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This report, presented in three volumes, provides the results of a two-motor Delta Qualification
2 program conducted in 1993 to certify the following enhancements for incorporation into
Booster Separation Motor (BSM) flight hardware:

* Deletion of the igniter adapter insulator ring
* Deletion of the igniter adapter/igniter case interface RTV
* Deletion of Loctite from igniter retainer plate threads.

The enhancements above directly resulted from (1) the BSM Total Quality Management (TQM)
Team initiatives to enhance the BSM producibility, and (2) the necessity to qualify new throat
insert and adhesive systems to replace existing materials that wil] not be available.

Testing was completed at both the component and motor levels, Component testing was
accomplished to screen candidate materials (e.g., throat materials, adhesive systems) and to
optimize processes (e.g., aft closure insulator vulcanization approach) prior to their incorporation
into the test motors. Motor testing — consisting of two motors, randomly selected by USBI's on-
site quality personnel from production lot AAY, which were modified to accept the enhancements
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Nondestructive Inspection
Aicoho Liquid Penetrant
isual Examination Data Sheet

Vi
WORK JNSTHUC’TIONN‘ECHNIOUE WORK ORD}ER NUMBER
60.12.9-420-0¢3 L5530 2 o
CLEANER USED (IF REOUIRED) BATCH NO.
NO

DRYING TIME =
NE NONE NONE
ALCOHOL TYPE BATCH NO. DWELL TIME
1S0PROPYL 2576 5 SECO
ACCEPTANCE CRITERIA

E7

(GRAPHITE THROAT)
INDICATION DESCRIPTION/REMARKS

ITEM IDENTIFICATION
SERIAL NUMBER

LiIQuip

<r,
Qy,

<
o

—
‘ ‘ 59
INsPEcTOR /Y1 (F l@u Z / ‘2’(‘»-/‘4 LEVEL \E\ DATE JMiA\
Csp a732 192/06)
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NITED . .
by 'i"ECHNOLOGlES Radiographic
Inspection Repc

PART NUMBER - REV. 'ECO'S PROJECT | NDT (a8 CONTROL NO.

Dircoo - 1% - o1 -5 ¥ 73100768
PART/MATERIAL NAME

Nous L5597 !

; SPECIFICATION

BSM DELTA GUAL mg TEsT (AT | Sec729
PROCEDURE/PLAN NO NCR NO QUANT'TY
# RECEIVED INSPECTED ACCEPTED REJECTE
& Fus3y ~ News / / / |- -
SERIAL NO./VIEW | Acc. | REJ. | REMARKS/DESCRIPTION ‘ TECHNIQUE
’000734' ‘ Work/instruction No.
i | Cv.12.9-217
s | . | [ I (or fill in below)
O f f | EQUIPMENT
K ‘ ) —
9 " ) -
G- | A Norep | MA/RADS
/138° | | | '

i
TIME

i : |
| f
: ‘ ' FFD
| : |
i f 1

MATERIAL THICKNESS\\

VIEWS

,‘_}\T_\ 7 PENETRAMETER 1
|
|

PENETRAMETER BLOCK___ l

FILM TYPE /

SCREENS /

CASSETTES /

DENSITY /

SENSITIVITY / d

NN

i

EVELOPMENT / -
FILM USED [
{
1

Q

SKETCH OR PHOTO

i

h t; _
!
EnEEEEENEN

INTERPRETER ‘K < # 2 DATE /4}

CSD 1430C (89/07) DISTRIBUTION: WHITE — wiTH 0&QR CANARY T MPINK — FILE PAGE 1 OF ___ |

41




TN USg andor NOILVTIV.LSN]

g0 INETar 7 N/SHONHNM 8'1-NI s2¢ gy sz¢ YA1dVaV 40/aNY (S)ig] 4oy VLVa 3ndyoy
m&ﬁ\: N o) yAA SIA I Liog

[l

lbz-ut thzy € b1/
fbs.,

do  TANLIVIFINTL LNIIGWV | 9
<Hzly % ALIINNH GALLV Y | <
N \ OHNl __ “TANSSTUd ONITNOAYE K2
@ . ..,. ‘ oSEI
il 655 Z 206 (SLNIWFINSVaW
fn T oSP aaIVdSs ATTvNdI uNoa)
| ’ o0 NI ¥ALAWVIQ LixT | ¢
@v oSEl
2N 35 B> 006 -1 (SLNIWINSVaw o
14 I ofv  t¥l - adadvgs ATIVNOA ¥nN0oy) <
L1S3L 1S3L LSAL  1sap BEt0 P N WALINVIQ LVOUH]
-LSOd -id -1LSOd ~Fud LHOIIM ATy SSV TVNIA
1A/dLS  Lasdls LA/dLS  1a/dys
20/AsD  Hd/asH 20/asd 2dbv/asH

S9h10val= r
8767
m,_.Zm_Zmy_Dw<m2 LSHL-TSO4 ANV LST1-343

D - i INS naigava m +00Dd

SNOLLONYISN] NOLLJHdSN]

4INV.LdIDDV TVNI4
JISVE ‘Amy m<h;

81 40
01 9Dvd

4¥N0S  3qoo SAOHLIW  INOZ LVO  wap

(L4V) 1S91L dOLON TvNO vI1ag WST ‘31111




m4m<,~&muu< I-
—

dH b7

L d_wjuﬂé

m \ \ /\ﬂ\/ .mEEK doSE] do0€]
LV ’

. ll-ﬂ .h.o

| 10 ,OEZOEEZOU 40L0W
T aas (20775
6 ‘ /1 by~ £t ys

TeTy
D yas SIA - Lesogs 610q
T18V1435,y - 15D 40 NOLLT 1410
1987 . mm_qmm,.\ 1D yy4 SIA T gpgny
el el T 2= W'

19 oqy SIA %M..wm 1 p1eqq
S
NOLLVINgp)y 4LSNI 40 NOLLA 145
8log
L40g mysmmmﬁ OUNI
TN JW/ ANdYoy zwmz& %ﬂw 8NV 40 N0y QA0OTy Ny
§ NS Hongy TTNI09 gy g

ONIYy
Sy Qm:<u-~m54 qd

0o ZOE«JJ«F@Z&



A
u\%.\w. H\,N\ A/SGy | ks \

\N\%&\w\ “¥\ o 2’22 a&e -sn me\ ™ Q,wx}ym\wvmwmﬂ*i; N

LIN-SHIMNINOHHENG
- 30 -§EE§ 20
TE L0 Niwer

r«.a.: E6-p -y £6-4-7; NN

ONINOLLIGNOD 40 10 gy TVLOL QY0)Ty
. Wty sy
T o] % /1 aLva \
o @ nw.m_ j < : L ONIJIA
oA s : SN Ty
A IONT 0 oJ 1Y SIA L6803 M 170q
1. —
: SYNOH , WI0L — — bz YIDTN AL 1Ll
$7 o8 TC LS ! dH VELv 4N0 2 EWIL ONINOLL aNOD VL0l
- € BTR7 T aLva ONINOLLIGNOD WOMS 010 40 TVAOWTY
~9) S ™ ANWIL -
{

Ty
1D 0} | SIA LE80AS q1 0z70a

SNOLLONYLSNI NOLLO3dSN]

424n0s

3d0J  SAOH.Law INOZ Lv) WAL

422






Lo

198N

"’ S¥dLanvIg LIX3

-y
LBV OB WLl

IAT)

i@ 60 AON 598 60 ADNgry 50 >jﬂ7o

AT 06
' 194

. ‘SYALINVIA LYOYH]
O |@) R ooy s

tasn €68 60 AON
S TZL T T Nsa1z20N
by T TeY 48
¢ S OLOLNSISYVD) -
€8 ¢ o ron

@ oz € hoam -~

L # Wall ‘133HS INIWWQ)D 33S

“wa — A A N T L

(£22 040 Sra )

