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Photo 2. Overall View, Left-Hand Side
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STS-110

1.0 PURPOSE

This report summarizes the results of engineering inspections conducted on the orbiter TPS
following flight 25 of OV-104.

2.0 BACKGROUND

The previous flights of OV-104 and the associated report numbers are documented in table 1.
Table 1. Flight History

MISSION NUMBER | FLIGHT NUMBER LAUNCH DATE LANDING DATE REPORT NUMBER
STS-28 104/1 10-03-85 10-07-85 LS085-009
STS-31 104/2 11-26-85 12-03-85 LS085-011 Previous
S

STS-27R 104/3 12-02-88 12-06-88 KLO-89-001 Puge
STS-30R 104/4 05-04-89 05-08-89 KLO-89-003

STS-34 104/5 10-18-89 10-23-89 KLO-89-005

STS-36 104/6 02-28-90 03-04-90 KLO-90-005

STS-38 104/7 11-15-90 11-20-90 KLO-80-009

STS-37 104/8 04-05-91 04-11-91 KLO-91-002

STS-43 104/9 08-02-91 08-11-91 KLO-91-016

STS-44 104/10 11-24-91 12-01-91 KLO-91-021

STS-45 104/11 03-24-92 04-02-92 KLO-82-005

STS-46 104/12 09-31-92 08-08-92 KLO-82-010

STS-66 104/13 11-03-94 11-14-94 KLO-95-003

STS-71 104/14 06-27-95 07-07-95 KLO-95-006

STS-74 104/15 11-12-95 11-20-95 KLO-96-002

STS-76 104/16 03-22-96 03-31-96 KLO-96-007

STS-79 104/17 09-16-96 09-26-96 KLO-96-011

STS-81 104/18 01-12-97 01-22-97 KLO-97-004 P TP
STS-84 104/19 05-15-97 05-24-97 KLO-97-007

STS-86 104/20 09-25-97 10-06-97 KLO-98-004

STS-101 104/21 05-19-00 05-29-00 KLO-00-002

STS-106 104/22 09-08-00 09-20-00 KLO-00-005

STS-98 104/23 02-07-01 02-20-01 KLO-01-004

STS-104 104/24 07-12-01 07-24-2001 KLO-02-001
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STS-110

In preparation for STS-110, OV-104 and associated OMS pods had 111 tiles and 16 FI blanket
replacement parts installed. Of these 127 RSI components installed, 47 were related to attrition
upgrade modifications (refer to table 2), and 6 of the blankets were related to the drag chute which
are expendable items. Preflight vehicle roughness (Keq) values and locations are documented in

table 3.
Table 2. Summary of Tile and FI Blanket Part Replacements and
TPS Modifications Performed for Flight 25 of OV-104
MCR MCR/WORK TITLE PARTS/WORK INVOLVED PERFQTRMED
11451 | TPS - NEGATIVE MARGIN TILE 1 LI-900 TILE REMOVED AND REPLACED KSC
REPLACEMENT WITH FRCI-12 DENSITY MATERIAL
(ATTRITION CHANGE)
Previous
11620 | TPS - NEGATIVE MARGIN TILE 3 LI-900 TILES REMOVED AND REPLACED KSC s
REPLACEMENT WITH FRCI-12 DENSITY MATERIAL Page
(ATTRITION CHANGE)
13210 | TPS-DAMAGE-PRONE LRSIREPLACEMENT | 7 LI-900 TILES REMOVED AND REPLACED KSC Next
WITH WHITE FRCI-12/ALTERNATE RSI WITH FRCI-12 DENSITY MATERIAL FOR N
DURABILITY (ATTRITION CHANGE) Page
16674 | TPS-NLGD TILE SIDEWALL DENSIFICATION | 1 FRCI-12 AND 2 LI-2200 MATERIAL TILES KSC e
able of
ENHANCEMENT 9
18563 | TPS- FLEET MODIFICATION AND MATERIAL | 2 LI-900 TILES REMOVED AND REPLACED KSC Contents
UPGRADE WITH FRCI-12 DENSITY MATERIAL ON 0.115 '
SIP TO INCREASE TENSILE STRENGTH AND List of
STABILIZE TILE INSTALLATION (ATTRITION
CHANGE) B
18855 | TPS - ADVANCED TILE ON BASE HEAT 31 LI-900 TILES REMOVED AND REPLACED KSC
SHIELD AND UPPER BODY FLAP WITH AETB-8 MATERIAL TO INCREASE List of
IMPACT RESISTANCE (ATTRITION CHANGE)
Fi 5
19309 | TPS- FAST TRACK MCRs 1 LI-800 TILE REMOVED AND REPLACED KSC v
WITH LI-2200 MATERIAL TO INCREASE o
DURABILITY (ATTRITION CHANGE) :9”'
19546 | TPS - INBOARD ELEVON TILE 1 LI-2200 TILE MADE FROM THE HUB TILE KSC Photos
ENHANCEMENT AND THE IMMEDIATE AFT ADJACENT TILE
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Table 3. Keq Values

