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On-orbit repair technologies for reinforced carbon-carbon composite (RCC}
structures are criticatly needed for space shuttle return to flight (RTF} efforts.
These technologies are also critically needed for the repair and refurbishment of
thermal protection system of future Crew Entry Vehicles (CEV) of space
exploration programs. GRABER (Glenn Adhesive Refractory for Bonding and
Exterior Repair) has shown multiuse capability for in-space repair of both large
repairs and small cracks in space shuttle Reinforced Carbon Carbon (RCC)
leading edge material, The concept consists of preparing an adhesive paste and
then applving the pasie to the damaged/cracked area of the RCC composites with
cautking gun. The adhesive paste cures at 100-120 C and transforms into a high
temperature ceramic during vehicle re-entry conditions. Further development and
testing are underway fo optimize the materials properties and extend the
application temperature.
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Thermal Protection System (TPS)
Damage Mechanisms

» impact damage during ground handiing

» Damage due to falling of ice or other objects
during launch

s Micrometeoroid and orbitai debris impact

» Damage caused by different factors during

launch and reentry {weather, launch acoustics,
shearing, etc.)
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i.eading Edge Structural Subsystem (LESS}
RCC Components Overview

Mose Cap, Ghin Foryard External | | Wing Leading Edye

Fanel, and Seals ¢ | Tani Altachiment Panels and Seatls

“Arrowhesd”™
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Damage to Leading Edges During Testing
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RCC Repair Team Objectives

-~ Develop, certify, and deliver an Orbiter RCC
Repair mod kit to repair catastrophic damage
to the Leading Edge RCC subsystems
{Nosecap, Chin panei, & Wing Leading Edge)

— Provide necessary products to XA to deveiop
any required EVA tools (EVA)

- Provide sugzpsrtfpmdusts to MOLD for on-orbit
operationat procedures development
{(MOD/OFTP

- Provide a DTO kit & demonsirated RCC repair
capebility for §TS 114
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Repair Concept for WLE Damage and
Location Limitations
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Panet Location Limitations
+ {rack Mepair can accommodatis cracks in the RCC acreage, but may
have some restrictions on edges
+ Plug can accommodate small scale holes provided adequate clearance
behind damage to accommodatse bolt langth {expect resirictions on
panel edges and wherever insulation is tight against the panel)

Sient Bessarch Cemtar af Leowis Fleld




Glenn Refractory Adhesive for Bonding and
Exterior Repair
(GRABER)

* Adhesive based on organic {Phenotlics and Furan}
based systems with 2 number of inorganic
constituents.

* Viscosity and curing behavior {time, temperature)
can be tailored {o sult the needs.

*» GRABER has been used o prepreg a wide variety
of ceramic fiber weaves {C, Si02, SiCl.

=}t bonds very well with & wide variety of surfaces
and cures up to 120 C.

Sienn Bosoarch Centor 21 Lowis Feld

Multifunctionality of GRABER Based Materials

* Crack Repair Materials
— Repair of cracks and damaged coatings
+ Adhesive and Sezlants
— Bond and seal the edges in plug concept
s [nner to Outer Mold Line {ITOM) Materials
- Filied Wing Concept
s Flexibie Prepregs
- MNew concepts for repair of large size damage
s Manufacturing of Bulk Composites
* Repair of C/C Based Composites

= Functionally Graded Coatings for C/C
Composites _
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Reproducibility, Storage, and Shelf Life
Characterization

(Hlenn Research Center at Lewis Fiatd

Brookfield PVS Rheometer Used for the
Viscosity Measuremenis
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Reproducibility of GRABEH 5A

Materials made at different times and in varying
amounts show consislent visoosiy
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Effects of Storage Times & Temperatures

»ihree
One Month Two Months Months

Materials | 0°C | -15°C | 0°C | «15°C | 0°C | -15°C

Graber-5 X X X X

Graber-

BA X ) 4 X X X X
Graber-

12A X X X X
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Storage Temperature Effects on GRABER 54
Material Stored in a Refrigeratorat 0 C

Materials stored for different times {1-3 monihs) had similar
type of viscosily behavior as freshly prepared matetials
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Storage Effects on GRABER 5A
Material Stored in a Freezerat -15C

Malerials stored for different imes (1-3 months} had similar
type of visoosity behavior as freshiy prepared materials
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Crack Repair, Arcdet Testing, and
Post Test Characterization

* GRABER 5 (8.035 and 0.062” wide cracks-ARC}
« GRABER 5A (0.035” and €.9627-ARC)
* GRABER 12A (6.6357-JSC and 0.035” and 6.0627-ARC)

Gienn Researsh Senter gt Lawie Figlg

WLE Entry Temperature Profiles

Panet § (553% Span) Temperature Profile for Nom i8S ECM
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Arcdet Testing of Repaired Specimens at ARC
Run 12 ~ Modet 1993
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ArcJet Testing of Repaired Specimens at ARC
Run 12 — Model 1993
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Arc.Jet Testing of Repaired Specimens at ARC
Run 12 ~ Model 1993

Post Test- Front Side Post Test- Back Side

Giann Ruserrch Cenrier at Lewis Field

Arcdet Testing of Repaired Specimens at ARC
Run 14 - Modei RCC 8
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Arc.et Testing of Repaired Specimens at ARC
Run 17 — Model RCC 1
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Arcdet Testing of Repaired Specimens at ARC
Run 17 ~ Model RCC-1
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Arciet Sample Description and Preparation

Sample sectioned

Sample here

face

LR P
Cross-Bection | / Paraiiel Section !

