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I, DISCUSSION
A. SUMMARY OF RESULTS
The following table provides a summary of the margins of safety
of all the significant structural items.

They are based on pressure loada which incorporated a 1.25 factor
of safety. The allowables are based on the material propertiaes at the maxiwum
thermal excursion the part will experience, (Ref. Ssction III-A),

TABLE 1.1
Drawing Minimum Margin

Part Number of Safety Page
Throat, Pintle 1147001 +.03 3.1.1-1
Throat, Retainer 1147003 +.015 3.1.2-2
Coupling 1146997 +.17 3.1.3-2
Piston Retainer 11L6999 Hgh | 3.1.b-1
Piston, Pintle 1146998 +.33 3.1.5-3
Strutted Housing 1146995 +0.0 3.1.6-5
Entrance Cap, Pintle 1147005 +.09 3.1.7-1
Exit Cone Pins 1147016 +.51 3.1.8-1
Nozzle Support 1147008 +.31 3.1,9-2
Nozzle Throat 1147012 .34 3.2.5.1
Outer Nozale Assembly 1147006 High 3.1.11-1

-1.1-
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Section 3,2.0 represents the results of e finite element computer
snalysis of the pintle and shroud nozzle components.

Figures 3.2.1.0 and 3.2.5.0 are computer output plots of the
pintle and shroud. They identify the geometry, materials used in the assembly,
nodal point and element locations.

The entire e)ection load and piston lomd is transferred across
Section A-A of the SSAM coupling (Ref. Figure 3.2.1.1). Considering thermal
excursions at the end of the firing, a high margin of safety is shown. This
confirms the analysis performed on Page 3.1.3.1 early in the deaign.

Sections C-C and B~B (Ref. Figure 3.2.2.1) of the throat retainer
must tranefer ejection loads on the AG Carb 101 to the piston. Using material
allovables at 200°F, the temperature expected at TS50 seconds, a high margin of
safety is shown.

Tension across the retainer shank is again due primarily to ejection
loads on the AG Carb 10l. Section A-A, (Ref. Figure 3.2.2.1) at the undercut,
has a 0,13 margin of safety at TS50 seconds after ignition.

The stresses on the AG Carb 10l are shown in Figures 3.2.h.1 through
3.2.4.6, Sections in shear due to pressure and thermal loads are shown in
Figure 3.2.4,1 through 3.2.4.3. The shear allowable is estimated at 2700 psi.
Thic produces a M.S. = 0.2k at 8 seconds.

Hoop stress distribution is shown graphically in Figures 3.2.L4.4

<hrough 3.2.4.6 when the thermal gradient is meximum. The compressive stress

or. the inner surface is maximum and produces a M.S. = 0.0. However, this ic
conservatively based on tensile allowables. Compression allowables of graphites

are appreciably higher than tensile allowables.

-1l.2-
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The shroud nozzle geometry is shown in Figure 3.2.5.0. The
hoop streas distribution on the pyro insert at 10 seconds is shown in
Figures 3.2.5.1 through 3.2.5.3. Again compression on the inner fiber pro-

duces a minimum M.S5, =0.34. Conservatively, it is based on pyro tensile

allowables,

Figure 3.3.2 summarizes the results of the propellant grein

analysis. The minimum M.8, =0.19 in the bond.

-1.3-
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B. METHOD OF ANALYSIS

The motor was checked initielly wsing conventional methods and
pressure loadings. This analysis (Ref. Section III-A), utilizes a 1.25
factor of safety and material properties expected at the end of the firing.

The initial analysis is two fold in pwrpose:

(1) It evaluates geomeuvry and materiel changes on the design.

(2) 7Tt provides a reasonable geometry for the thermal stress analysis.

The latter analysis, (Ref. Section III-B) incorporat=s the final
thermal map and pressure distribution. It is based on & 1.0 factor of safcty.

AGC computer program No. E11405, "Finite Element Analysis of
Solids with Nonlinear Material Properties", was used. This analysis is ru;
with thermal distributions expected at the following times in the duty cycle.

1. t = 8.0 seconds

Maximum Gradient in the Pintle Insert.

L 2. t = 10.0 seconds
! Maximum Gradient in the Shroud Insert.
H 3. t = 750 seconds
| Maximum Thermal Excursion in the Pintle.
‘ This analysis, which is time-consuming because of all the details
and computer turnarocund time, serves two purposes:

1. Verifies the initial anselysis.

2. Incorporates the effects of the varying thermal distributions
in the structure.
| A grain analysis was run utilizing existing parametric design curves.
The grain was checked for the following load conditions:
1. Firing at Ambient Temperatures.

2. Thirty-day Storage at O°F.

-1l.h-
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o~ 11, DESIN CRITRRIA
A. LOADS

. Pressure

MEOP S50 peia

- Actuator 3000 psia
: F.S. 1.25 yisld
Design Loads

pp 1.25 x 550 = 690 psia
p = 1.25 x 3000 = 3750 psia (Hydraulic System)
B. MATERIAL PROPERTIES
Ref, Page 2.3 through 2.8
C. QEQMETRY
Ref. Figure 2.1 and 2.2
Figure 2.1 is the computer plot of the aft end of the pintle.

Figure 2.2 is the computer plot of the shroud portion of the

nozzle.

ottns QAN b LG # A iten
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APPENDIX B

STRESS ANALYSIS OF TWENTY-PULSE IGNTTER FOR STOP/START ROCKEI' MO'TOR
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1. INTRCDUCTION
A. SUMMARY OF RESULTS
The table on Page I-2 and I-3 is a summary of the minimum
margins of safety. The minimum margin occurs in the th.<aded portion of
the sft closure.
R, METHONS OF ANALYSIS
This report uses two methods of analysis. The basic design
w.:8 checked using conventicnal discontinmuity pressure vessel analysis
{Ref: Kellogg Report - 9th Army-Navy-Air Force Solid FPropellant Meeting,
Structural Analysis for Lesign of Lightweight Rocket Shells).
Az time permitted lster in the design effort, AGC computer
orogram E-11L05 was used as & final check. This is a finite element
technique which can incorporate arbitrary pressure and geometry of the

igniter.




[ [ — -

Report AFRPL-TR-69-50, Appendix B

ALROIAT-HENERAL CARPORATION

1Y . AVIPOENIA I.t! 3
AeC8.080011 LBACRAMENYD < (4] MO'I. Zo'
SUBJECT : DATE
- .
TABLE OF MARGIN= CF SAFTTY SR SRR
By CHK_ BY DATE
MaRGIN | XEF,
—=TRCIURE L TY e iU rge™t . | L CF AT YAmEe |
Ve wwWN DTN SHEAR LIP Hiae 13 A &
Fwi Ceeroure f(.r&cwu DECTICN BEENDING 41,35 3 A &
S EAaRRE L P s HooP STRESS S = 3.8
B VIERIDIONAL 'S:TRF.‘.S : + .29 3.A,. 10
BARKE L HOOF <5TRCSS l 4,0 B2 .
BARREL MER(D STIRESS R~ | 8.2
Y ‘ ,
1
| L -
1 :
AFTT CLoZumeE JrHRiape® JoNT HeoP STRESS  + .00 4= ac
|THE eapED JOINT MERD =TREL: -+ , 5| 3C.3
~ PTHREAD < HEARL Hian |3.C3
tIninT BENDING £ TENSIoN 1+ .17 AcC7
MEMBRANT, <TREST + .28 3C.%
¢
TFLANGC BOALT SThES . HiG et 3C.9
FLANGE FENDI (G | .64 aC i
T HRANT SUPFDR. STRWT, STRaiN | H!1G6H z.C.'0
i ;
i
' {
EXIT CoOME SHEA~® (STeel)| HIGH ‘ 303
€x 1T CoNE BONDING (STeel)] +.51 | 3.D.&
FATIUNLR. NAS -Ex0G-2-00 He voHiIGH 206
W2 of A SR YR ' §%4 25:;":5«' .
E7_NST W TARTS EXT CornE HoG e 3,03
A BENL MG IN MX 2685 IN
: EX T CORE | + .04 3.0.4
}TF‘,-’-(-L\'\' RETAINER < HEAR, 4,23 3.0.1
E. " . EﬁNPING 1,03 30.2.
!