Previous

NUMBER OF LOCATIONS OVER NOTED KEQ VALUES o
able o
VEHICLE
<110 >110 >120 >128 >136 O
LOCATION Contents
A 1 4 0 0 0
B 3 0 0 0 0 List of
C 0 3 2 0 0 Tables
D 0 5 1 0 0
| 0 0 0 0 0 Liséf
J 4 0 0 0 Figures
List of
Photos
List of
Acronyms
0 0 0
R 0 0 0 0
S 0 0 0 0 0
KEQ TOTALS 10 13 3 0 0
PREVIOUS FLIGHT] 6 13 2 0 0
OV-104 AVERAGE 43.7 19.4 33.0 131 a5
FLEET AVERAGE 7.4 18.5 9.7 23 0.4
11
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3.0 SUMMARY
(X. Dominguez)

Post-flight 25 evaluation and inspections of OV-104 revealed that the vehicle sustained similar
debris impacts/flight damage compared to the previous flight. The most notable of these damages
was located adjacent to the right MLGD forward outboard corner. It is suspected that the
damages occurred during door opening, thus, no adverse effects or overtemperature resulted from
those damages. No protruding gap fillers were found on the lower surface during post-flight
inspections. The OML sleeving of one design gap filler on the left OMS pod “eyeball” area was
identified. One engine dome heat shield blanket sustained damage that warranted removal and
replacement of that part. Overall, the general condition of the TPS system was nominal.

4.0 FLIGHT DATA
(X. Dominguez)

OV-104 was launched at 3:44 p.m. EDT on April 8, 2002 from launch pad LC-39B. The orbiter
touched down at 12:27 p.m. EDT on April 19, 2002 at the KSC Shuttle Landing Facility on
runway 33. For the STS-110 mission, OV-104 was assigned left OMS pod LP03 (flight 27) and
right OMS pod RP04 (flight 23).

Both the number of overall debris impacts (110) and impacts over 1 inch (22) were below average
when compared to previous flights for both OV-104 and the vehicle fleet (refer to tables 4 and 5,
and figures 1 through 3).

There was one protrusion of a design gap filler detected post flight on the left-hand OMS pod
“eyeball” area (refer to table 6), yet no protruding gap fillers were found on the lower fuselage or
wing surfaces. The STS-110 reentry summary data is provided in table 7.

The structural delta and peak temperatures (refer to figure 4), Tempilabel® readings (refer to
figures 5 through 10), and the boundary layer transition times (refer to table 8) indicate that the
vehicle primarily experienced a normal transition from laminar to turbulent flow, with minor
localized asymmetric transition. All centerline thermocouples recorded transition from laminar to
turbulent flow at mach 8.0, or 1,232 seconds from entry interface. The aft, inboard left wing
thermocouple recorded unsteady transition starting at mach 12.5 and stabilizing around mach 10.
The cause of the disturbance was not identified. Acreage and structural heating data was within
the range expected for the mission and all data was within the range that OV-104 has previously
experienced. Charred filler bar history and data for this flight is shown in table 9, and current
charred filler bar locations are shown in figure 1.
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Table 4. Debris Damage Assessment Summary

IMPACTS = 1"

TOTAL

LOWER SURFACE
UPPER SURFACE
WINDOW AREA
RIGHT SIDE
LEFT SIDE
RIGHT OMS POD
LEFT OMS POD

18

70

o -l e T

TOTALS

110

Table 5. Debris Damage and Flight Comparison - OV-104 Only

IMPACTS | TOTAL
MISSION > 1" IMPACTS
STS-51JFLT 1 17 11
STS-61B/FLT 2 55 257
STS-27RIFLT 3 298 707
STS-30R/FLT 4 56 151
STS-34//FLT 5 18 53
STS-36/FLT 6 19 81
STS-38/FLT 7 8 81
STS-37/FLT 8 10 113
STS43/FLT 8 25 131
STS44/FLT 10 9 101
STS45/FLT 11 22 172
STS46/FLT 12 22 236
STS-66/FLT 13 28 148
STS-71/FLT 14 25 164
STS-74/FLT 15 21 116
STS-76/FLT 16 15 69
STS-79/FLT 17 11 103
STS-81/FLT 18 15 100
STS-84/FLT 19 13 103
STS-86/FLT 20 31 129
STS-101/FLT 21 27 113
STS-106/FLT 22 17 105
STS-98/FLT 23 13 102
STS-104/FLT 24 26 126
STS-104/FLT 25 22 110
OV-104 AVERAGE 32.9 147.3
FLEET AVERAGE 30.4 144.5
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TOTAL IMPACTS =70

IMPACTS > 1" =18

Figure 1. Lower Surface Debris Damage
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TOTAL IMPACTS = 34
(INCLUDING OMS PODS AND
WINDOW AREA)