YAUYTLNC perow gy TINIT gmag YTLIN 9/
r 'd
7ILIND S8y L2325y 1ne ‘NY'1d NOLLDAdSN]

ONIMOT104 FHL 4197dN0D YIINIONT
10 okt | SIA dL I 1003

[g’omv ...ldl% W24 ‘i33Ks INIWWO) 335
< 7 "133IHS INIWWOD 335
/\}J.nﬂ/ocf

(£22040 13y )

(SN _tpg o SSANLIM 185N "SYF1aWYIq
ANOD LIXd ANV LVONHL ‘LHDram I1ZZON

1D HIA INS  mangvy g 6load
(SIN/S 31ZZON 40 3sv)
49 ot | SIA  o6-1LeNad 1 - 810Gd

LHOIIM 33 LIND]
10 dFA INS  1anavy iy Lload

10-dLS | La-dis La-dLs
AOD/LSND | ALITVNO 4940 ONIQIOOT vivg
HONVLJIDIV TVNL] | ANFNIDYNYIN VL

vda

JISvyg ‘A9 dvda _ow-_c-i-ooom_m # Lavd
81 40 Y€G596 youm ...
Pl 9OVd # 13y

aﬂuo..om.u_ﬁ w\‘_.% | QIOSTT IONVIdAIIV VIVG

SNOLLONYLSN] NOILDadSNI

4¥N00S  3go) SAOHLIW aNnoz LV wan

(L4V) 1S3L Yorow 1VNO VI19ad WSq a1y

424



ON_47] 9% ] ¢uonEInsuI s1nsopd ye oy uone|qe fensnun jo 20UIPIAI Auy &)
ON_f] A [ {98eurep pea1ys jo aouapias Auy (q
ON _p] A7 (3ewrep soepns 183s Suw-() 10 9A0013 duu-q jo duapiad Auy
(uonejqe 1o ey 3uu-Q 10 yeoy sed JO 0uapIAs e a1oy; 5
(dum s ge S3uLI-() ay) aaowax J0u o(])
2Insop Yy ay jo seare [e3s uu-( 7 ay sunuexy (e
“IM330 01 sju9A9 3umorjoy a1 yo suou 104 Stuaqut uBisap oy | ‘310N
(Ajquiasse-sig 13Yy) amsop) yy (T
ON _#1 A ] (MOfJ sed jo sugis 10 uoneIo[oosip Aue 2191 §1 “I0u3nxa Ajquussse Joyudr o suturexy 6
(2aeyd w 10U J1)
VIN [ ON LN_ A [ ¢[eunouqe uontpuos uasut yeosy | .
ON Al A [ (29e[d Jo 10 1351 eony g .
oZ\ 0 SOA 7 (3U03 11X 917Z0u uo swiayed Moy} [ensnun Luy .
N & A (P[220U 0} [ewr3)xa moyy seg Jo suis 10 SuoneIojoostp Aue sroyy ay .
‘Alquiasse-qns d1Zzou oy suturexyy (q
ON _f] A [ Moy sed jo suis 1o ‘uonerojoosip ‘s33nq jo uis Aup 313yl a1y “ased Joj0wn 3 Jo Joudixs ay sunuexy (e

AboEumma-m._Q a10Joq) 10129dsuy 10JOJN (1

JISVE ‘Amy yvqg

81 40
ST 3Dvd

(L4V) LSAL YoLow VN0 VLT19a WSY a1y

SEVSAS
TS %_.W
uﬂco..og - 0O IDNVIIIIOV VI

425



ON _#]
°N [
°N []
ON g

ON ]

ON _g]
ON _f)

oZ\m

X [
X ]

oA _f]
X [

"o8exyeo) seg JO 32uap1As 10§ seare Buipess 1g 1 aururexyg &

‘UondassIp 153 3504 (p
(°1Y (S1g.L) s1o1eqmn poq prq &
(MO} sed jo suSis 10 ‘Sunesy saissaoxs Jo uonesrpur ‘uoneIojossip Aue a13Y) 5] (q

S9A (O J0 duspua Aue 1ayr 1 (‘sum snp ge 3uu-0 oy aaowa; j0u oq) 13

$uonejqe 10 reyo 8uu-g 10 aFeyes)| seg
3 a1 o seore fess Suu-g o sururexy (®

('mM530 03 syu2A2 Sumojjoy 943 Jo suou Joj st uaur ugisap ayJ)

‘Alquiassy Io1ug)

S9A ] ¢UOIS015 remBarn jo sudis Aue aay ary ©

A 0 (93exey sed jo HIONAAIATG Aue 213 sp -soepoun 2INSopd ayy Jo seare [eas duu-g z o sururexg q
¢uonejqe

A [0 10reYH Suu-q 10 ageyes) sed jo I2UIPIAS Aure araip SI "9depauI 1anuG: P 18 seare jeas Fuu-g 7 2y sururexy (e

“(1nd00

01 $1u243 Suwmoyjog o J0 duou 10y st Juayur ugisap sy ) “MOJ2q parsty suonipuos 93 p102oy “(uawdinbs uonoadsus
pue Sunyd g LVI4d0Yddv Suisn) 0L 358D JOo10W Sy duturexs Ajjensia “jojowr 1 jo A|quiassesip pyy

JISVE ‘A3¥ ¥va

10S-10-v1-000z1g :# LAdvd

a

40OTYy JONVIJIDDOV V.Lvd

uonemsuj ase sojopy

(v

(¢

426



IIV buyyooqg P3mazo,
|

+06

“0L-1ANSOTH W sS4
JISVE Aq¥ yvq

81 40
L1 30vd

0034 HONVLdIDDV Viva

427



Ultrasonic Report/
Calibration Sheet

EURBeR

1,000, 734

PART NAME WORK ORDER NUMBER - - l
BSM DL QUAL NETEP = eaT 689 7-95E~000
PART NUMBER PLANNING DOCUMENT INFO NCR No

B (2660 ~[4 Cl ~£0 MR 16534 Tike
Materal g:(rlr;?oNn:m Project Name

Specmcanon/!ecnmqu

CALIBRATION CHECKS

N - . T
S@( 75 L, @"" lz‘ q 55)3 Initial- %
Quantity Time
Receiveq Inspecteg Accepted Rejected I
Intermediate:
t l ENQ 1 m FO Time
Finai: @ ? 30

Instrument/Senai N“mDE’ﬂNlC n’K JI Canb}r%on Ere-q L!

INSTRUMENT SETTINGS

Transgucer — Slze/Frequency — Senal Num

2Shomiy /22651

Sweep C

£

/

Scanning Method

CEMTICT

Delay C

Test Blocks/Stangards < TO K 37'

COUPLANT

UveMaeL 3T

Reject

On of

EXAMINATION AREA

COMMENTS

5e CoMNELTS

TO FipIrG.

UMABLE TOFNATECT APPROC <O g4 IN OF
CLABLPE BEUAUSE oF SUPFACE Pousrincss bue
52 MAP PAGE (7 oF 1F

28D 2795 (92/03)

41!
e/

miche ) Rocd. |

Inspector Level

428

=103

Date
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TAP TEST EXAMINATION
DATA SHEET

Ny ) PART NUMBER Deawmemey .. 2 )3
A & unt Rklc:coﬂé-‘cl—sol

WORK INSTRUCTION — TECH # }ACCEF’T/HEJECT CRITERIA

(0 2.5 =550 -c¢) [Per Eng TP ALY

PLANNING DOCUMENT #

T53¢

HAMMER SIZE

5C 4
TYPE O{Z MATERIAL / NCR # ‘ / PROJECT NO/WOR #

. - N A B - -

UBE e / 5937/55&77 8¢ coc e

';fNM / IDENTIFICATION DESCRIPTION/REMARKS ACC l RE,
[_‘;000/73% F NGO UNBOAVDS np7en, 5 I
l / A D
7 \j

—

SKETCH

IN R

i _ LEVEL DATE
o [ A TR 110,
CSD 3059 (92108, N \5 { 430
BRECEDING PAGE BLANK NOT FILMED
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Comment Sheet

