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Abstract:

The Space Shuttle Orbiter has well exceeded its original design life of 10 years or 100
missions. The Orbiter Project Office (OPO) has sponsored several activities to address
aging vehicle concerns, including a Corrosion Control Review Board (CCRB), a mid-life
certification program, and most recently the formation of the Aging Orbiter Working
Group (AOWG). The AOWG was chartered in 2004 as a proactive group which provides
the OPO oversight for aging issues such as corrosion, non-destructive inspection, non-
metallics, wiring and subsystems. The core team consists of mainly representatives from
the Materials and Processes Problem Resolution Team (M&P PRT) and Safety and
Mission Assurance (S&MA). Subsystem engineers and subject matter experts are called
in as required. The AOWG has functioned by forming issues based sub-teams. Examples
of completed sub-teams include adhesives, wiring and wing leading edge metallic
materials. Current sub-teams include Composite Over-Wrapped Pressure Vessels
(COPV), elastomeric materials and mechanisms.

Introduction:

The Space Shuttle Orbiter has well exceeded its original design life. The original Orbiter
fleet was designed to be maintenance free for 10 years or 100 flights. Using the Orbiter
well past its design life is complicated by the fact that the vehicles utilize a wide variety
of materials used over a wide range of operating temperatures and pressures. Due to its
unique design and operational requirements the Orbiter is subjected to some harsh
environments. These environments include those introduced by the aggressive fluids
systems used by Orbiter sub-systems, the sea-coast exposure seen during launch pad
stays and ferry flight and the vacuum of space.

The structural design of the Orbiter is very similar to what is considered normal for
airframe design. Examples include minimization of galvanic couples, sealing of faying
surfaces, wet installation of fasteners and finish specifications. However, in some cases
weight was often more important than corrosion resistance. Specific examples include
less than adequate galvanic barriers and lack of corrosion protection in electrical bonding
scenarios.



Logistical support has also become an increasing difficult challenge due to the fact that
vendors are going out of business or no longer will to support the program due to the
extra expense involved because of the unique hardware design.

Addressing the issue:

The Orbiter project office has (OPO) addressed the aging fleet on several occasions.
From a Materials and Processes (M&P) perspective this includes the formation of a
Corrosion Control Review Board (CCRB), an age life assessment of non-metallic
materials used in critical systems and the recent formation of an Aging Orbiter Working
Group (AOWG).

Corrosion Control Review Board (CCRB):

In 1993 OPO chartered the CCRB. The board was formed as an advisory panel with the
goal of assuring that all Orbiter corrosion issues have been properly addressed and that
solutions are recommended.

The CCRB draws its core membership from the M&P discipline and Safety and Mission
Assurance (S&MA) Engineers from both NASA and the prime contractors. The CCRB
also receives regular support from structures engineering and from specialist from
various NASA organizations in fields such as chemistry, materials science and
nondestructive evaluation.

The objectives of the CCRB include:

e Assessment of the extent and causes of corrosion
Providing long term and short term corrective actions
Generation and maintenance of a historical corrosion database
Development and implementation of methods for detecting corrosion
Development and implementation of corrosion training and certification
programs

CCRB Products:

The CCRB has published three history reports. A database was created in the mid 1990’s
and then subsequently updated and improved in 2004. Reviews of inspection, reporting
and training requirements have been completed. Numerous fleet wide and select unique
corrosion issues have been reviewed and with corrective actions implemented. The
CCRB has initiated several proactive measures to prevent corrosion such as galvanic
barriers, corrosion preventative compounds (CPCs), design changes, washing of exposed
surface and depainting/repainting. Additionally, the CCRB has been involved in the
review and disposition of a number of subsystem corrosion issues.



Aqging Vehicle Assessment (AVA) Corrosion Program:

Recently, an extensive corrosion program was completed. The program was part of the
overall AVA program, discussed later in this paper, and was partnered and directed by
CCRB members from The United Space Alliance and Boeing. The AVA program
provided a complete review of the Orbiter’s corrosion control program and provided the
CCRB with an extensive list of products for the remainder of the program.

The major products of the AVA program included:
e Baseline

Prioritization

Prevention and Detection

Reaction and Mitigation

Trending — Reports/Documentation

Process Definition

The Future of the CCRB:

In 2006, using the tools developed during the AVA program the CCRB has developed a
project plan. This plan assumes a Space Shuttle Program end date of the end of fiscal
year 2010. The project plan was divided into three categories; near term (approximately
one year), mid-term (approximately three years) and continuous (end of program).

The near-term project goals include creating a CCRB website, finalizing
recommendations for the implementation of non-chromated primer and performing life
cycle testing of CPCs. The Mid-term goals were defined as completing the development
of any NDE (e.g. for corrosion under the thermal protection system) and to finalize the
recommendation for the development of Laser de-painting. Finally, the continuous goals
were defined as documenting lessons learned, maintaining the database, revising the Fair
Wear and Tear document, updating the CPC specification, networking and
benchmarking.