IMPACTS > 1" =4

ALL DIMENSIONS IN INCHES

STS-110

WINDOW DING

1/4" DIAMETER 4 IMPACTS < 1"

5 IMPACTS < 1"

Previous
G

3 IMPACTS > 1" -
Page

6 IMPACTS < 1" e i
Next
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Figure 2. Upper Surface Debris Damage
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TOTAL IMPACTS =

IMPACTS > 1"=0

0

STS-110

PROTRUDING
GAP FILLER

B

v RN

TOTAL IMPACTS = 6

IMPACTS > 1"=0

Figure 3. Fuselage Debris Damage
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Table 6. Protruding Gap Filler Locations

Previous

LOCATION NUMBER X Y ADJACENT TILE NUMBERS AMOUNT PROTRUDED Table of

- 1323.83 | -117.50 | V070-192135-062/V070-396451-167 1.00 DESIGN OML SLEEVING OF .9
GAP FILLER ONLY Contents

*Protruding gap filler is located on left OMS pod (refer to figure 3). NS
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Photos
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Table 7. Summary of Reentry Data

ORBITAL INCLINATION: 51.6°

ANGLE OF ATTACK: 40°

CROSSRANGE, NM: 73.2

WEIGHT AT ENTRY INTERFACE, LBS X 1000: 202.1

CENTER OF GRAVITY AT ENTRY INTERFACE, INCH: X, = 1084.8

ELEVON POSITION*: -6.8°

BODY FLAP POSITION*: 5.2°

*POSITION AT TIME OF PEAK HEATING DURING REENTRY.
UP IS INDICATED BY (-), DOWN IS INDICATED BY (+).
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57/106/68
64/111/80

16/55/44
| 38/120/94 I

39/80/78

46/125/1107

67/132/88
47/72/62

34/65/44
32/84/56

37/86/75
44/122/112

21/52/42
46/114/91

44/91/57
59/107/84

PEAK TEMPERATURE = ((MINIMUM PREVIOUS/MAXIMUM PREVIOUS/STS-110)
TEMPERATURE RISE = | MINIMUM PREVIOUS/MAXIMUM PREVIOUS/STS-110 |
ND = NO DATA AVAILABLE
112/155/ND
1
146/225/ND o

99/143/112

106/160/131

161/222/167 143/220/ND

( 156/204/177 )

B
k.
|
o
o
Gzzi72n43)
[rierteeiss |
(40r202iND )
(151/206/159 ) [ 106/142/129 |

Figure 4. Peak and Structural Temperature Rises (°F)
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39/78/55
38/64/36

44!106!101(# m
88/175/132

130/206/138
[ 2687580 | (248178 ) [ 7010080 | ((88175/132 )
| 1877172 I | 98/130/119 |

PEAK TEMPERATURE = ((MINIMUM PREVIOUS/MAXIMUM PREVIOUS/STS-110)
TEMPERATURE RISE = | MINIMUM PREVIOUS/MAXIMUM PREVIOUS/STS-110]
ND = NO DATA AVAILABLE

75/114/80
122/196/122
81/148/80 77/96/89

104/138/101
78/103/92
4

Al

/ ( 31/69/ND )

(_39/75/ND ) [ 321480 | 18487174
| 50/59/ND |

29/75/55 52/99/88
29/80/82

50/91/68
38/77157

Figure 4. Peak and Structural Temperature Rises (°F) (cont 'd)
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STS-110

BAY NUMBER
12 13
+100 — = ab
—20
w15
+50 —

—10

el

i (143> & —0

—5
=10

50 —
— 15
|
1 —20
-100 — - — 25
| I I I | I I |
900 950 1000 1050 1100 1150 1200 1300
Xo STATION - INCHES
NX = TEMPERATURE LESS THAN 130°F
N3 = TEMPERATURE LESS THAN 150°F

BLANK INDICATES TEMPILABEL® NOT READ

Figure 5. Midfuselage (with Wing Carry Through)
Lower Skin Structure Tempilabel® Data
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RH WING
(22
-+ o -
I | | I | I |
1000 1050 1100 1150 1200 1250 1300 1350
Xo STATION - INCHES
1UPO 10?0 11P0 11?0 1290 1250 13?0 13?0
@
LH WING
NX = TEMPERATURE LESS THAN 130°F

N3 = TEMPERATURE LESS THAN 150°F

BLANK INDICATES TEMPILABEL® NOT READ
{77 INACCESSIBLE REGION
O THERMOCOUPLE DATA

Figure 6. Lower Wing Structure Tempilabel® Data
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AFT FUSELAGE
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Figure 7. Aft Fuselage Lower Skin and Body Flap
Stub Structure Tempilabel® Data
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RCC CARRIER
PANEL NUMBER