o -

- T e it




- - e oL e —— ot L

Report AFRPL-TR-69-50, Appendix B

L
ATRDIAT-AENERAL CORPONATION =
SACRAMENTYO . CALIPFORNIA N
AGCH-0000-11 PAG!;& oF

SUBJECT DATE
P
WwWORK ORDER
» 8y CHK BY DATE
| B
- _ EX!T CONE LINER SHEAR HIGH 20.3
+lomsT & FPARTS « « . ESENDiNG | HIiGH 3.0D.4
((’-c-w Eal ) \ i
CLOSURE LUNER ELONGATICN  ATEQUATE 3G
ENTRANCL (AP NO oA 3.D.&
THKCAT CLEARANCE RELAD
T FERMIT FRES THonAL
ExXPANSION (036" 3.D.6
{
TNSULATOR HEGP STRAN L .90 3, D.7
|
!
1
|
—_— .
' :
]
!
|
! i
|
4
Q
1
——

—_—— - _
R L — — e eon . ———




e
. B R L orreymodle rMECEMMGY i oo Geamcs

Report AFRPL-TR-69-50, Appendix B

e ) .
ASRUIET-RENERAL SOUFORATION .
SACEANMINTD . CALIPORNIA ' )
) rAGE ’1.
s -

AGCH-0800-11
SUBJIECT DATC
PO PULSE |GNITER . B X e
CHK BY DATE

(.24

DEs|en CRITERIA

A .
_A_LohD S 20 CYCLES
MR x. EXPECTED OPERHTING FRESS (MEoP) =z ooo PSI
VST t 500 *
FaeTcR ¢F TRFETY ‘s FE) = [(-28
Creitig Lamb .20~ Sroo P 2780 PS|
T ARY ST /',2.5":(/_5’0(.3* = '875.‘
e MATERIHL  PRUPEFTILE T -
4130 STEEL
- Fu, = 180 000 FS1 -
Fey = /63 .c¢0 PSS/
Fsy = r09, 20> P51
& o= 2?;(/0(’ rsy
. _GEOMETRY
_ ¢ 4 3 AFT
T T e .
P | 4, l 4.085 ¢.280
Rt el o | o
H I
[
: i
©2:1 EWIPSE
-+130

<130 1 .
T M "YU ELLWSE
Owg7il47028 ], HELLPSE

FIGURE 1-Z




T A T R

I
- " N e

NIRRT v ..

T T A At s b R LR T PPN VPP WV P 1PV QN R I JUOU S

L e e dd - e

EXE LTINS [T TEPIE s




e TR T VCRE K

" Report AFRPL-TR-69-50, Appendix B

. .
ATRBIET-GERERAL CORPORATION -
@ SACRAMENTO . CALIFORMIA REPORT NO.
~ AGC3-0800-11 . FAGI&.A or

SuBJECT DATE
WORK OROER
33 CHK. BY OATE

Secrionn 27 Sterss Amauyss

A FwbD BossS AREA

e P o e SRR o e

&£ AFT CrLosovek
D PUHSTIC CorponNETS

Preceding Page Blank



1

< ' Report AFRPL-TR-69-50, Appendix B
® aznessT-sansnaL searenatien ’
ATCa 099011 @ BACRANINYD ] CALIIDANIA W eaGE 3' .
SUMECT ODAYTE
SECTion .ﬂ_“A FwD BosS ARFA Hemmee——
; ay f hm‘ CHK. B8Y DA'I';/‘ /"

\W

REVISED BY W . A BURNEAY 10-25C8
Dwag li47028

. | ] AN
- .;?5’7—_&:1_:}—1
— 1. LT T T A ™
_‘lt \‘\
I N }
™
. L = 2750 2SI (oeakN Peessls )
L
Norerrit: J/90 SREL
A4 = 163009552
Ao r/’0,00ﬂ <2
& = Boxr* osz
|- FULL SgME
i
- Fre T/ -/
. — _ S e N




Report AFRPL-TR-69-50, Appendix B

G’ ATRGINT-SENIRAL SORPOBAYIOY l.m !

BACRARINTIY » CALIPORMIA . N

AGCH-0800:1 “

-~ - I WER. B i e
(Y3 CHK. BY . . AN

SUPER. Perroe D Cpsots - Low' 77D

17 1S BIPPREIT THRT THE CRoan sacrmomd Ao -wAy Ecnvssd) e Jae

LECFORAIRNIS /S R CL1TKAC. RRER. /DR THE DUKLOSE oF I ILY
VIS IS THE BEST /0EW: s ERTIN) 08 JUE STRL LKL PErsMiSE /S 1D Mswex.
THE BWAE S KNP fis B EERPT JRpe TAE /1 P& SETRN, Leris)y

SR KOFLS HS /eLDE .

- 153 4

—ud - 344 ¢
L&CTIW A f .

76 O7-2

[

Toroe Eiecntor) dore =0 WE Per /1R - |
L= 2760 1 SH1F = G780 LRS.
Prypvely Lof: (adezrmvd ) *ﬂ‘;&?_ = /60 chs /W "77.

. 7, T 4 (37s0) v 1200 L4

e Kerer Enupis: Lowd. F < gyt gz 2006 +/(ilzsc) §
7‘ T 42.:0 CAS S R

T fepm Lof o> Pr F210 (7053 = G#%0 Las

R e R - - -- R T e e e .
- !




Report AFRPL-TR-69-50, Appendix B .
@' ALROIIT-QUSIRAL SORPERATION
SAltARENYD . CALIPOOMIA N
aacs-oloot l rAQE z . : or
SYBJECT DATE
) _I_G_ﬂ_«’_féf_ WORK OROER
oY CHK. BY DATE
Awrc & Faxedinrso Closvbe - Gur o
£7G 7~ 3
.ou——n-- Ae .ot (2%6) 2,099 K ood89 FRem x-x
H 216 lquvflf(o734)—‘ 0845 Y, = 0575
= —3; Az =.069(3aq)= 0237 K =-ones
W — : —_— X
1L ® | 1o . 3
,.._344 __‘ 0, ~ 5’.‘-_‘:_2{2‘) = LO0008®7
l T, - -é‘(l"(”?‘ = 000372 Q\‘.uw Xx-x"
734 N
3 Io, = -g—L>w)(,a.;r)’;ooooB77 APouT (x-1)
Ay Ay #rt L, \y-¥l WA raexrt
o3 273 00380 60104 .0000527 .2w0B8 . 000606 - 00066
<OB4E 0575 . 0048C 000280 LLsPT 0067 — 00372
0257 —.0345 -.000818 007026  ,0:0036  0%87 0023 .0002.7
Z A ‘2’—' .”m . ,00“ g
\7 = Z,.._’;r = 0708 - pga2 M. NEUTRAL AXIS AT .&\6*(..:#-.0“
JA A uP FRoM x-x = .267 FRéwm ToP
=3[+ AN-FF] = ooscs
|
i
{




Report M'RPI;-TR-69-SO, Appendix B

)
ATRSMT-AURESAL CORPORATIIG
tACEARTNTS . kavrosma
0011

BUBJECY

JGNTEL

| 2

CHK. 8Y

BTEl. Feirac reD CLPSvEE = (bpyria

[ cf2/0 df/ﬂ . SIpL ) SR I IEY Earm .

v Honss FE = 22l 130 s

b /.53 —“4 FIED 270 Rar: -
- - 2 ’
£76 - 4 ,1/,,,, : ‘7/.%_ = ﬁf%é‘-’d: ¢ AL ]

THE Bea™ wilk APPROXIMATE THE FIXED END CONDITION, BUT ASLUME AV, 0F 1
Mo = F(1230+€20> = 10L5 IN-LB

- = 79,000 AT

e Me o pS(ee) | __ ses
& Z 06465 o0 4e

Fo120
As. = /_;;;j-j' -/= 413

b Rl WA S A SHES ) FRSED 2a) sy iPrriE Aupcypin. flopsc

Sk T Yo

_l 0;: 1EQ. = s27¢0 PsT

X Fep * 103000
.T s . = Large

1460 4w

£Fr6 L7- 5




r\

s ——————— 0+ m—— = 10

Report AFRPL-TR-69-50, Appendix B

@' ATRRIET-SINENAL SOAPRRATION : { g
AQCH-0800-11 SachammiTe . CaLteoInia l-'m—w o ]
* ‘ DATR
| TENITER
oy f &‘”’c 4 cHK. BY o

_/5‘_4{4{312 Koss - Clos e ST

a A
s SR

e 25—
' 76 V- &

AN "“-—-(15;&3?-):3000“4//”«

-

Rz -6 (3750) = 2470 LB/IN
Z. = 25D Y
& B aY v J

;e A T8(4.6) e B0 Rr. D1 EicitSE

-

. 376¢ (24)

-~

o .2z e’

