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THE WHITE HOUSE 

WASHINGTON 

April 22, 1986 

MEMORANDUM FOR ALFRED H. KINGON 

FROM: RICK DAVIS 

SUBJECT: Astronaut -~ a-ins .. 

The remains of the seven Challenger crew members 
will be flown to Dover Air Force Base on 
Tuesday, April 29, 1986. 

Senator Jake Garn has discussed a plan and 
gained tentative approval from the shuttle 
family crew members on the disposition of the 
remains that have not been identified. His plan 
is to have these remains buried in a common 
grave at Arlington National Cemetery . This 
would take place on Memorial Day during a 
ceremony with the President. 
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THE WHITE HOUSE 

WASHINGTON 

February 4, 1986 

MEMORANDUM FOR THE PRESIDENT 

FROM: ALFRED H. KINGON ~ 
SUBJECT: Ronald McNair's Message from Sp ace 
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During shuttle flights, each astronaut is able to read a 
personal message while in space that is recorded. This 
recording becomes part of each astronaut's personal effects. 

On a previous shuttle Challenger flight (February 3-11, 1984), 
Ronald McNair recorded the attached message. Upon his return, 
General Abrahamson, then Associate Administrator for Space 
Transportation Systems, presented Ronald McNair with a plaque 
with this message inscribed on it. 

This is the message that Mrs. McNair referenced in her telephone 
conversation with you. 

Attachment 
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FROM THE SPACE SHUTTLE CHALLENGER 

OVER THE PAST TWENTY FIVE YEARS, SPACE TRAVELLERS HAVE 
REPEATEDL¥ SPOKEN OF THE ASTOUNDING BEAUTY OF THE EARTH AS SEEN 
FROM THE UNIQUE PERSPECTIVE OF SPACE. IN THE NEXT FEW YEARS, 
NASA WILL BE FLYING SOME PRIVATE CITIZEN S EQUIPPED WITH TALENTS 
AND EXPERTISE THAT WILL ENABLE THEM TO BETTER DESCRIBE THE SPACE 
EXPERIENCE. IN THE MEANTIME, YOUR STUCK WITH PEOPLE LIKE ME­
SCIENTISTS, PILOTS, AND ENGIN EERS . 

IT JUST SO HAPPENS THAT I BROUGHT ALONG MY SOPRANO SAXOPHONE, ANO 
WITHIN THE CONFI NES OF MY VER Y LIM ITED ~USI CAL SKILLS, I WISH TO 
PRESENT YOU A MED~EY OF TERSE SONGS. 

THE FIRST IS ABOUT TEE BEAUTY OF oc~ NA7:0N AND THE GREATNESS OF 
THE AMERICAN PEOPLE. I T IS ENTI T L E:J ;' A.MERI CA 'THE BEAUTIFUL '' . WE 
AMERICANS ARE BY NO MEANS A PERFECT PEOPLE, SU~ WE ARE INDEED THE 
BEST THAT CI VI LIZATION HAS MANAGED TO PRODUCE . 

THE SECOND AND THIRD SONGS ARE DEDICATED TO EVERY MAN, WOMAN, AND 
CHILD IN EVERY CONTINENT ON THIS P~ANET. THE SECOND SONG OFFERS 
A SOLUTION TO MALIC E THAT EX~STS Jl..1'10NG US. IT I S ENTITLED "WHAT 
THE WORLD NEEDS NOW IS LOVE SW£ET LOVE". THE THI RD SONG 
ADDR ESSES WHAT WE AS I NDI VIDUALS CAN DO ~O ~..AKE THE WORLD A 
3ETTER PLACE FOR EVER"lot~2. I '!' I S SN'i':'2:' !:.ED " RSACH OUT AND TOUCH 
SOMEBO DY I s HAND If • 

I REAL!ZE THAT THERE WIL : aE SOME ~T STO~~ : ON AND DETERI ORA~ I ON OF 
THE SOUND BEFORE IT ~£ACHE S ~OU, S~T ~O SINCERE LY EOPE THAT THE 
THOUGHT AND THE MESSAG E IS CONVEYED J N?. ERT~R3ED. 

THANK YOU AND HAVE A GOOD DAYl 

RON MC~A I R FEB 3-11, :984 . 
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National Aeronautics and 
Space Administration 

Washington, D.C. 20546 
AC 202-453-8400 

Sarah Keegan 
Headquarters, Washington, D.C. 
(Phone: 202/453-8536) 

RELEASE NO: 86-100 

to~LJfJ I 

-,'f -;:c; f:!J-. 
p LU){)/ 

For Release: 

July 28, 1986 
4:30 p.m. EDT 

NASA RELEASES CHALLENGER TRANSCRIPT AND REPORT ON CAUSE OF DEATH 

RADM Richard H. Truly, Associate Administrator for Space Flight, 
today released copies of the final report from Dr. Joseph P. Kerwin, 
Director of Life Sciences at the Johnson Space Center, Houston, on 
the investigation into the cause of death of the Challenger 
astronauts, along with a transcript of the operational recorder tape 
containing the internal communications among the members of the 
Chal~enger crew. 

A thorough review of the wreckage and all other available data from 
the Challenger flight has been completed. NASA is unable · to 
determine positively the cause of death of the Challenger astronauts 
but has established that it is possible, but not certain, that loss 
of consciousness did occur in the seconds following the orbiter 
breakup. 

The voice tape transcript contains the comments of Challenger 
astronauts Francis R. Scobee, Michael J. Smith, Ellison s. Onizuka 
and Judith A. Resnik for the period from 2 minutes, 5 seconds prior 
to launch through loss of data. 

NASA's announcement on July 17, 1986, stated that the initial review 
of the voice tape indicated that the crew was unaware of the events 
preceeding the breakup of the orbiter. Detailed analysis showed 
that the final comment on the tape provided the first potential 
indication of awareness on their part at the moment when all data 
was lost at 73 seconds into the flight. 

Admiral Truly stated, "Many dedicated people, both from within NASA 
and from other agencies, have devoted long hours and many months, 
first to recover the Challenger crew module from the ocean floor, 
and then to examine all available evidence to establish the cause of 
death of the crew. Their work deserves the admiration and thanks of 
the American people, and I believe their efforts have now closed 
this chapter of the Challenger loss. We have now turned our full 
efforts to the future, but will never forqet our seven friencs who 
gave their lives to America's space frontier." 



Nf\5/\ 
National Aeronautics and 
Space Adm1nistrat1on 

Wi!shington. DC 
20546 
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NASA has completed its analysis of the Challenger operational recorder voice 
tape. The enclosed transcript reveals the conments of Conmander Francis H.. 
Scobee , P i 1 o t M i ch a e l J . Sm i t h , M i s s i on Sp e c i a l i s t 1 El l i s on S . On i z u k a , and 
Mission Specialist 2 Judith A. Resnik for the period of T-2:05 prior to launch 
through approximately T+73 seconds when loss of all data occurred. The 
ope r a t i on a l r e co r de r I s n u t ome t i ca l I y n c t i v a t e d n t T- 2 : 0 5 and no r ma l l y r u n s 
throughout the mission. During the period of the preleunch end the launch phase 
covered by the voice tape, Mission Specialist 3 Ronald E. McNair, Payload 
Specialist 1 S. Christa McAuliffe, ond Payload Specialist 2 Gregory U. Jarvis 
we r e s ea t e d i n t he mi d deck a n d co u 1 d mo n i t o r n I I v o i c e a c ti v i t y b u t d i d no t ma k e 
any voice repo~ts or conments. 

i ! 
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TRANSCRIPT OF THE CHALLENGER CHEW COMMENTS FROM THE OPERATIONAL RECORDER 

CDR Scobee 
PLT Smith 
MS 1 Onizuka . , 
MS 2 Resnik 

Time Crew 
(Min:Sec) Position Crew Comment NASA-Provided DescriJ2_tion 

T-2:05 MS 2 Would you give that back to me? 
' ' 

T-2:03 MS 2 Security blanket. 

T-2:02 MS 2 Hmm. 

T-1:58 CDR Two minutes downstairs; you gotta Two minutes till launch. 
watch running down there? 

T-1:47 PLT OK there goes the lox arm. Liquid oxygen supply arm lo ET. 

T-1:46 COit Goes the beanie . cap. Liquid oxygen vent cap. 

T-1:44 MS 1 Doesn't It go the other way? 

T-1:42 Laughter. '·\ 

T-1:39 MS 1 Now I sec it; I sec it. 

T-1:39 PI,T God I hope not Ellison. 

T-1:38 MS 1 I couldn't see it moving; Obstructed view of liquid •• 
it was behind the center screen. oxygen supply arm. 

T-1:33 MS 2 Got your harnesses locked? Seat restraints. 

T-1:29 PLT What for? 

,·, 



Time Crew 
(Min:Sec) Position 

T-1:28 CDH. 

T-1:24 PLT 

T-1:04 MS 1 

T-1:03 CDR 

T-59 CDH 

T-52 MS 2 

T-50 CUR 

T-47 con 

T-43 PLT 

T-42 CDR 

T-40 PLT 
, 

T-34 PLT 

T-32 COH 

T-31 PLT 

T-30 con. 

T-25 PLT 

T-23 CUil 

T-15 CDH 

• Crew Comment 

I won't lock mine; I might have 
to reach something. 

Ooh kaaaay. 

Dick's thinking of somebody there. 

Unhuh. 

One minute downstairs. 

Cabin pressure is probably going 
to give us an alarm. 

OK. 

OK there. 

Alarm looks good. 

OK. 

Ullage pressures are up. 

Right engine helium tank is just a 
little bit low. 

It was yesterday, too. 

OK. 

Thirty seconds down there. 

H.cmember the red button when you 
make a roll call. 

I won't do that; thanks a lot. 

Fifteen. 

NASA-Provided OescriE_tion 

One minute till launch. 

Caution and warning alarm. 
(H.outine occurrence during prelaunch). 

Cabin pressure is acceptable. 

External tank ullage pressure. 

SSM E supply helium pressure. 

30 seconds till launch. 

Precautionary reminder for 
communications configuration. 

15 seconds till launch. 

~ 
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Time Crew 
(Min:Sec) Position Crew Comment NASA-Provided Description 

T-6 CDR There they go guys. SSM E ignition. 
MS 2 All right. 
COR TI1ree at a hundred. SSME thrust le\fel at 100% 

for all 3 engines. 

T+O MS2 Aaall riiight. 

T+l PLT Here we go. Vehicle motion. 

T+7 COR Houston, Challenger roll program. Initiation of vehicle roll program. 
• 

T+ll PLT Go you Mother. 

T+l4 MS 2 LVLH. Reminder for cockpit switch configuration 
change. (Local vertical/local horizontal). 

T+15 MS 2 (Expletive) hot. 

T+l6 CDR Ooohh-kaaay. 

T+19 PLT Looks like we've got a lotta wind 
here today. 

T+20 CDR Yeah. 

T+22 CDR It's a little hard to see out my 
' \ 

window here. 

T+28 PLT There's ten thousand feet and Mach Altitude and velocity report. 
point five. 

T+J0 Garble. 

T+35 COil Point nine. Velocity report (0.9 Mach). 

T+40 PLT There's Mach one. Velocity report (l.0 Mach). 

T+41 CDH Going through nineteen thousand. Altitude report (19,000 ft.) 
I . 

•. 



Time Crew 
(Min:Scc) Position Crew Comment NASA-Provided Ocscrie,tion 

T+43 COR OK, we're throttling down. Normal SSM E thrust reduction during 
' maximum dynamic pressure region. 

~ 

T+57 con Throttling up. Throttle up to 104% after maximum 
• dynamic pressure. 

T+58 PLT Throttle up. 

T+59 COR Roger. 

T+60 PLT Feel that mother go. 

T+60 Woooohoooo. 

T+l:02 PLT Thirty-five thousand going through Altitude and velocity report 
one point five. (35,000 ft., 1.5 Mach). 

T+l:05 COil Rrreading four eighty six on mine. Routine airspeed indicator check. 

T+l:07 PLT Yep, that's what I've got, too. 

T+l:10 COil Roger, go at throttle up. SSME at 104%. 

T+l:13 PLT Uhoh. 
• ~~ 

T+l:13 LOSS OF ALL DATA. 

/ I 



National Aeronautics and 
Spa::e Adm1nistrat1on 

Lyndon B. Johnson Space Center 
Houston. Texas 
77058 

eply 10 1'.nn ol SA 

' RADM Richard H. Truly 
Associate Administrator for Space Flight 
NASA Headquarters 
Code M 
Washington, DC 20546 

Dear Agmiral Truly: 

. . 

N/\SJ\ 

The search for wreckage of the Challenger crew cabin has been completed. A 
team of engineers and scientists has analyzed the wreckage and all other 
available evidence in an attempt to detennine the cause of death of the 
Challenger crew. This letter is to report to you the result~ of this effort. 

The findings are inconclusive. The impact of the crew compartment with the 
ocean surface was so violent that evidence of damage occurring in the seconds 
which followed the explosion was masked. Our final conclusions are: 

o the cause of death of the Challenger astronauts cannot be positively 
determined; 

o the forces to which the crew were exposed during Orbiter breakup were 
probably not sufficient to cause death or serious injury; and 

o the crew possibly, but not certainly, lost consciousness in the seconds 
following Orbiter breakup due to in-flight loss of crew module 
pressure. 

Our inspection and analyses revealed certain facts which support the above 
conclusions, and these are related below: 

The forces on the Orbiter at breakup were probably too low to cause death or 
serious injury to the crew but were sufficient to separate the crew 
compartment from the forward fuselage, cargo bay, nose cone, and forward 
reaction control compartment. The forces applied to the Orbiter to cause such 
destruction clearly exceed its design limits. 

The data ava i lable to estimate the magnitude and direction of these forces 
included ground photographs and measurements from onboard accelerometers, 
which were lost two-tenths of a second after vehicle breakup. 
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Two independent assessments of these data produced very similar estimates. 
The largest acceleration pulse occurred as the Orbiter forward fu~elage 
separated and was rapidly pushed away from the external tank. It then pitched 
nose-down and was decelerated rapidly by aerodynamic forces. There are 
uncertainties in our analysis; the actual breakup is not visible on 
photographs because the Orbiter was hidden by the gaseous cloud surrounding 
the external tank. The range of most probable maximum accelerations is from 
12 to 20 G's in the vertical axis. These accelerations were quite brief. In 
two seconds, they were below four G's; in less than ten seconds, the crew 
compartment was essentially in free fall. ~edical analysis indicates that 
these accelerations are ~urvivable, and that the probability of major injury 
to crew members is low. -

After vehicle breakup, the crew compartment continued its upward trajectory, 
peaking at an altitude of 65,000 feet approximately 25 seconds after 
breakup. It then descended striking the ocean surface about two minutes and 
forty-five seconds after breakup at a velocity of about 207 miles per hour. 
The forces imposed by this impact approximated 200 G's, far in excess of the 
structural limits of the crew compartment or crew survivability levels. 

The separation of the crew compartment deprived the crew of Orbiter-supplied 
oxygen, except for a few seconds supply in the lines. Each crew member's 
helmet was also connected to a personal egress air pack (PEAP) containing an 
emergency supply of breathing air (not oxygen) for ground egress emergencies, 
which must be manually activated to be available. Four PEAP's were recovered;­
and there is evidence that three had been activated. The nonactivated PEAP 
was identified as the Commander's, one of the others as the Pilot's, and the 
remaining ones could not be associated with any crewmember. The evidence 
indicates that the PEAP's were not activated due to water impact. 

It is possible, but not certain, that the crew lost consciousness due to an 
in-flight loss of crew module pressure. Data to · support this is: 

o The accident happened at 48,000 feet, and the crew cabin was at that 
altitude or higher for almost a minute. At that altitude, without an 
oxygen supply, loss of cabin pressure would have caused rapid loss of 
consciousness and it would not have been regained before water impa~t. 

o PEAP activation could have been an instinctive response to unexpected 
loss of cabin pressure. 

o If a leak developed in the crew compartment as a result of structural 
damage during or after breakup (even if the PEAP's had been activated), 
the breathing air available would not have prevented rapid loss of 
consciousness. 

o The crew seats and restraint harnesses showed patterns of fa i lure which 
demonstrates that all the seats were in place and occupied at water 
impact with all harnesses locked. This would likely be the case had 
rapid loss of consciousness occurred, but it does not constitute proof. 
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Much of our effort was expended attempting to detennine whether a loss of 
cabin pressure occurred. We examined the wreckage carefully, including the 
crew module attach points to the fuselage, the crew seats, the pr:essure shell, 
the flight deck and middeck floors, and feedthroughs for electrical and 
plumbing connections. The windows were examined and fragments of glass 
analyzed chemically and microscopically. Some items of equipment stowed in 
lockers showed damage that might have occurred due to decompression; we 
experimentally decompressed similar items without conclusive results. 

Impact damage to the windows was so extreme that the presence or absence of 
in-flig~t breakage could not be determined. The estimated breakup forces 
would not in themselves )lave broken the windows. A broken window due to 
flying debris remains a ·possibility; there was a piece of debris imbedded in 
the frame between two of the forward windows. We could not positively 
identify the origin of the debris or establish whether the event occurred in 
flight or at water impact. The same statement is true of the other crew 
compartment structure. Impact damage was so severe that no positive evidence 
for or against in-flight pressure loss could be found. 

Finally, the skilled and dedicated efforts of the team from the Armed Forces 
Institute of Pathology, and their expert consultants, could not detennine 
whether in-flight lack of oxygen occurred, nor could they determine the cause 
of death. 