LOWER LEFT HAND WING LESS CARRIER PANELS

1
199710 199714 TILE ARRAYS TYPICAL

199702 199706 NX = TEMPERATURE LESS THAN 130°F
N3 = TEMPERATURE LESS THAN 150°F

199702 199706 BLANK INDICATES TEMPILABEL® NOT READ

198710 199714
199712

LOWER RIGHT HAND WING LESS CARRIER PANELS

RCC CARRIER
PANEL NUMBER

Figure 8. Lower Wing LESS Carrier Panels Tempilabel® Data
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RCC CARRIER
PANEL NUMBER
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199729 Previous
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Page
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199719 Page
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199713 - Table of
199711 199715 TILE ARRAYS TYPICAL
199701 | 199705 | 199709 Contents
199703 189707 NX = TEMPERATURE LESS THAN 130°F
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199703 199707 BLANK INDICATES TEMPILABEL® NOT READ
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UPPER LEFT HAND WING LESS CARRIER PANELS

RCC CARRIER
PANEL NUMBER

Figure 9. Upper Wing LESS Carrier Panels Tempilabel® Data
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LEFT HAND WING TRAILING EDGE AND ELEVON TRAILING EDGE CARRIER PANELS WITH ODD DASH NUMBERS

Yw 312.5
/_ WING STUB G

STRUCTURE 191075 191073 191070 191068 191066
WING 191076 191074 191072 [191071 191069 191067 191065

TRAILING
EDGE
CARRIER | | '
CARRIER —
PANEL
ELEVON
LEADING
EDGE | , 194105 194103 194101 194126 194124 194122 194120

STRUCTURE/ 194106 194104 194102 194127 194125 194123 194121

—

NR - No Reading/Replaced

RIGHT HAND WING TRAILING EDGE AND ELEVON TRAILING EDGE CARRIER PANELS WITH EVEN DASH NUMBERS

Yw 3125
WING STUB G

191066 191068 191070 191073 191075 STRUCTURE
191066 191067 191069 191071| 191072 191074 191076 WING

TRAILING
:: EDGE
— <L} CARRIER

«+}—— CARRIER
PANEL

ELEVON
LEADING

194120 194122 194124 194126 194101 194103 194105 w| EDGE
194121 194123 194125 194127"' 194102 194104 194106 | STRUCTURE

Shmp e

NX = TEMPERATURE LESS THAN 130°F

N3 = TEMPERATURE LESS THAN 150°F

BLANK INDICATES TEMPILABEL® NOT READ

Figure 10. Wing-Elevon Lower Cove Tempilabel® Data
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Table 8. Boundary Layer Transition Flight Comparison - OV-104 Only

TRANSITION TIME IN SECONDS (SINCE ENTRY INTERFACE) AT THE MOST
CONSISTENT FORWARD AND AFT THERMOCOUPLE LOCATIONS
MISSION | VEHICLE | FLIGHT FOR"?’\?;ET’&’;‘;L'M A&ngﬁa%e
EQUIVALENT)
STS-27TR | OV-104 3 NO DATA 1150
STS-30R | Ov-104 | 4 NO DATA 1210
STS-34 ov-104 | & NO DATA 1115
STS-36 ov-104 | 6 NO DATA 1240
STS-38 ov-104 | 7 NO DATA 1200
STS-37 ov-104 | 8 NO DATA 1210 i
STS-43 ov-104 | o NO DATA 1280 S
STS-44 ov-104 | 10 NO DATA 1230 Page
STS-45 ov-104 | 11 NO DATA 1290 b i
STS-46 ov-104 | 12 NO DATA 1250
STS-66 ov-104 | 13 NO DATA 1213
STS-71 ovV-104 | 14 NO DATA NO DATA
STS-74 ov-104 | 15 NO DATA 1150
STS-76 ov-104 | 16 NO DATA 1232
STS-79 ov-104 | 17 NO DATA 1303
STS-81 OV-104 18 NO DATA 1000 List of
STS-84 ov-104 | 19 NO DATA 1215 ,l:%s
STS-86 OV-104 | 20 NO DATA 1150 Wnasadt™
STS-101 | Ov-104 | 21 NO DATA 1130 List of
STS-106 | OV-104 | 22 NO DATA 1105
STS-98 ov-104 | 23 NO DATA 1251 Tl
STS-104 | OV-104 | 24 NO DATA 1287
STS-110 | OV-104 | 25 NO DATA 1160
OV-104 AVERAGE NO DATA 1198.7
FLEET AVERAGE 1190.1 1173.2
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Table 9. OV-104 Charred Filler Bar History

