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Appendix A 

BASELINE TRAJECTORIES FOR VEHICLE DEFINITION 

A .0 GENERAL 

The basel:ine SERV selected for the vehicle definition task was of hybrid design 
because it was required to have the capability of delivering the MURP spacecraft 
plus 25,000 pounds of cargo to the reference space station mission and Leturning 
the Personnel Module (PM) plus 25,000 pounds of cargo. However) the base Un..:?. 
spacecraft wa.s the PM., and th.Ei M.URP was considered as an al terna t8 spacecraft 
when large landing crossrange is required. Refer to section·l.4 oi this volume 
for vehicle and mission details. Both ascent and reentry trajectory information 
are given in the following paragraphs. 

A .1 ASCENT 

A perfo:rrnance weight summary .for the design reference trajectory (SERV-IM base·· 
line vehicle) is given in table A-1, and the trajectory printout is reproduced 
as table A~-2. In addition, performance weight summ~ries for other p.qyJ.oads of 
interest are included in tables A-3, A~4, and A-5; 

A.2 REENTRY 

Two refenmce reentry trajector:i.es for SERV-FM plus 25,000 pounds of cargo wer.e 
develope<J fox· ·vehicle definition analyses, one was the maximum loads trajectory, 
table A-6, and the other was the maximum total heating trajectory, table A-7. 
(Refer to section 1.4 of this volume for further details.) 

J\---1 



Table A-1. Performance Weight Summary for SERV /PM"' 
Due East Launch 

(Weight in Pounds) 

Liftoff Weight 

Ascent Propellants Consumed 

··Weight Injected In 50 by 100 n mi Orbit 

Auxiliary Propellants For Circulariz~tion 

Weight Injected Into 100 n mi Reference Orbit 

SERV Weight In _Parking Orbit 

SERV Weight Empty 

Lift Engine Propellants 

RCS/ACS Propellants (1 Day Mission) 

Flight Propellant Reserve (1%) 

Residuals and Shutdown PJ::opellants 

Payload Weight In Reference Orbit 

• T/W at Liftoff= 1.1956 

• 4max = 425 psf at 77 sec 

e a = 3.0 g at 139 sec 
xma.x 

373,46l~ 

25,443 

19,500 

11, 93L~ 

11,279 

4,748,706 

548,239 

-3,443 

5l~4,796 

- 441,620 

______________ ,,.,,_ _____ " IA«a,"""'-'""""' _________________ ......,,,e 

·k PM in the retracted position. 

A-2 
, 



Table A-2. SERV-PM Design Reference Trajectory - 50 by 100 n mi Injection Orbit - 28.5 Degree Inclination 
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Table A-2. SERV-PM Design Reference Trajectory - ·so by 100 n mi Injection Orbit - 28.5 Degree Inclination 
(continued) 
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Table A-2. SERV-PM Design Reference Trajectory - 50 by 100 n mi Injection Orbit - 28.5 Degree Incliriation 
(continued) 
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Table A-2. SERV-PM Design Reference Trajectory - 50 by 100 n mi Injection'.Orbit - 28.5 Degree Inclination 
. (continued) 
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Table A-3. Performance Weight Summary for SERV/MURP 
Due East Launch 

(Weight in Pounds) 

Liftoff Weight 

Ascent Propellant Consumed 

Weight Injected In 50 by 100 n mi Orbit 

Auxiliary Propellants For Cfrcularization 

Weight Injected into 100 11 mi Reference Orbit 

SERV Weight in Parking Orbit 

SERV Weight Empty 

Lift Engine Propellants 

RCS/ACS Propellants (1 Day Mission) 
-., 
F'light Propellant Reserve ( 1%) 

Residuals a.nd Shutdown Propellants 

Payload Weight in Reference Orbit 

373,464 

25,443 

19,500 

11~ 960 

11,279 

e T/W at Liftoff= 1.1946 

~ qmax = 426 psf at 77 sec 

111 a_, = 3.0 g at 138 sec 
-xmax 

A-11 

4,752,640 

-4,200,414 

551,923 

548)457 

-4t,,1? 646 



Table A-4. Performance Weight Summary for SERV/LPL (Reusable)"' 
Due East Launch 

(Weight in Pounds) 

Liftoff Weight 

Ascent Propellants Consumed 

Weight Injected in 50 by 100 n mi Orbit· 

Auxiliary Propellants for Cir.cularization 

Weight Injected into 100 n mi Reference Orbit 

SERV Weight in Parking Orbit 

SERV Weight Empty 

Lift Engine Propellants 

RCS/ACS Propellants (1 Day Mission) 

Flight Propellant Reserve (1%) 

Residuals and Shutdown Propellants 

Payload Weight.in Reference Orbit 

i.....,,,,_ ... ,..._.._ ............ _,,. ... l"lmJWO,L'.l 

@ T/W at Liftoff= 1-1914 

@ qmax = 430 psf at 78 sec 

e ax = 3.0 g at 135 sec 
max 

373,1+64 

25,443 

19,500 

12,208 

ll,279 

·k Baseline SERV in the reusable configuration with a large 
payload (LPL). 

A-12 

4,765,288 

-4,200,193 

565,095 

·-3,549 

561,546 



I 

_ ----------------~-:----~ ..... ~-~,-.-.,.<., .... ,._.....,~~-1<U..i<............-~-.-..w=·~~~':.~:1/i:,.C~~!o1:~,ll~"t~K~ti~~~..,~ 
. .. - ... 

Table A-5. Performance Weight Sunm1ary for SERV /LPL (Expendable)* 
Due East Launch 

(Weight in Pounds) 

Liftoff Weight 

Ascent Propellants Consumed 

Weight Injected in 50 by 100 n mi orbit 

Auxiliary Propellants for Circularization 

Weight Injected into 100 n mi Reference Orbit 

SERV Weight in Parking Orbit 

SERV Weight Empty 

Lift Engine Propellants 

RCS/ACS Propellants (1 Day Mission) 

E'light Propellant Rcser.ve (1%) 

Residuals and Shutdown Pr.opellants 

Payload Weight in Reference Orbit 

• T/W at Liftoff= 1,899 

e 4max = 449 psf at 76 sec 

• a = 3.0 g at 134 sec 
Xmax 

37 3 ,4-64 

NA 

NA.A 

·12,289 

ll,_279 

4,771,576 

-4,200, 112 

571,464 

-3,589 

. .567,875 

-397 ,032 

______ ......,.....,.,..,,_......,_.....,,........,.....,.......,...,_,_.._,_,,...,....,......,...,.......,=r=="'l·"'""'..,rza._.,,.,......,...,,,._,.,_..,_,..n,..,_.,..,.,..._,......,,.""""'....,,,.,,,..,d 

* Baseline SERV in the expendable configuration with a large payload 
(LPL). The 170,843-pound payload quoted here does not consider 
SERV subsystems that are removed tvhen. flying as an expendable 

· vehicle. The purpose of this trajectory was to provide an input 
to subsystem analysis so that removable weights associated with 
reusable operation could be identified. When th:i.s total weight 
(102,700 lb) was conve1·ted to payload weight, the total payload 
capability was 273,500 pounds. (Refer to section 3,1 of this 
volume for expendable vehicle details.) 
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Table A-6. SERV-PM Maxi.mum Loads Trajectory .... -·~· •·· - " -- .. ··--··-··•·. . ..... ----~--, .. -- , ........ ----·--

W/,OA = 62. L/C = .255. 

~~;~t; . ···--,-·-·---- ··~ -·--·----
TTMF Al.TIT UDE \JFLOCTTY <:,A~tl/A R.ANGf ACCFL 
(SFC) (FT) (Fl/SFf) ( rF<,) ( l'i r.' T) ( G) 
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1nn. :~1~0130 ?6024 .. .... 1·. A4 420 .. ? -501 
12~. 2°23'-~- ?fi02q. -1.BO 5?5o7 -.04 
l i, tl., 2722,~3 e ?5g91. -1 • 73 611e? ... ol 3 
1 7 ~. 2"3~16. 25844. -1 • 6 l 7-Z.,(,~6 -.33 
200. 2~62q2., :, f.,Li 7 5 9 -l.,41 fl41 .. 0 ... ..,70 ·-· __ ..... 
?or,. 2"ll32:i5, ?'5:56:1. ... 1 ~ 35 A6l .. 7 -.79 
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2?0. 2?49.A.7o 24q33. -1 • 15 9::, 3. 1 - 1 • ()Q 

2?':i. 2?2595. 2475Q. -1 • 07 91• 3 0 3 -1o1q 
2300 2?0372. ?4570 w .... 9<;) ..96-3 ... u .... ""+v2R .. ·-------·---
23"i. 2183'17. 24366. -.90 qA3.3 - 1 • 37 
24 n. 216544@ 24149. -.81 1003 .. 1 &•1.45 
2 lj. !'i • 2149360 2392(1, -.72 1022.7 - 1. 51 
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2700 2(198:i5G ?26680 ... • 29 11l7e6 -1 ..-66 
275~ 2n93">i60 22 1+1 n. -.22 1135 • g . .,; 1 066 
2SOe 2nR97FI. 22153. ... • 15 l 1!-'54., 1 -- .... 1 .,(,LI. - -·- ··-···-· ·--···--
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Table A-6. SERV-PM Maximum Loads Trajectory (continued) 
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A-15 
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Table A-6. SERV-PM Max:l.mum Lqads Tiajectory. (cqntinued) 

W/tDA :: fl 2. • L/C ::: .. 2ss 

., .. -..... ,. .. .._, .... 

