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History of O-Ring Damage in Field Joints (Cont)
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Black Smoke Plumes from Aft Field Joint
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Photographic Evidence
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T+58 sec - Appearance of External
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Flame Hitting Aft Attach Fixture and ET
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Progression of SRB Burn-through
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Original 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 Been...
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Clearance Effects on O-Ring Seating
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Drawings show how progressive reduction of gap between
tang and clevis can inhibil and eventually block motor cavity's

high-pressure flow trom getting behind O-ring.
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Dynamic Motion of O-Ring Seals
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Redesigned SRB Field Joint
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Revised SRB Assembly Technique
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Columbia Launch - STS-107
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LL+81.9 sec
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In-Flight Breakup
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Events Along Flight Path
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Columbia Debris Reconstruction
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CFD Analysis of Internal Airflow
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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 Cll [Roll Moment) 1”5]';?2‘ ‘:" Tewgs Stort OF Nominol Trend —
——Deka Cla (Yow Momaent) e I
w Dabks Cl 2 Tersp Sensors Begin Cf Nowiral Responie - LMG Broke Line Termp 8, C Lok Lower Wirg Skin Temp
0.0020 g‘) ’ g ‘:‘"" ':"Z", VORTPR9SA - Wirg Troet Spor Povel 9 13:86:16/22 .O% . 13:57:28
e Data Cln Asre Made ‘ La¥ Uzzer Wisg Skin Termp
12:52:49.5/51.4 t-h'-":;-'g;r&&r;m COR - 13:57:43
r— nticl ol | [Wing Fret Spor Fosel 9T »Sogln et in
S 0.0015 | 134532 [wins e STk A, Cva” || ot V2D v Lowar Skin Tams it | |[ferses
2 ’ RCC 10 Stoet of O Nowiral Trard lo¥ Moin Goor Sine | | Adercn Tries
O - Start OF Nomincl Trend 13:32:36 k Achionor Tewp Increose
> == -13:80:14 I e “Terp Rive Rove Chg 13:48:00
% 0.0010 4 La® OMS Fod Surf Terp | | ™ o e
- P T S v Retues Termp
o b e 53t Slow Allagron] [Debris #11 VLG L OB Tre - Start of sharz
e e - 13.55:34/4 Pressure A1, 42 WO, Tenp
¥) . 13:5239/ 5309 e e Ston OF N )
= - o | - S O
S 0.0005 I Debria #5, A10 19540 asz10724] | Ff
c X s ¥9, 13:54:09/1 S| ¥ MG tHow &
S f -13:585:25/30 =Y Ay v | |00 Tire Provsure 41
| r t < Frossare Trend 10 OSL
E \ 1 r ; v 1 A
N | 13:5892
g o000 e e b o T
- 1 I 1 vae Low amp
= FW\ L : ‘ . 1| o o New Teend | [ F0 T ST B
4 ‘ Wl 135707 -hnphe:oc-'cOSP
3> 104 ‘ \ 125935
O -0.0005 Left Wirg lower Surface 7C 4 1 !
I - Ssart Off Nomirel “n 4 / | EFS Fouk Measape [4]
\ . Tonp lncreose Debris 81 - T | Tre fumun
— 12:50:17 Dekris 47 - 13:58.40/54
- 13:39:44/4% 13:55 04/10) 4
a% -0.0010 R iuae R etan Dabria #2 ficion - T3.54:30 Y
Nowirol T 3 B Iri$ - 13:56:30 .
. ::od":d hwk'g rerd 13 83 £4/50 Mid Fuasloge Sondise Terp c::;‘:‘ - 13:44.55 Lekt Main O.?'
o) 1 ‘a’ ~ s Rote ey & lHOA':v Fus Sdewdll Tanp Do-d::‘: ln:-colon
- d . : Nowvira' Trorslerved ON
K - 13:53:54/58 L 13:5422 13 .59:04
o ] T
S 0001 pa N e ST |
Left OMS Fod TC 3FO7497 13:5400/04] [riaen o1 Dekris 813, 414
- :.n:g: :m::l Trard lMGs:'t:uO:: anpl(:)l ’ Dabeis #5 .13:5433.3 < 13:55:55/5% | |riosh m1, 92
- Reda 3 Rote - orrircl Trer 12 5207771 | |Deses 86 - - 13:57.537 A
-0.0020 13.4%:4% 135217 B 19.8438/37 Detra #12 1357595 f\
Left Wirg Spor Cop 1 13 85:43/ . rlosh 42
Left PLED Surloce TC 8237037 OF Nomoal Stran Inoeoss| | LMG Broke Line Termp & Debiris 43 Detria 47 -13:57.59.5
- Suart Off Nomiral Trard 135218 - OF Nemind Trend - 13.55:21/27 13573900 | L3501S
_0.0025 ~?;d;;g’hu Rate -13:54:10 \

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 59:00.0 00:00.0

Time (min:sec)

UNIVERSITY OF Launch and Entry Failures

y/ M ARYL AND 73 ENAE 791 - Launch and Entry Vehicle Design




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