MISSION/FLT CAT1 | CAT2 | CAT 3 |OTHER| TOTAL
STS-30R/FLT 4 441 207 4 0 652
STS-34/FLT 5 225 88 1 0 314
STS-36/FLT 6 60 27 3 3 93
STS-38/FLT 7 30 24 1 0 55
STS-37/FLT 8 85 8 1 4 98
STS-43/FLT 9 123 56 9 0 188
STS-44/FLT 10 176 13 4 0 193
STS-45/FLT 11 54 24 1 0 79 e
STS-46/FLT 12 82 23 19 0 124 Previous
STS-66/FLT 13 51 77 0 0 128
STS-71/FLT 14 3 10 2 0 15
STS-74/FLT 15 30 27 2 0 59 Next
STS-76/FLT 16 8 1 0 0 9 Ny
STS-79/FLT 17 7 6 1 0 14 s
STS-81/FLT 18 8 11 3 0 22 o e
STS-84/FLT 19 4 0 0 10
STS-86/FLT 20 4 26 0 0 30 Contents
STS-101/FLT 21 21 42 0 6 69 S
STS-106/FLT 22 21 41 0 23 85
STS-98/FLT 23 E 6 0 0 1
STS-104/FLT 24 7 18 0 12 37
STS-110/FLT 25 6 B 0 6 17
OV-104 AVERAGE 66.0 | 33.9 2.3 25 | 104.6
OV-104 MEDIAN 255 | 235 1.0 0.0 64.0
FLEET AVERAGE 713 | 454 | 3.8 50 | 1255
FLEET MEDIAN 280 | 260 | 20 0.0 74.5
Acronyms
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CATEGORY OTHER =6

CATEGORY 1 =6

CATEGORY 3=0

TOTAL =17

=

Figure 11. Charred Filler Bar Locations
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5.0 EVALUATION

5.1  Lower Fuselage and Wings

5.1.1 General
(X. Dominguez)

Post-landing assessment of the lower surface fuselage and wings found the overall condition of
the TPS components to be nominal. The number of lower surface debris impact damages greater
than 1 inch was slightly less than the average of previous missions (refer to figure 1). Locations
of charred filler bar conditions for the lower surface of the vehicle continues to be significantly
below the averages for the vehicle and for that of the fleet (refer to table 9). Post-landing
inspections found no protruding gap fillers on lower surface areas. A discoloration on the OML
of the V070-191028-093 and -072 tiles was observed on the runway post landing (refer to
photo 5). A closer evaluation by engineering after the V070-191028-072 tile was removed
revealed no cavity flowpath or degradation (refer to photo 6). The discoloration is suspected to be
caused by outgassing of components. Various other tile damages on the lower fuselage and wings
were repaired per standard procedures.
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Photo 5. Discoloration on OML, Close-up View
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Photo 6. V070-191028-072 Tile Removal Reveals No Cavity
Flowpath or Degradation
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5.1.2 Nose Landing Gear Door Area
(X. Dominguez)

The assessment of the NLGD area post landing at Kennedy Space Center found the thermal
barriers to be in nominal conditions for all thermal barriers except for one. Inspections found the
left side V070-398390-001 IML thermal barrier to be torn and frayed warranting removal and
replacement with a like item. Flight 25 of OV-104 was the first orbiter to fly several new thermal
barrier configurations at the periphery of the NLGDs, all of which were implemented on an
attrition basis. Previous post-flight inspections on various orbiters had found the forward end of
the V070-398374-001 thermal barrier on the centerline of the right gear door to have
compressed/missing batting. The open end design of this barrier exposed it to direct airflow
during opening of the doors on final approach to landing that allowed impingement of air on the
batting. The redesigned replacement V070-398374-009 thermal barrier included a fabric end cap
at the forward end to prevent airflow impingement to the internal batting (refer to photo 7). The
implementation of this redesign was authorized per EOs A06 and B07 of the V070-398374 and
V070-398370 drawings respectively. Post-flight evaluation of this new configuration found the
end cap to be in good condition. There was a minor debond of the thermal barrier-to-tile sidewall
interface at the forward end that was unrelated to the new design. The minor separation of the
barrier from the tile sidewall was addressed by rebonding the discrepant area.

A new thermal barrier configuration also flown this flight was at the chin panel interface.
Processing history has shown the two intersections of the three OML thermal barriers created a
build up of materials that contributed to tile damage at these interface locations when the NLGDs
were closed. The three OML thermal barriers (two V070-398379-009 and one V070-398379-010
barrier) were replaced with one V070-398379-017 thermal barrier, which eliminated the joint
intersection of multiple barriers (refer to photo 8). This change was authorized and implemented
per EOs B03 and B07 of the V070-398379 and V070-398370 drawings respectively. Processing
operations related to the installation of the single barrier configuration, as well as flight
performance, found this configuration to be an excellent enhancement.

