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Reusable Solid Rocket Motor

STS-114 Flight Readiness Review/CoFR
Motor Set RSERM-92

29-30 June 2005
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5TS5-114 (RSRM-92)

Flight Readiness Review/CoFR

1.0 Previous FlightTest Assessment To Be Presented

2.0 Configuration Inspection

2.1  As-Built Versus As-Designed, Hardware
and Closeout Photo Review Status Mo Issues
2.2 Hardware Changes Since ET/SRE Mate Review No Issues
3.0 Motor Set Summary To Be Presented
4.0 Changes Since Previous Flight To Be Presented
5.0 SMRE Nonconformances Mo Issues
6.0 Technical lssues To Be Presented
7.0 Special Topics To Be Presented
8.0 Certification Status To Be Presented
9.0 Readiness Assessment To Be Presented
Backup LCC and Contingency Temperatures for STS-114
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Previous FIighUT est Assessment

STS-114 (RSRM-92)

1.0

Disassembly Evaluation Summary—Status of Disassembly Activity

Motor/Test Completion Status Remarks
ST5-107 (RSRM-28) August 2003 MNozzle flex boot separation (IFA STS-107-M-01)
FSM-10 December 2003 No issues
ETM-3 (Five segment) | May 2004 Margin test motor—no issues

FSM-11

December 2004

Mo issues

Aged Igniter Tests (2) | January 2005 20 year old igniter—20-year-old initlator—no issues
Aged Igniter Test April 2005 15 year old igniter—20-year-old initlator—no Issues
FYM-1 (RSRM-89 RH) | May 2005 No issues

Aged Igniter Tast June 2005 20 year old igniter—2-year-old initiator—no issues

* No constraints to STS-114 flight
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Motor Set Summary

3.0

tems Previously Presented
at 5TS-114 DCRs/DVR"

{Ref. RWWDSE51)

Forward Segment Horzomntal
Slorage and Transportation
Negative Margin of Safety

(Ref. ECP SRM-3760)

Inactive Stiffener Stub TPS
Redesign Due to Commosion

Foam Verilication
{Ref, ECP SRM-37849)

Stiffener Ring Froth Pak/PDL

Plate RT455 Unbond
{Ref. RWWDS53)

Stiffener Stub T-Ring Splice

Tolerance Verlfication

Dwebris Libarationfimpact

Project DCR: 26 Oct 2004
Systems DCR: 22 Feb 2005
Program DCR: 19 Apr 2005
Project Pre-FRR: 15 Jun 2005
Debris DVR: 24 Jun 2005

" Details not pressnted in this FRR.
Detailed presentations provided in the
DCR and RSAM Project CoFR process

CATK

Both Motors

Items to be Presented

Hardwars Aging
Special Topic

STS-300 LON Readiness
Special Topic

Implament New Stellar OPT
(Rel. ECP SRM-3553R1)
Change

Caorrosion on Nozzle Joint No. 5 Socket Head
Cap Screws (Ref. PR SB-BI1124-0020, PR AB-BI125-0002)
Technical Issue

Nozzle Flex Boot Separation
(Ref. IFA STS-10T-M-01, PRACA DRDE-5/338)
Technical issue

Terry Boardman 092FRRICoFR 3
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Changes Since Previous Flight
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5T5-114 (RSRM-92)
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4.0

ECP SRM-3553R1, Naw Stellar Technologles, Inc. (STI) Operational Pressure Transducer {OPT) Installation

Criticality: 1

Status: Approved par CCBD 56393 on 30 May 2002

. s B
Implement new ST1 OFT in
180-deag location of the ignitar

Two Consolidated Electranic
Control (CEC) OPTs will
confinue to be used at 40-deg
and 270-dag lacations

MNate: OPTs provide cue for
booster separation and collect
data for ballistics
reconstruction

Feason for Chanos
Obsolescence issue

CEC OFTs have not been
avallabla since 1989. The STI
OPT has been developed to
replaca the CEC OPT

Eliminatas Criticality 1 welds

Basis of Varification
Test: CTF and ETF testing” successfully
completed for vibration and electrical testing,
over-pressure testing, electromagnetic
compatibility testing, ballistics evaluation, and
KSC on-motor demonsiration

Qualification: ST OPT successfully gualified
on FSM-8

Dramonstration: STI OPT successiully
demonstrated on FSM-8, ETM-2, FSM-10,
ETM-3, and FSM-11

ST5-114 and subsaquent are safe to fly
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Changes Since Previous Flight

ECP SEM-3553R1, New Stallar Technolagies, Inc. {ST1) OFT Installation (Cont})