PART NO, SERIAL NO. PLAN REV. REL NoJg =3
B12000-14-01-501 1000734 Basic MFGA6334- 9-3-93
DESCRIPTION
BSM DELTA QUAL MOTOR TEST (FWD)
ITEM NO. [ STEP NO COMMENT:
o D003 v
Chart # ] has out of conditioning siruation for one munute . With mak time 2 minutes were deducted
from total time _ Total condition time is correctad.
ORIGINATOR: DATE. ORGANIZATION:
BR Partel 9-3-93 01840
ITEM NO, ’ STEFP NO, MMENT-
02 Doos co! :
Chart # 2 colq cvclehasSgikson high temp. side and 4 spﬂmonlowlemp. side. These spikes are due >
to compressor cycling (noise) . Total time is corrected. Spike duration is less than 2 seconds.
ORIGINATOR DATE: ORGANIZATION.
B.R. Patel 9-3.93 01840
ITEM NQ. STEP NO, COMMENT:
03 D008
In Chart# 4 mere!wogikcsoneoldwmg. and 10& on high temp. ThescSpikaarcduc:o
compressor cycling (noise). Spike duration is Jess than 2 seconds. v
ORIGINATOR: DATE: ORGANIZATION:
B.R. Pate] 9-3-93 01840
’ ITEM NO STEP NO. COMMENT:
0. DO13
In Chart # 6 thaemscvenspiksononhi@t&ng.andﬁveoncoldting..Thwegiksareducto J
compressor Sycling (noise) Spike duration s less than 2 seconds.
ORIGINATOR: DATE: ORGANIZATION:
B.R. Pate] 9-3-93 0184
<D 200 ) DISTRIBUTION: WHITE -STAY WITH Rp
PINK - uroua.ossmorm.szmsumvxson
roronwnmomcmmnmm
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ANDLING CARD SKETCH SHEET

]

MATERM.

NOMENCLATUR

BSit LOADED MOTOR CASE - AN 1 e

DESCRIPTION
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Nondestructive Inspection
Alcohol Liquid Penetrant

Visual Examination Data Sheet

WORK INSTRUCTIONTECHNIGUE [ REVISION WORK ORDER NUMBER
60.12.9-420-003 2 5597- Toe-cecps
CLEANER USED (IF REQUIRED) BATCH NO. DRYING TIME
NONE NONE NONE
ALCOHOL TYPE BATCH NO. OWELL TIME
ISOPROPYL 5T 5 SECONDS
ACCEFPTANCE CRITERIA
DRAWING NOTE 7
REFERENCE NCR NO. (IF APPLICABLE) ’ PLANNING NOJNCR NO_
NeAe MFGA Y533 £
26(1 | DRAWING NOJFART Nosnza;o-u.o,.sg, ITEM DESCRIFTION :Dz‘ g = E
\ 3% 812603——upt BSM NOZZLE ASSY. (GRAPHITE THROAT) 2 QE 8
~ <
Jo-12-2} 'TZ";F:&ELN;::?‘CBA;ON INDICATION DESCRIPTION/REMARKS &
L0, 058 LR TAIMOATENE peven x| X

SKETCH

iNspecTor /) LI /\ff’vu// ﬁ; L. /1

S
RS

S i
Lever 73 -
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DATE 7('.‘ Z'“ 12)

CS0 2732 (92106)
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Inspection R,
PART NUMBER REV. ECO'S . J PROJECT ‘ NDT LAB CONTROL NO.
B12000-13-0/-56, % Nowue 1 35597 3/007(})7

PART/MATERIAL NAME Il SPEC!FICATION
! Se0727

BSm bera @oaL MoTeR TEST Forwar)
M QUANTITY

I

j ’JECEIVED | INSPECTED[ ACCEPTED REJEC
- : }JouE P
Pl MEeh Fesz3 | / /| 7 =6
SERIAL NO./VIEW ACC. | REJ, | REMARKS/DESCRIPTION i TECHNIQUE o

IOOO 738 Work/instruction No.

N 0i25-277
< {or fill in below)
®) | |
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TAP TEST EXAMINATION
DATA SHEET

5Sm DIz TR Qual

PART NAME Q\‘:c 220s kssy\ PART NUMBER/BRAWING/RE- AY . -0 % 3 PLANNING DOCUMENT =
-

Biz2coc ~iz-01-50,

MFEC A 52R=

WORK INSTRUCTION — TECH #

0012 8- 510 ~¢o |

ACCEPT/REJECT CRITERIA

HAMMER SIZE

R ENG. TNF O ALY 5O ez

CSD 3059 92/08) D(/

TYPE OF MATERIAL NCR # PROJECT NO/WOR #
QM%B@“( N/A‘ 55‘17/5%7"336‘0006
';/Ery IDENTIFICATION DESCRIPTION/REMARKS ACC REJ
02 T2 No UNBONDS  NOTED. &
N
—N Vi
(~—
/ Ay
K N
F:"\
N <.
@]
\ N
| v
/ L
( SKETCH
INSP LEVEL DATE
15 TR —
wl\% oo CuMT L . ‘LL - 113



Ultrasonic Report/
Calibration Sheet

Page } of Z
| PART NAME WORK ORDER NUMBER
BIMN DetT Lol Meiee TCaT S5£9 7-9%6~ ECco
PART NUMBER PLANNING DOCUMENT INFO NCR No
Release No 2 {1 apphcabie)
BIAAO - 3 X-50) MFGA G583 MeN e
Material Component AT Project Name
Serial No
CURBCE. [cco, 735 BsmM

Specmcanon/techmq

CALIBRATION CRECKS
Time

ue
-55"
6(? J75q /CO' lP‘q 6 3) Initial O%_SO
. Quantity Time
im
Received Inspected Accepted Rejected —
— Intermediate-
l l ENa | ITNFO Time
Final C)q 3 0 g
instrumenySenai Numoer% ¢ e m Calnlprgtloq Izae’_’ INSTRUMENT SETT'V
Transaucer — S 2e/Frequency — Serial Numoer, j .
I ) 'Zg /IOMHZ/?ZZ(&%/ Sweep C. F
S Method
canning Metho (OHTPCT Deay C. /F
Test B! S
es! Blocks/Stanaaras ,ﬁTD K 37/ o Reject on o
COUPLANT
E ency:
vaaeheel 1o
EXAMINATION AREA COMMENTS

CRRARE TO

5EE LemmMeITS OF Clesvee

ANSPECT APPROK. 32 2 ™\
BECAUSC ©F SVPFACE Pout HRCSS

Ve W R,

MW ?J (/Z‘? : Lg’ AL 11093

Inspector

CSD 2795 (92/03)

Level Date
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Commen¢ Sheet

PART NO. SERIAL NO. PLANREV REL NO. 533
B12000-13.01.50; [ 1000738 I Basic MFGA% : 3

DESCRIPTION ‘
BSM DELTA QUAL MOTOR TEST (FWD)

ITEM NO, STEP No, COMMENT:
o ] D003 ! _

03
—_— _ —_—
QChan#nberem:plksonooldtemp. and qu:ike.:onhigh temp. Thaegiksmduem
-2ompressor cycling (noise). Spike durarion i less than 2 seconds
—
\
ORIGINATOR: DATE: ORGANIZATION: ]

B.R Pate] 9-3-93 01840
r ol'i‘sMNo STEP NO. [ COMMENT:

J
D013

In Chartw g tbercamsevmm‘ onoahigugg.mdﬁveoncoldgy. . Thseqn'ksamdneto
oompressor Sycling {noise) Spike dnmionislesthan2 seconds

e ———————

ORIGINATOR: DATE: ORGANIZATIGN:
BR. Pare] 9-3.93 0184
O 240 @oay) DIsTRIMMION: WinTR * STAY WITH mpp
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UNITED

TECENOLOGIES
INTERNAL CHEMICAL
CORRESPONDENCE SYSTEM

TO: L. MURPHY

FM: I. LIZARDO

RE: BsM TEMPERATURE CONDITIONING, UPDATE (COLD MOTOR)

CC: R, HAMMOND, p. MELIA, w. HUFFERD, H. ZITZER, T. O'HARA
DT: October 15, 1993

NO: IJL-14-93E

REF: 1) Internal Correspondence, I. Lizardo to L. Murphy, "BsM
Temperature Conditioning™, Sept. 30, 1993, IJL-11-93E,

The two-dimensional heat transfer model, used in Predicting the
mean bulk temperature of the propellant for the cold motor, was
updated by an additional heat flux source angd the removal of an
extra heat loss ternm, The corrected plot is shown in Figure 1.