15,000 LAC/ 0

P L WAL L VI LT T




Report AFRPL-TR-69-50, Appendix B

@' AFR0MT-SERINAL SORPORATION

SALRAMINTD . CALIPORNIA
ABCS:0000:11
Iaulc‘l’
-~ ————
ey CHK. BY
) AL, 58S - Loz /e JoraIr - 2ry e
I+ 35 .0%8
ErSS SaD frof rHes -
Y Vo
W»-Lvav‘
| | 76 - 7
A= o) =02z V=392
/g4 (352) 205) = 0380 2 .35%
A, = 3gim) = 0385 s ' 3
» S e R L
bu = (.i04ys) = .O828 lig =092 h — = e X
ﬁ5 T ,u{ﬁ,@: ,0097 Ys : 04T - 14-01‘ 45 —ef —. 06D
- y = 0 -— .58 -
A =a08(i80 = (0374 J’v"“" =~ \
.. 0 o N - A (2 . z
7, = 5 (oe(ve)’ « oo00824  Loe T AN i srocan To v (2081802 Locojor
P 3.;(.352)(2»6)’:.9’.0975‘ Z,e =49 164y = 020233
L2Emer'T Pieh i £r Are Za % AX
/ .ozz .392  .poPBO 003257 PRV Y. S 7V SR
z o280 356 01252 o048 000975 +550 .0306
Z . G35 265 (0Ca Q00w L 020G &7 L0043
¢ G328 092 0045  .0GUA 080235 560 .oaca
£ 0097 .0345  .0GO3 plE — 265 00257 15
. ¢ 0374 .0%0 00337 00020  sccioa 1697 .oras
- —_— e e—-— L
Z 2276 L0349 ¢09 4] 14290
. wl
—  FAY _ 0338 _ = SAX 1280
Ye G5 Tmwe TR X= Ta ¢ 256 TSR
- \
-~ 1 =50 .>'57 I = mooR28 . 0212(23%) = 000203 [T = o233+ 00 okidfs, anca
1 =2 L+ Alr-Y ,
= (Y / I, =.000975+ Los((203) = 0025 Lr;- ¢ + .0om7((188f = seui

I, =-000042+ 02-35(0159 O"""HI 000104 + »7{0433'- s,
.503%

. 004—00

T = .003065 +.000530




! [P N e b ———————— e A N A e £ el L e s~ #TIR ACTR CSESy T 0

Report AFPRPL-TR-69-50, Appendix B

?
. h
: ALREGIST-BENERAL COAPORATIOS
.' @ JaCeAMINID . CALIPOENIA [ﬁm‘no 3
ASCE-0000-11 o Tor
- susJecr " DAT(A
7
o .o
t JOUTEl I
& e ———
] i CHK BY —

A% 74 [”ré - UoSYEE ST -L2x7'D

—_—

& 71
f
1 SIEN DV,
06\ .\,\

i | ~..

! i ® g @

i soadt |__ F- 15 coos
: ' ] Vi ?
}-- /604-———-:-~IJ—.4-%—-’-‘
~ | e o0 ]
_; ’ : 247GQ
|

! -

£76 - &
s RsmAOC N L4y OTIRE :
i
1f - , e, = 028 -’/- - ” AV Al
i f?g&- ?422'//1/2 "Loc)mg/-,t 507 ZM, /.
. [fo g B
N 7;‘!: Zar: - 21":227':_2\7‘1:- <892 : 1,
SHir, = 250 M ¢ 3000 (996N 16087 15060 (06 J£50)

= 250AM # 23904 2250 T 2504 4 440
5%;: 807 [Z504/+ ##8 ] = (270 M + 235040

HA

2804 #(igpoodrs 15°)(2.50)
= 2504 + 35600

bl = 8.92/2.508 #5500
=22.304 # 317p70




B otp e

Report AFRPL-TR-69-50, 'Aypnuu..x B

® AEEOIIT-SINIRAL SRRPRRATION
SACHARENTD ] CarITHEnNIa
ASCB-000011
susJEcT
B L7
ay CHK. BY

Ly rel PSS = Lo arle JanusT ~Lowr’o

2 e pess SuELL Touneron) ¢ £a) = EWy,T X£8 ng,-_%g.g

A53~ 090
2,069

£ = 22,30 G Nipecc — 063 [ /27044 235000 ]
=22.30 @+317,600 ~(- 80 M+ 148000)

=~ 80 M+22.30Q + 169000

SHELL DISPLACEN T EBUFrInrIS !

o4 4 + DS

20/1b z
EY = - i . -— _;4,. ¥ l?ﬁz
204 204% Z
= /'ZJS..: /288 _ S8 ¢ BT
£ Gt reery T e TP T F76 -9

D* __f__;__ _ (43)%

- —— NDED
/692 52 '

2£ = (00207 2%) = 06283

z
2% - (is0rSEY], 29> 000319 i N E AT
0/5 "('ooaa".’»)(/,lé= . 000452 .?J}!’ T . eH4-
/o =
F T iows T 200 2espr - 2USOIHFS)_
A £ vk = 382p00

:L._z : L = 1570 2
8 .060¢ 28 207 & a(wmek4e) /22,000
¢ A3

/
s _{ = 1240
JD/ 27 Twitea

MmNt gt

LA L . L LIRS i o e ety



g i e e e e e e e ]

. s e vr et v e e -+

Repart AFRPL-TR-69-50, Appendix B 9
G‘ ATEOSAT-0ENEAAL CORPUAATION -
[ FYLLL-11 1 N
N TACIAMINTD < . | RERSRY N oaox 3.‘.%'
susutCY 7 DATE
AT R SRR
BY CHK. BY OATE

LT LIS~ osuRE JNT = BIVE

£B = -3050/ - 1570 & + 352,000
LD T - 1870 M — 1240 Q + 12000

EBI Ky IR Pro PSR eT & TBuTTor !

&£ 9(’”:/4, 2 & 09/&14.

1270 4/ # 2,300,000 = ~3950M - 1570 Q + 52,900
5220 #1570 8 £ 1,080,000 = ©
H4 .30 QF 18] =0

£wm' St
—80M + 2230 Q¥+ 169000 = - IS70M 1260 @ + 122,000
1490 g4 1262Q + 47,000 =2
M+ .8a7TQ+ 31650

M+.202 Q@+ 121 =0
M+.847Q + 3220 )

- .54 Q+ 19920
&= 29 BSpw
——

)/: - .301(291) .~ 19}

S T I8 N-LB.

™
¥
1
'

AT o

SNV ET S WOR

e T



E Report AFRFL-TR-69-50, Appendix B ' S 4
! ® adasinr-aunTnaL S0EPONAT0R el e
| SACRARENTO L] calLIP@pmIA . 3
AGCS-0800-)
i’ BUBJECT
=
!
| sy CHK. 8Y 1]
E, H.EFFo W
SieFss @ ¥ . .54
: - o
{ = . xa
Hoop Sterss : | |
. "Dfe_{:c,",' TeF > 25 (E‘/‘!Stg 2.1  Bat: At \:'!FLF'W.‘MJ’) ‘
WEs — 80M +22.30Q t 162,000 REF. ¥ 3A8
WHERE D g, — 18R e REF ¥ 3.A9
@ =29 e/~
. WwE
'go‘ €E = R
2= 2.50
,. £ | -80(-228) + 2230(22)) +162000
*o 2.5¢
2 O + 648 + 169000
e 225 3eo )
| = 76)800 s
B‘.A/A—li’/‘/;; §7/7 £
O - R.cA
&r z 2
< ./._é.(::_ala_.zw- . v |3300 A
ey
’ SL,- 76800+ 13900 = 20,700 y- I
’ Yt
i - Fr ¢ /‘3 0oV P\‘u'
| J ) : /763,000
L9 - 2" - )= 4,80
#.2. 290,700
o
'r ~
!
**** —Mmm X
hw - T o T ————rem o




¥

m———— . e e ————— e e -~ -

Report AFRPL-TR-69-50, Appendix B
G‘ ARRRIRT-EERTRAL LORPORAYIEN %
SACRAMENTYD . CAMPERMIA w
AQGCH-0000-11 ®AGE oF
SUBJIECT - oATE
[ WORK OROER
“uy J— CHK_ BY ] BATE
. & N
H o ,
Mevibiona,, Sue¥se !
2/6’{-’{7' ‘::rar«, > »
-g”' L-Z - Y4 .y
I r5000 Sk —FF /‘; 3.A.5
=z 19
2 L5800 o P
:f; /
 Brasolas Suwrs s
_( N7 d
LI
Vil .
r: 278 / €Fr A
e C(278) L27B) I 47500  ju
(/30) T .!)_z-.:_-/
Z,C;,, 79000 + 47,.50 = 126,500 S
57 s /63,500 PS,
/.
Ry (;/ff‘)-/—' + .29 .
|
LEGiW oF Tahrs, " ecnd
L TZ |
/. /57 '
7z R
z A S 2 V744 JaAs -
. [ 57 / 25
/.26
s A= sas ”




Report APRPL-TR-69-50, Appendix B : L : ‘.‘ .

