3.5, EN;I NE SHALL t()T GENERATE 5.4 .3 X 

FLCM DECELERATIONS GREATER THAN SH<MN IN FIGURE 4 .3.5-1. 

*S - SUCCESSFUL P - PARTIAL SUCCESS F - FAILURE C - C0-1PLETION c.F REQUIREMENT VERIFICATION 
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TABLE 1.3-1 MSFC SPACE SHUTTLE FLIGHT EVALUATION 
SPECIFICATION REQUIREMEms & FLIGHT TEST RfQUIREMEt,ITS (COt{flt-LJED) 

-----------------------------------------------------------------------------------------------------------------------------------------
J~C 00770-X SPECIFICATION REQU IREMEm-S MSFC REg::>ONS IBLE STATUS PER 

FLIGHT TEST REQU IREMEt,ITS FER ELEMEt,IT/SYSTEM STS NO.* <FT 
ICO/CEI SPECIFICATIONS SECTION S94E ET sm ~s 0 1 2 3 4 STATUS 

----------------------------------------------------------------------------------------------------------------------
3.3.1.2.5 CRBITER POllfER 

------------------------------------------------------------------------------------------------------------------------
3.3.1.2.5.1 ELECTRICAL POllfER SUBSYSTEM - THE ELECTRICAL POfER SUBSYSTEM X X s s s s s C 

S~LL GDERATE THE ELECTRICAL POiER REQUIRED f(R ALL <RB I TER 
VEHICLE SUBSYSTEMS. 

47VB004 DEMONSTRATE ADEQUATE PERF<FMAN::E CF THE SIB ELECTRICAL 2.9.1 X s s s s s C 
PCM ER SYSTEM. 

4/VWU Utlt~II'-£. tPtRMIN3 E~IKUl'flltNf I> fHt:: UI tlJU 11-'MtNi :t..~. I JI. ::i ::, ::, ::, ::, 1· 

A~ ITS EFFECT ON DATA sYSTEM Aro.RACY. 
48VT008 VALIDATE ET ELECTRICAL SYSTEM PERF<FMAN::E DLRI N3 FLIGHT. 3.6. 1 X s s s s s C 

1--' . 
ICD-2-14001 0 

I 
PARA. 3. 1, OIARACTERISTICS CF ELECTR.ICAL P<MER SUPPL IEO TO EAOi sie. 1--' 2.9.1 X s s s s s C 

.l>, 

ICD-2-12001 

PARA. 3.4 • 1, OIARACTERISTICS CF DF I ANO TIJMBL I N3 SYSTEM PCMER. 3.6.1 X s s s s s C 

ET CE It Ml«,-ET-002~A 

TWO (2) VOLT ffi<P ALLC:WED FRO! THE INTERFACE WITH THE (REUTER TO THE 3.6.1 X s s s s s C 
Of I BUS IN ET 1/T. 

------------------------------------------------------------------------------------·---------------------·----------------------------------
ffiBITER INTERFACE OiARACTERISTICS 

------------------------------------------------------------------------------------------------------------------------------------------
3.3.1.3.1 <RB ITER INTERFACE W 1TH EXTER~L TAN< - THE CRBITER VEHICLE X s s s s s C 

SHALL I NT ERF ACE W 1TH THE ET AS DEF If-ED I N ICD-2-12001 • 

41VV005 VERIFY THAT THE PRCPELLANT <.:OtO ITI Ot-6 AT THE ET Lct2 5.3.3 /( s s s s s C 

DISCHARGE OLRIN3 MAUSTAGE ARE WITHIN s>ECIFIED LIMITS. 

41VV006 VERIFY THAT THE PRCPELLANT COtOITIOt-6 AT THE ET LH2 5.3.3 X s s s s s C 
· 0 ISCHARGE DLRI N3 MAI ~TAGE ARE WITHIN 9>ECIF IED LIMITS. 

3.3.t.3.2 mo I TER I Nf ERF ACE w I TH SOLi D ROCK ET BOOSTER 

•s - SUCCESSFIJL P - rARTIAL SUCCESS F - FAI LLRE C - C04PLETI ON CF REQU IREMEt{f VERIFICATION 

- -
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TABLE 1 • .3-1 M:iFC !i>ACE Sl-tJTTLE FLIGHT EVALUATION 

SPECIFICATION REQUIREMENTS & FLIGHT TEST REQUIREMENTS (CONTI NJED) 

---------------------------------- -------------------------------------
JSC 00770-X SPECIFICATION REQUIREMENTS 

FLIGHT TEST Rf:QU IREMENTS 
ICO/CEI SPECIFICATIOt-6 

MSFC RE!i>Ot-61BLE 
FER ELEMENT/SYSTEM 

SECT I ON S9-IE ET sm N>S 

STATUS PER 
STS NO.* CFT 

0 1 2 3 4 STATUS 

----------------------------------------·--------------------------------
3.3.1.3.2.1 ASCENT GUIDAt£E AN) CONTROL - FLIGHT CONTROL SH.\LL BE 

PE~c»IEO JOINTLY BY THE mBITER VEHICLE AN) THE SRl•S FRCM 
LIFTCFF TO STAGltG. THE <RBITER SHALL PROIIOE STEERltG 
C04MAN:>S TO THE SRI TVC. 

47VB007 VERIFY SRI TVC SERVO\CTUAT<R PE~CM4At£E TO OETER41 t£ 
RE!i>Ot-6E, STABILITY, POSITIONll'G A~ACY, AN) 

REOUN:>At£Y SCHEME CPERAT I ON. 

2.4 .1 

X WA • S S S S 

X WA S S S S 

---------------·---·-----------------·--------·---·-------~~--1!"~·~-s . 'S<:::,.S,,'. let <RBITER VEHICLE INTERFACE WITH MAIN EtGlt£-·THE <RBITER 
VEHICLE SHALL INTERFACE WITH THE MAIN El'Glt£S AS OEFltED IN 
ICD ll-M-15000 • 

41V'«>05 VERIFY THAT THE PR<PELLANT CONllTIOt-6 AT THE LOZ 
EtGltE ltUTS ARE WITHIN !i>ECIFIEO LIMITS. 

41VV006 VERIFY THAT THE PR<PELLANT CONllTIOt-6 1 AT THE .LH2 
EtGltE ltUTS ARE WITHIN !i>ECIFIEO LIMITS. 

5.3.3 

X 

X 

X 

s 

s 

s 

s 

s s s s 

s s s s 

C 

C 

------------------------------------------------- ---·-··--------------------------------------------
3.3.2 
3.3.2.1 

3.3.2.1.1 

SOLID ROCKET BOaiTER (SRI) CHARACTERISTICS 
sm PERFCM4At£E CHARACTERISTICS 

SR! ASCENT- THE SR3 1 S IN PARALLEL WITH S9-IE'S SHALL PROIIDE 

IMPULSE AN) TVC TO THRUST THE FLIGHT VEHICLE FRCM LIFTCFF 
TO SR! STAG I tG. 

4 7VB007 VERIFY sm TVC SERVOACTUAT<R PE~CM4At£E TO DETER4 I t£ 

RE!i>Ot-6E, STABILITY, POSITIONll'G A~ACY, AN) 
REOUN)At£Y SCHEME CPERAT I ON. 

4 7VBO 10 DEMOt-6TRATE N>EQUATE SR! PR<PULS I ON SYSTEM PERFCM4AN::E. 
MCrl VERIFY Sl-tJTTLE VEHICLE PE~c»IAN::E ( I NIECTEO WEIGHTS) 

IN THE FLIGHT Ef'N IRO~ENT. 

2.4. 1 

2.3.0 
2.3.0 

X 

X 

X 

X 

WA S S S S 

t+'A S S S · S 

WA S S S S 
t+'A S S S S 

-------------------------------------·-----------------------------------------
*S - SUCCESSFUL P - PARTIAL SUCCESS . F - FAI LlRE C - CCMPLETI ON CF REQUIR94ENT VERIFICATION 
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TABLE 1 • .3-1 MSFC SPACE SHUTTLE FLIGHT EV.A.LU.A.Tl ON 

SPECIFICATION REQUIREMENTS & FUGHT TEST REQUIREMEr-ITS (COr-ITI NJED) 

------------------------------------------------------------------------------------------------------------------
JSC 00770-X SPECIFICATION REQUIREMENTS 

FLIGHT TEST REQU IR04ENTS 

ICD/CE I SPECIF ICAT I ONi 

MSFC RESPONilBLE 

FER ELEMENT/SYSTEM 

SECT I ON S94E ET sm MPS 

STATIJS PER 

STS NO.* CFT 

0 1 2 .3 4 STATIJS 

------------------------------------------------------------------------------------------------------------------
sm CE I , CPO 1.3t()OOOOB 

IGNITION INTERVAL, PARA • .3.2.1.6.2.1, INTERVAL SHALL BE BETWEEN 170 2 • .3.0 X WA s s s s C 

AN> .340 MS AFTER IGNITION C04MAt(). 

PRESSURE RISE RATE, .PARA. .3.2.1.6.2.1, MAXIMlJ4 RATE Fm PRESsmE BUILDlP 2 • .3.0 X WA s s s s C 

SHA.LL BE 109 PSI Fm At« 10 MS INTERVAL. 

Tl-RUST DIFFERENTIAL, PARA • .3.2.1.6.2.4, IGNITION Tl-RUST IMBALAt.cE, 2 • .3.0 X WA s s s s C 
STEADY STATE Tl-RUST IMBALAt.cE At() TAI LCFF Tl-RUST IMBALAtcE. 

PERFmMAtcE TOLERAtcES, PARA .3.2. 1 .6.2.2 • .3, SHALL ~T EXCEffi TOLERAtcES 2 • .3.0 X WA s s s s C 
IN TABLE ~2. 

--------------------------------------------------------------------------·-------------------------------------------------------
.3 • .3.2.1.2 sm PERfCRMAtcE REQUIREMENTS - THE N:M I l'l,L VACUlJ4 Tl-RUST-TIME 

CURVE SHALL FALL WITHIN THE LIMITS ILLUSlRATffi ON FIGlRE 

.3 • .3.2.1.2A AND TABULATffi IN TABLE .3 • .3.2.1.2A. THE ~ I N\L 

Sft4 VACUlJ4 IMPULSE SHALL MEET THE REQUIREMENTS ON flGlRE 

.3 • .3.2.1.2A. 

47V0010 0010NilRATE M>EQUATE Slti PRCPULS I ON SYSTEM PERFCH4AtcE. 

MC.-1 VERIFY SHJTTLE VEHICLE PERFCH4At£E ( I ~ECTffi WEIGHTS) 

IN THE FLIGHT E~ IRON-1ENT • 

sm CEI, CPO 1.3t<IOOOOB 

IGNITION INTERVAL, PARA • .3.2.1.6.2.1, I NrERVAL SHALL BE BETWEEN 170 AN> 

.340 MS AFTER IGNITION C04MAt(). 

PRESSURE RISE RATE, PARA .3.2.1.6.2.1, MAX IMlJ4 RATE Fm PRESsmE BU I LDI.P 

SHA.LL BE 109 PS I Fm At« 10 MS I NT ERV AL. 

Tl-RUST DIFFERENrlAL, PARA • .3.2.1.6.2.4, IGNITION TlRUST IMBALAtcE, 

STEADY STATE TlRUST IMBALAtcE At() TAI LCFF Tt-RUST IMBALAtcE. 

PERFCRMAtcE TOLERAtcES, PARA .3.2.1.6.2.2 • .3, SHALL ~T EXCEffi TOLERAtcES 

I N TABLE 3-2. 

.3 • .3.2.2 

.3 • .3.2.2.1 

SR3 DESIGN CHARACTERISTICS 

EXTER~L CON=' IGURATI ON 

2 • .3.0 

2 • .3.0 

2 • .3.0 

2 • .3.0 

2 • .3.0 

2 • .3.0 

*S - SUCCESSFUL P - PARTIAL SUCCESS f - FAILURE C - COIPLETION CF REQUIREMENT VERIFICATION 

-

X WA s s s s 

X WA s s s s 

X WA s s s s 

X WA s s s s C 

X WA s s s s C 

X WA s s s s C 

X WA s s s s C 

-
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TABLE I .l-1 MSFC SPACE SttJTTLE fLIGHT EVALUATION 

SPECIFICATION REQU IRB4ENTS & FLIGHT TEST REQU IRB4ENTS (CONTI NJED) 

-----------------------------------------------------------------------------------
JSC 00770-X SPECIFICATION REQUIRB4ENTS 

FLIGHT TEST REQU IRB4ENTS 

ICD/CE I SPECIF ICATI 0~ 

-----·---· 
3.J.2.2. I .4 TIRUST VECT<R CONTROL - THE ~ TVC SUBSYSTB4 IN COMJUK:TI ON 

W 1TH THE Sftl SHALL BE CN>ABLE CF PRO/ ID I t6 PITCH, ROLL, AND 
YAW VEHICLE MOIEMENTS. •• 

47V0007 VERIFY SFB TVC SERVO\CTUAT<R PERFCH4AK:E TO DETE"4I t£ 

RESPOP6E, STABILITY, POSIT I ONI t6 ACQRACY, AND 

RBJUNDAK:Y SCHB4E <PERATI ON. 

47VOOI I DE>40P6TRATE H>EQUATE I ~LIGHT PERFCH4AK:E CF THE 
TlflUST VECTCR CONTROL P<lfER SUPPLY. 

SFti CE I, Cf'OI ~OOOOB 

HYCRAULIC P<lfER SUPPLY, PAAA0 3.2.1.7.1.3, VERIFY THE FOLLOlIt6 
PR6-APU START 

LEVEL tfl'tRAULIC FLUID RSVR SHALL BE 60-80j (70 +/- 5j F<R STS-0) 

Nl2 5H445 GNl25 BOTTLE WTLET PRESSURE 385 PSIA +/- 10 PSIA AT 70 DEG F 
N12 5H445 GN425 BOTTLE GAS TB4PERATURE SHALL BE 45-139.5 DEG F 
GAS GENERAT<R BED T94PERATURE SHALL BE 219 +/- 29 DEG F 

DURI t6 CPERATION 

APU TIJRB It£ SPEBJ SHALL BE 72,000 +/- 5760 · RPM 

HYCRAULIC FLUID SUPPLY PRESSURE SHALL BE 3125 +/- 125 PSIA 

MSFC RESPO~IBLE 
FER ELEMENT/SYSTB4 

SECT I ON S9'1E ET SRI JflS 

X 

2.4. I X 

2.4.2 X 

2.4.2 X 

0 

STATIJS PER 

STS Nl.* 
I 2 3 4 

q:T 
STArus 

-----·---
WA S S S S 

WA S S S S 

t+'A S S S S C 

p s s s s C 

------------------------·---------------------------------------------
3.3.2.2.3 SRI DESTRUCT SYSTe-1 - THE ~ 1 S SHALL BE PROI I IJ::D W 1TH 

GRWND C04MANDED SYST94S TO DESTRUCT THE sm•s. 

47VOOl4 MONIT<R AND VERIFY PERFCH4AK:E AND STATUS CF THE 

RAtGE SAFETY SYSTB4 DURI N, PRELAU~H AND FLIGHT 

CPERAT I OP6. 

sm CE I, CPO I JK>OOOOB 

DESTRUCT SAFIN,, PARA 3.2.6.7.2, THE sm DESTRUCT SYST94S SHALL BE 
SAFED ELECTRONICALLY AND MECHANICALLY PRl<R TO NmMAL sm SEPARATION. •• 

a.o 

a.o 

*S - SUCCESSFUL P - PARTIAL SUCCESS F - FAILLRE C - COolPLETION CF REQUIREMENT VERIFICATION 

X t+'A S S S S 

X t+'A S S S S 

X t+'A S S S S 
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TABLE 1.3-1 MS!=C SPACE S1-UTTLE FLIGHT EVALUATION 
SPECIFICATION REQUIRB-IENTS & FLIGHT TEST REQUIREMENTS (CONTIIVEO) 

-----------~-------------------------------------------------------------------------------------------·--------------
JSC 00770-X SPECIFICATION REQUIREMENTS 

FLIGHT TEST REQUIREMENTS 

ICD/CEI SPECIFICATIONS 

EXTER~L TAN< CHARACTERISTICS 
EXTER~L TAN< DESIGN OtARACTERI STICS 

MSFC RE9>0"6 IBLE 

FER ELEMENT/SYSTB4 

SECT I ON S9'1E ET SRB WS 

STATUS PER 

STS NO.* 

0 1 2 3 4 
CFT 

STATUS 

-------------------------------------~--------------------------------------------------------------------------
PR<PELLANT SLOSH DAMP I t6 - VERIFY ET PROV I DES DAMP I t6 CF THE 

L<lZ TAN< WITHIN LIMITS CF TABLE 3.3.3.2.4 IN VOL. X. 

47VT007 VERIFY SPECIFICATIONS REQUIRI t6 GUARANTEED VALUES 
Of SLOSH DAMPI t6 IN THE ET LCl2 TAN< ARE MET. 

3.2.0 

X 

X 

WA S S S S 

WA S S S S 

C 

C 

- - --------- --------------------------------------------------------------------- -------------------
THEF44AL PROTECT! ON - ET THEff.tAL DESIGN SHALL ASSURE THAT THE 

EXTER~L SURFACE DOES NOT GO BELCM 32 DEG F Ut-llER lBD AllttOSPHERIC 

COK>ITI0"6. (SPECIFIED BY JSC) 

48VT001 DEM0"6TRATE PDEQUATE PERFCH4At-£E CF THE ET THER-tAL 

PROTECTION SYSTEM DUHt6 ASCENT At-ll VERIFY THER-IAL 
MODEL. 

3.5.0 

X s s s s 

X WA S S S S 

--------------------------------------------------------------------------------------------
3.3.3.2.8 SAFE SEPARATION DISTAK:E - TO INSURE A MINIMlJ4 SAFE SEPARATION X WA s s s s C 

D ISTAK:E BEl'IIEEN THE CRB ITER AN> THE ET CF 4 N.M I., FCR t01 I N\L 

MISSION THE ET SHALL tDT RUPTURE UNTIL AFTER ENTRY BELOI 

350 KFT. 
48VT009 VALIDATE PREDICTED ET TUMBLE RATE, BREN<UP ALTITUDE, 7.0 X WA p s s s C 

AIO RESULTANT FRAGMENTATION. 

---------------------------------------------------------------------------------------------------
MAIN El'GI ~ OtARACTERISTICS - THE s>ACE SH.JTTLE MAIN El'GI ~ 

SHALL MEET THE REQUIREMENTS s>ECIFIEO IN3.3.4.1.1, 3.3.4.1.2, 
At-ll ICD 13M15000. 

ICD BM15000 

SEE ICD BM15000 REQUIRB4ENTS DEFINED Ut-llER 3.3.1.2.2.1 5.4.0 X 

*S - SUCCESSFUL P - PARTIAL SUCCESS F - FAILLRE C - C04PLETION CF REQUIREMENT VERIFICATION 
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X X s p p p p 

X s p p p p 
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TABLE 1 .3-1 MSFC !PACE SliJTTLE FLIGHT EVALUATION 

SPECIFICATION REQU IRe.tE NTS & FLIGHT TEST R~U IR94E NTS (COtCLUDED) 

----------------------------------------------------------------·----
JSC 00770-X SPECIFICATION REQU IR94E NTS 

FLIGHT TEST REQU IR94ENTS 

I CD/CE I SPEC IF I CAT I Otfi 

3.3.4.1 

3.3.4.1.1 

3.3.4.1.2 

MAIN EtGI NE PERFffiMAt-cE OIARACTERISTICS 

EtGI NE PERFffiMAN::E LEVELS - VERIFY SI tGLE EtGI NE PERFCH4At-cE 

Tl-RUST, MIXTURE RATIO, SPECIFIC IMPULSE. 
41VV023 VERIFY THE CPPABI LITY TO ACCLRATELY PREDICT THE MPS 

FLIGHT PERFCH4AN::E At() AS5rnE MPS PERFCH4At-cE WITHIN 

PRESCRIBED ACCEPTABLE LIMITS. 

EtGI NE CPERATI N, CONDITIOtfi - THE El''31 NE CPERATI N, COND ITI 0"6 

FCR Tl-RUST, SPECIFIC IMPULSE, AND MIXTURE RATIO ARE GIVEN IN 

TABLE 3.3.4.1.2 • 
41VV023 VERIFY THE CPPABILITY TO ACCLRATELY PRB>ICT THE MPS 

FLIGHT PERFCH4At-cE AND ASSURE MPS PERFCH4At-cE WITHIN 
PRESCRIBED ACCEPTABLE LIMITS. 

MSFC RE9>0tfi IBLE 
FER ELEMENT/SYSTEM 

SECT I ON SS'-lE ET Slti 

X 

5.4.2 X 

X 

5.4.2 X 

MPS 

X 

X 

X 

X 

0 

s 

s 

s 

s 

STATUS PER 

STS NO.* 
1 2 3 4 

<FT 
STATUS 

-------
p p p p 

p p p p 

p p p p 

p p p p 

------------------------------------
3.5 
3.5.3 

3.5.3.1 

CPERAB IL ITY 

USEFUL LIFE 
REUSE __________________________________________ ,-.. _____________________ _ 

3.5.3.1.2 ET - THE ET IS OOT REUSABLE AND SHALL BE CPPABLE CF A SI N,LE 

VERTICAL LAUt-cH. 

X WA S S S S C 

----------------------------
________________ , _______________ _ 

3.5.3.1.3 Slti - EAOI Slti SHALL BE CPPABLE CF A Ml NIMUM CF 20 VERTICAL 

LAUN::HES W 1TH RECOVERY, RETR I EYAL AND REFURB I Sli4E NT AFTER 

EAOi MISSION. 

X WA S S S F 

---------------------- -------------------------------------------
3.5.3.1.5 S94E - THE S94E SHALL BE CPPABLE CF A SERVICE LIFE, BETWEEN 

0V ERHAUL, a= 55 STARTS CR 7 1/2 HWRS TOTAL TIME I tCLUD IN, 

NOT MCRE THAN 14,000 SECONDS AT FPL. 

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

X s s s s s 

---------------------------
*S - SUCCESSFUL P - PARTIAL SUCCESS F - FAILURE C - CCNPLETION CF REQUIRe.tENT VERIFICATION 
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ao SOLi D ROCKET BOOSTER 

2.1.0 SRB FLIGHT SUMMARY - Thia subseclion provides a summary of lhe signiflcanl 
evaluation result• relative to t.he SRB durina STS-4. 

2.1.1 SRB FLJCHT OBJECTIVFS AND ACCOMPLISHMENTS - Table 2.1.1-1 summarizes the 
STS-4 objectives perlalnin1 to the SRB alon1 with the degree of accomplishment and 
discrepancies for each objective. 

Tflll: 2.1.J-J SftS 09JCCTIVC' AND ra:xJ"l'\.1:!ttl~TS ------------________ , ______ -------------- -------------------- ----. -. ••. ----------
DBJCCTIVCS 

EVRLUATC SRB 11RSS PRO'ERTICS, 
RECONSTRUCT "ASS l'RCJ'ERTICS -
CO"PARC TO PRCOICTm CRl'A ftC 
PRE:IJICTCD OISPCRSICJ.lS AT 
'JGNJrlCA~ rL1611f f:Vfffl5, . 

EVfll.UATC SRt1 PttOPll.SICN 
P[RrOR"RNct. CO"Pf'AE TO 
PRCrLJ6HT PRCDICTICN. 

V[RJr1 TVC ~CftvQr,cn,,.""l'T'Cft 
· l'tRrOR~ANCC OURINS f\.lGHT. 

'itRJrT TVC HYDRAULIC~ 
SUBSlSTC" PCRroRr.Fta ~ 
MJTHIN DCSIQN Ll"IT. 

VCRJr1 OCSISN Ll"IT'S l.D'llS 
NCRC NOT CXCCCDCO CI.RINi 
LJrTorrt RSCCNT, ~ICN, 
PRRACHU C DCPLOY~Olf, 
DtSCCNT ANO NATCR ltffCT. 
VtRJrT STRCSSCS IN nt: SRt1 
ANO Art ATTACH STRUT5 l<O£: 
NOT EIICCCDCD OURl..a lliiNITICN, 
tCIUJOONN, rLIS:tt IN> RE:DM:RJ. 

mur, PRCSSURC~ [NM SRB 
DJD NOT cxcccn OCSIGN 
CRITERIA OURINS HD..CXXJ,N, 
ftSCtNT AND RCCNTRT. ~lf"T. 
5R8 SlRUCTuRAL Vl~IOI 
rNVJRONl'ICNT I lNT~ 
ACOUSTIC CNVIRON"OO. 
'itRJr1 c,1 ANO "C~ICA.. 
CONPONCNTS OCSl6N CRITERIA 
NEftt NOT CIICCCOCO. 

VDtJrJ THAT THC ~'Ml1IC 
1£A11N~ CNV[RON"CNT rT Tl-£ 
SRB MRS WITHIN OCSIGN LIMITS 
DURJN!; ASCCNt AND ~ •. 

EVALUATE THC TPS POif UG AG: 
AHO vaun ALL PRltffY. SRB 
STRUCTURCS AND SUBSTSTD1. 
CO"PONCNTS 0[0 NOT E:XPERID-a: 
TDIPtRAtURtS BtYO~ CESIGN 
Ll"JlS. 

CVRLURTC THC PCRr~ CT 
THC RAN6C sRrCTY SYSTD'I, 
OURJNG ALL PHASCS rT f\.lGHT, 

VtRJrT esn PCRrORPft«:f:, Vt:Rlf'J 
RE:LtASC or At .L SRB S'l'RU:'l\M. 
RTTACHtl[NtS IN RCOJIR£D Tltt: 
,UJOD. 

VERJF''I SRB RCCNTRT TRA..CCTtltY 
ANO AlT[TUOC AND W[R rn 
l'tRrORnma: or 1tc~ 
,1sTDt. 

oc;r.cc or 
N:CDPlf'LIStffltNT 

CDfUtl.ctt 

RSctNt•co,vtLCTC 
, RCtNTftl'-1 NCOffl"i.at: 

l"'ftCT- INCDtlPLCTt 

MCEMT - INCOtl'l.£1't 
RttNTRI - lNCOtf'l..at 

JNCQIIILCTC 

DJSCRCP~ICS 

Nl)tjC 

NONE: . 
Bfflf SRlho LOST Rt WftTCR 

· lfffCT 

1J11TA NOT AVRJLABLC 

D'Tft NOT AVAILft8LC 

a.£ TO LOSS or SRI DATA 
1111:CDtDERS TC~tRATIJIC Ll"ITS 
ttM: NOT BEEN .YEIUr1cu .• 

NONE 

D1 !lftf:SSURE ORTA NOT 
IWPIILABU: 

fl.I. IVIJN PRRRCHUTCS rRILCD 
OIi IIJTH SRBa RF'lCR DR06UC 
Olm 0tP'LOJMCN1. ISOTt1 
~ WERE LC!T.ArttR 
~-

2. 1-1 



2.12 SRB CONFIGURATION OF.sCRIPTlON SUMMARY - Figure 2.12-1 present.a the SRB 
contlguralion for SJ'S-4. 

As a result of probability of main chule damage al depJoyme. t, the main chule rloa~ 
were disconnected. One deck filling remained attached lo prevent Joss or lhe main 
chutea after splashdown. Also, the main parachute first alage reefed area was increased 
to balance first and second stage loads. 

The following changes were made to the TVC: 

o Accumulator added in TVC hydrRul~c system to· increase system stability. 
o APU "purge in" flex hose was re-added. 

Insulation on nose cap was ch!lnged from bonded cork lo sprayable ablator. 

Additional rlng reinforcement was made on aft skirt rings to reduce water impact 
damaae. 

2.1-2 
-
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13.21 SPHERE R. 
NOSE CAP 116" LONGI 

-

PILOT & 
DROGUE 
PARACHUTES 

fWO SEPARATION MOTORS 14) 
1/FRUSTUM 1128" LONOI 

,--~ .SEALED FORWARD ATTACH FITTING 

&1.1~· 
DIA. 

I BULKHEAD FORWARD SKIRT (128" LONGI 

-
+Z 

-z 
THREE MAIN 
PARACHUTES 

RECOVERY 
BEACON ./FORWARD CENTER RKT MTR SEGMENT 

,,,., cuo· LONOI 

CEI TARGET 
WEIGHT: 
LENGTH: . 

• 

,. 

SYSTEMS 
TUNNEL 

1,DC,208 
587.IM2 ltg. KO. 
1,789,60 INCHES 
1149.13 FT.I 
145.48 Mt'rERSI 

BA~IC DIAMETER: 148 INCHES 
112.11 FTI 
C3.11 METERS) 

AT RECOVERY 
NO PARACHUTES 

DFI 164.438, LBS 
OF 183,705, LBS 

AFT 
ATTACH 
RING 

AFT CENTER RKT .MTR SEGMENT 
1320., LONGI 3 AFT 

AVIONICS ATTACH 
11 EA) STRUTS 

1/r
AFT RKT MTR.SEGMENT 
WITH NOZZLE . 
1498. 12 .. LONGI 

KICKRING 

AFT SEPARATION 
MOTORS (41 

rA"IKIRT 
I 190.S .. LONG) 

...-11::1..,__ 

TWO CASE 
STIFFENER 
RINGS 

1WOOIMBAL: 
ACTUATORS EX!ENSION 

TWO THRUST VECTOR 
CONTROL SYSTEMS 

FIGURE 2.1. 2. -1 SRB CONFIGURATION 
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2.L3 SRB SIGNIFICANT EV~ TJM~ - Table 2.1.3-l lists the SRB significant event times 
£or STS-4, relative lo lhe B ignition command (f21?&14:59:59.'793 CMT). The actual, 
predicted and delta times are sho"·n along wllh the event descr1pllon and number. A 
rererence lime of 1982:1?8:14:59:59000 CMT was ealablbahed for STS-4 data a·educlion 
purposes and is referred lo in lhil!' report as lhe "GMT REFERENCE TIME". Dela 
resolution for lhe SI'S-4 SRB significant event times is nol consistent with that or 
previous flights. (Note: Item 8 - SRB Ignition PICs are replaced by KSC Holddown 
Pl Cs.) 

TA81..E 2.1.3-I SRB SJGNJrJCflNT CVCNT TlNtS 
-----------------------------------------·-------------------------------------

TI I'£ rR011 SRB I GN Cl1ND" ISECI 
1TD1 cvtNT OCSCRIPTION l"SID/50.JRCC PCTUf'l. PRCOICTCD mrr ·""" 
-------------------------------------------------------------------------------

SRB l&N S&R DCVICC MM BSSXlB'12X -297.63'1 -299.000 l.J66 
BSSX1843X -297.63• -299. 000 1.366 
BSSX2812X -297.231 -299.000 I. 766 
BSSX28'43X -297.63• -299.000 I .J66 

2 SRB rLT RECORDER lt-0 ON B78X7888A -17,23'4 -50.000 2,766 
B7BX88e8X -'16. 23't -S0.000 '3.766 

3 i •M AUTO CAL B78X7926X -39. 234 -39.000 -.23• 
B78X8926X -39.234 -39.000 -.231 

4 SRB HPU ACTIVATION CND BSBl<3017X -27.644 -28.000 . '356 
RCSPONSC Tl t1C . B58K30l9X -27, 101 -28.000 ,596 

6581<10 I 7X -27.321 -28.000 .676 
BSBK4019X -27.164 -28.000 .836 

5 lGN PlC AtB ARN Ct1D BSSV1603C -17.2'3'4 -18.GOO • lt:iti 
B55Vl60•C -17.234 -lB.000 • 766 
BSSV2603C -17,231 -18,000 ,766 
B55V2601C -17.231 -IB.000 .766 

s C-3 START CHO FW:CCPTEO E:• 1113076D -6.310 
7 SR8 IGNtTION Ct1l GPC .000 
8 KSC HOLD DONN PICS ~11SVl'JOXR .017 .010 .007 

Gt1SV230XA ,013 .010 .003 
9 L1rrorr 3.et'I LBS .230 

SRM ~UST 
10 SHUTILC 11AX 0 BCT 71,000 65.000 6,000 
11 BOTH SRt1s PC SD PS I A V90P2S35C 123.900 120.170 3.730 

OR BCL04 V90P2536C 
12 SRM NOZZLE NULL CHO V79H21l0A 128.209 121.170 3. 7'39 

V79H21 I IA 128,210 124.•70 3.7•0 
V79H2130A 128,JIO I 2-1. 470 3,740 
V7~131R 126.213 121.170 3;113 

13 SRB PHTS[CAL SEPARRTJON Ut SRB. 129.979 126.170 3.809 
RH SRB 129.981 126.170 3.811 

14 LH RECOVCRT P[C Rffl1 BS2X7B84C 156.170 
IS RH RECOVCRT PtC ARM B52X8881C 156.170 
16 RC-E:NTRI l'flX O IN0111 LH SRB BCT 315.800 ..311.000 1.000 

RH SR8 BCT 31• .200 314.000 . .200 
17 LH HI P&..T BARO SM Ct.OSCO BSSV16l 7A 316.070 
16 RH HI f\.T l!RRO :3M a.osco BSSV2617R 346.070 
19 LH 1..0 FLT BARO SH CUlSEO B55Vl618A 367.820 
20 RH LO f\.T BRRO SM CUlSE:D B5SV2618R '367.B~O 
21 LH ~Z:ZU: JCTT]SON Ct) BS2X7897E 387.320 
22 RH t-()ZZLC JCTTJSON Ct10 B52X8897C 387.320 
23 LH SR8 Il"PACT BS2X7886C 400.830 
2-1 RH SR8 [tf)ACT 8S2X8886C 100.830 
25 LH RECOVCRT SIS PNR arr 652X7885C -too.e:m 
26 RH RECOVCRT S'tS PMR OF'i BS;!X888SC •00.830 

-------------------------------------------------------------------------------
" 1982: 178: 14: 59: 59. 793 SMT 

•• Otir. - RCtLR. - PREDICTED 

2.14 SRB FAILURES, ANQMAY§ ANO RFx:QMMENDE:P tCl'IQN - There were two 
anomalies associated with the SRB during STS-4: (1 The #7 SRB ho)ddown bolt did not 
eject properly and (2) both SRBs "'ere losl due lo mall unctions of the Recovery 
Subsystem. The Pl'PRs generated on t.hese anomalies are presented in Figures 2.1.4-1 and 
2.l4-2. 
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SRB's were not recovered 

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

" 

Required date for resolution: 
STS-5 FRR 

Personnel assigned: STS-4 Board of Investigation 

Action Progress: 
In accordance with the MSFC Contingency Plan, a Board of Investigation was appointed 
by the MSFC Director to conduct a complete investigation of the loss of the SRB's 
and to publish a comprehensive report of its findings: 

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

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 n~t eject properly at liftoff. 

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

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

Required date for resolution: 
Not liftoff/flight critical 

Personnel assigned: EP15/0. Harrison 

Action Progress: 
Appro~al 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 
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2.2.0 SRB M~ PROPBR'l'lfS - 'nlble 2.2.0-1 •bow• final mas, properlles for t.he 
lefl-taind ( and rlahl-hand (RH) SR&a. _aeapec:lively. Theae dala are compared aaainsl 
preflicht dal.a at aelected mlallon time point& · 

Na wei&hl chanan were applied lo lhe prefliahl prediction al I.he ianilion lime poinl. 
Dltference1 not.eel at end or action Urne. -,era\lon and •pluhdown are attribuled to the 
burn profil• and lo the probabili\1 lhlll the nmal• exil coma were not jetliaoned. Prior 
to lhe flight, an error wu detected In the (RH) SRN eenler or grav lty raultlng ln an 
afl cc movement or l.? lncb• at the ....-auon lime point. 

The i&nltlon and aeparation "X" cent.er or crav l\y impact.a a.-. 0.00 lnohea and +0.36 
lnchN (LH) and +0.11 lnchea and +1.m incbm (RH). respectively. The separaUon cenLer or 
pvily i• 59.m (LH) and 51.31,c (RH) of vehicle leqth. The mean liftoff inerl weiahl 
and at.anderd cleviet.lon of fllch\. mot.on utllia4 thus far. ia UJl409 +/- 661 pounds. For 
the loaded condition, t.he meu. ~ht ia 1,,29'1.339 +/- 1~ pound& At aapara\ian, the 
mean wetah~ la 182.311 +/- 4'19 pound& Tbeae data were derived from a •mple or e. 
'nlble 2.20-2 providea a wei1hl eomparimn belween predict.eel and fli1hl evaluation data. 

TAa.E 2,2.O·I SRB l'RSS PRtPCRTIES COflRRI~ 

· STS-•ff CLHI STS-4B IRHI 
-.------------------------------CVENT PMDICn:o- r IN'\. DCLTft PM:DlCTtO- DCLTf'I 

16NltlON 
WCIGHT,POMOS 1, :298, 21J l,l9:e21J 0 1,299,.253 I, :299, ~'3 0 
'lC' C8,l~CS 1168.77 II .77 a l 168.82 1168. 93 •0.11 

t0RT 
WCiliHT,PCUIDS )83, 710 183.8111 · •108 18'3,101 183,115 • 229 
·x· C&,lt<CHES 1258.DJ 1257.46 -o.ss 12S8.S3 1260.42 •I.B9 

SCf'fffflT I ~ 
WC(I.JtT,PCX.NOS Jei,941 l8a.9J7 - 10 l~_,666 1ei,ss1 - 15 
· x· ca.1 t0tts 1259.SJ 1259.15 .-Q.36 1259.67 1281. 35 •1.68 

SPLASK)O~ 
NCIGHT,~OS 167,936 169,889 •1,9S3. 167,603 169,569 ~ 1,966. 
T CG,l~ES 1'317.1'3 1331.'34 •6.9J 1317.68 1'326. 92 •9,c!1 

-------------------------------------------------------------------------------------------------•AETtROC£ "5F"C "o,JRANOU1 El..43 146-~I MrtO APRIL LS, 1982. 
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TABLC 2.2.0·2 STS--t ..ClGiT COt1PAIIJ50N -----------------------------------------------------------------------------------------------------..:IGNT lPOUND51 
5T9·4A lUil STS-18 IRHl -------------··------------------- ----------------------------------PRflJJcn:0 fLIGtfl' 00.lA PRCOICTCD Fl..lGHI' OELlA 

-----------------------------------------··---------------------------------------------------------------SRB suesrstc" 111, 12]1 111, 1231 0 (11,3301 141,3301· 0 
SlRUCTURC 28,067 28,202 
R(COVCRr 7,33] 7,lll 
lHRUST VCCTOR CINTRCl. 2,329 2,329 
strRRRTION J .-l•l l. l1l 
CLCCTRICAL/lNSTRl..t'Oll'RTICN 1,901 1,973 
RANSC SP.rcrr 150 150 

5R" IINCRTI. 1149,1161 1119, 1161 0 1118,6301 1148,629) ·1.0 
SlRUCtuRC · 125,lSl 125,317 -6.0 125,205 125,208 •l.0 
lNSULRTIOH 11.16s 18,473 -e.o 18,222 18,217 ·S.0 
LlNCR . 1,353 1,354 •1.0. l, l19 1,318 • 1.0 
lNH!BltOR J,9)) 1,938 •S.0 l,951 1,958 •7.0 
IGNITION SISTO, 488 -(82 -6.0 488 -(88 0 
lNSTRUt1CNTflTION 287 288 .,.o 257 256 -1.0 
CXlCRNAL INSULATI~ J,007 99'5 -12.0 g]2 ·g1e ·14.0 
UNCONtROLLCO lt£R,T 230 239 • 9.0 226 236 •10. :J 

PffOP(LLANT II, 107,97]1 II, 107,9731 0 ll, 109,2931 1 l, 109,2931 0 
USl:ABLC 11, 107,2::lll II, 107, 1021 1-IQJJ 11, l08,S161 11,108,7841 1·2381 

T.D Llftorr 562 571 • 9.0 562 S69 •7.0 
LlfTOrr TO CIJ'IT 1.106.641 l, l06,SJI -110 l, l07, 984 l, l08,21S •231 

UNUSCABL[ 177(11 18711 l•I JOI (7471 1509) 1 ·2JBJ 
[OAr TO ScPARATICN 758 717 -• J 730 491 ·239 
UNCXPCNOCO . 12 1st •1-12 17 18 • 1.0 

SLAG 615 61S D 615 61S 0 
--·--. -------------------------------------------------. --------------------------------------------

-

-
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2.3.0 SRM PROPULSJ ON PERFORMANCE 

- 2.3.J SRM PROPULSION PERFORMANCE COMPARISONS 

.. ,. 
••';, 

-

. ~!, • 

,· 
;,;,. 

• 

2.3.1.1 SRM PERFORMANCE COMPARIS>NS TO PREDICl'ED -- The SRMs for ~-4 are 
d•lanat.ed Al3 and AJ4 for t.be left and rlcbt. mot.ors, ~pect.lveJy, as viewed from lhc 
afl end of lhe vehicle. All tim• •hown in lhi• action, unl-·.noled ot.herwiae, are 
referenced to the SRB Ignition command time at 1982:1?8:l•:59:~t:'19G (GMT). 

All aclual performance data were derived from the Orbiter Fli1ht Jnatrumenlalion daln 
base (12.6 spa). The SRI recorders which have hl&h sample rate& (320 spa) had not boon 
recovered when this report was prepared 11nlt.lon performance requiring the hllh 
sample rale is not shown and is nQted N/A, meanina not available. 

Tb8 STS-4 (Al3/A14) t.bru• t-lime performance 111 compara::I to the· predict.eel perf ormanC<' 
on rtaures 2.3.1-1 and 2.3.1-2. Theae figures abow· the eompartsan tor the steady 
at.ate/t.alloff tnices for S'l'S-4(A13) and snt-4(AJ4~ respectively. The actual lplllon 
t.ran• ienla ere nol available. · · 

35om00 

DltXIOO 

31011100 

240CJl00 

CD DlmOO 
..J 

.... l&amoo Ill 
~ 
a:: 
~ 

120lll00 .... 

a l0IIJ00 

i 

.,,. ..... --_ H. 
-~ :l~Tp~ ~it:8t,UUT, .1:t. 

c.::.,,-- ,: "' STS·• IAl31 

' t.!'~!:-Y 1,;11u.-. 

'-- . -~ ' STS-4 CRl ~+1J '"-RE:CONSTRt 

' \\ 
\ \ 
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4Cla000 - ' . \\._ 
0 

0 40 ·ao Ill IDQ I~ 
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F'IGURE 2.3. 1-J STCAOY STATE-TA[LOFT LH SRM VACUUM THRUST 
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r[GLIRE 2.3.1-2. STCFDY STATE:-TAILOFT RH SRM VACUUH THRUST 

The maximum percent differences during steady stat.e operat.lon between the predlct.ed 
and reconstructed values of thrust. plus the times of occurrence are shown on the 
following table. 

STS-41Al3l 

MAX 
DIFTCRCNCC~ TlMC lSCCl 

-3.6 
-3. '1 
-3. l 
3,7 

3.0 
2l. 0 
61. 5 

106.5 

STS-41Fll41 

MAX 
Dlff"ERENCE• TJMC lSCCl 

6.0 
20.0 
62.5 

106.0 

-4. 0 
-3.B 
-4.0 
3.8 

M % DlffCRENCE = llRtCONSTRUCTI:D - PREDICTEDI/PREDICTE• l XlOO 
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2.3J.2 SRM PREDICTED IMPU~E, ISP, BURN RATE COMPARISON - The Sl'S-4(A13/A14) 
reconstructed vacuum impul•e performance is compared to the predicted performance on 
the follow in& tab le. 