~twi~ 
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INCOMING 

THE WHITE HOUSE 
CORRESPONDENCE TRACKING WORKSHEET cJSOO/ 

DATE RECEIVED: FEBRUARY 13., 1987 

NAME OF CORRESPONDENT: THE HONORABLE ROBERT L. LIVINGSTON 

SUBJECT: ENCLOSES COPY OF LETTER FROM WILSON A. 
MIRAMON OF SLIDELL, LOUISIANA CONCERNING THE 
SPACE SHUTTLE. CHALLENGER ACCIDENT AND HIS 
VIEWS ON ITS CAUSE 

ACTION DISPOSITION 

ROU'I'E TO: ACT DATE TYPE C COMPLETED 
OFFICE/AGENCY (STAFF NAME) CODE YY/MM/DD RESP D YY/MM/DD 

WILLIAM BALL ORG 87/02/13 t{7giJi1'8ti-2±,S> 
FERRAL NOTE:. 

IJ-fl I --REFERRAL NOTE: 
_/_/_ 

REFERRAL NOTE: 
I _/ __ ----REFERRAL NOTE: 

I I _/_/_ ----REFERRAL NOTE: 

COMMENTS: 

ADDITIONAL CORRESPONDENTS: MEDIA:L INDIVIDUAL CODES: 1240 

MAIL USER CODES: (A) (R) (C) ------ ------ ------

*********************************************************************** 
*ACTION CODES: *DISPOSITION *OUTGOING * 
* * *CORRESPONDENCE: * 
*A-APPROPRIATE ACTION *A-ANSi-.TERED *TYPE RESP=INITIALS * 
*C-COMMENT/RECOM *B-NON-SPEC-REFERRAL * OF SIGNER * 
*D-DRAFT RESPONSE *C-COMPLETED * CODE = A * 
*F-FURNISH FACT SHEET *S-SUSPENDED *COMPLETED = DATE OF * 
*I-INFO COPY/NO ACT NEC* * OUTGOING * 
*R-DIRECT REPLY W/COPY * * * 
*S-FOR-SIGNATURE * * * 
*X-INTERIM REPLY * * * 
*********************************************************************** 

REFER QUESTIONS AND ROUTING UPDATES TO CENTRAL REFERENCE 
(ROOM 75,OEOB) EXT-?.590 
KEEP THIS WORKSHEET ATTACHED TO THE ORIGINAL INCOMING 
LETTER AT ALL TIMES AND SEND COMPLETED RECORD TO RECORDS 
MANAGEMENT. 



M rch 12, 1987 

Dar Bob : 

I would lik. to thAnk ·l ,u for your Februarv 11 li'~tter. and 
apologize for my delay in responding to ~-our. inquiry on behfl l f 
o~ Mr . tH.lsor\ l\ . Miramon . 

It was thoughtful o~ vou o off~r the Admini~tration th~ 
bonafit r,f Hr . Ni.rA.roon ' s opinion w ' th resp•.ct to pos}d le 
contributing factors to the Chlllenger occident . I will be 
pl<'ased to share your conctituen 's r.emark!3 with the 
t1pproprit1te offi ials at th N:-ltional eronr.1utic:; {tn Space 
Admini ... tratio~ nd ask hat they review his co .ents and 
provide .,. further rcsponst'! . 

With bes wishe., 

Sincere.,y, 

William L. Ball, III 
Assistant to thP President 

The F{oaorablo Robert 1, . r~ivinqst;on 
Uou se o· epresPntatives • 
• ashi !gton, D. C. 20515 

WLB:KRJ:hlb 

cc: w/copy of inc to Jack Murphy, cong affrs , NASA - for 
DIRECT response 
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ROBERT l. LIVINGSTON 
, 1 ST DISTRICT, LOUISIANA 

APPROPRIATIONS COMMITTEE 

suacd'MM1nu: 
DEFENSE 

PERMANENT SELECT COMMITTEE 
ON INTELLIGENCE 

<tongrtss of tbt ltnittb Ai>tatts 
J,oust of Rtprtstntatibts 

aaibtngton, 13C 20515 

Mr. William L. Ball, III 
Assistant to the President 

for Legislative Affairs 
The White House 
Washington, D. C. 20500 

Dear Will: 

February 11 , 1987 

WASHINGTON OFFICE: 

ROOM 2412 
RAYIUIIN HOUSE OFFICE BUILDING 

WASHINGTON, DC 20615 

(202) 225-3015 

DISTRICT OFFICE: 

111 VETERANS BLVD. 

SUITt 700 
MfTAIRIE, LA 70005 
(50◄) 589-2753 

The....a.,t.t.ac~~u:qi£ation is submitted for your consideration , and to 
ask that the request made therein be complied with, if possible. 

If you will advise me of your action in this matter and have the letter 
returned to me with your reply , I will appreciate it. 

With kindest regards , I remain 

Sincerely, 

RLL/ws 

Enclosure 

/47!2 ~~-. ;Z~ 
ROB';,1;'(~ INGSTON 
Member of ngress 
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THE WHITE HOUSE 

WASHINGTON 

April 21, 1986 

45568 8 
/ )//) 

/v~Jf} / 

r£1f~-

MEMORANDUM FOR DONALD T. REGAN 

FROM: 

SUBJEC'l': 

ALFRED H. KINGON V 

NASA 

1. Bill Graham called me over the weekend to report that the 
pa~ ology is virtually completed on the remains of the 
Challenger astronauts. 

The seven coffin containers will be flown to Dover Air 
Force Base next week. Graham inquired as to a low-key, 
dignified ceremony. I .notified him that the President and 
you, etc., will be traveling abroad. 

The Vice President could conceivably do this or ·perhaps we 
should just let these remains be quietly transferred to the 
families. 

2. The Rogers Commission report will be completed just about 
the time you return from the Summit and go to the printers. 
It will be finalized and ready for public distribution on 
or about June 1 . 

I will have a summary of its findings for you before you 
leave. You may want to consider how we want to handle the 
report. 

A. The Commission can release its report to the 
public. 

B. The Commission can present its report to the 
President and release it to the public. 

c. The Commisison can present its report to the 
President and the President can release it to the 
public. 

* * * * 

I recommend that we have no ceremony at Dover and that the 
report be presented to the President and the White House makes 
it public. 

Agree Disagree Discuss ------
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INCOMING 

THE WHITE HOUSE 
CORRESPONDENCE TRACKING WORKSHEET 

DATE RECEIVED: JANUARY 30, 1987 

NAME OF CORRESPONDENT: THE HONORABLE BILL CHAPPELL 

SUBJECT: FORWARDS COPY OF CORRESPONDENCE FROM MR. AND 
MRS. PETE BUFORD, OCALA, FLORIDA CONTAINING 
POETIC TRIBUTE TO THE PRESIDENT AND THE 
CHALLENGER CREW 

ID# 458497 

PfJ 00/ 

ACTION DISPOSITION 

ROUTE TO: 
OFFICE/AGENCY ( STAFF NAME) 

ACT DATE TYPE 
CODE YY/MM/DD RESP 

C COMPLETED 
D YY/MM/DD 

/2 1~ 
87/01/30 /J.,/ I._) fl _2fV")f>_A • ORG WILLI~ L 

~Hf~&, REFERRAL 

<ff REFERRAL 

NOTE: 

NOTE: 
A ~/~ ~ Zl_lDY P:f AB '-~ 

_/_/_ --- - _/_/_ 
REFERRAL NOTE: 

I I I I ----------REFERRAL NOTE: 
_/_/_ --- - _/_/_ 

REFERRAL NOTE: 

COMMENTS: 

ADDITIONAL CORRESPONDENTS: MEDIA:L INDIVIDUAL CODES: 1230 

MAIL USER CODES : (A) (B) (C) ------ ------ ------

*********************************************************************** 
*ACTION CODES: *DISPOSITION 
* * 
*A-APPROPRIATE ACTION *A-ANSWERED 
*C-COMMENT/RECOM *B-NON-SPEC-REFERRAL 
*D-DRAFT RESPONSE *C-COMPLETED 
*F-FURNISH FACT SHEET *S-SUSPENDED 
*I-INFO COPY/NO ACT NEC* 
*R-DIRECT REPLY W/COPY * 
*S-FOR-SIGNATURE * 
*X-INTERIM REPLY * 

*OUTGOING 
*CORRESPONDENCE: 
*TYPE RESP=INITIALS 
* OF SIGNER 
* CODE= A 
*COMPLETED= DATE OF 
* OUTGOING 
* 
* 
* 

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

*********************************************************************** 

REFER QUESTIONS AND ROUTING UPDATES TO CENTRAL REFERENCE 
(ROOM 75,OEOB) EXT-2590 

KEEP THIS WORKSHEET ATTACHED TO THE ORIGINAL INCOMING 
LETTER AT ALL TIMES AND SEND COMPLETED RECORD TO RECORDS 
MANAGEMENT. 



March 4, 1987 

Dear Mr. and Mrs. Buford: 

President.Reagan was happy to receive your 
letter and poetry from Congressman Bill 
Chappell. He wanted you to know how very 
much he appreciated your thinking of him 
and your support. He asked that l send 
along the .enclosed photograph to both of 
you .. 

With the President's best wishes, 

Sincerely, 

Anne Higgins 
Special Assistant to the 

President and Director 
of Correspondence 

Hr. and .Mrs . :r.. M. Buford 
823 SE 9th Avenue 
Ocala, Florida 32671 

/4.VH :pps 

/ Encl: Inscribed NR/ RR Photo 



----

Febr uary ,., 
.,_ , 1997 

o-.-:J.r. ~-~r.·· . C'hctpp,,;,,~ l J : 

~~•h0,-.k you for y0u.:- :.:anuar"' ?7 1".,tt.c>r 
4··orw.z.rdiris- tc· th ,_:; .P r e~~idc!:t a p<V':r'! : r -:..i.:n 
" t: ~ "J c- -~• H \'! ::: • :.-i:r . a":'1t...t. . ... r:> . L . 1..l . ,,-,U,;,.<1r.:1 . 

·_r ~~ D !l C. f ~-r~1~-:. i c· hf"' ( ~ f ;~ ~! ·~; :i .; t ··lr i~··? 1 I h.?.~ ~ 

f~rwarde<l th2 3uf~rC~' ~~tter to~~~ 
.lpl)r;opri~t~ idh.it:~1 E•)tl<•:..) r;ff i:~ .. i :11~: ·!:_J ~ze-:~ 
1 t :. .c:: ... rio:1s, - m1 y b,:- '1-?.I,t tG thc·m i.:, thf: 
Pre~idc-t ' s bch~J . 
i~ ~~prOciQt2d . 

Y;.;,ur int.i·r ►-::':::t J.n \:r.iti·ng 

~ith b~~t wi~h~~, 

r;.i._ t1~~r.~rr· I/ ,-

w i 11 i ,--i.m r . n.,l_ 11 , -r· ~ .. T ....... -
;,.st_! it; t 11!~~ ~ ;-C· = ... -;., .. ~ r' r ~ :; i~c::t t 

Tl-ie Ecnut-,::1b 1. 1"-! fli J. l Cha_?pr' 1 1 

HtJUS -:? ;..>f Rt:!pres.q11t.:..~ti\t£}ri 

,;:t;:h'i.aqt.(\:1 , Ii . C . :20'515 

WLB /KR,J / J:tLB /hlb 

cc: w/copy of inc, Anne Higgins -- for 
DIRECT action 

WH RECORDS M,ANAGEMENT WI LL RETAI N ORIGINAL 
INCOMING 



~ LL CHAPPELL 
4TH DISTRICT, FLORIDA 

t;-1t'i91 
2468 RAveur.N OFFICE DtllLDING 

WASHINGTON, DC 20515 

(202) 225-4035 

COMMITTEE! 

APPROPRIATIONS 
SUBCOMMITTEES! 

DEFENSE 

«rongrtss of tht tlnittd ~tatts· 
'!!\oust of 1Rtprtstntoti\1ts 

fllashington, B~ 20515 
ENERGY AND WATER 

DEVELOPMENT 

MILITARY CONSTRUCTION 

January 27, 1987 

vPMr. William L. Ball, III 
Assistant to the President 

for Legislative Affairs 
1600 Pennsylvania Avenue, N.W. 
Washington, D.C. 20500 

RE: Admin. - Transmittal/Poem - (Buford) - Ball 

Dea~: 

DISTRICT OFFICES: 

676 NORTH HALIFAX AVENUE 

DAYTONA BEACH, FL 32018 

(904) 253- 7632 

8789 SAN JOSE BOULEVARD 

SUITE 4 
JACKSONVILLE, FL 32217 

(904) 731-4236 

I have been asked by Mr. and Mrs. Buford to forward the ~d 
to the President. As you will note, the Buford's have written a 
poem in tribute to both the Challenger crew and Mr. Reagan. 

While I know you receive thousands of pieces of correspondence, 
it would be appreciated if you could acknowledge the Buford's 
effort. 

With kind regards, 

BC:shh 

Enclosure 

□ WASHINGTON 

Sincerely, 

Aiff:ppell 
..,,,,-~!ressman 

PLEASE RESPOND TO: 
□ DAYTONA BEACH □ JACKSONVILLE 





}· : '1/. - · . , . OUR PRESIDENT RONALD REAGEN. 
. _. .--.. _/. . . _,. ~ 

, '.: )"E GIVES 'fflIS NATION HIS Vb;RY BEST • 

I 

I 
I 

HE STAliDS UP IH FiOIIT ABOVE ALL i'HE REST • 

BE HAS LOTS OF FRIEND$ ALSO SOME FOES. 

'DIEY TRY TO PUSH HIM DOWN BUT HE BOUNCES RIGHT BACK SMELLING LIKE A ROSE. 

HE TRIES HIS BEST TO BALANCE THE BUGET HE COULD DO IT AND HAVE MONEY TO SPAll~ 

IP EVERY ONE PAID THEIR JUST SHARE, 

'1\IE WORKING MAN IS THE. ONE WHO CARRIES 'l'HE LOAD. 

SOME TIMES MORE THAN HE CAN AFFORD. 

THERB IS NO WAY HE CAN DODGE IT BY HECK. 

BECAUSE WHEN HE GETS PAID 'DIET TAKE IT OUT OF HIS CHECK. 

WHILE THE BIG WHEELS GET BI WITH SHELTERS AND GRAFT. 

THEY GIVE 'fflE GOVERNMENT THE WELL KNOWN SHAFT. · 

THEY OVER CHARGE 'lliE GOVERNMENT FOR EVERY THIIG THAT THEY MAKE. 

fflREE HUNDRED DOLLARS FOR A TQD,ET SEAT FOR GOODNESS ,SAKE. 

I HAVE 'IRIS TO SA'I TWENTIFIVE DOLLARS FOR ONE ASH TRAY. 

BUT OUR PRESIDENT WILL WEED THEM OUT AND MAKE IT NEAT. 

HE WILL REPLACE THE ONES THAT ARE DRAGGING 1HEIR FEET. 

HE GETS HELP FROM HIS PRETff WIFE NANCY WHO GIVES HIM EHC.OURAGFJ.lENT AND LOJZE· 

THE GREATEST OF THESE HE GETS FROM ABOVE. 

HE TRIES TO BRING PEACE TO -rHE WORLD AND mls NATION. 

TO HELP '1\IE POOR AND FIGHT INFLATION. 

THERE ARE ALOT OF PEOPLE WHO WOULD LIKE TO HAVE HIS JOB• 

THEY MUST HAVE '!HEIR HEAD IH A FOO • 

HE IS THE BEST BET 'l'HAT WE HAVE LETS MAKE IT FIRM. 

WE THINK HE SHOULD HAVE IT IF HE WANTS A THIRD TERM. 

&.Jvl · 
~ 

/__,,t.L Cf?,/~ f:.... 7 J t+- ~~z._ 3.3 



. - . . . THE .uuNIFICEMT St;V!!;N. 
THE fuGNIFICt.:NT SEY t.:M Alm Nu\V THE.'? ARE ALL ·IN HEAVEN. 
jESUS

7 
MET THEM AND TOOK TH~ IH. 

wHERE EVER'! TH.1.NG IS BEAUTIFUL AN.1> THERE IS •u-SIN. 
'lliET KNEW Ttil!; RISK Wlai THEY )u\UE THI~ GRE-A•t FLIGttT • 
LIKE GOING IN'fO THE UNKuWN IN '!'HE DARKNESS OF NIGHT. 

• BUT THEY ALL LOVW GOD AND THEIR FELLOW 1111AN. 
Tl1E! WA.NTED TO GIVE Alfil .itiAKE nus WORLD A BETTER r'LACE TU LIVE. 
AND THEY WOULD DO IT AGAIN IF THE T:t)ilr.; WAS liIGHT. 
AND MAKE ANUTHER HISTORICAl fiight • 
man erred AND DID WRUNG TO MAKE 'l'HIS ),l!STAKE. 