® ALRRIET-SERINAL SERPORATION ; —
recaoe00ts sACtAMINTY . caLreImIa I-w' - o
SUBIECT —— i — B
RECEPTACLE CONNECTOR W S
oAt

CHK. BY

DesiaN PresSuURe &o0oo Ps|

s

‘séay K__
/"’/',./ J !
2. L ; A
H ab‘?”&
CRSETS ZQ.ITABLE x -
W T P 7 (.5144—.04)" = Spooxy» (bs5¢ 6760%
b .scey
a= &7
Sw: 3w [20t(mmrt) Loy Y, + O (mmi)— bt ()
] L7t at (1) s bz.c,h___,)
L. 72 613 Jue?
- 3*(-76«: ,1.,{;,,2_’ }(49%‘7 -+ 07}‘(1 ;) L‘l’-zs)(zs
- A% Pt ( A z
57) C;A)-l-(;‘zzs) (23)
Y- R\ P B T 5
- = 37_7.7[ ferCNLY L ogg )
[ /- 3T 71771_/
DRI R 4
sr = 23
s T *r 089 Sop= /0,4 7% Pt
T T * H




e a— e e mw ——

Report AFRPL-TR-69-50, Appendix B

° .
ATRGIUT-STRERAL SORPRRATION
SACRARMENYY L] CAMPMOENIA (“m

ASCe-0808-11 raat %4 « Nor
g DATE
RECEPT AR LE YY) WGRK ORGER
oV THI. BY BATE

7To7AL LomAD = &7éc™

LORD//NCH- & 760

= 1914% [ju
2 7% seus 1 lruc

{;z 2, 912 237/
o = 2

L= .0F4 % 00357 = | 99" Miw

Jpsv 2®7 ! = 32’:_5"8 rPE |
corf@

Fre sroo P51
7,755y lE

———— et m———




b T s - =

i

sgcvion) Id ~ O report AFRPL-TR-69-50, Appendix B _ 3. %1
70 PULSE IGNITER FWO CLOSURE f BaRRFL 10-28-68

-

MATERIAL STL 4130
'K‘FL& . 168,000 PSI| IGUDE
INDRICAL SECTIeN
mer MEanSs oF A
ENT ANALY S

THE ForwAerD CLOSUIKE AND PART OF THE Cyt
FCHITER, CHAMBER WE PE ANALTELD
Cerap I TER TROGRAM FoX FINITE €.LEM
IN TEcrNilae M(.Vl‘oti..ANDUM NO. =B , ABRY JET =

Y oTHe
CATAC
M 1L e Ok EAT
GENERAL CONFORATON.

WAKI v J v EXPECT EX OFERATING PRRESS JINE = D000 ey

EACTOoR CF SAF®TY = |.=25
DEoicaN FRESSURE .28 x moo0 = BDIECG ¥

CTRESS WAL IN ECEMENT ¥O,

T HE FGHEST CALCULATED
THIS

15 AD TACENT To THE oz, HOoO0F DIRECTION,

187, 200 FS{, WHICH 1S GREATER
THAN THE YIELD STRESS, HowevER  THE AVERMAGE HoOV

- STRLZs IN THE CRess ZECTION 15 ORLY 120,000 P>t
AND LOGAL Yit oDaNTr WL rreveNT ExcEsmive

IN ELEMENT §0, TeT oJTsibE ELEMENT.

wiicr
CALCULFATED STRIST. WAz

= ESSES

THE AY. Mooy T a im THE SAcTicn 15 119509 7L,

Co t= .52, MN T = 490
Fe= win T, ox = 119 500(%) = 1270w S|

L0
M, O _—:...{,@_.-4._-_-—.—{ =+ 27
127020
T b eie LT EoOY el AWy FROM N BCLa. 1S
IN T e E PoAwmE el SedTEerN WHERDT 1T 12 AS Flllow 3.
ec, | 159,00 F5)
) Z 1Be7¢cC

15720

3

157100

i,‘,\ pow

| S 20

ANV, -:r’z(.")l_':;) Zacgri. ~w 17 N0




Report AFRPL-TR-69-50, Appendix B

P e T

L]
ARRRIET-SENERAL CORPORATIOR
1ACHARINTD . carrotma

AGCH-000011 PAGE r
e e 22o: 20050
[ - g -
20 PULSC 1GNITER Fwh CLOTURE ‘m.?a:f 8
.Y CHK. BY DATE
VWAL,
Free MIN, 1T = 100
/7 .
: ."o — £ - e
\7: = "5&‘»00("}@ = l7‘?")"/;. - 57T
BASED ON NOMINAL THICKNELS (= ./(0
M. = léi&- -t = 4,03
158100
THE HIGHEST MERIDIONAL. STRESS OCCURS IN THE ECTION MaDE

UF OF ELEMENTS C6-3D0.

EC. 26 Si462 5
27 G400
S 28 715, w0
29 7, o0
30 29, oo
; AV TE. 260
|
; Baser oN Min, T = .100
| _ \
; T = 753¢0o(A = 82000 Ps
; 10y, '
I! = A
| Moo = et o o 4 g
; 6.’/'0-"'.)
|
' ¢
:
;
I~
[
|
!
|
t
=
L1

R P




P s .

ettt At 8. % 5

Report AFRPL-TR-69-50, Appendix B

prasey ooy

i

LT

L/8 164 QSL

R R

oty
Tt !
i T
i
* ! e
i L :
T .
by -+
! ! .
) ' H
1
i 3
i |
|
H } FE SR
T 1 i
N ! : :
i T ¥
i i
i i
i1

Figure III-10




s erm e W o oxEwomTT - - e r———— = - T

sec. IIT C. Report AFRPL-TR-59-50, Appendix B 3.C.f

20 PULSE IGNITER_AFT

MATERIAL STEEL 4130
Fo » 163000 PS) MIN.

REF. DRAWING S 1147019 ¢ 1147028

THE AFT CLOSURE THREADED JOINT WAS ANALYZED By Miaws 0F

AR DISITAL COMPUTER PROGRAM FOR THE FINITE AvmySIs oF
SoLIDS wWiTW MINLINEAEZ MATERIAC PRoPExTIES A8 DESCRIDEP

IN TECHMNICHL MEMIRAND UM NP 23 ACROT&T - GENCRAL Coz roEATIN

MaxirMumM ENPEATED OPERATING PRESSUEE w 3000 PS|
FACTOR oOoF SAFETY = |. 2¢

DESIEN PRESSULE = 1.25 x 3000 PSI = 3750 PSI.

TRHE WIGHEST STRESSES OCOMES /N THE CYLINDRICAL SecTioN
AT ELEMENTS /8! TNRZY /1354

eLam, '3/ On = /63460 FPS/
/132 o3 = /62920 Ps/

133 Ow = )62410 Psy
134 O = J6| 900 PS/
138 0,4 = /61380 PSy

812070 PS| AVG =« /62410 PsS| Fom £= , |10

MIN ¢t= .llo- _osp = .too"

r: 162 4/0 x-1l
/.

= (78,650 PS5

BASED ON NOMINAL THICKNESS ¢t = -noe”

M.S. = /é3c000

-y = + . 004
/62 4r0 ——

-

MERIOWNAL STRESS IN GLoSURE AT ELEMENTS | Tweo A&

FL8 |/ O = llpooo PS/
2z &, = [09000F5SI
3 fre = 10¥ 000 PS/
& Oy = 07000 PS5/
§ 3 = loyoeo Fs)
Avegn 6 = /oF 200 PSI Fex = .[30"

-k e

b

mTs




[RERUMROR I, "t "Xl il

N (0 v

TTTIT IS

n.n_+f..w.ﬁ,:_..,m, 17V T TANoLT ORI T=T3LTH

-~ 4

[R5

\ } : : -t e e [ romes . 10 3y -“ ﬂ..r LB RN
H [ ¢ i . : . . ! . . : Lt - a . R R e P~ 2kmn o
AT T ‘ogg-2- 1 ‘s2€e- wer i~ £02°h- socch- i aerst © sigse 2009~ 1059 _ i
i R T g e S BNERR
o , T S S O AL DU U 4_ Ly
. 4 P H t . . , : . . . . . : _ 1 i - -ty + +
: ; _ L S P |rrm — —
: i i ‘ ! . L
o 4 . . o H i ) _ - 4

_.Il_
i
’r
 §

i I
M ‘wl\.‘_—lllﬂl|+|l‘.\J.|.l..|¢||.lu-ll€.|||l.!,Iu et .|n|.|l,|| - T q.llu .|>Y|I~,|.|... .hl
' o ; ! : ' ‘ . . . . P I . ' ! ; . ' !
| e R ke Il Sl anl et S S S EERE SRR
- f
ﬁ

oy . ) ; : , H ; Lot X . . , . . : . : !
i e e sl T el e et e e u s Al S

! '

..........