The additional heat flux added to the model was the reflected
solar heat flux from the ground. This flux was applied to the
bottom half of the motor. The additional heat flux was calculated
from an assumed albedo value of 0.30, a calculated incident heat
flux (direct normal solar flux, Iry, Reference 1), and a solar
absorptivity value of 0.33 for the white paint. In other words

Heat Flux = %white paine * albedo * direct normal solar flux

A correction was also made to the model. The present model had
two heat loss term:

4
l) heat lOSSl = 0c ewall,low temp Twall

4

2) heat loss2 O €uall, sorar Tlialg

The first heat loss term (with the low temp emiss=0.81) above was
applied to the entire motor. The second heat loss term (solar
emiss=0,33) above, which was applied to the top half of the
motor, should not have been included. The corrected current mode]
eliminated the second heat loss term above.
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In summary, the additional heat flux and the elimination of the
second heat loss term above increased the meanbulk temperature of
the propellant by 0.61° for Tair=105°F, by 0.58° for Tair=85°F,
and by 0.56° for Tair=65°F,

L s

I. Lizardo
Aerothermal
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0CT 2 51993
RCR-272-93

USBI Company
P.0. Box 1900
Huntsville, AL 35807

Attentiosn: Mr. Bob D. Noblin
Sr. Subcontract Administrator

Subject: BSM Temperature Conditioning Analysis
USBI IEWA 018333 Prime Contract
NAS8-36300, (csp Project s559%)

Reference: Aa) USBI Ltr. TGH-074-93 dated 8 Sept. 93;
Subject: "BSM Temperature Conditioning
Thermal Analysis"

B) Telephone Conference on 14 Oct. 93 with;
D. Wencil (usBI), 7. Hopper (usBr), bD.
Wilson (Local USBI), B. Hammond (CsSD), L.
Murphy (CSD), P. Melia (CSD), I. Lizardo
(CSD) ; Subject: "Modification of
Thermal Analysis"

In response to reference (A), Chemical Systems Division (CSD)
completed the Subject analysis documented in Attachment 1, which
was submitted to the USBI Program Management offjice (PMO) on 1
October 1993 for review. The analysis was subsequently updated per
direction received in reference (B). The updated analyses,
documented in Attachment 2, was Submitted to the USBI PMO on 18
October for review.

Unless directeqd Otherwise, csp considers this task complete with
this submission.

Should you have any questions, please contact Terry O'Hara, Program
Manager, at (408) 776-5841 or the undersigned at (408) 776-5334.

Very truly yours,

UNITED TECHNOLOGIES CORPORATION
Chemical Systems Division

R. cC. Russell], Jr.,
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Contract Administrator

C-—
bce: Attachments: B, Hammond, T. o rph

5
Hara, USBI-10 dw
C. Sherlock (DCMO), D. Albee, File: 559X
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ATTACHMENT |
'h-""-"'-----------.

UNITED

TECHNOLOGIES
INTERNAL CHEMICAL
CORRESPONDENCE SYSTEM

TO: L. MURPHY

FM: I, LIZARDC

RE: 23M TEMPERATURE CONDITICNING

CC: R. HAMMOND, ». MELIA, W, HUFFERD, H. ZITZER, T. O’ HARA
DT: September 20, 1993

NO: I5L-11-93E

REF: .. :98¢9 ASERAF ZANDEBCOK, ?UNDAMENTALS, I-p EDITION,

American Society of dearing, Refrigeration ang Air
Conditioning Engineers, Inc., 1989,

A thermal analysis was performed on the BSM to determine the mean
bulk temperature of the propellant while it is out of the
conditicning box for a maximum period of thirty minutes under
varicus thermal conditions. The pPropellant is considered out of
conditicning if the mean bulk temperature eXceeds a temperature
difference of s°F from the conditioned temperature within thirty
minutes. The out-of-conditioning thermal analysis was performed for

the Zollowing temperature conditions:

A. Initial motor ¢ nditioning temperature = 20°F.
~. Tair = 10s5°F
2. Tair = 8s5°p
3. Tair = s5°F

2. Initial moter cenditioning temperature = 130°F.

1. Tair = 4s5°F
2. Tair = 65°F
3. Tair 85°r

The results of the above analysis are shown in Figure 1 for cold
conditioned motcor ang in Figure 2 for the hot conditioned motor.

Analvsis Drocedure

A two-dimensional transient heat transfer analysis was performed on
the lcaded BSM mortor. The two-dimensicnal analysis was chosen over
a one-dimensional analysis because of the geometric shape of the ID
surface of the Propelilant. The analysis consisted of applying an
external boundary condition Lo a two-dimensional finite element
model depicting the cross-section of a BSM loaded motor. The
computer cede that was used in the analysis is CsD’'g two-
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dimensicnal heat *transfer ccde, 20T. It is a general “wo-

ensicnal planar or axisvmmetric finite element heat transfer
mputer program, performing both steady-state and transient non-
near neat transfer analysis. It uses anisotropic thermal material
operties that are a functiocn of temperature and is capable of
nandling time and temperature variant convective and radiative
boundary conditions; along with surface recession and impressed
tempersture boundary conditions. RBesides generating nodal
temperature histories, ZOT also cutputs the mean bulk temperature
of spe:ified materials as a function of time.

{1
3

O K

T ()

i =

Analysis Details

A two-dimensional planar finite element model, Figure 3, was
generated from the cross-section of the BSM motor (Figure 4).

The model consisted cf precpellant, liner, an aluminum case, and
cork as the external surface. The thermal properties for the above
mentioned materials are listed in TABLE 2. A full cross-section

cI the _caded moter was crsated for the capability of handling non-
symmetric heating/ccoling.

The analysis was broken down into two phases. The first phase
consisted of heating a ccld conditioned motor, while the second
rhase consisted of ccocling a hot conditioned motcr. The ID surface
of the propellant for toth rhases was assumed to be adiabatic.

The analysis for the first chase assumed that the initial
cemperature of the loaded motcr to be at 30°F. The external
poundary conditions cons:sted of solar radiation, free convective
heating and radiative heating with the surroundings. This phase of
the analysis was furcher troken down into three sub-phases based on
an air temperature cf 155°F, 385°F, and 65°F. The changes in the
three air temperatures are reflected in the cenvective and
radiative heating to th surroundings. The solar radiation, however
fected by the air temperature. The following assumptions
ce in determining the solar heat flux:

is un
were m

I m o

o
a

2. The hour angle was assumed to be zero, i.e. the time is

solar noon.

The month is May, wnen maximum insolation cecurs (Reference
).

The solar azimuth angle was assumed to be zerc. In other
words, the external surface of the motor case faces
directly into the sun.

The local insolation was applied equally to quadrants 1 and
2, the top half cf the motor, but was adjusted as a
function of the z:ilt angle. The tilt angle being defined as
the angle between the surface normal and the horizontal.

