SHUTTLE carrios Technology/E5C Group
HYPERVELOCITY &\ Ll crrictiancen
||\/||:) ACT i | i -NASA/JSC—KX
DATABASE

IAC-11.A6.3.7

T
[
LIt

Dana M. Lear
NASA/JSC-KX

LAE3 501 gy o AL ES 1 g 2 081
e L

62" International
Astronautical Congress
Cape Town, South Africa
3 — 7 October 2011

FLH

ar

http://www.nasa.gov/mission_pages/station/multimedia/gallery/iss027e036710.html



Introduction

d 135 shuttle missions between
April 1981 & July 2011

O Post flight refurbishment

includes micrometeoroid &
orbital debris (MMOD)

inspection | 3P ‘
O Total surface area = 1570 m?2 "
0 Regions with detailed MMOD | | l
inspections Easl §

0 Payload Bay Door Radiators (7.6%0)

0 Wing Leading Edge/Nose Cap
Reinforced Carbon-Carbon (2.5%0)

d Crew Module Windows (0.2%0)
0 10.3%0 of total area
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Payload Bay Door Radiators

O Four panels per door
d 3.2x4.6m
d Area —120 m?

d Aluminum sandwich
panels with silver-Teflon
thermal tape

d Open while on orbit
(radiators exposed to
MMOD environment)

0 Closed for ascent/entry
(radiators protected)

DEPLOYABLE
RADIATOR
PANEL
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Payload Bay Door Radiators: Inspection

0 Radiator dent & ding inspections were performed
after each mission using a bridge crane and 2
platforms.

1 Required contamination suits
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Payload Bay Door Radiators: Inspection

Radiator view from
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Payload Bay Door Radiators: Sampling

d 1 face sheet hole was observed
(average) per mission. Thermal tape
removed during repair is saved for
SEM/EDS analysis. Material around
face sheet hole was also recovered.

O Face sheet craters were the most
commonly reported damage feature. |
Sampling was performed with e . ' {

Reprosn® vinyl polysﬂoxane |mreSS|on N, - S -

' :ﬁﬁm- .
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Payload Bay Door Radiators: Sampling

Radiator tape damage (tape holes) were reported less frequently
than face sheet craters, probably due to observational bias or

oversight. Small defects may have been perceived as insignificant
and overlooked. Thermal tape removed during repair is saved for

SEM/EDS analysis.
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Crew Module Windows

d 11 windows (—3.6 m? total area)
d Three pane design (Thermal, Redundant, and Pressure)
d Thermal pane material = fused silica

9 REAR VIEWING 10

(Wiew Looking Aft)

RIGHT HAND SIDE LEFT HAND SIDE

Reference:
Orbiter Window
Inspection
Familiarization,
May 22, 2006
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Crew Module Windows: Inspection

0 Inspection access by platform. Awkward reaches necessary

pec
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Crew Module Windows: Inspection

2 mm

Window 1 from STS-123 (OV-105/Flight 21)
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Crew Module Windows: Inspection

O Impact features down to
100pum in diameter were easy
to detect on the vehicle with
clean windows and good
lighting.
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O New impacts on W1 and W6
(LH & RH sides) displace
plume deposits from Solid
Rocket Booster separation
motor firings...distinctive
radial pattern is easy to see.
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Crew Module Windows: Sampling

0 Reprosil® vinyl polysiloxane impression material was used on

suspected MMOD sites to measure crater features & extract
projectile residue. SEM/EDS
2 ’ /—‘

used to discern the source of impact.
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Leading Edge Structural System/RCC

Wing Leading Edge
Nose Cap, Panels and Seals

Chin Panel
& Seals

Fwd External
Tank Attachment
“Arrowhead”
Plate

Reference:
SR1862 Reinforced

nspection,
May 12, 2003
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Leading Edge Structural System/RCC

U Wing Leading Edge Panels
O 22 Panels and Seals per Wing (total area =35.7 m?)

Glove Spar (a.k.a. Boot Spar)

=y

T
g e
= u& N Forward
a5
ION <
Rib Splice 1 \
(Angle Seal) 0 - \ Qutboard

Rib Splice 2 AN v

(Tee Seal 1)

Note: Panel and its “locking" outboard
or downstream gap seal make
up a Panel/Seal Assembly.