Y
g

. T
Figure ITI-11

Report AFRPL-TR-69-50, Appendix B
. -,J't o]
Y/
|
i
i
|
1
|
1
i
i
|
:—-—.
-
1

m . . - - - 0 — T g G =¥
HE : i . ) : |-
o . , : — L iy ;
Ty 1 i : oo = ki i ,, w0 = sanl _ T oy
SRS S SO OO S S | e i I
B : ' o . ! ———— . ‘ . L
o . : o, e e nd
e e EEREEE ST P PRRETEEED N -1 Lo L ol = coed - —

IR IR TR : : D

SHPUE T R

et e e e e e




Report AFRPL-TR-69-50, Appendix B
20 PULSE |GNITER 3.C.3

AFT CLOSURE CCeNT.

AVERAGE ZSTRESS = (08 2zer P. ¢

= 130"
M.S. = I_éé_gf:_g_, = + .50
/08, - e¥s) ————— -
THFIERDED JoINT .

— . 208" M e i1is /e
. N

A _‘—k c220 NOM

- -

Y

/

|
‘ 8. 740'Din l
P ¥ oo \

|

m
"

leq oecc P35
9.7 - I0UNS - ¢A THrEALZ

PITCH DIAn: 9.63
L = '964_n
ASSWUME FIRST & LRAST THRERAD 7Tr o& INEFFEZT.vE

THEL LEHSISTH £F EN3s 527170 17 2 - l64
S RAKERA IN MHERE = g0 A Lolkr L -
LOﬁD//,/;ﬁ : Fi = AR _ e ®
2 2. ’ .
- P Jo 8% 11"
+ = -3 om—— = _——__.,.L.._. - < - .
]S 2 A ; S—é </ 64)4- 4 b |




T A e e e RPN A e - - ) ) . . N E 2 i : i

Report AFRPL-TR-CY-U, aAppendix » . . L a K
20 PULSE !GNITER : LR

THREADED JOINT CONT

e, t

4,".01-:
4.215
A
MOMENT @ A-A |
F76 20~ /3
) (I
- |
4"3'7 Ran
+ W .

{

8, = QD’:_ L+ LML ‘

& >p }

W, = — -85 PR / 9 y ;

T e BT :

g = [.z28s" /- 288 :

\ - — T /. 30/%

Jy B¢ ]/4.77,1.2_ .

2 . g

D= £t = 27%0°%(.2) 2124 xs0
—— = .02/z4 X El

10.92 /o. 72 %
7 -7 é |

N _

~ /. / - ¥
— = X720 = 3¢ . 272 (10"
Y4 12729 X [ B30/% é 7 (/0 )

‘;f; z 72. 822 2 (/0'6)
T e e st GG




Repo éU 0 é-'m-6; ‘.5‘ ﬁ_lggndix B

R el

THREADED JOINT ConT

~ .{515: < /oteray (o)

———— e e AT Syt < oo D

é, = [: 13.2882Q_ + 3G@. 16272 M‘_j /o

W, = — .95 Pet [
~+ —
Et 2Dp30 2pB% Me

-k
We=[- 5397 + 10.667q. - 13.283M_ 10

.

z
91 = ——MC" T

EI\,V
‘L
— & A
3
= LI -4 .
I\Q\-' .__é_‘_‘.i—aj = ~.oo!lS8 N‘
12
£ = 9.2¢8-F-63 '.’676-"
2.
p = PR - 37250 4.8218 _ «
Z . 7028 //NCrr-
M = Fo2® x 1675 = )8/ IN-L BS J/wCeH -
T = 4.98as
= "‘M" g 157
Mea = (1= @ £ 1572)
2 ¢
CM - 3320 +1512)(4.9725) -
29 %.00 158 ‘
7~

§41.9 %106 (— M--4320 T ls‘/z)

-

Ge = E_.sd-; 9M~234G7 -r?lqz.ozj /o0 .

T e e et i ®

e rmm—y




Report APRPL-TR-69-%v, Appendix B

THREADED JTOINT ConT.

~ 'JJE = 6, « L _ Qﬁ?'
z £A .
A= 866 x.28 = . 24249 -

RL _ a.8925)" - -6
Q@ _ @ ( )'/o‘ _ 3.93¢>(/° )
. £R 29 X -24264%
L
s 432
- & '
Wa_ = ‘43?-E5‘41-8”'2.340-r?l‘72-°23'° - s. 088 (8 )

= E 234M = /0| Hg +3.s‘3s’¢,-§ - 3.030_:7/0"

We = E—234M"104-Q&+5§397j /o"""——— @
@L_" Qg
~ F€oM @{ e
- 13.8%% p +36./62 M1 = —54).9M-224p+20202
£ 7796220 - 19202 T O @
We= We
Feor D @
- 5897 /0. 6L7 ~13.89FM = -234M=—104(p 435399
230V M + 14-7H —359792 = © (7

\*

—

Mo (O x 1918

422 1 + o — 90095 = ©
D gopgert 2R = 29202 = O
— /58 Fe N & 12F/07 = v

M = 228 /v _r8S

Foatn

S pm et
@ NT7EISE] Y20 - 2/9202 = O
v20@ " 24 0O6s /

o = 15499 7

20 PULSE 1GNITER ; . -

i BV s,

AP ar SNk 1) Ao a1 by bk & RERTRRE . TN




Report -6 A ix B
2 B S B S A 3.€,7
PHREEADED JOINTY C_e:ﬂ'
M= 828 IN-LBS / /ncH
-'A Q= rcaz?
(+2es)
/e - L. /548 745 80 PSS
,q .29_‘?’
at- = PR _ _:?_?_{:?_"__f:.’ﬂ = 44 543 PSS
2 ~ @& R -2 0\ ’
.= L+ HC
e - I
T Qes43 * /182 2/ = /627858 PS!
/
/\ M'S, - N - —— /
L gse3 //gz/_.s_
/638 lé3orexl.ar
29 + Y RD
-« * - /?
3
; »

e e ————— ¢

S SIS



~
-

o~
-
o

-

i
i
satsanmnte . CALPOIMA ‘g
AGCHN1 , Sg
20 PuLsa lgNniTee | [o—— )-
el CHIC BY : s !'_
AFT CLOSURE DWGY 147019
¢ AFT
— g
F76 V- /14
« 13O
§
RAsic MENMERANME Pt AGC  STRVETURES MANUSL ;
th : 1é€3000 - SI 3
R=4.5"
o+ 2-9%29 ;
-2-. - 25 ., s ’
= 2.9%9
For z2:; Ewipeg N¢ _ .9 N& oy ‘
P J N i
Fog P - 376c PsSli g
NG = r P X ZTHps0 X 2.2879 = /5-:\’ 7,0’
' 2
Cw = 151702 _ 2 - ( - )
v ('I3o-g.oou\ - /12¢64z0 Ps/ BAssC on mint
/6300 O -
M- = j3esee —' T 28




Report AFRPL-TR-69-50, Appendix B

i V L]
! ASROINT-SERERAL SAAPERATION
) SACIAMINTD . CALIPOBMIA
ASCH-0080=1 PAGE 3-‘ i or

nRer DATE
| B 20 PULSE 1GNITER WORR GROUR
i [ 14 CHK. BY DATL

AFRT FLANGE DwGg # 114709

fFreZ?7- /5

- MaTeeiRA L £TEEL 41360

Fey = 168000 PSI (Min)
Feu = 18200600 PS8
Fsu » 109,000 PS|

LoADIN G CONDITIONS | =~
(@ FIRING €F IGNITER Py P T (1.14)0 = 3750.7.13

by v MoToR Pp T PRT( 8= baom. ez
/€N Hypko TEST Poz= P 7w (J-6)t = 3760 7 2-5C (cm".‘
OIRECT BOLT LOAD = 3750x8S6*¥ = /476 % .
' /2

Assome Fe = Joo), Fb

P 2 Pgp = 2xle7 & * 33-5'2‘

] PAU.. = -‘/70”

M.S = M

Vet i e ey




Report AFRPL-TR-69-50, Appendix B

® atesitr-ssussaL soarenaTISe
BACRARINYD [] caltPb et .
AGCH- 000011 “3-“
. - AR
SUBECTY

20 PuLse IgnNTER Foomomom

BY CHK. 8V “OATE

AFT FL0® VCONT.