IHPULSC GATE:S 

STS-1tAJ31 

120 (lQMM6 LB-SCCI 
160 (lQMM6 LB-SEC) 
lAT (l0MM6 LB-SCCI 

STS-1 IA11l 

120 (l0KM6 LB-SCCI 
160 (l0MM6 LB-SEC) 
IAT (10••6 LB-SECI 

PRE:OICTEO 

61. 90 
169.90 
291.13 

62.20 
i69.6-1 
291.78 

RECONSTRUCTED OEl.TAl¼IM 

59.85 
165.00 
295.57 

59.9-1 
165.28 
295.84 

-3.31 
-2.07 
0.39 . 

-3.63 
-2.57 
0.36 

•DCL.TA • I lRCCONSTRUCTED - PRE:DICTCOI/PRtDICltDI XJOO 

The predicted and reconstructed (hued on OFI data - 12.5 spa) vacuum specific impulses 
at action time are compared as follows: . 

PROlICTED 

VACUUl1 ]SP CSCCI 

RECONSTRUCT COMM 
-------------------·----- ·-------------------------------
STS-1CA131 
STS-1 CA111 

265.70 
265.70 

266.77 
266.70 

!.07 
1.00 

MOELlA • RF.CONSTRUCTOJ - PREDICTED 
MICHISTOR[CALLY THC Or[ CATA 112.5 SPSI EXCECOS THC SRB or1 DATA 

l320 SPS l BY O. 23¼ lABOUT O. 6 SEC. I 

The predicted and rec6nstructed propellant burning rates are compared as follows: 

PROllCTEO 

BURN RATE I IN/SEC I 

RE:CONSTRUCTCO 00..TA(1/.)M 
------------------------------------· ----------------------
STS-1(A131 
STS-iCAliJ 

.3708 

.3712 
.3&t2 
.3638 

-1 .B3 
- -2.0S 

MOEL1A • llRECONSlRUCTE:0 - PRE:OICTr.OJ/PREDICTE:OJ XlOO 

2.3-3 
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2.3.1.3 SRM EVENT TIME COMPARISON TO: PREDICTED - The actual STS-4(Al3/Al4) event A 
times are compared lo the predicted vajues on the following table. W 

~~-

----------------------------------- -~---------------------------

S1S-4 IAJ31 
. 

IGNITION INTERVAL ISECJ 
WEB TIME lSCCI 
Til1E or so PSIR CUE ISECI 
ACTION TIME CStCJ 

STS-4 IAHI 

IGNITION INTERVAL ISECJ 
HEB TJME: ISECI 
TIME or so PSIR CUE ISECI 
ACTION TIME ISECJ 

PREDICTED 

0.226 
llO. 6 
120.2 
122. 4 

0.226 
110.4 
Jl9. 9 
122. 1 

RCTURL 

NIA 
114. 2 
122.9 
126.1 

NIA 
114.1 
123.9 
127.0 

NIR 
'3.6 
2.7 
3.7 

NIA 
3.7 
4.0 
4.9 

J 
----------------------------------------------------------------
MDtLTA • ACTUAL - PREDICTt0 · 

The predicted and actual separation command times are compared on the following 
_ / table. Separ.ation is based upon the 50 psia cue r rom the last SRM plus 6.0 seconds plus 

u 't-- a lime interval between receipt and execution of the command to separate. No time 
~ de lay is assumed in the prediction. 

PRtoICTEO 
FJ;TUFIL 
ACTUAL - PRtDICTED 

SEJ>ARATION CONMANO 
TI11C 1S£:Cl 

126.17 
129.98 

3.BJ 

. -
23.1.4 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 
day11 and is based upon monitoring the SRM environment in lhe VAB and on the pad · 
until L-10 days .. The environment after L-10 days is for~ by the A~mospheric 
Sciences Division al MSFC. The posttught PMBT is determined by using measured 
environment data instead of the forecast. The preflight predicted PMBT and postflight 
calculated PMBT are compared as follows: 

STS-•HA:31 
STS-•HA14J 

PREF'LIGHT 

80. 
80. 

Pt1BT ( OESREl:S rJ 

POSTf"LISHT 

78. 
78. 

N(ELlA - POSTfLIGHT - PRU'LIGHl 

2.3-4 
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2.3.1.5 SRM TEMPERA11JRE PROFILE- The S'l'S-4{A13/A14) segment. temperature profiles at. 
lgnilion are shown on the following table. The profile is shown for one segment. and is 
representative of the temperature gradients throughout. both motors. The angular 
locations are measured count.ercloclcwise from the O degree reference (South} looking 
forward from t.he mot.or aft. end. 

S£St1Dff T01PCRATURC IDCG r1 
DJ STRNCC ( IN I lOC 45M 90• 13SM 1B0• 225M 270• 3i5• 

0 82.1 79.5 7B.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 81. 6 79.7 
7.88 76.0 75.4' 75.3 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 78.4 
21.56 77.8 77.3° 77.2 77.4 77.9 78.9 79.4 78.B 
28.9i 78.1 17.7 77.6 77.8 78.2 79.0 79.3 78.9 
36.31 77.8 '77.9 77.9 77.9 78.2 78.7 78.9 78.7 

----------------------------------------- .--------------------------
w OESRCES ROTATION 
MM MERSURED TD CENTER Of MOTOR fROM OUTSJDE Of CASE WALL. 

" 
2.32 SRM NOMINAL PL"RFORMANCE Rf&UI REMENTS 

2.3.2-1 STS-4(A13/Al4) THRUST-TIME COMPARISON TO REQUJREMENTS - The SRM 
performance limits are specified in JSC 07700, Volume X. The flight motor 
reconstructed thrust-time traces are normalized t.o a PMBT of 60 deg F before cr,mpe.ring 
the traces to the JSC O'nOO, Vo1ume X perrormance llmlts. The llmits are constru-.:ted 
by applying the web time average vacuum thrust. web time. and act.ion time dispersions 
to the J~ 07/00, Volume X nominal tbrust-Ume trace. The STS-4(A.13) and SI'S-4(A14) 
reconstructed thrust-lime traces normalized to 60 deg F are compared t.o the Volume X 
limits on Figures 2.3.2-1 and 2.3.2-2.' ~•.ively. . · 
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2.3.2.2 SRM NOMINAL THRU~-TIME P~BN4NCE- The nominal SRM perrormance is 
definad a• lh• av•r•c• par orme.Ace olhe q1ialificat.ion atalic leal and fli1hl mot.or 
series at standard condi\lona. The unclard ~l\.lons con1l:1t or t.h• propellant burn 
rate of 0.3f58 lps Al ~ pala and a PWlft of • Dai F. '?he mcht molor recon• lructed 
thrusl-lime lraees are normali.cl lo atandard condiliona and averaaed with the QM 
static test dale at itandard condlUona to form the SRM population nominal thrw,t-lim<' 
trace. This nominal SRN perrormance will be continually updated durlne the Shuttle 
program. It la the current est.lmate of Uw tctal population nominal. The population 
nominal don not include STS-4 1ln« t.he SIii Df'I .-Order date la not available. The 
SRM population nominal i• compared lo t.he JSC <lr'100, Volume X populelion performance 
requirements of +/-3% on Flcure 2.3.2-3. 
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The SRM population nominal at deliv..-.d condlUons i• the SRM poeulaUon nominal at 
standard conditions coupled with the averaae tarpl burn rale mia. The avera1e burn 
rate mlss is defined as tbe averace of Ule 4iff erencea in the tarcet burn rate eand the 
actual burn rate at PMBl'=«J dq F for the QN/STS-1,2.3,4 atalic teat. and fhghl series. 
The averaae taraet burn rate mia is -.'70X. The delivered SRN population nominal 
performance is compared to th• JSC O'n00. Volume X population ~rrormance 
requirements on Fi1ure 2.32-4. 
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The vacuum lmpulae at standard and deltvered condtUons at each of lhe gates Is 
compared t.o the JSC 07700. Volume X requlremenls on the tolJow lng table. 

~iRl1 POPULA'T I ON 

lHPULSE RE:OUIR01EN1' 

120 ClO••6 LB-SCCl 59,40 lHINI 
160 CJO••S LB-SCCl 165.50 17O.½6C•3Y.l 

163.BSC-1'%1 
!AT ll0••6 LB-SCC) 291,20 CH!Nl 

•NORHRL..IZCO 'TO SlRNO~ CO~l'TICNS 

NOHllft..• 

61 .20 
167.62 

291,13 

OCL.IVCRf:• 
N01INAL•• 

60. 77 
166.15 

294,13 

,..NORHFl. I ZCD TO 00..1 Yl'RED CONO IT IONS - AVERAOC TARSCT B~N RATC t1 I 55 
lCJ1/STS- I, 2, 3, • I 

2.3.3 SRM lQNJTIQN PERFORMANCE 

2.3.3.1 . SRM IGNJTION INTERVAL- The SRM 1.anlllon interval is required by the SRB CEI 
Specification lo be between r'io and 340 milliaeconds alter i&nition command lo lhe NSls 
in the S&A device. The Ignition interval ends when the head end chamber pressure has 
increaaed t.a a value af 563.5 paia. The ignition intervals measured from the STS-4(Al3) 
and Sl'S-4(A14) motors are compared w Ith the predicted lnlervals as follows on the 
ronow ing table. 

IGNITION IN'TCRVRL. 1"51 

STS-• IAl'Jl 
STS-1 l A 111 

PRCO IC1'CO 

226 
2.26 

.. ou_r~ ·• l'ICASURc• - PR£:01crco 

NIA 
N/I, 
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2.3.3.2 ~BM IGNITION PRESSURE f lSE RATE - The maximum rate of heed end chamber 
preaure buildup durinc the i&ni7on lran• ienl i• required lo be la. than 109 pei for 
any 10 mlntsecond Interval. The ml"MUl'ed maximum lgnltlon preasure rise rates for lhe 
s,'S-4(A13) and STS-4'(A1') molorw arw mmparwl with the prftlicled riw rates as follows: 

STS-'11Al3l 
'3TS-11Al-ll 

MAXIMUM l6NITION 
PRESSURE RISC RATE [PSIIIO MS! 

PRrnlCTE:• 
91. 0 
91.0 

MCASURCD 

. NIA 
NIA 

DELTA" 
NIA 
NIA 

---------------------------------------· ----------
•DELTA - MCASLREO - PREDICTED 

:aJ.4 SRB SEPARATION DELAY AND CUEINC PRG§IJRE 

2.3.4.1 SRB SEPARATJON CUEING PR.fffiURE- SRB •paratlon command was set to occur 
al 8 aecond• alter lhe SJUI hNd end chambar p,....ure ha• decayed to 50 'peia in both 
the STS-4(Al3) and STS-4(A14) motor& The 00 pa&a cue time ls detined as the time when 
the head end chamber pN1191Nre baa decayed \0 ~ peia. The «ctual separation command 
lime baaed upon lhie cue i11 3.81 . 

:aJ.42 SRB PRE-SEPARATION THRUSl'-TlME HJ;rBRY - The lime delay ror SRB 
separation command is fixed to allow lhe SRlhrust to decay to a value less lhan or 
equ.al to 60,000 pounds. The nominal and 3-•tcm• maximum SRM tallolf thrust-time 
hilllory art.er t.he SRB hNd end chamber pl'N9Un, bu dacayad to ao p• 1a haa been 
derived based upon the STS-1, 2 and 3 fllpta. The· reconat.ructed vacuum thrust for the 
SI'S-4(Al3) and STS-4(AH) mot.on Is compared to the nominal and 3-slama maximum 
tailoft on riaure a3.4-l. 
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JSC 07700 Volume X specifies that the nommal decay time for motor head end pressure -
to decrease rrom 50 psia to a pressure corresponding to 60K pounds thrust is 2.4 
seconds. A 3-sigma variation of this decay lime is +/- 1J8 seconds. The transducer 
error for 50 psia is +/- 15 psia. The time variation associated with this error is U3 ·· 
seconds. This vcriation and the above 3-sigma variation shall ·be root-sum-squared to + 
1.82 seconds and added to the nominal decay time of 2.4 seconds for a maximum decay 
time of 4.0 seconds based upon cueing pressure. The decay lime intervals for SI'S-4(A13) 
and STS-4(A14) are measured from the time the motor head end chamber pressure has 
decayed to 65 psia to the lime corresponding lo 60,000 pounds of lbrusL The measured 
decay limes are compared to the predicted decay limes as follows: 

PREOICTCO 
N£ASURCO 
DEl..TA• 

QCCRY TIME ISECI 

SlS-1lR13J 

4.62 
5.30 
o_.se 

S'TS-4lAlil 

4.51 
4.65 
0.14 

-oELT~ • 11CASURCO - PREDJC'TED 

The variation of the STS-4(A13) and STS-l(A14) measured decay time intervals with the 
average decay lime Is shown on the following table. The decay time is the lime from 
65 psia of chamber pressuTe lo 60,000 ~unds of thrust. The average decay lime is 
baaed upon the average of the DM/QM/STS-1,2.3 static lest and flight series. 

STS-41Al31 
STS-4IA14I 

R'l£RRGt 
DCCAY 
TIMC 
(SCCI 

4.73 
4.73 

DECAY 
lit£ 
lSECJ 

5.30 
4.65 

VARIATlON 
f'ROt1 

AVCRAGC 
lSECI 

0.57 
-0.08 

2.3.4.3 STS-4 SRB SEPARATION COMMAND TIME DELAY - The STS-4 SRB separation 
command time delay of 6 seconds was selected to insure that the SRBs do not separate 
from the Shuttle vehicle before the SRM thrust decays below 60,000 pounds. This lime 
delay was slali&Ucally determined from the DM/QM/STS-1, 2, 3 static lest and flight 
f!eries. The SRM separation Lime delay statistically based upon the DM/QM static lest and 
Olght motor series (STS 1, 2. 3) tor STS-5 Is 6.0 seconds. 

2.3.5 MATCHED PAIR 'I'HRUST DIFFERENTIAL 

2.35.1 MEASURED IGNITION THRUS'J' IMBALANCE - The maximum thrust imbalance 
belween two SRMs on the Shuttle vehicle for the tirst second of operation results from 
the sum of the dlfference in thrust-time profiles and the difference caused by a ··· · 
difference in the time. of SRM ignition. This maximum ·tnrust imbalance is defined by 
the AFSJG u +/-4Z7,000 pounds over the Ume span from first ignition to 0.4 second& 
The comparison of reconstructed sea level thrust. froan. i~iUon through 1.0 second 
bet.ween t.be STS-4(A13) and STS-4(A14) motors is not shown for STS-4 u t.he ignition 
transient.a are not available. 

83.6.2 TIME DELAY Bti'WEEN SRM ICNITION - The time delay between the ipilion or 
the LH and RH SRM is due to the avionics response to start command. The ignition· 
tlme delay for STS-4 is not available. . . -

2.3.5.3 NORMALIZED IGNITION THRUST IMBALANCE - The maxlmum thrult Imbalance 
between t.wo SRMs on the Shut.Lie vehicle derlnecl in the SRB CEl Speci!lcation for the 
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first second of operation assumes no Lime delay bet.ween t.he ignition of the 1.H and RH 
molara. On STS-4, no lime delay ia available. The differ-,nce in recon• lrucled lhrual 
between the STS-4{A13) and t.he STS-4{A14) motors compared lo the SRB CEI Speclrlcatlon 
ignition thrust imbalance profile ls not shown. The igni lion transients are not avallab IE'. 

2.3.6.4 STEADY STATE THRUST IMBALANCE - The maximum SRM 1teady st.ale t.hrust 
imbalance ror a mal.ched pair of SRN• i• dertned by the SRB CEI SpecmcaUon aa 85.000 
pounds beglnnlna at 1.0 second and endln1 al 4.5 seconds berore lhe earliest motor web 
time. The 1leedy state thrust imbelonce includes o transition during the 4.5 second 
lime interval lo lhe tailofr imbalance requiremenl by increasina linearly from 85,000 
pounds to 268,000 pounds. The instantaneous thrust imbalance between STS-4(Al3) and 
S9l'S-4(A14) durin& steady state operation i11 compared lo the SRB CEI Specification 
requiremenl on Fiaure 2.3.5-1. 

3omtl0 

2•0000 -- -·----L---
' 
' 18(1)00 

12tJl00 

tE:I SPECIF" ·--
SRB CAlJON I 

lt1BF ~ANCE REOU RfJ1EN1 I• B 13,000 LBSI ----.., . I 
I 

--~_:-,. __ ' 
-H-

--------- --------- -------- -------- - - - - ' 
~ 

60l00 
a:, 
_J 

IIM.fl 
~-·--

l'IAX INS~ _st( __ us ~- . - '36, i87 LI~. 
"1 91.0 . 

0 
t-
1,/1 

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

:) ·61XJOO 
i 
I-• 

5 
·l2CXIOO 

::, 

~ ·IBIDJO 
> 

·------------- ... -- ... -------- ------~- ·---"/-- - - - -I 

I 

SRB ~Cl SPCClr CATlON ,......_// I 
I 

I MBF .. ANCt RE:ll.J R01EN! 1-8 ,.coo LBSI I . 
' 

·2411100 
' 

I• 1MARI. DtJrr- • 1-'TS-4 CAI ~I N !NUS S'TS-4 I Al •' 
-10CD00 . . 

o ~ to m ao 100 1:m 

!IMC CSCCl 
rtGURE 2.3.5-l LH/RH INSTANTANCOUS STEADY STATE THRUST 

[MBALANCE VS. SRB CEI IMBALANCE: REQUIREMENT 

The thrust imbalance between STS-4(A13) and STS-4(A14) dur Ing at.eedy st.a~e operation is 
the maximum difference belw•n the- reconatructed vacuum thruat.a averaged over any 
tour-second time span wit.bin t.he steady stale intervat The steady state thrust 
Imbalance over all 4 second spans bet.ween S'l'S-4(A13) and STS-4(A14) is compered to lh(! 
SRB CE[ Specificnlian requirement an Ficure 2.3.5-2. 
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The SRM lailo f imbalance lime interval ie defined . in the SRB CEI Spec ificalion aa 
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The Impulse durln1 th~ tailoff Ume lnterv11l is to be les1 than or equal to 4,500,000 
Jb-NO. The impulse durlng taUoff ls compared to the precUc\ed impulN and the 
maximum requirement on the followin1 table: 

TAJLOFT IMBALANCE: IMPULSt 

NRXJNUH RCOUIRCME:NT 
PRE:OJCTE:D 
ACTUAL 
DELTA• 

I l()luc6 Lb-sec I 

4.500 
0.593 
0.200 

-0.393 
--------------------------~-----------------------------

•DELTA - RCTURL - PRCOICTtD 

2.3.6 PERFORMANCE TOLERANCES 

2.3.6.l TOTAL POPULATION VARIATION - The parameter variatiQns of the total 
population of SRMs about a nominal value are constrained by the requirements defined 
in the SRB CEI Specification. The nominal SRM performance is defined as the averai;:e 
performance of the QM static test and Oighl motor series at. standard conditions. This 
nominal SRM performance wlll be cont1nu1lly updated wJlh DFI data during the Shu:.Ue 
program. Jt. will not be updated for STS-4. It is the current estimate of the total 
population nominal. Thia performance is defined ~ing lhe propellant burning rate. of 
0.368 in/sec al 625 psia and PMBT of 60 deg F. A comparison of t.he STS-4(Al3/Al4) 
calculated and reconstructed parameters at PMB'l' of 60 deg F with respect to the 
nominal values anci the SRB CE( Specification maximum 3-sigma requirements is shown 
on Lhe foUowing table: 

------------------------------------------------------------------------------------------------SR8 C£( 
(• OR -I STS-1 STS-1 STS-1 STS-1 

l1flX 3-SlSf'lfl NOMINAL• CAl31 1Al31•• IAl-41 CAl<tJ u 
PARMTE:R VFIRIRTION (7.1 VAUit 160 DtG rt VARIA!lON IXJ 160 OCG rt VRRIATl0N IZI 

----------------------------------------------------------------------------------------------1£8 TJl1C s.o u1.98 sec 116,19 S£C '3. 8 116.01 S£C 3.6 
ACT 1 ON T JttE: 6.5 123.40 SE:C 128.08 SEC 3.8 J2B.98 sa: ... s 
11:B l111E: FIVS 

PRESSURE 5.3 618.1 PSJA 6~.2 PSIA -3.1 626.6 PSIA -3.1 
'1AX HEAD £NO 

PRE:SSURE: 6.5 863.D PSJA Bl2. l PSIA -3.6 BJJ.6 PSIA -3.4 
'1flX S[fl U:V[L 

THRUST 6.2 2,9-13,000 L8 
N£8 TJl'1t AVG 

3,821,000 LB --t. J 2,83l,000 LB -1.2 

YRC THRUST 5.3 2, 562, ooo :.a 2,<t79#000 LB -3.2 2,48l,OOO LB -3.2 
Y;lC D£L. 

SP£:ClrJC 
JNPU..st ••• 0.7 265.84 SEC 266.53 S£C 0.26 266.45 S£C 0.23 

0 TJME VAC 
TOTAL JMP 1.0 286.87 1'1.8;..SEC 288,00 11.8-SEC 0.39 287.87 P11..B-SEC 0.-35 

ACTION TlME 
YRC TOTAL 
Jl'1PI.LSE: l.0 294.27 111.B-SEC 295.10 111.B-SCC 0.28 295.46 111..B-SEC 0.40 

---------------------------------------------------------------------------------------------
• ON STATIC T£STISTS-l,2, 3 AVE:RAGt RT STRNOffiD CONDITIONS 
- VFIRIATION • CCST5-•CRl3/lil - NOMINRI..JAIIJ1INRLI X 100 
..... BAS£!) UPON OPE:RATlONRL PROPO.LANT LOAOJ'Ei or l~ 107,880 PO~-

2.3.6.2 MATCHED PAIR SRM VARIATIONS- The parameter varlaUons between the SRMs in 
a matched pair are constrained by requirements defined in lhe SRB CEI specit:calion. 
'nle variations between lhe matched pair oC SRMs shall be calculated uving average 
measured values. The differences between the srn-4(A13) end Sl'S-4(A14). calculated and 
reconstructed parameters are compared with the SRB CEI Specification requirements 
bet.ween matched pairs on the following table:. 
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--------------------------------------------------------------------
SRB CCI -tftTCHCr. PAIR SlS-ilA13/Alil STS-ilAl3/Al1l 

PARAME:TE:R REOUIRCMCNTS l'l.l Olf'F'ERENCEM VARIATIONl'l.)NN 

WEB llHE 2.0 0.15 SEC 0.13 
ACTI OH TI ME: 3.0 -0.94 SEC -0.74 
WEB ll 11E AVG 

PRESSURE: 2.0 -0.4 PSJA -0.06 
WEB TI ME: AVG 

.VRC THRUST 2.0 
YAC DCL 

-2,055 LB -0.08 

SPEC Ir IC 
lt1PULSE: l. 0 0.07 SEC 0.03 

htB TIHE: VAC 
TOTAL I11PULSE l.i 0.11 tt.S-SEC 0.05 

ACTION TIME: VAC 
TOTAL 111PULSE l.i -0.36 11L.B-SEC -0.12 

--------------· -----------------------------------------------------
wOiffE:RE:NCE • STS-4CAl31 - STS-41A14I 

••VARIATION BASED UPON AVERAGE VALUE Of" STS-11Al3/Alil 

-
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a4.0 THRUST VECTOR CONTROL SYSTEM 

a,u SRB *c SERVOACTUA'l'OR PERFORMANCE - During prelaunch and ascent fiighl, all . 
actuators petformed u expect.ed with respect to positioning accuracy, rat" and 
redundant operation. [n general, performance was similar to that exhibited by the 
STS-1 tbroug~ STS-3 £light actuators. with no anomalies. Figures 2.4J-1 through 2.4.1-4 
•how the measured actuator parameters tor preJaunch and ascenl m~ht. Shown for 
each actuator are the following: command (degrees), position (inches). secondary 
differential preasure11 for channels A, B, C and D (psidJ and system· supply pressure (psia). 
Actuator load data (actuator differential pressure and force) were lost on the DFJ 
Recorders. Also lost were the actuator• secondary position measurements intended for 
splashdown data. · 

2.4.l.1 SYSTEM DESCRJPTION - The TVC servoactuator is n four chan'iiel electrohydraulic 
proportional control devi:e, receiving input commands in milliamps and output.ling 
linear actuator piston position in inches. The SRB noale is then vectored in accordance 
with the nozzle pivot. poinl and lhe actuator all.aching geometry. The unlimited strok.e 
capability of the actuator is +/- 8.4 Inch• (approximately · +/- CS. degrees). _ 

The actuator basically consists of the ,followin& subassemblies and componenlc 

Four servov2lves (each c:onslstlng or conventional torque molor/ 
nozzle - flapper first staae with second st.age spool) 

Four aolenoid bypaaa valves 
Power valve 
Main actuat.,r piston 
Preflltratlon and wpply aource selector valve 
Hydraulic Jock an<t manual bypass valve 
Four dynamic pressure feedback modules 
t.echanlcal piston position feedback mechanism 
Transient load re lief mechanism . 
Four servovalve dJfferentlal pressure traneducers 
Dual piston posit.ton lranlducena 
Actuator differential prasure trnnsducer 
Actuator force measurement 
Pr lmary pressure OK switch 

Identical cw-nmt. commands to the torque motors create secondary dilrerential pressure 
outputs from: each servovalve. These are aummed on· the simplex pow"r valv~ spool to 
divert flow into either sicle of the main actuator piston, effecting an extend or· retract 
piston output motion. PosiUon of the malr. piston is mechanically fed baclc 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 managemenl The ATVC will activate a solenoid bypass 
valve, thus isolating an off ending servovalve, should that valve's secondary dirf erential 
pressure output exceed 2000 +/-200 .psld tor 120 mlUlsecond& · · 

. :~ 

Pre:!aure source redundancy is achieved with the supply pressure BOurce selector valve 
which receives a primary and secondary supply pressure (each nominally at 3000 to 3250 
paia) from the •~" and "B" APUs. A prinuary supply pressure falling inlo lhe 1900-2200 · 
paia range causes switching t.o I.he secondary source. A pri~ry pressure OK indicator 
BW'it.ch signals the source at.at.us u "on" for Lhe primary mode and "off" for the 
secondary mode. 

PolarlUes for the telemetered actuator parameters are as follow-= 

PosiUcn: 
Command: 

!ecocdary dllrerenUal preaure: 
Actuator dirferenlial pressure: 
Actuator rorce: 

"+'" indicates actuator extend 
•+ .. Jndicat• actuator extend for lJI Rock It RH Till 

•-• indicates actuator exten:I for LH Tilt & RH Rock 
"+ .. extends actuator 
"+" indicates actuator extend or compressive load 

"+ .. illdicatn compreaive load · 
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· 2.4.1.2 LAUNCH COUNTDOlfN REDLINES - The redlines imposed during launch countdown 
were mel wilh ample marginH. Redline parameters con11i11ted or 16 aeeondary dillerential -
pressures. 16 actuator channel failure indlcat.lons and 4 actuator J>O!lllllons. The redllne 
requirement is·+ /-1 deg 1- /- 0.5 during t.he gimbal lesl and 0 deg + / - 0.4 during lhe 
null requirement. The second11ry dirterenlial pressures are required lo be O psid .. . : - 990 
from gimbal test. completion to ''go for SSME start." All channel bypass commands were 
"orr• as required from SRB glmbal t.esl start to "go for SSME start." 

2.4.l.3 Ac.,'UATOR ANea NO'lZLE POSITIONS - These data are summarized in Tables 2.4.1 ··1 
and 2.4.J-2. · Tabulat are the maximum excursions for specific events during prelaunch 
and ascent. tllght. The maximum excursion occurred on the right till acluator during 
inilialion of lhe roll maneuvm· Also tabulated are lhe actuator null positions cind 
associated angles durina prelaunch and just prior lo separation. 

!ABLE 2.1.1-1 SR8 rvc ACTUATOR HAX[HUM POSlTIONS 

L[fT SR8 RIGHT 'SRB 
ROCK TJLT ROCK TILT 

-------------------------------------------------------------------- --------··--
PRE LAUNCH 

INIT]AL NULL orrstT -0.59 -1.13 -O.S4 
-+ l OCG GIMBAL TEST 1.25 1.22 I. 33 
- l DES GlHBAL TEST -1. 33 -l. 32 -:- I. 21 
NULL -o.as -• .05 .OS 

SRM tGNI TION -0.S -0.5 0.6 

ROLL MANEUVER 
[NITJATJON .2. 0 -1. 3 2.4 
CORRECT JON -2.2 1.3 - I. 4 

0 MAX - I. 9 1.5 I. 8 

SEPARATION l'-ULL -0. 18 -0.2 -0. IS 

NOTE: POSITIONS IN INCHES ACTUATOR PISTON TRAVEL rROM NULL POSITION 

TABLE 2.4. J-2 SRB NOZZLE VECTOR POSfTIONS 

-0.64 
l. 40 

- 1. 20 
0. 10 

-0.4 

-3 . .2 
2.2 

- I. 9 

-0.03 

LE:rT SRB 
ROCK . TJLT 

RIGHT '3RB 
ROCK TILT 

PRELAUNCH 
[Nl!lAL NULL orrsET .DO - • 3 I .. 12 -. 03 .. l DES GlMBAL TEST I. 42 l. 51 I. 58 1. 54 
- l DEG GIMBAL TEST -.58 - • 46 - • 4 4 ··, 47 
NULL .42 .52 .55 . :,2 

SRM IGNI TrON -.so , .. 
- • C-t:, • 35 .-, 25 

ROLL MANEUVER 
IN I Tl AT JON 1. 39 -J.20 '. .6S . .? . ~;g 
CORRECT JON -1. 90 .85 -1 .. 23 I. 52 

D MAX -1. -15 l. 20 l .·H · I. ·IS 

5CPARATION NULL 0.35 0.12 .-ts . so 

NOT[: POS [ rr ONS IN DEGREES OF \/ECTOR ANGLE fORM NULL POS lT I mJ 

24.1.4 ACTUATOR PQSJTJONING Ac.CURACY - Actuator positions closely followed 
commands durin« rtlght. These data are summarized in Table 2.4.1-3. In general, the A 
larger erron1 occurred al Eeparalion null. Thi11 was cauaed by temperature sensitivity of • 
the servovaJve configuration. This sensitivity induced a drirt to lhe retract direction as 
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hydraulic fluid t.emperature lncreuecl. Thia trend i1 conal• t.ent. with STS-1 thrO\lp 
STS-3 m1hta. · 

TABLC 2.4.1-3 SRB TVC ACTll\TOR POSITIONING ERRORS 

LEM SRB Rlla'HT SRB 
ROCK TILT ROCK TILT 

PRtl..RUNCli 
+ 1 0£6 6IHBAL TEST a.as .02 -0.01 -O.l2 
- 1 OCG SIMBAL TEST .01 .01 -0.01 -0.06 
N.JLL .01 .01 -O.O'l -0.08 

SRH IGNJTJON 0.05 0 -O.O3 -0.08 

l\'OU. M~VER 
INITIATION 0.03 0.01 0.05 -o.ae 
CORRE:CT I ON 0.10 0~06 o.os -0.09 

o mx O.lJ 0.08 0.07 0.02 

SEPARATION NW.. 0.1• 0.16 0.12 0.02 

tt:T NULL ORJrT -0.10 -0.12 -0.16 -0.10 

N'.>TE: POSITION ERRORS IN OE:SRE:ES 
ERROR - ACTUATOR CONMANO lOCG J -0. 8 ,. ACTUATOR POSIT I ON . 11 N l 

2.4.L5 ACTUATOR RAT&9 - Table 2.4J-4 1ummariz.es the actuator rate blstory. Rates 
were hlghest durin& prelaunch when acluators were initially unlocked by system pressure 
application. The offset positions coupled with zero command caused these rates to be . 
hl&)l. Durin& the ascent fli&ht phue, significant rates werw encountered d11ring guidance 
release alt.er ignition, roll maneuver and actualor null prior to •epe.rat.ion. 

TABLE 2.4. 1-• SRB rvc ACll.f'ITOR MAXIMUM RRTCS 
-----------------------------------------------------------------------------. . . 

LEn SRB RIGHT SRB 
RCCK TILT ROCK TILT s 

PRfl.AUNCH 
ACTUATOR NULL 4.0 6.7 4.6 •.7 
SIHBfl. TCST 1.5 -t.6 1.3 1.1 

SRH · IGNITION 2.1 2.3 2.8 2.6 

ROLL MANflJVE:R 
INITIATION 1.7 J .o 2.3 2.9 
CORRE:CT 1 ON 1 .s 0.9 1 .1 2.0 

0 HAX 0.3 0.2 o.s 0.3 

THRUSl TAILOff o. '9 0.3 o.s a.a 
SEPARATION NLU 1.6 2.2 3.0 ... 1 

NOTE: RA"!CS IN DEGREE:SISCC lSCfl.C rACTOR. a.a DEG/IN) 
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2.4.l.8 SECONDARY OJ ~NTI AL PR~URES - The secondary diff eren\ial pressures are 
measured from channe • A, B, C. D of mch actuator. Pre.urea were within O +/- 250 
pslg during prelaunch and drifted to st.ee.dy stale values or +/-500 pii!g at separation. 
This drlrt was caused by the scrvovalve!!I sen11itivity to temperature and is consistent 
w ilh result.a of previous fliaht&.. 

2.4.l.7 DUTY CYCLE - The total accrued angle for all actuators during prelaunch and 
ascent flight was 146 degrees. The allotment lo the left rock, lert lilt, right rock and 
right lilt actuators are respectively 32. 32. 39 end 42 degrees. Total number or 
degree-seconds required from the actuators were 83, 56, 68, and 82, respectively. 

24.2 HYDRAULJC POWER SUBSYSTEM PERFORMANCE - On Tables 2.42-1 and 2.42-2 are 
summarizd the critical ni1ht measurements and pre launch event limes for this fli&bl. 
Several dirferences were noted between I.his and pNvlous ntght.s. First, this ts the first 
~l u• tna a plat.on accumulator, which la precharpd with 9B +/- J cu. in. of CN2 al 

. +/- 60 psla. The accumulators are phyalcally localed near each actuator and are 
shown schematically on flcure 2.4.2-1. The hydraulic preasure trace (t1.ptcaJ or all) 
shown on Fi1ure a42-2 indioalea lhat preaure tlucluaUona were ai1naticanlly decreaaed 
when the aooumulalor was employed. This veriflcaUon can be made by oomparlng 
Figurn 2.4.2-2, with Flcure 2.4.2-3. Unfortunately a more detailed compartmn cannot be 
made since lbe hiah sample DFI measurement.a are not currently available. Fiaure 
2.4.2-2 indlcat.ea a much crea\er drop in I.he reaervoir level lhan has been previously 
seen. The 3.a additional drop waa due to chargiq the accumulator durlna p,....ure 
buildup to 3200 pal In the system. If the 3.2% ts sublracled from the tabulated values 
(pre-start and P0$. st.art.) lhe level decreue Till be In very clcx,e agreement with STS-1. 
~ and 3 data. The 8800nd diecrepancy noted concerned lhe riahl hand, B ayatem FSM 
pressure. For some lime prlor to the terminal oountdoYn It had been noted thal lhe 
FSM ~ure had been decay lng al a amst.anl a low rate, approx imale ly 1 to J.5 pal per 
day after correcUna for lemperalure. Thia preaaure wu carefully monitored d_ur,na lhe 
prelaunch period and no noticeable rate in01.- was noted.· The other 3 FSM presaures 
were al lea• t 20 pai hlah•r when the final countdown wu lnitlalecl. The 350 pela FSM 
redline which la valid unW APU start was passed w llh a 9.7 peta margin. Arter APU 
start this redllne is reduced to 300 psla. The lower f'SM pressure for RH B system did 
not adversely affect the APU performance. 

AH APU o~rattonal bands were w tthln prescribed llmlta A typical turbine speed trace 
and aaocaaled FSM preaure are shown on Ficure 2.4.2-4. Hydrazine consumption wDS 

approximately Z" of lotaJ available. Valve limes were In close.agreement wlt.h STS-3 
data and all1 redllnea were comfortably paaed. 

Turbine exhaust and reservoir oil temperatures were nol obtained since they are OF'l. 
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Tfll.t 2.4.2-1 SR8 TYC SUBSJSTD1 OVtRALL P[Rf0Rt1ANCC 
------------~------------------------~--------------~----------------ftH 

t£AStmD£NT 
1L.U1IT51 · SYSTEM ft SYSTEM B SYSTEM A SYSTEM B 

------· -------------------------------. ---------------------------------
rSM PRESSURC lPSI~I 

·ST~RT 1300 PSIA MINI 
CUT-OFT 1200 PSIA MIN> 

N2Hi USCO I •/Gfl. l. 

FSM TEMP lOE:6 -rJ 
•HYO RCS T01P lOES r1 
•TURBINE E:XHflJST TEMP IDES F'J 

G6 TEt1P ll:£8 n 
PRE-START . 1190-248 DCG F"> 

RCStRVOIR LCVEL lY.I 
PRE-START 150--ao'ZJ · 
POST-STFIRT lSS-99"1. l 

CUT-CfT 

MBINE: SP£m 
lX OF' 72 ICRPt1J 
100;( (•8%) 

(-87.J 

· 110¼ (•8%) 
(-8%) 

flPU START ISECI 
lOO'Z (2.7 TD 3.8 SCCJ 

382.9 
327.9 . 
6. 11.73 

80 

225.5 

71.6 
65.S 
68 

-4.7 
•5.7-

•J.<l 

3.21 

Nf'IEFISUREl1ENTS NOT OBTAINED rOR THIS fl.JGHT 

381.S 
331.9 
S.61.66 

78 

224.5 

74.2 
68.6 
71.6 

-4.3 
+5.3 

-2.76 

380.'l 
325.2 
5.71.68 

79 

225.5 

74.6 
69.0 
71.4 

-s.o 
•6.0 

3.00 

3S9.7 
301,6 
6.21.71 

80 

230.5 

79.0 
73.0 
75.4 

-• .4 
+6.0 

3.24 

TABLE 2.4,2-2 _SRB lVC SUBSlSlD-1 STS-4 PRD.RUNQi ~VENT StOUE:NCE 
-----------------------------------------------------------------------

Ut Rtt 

S.YSlDt A SIST01 B. srsrtn A- S'tSTEH e 
------~-----------------------------·------------------------------------------F\.CL lSQ.RTION VRLV£ OPEN -29.•6 -29.11 -28.83 · -28 .. S5 
stcONMRY SP£DlCONlROL VALVE OPEN -26.82 -26.66 -26.50 -26.34 
BYPASS VALVE CLOSED -21,82 -21 .67 -21.so -21.34 

· APU ACTIVITIE:S 
'APU·TO 110 -PCT SPEto -21,.19 • -21.29 N 

SPEED ea..ow 79.2 K-RPrt -20.89 .. · -20.94 .. 
RC1 IVRTE: SS-79.-2 K-:-RPrt • • • Ill 

DO.TA TIMC IC • IC '4 

PRE:f"l.IGHT G!l'flfl. PROSRFV"I 
STARl 18.90 18.90 IB.90 18.90 
ACTUATOR f'OSl!lON UNOER ~1- 0.5 JN 15.81 15.81 15.64 15.81 
ENO 15.58 15.58 15.58 15.58 
~1- .5 IN R£Cl.[NE ACTIVE 

ACT(VE: HYORRU.IC PRESS~C REIJLI~ • M . • M 

2eoo· - 33b3 PStA • • • • 
TIMES IN sec. GMT 11:59:59.000•0 

• DATA NOT AVAILABLE 
2.4-9 
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2.5.0 STRUCTURE AND LOADS 

2.5.1 SRB ASCENT LOADS VERIFJQTTON - The failure lo recover lhe SRBs drasllcally 
reduced the number of structural load measurements available. The measurements 
available for lhe evaluaUon werw; 

. . 

16. slraln11 on 8 llLP supporl poslll 
8 low frequency accelerometers -- forward skirl, mid-case, 

aft sklrl · 

The Ml,P strain data was usable for evaluating tension and compression loads on the 
pads during buildup. The _strain gauges were biased to allow for lhe tension calibration. 
Predicted statlc and design loads for the MLP supporl post. evaluation were. provided by 
Rockwell. A schemalic of the shuttle ·vehicle on the launch platform giving the 
numbering system lor the SRB supporl pads is shown in Figure 2.S.1-1. Figures 2.5.1-2 
and 2.5.1-3 show typical response plots or the MLP support. post st.rain tor compression 
end tension. . · . . . , ... · · 

The ML.P strain gauges were calibrated over a short period. or time. which resulted in 
Jowet' calibration factors and mor• reliable results. The calibration factors were 
mu~ied. ~ .J,he delta build-up a.-train and add~ lo the slalic load to ar-rive al the 
total load. The lower calibralian factors resulted in ·no exceedances for STS-4. 'l'he 
percent of design t:>C compression. tension, boll' lens ion, and. base mouient were 99';, 84%, 
89'7.. and 94~ respectively. Table 2.5.1-1 compares all four flights. Table 2.5.1-2 lists the 
support post. lens ion and compresaion loads !or. all Cour Cti&hls and compares lhem to 
the design loads. · · 

• •to• • 
(WEst) 

VlfY/ LOOKING FORWARD 

• 
• • 0- (NORTH) 

~SUPPORT PAD 
l9. NUMBERS 

fUGHT•HAND 
SRI 

FIGURE 2.5.1-1 NUMBERING OF FACILITY/SRB SUPPORT PADS 
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POSTS 
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COMP!il[SSJ ON 

TEN5[0N 

, SOL l TCNS [ON 

BASE H•l1. I i011116 lN-LBl 

TABI..C 2. s. 1 -) roar PAD LOADS 

STS-t 
LO"D 

II( [PSI 

1368 

-3'31 

l'32B 

-605 

918 

-160 

STS-3 SlS-4 
LC,,D LOFID 

11( IPSI lt<]PSI 

l381 I '311 

-672 -527 

985 840 

-'361 -327 

DCSIGN 
LOt'lO 

ll(}PSI 

1'355 

-626 

941 

-'317 

STS-• ,. or 
OCSIGN 

99.D 

B3.9 

89.3 

91.2 
----- ·---------------------------------------------------------··---------------

TABLE 2.5. l-2 l'\...P S!Jl~T POST TE:NS(ON At() C011PRE:SS10N 
LOADS Co-PARCO TO OCSIGN LC110S 

STS-1 STS-2 STS-3 srs--t• !J:SJ6N LOFO 
POST lKlPSI lK [PSI lklPSl lk[PSI ltc:IPSJ 

··----------------------------------------------------------------------------
I Q..lPPEO -560 -618 -527 -628"" 
2 CLlPPlll -605 -S13 -122 -62:8 
3 1265 1295 1297 1221 1355 
• 1366 1328 1381 13• 1 1355 
s CLll"PCO -495 - -1se -497 -626 
6 CLlPPED -578 -672 -487 -628 
7 1280 1217 1202 1192 115S 
B 1325 12-t7 121-t 1267 11S5 

-----------------------------------------------------------------------------
• INCLI.OCS 1.2-lNCH l1JSNATCH AT f"ORM~O ETISRB AnA::H PO]NT ft..O 

PRCLCJ\0 or f'f'T Rf'IOIRL. ST1'UlS. 
... -628 I TtNS l CJ-4 L.0,,0 I • 94 l I BOL. T LOP'IO I 

SRB LOW FRE<fcENCY ~EL~~NS - Table 2.5J-3 shows Lhe SRB low frequency . 
acceleration• or the orwa irl. alt mid-poinl. and all •kirt for the riahl and lert 
SRS. for liftoff and ucent flipt. Only 8 out of the 13 measurement.a were available 
and only the forward accelerometer in t_he X-dlraclion ·wu u•l>le on the tell SRB. 
There is claae qreemenl between STS-3 and gr'S-4 1 levels and althouah STS-1 and 
SI'S-2 results were not Included th•Y Y.,.. auo In aood agreement wllh the last Lwo 
fligbla. O'grame were rad for STS-1 raulta while data baae plot.a have been used for 
the last three fllah ts. · · 

2.5-3 



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

ux:ATIOlf 

n() SICIRT 

SIii 

L 

---------- .. ······-···---------·----·-- -------·- .--·-·--------·--------------
RICIS 

5A8 
S'?A 
IJNJ 

STS·l 

AltD "r:As. r11r:o. '£RS. n!CO.. 
l•I-QI 1·•1•1:1 11121 1•1-Ql IIG:1 

•II ~ 2.6 l,SS• 
.:n 
.05 

1.so
.22 
.06 

10 
4 

10 .. 