TTMF DYt,1 PRES ~ACH AHI TAHT 
( SF.C) (PSF) 

o. e O 1 1q.,73~ t.1 o. 
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~Oe .n9 21.l. 1144 4.,3 11 f>" .. ·-· . 
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100. • 77 2r.2on 16.7 C,6 6 • 
l ?"i • 2 • r.:;;H 20.445 3~. :5 1164. 
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2or.:,~ It 7 • 61 2fi.377 11.,~7 6971:'i 0 
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' ,j 

A-16 



Table A-6. SERV-PM. Maximum Loads Trajectory (continued) ~- TIME f)Y~! PRES ~, J\CH AHI TAH! 
~··?:-

(SF.:r.> (Pc;F l. 
~ -··--··---

4fi n •. 1LJQ.q6 1?.~l~ 42.? ~Rfi74, 
46fi. t~S.'l\2 l~.tH, 4 n. 1 ?~RHt. 
L+ 70 o 1f,0 • ?2 110714 :37.q ,qn11. 
47S. 1f-4e!'1fi 11 .~On :'1'1.7 :,g2n?.. 
48flo if-Roi~ l<1,R9f, 3~.4 ?9L+36• 
48~)o 172.?.S 111.,505 31.,3 ;,95gqo 
l+~fle 175.43 . 10.10° :;,q. 1 ?.97!=i l • 
495,, 177.Rl q.71() ?7.n :,q,993. 

5nu~ 1 '79 g y~ a.30R 21.1.. p. "1\00?~. 
50!1. 17q.'38 ,9.go4 22.,A "HJ143 .. 
~lOo 179 0 7A .A~ •~90 2n. 'i "li02!'11 0 

bl5~ 178.77 .o ... 096 1 fl., 5 ~03~(1 .. 
520~ 1"77., f14 7a69!.7 1.6 .,5 ~oti:\A. 
52~.;;,. 1.74.66 70299 ll~ e 7 i0'117 .. 
f, 3 n o 171.75 ,s,.QQQ 1~o0 "'10~87. 
5j59 u=.R. ··rn 6.525 11 G 4 iOfi4R. 
540e 1(-,t~~67 6.14A qoq "ll070::>. 
54f:i. lf-0~ng i:;;.780 R.6 ,{rz.4g.,.. -
~50. 1 i:;i:; 0 s 1 S.421 7.4 "1\070(1. 
55~) • 1 i:::;2. 19 ~.072 6.4 308250 
560. ll-i.7D 7!-i 4.73~ 5e4 ·~oA5f:i., 
~6~1 • 143.?2 u.,405 406 30880., 

·-'\I 570. L118.f.2 1160811 3oq 30902. 
57'."i .. 1~3.Y6 "1. )82 j ,,2 .. :•Hl.92-0,.. 
!:,HO• 1:'.>9o?3 :'i o/.f.8fl 2.7 11)q3~o 

585. 1?4o45 ~0207 2.2 :11()91+7 .. 
5908 11 9 • 62 20939 1 e R ~og5r.. 
~)95 9 li4e7f3 2 .. 685 1.5 :;096£:_,, 
600. 1n9.q6 2 o L~4f. 1 (il;, :100730 
61(1~ 100ol\lj 2 .. 014 • 7 3.0 9 8.2..L .. 
620. cq_ • "15 1 ~ 64£.~ ,5 ~OqAR. 
bchlo fl4.51 1.346 .3 :rnqq2 .. 
6 ti. n • 7g.c:;f, 1.110 ,2 ·rnqgt+. 
6511 • 76.43 .927 • 1 .30996 • 
~)6f.\. 74.79 .7B~ • 1 710997;. 
670. 12.n4 .666 .1 ••• w 3 0.9.9.8..,, .. _ . _ 
690 0 f,9 • lJ 5 $574 8 (l 1099Flo 
690. 67 .. 1+3 .503 g 0 3099.9_ .. 
700., f-.5oq7 .449 • n 10990. 
71l.l, ri4eq2 .qo6 .o 3 0999_. -----~-· -----
7200 /!'.-l+ • 1 g ,,372 • o :unno .. 
730& £,,,3.63 u343 "0. ..... 310.0 0 • ~·- ~-~-·----~ ---~-
7q O Q rs:,, ::>O .:uq . () :unoo. 
75Ua F-i2~86 .. 299 .o :uooo v 

760e (-2.r:.;8 ,,2A t • n :ii1fl0(1 • 
770. f2.'15 .266 • o :31000 • 
7F10e r--c~ o 15 • 2:':12 .n 31non. 

t~~f) 
7qo. (·d ~ 0 7 .240 .. o 3. 1 QD_Q.. _____ 
(10 0 ~ r-- 1 • 90 .229 • fl ~ 1 nor • 
H?~, 9 r l • 4,2 e205 .o ~•100(1, 
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'"·.--·--·-----. L~~··--··••~-.---~ .. -•~---.,..__·~-=~-=·=. · ".~c.~"«••s~•-,~==>~Ull~~-~,W,<f""""1ltlll'll@'IJ';lll@.'~~ 

i. ,I, 

. Table A-7. SERV;.PM Maximum Total Heating Trajectory .... 

W/rOA: 62. 

,t.li7J1>- ... ·----- ,- '. 

-~:)~jJ~fJ TIMF AL TITlJOE VFLOCTT.Y GAr,/VA R.f.NGF .ACCEL 
(SEC) CF l > (FT /SFC:) (f1fG) ( I\ MI) ( (;) 

o. 1-rnoono. ?~qf,O • -1.64 e 0 -. 00 
25. 3n.1_573. p5gq1 • -1.fil 1114.Q -.oo 
5,l o 3F-35A3, ?601~. -1.57 :?1 n.o .... , 00 " ... ·•··- ... ·~---··~-•-.--
7"- e 3ui:,9~,9. ?E, 031 • -1.'i3 315.2 .... oo 

100. 3?Flfi73 a ::>6049. -t.4B 420.6 ""e O 1 
12~. 3122'11. :?6062. - 1 ._,,.4 526.2 - • 01. 
l~O. 2C'1611-\4. 261164. ..., • 39 6'1i 1 e A -003 
l7S. ?.A07q6o ?601.l-O. - 1. e :!? 7_-,,7 0 6 - • OR 
?. (l O 8 ~(~f,.31.J.4 0 2~195q. ..., • 22 _g4 3 .. 1 - .-,18-· 
22ri·,. 2G32 1~4" ?578?. -tenP 94P..~ ,~, 33 
2so. ;?.l1221:i5o 25461 $ -,88 1os2 .. 5 -.f4 
2~'1. 2110371. ?5 "177. -.A3 1073,.? -.5g 
2fiO. 2~85q4. ;'.)!'J?8'i. -.,78 1093.,fl "".63 
26~. 2·~69""8 • ?51R7. -,73 11.14.3 -.67 
270. 2~5407. ;?5082. -.67 · 11:-s-"¼-.M ---··--·-··---•71 •-., ..... "····--·--··-- ·-- --~----

27!"> • 2~40n4. ~4q71. -.61 11 '15 • .? -.75 ' 
2800 2'2,27.''S2 • ?4854. -.'i6 1l75.£l -.79 
2R5. 2~15qo. ?4732. -.50 11q5.6 -.82 
290. 2:"-0579. ;:>46()5 0' -.44 1215.7 -,,.85 
29!'i 0 2?q697. ?4474. .. • 3e 12'35,.7 -.87 
300e 2?8941. .. 24339, ... 33 1P.Fi§.,5 ... ·-·. _..._,..8,9 . . ' -· - ··---•--·-·-

.30:i & 2"830P. 24202. -.27 1,275.3 -.qn 
31 o. 2?7793 .. ?4063 0 .... 22 1294.Y -.91 
31:-=,. 2'>73P.7~ ?3923c -.17 l:314.5 -e92 
321I • 2~7()A6,. 23782. ..... 12 1.33·3 .9 - .. 92 
3?~. 2?6tH9. ?3641. -.oe 13'13.2 -.91 
3.30. 2?6758e ?3!1000 ... • 04 1372 .. 4 ..... • 91 -----. "-••'- ---- -

3:5c.; ~ 2?fi7l3o 233610 -.no 13ql.4 -090 
340 .. 2?6734. 23224. ., 03 1410 .. 4 ...... fi9 
34'1. 2?6811. 230BP@ .os 1429.3 -.87 
3!:i0 o ?~6932. ?2954. .n7 144S.,O -.86 
360 .. 2::>7265e ?269.3. .n9 14,q5~2 ·-. e3 
370 .. 2?76 1+l-3 .. 2244?. .. 1 n 1521 .. 9 . .. --'!'"'ofHl .. -· .. ·- ···-·· 

3~no 2?79q7o 22200. .oe 1558.?. -.77 
3Y!l. 2,8238. 21g66. .n4 1594.,2 .-.75 
400. 2?83110. ?1740. -.01 1629.8 -.73 
410. 2?.9:124. 215170 -.oe 1665,0 !"'.72 
420. 2?76t=,7. ?1297. - • 17 16q9.8 -.72 
4:~o. 2?68"17. 21075 .. - 0 2.7 1734,.3. --·-·---·~..-7~ . . . . .. . . . •· --·~ -- ·--- . 