)

()

>

o]
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The above dssumptions givesg the worst PoOssible lgca] solar
radiation hear flux for the Summer monthsg Chapter 27 Of Reference
1 was used as the basis for calculatlng the local incident solar
radiation heat flux. The local incident solar heat 1,y was
calculated using the following €quation:
I.=1I, cos8
where:
I = direcr normal solar flux
8 = angle of incidence between incoming solar rays ang

line normal to the surface.,

The direct nermal sclar flyux wWas calculated wWith the following
€quaticn:

- A

.'nv - ———

- ; 5

exXp ( — )
P sin 8
where:

A = apparent sclar radiation at air mass=0, (TABLE 1)
B = atmospheric extinction coefficient (TABLE 1)
3 = solar altitude above the horizonta] (degrees)

The solar altitude, Z, is calculated as follows:

where:
L Latitude (37.25° csp location)
& solar declination (TABLE 1)
H = hour angle (=0, solar noon)

Based on the above €guations, the direct normal solar flux was
Caiculated :o be 285 .05 BTU/hr-ft?, The angle on incidence, 8, was

-~

calculaced using the Zollowing equation:

Cos 8 = cos B cos Y sin ¥ + gin B cos X

where:
<) = solar altitude
Y = surface sclar azimuth (=0, facing directly into the
sun) .

z tilt angle of the surface.
The tils angle was calculated for each of the external finjite
element Surface that was €Xposed to the sclar heat flux and

inputteg into the 2-p finite element heat transfer code as a

multiplication factor, with the direct normal solar flyux inputted



dS the source flux. The eXternal Surface of the CCrk wasg assumed t«
be covereg with white paint. The solar absorptivity and solar
SMissivicy for white painc was assumed to be 0.33.

Radiative flux, due to the Surroundings, wWas applied op all the
eXternal surface elements, The source temperature for thermal
radiation was assumed to e the Same as the air temperacyure The
Whizz cainc was assumed tc have anp absorptivity and emissivity

Cenvective heat transfer was applied on a1] €xternal surface
elements. 2 heat transfer coerfficient of 3 BTU/hr-fri_cp was used,
simulating a4 Very windy day. The air Cemperature Was used as the
sSource temperature fo» heating the cold motor,

The externaj] boundary condition for the second pPhase, out-of -
conditioning for the het Sonditioned motor (Twunu=130°F), used the
Same boundary conditions thar was discussed above feor the first
phase eXcept that ne Solar heat flux was applied to the eXternal
Surface of the motor,

~gure I shows the mean culix Cemperature history of the Propellant
Cr the out—of-conditioning cold motor (Twu“u=20°F). The figure
shows that the worsr: Case occurs when the air Lemperature is at
105°F. The mean bulk temperature of the Propellant wilj] rYeach 25, 5°p
at 30 minutes which is Still within the specification limitc of 30°F
maximum.,

I D

The resulss fer the out-orf-¢
shown in Figure 2. The figurs SRNOws that the WOrst case OoCcurs when
€ 45

the air teémperature jig a °F. The mean bulk Cemperature of the
Propeilant wil: reach 12 C 30 minutes which is also within
the Specification limit of 129 F minimum.

I. Lizarde O X4349

Aerothermal
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TABLE 1

Solar Constants
(Frcem Reference 1)

Declination

degrees)

-20.
-10.
0.
11,
20.
23.
20.
2.
0.

]
S SR

W o o

0

A > O o m
wn

0N o W

524

A
BTU/hr-£:2)

390
385
376
360
350
345
344
351
365
378
387
391

OOC)OOOOOOOOO

.142
.144
.156
.180
.196
.205
.207
.201
.177
.160
.149
.142



PROPELLJ'T
R .
Densicy = 0.0649 lbm/in:

Tempera-yre ) K_ 3T [Min-in-°m)

U
0.¢ 3.652E-4
<00.0 3

So. ur . (BTU/1bm-°p)

0.0 2 G.361
84.9 2.333E-4 0.361
131.9 2.264E-4 ¢.380

ALUMINUM CASE
Density= 9.19; ib/in®

' : Sp. Ht. 1'BTU/lbm-°F2
.1218 0.193

0.0 c
77.0 0.124s 0.202
100.0 0.1260 0.204
200.¢ 0.1302 0.212

Temoeracure ) K ’B-U/min—in—:F’ Sp. Hr. (BTU lbm-°F
\\
2.0 5.556E-5 0.470
400.0 S.SSSE-S 0.470
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AVOID VERBAL ORDERS

To: T. V. O'Hara
From: B. S. Hammond
Cc: R. C. Russell

Subject: BSM Thermal Analysis

Date: 1 October 1993

File: BH-099-93

Tim Hopper called back this morning and said 'please hold our formal response for a few

days which will allow USBI/ analytical people to review Mr. Lizardo’s letter. Furthermore,
the faxed letter is being viewed by USBI as compliance to our agreed 1 October 7993

submittal date.”

R. C. has no problem with this issue from a Contracts perspective after | explained the
situation to him.

So, CSD is to wait for USBI to review,/comment on Lizardo's letter, return comments or
concerns to CSD, CSD to make changes if necessary or submit the letter formally.
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LHUACSHMENI &

~ UNITED
TECENOLOGIES
NTERNAL CHEMICAL
TRRESPONDENCE SYSTEM

J: L. MURPHY

at I. LIZARDO

¢ BSM TEMPERATURE CONDITIONING, UPDATE (COLD MOTOR)

<: R. HAMMOND, P. MELIA, W. HUFFERD, H. ZITZER, T. O’'HARA
.t October 15, 1993

IJL-14~93E

3F: l) Internal Correspondence, I. Lizardo to L. Murphy, "BSM
Temperature Conditioning", sSept. 30, 1993, IJL-11-93E.

‘e two~-dimensional heat transfer model, used in predicting the

in bulk temperature of the propellant for the cold motor, was
—vdated by an additional heat flux source and the removal of an

rtra heat loss term. The corrected plot is shown in Figure 1.

1e additional heat flux added to the model was the reflected
slar heat flux from the ground. This flux was applied to the
ttom half of the motor. The additional heat flux was calculated
-om an assumed albedo value of 0.30, a calculated incident heat
lux (cirect normal solar flux, I,,, Reference 1), and a solar
sorpt.vity value of 0.33 for the white paint. In other words

Hea~ Flux = a,ueq puine * 8lbedo * direct normal solar flux

correction was also made to the model. The present model had
vo heat loss term:

1) heat l°551 = 0C ‘\uu,lon temp T‘w.n

2) heat 10882 = ¢ €,.1), ,so1ar Tlvall
1e first heat loss term (with the low temp emiss=0.81) above was
)plied to the entire motor. The second heat loss term (solar
niss=0.33) above, which was applied to the top half of the

tor, should not have been included., The corrected current model
— -minated the second heat loss term above.
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" UNITED
2 Tr-:cuuoh?mes

INTERNAL SvETEGa
CORRESPONDEN CE

to L. Murphy

fm P. Melia

cc W. Hufferq

re BSm Plating Flake Heating Analysis
dt March 18, 1993

no PFM-07-93.f

Previous thermaj analyses. as wel] ag test experience, indicate that both these
lemperatures are reacheg during motor operation. The present analysis addresses the
heating of the removed layer as it transitions the motor.

THERMAL MODEL ASSUMPTIONS:

- ID modeling

- -0004 inch "flake" heated from both sides (except as noted)

- convective and radiatjve heating

- surface absorptivity varied 03t0.6

- flake velocity equal to half chamber gas velocity

- 8as velocity goes from zero at forward end to M = 0.04 at aft end

- flake residence time in chamber approximately .06 seconds, in nozzle Jess

- Bartz heat transfer correlation for HTC, (a somewhat arbitrary model byt
it has a smalj effect)

- radiation from AL,O; correlation

- initial flake temperature equals 700 F (except as noted)

- nickel propertjes used as reported for room temperature with estimated
perturbed values at higher temperatures (K, Cp, density).
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In the course of the analysis. it became apparent that, under best estimate assumptions
of absorptivity, all of the flake vaporizes abruptly at some point in the chamber.
However, under the assumption of worst case, low heating estimate of lowest possible
flake absorptivity, the temperature is above the normal boiling point but does not produce
a vapor pressure greater than local total chamber pressure. Since the generated pressure
of the metal vapor is thus far, far above the partial pressure of the metal in the product
species gas, there is a significant tendency for diffusive loss of material from the surface.
It is difficult to predict these “evaporation” rates analytically and so an alternative
evaluation criteria was used.