PIICD 
1•1·81 

l.S 

STS-3 

nus. rr.co. f£RS. l"RCO. 
1•1•81 IIG:1 l•/-i:I 11121 

2.SO• 2.44• 
2.45, l l.ll 3 

.OS 29 .12 30 

N> SICIRT R ·X 4311 2,6 l,S7• l,SS- 3.S 2.:;0• 2.15,,, 
,25 · 20 • J7 JO 2,i0• 3 2.3S 3 
.OS 1 .08 1 .10 29 .ID 30 -------. ·--_ .. _ -. ----------------- ·--------·-------- ---· -. --------------------·--· ... -·-----·-...... _ .... ______________ ----

N> SICIRT It ·Z QI 6.4 ,21 11 ,32 11 . 0.1 .17 26 .30 18 .................... · ----·-........... -... -... ---··---------.. -·----.... --.. - ............. --.................................. ____ ......... ___ .. _______ _ 
.n,o :,,ClltT • 

-· 1191 1.9 

-x 1191 1,9 

,n 1'D ,C5'1CIIT L · -z 1191 2.1 

•Z IJ9l 2. l 

,17 

I.SIi• 
,l 
.I 

I.II• 
,27 
.07 

.20 

.20 

20 

Ill 
1 

20 
1 

20 

20 

1.52,,I 
~l7 
.o, 

.22 3) 

0.1 

?.S 

I.I ,., 

,19 

2.se• 
2.ss 
.Dl 

-" 
.20 

2.39M 
3 2.25 3 

21 .13 26 

3) 

.22 

flf'T 11) SC;,,tllT L •T 1J9t l,l .ll 10 I.I -12 JO --.. ·-·············· .......... ________ .. __ .. ___ ._ ................ ___ ... ___ ..................................................... . 
l'f'T 11) ,CllltllT It •T 1191 l.l .11 13 .22 11 I.I .Ill 29 .22 12 ................................... _ .. _ ...... --....... -----········-·-· .. --........ _ ........... _ ........... · ....................... --........ ____ . ___ ........ . 
,n SKIii? R •X 1145 1,9 I.ti• 1.54• l-5 2.5.:l• 2-48,o 

.44 20 _50 2D i.:sa 'l 2.35 3 
, Ill 4 ,o, 4 • 12 30 .13 30 

------·-····-·------.. -... - .. _------------······· .. ···-··------.. ----.. ---·····-----·---·--.... -.... ----................. . 
frT ~lltT It •T 1.845 2.1 .11 · 12 • .26 2D 0.1 ' • ID 22 .17 12 
................................. -------·---------·-····· .. -..... -------.. -----·----··· .. -·------·· ................ _ .............. -----
,n SKJIIT • ·% lie a.a .31 

.06 

.3 

20 
14 
4 

0.1 .111 21 

-----····--·---····· .. ····-----·-----···-· .......... ________ . ___ ...•••.•...•....• ____________ .. ___ .. _. 
lll ll AtttLC11111TIOll IS G-PEAC <21 PlltDICTCO ;·s ARE IESIGN OU1tR1A J"0II aH'OOTS IJt STS•I RPG STS-2 RCSl.LTS ctJt'ARCD 
• POIC II ACUA.tlNITUJ6 IIC.LClt 1.45g IIUilO ean AT Llrtorr fKI i.48 FU1 ASttMt . lltU. Wl'JH STS-3 fKI STS-4 

SUMMARY - The holddown post compression. t.enaion, and bolt tension loads were 99"., 
84%, and eg,g of design, respectively. The base bending moment or -327 x 10 .. 6 in. lb. 
was 94~ or design. The. lower calibralion factors were responsible for lhe lower loads 
and lhe lower calibration factors can be traced lo lhe shorl calibration lime. · 

The low frequency SRB accelerations were close lo the previous three flights. but only 
one measurement was ·available on the left SRR 

2.52 D~NT.AND WATER IMPACT LOADS - No data is available for this section due to 
loss of bolh SRBs. 
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2.6.0 P_RESSURE._VIBRA1'10N AND ACOUSTIC_ENVIRONMENT 

2.6.1 ~RB INTERNAL P~YRE ENVIRONMENT - No data is available for this section du<
to loss of both SRBs. 

2.6.2 SRB VI BROACOUSTI CS - Ten (10) v ibralion and two (2) acoustic measurements were 
recorded on the Orbiter tape recorder durin1 aacenl. One channel (B08080Q2A, on the Aft 
Booster Separation Motors) showed no data dur1ng the entlr~ rllght. A data gquawk has 
been turned in on this measurement.. All of t.he avaUable de.la compared well w Ith the 
previous flights and no exceedancea were noted. 
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2.7.0 SRB REENTRY AERODYNAMIC HEAT! NG No data i~: available for lhls sec-lion due lo loss_ol_ both-SR13s.------ ·-·-------- .. 
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2.8.0 gJ'ft,Y..~URAL/~MPON~NT T~PERATHc,,E ANcO TPS EV~Tl..QH -· This section 
normally rerr{a t e evnlunlion o lheid ockel Bamt.er (SRB) Thermal Prolecllon 
system _(TPS . The SRBe sank afler splashdown and the dat.a reoorders have not been 
recovered, therefore the temperature limits experienced by primary structures and 
subsyslem components have nol been verified . 
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2.9.0 SRB E~ECl'Rlf.-~L AND 1N!fBV¥ENIAf10~ ~~YSTEM - Thie aectJon presents the 
reaull• or £ c per armance eva ualaon o l e 7eclrical and I nalrumenlalion Subayalems 
(F.&f) of both ffl-4 SRBI. The element.a or the F.&I Sumyet.ema under evaluation Include 
the Operational Jnatrumant.at.lon {OJ). Development Fli8hl lnstrumanlallon (DFI) data 
was IDlll when the SRS. could not be recovered. The resulla of lhe evaluation nre 
presented in the rouowlnc paracraphe. 

2.9.1 TERMJNAL CQUNTDOWN/NQNT PHASE ELECTRICAL AND INm'RUMENTATION 
PERFORMANCE - This sect.ion addreaes the terminal count.down, commencing al T-5 
hours countdown lime, and culminalin1 al SRB •eparetion durina the aaccnt phase or 
srs-4. 

2.9.1.1 SIGNIFICANT Ml EVENTS AND TIMWNE - All sianificanl &ti event.s occurred 
nominally -,rith no recUine v iolationa Table 2.a1-1 lists sipifieant E&I events by 
function and maaeurmnant dacription with predicted venua actual timee. Requirements 
and comments are Included as applicable. AU predicted and actual times are adjusted 
to lhe FEWG data bue reference time. 

General.ly, command times which are the predicted times for the Rael functions are not 
available and the funcllonal performance l• evaluated on the basi11 of reaponse 
indicalions that the funclion has been implemented. The delay bet.ween the commend 
and the reeponse indication ilt a function of delays in proc«,sin, the command and 
reaponae 1ignal1 aa well aa the aample rate of the N!8ponw meuuremenla. For the 
above cited · reason, the evaluation of the difference between actual and command times 
is not always reasible. Where actual command Umes are used, this will be noted in lhe 
commenlll column. Typically, when a reaponae indication ie l ape. lhe predicted velue iB 
adjusted by l second to allow for measurement. system response. 
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rUNCTlON 

I I I SNAPSHOT l 

21 SRB RATt GYRO 
A SSCMBL l' I RGFI I 
PQWCR ON 

31 RPU 6G tO'ITCR:, 
ON ILH & RHJ 

11 SRB RGA 
TORQUE: TtSTS 
ILH & RHI 

· S I SRB AND ET 
RRN6£ SFf' t Tl 
srsn:11 CASS> 
POW[Jt ON 

61 ort PNR, ON 

71 CT RS5, SRB 
RSS. AND l&N 
SRF't & ~11 
CCV l CtS RRl'CD. 

· 81 &ROUND PONCR 
TRANSF'E:R 

91 RCl10VC SR8 
on rLISHT 
RCDR INHIBITS 
ILH & RHI 

!Ol SRB 1'011 
CAL I BRAT! ON 

I I l SRB tMO 
I [R MON LOCKOUT 

TABI..[ ~:.9.1-1 SIGNlrJCf!NT [&I [VDHS l TIMEL!N[ 

11:ASURtNt:NT 
IXSCRI PT l ON 

rtMG RCf TI ME11 IS[C I 
PRCDICTl:D ACTUAL RCOUIRl:MCNT COMMr.NTS 

LH on ON 
RH llf"I ON 
LH on OFT 
RH Of[ Off 

6 RGA PCW::R ON 
COl11fNl5 HON I -
TORE:D BT 12 
GYRO S11RO 
l~tD.. SPECDI 
lt,ll lCAT IONS. 

0 66 tt::RTE:RS ().1 
COMIIN>S t 4 ~; 
TO,PERflTURC 
l'DISl-"tlf:NTS, 

~ TOROLC CMOS 
I• IN) -I TO J:! 
GTft05 1111-UTOREIJ 
BY 12 G TRO RATE 
OUTMS. 

-8400 

-8100 

-6600 

6 PO,O ON Cl10S -3900 
l'Gl10Rto BT 2 
BATTE'RY ~CN'l'S 
ICT RSSI ~ • 
tvf:NTS ISRB RS:; 
OCCCID ?WR, ()II 

2 IIJ1 & RHI Df'I 
P(M[R ON Cl'llS, 
tU1I10Rto a, 2~ 
iJ"I CXJIPOND4T 
Evttn'S & Clf'l 
Vll.1'fll£St 
CUIRENTS, 

-720 

5 COtt'lftllJS 110NI - -299 
TORED er 10 
S&A CEVICE 
POSITION INDI-
CATl<J,IS, 

-29,090 S[C 
-zs,o8e sec 
-29,046 sec 
- 29, on sec 

-84•3 TO -833S SMROS ON WITHIN 
120 Sf:C. or 
PONCR ON COMl1ANO 

-8116 TO -8115 Mf'HNifliN GG TE:M
PCRRTIR: WITH IN 
A RANGC or 190 

. TO ,i!-19 OtG-r, 

RGAS TURNED DN 
SCOLCNT IRLL r. 
OATR Of' ACTU"IL 
COl1HANOS NOT Avn:t.
P.flLE •O~ r.v At.ufl T !D~J 

66 HCRHRS AR[ 
CYQ.£0 ON t arr· i !LL 
T-30 SCC. lltOl 
CTCLIN6 IS STOPPW 
AS ~Cl:SSFlRY. 

-6565 TO -6172 • TORQut COM11AND• TORQUC COMtlANOSP 
10 •/- 2 IJCGISEC AR[ [SSUED srnu[t~

TIRLLT. 

LH Rt -3974 
LH 81 -'3975 
CT Ra -397'3 
tT B: •3973 
R11 Al -3997 
RH 91 -3974 

L.111 -819 
Rlh -812 

- TORCl.Jt COl'l~OI 
10 •I- 2 OCGISE:C 

NULL• 
o •'-I wr.1c:i:::r. 

RT DlSCRtTION 
CT THC TEST 
COtOJCTOR 

LH lBN& -296.e S&R DtVICE:5 · flltlf:• INDICATION 
LH RSS• -297.4 SHOll.D INDICATE TIICS. 
RH lSN1 -296.8 ARN[O WITHIN 2 
Rt1 RS~• -297 .1 sec. or COMMRNDS. 
CT RSS• -297.2 

l'UHlORfD BT O -210 START -2:59 
SR8 fNl '3 c,tB. NOl1lNRl. r1 Nls.t -2'34 
01 t£AS~01:NTS, 

2 CIJt1flllJS "DNI - 49 
TORCD BY 2 
RCC1RlCR l~ICF,-
11 OtfS. 

2 C1"'!A~S l'IONI - 19 
'TDRl:O BY 2 rot1 
Cft... I ND ICFIT l()t"JS 

4 OJSCRE'T£S rRtl'I -•D 
SRtl NOl'I BI IT 
S~TUS RCGI STE:Vi 
1135~1 

LH1 -46,44 
RH: -15.11 

LH: -38,1• 
. RIH -38. 44 

N011 INRLL 'J'. 
SRe rLT. R[CORO[R 
IND. ON i'ilTHIN 
3 SEC or C1'10S. 

~L. CCl'IMANDS 
R[MR[N ON • 

Ol SCRCTE MCASuRl 
M[NTI NOT AVAIU1A1 .r. 
1~0R CVALUAT ION. H 

•1982:!cS:11:59:59.000 GMT 
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- Tlft.C 2.9. 1-1 SlSNlf"JCRNT C&l CVtNTS & Tll'ICL lt,j( lllN:LUOCOl 
---------------------------------------------------------------------------------------- ·-------··-- -· 

MC ASl.ft01ENT rcNG RU Tllt:111 ISCCI 
rUNCTION OCSCRIPTJON PRCDICTtD ACTUAL RCOUIRtMCNT COM'1f.NTS· 

--------------------------------------------------------------------------------------------- ------.-
12al GG HTR. Cl'l[)S 8 GG HCATtR -:50 -213 TO -27 l'ffltUIL CQMMf!NDS 
T~NCO orr lflS Ct10, DISCRCTCS CTCl.C orr AS 
NCCCSSARY I NCCESSARY. 

12blBYPASS VALVES 4 Cl105 MliH -30 NO INOICRrJO~ 
TURNCD.ON NO 1£ASLA£11CN1S AVAILABLE 

AVAILfl8LE roR 
MON rTOR ING. 

I 2cl RPU I SOLA- 1 ·c11DS ~1- -:5D LH Al -29. 111 0Vl:ffl'U. SYSTEM 
TION VAL.VtS TORID BT B LH 81 -28.441 P[IIF'()RffANCt COV[ij[1J !ti 
T l.ffi[ D 114 Vfl.VE POSJTION RH A: ·28.441 SCCltON 2·4. 
IAJ & Bl STRRT DI SCfttTES. RH B1 -28.111 
COl'IMANOSI 

I 3J AZ & Bl 1 ems l'IONIT ORaJ -27 Ut A• -26.as OVDfflU. STSTE:M 
START POMCR TO BY 8 CVtNlS & LH B1 -~.61 PCW'ORl1RNr.t: CO\"ERF:D IN 
f1PU CONTROLLCRS B T l.fffl l IC SP Ell) Rl1 A: ··26.5'3 StCllON 2-4. 
l N Af'T ICAS. HCASURCl£NTS, RH B1 -26.'37 RCSPONSC TIME5,E 

I 1 l CLOSC HPU 1 Cl10S l"ONI TORCD -22 1.H Al -21.&1 OVCRAI..L. SYSTEH 
BYPASS VALVES BY SYS. PE:RrOR- LH 81 -21.52 PCRF'ORHRNCC COVCRED 
IRESPONSCI t1PJNCE 11 HYORF\J· Rl1 A: ·21.32 IN SCCTION 2-1.t 

I.IC PRESSURtS, RHB• -21. 20 R[SPONS[ Tll1E:S.r. 
• !:VENTS. & B 
MBlt.t SPCCD 
HCASlR:tl:NTS. 

ISJ TVC Gll'8AL 16 C011'1fNlS -20 LH ROCK1 - l 9.01 0V[RfU ST'i101 
PROrlLE: TCST l~AO. IIEillM- LH TILT• -19.0• ptllf.'QR"ANC£ COYtQi:D 

DfllT I NtCJSC RH ROCK: - I 9. 0• IN ~TION 2·4.t 
Resf'OOC 15 RH JILT• -19.01 
t10NllCIRCD BY START or SIH8AL[ 
vf'IRIOUS STSTCN PRIXiRAM COl1MANO T I ~![5 
l"l:RSl.ffl:1£NTS • 

161 ARN SRB 1 Corfflt()S MON- -17 LH A: -16, 11 I SPS OATfl 
IGNITION PICS lTORED IIT t PJC U1 B• -16,11 

VCI.TRG1: HERSIR:- RH R, -16.44 
rt:NTS. RHB: -16.11 

171 Arl "O" -16 11G INDICATION 
LOCKOUT AVAILfllLE· 

181 SRB RSS • CIHIOllS 110N- -9 LH R1 -10.041 HA~I R[ 0'05. 
INHll!ITS arr lTOREC B'f 1 LH 81 - 9.01] 

DISCRCTl:S. RH A1 -10.441 
RHB: - 10.44] 

191 SRt1 I GN. ~l~CO BT 4 I INOH. l LH A1 • 1.343 1 SPS ORTA 
PIC VOLTPGC LH B: • 1.34'3 
tOISl.ml'ENTS RH"• • 1.313 

RHB, • L.343 

2Dl SRB RSS 6 CMOS 11 TO U1 RSS• 121.8 ':, SPS OH1A 
SYSTl:"S SArEO SFJ'[. ~ RSS SlR RH RSS• 124.8 
l PONtRfll DONN 11:V I a:s I l'D I- LH ,&ft: L21.8 

roRtD Br 8 RH S&lh 125.0 
JNllCATICt6 & 
1 CLMENl 
l'CASI.Jtt l'ENT'3 

211 SRB SCPA- 2t SE:PftRATI ON J2'j,J 129 5 5P'3 OATR 
IH11!0N ARH PI C VOL TAGCS 

221 SRB S[PA- 21 SEPRRAJ I ON 127 NIA 
l!AllON PIC 1/0LTAGCS 

-- -------- ---------------------------- ----- ----------------- - -------- -- ---- ---- -- --- ---- --- -- - --- ·--. -
•196Z:17B:J1:'S9:59.000 Gt'IT -
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2.9.1.2 LAUNCH COUN'TDOWN REDL[ NE REVIEW - There were no launch count.down red line 
v io lo lions. 

2.0.1.3 01 BUS VOLTAGE SUMMARY AND REVIEW - For the STS-4 final countdown and A 
ascent., all SRB and Orbiter Bus voltage measuremenls were within specification. Figures W' 
2.9.1-l nnd 2.9.1-2 are npplicable voltage plot.a · 

u 
C 

V'I .... 

ORTA SOURCE: ST5408 

34---------------------------
V76V3093A ORBITER BUS C VGLTS 

B76Vl600C LH SRB BUS A VOLTS 
B76Vl60lC LH SRB BUS B VOLTS 

I I 

5 30 
LlrTOff I 

~ 
SEPRRATI~l 

> 

u 
0 

IJ) 
t-

I 

I ,r,-... - - - - 'I 1 - - 1 - - - r,-,.. '• • ' ' I ' 1/, J .I ) - " J,-1 ----•J-'i'MJ\A-:· ., .... , .. _ ...... ...J-' I,,~'-'-' ---
' . I 

I 
I 

26~---------------------------t -so 0 ~ 100 150 
SCCONOS Rr.t.ATIVE TO 82rl78rl4159:59.000 

PIGURE 2.9.1-1 LH SRB OPERATIONAL BUS VOLTAGES 

DATA SOURCE: STS4D9 
31----------------------------, 

V76V3093A ORBITCR BUS C VOLTS 
B76V2600C RH SRB BUS A VOLTS 

876V2601C RH SRB BUS 8 VOLTS 

I 

a Jo LlfTOff 
~ 

SEPBRATI~ 
> 

t I . . , ..... , .... ---- .. ,--,---r,-, ... ,,. •' .#.• 11,J I JI\-, ,. ,,-, ----,.,,>_1111\J\A--.... ,... . • • • ' - -· -·~- I I .. - --, ---

1 • • 
I I 

I 

·JV<,J.'V"""-" -~,---

2a_...., _____ _,; ______ ..,.. _____ --il"'------""" 
-SO O 50 100 150 

SCCONOS RELATIVE TD 82:178:11:59:59.000 

FIGURE 2.9.1-2- RH SRB OPERATIONAL BUS VOLTAGES 
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ICD 2--14001 hae a tran• ient voltage requirement thal lhe iower voltage limit shall nol 
exceed 1 VDC below the speclfied steady st.at.e voltage or an upper value of 36.7 volts ror 
.02 aecond• w ilh decay lo steady state values w ilhin .2 seconds. S lnce the vo llage 
measuremenl sample rale is l sps. the dat.a would not refl,~l a volta1e transient should 
it occur. 

There are no dedlcated SRB current measurements and lhe resolutlon or the Orbiter bu~ 
current measurements is not sufficient for an evalualion cf nominal SRB loads. 

2.9.1.4 I EA PERFORMANCE - Each SRB ls equipped with one rorward and one art I EA 
( I nlegraled Electronics Assembly). The I E:As provide the interface between the various 
SRB and Orbiter subsystems. All IEA functions performed :Mllisfnctorily during 
countdown and ascent mlas Ion phases. 

I EA MDM AND HARDWARE COMMAND AND R~NSB DATA - The I EAs have prov lslon for 
accepUne, implementinc. and outputinc the rwponee for C'1rtaln critical function3 
through redundant hardwire connections. Examples or thifl are the redundant SRM 
IRnlLion Arm and Fire Commands. 

On the basis of available data, all required MDN and hardwire command and re:sponse 
functions were successrully performed durln1 Sl'S-4. 

SRB IEA RGA CO~TRO~ - The FWD SRB IEA controls end measurements for the e rate 
gyro assembltesRGAs performed nomlnally for the STS-4 mission. RGA funcllons 
provided by the FWD I EAa include RCA "Power ON" command• with aaoc:ialed aw itchea, 
RGA torque test commands. diliicrele measurements and various hardwire Interfaces. 

SRB IEA APU CONTROLS - F.ach aft SRB IEA includes two APU controllers for the dual 
HPU eyst.em• A and a 2 APV BITE (Bullt.-ln Test F.quipment) ---,mbllee, and essoclated 
command and • lanai conditionina circuitry. The overall •y•lem performance. including 
related electronics, la diacuaaed in Section 2.4.2. In summary, reaulatiOn of the APU 
turbine shaft speed was +/- 8,C. which Indirectly Indicate:, the APU cont.roller operated 
properly within the overall control ayat.em. The APU BITE ayat.em pe!'.f ormed nominally 
during the final STS-4 countdown, althoqh it ls not operat.ed during the terminal 
portion of the countdown. Wauurementa which define the command state of the APU 
BITE Asaembliea are not available for evaluation. . 

THRUST VECTOR CONTROL CIRCUITRY AND ME.\SYREMENTS - l~ch SRB aft IEA contains 
provlslon for hardwire commands. measurenMmts and signe.l conditioning to support the 
Thrust Vector Control (TVC) subsystem and Its redundant h~1draulic subsystems. The 
overall pedormance or lhi• aubayst.em is diaeuaed in Section 2.4.l. The TVC r.&I 
subsystem performance was satiafaclory. 

SRM JGNJTIQN FUNCTIONS - The SRB forward lEA controls and mmun:ments related 
to SRM lcnilion S&A Devices and PICs performed nominally during the S'l'S-4 launch. 

SRM JaNJTION S&A DEVICE FUNCllONS - Althouah command limes are not avallable. the 
LH and RH Ignition S&A devices were observed t.o change state near the nominal 
predicted lime. Both S&A Device. chanced poailion from ae.ted lo armed within 0.4 
seconds. Although the requlrem•nt that the lcnltion S&A dev icn change state w I thin 2 
seconds cannot be directly verified, it can be inferred, since no redline violations were 
reported for this function. This in turn indicated the I EA circuitry which drives the 
S&A devices performed as required. 

SRM JGNlTION PERFORMANCE - The SRN lanttion PlCs performance appeared nominal. 
The requirement is that the LH and the RH SRN ignition o:cur within 9.4 ms of each 
other. Since Joa or SRBe resulted in loae of DFI hi&h sample rate data, no 
high-resolution analysis can be obt.alned on this flight. There was, however. no 
indication or exceaive ignition liming skew. 

SRB SEPARATION PERFORMANC8 - Based on available data, all F.&l subsystem SRB 
separation funcllonc performed nominally. The 01 data ha:i 11eparati0n PIC voltage dala 
for t.he 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 chonnel B separation PICs are sampled al a l SJJ5 rote. 
The 5 epe data showed separation PIC arming for the LH and RH channel A separation A 
P[Cs In process at 129.000 seconds. The 1 sps data ror the LH and RH channel B W 
separation PICsi also indicated arming in process. The data showed all separation PIC 
armed to a nominal 38 volt level. 

As was observed in lhe first 3 rlights, the OJ dala did not register lhe separation P !Cs 
rirlng. Correlating measurements Indicates that separation for both LH and RH SRBs 
occurred al 130.77 seconds. Thi:s i:s consistent. with the normal interval between 
separation PIC arm and fire commands (nominally 17 seconds) and past flight data. The 
lndicallons are that the SRB separation sequence for STS-4 was nominal. 

DFI CONTROL ANO MEASUREMENTS - The rorward IEA MDMs provide DFI subsyslem 
commands to apply and remove DFI power, auto calibrate the DFI Frequency Div is ion 
Multiplexen (FOMa), and to inhibit recording or reverse the SRB DFI night tape recorders. 
Within the 01 MDM data system these tunctlons may be monitored by various DFI 
component. power ON dlscretes. Of'( battery volt.age and current measurements. and status 
diacrete ind1oetions tor the SRB tape recorder and FDM auto calibre.le tunclione. During 
the final countdown and ascent mission phases. perrormance for these functions was 
acceptable. 

RSS CONTROL AND MEASUREMENTS - The r orward SRB lEAs prov Ide various functions 
for lhe SRB and ET Ranae Safety System• (RSS) from the final hours of countdown 
through ascent. Performance for these f unctlons with respect to the F.&l subsystem was 
nominal. RSS funct.lons provided by the forward lEAs include "-ommand processing for 
power, inhibile, and ~ S&A device paailioning wilh aBIIOCialed measurement capability. 

2.9.1.5 SRB RATE CYRO PERFORMANCE - Prelaunch SRB rate gyro performance was 
nominal with rate &Yro nulls typically holdin& within +/- 1 count (.04 deg/sec absolule) 
and torque teats successfully completed. No SMRD dropouts occurred. 

All Indications are that the 6 SRB rate gyro assemblies on gf'S-4 operated salisractorily 
dur Ing all mission phases. 

In ffi-4. procedures were Implemented In the mounting and alignment. of the SRB rale 
gyro mounUns plates. These procedures reduced the axis cross coupling effect.9 
experienced in previous fli&hls lo well within specificnlion. 

In· summary, from ~vailable data, all SRB rate gyrm operated sallafactor lly. 

2.9.1.6 ENVIRONMENTAL PARAMETERS - In general. data for the thermal and dynamic 
environment.a thal the SRB &kl components a.re subjecl lo are ncquired by lhe LH and 
RH SRB DFI data systems. As these data are not currently available, no statements 
regarding these parameters may be made. 

2.9.2 INSTRUME:NTATJON PERFORMANCE - There are two systems on each SRB monitoring 
SRB performance and environmental conditions, the Operational I natrumentation (01) and 
Development Flight Instrumentation (DFJi The 01 provides the capablllty 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 desisn limits against actual rlight regimes or liftoff, boost, reentry and 
splashdown. 

This sect1on of the report contains an appraisal or the performance or the sensors u~d 
In both the O I and DFI. 

29.2.1 01 SENSORS - Table 2.92-1 summarizes the meaeurement11 available during I h<' 
luunch and boost portion of the fllghl. All 01 sensors were operative to separallon 
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TABt.£ 2.9.2-1 SUMMARY or SRB MEASUREMENTS HAO[ THROlJ(3H 01 SYSTCl1 
OUR I NG LAUNCH ANO BOOS"'.' PHASES or H l s:; I ON 

TYPC 

VOLTAGE 
CURRCNT 
T01PCRATURE 
PRESSURE 
CVENTS 
RATE . 
LEVEL 
POSITION 

TOTALS 

FU3 
t1EASUREHCNTS 
01 OrJ• 

26 I 
2 . 

j 

5 2 
7 

70 16 
1 
2 
2 
2 

120 20 

Al1 
HEASUREHENTS 
01 or]w 
26 l 
2 1 
5 2 
7 

70 16 
1 
2 
2 
2 

120 20 

• or1 SlSTEM MEASUREMENTS MONITORED T~ROUGH 01 SYSTEM. 

TOTAL 
tm=ISUREHENTS 
01 · Ori• 

S2 2 

" 2 
10 " l-i 

HO 32. 
8 

" " " 
2'\0 10 

2.92.2 DFI SENSORS - The baselined SRB design scheduled 604 OF( measurements lo be 
made on S'l'S-4 Al3 and Al4. Table 2.9.2-2 contains a summary or the measurement.£ by 
parameters ror Al3 and A14. 

TYPE 

VOLTAGE 
CURRENT 
TCHPERATURE 
PRESSURE 
HEAT F"LUX 
ACCCLERAT I Ot~ 
RATE 
VIBRATION 
ACOUSTIC 
roRCE 
STRAtN 
EVENTS 
TlNC CODE" 
POS [!ION 

TOTALS 

!ABLE 2.9.2-2 BASCLINED Dfl MEASUREMCNTS 

LH SRB 
NCASURENENTS 

26 
2 

38 
59 
so 

3 
3 

26 
6 

20 
16 
44 

1 
2 

296 

RH SRB 
MCASURCHCNTS 

26 
2 

55 
56 
26 

3 
3 

40 
6 

20 
21 
•-4 

1 
2 

308 

TOTAL 
MEASUREMENTS 

52 
4 

- 93 
l IS 
76 

6 
6 

66 
12 
40 
40 
88 

2 
4 

604 

Prior lo launch. eleven (11) measurements were determined to be inoperative or 
inaccurate, and were waived by J<SC with MSFC concurrence and subseqlienl change board 
approval. These measurements are listed in Tob le 2.9.2-3. 
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:j07T85l8A 
rJ08O7O79A 
B8808085rl 
f308O6122A 
!308P8317A 
H08'f8986A 
130808092R 
B08P831SR 
!30808l21A 
80808094A 
808G7200A 

TABLE 2.9.2-3 SRB Dr] ~1[RSL!RU1[NTS !~Ah~[] ~-OR sr=:- • 

MEASUREMD~T ~;QMENCLATUR[ 

TEMP., ET ATTACH STRUT, MIO AFT 
VlB, AfT SKIRT INTERNAL, RADIAL O[R. 
VIB, NOSE CONE EOUJP. TANG. DJR. 
VIB~ THERMAL CURTAJN 
PRESS., AfT SKIRT INTCRNAL •2 
ACOUSTIC, Arr SKIRT HEAT SHICLD EXT. 
VlB, AfT SEPARATJON MOTOR, RADIAL OJR. 
PRESS., Af"T BULKHERD 
VIB, JNPUT TO TVC LOWER rRAMC RAO[AL DIR 
V[B, AfT BULKHEAD, TANGENTIAL O[R. 
fORCC, MAIN CHUTE i, ATTACH PT. I 

Bl -~g ! 
AJ- 7 8,: 
8 ! -:'85 
8]--788 
[31-789 
BJ- 7 90 
8 l -791 
81 -79~ 
81-793 
Bl - :-94 
8 l -795 

Due lo the decelerator system problem, all DFI meeeuremenle stored by the DF'I recorder 
on both SRBs were lost. SRB DFI data measured at both FDMIMUXJ's were collected and 
stored on the Orbiter In- flight recorder up lo separation. 'table 2.9.2-4 lisls these 
measurements. Measurement responses appear normal except as indicated. 

MSIO 

80807070A 
808O7O73A 
BO8O7074A 
B0807075A 
BO807O79A 
8O807083A 
80807123A 
BO807J24A 
80807125A 
808P7315A 
8O808O70A 
80808071A 
BO808073A 
8O808071A 
8O808075A 
BO808076A 
80808O77A 
80808079A 
8O808083A 
80808O86A 
BO8DBOB9A 
B0808O92A 

TABLE 2.9.2-i SRB •rl DATA STORED ON ORBITER 
RECORDER [JO S[PARATtONI 

DESCRJPTION 

LH VIB rwo E!I EOUIPMENT -x AXILI SNSR A 
LH VIB H[D SIDEWALL -X AXILI SNSR A 
LH VIB Mt• SIDEWALL -z AXIRI SNSR A 
LH VIB Ml• SlDEWALL •Y AXITI SNSR A 
LH VIB ArT SKT INTERNAL RAD[Al.. DIR 
LH VIB NOSC CONE EOPT. RADlF\.. DIR 
LH VIB INPT ROCK ACTR Arr SKT ATTACH rLT DIR 
LH VIB INPT ROCK ACTR Art SKT ATTACH RDL DIR 
LH VIS TVC UPPER fRAME ....... fLT DIR 
LH PRESS AF"! BULKHEAD 
RH V I B nm E:& r EQPT. fL T DI R SNSR A 
RH VJB rwo E!l EOPT. -z AXIRI SNSR A 
RH VIB M[D SIDEWALL -X AXILI SN5R A 
RH VIB M[O SlOEWAU.. -z AXIRI SNSR A 
RH VIB H[D SIDEWALL •Y AXITl SNSR A 
RH VIB ArT SK[RT -x AXILI SNSR A 
RH V18 ArT SKIRT -Y AXIRI SNSR A 
RH VlB ArT SK[RT lNT. PLT DIR 
RH VIB NOSE CONE EOPT RDL O[R 
RH VIS ArT SKT P ACTR ATTACH NOR DIR 
RH VIB PWD SE:PN MOTOR RDL DIR 
RH VIB ArT SEPN MOTOR ROL O[R 

NOTES 

t I l 
(21 
12 I 

l 11 

(31 

h.JOT[S: I 11 THESE 11EASUREMCNT5 SHOW EXCESSIVE GAIN - PRCBAAL'T DUE TO 
IMPROPER SIGNAL CONDJTIONER GAIN LEVELS. 

121 THESE ME:ASUREMCNTS APPEAR TO HAVE: BEEN NOUNTCO IN THC WRONG 
AXIS !AS COMPARED TO RESPONSES FROM PREVIOU'S fLIGHTSI. 

131 THIS MEASUREMENT WA[V[O PRIOR TO rL!GHT PER BJ-79l. 

2.9.2.3 ~~-.f MEASUREMENT SYSTEM_ PERFORMANCE EVALUATION ·· A total of 240 01 
measurements (100~) performed properly throughout their respective mission phases. All 
604 DFI measurements were lost due lo loss of SRBs w Ith the exception of 
measurements contained in both FDMlMUXJ's (which were recorded on the Orbiter 
In-Flight Recorder up to separation as outlined in Para. 2.9.2.2). 

2.9-8 

.)\_ .. • . 
. · ~~ 

--~ :'; 



·-

-

. .,:,.;:, 

2.9.3 R~VERY PHASE Ol ELECTRICAL PERroRMANCE - Analysis of Recovery Battery 
Currenl and Vo)lage profilee indicale nominal loa(li,;,g ror prefiighl, RSS •ylem lurn-on 
through RSS sytem turn-off and separation. USNS~Vandenberg uncorrected prellmlnary 
track Ing data indicate nominal noae-cap releue times (348.& saec:LHSRB and 345 
15CC.:RHSRB). Vn.ndenbera data n.lao indicale nominal':.Fruslum Separalion (373 sec:.:LHSRB 
and 36? aec.:RHSRB) (estimated times) and indicates· Waler lmpaol limes lo be: 386 
sec.:LHSRB and 378 aec.:RHSRR All Umea are relative to lift-oft. There are no SRB OF'I 
data available al this time to support any of the above obaervallons. 

2.9.4 DEVELOPMENT FLJCHT INSTRt1MENTATION DATA ACQUISITION SXSTCMS - F.ach SRB 
on STS-4 contained an Independent., onboard DFI data acqulsltlon system to condition and 
record measurements on SRB performance and environmental conditions during lhe lasl 
sla1es of caunldown and fliahl. The DFl data n.cquisiUon syslem included aianal 
condltiontn1. Pua Code ModulaUon (PCM) YulUplexer and Frequency Div lslon 
Multiplesera (FDM), multi-channel tape recorder, lime code pnerator, power di• lribution 
and control, and independent battery power. The DFJ data acqulalllon ayalem Interfaces 
with t.he SRB OJ sya\em for controls and eelected meuuremenl& Us principal operating 
period i• from approximately forty aecc,nda prior to liftoff lhrouah bocal and reenlry 
to 300 seconds aft.er splaahdo,rn. 

a9.4.1 DFl DATA ACOUISlTION SYSTEM COMPONENT PERFORMANCE - The DFI dala 
acquisition system operated saUafact.orUy through separation. ln lhe event or 
aubaequent recovery of SRB OFI Fli&hl Racarden, thi• report will be appended aa data 
become available. 

2.1M2 DFl DATA ACQ,UISITlON SY&"l'EM ELEX:TRICAL PQWER - DFJ Battery temperature 
conditions were available from Ol measurements up to SRB separation. These dala are 
shown ln Table 2.9.4-1. Durins lhis period, lhe battery temperature ,rare within required 
limits. 

TABLC 2.9.1-1 or( BATTERY TCNPCRAlURES IOCG fl 

OCSCRJPTJON 

876T7529C LH lEMP or( BATTCRl 
B76T8529C RH TCMP orr BATTCRY 

u::.u::R 
LJHlT 

3-t 
34 

ACTUAL 
MJN. 

77.5 
78.5 

ACTUAL 
MAX. 

78.5 
79.5 

UPPCR 
LlHtT 

120 
120· ------------------------------------ ---------- --- .- . --------,----------
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2.10.0 SRB SEPARATION SUBSYSTEM PERFORMANCE - Loss or orr ta~ recorder dala 
n:aulled in no Analysis of BSM preaaure pertormAnce curves. AvAIIAble phot01raphic dola. 
and visual inspection review& indicate no debris 'from the ~Ms durtn1 S'l'S-• separation. 
The one FWD BSM cover. which was missing after A14 water impact, was determined to 
have been lost during rttnlry. 
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2.11.0 REENTRY AND RECOY~R): -

2.11.1 POST SEPARATION DY_NAMICS AND Tff.A.JEfQ.B):. 

211.l.1 SUMMARY - Each SRB had reentry cha.racteri:slics s:imilar lo the nominal 
predicted values until the end of the drocue parachute phase. Thereafter, re<lOVcry 
liy&tem malfuncliona cau11ed the loa of_ bath SRBa due lo extremely high water 1mpuC'l 
velocltles. 

2.11.1.2 DATA ACQUISITION - ihe lrackin1 ship USNS Vandenbera WDS slDlioned nea.r the: 
impact zone lo provide reentry radar tracking and photographic data. A separate rndnr 
track was obtained. for each SRB from separation t.o just berore splashdown. Cloud 
caver and haze caused several p.pa in lhe Vandenber1 pholo1raphic c:overaae. No mni n 
parachute phase photographic data were obt.ained rrom the Vandenberg, except for n f E>w 
_frames of the left SRB just before and including splashdown. _ 

The sinking or each SRB after splashdown caused the loss of recorded reentry dalil, 
such na event limes nnd Sepnrallon lruslrumenlnlion Pncko1e rale gyro dola. 

2.11.1.3 TRAJECTORY - The measured reentry. lrajeclory of each SRB was similar lo lhe 
nominal predicted trajectory lhrou1h the dro1ue parnchulr phase. The measured apogee 
was 236,000 feel for each SRB at. T+199 seconds. The nominal .predicted apogee was 
231,000 feel al T + 197 seconds. 

Figures 2.11.1-1 and 2.11.1-2 compare the altitudes of the right and left SRBs. rE"Spet"tively. 
lo lhal of the nominal predicted trajectory. 
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Figures 2.11.1-3 and 2..11.1-4 compare the measured dynamic pressures of the r lght and 
lert SftBs. respectively, to that or t.he nominal predicted trajectory. The peak measured 
values of dynamic preaure for both SRBe durina reentry were aHahUy lower than the A 
nominal predlcted peak value, but w ltMn the pre-dieted llmits. W 
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FIGURE 2.11.1-i LH SRB MEASURED & NOMINAL PREDICTED DYNAMIC PRESSURE 

The measured Mach number histories or both SRBI are compared to that or the nominal 
predicted trajectory in Fiaurea 2.11.1-5 and 2.11.1-8. 
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FJGURE 2.11.1-6 LH SRB MEASURED & NOMINAL PR[0lCTED MACH NUMBER 

At T+328 seconds. approximately 12 seconds after each SRB passed throuah peak dynamic 
pressure, lhe SRBa croaaed pe.lha within a few hundred feel of each other. Co]lieion · 
analyses over the past flve years have shown the poasibillty of such a croeslng. but the 
probability of actual cont.act ls very low and is not cause for alarm. 

Each SRB had favorable conditions for drogue parachute deployment. The approximate 
limea or the nose-cap aeparalions were T+348 aeconda ror the right SRB and T+348 
seconds for Lhe left SRB. The measured dynamic pressures at the nose-cap separations 
were approximately 215 and 175 psf for the right and lert SR& respecUvely. compared 
to lhe nominal predicted value of 189 paf. The epprox imale altitudes el lhe nose-cap 
separations were 14,'1U reet for the rlght SRB and 16,489 reet. ror the lert SRB, both 
within the predicted limits. 

The SRBs and frustums lmpe.cted within the predicted footprints. F.ach nozzle extension 
was probably •till aUached al Yater impact. due lo the extremely 11horl lime between 
frustum release and water impact of each SRR The impact coordinates for the right 
SRB were 28.673 degrees north. ?8.035 degrees west: and for the left SRB were 28.Em 
dearees north, '78.020 deareea west. Relative la the nominel predicted impecl points. the 
right. SRB impacted 3.4 nautical miles uprange and the left SRB impacted 2.6 nautical 
miles uprange. Each frustum impacted w ilhin 500 yards or the corresponding SRR 

2.11.1.4 VEHICLE DYNAMICS - The measured angle or attack or each SRB during 
reentry was conaislenl with that meaaured on the prev ioua rtighta, and very close lo 
that ot the nominal predicted STS-4 trajectory. 