440e 2?56Qq. • 20850. -G37 176.9.4 -.75 
450. 2,41ti.5~ ?0617. -.49 1A02o2 .-.78 
460. 2?21qg. 2037'.',.; -,no 18~5~6 -.P3 
4 70. 2198:,7$ ?01 l 3. -.12 181S8 .. 5 -.A9 
4~1). 2171"'\4. 1983:":. -.84 1901.1 -.96 
q.90 • 21Li054o 19527 .. -.95 -l '3::U .•. 1 .. -1.~.06-. ........ ... . ····--~------~·--
501) ~ 2106c;no 19191. - i • Of 196407 -1 .17 
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Table A-7. SERV-PM Maximum Total Heating Trajectory (continued) 

TIMF 
( t...'FC) 

~ l 11 0 

~i? I) • 

!,·.~11. 

'14 ll • 

(1 ~) •. l • 

~hll • 
~1f1') • 

~7.1. 
'-> 7r:... 
'-)Htl • 

~.~r... 
!19 tl 0 

~qi..;.. 

hll II • 

hill..,• 

h l '). 
bl 1·,. 
h?1·,. 
f1 ~ I, o 

b .3 d • 

(, "i.:, • 
f>4••. 

64 1·,. 

6')1.1. 

6 11 r, • 
6 f, i) • 

h6'"·. 
f, 7 tl • 

6 7'1. 
hWl, 
ba 11. 

h q !l • 

nY~i. 
700. 
70';. 
71 i.l 0 

71~. 
7?!lo 
7? (). 
7 .3,_1. 
741). 

7 'i ,1 • 

76 'l • 
77tle 
7 H !lo 

74tl. 
B 111.1. 

fl?. '-1. 
i\',(i. 
i\ 7 ,., • 

IILTTTIIUF. 

t FT l 

? nf,qOfl • 

2f"l~l Vi. 
tnc.i1i:;1. 
tnb11.1. 
1n1oqq• 
1P717'io 
1ni;;:,i::.1. 
1 n 3,~ ~b • 

1°1",'-)?. 
1 ·-,c1 7 i=,q 0 

1780r1':'l. 
1762 1-m. 
l746fll~. 

17:?947. 
171,~llY. 

ti:_q1,n7i. 

1F·Hll1Sll • 
1Ffi4.~l • 
lF47<"\6. 
1(,311f:i. 
lF141?o 
}r;Q6A5. 
Jtc_7f17fl. 
tc~f:iO?l. 
u-::q.1 l.;" 
p:;214!:'i. 
1i:;n115. 
11180 1 7. 
1 /J !')~C:,5 0 

1113(i~1). 

11i134n. 
1"lB9'9• 
1~h~7H, 
l"l'.4tntJ. 
1,q5qi+. 
1 ".lQQ fl6 • 
l'J6376. 
1:"'36°~. 
l '"'09h6. 
lltHV1, 
l1"t?4"6e 
_ln65~9~ 
1 no4q7. 

n42 1 fi • 
F17774. 
Al2 Pi• 
7 4h?2. 
SfW r~ () • 

11 ""l 7 l f1 • 
""'-S079,. 

VFLOCTTY 
(~1/SF(') 

1 P-~ 1 7 • 
1fl4{J:1\o 
17t14:,;. 
174j1J • 
1 t· .9 7 fl • 
1(,27~. 
1 !-)Q5R • 

1~,fi31. 
1 5?9(,. 
11.lq~q., 
111nni:;. 

1£12b1. 
1 j,99?. 

13">31. 
13167. 
12flll3. 
l ;:>4 3P. 

1207-~. 
•111un. 
1J34"'i. 
lflC!/-\:1. 

1U6?2. 
1 ll?6? • 

qqo;:,. 
lJ"'j/.j? o 

918?. 
fl/1??. 
P.4(1?. 

.f<l.l).?. 

774~. 
7"'1El4. 
7fl26. 
E.,67 n. 
t-316. 
5q64. 

. ~616 C 

~27:'I. 
493~. 
460 l'.-'i. 
4?.fl'.'. 
3667. 
309R. 
2 118 i.;. 
2134. 
174Q. 
1431 • 
11 7 r.:, ~ 

7q ,Q. 

i:s.2n. 
L~ l?. 

A-19 

f /l~N fl 

crf r > 

- 1 • 1 ~ 
-1. 23 
-1 • ;,q 
-1 • :'I~ 
-1 • :'-Ii!) 

-1 • ?i6 
- 1 • :If 
- 1 • ~f. 
-1 .:~f, 
_,. "'16 

- 1 • 1 f, 
-1.-:17 
-1~·-rn 
-1 • 71q 

- 1. lj? 
... 1 • 4 ti 
-1 .•10 
-1 • "1!:i 
-1 .f-.? 
-1 ;70 
-1 • RO 
--: 1 • q 1 
-? • o:3 
-?. ., 1 7 
-") .t~ 

.- • ._) ·•✓ 

-?.~fl 
-".6R 
-2 0 -98 
-:-11.10 
-?i.~4 
-"'1.(,0 
-:11.r<? 
-1i.? 0 
-0.54 
-4,Ql 
-S.32 
-i,~7p 
-fi.29 
-6 • R7 
-7 .r::;2 
ff•Q.1() 

-1 L 16 
-1-"'.~~ 
- 1 7. ~f, 
=?.1.Rf 
-27.41.j 
-34.nO 
-51.70 
-61! • i::;4 
-1n.20 

1qq~.f

;;, ll?.(1 • 0 
?oi::;r-;,.r 
;:,o9t,.q 

;:, 11 ? • 11 

,? 1 ~q O 4 
::>l'i?.f, 
;:,16 11.~ 

:J 1 7 fl • 1 
:,1qn.4 
??n;, • i:
:;,;;, 14 ,,? 
::>??t:,. 7 
??"lif.9 
::,;:,1~7.P 
::>;?.~P..4 
??Fin.7 
?27Fl.7 
:,;:rn.9.4 
:,;,q7 0 r. 
;, .1 nr. q 

;:,~15.7 
?324.~ 
.?332.,5 
?3iiO.LI 

;,3trn. 1 
? 3t:;~ • Lf 

"3·6;?. 5 
?~Ag.;, 
?375.7 
;,~91.9 
,.,87.7 
?3q-~. "'i 

;:,3q13. 6 
?40'1.fi 
240flo3 
?41?oP 
?4 1 6 • Cl 

~Ll?f1.fl 

?LI ?4 • 4 
?4 ~ n. 11 

24 36 G ,<I 

;,41.in.11 

2 4 1+ L~ • ~ 
::>41~ 7. ~ 
?4qq.q 
::>4"11 .. 7 
2l~51.f • 6 
?4'1~.q 
::>456.0 

AfCFL 
( r. ) 

-1 • ~n 
-1 • 44 
- , • !"-q 

- 1 • 7r::., 
-1 • q 1 
-,.or::., 
_,. 11 

-?.17 
-?.2? 
-?.27 

-::>.34 
-.?.:-6 
-::> -~~f\ 
-?.~q 

-?.40 
-?. • u n 
-?v40 
-?.3Cl 
-?.;A 
-;:>.~,q 

-:, • ?-,7 

-?.37 
-? .. 38 
=::>.3F\ 
-:>.38 
-?.~is 
-?.~9 
-?.:;q 

-2 .. :39 
-?.39 
-?.39 
-?.~P. 
-?.37 
-,.36 
-2.34 
-?.31 
~2~28 
-2.24 
-?.2n 
-::>.()Q 

-1 .• 96 
- 1 • r 1 
- l. c 7 
- 1 • 5? 
-1.40 
-1. 32 
- 1 • 22 
-1. 14 
-1 • OP. 



Table A-7. SERV-PM Maximum Total Heating Trajectory (continued) 

TIMF ALTITllfJE VFLOCTTY GMOIA RANGE J\CCf:L 
<SEC> (FT> (Fl/SFC) <r.fG) ( " r,1p ( G) 

'f~1), ··•··. ·-· ~- •-·· .. --·--·-·--• ····- ~•-·-•• -·---•·•-
1tt_'.O:·<li't·,,.,-: 900- ::>61?5o 35n. -11.q1 ?l~'i7 .1 -1 .06 1:~•'m -:j 

''i},J£,'J 
112~1 • 183L+l e 307u -7;:> ,43 ;,4c:;7., '5 -1 , 04 
95n. 114~3. ?74. -72.65 ::>41i7.9 -1 • 0~ 
'-J7'1. S213. 24Ao -7?,~0 ?4'1fl.? -1 ~03 

- ... ···-· ~----····- ·-- ___ ,.. 
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Table A-7. SERV-PM Maxi.mum Total Heating Trajectory (continued) 

~II /("0 A = b2. LI[' = "300 

TI vi: nY"-.1 PPFS I\/ACH l'\l··'T TI\ I-' T 
(~EC) < r>SF > 

n. • '11 l<1.76f. , • 1 r. • 
?~. • fl 3 ?1.96'i 1 e q ~7o 
I:)(). .n6 ?4.12:I ~.u 10n. 
1~). .14 2'-:.65q i::;.R ;, 1 e'" 

1 Oll o -~~ 27.211 1n.2 lj Oli 0 

1 ?~i. • (\ l ?.P.29? 17.2 73~i. 
l~f1. 2.n1 2q.417 ;,q.A 1:rn:?. 
l 7~). 4 • (l 2 2° .. 457 4fi.1 2;,y:a:. 