\VHITH nil~ ERROR SEVEN LIVES IT DID TAKE. 
AND WHEN THEY FIND THE TROUBLE AND WHERE THEY DID WRONG. 
THE NEXT TIME WILL BE A~ SINGING A SONG. 
WI!,; ARE INDEBTED TO TH.!!; MaGNlFIC.ENT SEVEN • 
.AND IF WBt'RAJ1&ND LIVt.: RIGHT WQ. WILL SEE TH£1v1 IN Ht.AVEN. 

r;r1 ~ 
.- I- C/tJtf~ 73:i--tS2-35 

·:. : 



J ,. ID# 460739 
THE WHITE HOUSE 

CORRESPONDENCE TRACKING WORKSHEET 
INCOMING 

DATE RECEIVED: FEBRUARY 13, 1987 

NAME OF CORRESPONDENT: THE HONORABLE ROBERT L. ~IVINGSTON 

SUBJECT: ENCLOSES COPY OF LETTER FROM WILSON A. 
MIRAMON OF SLIDELL, LOUISIANA CONCERNING THE 
SPACE SHUTTLE CHALLENGER ACCIDENT AND HIS 
VIEWS ON ITS CAUSE 

ACTION DISPOSITION 

ROUTE TO: 
OFFICE/AGENCY ( STAFF NAME) 

ACT DATE TYPE 
CODE YY/MM/DD RESP 

C COMPLETED 
D YY/MM/DD 

BALL ORG 87/02/13 
SfFERRAL NOTE: 

REFERRAL NOTE: 
~ 

REFERRAL NOTE: 

REFERRAL NOTE: 
I I _/_/ ___ _ ----REFERRAL NOTE: 

COMMENTS: 

ADDITIONAL CORRESPONDENTS: MEDIA:L INDIVIDUAL CODES: 1240 

MAIL USER CODES: (A) (B) (C) ------ ----- ------

*********************************************************************** 
*ACTION CODES: *DISPOSITION *OUTGOING * 
* * *CORRESPONDENCE: * 
*A-APPROPRIATE ACTION *A-ANSWERED *TYPE RESP=INITIALS * 
*C-COMMENT/RECOM *B-NON-SPEC-REFERRAL * OF SIGNER * 
*D-DRAFT RESPONSE *C-COMPLETED * CODE= A * 
*F-FURNISH FACT SHEET *S-SUSPENDED *COMPLETED= DATE OF * 
*I - INFO COPY/NO ACT NEC* * OUTGOING * 
*R-DIRECT REPLY W/COPY * * * 
*S-FOR-SIGNATURE * * * 
*X-INTERIM REPLY * * * 
*********************************************************************** 

REFER QUESTIONS AND ROUTING UPDATES TO CENTRAL REFERENCE 
(ROOM 75,OEOB) EXT-?590 

KEEP THIS WORKSHEET ATTACHED TO THE ORIGINAL INCOMING 
LETTER AT ALL TIMES AND SEND COMPLETED RECORD TO RECORDS 
MANAGEMENT. 



... .. 

T H E W H I T E H O U S E 

REFERRAL 

0 F F I C E 

MARCH 17, 1987 

TO: NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
ATTN: JACK MURPHY 

ACTION REQUESTED: 
DIRECT REPLY, FURNISH INFO COPY 

DESCRIPTION OF INCOMING: 

ID: 460739 

MEDIA: 

TO: 

FROM: 

LETTER, DATED FEBRUARY 11, 1987 

WILLIAM BALL 

THE HONORABLE ROBERT L. LIVINGSTON 
U.S. HOUSE OF REPRESENTATIVES 

WASHINGTON DC 20515 

SUBJECT: ENCLOSES COPY OF LETTER FROM WILSON A. 
MIRAMON OF SLIDELL, LOUISIANA CONCERNING THE 
SPACE SHUTTLE CHALLENGER ACCIDENT AND HIS 
VIEWS ON ITS CAUSE 

PROMPT ACTION IS ESSENTIAL -- IF REQUIRED ACTION HAS NOT BEEN 
TAKEN WITHIN 9 WORKING DAYS OF RECEIPT, PLEASE TELEPHONE THE 
UNDERSIGNED AT 456-7486. 

RETURN CORRESPONDENCE, WORKSHEET AND COPY OF RESPONSE 
(OR DRAFT) TO: 

AGENCY LIAISON, ROOM 91, THE WHITE HOUSE, 20500 

SALLY KELLEY 
DIRECTOR OF AGENCY LIAISON 
PRESIDENTIAL CORRESPONDENCE J-

fr1/ 1;;,q 



. •· • 

March 12, 1967 

Dear Bob: 

I would like to thank you for your February 11 letter and 
epologize for my delay in responding to your inquiry on behalf 
of Mr . Wilson A. Miramon . 

It was thought~ul o you to offer the Administration the 
be ne fit of Mr . r!iramon ' s opinion with res pect t o possibl~ 
contribu ting factors to the Challenger accident . I will be 
pleased to share your constituent ' s remarks with the 
appropriate officiels at the National Aeronauticz and Space 
Administration and ~sk that they r ev i e w h is comments and 
provide a furthe r re s ponse . 

With best wishes, 

Sincerely, 

Wil liam L. Ball, III 
As~ietant to the President 

Th e Bonor~ble Robert L . Livingston 
Hou s~ of Representatives 
Wanhington , D.C. 20515 

WLB:KRJ:hlb 

cc: w/copy of inc to Jack Murphy, cong . affrs, NASA - for 
DIRECT response 



..ROBERil: LIVINGSTON 
\\ 1 . 1r.T o,na~CT, ,LOUIIIANA 

APPROPRIATIONS COMMITTEE 

IUICOMMrnu: 

DEFENSE 

l'ERMANENT SELECT COMMITTEE 
ON INTELLIGENCE 

ttongrt.s.s of tbt ltnittb l,tatt.s 
~oust of Jlcprcscntatibts 

ll1utbin;ton, i9C 20515 

Mr. William L. Ball, III 
Assistant to the President 

for Legislative Affairs 
The White House 
Washington, D. C. 20500 

Dear Will: 

February 11, 1987 

L/-60739 . . 
WASHINGTON omct: 

flAnu•" HOUII Ontc:1 lutLOUfG 
WAIH"'°'°"· OC 20111 

(202) 221-3011 

DISTRICT omcl: 
111 Vmaua I,..,_ 

Sum 700 
MITAIOII , LA 70001 

jl04) Ht-2713 

The,,..attac~_<L£Q~l_!l'!:!Qi£ati9n is submitted for your consideration , and to 
ask that the request made therein be complied with, if possible. 

If you will advise me of your action in this matter and have the letter 
returned to me with your reply, I will appreciate it. 

With kindest regards, I remain 

Sincerely, 

RLL/ws 

Enclosure 

/4712 -(~-. ,:Z:~ 
ROB;:t.:t~ INGSTON 
Member of ngress 
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N/\51\ National Aeronautics and Space Admlnlstratk>n 
Office ol L9gl1l1Uve Afllll"I 

Na\o-,a Aeo1au!CS and 
Soace A'.>'nnslrat,o-, WHhl~"b~u~ 24 • J 987 

TO: 
Office of the 

C21003f fl ~7-/C.ff 

Honorable Robert L. Livingaton 
ATTU: WS 
House of iepreaentativea 
Washington, DC 20515 

Re: Your inquiry of. February lJ, 1927 

l 
I 
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j 
l 
j 
1 

1 
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In. response to your reQuest, we are sending you the following: 1 
~napter ~ of rhe report of the Presidential J 
Commission on the Spece Shuttle Chall~nger l 
Accirlent entitled. •The Cauee of the 
Accident.• 

The Co9cfagion foun~ thGt the cnus~ of the l 
eccident resulted fros the failure of the l 
preas~re •eal in t h e aft field joint of the ] 
right aolid rocket booster. ~ 

iegardle••• we have forwarded Hr. Wilson A. 1 
Hiral:'lon's letter to the Office of Space flight ~ 
which 1s re&pona1ble for the Space Shuttle ·J 
program. 

Ye trust that this inforaation vill be useful 
to you. 

Sincerely. 
1 

, , / ' ' , ,,, ,.· 
·\ i ' • 

: ; 

/ , ,' ; 
• ✓ - · • 

Hark K. tleinaorge 
Legislative Affairs Specialist 

1 Enclo ■ ure 
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I -t • Chapter IV 

The Cause of 
the Accident 

T 
he consensus of the Commission and 
participating investigative agencies is 
that the loss of the Space Shuttle 
Challenger was caused by a failure in 

the joint between the two lower segments of the 
right Solid Rocket Motor. The specific failure was 
the destruction of the seals that are intended to 
prevent hot gases from leaking through the joint 
during the propellant bum of the rocket motor. 
The evidence assembled by the Commission in­
dicates that no other element of the Space Shut­
tle system contributed to _this failure. 

Analysis of the Accident 

The results of the accident investigation and 
analysis will be presented in this and the follow­
ing sections. Throughout the investigation three 
critical questions were central to the inquiry, 
namely : 

■ What were the circumstances surrounding 
mission 51-L that contributed to the 
catastrophic termination of that flight in 
contrast to 24 successful flights preceding it? 

■ What evidence pointed to the right Solid 
Rocket Booster as the source of the accident 
as opposed to other elements of the Space 
Shuttle? 

■ Finally , what was the mechanism of failure? 

L1sing mission data, subsequently completed 
tests and analyses , and recovered wreckage, the 

40 

In arriving at this conclusion, the Commission 
reviewed in detail all available data, reports and 
records; directed and supervised numerous tests, 
analyses, and experiments by NASA, civilian 
contractors and Various government agencies; 
and then developed specific failure scenarios and 
the range of most probable causative factors. The 
sections that follow discuss the results of the 
investigation. 

\ 

Commission identified all possible faults that 
could originate in the respective flight elements 
of the Space Shuttle which might have the poten­
tial to lead to loss of the Challenger. Potential con­
tributors to the accident examined by the Com­
mission were the launch pad ( exonerated in 
Chapter IX of this report), the External Tank, 
the Space Shuttle Main Engines, the Orbiter and 
related equipment, payload/Orbiter interfaces , 
the payload, Solid Rocket Boosters and Solid 
Rocket Motors . 

In a parallel efTort, the question of sabotage was 
examined in detail and reviewed by the Commis­
sion in executive session. There is no evidence of 
sabotage, either at the launch pad or during other proc­
esses prior to or during launch. 
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N/\51\ National Aeronautics and Space Administration 
Office of Leglalatlve Affairs 

Nabonal Aeronautics and 
Space Adm:rnstration 

TO: 

Ms. Sally Kelley 

Waehlngton, DC 20546 

April 1, 1987 
C21374f 

Director of Agency Liaison 
Room 91 
The White House 

In res~8rrsg tJ1fott~ ¥~u~s't, wt RJ °sQnding you the following: 

A copy of our February 24, 1987, reply to 
Congressman Robert L. Livingston's inquiry 
(February 11, 1987) on behalf of Mr. Wilson 
A. Miramon. Mr. Miramon inquired about the 
cause of the Space Shuttle Challenger 
accident. 

I spoke to the staffer handling these 
inquiries, Will Staycos, who remembered our 
response. In view of it, he did not wish any 
further information about the matter. 

Sincerely, 

Mark K. Kleinsorge 
Legislative Affairs 

Specialist 

Enclosure 
/ 

I 7 

NHQ DIV FORM 106 JUN 80 PREVIOUS EDITION MAY BE USED. 
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N/\51\· 
Natoral /leronau1cs and 
Space Admns1rat,cn 

National Aeronautic• and Space Administration 
Office of Leglelatlve Affalre 

Office of the 

Wuhl~"b~W\, 24, 1987 
C21003f 

TO: Honorable Robert L. Li•ingeton 
ATTN: VS 
House of iepre ■ entativea 

Washington, DC 20515 

Re: Your inquiry of February 11, 1987 

In. response to your reQuest, we are sending Y.OU the following: 
~napter ~ of rhc report of the Presidential 
Commisaion on the Spece Shuttle Chall~nger 
Accident entitled, •Tho Cau•c of the 
Accident.• 

The Comaiesion found that the cause of the 
accident resulted fro~ the failure of the 
pre••~re •eal in the aft field joint of the 
right aolid rocket booater. 

iegardleaa, we have forwarded Mr. Wilson A. 
Miramon'& letter to the Office of Space Flight ~ 
which is responsible for the Space Shuttle ·~ 

;;

0

;;;;: that this iafor■ation will be useful 1.· 

Sincerel;y, 
1 

. , / , ,,/ I / // 
I ! .-1 f" .' .' : \ • .- , ,. .. I ,(/./ ,.,,V' ' 

,; { I • • ~ • ., 
lfark K. rleinaorge 
Legislative Affairs Specialist 

1 Enclosure 
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the destruction of the seals that are intended to 
prevent hot gases from leaking through the joint 
during the propellant burn of the rocket motor. 
The evidence assembled by the Commission in­
dicates that no other element of the Space Shut­
tle system contributed to _this failure. 
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analysis will be presented in this and the follow­
ing sections. Throughout the investigation three 
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namely: 
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■ What evidence pointed to the right Solid 
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as opposed to other elements of the Space 
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■ Finally , what was the mechanism of failure? 

Using mission data , subsequently completed 
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contractors and various government agencies; 
and then developed specific failure scenarios and 
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sections that follow discuss the results of the 
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could originate in the respective flight elements 
of the Space Shuttle which might have the poten­
tial to lead to loss of the Challenger. Potential con­
tributors to the accident examined by the Com­
mission were the launch pad ( exonerated in 
Chapter IX of this report), the External Tank, 
the Space Shuttle Main Engines, the Orbiter and 
related equipment , payload/Orbiter interfaces, 
the payl~ad, Solid Rocket Boosters and Solid 
Rocket Motors. 

In a parallel effort, the question of sabotage was 
examined in detail and reviewed by the Commis­
sion in executive session. There is no evidence of 
sabotage, either at the launch pad or during other proc­
esses prior to or during launch. 
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External Tank 

The External Tank contains propellants used 
by the Orbiter's three main engines during Shut­
tle launch and ascent to orbit. Structurally the 
cank is attached to and serves as the backbone 
of the Orbiter and the two Solid Rocket Boosters . 
Three primary structures - the liquid oxygen 
tank , the intertank and the liquid hydrogen 
tank-comprise the configuration . (~igure 1) 

The External Tank delivers oxidizer and fuel 
from the propellant tanks to the Orbiter. The 
electrical subsystem includes instrumentation sen­
sors, heaters, range safety electronics and ex­
plosives, and lightning protection and associated 
cabling. All flight instrumentation and electrical 
power are wired directly to the Orbiter. The ther­
mal protection subsystem is the insulation applied 
to the tank's exterior. Its function is to prevent 
heat leakage into the propellants, to protect the 
External Tank from overheating during flight and 
to minimize ice formation while the Shuttle is on 
the pad. 

Approximately 20 percent of the External Tank 
structure was recovered after the accident and the 
majority of the pieces were from the intertank and 
liquid hydrogen tank. 1 The Commission initial­
ly considered all External Tank systems and sub­
systems in identifying possible faults or failures 

Figure 1 

potentially contributing to the Challenger acci­
dent. Those potential contributors were: 

■ Premature detonation of the External Tank 
range safety system 

■ Structural flaw 
■ Damage at lift-off 
■ Load exceedance 
■ Overheating 

The Commission examined the possibility that 
the-STS 51-L accident could have been triggered 

by acc1.dental detonation of the range safety 
system explosives. This potential fault was as­
sessed using flight data, observed events, and 
recovered hardware. Most of the explosive 
charges for the External Tank emergency destruc­
tion system were recovered . 2 Examination of this 
material established that none of it had exploded 
and thus could not have contributed to the acci­
dent (Photo C & D). Flight data verified that the 
External Tank range safety system was not 
activated. 

The possibility of an imperfection existing in 
either the pressurized or nonpressurized Exter­
nal Tank structural elements that could grow to 
a sufficient size to cause structural failure was ex­
amined in detail. All construction history, struc­
tural qualification test data, proof test inspection 

• records and x-rays were reviewed. One previously 
. \ 

Propellant Feed, 
Pressurization 
Lines 

Integral Stringers 

ET /SRB Forward Attach 

I ET /Orbiter 

1 
Fmwa,d Attach • 

Liquid 
Oxygen 
Vent 
Valve and 
Fairing 

-- • Uqu;d ___. 

.-- Oxygen 
.--- Tank 

Partial cutaway drawing of External Tank shows oxygen tank 
at left, intertank to its right and hydrogen tank at right. 
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undetected imperfection that was discovered dur­
ing a reexamination of the x-rays was found in 
recovered hardware with no propagation in­
dicated. 3 Other data from the pre-launch ice and 
frost team inspections, film and video coverage, 
pressurization records and flight data revealed no 
evidence of leakage. The Commission conciud­
ed that no structural imperfections existed that 
could have grown to a size to create a leak or 
cause catastrophic failure of the External Tank. 

Possible damage to the liquid hydrogen tc:!,nk 
at lift off was considered. The ice and frost team 
observed no vapor or frost that would indicate 
a leak. The liquid hydrogen vent arm retracted 
as expected during launch and did not recontact 
the tank or solid booster. 4 Photo analysis and 
television monitoring did not indicate that any 
debris contacted the tank. Therefore, damage to 
the liquid hydrogen tank at lift off was determined 
to be highly improbable. 

The possibility that abnormally high structural 
loads caused an External Tank failure was ex­
amined. Analysis indicated that there were no ex­
cessive loading conditions based on lift off and 
flight data prior to the explosion. The maximum 
structural load produced was less than 80 percent 
of the allowable design load. 5 The structural im­
plications of vent and flow control valve opera­
tion was examined and found not to be a factor . 

The possibility of a structural failure due to 
overheating was assessed with several causes 
postulated: high heating due to abnormal trajec­
tory, loss of the thermal protection system, a hot 
gas leak from the Solid Rocket Motor and a liq­
uid hydrogen leak from the External Tank. The 
trajectory was normal until well after the Solid 
Rocket Motor leak was observed at 58 seconds. 
Maximum aerodynamic heating would not have 
occurred until approximately 90 seconds. 6 At 73 
seconds, heating was well within tank component 
structural capability. Based on careful review of 
pre-launch and flight films and data, the Com­
mission found no evidence that any thermal pro­
tection foam was lost during the launch and 
ascent. 