Fi&ures 2.tl.1-7 and 2.11.1-8 compare lhe measured an&lee of allack of lhe riabl and l~fl 
SR&. respectively, t.o that of the nominal predicted trajectory. At nose-cap separation. 
the approximate angle or attack for the right SRB was 113 degrees and for the left SRU 
was 133 degrees. both within the predicted limits. 
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No an1ular rate information waa available becauae or the loaa or both SRBa. Based on 
the peak meaa,u•ed values of dynamic pressure for both SRBs. the tumble rates imparted 

..l\11.\ aft.~r Sfa.j a,9rat.ion were probably similar to the nominal predicted vaJue or 14 
ctecree• per aeconci. 
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3.0 EXTERNAL TANK EVALUATION 

3.l.0 ET FLIGHT SUMMARY 

3.l.1 FLICHT OBJECTIVES AND ACCOMPU.SHMENTS - Table 3.1.1-1 summari7a the STS-4 
objectives pertaining to the £1' along with the degree or accomplishment and 
discrepancies for each objective. 

Tf'flU: 3.l.l-1 CT 015..tCTJVt:~ ANO PICC:Clf"U5H11CNT5 

OBJCCTJVCS 

3.2.0 L02 SLOSH Ol'tlPING 

tvfl.l.ATE: THC RDCQLAC't or TH£ L02 Jft,11( 
SLOSH BArrLING. OCTERMINC lf SIGNlfJ
~ SLOSH INTCRRCTJON IS PRE:SDIT IN 
Tl1C VCHICLt: DYNAMIC RCSPONSC At{) 1r 
SO C0'1PARC f1.l6Hf RCSPONSES HITH 
PRElJICTCD RCSPONSt l+itN fORCtD BY 
THC t'ERSURCD fLJ6HT HJND, 

3.3.0 STRUCTURC Rt4l LOADS 

vtRIF'Y THAT THC LOADS ON THC CTICRBITtR 
lNltRf"RCC, SRB BCR1. L02 TANK Ft.ID LH2 
TRl-.1< WCRC Wl'JHIN OCSIGN LIMITS O~lNI. 
Tl1RUST BUILDUP, RCI..E:ASC ANO ASCCNr. 
'tt:Rlf"C THAT THC LATERAL AND LDNGJTl.OlNAL 
LCl{)S ON THC tT STRLCTURC AND rE:EDLINCS WCRC 
NITHJN DESIGN LIMITS DURING THRUST BUILDUP, 
RE:L.£RSt ANO RSCCNT. VE:RtrY THE: LOAJS RNRLTSlS 
1tDiNIOUtS ANO THE: OCRIVCO VOflCU: La:IOS. 
~lf'Y THAT THt CT DYNAMIC RC5PON5£ DID NOT 
txOCED THC DESIGN CRllCR(A DURING THRUST 
SUIUlJP, RCLEASt Ft,10 ASCCNT, VCRlfT THAT 
lliC L02 rcEDLINC LCF(JS 010 NOT cxca:o OCSIGN 
~ITE:RIA OUR ING RSCO.T. VCR Irv ™RT THE: 
STRUCTURAL STRAINS CN THE: CT/ORBJTtR 
JNTE:RF'RCE HAROHARC, THE: SRB BCftl, THC LH2 
TR~ ANO THC L02 TAN< HERC WITHIN OCSIGN 
LIMITS DURING THC TlME PtRIOD D4COlfASSING 
LCFll) NG or PROPE:LLANrS THROUGH F'LI G-IT. 

3.i.O conPRRTl'1CNT VENTING, VIBRRTI~ AND ACOUSTICS 

3. i, J NOSE CFIP Ft,10 JNTCRTRNIC CD1PRRTl1E:NT VCNTJNG 

E:VFU.ATE: THE: E:T INrE:RJANK WALL PR£:SS~£S OURIN& 
ASCf:Nr TO VCRJry lliC PRE:OICTCO 1-lf'L.L PRE:SSUftC. 
tvALLATE: PRCSSURCS HIJHlN THC NJst CFP ANO 
JNltRTRNK COMPARTtf:NrS CURING ASCENT TO VE:RlrJ 
aJl'f'FfUt1CNT VE:NT 1'£RF'0R11AICC. 

3.i.2 ET VJBROACOUSTICS 

'4:Rlf'Y THAT THC CT STRUCTURC ANO PROMCRRNCC 
VIBRATlON CNVIRONl'£NTS ANO THC CT JNTE:RNRL 
ff:(l.JSTJC tNVlRON11DITS WE:RE: WITHIN OCSIGN-SPE:C
JrJCATJONS. CVALLllTC cxccrOANCl:S PNC RCC011MCNO 
tf:C[SSRRJ ACTIONS rm tHClR RC5CLUTlON. 

3. 1 ·· 1 

DtGRtc or 
ACCONPL 

COt1PLtTC 

COHPLCTC 

COl'IPL.tTC 

OlSCRCPANCl£S 

EXCEPT roR MIO SRB BE:Att ACCCL, AC 
RCCO.S CONrJNLE TO GIVC HIGHER 
THAN ~£DJ CTCD G lCVE:LS. ArT 0011: 
POGO PRCSS ALSO CONTINUCS TD GIVC 
HIGHER THAN PRtOICTEO PRf:SS LEVELS. 
N£:N POSO PRESS TRRNSOUCCR ON 
rttDLtNE RSRCED HITH STRAIN ~L.GE:s 
NC> PRtOICTJONS. LOW rRCO ACCELS ANO 
POGO PRCSS TRFNSOUCERS ·oN F'LE:XIBLC 
8"5£:5 Mt CCNl.l.0£0 TO BE: JN CRR~. 
NO STRUCTURfL OlNR:'IIC PROBLl:!'1S ex 1ST 
~ Af'T L02 tot: rOR KSC LRUtOtt:5 

NONE 



-----------------------------· ------------------------------------------------------------------------fffilL J.t. 1·1 CT OB.£CTl'IES AHO ACCOtt'LIStfflCNTS 

D8.JCCT1VCS 
DtGf!CC Of" 
ACCOHPL 

-----------------------------. ----------------------------------------- .---------------------------·--3.5.0 THtR11AL ASSE:SSMtNT 

J.S.l PRELAUNCH Tt£RMAL E:NVIRO~T 

VCRIF"T THf'IT THC OVCRf'ILL tl PRCUU.N01 THE:RMflL 
CllflOITIONS HCRC MITH!N DCSISN LIMITS ANO THAT 
Tl-lERC HCRC NO TPS • IVOTS PRIOR TO LAlJIICH. 
SUBSTANTIATE: THC CAPABILl1T TO ACCLRATE:LY 
PREDICT PR£LAUNCH T01PERATURC. COt.f'IR11 Tl-lflT 
TPS SIZING HAS SUFT'ICICNT roR PRtvOITING ICC/ 
:~CST rORMflTION PR!°' TO Lf'IUNCH. OCVCLOP 
SUPPCRT I NG RAT! ONFU; IN THE EVENT CJ' AN 
ftlCJ1fL?·OR MAIJ"UNCTION. 

3.5.2 STRUCTURAL ltNPtRATURt/TPS tVALUATION 

VERln THAT THC TD1PCRATlfflC5 or 111£: PRIMARY CT 
STRUCTURE RC11AIN HITHIN DESIGN ~IMITS THROUGHOUT 
Fl.JGHT. C0Nf'IR11 THE RC[OUACT CF TI-C TPS SJZINS 
Ff.ID P£Rf0Rl1ANCC PRCDICTIONS. SUBSTAmlATE: THC 
CAPABILITY TD ACC~ATtLY 11000. AflOPREDICT 1Nfl.l6HT 
TRft.lSIENT Tt11PCRATURCS. OtYCLCP SLPPORTING 
mr I 0'4RL.t IN THC CVOiT Of" AN ANOtflL."r. 

3.5.3 CONPRRTHCNT ANO COHP~T lttf>ERRTURCS 

tvf\.UUE: THC THCRlflL £NVIRONt1tNT WITHIN THE N•SC 
CAP ft.ID INTCRTANK CIJ1PAftll1tHTS. vaun THAT 
T'Etf>ERATURES or ORO~Nct ANO CU:CTRICAL C011PON£NTS 
RCtflJN MJTHIN OCSJGN Ll"ITS. 

J.6.0 [L[ClRONICS ANO INSTRUtCNrA'T!ON 

J.6.J BUS VOLTftGC 

VCRIF"T THAT THC ORBITt~ BUS B VOL.TR:.C ANO Of'"I 
STSTD1 BUS VDLTASE: lf:Rt WITHIN PRCDICTEO LlMITS 
D.JRINa THC PRCLAUNCH ANO hSctNT. 

J,6,2 INSTRUt10U'ATIDN PERrORtflNCt 

t:Vf'L~TC THC PCRfC1'1flNC£ or Tt1t CT OJ ANO Of"l 
SCNSCRS AND 11tASURCtt:NTS DURING F\.IGHT. 0£TCRt11Nt 
fNIJ'1FLJES OR rAJLLRES Of SENSORS ANO Of DATA 
fCClJJSITJON ~0UJPIJ1ENT ANO RtCCJ11'f)O CDRRCCTIVC 
FCTICN. 

COl'tf'l.CTC 

NONt 

NON£ 

NONC 

9 t151D·s HAIVCD 
l At.'0fl0l.QJS er J 
4 ANOnDl.ClJS fl1 SENSORS 

3.1.2 CONFIGURATION DESCRlPTION SUMMAR'( - The External Tank (ET) contains all or 
the subsystems and components necessary to provide fuel and oxidizer for the SSMF.s. 
Jl must be environmentally secure tn: order to a.ccor11pl1sh its function and structurally· 
accommodate the variety of loads imposed on· iL · A schematic diagram depicting the ET 
and its components· is r;hown in Figu~ 3J-?-1. · . .. . 

The lwo major components or the ET are the liquid oxygen• (L02) lank and .the liquid 
hydrogen (LH2) lank. Bolh tanks are constructed of aluminum alloy skins· w ilh support 
or stabilily frames as required. The primary arµ~tural attachment lo• the Orbiter 
consists nt one for-ward and lwo aft connections. The primary structural· attachment in 
each of the two SRBs also consists of one forward and t:wo aft conraectiona. 

Spray-on Foam Insulation (son) is applied t.o the complete outer surface of the ET. 
inc ludlng the sidewalls and the bulkheads. A lightweight ablator is appliec;l lo selected 
areas, such as the attachment structures where shock impingement causes increased 
healing. When the ET is fully loaded,. it ccntaii.s approx irnately 1,500,000 pounds of 
usable propellant. The LH2 tank volume is 03.000 cubic feet and l!l.e 1.02 tank volume 
is 19,500 rubic feet. These volumes include a 3'- uUage provision. 

3.1-2 
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ET-4 peculiar instrumentation included the addition or: 

!1) 2 DC acce Is on t.he SRB. beam end and middle respectl ve ly 2l 2 AC accels on the SRB beam end and middle respecUvely 
3 4 radial and 2 tanaent.ial strain pu1ea on art dome 

( 4 1 additional AC acce l on aft. dome 
(5 1 POGO preaaure tranaducer on· 1.02 feedllne inside J/T 

The mettsurements were added to provide additional dato in areas that required 
addilional analyaia , -

The ID number of the fourth ET is CEI-TOJM2SA - S/N 0000004. 

3.13 PAI LURm. ANOMALJ ~ AND RECOMMENDED ACTION - Ttwtre· were several 
lnatrumentat.lon anomalies aamciated wl\h '.'the !:'r on during STS-4 and none a•ocialed 
with the 01. Tables 3.8.2-l throuah 3.6.2-6 ·in ~uon .s.e.o "EJectronl~--and 
Instrumentation" present the tot.al lnnrum.eni.J.ion status t.or ·\he· S'f'S. .... ,t Ext.ernal Tank. 
includina equavkecl da-la. There were rici'.;Er- faituree or problema. f'.iaure at:2-2 preeenls 
a formal ·ctoaeo\lt of NSFC STS-1 Anomaly.;~e which was·;·~lved· based upon. S'l'S·-4 
data and· laboratory teals. . _ ·:· · , ·. ·· · · · 
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FLIGHT 1E~T PROP.I [M RrrORT NO. MSFC-1 
Statement of problem: 

High ET LOX Tank Bulkhead and Y-Ring Oscillatory Loads (MSFC STS-1 Anomaly STS-0016) 

t---------------------------,;...._--------------1 
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 L0 2 tank proof tests at 
the dome and Y-ring between the L02 tank aft dome and barrel. 

On STS-2 strain gauges were added to fh~ ~ft 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 in 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 4.~"~ 

Action Progress: Additional instrumentatfon 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 L02 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
d~cer 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 
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3.2.0 PROPELLANT SLOSH DAMP I NG - The nlghl dynamic parameters did nol show 
enou1fi ascillalory aclivily in the l..02 slmih frequency ranee lo provide a mcens or 
determining any value for the slosh damping. The L02 predicted slosh mass and 
dynamic characteristics using the theoretical model and the ST'S-4 flight values for 
liquid level and vehicle accelerations are shown in rigure 32.0-l. 
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rJGURE 3~2.0-l SLOSH MASS ANO DYNAMIC CHARACTER[STICS 

lhl' 

This flight confirms that the damping reu within the required range. as predicted. and 
was adequale for the maneuvers and environmental conditions experienced. The L02 
level sensors located in lhe baffled region of the tank were uncovered cleanly, further 
indicating the low level of any slmh oscillations. 

'3.2-1 
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3.3.0 STRUCTURE AND LOADS 

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

28 strain . gauges ET/ORB - 7 struts 
19 strain gliuges on LH2 lank (Sta. 1554) 

6 strain gauges on E;J' crossbeam 
4 strain gauges on L02 aft dome 
4 strain gauges on L02 Ceedline brackets 
4 accelerometers on L02 dome 
3 accelerometers on LH2 lank bottom 
1 dynamic pressure gauge on L02 dome 
1 dynamic pressure gauge on LH2 lank bolt.om 
3 ET nose accelerometers 
3 L02 feedline aft hardpoint. accelerometers 
3 L02 (eedline upper section acceleroinelers 
3 dynamic pressure gauges on L02 feedline 
1 mid SRB crossbeam accelerometer 
1 mid L02 feedline accelerometer 
6 acceJerometers on ET crossbeam 
1 dynamic pressure geuge on L02 feedline 

In general, the approach used for the loads assessment is as follows: The strains were 
converted to loads by the product or cross sectional area, modulus of elasticity and the 
delta strain reading Cor the event being analyzed. This de Ila measured load then is 
added lo the predicted 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 true strain of the structure. The low frequency 
accelerometers and pressure gauges are dynamic measurements and the response peaks 
were assessed. The L02 and LH2 aft dome pressure were added to t.he static head and 
ullage pressure lo delermine ~ lolal pressure. From the measured slrul slrains 
(E:l'/Orbiter), the orthogonal loads were calculated for the interface structure. 

St.rain 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-1. 
S"I'S-2, and STS-3 measured loads compared with the STS-4 measured loads for their 
respective burn limes. Therefore. this assessment concentrates in these areas. Rockwell 
International provided predictions on all ET/Orbiter strut and ET/SRB strut loads for 
pre-ignition, SSM8 buildup, liftoff and ascent conditions. MPTA data were used as 
comparisons for accelerations and pressures. 

Locations of Orbiter and ET attachment. strut (Pl through P7) are ,shown in Figure 
3.3.0-1. Each or_ th~ struts were instrumented with four strain gauges. 

\ . ~·· 
\L__ .. 

OATHOCIOHAL·LOAOS: "4 TO P11 
POliTIVI DIIIICTIONI SHOWN 

fOIIWANt n ,'01181TIII 

TIIUII MIM81111: P1 lO PU 
l'OIITIVI TllilllOlf 
NIGATIVI co,,,a,au11011 

FIGURE 3.3.0-1 ET ATTACH STRUTS 
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E.T/ORBITER STRUT LOADS - Loads on the Orbiter to ET attachment struts have bt'Cn 
aeseeaea £or the follow ing even ls: 

l. ~ME Thrust Buildup 
2. Liftoff 
3. Maximum Dynamic Pressure (High Q) 
4. Maximum SRB Acceleration (BA) 
!S. SRB TaUotr (Pre-SRB Staging) 
6. SRB Post-staging 
"1. Maximum C Orbiler Burn 
B. Orbiter End Burn 

The predicted nel lOGde were furnished by Rockwe II l nlernalional/Downey and 
JSC/Houston. ~ME tbr,ust buHdup and urtoff were based on zero w lnd and no 
parameler dls'pel'lliona .'Predictecl' loads ror maximum dynamic preaure conditions are 
based upon L + t~ mJnule nominal measured winds. Maximum SRB acceleration through 
Orbiter end burn load predictions are ba- on 3 sigma dispersed loads. 

Meawred net loads were calculated by averagtna the four strain gauges for each strut 
(except during buildup and Urtoffi then multiplying by a modulus of elasticity E = 
10.5x10.86 psi and lhe crams sectional areas for the appropriate slrul. Desian limit loads 
were obtained from the Rockwell International Loads Date Book. The design limit loads 
reflect lhe mulls of combining -JC and -3D Joada. 

A comparison or STS-1 measured/STS-2 mMSured/S'l'S-3 me~:::.::-~/S'l'S-4 metUUred. 
predicted, deaian laada are ahown in Tablea 3.3.0-1 lhrouah 3.3.0-& S'l'S-1, STS-2. S'l'S-3, 
and STS-4 load& show j)od agreement. especially Sl'S-2. Sl'S-3, and Sl'S-4 re&ults. A high 
angle or attack W4HI .. flown during the max q region. which resulted in lower loads on 
lhe forward alrula; (Pt and P2~ Figure 3.3.0-2 is a typical alrain aeuae plot w ilh lhe 
tension and compr~lon Umll loeds superlmpoeed. Member loads versus Ume are shown 
in Figure 3.3.0-3 throqh 3.3.0-9. Be.aeline aerodynamic data and aerodynamic data from 
the previous Ulghts were the basis for the predicted and measured dala. respectively. 

TABLE 3.3.0-1 CT STRUT LOAOS -SSNE: BUILDUP 

Pl 
P2 
P) 
P'1 
PS 
PG 
Pi 

PRCDICJEO" 
t--CT LOAO 

!KIPSJ 

-4S 
--ts 
168 
168 

-516 
-518 
-e 

srs-1 
tlCIPSI 

-S2 
-50 
17) 
176 

-550 
-S-42 

e 

NE:ASUREO NCT LOf'IO 
srs-2 STS-3 
tKIPSI tK!PSI 

-53 -• 9 
-46 --45 
171 16.2 
157 160 

-532 -SJB 
-508 -530 

-5 10 

N PREDICTED LOADS BASED ON NO WIND ANO DISPERS[ON 

3.3-2 

DESIGN LIMIT 
STS-4 LOAD 
tKIPSJ li<..IPSl 

-• 7 131 
-48 -131 
157 •F6 
161 •-490 
-s11 -!)31 
-S33 ·834 

e • 177 

-
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tAaLt 3,3,0-2 CT STRUT LOADS -LlfTOfT 

Pl 
P2 
P3 
P4 
PS 
PS 
P7 

PREDICTED• 
NE:T LOAD· STS-l 

IKJPSJ · CK(PSI 

-58 
-58 
183 
J8J 

-535 
-535 
-28 

-68 
-65 
180 . 
192 

-551 
-5'37 

7 

MEASURED NET LOAD 
STS-2 STS-3 
IKJPSJ lKIPSI 

-56 
-48 
156 
149 

-518 
-i92 

1 

-52 
-16 
153 
155 

-516 
-511 

10 

OCSJGN Ut11T 
STS-i LOAO 
CKJPSJ IKJPSI 

-so 
-47 
HS 
166 

-SOI 
-495 

8 

-)31 
-131 
•i7S 
•490 
-834 
-83i 
•177 

------------------------------------------------------------ ·--------------------
w PRtDlCT(D LORDS BAS(• ON NO HIND AN• DISPERSION 

TABU: J.J.0-3 CT STRUT LOADS -t1flX DYNAMIC PRtSSURf: 

--------------------------------------------------------------------------------
PR£0JCTED• MtASUREI> N£l LOAD CESJGN Lll11T 
NET LOAD STS-1 STS-2 STS-J sts-4 LOFO 

lKlPSJ CKIPSI IKJPSJ CKIPSI CKlPSJ IKlPSI 
---------------------------------------------------------------------------------
Pl -'32 -40 -34 -45 -19 -131 
P2 -25 -J6 -42 -Jl -21 -lJl 
PJ 250 219 2-tl 221 255 •i76 
Pi 275 245 191 272 272•• •iOO 
PS -425 -504 -iBJ -447 -460 -Bl4 
P6 -420 -486 -i8i -456 -466 -834 
P7 -20 -21 -7 -20 -JO -173 

w PRCDJCTfll LOADS BASfll ON L • 15 t1JN. MINOS 
•• DJSPCRSE:o PREDICTED LOAD AT LAUNCH> 90i DCSIGN 

TRBLE 3.3.0-4 CT STRUT LOADS -tflX SR8 ACCOJ:RRTJON lBAJ. 

Pl 
P2 
PJ 
Pi 
PS 
PS 
P7 

PREDICTED• 
NC1 LORD 

IKJPSJ 

-20 
-Jg 
129 
13] 

-480 
-481 

-1 

~TS-I 
CKIPSI 

-30 
-2e 
135 
151 

-173 
-477 

3 

HEASURE:o NET LOAD 0£S16N Llt1CT 
STS-2 STS-3 STS-4 LOAD 
IKJPSI CKIPSI . CKIPSJ IKJPSI 

-13 -31 -25 -131 
-)9 -22 -26 -)31 
201 ll7 137 •i76 
184 135 )82 •iOO 

-iii -158 -397 -83i 
-•UB -464 -412 -834 

e 6 2 •177 
--------------------------------------------------------------------------------
w PR£01CTm LOADS BASm ON J SIGt1A DISPERSION 

TRBLE '3,3,0-5 CT STRUT LORDS - PRC-SRB STAGING 

-------.----------------·--~----------------------------------------------------PREI>JCTED11 HE:ASUREI> N£T LOAD 0£S16N L(t1l'T 
NET LOAD STS-1 STS-2 STS-'3 STS-i LOAD 

IKIPSJ lKIPSI IKJPSJ CKIPSI IKIPS! IK)PSI 
----------------------------------------------------------------------------------Pl -so -53 -19 -so -49 -131 
P2 -so -51 -18 -15 -52 -131 
f'3 217 2-1-1 218 214 228 •476 
f'4 2J7 252 191 212 216 •49) 
PS -735 -722 -721 -736 -736 -83'1 
PS -735 -70'3 -711 -731 -712 -831 
f'7 D -12 10 -32 -JB -)73 

11 PRE:DJCTCD LDAO~ BASCO ON '3 SIGMA DISPE:RSION 

3.3-3 



PJ 
P2 
PJ 
P4 
PS 
PS 
P7 

PRmJcTtD• 
t£T LOAD 

IICJPS> 

-59 
-59 
26J 
26J 

-742 
-742 · 

0 

TABLE: 3,3,0-6 CT STRUT LOADS - POST SRB STR8JN9 

STS-l 
CK IPSI 

-ss 
-57 
253 
261 
758 
735 

-9 

HOISURED NCT LOAD 
STS-2 STS-3 
IKIPS> CKIPSI 

-57 
-S5 
261 
245 

-729 
-713 

-3 

-59 
-5~ 
239 
253 

-718 
-720 

3 

DESIGN Ll11IT 
STS-4 LOAD 
(KIPS> IKJPSI 

-56 
-SB 
253 
251 

. -721 
-706 

-2 

-13) 
-131 
+i76 
+490· 
-834 
-83i 
-J73 

--------------------· -----------------------------.. ------------------------------
• PR£DJCTED LOADS BASED ON J SIGMR OJSPE:RSJOH 

tABU: J. J. O-7. CT STRUT LORDS - ORB lTER l1AlC BURN 

PRtOJCTEO 11£:ASUR£D t£T LOAD 0£S]GN LIMIT 
NO LORD STS-1 STS-2 STS-J STS-4 .LOAD 

tKJPS> lK !PSI IKJPSJ (K(PSI (KJPSJ IKJPSI 
----------------------------------------------------------------------------------
Pl -s -II -18 -17 -13 -131 
P2 -5 -10 -12 -IJ -JS -JJI 
PJ )27 153 168 111 l'tS +i76 
P4 J27 l53 152 151 131 +i90 
PS -449 -·4-42 -480 -474 -476 -B34 
PS -449 -435 -492 -480 -469 -834 
P7 0 3 1 7 7 +117 
----------------------------------------------------------------------------~---

TABU: 3,3,0-8 CT STRUT LOADS - ORBITCR 00 BURN 

. . 
---------------------------------------------------------------------------------PRCDJCTEO t1£ASURE:O Ntt LOAD DtSJSN LIMlT 

NET LOAD STS-l STS-2 STS-3 STS-4 LOAD 
IKJPSl tK (PSI IKlPSl lKtPSI . lKJPSl IKJPSI 

-----------. -------------------------------------------------------.--------------
PJ 12 e 7 12 8 •H6 
P2 J2 8 8 10 8 .•H6 
P3 44 62 62 40 45 •476 
P'l 'l1 63 18 52 63 +'19) 
PS -178 -118 -181 -170 -128 -BJi 
PS -178 -157 -181 -179 -153 -831 
P7 D 2 ] 7 ·7 •177 
------.----------------------------------- ----------------------------------~---
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-soc 
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DATA SOURCC: ST5i08 ET /ORB no ATTACH RH SlRA IN 

-100 0 
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1 : 
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l 
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lENSlON LIHIT-116 KIPS 

COHPRESSlON L[M[T--131 KIPS 

100 200 JOO 100 500 600 

SCCONOS REl.ATIV~ TO 82:178: 11:59:59,793 

rIGURE 3.3.0-2 TYPICAL STRAIN GAGE PLOT 

MEASURED DATA 

PRED ••. L~ts M[N. WIND 

I 
I I I 

• - - • L - - ... - -1 - - _ • - L _ ... _ - -. - ____ l ___ ... "1 _ ... __ _ 

I I t 

I I I I ·---r----~-----r----~-----r---· 
t I 

. ' t I 
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- :- - - - -~}' - - ~ -~ --r ":. , 
•• I 

I , __ .,. ___ --,--- -..J-----

,, 

·•O~--.---..... --t----ii-----t--...;--...,--..;,---.---1 
20 30 ~ ~ W ~ ~ ~ 100 • 110 120 

SECONDS RELATIVE 10 82:178: 11:59159.793 

rJGURE 3.3.0-3 STRUT LOAD Pl VS TIME 
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I I -----.-----~- ----'-..:. 
I 

- -' -
I 

I 

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

-30-t--~.--.... --... --..... ----t--..... --.... --......... .., __ ~ 
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SCCONDS RELATIVC TO 82:178:14:59:59,793 

PJGURE 3.3.0-4 STRUT LOAD P2 VS TIME 

MEASURED DATA 
PRE• ... L • I 5 HIN. W I NO 250-----------------------------
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-· - - - - - ,. I 
- _1 -

I 
--~-----'--

' 

-. - -

I 

.• L 

..! -
I 

o..., __ ..., __ ...,. __ ..., __ ..., __ .., __ ..,. __ ..,. ___ ii-__ .,__---1 
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StCONDS RELATIVE TO 821178: l~159159,793 

rtGUR[ 3. 3.0-~i STRUT LOAD P3 VS TIM[ 
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SCCONDS RCLATIVC TO 82:178: l4:59:59.793 

F"]GURE 3.3.0-6 STRUT LOAD P4 VS TIME 

MEASURED DATA 
PREO ••. L•lS MIN. WINO 0--------------------------------
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SECONDS REl:flTIVE TO 82:178: l~:59:59,793 

rJGURE 3.3.0-7 STRUT LOAD PS VS TIM[ 
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MEASURCD DATA 
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SCCONOS REl.ATIVC TO 82:178:14:59:59,793 

F']GURE 3.3.0-8 STRUT LOAD P6 VS TIME 

MEASURED DATA 
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SECONDS RELATIVE TO 82117811-4159155.7g3 

rJGUR[ 3.3.0-9 STRUT LOAD P7 VS T[M[ 
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- AFT ~RB STRUT LOADS - The ~rt SRB lo ET st.r4t loeds (Pe -- Pl3) are usually 
diac in Section 2.6.0 (SRB Slruclure and Loada), bul due lo lhe loa of lhe SRB'a 

-

there are no data for STS-4. 

ET/ORBITER INTERFACE AND STRUT LOADS - The strains measured by the 1auaes on lhe 
ET/Orbit.er interface har<hrare and the L02 feedline support brackets are used w it.hin a 
computer rrogram (FLYTAN} written by MMC/MAr to evaluate the E'l'/Orblter Interface 
loads (rl'O through PJ'08) and the interrace hardware strut loads (Pl through P7). 

The indicated strain is adjusted for Orbiter weight and L02 feed.line loads lo give a true 
strain ror each sauge. The strains are averaged tor each strut and converted to strut 
(P) loads by mullip.lying with Cl"QB-saect.ional areas and mcxlulus of elast.icily. The lrue 
strain is lhen corrected for L02 feedline fluid and dynamic loads, L02 feedline weiaht 
and used with procedures described in MMC ET-004 Callbratlon Report (826-2186-04) to 
~lculale lhe rro load& Rnullll of at.rut (P) and no load• calculated u• ln& 
measurements at 10 spa are shown in Flsure 3.3.0-10 through Fl.gure 3.3.0-23 using a 
reference tlme 1982:1'18:14:59:59:793 GMT. 
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I I 

I I 

: t : t : --------•--------J-------- • --------J _________________ _ 
- I I I I I 

I l 
f I l I 

--------~--------~--------~--------~ I 

I 

I ---•--------,------~--
: I 

l~ .... 1!11?'~~~:-:-:~ I 
t ·t I 

-----·r-·------~--------,--------
• I ' 
I I 

I : I : I 

--------•-----------------~-------·----------~--------! f I I I 

I I I 

·160 ..,_.---------~..----.... ----,,----.... ----. 
-50 50 150 ~- '350 450 550 
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tlGURE 3.3.0-10 ET/ORB J/P LOAD IFTOll 
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t60.,..----------,.---------..... ---,-.------i1 
I I I )( STSI 

120 
, ; , ; 0 5TS2 --------r --------• --· ---· --: · --· ---· .... --· -· L u S TS3 
r • I ' ·-------
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·SO SO ISO . 250 350 '"" !!SO 

SCCONDS RELATIVE 70 82:176: 14:59:59,793 

F"]GURE 3.3.0-ll ET/ORB ]Ir LOAD 1rro21 

1so------.-------------------------
120 -------

BO--------

10 -------, 
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SECONDS RELATIVE TD 821178: l4:S9:S9,793 

f" lGUR[ 3. 3. 0 - l.~ [TIORB ]If LOAD lfT031 
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rJGURE 3~3.0-13 ET/ORB l/F LOAD 1rT041 
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fJGURE 3;3.0-14 ET/ORB J/F LOAD tfTOSJ 
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r l GUR E 3 . 3 • 0 ·· i S ET/ORB ]IF LOAD 1rT071 
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rJ GUR C 3. 3 • 0- l 7 STRUT LOAD Pl VS. TIHC 
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flGUR[ 3.3.0.-18 STRUT L.OAO V5. TIME 
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rJGURE 3.3.0-19 STRUT LOAD P3 VS. T[ME 
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fJGURE 3.3.0-20 STRUT LORD P1 VS. TIM[ 
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rJ GURE 3. 3~ 0-21 STRUT LOAD PS VS. TIME 
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F'JG_URE 3. 3.0-23 STRUT LOAD P7 VS. Tl ME 

TANK PRf,;§URJ§ AND. ct ACCELERATIONS -: A summary ot the L02 and LH2 tank 
bottom low •ifrequ&ney .OIClll~t.ory pressures are contained in in.bJe 3.3.0-9. Peak levels 
and the ·frequency of oeciUation are shown for .six events from SSME icnition through 
SRB post separation. S,lnce these are dynamic gauges, no staUc or ullage pressures are 
presented. The L02 f~Upe mc~llalory pN!SISUra are depi_cted in Table 3.3.0-10. 'rabies 
3.3.0-11 through- 3.3.0.-16 sho:,r the low frequency ac:celernlion daln. These 1auaes are 
localed on t.he ET ·noae, L02 t.ank bottom. L02 reec1Une. and LH2 tank bottom. These 
acceleration• were dbtained from lri-axia accelerometer dala and are deaertbed in the X. 
Y, and Z directions. 

The MP1' predicted data:·are ahow,n as a compariaon lo lhe measured levels and 
frequencies. No,. rigid ·body· accelerations are included. The A.C. accelerometer located on 
the aft 1.02 dame was retained from the STS-3 flisht and two new A.C accelerometers 
were located on the crciabeam middle and end (TabJe 3.5.0-16). Table 3.3.0-t7 shows three 
D.C. accelerometers located- on t.he middle or t.he' crossbeam ln the normal. Y, and z 
direcliona One olher D,C. ,accelerometer waa located on the croaibeam end and a new 
pressure gauge was located ln the L02 inlet. line located 16 inches below t.he 1.02 art 
dome. Table· 3.3.0-18 depicts the results. A comprehensive discussion of the L02 art 
dome problem will be made in thnt sect.ion, but cerlAin conclusions can be drawn; 
namely, that the lox frequency A.C. pressure and accelerometer measurements located on 
the cr098beam and L02 aft. dome are probably invalid. (See F'TPR MSFC-1 in Section 3.1.) 

3.3-16 
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tABLE: 3.3.0-9 STS--t E:T • LOa ;ind LIQ TANK 80TTOH PRCSSIJl:S 

-----.-------------------------------------~--------------------------------------------TUE 
(stCJ 

ug.. 
l•/-,S]) 

F'Rto. 
tHZI 

LIQ FREQ. 
l•l-,SU IHZJ 

-----------~-------------------------------------------------------------------~------55tl[ l GN IT l ON 
LlMDrr 
SRB STEADY STAT£ 
fflX 0 
l'IAX G 
POST SEPARATION 

-4 
0 

25 
45 
84 

1'30 

7.0 
21.0 
t.5 
7.0 
4.0 
8.0 

4 • 10 
24 
31-
28 

3.5 
7.0 
2.0 
J.D 
S.D 
5.;0 

4 
s 
6 
6 

40 
10 

wlHE PRllfflJ PRESSURC GflJGt, MHJ'CH JS LOCATEO ON THt OOtlt, OOtS NOT PftOVlllt Vf\.lD Ofttfl BtCflUSt 
TH£ OSCILLRTORJ PRESSURES CO NOT CDRRELRrt WJTH PREDICTED ORTA, STRAIN GAUGES ON TtC DOME, ANO A 
PRESSURE: GRUGt LOCATED (N Tt£ L02 LINC JNLE:T FS0UT l.$ IN0£S80..0W THE: _TANK BOttOtt. 

TfB..t 3.3.0-10 STS-4 0 - L02 FttDLtNt PRESSll:tS 
. . 

-----------------------------------------------------------------------------------TU£ F'ORWARD FREQ. NIOOU: f'RtO. .LOO f'R[D. 
Ste. •I-PSI HZ +/-PSI HZ ,+/-PSI HZ 

--------------------------------------------------------------------------------------'SSH£ _IGNJTJO.~ -2 2.3 42 ll.S 3.0 0.3 36 
LJrTOrf" o· 2.5 30 7.5 . 20 ·0.l 36 
SR8 STEROY STFllE 19 o.e H l.i 22 o.s 38 
l'IAXO 50 9.8 24 tl.8 17 O.l 40 
HRX 6 84 8.0 30 a.a 26 0.5 32 
POST SEPARATJON · 130 _:S.4 22 3.0 28 D.l 32 
----------------------------------------------~---~--------------~-------------

tlB.C 3.3.0-11 STS-4 ET - LD2 TflNIC BOTlQl1 ACCD.ElltRTJONS 

SSl1£ J GNJTJ ON 
LJrTOFT 
SR8 SrtflDJ' StFllE. 
ttAX 0 
NAX G · 
POST SE:PFIRFITJON 

Tlt1t 
SD:. 

-1 
0 

25 
15 
8-4 

130 

X-fDXL. . FRED. 
•I-S HZ 

I.I 4 
1.4• 4 
0.4 -42 
0.8 -t6 
I.I -to 
4.J 40 

T-ACCD.. f'REO. 
+/-G HZ 

0.3 4 0.3 
.Q.S 4 0.7 
0.2· 42 ·0.2 
0.2 37 0.3 
0.3 39 · ·0.3 
0.7 40 0.7 

• 4 
42 
30 
36 
42 

----------------------------------------·----------------------------------tlPT PRE:Dl CTfD 3.5 20 l.3 . 20 4 .. 0 ·16 
-----------wACC£LCR0t1En:RS GR0LHJED MHJDt ACaUrf rQR DECRCASC F"R0N STS-2. 

tflBI.£ 3.3.0-12 STS-4 tT - LH2 TANK aonott Rcca..CRRTJDNS 

------------------------------------------------------------------------------tlt1E: X-ACCD.. rR£Q. 'C-RCCtl.. fRCO. Z-fl:al...- F'RtO. . 
SEC. •I-G HZ •I-G HZ •I-G HZ . 

------.------------------------·-------------------------------------------------------SSl1C lGNITJON -1 3.0 36 0.7 l2 J.9 3S 
LlMOrr O 3.1 37 0.7 '32 . J.O J6 
SRB STtAOJ' STfllE 25 1. S · i2 . 0.2 ?R : O.S 40 
NftX O 45 5~3 38 1.8 23 2.2 38 
11AX G 81 3.0 .36 l,5 36 , 2.8 · 35· 
POST SE:PARATJON 130 5.0 •O 1.0 39 J.5 .g 
---------------------------------------------------------~--------------------------------l'IPT PREDICTED 6.0 4D 1,8 40 2.S 40 
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tABl.£ 3.3.0-JJ srs-1 ET - NOSt: RCCD..tRflTlONS 

--------------------•:-------------------------------------------------------------------------

utTOrr 
Ssnt JGNJTlON 
SR8 ST£AO:r STAT£ 
tlAX 0 
11ftl( G 
POST 3EPARAT10N 

TU£ 

0 
-4 
25 
15 
85 

130 

X-ACCD.. 
• /-8 

0.4 
0.8 
0.8 
0.2 
0.4 
1. 1 

f"REO. 1-ACCD.. nu:o. Z-flCC!l.. f'Rttl. 
HZ +/-8 HZ +/-8 HZ 

50 0.1 49 0.8 .. 
50 0.8 so 0.8 52 
37 1.5 33 0.8 12 
60 0.7 48 1 .o 51 
50 0.8 40 0.8 42 
so 1.0 35 1.6 42 

------------------------------------------------------------------------------------------------ttPT PR£D)CT£0 1.5 10 l.S i0 1 .s 10 
----------------------------------------------------------------------------------------------

TABLE 3.3.0-li STS-i E:T - L02 rtCOLfN£ RrT HAROPOINT ACCD..ERATlONS 

TUE 
SEC. 

X-ACCEl.. 
+/-G 

FR£0. Y-RCCD... F'R£O. Z-ACCD... rRtO. 
HZ +/-6 HZ +/-6 HZ 

SSME: tGNJTl ON -1 0.9 34 0.e 35 1.0 33 
LJF'TOF:F 0 .0.8 34 0.9 39 0.5 15 
SR8 STEADY STAT£ 25 0.4 14 0.6 39 0.3 38 
11AX 0 45 10 37 2.0 JJ J.2 36 
HFIX 8 fH 1 .2 36 2.0 33 1.2 30 
POST SEPARATION 130 0.6 39 0.9 17 ':!.S 36 
---------------------w------------------------------------------------------------------------IPT PRmlCTtD 1.8 40 1.5 40 1.3 

tl8..t J.J.O-15 STS-4 tT - LD2·rtEDLINt UPPER SECTION 

TUI£ 
sec. 

SSHt JGNITJDN -1 
LtF1lFr 0 
'SR8 STtAOJ STATE 25 
"AX O 15 
MX 6. 84 
POST SCPARftrtOH l JO 

MPT PREDICTtD 

LDNG·ACC. fR£0. 
+/-G HZ 

0.8 
0.8 
0.8 
1.0 
0.8 
l.6 

1.0 

52 
4 

42 
51 
12 
42 

10 

TflNG. -RCC. f"RC0. 
+/·G HZ 

40 

1.0 
a.a 
0.5 
1. l 
J .. 8 
2.l 

TABU: 3.3.0-l6 STS-1 E:T - CROSSBCRl1 & L02 AM' DOM£: A.C. RCC£t.EROt1C'I'RS 

TIit: CROSSBEAl1 CRO!,SB£Rtl L02 RrT 
F'RtO CND •l rRE:O t1JOOU: •1 rru:o 
... /-G H'Z ... /-G HZ +I-G 

30 

12 
43 
'40 
12 
30 
37 

10 

0011£ 
HZ 

-----------------------------------------------------------------------------------------------SSMC IGNJTJON -3 o.s '<\2 1.6 16 0.7 so 
LlrtOfT l 0.8 12 3.6 iS 2.0 1 
CjR8 STEADJ STR1E 23 0.3 28 0.8 42 0.4 Sl 
HFIX 0 50 0.6 28 7.. l 44 1.0 '40 
KAX 6 ea 0.9 33 2,7 41 o.e '38 
POST StPARATlON 130 1.8 12 3 ... i2 1.5 '36 
----------------------------------------------------------------------------------------------
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tf181.t 3.3,0-17 STS·i CT - CROSS8£fl1 "lOCl.t •2 O.C. flCCtu:ROMCTCRS 

tnu: X-FtXlS 
+/-Q 

ntm. 
HZ 

'f-ftX CS 
• /-9 

f'ftEO. Z-RXIS F'REO. 
HZ +/-9 HZ 

-------------------------------------------------------------------------------------------SSHE IGNITION ..,2 0.3 3-1 0.05 25 1.2 :is 
Llf"TDrf" l 0.-1 4-1 0.08 24 I. l 22 
SRB STEADY STATE 18 0.J 1't 0.03 16 0.3l 26 
t1AX 0 48 0.i 12 o. 18 18 2,;,2 2.5 
11RXG 88 0.4 42 0.07 25 2.0 25 
POST SEPARATION 130 1.2 42 D.12 26 D.7 25 

TABLE 3.3 •. 0-18 STS-4 tT - CROSS8Eflt1 D.C. fl:CEl..ER0Mttt l L02.LJNE: JNL.a'.PRtSSURE: GAUGt 

SSl1C JGNITJON 
LlnotT 
SR8 STE:ADJ STATE 
HRX 0 
11RX G 
POST SEPARATION 

TIit: 

-2 
l 

23 
48 
88 

130 

CROSSBEAl1 
X-ftXJS 
• /-8 

0.1 
0.3 
0.03 
0.1 
0.) 
0.3 

30 
34 
30 
3S 
38 
.g· 

L02 LINE 
PRE55UR[ 

+/-& 

1.0 
S.B. 
0.3 
1.2 
I .3 
2.3 

UU:t 
ntto. 