End pieces, Rib Splice 1

Intermediate Spar (a.k.a. Transition Spar)

Note: Left wing shown, right side is a mirror

image.
9 (Angle) and Panel 22, do not
On each wing: have mating RCC and are sole
22 RCC Panels assemblies.
22 Gap Seals (21 Tees & 1 Angle)
22 Upper Access Panels
22 Lower Access Panels Last Gap Seal Q 'ﬁp Spar %ge Criteria
U o or Inspection
Rib Splice 22 m&} lfQiskI Asf)sestsmei‘t',VIMOD
I:TEE Seal 21] April 6, 2006
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Leading Edge Structural System/RCC: Inspection

= "l = = T

T

O Inspection access by
platform. Overhead reaches

necessary for complete
Inspection.

MMOD impacts in RCC
produce distinctive damage

features.

w100 T mem
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Leading Edge Structural System/RCC: Sampling

0 Suspected MMOD impact sites were sampled with a tape
pull technique. Projectile residue on tape was analyzed
with SEM/EDS to discern the source.
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Thermal Protection System (TPS) Tiles

0 Hypervelocity impact features in L1-900 TPS tend to have
internal cavities that are larger than the entry hole.

O Difficult to sample on the vehicle. In a few instances
scrapped tiles were removed and MMOD damage sites
cored for direct analysis in the SEM/EDS

MMOD indications on LI-900 tile
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Thruster Nozzles: Reaction Control System

d Crater in C103 Niobium alloy
O Distinctive coating loss and central crater
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Thruster Nozzles: Orbital Maneuvering System

Impact in OMS main engine nozzle (entry crater
""""""" 1.2 mm

crater
diameter

0.6 mMmm estimated
crater depth

—~70% of 0.86 mm
(0.034 in)
“nominal wall thickness
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Thruster Nozzles: Orbital Maneuvering System

d Impact in OMS main engine nozzle (back side damage)

Impact #1 Location
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Database Overview: Home Page

Shuttle Hypervelocity Impact Database - Home

Crew Module Windows Payload Bay Door Radiators RCC, FRSI & other areas
Number of Records - 1894 Number of Records - 604 Number of Records - 453

Window Impact Data Radiator Impact Data Impact Data

Window Impact Stats Radiator Impact Stats

Window Replacement Data Facesheet Perforation Data

Replacements per Mission Facesheet Perforations

Replacements per Mission-Day Facesheet Perfs per Mission-Day

Replacement History

Database Curator: Last Update:

Change Log
Jim Hyde 281-244-5068 24-Aug-2011
21 ¢
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Crew Module Window Summary

Distinct Missions: 89 missions with window impacts 0D Sources . - .
Total Missions: 133 TSt e ST.153 — — Orbital Debris Sources: Windows
. - ru - :
ota 1ssions 2.2% 0.6% 0.6%
D: Paint 126 4.1%
: Pain 0.6%
Total DB Records = 1804 D Steel 38 .
m DAl
D:Ti 13
m O Paint
Impact Sources D: Al203 7
m D Steel
Unknown® 1315 69% D: Cu 2 ==
Micrometeoraids (MM) 262 14% D: Plastic 2 WO
Orbital Debris (OD) 317 17% D Ag 2 mD:AIZO3
Total 1894 0 Na/K o D Cu
* unknown assumed to be meteoroids O- hinders 0
[ Plastic
Damage Feature Size D: waste 0
DA
Feature AVG (mm) MAX (mm) MIN [mm) o Micd o e
Crater Length 0.480 13.434 0.050 O: PChoard o
Crater Width 0.429 B3.966 0.036 Total 317
Crater Depth 0.050 0.828 0.011
Estimated Projectile Sizes
Damage Feature AVG [mm) MAX (mm) MIM (mm)
Crack/Flaw Diameter 0.028 0.309 0.0057
Crater Depth 0.023 0.406 0.0052
Replacements (thru 5T5-133)
total replacements (MMOD) 183
replacements,/mission 1.35
replacements/mission-day 014
22
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Crew Module Window Data