Aging Vehicle Assessment:

The OPO sponsored a comprehensive Aging Vehicle Assessment (AVA) program. The
AVA program was part of a certification assessment and verification for return-to-flight.

The objection of certification verification is to access the integrity of hardware
certification relative to actual vehicle operational and processing environments. The
goals were to ensure that actual ground processing and operational practices over time
have not exceeded the engineering bases of certification or had introduced any unknown
risks. The may be referred to as process creep. The certification verification will also
assess the adequacy of hardware inspection requirements for critical hardware.



Typical questions considered during this assessment included:

+ What are the differences between the Qualification/Certification configuration
and the configuration we operate with today?
Is the equipment still being used within Qualification/Cert parameters?
Do original design documents accurately specify the conditions/environments in
which the equipment is being used?

+ Do performance and maintenance histories indicate an issue with the existing
design or certification?

+ Are existing hardware inspection requirements of critical hardware adequate to
maintain hardware integrity through the certified life with consideration to current
hardware processing and operations as well as aging vehicle concerns?

The AVA program was organized with a bottoms up approach, Figure 1. The initial
assessments were performed by the subsystem Problem Resolution Teams (PRTs). The
analysis of each PRT was then feed into a broader Super PRT. Figure 1 illustrates an
example for how the Fluids Super PRT would be feed by several subsystem PRTs. All
the results from the various Super PRTs were then reviewed by the Horizontal Integration
Panel and finally by a Core Management Team.

Core Team
4
Horizontal
Integration
Panel
Super PRTs [ | | ]
Avionics Structures/TPS Mechanisms GSE
(Orbiter)
Fluids |} GFE
2 4 4
— —
Hydraulics OMS/RCS

APU

Figure 1 — AVA Organizational Structure



Age Life Assessment of Materials:

To assist the subsystem engineers in their assessments, Boeing M&P Engineering
performed an age life assessment for the purpose of age life extension. The goal of this
study was to extend material age life from 20 to 40 years. This study included 75
families of materials with approximately 1000 individual materials and covered
approximately 500 critical parts.

Age life conclusions were based on independent available data on material performance
and on program data on a material’s environment and historical performance.

This program found approximately 20% of the materials to be good for 40 years. For
approximately 70% for the materials analysis of the data found no reason to suspect the
materials were degrading, but not enough data to extend the life out to the end of the
program. For each material corrective actions were recommended. For the remaining
10% of materials analysis found the age life to be limited and corrective actions were
recommended.

Adgding Orbiter Working Group (AOWG):

In 2004 the OPO started the AOWG. The AOWG was designed to provide the OPO
oversight for aging vehicle issues such as corrosion, nondestructive evaluation, non-
metallics, wiring and subsystems. The AOWG is lead by the OPO’s Aging Aircraft
Principal Engineer. Team members include mainly members from the M&P PRT.
Depending on the issue, ad-hoc members from the various Orbiter subsystems and from
the NASA research centers are called upon.

Because the AOWG is an issues based group, the team functions through a variety of
issue specific sub-teams. Examples of completed sub-teams included adhesives, wiring
(Phase 1) and wing leading edge metallics materials. On-going teams include elastomer,
grease and lubricants, mechanisms, composite overwrapped pressure vessels (COPVs)
and phase 2 of wiring.

To remain proactive senior engineers from both NASA and the contractor workforce
were surveyed and an areas of concern list was assembled. The AOWG is in the process
of addressing each item on this list, assessing historical work, defining specific tasks to
address the concern and assessing the associated risk. Possible outcomes from this
assessment include:

Item to be worked by the AOWG

Item requires future investigation

Item already being addressed by another team or organization

Item not an aging issue or does not require additional action.



8910 bunssulbuz bulureisns 1s1gi0 YSYN
JsuIbu3 jediound yelouy buiby
1I9SSNY %31

weib0.1d Yeloay buiby s.191q40
9|11NUS a9eds ay) JO MBIAIBAQ UY

T —



ubisap asempJiey anbiun 01 anp sasuadxa BNXT
ssaulIsng Jo 1no Bulob siopusyp «
aNSSI Ue 810W pue alow Buiwodaq sanssi SaNsIfoT