HZ 

l 
9 

28 
32 
30 
30 

L02 TANK PRESSURCS - The original dome pressure gauge showed G1Cilla.t.c>r, pressures 
even higher (+/-20.0 psi and 4 Hz) than those experienced on S'l"S-3.·. However, .baaed on 
the riew pressure. strain. and acceleration measurements on STS-4 and l"fl\llt.s of .t.be . 
Wyle t.estlng of the pressure transducers. 11. appears tba\ tbe dome .. oselU~toey pressures. 
at. liftoff are from +/-5 psi t.o +/-7 :psi. This dynamic p~ .wu ·ctetermined.:;from 
a new. pressure gauge located ln the L02 Une inlet abo.ut.15 1nchee belo1f the t.an.Jc· · 
bottom and from strain gauges on t.he dome. . The hi~ o.scUlatory p~ measured by 
the originaJ dome gauge seem to re~t. a phantom magnificalioa because of ita location 
on a structure experiencing lugh strain& tesUng of. t.be oscillatory preaure · · 
measurements in a test configuration at. Wyle Laboratories .using • .fin'· ~t.tom container 
verUied t.bat thelle m'8Sl,lrements were erroneous. · The six strain aau.ces flown ·~ STS-2 
were again flown on Sl'S-4 and a typical gauge is shown In. Figure 3.3.0-24 at liftoff. A 
plot of the pressure gauge location in lhe L02 line inlet al liftoff la ~o,,,a. in Figure 
3.3.0-25. In summary. ll can be concluded that there is no L02 dome problem •t liftoff 
because of the Wyle test results, the new 1.02 feedline pressure ga...._ STS-2 an~ STS-4 
strain data. new D.C. accelerometers located on the crossbeam, and predictions. . The low 
frequency A.C. pressure. and accelerometer measurements may be Incorrect on t.be 
crossbeam and L02 dome. New instrumentation will be proposed for STS-5: which will 
provide an analysis tor the L02. dome to crossbeam dynamic deflection. analysis for VAFB 
at liftoff. 
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The dynamic pressure was added to the static head and ullage presaure lo obtain a total 
tank bottom pressure. At the Y ring no pressure gauge was available. Therefore. these -

· ~illatory pressures wer£> extrapolated (using the L02 tank analytical modal daltl) to the 
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-
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Y ring to determine dynamic pressure ror t.hl• JocaUon. Static head pressure was 
calculated for the Y ring and combined wii.b Lhe oaclllatory and ullage pressure to give 
a total pressure at this location. The tank bottom and Y ring pressures are listed in 
'!able 3.3.0-19 Cor the L02 dome pressure cau.-. 1tratn pup. and tbe pressure gauge 
localed in the L02 line inlet. The strain and pressure transducer gauges are in close 
agreement. 

TflaLE J.J.0-19 PRESSURES ON L02 TANK BOTTOM & l RING 

L02 TANK BOTTOM IPSII Y RING !PSI I • 
STS-l srs-2 STS-J STS-~ STS-1 STS-2 STS-J STS-4 

---------------.--------------------------------------------------------------------------------PRCSSURC GAUGE: · 63.9 
STRAIN GAUGC 
PRESSURE TRANSDUCER 

DCSIGN 70.6 

61.7 
59.7 

70.6 

•OSCILLATION PRCSSURE· - +/- 20 PSI 
••OSCILLATION PRESSURE - +/- 5.2 PSJ 

•••USClLLATION PRESSURE•+/- 6.0 PSI 

68.1 

70.6 

69.0111 S•.S 
54.2111111 
SS.011110~ 

70.6 57.S 

.5S.3 S5.7 
so. J ' 

57.5 57.S 

55.6• 
4S.8n 
46.3••· 

57.5 

LH2 'fA~K AFT DOME PRESSURE - The LH2 lank dome pressure oscillations. were 
considerably lower than the oscillalions observed in the L02 tank. These pressures (Table 
3.3.0-9) were +/-7 psi in amplitude at a frequency or 5 Hz. The table below lists the 
pressures for all (our Oights after combining the ullage and st.a lie head pressures w ilh 
the oscillatory. · 

PRESSURE: GAUGE 
DESIGN 

STS-1 

42.6 
11.3 

LH2 TANK BOTTOM (PSIJ 

STS-2 

41. J 
1-4.3 

STS-3 

36.9 •'1.3 

STS-1 

36.9 
11.3 

---------------------------------------------------------------·-------------------
The measured tank pressure Jeve I is. 83% of the design pressure. No dynamic pressure 
predictions were made by the Rockwell International loads personnel for the LH2 lank 
because or the comf lexity of incorporating and using a hydroelaslic model in their 
response analyses. n addition, no large dynamic pressures were expected because of the 
low density of the LH2 propellenL 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 tlight. These Internal loads 
are from loads applied at the interfaces. from Lank end propellant inertia and from 
airloads. They exclude internal loads from tank pressure. · 

The procedure used for calculations of lhe:ie internal loads is as follows: 

L Determine the- change in measured strains from a prelaunch lime point with the lank 
full and escenlially unpressurized (T-100 seconds) lo· the Oighl lime of interest. . 

2. Sublract from these de Ila strains the presaure- induced strains. 

3. 'l'he remaining delta strains (from flight-induced loads) are corrected for 
cross-senailivity to give the corrected strains. · 

4. The total st.re.in from external ioa.c::1a can now be found by adding back the st.rain 
due to lG p::-1launch loads (calculated analytica.ily). 

5. 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-direclion are plotted and a sine curve filled lo them. The 
sine curve is the theoretical solution ror be-ndi~ an axial loed on a th1r. -walled 
cy linder. (Fiaure 3.3.0-26). 

7. The inl.ernal loads Px and My al Sta. 1554 are calculated usina the mean stress 
to calculate the end load Px and the ampltlude or the sine curve to calculate
the end moment My. 

Calculated loads from STS-l thru STS-4 for different rlight conditions are listed in Tab IC' 
3.3.0-20 alone w ilh available predicted data from Rock we II I nlernnliona.1 STS-·· l Flight 
Readiness Review documents. Prelaunch axial load predictions are slightly lower due to 
changes in Orbiter and ET weights. Calculated loads at liftoff were compared with 
maximum predlcted values. 

10000 

PRELAUNCH· I NlXf 

t.n 0 ' T-60 
Cl. -t.n 
if> 
w -~oo ~ 
I-
If) 

if x ·10000 • 
a: -DATA SINUSOIDALLY REGRESSED POR CURVE 

-lt-.ERT CONDITION THCORCTfCAL 
• 15000 -PRESSURE EFFECT BACKED OUT . POST-STAGE T- i •1(, 

__ STS-3 STS-1 
.. ___ STS-2 

·20000 ------------·----.------ -·· · r- · · -···--·· ·- --, 
0 90 180 270 160 

AZIMUTH IOCGREESJ 

f'!GURE 3.3.0-26 LH2 BARREL STA 1554 C[RCUMrERENIRL STRESS DISTR!t3UT!Ol,J 

f'l..lGHT 
r:rJNDlT!ON 

f'L l NlRT 
t..O o secs 
iilCJ 6D SECS 
PO 11!1 SECS 

TABLr 3.3.0-20 LH2 BARRO. AT STAilON l55i 

M[AN STRCSS IPS] I Olff. STRESS !PSI l CRL. MAX STRCSS !PSI 1 

51'.i·l STS-2 STS-3 srs--1 STS-t STS·2 STS·3 SiS·1 STS·I STS<? S1':i·3 STS·"i 

2618 2873 2608 2722 1SA3 1677 1592 1550 
·2761 -1220 -3646 ·3311 -6778 ·6625 -6196 -6321 

7$3 1104 603 639 -2550 -2542 -J55i -2530 
':iF"i ·SH9 -5663 -5567 -10110·98!5 -J0!97 -9669 
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i201 i600 4200 4271 
-9539 ·9462 -9842 ·96~2 
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---------------------------------··-··---------------------------------------------------H0t£NT H9 tK)P JN> 

f'l.16"? 
CONDITION STS·l STS-2 STS-3 STS-i PRmlCTfD STS-l sts-2 STS-3 S1'S--t PREDICTED 

· PL I NS£RT 483 530 480 SOl UD 
LO D secs· -509 -593 -672 -610 -700 
HlO 60 SCCS 139 203 Ill 118 N.R 
PO 140 SCCS -1010 -1001 -1080 -10.."19 -1100 

lSSOO 27000 2$600 24900 24800 
-l08999 -t06S34 •99600 -JOl600 -llOOOO 
-<10880 -11021 ·11075 -'10800 N.R. 
-16'3000 -tSSOOO -165000 ·156000 ·167000 

-----------------------------------------------------------~----------------------------··--
The post at.aging (PO) condiUons (T approx. 140 aec.) were well within design u ·shown 
below: · 

tlftX 111.Jt1 t1£ASURED · 

DCSlGN STS-1 StS-2 STS-3 . STS-<t STS-4 
% DESIGN 

STRESS -11.1 -14.9 -1S.6 -16.1 -JS.J 88 
CNO LOAD -1210 -lOlO -HOO -1080 -1029 85 

lKIPSJ 
t1Jt1£Nl -189000 -163000 -ISSOOO -165000 -155000 82 

lKIPSJ 
P-OJ. om -3500 -2980 -2970 -2960 -2908 83 

L<J-\O lKIPSI 

SRB CROSSBEAM AND L02 FEEDLt NE BRACKET S[RAJ N CAUC ES - The st.rai& «au.sea on lhe 
SRB CT'OC'lbeam flanges provide dat.a to verify tho.I. lh.e strains on the beam do no\ 
exceed design limits. 

£T SRB 
IIJISURCO STRAIN RflNGt 

---------------------------------------- --------------- '--------------STS-2 STS-3 STS-1 

rwo f'I.PINGC 400/-llBO l90/-l1l0 :stlQl-1380 3801-r:sso 
. I IN· )NJ 

Af"T F'LAH6C 1175/-220 lSSOl-180 JSSOl-135 1550/•115 
I lN-lNJ 

2480/-200 

2180/-2000 

STS-1 

68 

63 

The measured strain on ·bolh lhe forward and aft flanges were well wllbJn the limit 
allowable range.. with I.be maximum measured strain reaching 68% of the limit allowable. 
This compartaon ls bD.sed on strength rather than st.iftneas (tbe criteria ~ r or t.he 
crossbeam design). . · •· · 

The measured strain range on the L02 teeclllne bracket strain gauges were well within 
t.he limit. allowable strain range. witb lhe maximum measured strain reaching 14% of 
limit allowable. 

L02 n:tDLJNE 8RAi.:KtT STRAINS 
. . ------------------------------------------.. ---------------------------------~-----

STS-1 

IOISURCO 
StRA(N RANG£ 

STS-2 STS-3 STS-1 

AU. POSITIONS 3521-312 JeG/-32-1 3671-302 385/-366 
(JN·INl 

I.HUT fl.lJJN. mx.-.: 
STRAIN Mlllt L.UUT AL.LOW 

STS--t 

33201-2190 . l1X 

Although the above is based on data that. is no\ compensated r or temperature, the strain 
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range indicated w m largely be unafreeted as temperature changes are small. 

FORWARD ET/SRB AffACH LOADS - The following table snows the forward attach loads 
FTB5 and FTB6 C or three Clighl limes. 

TIME: MCRSURtD LOAD tKIPSl 
----------------------------- ·------------------------------------------------lSE:CJ 

0 
60 
80 

STS-1 

-366 
-)214 
-1474 

STS-2 

-36.2 
-1219 
-H79 

PRCDICTCO 3 SIGMA LOAD CLOWCSTI 1358 
IHJGHCSTI l 517 

DESIGN LORO 1672 

STS-3 

-384 
-1168 
-1503 

STS-1 

-356 
-1160 
-1520 

The loads fall within the predicted 3 sigma loads obtained from Rockwell International. 
The measured loads are derived from the ET inlertank strain data and are w ilhin the design 
limit.. · 

SUMMARY - The ET structural loads and stresses have been evaluated from the SI'S-4 
measured strains. pressures. and accelerometer dala from pre- launch through the ascent 
Clighl regime. All loads, stresses, pressures and acceleration responses were within the design 
limit throughout flight and were compared wi~h S'TS-1, STS-2. an<.i ;,•i~-3 results. 

All ET/ORB strut loads ror 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 or attack which reduced the loads on lhe forward slruts. 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 for maximum SRB acceleration compared with 51'S-3. The same general 
trend held for .pre-SRB staging. Post SRB staging. orbiter max burn, and orbiter end burn 
loads were similar to the first three flights. 

Based on results of the new pressure, strain. and acceleration measurements on s-I'S-4 and 
results of the WyJe testing of the pressure transducer, it appears that the dome oscillatory 
pressure at Uftotr are from +/-5 psi to +/-7 pal at 4 Hz. These results contradict the 
large oscillatory pressures measured by the pressure gauge located on the L02 dome. These 
high pressures seem lo reflect a phantom magnification because of its location on a 
structure experiencing high strains. and it appears that there is no L02 dome pressure 
anomaly for the KSC liftoft transients. However, .new instrumentation will be proposed for 
srs-5 because small exceedances or design pressures can be expected ror a \~FB lirtorr. The 
LH2 pressure gauge measured +/-"I psi al 5 Hz compared with +/-12.7 psi at 7 Hz for Sl'S-1, 
+/-11.4 psi al 6 Hz for STS-2, and +/-7 psi al 6.5 Hz for STS-3. There is no explanation 
lo explain the decrease from the first two flights. No oscillatory pressures have been 
calculated by RI tor the LH2 tank because their aU-up systems model does not contain a 
hydroelasuc LH2 tank. These dynamjc pressures. when added to the static head and ullage 
pressure, result in the following total pressures for the pressure gauge localed in the L02 
line inlet: 

(a) 

(b) 

(c) 

l.02 measured pressure at dome = 55.0 psi 
des lgn = 70.6 ps l 

L02 lank Y ring (exlrapolaled) from dome = 46.3 psi 
design = 57.5 psi 

LH2 aft dome measured pressure == 36.9 psi 
· design = 44.3 psi 

The percent of measured levels to the design limit pressures is 78,: for the L02. tank bottom, 
81% for the L02 lank Y ring. and 83% for the LH2 tank dome. The new D.C. accelerometers 
agree with expected values on the SRB crossbeam (+/-0.1 g) and the existing A.r;. 
accelerometers continue lo have higher lhar. predicted values and to disagree with the D.C. A 
accelerometers. Two A.C. accelerometers on the L02 afl dome still have a 4 Hz frequency, W 
but they do not agree with each other or the strain gauges. 
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Table 3.3.0--21 shows ihe load comparison in percent o( design for the struts, croabeam, L02 
dome . . Y ring. and LH2 dome. 

'.J TRtJCTUR[ 

Pl 
f>2 
P3 
Pi 
PS 
P6 
P7 

CROSSBEAM 
L02 DOME 
l RING 
LH2 OOHC 

rAau: 3. 3. a-21 LOADS cQMPAqJSQN IN ~; or DESIGN 

STS· l 

o/.lCVENTI 

52 IL]FTOrrl 
so 1unorn 
SJ !POST SR8 STG.J 
53 IPOST SRB.STG,l 
9l !POST SRB STG. l 
88 I POST SR8 STG. l 
12 1!1Ali 01 
ea !MAX SRB ACCtL. I 
91 IL.]F"TOrrl 
95 IL]fTQfTJ 
96 ILlFTOJTJ 

'I.IEVl:NTl 

ii !POST SRB STG, I 
i2 !POST SRB STG. l 
55 !POST SRB SlG.1 
50 !POST SRB STG, I 
87 !POST SRB SlG:1 
85 IPOST SRB STG. I 
S IPRt SRB STG. I 

88 IMAX SRB Ata:L. I 
92 ILffTOF'f'J 
96 lLlfTOf"rl 
93 ILlf"TOfTI 

5TS-J 

%1tVCNTI 

15 !POST SRB srs. I 
11 !POST SRB srs.1 
SO IPOST SR8 STS. I 
56 lt1Al( 01 
ee (PR( SRB STS. l 
88 IPRE SRS STS. I 
18 !PRE SRB STB. l 
90 IMAX SRB ACCtL. l 
97 ILJrTCJTl . 
91 1LJrtorr1 
83 ILJF'TCTFJ 

%1EVCNTI 

13 IPOSJ SRB STG, l 
11 !POST SRB STG. l 
5" lt1AX QI 
56 ll'f\X O l 
88 IPRC SRB STG. I 
BS IPRC SRB SlG. I 
10 IPRC SRB S1G. l 
91 I11AX SRB ACCtL.J 
78 1Llf10ffi 
61 lLlf!Of"fl 
B3 ILJrmrn 



- 3.4.0 P.~:IBSURE AND VIBROACOUSTICS 

-

-

3.4.l NOSE CAP AND JNTERTANK COMPARTMENT VENTlNG - The compart.ment venting or 
the ET nose cap and intertank and the diUerenllal pressures al three lntertank locations 
were calculaled using lhe Quick Look Bcsl F..atimated Trnjeclory (BET). The com par ism 
of calculated and flight. nose cap compartment. pressure is shown in Ficure 3.4.1-1. It 
should be noted that. the flight data have been biased by +l.8 pri aa recommended in 
MMC Data Squawk 158. The pred.lctton ls slightly lower than flight data. 

The inlert.ank compe.rlmenl differential premure referenced lo ambient is shown in 
Figure 3.4.1-2. The fltght. data le computed as the difference bet.ween t.he lnlerlank 
presure transducer (T07P9562A) and the ambient pressure from the BET. As seen ln th<' 
riaure lhe predicted values are sli1hlly hi1her lhan fliahl data and w ilhin lhe 
instrument tolerance range of +/- 0.8 psi. 

Figures 3.·U-3 through 3.4.1-5 show the differential pressures across the lntertank wall at 
three locaUons. These are: two feet In front of the ET Orbiter at.Lach blpod (3.4.1-3). 
seven feel in front of lhe RH SRB attach fit.Una (3.4.1-4). and aeven feel "behind lhe RH 
SRB attach fitting (3.4.1-!Si AH of the dlff erentlal wall pressure fllght values are w lthln 
the inslrumenl tolerance range around the predictions. 

DATA SOURCE: STS4DB 
_ _ _ _ fL I SHT •AtA I T07P9559A I 
__ POST fLISHT PREDICTION 1s--------------------------. 

11 

r 
- 12 
w 
Q:'.-

8:l 10 
U"I 
w 
Q:'. 

a. 8 
w ..... 
:::J 
_J 
0 
U"I 
al 
a: 

6 

4 

2 

' ' ' ' 

,_ 
~.~ o..,._ ____________________ .,... __ __,,_. 

0 20 tO Ell 80 100 1.20 

SCCONDS RELATIVC TO 62:176:14:59:59.793 

F'JGURE 3.4. !-! ET NOSE CAP INTERNAL PRESSURE 
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DATA SOURC[: STS40B 
... _ rL I GHT 01HA i T07P9';,E,2A 1 

PRED!CT[["J tB[Ti ,,-· 
4 

3 

2 

o-i-...:;.; _______ __,,..._. ___ ~---------,,-----....,-, 
0 20 i0 8l 80 100 120 

SCCONDS RELATlVC TO 82:178: 14:59:59.793 

rJGURE 3.4.1-2 ET lNTERTANK INTCRNAL PRESSURE 

rL I Gtff DATA I T07P9563A l 
DATA SOURCE: STS4O8 POST f'L l GHT PRE• I CT ION 

3 

STATJON 1106, PHI=2.5 

-3 ...... ---..... ---~,---------..... ---~,-----"'I 
0 20 40 8l 80 lO0 

S[CONOS RELFff I VE TQ 82: 178: I 4: 59: 59. 7'::13 
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l.fl 
a.., 

.., 
C 
QJ 

' .., 
I. 
I') 

DATA SOURCE: STS408 
rL! St1T OHTn I T07P9564A l 
POST rL!GHT PREDICTION 3-------------------------

COLL.APSE 

~ 0 
0 
IJ 

Q_ 
I ..... 
0 
g __, 

Q_ 

' .... 
..,.,,_ - ... 

BURST 

STATION. 903, PHl-9O .3.,.._ ___ ..,.. ___ ..,.. ___ ..,. ___ ..,. ____ ,... __ .....,. 
0 :io 10 m eo 100 120 

SCCONDS REl.RTIVC TO 81:178: l1:59:59,793 

rJGURE 3.4. 1-4 ET JNTERTANK • JrrERENTlAL PRESSURE 

DATA SOURCC: STS408 
rL[GHT DATA lT07P9565Al 
POST ,L[SHT PREDICTION s...-------------------------"" 

'SiATJON 1076, f'tt1=90 

~ 3 
u 
0 _, 
~ 

I .., 
C 
QJ 
e ..., 
L 

~ I 
e 
0 
u 

Q. 

, . 
__ ,,,,. , ........ 

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

!,._ _______________________ ...,. 

0 20 10 Ill BO 100 120 

SCCONOS RELATIVE 10 82:1 7 8: 14:59:59.793 

rIGUR[ 3. •• 1-s [T INTCRTANK Dfrf[R[NT!AL PR[SSURE 
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3.4.2 _ET VJBR0AC0US'"rfCS - The vibroacoustic measuring program for the ET on Sl'S-4 A 
consisted ol 31 vibration and eight acoustic measurements. Twenly-nin~ vibration and . W 
seven acoustic measurements provided good data. One vibration channel (T08D9262A) was 
dead and one (T08D9261A) appears to have a bad connector or cable. One acoustic 
measurement (T0BY9956A) has consistantly provided unreasonably low data as shown in 
Figure 3.42-1. This problem could be caused by ice or waler in the holes of the metal 
heat shield of the transducer attenuating the sound level. An F.cR 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. SI'S-2, and ST.3-3 data and 
were wlthln predicted criteria. Typlcol acoustic plots are presented ln Flgure 3.4.2-2 and 
typical vibration plols are given in figure 3.42-3. 

,,. 
HI 

lH 

UI 

Ill 

Ut 

IO 

ET AFT BULKHEAD 
AREA 

llll 
rai:o1110:.:r 11111 

LIFTOFF 

10 I 

V08Y9196A 

CRITERIA 

V08Y9681A 

STS T08Y99 56 A • 
2,3 &. 4 
T08Y9956· 

FIGURE 3.4.2-1 LOW LEVELS FOR ACOUSTIC SENSOR T08Y9956 
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:Ito THERMAL A~CSSMENT ·- ET thermal condit.lons are monitored usin1 numerous t:T 
m~unl~truclural and compartment mea•uremenlls d.eaiautc:d •• either Operational 
lrµ1trumentat.1on (01), mandatory for fllahl., or as l)evelopment.al ntaM, ln.arvmalation 
(Df'J). uaed for design aasnsment after fU111t. Anotner a::,urce of thermal monitorlna is 
ground support instrumentalion such ea purae healer lempcratura. A review ot 
thermal data shows no LCC or OMRSD violations. All faciUty supplied ET thermal 
conditioning wu • utficienl lo maintain acceptable pnalaunch temptrat.uree and lhcrC' 
were no anomalies with TPS acreage performance. During flight, recorded akin and 
structural temperatures were In the mid range or predictions and component 
lemperaluret remnined. al or nenr liftoff values. 

3.5.l PRELAUNCH THERMAL ENVIRONMENT - Active conditioning and. healing systems are 
utilized for certain areas of the ET lo maintain speciric requiremenls. These arms 
consist or the nose cone and intert.ank (1/T) compartment.a. LH2 and L02 pressurization 
lines. ET/ORB forward bipod fit.tinge and aft faedline attachment hardware. The ti' 
Thermal Protection System (TPS) ls used for pamlve control. · 

3.5.1.1 NOSE CONE COMPARTMENT PURGE - For the rime cone comportment, a dry 
gaseous nltrogen (GN2) purge Is used to preclude hazardous gas concentratlons and 
moisture buildup. This purge is heated and temperature controlled to prevenl rormalion 
of ice/frosl around vent area.& and lo provide thermal condilionina -I.or electronic 
components wilhin the compartment. 

The nose cone purge heater ls acllveJy controlled by the faclllly ustna temperature 
feedback either from redundant 01 noee au sensors or from a aensor at the heeler 
outlet. L02 Lankin& conditions determine the eel point value and een110r with which the 
heater is controlled. Ourlng initial L02 loading operations. the heater was controlled by 
an Of n011e gas senmr uaing an 85 deg-F •l point (Figure 3.5.1-1). As L02 load neared 
100%, heeler control was switched lo II heater outlet probe with a set point value of 300 
deg-F which remained in force until pura• termination just prior to Uttoff. ET-4 nose 
cone temperatures are aimilar to thoae of ET-2 and f;J'-3. ET-1 nme cone temperature 
data are cooler because foam had not yet been added to the G02 vent du.ct. A summary 
or measurements associated with the noee compartment puree :,yst.em. required limits 
and correspondina prediclc:d and measured data ranges. ia presented in 'lnb le 3.5.1-l. 

I.J 
Cl'.. ·., 
l
a: 
Cl: 
w 
Cl. 
:c 
Ld - ~-· 

DATA SOURCE= STS4RT 

----- GLOH I O'lA ~tERTER OUTLET 
• - • - - • - - · - T07T9553A nAOS PACKAGE 
-- -- T4 IT I 820H NOSC: CONE: GAS I 

loo..------r-----,----..---- -·--·-·;;;;·· ;;;;;;;;:i;;,ari.a.-

r 300 ° r /..._J -SCT POINT 

:;)!,Q --·-"-· -·-·----------- --- --r ~ ---
COMPARTMENT GAS ..,__ 

CONTROL 

200 · -· HEAT[f? -
-- OUTLE,T 

CONTROL 

n 1\_ l\L ., 1 
,~o ' \.:t,r ~.-/··\/" - -----··-·,..:-... --.+-.-•• ---.. - .. 

100 

,... 
i q .. ~ ,· 

,. .. •-
. ,. __ .. ,,._.-, ____ . 

........... 4':·<.. ...... .............. -... -:11,, "'II:;;;;,,.... - - •-.-~-~-........ -
, -· ·- . .,,... .,,,..........,._ ___ _ 

----- -.,,,r 
•. ~ ~- 85 1 F SET PO I NT-----------

50....-----+------+----,.__----+-----+-----1 
·.:16000 • 2-4 OGO · 22000 -20000 . · I 8000 • 16000 -14000 

SECONDS RELATIVE TO 82: l78: ti:59:59.793 

r·JGURC 3.5. 1-J NOSE CONE PURGE TEMPERATURES DUR[NG TANK!NG 
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TABLE J.S.1-1 NOSE COMPARTMENT PURGC 

PARANCTE:R 

HEATER OUTLET IOEG-rl 
COMPARTM~NT GAS IOEG-rl 
RADS PACKAGE !OCG-rl 
NOSE CONE SKIN !DEG-fl 
L02 CIT AT LSC IDCG-rl 

LINlTS 

325 MAX lOMRSOI 
55 - 130 ILCCh1 

200 MAX !QUALi 
200 MAX !OSGNJ 
1-10 MAX !OSGNI 

PRE:• l CTCl.J 

300 MAX 
55 :.. 110 

RMB - 150 
RHB - 180 
RMB - 100 

'.'ICTUAL 

300 MAX 
77 - I 041 
79 - l-16 
72 - 160 
69 - 88 

· PURGE PRESSURE (PS[GI 2200 MAX I ICOI 1900 - 2005 1910 - 1980 

wt.OMER LIMIT CXCEEOANCE ALLOWANCE - 15 MINUTES 

3.5J.2 INTERTANK COMPARTMENT PURGE - For the 1/T compartment. a dry GN2 purge. 
used to prec-lude 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 compartmenL 
Temperature control is also required in order not to exceed maximum 1/T skin liftoff 
temperature. 

.The 1/T purge heater ls actively control1ed using temperature feedback from redundant 
OJ 1/T gas sensors. Cryo tanking requires an initial set point or 80 deg r to offset 
initial thermal shock of a cold L02 dome. After the L02 all dome is !ull and as LH2 
load level approaches 100%. the set point is stepped down to oo aeg F by increments of 
5 deg F (F'1gure 3.5.1-2). A summary of measurements associated with the 1/T 
compartment purge system, required limits a.nd corresponding predicted and measured 
data ranges, ts presented ln Table 3.5.1-2. 
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f"IGURE 3.5.1-2 INTERTANK PURGE TEMPERATURES DURING TANKING 
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TABU: 3,5,1-2 INTCRTANK COHPARTMCNT PUR:$€ 
--- ... ------------ ---------~- - -- .. --- ------------ ________ ::.;.t..,:;. -- - ------------· -

PFIRAt1£TER LU'IJTS PRCOICtco ACTUAL 
. . --------------------------------------------------------·-----------------HCRTCR OUTLET IOCG-rl -· 

,'i 
LOADING SOOHAX 391 HAlf· 380 MAX 
PR(LAUNCH 500 11RX 260 - 310 220 - 350 

COHPARTMENT GRS IOCG-rl 
LOADING 33 - 118 IOMRSDJ 33 - 90 72 • 89 
PRELAUNCH 33 - 58. 5 ILCChc 33 - 58 .12 - 51 

1/T SKIN IOE:G-rl 
LORDING N. R. 33 - 90 68 - 80 
PRELRUNCH 60 t1AlC IOSGNJ 55. tlAlC 51 MAX 

RSS BATTERY ICEG-r1 JO - 120 IDSGNJ 33 - 90 12 - 83 
PURGE PRESSURE lPSIGI 3090 11AX I JCOJ 2750 - 2950 2920 • 29-10 

•LOHER LJMJT EXCCCORNC£ ALLOWANCE - JS NINUTCS 
UPPER LIMll CXCCCO.ANC£ ALLOHANCE - 5 MINUTCS 

3.5.1.3 PRESSURIZATION LINE ANTI-ICING PURGES - During prelaunch operations, CO2 
and GH2 pressurization Jines are purged 1w it~heUum. which is heated in order lo 
prevent ice/frost. formations at. line attachments-. to· the ~- Limits. predict.ions •nd 
measured temperatures for the anti-icing purge al the heater outlet. and al 1.02 ·and 
LH2 diffuser inlets are presented in Table 3.6.1-3. Measured temperature., imply no 
ice/frost tormaliona on preauriulion linea and no ice/frost. formations were observed. 

I . 

TABLt 3.S.J-3 PRE:SS LINC ANTJ-ICJNG PURGE 

PRRA11£TtR 

HCATCR OUTLET lOCG-rJ 
L02 TANK INLtT lCCG-rJ -
LH2 TANK INLET lOEG-rJ. 

t.ltttyS 

210 - 260 [OnRSOJ 
32 111N [OSGNl 
32 111N COSGNJ 

PREDICTED 

210 - 260 
40 - 100 
40 - 100 

ACTUAL 

210 - 249 
12 - 85 
59 - 8S 

3.5J.4 BIPOD ANO APT' FEEDLJNE BRACKET HEATERS - For ET/ORB forward blpod 
spindles and aft. feedline attachment brackets. electrical heat.era are used to prevent 
ice/frost. format.ions. Allowable temperature and current limJts .for these heaters are 
summarized in Table 3.6.1-4 along with corresponding predictions ar.d measured data. 

F.ach bipod spindle contains a 160 wat.t caJrod heater which is aclivated prior t.o LH2 
loading. These heaters are separately oontrolled using on/olt a-witching in respanae lo a 
temperature sensor on each spindle with control set points of 60 deg F. Temperature.; 
on either spindle were maintained belwef'n 56 deg r and 78 deg F .. 

Aft L02 and LH2 Ceedllne support br.ackets require heat.era lo .prevent lee/frost 
format.ions where the brackets attach to the crossbeam. These heat.en; have no means 
of active control -or temperat.uf'.9 monitoring. J.J accordance with requiremenls 
established through MPl'A testing, L02 beaters were acUvaled 20 minutes alter L02 ECO 
aensors indicated wet and LH2 heat.era were ac:livat.ed ?S minutes after Ui2 low level 
sensors indicated wet. · 
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TABLE 3.5.1·4 ANTJ-ICING HCATCRS 

- PARAME:TE:R LIMITS PRtDlCTE:O ACTUAL 

ORBl[T BIPOO 
CONTROL TE:MP IOCG r1 41 • 191 ILCCl 50 - 70 56 - 78 

Art ATTACHMENTS 
LH2 INBO BRKT lAMPI .095 - .155 IOMRSOl .lUS-.145 .118-.125 
LH2 OUTBO BRKT !AMPI • 260 - • -160 l!)NRSOI .320 - .-120 .374 - .388 
LD2 rOLN BRKTS (AMPI l. 35 - 1. BS IOMRSDI I. -tO - 1. BO 1.60 - I. 70 

3.5.1.5 TPS PERFORMANCE - The ET Thermal Protection System (TPS) is designed t.o 
malnlain cryogenic propellant quality, protect the structure from ASCenl and plume 
healing, and minimize iee/trost and liquid air formations. An optimum thickness of 
insulation precludes icing ror most ambient conditions at KSC while maint.aining a 
reasonable subsystem weighL . Table 3.5.1-5 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 lo 73 deg F. 
To assess prevailing ambient conditions during launch operations against 'i'PS dE""fign 
capability, an LCC was developed in the Corm of ice rate nomographs. Figure 3.5.1-3 
presents the nomograpb applicable !or the LH2 tank in areas of calm wind together 
with a track of ambient conditions experienced during loading. As seen in this fi~ure, 
recorded ambient conditions are we 11 t.o the right of any icing conditions and there was 
no ice/frost observed on ET-4 acreage. 

TRBLt 3.5.J-5 TPS PCRrORMANC£ 

Ft181£NT CONDITIONS PREDICTIONS IRCRE.AGCI 

T01PCRRTUR£ 76 - as DEG r MINO (KNOTS! .s 2.5 
tU1rDITY 70 - 93 i. ------------------------OCW POINT 67 - 72 OCG r OGIVE 68 73 
WINO SPE.t:O l. 5 - 6 KNOTS L02 BARREL 61 61 
WINO Dl~E:CTION 1'35 - 180 DEG LH2 8ARR£L 58 62 
LOCAL W(NO .S - 2.5 KNOTS 
lCT SURfACtJ (80 0£:S-r ANO 70 ¾ RHI 
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3.5.2 STRUCTURAL TEMPERATURES/TPS EVALUATION - All ET skin and structural 
temperature measurements are mounted under TPS, either on attachments (Figure 
3.5.2-1). or on tank skin (Figure 3.52-2)._ Data from these measurement.II and associated 
correlations confirm the adequacy of TPS sizing and performance and substantiate the 
capability to accurately predict inflight transient temperature. · 

' 
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VERTICAL STRUTS 
T09T9639A 
T09T9640A------.J 

THRUST 
STRUT 
~37A 
TG9T9638A 

L02 ECO 
SHROUD 
~3A 

ET/ORB F~D ~TTACH 
T09T9633A 
T09T9635A 

L02 co1·,~ "PLATE fb9rno:~ 

L02 CABLE TRAY 
T09T9647A 

'----- T09T9648A .__ _____ TSST9012A(LSC) 

ET/SRB FWD ATTACH 
T09T9636A 

LH2 CABLE TRAY 
T09T9649A 

..__ ____ T55T9011A(LSC) 

L02 UMSIL. FAIRJ~G 
---T09T9670A (FWD) 
..._ __ T09T96 71A ( AfT) 

ET/SRB AFT ATTACH 
T09T9643A 
T09T9644A 

FIGURE 3.5.2~1 ET ATTACHMENT TEMPERATURE MEASUREMENTS 

* FA!LED FOR STS-4 

.:.-•---- T09T9604A 
•TI:.!---- T09T960SA 

,.__ ___ T09T9606A 
'----- T09T,608A 
'----- T09T9609A 
'----- T09T9610A 
'------ T09T9662A 

------- T09T9664A 
--------- T09T9665A • .__ ________ T09T96llA 

'--------- T09T9612A 
T09B6l7A 

'----------- T09T9620A .__ ___________ T09T9618A 
.__ ___________ T09T9521A 

T09T9616A 
'------------- T09T9623A 

'---------------- T09T9624A .__ _________________ T09T9625A 

T09T9627A .__ ___________________ T09T9628A 

'--------------------- T09T9629A 
'----------------------- T09T%31A 

FfGURE 3,5.2-2 ET SKIN TEMPERATURE MEASUREMENTS 
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Aerohealing environmen&.s for S"r.3-4 are reported to be slightly higher \han pre,· ious 
£lighl11. Thie is obaerved on eep.ralion mm where SOF'I charring is more ev idenl on 
ET-4 than on ET-3. CharNd areas include the L02 feed.line. thrust strut, longerons, and 
1/T fairln~s and area around lhne fairings. Alm on separation film, popcornlnf on thE' 
afl dome us sianificantly more ev idenl then on prev ioua lliaht.a. SOF'l popcornina is 
no\ considered to be an impa~t lo thermal protect.ion but is indicative or material 
variance. From sepa.ralion alidea. recealon plug& are v it Ible on the LH2 lank on the aft 
barrel section, +Z axis, and along the L02 feedllne. Based on these data there was less 
than 1/4 inch SOFI recession. 

Some lee/frost remained on various waiver areas. These Included antl-geyser line 
bellows and around the edge of instrument island 33. While areas visible on LH2 lank 
in SLA areas are the same as obl!!lerved on ET-3. These nre judaed to be solid air 
r orma lions. 

Two sections or the upper LH2 cable tray PAL ramp were lost. The largest secllon, SfA 
1160, is approximately 30 inches lone and the second section. STA 1400. la approxlmaLely 
20 inchea long. s:>F[ divots are apparent al lhe LH2-[/T aplice. Thme are localed 
approxlmalely 50 deg from the +Z axis and are from 3 t.9 9 Inches ln dlamet.er. This 
TPS loss is minor and don not dearade ru1ht performance. 

3.6.2.1 L02 TANK - 1.02 skin and structural temperatures responded as expected. 
Mea• ured and predicted external h.•Una environment.a are • Uahlly araeler than on 
previous flights while 002 ullage temperatures are sUghtly lower. Since internal healing 
from I.he G02 uUa., has dominant Influence on temperature chance. skln temperature 
lracee from ET-4 ·are • li1nlly lower than previou• fiiaht.e. F'i1ure 3.5.2-3 prwenla 
measured data traces. crouped at forward locations, alon1 with analyUcal pNd&cllons 
uaine varying internal h•l lran• fer coefficlat•. Analytical corralaUona asume rorcecl 
convection for the oaive area and natural convection art.er liquid uncover for t.ht' barrel 
section. 

Recorded temperatures from the measurement at STA 441. Theta = 180 (T09T9fJ09A) are 
approximately 20 deg r w•rmer at. MO:O than temperatures from meeaunment.8 at the 
l!Ame 11t.lllion but different. t.hela& Per confiauralion drawinaa. SLA exi•l• under foam 
back to srA 440. Slnce the measurement. location is at STA 441 + /- 6 inches. some or 
STA 441 measurements could be under SLA and others not. Per analyES. a measurement 
al STA 441 not covered with SLA showa approximately rs 20 de1 F' areater increase in 
temperature than one thet Is covered with SLA 
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3.5.2.2 I NTE:RTANK - I nlerlank skin temperature dala shows minimal response due to 
aeroheating. Data trom Jocatlons between forward and art frames remain w lthln 10 
dcg-F' or prelaunch steady state temperatures. Sen90n;: located in Lhe crotch between 
lhe aft 1/T frame and the LH2 lank splice show a decrease in lemperalure due lo 
conduction from the sp1ice joint Rnd loss or warming from I :T purge gas. These data 
are all similar to those recorded on previous flights and are consistent with predic-t.ions 

3.5.2.3 LH2 TANK - LH2 skin and structural temperature lr8ces responded as expected 
due alm0&t entirely lo liq,uid draindown and the subsequent exposure of lhe inner 
skinline to a warmer LH2 ullage. Correlation analyses usins the same models developed 
for ET-I provide similar good agreement. Ullage velocilies are very low. therefore 
correlations are made using heal transfer coefficients provided by natural convection. 

Boundary conditions dr ivin9 ET-4 LH2 lank akin temperatures are very cloa<' lo Lhose 
experienced on previous flights; hence, temperature transients tor corresponding 
temperature measurements are in close agreement. Figure 3.5.2·-4 present5 ET 4 dat.a al 
measurement locatione indicated along wilh repreaenlalive analytical correlation lracee 
for stations 1137, 1618, 18'ill and 2046. A 25 deg F deviation is well within expected range 
of divergence between analytical and data. 
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:15.2.-l ATTACHMENTS - Temperature sensors on attachments re:sponded as expected with 
no big surprises. Maximum temperatures and the maximum temperature change 
recorded tor each attachment on ET-I through ET-4 are presented in Table 3.5.2- I. 'l'h1s 
comJ)drlson shows that aerohe8ting on e8Ch tlight had a similar impact on atLnchment 
kmperAlures. The sli&htly hiaher aeroheatin1 env ironmenl reported for S1'S 4 ia ev ideal 
in temperllture data for the bipod strut, diagonal strut and F:1'/SRB forward attach 
fitting. On other attachments, slight differences in healing are not reflected in rlight 
te-mperAlure deltas bccAuse of excCS5ive insulzttion. Higher maximum lemperalures (or 
these attachments result from tl warmer ambient temperature. 
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TABLE 3.5.2-1 ATTACHHCNT STRUCTURE TO'IPERATURCS 
--------------~----------------------------------------------------------------PLIGHT DELTA (OCG-r) fl.IGHT MAXIMUM (OEG•r) 

ATTACHMENT El-1 Ei-2 ET-3 [1·1 t1-1 tT-2 cT~J rt-1 

BIPOO STRUTS I I 1i 12 22 80 BO 86 105 
El/SRB rwo ATTACH 11 2-1 23 28 68 82 81 90 
TI"IRUST STRUT 15 16 15 13 72 78 78 88 
VERTICAL STRUT ·i l 2 2 -17 so 52 62 
AF'T CROSS BE:RM 9 1'3 12 10 72 76 66 78 
DIAGONAL STRUT -8 -5 -s 2 21 20 16 29 
CTISRB AfT ATTACH 77 52 100 120 -203 -210 -160 ·160 
CA8L.C TRAY COVER 12 28 8 13 87 96 92 95 

-------------------------------------------------------------------------------
3.5.3 COMPARTMENT AND COMPONENT TEMPERATURES - Maintaining required nose cone 
and 1/T compartment gas temperatures is a primary concern only during prelaunch 
operations. Minimum comparlmenl temperature requirements,.are established to pr-eclude 
ice/frost formations at vent areas. This necemsit.a~es temperatu~ control starting before 
cryo load and continc.ing through t.o lltt.ort. Maximum n0911!' con.e gas temperature is 
limited by the LSC located in the Lv2 cable t.ray next to the_ nose cone purge line. 
Maximum 1/T gas temperature is limited tntllally by eJectr..ical component limits and 
then by struclural temperature gradients at liftoff. Just _pr_ior to lift.oft. conditioning 
purges were terminated causing compartment gas. t.emperatu..., lo decrease continuing 
into fllghL The gas is vented t.o a reducina atmosphere and ls virtually aone aft.er 130 
seconds into flight. 

Components within the compartments are qualified and calibrated corresponding lo given 
compartment temperature ranaes. 

For a properly maintained prelaunch compartment gas temperature, decrease in gas 
temperature during flight has a very small effect on compone.nts because of the short 
time involved. Components have an appreciable ·thermal capaeltance and are a~~ to 
retain t.he majority of the stored thermal enercy through in" separation preventing 
component temperatures from decreasing below_ minimum specified operating Umlts. 

Components external to the compartments ere thermally isolated from cryogens and/or 
aeroheating environments in order to maintain required operating temperatures. These 
e9mponents, by design, have a wider operating range and are not as sensltlve to changes 
in temperature. 