200. 10.A2 2R~9!,0 fi5 0 :! 3fr.?5 .. 
?21-i C 19.7>-3 27.94n A? 0 A ti4E:-A o 

25ll. -~?.l~-i 2f~.,g7~; gp,.n 77?q. 
25b. ~4.7Pt 2A.7R1 1 on. 1-i. ~:::, ?.'.!.. 
2nn. 7-7.~B ?.f,.5B7 10;,.i::; f3731. 
?.6So ~g.q~ 2A.394 1 011 0 ~ 9?.47. 
?.70. 1!2.:~5 2f..20~ 105.,8 9771 • 
?1~. /I 4 8 f'-.3 2(-.010 106. 0 10303. 
280. 116., 7j 2r:;. li2 t 107,8 10R39. 
2sr.;;. LJ/3.f,l 2'i,634 lOR~? 11 :nq o 

2Y!J. c::o • .?S 2'1.449 ln~.4 119? 1 • 
29~, • r;1.Fi3 2'1~26f1 10fl.2 1 ?.4f<'"i. 
300. i::2 .. 74 2~.090 101.,n 1300.3" 
30'1. r;;j • "17 2L! • q 16 10.7 ~ 1. 131:illi~ 
310. c.;4 ~ 1 3 2t..i~74f.. 106., 1. 1.4074 .. 
31S. "14 o I! 3 24.58? 104~q 1460?.u 
320,, r::;4 e t.i.F\ 21i .,422 ln:5.5 · 151;::,4,, 

32'-i" i;4 • ·;q 24~267 1.o;,.n 1.5Ei~P. 
330e r:;3o~H+ 2Llol.17 10003 161L15 • 
335. c::3 • Li() ?."'<cq"T'?: 9R.6 1fifi4~. 
340e r::;2. 73 23.831 9A.7 171]? •. 
34J:i. ~ l o <14 23o6Y6 9t;. • CJ 1 7fi 1 2. 
350. r;1qo8 23o56L} 93.n 180R.3., 

3Sll • l.1Qe?3 2.~.312 A9.2 l F'.lqgf •. 

370. 47.17 23.072 85.7 19872. 
3~(). L15a67 2?.840 A:".3 ?0713. 
:'i4U o I.tit• 26 22.611 7q,.14; 21523. 
4()(). 1.13 • '.-:4 2?.380 76.B ?2:rni;;. 
41 f) ~ 42eh8 22.1.43 7L, e 6 231i62o 
1~20 • tJ 2. n4 21 • 895 72 0 q 23J'.I0(1., 

430 e t.13.20 21.632 7 l .. 4 24521,. 
440. 4 q • ll 0 21 .350 7n. r; ?fi??,1. 
4 5L1 • L16.~3 2 l 9 045 6q.,8 ?5q33e 
4600 1.1.g o n5 2n.11:1 &q.5 ?66?. 0 ~ 

470. r:;2.64 20.351 6S.4 27:32 1{ 0 

41:H) ~ .:.7 • 19 1o.C}5f, 6q.4 ~f'Ol7 • 
490. f.2o75 l9o527 69 .. 5 28712w 
50 0 ~ F,9., 'l56 1. 0 ~060 (=,q.4 ?0.406. 
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--------------------------·--·--"~'·"~~~---~·-····-••h•-·-,_,,~J-••i+•-~.....:•~·-"-"""·,._,._._.,._.,,_.,._,_-,,_.::.s:,v.·~ . .Mu.
0.,:;::J-,._;_,L;j, . .,;J1.t.UJU!,.'.,:~~~ .. 1~~'1J,)~.lt~~~ 

Table A-7 • SERV-PM Maxi.mum Total Heating Trajectory (cont1nued) 
.. ,, 

TIME OYl\1 PRES IVACH AHI T/\1-' I 
(SFC) (DSF) 

·--·~ ···--· ---·---- --- ·--
510. 76.qA lP • 551,4 f,q. 1 "IIIOOqq •. 

520. A5.4A 1R.n1n 6R,4 :'107A7 • 
5300 04.f,? 17.42.9 67.? ~ 11,1,f,f,,. 

5411. 1n4.n3 16.IHn n'i. ~ ,;21~n. 
5!:,(). 113 0 ::>4 lf.160 f.?.7 'Bi277:?. 
560. 1;:, 1 e 73 l 5 ,48? ~q.4 ~3:-rni::;o 
!:>h'io 1?~.-=if, 1~.134 !)7.'5 "'l367P. 
570. l::>9,n:3 lti.7R1 5~.5 ,;3qr,:,. 
5 7i;. 1'.ll.2.tl 14. 4?!=i 5:1.. '-'- "'l4 ?3~ • 
58n. 1 'l\4 • 77 11t. 06n 51 • 1 34497. 
5f,5. 1·x.1.no 13. 1oi:. 4R,A ~4 74.A • 
!)90,. l~B .. F-11 13.31.J.? 46.4 ~4QA7.,. 
!1Y'.) .. lllfte?l 12,97° £i4. n. ~5:,1s. 
600 .. lLtl.?2 1?.61f- 1+ 1 • 6 ~5430., 
60'1. 1L1l.A9 12.255 3Qo~ ~ss:n. 
61 n .. 1ll2.?.4 lt.B9S _36. o "'l\5A.?5 o 

615. 14 2 0 "114 11 • i;,36 34.6 "'16 nor:; o 

620 .. 142.~.'3 lj.181 3P.,4 ~6174. 
62S. 141.Q7 in.82? 3n. :i :,16 331 • 
630. 141.'59 lfl,478 2R 0 2 :16479. 
6:~i;;. llll.13 lfl.132 26.3 '116616. 
6400 11.io.qg q.,79p, ?ti.~'i -~6 744 e 

64~. 11t1.n4 9 .• 4 73 22.A "16A6?. 
650e 1 LL 1 0 l 1 g.150 21.? "i6Q73o 
6~5:i e 

1'-tl ~"' r .. s2.n 1 q O 7 -:,,'1 (1 ·1 ho 

6600 14L ?l7 r.5oci 1A~2 ~71 7?.., 
66~'.i. 141.'14 A.190 16.A 157260" 
67 ll e 141. 71 7.873 l r.; o ~, 37~t~ 1 " 
6 7 1\ 0 1111 ~ f:l6 7.557 1lf .2 '157410 .. 
68c~ 1 ti1 "95 7 .. 241 1.3 ~ 0 3748!S .. 
6R5. 1u1.05 ~.926 11.R -,,,71:,u 7. 
691.) .. 11it. ,CH f~.611 1 n. 7 ~7604 .. 
69~1. 1 1J l. 1.~9 60297 0 67 ~76S6, 
7000 ltJ0~44 i:;;.984 A.7 :3770?., 
705. !LJ O. 11 "10672 7 • 7- ~7744. 
710. 1~.q.g5 "1.36.? 6.8 ~77A.1 .. 
71S. 1 '"1:7. 1.1.4 !=- .oss fi • 0 '.'l71113. 
720. 1".(5.,-=i5 4.75.? !, • ;, ~7A4?. 
12rs. 1 "13 • ::>6 4.452 4.5 :'17A67. 
730 .. 1 '1;0. ~7 ' 4.15g ~.q ~1rrnA .. 
740e 1"4.07 :1.593 ?.,8 :1792?. 
75tJ e 116 .. 31 3 .. 06:I l • q ~7gq6., 
760 • 1rt7.76 2,58n 1 • :-'( ~7q6;:,. 
.770. o9.n6 '?.14g • Fl :,7q73. 
7AO. 0() $ r:;4 1,. 774 .5 ~79fl0o 
790$ ,03.41 1 e 46:; .3 17gn4 .. 
HOO& 78.~5 1 .212 .? ;70.97. 
8250 •72 o 148 .794 • l ~79914 
8500 r-7 .,42 .54P • n ~7qq;:., • 
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Table A-7. SERV-PM.Maximum Total Hea.ting Trajectory (continued) 
I ... 

TIME nn• Pl~ES YACH AHI TAHI 
( ':iFr > (rSFl 

.. "'··~-·- ...... 
'9011 • f.2on6 .~:37 • n ~7q94 • 
925. ,;111~S .286 • n 117994 • 
95n. Fil.~4 .250 . () ~79940 
97S. r,o.q5 .22~ • n :i17qgu • 
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APPENDIX B 

· COMMON BULKHEAD HEAT TRANSFER 

The heat transfer from the L02 to the LH2 across the SERV common bulkhead 
influences the boiloff rate of the LH2 on_the launch pad. Also, the L02 
temperature at the wall may decrease below the freezing temperature and 

· result in local freezing. An analysis was conducted to compare SERV boil
off rate with the rates exper:tenced ·with S-II and S-IVB and deterinine the 
minimum LOz temperature. The analysis was conducted for the steady state 
condition because this condition will result in the highest: boiloff rates 
and lowest L02 temperature. 