Home CREW MODULE WINDOWS - HYPERVELOCITY IMPACT DA

Pane SEM Assessed Particle Impact Impact Average Dental
Window PP PR Crater Dimensions (mm| Estimated Imj T {mm] Particle Particle Density Velocity Angle Crater Diam Mold
Number| ?| v | length -] Width || Diamete ¥ | Les | Typa~| Type ¥| SEM/EDXAResults hd lgfem?) ¥ (km/s)| * ¥ | samplef ¥ Comments
E ¥ 0.701 0. 0.023 — s} D:Ti : 5 7.14 erdim
& ¥ 3 0.150 0. .01 u M 1.0 23.0 er di
3 4 o 0. Q.02 u M 10 23.0 & er di
7 3 0 = 0. 0.02 u M 1.0 23.0 & er di
7 ¥ 4 o x| 0. 0.03 C D: Faint 2.5 714 & er di
7 ¥ 5 1] x| O 0.03 u M 10 230 & er di
7 ¥ & o % 0. .01 u M 1.0 23.0 0.15 & er di
10 1 0z % 0 0.05 u M 10 23.0 0.94 15C-6 i
1 Y 0163 (= 0. 0.01 u M Unknown 1.0 23.0 0.14 15
1 Al 0233 x| 0. Q.02 u M Unknown 10 23.0 0.24 15
4 1156 |x 1. .07 u M Unknown 10 23.0 1.43 15
7 Y 0218 = 0. 0.02 u M Unknown 1.0 23.0 0.20 15
1 ¥ 2 2.343 1 0.10 C D:Faint [CD i 2.5 7.15 ¥
1 f E] 0953 0 0.05 u 10 230 4
2 1 0.058 i Q.02 u 3] 23.0 25
2 2 0.432 0 0.03 u 1.0 23.0 4 0.
E] — 0.403 0. 0.02 u 1.0 23.0 4! 0.
4 1 2] o Q.08 u 2] 23.0 45
& f 1 0 0 0.02 u 0 23.0 4
& i 2 0 0. 0.02 u 1.0 23.0 45
¥ 3 o 0 0.03 u o 23.0 4
f 6 0 0 0.01 u 1] 230 4
¥ o) 0.7 i Q.08 u 3] 23.0 25
Al 2 o 0 0.05 u 1.0 23.0 45
& i 10 0 0 0.05 u 1.0 23.0 45
7 Al 1 2] o Q.08 u 10 23.0 45
2 f 2 1 1.1 0.07 u 10 23.0 4
2 i 2 0 0. 0.04 u 1.0 23.0 4!
28 1 ¥ 2 3 3. 011 C 4.5 7.15 45
b} 2 4 1] 0 0.03 u 10 230 45
2 3 & 1 o Q.05 u 10 23.0 45
22 2 7 o] 0. 0.05 u 10 23.0 4
28 4 10 1 1. 0.06 s} 2.8 7.15 4!
28 5 1 1 1. 0.08 C 2.5 7.15 45
128 & ¥ 1 1] 0. 0.04 u 1.0 23.0 45
128 & A 2 0 0. 0.05 u 1.0 23.0 4! TES-3-38-1131
128 & ¥ 3 o] 0. 0.02 u 1.0 23.0 4 Tl -38-1131
28 6 ¥ 4 1] 0 0.02 u 10 230 4 TES-3-38-1131
8 7 1 0 0 0.02 u 1.0 23.0 45 ] crater dim estimated from _
12% 1 ¥ 1 1397 |x 1 0.08 u M unknown [Ti} 10 23.0 45 JEC-65752 | TES-4-22-0969 crater dim estimated from K54
129 1 Y 2 0587 = 0.457 0.02 u M unknown [Fe) 10 23.0 45 JEC-65758 [ TES-4-32-0969 | crater dim estimated from K
123 1 Al 3 0373 x| 0.345 Q.02 C CeTi oD [Ti) 4.5 7.15 45 J5C-65758 | TES-4-32-0963 crater dim estimated from K34
129 1 ¥ ) 03261 |x 0.245 0.02 u M nosample 1.0 23.0 45 JEC-65752 | TES-4-22-0865 crater dim estimated from KEC/
129 1 ¥ & 0.168 x 0.122 0.01 u M nosample 1.0 23.0 45 J5C-65758 | TES-4-32-096% crater dim estimated from KS
129 3 3 0945 |x 1265 0.06 u M Unknown 10 23.0 45 J5C-65758 | TES-4-32-0967 crater dim estimated from KSC/
129 3 4 0305 |x| 0373 0.02 u M Unknown 10 230 45 J5C-85758 | TES-4-32-0967 crater dim estimated from K5
129 4 2 0457 x  0.330 0.03 u ] nosample 10 23.0 45 J5C-65758 | TES-4-32-0966 | crater dim estimated from KSi
12% 4 2 0991 |x| 0.686 0.05 u M Unknown 10 23.0 45 JEC-65758 |[TES-4-32-0966 | craterdim estimated from K& T
129 3 ¥ 1 0767 |x 0.557 0.04 u M nosample 1.0 23.0 45 J5C-65758 | TES-4-32-0964 | craterdim estimated from KS
123 & ¥ 2 011% x| ©.118 .01 u M nosample 1.0 23.0 45 J5C-65758 | TES-4-32-0964 | craterdim estimated from K3
129 & ¥ 2 0165 |x| 0.105 0.01 u M nosample 1.0 23.0 45 JSC-E5758 | TES-4.32-0964 | craterdim estimated from KSC/)
129 2 Y 1 0599 = 0.926 X 0.08 s} D:Paint [OD [Ti, Fe, Zn, Fb) 25 7.15 45 JSC-65758 | TES-4-32-0965 | crater dim estimated from KSC/
130 1 ¥ 1 4 0.262 0.15 u M unkn Si 10 23.0 45 d fro C/MIT
130 1 ¥ 2 1] 0 1] 0.03 u M 10 230 45 di from KSC/MIT
130 1 ¥ 3 o 0 o Q.03 u M 10 23.0 45 d
130 1 ¥ 4 0.1 0.1 0. .01 u M 10 23.0 45 d
130 1 ¥ 5 0 0 0. 0.02 u M 1.0 23.0 45 di
130 2 ¥ 3 o 0 0. 0.03 C o:Ti 4.5 7.15 4 di
1320 ¥ 5 o 0 0 0.04 u M o 23.0 di
130 ¥ =] 1 1 0 0.07 u M .0 23.0 45 di
130 2 ¥ o 0 0.02 C D:Seeel 7.9 7.15 45 d
130 3 5 1] 0 1] 0.05 u M 10 230 45 di
130 3 ) o] o 0. .03 u M 10 23.0 45 di
130 4 & o o 0. .02 u M 10 23.0 45 d
130 4 0.1 0.1 0.01 — u M 1.0 23.0 45 di