A summary of compartment and component t9mperat.ures is presented in_ Table 3.5.3-1. 
1/T gas temperature decreased as predicted and component temperatures remained al or 
near liftoff values. As expect"3d, reference temperatures for instrument. islands 
increased during ascent. For the feedline fairing. t.emperat.ure decreased because of cold 
1/T gas venting over the calorimeter base. Nose cone gas temperalure is not recorded 
during fJight. 
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TABLE 3.5.3-t COHPARTMCNT ANO COMPONENT TCMPCRATURES 

CO~PARTMENTICOMPONENT 

RADS BRACKET IOEG-rl 
NOSE CO~E GAS IOES-rl 
RSS PANEL GAS !DEG-rt 
INTERTANK GAS COEG-fl 
L02 CIT OONANCE !OES-tl 
LH2 C/T ODNANCE CDCG-fl 
CALORIMETER REr TEMP (OEG-rJ 

BOLT CATCHER 
fEEDLJNE fAJRJNG 
L02 OGIVE ISLANO • 2 
INTERTANK ISLAND •l7 
LH2 BARREL ISLANO •35 
Art DOME JSLAND •46 

TCMPCRATURE 
T-9t1 TO T-0 

136 - 141 
86 - 89 
12 - H 
13 - SJ 

87 
67 

66 
so 
59 
71 
17 
43 
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Tf.MPCRATURE CHANGCS 
DURING fLIGHT 

OCCRCAStO TO 129 
NOT MEASURED 
OCCREASEO TO 9 
DCCRCAStO TO S 
OCCRCASE• TO Bl 
DCCRCASCD TO 56 

lNCRCASCD TO 97 
DCCRCAStO TO ~3 
lNCRCAStO TO 93 
[NCRCRStO TO 100 
tNCRCRSE:O TO SS 
INCRCASEO TO 108 
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3.6.0 t::~J;CTRO~!.~ A~P. l_~~~_lJjJJ;JftA.TJO.~ 

3.6.1 !;)lJS __ B VOLTAGE AND D[I .Y.QLTA~ - The main Bus B voltage llmiL~ are 26 to 32 
Vdc and the OFI Bu$ voltqe limits .are 24 t.o 32 Vdc. As can be seen in figure :rn.1 
both of these vollngn were within limits during lhe period of -eoo seconds lo t600 
seconds. 

u 

ORTA SOURCE: STSiDB 
Fov9•19:,fl : t:i or- i Bu'., 1 

V76V0200A IMAIN BUS HI 
]2'" •-•••--••• ---•1,••-•-~•-- ----••••••-•- .. ••-•-•-~-•-•••• -•·•-•u••--n-•• -,-....-,••• • • • 

I . 
I· 

31 --·-· • ·--·---~---1-,.-------·-- ----·- ·- ·-··· ···--· ·:-·-- ,..___ ---~---· 

a JO ----·-·-•-·------·---··- ~-·-···--~ --·- ____ .,_ .. r,--... '"~-----r,--t-----ii.ri._ .... ___ ... - ... 

.?8•-·····-----+-------+-----------·---+----

I 

2s----- --------------+----~- ·-- -- ------· --- -----

2S+------,..---~----+-----+-------,----'4 ·600 ·400 -200 0 ;!00 400 

SECONDS RELATIVE TO 82:J:8: l1tS9:S9.793 

f]GURE 3.6.l -I BUS VOL.TAG[ 

3.6.2 INSTRUMENTATION PERFORMANCE - ea.cl upon total measurements of 01. DFI/PCM 
and DFI/FM. data return was 9?.8~. Based upon measurement.Ii av•Uable tor lllght, daln 
return was 98.~. The L02 and LJi2 ullaae pressure measuremenJ,s 'a.r4il illustrated' in 
Fi1ures 3.62-1 and 3.6.2-2 for lhe entire Leal period nnd Fiaures ·a6.2~,nn~f3.8.2-4 fer 
the prepressurization through flight period. AU pressures tracked each- other within the 
required accuracy. 
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DATA SOURCE: STSiRT 
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ORTA SOURCE: STSiOB 
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Table 3.6.2-1 summarizes the 01 I nst.rumentat.ion. There were no anomalies. Four of lhe 
liquid level sensors were not connected lo J·ecording channels and no data were 
avaiJable. Data· from lhe two spare ullage sensors were not recorded. 

TYPC 

VE:NT VALVE: 
ULLAGt TEMP 
ULLAGC PRCSSURE 
cco 
TUMBLC VALVC 
LIQUID LEVEL 
GROUND TCMP 
GROUND PRESSURE 

TOTALS 

TABl.t 3.6.2-1 CT OJ MCRSURt:MtNTS 

TOTAL WAIVED PRJOR 
TO STS-1 

3 0 
2 0 
8 0 
e 0 
l 0 
21 0 
6 0 
2 a 

5-t 0 

ANOMALIES 
STS-4 

0 
0 
0 
0 
0 
0 
0 
::J 

0 

PARTIALLY 
VALID 

0 
0 
0 
0 
0 
0 
0 
0 

0 

•INSTRUMENTS NOT CONNE:CTCO. 

TOTAL ORTA RETURN - iB/18 - 1007. 
fLIGHT ORTR RETURN• 48l4B • lOOZ 

NO DATA RCCCPTABLE: 
OClTA 

0 3 
0 2 
2 .. 6 
a e 
0 I .... 20 
a 6 
0 2 

6 18 

Table 3.6.2-2 summarizes the DFf/PCM Instrumentation and Table 3.6.2-3 summarizes the 
DFI/FM Instrumentation. Tables 3.6.2-4 and 3.6.2-5 list the anomalies, probable causes 
and planned actions or soJutionR for ET-5 and up. 

TABLC J.6.2-2 or1 PCl"I JNSTR~'MCNTATION PtRf'DRMRNCt 

TYPE: TOTAL WA[Vf:Dlt1RB"O ffiOHFILIE:S · PAR·JJ ALLY NO DATA ACCE:PTABL.t 
PRIOR TO STS-4 sTs-1 VALID ORTA 

--------------------------------------------·------------------------------------------------------HEAT fLUX 51 
STRAJN 64 
LIOUJO L.CVtL 10 
CURRCNT 4 
PCH rJXE:O I 

RESISTOR 
PCM MUX BIT£: 16 
BUS VOLTAGf: 2 
PRESSURE: 15 

Ttl'IPE:RRTURE: l02 

TOTALS 298 

0 0 0 
0 0 0 
0 0 0 
0 0 ' 0 
0 0 0 

0 0 0 
0 0 0 

T07P9559R 0 0 
T07P9568A 
T41T90i8R T4IT9D2~ T41T9029A 
T09T96SSA 
T09T9626R 
T09T96JSA 
T07l90SlR 
T09T9631A 
TilT903iA 

9 

TOTAL OATR RCTURN - 2931298 • 98. 3"-' 
rL 1 GHT DATA RETURt~ • 293/ 294 • 99. 7'l. 

3.6--1 

0 5-t 
0 6-t 

0 10 
0 4 
0 1 

a 16 
0 2 
0 15 

T4JT90'!BA 97 
T09T9665R 
T09T9626A 
T09T961SA 

·4 293 

-
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TADI.C J~ 6. 2• J ori ,rn I N'STRuNCNTATI ON PCRrOP.t1fUCC 
---------------------------··---•-······-----·----· -----·--------------------------·-------------

POGO PRCSSURC 
VIBRATION. LOW rRCOUCNCY 
VIBRATION. ttlGN rRtoutNCl 

RCDUSTJCS 

TOTAL .-.1vm PRIOR ANOHAt.lCS PA~TIAI..LY Nl DATA ACCCPTABLC 

& 
21 
31 

8 

JO. ST5·4 . 5T5·4 Y~ltl DATA 

0 
D 
0 

0 

T11Pffl'3A C 
0 0 -

· Toeo9261A T0809C'6JA 
T08D9262A 
T08l99S6A T0809956A 

T11P9993A 
0 

TCl'109262A 

0 

s 
21 
29 

1 

TOtRLS 66 0 4 2 2 62 
-----------------------------------------------------•-------------------------------------------TOTAL DATA RCTURN - 62166 - 91.0t 

rLIG.HT O~T" ~CTURN • 62166 • 9-1.07. 

TABLE: 3.6.2-1 STS-1 CT Drl PCt1 INSTRUHt:NTATJDN PtRrORHANll: 

CT·-l PROBl..t:N 

3 STICK ON TYPE TE~PCRATURC 
SCNSOR rAILCD DURlNG TANKING 
PHASE: 
fT09T966SA, TQ919626A, 
T09T96l5FIJ 

GO?. OR Jr I CC Ha. tT TCMPCRATURC 
fAILCD ArTCR TANKING TEST BUT 
PRIOR TO rLIGtiT 
lTHT90-lBAI 

LH2 TANK BOTTO" LIOU(O 
TO'IPCRATURC rA?LCD HIGH 
roR APPROXJM~TLLI 60 SCCONOS 
DURING rLIGHT 
tT41T9Q29AJ 

tlOSC CAP J NTO™FIL PRtSSURC 
INOJCATtO LOH APPR0Xlt1ATCLT 
1.6 PSIA 
0'07P9S59AJ 

PftOBABLt Cfl.JSC 

Ttl'l"CRIUURC CYCLING OPENED 
SCNSOR CLttttlfT OR CQNNtCTION 
WITHIN THC SENSOR. CAUSE: or 
rAJLURC ISCNSM OPCNINGI [S 
NOT.KNOWN. HIGH rAILURC RAT( 
ON srs-1 11\ND STS-2 WAS cue TO 
lt1PROPCR CJCLING DURING A.T,P. 
NO rAJLURCS ON STS~l. 

rAJLCO HIGH Jt()ICATING AN OPCN 
SENSOR OR CIRCUIT OR INCREASCO 
ftCSlSTANCt IN ClftQJIT. 

INTDffllTTtNT Cf>ENING IN SCNSOR 
.OR CIRCUIT CRUSCD A HIGH 
TtMPERRTURE Jt()ICRTION 

RUCRt:NCC CMAl"BCR ffl»PARCNTLT 
U:RKto surr1cJENTLT ·TD BIAS 
OUTPUT BJ 1.6 PStA. DATA WAS 
IJSOU.. RrTCR FOOING BIAS. ONLl' 
DATA L05S OCCLRRtD AT OTO l.6 
PSJfll. THIS ftCASURCt'ltNT HRO 
~ WAIVED BUT WAS CONSIOERE:O 
OK WUNG f"I.JGHT. 

PU\NNEO ACTION/SOLUTION 
CT-SANO UP 

A RCVltW C1" rAlLCO SENORS 
RCVCRLCO THAT ~L HAVC BCCN 
CJCLCO CORRCCTLY, NO PLANNCD 
RCTJON RT PRCSCNT • THCSC 
rAJLURtS FRC CONSIOCRCO RAN00t1 
rRlLURtS. 

SJNCC THIS TYPE: or SCNSOR IS 
USCD IN 31 LOCATIONS ON THC CT 
ANO THIS JS THC r1RST rAILURt 
SJNCC sr11, IT IS CONSIDCREO 
A RAtmOH rA I LURE W 11H NO ruRTHCR 
ACT JON PLft.iNCD. 

'SJNCC THIS TTPC or StNSOR JS 
:JS£D IN 31 LOCATIONS ON THC CT 

. ANO THIS JS THC rtR~T rAILURC 
SJNCE sru, IT IS CONSIOCRCO 
A RflNOOtt f"flfLURt MITH NO ruRTHCR 
RCTJON PL~NCD. 

SJNCC OOTA COULD Bt SHlfTCO T~ 
RCSULT lN RCCEPTABLC DATA THERt 
JS NO rtJRTl-t[R ACTION PLAtmco 
OTHE:R THAN RCPCAT THIS 
CORRCCTION IN TttC tVCNT or A 
SI t1 I LM ANJlfflL. I. 

--------------------------------------------------------------------------------------~,---------·GAS ·TCMPCRATU~CS ON AFi LH2 
DOME CONSJOCRPBLI LOWCR THAN 
PRCDICTCO 
tTC7T922SA. T07T9226R, 
T07T9?27A, T07T9228A, 
T07T9229AJ . 

THCP.ffOCOUPU: 101PCRATURC SCNSOR 
7iL1-1 USCO 0~ CT-3 & CT-1 
RPPRRCNTLY DOES NOT HRVE FRE· 
0UOCT RCSPOM'St NOR CRPAB{LITY 
Of" MEASURING THC BOUNDARY LAICR 
GRS T01PCRATURCS IN TH£ 
RARJrltD ATMO~ AT ALTITUOC. 

3.6-5 

SRB'S rACJN9 SAME: PROBLEM •. A 
SHAU.CR Tt£Rt10COUPU: CAPABLE or 
N£RSURING uP TO 2o00 r WAS 
tVALUATtD ON S?5·4 SRB. C~ 
TO LOSS or sRB·s ORTA HAS NOT 
BE:EN RCl".OVCRtO. WILL CONTINUE: 
•o USE PRtsCNT SENSORS. 



TABLC 3.6.2-5 STS-i CT orJ rM INSiRUM[NTRTlON PtRrORHANCt 
·----------------·-------------------------------- ------zi--------------------------------·-----CT-4 PROBLEH PROBABLC CA.JSC .,:-t:;. PLANNCO ACTIOU/SOLUT!ON 

• . CT-5 ANO UP 
---------- --- ..... ·----- ---- ----·------------ --- --------- ---,J.,.y ------- --, --- --------- ------ -- ----- ---

LOWCR rt:COt.lNC POGO PRCSSURC OPCN CJRCUlT POSSIBLY cor.x; LARGER PINS usco WHERE 
R?PERRCD DCRO. CONNECTOR CENTtR PlN OR ;; INSPECTION SM~~S SPREAD 
lT4 JP9993RJ HJ kt. .. rtHAL[ com-ncr ON TRANSDUCERS. 

rORWARO LH2 TANK INPUT TO 
GH2 PRCSSLHIE, NORMAL 
APPEARED DEAD. 
lT08D9262Al 

rQRwARD LH2 TANK INPUT TO 
GH2 PRCSSLHlE, LONG 
APPCRREO NOISY. 
IT0809261Al 

A~ Arr LH2 BULKNCRO. 
CT08Y99S6Al 

OPCN CIRCUIT POSSIBLY COAX. 
CONNECTOR CENTER PIN. 

NOISY r 1RCUJT POSSIBLY OU( 
TO COAX CONNt:CTOR CENTCR 
PJN. 

HATER )N TRANSDUCER. 

LARGER rns USE'l ~l'E:Pt WSP£C-
Tl ON SHOH!j SPRCAO fCMALt.: COffrACT 
ON TRANSOLCC:RS. 

LARGE PINS USCO WHERE INSPECTION 
SHOHS SPRCAO fCMALC CC"4TRCT O!J 
TRANSOUCCR, 

11src INITIATED RU CCP. TO 11001n 
TRANSDUCER. 

---------·-----------------------------------·----------------------------------------------------
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4.0 ~PACE SHU'M'LE MA[ N ESG 1 NES EV.\LUA'I'f .Qlf - This section presents lhe evalualion 
results for the lhr~e Space ShutLle Main Engines (SSME) during the (light. of srS-4. 

4.1.0 SSME f!:,ICHT SUMMARY - This subsection provides a summary of the more 
significant S'I'S-4 evaluation results relative lo the SSMEs. 

4.1.1 SSME S'TS-4 OBJECTIVES AND ACCOMPLISHMENTS - Tuble 4.1.1-1 summarizes the 
SfS-4 objectives pertaining to lhe SSME'.s along with the degree of accomplishment and 
dis.icrepancies for each objective. · · 

TABLE 1.1.!-1 SSNE OBJECTIVES AND ACCOMPLISHNCNTS --------------------------------------------------------------------------
OBJECTIVES 

vcntrr THC OP~RATlONAL 
CHARACTERISTICS Of THE 
SStlCs 

PROVE SSHts AS INSTALLED 
OPCRATE PCR STANDARD 

vcRtrr ssMCs roR srs-s 

DESRCE Of' 
RCCOMPL J SHMCNi 

COMPL£lt 

COMPL£1'E · 

COMPLE1E 

DISCREPANCIES 

NONE: 

NONC 

ME:-3 HPflP REPLACEMENT 

4.12 §SME CONF'JGURA'TION DEnNITJON SUMMARY - The SSME u::.es o st.aged combu:1t.ion 
cycle In which propellants are partially burned at low mixture ratio. high pressure. and 
relatively lo..- temperature in the preburners and then completely burned in t.he main 
combustion chamber. The SSME tlow schematic al rated power level is shown in Figure 
4J2-I. The propellant system uses four turbopumps. The two low pressure turbopumps 
operate el. rel~lively low ~?SP to permit .low pressures in the vehicle tanks. The 
function of these pumps is to provide sufficient pressure at the inlets of lho high 
pressure turbopumps to permit them t.o operate at high speeds. Approximately ?5% of 
the Uow from the High Pressure Oxidizer Turbopump (HPOTP) goes directly to the main. 
combustion chamber. ApproJ< imately 10% is directed to the preburner pump. which raises 

. the pressure to that. required by the prebumers. Small quantities are bled through the 
heat exchanger for oxidizer tank pressurization and POCO suppression pressure. The 
balance of the oxidizer drives the turbine powering th~ Low Pressure Oxidizer ·· 
Turbopump (LPOTP) and is tben recirculated to the inlet. of the HPOTP. 

Approximately 20% or the High Pressure F'uel Turbo-pump (HPF1'P) dischar~e flow is used 
to cool the Main Combustion Chamber (MCC), drive the low pressure fuel turbopump 

.turbine, cool the hot-gas manifold and injector, and provide feel tank pressurant. Th~ 
· remaining Cue l is first used to. cool the nozzle. and then to supply the preburners. 

The hydrogen-rich steam ,;-eneraled by lhe fuel and oxidizer prebumers f.irsl drives the 
high-pressure pump turbines, and then flows lo the main injector where it is mixed 
with additional oxidizer and fuel and ia injected into the mo.in 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. 
It also enables lhc engine t.o be gimballed to provide pitch, yaw and roll control. The 
Main Combustion Chami::ier (~ICC) consists of an internal coolant liner and an external 
structural jacket. The coo:iant liner has longitudinal channels lo form a fuel-cooled. 
up-pass 0Joling circuit. The nozzle is oo1led to the MCC and is const.ruct,?d oC tapered 
tubE~ reinCorced by a structural jacket with insulated hatbends. The tubell provide an 
up-pass fuel coolant circuit that is supplied· with hydrogen through thret' down-pass 
transfer ducts connected to the aft inlet manifold. The n022le has ·an expansion ratio 
of 77.5. 

'4. 1-1 
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The SSME engine is 167 inches talt 1\8 cross-sectional dimensions al the power head are 
105 in. x 95 in. and lhe nozzle exit is circular with a. diameter of 94 inches. The 
engine is designed to deliver a vacuum specific impulse of 4~.4 seconds and have a life 
of 7.5 hours with 55 start.& 

Table 4J.2-l provides the unit and serial numbers for SSME components used for the 
STS-4 flight. Table 4.12-lA shows hardware chanees for STS-4. 

TABLE 1.J.2-1 STS-1 SSME HRRD~RRE UNJT/StRIAL NUMBERS 
----------------------------------------------------------------------------

tNGINt. 1 E:NGJNC 2 ENGINE 3 
lUNIT 2007J IUNIT 2006: [UNIT 20051 

----------------------------------------------------------------------------. . 
HAIN COMBUSTION CHAl'IBER 0009 /1881917 2006 l4l0"l030,, 2005 /110"l032 

tf'IIN INJCCTOR 200'! /4104037 2006 /-tl04025 9004 /4889614 

NOZZLE 200'1 /4886387 2005. /488735-t 2006 /4887351 

LOW PRESSURE OXlDlZER 2006 /-1886830 2009 /4882206. 2004 /4887683 
TURBOPUMP 

HIGH PRCSSURt OXJDJZER 0007Rll-48B'4B75 2004 /4886100 2005Rl/'4886099 
TURBO PUMP 

LOW PRCSSURE rua.. 2CX)6 /4886875 2007 /i886347 0007 /1887903 
TURBOPUl1P 

HIGH PRESSURE F'UEL 2009 /1881525 O306R2l1884626 0009Rl/1882610 
TURBOPUMP 

PGCR HERD 2CIJ7 /1886291 2006 /1887018 2005 /1J0370"l 

tCRT EXCHANGER 2006 /1911011 0005 /19ll94l 0008 /<t889"l2O 

PNEU1ATIC CONTROLLER 2007 /4913199 2006 /4887088 2005 /4887469 

CONTROLLER . rs r4 P7 
----------------------------------------------------------------------------

TABLE 1.1.2-JA STS-4 SSMC HARDWARE DiRNGES UNIT/SERIAL NUMBERS 
. . ----------------------------------------------------------------------------

LOW PRESStJRE OXJDlZER 
TURBOPUMP 

HIGH PRCSSURE F"LIEL 
TURBOFUMP 

CONTROLLER 

tNGINE 1 

2009 /4881525 
WAS 

. 9006Rl/1888015 

ENGJNC 2 

2009 /-!882206 
WAS . 

0008 /485693 

0306R2/-t88-t626 
WAS 

0306RJ/1881626 

r1 
WAS rs 

ENGINE 3 

4.1.3 SSME FAILURES. ANOMALIE:> AND RECOMMENDED ACTION - There were no significant 
anomalies that w·ill impact the STS-5 mission associated with the SSMEs; there were two 
significar,t problems encountered which are described in flight Test Problem Reports 
(Pl'PR.9} i.n Figures 4.1.3-1 and 4.1.3-2. · 

4.1-3 



FLIGHT TEST PPOBLEM REPORT NO. MSFC-3 
Statement of problem: 

ME-3 (2005) HPFTP Impeller Damage Revealed During Post-flight STS-4 Hardware 
Inspection. 

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-lb 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 

Personnel assigned: G. Smith & 
R. Bledsoe/EE21 

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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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 throttl1ni 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 
an~ 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 "8 11 

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 (0/A} failure r.esulting 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 resolutiom 
Prior to STS-5 

Personnel assigned: L. 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 analysi~. · 
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 in ut. 
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 

ld n t b e f TS-5. 
Corrective action: 

DAR (Deviation Acceptance Request} SSME-Nl409 will be submitted for STS-5. 

APPROVED: ~ Cf/1-s- &"t-

L. o. wear 
-1.1-5 

FIGURE 4.1.3-2 FLIGHT TEST PROBLEM 
REPORT - MSFC-5 
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42.0 SSME PERFORMANCE - This section provides I.he evaluation of the SSMF..s during 
the STS-4 flight. 

42.1 START PREPARATION PHASE - The ~ME system purges and propellant conditioning 
were performed in preparation for engine start. The start preparation phase aonsists or 
tive functions. These functions are purge sequence 1 through 4 (PSN 1-4), and engine 
ready mode. PSN-1 initiates lhe oxidi:zer system and HPOTP intermediate seal gaSl!Ous 
nitrogen purge which inerts the oxidizer system. Also included is the continuous 
verification or 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 fuel bleed valves. Each hour during PSN-3. the fuel system purge is 
turned on tor three minutes. At T0-5 minutes the hydraullc system ls pressurized to 
operational levels when the APUs are aclivated. PSN-4 (initialed al approximately T0-4 
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 iniliales engine ready monitoring. When engine ready for lhi:s flight 
was achieved, aJI launch commit. criteria were mel and confirmed. lo starL 

The SSME cont.roller and boattail purie system· were activated lo inert the boat.tail before 
propellant. loading. The effect of propellant. loading on the Aft Fuselage Center bulk air 
temperature is shown in Figure 42.1-1. The heated GN2 purge waa- activated. prior to 
PSN-2 to insure that the engine remained dry during propellant loading. The heated 
purge was maintained tor 30 lo 45 minul.el at approximately 130 dea F (Figure 4.2.1-lA). 
The onboard hydraulic system was activated for engine actuators warmant flow during 
chill (Figure 4.2.1-2). Engine chilldown was normal Bleed valve and POCO recirculation 
isolation valve operation were as planned. The cycling of the engine, bleed valve 
(Figures 4.2.1-3 through 5) assurred the coUapee ·of the CO2 bubble that may occur in 
the .h:>w pressure oxidizer duct. during chilldown. En~ine ready was achieved when all 
conditions of the launch commit criteria were met (Table 4.2.l-l). ~ 4.2.1-6 
throuah 9 show the propellant conditions at engine ready. , 

Pneumatic and purging funclions were normal The fuel system purge (Figure 4.2.1-10) 
was initiated every 60 minutee throughout. chill and continuously at PSN-4 (Figure 
4.2.1-11) to ensure a dry inert environment downstream of the engine main f ue) valve. 
Swit.cho.ver from GN2 lo helium for purging of the HPOTP intermediate seal was . 
accomplished al PSN-4 and verified to meet the minimum limit. of 170 psia (Figure 
4.2.1-12}. The engine CiN2 purge supply was terminated at. PSN-4 and the fuel and 
oxidizer preburner purge pressures decayed below. the maximum allowable value of 50 
psia (Figure 42.1-13i The emergency. shut.down pneumatic Eressure was removed al 
PSN-4 and verified Lo, be below the maximum of 50 psia (Figure 4.2J-14), as raauired. 

Hydraulic operations during s~art preparation were as predicted. The warmanl flow mode 
was conducted at approximately 500 psia supply pressure (Figure 42.1-2) and MFV 
actuator heat.er operation was normal throughout chill. The three Orbiter APU hydraulic 
systems were activated at T0-5 minutes Lo provide 3200 psia supply pressure to the 
SSMEs (Figure 42.1-15). Subsequently the MFV and MOV actuator out.let temperatures met 
the engine ready requirements during PSN-4 (Figures 4.2.1-16 and rn 
Valve and lurbomachinery liftoff seal leakage monitoring verified nonleaking conditions 
through the start preparation phase. , The MFV and OPOV line :skin temperature 
measurements met all required limits (Figures 42.1-18 through 21}. 

The en~ ine controller thermal environment was maintained w ilhin required limits 
(PSN-4) for both the power supply and the input electronics (Figure 4.2.1-22~ Actuator 
operations at an positions were normal durinc the start preparation (Table 4.2.1-li 

An .overall summary of preslarl requirements is found in Table 4.2.1-1 for MEC 
monitored parameters and Table 4.2.1-2 for the observer LPS monitored· parameters. 

... 2-1 



TABLC 4.2.1-1 SSME LAUNCH COMMIT CRITERIA PRESTART 
HEC t10NJTOREO 

-----------------------------------------------------------------------
STS-4 CRITERIA STS-i VALUE:S 

PARAM[TCR VALUE MONITOR PERIOD MC-l ME:-2 t1E-J 
-----------------------------------------------------------------------

ENGINE STATUS 'ENGINE PRIOR TO GLS AUTO -79.6 -79.6 -80.1 
WORD RCAOY' START IT-31 SEC> 

TO START CMO 
PROPELLANT CONDITIONS 

LPfP DJ SCH PR, 47-61 ·roR ENG REAOl'' MIN 50.9 51.0 51.5 
PSIA MAX 52.S 52.9 53.1 
LPfP DISCH T,R 42 MAX ·roR ENG RE:AOl'' 38.9 39.3 39. 1 
LPOP OJ SCH PR., 95-600 ·roR ENG READY' CH A 99.2 107.0 107.8 
PSifl 104.3 110. 9 112. 9 

CH B 100. l 105.3 107. 9 
105.2 109.1 113. 0 

PBP DISCH T,R 178 MAX 'fOR ENG READY' CH A 171. 6 171. 4 173.0 
CH B 17 l. 7 171.5 173.2 

PRESSURCS 
OPB PURSE,,PSIA 50 MAX . rOR ENG RCAOY . OXIO 14.0 14.7 18.J 
rPB PURGE,PSIR ruo. H.7 14. 7 l1.6 
£:MERG SID 50 MAX . fOR ENG RE:AOY ' CH A H.7 15.0 19.2 
PURGE:.PSJA CH B H.5 l 1. 5 15.2 
ruE:L SYSTEM 200 HJN . F'OR £NG READY . CH R 322.0 338.A 34"'1. 7 
PURSE,PSJA Ctt B 322.2 337.5 34"'1. 5 
HPOP IMSL 170 t1IN ·rOR ENG RCAOY' CH A ]95.9 204.3 187.6 
PURGE,PSIA CH B 19-t.6 203.6 187.6 
POGO PRECHARSE, 600-H:25 START -2.Si 
PSIA TO -2.-tB CH A 710.2 724.7 714!.6 

trROH ME:-3l CH B 710.9 720.1 711.6 

T01PERATURES 
MOV HYDRAULIC., 495 t1JN . rOR ENG READ\' ' CH A 563.9 556.6 552.6 
DCG R CH B 562.9 555.6 555.7 
HrV HYDRAULIC, 495 MIN ·rQR ENG READ!' CH A 563.4 553.7 552.0 
DEG R CH B 564.6 557.2 553.4 
HPfT DISCH T, 700 MAX ·roR ENG RERO't'' CH R 464.5 167.3 461.1 
•CG R CH B 462.4 "'159.2 '461.0 
HPOT DISCH T, 700 MAX ·rQR ENG READY' CH A 468.7 464.7 470.3 
DCG R . CH 8 474.8 "'160.6 475.S 

VALVE POSITIONS 
MAIN PROPEL- 6 MAX . roR ENG REAOY. MOV -.12 -.56 -t.'4 
LANT VALVES.,¼ MFV -.62 -1.16 ·-.98 

OPOV -.04 -.1] -.42 
rPOV .85 -.H -.L7 
CCV -.52 -.03 -.67 

HCX ANTI- 10 MAX ·roR ENG REFIDY' CH A -1. 18 -1.73 -t. 96 
fLOOO VALVE:S,i. CH 8 - .96 -1 .29 - • 85 
fUEL/OXIO 80 MIN . roR ENG READY . fUE:L 102.1 104.3 106.0 
BLEED VALVES,% OXID JOS. 5 101.2 105.3 

20 MAX ·roR ENG Rt:Aor· ruo. • 36 .,...9o -.'41 
0XIU . e ~ -. 52 - .85 

•POGO RECIRC 20 MAX ·roR ENG READY' 2.12 3.38 4.14 
VALVE,.% 

80 MIN . roR ENG READY . 102.3 94.0 104.l 
-----------------------------------------------------------------------

-
'4.2-2 
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·£ ., 

HPFT DISCH, 360 PIIN CRYO LCNl · CH A 463. 464. · · 463. 
DtG R tO T-31 CH 8 167. t63. 469. 

SEC, 

t1£C JNPUT 551 t'IAX . CRYO LMD 532~• 522.•. SU.• 
£LECT, C£S R TO T-31 · 

SEC,. ' 

l'ICC POWCR 585 t1AX · CRYO LORD 563.• 553.• . 554.• 
Slf>Pt..Y., 0£6 R . TO T-31 

S£C, 
-----~-------------------------·--------------------------------
w TAKEN AT T-31 SECONDS 
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42.2 START PHASE - The engine start command was accepted by ME-3 at 6.559 seconds 
prior to T-0 (SRB Ignition Command}. ME-Z and ME-I start followed at OJ33 and 0.246 
seconds respectively after ME-3 start. as planned. All tnree engines were started t.o RPL 
and all valve opening positions and rates. were nominal. 

Power level transients for the three engines, as shown in Figure 42.2-1, were similar lo 
each other, agreed with predicted and fell within the JCD limits. Flight results are 
compared to ICD requirements in Table 4.2.2-1. All JCD requirements were met. A more 
detaiJed discussion of power level rise and propellant consumption during the start 
t~anslent ls glven 1n section 6.4J. 

For 'the st.art phase. there are also several redllne limits or gates monitored by the 
engine controller that the engine must. meet or prcn1ature shutdown will resuJL These 
redlines are shown in Tables 4..22-2 and 4.2.2-3 with actual values noted for the MEC 
monitored and the CPC monitored parameter&. The margins on all limits were 
aatisf actory and no anomalies were noted. The 12.ctual engine operating conditions are 
shown plotted versus these limits in Figures 4.2.2-2 through 7. Figure 4.2.2-2 shows the 
HPFP· speed buildup with the 4600 RPM minimum gate noted. Figure 422-3 shows the 
ignition confirmed Pc limits at 2.34 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 transient.a are shown in Figure 42.2-4. The HPrr 
discharge temperature gale and engine value:111 are shown in Figure 4.2.2-6. The POGO .. 
precharge pressure limits and anti.flood vaJve position limits are shown in Figures 4.2.2-a 
and 7. respectively. . 

An additional limit which results in a Major Component Failure (MCF) · indication if 
exceeded is the OPOV poa1Uon. A max1m\lm commanded Umlt 18 lncluded 1n the engine 
software and iC the .OPOV commanded posiUon nceeds this limit tor eo msec · 
conUnuously alter 5.0 seconds. an MCF ,rill be Indicated. If this occur.a prior to SRB 
ignition. the Orbiter will issue an engine shutdown command. The OPOV _posiLion limits 
and actual valve pasilion• are shown in Figul"al 4..22-8 through 10 for ME-L ME-2 and 
ME-3. respectively. These limits are set tor approximately two pen:ent margin. As 
noted, t.heae limits were not exceeded. 

Three 110ftware changes were inc:orporat.ed to increase the margins and clarify posting of 
FIDs during lhe start transients. These changes were: (1) increase ME-3 OPOV open loop 
command to 48%; (2) increase actuatjon time of tb~ HPOT Turbine Discharge MCF monitor 
rrom 3.5. to 3.8 seconds; and (3) fix for HPFT Turbine Discharge temperature prestart 
monitor. All of these changes produced satisfactory results. 
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l'PILt '1.2.2-J 5TMT TltflN5ltNT. roR ST,-'I COttPMED TO ICO RCOUJRDOITS 

DQJNt START IGMTI 111 
182:178: l '11591 

Wl1ANOfD POWER LEVO.. 

TJl'IC rRf:11 ENGINE'. STP.RT 

ICD · 
IIDlJtft01tNT5 

NON£ 

J.73 t.o 5.00 
TO STtfOY-STAT£: <21 <stCI 

TJlt: fR()1 00 INC START 5, 5 ll'lftXI 
YO C0MflNO£D l1R [JI 15£CI 

DGJN£ STFtRT RRlC 

THRUST ltlst RATE TO 20,000 INftX1 
JS'l RPL IL8S/O.Ol SE:C1 

llftJST RJ 5£ Ptfllt f'lf'ttR 7,000 lfflXJ 
ISl RPI.. IUISIO.01 SCCI 

THRUST RI S£ AAlt AF"T£R J7S.,DOO ll'RU 
2IU Rf\. ILIS/0.5 SECI 

DCU£ PAOPQJ.ANt CONSUWrlCN HJ 

TDTfl.. ILBSI lDlS/1725 
l"lNmAXJ 

OXIDIZER ILBSI 830/1380 
IN[Ml'l'lftXJ 

nn. ILBSI 1951345 
(ft(N/11RX) 

11£-l tl:-3 

153.480 ;53.367 :SJ • .234 

RPL RPL RPL 

4.16 4.16 4.28 

3.+I 3.76 3..84 

5428. 1145. 5349. 

3751. 3922. 51126. 

136.91&. 137.,DOS. 137,.702. 

1445. 1452. 1554. 

1115. 1178. 130. 

a. 274. am. 

-------------------------------------------IU BASED ON lNlTlfl. ttOVDttNT or t'FV l'OSlTIDN aJNl'IANI) 
12) DUJP.ID fl5 TU'lt TO CQ?fflND[Q TttttJ5J U:VEL •I- 6000 .Ul5. 
13> DtrJNED AS TU1£ fOR ft[ll'UR£ RRTJO TO DntR THC +/• 1% 

m..tRRNC£ 8AND RVE;RAl;CO OVER 500 l'iS. 
HJ PROr'ELLANl US0J uP ·.a STCflD:r snm:· fll5 DUINED IN (21. 

TABLE 4.2.2·2 SK LAUNCH COl'ttJT CRJTtR[A 
PR£-SR8 JGNJTJON-tU tl~ITORCO 

---------·---------------------------------------STS-l CRJ'J'DUA 
TJt£ F'RO" STS-1 YfUJES 

PARArl.1£R VALLE START.SEC l'lt-l l'lt-2 1'1£-3 
-----------------------------~-----------·------------------------
STMT aN"JR" 

PC & FUl. nOH LOSS CF INPUT 0-2.3 O< O< OK 
Vfl.JD 

tf'rP SPE£D, RP" 4600 "IN J.24-1.28 6073. 6871. 6704. 

HCC PC. PSJA 610-1000 2.3 -2.l'I 805. 814. BH. · 

flCJ'l -fLOOO POS, 7. 80 '11N 2.3 -2.34 
CH A 103. lOJ. 102. 
CH B ,02. lOJ. JOJ. 

lff"T DI SCH lDIP • 810-1960 4.50-4.54 
ll:G R CH ft 1S76. 1599. 1666. 

CH.B 1638. 1639. 1671. 
------------·--------------------------------------------
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TABLE 4.2.2-3 SSME LAUNCH COMttlT CRITERIA PRC-SRB 
JGNITION-GPC MONITORED 

-----------------------------------------------------------------------
STS-4 CRITCRIA 

TIME F"ROtt STS-3 VALUES 
PARAMCTCR VA..UE STRRT.,stC ME:-1 ME:-2 ME:-3 

-----------------------------------------------------------------------
CNGINC STATUS WORD 

PHASE: · START/ 0 - SRB IGN ST/'15 ST/MS ST/MS 
HAJNSTAGE 

HAJOR COt1PONOff rAILURE: · 

P060 PREOiflRGC., 600 MIN 2.60 - i.iO 711. 728. 715. 
PSlA 

POS0 G02 Fl.OW, 800-lHS 4.94 - 4.98 ]202. 1274. 1159. 
PSIA 

LOSS or REDLt40ANCY ENG OK 0 - SR8 IGN ENG OK ENG OK ENG OK 

CONTROLI..£R PG OK 0 - SRB lGN ENG OK ENG OK ENG OK 
ACTUATOR £NG OK 0 - SRB ISN ENG OK £NG OK F..:NG OK 
REtLINC OIG OK 0 - SR8 ISN ENG OK ENG OK ENG OK 

REDLINC LlHIT rAJL ENG. OK 0 - SR8 UiN ENG OK ENG OK ENG OK 

OPOV Cf'O Ll11ITED £1\G OK 0 - SRB IGN ENG OK ENG OK ENG OK 

D..E:CTRICA.. LOCKUP NORl'ft.. 2. 3-SRB IG.~ NORMAL NORl'IAL NORt1ftL 
t100£ COOROL 

HlORflULJC LOCKUP NORMf\. O·- 5R8 16N NORMAL NORl1RL NORMAL 
tlJOE CONTROL 

NCC PC., PSJA >907. RPL 4.6-SRB ISN 99.9 99.7 99.6 

CtO/OATA PATH rAIL PATH OK 0 - SRB ISN OK OK OK 
-----------------------------------------------------------------------
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42.3 MAINSTAGE PHASE - Main chamber pressure and mixture ratio command levels A 
were maintained throughout the entire flighL The main chamber !)ressure throttling for Y 
the three engines was normal (Figure 4.2..3-1). Significant event times during STS-4 
mainslage operation are given in Table 4.2.3-1. 

TAB!..£ 4.2.l-J SJG~JrlC"'4T TtMts CURING STS-4• 

CNGJNE: SRB MAX O REACHED THROTTLE REACHED 3G REACHED 
SIN IGNITION THROTTLC 65¾ I.JP RPL THROTTLE 65'- MECO 

11C-] S.31 13.12 16.]2 57.20 60,70 161.80 SlJ.20 5l9,03 
<SIN 20071 

11C-2 6.43 43.20 46.70 57.30 60.BO '164. 90 513.40 Sl9.l5 
. CS/N 20061 

tC-3 6.56 13.28 -ts.es 57,15 60.95 i61.00 St3.50 519.31 
(SIN 20051 
----------------------------·----------------------------------------------·--------------•Tll"IC F'ROl"I £NSH£ START CSCCI 

4.2.3.1 ENCINE OPERATIONS - Propellant interface conditions mel requirements. The 
L02 inlet pa-essure (Figure 4.2.3-2) reoched a maximum value al SRB alaging as expected. 
The oxidizer inlet temperature was within requirements and reflected little bulk 
temperature rise during night (Figure 4.2.3-3~ Engine fuel inlet pressure and 
temperature. shown in Figures 4.2.3-4 and 5. were all within requirements. Ftgures 
4.2.3-8 and ? summarize the oxidizer and fuel NPSP durinc the fUgb.t. These values 
were within lhe lCD Umils. Helium interface conditions were met on all lhree engines. 
Figures·· 4.2.3-8 and 9 show that the hydraulic pressure and MOV/MFV hydraulic 
temperaturea met all aystem requirements. 

AU mainsa,ge redJine requirements. summarized in Table 4.2.3-2, were meL The HPOT 
discharge temperature is shown in Figq.re 4.2.3-10, the HPOTP intermediate seal purge 
pressure is shown in Figure 4.2.3-U. the turbine·secondary seal cavity pressure is shown A 
JD Figure 4.2.3-12. and the primary oxidizer seal drain pressure is shown in Figure • 
4.2.3-13. The controller redllnes are also included on the charts to show operating 
margin. The redline value ol 100 psia is not shown in Figure 4.2.3-12. The HPOTP seal 
package parameters all compared favora.bly lo previous flight results. HPFTP turbine 
temperatures shown in Figure 4.2.3-14 were normal. The OPOV thrust limit margins, 
reflected in Figures 4.2.3-15 through 17. were within acceptable limits. 

PARAMCTE:R 

TABLE i.2.3-2 

RCDLJNE 
VAUJE 

HPOT O[SCH TCMP,R 

HPCP L02 ORAtN PR, 
tPSIAI 

POT SEC SL Cf!V PR, 
CPS(AI 

tfO! I MSL PURGE: PR l' 
lPS[AI 

sso - 1760 

45 MAX 

JOO MAX 

170 MIN 

STS-4 MAINSTAGE REQUtREMCNTS 

STS-4 VALUE TIME f"ROM ENGINE 
START!SCCSl ME-I ME-2 MC-3 

2.30 - C/0, CH A 1320. 
IHAXI CH B l349. 

3.80 - C/0, CH A 
lM[Nl CH B 

START - C/0, CH A 
CH B 

START - C.'O, CH A 
CH B 

START - C/0, CH A 
CH B 

4.2-16 

884!. 
924. 

17.2 
17.2 

"!0.9 
40.7 

20S. 
201. 

H02. 
1405. 

962. 
964. 

17 .2 
16.6 

i3.7 
43.8 

213~ 
213. 

1481 
JSJ 1. 

969. 
1010. 

16.0 
15.4 

i8.5 
49. l 

197.. 
197. 



. 
N 
I .,_. ...., 

!!:. 
[' 

~ 
a:: 

~ 
v> 

r 
w 
(.) 
1: 

· -[11P!02l011:-1 MCC PRESSI.IRC RVS 
- ·[11P20210 tt:-2 11cc PRESSl.lRC A,& 

- -
-V11PlllOC Mt-1 LO~ Jtt..£1 PRt:S51..ft[ 
- · V41P1230C 11(-2 i..0\ irt...Ci PR[SSIJR[ 

DATA SOURCCt STS•OB •····t•IPJ02'30 Mt-'3 MCC PRESSUJ!C RVS OflTA SOURCt1 STS40B •···-V11 Pl3lOC 11C-J L0l( IIU:T PRCSSUlt 
1!.0D 

!000 

l5QQ 

~000 

1~00 

1000 
0 

--~-
_\ 

' 

~ 

]Ill 

KD 

.liO 

!!:;.l.n 
:'. JOO 

'1aa 

~ 100 

~ 110 

~UQ 

... 100 

~ 10 

>< ,o 
9 40 

lQ 

r r'fi 
.a.. i , f 

-~-
( 

l ,. ... ~. ., 
... 