The final new thermal barrier configuration at the NLGD periphery was at the OML centerline
location of the doors. The centerline OML thermal barrier configuration for the orbiter fleet
utilized a two barrier configuration for the entire length of the centerline. Processing and
handling of these rather long soft good parts at this location was difficult, as some required
removal of the entire length even when the damage was localized. The two OML barriers
(V070-398381-009 and -010) were replaced with the four shorter length V070-398381-017, -018,
-019 &-020 thermal barriers per authorizing EOs A10 and B07 of the V070-398381 and
V070-398370 drawings, respectively (refer to table 10 for thermal barrier replacement history).
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Photo 7. New NLGD Centerline Thermal Design V070-398374-009
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oML
(V070-398379-017)
M THERMAL BARRIER

g

Photo 8. New NLGD One-Piece (V070-398379-017)
OML Thermal Barrier, Overall View
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Table 10. OV-104 NLGD Thermal Barrier Replacement History

POST-FLIGHT NUMBER
BARRIER
20 21 22 23 24 25 26 27 28 29

CHIN OML = - - - = NR
CLO-1 e o & - £ NR
CLO-2 - = &l i 8% NR
CLO-3 - s s 2y e NR
CLO-4 e =t a Wi = NR Previous
C1-OML P NR D P D ’ ,,:gc
C1 - PRIMARY P NR D P D NR

Next
C1- SECONDARY P NR NR P NR NR :,

Pag
C2 - OML A NR D NR D " il
C2 - PRIMARY A NR NR NR D NR 'r:ér) of
C2- SECONDARY A NR NR NR D NR Contehis
C3 - PRIMARY A NR NR NR NR NR ey

ASL O
C4 - OML A NR NR NR NR "

Tables

C4 - PRIMARY A NR NR NR NR NR i
C5- OML D NR NR NR NR NR List of
R1 - OML P NR D P D . ,‘-m"('?.s
R1 - PRIMARY P NR D P D NR

List of
R1- SECONDARY P NR NR P NR NR
R2 - OML 3 NR NR NR D NR Pt
R2 - PRIMARY P NR NR NR D NR List of
R2 - SECONDARY P NR D NR D NR o
R3- OML D NR NR D NR NR TR
R3 - PRIMARY NR NR NR D NR NR
R3-SECONDARY | NR NR D D NR NR
R4 - OML D NR NR D NR NR
A - ACCESS TO ADJACENT COMPONENTS NOTE:
B - DEBOND REFER TO FIGURE 12 FOR NLGD THERMAL BARRIER
D - DAMAGE LOCATION REFERENCES.

G - DEGRADED
P - CHIN PANEL SUPPORT
NR - NO REPLACEMENTS TOOK PLACE
*MODIFIED FROM 3 BARRIERS TO 1 (REFER
TO CHIN OML)
** MODIFIED FROM 2 BARRIERS TO 4 (REFER
TO CLO-X LOCATIONS)
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Table 10. OV-104 NLGD Thermal Barrier Replacement History (cont’d)

POST-FLIGHT NUMBER
BARRIER
20 21 22 23 24 25 26 27 28 29
R4 - PRIMARY NR D NR D NR NR
R4 - SECONDARY | NR NR NR D NR NR
RS - OML NR D NR NR D NR
R5 - PRIMARY NR D NR NR NR NR
R6 - OML NR D D NR NR NR
R6 - PRIMARY NR D D NR NR NR -
Previous
L1-OML P NR D P D . ~—
Pag
L1 - PRIMARY P NR D P D NR =
L1 - SECONDARY P NR NR P NR NR
L2 - OML P NR NR NR NR NR
L2 - PRIMARY P NR NR NR NR NR
Table of
L2 - SECONDARY P NR D NR NR NR -.9
C 5
L3 - OML D NR NR NR NR NR -
L3 - PRIMARY A NR NR NR NR NR List of
L3 - SECONDARY D NR D NR NR NR Tables
e
L4 - OML NR NR NR NR NR NR
List of
L4 - PRIMARY NR D NR NR NR NR '9
L4 - SECONDARY | NR NR NR NR NR D 5. o
L5 - OML NR D NR NR NR NR List of
L5 - PRIMARY NR D NR NR NR NR Photos
L6 - OML NR D NR NR D NR
List of
L6 - PRIMARY NR D NR NR D NR _9
A - ACCESS TO ADJACENT COMPONENTS NOTE: Wk o
B - DEBOND REFER TO FIGURE 12 FOR NLGD THERMAL BARRIER
D - DAMAGE LOCATION REFERENCES.
G - DEGRADED

P - CHIN PANEL SUPPORT
NR - NO REPLACEMENTS TOOK PLACE
*MODIFIED FROM 3 BARRIERS TO 1 (REFER
TO CHIN OML)
** MODIFIED FROM 2 BARRIERS TO 4 (REFER
TO CLO-X LOCATIONS)
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Figure 12. Nose Landing Gear Door Thermal Barrier Location References
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Several tiles on the NLG door perimeter incurred damages. The left forward outboard corner of
the V070-391041-141 tile was damaged, but was within criteria suitable for a putty-type repair
(refer to photo 9). The V070-391044-160 tile along the aft edge of the left door was also damaged
in two locations which were also suitable for repair utilizing a putty-type repair (refer to
photo 10). While these two tiles were repaired with standard processes, the OML damage
incurred on the V070-391025-035 warranted that the part be removed and replaced.