The possibility of a leak from the hydrogen 
tank resulting in overheating was addressed. 
Tests indicated that small leaks (0.037 lbs/second) 
would have been visible. In addition, if there was 
a liquid hydrogen leak at lift off, it would have 
been ignited by either the Solid Rocket Booster 
ignition or Space Shuttle Main Engine ignition . 7 
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The resultant flame would have ignited the Solid 
Rocket Booster attach ring foam insulation almost 
immediately . Copious quantities of dense black 
smoke and open flames would be evident in such 
a case and would have continued for as long as 
the leak burned. Smoke and flames in these quan­
tities were not observed at lift off nor anytime 
throughout the flight. It is therefore concluded 
that an initial liquid hydrogen tank leak was im­
probable, and that the only possible cause for 
overheating the tank was the impingement of 

"Teaking Solid Rocket Motor gases. This resulted 
in the ultimate breakup of the External Tank. 

The recovered external foam insulation on the 
External Tank was scorched and discolored in 
various locations. 8 Burn patterns across the pieces 
of insulation on the Ext_ernal Tank indicate that 
various areas were subjected to fire both before 
and after the External Tank broke up in flight. 

The Commission reviewed the External Tank's con­
struction records, acceptance testing, pre-launch and flight 
data, and recovered hardware and found nothing relating 
to the External Tank thar caused or contributed to the 
cause of the accident. 

Space Shuttle Main Engines 
A cluster of three Space Shuttle Main Engines 

ciper!).tes simultaneously with the Solid Rocket 
Boosters during the initial ascent phase of flight 
and provides primary propulsion until the Shut­
tle has attained orbital velocity. These engines 
use liquid hydrogen as the fuel and liquid oxygen 
as the oxidizer. Both the liquid hydrogen and oxy­
gen are stored in the External Tank and are 
transferred to the engines under pressure. Dur­
ing the mission the engines operate for about 8.5 
minutes, 

Engine thrust is controlled by throttling and 
has ranged from 65 to 104 percent of a specified 
thrust level. At sea level, 100 percen·t equals 
375,000 pounds of thrust per engine. 

Pitch, yaw and roll control of the Orbiter is 
provided by gimbals on each engine . Gimbaling 
is operated by two hydraulic servoactuators , one 
for pitch motion and the other for yaw motion, 
with roll controlled by a combination of both pitch 
and yaw. These servoactuators are commanded 
by the Orbiter's computer. 

An electronic controller is attached to the for­
ward end of each engine . Each controller is a self-

-- I 
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Figure 2 

Liquid 
Oxygen 

Main Engines 
12 in . Feed lines 

17 in . Feedlines 

External Tank 

Schematic drawing depicts liquid oxygen and liquid 
hydrogen tanks and the feedlines connecting them to the 
Space Shuttle Main Engines. 

contained system that monitors engine checkout, 
control and status, and sends the data to the Or­
biter . Each of the three engine interface units in 
tum sends its data to the Orbiter computers and 
relays commands from the computers to the 
engmes. 

A propellant management subsystem of 
manifolds, distribution lines and valves controls 
the flow of liquids from the External Tank to the 
engines , and the flow of gaseous hydrogen and 
oxygen from the engines into the External Tank 
to maintain pressurization. 

All three main engines from the Challenger, 
No. 2020 in position 2, No . 2021 in position 3, 
and No. 2023 in position 1, were recovered in 
large part on February 23 , 1986, off the Florida 
coast in about 85 feet of water . All parts were 
recovered close to one another, and the engines 
were still attached to the thrust structure. 9 All 
engine gimbal bearings had failed, apparently 
because of overload on water impact. 

All metallic surfaces were damaged by marine 
life , except titanium surfaces or those parts that 
were buried under the ocean bottom . The metal 
fractures , examined at 3x magnification, showed 
rough texture and shear lips , which appeared to 

be caused by overloads due to water impact. 10 

No pre-accident material defects were noted . 
The engine nozzles were sheared at the 

manifolds . The main combustion chambers , 
main injectors and preburners of each engine 
were attached to one another. The six hydraulic 
servoactuators used to control engine gimbaling 

Figure 3 

Position 1 
SIN 2023 

Position 2 
SIN 2020 

Position 3 
SIN 2021 

Rear view drawing identifies the posit ions and numbers of 
the engines mounted on the Orbiter Challenger for the flight 
of Mission 51-L. 

were attached to segments of the Orbiter thrust 
structure. 11 

Sections of the main propulsion system fuel and 
liquid oxygen feedlines and feedline manifolds 
were recovered, as well as the External Tank/Or­
biter disconnect assembly in the mated configura­
tion . A portion of the oxidizer inlet duct was at-

• tached to. the interface of engine 2020 . All 
preburner valves were recovered . 12 

The main engine controllers for both engines 
2020 and 2021 were recovered. One controller 
was broken open on one side, and both were 
severely corroded and damaged by marine life. 
Both units were disassembled and the memory 
units flushed with deionized water . After they 
were dried and vacuum baked , data from these 
units were retrieved . 13 

All engines had burn damage caused by inter­
nal overtemperature typical of oxygen-rich shut­
down. Thus, the loss of hydrogen fuel appears 
to have initiated the shutdown. The Commission 
reviewed engine and ground measurements made 
while the three engines were prepared for launch. 
Ambient temperature during pre-launch was the 
coldest to date, but preflight engine data were 
normal. 14 These data were also compared with 
Challenger engine data during the flight 61-A 
pre-flight period. All differences seen between the 
two missions were due either to planned varia­
tions in the pre-launch sequence or the cold am­
bient conditions during the preflight period for 
flight 51-L. These differer. ::es did not affect engine 
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performance during the powered flight phase of 
the mission. 

Preflight data gave no evidence of any pro-_ 
pellant leaks (fuel or oxidizer) in the aft compart..: 
ment. For the powered flight phase all the 
parameters of the engine aft compartment that 
could give an indication. of a leak were selected 
from the overall flight 51-L measurement list. 
The majority of those parameters were either" 
ground measurements or those recorded during 
the flight but not telemetered to the ground. 15 

Among parameters that were telemetered during 
the flight were skin temperature measurements 
that gave no indication of a hot gas or other leak 
in the engine compartment. 

Figure 4 

Orbiter 

. rrevalvi 

L1qu1d Hydrogen 

Drawing identi fies principal elements in Space Shuttle Main 
Engines, three of which are mounted on the aft of each Or­
bite r. 
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Analysis of the engine start data showed all 
three engine starts were normal and no anomalies 
were found . 

An assessment of the engine performance in 
the final seconds of the mission before the acci­
dent was compared with similar periods on all 
flights of the Challenger engines. The assessment 
showed the engine performance on · flight 51-L 
was:x ansistent with previous flights. 16 

The first abnormal engine indication was a 
drop in engine fuel tank pressure at 72 . 564 
seconds. As fuel pressure dropped , the control 
system automatically responded by opening the 
fuel flowrate valve. The turbine temperatures 
then increased because of the leaner fuel mixture . 

Orbiter 

revar 

Liquid Oxygen 

1-Low-Pressure Fuel Turbopump 
2-High-Pressure Fuel Turbopump 
3-Main Fuel Valve 
4-Coolant Control Valve 
5-Nozzle Tube 
6-Main Combustion Chamber 
7-Fuel Preburner Valve 
8-Fuel Preburner 
9-Hot-Gas Manifold 

10-Main Injector 
11-Low-Pressure Oxidizer Turbopump 
12-High-Pressure Oxidizer Turbopump 
13-Main Oxidizer Valve 
14-Oxidizer Preburner Valve 
15-Oxidizer Preburner 



The increased temperature caused an increase in 
pump speed. This could not, however, increase 
che fuel pressure because of a decrease in fuel tank 
co p (ullage) pressure resulting from the burned 
ri1 rough hydrogen tank leakage. When the fuel 
pump pressures dropped below 140 pounds per 
square inch, the programed control system dis­
qualified the measured data because it was past 
reasonable limits. This caused the fuel flowrate 
and high-pressure fuel pump discharge pr_essu/e 
to decrease, while the lack of load allowed the 
pump's speed to increase. The decreased fuel flow 
caused a drop in fuel preburner chamber 
pressure, though the fuel preburner oxygen valve 
was then advancing toward a more open position. 
The mixture ratio in the fuel preburner became 
leaner, which raised high-pressure fuel turbine 
discharge temperatures above the redline limits. 
This caused the engine control system to start 
automatic shutdown of the engine. 

The engine flight history showed that engine 
2023 flew four previous times while engines 2020 
and 2021 had flown five previous missions.17 The 
flight data from flight 51-L compared well with 
flight data from all previous flights. 

The analysis of flight data confirmed that the 
Space Shuttle Main Engines operated properly 
while reacting to changing external conditions. 
Previous engine tests suggest that the high­
pressure pumps are the most likely componeJ?-tS 
to fail, because of either bearing or turbine blade 
failure. There was no evidence of either in flight 
51-L. Engine operation was normal until the fuel 
inlet pressure dropped. As the pressure decreased, 
the engine responded in a predictable manner. 
Automatic shutdown of engine 2023 was verified 
by telemetry data. Data recovered from the 
salvaged engine 2021 control computer verify that 
this engine also had begun shutdown. Salvaged 
control computer data from engine 2020 showed 
that this engine was within 20 milliseconds of 
shutdown when the computer stopped. 18 Inspec­
tion of recovered engine hardware verified that 
all engines were shut down in a fuel-lean or 
oxygen-rich condition which resulted in burn 
through and erosion of the engine hot gas circuits. 

The Commission concluded that the Space Shuttle 
Main Engines did not cause or contribute to the cause 
of the Challenger accident. 

Orbiter and Related Equipment 
The Orbiter subsystems include propulsion 

and power, avionics, structures, thermal and en­
vironmental control and life support, mechanical 

and interface, and other government furnished 
essential equipment. Onboard government fur­
nished equipment for STS 51-L included the 
remote manipulator arm system, extravehicular 
mobility units, extravehicular activity hardware, 
television , equipment worn by the crew, storage 
provisions and communication equipment. 

The significant pieces of Orbiter structure 
recovered included all three Space Shuttle Main 
Engiries, the forward fuselage including the crew 
module, the right inboard and outboard elevens, 
a large portion of the right wing, a lower portion 
of the vertical stabilizer, three rudder speed brake 
panels and portions of mid-fuselage side walls 
from both the left and right sides. 19 This 
represents about 30 percent of the Orbiter but 
does not provide sufficient evidence to establish 
conclusively the complete failure sequence of the 
entire Orbiter spacecraft. However, there was 
sufficient evidence to establish some of the struc­
tural failure modes that resulted in the Orbiter's 
destruction. 

All fractures and material failures examined on 
the Orbiter, with the exception of the main 
engines, were the result of overload forces, and 
they exhibited no evidence of internal burn 
damage or exposure to explosive forces. This in­
dicated that the destruction of the Orbiter oc­
curred predomi'nantly from aerodynamic and in­
ertial forces that exceeded design limits. There 
was evidence that during the breakup sequence, 
the right Solid Rocket Booster struck the out­
board end of the Orbiter's right wing and right 
outboard elevon. Additionally, chemical analysis 
indicated that the right side of the Orbiter was 
sprayed by hot propellant gases exhausting from 
the hole in the inboard circumference of the right 
Solid Rocket Booster. Evaluation of the Orbiter 
main engines showed extensive internal thermal 
damage to the engines as a consequence of 
oxygen-rich shutdown that resulted from a deple­
tion of the hydrogen fuel supply. The supply of 
hydrogen fuel to the main engines would have 
been abruptly discontinued when the liquid 
hydrogen tank in the External Tank disinte­
grated. 

The crew module wreckage was found 
submerged in about 90 feet of ocean water con­
centrated in an area of about 20 feet by 80 feet. 
Portions of the forward fuselage outer shell struc­
ture were found among the pieces of crew module 
recovered. 20 There was no evidence of an inter­
nal explosion, heat or fire damage on the forward 
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Figure 5 

1 Orbital Maneuvering System 
Two engines 

Thrust level = 6,000 pounds each 

3 Main Propulsion 

Three engines 
Thrust level = 375,000 pounds each 

Propellants Propellants . Monomethyl hydrazine (fuel) and 
nitrogen tetroxide (oxidizer) Liquid. hydrogen (fuel) and 

liquid oxygen (oxidizer) 
2 Reaction Control System 

One forward module, two aft pods 

38 primary thrusters (14 forward , 12 per aft pod) 
Thrust level = 870 pounds each 

Six vernier thrusters (two forward , four aft) 
Thrust level = 25 pounds each 

Propellants 
Monomethyl hydrazine (fuel) and 
nitrogen tetroxide (oxidizer) 

fuselage/crew module pieces. The· crew module 
was disintegrated, with the heaviest fragmenta­
tion and crash damage on the left side . The frac­
tures examined were typical of overload breaks 
and appeared to be the result of high forces 
generated by impact with the surface of the water. 
The sections of lower forward fuselage outer shell 
found floating on the ocean surface were 
recovered shortly after the accident. They also 
contained crush damage indicative of an impact 
on the left side. The consistency of damage to the 
left side of the outer fuselage shell and crew 
module indicates that these structures remained 
attached to each other until impact with the 
water . 

The Orbiter investigation consisted of a review 
of all Orbiter data and vehicle parts retrieved . 
Also reviewed were vehicle and equipment proc­
essing records and pre-mission analyses. 

All orbital maneuvering system measurements 
such as temperatures , pressures , events, com­
mands, stimuli, and switch positions were re­
viewed with all related computer data. There 
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Space Shuttle Orbiter drawing identifies location of principal 
maneuvering , reaction control and propulsion system 
engines. 

were. no indications of abnormal behavior. All 
temperature and pressure transducers active dur­
ing ascent for the reaction control system were 
reviewed, including thruster chamber pressure , 
leak temperature, line temperature, propellant 
tank, helium tank and propellant line trans­
ducers. Nothing was found that could have con­
tributed to the accident. 

Auxiliary power unit pressures and 
temperatures were reviewed, and no abnormal 
conditions were observed during ascent. Selected 
hydraulic measurements, including system 
pressures, fluid quantities and most temperatures 
in the aft compartment and in the wing cavity 
containing the elevon actuator supply lines, were 
reviewed by the Commission, and no abnormali­
ty was found. All fuel cells and power reactant 
storage and distribution subsystem measurements 
were reviewed and found to be normal during all 
phases of ground and flight operation prior to the 
accident. All available pyrotechnic firing control 
circuit measurements were reviewed , along with 
radiography , shear bolt review and debris reports , 
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Sketch of Space Shuttle Orbiter in the landing configuration 
viewed from -Y position identifies aerodynamic flight surfaces. 

and there were no unintentional firing command 
indications. 2 1 All available data regarding range 
safety and recovery system batteries were re­
viewed , and no indications were found that the 
batteries were involved in initiating the accident. 

Guidance, navigation and control subsystems 
data were reviewed, and it appears that the sub­
systems performed properly . All subsystem sen­
sors and software apparently performed as design­
ed until data loss. Inertial measurement unit data 
from the preflight calibration through signal loss 
were found to be normal. All data processing 
system related data were reviewed , and nothing 
significant was found . Data review of the elec­
trical power distribution and control subsystem 
indicated that its performance was normal until 
the time of the accident. 22 All communication and 
tracking system parameters active during launch 
were evaluated and found to be normal. No in­
strumentation abnormalities were observed dur­
ing the pre-launch and launch period before 
signal loss. 

Structures evaluation included analysis of 

ground and flight data (loads, temperatures, 
pressures and purge flows) , hardware changes 
and discrepancy reports since the last Challenger 
flight, and wreckage. The Commission found that 
no Orbiter structural elements contributed to the 
accident. 

Orbiter structural pre-launch temperature 
measurements were evaluated and found to be 
within specified limits. 

Data' related to the atmospheric revitalization 
system, which maintains cabin atmosphere, were 
evaluated. 23 During pre-launch , launch and un­
til signal loss, data indicated that both of the water 
coolant loops were normal , the pressure control 
system functioned normally , all fans functioned 
normally , and all switches and valve positions 
were proper. 

Active thermal control subsystem data in­
dicated that both of the freon coolant loops func­
tioned normally, the ammonia boiler system was 
normal , and all switch and valve positions were 
proper.24 

The water management subsystem functioned 
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normaily-during the flight. The smoke detection 
and fire suppression subsystem-and airlock sup­
port subsystem both functioned · normally. The 
waste collection subsystem is inoperative during 
the launch phase, and no data were available. 25 

No mechanical system abnormalities were 
identified. The vent doors remained open 
throughout the launch. The payload bay doors 
remained latched . All landing gear were up and 
locked, all doors remained closed and loc.ked, and 
the remote manipulator system and payload 
retention system remained latched. Film and Or­
biter interface data showed that there was no 
premature Orbiter/External ·Tank separation. 

Video tapes and photographs indicated the 
crew egress hatch, which caused the launch_ delay 
on the preceding day, operated properly. 

The onboard government furnished equipment 
configuration and pre-launch processing were 
reviewed and determined to have been flight­
ready with no unusual or abnormal conditions. 

Based on this review and assessment, the Commis­
sion concluded that neither the Orbiter nor related equip­
ment caused or contributed to the cause of the accident. 

Payload/Orbiter Interfaces 
Interfaces between the Orbiter and the payload 

serve to attach the cargo to the Orbiter or pro­
vide services from the Orbiter to cargo items. 
These interfaces are mechanical, thermal, 
avionics, power and fluid systems. 