The steady state heat transfer across a honeycomb wall is calculated from 
the following equation: 

( T T ·) 
' WL();- WLH2 

where Ke (from reference B=l) represents the effective conductivity of the 
core: 

-(~) . The term Kc Ac is the heat transfer through the metal core. Ka is the heat 

transfer through the gas inside of the honeycomb (if any is present). Kx is 
the effect of radiation heat transfer and i.s represented by the following 
equation: 

2 3 
1.781/.tL (-~m-)( ATp) + 7.12-rf;L (-5:L) 

1000 1000 1000 

'If is a parameter def_ined by equation 9 of reference B-1 and is a function. of 
core height, cell size, and emissivity. 

The SERV common bulkhead analyzed was a 4-inch thick Inconel 718 honeycomb, with 
a 0.002-inch-thick, 0.50-inch-square cell core. The core was welded to 0.050-inch
:Lnch-thick face sheet. The temperature of the LH2 and L02 sides of the bl.llkhead 
were -l1-23°F and -297°F, respectively. Therefore, Tm = -360°F and t.TF = 126°F. 
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The thermal conductivity (Kc) of Incon.el 718 at -360°F is 4.31 Btu/hr-ft.;_°R. 
The area ratio Aw/Ac= O.OQ798. Therefore~ the conduction through the metal 
core is: 

0 .0344 Btu/hr-f t.J?R. 

Ka is zero for an evacuated honeycomb core because the honeycomb will be 
evacuated prior to filling the tanks as is done on the S-II and the S-IVB. 

The analysis of the radiation contribution to the effective conductivity (K X) 
was based on an emissivity of 1.0. A lower emissivity would reduce the amount 
of boiloff. Using the above equation: 

Comparing the radiation to conduction conductivity, the radiation is less 1.5 
percent of the conduction. This is due to the very low temperatures, which 
reduces radiation. ' 

The total effective conductivity• (Ke ) for SERV is: 

. Ke = O .0349· Btu/hr-ft.:0 R. 

A comparison of the SERV LH2/L02 common bulkhead heat transfer with that of 
tqe proven S·QII and S-IVB bulkheads is depicted in figure B-L The SERV effect
ive thermoconductivity was determined analytically as described previously. 
The corresponding values for the S-II and S-IVB vehicles were obtained from 
McDonne.11 Douglas ·--<;nd MSFC, respectively. 

In steady state; 

The lowest Ld2 wall temp<~rature (Tw10 "))will occur when the LH2 wall tempera
__ _2 _ 

ture (Twur:>1): is equal to -423°F. Rearrangi.ng the above equation and substitut-
. --.2· 

ing in that TWLf(i = -423°F and Tw 2 = -297°F gi.ves: 

T w ' 
LO·. 2 

-297h - 423 Ke 
= ~K 

Re~erence B-2 shows that the value fqr h in a L02 _tank is equal to 72 Btu/hr
ft·"'- 0 R. Using the above data for the honeycomb conductivity 

I 
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SH'\/' ~.:!! 
LOX AT -297°F 

0.06i IN. AL 
0.05 IN. INCONEL 718...........__ ~-

T 
_41N~. 

IHCONEL 
718 -

""'"" ~ :.-,I"4,,.,,!,,,l"'-•k.-l,cl,ri,~~,b,.,= _l_ 
o.o_rn,. INCON EL 718 

PARAMETER 

EFFECTIVE K, 81U/HR-FT-QF 

HEAT TRAt--!SFER RATE, BTU/HR-FT2 

Ll-12 BOIL-OFF RATE, LB/VVHR-FT2' 

% BOIL-OFF OF TOTAL VOLUME PER HR --

-----
SERV S-1! S-IVB 

0.04 0.020 0,004 

15.0 _ 6.32 3.45 

0.078 0,033 0,018 

• 0.069. - 0.020 

Figure B-1. LH2 li~o:2 Common Bulkhead Rea t Transfer Comparison 
! 
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Substituting these values into the above equat1.on gives a Twto equal to 
' . ---2 

... 297 .2°F e The freezing temperature for L02 is about -360°F and, therefore, 
the L02 will not freeze. 
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APPENDIX C 

LOADS AND STRESS ANALYSIS 

The primary objective of this task was to obtain preliminary size definition 
of the vehicle primary structure and a corresponding weight estimate.. To 
accomplish these objectives, a math model was constructed that was used to 
determine the internal load distributions in the vehicle under static and 
dynamic conditions. Because the math model had to be based on a unique struc-
ture, it was constructed utilizing the structural si.~es and geometry previously 
used i.n the work described in both paragraph 4.2.2 and appendix E of volume 3o 
It had been planned to base the math model on the vehicle configuration output 
descr:Lbed in volume 3, section 1.0; however., because these data were not avail
able when the work described herein commenced, the decision was made to. 
continue with the reference vehicle geometry. Because the reference vehicle • 
was 90 feet in diameter, and the point design vehicle, when finally released, 
was 88 feet, the geometric changes were confined primarily to the lower 
frustum and the outer cylindrical bulkhead& With reference to the lower 
frustum, examination of the equation for the critical hoqp buckling stress 
given in paragraph 9.3.2 of volume 3, appendix E, reveals that a decrease in 
the radius at the large end of the frustum will increase the buckling allowable. 
Similarly, examination of the equation for the crit:i.cal meridional buckling 
strcos sl1own in par~graph 9.3el of volu...-rne 3, apper1diY .. E, :ce-veals tb.at a 
decrease in radius at the small end of the frustum will increase the buckling 
allowable. On t:he other hand, the meridional loadings in the lower frustum w:i.11. 
tend to :tncrease directly with the reduction in radius o Because these brn 
effects are some-vrhat self-compensating, it is believed tha.t the continued use 
of the reference vehicle geometry will have minor impact on the final objectives 
of this Phase A study, namely; to establ:i.sh the feasibility of the concept. 

1.0 11ATH MODEL CONSTRUCTIOJi 

Using the Chrysler-developed digital computer program described in reference 1, 
a math model was constructed in which' the vehicle was idealized as a series of 
segments joined at.circumferential node lines. The program calculates a stiff
ness matrix for each segment and then assembles them to produce a stiffness 
matrix for the total vehicle. It should be noted here that the toroidal pro
pellant tank bulkheads were omitted from the math model primarily to provide 
as many nodes as possible, within the capacity of the program, and to de-scribe 
the d:i.scontinuity effects expected at .the points of common attachment between 
the cylinders and frustums oomprising the vehicle primary structure. Because 
the toroidal bulkheads were designed as thin membranes which attach tangentially 
at the comparatively much stiffer supporting cylinders, it is believed that 
their omission from the model has negligible effect on the overall stiffness of 
the vehicle. 
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The assembled stiffness matrix is then converted to a flexibility matrix by. 
the use of a factorized inverse table which rna thematically provides the samt1 
result as the true inverse of the stiffness matr.ix. Multiplying the . . 
flexibility matrix by a load column corresponding to a single design, condition, 
results in a compatible set of nodal deflections for this loading. Three 
degrees of freedom are provided at each node corresponding, in this instance, 
to translational loads acting parrillel to the longitudinal axis of the vehicle; 
translational loads whose vectors are oriented radially in a plane normal to 
the longitudinal vehicle axis; and a moment whose vector is ta!}_gential to the 
nodal circle acting normal to the plane containing the translation vectors. 
The nodal deflections for each segment are then extracted, multiplied by the 
segmental stiffness matrix, and a set of compatible internal forces is 
obtained for each segment. 

The input data required to obtain the vehicle stiffness matrix consist of the 
primary structural sizing of the reference vehicle configuration obtained from 
section 432.2 of volume 3 and appendix E to that volume. The node and segment 
idealization used to describe the vehicle primar.y st,:ucture configuration are 
illustrated in figures 1-1 through 1-6, inclusive. The meridional distance. 
between nodes, "Ls 11

, is purely arbitrary; the only :r.equirement being that at 
the end regions of a given component, the node spacing be sufficiently small 
to define the discontinuity bending moment variation. Table 1-1 was set up 
to record the input data that were used to define the single.curved segments. 

The aft heat shield bulkhead is an assembly of I-beams and sandwich plates 
assumed to be fabricated from PHIS-7 Mo s'tainless steel with the following 
physical characteristics. 