SEeECTION A-A

TOTAL BowT Loao = 3v62”
PiTew oF BoLrs = 7xéo /o4y ¥

/v
METAL BETWEEN BOLTS - /.0¢7 =.2%8)|
) - .7‘6"

A\ 73

MOMENT PEM = 3.2~ 3.0 = .25

NOMEMT//NCH--‘ 3a3asex.28 - rooqg /ﬂ-l..‘-’//u
¢ 7¢4¢

= GM
A e Ay oL

(-372¢8)
t\’lg = 163 ¢ oo — H(-
466772 =

THROAT SuPPORT STRULGTURE

MATL 4130 STL.

18, 4.026'% 010 _
4DIA o2 DA MinE= 4.72-4.038
=4

= . 342"

CRITERIBR STRAIN § Vo028

€ - _Pe

2t e

— T 3750 x2 .07 -8
~ * /0
FI6 -6 2x.3422 29

I3

= 391)L10-b

ST e e N T - : TN T e ey oo e o AR by

ER e Ay SN =i =

P

taildia




Report AFRPL-TR-69-50, Appendix B

¢ AEROAST-SENERAL SOQPORATION
SACTAMENTD L] CALIORNIA RE .
PAGE :}C, M or

AQC 0BV}
F DATE
o T —
20 PPuuLses laniTER . WORK ORDER
1 CHR. BY OATE
| AFT_FLa® ConT.
|
N SECTION B-B  1gNiITeR FimING -
. ¢— ‘ AFY o
45 {
LN I
S a L 114 £
NaERTS / \‘—\
_{ Fr7e 277~/ )
2.01" Cap
R 4
i
|
:' EVRLUARTING P To PEFLECT LOAD ON THE INSERTS
: 2
: - SO 2.01 - . 4% -
i P - 3750 7 (2:01 7 . 457") = 5243 Ps|
s 7 (2.01%— 4 1a%)
1 ESreess - Rer RPorek “FE8LE X O RSE 1
| &, - 2.o1 _ :
: /L T /. 28
[ B G o '
5 4 PN = 5243
~_ Z‘:- 24

2
7(;: 37ws5za3 d2.a) 97,260 PS]

——— et o > T e A e T A s R . ma e vk Rt e - 4 s




Report AFRPL-TR-69-50, Appendix B .
@' ARRSIAT-CURENAL SORPORATION -
SACRAMINTY [ SAMIPOEINLIA :
AQGCR-0800-11 ‘ [T oF
sSUBJKCT ) ﬂ= s
[“WORR ORORN

~  SEcTon - D

[ A4

CHK. BY

W JTormpaw

ReTRINER | GNITER THRCAT
WB 8217 CAPEON PHENOLIC (u;r W.B cATALOG - )

Dwa 11a2021

MATERIAL
510 -squ
1.o7'R a4y aeste
e
~/A.
Fe
Fra I -/8
F_Zél
fl
(@ Section A-A.
EETIMRATE oF & JEaTICN LeADp @ P= 3760 PS|
£ Ps = 450 PSI
Per = 7,’//_07_2- 45'5Z)<375'0 —4—5’0) = 3o9%s 77’
SKHERe @ Secr -4
g Fer
2 A4 H= 2t 2% torX,338 = .728
QC: 2, 7ty 7296 ’
Fe = T fe -s‘(/?,cco) = Foecy ps /!
- ?6’00_ - .
M. s. 7 +.23
—_ Benpinwa @ Secr. A-4




Report APRPL-TR-69-50, Appendix B
.
@' AERQIET-UERERAL SORPORATIEN .
SAChARENTID . CALIFDENIA b N
AGECE-0000-1) l PAGE 322' 20'
m_ . DATE
2o PuLse laniTewr WORK GRDER
DATE

ay CHK. BY

Retainer lgNiTER THroaTr CoNT.

Y X \
M - Pt: (].IZS’-}.03>—<I.O7°_.Q(,
aryg
= 2e72 X 0%t . 210" %/ in
.14
L= .338

7£’ €r1 . £€r210 _ o030 PSI
et ¢ 33w+

/"; z 12060 Pc!

M«S.: ._/_lc..f_.o-/ = 7""3

/Y e:s c




Report AFRPL-TR-69-50, Appendix B

. .
ARRO)ST-STNERAL SRRAPAPATION
JACRAMENTO . CAVIPORNIA : :
At

AGCS-0800-1) D y N
syBIRecY '/G //5 /4’")'

Exrr (af./_r’ Tt nts 2512, sk 10868 WoRW ORBEN
By — CHMK. BY OA'
&, EF IR0
fowir Ce-ve Lo - VAR My 2627
CuFoie  OuT -~ A7x 26T
C. oy
= - 2 M i 3
- Ce ¥ Er
b 30T ® 20
A 21 (2e » 4oo )£
2 7 Aen - 12% 7 27 -
=67 ((277,) - 65 T IO.VL
: Rezo /02 PR
P72 -
Fwn: S0 8(83¢2) - 4,295 psy
M.C £250 /f:/__'
/60 -
T HFEAx - 007 1020 $74
I o Fuxzess 7 Dnnie
ryECZ £eot ED oa
. o CO < ',_d.-?—?; . ____é:'_g,*
125 (2257 2 45)
c J608 x2.1x L0 . 3799
L. 7
Rue 9,022 P% .
S Ol |
—~—~ M 7 . A
S TZLLT Y%
B o e




o oy e . B & I PN FE T L T e s T T

i
Report AFRPL-TR-69-50, Appendix B |
@ e ey e -
ABCs-¥ raced, or
SUBJECT Bl DATE
' WCRK ORDER
BY CHK, Y DATE
»
B oii . ( )
! Ervbirve S L AP ROF ., a7 T
f /1/(// CoOnSE R SIS
] v Ed ‘ 4 2y
B M) § £.275 - 3750 s Ve 10 ot
! ST e
g - (1ex20) = 36 - &?/zoo ps/ ]
275 1275
F . 350090 sy
M.S.: S5O _ )., 3
2% v =
t BE., Dond! MY 20245 ( Rt rosr” ~ )
B ¢
| e F e
f M) (; £ 276 = leweod . 295
i' my 71X = 440 £ "'%
i - L@E40) | S 00 Fs/'
[ .27
/l;, s /0 005 PS. :
g 0u ;
M’S/ = {_‘2‘2.‘?'_" .04‘ ;
6 e = !
%
§
L
;;
i
s ©
b~
:




BT BV - O r . o

39SICH g

\V. I ,I‘ ..q.%l s \\\ L. , -

E- o CNNOJINOT INICTILY:
il . JIMONIHA ¥2.7iS
| & S292-XW 31'W3T2 S3Jv1d ¢ |

° Y N3

4O €€22-06M—

S
B e L ey ave

I $32v7d 2 _ ,,
ONOPv:J/ I.l..ll.l'm wo. ! ! ,_

N,

[v¥1a cio'v@! a3ovw=c

APz S31C~ 2
\!( ge€-aNNce-C.'Cn

120Lv1i

s

AMNDI gl

1331 020! _m_q.ll/

Fra HW-/3

d
!

Report AFRPL-TR-69-50, Appendix B

T Ay Lh o

- A

” _ ; ‘
—_ — S B B m




AGCS-0000-11

Report AFRPL-TR-69-50, Appendix B

ATRGIET-QENERAL CORPORATION
SACRANINTD . cALIrORMIA

rm'_" - uotg !éor

SUBJECT DATE
“2 O 'Pu (LA e e AR RS B ~
WORK ORDAR
a8y CHK. Ay ODATE

PRy ay SRV 4

//;(/5‘}?/ T /ER Lios L6

T M/ «

Erro.icr —As

i BADIOP TE

:’//1 T

NO AP ARy uT  pLRFLs Rl

Theces e Y9702 2

——

|
|

447
/A _‘y._.
£76 T?7- 2O
i
~
.= 5pG ,
GQep REOT FOR aAavisL THEPM AL &Roc,mv |
Dy = o /;
S SO5 g