The Spartan-Halley payload was located in the 
front of the payload bay, attached to the equip­
ment support structure carrier. The Tracking and 
Data Relay Satellite.(TDRS) was attached to the 
Inertial Upper Stage (IUS) booster rocket used 
to move the TDRS into geosynchronous orbit. 
In the aft flight deck, payload interfaces consisted 
of a standard switch panel, a payload deployment 
arid retention system, and display a:nd control 
panels for use with. the payload. Payloads in the 
midd~ck area were in the stowage lockers. These 
were radiation monitoring, phase partitioning, 
fluid dynamics experiments, three student ex­
periments, the Teacher in Space Project and the 
Comet Halley monitoring program. 

Thermal interfaces between the Orbiter and 
the payload in the aft flight deck and middeck 
consisted of the Orbiter's purge, vent and fluid 
heat exchanger systems. Thermal interface for 
TDRS/IUS, Spartan-Halley, and the ex­
pe·ri'rnents and projects were provided by the Or-
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biter environment contrnl and life support 
system. 

Electrical power and avionics were provided 
to the payload through standard interface panels 
along both side of the cargo bay. In the aft flight 
deck, the control and display panels supplied by 
the Orbiter provided the avionics and power in­
terfaces for TDRS/IUS. The experiments and 
projects constituting the middeck payload had no 
interfaces with avionics and power systems. 
_ .The only direct payload loads data from STS 
5 f. C were accelerometer data recorded through 
the Orbiter umbilical prior to lift off. Ac­
celerometer data from the payload bay and the 
crew cabin compared favorably with previous 
flights. Results indicate that payload loads on 
STS 51-L were similar to those of STS-6 and were 
within design levels and pre-launch predictions. 

The Commission • found that all payload 
elements had been certified safe for flight, and 
records for integration of hardware met engineer­
ing requirements. Temperatures during pre­
launch and ascent were normal. Reconstructed 
lift off loads were below those used in the flight 
readiness certification. The relay satellite's rate 
gyro data correlated with those for the Orbiter 
and boosters during ascent. Fittings attaching the 
payloads to the Orbiter remained in operation, 
as shown by telemetered data from monitoring 
microswitches. t 

The Commission found no discrepancies in the Or­
biter/payload interface performance that might have con­
tributed to the Challenger accident. 

Payloads, Inertial Upper Stage, and 
Suppor:t Equipment 

The payload bay of the Orbiter Challenger 
contained a Tracking and Data Relay Satellite 
(TDRS) attached to an Inertial Upper Stage 
(IUS) booster rocket, and associated airborne 
support equipment. The IUS contained two solid 
rocket motors (SRMs): SRM-1 and SRM-2. 
The combined weight of these components was 
about 40,000 pounds. About five percent of the 
payload, IUS, and support equipment package 
was recovered from the ocean. Components 
recovered included segments of the cases of both 
IUS SRMs, the ignition safe/arm device for each 
SRM, the igniter for SRM-2, fragments of un­
burned propellant from each SRM, five explosive 
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Figure 7 
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Overhead drawing of the Orbiter shows position of payload 
and other elements within the payload bay of the Challenger 
51 -L mission. 

separation bolts that secure the two SRMs 
together , the forward support equipment trun­
nions , the aft trunnions with spreader beams, and 
an undetonated section of explosive fasteners. 

There was no evidence of scorching, burning, 
or melting on any of the components and struc­
ture recovered , and all. fractures were typical 
overload fractures . The safe arm device for each 
IUS SRM was in the safe position, the five ex­
plosive SRM-1/SRM-2 separation bolts were in­
tact, and pieces of propellant were not burned, 
indicating that the SRMs had not ignited. The 
two aft trunnion spreader beams were intact but 
were bent in the downward direction relative to 
the Orbiter. The right spreader beam was cracked 
and deformed about 7. 5 inches, and the left 
spreader beam was cracked and deformed about 
1. 5 inches. 26 These deformations indicate that the 
payload and upper stage package was intact and 
secure in the cargo bay while being subjected to 
significant inertial flight loads . 

The inertial upper stage is a two-stage , solid­
rocket-propelled , three-axis controlled, inertial­
ly navigated upper stage rocket used to deliver 
spacecraft weighing up to approximately 5,000 
pounds from the Shuttle parking orbit to geosyn­
chronous orbit. It includes the stage structure; 
solid rocket motors ; a reaction control sub­
system; avionics for telemetry , tracking and com­
mand ; guidance , navigation and control ; data 
management ; thrust vector control ; electrical 

power sources and electrical cabling; and airborne 
software . 

Assessment of possible upper stage contribu­
tion to the accident centered on the elimination 
of three possible scenarios: Premature upper stage 
rocket ignition, explosion/fire in the payload bay, 
and payload shift in the payload bay. 

Premature ignition of either the upper stage 
stage 1 and/or stage 2 motor while still in the Or­
biter bay would have resulted in catastrophic 
failure of the Orbiter. Potential causes for 
premature ignition were electrostatic discharge , 
inadvertent ignition command and auto-ignition. 
Each would have caused a rapid increase in the 
Orbiter payload bay temperature and pressure, 
and would have been immediately followed by 
structural damage to the payload bay doors . The 
payload bay temperatures remained essentially 
constant , and the Orbiter photographic and 
telemetry data indicated the payload doors re­
mained closed and latched from lift off until signal 
loss . 27 Both indications verified that there was no 
ignition of the IUS solid rocket motors . 

An IUS component explosion or fire could 
have damaged critical systems in the Orbiter by 
overheating or impact. Five sources other than 
an upper stage motor pre-ignition were identified 
as potential origins of a fire or explosion in the 
payload bay: ( 1) release and ignition of IUS 
hydrazine from the reaction control system tanks , 
(2) fire or explosion from an IUS battery,. (3) im-
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pact or rupture of a motor case and subsequ:nt 
ianition of exposed propellant, (4) fire of electrical 
o;:,rigin due to a short, and (5) fire or inadvertent 
ignition of pyrotechnic devices due to radi? fre­
quency radiation. Thermal measurements m the : 
propellant tank and in components adjacent to 
the propellant tanks indicated no abnormalities . 
Pre-launch and thermal measurements in the Or­
biter payload bay and in TDRS near the reac­
tion control system were stable throughout the 
ascent period. A fire and/or explosion resulting 
in shrapnel from an IUS battery was eliminated 
based on pre-launch monitoring of open circuit 
voltages on all batteries, except the support equip­
ment batteries. Location of these batteries made 
the potential for damage to critical systems very 
small if they burned or exploded. Motor case im­
pact or rupture and resulting exposure and pro­
pellant ignition was determined improbable be­
cause batteries and ·reaction control system burn­
ing or explosion were eliminated by flight data 
analysis. They were the only potential sources for 
IUS heating and high velocity shrapnel. Pro­
pellant burning was not indicated by payload bay 
thermal measurements. Electrical shorting was 
eliminated as a fire source in the payload bay 
because IUS electrical and Orbiter voltage 
monitors were normal at launch and during STS 
51-L ascent. Fires initiated by radio frequency 
radiation due to inadvertent IUS, TDRS, or 
ground emittance were eliminated because data 
showed worst case radio frequency radiation dur­
ing ascent was less than ground-emitted radia­
tion to the payload bay during pre-launch check­
out. The ground-emitted radiation was within 
specified limits. 

IUS/TDRS payload shifting or breaking free 
within the Orbiter due to structural failure or 
premature separation was investigated. Such a 
shift could have resulted in severe Orbiter damage 
from a direct impact, or could have induced a 
significant shift in the Challenger vehicle center 
of gravity and possibly affected flight control. 28 

Four possible faults that could have led to Or­
biter damage or substantial payload shift were 
considered: IUS stage 2/TDRS separation, IUS 
stage 1/stage 2 separation , IUS/TDRS separa­
tion from the airborne support equipment and 
!US/airborne support equipment separation from 
Orbiter. All were eliminated because dynamic 
response data conclusively showed that 
IUS/TDRS responded normally until the final 
loss of data. Further, TDRS data, which pass 
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• through the IUS stage 1/ stage 2 and support 
equipment , were continuous until data loss, verify­
ing that these elements did not separate . 

The TDRS spacecraft weighs approximately 
4,905 pounds and is 9.5 1~et in diameter and 19.5 
feet long. The forward 11 feet contain six 
deployable appendages, two solar arrays , one 
space-ground link antenna, and two single access 
antennas. The spacecraft body structure consists 
of a payload structure and a spacecraft structure. 
These.structures house the tracking and telemetry 
and command subsystem, power subsystem, ther­
mal control subsystem, ordnance subsystem, 
reaction control subsystem and attitude control 
subsystem. 

Telemetry data were transmitted from TDRS 
from approximately 48 hours prior to launch 
through signal loss. The telemetry system was 
functioning properly, and the data indicated that 
the telemetry processor was in its normal opera­
tional mode and all power supply voltages and 
calibration voltages were normal. There were no 
changes through the countdown to the time of 
structural breakup , when all telemetry abruptly 
halted. The telemetry tracking and control sub­
systems command and tracking elements were in­
active during the countdown through ascent, and 
no changes were noted, indicating that the TDRS 
was not commanded to alter its launch 
configuration. 

~-

The TDRS power subsystem had a total of 138 
. telemetry indications. These were the main data 
source used to determine the power subsystem 
activity . Analyzing this telemetry showed all sub­
system elements performed normally . 

The TDRS thermal control subsystem was 
designed to maintain proper temperatures 
primarily by passive means. Also , there is a ther­
mostatically controlled heater system to ensure 
minimum required temperatures are maintain­
ed. The thermal subsystem was monitored by 82 
configuration status indicators and 137 analog 
temperature channels. This telemetry showed 
that the TDRS remained in its normal thermal 
configuration and experienced normal 
temperatures until signal loss. 

No data indicated that the IUS separated from 
TDRS, that any deployable appendage ordnance 
had been fired or that any appendage motion had 
begun. 

The TDRS reaction control system was inac­
tive at launch and required an IUS command and 
two ground commands to activate any propellant. 



Telemetry indicated no valve actuation, changes 
in tank pressures or temperatures, or propellant 
line temperature violations. Further, there was 
no telemetry that would suggest a hydrazine 
leakage or abnormality arid no indications that 
the TDRS reaction control system contributed 
to the accident. 

During the launch phase, the attitude control 
subsystem was disabled except for the: gyros and 
associated electronics necessary to provide 0 the 
telemetry. All telemetry parameters reflecting at­
titude control subsystem configuration remain­
ed normal and unchanged during the STS 51-L 
pre-launch and post-launch periods. 

The TDRS was mounted in a cantilevered 
fashion to the IUS by an adapter ring that pro­
vided structural, communications and power in­
terfaces. Structural integrity loss indications 
would have been observed by interruptions in 
telemetry or electrical power. TDRS telemetry 
during the launch phase was transmitted by elec­
trical cable to the IUS and interleaved with up­
per stage data. If separation had occurred at 
either the TDRS/IUS interface or the !US/sup­
port equipment interface, TDRS data would have 
stopped. There was no abnormal telemetry until 
signal loss of all vehicle telemetry. TDRS also 
received power from the Shuttle via the IUS 
through the same interfaces. There were no in­
dications ofTDRS batteries coming on line. This 
indicates that structural integrity at the TDRS 
and IUS interfaces was maintained until the 
structural breakup. Additionally, an inspection 
of the recovered debris gives the following indica­
tions that the TDRS/IUS remained intact until 
the structural breakup. First, the separation bank 
lanyards frayed at the end where they attached 
to the band, indicating that the spacecraft was 
pulled forcefully from the adapter. Second, the 
V-groove ring structure at the top of the adapter 
was torn from its riveted connection to the 
adapter, indicating that a strong shear existed be­
tween the spacecraft and IUS which would only 
be generated if the two were still attached. Final­
ly, the adapter base was torn where it attached 
to the IUS, again indicating high tension and 
shear forces. There were no indications from 
telemetry or recovered debris that showed that 
the structural integrity of the satellite or the 
satellite/stage interface had been compromised . 

The TDRS records at Kennedy were review­
ed for technical correctness and to verify that no 
open safety related issues existed. There were no 

findings that revealed unsafe conditions or that 
any safety requirements had been violated or 
com promised. 

A review and assessment of Spartan Halley 
performance was conducted to establish any 
possible contributions to the STS 51-L accident. 
The Spartan Halley was unpowered except for 
the release/engage mechanism latch monitor. Its 
electrical current was in the order of milliamps 

-~nd the telemetry records obtained from the Or-
-bite.r indicated that the latches were in the prop-
er corifiguration and thus Spartan Halley re- . 
mained firmly attached during flight. In addition, 
the TDRS spacecraft data indicated there was no 
interaction from Spartan. Therefore, the Spar­
tan Halley and its support structure remained in­
tact. The payload bay temperature in the vicini­
ty of Spartan was 55 degrees Fahrenheit in­
dicating no abnormal thermal conditions. 

As a result of detailed analyses of the STS 51-L 
Orbiter, the payload flight data, payload 
recovered hardware, flight film, available payload 
pre-launch data and applicable hardware process­
ing documentation, the Commission concluded that 
the payload did not cause or contribute to the cause of 
the accident. 

S~lid Rocket Booster 
The Solid Rocket Booster comprises seven sub­

systems: structures, thrust vector control, range 
safety, separation, electrical and instrumentation, 
recovery, and the Solid Rocket Motor. 

All recovered Solid Rocket Booster pieces were 
visually examined, and selected areas were ex­
tracted for chemical and metallurgical analysis. 

The exterior surfaces of the Solid Rocket 
Boosters are normally protected from corrosion 
by an epoxy resin compound. There were several 
small areas where this protective coating was 
gouged or missing on the pieces recovered and, 
as a result, the exposed metallic surfaces in the 
areas were corroded. The damage to the protec­
tive coating was most likely the result of detona­
tion of the linear shaped charges and water im­
pact. There was no obvious evidence of major ex­
ternal flame impingement or molten metal found 
on any of the pieces recovered. All fracture sur­
faces exhibited either the characteristic markings 
of rapid tensile overload, a complete bending 
failure due to overload, or a separation fracture 
due to the detonation of the linear shaped charges. 

51 



'! 

Other pieces of the right Solid Rocket Motor aft 
field joint showed extensive burn damage, 
centered at the 307 degree position . 

Most of the Solid Rocket Motor case material 
recovered contained pieces of residual unburned 
propellant still attached to.the inner lining of the 
case structure. 29 The severed propellant edges 
were sharp , with no unusual burn patterns . Pro­
pellant recovered with a forward segment of the 
booster exhibited the star pattern asso~iated with 
the receding shape of the propellant at the front 
end of the Solid Rocket Motor. There was no 
evidence found of propellant grain cracking or 
debonding on the pieces recovered. Casting flow 
lines could be distinguished on the propellant sur­
faces in several areas. This is a normal occurrence 
due to minor differences in the propellant cast 
during the installation of the propellant in the 
motor case structure . 

Hardness tests of each piece of the steel casing 
material were taken before the propellant was 
burned from the piece. All of the tests showed 
normal hardness values. 

One of the pieces of casing showed evidence 
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of O-ring seal tracks on the tang of the field joint. 
The tracks were cleaned with hexane to remove 
the grease preservative that had been applied after 
recovery of the piece, and samples of the track 
material were removed for analysis. Chemical 
analysis of the track material showed that the 
tracks were not composed of degraded O-ring seal 
material. 

The possible Solid Rocket Booster faults or 
failures assessed were: structural overload , Solid 

~o_cket Motor pressure integrity violation, and 
prematur_e linear shaped charge detonation . 

Reconstructed lift off and flight loads were 
compared with design loads to determine if a 
structural failure may have caused the accident. 
The STS 51-L loads were within the bounds of 
design and capability and were not a factor. 
Photographic and video imagery confirmed that 
both Solid Rocket Boosters remained structural­
ly intact until the time of the explosion except for 
the leak observed on right Solid Rocket Motor. 

The possibility that the range safety system 
prematurely operated, detonating the linear 
shaped charges was investigated. The linear 
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Reconstructed STS 51-L Loads Compared to Measure and Design Loads Figure 9 

Measured Net Load Recon- Design 
. . . . - structed Loads 

Aft ET/SRB STS 1 STS 2 STS 3 STS 5 STS 6 STS 7 STS51-L 
Struts (LB1x10.3) (LB1x1U3

) (LB1x1 0.3) (LB1x10.3) (LB1x1U3
) (LB1x10.3) (LB1x1U3

) (LB1x10.3) 

P8 -86 -93 -78 -55 -76 -76 -139 -306 

pg 142 126 .. 141 120 122 120 138 393 

P10 -150 -128 -105 - . ---j14 - • -105 -116 -108 -306 

P11 -93 -75 .:... 71 -58 ::-85 -71 -141 -306 

P12* 137 138 124 116 - 116 121 140 393 

P13 -172 -108 -111 -111 -102 -106 -94 -306 

•Strut Nearest Point of Failure Aft External Tank/Solid Rocket Booster Liftoff Strut Loads 
LBt = Pounds Force 

Table compares External Tank/Solid Rocket Booster strut 
loads for first seven Shuttle flights with those for the mission 
51-L launch and the strut design loads for the vehicle. 

shaped charges were photographically observed 
co destroy both Solid Rocket Boosters at 110 
seconds after launch when commanded to do so 
by the Range Safety Officer and therefore could 
not have discharged at 73 seconds after launch 
causing the accident. The possibilities of the Solid 
Rocket Boosters separating prematurely from the 
External Tank, the nozzle exit cone premature­
ly separating or early deployment of the recovery 
system were examined. Premature activation of 
the separation system was eliminated as a cause 
of failure based on telemetry that showed no 
separation commands. There were no indications 
that the nozzle exit cone separated. The recovery 
system was observed photographically to activate 
only after the Solid Rocket Boosters had exited 
the explosion. 

