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The Slide That Was Presented

History of O-Ring Damage in Field Joints (Cont)
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INFORMATION ON THIS PAGE WAS PREPARED TO SUPPOAT AN DRAL PAESENTATION
ANO CANNOT 88 CONSIDERED COMPLETE WITHOUT THE ORAL DISCUSSION

From Edward R. Tufte, Visual and Statistical Thinking: Displays of Evidence for Making Decisions
Graphics Press, 1997
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Black Smoke Plumes from Aft Field Joint
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T+58 sec - Appearance of External Flame
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Flame Hitting Aft Attach Fixture and ET
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Or'iginal SRB Field Joint Design
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The Slide That Was Presented

History of O-Ring Damage in Field Joints (Cont)
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The Slide That Should Have

O-ring damage
index, each launch
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. 26°-29° range of forecasted temperatures
" (as of January 27, 1986) for the launch
of space shuttle Challenger on January 28
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From Edward R. Tufte, Visual and Statistical Thinking: Displays of Evidence for Making Decisions

Graphics Press, 1997
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Clearance Effects on O-Ring Seating
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Figure 18
Drawings show how progressive reduction of gap between
tang and clevis can inhibil and eventually block motor cavity's
high-pressure flow from gelting behind O-ring.
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Dynamic Motion of O-Ring Seals

Pressurized Joint Deflection Right Hand SRM Aft Field Joint Primary And
Secondary Delta Gap Opening

32
ks 5 5
o L o @ =
£ X8 5 *
é w
C
L\ W : N ol
&
—
= 20+
o
£
©
8- 16
Q
©
O]
'\\—_A U 27T
o
a
8
A Primary
Al O Secondary
Pressurized Joint Unpressurized Joint
- 1 1 1 1 1 1
(Exaggerated) 700 200 300 400 500 600
Figure 16 Figure 17 Time, MS
Drawings show how tang/clevis joint deflects during Graph plots changes in right booslers aft field joint primary
pressurizalion to open gap al location of O-ring slots. Inside of and secondary gap openings. Horizontal scale is lime in
motor case and propellant are to left in sketches milliseconds from ignilion.
UNIVERSITY OF Launch and Entry Failures

,// M ARYL AND " Launch and Entry Vehicle Design



Redesigned SRB Field Joint
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Revised SRB Assembly Technique
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Columbia Launch - STS-107
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L+81.9 sec
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Columbia Debris Reconstruction
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CFD Analysis of Internal Airflow
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Contours of Velocity Magnitude (fps) Jun 10, 2003
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Failure Rates of Sensor Wiring Bundles

Percent Loss of Sensor Signals Versus Time In Left Wing and Wing Leading Edge Wire Bundles
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Divergence of Roll/Yaw Angles

STS 107 Delta Rolling/Yawing Moment Coefficients
Off-Nominal Roll & Yaw

0.0025 .
——Deka CIl [Rell Mamaent) lMG‘I;?; l;u Tewgs Ston OF Nomnal Trend
——Deka Cla (Yow Momaent) : = l
w— Daka Cli 2 Temp Sensors Begin Off Nowiral Resporie - MG Broke Line Termp 8, C Lok Lower Wirg Skin T
0.0020 g’:" E ':'"“ ’:\"‘i;" VOFTPO9SA - Wirg Trort Spor Posel 9 13:36:16/22 ot 13er2s
wn Doka Cla Anre Made : Lok Uszer Wisg Skin Terp
12:52:49.5/51.4 uh\:::-g’;&&n;;ﬂem JOR .« 13:57:43
— #izl Rol T " winol Tre
S 00015 34 Wint (E 550k A Clavie” |[Lok INED Elevon Lower Skin Tams 123624 | [y
9 N ko s + Stoet of OFf Nowirol Trerd Lo¥ Moin Geor St | |Aderen Tne
O ~Stort OF Nosinal Trend ||+ 13:52:56 o Achianor Tevp Increose
a—: L13:80:14 I e Terp Rive Rove Thg 13:49:00
S 0.0010 4 La® OMS Fod Surf Temp | 1™ e el
’ *Change s Bding 5300t Sow Allagron] [Dabis #11 M n Srar o sharp
o An OFF Nowveal Trend ot Sow sl " LG L OF Tiee =
U \ 12:52.997 53.09 T Change - 13:55:34/42 Pressare A1, #2 Dwnrd. Temp
\ - 13:5239/ -13:64:20  $ton OF Now| | ¢ 13:3922
> L | ekris #15 L 13:57-19/24 v
[= 0.0005 YU Debris #5, 810 sscony = ~|¥| MG tHoun s
o 1A . - 13:55:25/30) n ¥ _ﬂ U 1 D Tire Pressare #1
= Y \ . v —Lp"vv T | | - Prossere Toand 1o OS50
M ! 12.5622
o] 0.000 N ! - Fuae Sde Sarf Termp
= : I Y ¥ . [ et it fse Side Surf 1€ &
e . A [ Wi | 13.570% _— Lok PLAD Surfoce TC
; | L , \ - :.;vsp’h;n- te OS5k
O  .0.0005 Lot Wing Lower Serfoce TC “ Il a—
( l - S;en Olﬂ Nomral “4 . { | BFS Fouk Measape [4]
" onp Inreose Debris #1 - T ' 4 Tra tﬂna")
Pl RR AL ) 4888 OCebris 87 2 ; . 12:58.40/54
O 00010 FFcwsrecaranis D.: ’_’“’n“ 13:55.04/10 12 Rell Revarsal " —
o Son Off Nowirol Trerd 19:59:44/0 Mid Fuaeloge Sondice Temg| | Irifaton - 13-56:30 Lekt Mcin Gear
- Redaced Rise Rate 2 & LH Ab Pus Sdewoll Tomp | | Corpiete - 13:46.55 Dowrbock Iedication
2 - 13:49:49 Deheis A3 + Off Nowinol Trorsierred ON
O -0.0015 [ueh Gms rod 1551 Sudece T AL L mwe
-0. » Tonp
o Left OMS Pod TC BPO7I2T Desea #4 1 I
Left OMS Pod TC 307497 13:5420/04] Nripn w1 Debris 413, #14
- ::n coH :mgr;l Trerd IMGSZWO;N fon:l(?l Dabeis 5 L13.54333 < 13:585:55/5%] |Mosh #1, #2
- Rediced Wsa Rate - Swart Nowircl Trard 13 54:07/11] |Debra 86 - - 13:57.537 A
-0.0020 134957 135217 12.5£38/97) Debra #12 1357595 f
Left Wirg Spor Cop 1 13 3548/ ke Plosh #2
Left FLED Surioce TC 8237037 OF Nomeal Siron inoeoss| | LG Broke Line Termp & Deburis 43 Detris 47 -13:57:59.5
- Suart Off Nomiral Trard 135218 - OF Neming Trend - 135521727 135739/ L3501S
o 0025 - Rediced Wsa Rate -13:54:10
V. 13.30:07 :

49:00.0 50:00.0 51:00.0 52:00.0 53:00.0 54:00.0 55:00.0 56:00.0 57:00.0 58:00.0 5%:00.0 00:00.0

Time (min:sec)
UNIVERSITY OF Launch and Entry Failures

,// M ARYL AND " Launch and Entry Vehicle Design




High-Velocity Impact Testing of RCC
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Results of Impact Tests on RCC

@ UNIVERSITY OF Launch and Entry Failures
»w

MARYL AND N Launch and Entry Vehicle Design



Entry Flow Regimes
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October 5, 1989 - T+2 sec
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October 6, 1989 - Aftermath
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