E = 29.0xl06 lb/in. 2 

G = 11.0xl06 lb/in.2 

In order to simulate the st:1.ffness of a spherical cap reinforced by a spider 
beam nett.Jork, it was believed that a reasonable approximation could be 
achieved by assumin! a 12-in. I-beam with an area of 7.65 in.2 and a section 
modulus of 32.5 in. acting with a sandwich with t = 2.50, tf = 0.013 in. and 
a width 11w11 in. The expressions for an effect:i.ve thickness and effective 
modulus of elasticity of an equivalent plate were developed as follows: 

The elastic properties of the beam section above are: 

(EI) Beam= (29.0xl06) ( 12) (32.5) = 5655.0 X 106 
2 

(EA) Beam= (29.0xl06) (7.625) = 221.85 x 106 

Poisson's ratio=µ = !t:-1.Q. = 29.0 - 22.0 = 0.318 ,_,_z = (0.318) 2 = 0.101 
2G 22.0 

The elastic properties of t.he sandwich plate above are: 

(EI) = WD :::: W [ E 7 
s 12 (l-µ2)j 

volume 3, appendix E.) 

(t3 - tc3) (refer to paragraph 9.2.3, 
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IDEALIZATION OF UWER FRUS1UM 

(17 SEGMENTS) 
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i---------204.887-----------1 
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',, e , _____________ 37o;oso----~-----------1 

Figure 1-1. Idealization of Upper Frustum (17 Segments) 
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TAN O = 0.460486 

I\ 

I 
VEHICLE ( 

I• 370.000 .J 
D 

336:075 

I 

- --525, 176- _ __j 
Figure 1-2. Idealization of Lower. Frustum (15 Segments) 
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Figure 1-3. Idealization of Inner Cylindrical Bulkhead (24 Segments) 
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Figure 1-4. Idealization of Outer Cylindrical Bulkhead (17 Segments) 
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Figure 1-5. Idealization of Heat Shield Bulkhead (21 Segments) 
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I . Table 1-1. Input Data for Single Curved Segments (continued) 
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,· '·fi; 
t:\i:t
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(EI) s = 

.---·· -·-~-·--•••-~=~•~- .,,... . __ ,,_-..,___._~_,,..,,_,llf<,,._,:,.,.o~,...-,.,,.;:.a..u .• ••.r• .. :,i;.1r.-x~:;.i:.'\'d:U:..!.fbl~!l-nt.•.l.J..1:t'U?.J;;.;t;,;:~'ii1~~~~-

(29.0 x 106L(W) (2.50) 3 - (2.47L~) 3 == (l.296 ,X: 106) W 
12 (1- 0.101) 

(EA) 8 ==WH =WE (t ·· t~) (refer to paragraph 9.2.3, volume 3, appendixE.) 

(EA)s = (29.0 x 106)(0.026)(W) == (0.754 x 106)w 

The elastic properties of the combined beam and sandwich may then be found as 
follows: 

Item EA __:t,_ EAy_ EAy~ EI. 

Beam 221.85 X 106 8.50 1885.725 X 106 16028.663 X 106 5655.0 X 106 

Sandwich (0. 754xl06)w 1.250 (0. 942500xl06)w (l. l 78125xl06)w (1. 296xl06)w 

(y)n&s= (1885.72.5 + 0.942500W)l06 /(22L85 + 0.754W)l06 

(EI)B&S = (16028.663 + 5655.0 + Ll78125W + 1.296W)l06 -(221.85+o.754W)106x 

[ 
1885. 725 + 0. 9/+?SOOWJ 2 

(221.85 + o. 754w, · 

= / 1254561.861 + 13343. 775W + 0. 977184w2J 106 

~ 221.850 + 0.754W ~ 

(EA)B&S = (221.85 + 0.754W)106 

A · · ·1 1 f · d h r!r.ril d h • I 11 11 · • ssum1.ng an equ1.va ent pate o. WJ_ t ,v an a t :z.c.<ness te ) we can wr:i.te: 

r·••·1·) E Wt· 3 ,r. :::: < -e = 
e e 12(1-::µ75-

') 

Ee Wte-' 

10. 788 

(EA) e == Ee W te 

Setting the elastic proper.ties of the beam-sandwich combination equal to those 
of the equivalent plate, we can write: 

· (EI) e = (EI) B&S 

3 
Ee Wte 

10. 788 
= \ 1254562 + 13343. 77:ivJ + o. 977184 w2 ] 106 

L 221.sso + o.1slM 

and (EA)e = (EA)B&S 

Ee Wte .::,;:: (221.85 + 0. 754W) 106 

Solving each of the previous expressions for "Ee" and setting the two express
ions ~qual to each other, we get: 

(10. 788 x 1.06) 1254-562 + 13343. 775W + 0. 977184 w2 
W t.;:e3 (221.850 + 0.754W) 

C-11 

= {221.85 + 0.754W) 106 

Wte 
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from which 

t ::::: 
e 

. . 2 k 
10. 788(.12545§2 + 13343. 775W + ... 9..-97l]~l 2 

(221.85 + 0.754 W) 

Because· there are eight major radial beams in the aft heat shield bulkhead, the 
circumferential width 1'W" associated with each radial beam at a radius "Rs" 
from the centerline of the vehicle is: 

w == :.1r Rs_= 0.785398 Rs 
8 

If ''R
8
". is now defined as a· point midway between two nodes on the idealized 

aft heat shield bulkhead (refer to figure 1-.5), it can be evalm~ted from: 

Rs= RB sin. 9s 

where 

RB == spheric.al radius of bulkhead = 1251. 750 in. 

9s = angle between line connecting origin of spherical radius to point 
midway between nodes and longitudinal centerline of the vehicle. 

Table 1-2 was set up to summarize the results of a calculations made to 
evaluate "te 11 and "Ee" for the aft heat shield bulkhead. With these data 
available, it was then possible to complete table 1-3 which sunnnarizes all 
of the input data required to define segments with double curvature. 

The individual 11.,egmental s tiff:ness ma trices were then stacked to create the 
desi.1:e<l stiffr1.es::; matrix for the vehicle assembly as illustrated in table 1-4. 
The singular :300 by 300 matrix thus assembled is then made nonsingular by 
elimination of those rows and columns ·which correspond to degrees of 
free<lorn at which the fin.al deflections are zero. In this case~ it was assumed 
that the attachment ring in the payload at the connection with SERV (point .J 
on figure 3, volume 3, appendix E, would be quite stiff in the radial direction, 
so the corresponding deflection at node no. 1 (refer to figure 1-1) was 
arbitrarily set equal to zero. With reference to figure 1-5, the requirements 
of symmetry demand that the radial and rotational deflections at node 110. 94 
also be set equal to zero. Finally, in order to provide static equilibrium 
in the longitudinal direction, the corresponding deflection vector at node 
no. 100 was made equal to zero. With the construction of the nonsingular 
stiffness matrix for the complete vehicle, the math model is essentially com
plete. The final stiffness matrix was output on tape which was subsequently 
used as part of the input data to the computer program utilized to study the 
dynamic behavio3: of the vehicle structure. 

2.0 DYNAMIC LOADS ANALYSIS 

2 .1 NORMAL MODES AND JtR]QUENGIES 

A longitudinal dynamic model was constructed by adding t.-wo bulkhead models 
(LHz and L02) to dw axisymmetr5.c-sheU model of the structures study 
(paragraph 1). 'fhe dynamic model had a total of 116 degrees of freedom. 
Four mass conditions were conside:eed for the free-free case: Full (t = 0), 

C·-12 
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, Table 1-2. Summary of te and Ee Calculations - Aft Heat Shield Bulkhead 

I 
d) (9 ~ c~J (s) (l.) 

s~ le-\"\ U." "t e- lZ«;:, w te. E( 'l'-\o, "' 
"14 z.o,B~u.o')4 L.. ~,. "le~ i)°t} C, 'q \?. \L.,ts~o 8\.\tei2 
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eiz. j " , ..-, o \ -s ~s 1.1.\t... et4 \°I".: .e-:,S \').'~~~ \(jeo\e, 
8'.) i \o ,e4te¼t tt4, lo~ l \')l.,O \ '::, \~.t.~8 \ \ 40$(.) · 
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8½ ! "1,')E,~11.\~ I ?..o\ .'b\\ ,-se. ,or, ,~.~,e \l.\"14, 
'a-5 I ei."!7.:51.\'Sil., \"le,,L\'i,2 \4e,\'$L, \"l.')81 \'b\\.\.iL, 

~ . i '),!..(.l,.'1lo) \'$'$.~~\ \ l.1,\~I.\ \').6\~ , 1.\4 zes 
< e,7 1..,t.,oe,o')o \~?. :S'$t \ L,"'4, ~ol.. \'7,e,1~ \l,,\~ii~ 

ee s.~'-\9~'l'1 \nil) ,\'i(. ltl.1'5."141 \"l,')ei \€i'iSio\ I 

El-} \.:i.'--\9o t..'}o 8~.~t), "'lc,f>1·S \'1,)\l, .'2. \ 9, e)e; ') 
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Table 1-3. input Data for Double Curved Segments 
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Table 1-4. Construction of Vehi.cle Stiffness Matrix (continued) 
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Table 1-4, Construction of Vehicle Sti.ffnessMatrix (continued) 
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Q (t = 77 sec), Accel (t - 138), empty. The "Fullil configuration was also· 
investigated in the supported-on-pad modeo The normal frequencies are 
summarized in table 2-1. A representative sample of the modes is given in 
figure 2-1 thru 2-7. The bulkheads are quite flexible compared to th!;! 
~t•imary s true ture and the bulkhead modes predominate at the lower frequencies. 