NASA Johnson Space Center
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Q

Q

Crew Module Window Data

Total observed
Impacts per window.

Distribution at W4
was skewed by a
large number of
Impacts on STS-85
thru STS-91.

700

600 —

500

400

Impacts

200

100

Window

NASA Johnson Space Center
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Crew Module Window Data

- Total observed impacts per mission
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Crew Module Window Data

Replaced windows: STS-114 thru 133

M preflight prediction (avg=3.74)

M actual (avg=2.74)

Scrapped Windows

114 121 115 116 117 118 120 122 123 124 126 119 125 127 128 129 130 131 132 133

STS
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Payload Bay Door Radiator Summary

Distinct Missions: 73 missions with rodigtor impacts 0D Sources - . .
o - Orbital Debris Sources: Radiators
Total Missions: 133 {5T5-1 thru 5T5-133) D: Paint A6
2 29 2.2% 1.1%
D: steel 28
Total DB Records = 601 D: Al a8 o
m D: Paint
D: NafK 2
mD: Steel
Tape Holes = 137 D: PChoard 2 oAl
[ b
Facesheet Craters = 388 D:Ti 2 /
B D Naj/K
Facesheet Holes = 76 D: binders 1
D: waste 1 m D: PChoard
Impact Sources D: Ag 1 el
Unknown® 427 71% D: Al203 0 D: binders
Micrometeoroids (MM) 83 14% D: Cu 0 D: waste
Orhital Debris (OD) 91 15% D: NiCd 0 D:Ag
Total 601 D: Plastic 0
* unknowns were assumed to be 60% meteoroids & 40% aluminum Total 01
Damage Feature Size
Feature AVG (mm) MAX (mm) MIN [mm)
Tape Hole Diameter 190 3.30 0.203
Face Sheet Crater Diameter 082 1057 0.020
Face Sheet Crater Depth 011 2.40 0.003
Face Sheet Hole Diameter 1.02 554 0.025
Estimated Projectile Sizes
Damage Feature AVG (mm) MAX (mm) MIN [mm)
Tape Hole 0.25 1.79 0.024
Face Sheet Crater 01z 103 0.053
Face Sheet Hole 0.26 3.84 0.001
27
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Payload Bay Door Radiator Data