In addition to the possible faults or failures, 
STS 51-L Solid Rocket Booster hardware 
manufacturing records were examined in detail 
to identify and evaluate any deviations from the 
design, any handling abnormalities or incidents, 
any material usage issues , and/or other indica­
tion of problems that might have importance in 
the investigation . Based on these observations, the 
Commission concluded that the left Solid Rocket Booster, 
and all components of the right Solid Rocket Booster, ex­
cept the right Solid Rocket Motor, did not contribute to 
or cause the accident. 

The Right Solid Rocket Motor 
As the investigation progressed , elements 

assessed as being improbable contributors to the 
accident were eliminated from further considera-

tion . This process of elimination brought focus 
to the right Solid Rocket Motor. As a result , four 
areas related to the functioning of that motor 
received detailed analysis to determine their part 
in the accident: 

■ Structural Loads Evaluation 
■ Failure of the Case Wall (Case Membrane) 
■ Propellant Anomalies 
■ Loss of the Pressure Seal at the Case Joint 

Where appropriate, the investigation considered 
the potential for interaction between the areas. 

Structural Loads Evaluation 
Structural loads for all STS 51-L launch and 

flight phases were reconstructed using test­
verifjed models to determine if any loading con­
dition exceeded design limits . 

Seconds prior to lift off, the Space Shuttle Main 
Engines start while the Solid Rocket Boosters are 
still bolted to the launch pad. The resultant thrust 
loads on the Solid Rocket Boosters prior to lift 
off were derived in two ways: ( 1) through strain 
gauges on the hold-down posts, and (2) from 
photographic coverage of Solid Rocket Booster 
and External Tank tip deflections. These show­
ed that the hold-down post strain data were within 
design limits. The Solid Rocket Booster tip deflec­
tion ("twang") was about four inches less than seen 
on a previous flight , STS-6 , which carried the 
same general payload weight and distribution as 
STS 51-L. The period of oscillation was normal. 
These data indicate that the Space Shuttle Main 
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Shuttle Strut Identification 

Forward External Tank/Orbiter attachment 

Forward External Tank/ 
Solid Rocket Booster 
area of attachment 

Figure 10 
Drawing of transparent External Tank, with right Solid 
Rocket Booster on far side, shows location of struts 
measured in table of strut loads. (Figure 9) 

Engine thrust buildup , the resulting forces and 
moments, vehicle and pad stiffness, and 
clearances were as expected . The resultant total 
bending moment experienced by STS 51-L was 
291 x 106 inch-pounds, which is within the 
design allowable limit of 34 7 x 106 inch-pounds. 

The STS 51-L lift off loads were compared to 
design loads and flight measured loads for STS-1 
through STS-7 (Figure 9). The Shuttle strut iden­
tification is shown in Figure 10 . The loads 
measured on the struts are good indicators of 
stress since all loads between Shuttle elements are 
carried through the struts. The STS 51-L lift off 
loads were within the design limit. 

Because the Solid Rocket Motor field joints 
were the major concern, the reconstructed joint 
loads were compared to design loads. Most of the 
joint load is due to the booster's internal pressure , 
but external loads and the effects of inertia 
( dynamics) also contribute . The Solid Rocket 
Motor field joint axial tension loads at lift off were 
within the design load limit (17 .2 x 106 pounds). 
The highest load occurred at the forward field 
joint, 15.2 x 106 pounds. The mid-joint load was 
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Aft External Tanl</Orbiter attachment 

Aft External Tank/ 
Solid Rocket Booster 
area of attachment 

*Nearest to 
Point of Failure 

13.9 x· 106 pounds, while the aft joint showed 
13. 8 x 106 pounds load. 

Loads were constructed for all in-flight events , 
including the roll maneuver and the region of 
maximum dynamic pressure. A representative 
measure of these loads is the product of dynamic 
pressure ( q) and the angle of attack (a). Since the 
Shuttle is designed to climb out at a negative 
angle of attack, the product is a negative number. 
The loads 'in the q x a pitch plane are shown 
in Figure 11. Although the q x a variations in 
loads due to wind shear were larger than ex­
pected, they were well within the design limit 
loads. 

The Solid Rocket Motor field joint axial ten­
sion loads were substantially lower at maximum 
dynamic pressure than at lift off: 11 . 6 x 106 

pounds for the forward field joint and 10. 6 x 106 

pounds for the aft field joint . Compared to the 
internal pressure loads, the dynamic variations 
due to wind shear were small- about ½s those 
of the pressure loads. These loads were well below 
the design limit loads and were not considered the cause 
of the accident. 
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The loads in the pitch plane are shown by the solid line 
marked "STS 51-L RECONST." The curve 'STS 51-L 
PREDICTED" give the loads expected before the flight. The 
dashed lines show the limit of experience from STS-1 through 
61-8. The present design limits are the two lines marked "OV 

Assumed Inhibitor Flaw 

---- 1 
Figure 12 
Sketch shows location of assumed inhibitor flaw used in 
eliminating such a problem as a possible cause. 

1.8 2.0 2.2 

72 74 75 

102/099 WING LIMIT" above, and "ET/SRB CAP. ASSESS­
MENT LIMIT LINE" below. (After STS-6, the wing was 
strengthened.The previous design limits were · ET/SRB IVBC 2 
DESIGN ENVELOPE" below, and a curve in the positive 
region of q x ex above) 

Case Membrane Failure 
The case membrane is the half-inch thick steel 

wall of the rocket between the joints . The 
possibility that the failure was initiated by 
anomalies associated with the case membrane was 
evaluated by analysis of design and test criteria. 
Potential failure modes were constrained by the 
following flight data and photographic observa­
tions: 

( 1) A burn through the membrane would have 
to occur at or near the aft field joint. 

(2) The failure could have little or no influence 
on motor internal pressure since no devia­
tion in pressure occurred prior to 60 
seconds . 

(3) The failure must cause a burn through the 
membrane in 58 seconds. 

The hypothesis of a membrane failure requires 
that the initial smoke observed at 0.678 seconds 
was an independent occurrence. It is an unlikely 
hypothesis for initiation of the accident. Fracture 
mechanics analysis indicates that a hole in the 
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Cutaway view of the Solid Rocket Booster showing Solid 
Rocket Motor propellant and aft field joint 
Figure 13 

Nozzle and Thrust Vector 
Control System 

4 Separation Motors 
22,050 lb thrust each 

,< 
~3.8 m (12.4 ft) 
Outside Diameter 

' 

Solid Rocket Motor 
Aft Field Joint _ ... __ =-:.- .-_-

Solid Propellant 
Booster-External Tank Attachment 
Ring, Aft Avionics and Sway Braces 

Dimensions 

Length . .. .. ..... 149.16 ft (45.46 m) 
Diameter ... ... .. . 12.17 ft (3.70 m) 

Main Parachutes (3) 

4 Separation Motors I 
22,050 lb thrust each / 

Drogue Chute / L 
SAS-External Tank 
Thrust Attachment 

~ -( 
,l • ........_ 

Rate Gyro Assemblies (3), 
Separation Avionics, Operational 
Flight Instrumentation, Recovery 

Frustum 
Nose Fairing 

Avionics, and Range Safety System 

case larger than one inch would cause the entire 
case to rupture in a few milliseconds. This would 
give rise to the appearance of a large longitudinal 
flame, an event that is contrary to the flight films. 

Evaluation of potential insulation or inhibitor 
( see Figure 12) flaws against the three criteria 
above resulted in elimination of all candidates ex­
cept a defect in the forward-facing inhibitor. This 
potential failure mode was evaluated by assum­
ing a 1-inch-diameter hole in the inhibitor. 
Analysis indicated that the change in motor in­
ternal pressure resulting from this failure would 
probably not be detected. However, an erosion 
rate substantially higher than the observed values 
would be required to burn through the membrane 
by 58 seconds. In addition, the assumed flaw is 
unlikely since the inhibitor is constructed by 
vulcanizing eight individual plies of the material. 
Subsequent damage of the magnitude required 
is improbable and would be easily detected . 

A review of the segment inspection and of proof 
tests was conducted. Prior to vehicle assembly , 
each segment was pressurized to 112 percent of 
the maximum design operational pressure . A 
magnetic particle inspection of each membrane 
was then conducted. These procedures are 
designed to screen critical flaws , and are capable 
of detecting cracks greater than 0.1 inches. Frac-
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ture mechanics analysis indicates that a flaw 0.1 
inch long and 0. 050 inch deep would grow to only 
0 .122 inches long and O. 061 inches deep in 80 
uses of the segment. This flaw would be less than 
the critical size required to cause case rupture. 
Furthermore, as noted previously, a failure 
resulting in a case rupture is not consistent with 
photographic observations. 

Subsequent to these evaluations, sections of the 
right Solid Rocket Motor case containing holes 
burned through in the area of the aft field joint 
were recovered. Assessments of the sections do not sup­
port a failure that started in the membrane and progress­
ed slowly to the Joint; or one that started in the mem­
brane and grew rapidly the length of the Solid . Rocket 
Motor segment. 

Propellant 
An examination of propellant characteristics 

and flight data was accomplished to determine 
if any anomalous conditions were present in the 
STS 51-L right Solid Rocket Motor. Propellant 
cracking and propellant mean bulk temperatures 
were evaluated. 

Historically, the propellant family used in the 
Solid Rocket Motor (TP-H1148) has exhibited 
good mechanical properties and an absence of 
grain structural problems. Should a crack occur , 



however, the effects would be evident by changes 
in chamber pressure. Shortly after lift off, the STS 
51-L right Solid Rocket Motor chamber pressure 
was 22 pounds per square inch higher than that 
of the left solid. This W(?uld correlate to a 
postulated radial crack through the grain span­
ning a 90-degree , pie-shaped wedge of the solid . 
However, with a crack of this nature, the 
chamber pressure would have remained high for 
approximately 60 seconds. Telemetry shows that 
the right Solid Rocket Motor chamber pressure 
did not remain high past 20-24 seconds and, 
therefore, the existence of a propellant crack was 
ruled out. 

Propellant mean bulk temperature calculations 
were made using the ambient temperature over 
the two-week period prior to launch. The lowest 
bulk temperature experienced was 5 7 degrees 
Fahrenheit on the day of the launch. This was 
17 degrees Fahrenheit above the minimum 
specified. 

Based on this assessment and subscale lot­
acceptance motor-firing evaluations, it is im­
probable that propellant anomalies contributed to the STS 
51-L accident. 

Joint Seal Failure 
Enhanced photographic and computer-graphic 

positioning determined that the flame from the 
right Solid Rocket Booster near the aft field joint 
emanated at about the 305-degree circumferen­
tial position. ·The smoke at lift off appeared in 
the same general location. Thus, early in the in­
vestigation the right Solid Rocket Booster aft field 
joint seal became the prime failure suspect. This 
supposition was confirmed when the Salvage 
T earn recovered portions of both sides of the aft 
joint containing large holes extending from 291 
degrees to 318 degrees. Several possible causes 
could have resulted in this failure. These possi­
ble causes are treated in the following paragraphs 
of this report. 

During stacking operations at the launch site, 
four segments are assembled to form the Solid 
Rocket Motor. The resulting joints are referred 
to as field joints, located as depicted in Figures 
8. and 13. Joint sealing is provided by two rub­
ber 0-rings with diameters of O. 280 inches 
( + 0.005, - 0.003), which are installed, as re­
ceived from Morton Thiokol, during motor 
assembly. 0-ring static compression during and 
after assembly is dictated by the width of the gap 

between the tang and "the inside leg of the clevis. 
This gap between the tang and clevis at any loca­
tion after assembly is influenced by the size and 
shape ( concentricity) of the segments as well as 
the loads on the segments. Zinc chromate putty 
is applied to the composition rubber (NBR) in­
sulation face prior to assembly. In the assembled 
configuration the putty was intended to act as a 
thermal barrier to prevent direct contact of com­
bustion gas with the 0-rings . It was also intended 

-that the 0-rings be actuated and sealed by com­
bustion. gas pressure displacing the putty in the 
space bet0een the motor segments (Figure 14). 
The displacement of the putty would act like a 
piston and compress the air ahead of the primary 
0-ring, and force it into the gap between the tang 
and clevis. This process is known as pressure ac­
tuation of the 0-ring seal. This pressure actuated 
sealing is required to occur very early during the 
Solid Rocket Motor ignition transient, because 
the gap between the tang and clevis increases as 

Segment Tang 

Leak Test Port t 
Plug and Packing 

Grease Bead 
~ 

Pi 
Retainer Ban 

Clevis Pin 

Segment Clevis 

Figure 14 

Propellant 

Insulation 
_...;....:-~~ l Primary O-Ring 

'\ Secondary 
. ) O-Ring 

Propellant 
Relief Flap 

---c;::,,-\ 
Forward Facing 

r 
Inhibitor 

Insulation 

Propellant 

Solid Rocket Motor cross section shows positions of tang, 
clevis and O-rings. Putty lines the joint on the side toward the 
propellant. 
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pressure loads are applied to the joint during 
ignition . Should pressure actuation be delayed to 
the extent that the gap has opened considerably, 
the possibility exists that the rocket's combustion 
gases will blow by the 0-ring and damage or 
destroy the seals. The principal factor influenc· 
ing the size of the gap opening is motor pressure; 
but, gap opening is also influenced by external 
loads and other joint dynamics. The investiga­
tion has shown that the joint sealing performapce 
is sensitive to the following factors, either -in­
dependently or in combination: 

(a) Damage to the joints/seals or generation 
of contaminants as joints are assembled as 
influenced by: 
(1) Manufacturing tolerances. 
(2) Out of round due to handling. 
(3) Effects of reuse. 

(b) Tang/clevis 'gap opening due to motor 
pressure and other loads. 

( c) Static 0-ring compression. 
( d) Joint temperature as it affects 0-ring 

response under dynamic conditions 
(resiliency) and hardness. 

( e) Joint temperature as it relates to forming 
ice from water intrusion in the joint. 

(f) Putty performance effects on: 
(1) 0-ring pressure actuation timing. 
(2) 0-ring erosion. 

The sensitivity of the 0-ring sealing perform­
ance to these factors has been investigated in ex­
tensive tests and analyses. The sensitivity to each 
factor was evaluated independently and in ap­
propriate combinations to assess the potential to 
cause or contribute to the 51-L aft field joint 
failure. Most of the testing was done on either 
laboratory or subscale equipment. In many cases, 
the data from these tests are considered to be 
directly applicable to the seal performance in full 
scale. However, in some cases there is con­
siderable uncertainty in extrapolating the data to 
full-scale seal performance. Where such is the 
case, it is noted in the following discussions . 

Assemb?_y Damage/ Contamination 
It is possible that the assembly operation could 

influence joint sealing performance by damaging 
the 0-rings or by generating contamination. The 
shapes of the solid rocket segments which include 
the tang and clevis, are not perfect circles because 
of dimensional tolerances, stresses, distortions 
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SRB Joint Tang/Clevis Interference 

Premate Measurements of the Tang and Clevis 
- - (Not to Scale) 

Represents a "Positive" 
Difference (Dr - De) 

De 

Represents A "Negative" , 
ome,ence (D,-Dcl ~ 

De ~ .n 
Measurements Made on Both Segments 
(Tang & Clevis) at Six Locations 

Dr= Outside Diameter of Tang 

De = Inside Diameter of 
Clevis Outer Leg 

Figure 15 
Sketch shows how diameters of tang and clevis are measured 
to assure proper fit of two Solid Rocket Motor segments. 

:-.-------------------- " ·--·" -
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from previous use, and the effects of shipping and 
handling. The most important effect is from the 
load of propellant, a plastic and rubbery material, 
which can take a set that relaxes very slowly . F_or 
example, since the segments· are shipped in :a . 
horizontal position on railroad cars, their weight 
can make them somewhat elliptical - a shape they 
can maintain for some time. At assembly, after 
the lower segment (with the clevis on top) is 
placed vertically , the tang of the next segment is 
lowered into it. To make the fit easier, the up­
per segment is purposely reshaped by connecting 
the lifting crane in an appropriate position and, 
on occasion (51-L was one of these), directly 
squeezing the tang section with a special tool. To 
monitor the fit, the diameters of the clevis, De, 
and the tang, DT (Figure 15) are measured at 
six positions 30 degrees apart , and difference of 
these measurements (DT - De) are noted. 
When these differences are such that the tang en­
croaches somewhat into the outer clevis, slanted 
edges (chamfers) permit the pieces to slide 
together. If the difference is too great, flat areas 
of the tang meet flat areas of the clevis. What real­
ly counts , of course, are differences of radii , which 
diameter measurements alone do not determine, 
for one does not know during the assembly how 
far off the centers are. This is a circumstance to 
be avoided , but one that can be detected during 
assembly. Experience has shown that a diameter 
difference ofless than + 0 .25 inches usually per­
mits assembly without a flat-on-flat condition aris­
ing. A negative diameter difference means the 
tang encroaches on the inside of the clevis . The 
possibility was noted that contaminants from 
sliding metal and direct O-ring pinching might 
occur if this overlap is large . If it is too great , a 
flat-on-flat condition can arise inside the joint 
where it is very difficult to see. These dimensions 
shift as the pieces slide together and they change 
further as the propellant stresses relax during the 
period between assembly and launch. Therefore, 
a condition such as that which occurred during 
assembly of the aft segment for flight 51-L, 
wherein the maximum interference between tang 
and clevis at the O-rings was at approximately 
3_00 degrees, may or may not have persisted un­
til launch- seven weeks after assembly. 