V4
ThIS INDICRTES THAY o.038 CLEReineE 1S EEQUIEED
BT JAMSTALLRTICN 7To PEKMIT

AT & vaon

7”‘ A 1
A . 14.0 %0 /""f‘

2 .50 ¢ 5 A5

oF TME FPyRcoc

TGRS NN S
£ - 7 a‘/r’ P B IR Y

FREE VwsRrI1ARL F.PANSION

e Spre L7 -

wW'B ez

Lameant Lot

LOASL

PYRO ,

-

WWW»WMWW ey

-
>

[
o IRV =, O L




e kI E - e FLWIRT 3 - [ 2 ‘
Report AFRPL-TR-69-50, Appendix B
G’ ASRSIET-0LNENAL SURBERATION -
SLCEARMEINTD . CALIPDENIA . .
AGCS:0000-11 | Ml3 T ow
SUBIECT DATE
20 Rusr Ja. o.rin oo s—
34 CHK. BY DATE b
//: Eff?dd
' Zasvtmsoe - Ccosore Y2 Ve 1/ L 7024
[JN /P 223>
Sicica WE oL
s rimnrort 5 /44‘.9/ f:-,,-'ﬂ,,; /o 57?'(2.. CC‘S«JﬂF
CEr A 114709
? £ . & pey
274 A
E‘ .
ST,
E_'h AR F:/
1 < . 7
-— rd
R 1505(4..14){,__76) e, Do2%5S /
N R X
=25/
/\L\-OW" o ‘\_;"'\:./:._.",\J rey oo uTE
— :. = Fé‘;—“—-
[~ A F" .
£ r 3.0 100 P S
F. o pss
- o+ - .0l rS
| ~ o3 . g /:;
///// L7 ). .90
; ity - - =%
; £
R
{00
N\
\
Y
—~—
TTTTTTT O e ——— -

PPy




' ! _ Report AFRPL-TR-69-50, Appendix B

e r—— TR ST X Y Y L P

' @' ARROIET-ATAERAL CORPURATION "
SACRAMINTID . CALIPFORMIA -

! A8€3-0800-11 | nol’.eaw

} SVBJECT . - DATE

L o bulwE G ouoree

. WORK

13 CHK. BY OAYE
H - freoa)
rA-J!Cqu.E’- -~ HNAZ - Lo -3-0¢ B

| - a
= MaL 280n%F

: ? = /‘3 7(") »”

1

: . . o e

/4 5, o0 ~ /%
RIRPRY
b~
i
| .
E L~
i




Report AFRPL-TR-69-50, Appendix C

APPENDIX C

THERMAL ANALYSIS OF TWENTY-PULSE IGNITER FOR STOP/START ROCKET MOTOR
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SECTION I

INTRODUCTION

The thermal analysis of the stop/start igniter was performed to
determine the maximum possible temperature increase of the SCTD located in
the igniter membrane for various thlcknesses of the membrane. To facilitate
the analysis, it was assumed that the SCID temperature corresponds to the
backside temperature of the membrane. The computed relationship between the
maximum backside temperature increase and the membrane thickness is shown in
Figure C-1. For example, this figure gives a temperature incrcase of 155°F
for a O.1-inch thickness. Figure C-2 shows the backside and frontside

temperature responses of the membrane for three different thicknesses.
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SECTION II

DISCUSSION

To adequately predict the meximum temperature of the igniter membrane,
the initial procedure of the analysis was to subdivide the internal surfaces
of the igniter chamber into nodal sections. Figure C-3 shows the nodsl sub-
divisions for the case analyzed. Heatiug of these surfeces was assumed to be
caused by convective heat transfer from the combustion products of the pro-
pellant.

The temperature responses for each nodal section were obtained from a
thermal model which calculates the transient temperature response for a
composite material which reacts or decomposes in depth, Thig is a one- i
dimensional, transient thermal model capable of including local surface

regression, internal decomposition (charring), and transpiration of pyrolysis :

gases to the exoosed surface.

The total hest flux incident on the membrane, assumed to be due to
radiation from the chamber internal surface, is the summation of the individ-
ual contributicns from the different sections. The basic radiation equation J

used to obtain the heat transfer between the different sections and this

membrane is given below.

N " " N |
Q. = F.g(T.. -T

Qi = Total incident heat flux on the membrane surface at
time (i) (Btu/ft2-sec)
Fj = Configuration factor from the membrane to the individual
sections (J)
Ty,1 = Temperature of an individual section at time (1) (°R)
H
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II, Discussion (cont.)

Tm,i = Frontside temperature of the membrane at time 0i) (°R)
g = Stefan-Boltzmann constant

Using this heat flux data in the previous mentioned thermal model,
the temperature responses for the various thicknesses of the membrane werc
determined as shown in Figure C-2.

This particular configuration (Figure C-3) was selected fbr analysis
because it was estimated that it represented the highest heat flux condition.
The basis for this estimation is illustrated by examination of Figure C-L
which shows the maximum temperature response of a typical sidewall *or
approximately 12 continuous cycles. Also, the heat flux (Qi) in the above
equation is estimated to be maximum because of the relative importance of
both the configuration factors (FJ) for the various axial membrane locations

and temperatures of each nodal section.

Some of the important assumptions made in this analysis are listed

below:
Igniter Pulse Duration 0.15 second
Motor Pulse Duration 1.5 seconds
Chamber Pressure 2000 psia
Propellant ANP-3316
Flame Temperature 6048°F

Additional assumptions were: (1) all surface emissivities were unity;
(2) combustion products or gas were transparent to thermal radiation during

the off-periods; (3) radietion heat fluxes were diffuse.
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II, Discussion (cont.)

Also, the thermal properties and kinetic constants of three materials
and the propellant thermal properties were required for this analysis. The
materials were nylon, V-40l0, and RTV-60. Adequate data were obtained for
V-4010C and nylon. The thermal properties used for the propellant were
representative of a typical propellent. However, the only property
determined for RTV-A0 was the thermal conductivity at a specific temperature.

The other required properties were based on the properties of similar materials.
For example, the product of specific heat and density is equal to approximately

35 Btu/°F-ft3

in the desirable temperature range. Thus, for a typical valuc
of 90 lb/ft3 for the density, the specific heat can be determined.
The thermal properties and kinetic constants used in this analysis for

the different materials are listed below.

Thermal Properties Kinetic Congtants
Thermal Frequency

Conductivity  Specific Heat Density Factor E/R Order of

(Btu/ft-sec-°F) (Btu/lb-°F)  (m/ft3)@m/sec) (°R) Reaction
Nylon 0.0000k 0.40 71.0  1.85 x 10%3  L47,100 1.0
V-4Q10 0.000036 0.45 68.2 1.252 x 103 14,660 1.219

1
RTV-60 0.00005 0.39 90.0 5.31 x 10 0 39,400 1.0
Propellant 0.00007 0.3 110.0 - - -
Page 4
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Thermal analyces were performed on all components of the Stop/Start

nozzle. The pintle and pintle housing, because of their severe thermal environ«

ment, were thoroughly analyzed to determine the thermal profiles associated with

stop/start duty cycle heating.
The particular configuration analyzed is depicted in Figures Appendix D-I

and -ITI. Due to axisl variation in local surface heat fluxes and the utilization

of dissimilar materials, the heat conduction paths within the pintle was two-

dirensional (axial and radial). As a result, all predicted thermal data cbtained

for the pintle and housing configuration were obtained by use of AGC's
"General Thermal Analyzer" computer program. This program considers any given
conflguration as a series of small elements or nodes. Each node thus becomes

part of an analogous electrical network wherein heat capacity and volume define

the relative electrical capacity while the thermal conductivity and path length
determine electrical resistance. In addition to the conduction network, the
program is capable of computing special functions at each time step. For

example, varieble thermal properties were included by varying resistance and/or

capacitance as a function of temperature. Also, resistances which describe

heat flow paths between the pintle and pintle housing were varied by a switching
technique to duplicate the movement of heated portions of pintle into the cooler

regions of the housing. In this manner, a continuous thermal analysis of any

particular duty cycle was obtained without repeatedly stopping and starting the

analysis after each firing or cooling period.

Thermal analyses results obtalned for various duty cycles using the

techniques outlined are provided in the following figurcs. These data are

presented in terms of predicted temperature histories for the arbitrarily

-1-
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invecstigated were;
Figure Number
III-1 thru s
IV-l1 thruéb
V-1 sthru$

VvI-1 thru §

VII-1 thru 6
VIII-1 thru é
IX-1 thru 6

X-1 thrué

chosen nodes indicatea in Figures Appendix D-I and -IIX.