JP 
~ !Ir 

,J - ..;, 
'( 

SQ 100 Ifill ZD :KO lDO :tiO •ao 4511 SOD SSO 0 SQ 100 ISO :.a:> :fill JOO 1SD COIi 6l S00 SSO 

Tit1: F"ROM [NGJN[ STRRT • Sf:CCNlS Tll'C f"RON [N&Jt,E STffiT • SCCCNJS 

F"lGURE: 1. 2. J- I l1R IN CtfflBER PRCSSLftt: r1GURE 4.2.J-2 OXIDIZER INLET f'Rf:SSURC 

-V11TIIJIC K[-1 LOX INL[T T[l'IP 
- - ·V•U Tl2'llC K[-2 LOX IIUT T[11P 

DAffi SO~C£1 STS41lB •····V4ITl3'llC Ht-3 LOX INLET TCHP 
I.. -- ,.. 
~ -- ,,, 

' -297 -
1w 

s --
~- --· ~ -l90 

~ -~· 
X -m 
9 

-.,n 

-». - ~-•;1 .. 
~ 

& • • 

.. --r---• - -- - ,- .,.~ 

-- ..,.._,,__.,__..,.---tl'----t-.... - .... - .... --,.-..... --1 
Q ,0 IOQ 130 .MD ~ D :no 400 a> !100 ,,o 

TINE rRQtt [N8U£ Sfffii , SECOt,OS 

f'IGURE 1.2.1-3 OXIDIZER INLCT TCNP£RATIJ,t 



. 
N 
I ..... 

CX) 

-

-V11PI IOOC l"C-1 LH2 ltl..CT PRCSSI.RC 
- -v11P1200c l'C-2 Lli.2 ltU:T PRt5St.RC 

DAiA scum:: STS40B ·····V11Pt300C tt:-3 LH2 ltU:T PRCSSI.RC 
&, . 
60 

~ 
r S5 

: 
if) 

~ 4!i 
"' w 
l 40 

~ 1'.i 

N r 
...1 lO 

~ I 

~~ ~ ~ ·\~ rl .. ~. . . . ... y "·"'" ,;.\'i, ·- ~ 

\ .. :-. ... .:11 ·--'·- i.lr..,:.-. &.,le>, :;A. 
.l 

lS 
0 !iO lal ISO XI) M 1110 150 400 4511 !,(I) 550 

Tl!£ rROM tNS]Nt START , SECONDS 

rtGURC •.2.3·• fUCL INLET PRCS~t 

DATA SOURCE, Atfl..YSIS 

Mt:· I L02 ENS I NC NPSP 
t1E·2 L02 E:NGINt: Nf>SP 

• ·· · · HE-3 L02 ENIWI: tPSP 
160 

110 

~ llQ t 
o.' IOQ 

~ 
IQ 

~ 
co 

{,Q a 
N 

'] 10 

)Q 

' ., -" -- r "( , 
- J 

-~ J / 
Ill 

./ 
_,.,J / 

r----·- -· ..... 
~ 
~ .. ----·-

' ___ _J __ . 
i I 

I :;. 
~:; 1 oo 1 ~o ;n:i ~~ 'lDO -m too i:lll '!IOO ~:,o 

TJME rROH ENGJNE START, SECONDS 

r:~ 1.JR[ i.2.3-6 L02 ENGH£ NPSP 

-

-V11TIIOIC Nt·l Ll12 ltt..CT TCl1P 
- - ·V11 Tl201C Nt-2 Ll12 ltt..tT TEHP 

DATA SOURCE: STS•OB •····Vi1Tl301C Nt-3 Ll12 ULtT TC11P -us----------.... ------...--..... ---.,...--
-us---+---1---1--+---+--+--·t-----+-·--~ 

• -H7---+--+---t--+----t---i---+--+--+--+----

5 -u•-----1---+--+--+---1---+-....-+-~+-----1·--.--

5 ,i 
-•11----+---1---+--+---1---.f..V..;.--:-+-·-+-•-l-~-.1 

~ 
~ -00---+--+---1--+-!iOfiQII mu_i, . ..irr.+----'--+---+---1--,4. 

z =v 
·UI -I--+--+--+--+--+--+--+-.:.-+---+ 

5 a 
-•»---+--+--c,+--+--+~---~-,+,-.-~---·-+•·--1-,,,e-

"·~ ............................. , __ ._.. •• -- • .. 

·Ul .f--==..,_....,....,"""'...,,__....,,_.__..,,_• - • - • --+-.... 
0 SQ 100 ISO :m :1'14 1llD lSD too ,(SQ !'.00 ss.o 

Til"E f'ROM CN61t£ STffiT , SECCNlS 

ftGUR[ 1.2.J-S fU[L JNLCT TEMP'CRRTURt: 

ORTA SOURCC1 Atfl...YSIS 

11[-t fUCL ENGINE Nl"SP 
11£·2 fUCL ENGINE Nl"SP 
l'(-3 nn ENG!t-lC NPSP 

39 

·- --· -~----~ ---~- ---~ 

20 

IS 

~! 
·-t-----~ , ~ ~ 

w 1 J --· ~ -~- ""'·····-'"' ... ,;,---µ ,'L . - ~ - ~ 

10 -ft-
·-· -~,.·- - . 

r 
... .,. ·· t . 

I 
! I 

I I 

' 0 
0 !>O 100 I~ ;D) 230 300 l::O 100 -t:O '>GO 5'.lO 

Tlt1E l'R8N ENGH-£ START • SCCONCS 

rrGuR[ 4.2.3-7 rutL £NGIN[ NP5P 

-



.,fl,, . 
N 
I ..... 
'° 

~ 
1/l 
IL 

~ .,., 
w 
a' 
.,., ,... .,., 
u 
..J 

i 
~ ,.. 
:r 

-
--C:UPI054D t1:· I 11lDRflUL.IC srs PRCSSIJIC: 
- - C:41P20S40 t1:·2 IHORfU.IC srs PRE'SSlM 

DATA SOURC[: STS4DB ..... [11P30540 t'l:-3 11JORIU...IC srs PfttSSl.flC: 

ORTA SOJRCE1 STS4DB 
O--£41Tlll00 1'1[-1 l'IOV 11}0 T01P. Ch 8 
Ll.--£11T2l100 11:-2 110\/ 111D 1'01'. Cl1 8 
X--£4 ITJII 00 11[-J l'IOV 11lD T[t1P. Cl1 8 

-[1ITI 1110 I'![·! MtV 11ro 1[11P, cu fl 
• • [11T21110 HC-2 Mf"V Hl'O l[NP. Cl1 A 
·••·C:41T3I110 MC-3 NF"V 11Y[; Jc:l'IP, CH A 

1!.QO 

UOQ 

:UDO 

S20Q 

Jlllll 

1QOQ 

lllOQ 

:!900 

2700 

2&00 

lSOQ 

. l . 
,,. •\il w.~·_ ""''"'' flil•" .,.. ,,_ .. .,,, ........ , 

.;. 
: l 

i . 
I . 
' 

.... , ... , ..... ,, ... , -

. 

r.os 

'>IQ 

~ "' 
0 * 
~ S7S 

I::: 570 

5 !Ill 

ci WI r 
> SIS 

IE ''° .., 

_iJ 

- • l 
,-- r.:.Jr 

~r ~.',.~ 

;91 ~ --r-' . .... ... .,, 
I r- ... -,-~ ... lo-

_J - ,,.,. -~ 'f"/T ' ,~ - - .. 
,,...r' ~ - - _.,..p. ~··· - "· . 11:· 

,a,- ,:!1f"' ___..!J - , ... 
'! t ,.~ 

:l"I ..,r; 't.-6' 
~· J"".• 

:•1 

Q SQ 100 ISO .m as0 300 1151) 411G 450 SIJl SSQ 
> Sil 
~ 0 SQ 100 ISO :nl )SQ JOO lSO ,oo «ill W> SSO · 

Tll'C rf~Ott [NSJN[ START , 'SECIHlS Tltt: f'RIJl1 [N8Jt£ START , Sf:CONOS 

r[GuRC 4.2.3-8 HYORAI.LIC SlSTO'I PftCSSl.l't r1s~ t.2.3·9 l'()V & tf'V HYCRRUL[C OUTLET TCNP . 

OATR SOJRct: STS111' 
D--t:1ITIOIJO 11:-1 HPOT 0!501 T01P. 1)1 0--[1JTIOl20 MC· I HPOT 0151)1101P. 1)1 ft 
A-£4IT201JD 11:-2 tf'OT DISCH TOI'. CH 6- - CUT20120 tt:-2 tf'OT DISCH 101P. CH A 
X--t:41T301'30 11:-3 KIOT DISOt TO'P, CH B-····t41Tl0120 tC-3 tf'Ol DISCH 101P. CH A 

oi 1800 
u 
C 

IIOO 

al 
a! ltDQ 

0 llOO 

~ IODQ 

i : 
c.:i 

~ 
0 fQQ 
I-

. -

!i... 

~ 

- -

.. - -- - - - . - . 

·-
= r......· 

- . - - - - - - - - - . 

I I I I 
1760 OCG. R lf!l(!MllM 

. - - - - - I- -

- ~ 

- - -:to\. -
' , 

810 OC6. Rl'!Cf' 
1 HA..JOR COl1POl£NT rA 1, 11or 1 

- - - -- -
550 OCG. R NIN ll1Ul'I :....,, 

I I I I I r 

. . . . C )DO 

!}: fl ,a 100 1:10 lo:> 1'° DI :no too ftl :IOO :)311 

TU£ rROH CNSit-£ START, SECOtllS 

r!SURE 1.2.1-10 HP0T OISCHARG[ TD'IPCRATURC 



. 
N 
I 

N 
0 

:J -tt!PliJl!>C 11:·I tlPOT I '.iCI\. PGC Pit. Ctt B -[i!PIOHO IIC·I nPOT I st!\. P6[ "<. Ctt R 
,:,--t:11P'20l51l tt:·2 tfl"CIT I Xl'l. rsc l'R. 0'1 fl · - c11no1-m m:·2 lll'OT I )Cl. 1'6[ ""· C" 11 

·=--t:111''10150 l"f:·l !Put I 'Cfl. roc .... CH fl ·····Cill''lOl1D nt·l nl"OT I ,tl'L 1'61: ""· Ctt fl 

-[ilPIOSIO 11(-l HPQT SEC S["IL :A~ P :tt A 
· CilP20SID 11£·2 ttPOl SEC S[FIL CRV P Cl-1 A 

DATA SMC[• ST5408-····E:11PJOSID 11[·J HPOT SEC 51:AL CAV P CH A 

>llll----------------..--------.. a: 

U'l r1. fSQ,.__--+-_ 

CD 
~•oo-l--+-+--+--t-.::t._-1-~l'-6-i-,,--+---+--~ 
I 
u 1511 

vi 
j100.J--+-+....,i~C..~ ........ ~~~:'.::1~~~~~~::a.-~ 
a:: 
Cl. 

[~ 2\0 -l--=-H~~IIC...-f----+--t--l---11---f--+---+-ff-l 
(l. 

l!i 

~ 
Ill fO 
CL 

ss 
CZ: 

0 10 

f ~ 

5 JO 

~ IS 

"' 
l;j 10 

"' 
e:. s 
~ 

0 

:i: -. :. ,~ 
\ 
1 . .. 

(t... 
,::).!, 

~ - .. 
~ 

---••w~, .. ··-· •····· ... ·--·-

.. -· -~-·-

>-- ,--···-
i\--',- >L.,••-4-~, .. .- ,, .. , ... .... 

.. _ - ,.,,_ 

-~ ,.,"""' ""'-"'"' .. ,_ .... ,,.,...__, 

; 

.. ---~- \ 
~o . 100 ISO :.U, a0 300 :Bl 400 '50 SID sso 0 SQ 100 ISO ZXl lSO lllO lSO 400 •9:l SQQ S~D 

TJt'lt fRON CN6Jl>'1C STRRT , SECCNlS TIME: f"RON CN6Jt£ STFIRT • SE:CONDS 

f!GuRC ~.2.J-Jl HPOT IMSL PURGE: PRCSSURC f!GURC 1.2.3·12 HPOTP TURBIN[ SCCONORRl SERL CAVITY PR. 

D---t:11PIOOOO llt:·I HPOT PRI 51.. OR. PR, Cit 8 -(11PID080 tC·l tf'OT PIii SL. OR. PR. Di A 
l:.-t:11P200!ll llt:·2 Hf'OT PRI 51.. OR. PR. Cit 8 - - ·[11P2ll080 l'C·2 HPOT PIii 5l. OR. l'R. 01 A 
X---t:1IP'300!ll IIC·l HPOT PRI 51.. OR. PR. Cit 8 ..... [11P'30080 tC-J hf'OT PRI SL. OR. PR. Di A 

cc 60 

IC )S 

iO 

z 30 
a: ls 2') 

.J lO 
a: 
~,{ 15 

tt:: 10 
ll. 

Q. 
Cl 
(I. 

r. Q 

' '! 

0 

I 
19AXlt1l)l1 15 PSIR 

i 

- . 
I DO 1:10 200 2".10 :nl no 100 151:l 

TINE rROM [NGII-I: START. SECONDS 

~ . 
r!GURE i.2.3-13 HP0T PRIMARY LOX SEAL ORRIN PR[S5URE 

-



.i::,, . 
N 
I 

r,.: ..... 

- -
O--t• lTI0IID 11[-l HPf"T DISCH Tl:11P, CH B-t41Tl01001'1:-I lff'T D15Ct1 T01P. CH A 
A--t<tlT.20110 Mf>2 11f'f"T DISCH Ttlf'. CH B- -·t4Jl20HD lf:-.2 tf'fl DJSOt T01P. CH A 
"X--£-IIT'30110 11[-3 HPf"T DISCH Tl:t1P. CH 8··•··t4 IT30100 lf:-3 1-f'rl DISC11 T01P. CH R 

a: 

c:i w 
C) 

~ 
a: 
:i:: u 

~ 
u 
t-

hi 
Cle 
ct: 

tS 
U"I 

C 

~ 

2000 

IIOO 

liOQ 

IM 

1000 

IOQ 

&OQ 

100 

0 

!IICI ~ I ~ --- --- --- -
1 , , 

.... ~, 
..... 

O Sil 100 150 .Dl 30 100 31iO 400 4511 MIi SSO 
Tl11E rROl1 CNSlNC STflRT • 5tCCN>S 

rtGURC •.2. 3-1 • HPf't DISClflRGC TENPCRAlUM: 

DRTft SOURCC: 515106 -CHl-12O280 tt:-2 CJI0V PCTUA~ POSlTI0N 
8 to I l I 
u t 7G 

' 1G 

5 so 

.I "1 5 (PQ~ LIM1 "" 

- -' ' 
- - - - - . - - . _,c - - - - - - ::io.. -- . ... , 

"'""-1 -- ' I - '- ' 
J I ""-

I-

~ •Q 

Cl:: 
0 lQ 

~ 
lQ u 

a: 

~ 10 
0 

0 
o ~ 100 1,0 .m no :,oo :m too a ni ,,o 

TH£ fRIJ1 CNEUN[ START , SECfNlS 

f'IGURC 1.2.3·16 0POV ACMTION POSlf(ON 11C-2 

DATA SOURCE: STS•DB -E41HlO28D 11(·1 JPOV flCTLl~Ttlt POSITION 
1- ao 

; 70 

I I l l 

✓ C':1,9 O'OY Llr11 I 
- - I ;.:,_· - - . - - - ./.. - - - - - - "- - - I -- ... - - - ' ' 

l / " ' 

"" 
-. 

> 
c:> 10 
@) 

0 
Q SO 100 150 DI aG lDQ 'l9l too &l MIO SSO 

TINE: f"RCJ1 CN61t£ START , SCCCNJS 

rtQ.R: 4.2.l·IS OPDV N:tltlllON POSITIO-. HC-l 

DATA 50URCf:: STS1DB -E:11H3028D tl'.-3 OPOV f(:lUAfffi P0Sl1'!0•• 

8 '° I I I 
u t 70 

' so 

~ 50 

. ?-i6: ~ 1_ l~~v :-f: T 

--, ,- - -
' ~ f'-.,, --r----- ~ ...__,..-

h.' 

l J "' 
-
~ 

... I 

~ to n.. 
! 

! 
ci: 

~ 
JO 

.10 u 
a:: 

I 

i I 

> 
tr 10 
0 

j 

! 
l 

0 . o ~ ~ ~ a m n m ~ ~ ~ ~ 

TU£ rRfJ1 tNSJI£ St'FRT , SECtNlS 

r!QJRC 1.2.J-17 OPOv ACTIJ1TIO~~ POSIHO, 11f-1 



.e..:., 
/'li:-

Oxidizer tank pressurization performance was acceptable. Although actuat,: 
repressurization temperatures on ME-1 and ME-3 were slighlly above (CD 1.µnils. rated 
performance fell within limits tor both the temperatures and pressur~ (f:;igures 4.2.3-18 
and 19). Fuel tank pressurization performance was as expected. Orbiter rri,easurements 
of GHZ pressurization system pressure and temperature are shown in Figures 42.3-20 
and 21. 

POGO system operation was normal (f'igure 4.2.3-22). Engine gimbal operations were 
normal in response to Orbiter commands. The gimba! actuation positions during the 
CJlghl are shown in Figures 4.2.3-23 through 25. 

4.2.3.2 ENGINE PERFORMANCE - This seclion evaluates the performance ot 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 lo STS-4. A 
change in the performance model was ma.de for the SI'S-4 analysis. The reasons (or 
the change were 1) mission analysis indicated a change in thrust level during Stage 2 
operation {150 lo 450 seconds}, and 2) reanalysis of the acceptance lest data indicated a 
slight (less than .1%) thrust trending. Since this thrust trending influenced vehicle 
performance, it was decided to simulate the trending in the engine analysis. 

Figure 42.3-26 shows the spread between channel A and channel 8 main engine ch.amber 
pressure during the fUght. During lhe 100 to 450 second time slice, ME .... 2 and ME-3 had 
a 5 psia drifL The drift in ME-1 was negligible. For accuracy considerations, channel 
.A was used to evaluate ME-2 and ME-3 performance. For consistency ch~nnel A was 
also used to evaluate the performance ot ME-1. After thrusl decay .... .zero shifts ot lhe 
MCC channel A sensor were used to evaluate the flight data because of belt.er agreement 
between maJn chamber pressure channel A and B data uUUzlng this method than others 
evaluated. 

Table 4.2.3-3 gives the SSME performance during the standard 15~160 time slice. These 
values met SSME requirements and were consi=stent. with the previously issued tag values. 
Table 4.2.3-4 gives a comparison of lhe actual flight values of t.he internal engine • 
performance parameters compared with predictions. These predicted. values were based 
upon SSME tag values corrected to actual in!et conditions occurring during the flight. 
All performance pa.nunelers were consistent with predicted. Figures 4.2.3-Z7 through 29 
show lhe inlet mixture ratio, vacuum thrust and specific impulse of the t~ee SSME _ 
engines during t.he night. Figure 4.2.3-30 shows the vehicle inlet mixture ratio during 
the Uight. The average mixture ratio during mainstage operation was 6.003. The overall 
mixture ratio including start and shutdown was 5.985. Figure 4.2.3-31 shows lhe vehicle 
thrust during Stage 2 operation. The vehicle vacuum thrust rise during the 200 to 450 
second time frame was 10.2 lbs/sec. Sensor drift contributed 3.7 lbs/sec and thrust 
trending contributed the remaining 6.5 lbs/sec. Figure 4.2.3-32 shows the trending of 
thrust in the early portion of the Clight.. Thrust rise rates or minus 60 lbs/sec were 
delermlned. This effecl is attributed lo thrust trending. The vehicle specific impulse is 

· shown in Figure 42.3-33. The average specific impulse during the flighl 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 42.3-5. Propellant consumption during the 
{light is given in Table 4.2.3-6. Propellant consumption for STS-4 based on the engine 
reconstruction flow rates was 1,344,950 lbs or L02 and 224,735 lbs of LH2. 

-4.2-22 
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TABLE 1.2.3-3 ·SK STS-1 PeRrORt1Rt« SUN11ARY 

STS4 JO Ste SHrtO CHAN R 08/03182 12113134 

E'NGlNE PARAl1£T£R 

CHAl1BER PRESSURE 
INU:T L02 rLOWRATE 
INLET F1JEL fLOWRATt 
111XTURC'RRT10 
602 PRSRNT fLOMRATE 
Gli2 PRSRNT fLOWRATt 
VACUUH THRUST 
VACUIJH ISP 

fl.JGHT MEASURED 
tll1£ SLICE ISO TO 160 SECONDS 

UNITS 

PSIA 
LB/SEC 
LB/SEC o,r 
LB/SEC 
LB/SEC 
LB 
StC 

CNGIN& 1 
2007 

3009.4 
869.30 
118.50 
S.9B8 
1.123 
.679 

1.70817. 
454.48 

E:N81N£ 2 
2006 

3013.2 
890.18 

I 118,'30 
6.00S 
1.755 
.751 

170960. 
454.48 

f:NGlNE 3 
2005 

30JJ.4 
891.'11 
118.78 
5.991 
1.141 
.151 

171719. 
{54.19 

STRNDARO TANK PR&SSURIZATION 

JNl..0 L02 rLONRATt 
11lXTURr RATIO 

L8/stc 
0/f' 

889.79 
5.992 

890.13 
6.002 

892.54 
5.999 

11111.t 4.2.J-4 FLIGHT PafDRIIANCt CQl1Pf!R£Q TO Pfff:DICTtD 

STS1 10 S£C SHF'TD CHAN A 08/03/12. 12•15•31 
IIIP'REDICTtD 

Tit£ S..la: I SD TO I 60 stCON05 

~IN£ l DIUNE 2 DCJNC 3 
[MGJtl: PMfltlOtR · '1YP 200& 2005 
-----------------------------------------------------------------

..at Slff"T SPEDl 
tff'T SHAF'T Sf'EtO 
tf'O'I' DISCH PRESS 
tff'T DISCH PRESS 
OP8 CHl'IBR P1ff:SS 
f'PB CHl18R PfttSS · 
L02 rulW- RATE 
nJl. fLOW- RIITE: 
Yfl: TttRU'ST 
DX TK f>RSRNTF"LOH 
fl.. TK PRSRNTF'LOW 
OPOV CHO POS 
F"POV CMD POS 
rEC PRESS AVG 
LPOT DJSCH PRESS 
l.PrT DISCH PRCSS 
PSP DISCH PRCSS 
LOPT DISCH TEMP 
HPOT DISCH TEHP 
HPF'T DISCH T£HP 
P8P DISCH TEHP 
LPF"l DISCH TEMP 
LPOT SHArT SPCCD 
LPf"T SHAf'T SPE:£0 
tf"OTT DISCH TEMP 
Hf'f"'TT DlSCtt TEMP 
OPOV RE:SIST 
F"POV RESIST 
OX TK PRSRNTPRES! 
fl. TK PRSRNTPRE:S5 
OX TK PRSRNTT01P 
f"L TK PRSRNTTEMP 
I.POT NSS 
L.Pf'T NSS 
HPOT NSS 
Hf'f"'T NSS 

PRED fl.l Ii/HJ' PRED fl.lQHT PR£D FUCHT. 
211&t. 27788.. 28081. 2"85. :17954. 29U9 . 
J.032. 34849. l4SD. 34516. 14723. 14722. 
1013. 4009. m3. 4015. 1072. 4080. 
6017. 6015. 6036. 5.939. 6011. 5883. 
'4940. 4910. 4988. 4988. 501D. SDtD. 
49J.C. 4968. . 4967. .C962. . 4946.. ~16. 

886.12 889.30 889.61 890.18 891.85 891.11 
118. 03 118. 50 118.l 9 l i8, 30 118. 79 11:8. 78 

469313. 470847. 470520. 470960. 471911. 471719. 
1.109 1.123 J.740 1.755 1.127 1.141 
.6772 .6787 .7503 .751'1 .1528 .-1539 
.6'386 .6188 .6191 .sm .6na .6393 
.7638 .7755 .7649 .7570 .7733 .7809 

'3009.4 3009.3 1013.2 3013.2 . 3011.4 3011.4 
311.70 320.36 288.11 321.61 309.49 325.68 
165,85 165.95 171.07 169,60 171.99 172.37 
7366. 7405. 753.C. 7382. 7420. 7345. 
171.3 171.3 171.2 171.2 171.4 171 . .C 
192.3 192.3 192.2 192.2 )92.9 192.9 
9'1.21 91.2] 91.60 91.60 93.30 93.30 
205.5 205.9 206.8 205.l 207.7 207.6 
11.ss 12.06 .. ,.s1 12.00 11.BS 12.08 
5010. 1621. 5023. 1997, 5084. 5117. 

15020. 15015. JS311. 1522S. JS357. 15330. 
1294. 1292. 1454. 1382. 1390. 1403. 
1576. 162J. 1591, 1639. !f18. 1701. 
213,9 280.0 186,l· 203.7 229.5 211.9 
13.22 . 11.20 13.03 l• .66 11.54 J0.36 
.COSI. 3899. BB. 3710. 4102. 3950. 
3'123. 3099. 3120. 3l36, 3572. 3139, 
902.7 896.6 856.3 B"J2.6 895.8 897,2 
.C85 . .C ·460.2 +42.6 441.4 4U.4 439 . .C 

12867. o. 12226. o. 12425. o. 
18558. . 18531. 19756. 19661. 19819. 19828, 
12351. 12131. 131'16. 12035. 12550. 13151, 
6921. 7021. 6666. 6&19. 6762. 6794. 

• PRCOICTCD VALUES ARC BASED UPON ROO:ETOYNE: TAG YALUCS 
CORRCCTED TO INI..ET CONDITIONS OCCURRING DI.RING fLIGHt. 
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TABLE 4.2.3-5 VE:HICLE PERfORMANCE SUN11ARY fOR STS-4 

STS• 1 sec SHifTED CHAN A 08/03/82 13:19:48 

VEHICLE AVERAGES 

VE:HlCLE AVERAGC DATA rOR 200.00 TD 449.50 
VEHICLE THRUST- l.113151. MR- 5.9916 ISP- 151.68-13 
CNGINC 1 THRUST• 470852. HR• 5.9854 [SP• 45"1. 7147 
ENGINE: 2 THRUST• 470967. MR• 6.0051 CSP• 451.8171 
ENGlNE: 3 THRUST- 471632. 11R- 5.9843 (SP• 454.5216 

VDtlCLr AVCRAGC CATA rOR 200.00 TO 519.40 
VEH(CLE THRUST- 1371873. 11R- 5.9945 (SP• 454.6386 
ENGINE 1 THRUST• 456872. MR- 5.9878 ISP• 454.6624 
ENGINE: 2 THRUST· 457037. HR• 6.0057 ISP- 45-4.7957 
ENGINE 3 THRUST- 45796-t. MR- 5.9900 [SP- 454.4589 

VDH CLE AVE:RAGC DATA F'OR 7,00 TO 519.~ 
VEHICLE THRUST• 1374820. MR• 6.0019 [SP· 45"1.3526 
E:NGINC 1 THRUST- i57769. HR- 5.9926 (SP- i51. •Hl3 
ENGINE 2 THRUST- 458007. 11R- 6.')121 ISP- 454.•983 
E:NGlNE: 3 THRUST- i590ii. MR- 6.0008 ISP- i5i. li96 - ------------·· -----------------------------------------------. -.---

TABL£ 4.2.3-6 PROPCLUWT CONSU1PTION SUMMARY . . . ------------------------------------------------------------------------
5154 1 SEC SH[FTED OiAN A 

SlARl 
(2) (51 

[NSINE l 
fUO.. CONSUJ"'ICO Cl.Bl 576.0 
L02 CONSUMED CLBI 3109.0 
ItfPULSC ll.B SE:Cl 1218000.0 

OiGINE 2 
fUE:L CONSUMCO CLBI 603.0 
L02 CONSUMED (LBJ 3166.0 
IMPULSE: cLB sec 1 1267000.0 

CNGINE 3 
fUCL CONSUMCO <LB I 613.0 
L02 CONSUNCO CLBI 3329.0 
tMPULSE CLB SECI 1313000.0 

VEHICLE: 
fUCL. CONSUMED C LB I 1792.0 
L02 CONSUMED CL.Bl 960-4.0 
IMPULSE lLB SE:CI 3798000.0 

TOTAL L02•F1JCl. CLBI 11396.0 

t11XTURC RATJO (0/F'J 5.3591 

STEAOY STATE 
13) 

71062.8 
H3959.2 

230028952.1 

73943.9 
H-16-1-1.2 

230122142. 3 

7-t240.1 
445502.7 

230615957.5 

222246.8 
1334106.2 

690767051. 9 

1556352.9 

6.0028 

08/03/82 

CUT Off 
Cil (51 

237.0 
i25.0 

282000.0 

231.0 
1[1.0 

271000.0 

229.0 
-101. a 

260000.0 

697.0 
1240.0 

813000.0 

1937.0 

l .7791 

13: 19148 · 

TOTAL 

1-te1S.e 
ii7"193.2 

231528952. 1 

74777.9 
i•822'1.2 

231660142.:;3 

75082. 1 
1-49232.7 

232188957.s· 

224735.8 
13-44950.2 

695378051. 9 

1569685.9 

5.98-16 
----------------------------------------------------------------------------(11 DATA ARE PRESCNTE:O AS CALCULATED ANO HAt EXCEED THE SIGNIF'ICANT DIGITS. 
121 CNGJNE: START TO SRB IGNITION COMMAND 
l3J SRB IGNITION COMMAND TO t1ECO 
Cil M£CO TO VALVE CLOSURE 
CSI S'IART Afm SHUTDOWN VALVES NORMALIZED TO MAINSTAGE VALUES 
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4.2.4 SHUTDOWN PHASE - The shutdown lranaients were nominal. The shutdown 
occurred from MPL and all valves' closing· 1,JOSitions and rates were norm.a). The thrust 
decay transients as shown in Figure 4.2.4-1. were simHar t.o each other, agreed witll 
predicted and tell within ICD limit& Flight results are compared lo ICD requirements ln 
Table 4.2.4-1. All ICD requirements were meL 

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

TABL.E 4.2.4-1 E:NGINE SHUlOOWN roR STS-4 COMPARED TO ICO RCOUIRE:11£N~ 

POWtR U::VO.. RT SHUTDOWN Ill 

TIME: or SHUlDOWN COMMANO 
lst:CJ l 11 

ENGi NC SHUTDOWN Tl t1t: ISEC l 
tCCO ~o l¼ PCl l2J 

~INC Stl.JTDOWN RATE: 

TOTAL U.SS/ .01 SE:CJ 

ABOVE 185-000 LBS 
THRUST lLBS/S[Cl 

BD..OW 1es_ooo LBS 
THRUST lLBSIS[Cl 

ENGINE: SHUTDOWN IMPULSE 
tLBS/5£:CI 

REOUlROCNTS 

6.5 

-sso_ooo 
ll'IRXI 

342,738 
lt'IAXI 

EN61NE: PROPCLLANT CONSU1PTJON (31 

TOTAL lLBSl 

OXtOIZCR (LBSJ 

rua.. lLBSl 

n..ow OCCCLE:RAT ION 

OXIO[ZCR lLBS/SCC-SECl 

lLBS/SCC-SE:Cl 

400/8-tO 
lt1IN/11AXJ 

280/600 
tHIN/t1RXI 

J20/240 
l HI N/HAX I 

1570 Cl'IAXI 

375 [MAXI 

ME:-1 

65 

519.03 

S.88 

ME:-2 

65 

519.15 

S.68 

Ht-3 

65 

519.ll 

5.52 

- 4,767 - 5,0-fO - 5,521 

-372,512 -392,155 -380,676 

·-106,981 -124,659 -106,712 

291.DOO 

601 

'125 

179 

900 

HS 

280,000 

589 

175 

950 

140 

267,000 

S65 

'399 

166 

1160 

120 

lll INIT[AL MOVCHCNI Of" OPOV CNGINE: curorr 82:l7B:15:08:32:510 
COt111ANO POSITION . 

(21 TO ZERO THRUST APPROXIMATE- CNGINC 2 CUTOrr 82:178:15108:32:517 
LY 17. PC AS DErINEO JN lCO 

131 rROM MPL TO CLOSE: or MOV OOINC 3 CUTOrr 82:178:fS:08:32:547 
ANO tFV 
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4.2.5 POST SHUTDOWN - The propellant dump consisted of dumping the L02 through the 
MCC injector by opening the MOV. LH2 was dumped by opening the LH2 prevalve, bleed valves. 
and LH2 topping valves allow lng the LH2 to dump out thet mt and drain port. This 
operation was performed satisfactorily. A more detailed discussion or the propellant dump 
and vacuum lnerUng la given ln Section 0.4.6. 

4.2.6 PCSTFLIGHT EVALUATION - The following tables describe the post hardware report and 
software changes. post instrumentation report, ICO and LCC changes Cor STS-5 (Tables 4.2.6-1 
through 4.2.8-6). 

TABU: 1.2.6-l POST HiROl-flRt REPORT 

ITE:HS 

'SCHIIIULtO 0-lf'tlGtS 

11£-1, HPOTP rJRST STFGt 8LRCt 
INSPCCTTON U/N 0007RI 

UNSCH(OULCD 01FNGES 

'1£•1, 0~ CU.DrfflLL PJNl(JU: LERK 

11£-1, TKl C\..ASS I l CO..[)lf\J. 
LEAKS FIT Ff"T 11RNtroLO 

tC-1. C,C Cl.ASS 111 t<l'IWFU. L£M 
AT .. ICUNT G- JS 

llt· I, NJ~ Tf'S OAl1fl!il: 

~tA~vl~~:t~~T 
DUltJNG GRt'£N ftUN U/N 000ffl2 

IIE-,, 110: CtfWNEL B lGNlltR 
nuu:o POST I GNJTCR OC:KOUT 
TEST 

nt-2. TP5 OftfflG[ 

ACTION 

INSPE:CT PER ECP <t7J 
3000 sec LINlTRTlON. 

BRAZE REPAIR PJNtfJL.£, 
rJSH1QUTH INSCRT T:tPC. 

REPAIR COLOWALL U:Ft<S 

CHS LtRK RE'P'A 2 RED W 1 TH 
LCCTITE: AT DRYDEN 

SlfNlflRO Rt:P'A[R 

RE'PLACED WI lt; UIN 9CD9RJ 
SIN ffl'9'1lS 

REPt.ACCl NllH LIICC PMT 

· STANJIRO RCPAIR . 

ltC-2 TWO Q..RSS 21 HOT ~ LCX::TITE: RtPAJR RT Ff"T 11ANlf04.D 
NOZZLES LEAKS, ONC RT RrT ANl ;-15 
tWU roLO. Qt£ AT 6 rT. f'ROH 
ftM MNJra.C. ONC CU'ISS I l l 
HOTWALL ~KAT G-15 

lfC-3, Hff"TP t;JGH TORQ.1£ llJRIN& RtPLACCD Wilt; UIN 9006R2 
POST TCST tNSPCCTtON. tETAL SIN 4182640 2 
ntSSINS f'ROM 2ND STAGE !lfCLLEft 

ltC-3. CCNTRl11NANT IN 0PB RD10VE CONTAMINANT· OETERt11NCO 
Cl..tNCNf A·ll TO 8£ TITRNIU" AU.DY !fRO~ THE 

HPM'P 2ND STAGE: lHPCU.£Rl 

11E·J, CCNlflttlNANTS rQN) IN 11rv REPLFICE l'lfV ANO FCTUATOR HCTH 
DURING SPCCJAL POST TE.ST INSEPCTlON Mrv SIN 4912559 FtID l'f'VA SIN 036 

tlE:-J; 0~ CLFISS 11 HOT Wl-1..L LCCTITC REPAIR 
LE:AK AT NOZZLE: AfT r:~ura.o 

11E·3• 0~ CLASS Ill lllUlrflLL ,.JStt'IOUTH INSCP, trPC. Rf:PA[R 
NOZZLE l.LFI< RT H/6 9 CQ..[WAU. LE:AK 

nc-J. TPS OfffflG£ STFl~RD REPAIR 

NE:·J• rllJ't-0 O·TlP STICK ~D10Vt0 
[N rpe f!Sl r\JEI.. SUPP\.r Ln.lf: 

l BLAOE:S REPL.ActD BY RQCXE:TOYNC TO UPGRROC HPOTP - INSPtCTICN 
3CHCOULCO, NOT CHRNGC 

~ StC fTPR NO. MSfC·i lSCCTION 4.J.31 
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ITEMS 

TABLC 4.2.6-2 sorTWARE CHANGES roR STS-5 

crrECT ACTION 

RE110VRL flNTI-GE'rSCR 
LINE. . 

HISH PRESSURC ruEL 
nJRBlNt OJSCHARGC 
TttlPERATURC RCOLINE 

0..[t11NATION or DUAL 
· BLEED VALVC CYCLE 

~IOR TO START 

f£-1 START BUlLO-uP 
Sl..0-. 

tE-2 START BUIL0-1..P 
5..0... 

t£-3 OPOV WITHIN ti. 
fT THRUST ·LU1lT 
POSITION IRE:OUIREO 
ttRRGlN 2Y.l 

JNCRCASE OXIDIZER 
INLET TEl'IPE:RATURE 

PROVIDE rAST ENGINE 
PROitCTJON RCPONSt 
AGAINST rAILURE DUE 
TO HIGH HPF"i OlS
OiARGE TCHPERAtURC 

OCCRCASE OXJOlZE:R 
INLET. TEt1PERATURE 

REOUct PC IGNITtoN. 
CONf" tRt1 MARGIN 

REDUCE PC lGNlitON. 
CONf' I Rtl t1ARG I.N 

t-er PRIOR TO SRB 
JGNITION 

INCREHSE DJGINE RE:ADY 
LlMlT fOR PIP DISCH~RGC 
TEMPERATURE F'R0t1 178 OCG 
R TO 186.S OES R 

R£0UCC ONC Tlt1E CHCCJ< AT 
i.S SEC F'ROM·l960 DEG R 
TO TBO DES R. 
INCORPORATE NAJN-STAGE 
REDLINE: . 
0t A SET roR rec DCG R 
0t B SET roR. TBO DEG R 
SA'1t VOTING LOGIC AS HPOT 

. DISCHARGE 1.tMPERRTURt: 
REDL1t£ 

CttANGC POSO PRECHARGC 
PRESTART PURGC OURATlON 
F'ROt1 220 TO '440 t'IStCS 

INCREASE: OPOV OPCN LOOP 
Olnt1ffli0 f'ROtt 4T.t TO 48X 

INCREASC OPOV OPCN·LOOP 
COffl'fANl FROM 18Z 10 49i 

INCREASE: OPOV THRUST 
POSlTlON LIMIT BY 

·12 TO 68.1¼ JN SOFTWRRC 

tflU •.2.6-3 POST [NSTRUME:NTATION Ra>~T 
------------------------------------~-------------------------------------

lrtNS 

tlE-1 POGO Of'I TRANSOUCER
tf'OTP [NLET PRESSURC.rAILCO •. 
ORTA SATURATION 

tlE-1 rASCOS ACCC..CROMCTCR 
PBP RADIAL 15-1, rAtL.CO AT 
230 SEC 

t1E-2 ruEL PRCBURNER PC TRANSDUCER 
DATA rAJLURE AT 506 St:C 

t!E-2 rASCOS ACCCLCROMCTE:R 
tffiP RADIAL 9u, fA1LCO AT •60 sec 

1£-2 POGO OF'I TRANSDUCER -
HPnP INLET PRCSSURt: - SATURATCO 
OUTPlfI 

tC-3 rASCOS ACCD..CROMCTtR 
PBP RAOJAL 135-3, EXTREME NOtSC 

ACTIO. 

REPLACto PE:R RAR KL0-209 

REPLACED ACCE:L A CABLC 

rA(LCO TRA~'SOUCCR, REPLACCO 
MITH SIN 400 

REPt..ACCO RCCEL & CABLC 

NO AC!ION REQUIRED. MAIVE:0 

R£PLACCO ACCtL & CABLE: 

----·-----------------------------------------------------------------------
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TABLE 4.2.6-4 )CO CHANGES roR STS-5 
-------------------------------------------------------------------------------

1TEl1S 

CHANGE TO PRCSTART 
PROPCLLANT CONDITIONS 
roR ANTJ-GCYSCR LINC 
DELETION 

CHANGE TO SSMC BLCED 
VALVC OPERATION DURING 
PSN-4 

crrtcT 
JNCRCASE L02 INLET 
TCMPERATURtS 

El.lM[NATE ADDITIONAL 
BLEED VALVE CYCLE 

ACTION 

APPROVCO - 1 RN02H 
PRCBO S03655HR3 
9-7-81 

APPROVED - IRN0259 
PRCcD - S021361 
7-26-82 

REVISES MAINSTASE ruEL DECREASES REOUIREO NPSP APPROVED - IRN 0237 
NPSP RCOUJ RtMENTS RT RPL RND FPL PRCBO - SOS7SSA 

S-12-81 

TRBL.E 4.2.6-S LCC CHANGES roR STS-5 

REVISION 

PRE:BURN£R PUMP DISCHARGE: TtHPERATURE: Hf!XIHUH -
186.5 OtS R (WAS 178 OE& Rl 

HPn DISCHARGE: TEMPERATURE: ONE TIP'IE CHCCIC NAXU1ll1 -
1860 om R (WAS 1960 DES Rl 

INCORPORATION or HPTT OISOflRGt TE'1P£RATURE REDLINE 
DURING MAJNST~E:. SET roR TBO OCG R CHANNEL f\. 
AN• TB• DEG R CHANNEL B MAXIMUM 

L.CC 
PAGE NO. 

6.2.2-S 

6.2.2-l3 

6.2.2-li 

--------------------------·----------------------------------------------------
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4.3.0 tNSTRUMENTATJON - F.ach SSME has 4:l flight. transducers or 129 transducers tar 
the night engine set.. Many or these transducers are equipped. with dual recording 
capability resulting in 66 measurements per engine ror a total of 196 measurements tor 
the night set. The utiUzalion of each type transducer per engine is depicted in Table 
4.3.0-1. 

TABLE 4.3.0-l 

TYPE 

TRANSDUCER ALLOCATlON 

PRt:SSURE 
TEMPERATURE 
SPt:E:O/rLOW 
POSIT JON 

TOTAL 

OUANTin 

20 
9 
5 
9 

•J 

MEASURCMCNTS 

30 
13 
8 

15 

66 

Operation of the SSME flight instrumentation was excellent except for the failure of the 
(uel prebumer chamber pressure sensor on ME-2 (E41P2031D.B). This instrument will be 
replaced prior to STS-5. This is a maintenance only parameter and has no effect OD 
engine performance. 