The particle residence time in the nozzle is so short (order of 0.001 seconds) that little
additional heating occurs. The static pressure drops very rapidly however, and reaches
the vapor pressure of the flake at which time the whole flake vaporizes. Thus, the
mechanism for abrupt vaporization of the flake can occur two ways. In the chamber, the
flake temperature rises until the metal vapor pressure equals the chamber pressure. In
the nozzle, the local pressure drops until it reaches the vapor pressure of the flake at
chamber temperatures.

The temperature gradients within the tiny flake are so small (about 0.001 degree) that
essentially all the zinc is lost at once, suggesting that breakup of the flake is likely at this
point, although not considered in the model.

THERMAL ANALYSIS RESULTS

An initial baseline thermal model was run that was felt to be conservatively low in
predicting temperature of the flake. Several parametric variations were also run to
determine the sensitivity of the model to the basic assumptions. These are each
represented by a transient temperature history plot, figures 1 through 5, and summarized
in table I.

The baseline conservative predicted response is shown in figure 1. Even in this
conservative model, the flake exceeds the one atmosphere boiling point of zinc halfway
down the chamber. Because the temperature gradients are small and flake sizes small,
matenial properties have little effect. Most common metal properties give results within
10% of those quoted.

Although no model was made for a cadmium flake, it’s response would be very similar.
The cadmium flake would melt off at only 600 instead of 700 F, but would also boil
about 250 degrees cooler so that the vaporization for the slightly thicker cadmium flake
would occur at about a comparable region within the chamber or nozzle. This would be
true even if the actual absolute velocities and heating rates differ from those in the present
model. The main difference is that only 85% of the zinc alloy vaporizes at this point
leaving a 15% residue as initially solid nickel that is likely to melt later in the chamber.

Figure 2 shows that the results are not greatly changed even if the alloy flake comes off
immediately upon ignition at room temperature for some assumed but unidentified reason.
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1S assumed to be so small that the residence time becomes very long in which case
everything goes o vapor at chamber stagnation t€mperature. Thjs causes the flake
surface absorptivity and CMISSivity to be the principle uncertainty in the model. A
conservatively low value of 0.3 was used for each of these in the first two runs. When
a more realistic value of 0 g was used, the final temperature came oyt over 1000 degrees
higher as shown in

figure 3,

The principle remaining uncertainty was whether the effects of a large flat flake "rolling
up" into a ball or else "breaking up" into many pieces would change the transient
temperature history signiﬁcantly. These possibilities were evaluated and shown in figures
4 and 5, respectively. The rol] Up model assumed a flake ten times as wide ag thick, i.e.,
0.004 by 0.004 by 0.0004. would roll up into a sphere. A mode] with the equivalen;
resultant surface-to-volume ratio was then run and shown to reach 2728 instead of 289]

CONCLUSIONS

L. Surface absorptivity of the molten alloy is the principle uncertainty but does not
change the overa]] conclusion about vaporization of the flake.

2. Radiation js the dominant heat transfer.

3. Convection js 3 minor effect.

4. Thermal gradients within flake are negligible.

3. Shape, and to considerable degree, size of the flake or particle do not have a

strong effect on temperature response.

6. Other materia] thermal properties (K, Cp, density) are not Critical.

7. Initial flake temperature has ljttle effect.

8. "Rollup" or "break up” of flake do not change temperature history greatly.

9. Flake residence time is a significant factor but, again, generally does not change

the conclusions about characteristic vaporization of the zinc and cadmium and nop.-
vaporization of the nickel. The exceptions would be jf the flake velocities are



suarantees that the hot flake will flash over to vapor during the €Xpansion. The zinc
alloy leaves a residyg] 15% nickel behind after the 85% azinc vaporizes nearly

simultaneousl_v.

Even assuming an initia] flake that is 25 times as wide and 25 times as long as it is thick,
with maximum plating thickness. that survived the 85 vaporization process, and that
the residual nicke] somehow, even though it may be a soljg not a liquid immediately after

-y .
Peter F. Melia, Chief
Aerothermal Analysis

ba
Atts.,
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Figure 5
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EXECUTIVE SUMMARY

froducticn of the Laste epcxy adhesive ygeg o kond =BsM Zhrcats
and ignicars ZASI3NA/L-3) is ceing disconsinued by the
manufaccurer. Thig Tepert details the altivities Perfcrmed to
Qualify a rerlacement as Sutiined in yexz- TEST PLAN rCR
SUALIFICATION CcrFr REPLACEMEN” SYSTEMS FrCRr LA9-3NA/L‘3, dated -1
&3 A candidace adhesive was chosen by USBT LO evaluate agains
the baselins materigl The candidare adhesive tested Is Dexcer
Hysol's EA33954 . Wnen Cested side- by-side with the basellne
EASI3NA/L-2 prcducs, the EAS394 SYstem has proven €O be an
acceptable replacement materigl

(39
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Srature stugdy identifieg 7 adhesives Preposed for
c ©ns. These were rankegd based on 5
&r’s stated bong Strengths, pot life,
materials were in full preoducticn andg
a for any aerospace applications,
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SD was contracted to execute this
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FICATION OF REPLACEMENT SYSTEMS
CSD’'s Materials and Prccess
specimen fabrication ang testing
llowing practices established in
detailed work instructions. CsD
USEI quality were Dbresent for

ed by the work instructions.
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<.C TEST OBJECTIVES AND SUCCESS CRITERIA

The primary Cobjective cf thig program fs to qualify s new
adresive syscem ro replace EASI3NA/I,-3 Cn the booster Separation
MOLOrs.  The igniter ring insulator has been deleted from the
MOLCr design and the aft closure insulator bondg System will be
changed to 3 direcs vilcanization Proecess and addressed in
ancther test plan. The testing descrired in this plan will
Jualify g rep.acement adhesive system Izr the graphite throat to
the aft closure bond, the glass phenclic insert to igniter
nousing and igniter grain rea bonds, and the repair of the NBR
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The success criteria was icentified sc that if the side-by-side
testing of the new System against ths cl4 reveals "equal o zor
petter than" results, the ZAS254 ma-er-:zl will be succsssful
There is nc success cri-sris for the rzpair bong

A seccndary cbjective is te gualify g new solvent,/cleaner system
<o replace 1,1,I trichlercethane (702 and methyl sthyl xercne
(MEK) . he surface preparation for a-- oonds use one cr both of
the two soon to be restricred soclvents. This cbhbjective will
gqualify an environmentally Iriendly clszaner to be used as a
surface cleaner in preparation Ior peonding with the new adhesivsa
system. The success criteria for -h-s cojective will be rtha
success <I the new adhesive System wnen prepared using :the rew
cleaner(s) .

2.0 TEST PROCEDURES

2.1 TEST CONFIGURATION

Three categories cof specimens were farricated for this test,
Baselire, Candidate and Aging specimens. Baseline test specimens

were processed for each substrate compination to represen: how
nardware is built tocday. Candidate specimens were processed
ldentically to the Baseline specimens except the candidac-e
adhesive system (EA9394) and two environmentally friendly
cleaners f(Jettacin and Reveille) were used in replacement cf TC
Aclnc specimens were processed identically to the candidate

specimens.

The substrate combinations were isostatic molded ATJ grarhice
conded to 7075-T6 conversion Coated zaluminum to represent the
Sraphits cthrecat-to-aluminum closure pcnd Glass phenolic bonded
o 304L passivated stainliess sreel srecimens represent cre
igniter housing-to-phenclic insert and chenolic insert-to -igniter
grain rod bonds. NBR rubber-tc-7073-75 conversion coated
aluminum peel specimens represent :he repair interfaces of the
now vulcanized aft insulator -o clics re pond.