{Perpendicular to sample face} {Parallel 1o sample face)

Gienn Besearch Cantar ot Lewls Floid

ArcJet Sample 1983, Graber 5A,
0.035” Crack Width

Front side . Backside

Glenn Research Conter 2t Lew's Fleld
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Arcdet Sample 1993 (150-12}, Graber 54,
0.035” Crack Width

Fropt Side

Glenn Researsh Center ai Lawis Fiald

ArcJet Sampie 1993 (150-12), Graber 5A,
0.035” Crack Width

Gienn Resgarch Cenier at Lewis Fleld
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Arcdet Sample 150-14, RCC-8, GRABER 124,
0.062” Crack Width

Back side Front sifie
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ArcJet Sample 150-14, RCC-8, GRABER 12A,
0.062” Crack Width

Front Side
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Arcdet Sampile 150-14, RCC-8, GRABER 124,
0.062” Crac

Backside

{zlene Regeerch Cerder ot Lewls Fleld

ArcdJet Sample 150-11, RCC-1,GRABER §,
0.062” Crack Width

TGS IR
Front side

' Qiern Researsh Denter i Lawls Fiaki
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ArcJdet Sample 150-11, RCC-1,GRABER 5,
0.062” Crack Width
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Plug Repair Development

Torch Screening Tests for RCC Repair Candidates
@ ATK Thickel Propulsion _

Sitica CiottvGraber 133 But-gen Fiat Blate
§ Hidodlon -5 401380010yt g
UFS384 SOV failure shown in Repair
212 BCC Anaiog postisstphoto.

Platinum Frae standing
138 Btufitt-sa
Bhodium srucible p ;:“w &g sample backed
lid backed by by RCC analog
RO analog
Room Temperature
emmisivity 0.08
Siiica ClottyGraber o0 myome can
! HFS‘E?CSCV s noburnthrough St Plate
22 RCCANGIOY gt 15 min with Hole
Fapair
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Plug Repair Development

Torch Screening Tesis for RCC Repair Cendidates
- @ ATK Thicke! Propulsion

Graber-i impreg. | ~190 Bu/ftssc Flat Plate with
siiics cloth bonded . Hole Repair
with UF-3384 gCv | 15 min, Al
%3 duralion

Wil giusratinn, pafch
was athosively

HPC Goated Mo,

Sart ~ 130 Bu/ftgsc

Free Standing

Coating failure &@..,

~5 i i fallwe

Pansi #43 Fod BT BUATSee | el Disk
Stopped Test~low 15 min unti oxygen

heat flux, ran out

WG Coated Mo, 150 Btufit-aan Froe Standing
Pangd #d44 Meta! Disk
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Sealants for Plug Repair Development

+ Analogue RCC Plug Sealed
with GRABER 54 Crack
Beatant

= Survived the Arcdet Testing
at JEOC

Gienn Research Center af Lewis Flald
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Testing of GRABER-5 for ITOM at
JSC Arc Jet Facility

@ ?s‘ab@? 5 Materiai was tested st JSC ARMSEF 1/8/04 In support of IFB
eam
-~ 2700F and 2960F test points {based on RCC Calibration model)

«  During the first 200 seconds ot the 2700F test poind, dramatic surface
reactions were abserved and the surface tempersture did not stabilize
ang reach steady siate

¢« After 200 seconds &t the 2960F test paint, the swrface lemperatures
diopped significantiy and stabilized, however, nen-uniform
temperature distributions across the surface were observed.

* The pressure readings on the backside showed no indlcations of flow
through the material at anv point during the test

Gienn Research Senter at Lawils Fiald

Post Test Analysis of GRABER 5
{(Model 1208)

Macrographs of 1808 after ArcJet Testing

Front Side Back Side

Glenn Reserrch Denter at Lewis Flaid




Summary and Conclusions

GRABER-based materials have mulliuse
capability and multifunctionaiity for a wide variety
of repair applications.

This system can be easily modified to obtain
adhesive materisis with desired properties
{viscosity, composition, curing behavior, ete.}.
The material has long self life. Normal storage
and handling techniques can be used.

These materials are affordable since the cost of
raw constituents is very low {few dollars a pound}

Excetient plasma performance in Arcdet tesiing
conditions at various facilities.
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