Evaluation of the chin panel area and the associated V070-399441-044 chin panel gap filler
during inspections performed on the runway and in the OPF found the gap filler to be in nominal
condition (refer to photo 11). All other RSI components in the NLGD area appeared nominal
with only minor tile damages that were repaired per standard procedures.
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Photo 9. Damaged Right-Hand Corner on V070-391041-141
Tile of NLGD, Overall View
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Photo 10. Damaged Aft V070-391044-160 Tile of NLGD, Overall View

49

N\ soEING

Previous

Table of

S

Contents

List of

Tables
| A

List of

)

Figures

List of

Photos

s
List of
Acronyms
R i



STS-110

Page
Next
Page

Contents

Previous
Table of

o
w

S

Figures

o)

Photos

S

List of

Tables

List of

List of

m
E
B
b
-
<

This page intentionally left blank.

50

@_ﬂﬂf]ﬂﬂ“



STS-110

© V070-399441-044
. CHIN PANEL GAP
- FILLER

Photo 11. Chin Panel Area, Overall View
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5.1.3 Main Landing Gear Door Area
(X. Dominguez)

Overall, the performance of the TPS in the MLGD area appeared nominal.  The
V070-191121-024 tile continues to experience recurring damage to the edge of this tile at the
thermal barrier interface (refer to photo 12). The damage found post-flight 25 on this tile was
minor scalloping type damages with a length of approximately 3 inches, which was within criteria
suitable for putty-type repairs. Engineering is evaluating the recurring damage at this location for
a possible change in materials that might mitigate future damage. The majority of the MLGD
periphery thermal barriers exhibited typical wear. Breaching/tearing of the outer cover fabric
occurred on nine barriers (three on the right side and six on the left side), which required removal

: . Previous
and replacement (refer to table 11 for thermal barrier replacement history). iy
Page
Table 11. OV-104 MLGD Thermal Barrier Replacement History
Next
POST-FLIGHT NUMBER iy
BARRIER Page
20 21 22 23 24 25 26 27 28 29 e
Table of
L1 D NR NR D NR D
L2 NR NR NR D NR NR Contents
L3 NR D NR NR D NR List of
L4 NR NR NR D NR D "9
Tables
L5 NR NR NR D NR D —
List of
L6 NR NR NR NR NR NR
L7 NR NR NR NR NR NR Figures
L8 NR D NR NR NR NR List of
L9 NR NR NR D NR NR n@
Photos
L10 NR NR NR NR NR NR —
List of
L11 NR NR NR NR D NR 9
L12 NR NR D NR D NR Acronyms
TR AR
L13 D NR NR NR D NR
L14 NR NR D NR NR NR
L15 NR D NR D D D
L16 NR NR D NR NR NR
L17 NR NR D NR NR NR
L18 NR D NR NR NR NR
A - ACCESS TO ADJACENT COMPONENTS NOTE:
B - DEBOND REFER TO FIGURE 13 AND FIGURE 14 FOR MLGD
D - DAMAGE THERMAL BARRIER LOCATION REFERENCES.
G - DEGRADED
NR - NO REPLACEMENTS TOOK PLACE
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Table 11. OV-104 MLGD Thermal Barrier Replacement History (cont’d)

POST-FLIGHT NUMBER
BARRIER
20 21 22 23 24 25 26 27 28 29
- =
L19 NR D NR NR NR NR
120 NR D NR NR NR D
L21 D D NR D D D
R1 NR NR NR NR NR NR
R2 D NR NR NR NR NR
R3 NR D NR NR NR NR
Previous
R4 NR NR NR D NR NR S
Page
R5 NR NR NR D NR NR |
R6 NR NR NR NR NR NR Next
R7 NR NR NR NR NR NR B
| TR AT
R8 NR NR NR NR NR NR
Tabhle of
R9 D NR NR NR NR NR O
R10 D NR NR NR NR NR kst
R11 D NR NR NR NR NR List of
R12 NR D NR D D T':%S
R13 D D NR NR
List of
R14 NR D NR NR NR NR @
R15 NR D D D NR NR Figwes
R16 NR NR NR NR NR NR usér
R17 NR NR NR NR NR NR ol
R18 NR NR D NR NR NR
List of
R19 NR NR NR D NR NR | R(_))
R20 NR D NR NR NR NR Afrosyme
R21 NR D NR NR D D
A - ACCESS TO ADJACENT COMPONENTS NOTE:
B - DEBOND REFER TO FIGURE 13 AND FIGURE 14 FOR MLGD
D - DAMAGE THERMAL BARRIER LOCATION REFERENCES.
G - DEGRADED
NR - NO REPLACEMENTS TOOK PLACE
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Figure 13. Main Landing Gear Door Thermal Barrier
Location References, Left-Hand Side
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Figure 14. Main Landing Gear Door Thermal Barrier
Location References, Right-Hand Side
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Photo 12. Scalloped Damage to V070-191121-024 Tile
on Right-Hand Corner of MLGD
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5.1.4  Leading Edge Structural Subsystem
(M. Gordon/G. Grant)

In general, the LESS was in nominal post-flight condition; however, there were three small
impact damages that exceeded ML0601-0002 criteria, one of which warranted repair by the
vendor.