No., of Pulse on
Pulses Time, Sec
1l 26
1 26
3 10
2k 1
3 10
2k 1
27 1
3 10

-2a
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Pulse off

Iime, Sec

§Tl
LTk
30
30
1

1
10
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The various duty cycles
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Figure IV-
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. APPENDIX E

THERMAL STUDY OF THE SINGLE CHAMBER STOP/START PROPELIANT ENVIRONMENT
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SECTION I

INTRODUCTION

The purposes of the theru;al analyses of the stop/start motor propellant
Poe environment were to predict: (1) the incident radiation flux to the pro-
pellant and (2) the pyrolysis gas evolution rate during the "soak" period
following pulse action of the motor. These predictions are then to bLe used
in propellant reignition studies. The methods used in performing this study

are outlined.
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SECTION II

DISCUSSION

The significant parameters which determine the reignition of propellants
in stop/start motor environment include the incident radiation flux distri-
bution to the propellant and the pyrolysis gas evolution rates from the motor
insulation system. Since both the insulatlion surface temperature and the
energy stored in the insulation increase with pulse duration, the radiation
flux to the propellant during "soak" periods will also increase with pulsc
action time. In the present study the pulse duration considered was 8.3 sec
which corresponds to approximately one-third of the total motor action time.
Further, the exposed area of the insulation surface and ﬁhe radiation vicw
factors vary with total motor action time. For this reason the propellant
environment was predicted for propeilant burn-back conditions corresponding
to each of three 8.3 second pulses.

The procedure followed in defining the environment of the propellant
was first to predict the response of the internal insulation at representative
locations in the motor. For this phase of the study, the chamber wall was
divided into regions according to exposure time and magnitude of the local
convective heat transfer coefficients. The response of the insulation at
cach of these regions was then calculated using a computer program. This
program utilized the thermal response of elastomeric insulation materials

which decompose in depth when exposed to the environment associated with solid

rocket chamber environment.
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II, Discussion (cont.)

The incident radiation to the propellant grain weas then obtained by
summing the individual contributions of the variocus regions of the chamber
insulation.

A summary of the results of this study is presented in Figures E-1
through E-5. Figure E-1 shows the calculated incident heat flux at a typical
forward propellant station for the soak periods following each of the assumed
pulse durations., It will be seen from this figure that the initial rate at
which the incident heat flux decreases is large compared to that for later
times. This characteristic is due to the fourth-power temperature dependencc
of radiation and the rapid decay in source (insulation) surface temperatﬁre.
The insulation meterial, V-4010, and other elestomeric insulation materials
have (1) low conductivity, (2) low char density, and (3) a high yield of
pyrolysis gas from the virgin material., These properties are desirable in

applications where the attainment of low heat flux to the propellant grain is

necessary because they result in a rapid decay in insulation surface temperature.

The calculeted response of V-4010 at a typical location, as shown in Figure E-6,
illustrates this characteristic.

The incident heat flux to typical propellant locations in the aft motor
section are shown in Figure E-2. These results exhibit characteristics similar
to those shown in Figure E-1 for the forward stations. The magnitudes of
incident heat flux in the aft region are somewhat greater, however, due to
the more severe environment of the insulation durain action time and a small
radiation contribution by the components in the throat region.

Figure E-3 shows the calculated propellant surface temperature
variation at typical forward propellant stations for the heat fluxes shown in

Page 3
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1I, Discussion (cont.)

Figure E-1. It will be noted in this figure that the propellant surface
temperature decreases continuously.

Figur: E-4 shows the propellant surface temperature response far the
typical aft propellent stations. These results exhibit characteristics
similar to those for the forward stations. As noted above, the environment
is slightly more severc and the propellant surface temperatures are corres-
pondingly higher.

Figure E-5 shows the total maess evolution rates of the insulation
pyrolysis gas for the three "soak" periods considered. It will be noted
from this figure that the pyrolysis gas evolution rate decreases with time
for each of the "suak" periods and that the magnitude of the evolu:ion rate
for equel "soak" periods increases with total action time. The latter char-

acteristic is dvue to the increase in exposed insulation area with action

t ime.
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APPENDIX F

RE-IGNITION ANALYSIS OF THE SINGLE-CHAMBER STOP/START

CONTROLLABLE  SOLID ROCKET MOTOR
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SFCTION I
2 INTRODUCTION
A re-ignition analysis has been conducted of the stop/start motor
<
: to determine if motor re-ignition could occur after a pulse terminatiou.
' The analysis was tased on the results of Appendix E.
|
!
®
]
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SECTION II

DISCUSSION

Rocket motor ignition phenomena are snalyzed through t.e use of
ignitability date derived from tests conducted in the urc-image furnace
under controlled environmental conditions. From these tests, time to
ignition for a particular propellsnt is detined in terms of induced heat
flux and pressure. In addition, propellani critical ignitiou pressure is
determined through the use of the furnace where critical pressure is defined
as the highest precsure at which the time-to-ignition is considered intinite.
After the test data 1s obtained, it is placed through a smoothing process
and scaling laws developed for extrapolation to other flux levels,

Internal motor pressure is derived from insulation pyrolysis und
propellant sblation due to the thermsl and pressure environmeni. These

data are shown in Appendix E.
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SECTION III

THEORY

The general ignition theory considers the induced heat flux and the
temperature profile in the solid propellant grain. Heat is transferred to
the propellant grain by convection and radiation modes. For this motor, the
means of heat transmission is principally by radiation. Time to propellant
ignition, t{¢, is defined as the summation of the thermal iﬁduction intervul,
t,, and the chemical induction interval, t,. The thermal induction period is

defined in terms of heat flux, propellant diffusivity, conductivity, auto-

ignition, bulk temperature, and a critical propellant depth. The critical

depth 1s a characteristic depth to which the propellant st be ralscd to
auto-ignition temperature for sustained ignition to occur. The chemical
induction period is defined in terms of the critical pressure, loccal pressure,

and an empirical constant determined from arc-image data.
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SECTION IV
DISCUSSION

A curve fit of the propellant ignitability data was mede after a
smoothing process. Particular emphasis was placed on assuring a good fit on
the lowest heat flux curve since Appendix E shows a low flux environment in
the motor. Time to ignition for any heat flux may be found from,

tqr = to + tc
tqy = g - -o.alg'n (490 - Tamb))  + 1

vwhere: tyy = seconds
q = Btu/fta-sec
= o
Tauto = 4903

P* = s psia

By inspection, it is seen that there are two quantities which tend

to make t4y approach infinityy

(1) §-0.21977 (490 - T_ ) =05 lno= - ©®
1
(2) P -U45=0; lim P = O
P =45

The critical depth has been found to be approximately 0.00k inch.
Tigure D-1 shows that for any pulse time there is a steep temperature gradient
in the solid propellant and that at & depth of 0.00L4 inch the local temperature
is Ptelow the eutoignition temperature.

Figures E-1 and E-2 of Appendix E show that incident heat flux is
at a maximum when t = O and decreases extremely fast with increasing time. The
mean heat flux for the first 0.500 second is approximately 25 Btu/f“t2 -gec.,

Using this information and propellant ignitability data, with an assumed
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IV, Discussion (cont.)

chamber prescure of 2.0 psia due to insulation and propellant pyrolysis, the
propellant ablation rate is found to be approximately 40 x lO'h in. /see.
Normally, the incident heat flux would be determined for all locations on the
propellant grain and the effects on ablation rate integrated over the total
mags flow. Since the motor configuration is relatively complex, Lhis approach
was not deemed feasible. Thus, for a first approximation, the maximum flux

was considered to exist in all locations over the camplete propellani surface.
This approximation will yleld a conservative answer with respect to re-ignition.
Induced pressure is found by summing the mass flow from all sources and
assigning an overall mass flow coefficient to the gases. For any pulse, the
meximum pyrolysis occurs near t = O, where t is the time after normal burniug
termination. Also, from Appendix E, the induced heat flux is independent of
pulse, therefore the maximum mass flow occurs after the last pulse where

paximum surface area occurs. The induced pressure is found as follows:

P = Zw=_21 Cpran 4 W
Ath AC, f a’'b pyrolysis)
2
At = throat area, 39 in.~

density, 1hm/1n.3

r, = eblation rate, in./sec
= total propellant surface area, 1n.2
¢, =  assumed flow coefficient, 1bm/1bf-sec
Pos Go63 ook) (1400) +0.175) = 1.13 psia
39Q012)
P ~< 2.0(assumed)
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| SECTION V

f CONCLUSIONS )

; Based on results of Appendix E and this study, it may be concluded

é ' that re-ignition will not occur for the motor configuration as designed. In {
iz the predicted thermal environment within the motor, none of the requirements
; for ignition are setisfied, as shown below.
| Maximum
Quantity Predicted Value Critical VYaluc
:; Pinduced’ psia 1 -2 b5
8 nquceqs BtW/EtZ-sec 35 91
Although there have been several simplifying assumptions made in this
analysis, it should be noted that each would tend to provide more favorable
ignition conditions than actually exist. Thus, all estimates are conservative
assuring that re-ignition will not cccur. i
.
1
1
i
| |
“ »
|
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