The O-rings are heavily greased to prevent 
damage . This grease adds another element of 
uncertainty to the configuration and action of the 
seal under pressurization , especially at low 
tern peratures . 

Testing was conducted during the investiga­
tion to evaluate the potential for assembly damage 
and contaminant generation, and its effect on seal 
performance. A sub-scale section of a field joint 
was configured in-a test fixture and simulated 
assembly operations were conducted. This sec­
tion was much stiffer than the full-scale booster 
segments and did not fully simulate actual 
assembly conditions. However, under these test 
circumstances, metal slivers were generated dur­
ing situations wherein the tang flat overlapped 
the flat en~ of the clevis leg by 0 .005 to 0 .010 
inches. The metal slivers in turn were carried into 
the joint and deposited on and around the O­
rings . A second finding from this test series was 
that the O-ring section increased in length as the 
tang entered the clevis and compressed the O­
ring diameter. ·The implication of this finding is 
that canted tang entry in a full diameter segment, 
while unlikely, could chase the O-ring around the 
circumference, resulting in gathering (bulging 
from the groove) on the opposite side. This could 
make the O-ring more vulnerable to damage . 
There is no known experience of such bulging 
during previous assemblies. 

To understand the effects of potential con­
taminants on sealing performance, tests were con­
ducted employing metal contaminants simulating 
those generateq in the segment assembly tests. 
The tests were to determine if joints with metal 
shavings positioned between the O-ring and seal­
ing surface could pass a static leak check but fail 
under dynamic conditions. The contaminants 
that passed the 50 pounds per square inch leak 
check were between 0.001 and 0.003 inches thick. 
Testing to determine seal performance under 
dynamic conditions with these representative con­
taminations is not complete. However, the 
possibility cannot be dismissed that contamina­
tion generated under some assembly conditions 
could pass a leak check and yet cause the seal to 
leak under dynamic conditions. 

A second concern was structural damage to the 
clevis due to abnormal loading during assembly. 
An analysis was made to determine the deflec­
tions and stresses experienced during assembly 
of the right Solid Rocket Motor aft center seg­
ment to the aft segment. These stresses were then 
used in a fracture mechanics analysis of the O­
ring groove to detemine the maximum flaw size 
that would not fail under the 51-L case segment 
life cycle history . Included in this analysis was 
the single point load needed to deflect a suspended 

59 



,. 

segment to the side by 0.200 inches, and the max- with the time history of the gap opening det"er-
imum stress on the case clevis that this causes . mined the minimum and maximum gap condi-
The analysis further addressed a condition that tions used for testing the capability of the 0-rings 
has been encountered, where the tang sits on top to seal. 
of the inner clevis leg on one side and slip& down The joint deflection analysis established time 
into the clevis groove on the opposite side. histories for gap ope_nings for primary and sec-

The result of this analysis is that the stresses ondary 0-rings for all field joints. For the aft field 
induced during the operation were low and would joints these data indicate gap opening increases 
not have resulted in hardware damage. Also, the of approximately 0.029 inches and 0.017 inches 
stresses would have resulted in significant growth for the primary and secondary 0-rings respec-
of an undetected flaw, which then would be de-=-=·.: tively. These values were used for sub-scale 
tectable by inspection on its next use. dynamic tests. Due to differences in motor 

Gap Opening 
The gap to be sealed between the tang and the 

inside leg of the clevis opens as the combustion 
gas pressure nses. This gap opening was 
calculated as a function of pressure and time by 
an analysis that was calibrated to joint deflections 
measured on a structural test article. The analysis 
extended the results beyond test calibration con­
ditions to include propellant effects and external 
loads. The initial static gap dimensions combined 
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Drawings show how tang/clevis joint deflects during 
pressurization to open gap at location of O-ring slots. Inside of 
motor case and propellant are to left in sketches. 
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pressure and loads, the gap opening increases for 
forward field joints are approximately 0.008 
inches greater than for the aft field joints . G ap 
opening changes (called delta gap openings) ver­
sus time are shown in Figure 1 7 for the aft field 
joints. The total gap at any time also depends on 
the initial static gap, on rounding effects during 
segment pressurization, and on loadings due to 
struts and airloads. Sub-scale tests were run con­
taining combinations of the above variables , but 
did not include the effects of the struts and 
airloads . 

Right Hand SRM Aft Field Joint Primary And 
Secondary Delta Gap Opening 
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Figure 17 Time, MS 
Graph plots changes in right booster's aft field joint primary 
and secondary gap openings. Horizontal scale is time in 
mill iseconds from ignition. 
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High 
Pressure 

~Tang~ 

--1 .004* 

• May Vary Depending 
on Size of O-Ring 
and Groove 

Nominal 0-Ring Dia.(. 28 in) 
Average Groove Size 

~ing Model in Groove 
(Undeformed) 

0-Ring Compressed 
0.035 Inches 

o-Ring Compressed to 
Seal Groove Sides 

Figure 18 
Drawings show how progressive reduction of gap between 
tang and clevis can inhibit and eventually block motor cavity's 
high-pressure flow from getting behind O-ring . 

O-Ring Compression at Launch (Static) 
As noted previously, diameters measured just 

prior to assembly do not permit determination 
of conditions at launch because, among other 
things , the propellant slowly relaxes. For STS 
51-L, the difference in the true diameters of the 
surfaces of tang and clevis measured at the fac­
tory was 0 .008 inches. Thus, the average gap at 
the O-rings between the tang and clevis was 0.004 
inches. The minimum gap could be somewhat 
less, and possibly met_al-to-metal contact (zero 
gap) could exist at some locations. 

During the investigation, measurements were 
made on segments that had been refurbished and 
reused . The data indicate that segment cir­
cumferences at the sealing surfaces change with 
repeated use . This expectation was not unique 
to this joint. 

Recent analysis has shown and tests tend to 
confirm that O-ring sealing performance is 
significantly improved when actuating pressure 
can get behind the entire face of the O-ring on 
the upstream side of the groove within which the 
O-ring sits (Figure 18). If the groove is too nar­
row or if the initial squeeze is so great as to com­
press the O-ring to the extent that it fills the en­
tire groove and contacts all groove surfaces, 
pressure actuation of the seal could be inhibited. 
This latter condition is relieved as the joint gap 
opens and the O-ring attempts to return to its un­
compressed shape. However, if the temperature 
is low , resiliency is severely reduced and the O­
ring is very slow in returning towards its original 
shape . Thus , it may remain compressed in the 

groove, contact all three surfaces of that groove, 
and inhibit pressure actuation of the seal. In ad­
dition , as the gap opens between the O-ring and 
tang surface allowing pressure bypass, O-ring ac­
tuation is further inhibited. 

Two sub-scale dynamic test fixtures were 
designed and built that simulated the initial static 
gap, gap opening rate, maximum gap opening 
and ignition transient pressures. These fixtures 
were tested over a temperature range with vary­
ing initial static gap openings . A summary of 
results with '. initial gap openings of 0. 020 and 
0. 004 inches is provided in Figure 19. The results 
indicate that with a 0.020-inch maximum initial 
gap, sealing can be achieved in most instances 
at temperatures as low as 25 degrees Fahrenheit, 
while with the 0.004-inch initial gap, sealing is 
not achieved at 25 degrees Fahrenheit and is 
marginal even in the 40 and 50 degree Fahrenheit 
temperature range . For the 0.004-inch initial gap 
condhion, sealing without any gas blow-by, did 
not occur consistently until the temperature was 
raised to 55 degrees Fahrenheit. To evaluate the 
sensitivity to initial gap opening, four tests were 
conducted at 25 degrees Fahrenheit with an in­
itial gap of 0.010 inch. In contrast to the tests at 
a 0.004 inch gap, these tests resulted in sealing 
with some minimal O-ring blow-by observed dur­
ing the sealing process . 

These tests indicate the sensitivity of the O-ring 
seals to temperature and O-ring squeeze in a joint 
with the gap opening characteristics of the Solid 
Rocket Motors. 

It should be noted that the test fixture placed 
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Summary of Dynamic Test Results 

MTI MSFC 

70 

60 

55 

50 

40 

25 

10 
( ) -Number of Tests 
BLANK -No Apparent Leakage or Blow-By 
PL -Primary 0-Ring Leak 

0 PB -Primary 0-Ring Blow-By 
SL -Secondary 0-Ring leak 

-10 
SB -Secondarx o-Ring Blow-By 

-Data Under Evaluation 

- SEALS WITH NO . LEAKAGE OR BLOW-BY 

Figure 19 
Table plots results of tests of .004 and .020 inch initial gap 
openings over the range of temperatures in left hand vertical 
column. 

the O-rings at a specific initial gap and squeeze 
condition uniformly around the circumference. 
It is not certain what the effect of differences in 
circumferential gaps might be in full size joints. 
Such effects could not be simulated in the sub­
scale test results reported above. 

Join_t Temperature 
Analyses were conducted to establish STS 51-L 

joint temperatures at launch. Some differences 
existed among the six 51-L field joints. The joints 
on the right Solid Rocket Motor had larger cir­
cumferential gradients than those on the left 
motor at launch. It is possible that the aft field 
joint of the right Solid Rocket Booster was at the 
lowest temperature at launch, although all joints 
had calculated local temperatures as low as 28 ± 5 
degrees Fahrenheit. Estimated transient 
temperature for several circumferential locations 
on the joints are shown for the right Solid Rocket 
Motor aft field joint and the left motor aft field 
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c::::J DOES NOT SEAL 

JOmt in Figures 20 and 21. These data are 
representative of other joints on the respective 
Solid Rocket Motors. 

The investigation has shown that the low 
launch temperatures had two effects that could 
potentially affect the seal performance: ( 1) O-ring 
resiliency degradation, the effects of which are 
explained above; and (2) the potential for ice in 
the joints. O-ring hardness is also a function of 
temperature and may have been another factor 
in joint performance. 

Consistent results from numerous O-ring tests 
have shown a resiliency degradation with reduced 
temperatures. Figure 23 provides O-ring recovery 
from 0.040 inches of initial compression versus 
time. This shows how quickly an O-ring will 
move back towards its uncompressed shape at 
temperatures ranging from 10 to 7 5 degrees 
Fahrenheit. When these data are compared with 
the gap openings versus time from Figure 17, it 
can be seen that the O-rings will not track or 
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Aft Right Segment Temperatures for STS 51-L 
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Figure 20 
Temperature model for 51-L right solid booster aft segment 
circumferential positions from 16.5 hours prior to launch to 3.5 
hours after launch. 
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Field Joint Distress 

Flight Joint 

STS-2 AFT 
41-B FWD 
41 -C AFT 
41-D FWD 
51-C FWD 
51-C (3) MID 
61-A MID 
61-A AFT 
61-C AFT 
51-L AFT 

(1) Mean calculated ( ± 5°F) 
(2) Refurbished after recovery 

SRB 
(right 
OT 

left) 

RH 
LH 
LH 
RH 
LH 
RH 
LH 
LH 
LH 
RH 

(3) Both primary and secondary 0-rings affected 

Angular 
location 

090 
351 
NIA 
275/110 
163 
354 
36-66 
338/018 
154 
307 

Examination of the records shows that if one defines any sort 
of damage around the O-ring as 'distress", then there have 
been 10 "distressed" field joints, including the aft field joint on 
the right-hand booster of 51-L. These data, which are 
tabulated above, show 1 0 instances of distress in a total of 150 
flight exposures. One-half of the instances occurred in the aft 
joint, one-third in the forward joint, and one-fifth in the mid­
joint. Sixty percent of the distress occurred in the left Solid 
Rocket Motor. 

recover to the gap opening by 600 milliseconds 
(gap full open) at low to moderate temperatures. 
These data show the importance of timely O-ring 
pressure actuation to achieve proper sealing. 

It is possible that water got into some, if not 
all STS 51-L field joints. Subsequent to the 
Challenger accident, it was learned that water had 
been observed in the STS-9 joints during restack­
ing operations following exposure to less rain than 
that experienced by STS 51-L. It was reported 
that water had drained from the STS-9 joint when 
the pins were removed and that approximately 
0.5 inch of water was present in the clevis well. 
While on the pad for 38 days, STS 51-L was ex­
posed to approximately seven inches of rain. 
Analyses and tests conducted show that water will 
freeze under the environmental conditions ex­
perienced prior to the 51-L launch and could 
unseat the secondary O-ring. To determine the 
effects of unseating, tests were conducted on the 
sub-scale dynamic test fixture at Thiokol to fur­
ther evaluate seal performance. For these tests, 
water was frozen downstream of the secondary 
O-ring. With ice present, there were conditions 
under which the O-ring failed to seal. 
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Previous 
Joint Use of Type of 
Temp (°F) Segments (2) Distress 

70 none/none Erosion 
57 1/none Erosion 
63 1/1 O-ring heat 
70 2/none Erosion -- - -
53 1/none Erosion 
53 1/1 Erosion 
75 none/none Blow-by 
75 none/none Blow-by 
58 1/none Erosion 
28 1/2 Flame 

Putty Performance 
The significance of the possibility that putty . 

could keep the motor pressure from promptly 
reaching the O-rings to pressure actuate and seal 
them was apparently not fully appreciated prior 
to the Challenger accident. During the investiga­
tion, it became evident that several variables may 
affect the putty performance and, in turn, seal 
performance. However, limited test data and lack 
of fidelity in full scale joint simulation prevented 
a complete engineering assessment of putty per­
formance. Tests were conducted over a range of 
putty conditions, including temperature at igni­
tion, pretest conditioning to simulate the en­
vironmental effects, and dimensional variations 
within the joint. These test results demonstrated 
that putty performance as a pressure seal is highly 
variable. The results may be interpreted to in­
dicate that the putty can maintain pressure dur­
ing the ignition transient and prevent O-ring seal­
ing. For example, one test conducted with put­
ty, which had been conditioned for 10 hours at 
80 percent relative humidity and 75 degrees 
Fahrenheit, delayed the pressure rise at the 
primary O-ring for 530 milliseconds at a 
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Figure 23 
Graph plots O-ring shape recovery in inches against time in 
seconds for a variety of temperatures. 

temperature of 75 degrees . Tests at 20 degrees 
Fahrenheit with similarly conditioned putty 
delayed the pressurization time by 1.9 seconds . 
Such delays would allow full joint gap opening 
before a seal could pressure actuate. 

To evaluate this effect , a sub-scale test fixture 
was fabricated that effectively simulated gap 
opening at the time of putty rupture and pressure 
application. The tests simulate the O-ring 
pressure actuation delay due to the putty tem­
porarily holding the motor pressure. They were 
conducted over a range of temperatures, putty 
rupture time and initial O -ring squeeze . Test 
results (Appendix L , Fig. 6.5.1) demonstrated 
that sealing performance is dependent on 
temperature and initial squeeze, both of which 
affect the pressure actuation capability of the O­
rin gs. The tests indicate that sealing capability 
is marginal for maximum squeeze conditions , 

Note: Average O-Ring Recovery at Various Test Tempera­
tures During First Second After Load Release . Initial 
Compression of 40 Mils Was Maintained for 2 Hours. 

i.e., a 0.004-inch gap, at 50 degrees Fahrenheit 
with a pressure delay of 500 milliseconds. For the 
temperature and O-ring squeeze conditions that 
existed for several of the STS 51 -L field joints , 
O-ring sealing was not achieved in these tests with 
simulated putty rupture times delayed to 250 to 
500 milliseconds. 

Note that the sub-scale tests do not faithfully 
reproduce what happens in the real joint. These 
data do indicate, however, that the potential ex­
ists for O-rings not to seal as a result of variables 
related to the putty. 

The seal is checked by pressurizing the volume 
between the primary and secondary O-rings. This 
action seats the secondary seal and drives the 
primary seal upstream into its groove. Because 
of concern that the putty could mask a leaking 
primary seal, the pressure was first increased from 
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50 psi to 100 psi and then to 200 psi. The conse­
quence of increasing the pressure is shown below. 

Stabilization N1,1mber Of Percentag<: of 
Pressure , psi Flights Flights Whh 

0-ring 
Anomalies 

Field Joint 50 7 14 
100 2 0 
200 15 56 

Nozzle Joint 50 8 12 
100 8 56 
200 8 88 

Clearly the increased pressure used in the leak 
check increased the likelihood of a gas path 

• through the putty to the primary seal. That is, 
with increased pressure, blow holes in the putty 
are more likely with a resulting greater potential 
for erosion damage to the O-ring. On the positive 
side the blow holes tend to prevent the delay in 
pressurization discussed in the previous 
paragraphs . This further illustrates the influence 
of putty variables on the performance of the Solid 
Rocket Motor seals. 

The Dynamic Characteristics of 
the Field Joint Seal 

The discussion of static factors which affect 
joint performance is based on the assumption that 
motor segments remain perfectly round, and that 
stacked segments are always a perfectly straight 
column. At launch the boosters are subjected to 
forces which bend and twist them. These forces 
cause physical changes in the shape of the 
boosters, actually squashing them out-of-round 
and bending them along their entire length. The 
dynamic effects of this out-of-roundness are most 
significant just after booster ignition when the 
hold-down bolts have been released because in 
the previous 6.6 seconds the boosters have actual­
ly been bent forward by the thrust from the main 
engines. The elastic energy stored in the entire 
system is then released, inducing a bending vibra­
tion in the boosters . This bending causes the case 
to change its shape from circular to elliptical , the 
maximum out-of-roundness occurring on the 
045-315 degree line on the outside of the right 
booster . This deflection is a consequence of a 
vibration and occurs at a frequency of about 3 
cycles per second. The same occurs in the left 
booster, only the deflection axis is oriented dif­
ferently, being a mirror image of that which takes 
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place in the right side. The dynamic effects cause 
an increase in the joint rotation , and, hence, in­
crease the gap between the tang and clevis by 
about 10 perc~.n~. Another dynamic load results 
from the geometry of the struts which attach the 
booster to the external tank . Strut P 12 is at­
tached to the booster at about the 314 degree 
point and imposes additional inertial forces on 

_ the booster which tend to additionally increase 
-~ !_i_e __ gap by 10 to 21 percent. 