The substrate combinations were tested 11 tension (ref. ASTM
£20¢88), with 1.5 inch diameter flatw ‘se tensile specimen
geometries, shear (ref. ASTM 03164, with single 1.0 square inch
sandwich overlaps geometries, and peel (ref. ASTM D803, with 1.0
inch wide 18C° peel specimens geometries

m
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3.2 TEST CONDITION AND ACTIVITIES

All bonding ang testing Coerations CClurrsd between €2 and 70w
and 48 and 643 relative humidicy Shear tensile and pes’
Specimens were tested a:- 75+/-5°F 3nsa -30+/-50p, Shear ang reel
Specimens were Soaked a: 1:50m for fcourcaen tO seventeen Minutes
just prior o 13900 testing ang flatwiss Ctensile Specimens fo»
twenty three ro tWenty Ziva mi utes g3s determined by a

thermocouple assembled inc the bondl:na °of a Sacrificia:
Sbecimen of ezch geomerry,

ATJ GRAPHITET CGrarhics Iaving Surfaces wera hand abraded with
400 gric €Mery raper, the- wWibed with clszn Rymple cloth dampened
witch Isoprepyl aiconol

ALUMINUM: Aaly
gri¢ emery pap
with 1,1,1 =43

minum faying Surfaces wers hand abradegd With 60-80
» then wipeg with cliean Rymple cleth dampened
hloroethans.

PHENOLIC: Phenclic faying Surfaces wers Cleaned using clean
Rymple clioth dampened wi hZ,1,2 :richloroethane, then, hang

T
abraded with 400 gric Emery paper, ang taen wiped dry with Rymple
cloth,

STAINLESS STEZL Steel faying Surfaces were cleaned using clean
Rymeple cioth dampened with 1,1,12 :rlcnloroethane.

ATJ GRAPEITE. Graphite faying Surfaces were hand abraded with
400 gri- SMery paper, then cleaned wizn Ciean Rymple cloth
dampeneg with Iiscrropyl aicchol, Zcllowed immediately by a dry
wice wizh 3 Clean Rymple clgo=h

ALUMINUM: Aluminum faying Surfaces were wiped with clean Rymple
cloth dampened with Jettacin Cleaner Icllowed by a ciean Rymple
cloth dampened with deionizeg water, Immediately following the
water wipe g dry wipe was Ferrormed wirh clean dry Rymple cloth.
Then the Surfaces were hand abradeg with 60-80 grit émery paper
Iollowed by a Wiping with clean Rymple cicoth dampened with
Reveille Cleaner, Finally, this Step was immediately followed by
& dry wiping c< -+fan dry Rymple cloth,

[5)
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1
1

FHENCZZIZ: Phenclic faving surfaces wWers wiped with clean Rymple
cloth dampeneg wWith Reveille cleaner, Icllowed immediately v g
dry wipe with clean gry Rymple clorh, The surfaces were then
hani abradeg Wiin £0-280 €It emery raver follew ed by 5 wicing
Wiln clean Rympls closh damrened wi-= Reveille Cleaner, Flnally,
his step was immediatel; Zcllowed Zv a dry wWiping of clean dry’
Rymple cigth )
STAINLESS STEEL Stainless greel faving sur rfaces were wiped wiznh
Clean Rymple clcth dampeneg W1lCta Reveilla cleaner, followeg
iumed;a:ely DY a ary wipe wi=h Cclean drv Rymple cloth.

S were wiped with clean Rymple

All surfaces wers allowed to gzir dry 22 minutes minimum pricr =o
applicaticn of adhesive pu: na- ~Cncer than 43 minutes,

cimens were tested on a
ine. A Crosshead
e

~ il
S€baration rate of 0,05 1iCnes per minures was used for all tests
but the peel tests where 12.¢ inches per minutes was used. A
char:z speed of g 2 to 0.3 :inches Per minute was usegd dependlng on
wnich crosshead Speed was used. Digizal digicators were used to
monitcr rcesrt temperatures, Hqumidity was monitored for ambient
tests only

3aseline vs canpdidate aldmihum-:o-cranhite in shear andg flatwise
tensile; data, ‘from tables 1 ang <, indicate that at 75°F the two
adhesives are Stronger than the grapnite substrate. At 130°F the
candidazs indicates g 7% S-rength decresase for shear and an
undetermined change for flatwise from the 750p data. The 120°F
flatwisG spec1mens that failed ar the se econdary bond do not
evaluate the primary alumiﬁum-to graphite bond. Therefore we
cnly know that the primary bond is greater than this data. It is
Suspected that *+he seconaa*y bond (Ea9394) for this set of

Specimens shouid have been allowed to cure longer at room
temperatures. The aliowed cure for this set was 4.5 days prior
O testing, all cther seco ndary bonds cured for 8 to 10 days.
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Peel panel darca Scatter is atiripureqg Lo surface Preparaczicn ¢~
the NER rubber Substrate. The on.y croven Preparation fe»r
cleanzng rubber with environme“:ally Ifriendly Cleaners :ig the
tecnnigus used cpn "B-szaged" lnsula:cr-to-closure vulcanizazior
bonds FPeel panel variability couls De reduced by utilizing
Reveille cleaner and harnd acrading

Envircnmentally friendly Sclvents and the EAS3%4 adhesive were
evaluated for Qualificaticen together in this plan. It isg very
Aifficuls co discern cause f data scatter when plans ccnitain
multigle variables. Some data QiiZerences Seen in this summary
may be attributed to variations in Cleaning Processes (on
relatively small pleces of material Substrates), asg well as
adnesive variapility. sar exampls, & Reveille Cieaner dry time
Constraint of 2p minutes minimum a&n2 45 minutes maximum may neot
pe ortimum when fabrlba:ing laboratory test specimens in order :to
qualify 3 Preduction scale Brcocess. When inccrporating these
cleaners inse broducticn it may re lecessary to adjust dry <times
O Sult the acrual Parc geometry ang Process flow.

<t 1s recommended that EA9394 adhesive System be used for BSM
structural and nonstructural bonds as described in this test
repor:
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TABLE #1
BASELINE AND CANDIDATE INDIVIDUAL DATA s Y
ALUMINUM-ATJ GRAPHITE-ALUMINUM IN SHEAR
TEST TEMp °F 75 130
ADHESIVE EAS13NA/L-3 EA9394 EAS13NA/L,-3 EA9394
INDIVIDUZT VALUZES 3563 528 €57 507
522 £l¢ 588 4357
577 498 784 &£77
S€es 503 511 £E53
579 442 662 29¢
557 SRR 542 468
£8g £2¢ 578 s1C
58¢g 538 751 473
£34 560 636 447
3738 518 663 484
AVERAGE 578 515 665 472
STD DIy 28 31 55 34 .
FAILURE MODES Cor - COE - ADH/CQH : COH/ADH *
Notes: 1. com - 10C% conesive within =he Substrate (graphite) .
Failures OCcurred near the adhesive bondline.
<. ADH/COH = Predominantly adnesive failure, between the
adnesive ang the aluminum, ang partial Cohesive, within
e graphits Supstrate.
>. C2H/ADH = Predominantly CChesive failure, within
~5€ Craphits, azng Partlal adhesive failure between the
aluminum ang he adhesive,
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TEST TEMP °F 75 130
ADHESIVE EAS13NA/L-3 EAS394 EAS13NA/L-3 EA9394
INDIVIDUAL VALUES 2113 4103 3282 1668
4132 3530 25893 2264
4244 2132 305¢ 2188
28320 3622 3113 2037
22l¢ 322¢ 3022 158:%
4728 2707 2547 1443
2133 :90Cs 2739 2284
43538 2801 3113 294z
2018 2503 233¢ 2066
4018 2872 25632 18¢8
AVERAGE 2876 3472 2384 1832
STD DIV 572 542 265 501
FAILURE MODES Cox - COH - COE - SEC -

2

Notes: 1. com - ~00% cohesive within the Substrate (graphite) .

SEC = Secondary zzong failure.