Eleairical
Racaplacie

Electronics
Body

Secandary
Cantainment
Chembar

Deaphragm
Preasuré Hoiging

Prassura Fitling

s

5TS-114 (RSRM-92)

ARAR Marern Sk Foghr Dunter. Hummins. Alicasss

4.0

Eletirical
Recaplacis

CEC sTl

3.75in. Langth BOin.
1.57 in. Diamater 1.0 In,
Bdoz ‘Waight Bdoz

Bady

Wald {Criticaity 1R}
‘Weld [Criscaity 1R}

Wheid (Criticality 1}

‘Weald [Criticalry 1]

Current RSREM Flight OPT {CEC)

Secondsry Conainment

Electronics ——.,_ | Weald {Critizality 1R}

Chambar

Diaphragm Weld {Cricality 1R}

Pressure Fitling

Mew RERM Flight OFT (STI)

Tarry Boardman 092-FRR/CoFR




i A : A g, ERALS BHUTTLE PROGRAM @
g I P §° fpdre Shustis Propednios Cefic [WSIT]
Y B Fighi Cordes, Humbyeiiln, idasers

Ko = ] STS-114 (RSRM-92)
Technical Issues 6.0
In-Flight Anomaly (IFA) STS-107-M-01 (RH Nozzle Flex Boot Separation)

Flax Baaring

Gbggngign = Flex Boot
* A S7-in. separation of the RH nozzle flex boot inner
{seventh) rubber ply was noted during STS-107

postfiight disassembly—first-timea obsarvation
*  Elevated to IFA STS-107-M-01
{20 Feb 2004 PRCB)
* Separation did not affect function of the flex boot
(tharmal pratection of the flax bearing)
* Mo heat affect to adjacent silicone rubber Jaint § Cavity
bearing protector Silicone Rubber

n ussion Bearing Protector
* FRubber boot *flexes” during nozzle vectoring—
protects flex bearing and nozzle joint No. 2 and Inseee
No. & from convective and radiative heating e el
* The boot is comprised of seven independent plies
of rubber—the rubber is designed to erode on the
combustion chamber side during motor operation

Baot Ply

Combustion ":E'E I:?hs
| 257 o)

Chamber

Gases Flex Boot

Stractsral Seppat Ring
B S T

Joint 2
Cavity

Motar

Cowl Vent

Holas ﬁ:‘kﬁ;\;*m‘_
{38 & 33" dia)
@_Eg} | TerryBoardman  092-FRRICOFR 6
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echnical Issues 6.0

Previous Flight Assessment—In-Flight Anomaly (IFA) STS-107-M-01
(RH Nozzle Flex Boot Separation)

Discussion [Cont]

* Plles ara vanted via forty 0.25-in.-diameter holes to raduce stiffness of boot
during motor operation
* Each ply is comprised of multiple 0.10-in. vulzanized layers

cation of separation

Ply 1 4 layers i 7

Plies 2-A 3 layers i cach Jaint § Cavity
Ply 7 Varies from 3.5-5.5 layers g::ﬁ:; o I
* MNumber of layers in seventh ply are varod to meat - : jmnar

averall boot thickness reguirements while Ao Risg

precluding interferance with the bearing protector
and flex bearing (assembly fit-up)

Juint 2 Boot Ply
Cavity Maotor Vent Holes
Combustion 0§ 29" dia)
Charmber
Gases Flex Boot

- Srucun apgon
[ ] Ihlx?

Cowl Vant
Holes prte —da
{36 g0 32" dia] " "
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Technical Issues 6.0

Previous Flight Assessment—In-Flight Anomaly (IFA) STS-107-M-01
(RH Nozzle Flex Boot Separation)

i ion nt!
*  Fault tree approach used to guide investigation

*  Cause undersiood—ocalized thermal degradation of seventh ply during motor operation coupled with end-of-motor
operation depressurization sfrain loading (strain loading also ocours at splashdown) god a thinner than normal
seventh ply

* Special causa factor associated with 3TS-107 RH boot—seventh ply was thinner than normal {(one of only two
3 B-layer seventh ply boots flown—ST5-113 seventh ply did not saparate)

*  All remaining boots in inventory have four or more kayers in the seventh ply

* Mo four-layer boots have exhibited a saventh ply separation {includes eight fiown and fwo static fesied)—
stafic festing includes recert ETM-3 margin test

* RESRM-89 RH boot with four layers in seventh ply did not exhibit separation in FWYM-1 static test
* ST5-114 RH (RSRM-328) has the only remaining four layer seventih ply boat that will fly