Rib splice 8R sustained damage on the lower surface at a location 8 inches from the lower edge.
The damage measured 0.08 inch by 0.08 inch by 0.05 inch and the silicon carbide coating was
penetrated, thereby exposing the underlying carbon substrate. The damage site had a small
quantity of ash, indicating that the defect occurred prior to reentry heating and that substrate
oxidation had occurred. The tee seal was removed and shipped to the vendor for factory repair in
accordance with Lockheed-Martin Missiles and Fire Control specification 209-21-003 method 3.

Other damages were identified on left-hand WLE panels number 9 and 14. These damages did
not have exposed carbon substrate and were repaired per ML0601-9026 procedure TPS-365
method A, putty repair.

There were no damages to the RCC arrowhead plates, MC621-0007-7009 (S/N 13AH001, second
flight) and MC621-0007-7010 (S/N 39AHO002, sixth flight). The repair performed prior to
flight 25 to the aft plate is continuing to perform within expectations. The V070-391105-024
arrowhead blanket exhibited significant tears and frays and was replaced after its service of two
missions.

The V070-399441 gap filler continues to perform within technical expectations as indicated in
figure 15.
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Figure 15. OV-104 Gap Filler Compression Recession Measurements
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With the exception of the three WLE damages, the overall condition and appearance of the LESS
was excellent. The type A sealant appeared to be in nominal post-flight condition. The fifth
flight of the recently refurbished RCC WLE is continuing to perform within expectations. No
unexpected individual pinhole or pinhole clusters were noted.

In general, the lower LESS access carrier panel TPS installations weathered the mission
reasonably well. The Engineering walkdown was performed to satisfy OMRSD inspections to
verify the integrity of the interface. A few occurrences of tile or previous repairs slumping were
reported. During the inspection it was determined that a few locations would need Ames gap
fillers to increase compression of the horsecollar gap fillers. Two locations had upper and lower
LESS access carrier panels removed to support rework of a damaged tee seal that had to be sent
back to the vendor. Composite findings, including those mentioned above, are listed in the
table 12 sorted by carrier panel number and including a brief description. A summary of carrier
panel removal activity, which were all required to support structures rework or typical flowpath
inspections, is included in table 12.

Table 12. LESS Carrier Panel Activity Post STS-104, OV-104 Flight 25

Previous

LESS CARRIER

PANEL NO. DISCREPANCY ACTION TAKEN
LH 11 HORSECOLLAR ASSEMBLY EXHIBITEDLOW | INSTALL AMES GAP FILLER TO INCREASE COMPRESSION,
COMPRESSION PER ML0601-9026 PROCEDURE TPS-316

RH 8 AND 9 TES-4-26-0400 WRITTEN TO DOCUMENT ACCESS PANELS REMOVED TO GAIN ACCESS TOR/S 8.
DAMAGE TOR/S 8 FOLLOWING COMPLETION OF RCC REPAIR, THE ACCESS
PANELS WERE INSTALLED

RH 14 HORSE COLLAR ASSEMBLY EXHIBITED INSTALL AMES GAP FILLER TO INCREASE COMPRESSION,
LOW COMPRESSION PER ML0601-9026 PROCEDURE TPS-316
RH 18 SLUMPED TILE CORNER (RWNG-4-26-4102) | GRIND OUT SLUMPED AREA AND REPAIR PER ML0601-9026
PROCEDURE TPS-330
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5.1.5 [External Tank Door Area
(X. Dominguez)

The post-flight evaluation of the periphery thermal barriers for both the left- and right-hand ET
door locations found that the black RTV exhibited a “chalky” appearance typical of flown ET
thermal barriers (refer to photo 13), with only minor fraying of OML fabric. With the exception
of the left-hand V070-398817-022 thermal barrier having some excessive fabric degradation that
warranted removal and replacement, all of the ET thermal barriers were in nominal condition

STS-110

(refer to table 13 for ET door replacement history).

The V070-395037-145 tile, outboard of left-hand ET door, sustained OML damage (refer to
photo 14) that warranted removal and replacement. The V070-395037-145 tile (LI-900 material)
was replaced with the V070-395037-207 tile (LI-2200 material) for improved durability. Various
other minor OML damages were repaired per standard procedures.

Table 13. OV-104 External Tank Door Replacement History
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VIEWS LOOKING UP
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Figure 16. External Tank Thermal Barrier Location References
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