9]

b

(
!
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TEST TEMp of 75 130
ADHESIVE EAS13NA/1-3 EA9394 EA913NA/1,-3 EA9394
INDIVIDUZL VALUES 427 778 61 762

455 744 493 547

£58 715 463 352

662 732 554 27z

£07 833 603 410

5§01 772 €35 354

590 708 445 662

£§72 538 604 314

758 965 586 £93

SEs 535 577 692
AVERAGE €18 742 552 520
STD D:Iv 102 114 64 171
FAILURZ MODES ADH * ADH/Coy ADY : ADH/ADH *

Notes: 1. ALL Specimens failed near the adhesive bondline.

ADH = 1003 adhesive failure between the adhesive and
glass Phenclic Substrars.

9]

L)
g
4

/COH = Predominantly adhesive failure, between the
adhesive ang the glass phenolic Substrate and partizl
Conesive, within the glass phenolic.

1/ADH = Predominanclv adhesive failures, between

o
"o
t
e

the adhesive and the glass Phenolic Substrate ang
rarcial adhesive, between the adhesive and the Steel,
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TEST TEMP °F 75 130
ADHESIVE EA913NA/L-3 EA9394 EA913NA/L-3 EA9394
INDIVIDTAL VALUES 15328 1358 805 P 843
1217 1z5¢6 %30 821
le4: 65¢ + 1075~ 1217
1387 1523 1160 S62
14158 1273 1075 1217
1443 ~528 10758 1217
1500 25835 1075 1132
.55¢6 158% 1132 9590
1613 1418 962 890
1684 1302 1104 1047
AVERAGE 1498 l45¢ 1055 1044
STD DIV 139 124 ) 79 148 .
FAILURE MODES ADH ¢ CCH @ ADH COH °
Netes: . a1z Specimens fajilegd ear the adhesive bondline.

28}

ADE = 100% adhesive failure between the adhesive ang
glass phenolic Substrate,

+

00% cohesive within the glass phenolic
te
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PANEL#/TEST TEMP °F 1/75 2/75 1/130 ! 2/130

ADHESIVE EA9394 EAS394 EA9394 EA9394

INDIVIDUAL VALUES 18.9 3.8 44,9 5E.6
14.2 32.¢ 75.8 74.0
12.3 24.7 1.1 51.2
1l5.2 2C0.¢C 51.7 44 .4
11.5 20.¢0 75.2 2.9

AVERAGE 14.8 25.3 75.2 56

STD oIv 2.8 7.0 17.7 11.1

FAILURE MCDEs ADEH ADE coy ¢ ADH

Notes: . Specimens LOre (within the rubber) approx. 1/4 inch
before test was Stcopped dus o reaching maximum
€Xtensicn of the Crosshead. These data are peak values
at time test was Stcpped.
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CCOH = 100% cohesive, within the rubber sSubstrate.
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YEARS OF AGING
ADHESIVE

INDIVIDUAL, VALUES

AVERAGE
STD DIv
FAILURE Morzsg

YEARS OF AGING
ADHESIVE

INDIVIDUAL VALUES

AVERAGE
STD C1Iv
FAILURE MCDES

TABLE #6
AGING INDIVIDUAL DATA suMMary

ALUMINUM-ATS GRAPHITE-ALUMINUM IN SHEAR

1 (1994) 2 (1995) 3 (199s6) 4 (1997)
EAS9394 EAS394 EA9394 EA9394
2
2
2
e
10
5 (1998) 6 (1999) 7 (2000) 8 (2001)
EAS394 EA9394 EA9394 EAS394
2
7
g
16
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YEARS OF AGING
ADHESIVE

INDIVIDUAL VALUES

VERAGE
STC DIV
FAILURE MODES

YEARS OF AGING
ADHESIVE

INDIVIDUAL VALUES

AVERAGE
STC DIV
FAILURE MODES

TABLE #7
AGING INDIVIDUAL DATA SUMMARY
STEEL-GLASS PHENOLIC-STEEL IN SHEAR

1 (1994) 2 (1995) 3 (1996) 4 (1997)
EAS394 EAS394 EA9394 EAS394
2
3
4
5
5
7
8
g
i0
5 (1998) 6 (1999) 7 (2000) 8 (2001)
EA9394 EA9394 EA9394 EA9394
2
3
4
6
7
8
9
10
17
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internal gggﬁh?ommss
Correspondence ey SR

To: Terry O'Hara

Fm: Bruce Goldstone

Re: BSMm: Structrual Margin Assessment for ATJ Materiaj Property Comparison:
Castor versus ATACMS Data Bases

Ce: L. Murphy, R. D'Onofrio, O Morrow, B. Hufferd, S. Kamen

Dt: November 23, 1993

No: BAG-29-93-E

BACKGROUND

A review of 'new’ isomolded ATY (TS 1792) material Property data from two
independent Characterization test activities (Castor 1988 versus ATACMS 1992)

conducted to assess the impact of the differences between the two variations of the
ATJ material.

SUMMARY

PRECEDING PAGE BLANK NOT FILMED 359



Terry O'Hara
BAG-29-93-F
Page 2

DISCUSSION

material modulus was about 75 percent of the Castor materia|. At 5,000°F the
difference was only about 3 percent. The strength data (at 70°F) showed 3 similar
trend, where both the with-grain (WG) and across-grain (AG) strengths of the
ATACMS materia| was about 75 percent of the Castor strength.
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Terry O'Hara
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Page 3
COMPRESSIVE PROPERTIES
Press Molded Isostatic Isotatic
Temp, °F 'Old' ATJ ATJ(Castor) ATJ(ATACMS)
E.(psi) AG 70 0.76 1.33 1.03
4250 0.77 1.03
4500 0.64 1.34
5000 0.38 0.70 0.68
E- (psi) wa 70 0.97 1.37 1.19
c-/e. AG 70 8600/ 13245/0.0504 10037/0.0368
(psi / in/in) 5000 11500/ 8625/
c-/e. WG 70 8400/ 12935/0.034 9807/0.030
(psi / infin)
TENSILE PROPERTIES
Temp, °F ATJ ATJ(TS1792) ATJ(ATACMS)
_— _— _— _
E; (psi) AG 70 1.18 1.35 1.48
2000 1.28 1.44 1.69
4000 1.59 1.17 1.29
4250 1.57 1.29
4500 1.53 0.86
5000 1.47 0.57
E.(psi) AG 70 1.70 1.43 1.63
cr/e;, AG 70 2935/ 4777/0.0039 4245/0.0036
(psi / in/in) 2000 2745/ 6720/0.009
4250 4720/ 6535/0.0211
4500 5100/ 7208/0.0290
5000 4490/ 5801/
or /e, WG 70 3355/ 4438/0.0044 4326/0.0043
(psi / infin)
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Page 4

To assess the effect of these differences in Mmaterial properties. a one-dimensiona
(plane strain) thermostructural was performed at the throat plane of the graphite insert.

ANALYSIS RESULTS
==0=T9lo RESULTS

The results of the 1D analysis are shown in the table below.

Material Hoop Hoop
Model Stress, psij Strain, %

Castor -13430 -0.00779

ATACMS -10880 -0.00784

Difference 1.23 0.994 (Castor / ATACMS)



Terry O'Hara
BAG-29-93-E
Page 5

of properties (i.e. Preéss molded ATJ, and isostatic Castor and ATACMS ATJ) of these
materials is acceptable for the BSM application.

g?ﬂ.u.u_, , Hoilere

/e
Bruce Goldstone, Chief
Structural Analysis

References

1. Memo, BAG-09-93-E, "Structural Analysis Assessment of Using TS1792 Graphite
in the BSM Nozzle" to Larry Murphy, dated May 14, 1993.

2. Memo, SFK-34092-E, "BSM ATy Graphite Replacement, TS1792 Graphite", to L.
Murphy, dated October 13, 1992,
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Unit Thermal Expansion (AL/L) in 107? in./in.
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