Analysis of the Wreckage 

The investigation of the sequence of events that 
led to the final breakup of the Challenger rests 
upon three primary sources of data: launch 
photographs, telemetry and tracking data, and 
the recovered pieces of the Shuttle wreckage. The 
third source of data is presented here, which is 
largely descriptive. It provides support for the 
conclusions reached through use of the data from 
the other two sources. A more detailed analysis 
that provides technical details to be used for 
subsequent redesign or accident analysis is 
available in the appendix. 

Figure 24 shows an overview of the search areas 
with the general location of parts of both the left 
and _ the right ~olid Rocket Boosters indicated. 
The area is at" the edge of the Gulf Stream in 
water depth that ranged from 100 to 1,200 feet. 
Pertinent pieces were examined by use of a 
remotely controlled submarine containing a flood 
light and a television camera. The television pic­
ture was available on ship board and was 
transmitted to Kennedy and to Marshall. The ar­
rangement allowed a number of people who were 
familiar: with the Solid Rocket Booster to com­
ment upon the merit of recovering a particular 
piece. 

The aft left side of the Orbiter contained its 
original paint markings and showed no apparent 
sign of heat damage (photo A . All photo 
references are to color section, pp . 74-81). Ther­
mal distress, however, was apparent on the right 
rudder speed brake panel and elevon (photo B). 
The paint was scorched and blackened on the 
right side panels of the aft part of the fuselage and 
vertical fin. The remaining recovered parts of the 
Orbiter did not seem to be affected by a hydrogen 
fire. The bottom side of the right wing showed 
some indentation on the tiles that make up the 
Thermal Protection System. This indentation was 
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consistent with impact with the right booster as 
it rotated following loss of restraint of one or more 
of its lower struts. 

The frustum of the nose cone of the right Solid 
Rocket Booster was damaged (photo E) as if it 
had struck the External Tank, but there were no 
signs of thermal distress. The frustum of the nose 
cone of the left Solid Rocket Booster (photo F) 
was essentially undamaged. 

A substantial part of the External Tank was 
recovered. Analysis of this recovered structure 
showed some interesting features. Interpretation 
of the photographs suggests that the flame from 
the right hand Solid Rocket Booster encircled the 
External Tank. A short time later the dome at 
the base of the External Tank was thought to 
break free. Since the internal pressure of the liq­
uid hydrogen tank is at approximately 33 pounds 
per square inch, a sudden venting at the aft sec­
tion will produce a large initial thrust that tails 
off as the pressure drops . The intertank region 
of the wreckage contained buckling in the fore 
and aft direction consistent with this impulsive 

600 

Axis of 
Gulf Stream 

4-5 KTS 

1200 Coo\ 

thrust. Simila;ly, the right side of the intertank 
showed signs of crushing. This crushing is con­
sistent with the rotational impact of the frustum 
of the right Solid Rocket Booster with the Exter­
nal Tank following complete loss of restraint at 
the aft lower strut attachment area . 

The telemetered signals from the rate gyros in 
the right Solid Rocket Booster clearly show a 
change_ in angular velocity of the booster with 
respect to the Orbiter. It is believed that this 
velocity change was initiated by a failure at or 
near the P12 strut connecting the booster to the 
External Tank. Photographs of the flight could 
not define the failure point and none of the con­
necting struts to the right Solid Rocket Booster 
or the corresponding area on the External Tank 
in this region were recovered. Therefore the ex­
act location of initial separation could not be 
determined by the evidence. At the time of 
relative booster movement, the hole in the shell 
of the right Solid Rocket Booster was calculated 
to be six to eight inches in diameter located 12 
to 15 inches forward and adjacent to the P12 
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Figure 25 
Drawing depicts pieces of right Solid Rocket Booster aft seg­
ment recovered . At top is piece of aft center segment. 

strut. This location was within the center of the 
burned out zone on the right Solid Rocket Booster 
(photo G). As a matter of interest, the P12 strut 
is located close to the point on the circumference 
where the booster case experiences maximum 
radial deflection due to flight loads. It seems likely 
that the plume from the hole in the booster would 
impact near the location of the P 12 strut connec­
tion and the External Tank. Using geometric con­
siderations alone suggests this strut separated 
from the External Tank before it separated from 
the right hand Solid Rocket Booster. 

Figure 25 shows a sketch of an interior unroll­
ed view of the aft part of the right hand Solid 
Rocket Booster with the recovered burned pieces 
131 and 712 noted. The critical region is between 
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parts 131, the upper segment tang region, and 
part 712; the lower clevis region of the joint. This 
burned area extends roughly from station 1476, 
in the upper section, to 1517 on the lower region. 
In a circumferential direction (see figure 26) the 
lower end of the eroded region extends from 
roughly 291 degrees to 320 degrees and the up­
per eroded section extends between 296 and 318 
degrees. Note that the region at about 314 degrees 
includes the attachment region of the strut to the 
attachment ring on the right Solid Rocket 
Booster. 

Some observations were made from a detailed 
examination of the aft center section of the joint, 
contact 131. This piece (photo I) shows a large 
hole that is approximately centered on the 
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Angular Coordinate System 
For Solid Rocket Boosters/Motors 
Figure 26 

LEFT 
SRB 

EXTERNAL 
TANK 

RIGHT 
SRB 

(1) View Is Forward (Direction of Flight) 
or "Up" When Vehicle Is On Launch Pad 

(2) Angles Increase Counterclockwise 

307-degree circumferential position. Although ir­
regular, the hole is roughly rectangular in shape, 
extending approximately 27 inches circumferen­
tially along the tang (296 to 318 degrees) with 
total burnout extension approximately 15 inches 
forward of the tang. At either side in the interior 
of the hole (photo K) the insulation and steel case 
material showed evidence of hot gas erosion that 
beveled these surfaces (indicative of combustion 
products flowing through the hole from the in­
terior of the Solid Rocket Motor). The top sur­
face of the hole was hardly beveled at all. The 

tang O-ring sealing surface next to either side of 
the hole showed distinct erosion grooves starting 
from the O-ring locations (photo J). These ero­
sion grooves indicate the O-rings were sealing the 
joint away frof!l ~he central area during the later 
stages of the trajectory. No other evidence of ther­
mal distress, melting or burning was noted in the 
tang section of the joint. 

The part of the aft section of the right Solid 
. Rocket Booster in the circumferential position of 

• -:-the-hole was recovered (photos L and N) . This 
piece, contact 712, showed evidence of a burned 
hole edge extending from 291 degrees to 318 
degrees, approximately 33 inches long (see 
bracket, photo L). The burned surface extended 
into the aft attach stub region of the case adja­
cent to the P 12 strut attach point. The box struc­
ture of the aft attachment ring was missing from 
the attach stubs . The piece displayed fractures 
which led circumferentially or aft from the hole 
and the burned surface . Booster pieces on either 
side have not been recovered. Thus in the burn 
area no portion of the clevis or attachment ring 
other than the stubs was available for 
examination. 

The exterior surface of the aft case piece also 
contained a large heat affected area (photo M) . 
The shape and location of this area indicates a 
plume impingement from the escaping gases . The 
light colored material at the downstream edge of 
the area is probably asbestos from the insulator. 
The rust colored line more or less parallel to the 
stubs may be a stagnation line produced in the 
gas flow when the gases passed around the attach­
ment ring. Secondary flow of metal from the aft 
attach stub ring also shows this feature . There 
was a small burn hole in the case wall (arrow, 
photo 0) which appeared to have penetrated the 
case from the exterior toward the interior . This 
may also have been due to a swirling flow of hot 
gases within the attachment ring box structure. 
The shadow of the insulation downstream of the 
attach box can also be seen. This evidence sug­
gests strongly that a hot gas plume impinged 
against the attachment ring, passed around and 
through it, and ultimately destroyed its structural 
integrity, probably late in the flight of the Solid 
Rocket Booster. 

The photographs L, M, N , and O view the 
lower case piece in the inverted position. A cor­
rect orientation of this piece is shown in a com­
posite view of the burn area located in photo P. 
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Findings 

1. A combustion gas leak through the right 
Solid Rocket Motor aft field joint initiated 
at or shortly after ignition ~ventually weaken­
ed and/or penetrated the External Tank ini­
tiating vehicle structural breakup and loss of 
the Space Shuttle Challenger during STS 
Mission 51-L. 

2. The evidence shows that no other STS 51-L 
Shuttle element or the payload contributed 
to the causes of the right Solid Rocket Motor 
aft field joint combustion gas leak. Sabotage 
was not a factor. 

3. Evidence examined in the review of Space 
Shuttle material, manufacturing, assembly, 
quality control, and processing of non­
conformance reports found no flight hard­
ware shipped to the launch site that fell out­
side the limits of Shuttle design specifications. 

4. Launch site activities, including assembly 
and preparation, from receipt of the flight 
hardware to launch were generally in accord 
with established procedures and were not 
considered a factor in the accident. 

5. Launch site records show that the right Solid 
Rocket Motor segments were assembled us­
ing approved procedures. However, signifi-
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- cant out-of-round conditions existed between 
the two segments joined at the right Solid 
Rocket Motor aft field joint (the joint that 
failed). 

a. While the assembly conditions had the 
potential of generating debris or dam­
age that could cause O-ring seal failure, 
these were not considered factors in this 
accident. 

b . The diameters of the two Solid Rocket 
Motor segments had grown as a result 
of prior use. 

c. The growth resulted in a condition at 
time of launch wherein the maximum 
gap between the tang and clevis in the 
region of the joint's O-rings was no 
more than .008 inches and the average 
gap would have been .004 inches. 

d. With a tang-to-clevis gap of .004 
inches , the O-ring in the joint would 
be compressed to the extent that it 
pressed against all three walls of the O­
ring retaining channel. 

e. The lack of roundness of the segments 

was such that the smallest tang-to-clevis 
clearance occurred at the initiation of 
the assembly operation at positions of 
120 degrees and 300 degrees around the 
circumference of the aft field joint. It 
is uncertain if this tight condition and 
the resultant greater compression of the 
O-rings at these points persisted to the 
time of launch. 

6. The ambient temperature at time of launch 
__ -_ _ was 36 degrees Fahrenheit, or 15 degrees 

-- lower than the next coldest previous launch. 
a. T_he temperature at the 300 degree 

position on the right aft field joint cir­
cumference was estimated to be 28 
degrees ± 5 degrees Fahrenheit. This 
was the coldest point on the joint. 

b. Temperature on the opposite side of the 
right Solid Rocket Booster facing the 
sun was estimated to be about 50 
degrees Fahrenheit. 

·7. Other joints on the left and right Solid 
Rocket Boosters experienced similar com­
binations of tang-to-clevis gap clearance and 
temperature. It is not known whether these 
joints experienced distress during the flight 
of 51-L. 

8. Experimental evidence indicates that due to 
several effects associated with the Solid 
Rocket Booster's ignition and combustion 
pressures and associated vehicle motions, the 
gap between the tang and the clevis will open 
as much as .017 and .029 inches at the sec­
ondary and primary O-rings, respectively. 

a. This opening begins upon ignition, 
reaches its maximum rate of opening 
at about 200-300 milliseconds , and is 
essentially complete at 600 milliseconds 
when the Solid Rocket Booster reaches 
its operating pressure . 

b. The External Tank and right Solid 
Rocket Booster are connected by 
several struts, including one at 310 
degrees near the aft field joint that fail­
ed . This strut's effect on the joint 
dynamics is to enhance the opening of 
the gap between the tang and clevis by 
about 10-20 percent in the region of 
300-320 degrees. 

9. O-ring resiliency is directly related to its 
temperature . 

a . A warm O-ring that has been com-

., 
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pressed will return to its original shape 
much quicker than will a cold O-ring 
when compression is relieved. Thus, a 
warm O-ring will follow the opening of 
the tang-to-clevis gap. A cold O-rix:ig 
may not. 

b. A compressed O-ring at 75 degrees 
Fahrenheit is five times more respon­
sive in returning to its uncompressed 
shape than a cold O-ring at 30 degrees 
Fahrenheit. 

c. As a result it is probable that the O­
rings in the right solid booster aft field 
joint were not following the opening of 
the gap between the tang and clevis at 
time of ignition. 

10. Experiments indicate that the primary 
mechanism that actuates O-ring sealing is the 
application of gas pressure to the upstream 
(high-pressure) side of the O-ring as it sits 
in its groove or channel. 

a. For this pressure actuation to work 
' most effectively, a space between the 

O-ring and its upstream channel wall 
should exist during pressurization. 

b . A tang-to-clevis gap of .004 inches, as 
probably existed in the failed joint, 
would have initially compressed the O­
ring to the degree that no clearance ex­
isted between the O-ring and its 
upstream channel wall and the other 
two surfaces of the channel. 

c. At the cold launch temperature ex­
perienced, the O-ring would be very 
slow in returning to its normal round­
ed shape . It would not follow the open­
ing of the tang-to-clevis gap. It would 
remain in its compressed position in the 
O-ring channel and not provide a space 
between itself and the upstream chan­
nel wall. Thus, it is probable the O-ring 
would not be pressure actuated to seal 
the gap in time to preclude joint failure 
due to blow-by and erosion from hot 
combustion gases . 

11. The sealing characteristics of the Solid 
Rocket Booster O-rings are enhanced by 
timely application of motor pressure. 

a. Ideally, motor pressure should be ap­
plied to actuate the O-ring and seal the 
joint prior to significant opening of the 

tang-to-clevis gap (100 to 200 milli­
seconds after motor ignition). 

b. Experimental evidence indicates that 
temperature, humidity and other 
variables in the putty compound used 
to seaf tFie joint can delay pressure ap­
plication to the joint by 500 milli­
seconds or more. 

c. This delay in pressure could be a fac­
tor in initial joint failure . 

~ ' _Of 21 launches with ambient temperatures 
of 6-1 degrees Fahrenheit or greater, only four 
showed signs ofO-ring thermal distress; i.e., 
erosion or blow-by and soot. Each of the 
launches below 61. degrees Fahrenheit 
resulted in one or more O-rings showing 
signs of thermal distress. 

a. Of these improper joint sealing actions, 
one-half occurred in the aft field joints, 
20 percent in the center field joints, and 
30 percent in the upper field joints. The 
division between left and right Solid 
Rockter Boosters was roughly equal. 

b. Each instance of thermal O-ring 
distress was accompanied by a leak 
path in the insulating putty. The leak 
path connects the rocket's combustion 
chamber with the O-ring region of the 
tang and clevis. Joints that actuated 
without incident may also have had 
these leak paths. 

13 . There is a possibility that there was water in 
the clevis of the STS 51-L joints since water 
was found in the STS-9 joints during a 
destack operation after exposure to less rain­
fall than STS 51-L. At time oflaunch, it was 
cold enough that water present in the joint 
would freeze. Tests show that ice in the joint 
can inhibit proper secondary seal 
performance. 

14. A series of puffs of smoke were observed 
emanating from the 51-L aft field joint area 
of the right Solid Rocket Booster between 
0.678 and 2.500 seconds after ignition of the 
Shuttle Solid Rocket Motors. 

a. The puffs appeared at a frequency of 
about three puffs per second. This 
roughly matches the natural structural 
frequency of the solids at lift off and is 
reflected in slight cyclic changes of the 
tang-to-clevis gap opening. 
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b . The puffs were seen to be moving up­
ward along the surface of the booster 
above the aft field joint. 

c . The smoke was estimated to originate 
at a circumferential position of between 
270 degrees and 315 degrees on the 
booster aft field joint, emerging from 
the top of the joint. 

This smoke from the aft field joint at Shut­
tle lift off was the first sign of the failure of 
the Solid Rocket Booster O-ring seals on STS 
51-L. 
The leak was again clearly evident as a flame 
at approximately 58 seconds into the flight. 
It is possible that the leak was continuous but 
unobservable or non-existent in portions of 

the intervening period. It is possible in either 
case that thrust vectoring and normal vehi­
cle response to wind shear as well as planned 
maneuvers reinitiated or magnified the 
leakage from a degraded seal in the perio? 
preceding the observed flames. The esti­
mated position of the flame, centered at a 
point 307 degrees around the circumference 
of the aft field joint, was confirmed by the 
recovery of two fragments of the right Solid 
Rocket Booster. 

a. A small leak could have been present 
that may have grown to breach the 
joint in flame at a time on the order of 
58 to 60 seconds after lift off. 

b. Alternatively, the O-ring gap could 
have been resealed by deposition of a 
fragile buildup of aluminum oxide and 
other combustion debris. This resealed 
section of the joint could have been 
disturbed by thrust vectoring, Space 
Shuttle motion and flight loads induc­
ed by changing winds aloft. 

c. The winds aloft caused control actions 
in the time interval of 32 seconds to 62 
seconds into the flight that were typical 
of the largest values experienced on 
previous missions. 

Conclusion 

In view of the findings, the Commission concluded 
that the cause of the Challenger accident was the failure 
of the: pressure seal in the aft field joint of the right Solid 
Rocket Motor. The failure was due to a faulty 
design unacceptably sensitive to a number of fac­
tors . These factors were the effects of tempera­
ture , physical dimensions, the character of 
materials ,- t:he -~ffects of reusability, processing, 
and the reaction of the joint to dynamic 
loading. ■ 
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