2.2 fQ.qQ. 

POGO instability exists in a launch vehicle if disturbances in the propulsion 
system occur at a natural frequency of the structure/fuel dynamic system. 
Conventional high.length-to-diameter ratio vehicles with long liquid pipe 
lines are possibly vulnerable· to the POGO phenomenon for some flight config
uration. Probability is increased if the number of engines and transfer 
pumps is small, because a pulse resonance is more likely. Cons.ider:i.ng the 
above, the SERV configuration has certain inherent longitudinal-stability 
advantages ever the conventional vehicle: liquid lines are short, the 
aerospike engine, a "large-orderfl combustion-chamber/liquid-pump propulsion 
system. A deta:i.le<l POGO analysis for SERV is deferred for future study; how
ever, a preliminary appraisal of the structural/liquid dynamic model showed 
neither a significant payload displacement relative to the tank bulkheads 
(figures 2·-3 and 2-4), nor a payload structural gain factor for a sinusoidal 
forcing function at the thrust vector (figure 2-8). 

3.0 RIGID BODY ANALYSIS 

For this analysis the vehicle was assumed to be a rigid body with the 
external aerodynamic and thrust loads balanced by vehicle inertia, all of 
which are time dependent. Critical time points were selected in the same 

· manner as discussed previously in paragraph 1.0, volume 3, appendix E. 

3 .1 'J:R..'\.J"ECTORY DATA AT SELECTED CRITICAL TIME Pour.rs 

References 2 and 3 were used as the sources of trajectory data_ in the same 
manner as discussed in paragraph 2.0, volume 3, appendix E~ The trajectory 
data thus abstracted and used in this portion of the analysis are su.nmi.ar.i.zed 
in table 3.L 

It should be noted at this point that'a limit value of acceleration of 3g 
was used in the landing condition throughout the major part of the work that 

· follows. However, reference 7 indicated that a decision had been made to 
revise the design criteria to specify a limit landing acceleration of 2g 
maximum. Because the major portion of this analysis had been completed when 
this change was made, no attempt was-made towards its incorporation and the 
now conservative data were retained. - Only when use of the conservative data 
would result in a negative margin of safety (refer to paragraph 3.8.4.5).was 
recourse made to the reduced load factor. 

3 .2 C'.ALCULATION OF WEIGI-IT DISTRIBUTION TO NODES - FIXED WEIGHT I'l:EMS 

The vehicle weight distribution used in this analysis is summarized in 
table 3-2. Reference 4 was used to provide a more detailed weight breakdown 
of the vehicle primary structure than was available from the sizing program 
printout, reference 2. Updating adjustments were made to the weights of the 
outer cylindrical bulkhead and the upper frustum which had been increased in' 
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l'able 2°-1. SERV Longitudinal Normal Frequencies (Radic1ns per Second) 

FREE - FREE SUPPORTED 

-
MODE FULL MAX Q MAX. ACCEL EMPTY FULL 

t = 0 t = 77 t = 138 t = 0 

' ·-
l 4.904 5-916 7.405 82,155 4-893 

I 
2 8.252 9,955 12.462 123,507 8.196 

3 10,276 12.215 15.053 132-122 10.269 

4 13.154 15,748 19.471 139,423 · 11. 281 

5 16.209 19.345 23.812 218. 161 15.889 

6 19,721 23.555 29.030 219.653 17. 890 
•. 

7 22. 711 27.347 34,124 231.73·1 20.976 -
8 29,399 35.282 43,583 271,782 28.542 

. 
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LONGITUDINAL MOOE FOR OMEGA = 82. 15 RADIANS LONGlruDINAL MODE FOR OMEGA " 123.51 RADIANS 

V AXIS 
YAXIS 

....,.., 
o--e.-'41:1-. 

X AXIS 
XAXIS 

LONGITUDINAL MODE.JOR OMEGA-= 132.12 RADIANS LONGITUDINAL N,ODF. FOR OMEGA ; 139,42 RACJIANS 

'" ~ "~-
Y AXIS VAXIS 

_.,.,. ... 

-- X AXIS 

XAXIS 

Figure 2-1. SERV Normal Modes - Empty/Free-F'ree 
,'-') 
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LONGITUDINAL MODE FOR OMEGA = 218, 16 RADIANS . LONGITUDINAL MODE FOR OMEGA = 219.65 RADIANS 

Y AXIS Y AXIS 

XAXIS 
XAXIS 

LONGITUDINAL MOD[ FOR OMEGA= 231J3 R.\D!ANS LONGITUDINALMODF. FOR OMEGA= 271,78 RADIANS 

~-

Y AXIS 

XAXIS 

X AXIS 

Figure 2-_2. SERV Normal Modes - Empty/Free-Free 
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LONGllUDINAL MODE FOR OMEGA = -4.904 RADIANS LONGIWDINAL MODE FOR OMEGA c 8,25l RADIANS 

YM<IS Y AXIS 

V 
_ __.;--

XAXIS XAXIS 

LONGinJDINAL MODE FOR OMEGA = 10.276 RADIANS LONGITUDINAL MODE FOR OMEGA = 13.154 RADIANS 

Y AXIS 
, Y·AXIS 

_ _,. 

............... 
X AXIS 

-----t-~ 

-·• --- X AXIS 

Figure 2-3. SERV Normal Modes - Full/Free-Free 
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LONGITUDINAL MODE FOR OMEGA 16.209 RADIANS 

Y AXIS 

_\ 
X AXIS 

LONGlnJDINAL MODE FOR OMEGA = 22,711 RADIANS -. 

Y AXIS 

LONGITUDINAL MODE FOR OMEGA 19,721 RADIANS 

Y AXIS 

..,._._..o.le·,·~ 
XAXIS 

LONGlnJDINAL MODE FOR OMEG/.', = 29,399 RADIANS 

Y AXIS 

XAXIS 

Figure 2-1+. SERV Normal Modes - Full/Free-Free 
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LONGl'lU0ll-iAL MOOE FOR OMEGA = 4,89 RADIANS 'LONGllUDINAl MODE FOR OMEGA = 8,20 RADIANS 

'.:~1f.§tk 

YAXIS Y AXIS 

---~ XAXIS XAXIS 

LONG!11JD!NAL MODE FOR OMEGA= 10.27 RAD I.A.NS LONGITUDINAL MODE FOR OMEGA ~ ! !.28 RADIANS 

YAXIS. Y /\)(IS 

XAXIS 
X AXIS 

Figure 2.-5. SERV Normal Modes - Full/Supported 
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LONGllUDINAL MODE FOR OMEGA = 15.89 RADIANS LONGITUDINAL MODE FOR OMEGA 17.89 RADIANS 

Y AXIS Y AXIS 

\ 

XAXIS XAXIS 

LONG1TUDiNAL MODE FOR OMEGA = 20.98 RADIAi-JS LONGITUDINAL MODE FOR OMEGA ; 28,54 RADIANS 

Y AXIS Y AXIS 

- ---- XAXIS 

~~t, 
Figure 2-• 6. SERV Normal Modes - Full/Supported 
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~rt1 ,~,~-~ 

LONGITUDINAL MOD'E FOR OMEGA " 29,40 RADIANS 

Y AXIS 

·. 

--,o_x1s 

Figure 2-7. SERV Normal Modes~ Full/Supported 
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Table 3-1. Trajectory Data at Selected Critical Time Points 
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Table 3-2. SERV Weight Breakdown - Ascent Phase 
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· weight due to structural· changes that had been made after the releas'e of 
reference 4. The weight estimate used for the thermal protection system 
was based on a system weighing 2.0 lb/sq.ft. applied to the outside surface 
of the vehicle (the aerospike doors were not included in this area deter
mination). The weights for the main anq lift engines.and their supporting 
equipment were taken from reference 2. Because it was known that the 
structural weight that had been use.d exceded tha·t shown by reference 2, the 
remaining items of fixed equipment were assumed to weigh the same as the 
corresponding items in the original reference vehicle. The total dry weight 
was then made to equal that shown in reference 2 by the inclusion of,a mis~ 
cellaneous item in the structures group. In the same manner the weight shown 
for FPR propellants was used to adjust th~ total weight of propellants so 
that the reference 2 values of GLOW, payloa·d and SERV dry weight were 
iompatible. · 

The reentry and landing weight breakdown that was used is summarized in 
table 3-3. In arriving at the weight of lift engine fuel, it was assumed 
that the fuel consumed was the difference between the reentry and landing 
total. weights. The value of SERV dry weight is from table 3-2. The total 
reentry and landing weights and the lift engine fuel onboard at start of 
reentry were obtained from reference 2; the weight of unused propellants is 
that required for compatibility of the data. 

The distribution of the total weight of a component to the individual nodes 
lying wi.thin the component is illustrated in detail for the upper frustum 
between 'poirtts J and I (refer to figure 3, volume 3, appendix E) as follows: 

The surface area of a frustum is given by: 

where 

SJ-1 =.-: Ls (Ru + RL) /144-

Ls= meridional length of surface= 143.574 in. 

Ru = :radius at small end = 103.365 in. 