(;_A_'I__Ig-} Terry Boardman 092-FRRIGoFR 8
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Technical Issues 6.0

Previous Flight Assessment—In-Flight Anomaly (IFA) ST5-107-M-01
(RH Nozzle Flex Boot Separation)

ionale
*  (Cause of STS-107 RH flax baat saparation is understood
*  Thinner than normal seventh ply (3.5 layers) was locally degraded by slag heating
* Tharmal degradation ingreases with time—ifailure not possible early in burn
* Mechanical leading conditions for separation can accur anly al motor depressurization or splashdawn

* Mo separafions have been noted in boots with four ar more layers in seventh ply—all remaining flight inventory
boots have four or more layers in seventh ply

* 5T5-114 RH (RSRM-92B) has the anly remaining four layer seventh ply baat that will fly

*  Bounding thermal analyses with slag heating inside boot cavity for antive bumn duration show positive thermal
margins at joint Mo. 2 and Mo, 5 primary seals

* Saparation of the inner boot ply in 3TS-114 and subsequant i not expected

* If & separation did occur, it would happen during motor depressurization, or at splashdown—flight safety
would not be compromisad

* 3T5-114 and subsequant are safe o fly

Review/Concurrence
* |RT, ITA, CAIB, NESC, Chief Engineers Council, 3SRP, PRCE (cosed 031 8/04), Project DCR, Systems DCR

(:_A_T;Ig:) I_Ttrqr Boardman 92-FRRICOFR 9 I
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Technical Issues 6.0

Nozzle Joint No. 5 Bolt Corrosion
Dbservation

* PRs AB-BI125-0002 [STS-114 (RERM-82)] and SB-BI124-0020 [STS-121 (RSRM-20)] have been written
against four RSRM nozzles for corrosion on the nozzle joint No. 5 belts. Corrosien ks In tha head-wranching

akemant

Concern
* Corrogion of high-strength stesl raises a concem for degradafion of bolt capability due to net zection loss
andior environmentally-assisted cracking (stress corrosion cracking or hydrogen embritlement) and

subsequent bolt failure

Flex Baaring
End Ring Secondary O-ring
Bolt Secondary Seal

T2 bolts
AI3] 4140 or BT40 steel

with cadmium plating

Primary Q-ring

Example of heavy comrosion in
Joint Mo.5 bolt head wrenching

element
Q-_A_T__-’_(:) Terry Boardman 092-FRR/CoFR 1ﬂl
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Technical Issues 6.0

Nozzle Joint No. 5 Bolt Corrosion (Cont)
Backaround

* Mapping of 3TS-114 {RERM-52} and ST5-121 (RSRM-00) joint No. & bolt cormosion over visible 180-deg arc
showed 20-t0-80 percent of bolts corraded

*  Approximately half of corroded bolts characterized as having medium comosion with approximately aqual
numbers characterized as having heavy or light cormasion

Discussion

* Bolt corosion investigation evaluated all potential comosion-induced failure modes:

Eailure due to reduction of bolt cross-section resulting from general corrosion — No Concemn

*  MWASA cormosion study (MTB 099-74) conducted wherein AlS1 4130 steel panals ware placed at
various distances from beach for one year and weight loss assessed

* 100 fest from beach = lost 17 grams 2500 feet from beach = lost 6.6 grams

* LUsing conservative coupon welght loss of 7 gramsfyear based on RSRM hardware
location/environment equates o a surface loss of 1,1 milsfyear

* Beach testing loss rate indicates bolts will not fall due to cross-sectian reduction over a 5-year period
at KSC in RPSF or VAB environments

Eailure due to hydrogen embrittlement (HE] — No Concern

* Tesling exposed notched bolt specimens to saltwater at pH of 4.0 while loaded to 100 percent of yiald
followed by incremental stap loading to failure (ASTM F1624)

*  Normal pH environment for bolts is approximately &
* pH of 4.0 represents a bounding case for HE mechanism
* Mo reduction of notched tensile strength noted relative to baseline—no evidence of HE

c.'ﬂ_'__,T!(.-) Terry Boardrman 032-FRRICoFR 11
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Technical Issues 6.0

Nozzle Joint No. 5 Bolt Corrosion (Cont)

Discussion (Cont)
Eailure due to stress corrosion cracking (SCC] — Mo Concern

*  NASA tasting of varlous stesl alloys in severe seacoast environment showed na SCC failures below
100 percent of vield stress for loading direction parallel to grain flow

*  Outof 34 specimans tested, only ane failed with 14 months of exposure at
100 percent of yvield leading