Home PAYLOAD BAY DOOR RADIATORS - HYPERVELOCITY IMPACT D
Estimated Impactor Di
Tape Hole Tape Hole | Face Sheet | Face Sheet SEM Aszessed Particle
Diameter (mm} Diam Crater Depth| Hole Diam Particle Particle Density
575 | * = Sample§ | ¥ le ¥ | width ¥ [mm) * mm) ¥ Type ¥ Type ¥ | SEM/EDXA Results - [gfem®)
113 13 - X - - - u DAl Unknown 2.8
119 20 — = — — — u D:Al Unknown 2.8
119 21 — ® — — — D D:steel Fe, Ti, Fe-Cr-Ni 7.9
113 22 — X — — 0.11 — u M Unknown 10
119 232 x — 0.11 — U M Unknown 10
113 24 0.63 x — 0.08 — U M Unknown 10
119 20 0.56 x — 0.07 — — U M Unknown 10
113 27 X — — u M Unknown 10
119 28 0. = — 0.07 — — u D:Al Unknown 2.8
119 20 — X — — u M Unknown 10
113 21 0.55 = 0.07 — — u M Unknown 10
119 14 — x — — — U DAl Unknown 28
113 15 - X - - - u DAl Unknown 2.8
119 1s — = — — — u M Unknown 10
113 18 — X — — — u M Unknown 10
119 4 — = — — — u M Unknown 10
119 15 — X — — — u M Unknown 10
113 24 — X — — — u DAl Unknown 2.8
113 — x — — — U M Unknown 10
113 - X - - - u M Unknown 10
125 — % — — — U D:Al n 2.8
125 — X — — — U D:-Al n 23
125 — = — — — U M n 1.0
125 — x — — — U M n 1.0
125 — ® — — — U D:Al n 2.3
125 1.68 x - x - = — 0.16 — U M n 1.0
125 — x — x x 0.10 — — U M n 10
125 — % — % 1. = 0.10 — — U D:Al n 2.8
125 — = — = 1. = 0.08 — — U M n 1.0
125 — ® — ® Q. X hole — — 0.00 U M n 1.0
125 — x — x 1. ® hole — — 0.01 U M n 1.0
125 — X — X 0. ® 0.15 — — U D-Al n 2
127 — 3 — 3 0. = 0.02 — — u M Unknown 1.0
127 0 X X — x — — — u M Unknown 10
127 iz 3 3 — = — — — u D: Al Unknown 2.8
127 20 ® ® — ® — — — u D: Al Unknown 28
127 18 — x — x ® — Q.08 — u DAl Unknown 2.8
127 19 - x - x = - 0.06 - U M Unknown 1.0
127 16 - x - x X - - 0.16 D D: paint Fe,Cu, F,Ti,=m Al spheres 2.5
127 17 — 3 — 3 = — — u M Unknown 1.0
127 45 — X — X x — — u DAl Unknown 238
127 45 — 3 — 3 = — — u M Unknown 1.0
127 47 - x - x = - - U M Unknown 1.0
127 48 — X — X x — — u DAl Unknown 2.8 STR-5-24-5942
128 25 — M — M % — — u M Unknown (3i,Ag,Cr,Hi, 5r) 1.0 S$TR-3-38-9837
128 21 - x - x X - - 0.04 U DAl Unknown 2.3 5TR-3-38-3833
128 22 — = — = x — — 0.22 o D: paint Cr,Fe, Ti 25 Str-3-38-5240
128 25 - ® - ® = - 0.07 - U M Unknown 10 5tr-3-38-383%
128 26 - ® - ® ® - Q.12 - u DAl Unknown 2.8 $tr-3-38-983%
128 27 2.54 x 2.54 - x - = — 0.32 - - U DAl Unknown 28 Str-3-38-383%
128 28 - = - 0.58 = 0.58 3 0.07 - .09 — uU M Unknown 10 5tr-3-33-9839
128 19 - x - 0.50 x 0.56 = 0.37 - 0.26 - D DAl AlSi, trace Fe, Cu 23 5TR-3-38-3841
128 16 - x - 0.47 x 0.51 ® 013 - 0.12 - U M Unknown 10 5TR-3-28-8842
128 26 — = — 0.91 = 0.81 = 0.11 — 0.11 — u M Unknown 10 STR-3-38-9867
128 30 - ® - 0.60 ® 0.56 = 011 - 0.14 - U DAl Unknown 23 5TR-3-38-3847
128 20 0.44 ® 0.41 - ® - ® Q.08 - - u DAl Unknown 2.8 MNane
28 \
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Summary & Forward Work

0 Excel based list of shuttle inspection results
0 Crew Module Windows
0 Payload Bay Door Radiators
0 Thermal Protection System
0 SEMZ/EDS results included

0 Estimated particle diameters

O Forward Work
O Conversion to web based application
d Integration with image database
O Additional Datasets
d ISS returned hardware dataset
d HST WFPC2 radiator inspection

29
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