S[eAIBu|
SS90y o
Aljgeloadsui Joj paubisap 10U a1am SWBISAS 18I0 AUelN

90UR]SISaJ UOIS0.1409 Jey] Jueniodwi alow usyo Sem 1ybiam ‘JIaASMOH
ubisap awelple [ewlou 0] Jejiwis SI ubisap [eIN1oNS S JBIGI0 3YL

wNNoeA e
SWa1SAS pInj4 aAISSalbby
9InS0dXa 1Se00-aS o

S1UBWIUOJIAUS YSJey 01 pa12algns s1 1811010 8yl

salnssaid pue saineladwsal
Buneiado Jo abuel apim e J19A0 S|elaleWw Jo A1alieA apIM e Sasn JaIIQIO dUL

'SUOISSIW QT 10
ﬂmm\A 0T JO aJ1] ubisap [eulbilo S,]1 PaPaadXa [|am Sey J18)IgI0 aINYS adedS ayl o

199|H Ja1gIO Pulby




dnolo BuIopn
4dN 18)0I0

(OMOVY) (a422)
dnoio (VAVY) pJeog
BuIIOMN JUBWISS3SSY MBINDY
1811940 I EEVAN |041U0)D
Buiby buiby UOIS04100)
..... 301440 193l01d J8UQIO




sweibo.id
UoI1ea1J11439 pue Bulurel) uoIS0.1109 JO uoieluswa|dwi pue JuswdoPAsq

U0IS0.1109 BuI19819p 10} SPoylaw Jo uoneluswajdwi pue JuawdojaAsq
aseqelep UoIS04109 [ea1I0]SIY © JO dduUeUSIUIRW PUR UOIRISUIL)
SUOI19® 9A11091409 WJa) Buo| pue wW.a) 1oys BUIPINOId o
UOIS01I02 JO 8SNeI 7 JUBIXD 8] JO JUBWISSASSY

SEAVIRE] (o [0 R

SaINONNS o

(VIN®S) 90URINSSY UOISSIN 9 A19jeS o
(d®IN) S9SS8201d % S[eLISI.|\
diysiaqusiy o

|aued AIOSIADY o

0Je0d MalAgy |0JJUOD UOISO.LIO0




Al¥

(% SNSS| U0IS0.100 WIBISASgNS JO Jaquinu & JO UoNISOdSIP pue MaIADY
v Bunuredss/Bunuredaq -
SaJelIns pasodxa Buiysep) -
sabueyo ubiseq -
SJdJ0 -
SJallieq JlUBARD —

UOIS04109 JudAa.Id 0] SaINSealll dAIIOR0Id

SONSSI U0IS04109 anbiun 129[8S pue apIM 183|} JO UONISOASIP pue MAIADY

Sjuawialinbal Bulures) Jo MaINSY

Sjuawalinbal BunJuodal pue uonodadsul JO MBINSY

aseqeleq e

(¢) s1iodau AIOISIH

apN|oUI S1IINP0Id

€66T Ul Paysl|gelss g4d0 e

Al01SI




welboid sy Jo Japurewal ay) 1o X0q [00],, & PAPINOI] o

uoniuIge SSa20.d
uoneuawnaoq/suoday — Buipual]
uonebnIp pue uonoesy

UO0N12918Q PUR UOIUBASI]
uoneznuold

auljaseg e

welboid uoIS04i0) YAY dAISUBIXS Ue pPala|dwod AJuaday




Bunpprewyouag % BuJOMIBN o

aseqgelrep YN apnjoul ‘axepdn 2ads DdD
uoneIUBWNI0(J o
Iea| pue Jeap\ e e
aseqeleq e
PaUJE3| SUOSSOT
(weiboud JO pud) snonuNUOD o

Jured-ap 43Sy o
ddN
uonajdwod (1eah ¢ Ajprewixoidde) wis1-piIN
bunssl 8]oAD 8)170dD
Jawiid pajewolyd UoN

9lSO9M gHID
uona|dwod (1eak T Ajerewixoidde) wia) -jesN

ueld 109alo.




Sjuawalinbal
uonoadsul arempJaey Aleanud Jo Aoenbape ay) SSasSSy o

(d9a42 $S820.d ") SYSII UMOoUYUN PadNPoIUI
10 UONLIILIIBI JO SISeq Puliaaulbua ay) papasdxa 10U aney
awl) 180 sadnoeud reuoiesado pue Buissadoud punolb ainsug e

SJUBLWIUOJIAUD
Buissado.id % reuonetado a|dIYaA aAIR[3 UOITRIILIBI alempiey
Jo AiBajul ay) SS829e 0] SI UONRIISIIBA UOIRIIIBY JO 9ANJ3IA0

(414) 614
-0]-UJN]aY 10} UOILIIJIBA PUR JUSWISSASSE UOIRIINSD JO Led

VAY) JUBWSSISSY od1ys bulby




¢,SUI82U02 3|21yaA Buibe se ||jam Se suolneltado pue

@c_mmmuoa aJempJey 1ualind 0] UOITRISPISUOD YLIM 3)I| pPaIjIIa9
a1 ybnouyy Aaubajul asempaey urejurew 0} ayenbape arempley