* Bolis have low stress at comer of wrenching alemeants (20-to-40 parcent of yield }—principle stress is
aligned with grain flow direction

* Vendors report no corrosion related failures in bolt-wranching elements

*  Metallurgical testing and evaluation of 15 FWM-1 bolts exposed to two yvears of KSC environment
found no SCC or forging cracks (same vendor lots)

Interaction of failure modes assessed — Mo Concern

*  No plausible imaractions were identified
*  No bolt failures have ever been cbzerved postflight

*  Posfilight environment puts bolts through a severs enviranment (altemate wet dry in seawater) with
the bolt under preload

* Vendor process controls minimize patential for grain flsws due to bolt manufacturing process
* Visual examination of dissected bolt with macro etch is performed to minimize ocourmenca of flaws
*  Strass durability test parformed to verify no effects from HE during plating
*  A00-percent magnetic particle inspection for flaws

Q_q_[,_(..) Terry Boardman DE2-FRR/CoFR 12—|

Eme?” S STS-114 (RSRM-92)
Technical Issues 6.0

Nozzle Joint No. 5 Bolt Corrosion (Cont)
Discussion (Cont}

* Residual capability test, simulasting a crack completely through one of six beli-wrenching element plains,
showed bolt heads to be fault tolerant
*  Electron dischamge machined (EOM) flaw at the bottom of the socket head to the head/shank
radius—approximately 0,35 in. wide by 0.3 in, deep
* Four bolts pulled ta failure and all bolls broke in the head at loads greater than
70 Kips=—minimum specification limit is 63 kips, maximum prefoad is 54 kips

Failed Bolt

| Terry Boardman 092-FRRICoFR 13
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Technical Issues 6.0

Nozzle Joint No. 5 Bolt Corrosion (Cont)
Discussion nt
* Al nozzle jointz are fault tolerant with respect to bolt failure
*  Compressive operational loads are carried across nozzle joints
* Joint Mo, 5 seal tracking ability assurad with a pattern of three bolts out—one bolt in
*  Joint No. 5 represents bounding cassa for nozzle joint Mos. 1, 3F, 34, and 4 which uge bolts of the same material
*  Joint No. 5 is the only opening joint
*  Only joint in which bolt stress increases during motor operation
*  Only joint with a secondary seal provided by packing-with-retainer

C._’e__??{;.;) Terry Boardman
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Technical Issues 6.0
Nozzle Joint No. 5 Bolt Corrosion (Cont)
Elight Rationale

* Comosion condition evident on joint No. 5 bolts is bounded by both beach test data and exposure to laboratory
Inducead low pH environments

* Mo evidence of SCC in severe beach environment specimens with similar grain orientation and loading
levals set naar 100 parcant of yiakd strangth

*  No evidence of 2CC in laboratory bolt specimens at pH levels as low as 4, 0—step loaded to failure
* Joint Mo, 5 bolt grain flow and strezs state (40 percant of yield) preclude SCC

*  Worst-case loss rate of bolt cross-section due to corrosion will not result in bolt failure aver S-year
pencd in KSC storagefassembly emvironment

* Interaction of potential failure modes has been assessed with no concarns noted
*  Testing shows bolt minimum strength requirement met with simulated large crack in wrenching element

Vendor production set-up testing, subseguent in-process testing, and 100-percent bolt NDE ensure low
prabability of bolts escaping with pre-existing flaws

* [ multiple bolts were flawed and exhibited SCC, joint No. 5 will retgin structural integrity and seal tracking
capability—all other nazzle joints are bounded by this behavior

* MSFC Fracture Control Board (FCB) concurs that joint Mo, 5 cormosion is unfikely to cause SCC and that joint
No. & meets fracture contral criteria due to fault tolerance

* There are no adverse interactions with MREB, changes, or other tachnical issues
* STS-114 (RSRM-92), 5TS-121 (RSEM-80), and subsequent are safe to fly

(:;.6_?,1{_-) Terry Boardman 092-FRRICeFR 15
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Special Topics 7.0

Hardware Aging

The age of the STS-114 (RERM-52)
hardware exceads previous flight history by
roughly one year—hardware remains within
S-year age life cerification

* Hardware certification basis
reviewed/scrubbed—no issues,
certification inciudes stalic test of
up to G-year-ofd SRM maotors

S

ks Borafires
1EnmTvERmE)