4.3.1 SSME THERMAL DFI - In addition to the operational flight instrumentation, there 
were a total ot 86 thermai OFI and 12 leak detection transducers installed on the SSMEs 
for STS-4 flight. Of the 86 thermal DFI transducers. 25 are installed on ME-1, 57 on 
ME-2. and four on ME-3. There are also tour prelaunch leak detection measurements 
installed on each or the ~ME engines. A breakdown of the transducer type per engine 
is shown in Table 4.3.1-t. · 

TABLE 4.3.1-1 THERMAL Ort TRANSDUCERS 
---------------------------------------------~ --TRANSOUCCRS tlE-1 ME-2 MC-3 

ASCENT 

CALORJMETCR 7 7 2 
CALOR1t1ETCR SURrACt 7 7 2 

TEMPERATURE 
RROJOMETE:RS 3 2 
SKIN TEMPCRATURCS 6 19 
SURtACC PRCSSURCS 2 

REENTRY 

CALORJME:TCR 11 
CFILORJMETCR suRrAC( J1 

T01PERATURC 

TOTALS 25 57 4 
----------~ -------------------------------------

Progressive flight lo fHght deterioration of data was experienced as expected. As 
specific examples, E;41T9212A and E41T9149A c:·:hibil increasing deviations from expected 
nominal behavior explained by increased de,t..1chmenl from the mounting sur~ace. 
Scaling factors for all parameters appear valid. Measurements yielding the largest flight 
to flight differences are those thot were at one lime functioning properly and then were 
last, invalidating a comparison of magnitud .. ~ No tlight t.o night deviations of 
significance were noted _on any properly functioning DFI parameters. 
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4.3.2 FASCOS - Each SSME has six accelerometer measurements to monitor high 
pressure turbopump vibration data. Four of these measurements are mounted on the 
high pressure oxidizer turbopump and two on the high pressure fuel turbopump. Of the 
18 measurements reviewed (total £or the night engine set). the FASCOS accelerometers 
provided generally good quality data. The channels that were questionable are shown in 
Table 4.3.2-1. 

or the seven listed questionable measurements, only two (ME-1 PBP 45-1 and ME-2 HPFP 
90) e~ceeded lhe ( inactive) 12 CRMS redllne value. Had lhe redline value been active tor 
SfS-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. 

TABLC 1.3.2·1 OUCST1014RBLC F"ASCOS INSTRUt1CNTATJON 
--------------·------------------------------------------- ·-----------------------------

11(·1 

MC-2 

11(-3 

HC-3 

t1C-3 

11C-3 

t'IC-3 

rASCOS 
CHANNEi.. 

PBP 45·1 

HPrP 90 

PBP 45-1 

PBP 135-J 

PBP 135-1 

PBP 180-J 

HPfP 90 

OCSCRJPTION 

-fAILED +230 sec 
rAlLCD +'\SO sec 

VCRY NOJSl' 

tXTRtHC N01SC 

NOISY 

SPlKCS 

SPlt<CS 

ACTJON 

RCt'IOV~ & RtPLACC ACCCL. 1 CABLE 

REHOVC & REPLACE RCCCI.. • • """""""~' r-.... ...,. . .., ....... 
RE:PLACt COAXIAL CABLE 

Rtt10VE & REPLACE RCCfl.. & CABl..t 

VISUAL INSPCCTION or ACCtL INSTALLATION 

V[SU\.. [NSPtCTION or ACCEl. INSTALLATION 

VI~ INSPECTION Of ACCCL INSTALLATION 

Postflighl inspection of t.he ME-2 HPFTP radial 90 accelerometer showed t.hat the cable 
coax was lorn. 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 aclion was taken. 

4.3.3 POGO DF"J - There were 19 POGO DFI measurements instaJled on the SSME flight 
set for STS-4. The measurement locations and quality of dala output are presented in 
Table 4.3.3-1. 

TABLE 4.3.3-t POGO or1 MEASURE:MCNTS 

MCASUREMCNT 

HCC PC 
HPf!P INLET PR, 
HPCTP INLET PR. 
POtO ACCUMULATOR PR. 
HP~TP X AXIS ACCEL. 
HPOTP Y AX15 RCCCI... 
HPC: TP Z AX IS ACCEL. 

COOC: Jl ACCtPTABLC 
21 NOT ACCCPTABLf 
31 OUESTIONA8LC 
•l NOT INSTALLED 

ME-I 

J 
1 
2 
1 
J 
1 
1 

Mt:-2 

1 
2 
l 
t 
l 
1 
l 

The descript:ons o( the discrepancies are as follows: 

t1C·3 

l 
J 
l 
1 
1 
1 .. 

(1) HPOTP (n1el Pressure (E41P9197A) showed saturallon and drltt al start. 
(2) HPFTP lrtlet Pressure (E41P9298A) showed no· data. 
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4.4.0 ENGINE COfrrROLLER PERFORMANCE - This subsecUon provides a performance 
summary ror the."'.\hree engine controllers in the evaluation areas of soft.ware, response. 
accuracy, stabilily._/nd hardware. 

4.4.l SSME CONTROLLER SOFTWARE PERFORMANCE - The conlroller soft.ware performance 
is considered satisfactory. Its performa.nce can best be determined by examination or 
any reported failure identiticalions (FIDS). No software problem FlDS nor system hard 
failure Fl OS were reported. 

Tobie 4.4.1-l summarizes the soft.ware conriguration of the Sl'S-4 controllers and notes 
their results. All software changes made prior lo STS-4 are shown in Table 4.4.1-2. 

TABLE 1.1.1-1 CONTROLLER HARDWARE ANO sorTWARC SUMMARY 

sorTWARE CONrtGURAT[ON 
fLIGHT VERSION 20 

HARDWARE CONfIGURATION 
HARDWARE BURN ISEC> 
HE-1(2007/PSJ. 519.03 

SOfTWARE CHANGES ANO PROBLEMS ME-2C2006/f4l 519.15 
NO SOfTHARC PROBLEMS lDENTlfICD 
SOfTHARC CHANGCS MADC PRIOR TO STS-4 

ARC GJVCN IN TABLC 4.4.1-2 

ME-3l200S/P7l 519.31 

ri..IGHT fAJLURC 1o·s 
NONE 

TABLE 4.4.1-2 SSMC sorTWARE CHANGES roR STS-4 

PROALEMS 

ME-3 START BUILD UP 
SLOW. 

POGO PRECHARGt PRCS
SURE EXCCEOS uPrER 
LIMIT 

MARGIN roR HPOT TOT 
t1Cf Hm:J TOR TOO TIGHT 
IN ENGINC START PliASC. 

r1x roR PRCSTART RED
LINE REDUNDANCY MONI
TOR 

CHANGE CONTROLLER OU 
ME-2 f"ROM f!j TO f4 

RECOVERABLE POWCR 
TRANSIENT IIJCPENOHJG 
UPON Tl ME Of' OCCUR
RENCE I CAN CAUSE 
SINGLE POINT 
fAILURE 

fJTECT 

REDUCE PC IGN(TION 
CONtlRM MARGIN. 

rID REPORTED ouc ro 
TOO LOW UPPER LIMIT 
BElNG SET. 

Mer, RESULT]NG [N MIS
SION ABORT, MAY BC 
POSTED fOR OTHERWISE 
SATJSfACTORY TOT 
TEMPCRATURC PROflLE. 

ACTION 

INCREASE MC-3 OPOV OPCN 
LOOP COMMAND fROM 47 TO 18%. 

UPPER LIMIT INCREASED fROM 
1125 TO 1600 PSIA 

JNCREASE ACTUATION TIME 
fROH 3.5 TO 3.8 SCCONOS. 

INHIBIT RESPONSE OK ]NCLUOC r1x roR HPtT TOT 
BUT NO fID POSTtD If PRCSTART MONITOR. 
HPrT TOT fAlLURC OCCURS 
DURING START PREPARA-
TION PHASE 

HAROWARE/SOF'TWARE 
MUST BC COMPATIBLE 

1 I PRCMATURE SHUTOOHN 
Of' NOR MALL r F'UNC
T I ON I NG ENGINE 

MODIFY SOfTWARC TO 
ENSURE COMPATlOILITY 

SOFTWARE CHANGC TO 
ll USC TIME RCFCRENCC EXISTING 

AT ONSET or POWER TRANSIENT 
INITIALIZE VALUCS or VALVE 
COMMANDS TO CURRENT POSITION 

21 POTENTIAL BYPASS Of 2l 
CONTROL ENGJNC fUNC
TlON 
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4.4.2 SSME CONTROLLER RIBPONSE. 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 wit~in the accuracy 
or the data used lo make the calculation. 

Examination or the fuel and oxidizer preburner valve positions, chamber pressure, and 
(uel flow shows no oscillations in the steady state nor any unexpected overshoots during 
throttling. 'fhese lime responses agree well with previous tests and analyses and indicate 
adequate stability and no unusual transient response. Figures 4.4.2-1 through 4.4.2-3 
show a typical chamber. pressure response during malnstage operation including MAX Q 
and 3G throttling for ME-1. These traces are similar lo those obtained on ME-2 and 
ME-3. 

In postflighl data examination, the main engine chamber pressure conlained osciJlalions 
of 15 psi peak to peak during mainstage up-thrust operation of ME-2. A new controller 
,fl:!.. 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 
errect on vehicle performance, the F4 controller will remain on ME-2 for the STS-5 
mission. 

Figure 4.4.2-4 shows that the controller held the mean mixture ratio close to the 
controlled value or 6.0. An independent calculation of the mixture ratio, using the 
algorithm in the controller and the mean value or the measure,mP.nt, shows good results. 
T!.ible 4.4.2-1 shows the results or this calculation over a lime period Crom 10 seconds to 
MECO. 

TABLE 1.4,2-1 M£XTURE RATIO CONTROL DURING STEADY-STATE OPERATION 

ENGINE NO. CALCULATED MR HR DEV I AT ION l 'l. l 
----------- --------------- --------------------

t1E-J 5.9981 -.032 
ME-2 5.9982 -.0'30 
t1E-3 5. 9988 -.021 

4.4.3 ~ME 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 FIDs. There were no F[Ds 
nor ~ME system problems relating to controlJer hardware performance reported during 
the mission. All commands sent to the controller 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 night. There were no pre-lo-post flight difr erenlials for any controller. 

The controller temperatures were acceptable. [t was noted lhal during lhe on-orbil 
tail-lo-sun attitude, the controller internal temperatures warmed up to a maximum or 
130 deg F. During the belly-to-sun attitude internal controller temperatures dropped to 

· a minimum of 15 deg F. 

It is signifi::.:ant that only routine testing anrl no maintenance were perrormerl on the 
ME-1 and ME-3 controllers between STS-3 an<.l srs-4. However. it was necessary to 
remove the r5 controller from ME-2 followir,g the SI"S-4 tanking test and replace it 
with F4 whicll supported the STS-4 mission satisfactorily. F5 was subsequently shipped 
to Honeywell-Florido for failure analysis and repair. 
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4.5.0 ~SME THERMAL ASSESSMF!NT - Tho STS-4 thermal data appear valid and within the 
expected ranges. Only paramete-rs determined lo be malfunclioning yielded data outaide 
appropriate scales. Most measurements followed established trends based on STS-1. Sl'S-2, 
and STS-3, with the exception or the nozzle surface temperature parameters which were 
significantly lower. 

This phenomenon of lower nozzle surface temperatures was the only STS-4 issiue 
requiring thermal related engineering support beyond dct.ta review. See Section 4.5.3. 

Particle emission from the aft end or the Orbiter in the area of the main engines was 
observed during the tail to sun attitude on srs-3. No such particles were observed on 
STS-4. This confirms the belief that the particles were due lo oxygen entrapment in 
the teedlines to the main engines due to the pneumatic cutotr of ME-3. Performance 
of the main engines (specifically ME-3) was not affected. during SlS-4 due to this 
occurrence on STS-3. · 

STS-4 landing occurred on a concrete runway, resulting in a smaller nmount of loo:se 
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 durii1g previous 
postflight inspections. 

Prelaunch thermal conditioning and cleansing purges were nominal. No events were 
encountered as in STS-3 with the water conLamination of the GN2 purge. The S'rs-3 
event was an individual isolated case with no expectations tor repeatability. 

The engine component surrace temperatures were below allowable upper limit~ a_nd were 
nominal. Specirically. controller temperatures, valve and valve acLuator surface 
temperatures, powerhead surface temperatures, and nozzle surface temperatures were 
within allowable limils. The engine compartment (aft fuselage) en,•ironment was cool 
and benign, between 30 and 70 deg F during the majority or engine operation. 

4.6.1 THERMAL ASS~MENT DURING CHILLDO\fN - The:-mal evaluation of the three 
engines during chilldown showed no anomalous results. No structural temperature limits 
were violated. A comparison of the ambient engine compartment. bulk ·air temperatures · 
on Sl'S-4 with STS-3 s11ows them to be almost. identical as given by vehicle 
measurements. Figure 4.5J-1 shows STS-4 values. · 

Engine components not in direct contact with the cryogenic fluids reflected the bulk air 
temperature changes in chilldown, -as expected. Controller internal temperature {Figure 
4.5.1-2) and power head surface- temperature (Fig_ure 4.5.1-3) can be compared with the 
bulk air temperature environment (Figure 4.5.1-1) to note that the trends are similar. 

MFV and MOV skin temperatures (see Figure 4.5.1-4) responded to introduction of 
propellant 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 ract that LH2 is cooler than L02 by approximaLely 150 deg F. The relatively 
slower response of the MOV parameter was due to a longer thermal path rrom the L02 
to the thermocouple location. This also partially contributed to the temperature 
difference between the two parameters. · 

4.5-1 
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With a STS-4 morning launch time. no12le surface t~mpera.tures were not influenced by 
a solar heating eetect. The altitude of the 0rbiler on the launch pad is tail lo south, 
meanir,g that ME-3. mounted on the starboard side, wotJ'ld be on the -eastern side or the 
vehicle towards the morning sun. ME-3 was lightly instrumented and so a parameter 
on the et1st side or ME-2 (E41T9246. Nozzle Temperature Aft Manifold. Side 135 degrees) 
was selected which had the best view factor of. any nOZ2:le surface temperature 
measurement. Figure 4.6.1-5 shows the data from this thermocouple during prelaunch. 
No trend .of increasing temperature was seen, and the temperature was steady between 
two discrete output values. 

4.5.2 ASCENT ENG L'lE COMPONENT TEMPERATURES - Engine component temperatures 
within the engine compartment remained wilhin allowable limits during ascent. Local 
environmental temperatures within the oft fuselage (engine compartment) are shown in 
Figure 4.52-1. Afler an initial decrease due to lhe circulation of nitrogen atmosphere 
over the mostly cold components, the nitrogen gradually bled out of· the aft fuselage, 
leaving the environment. al nominal temperature3, between 20 and 70 deg F. 

Surface temperatures on the PCA and three or the four valve actuators each stayed 
within a narrow and allowable temperature band during ascent as seen in Table 4.5.2-l. 

TABLE: 1.5.2-J ACTUATOR SURfACE TEMPCRATURCS DURING ASCCNT 
-----------------------------------------------------------------------

STS-3 STS--t 
HCASUREMCNT JNJTJRL MAXIMUM INITIAL MAXIMUM 

TIC LOCATION NUMBER IOE:G fl CDCG r1 IDES n IOCG fl 
-----------------------------------------------------------------------
HC-2 MrV ACT C41T9203A 58 75 19 70 

SURfACC 

MC-2 HOV ACT CilT920iA Si 81 60 81 
SURrACE: 

MC-2 CCVA C"1JT9206A --- --- 55 97 
SURfRCC 

MC-2 rPOV ACT C-t l T9208A · 63 98.' 67 100 
SURrP.CC 

HC-2 OPOV ACT C41T9209A 
--- --- 70 102 

SURFACE: 

OPERAiJONAL ALL0~98LC IS NOT BASED ON SURfACC TEMPERATURES BUT ON fLUIO 
lNTCRfACt TCMPCRA!URCS AND COMPARTNCNT TCNPCRATURE:S. 

w NOT.AVAILABLE: CN STS-3 

The maximum aUowable temperature for the controller is 175 deg F during active 
operation based on internal temperatures. Engine operational controller internal 
temperature data shown in Figure 4.5.2-2 show the internal electronics package 
temperatures kr all three engines. All three c-..1.rves remained below 73 deg f' for the 
duration of the flight. The warmest position in each of lhe controller assembLes was 
the power supply, measured as parameters. E41T1l50A, 2150A. and 3150A. All thrf"~ 
temperalures nmained steady and were below 105 deg F. · · 

4.5-3 



~ . 

-

0~8T9277R RrT rus LIil ccmc1 BlU RIii T --08T927.;J\ Rrl fliS i.,iPR fHO ElJLl R!R T 
~-----vJ!lf927llll llf"T ru:, Llfl Rl91T 111.l.l( 1'1111 T · · Y'lm9l7!f\ nn ru:, TO!" 11[1111 IWL•. 1'111'1 f 

OATR SOuRCC: .STS4DB 
7Q 

_ C11T9.!0IR 11t·2 NOZ rDIP lll"T 'fl" SIIE 139:5 
~:'". . 

• • • • Y3"1'927fJ\ llf" 1 ru:, Ul'II CCN Tffl DUL'- A I R l 
IIO 

L.. 

l!l 
w 
a 

. 
i-
lJ 
I-

w 
_J 
N 
N 
0 z 

'8 

• 
er 

" 
" 
" '1 

u 
II 

Ill 

u 
~ 

')1 

Wi 

~ 

i... eo 

l;'l 
C to . 
IL ao I: 
w 
t-
lk:: 0 
a: 

~ ·20 
ID 

. --
~ -,__ ,,.-u ( 

-.\ ~ 
... - - -.. lr-'""' - - -,-

., .... ~ . ' 
• # ••• ~ .. ., ... .. .. ... ······ ..... 

n .. -
· 11 , . 

I .· .,_,a. -• ~-- . . . , ~ - ·-, .. ,, 
' '•\ .. •, •;___J .,- .. 

+· I~ ,... 
I ,, I . ' ,··· . 
\ I 

.fV\,r 

h ~ 

-to 

-,o 
·DD> -l~ -~ • 15DJO ·IQQQO -r,QOO 0 -~ 0 ~ 100 ISO * :KO 300 Bl Gl 4!'i0 500 SSO 

Tll'C fRON tNSINt START, SECDt-05 TIN[ fRON tNSI~ START , stCCNJS 

r(GURt • .5. )-5 I\OZZL[ RfT 11AN(r0Lo TtMPCRATLRE f]GURC •.5.2·) BULK RIR TCMP[RATURCS 

. ·- ... ~ 

-CilTlO71O NC·l CONTROU.CR IE TC11P, 
-- Cill2071O NC-2 CONTROLLCR JC TCl1P. 

ORTA SOURCE:1 STS108 ··· .. Cill'.3O7IO Nt-3 CONTROLLCR JE: TCMP. 
a:: s,s--..-----------~-,-----..... - ..... --. . 
~ ~ 11.--+-J-~ 

• 
5~f~~~9'i,niiaa::::::i•u-fi.F,f=::::::1+==t=d~==r=---t--l 

IC 
C 
w 
t-

tt! z 

~ z 

15 
_J 
_J 
0 

~-
6 u 

:.L. 
s1s---+---+--...... ~_ ... ,,+-.-.. -.-.. •. -.-.-..... r-.. -.-.. -...... -.. - ... +-.-.-.-. +.-.-.. -.. •. ~,:1,,1_..•,... __ .... 

I -

)20---'t-----+---+--+---t----tl--.. ,, . 
I 

t-,.- --,.,., -_\ --- -_._._ .-,,-.~ -- Jt..1, - --
s1s---+---+---+--+---t----11---t---+---+---+---1 

510 ...,_...,_..,__....,_.,.._.,._•-1--•-1,--.... - ... -+---1 
0 ,o 100 150 200 250 3:lO no too m ,oo :!5D 

TINE rRQN CNGit£ STARl , SCC0NOS 

r:GURE i.5.2·2 CONTROLLER lNT[RNAL Tt1'1P[RATURES . 

-



-

'lable 4.52...,2 compares engine component surrace ·temperatures with STS-3. These 
measurements were smooth ond lar~ely similar lo S'l'S-3 data proriles. The exception 
was tho MPV outboard aide temperature paramtttcr. Thus measurement continued to show 
some erratic bohav lor aa •~• noted during STS-3. The mainslaR• vaJue was warmer 
thon previous flight experience by approximately 20 deg. a likely indication of partial 
unbonding or the thermocouple. This parameter should be regarded with caution in the 
(uture even though the data appear to be reason~bly valid . 

.. 
TABLE ~.S.2-2 ENGINE COMPONENT SURfACC TEMPERATURES 

------------. ----------------------------------------------------------

LOCAT[ON 

NC-2 PW~ HO L02 DOME 

NC-2 PCA SURr TEMP 

MC-2 MrV OTBO SIDE 

Mt:-2 MOY OTBD SIOC 

,c MIS - MAJNSTAGC 
~-N - NOT AVAILABLE 

MCASURCMt:NT 
NUMBER 

C11T9201A 

C-t1T9202A 

C• lT9212A 

C•1T9213A 

STS-3 
<to sec 

lOEG fl 

- 70 

- -ic 

-270 

-225 

STS-3 
1'115•. 

lDCG fJ 

- .. 
--,c 

-29B 

-262 

STS-• 
10 SEC 

l•CG n 

- 65 

66 

-210 

-225 

STS-'1 
11/Sic 

IOEG fl 

0 

84 

-275 

-260 

4.5.3 ASCENT NOZZLE STRUCTURAL TEMPERATURES - A total of fifteen thermocouples 
were mounted on nozzle surfaces and drain lines to measure the hardware temperatures. 
Twelve of these were positioned lo provide informa_lioo _oseful dUT'ing .t.he ascent phase 
and_ the remaining throe ror information on areas significanl during reentry. Table 
4.6.3-1 gives a comparison of the ascent thermocouple measurement.& · 

Typical behavior of the nozzle thermocouples on S'TS-4 was to follow previous. flight 
experience until approx imalely 100 sec and then decrease in magnitude or only slowly 
increase. dislinctJy ditrerent from the rise noled in S'l'S-1. S'TS-2. and STS-3. See Figures 
4.6.3-1 through -3. The divergence at approximately 100 sec can be easily noted. as also 
the tendency ror the slopes to become similar or more porallel beginning at 
approximately 250 to 300 sec. 

These lower nozzle temperatures can be explained by lhe water soaking of the .exposed 
nozzle insulution during the prelaunch rainstorm. The nozzle insulation is a fine metol 
mesh that can retain water. Winds and Orbiter drainorr can be assumed lo provlde a 
good dispersion of rainwater onto lhe three noZ2les. The combined eUect ()f increased 
heat. capacity ot the insulalion due to the· addition or water (which overpowered. the 
increased thermal conductivity ertects) and the energy absorbed. in evaporation or that 
waler re:!JUlled in surface temperatures lhal were tower than on previous ftigh~ 

The delayed effect until il can be noticed at approximately 100 sec can be .attributed lo 
thermal soakback time and the influence of local atmospheric pressure. Atmospheric 
pressure decreases with altitude and asymptotically approached O psia al 100 sec. The 
boiling point o~ waler is lower at lower pressures than ut higher pressures, so lhe · 
vaporization r:;te of the water increased with altitude until approximately 100 sec, 
Waler can be v,1porized al a faster rate at 100 .:;ec than immediately after lit loif and 
therefore lhe energy absorption effect of the water would be more significant al 100 sec. 

4.5-5 



TABLE '4.S.3-1 ASCENT NOZZLE SuRrACE TEMPERATURES 
I OE:GRCE:S F",~HRE:NHC I Tl 

-------------------------------------------------------------------------
STS-4 F"LIGHT STS-3 

NUl1BCR CNG LOCATION 100 2S0 S00 HAX HAX ALLOWED 
SE:C sec SE:C 

-------------------------------------------------------------------------
t4 IT9123 MC-I H/8 2, 2"!0 OES, S2 S3 83 90 183 758 

SlOC 

C41T9t27 MC-! H/8 5, 260 OE:G, 60 28 -18 68 58 SIS 
SlOE 

Ei1T9t29 MC-1 HIB 8, 260 OEG, 70 30 0 93 . 185 171 
SIDE 

Ci1T9t43 HE-I STA 7, 268 DEG, 430 '470 420 490 520 1000 
TUBE 

E4 IT9 l'l9 MC-l Af'T MANifOLD -2-10 -220 -240 60 60 6S0 
260 OE:6, LIP 

E:41T9150 MC-I H/8 9, 260 OE:G, 60 22 -12 103 177 i'30 
SIDE 

C41T922'3 MC-2 H/B 2, 135. DEG, 46 46 69 69 ;a 758 
SJOE 

E4 IT922B MC-2 H/B 6, 135 DEG •. 70 35 -12 87 138 510 
SIDE 

E41T9229 tlC-2 H/B· B, 135 DE:G, 80 •6 0 92 240 471 
SJOE: 

E41T9243 MC-2 STF1 7, 178 OCG, 485 '490 440 500 525 1000 
TUBE 

F.:41T9246 MF.:-2 Af'T MAN lf'OLO -240 -240 -240 60 60 650 
135 DEG. LIP 

C41T9247 MC-2 H/8 9, 132 DEG, 68 45 17 90 143 430 
SJ0C 

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

-•.S-6 
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4.5.6 REENTRY ENG lNE TEMPERATURES':_ Reentry nozzle structural temperatures oa 
S"l'S-4 were n~ expected lo be signif-~nlly ditferent from previous flight experience. 
Preflight reentry aerohealing predictions indicated a slight {less than 2%) increase iA 
heal load over STS-3 values. Although' minor repairs were made to nozzle insulation 
following STS-3. no specific cleaning effect was undertaken on the insua..;.tion. The 
expectation from this fact is that as the insulation becomes darkened and discolored, the 
radiative absorptivity will increase, increasing the heal absorbed and thus the nozzle 
temperature. 

The locations or the four highest s,:S-4 SSME nozzle reentry temperatures were the 
some as on STS-3. See Table 4.5.6-1 for a tabulation and comparisons of nozzle 
temperatures. The similar locations of the highest readings show the repeatability of 
the reentry healing eff eels. demonstrating predictable behavior and response. 

TABLC 4.5.6-1 OCSCCNT NOZZLE SURtACC TEMPERATURES COCG tl 

STS-2 STS-'3 STS-4 
NUt:BER ENGINE LOCATION TEMPERATURE ALLOWABLE 
---------------------------------------------------------------------------
C4119238 ME:-2 H/8 8, 315 OCG, SJ•C 390 315 23J 1200 

C-4119255 HE-2 AfT NAN, 315 DEG, LIP SIS 475 ·t30 120(1 

C"1 IT9266 Ht-2 ArT BFlr, 315 DEG, SIDC 605 580 620 1200 

C-1119149 MC-1 RfT MAN, 260 OCG, L!P 380 380 3•n "l - !200 

["1119246 ME:-2 AfT NAN, 135 OCG, LIP 405 370 360 1200 
---------------------------------------------------------------------------
Nozzle surface temperatures during STS-4 reentry exhibited similar response profiles lo 
earlier flights. The parameter with the highest magnitude of response, E41T9266, 
continues lo be the only measurement with twin peaks near the point of ma;dmum 
temperature. Maximum temperatures were in general less than 51'5-'3, ,vhich were Jess. 
than STS-2. Assuming the reentry aerohealing cnv ironmenl prediction lo 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) appears lo be decreasing the thermal 
conductivity of the insulation enough to overcompensate for the higher heat load and 
increased radiative absorpliv ily. 

In response lo the magnilude of reentry nozzlt- temperatures on the first .three ·flights.· 
an initial assessment was made prior to STS-4 as lo potential reduction of nozzJc 
insulation. STS-4 data. because of the repeatability and increasing effectiv ity of the 
insulation. strengthens the reasoning for a reduction of insul~lion ror reentry. 

Engine temperatures in the art fuselage during reentry were· much less· atrected t.ha;.:. .. ,.., 
the exposed nozzle surfaces. as expected. Temperatures in the art fuselage rose between .. 
28 and 40 degrees, partially due lo the reentry heating and partially due to landing in a-,:: 
warm desert environment. The data definition in the reentry and landing lime period · ti' 
was rine enough to notice the etfects of warm hydraulic fluid circulating through the . 
valve actuators. (The hydraulic system for the main engines· is activated for a short :., .. ·~ 
time after landing lo reposition the nozzles Ccr drainagt: and access purposes). · · 

Jri conclusion, all hardware thermocouples appear to have functioned accurately during_.,:, 
the reentry and landing time period. All temi;-eralures are well below allowable limits. ·~· 

. '~' ; : 
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4.6.0 ::SME DYNAMICS EVALUA'i'ION - This set:tion· reports the evaluation ot 18 vlbrallon 
measurements on ME-I. ME-2, and ME-3. (See Section 4.32 for further diacu.fmion of 
FASCOS instrument.at.ion.) The objective of the evaluation was to verify that t.he SSME 
turbopumps operated within established vibration limits. 

Composite and synchronous vibration levels measured on t.he HPOTP of ME-1 were 
slightly higher t.han noted on previous flights. Measurements on the other two engines· 
and the HPFTP were similar to those levels measured during previous flights. Tables 
4.8.0-1 through 4.8.0-3 compare S'J'S-,.4 with STS-1. STS-2 and STS:-·3 data. 

TABLe '4.6.0-1 SSMC DYNAMIC ORTA COMPARISON lMC-1> _______________ , --------------------------.------------------------------
LOCATlON 

HPOTP 
PBP •5-1 

HPOTP 
PBP 135-) 

HPOTP 
PBP 135-3 

HPOTP 
PBP 180-1 

HPfTP 
RADIAL 90 · 

HPF'TP 
RAQ,IAL 180 

HAX VIB 
<GRt1S1 

COHP 
SYNCH 

COMP 
SYNCH 

COMP 
SYNCH 

COMP 
Sl'NCH 

COMP 
Sl'NCH 

COMP·· 
SYNCH 

STS-1 

(])7.0 
6.0 

6.5 
5.9 

6.0 
5.3 

4.9 
41.1 

(2)4.0 
2.9 

: (2H.S 
3.9 . 

'-

STS-3 STS-2 STS-1 

5.8 i.8 i.O. s.o 4.3 3.9 

· 5.5 5.2 -t.2 
5.0 5.0 -t.O 

5.0 5.5 5.0 
'4.7 s.o 4.1' 

'4. 1 3.5 3.9 
3.6 3.0 3.0 

"'. 1 4.8 
1.0 4.5 

7.0 7.2 6.2 
6.4 5.8 5.6 

--------· -----------------------------------------------------------·----
ll l NOISY i S ~ 240 SE:CONOS 
(21 HPfTP.2009 

TRBLr 1.6.0-2 SSMr OYNAMJC DATA COMPARISON (MC-2J 
------------------------------------------------------------------------. , 

LOCATlON 
HAX vrn · 
lGRMSI STS-'4 STS-3 STS-2 STS-l -----------------------------------------------------------------... -. --

HPOTP COMP 
PBP -1.5:-: I : , Sl'NCH 

HP6TP. COMP 
PBP tl 3~-:: 1 SYNCH 

HPOTP 
PBP 135-3 

HPOJP 
PBP· 180-J 

HPfTP 
RADIAL 90 

COMP 
S'!NCH 

COMP .. 
5YN_CH. 

COMP 
Sl'NCH 

HPfTP COMP 
RADIAL 180 SYNCH 

'3.' f 
2.,? 
4.0 
3.8 

3·.9 
.. 3._3 

Ill 3.l 
l. 4 

BAD 
BAD 

11 J 2.0 
.7 

3.0 
2.6 

3.8 
3.7 

3.7 
3.3 

3.0 
1.1 

2.3 
1 .3 

1 .8 
1.2 

2.5 
2.0 

3.1 
3.1 

J.5 
J.O 

3.0 
J.O 

2.3 
.o.a 
1.8 
0.5 

2.s· --
2.1 

3.B 
3.2 

3.5 
3.1 

•'' 

3.0 
1.2 

2.2 
1.8 

~: .. 

-----------------------------------------------------------------------.------· --------Cll NOISY~ INTERMITTENTLY BAD 

•-4. s~1 



TABLE: -4.6.0-3 SSM~ DYNAMIC DATA COMPARISON U1C-3l 
------------------------------------------------------------------------

HAX VtB 
LOCATION CGRMSI STS-• STS-3 S1S-2 STS-l 
------------------------------------------------------------------------
HPOTP COMP 11 ) 4.0 -4. 8 3.2 3.0 
PBP •5-l SYNCH 2.0 2.0 1. 0 1. 2 

HPOTP COMP BAO 3.8 4.1 4.9 
PBP 135-1 SYNCH BAO J.3 I. 8 3.8 

HPOTP COMP BAO 3.2 3.i i.5 
PBP 135-3 SYNCH BAD 1.-1 1.8 3.0 

HPOTP COMP 2.7 2.5 3.0 3.1 
PBP 180-:1 SYNCH 2.0 1.5 I. S 2.1 > • 

HPFTP COMP 3. l 4.0 3.5 
RADIAL 90 SYNCH 2.S 2.5 2.l 

HPFTP COMP 3.1 2.8 3.5 3.2 
RADIAL 180 SYNCH 2.1 2.3 2.7 2.0 
---------------------------------------------------------------------------------------
lll NOISY 
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ao ltA~GE SAFETY SYSTEM 

a1 INTRODUCTION - This section reports data analysis· results for th~ Shut.tie Range 
Sarety System (S~) for STS-4. 

a2 l)_AT_l\_SOURCES •- Date used in the analysis or the SRSS were extracted r rom th<> 
following data ball88 in the MSFC Ul100 Computer: STS4Ri. STS4013, and. STS4JSC. 

There were cases of disagreement between dat.a from the three sources. RT and DB 
aart~ed on the two most troubleaome de.la dh1crepencies. These lwo diacrepancies we~ o11n 
Indicated Increase ln l..H SRB RSS baUery current and an ET Decoder arm output 
oocurrln8 at a time (121.5 gee} when their respective tdOM's were Just recovering rrom a 
momentary synchronization loss. 

careful anaJyaia or each SRSS measurement uaing all available dat.a aourcea ahowed that 
the above dlserepaneles were data, rather than SRSS hardware prob~s. 

aa SHUTTLE ·RANGE SAFETY SYSTEM ANA&,YSIS IUJDJLTS - The tollowi"I tables 11bow 
performance meuuNmenta tor the SRSS. Event limes are butd. Oft STS4DB (data base) 
Urn• which were ~f•reneed to the fint fun !lllCOnd befGN SRB ~Uon command lime 
(STS4DB reference, is l982:f78:14:69:59.0 GMT. SRB ipilion command time is 
1982:1?8:14:69'.69.ffl GMTi · . . · 
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The following SRB Range Safely Systen: (RSS) event measurements were evaluated for 
STS-4 over the period from T-400 seconds lO SRB separation. All measurements were -
normal. · 

HSJO OESCR [PT lON 

LErT SRB 
B55XIB69X SlA SAF"ED 
BSSX1870X StA ARMED. 

BSSXIBBIX -FIRM INHIBIT fl 
BSSXl882X RRM (NHfB[T B 

BSSXl871X OtCODCR A POHCR'CN 
BSSXl872X · DtCOOER B POWER ON 

.BSSX1877X OECOOCR ARM A 

BSSX1878X DtCOOCR flRM B 
BSSX1879X OtCOOCR rl RC ff 

B55XJ880X DECODER r UU:: B 

BSSXIB6SX PJC A ARMCO 
BSSXl866X PIC B ARMCO 
BSSXl867X PICA ru~t• 
BSSXl86BX Plc· B r1RCD 

BSSXJ875X LOAD TEST A 
BSSXIB76X LOA• TtST 9 
BSSX1873X RES. TEST A 
~?5Xl871X RES. TEST B 

RJGHT SRB 
BSSX2869X SlA SArco 
8SSX2870X S&A ARHCO 

BSSX2881X FIRM INHIBIT A 
BSSX2882X ARM INHIBIT B 

BSSX2871X DtCOOCR A PO~CR ON 
BSSX2872X DECODER B POWER ON 
BSSX2877X O(COOCR ARM A 

8SSX2B78X OECOOCR ARM B 

BSSX2B79X o-.::co•cR rlRE A 

BSSX28BOX DECODER rtRC B 

855X286SX PICA ARMCO 
855X2066X PJC B ARMCO 
BSSX2867X PJC A F"IRC• 
BSSX2B68X PJC 8 rtREO 

C011f1CNTS 

S&A DCV[CC HAS ARMCO AT T-297.6 sec. 
AND SAF"EO AT T•l2~.ss SEC. · 

INHIBlT •JAS RCMOVCO AT T-9. 7 sec. 
INHIBIT WAS REMOVE• AT T-8.7 SEC. 

ON U'NT]L T+\2• .72,S[C •• orr THCRtArTCR 
ON ~NTIL T+l2•.72 sec .• arr THCR(ArTCR· 
arr roR f"ULL fL(GHT PERIOD . 
EXCEPT roR TURNOrr TRANSIENT AT 121.72 sec. 
arr roR ruLL rL I GHT PCR I 00 . ' · 
orr F"OR ruLL rL1GHT PCRIOO 
CXCCPT roR TURNOff TRANSIENT AT 121.72 SEC. 
arr roR f"ULL f"L[GHT PERIOD. 

err THROUGHOUT PERIOD CVALUATED. 
arr THROUGHOUT PCR!OD CVALUATEO. 
orr THROUGHOUT PCRIOD tVALUATtO 
arr THROUGHOUT PtRtOO EVALUATED 

arr THROUGHOUT PERIOD CVMLUAi~u 
orr THROUGHOUT PER[O• EVALUATED 
orr THROUGHOUT PER I co EVALUATE• '·'·' 
arr THROUGHOUT PERIOD EVALUATED 

.-. .,, 

SlA DEVICE HAS ARMED AT T-297.6 SEC •. 
ANO SAF"EO AT T•l.21.55 sec. 

lNHlBJ TS HERE REMOVED AT T-9. i sec. . 

ON UN'J]L T+l2~.72 sec., orr THE:RfAF,:TCR 
ON UNTIL T•l2• .72 sec •• orr THERtArTER 
arr roR ruLL fL[GHT PERIOD 

INORMALI 

(NORHALI 

CXCCPT roR TURNorr TRANSIENT AT 121.72 sec. (NORHAI..I 
arr ro R f"ULL f'L I GHT PER I 0!) • : 
tXC(PT roR TURNOrr TRANSIENT AT 124.72 sec. [NORMAL! 
err roR fULL rL [ GHT PER I 00 .. 
EXCEPT roR TURNOtf" TRANSIENT AT 121.72 sec. INORHflLI 
OFT roR fULL rLIGHT PERIOD 
CXCCPT roR TURNorr TRANSIENT AT 124.72 sec. (N•RMALI 

OFT THROUGHOUT PER(OO CVA[U}lttO 
arr THROUGHOUT PCRIOO CVALUATCO 
orr THROUGHOUT PERICO [VALUATE• 
arr THROUGHOUT PER I 00 CVALOf:t.t'CO 

BSSX287SX LOAD TEST A OFT THROUGHOUT PERICO EVRLUATEO 
BSSX2876X LOAD TEST 9 orr THROUGHOUT PCRIOO evALUATt• 
BSSX2873X PES. TCST A OFT THROUGHOUT PCRrco EVALUATED 
BSSX2871 X l>ES.· TEST a orr THROUGHOU; PER [ QO EVALURTCO 
--- .-------. J - ' ~·::-:- ------ ---- -- - ... ""!' .... ' 
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The following ET RSS evenL measurement.a were evaluat.ed ror Sl'S-4 over the: periqd. 
. from T-400 seconds to ET separation. All measurements were normal ·· · 

' ,, 

'15(0 OCSCRIPTICW COMMENTS l'' 

T55Xl869X SI.A SArE:O StA OCV]CE WAS ARMCO AT i-297.6 src. 
TSSXl870X S&A ARMCO lTHE SI.A OCVICC WAS NOT SAfCO> 

TSSX\885X ARM INHIBIT A INHIBJTS WCRC .RCMOVCO AT T·9.7 sec. 
TSSX2888X ARt1 INHIBIT B 

T55Xl92SC DECODER POi..t:R ON ON THROUGHOUT PERIOD tVALUATCO 
TSSXl931C OE:CO:JCR ARM Off EXCEPT FOR DATA DISCREPANCY AT 121.s sec,, 
TSSX1933E DE:COOCR rtRC orr THROUGHOUT PCRIOD CVALUATCO 

', 

T55Xl867X PJC A rtRE:D orr THROUGHOUT PCRlOO CVALUATCO 
TSSX2868X PIC B rtREO orr THROUGHOUT PCRIOD CVALUATEO ., 

TSSX1881X LOAD n:sr A orr THROUGHOUT PCRIOO CVALUATCO 
TSSX2887X LOAD TtsT 8 orr THROUGHOUT PCRlOO CVALUATCO 
T55Xl883X RES. TtsT A orr THROUGHOUT PCRIOD CVALUATCD 
T55X2886X RES. TCST B orr THROUGHOUT PERIOD CVALUATCO 
---. -------------------~ ~ - .--.-----------------------------------·-----------

The follo'Ving SRB RSS analog measurements were evaluated for STS-4 over the period 
from T-400 seconds .lo SRB separation. All measurements exhibited normal behavior. · 
The measured values. shown below are for the lime period from T-400 seconds ·unt.il just 
before lhe command was issued to power down lhe SRB RSS (approxi~ately T+124~ sec.). 

nsrn 
LITT SR8 
BSSV1625C 
B76Vl602C 
BSSClOSIC 

if';). 

876ClOSOC 

BSSEl lOOC 
BSS£:1101C 

BS5Vl623C 
855Vl621C 

R(SHT -SRB 
855V2625C 
876V2602C 
BSSC2051C 
87GC20SOC 

BSSC2100C 
SSSC2101C 

BSSV2623C 
855V2621C 

RSS Bf\T. A VOLTS 
RCC. -BAT. B VOL TS 
RSS BAT. A CUR.· 

REC. BAT. B CUR. 
·. ~' .• :!,' i \':'.1:1 

SJG. STRENGTH R 
t: .. SIG. STRENGTH'S 

PJC.A CAP. VOLTS 
PJC B CAP.· VPl.:1:$'. .. 

.. 
RSS BAT. A VOLTS'. 
REC. BAT. B VOLTS 
RSS BAT. A CU.~., . 
REC. BAT. B CUR. 

SlG. ST~ENGTH f:t 
:JG •. STRtN:;TH B 

PJC A CAP~ VOLTS 
r1c e Cffl. VCL.TS 

·ncASURED VALUCS 

21.1s To 21.e1 voe 
.Jo.a TO Jo.oa voe 
.310 AOC: 2.11 AOC DURING S&A ROTATION IALSO F 
J. •6 AOC DATA OISCRCPANCY AT 12J.5 SE:C.l 
.30 TO .31 AOC 

3.16 TO 3.57 voe [ALSO sec SE:CTlON 8.41 
3.51 TO 3.75 voe IALSO SEC SECT)ON 8.4) 

o voe 
o voe 

2e.o 10 2a.oe voe 
3• .o TO JO.I voe 
.300 TO .330 ADC 
.280 TO .290 AOC 

.",;.. •)-

2. 67 10 3. 1s voe cAL c;o sec ::n::ct 10N a.", 
2.57 TO 3.80 voe !AL~Q SE:£ sccr1aij 8.41 

o voe 
o voe 

:~ 

,.;; ' ' i 

. . ----------------------------------------------------------------------------------
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· a:1 .. CONCLUSIONS Analysis of available measurement data indicates that all SRS> 
hardwar,e ·performed: ~- .expected during, the STS-4 Jauncb and :~enl. All indica~.ions. 
are t.hat. if it. had been ,necessary' to use. the Range Sa(eh• System at. any t.ime between 
liftoff and ET separill1ion. it would have performed as designed. · 
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