1211140 JO Sjuawalinbal uoinoadsul arempaey BUnSIXd a1y

¢, U0I11ea1}11192 10 ubisap Bunsixs ayl yum
9NSSI Uk 91eJ1puUl SB1I0]SIY ddurUaIUIRW Pue aduew.olad 0q

¢ pasn
Buiaq sI quawdinba ayl yorym ur SjUsSLLUOIIAUS/SUONIPUOD
aU) Aj1oads Ajgreandde sjuswinaop ubisap jeulbiio oq «

¢,sla1aweded 1a)/end ulyum pasn buiag [|ns uawdinba syl S| o

¢,Aepol yum aresado am uoneinbijuod ayj pue
uoneinbipuod ua)/end) ayl usamlag SaduaIdYIP Byl aJe JRUA\ o

WAV buLinp paiapisuod suonsanb [eaidA]

(WAY) JUBWISSASSY a]21ya/\ Buiby




NdVv

91N1oN.0S jeuoneziueb

S1dd
SOY/SWO | | | so1nepAH
— —1
349 —_ spini4
(J81gI0) 359 YosIN Sd.1/S94nonns SOIUOIAY
_ _ | s 14d 19dng
|aued
uone.ibayu|
|[eluoz1i0H
v
wes | 910D

0T




T
POPUSWILLIOIAS SUOINDJL SAIJI8II0D —

palwIT 87 8bY — pay %0T~
PIpPUBWIWOII SUOIIIR BAINJ3II0D -

weJlboid Jo pua 01 1N0 pusxs
0] BJep JO yor| INq ‘a1ep 01 pPaledo| elep uoiepelbsp ON — MO|[BA %0.~

sJealk Qp 10) PO0S) — UBBIS) 0p07~
91ep 0] SUOISN[OUOD o
aoueW.IOMad [e21I01SIY % JUSWUOIIAUS S, [elialew uo eiep weibold «
aouew.oiad [els1ew uo elep a|ge|ieAe Juspuadspul
;U0 paseq suoIsnjouo) ajl aby o
sued /T AN[ean1d 005~ o
S[elisyew [enpiAlpul 00T YHM Salfiwe) [eliolew G/ ~
sJeak op 01 0g WoJy 3}l abe [eLis1ew pualxs 0] SI ApNIS JO [0S o

uolsua)x3 9)17 aby Bulwiopiad s1 bulissuibug gy bulsog

S[ellale|\ 10 JUsWSSasSy 3l aby




A)

(¢ aseyd) buim -

SAdOD —
SWISIURYIBN -

S1URILIQNT % 8Skalo) ‘SIawWolse|q -
Bulob-uQ — sweal-gns
al|[es\ abp3 Buipea Buipy -
(T aseyd) Bum -
SaAISaYpY -
919|dwo) - swesl-qns
swasAsgns pue Bulipy ‘saljfelsw

-UON ‘J@N ‘U0IS04109 Sse yans sanssi Buibe 10) 1ybBISIan0 OdO SapINOId o
00z aunc ul uefag 110J)d MaN «
dnolg Bujiop J18)aIO Bulby o




€T

uonoe [euonippe aiinbal J0u Saop 10 anssi buibe ue J0u wWa) -
uoneziuehio 10 wea) Jayloue Ag passalppe Bulag Apealje wa) -
uonebnsaaul aumny sainbal way -
OMOV Ag paxiom aq 0} way| -

:S9W0JIN0 9|QISSOd
wea) Bulisauibus swaisAs areudoidde yum passaippe Buiaq wayl yoeg -

SYSI ay) Buissasse pue uladuod ay) SSaippe 0] SHSe) d1410ads Bululap
‘Ylom [eatiolsiy Buissasse ‘anssi Yyoes Buissaippe Jo ssad0.d syl ul SIOMOY dYL

P3|qWIasSSe SeM 1SI| UI3du0d JO Seale Ue pue pPakanins alam 82101J0M
1019B1U0I pue YSYN Y109 Woij Siaaulbus Joluss yoeoidde aalorold e anuinuod 0]

1S17] U1=23U0D JO Sealy — alnin




14’

¢,suonsanQ




	12582-1.pdf
	An Overview of the Space Shuttle Orbiter’s Aging Aircraft Program 
	Aging Orbiter Fleet
	Orbiter Aging Aircraft Program
	Corrosion Control Review Board (CCRB)
	CCRB – History
	CCRB – AVA Program
	CCRB Project Plan
	Aging Vehicle Assessment (AVA)
	Aging Vehicle Assessment (AVA)
	AVA Organizational Structure
	Age Life Assessment of Materials
	Aging Orbiter Working Group (AOWG)
	AOWG Future – Areas of Concern List