RERM-32 {3T5-114) Age at Launch

e

| T

Somaar Coritaumian

TN

® Archived RSRM-82 witness pansls and | — -
material Samples tested with no issues [ EERN: R QRSN 1STS-114] B ah: Haen RSANTT) |
* Sister RSRM of similar age static e T I 4 T FTPITPRITR 2 [PUTT I T ETTTT
tested 17 Feb 2005 (FVM-1)— B 1Ll , L]
hardware in excellent condition, Erran o N |
performance as expected [ | e i ﬂl /;'l. |
| Iy e - |
ET5-114 (RERM-82) RERMs are ready for e a L "““““a
flight | PRI U l | '
STS-121/300 (RSRM-90) RSRMs ready to | "'";"'"f'."“?g | i
support | T Al |
P e 1
Review/concurrence: MSFC Hardware e f}------ul'- 4 | | |
Aging TIM (03/04), Project DCR, Systems | I T
DCR . . LWL
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Special Topics 7.0
e —

STS-300 Launch on Need (LON) Crew Rescue Mission Readiness

Flight Readiness Reviews (FRRs}—STS5-121

878115
5TH-11 BTE-114 Pt Wi Irong 2 s e g M BT
Accestante ALcapiancd mﬂa:_ g e g a-.—ii:.um w:::::m
L o
— * T
[ —TT
P Moy [
Certificanns
Situy Revies Ancoptance ALCaeance
Fevlare Rerviaur
— — ) —
i Dt T3 bl P TN Ja 208
Flight SEMA FreFig
et | Lamne ]
W— = ==
T T T
* Raywiews 30 be schedulsd to supsart STS-390 ax needecd Limih
* All CoFR-reportable items/issues assessed to date ST
* No constraints identified—open items are being addressed as part of
5T5-114 CoFR process e
* Pending satisfactory completion of normal operations flow (per OMRSD) and any open
items identified, the RSRM-80 hardware is ready to support flight of ST5-300 if required
C._‘E!__!(_.:) [ TemyBosrdman  092FRRICoFR 17
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RSRM Hazard Report Risk Summary 7.0

Frys——TTY
RSRM Hazard Reports
! ? L3 %
AR HE
HHEHEE
Hlglslelals
A BHTED IR, ST RATE MERTRLTE (4
BEaL [horys OF Kl imbeprd 58 Hursin ln. G n Jmind G oW ala)efd
BCAT [Falburs [F Propsllani Ta ipnis O = scwsies igakias Deoy D E aflela
=0T "llmedEl[rEmMg ale|e]1 ale]a
Lbl_i_ . d sl O et L Ble|eja|ajeja
IR | Frwm girs igeition G4 RESE Soel v BEDDEEERDE
[vwt |Premamam priion O s Slelelilale]ea
=m1n |Primery s 4 cosdary Dabrn slefefrfalelea
G Py Do waas Thraegh AEG-ro-Foreand B {one o QDR DR
ijijejolafio
: Flejejnjajo
Unacceptable Risk R
fjijijolafi
sjajefjeljaje
Accepted Risk ilefefelafe
Fjejejolafe
Controlled Risk 8 i1 5 b
ijajejojaje
* Criteria per NSTS 22254 B e
Elo|jojajefa
** Cause Counts reflect HR updates that are —_— —_—
Panding PRCE Approwval
c-'_A_.._--) Terry Boardman 092-FRR/ICoFR 18
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- STS-114 (RSRM-92)
Certification Status 8.0
Constraint
Category DescriptioniSiatus) to Launch
FMEA/CIL One Change Open (in-workipending FRCB approval)
SSCRO00MTES, Incorporate New Stellar Technologies, Inc. OFT Installation Yeog
Hazard Reports Three Changes Open (in-work/pending PRCE approval]
SSCROMATTT, Incorporate Mew Stellar Technologies, Inc. OPT Installation Yas
S5CRO0040017, Incorporate Updates Due to Corrosion on Joint No. 5 Sochet Ys
Head Cap Screws
SSCROM0L0002, BC-11 Debris Hazard Report, Including Froth-Pak Yes
Nonconformances One Open Nonconformancs
PR AB-BI125-0002{1}, Corrosion on Joint No. 5 Socket Head Cap Screws Yas

(dispositioned, awaiting summary closure)

C-&I-K—-:) Terry Boardman 092-FRRICoFR 19
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STS-114 Readiness Assessment

Pending satisfactory completion of normal operations flow
(per OMRSD) and any open items identified for this review,
the RSRM hardware is ready 1o support flight for mission
STS-114

29-30 June 2005

A5/ T. A. Boardman &R K. Buri
T. A. Boardman R K. Burt
Directar, RSRM Engineering : Chief Engineer, RSEM Project
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RERM Program Management RSRM Project Qffice
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