RL = radius at large end = 204-.887 in. 

refer to 
figure 1-1 

SJ-I= (3.141593)(143.574)(103.365 + 204.887)/144 = 965.537 sq. ft. 

Estimated weight of structure= 2290 lb (refer to table 3-2). Including 
the 10 percent contingency factor, this weight becomes 1.10(2290) = 2519.0 lb. 
Unit weight of structure= 2~19.0/965.537 = 2.609 lb/£t2 • 

· The weight of the thermal protection system was assumed to be 2.0 lb ft 2 

including the 10 percent contingency, this weight becomes 2.20 lb/ft. 2 

The total unit weight of the frustum is then 

WJ-I = 2.609 + 2.20 = 4.809 lb/ft
2 

The lg weight of the frustum is then WJ-I == 4.809(965.537) = 4643.267 lb. 
The weight of each segment of the frustum (refer to figure 1· .. 1) was then 
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Table 3-3. SERV Weight Breakdown - Reentry and Landing 
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determined from 

WSEG = 1r Ls (Rn + Rn+l) WJ~r/111!~ 

where 

WsEG = total weight of segment 

Ls= meridional length of segment 

R = radius to node "n" N 

RN+l = radius to node "n + 1" 

WsEG = (3.141593)(4.809)Ls(Rn + Rn+i)/144 = 0.104916 Ls(Ru + Rn+1) 

Table 3-·4 was set up to show the ew=:luation of WsEG• The weight of each of 
, the remaining segments into which the primarv structure of the vehicle had 

been sul;i4ivided was calculated in a similar: ~anner; the results a-re shown in. 
column@) of table 3-5. This table was established to distribute the weight 
of an. individual segment to its boundary nodes as follows: 

Wn = WsEG (Rn)/ (Rn +· Rn+l) 

Wn+ 1 = Ws EG (Rn+ 1) / (Rn + Rn+l_) 

This distribution is made so that the running load acting on each nodal 
circle due to the weight of the segment is equalized. The remaining items 
which make up the SERV dry weight (refer to table 3-2) were distributed to 
nodes corresponding to pan.el points as illustrated in figure 3, volume 3, 
appendix E, d-t.te consideration being given to their actual installation :l.n the 
vehicle. The. total nod:al load ~Jas then conver.ted to a runn:i.n.g load on the 
nodal circle in table 3-6. Note that the sununation of column © agrees with 
the SERV dry wej_ght shown in table 3-2. 

3.3 CALCULATION OF WEIGHT DISTRIBUTION TO NODES - VARIABLE WEIGHT ITEMS 

The variable load items include the inertia loadings due to payload, main 
engine propellant supply, thrust load) drag load and the atL~iliary pro
pellants. The methods used in distributing these inertia items to the 
appropriate nodes and the evaluation of the average local pressures acting 
on the individual segments were the same as previously described in 
paragraph 5.0, volume 3, appendix E. In determining nodal loads and s~gmental 
pressures representing the effects of the main engine propellant supply, the 
following basic assumption should be noted. Because the weights of pro
pellants at the critical time points for the new trajectories differ from 
those investigated in volume 3, appendix E, and because of the geometric 
differencies between the reference vehicle being investigated and that out
put from the sizing program (refer to the opening paragraph of this appendj_x), 
it was assumed that the liquid levels in the main tanks remained the same as 
pr_eviously caJ.cula ted. The proper weight of contained propellant was then 
obtained by adjustment of the propellant densities. This procedure produces 
peak pressure intensities reasonably close to those which should actually 
exist, but slight deviations result in pressure distributions. 

I 
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Table 3-5. Distribution of Segment Weight to Boundary Nodes 

I C§ l C:V I Q0 I QD 
'<>ll<ll'l~i NoQ'll. 'lh, 

c:c~'? ·~:), ------' 
V'\ 'I'\-+\ 

~~,:.! i \ <- ")B,c,o i ,o;,.".>t.-S , 'c.o\.1>":'S i .'-iSt..'lc4 ,'S\'M.~ ! 2..1.\').-SOo -'120.lt'SOJ l---r--+-----+---+---+-----·--------~,_..---------------~~----------------
1: ) ,o::i.~1..'$ \ '1o,o'H, i '-'~-"'~'=> f .4e~'l."14 .s,~''l'l.t. i.,z.ss~ \ct.~%· 

s 

~ 4 \\o,O'Je 'il.o.ill.l.. \ "2."';)o.Z.V~ j ,\,"le\'!:.\\ ,-::,"2.let.l.. '\1.1,-:>,Cl~t ll..4.4111. 

1.\ 'S ,i..o-\llt., \b'!>.~'lo 1 "<.'S-::i.--i,t. : ,\.\'i'!i-Sli'S ,'5l.l.~~~ ,s~~~l.o t~o;.'?)\\ 
I • • ! '5 i r... \".)':>.-5'1o 1 \-Sl.\.\?I.. -z.e,~.l,%, ' . 41..~'?.'lS .~¼"i?.~ !;)"l'l.¼\.\'? 4o'l.;>'l') 

. i 
I. ! -, \'SI.\.\?.~ , ,'"lu..1..ee. j' r/tB.ecB 1 • 4t,e'l~i.. .5'bl ?.~e, \1)01.e'J& ' !.\"lo,o'l, 

"l 1 e, \"II.\ .t.st ,-e,e .101., ~1..'Z...'1eei . \.l\t)\\\'ii'lJ . s,e-so\ "l?.2.c.,-s i "!)l..\"l.n1 

a ,:, ,-e.e, .,01.. \<)e,.,'l~ , ~e1..:asc 1.,,a1.,i:,1.ei ,.;1~c'l>c.. ~"l"l.e(.~ -z.e,.o,t 

1 10<t.(,:~s 

i \")<:j, 1.\8(. 

! 1.1.,(..0~~ 

!
, l.\"lG,O"lO 

~"' ;11.l., 
! 
i 
\ 

C) 10 ,"ls.\'.'14 ! 2.c...,,se1 ! v.o'b.ot.1 . li,'i:l\t."lc. .-soei~te. \\~\.11,'i)t, \'i'l.~,$ ,04.ot..1 
10 11 , '<-o~.ee'l ' .. ,.1;..1.s-:i4 1.,to.-:,e,1 , l.\e'l-~-e-~---.-s-~-1.-t._1;._i. ____ "r_•_,-s_.1_1-,._,---~-'"'-e-.-e$.,..L. _ __..,-\i.t.."11? 

11 1i. l 1..,s.~"ll\ ,1.<:;.1,'!:,L, 1.\\.\-S.,~o , 4e411S .':S.,'.ieeis \D10.-;,M l.\e,.n) -sz,.~2.e; 
1'1.: 1~ I 7.,<-c,.t..~f... "l."l>o,el\c>; : ~eo.l.\aS • 1..1 ''l'l"l°l.S .srz.o"l':i 11..'bt..'U.?. "le1.ci"l1 ' &5i.~.'Z.'!io\ 

1) l ''-i I 2: .. 0.6¼':i te1.l.\t.<:; \ -S'be,b,e , ,L\i..~<>ie~ .S!>l\o\~ ').),t.1-i.~~1 \l-l"ll\,1,.-~0 ; ,1&eitl.cto1 
I I, I i 

\\.\ 1 Ii t.M.~1.q 1l'Ll.\,oeq t..11.~Se 1 ,4"lcot..o .~,~111.\o 'bi>Ci5.oS(. , 11..Ei\,b'i? , \'10:).\t.\ 

I'S \ \I.. ".;,t,,.oe<1 :,\\~."!.ot l (.l,,")."l>'¼\ • \.\ e41-S~ . >:>\SB~-1 'l.'2.~\IJ.-SIS l\O"),l,~9 \\"iS.B"il. 

,~ \\,, · 11 ;:.l\'S.~o? b~<;,1.\\1',\ \ ')ol.\."l~I.. ' • "H}~"ll.,'l ,'S1e0~,. \~'lO!,°i)I.\\ ')&~,0J\S E>\C..ot~ 

6: Y'I I"! ' \!!i ;,'5~.lt."-'-1 b'lo,cso ' 'l2ti.i..'ll.\ , 4~2.'l;':>\ • 'i1M.t.~ \'!.4'LoH t..,2.0\S t..i>o, o'):5 -1 +0,•',f;;:_ \6 \!I , \'l 1. ~',O,o-,t-O _ _., __ ::i_(,_o-',o-,G,_(j __ i_')_'_)O-,-,o-t> _ ___.. , 'So~t48 .1.1ti,1S?. iisi.-.-Loo. _ __,_\t.L.'-l.'l~-:,-,,,-. --\t..\'U!,o') 

n·,~·~•'"'o/f',1-'.--v-:---1--,-e---.;_?._o_+-1-~-~-c,-,o--S0---1---::,-'\-~---'-l-,,-::,----,;--'ll..\-.'\-.-l\-e.-'£.---.'-\-~~"l-l-U.---.-s-o-1.1-"1-(..----1.,-'to:-'le-'!>-·- ioei~~-✓---~-,-t-.e.-o-1\---+ 

;. U, ?.o J ?..\ ! :>'i;,.~~,s 'l,')'),l.,\e, ! ';-S\,O~:> ! .L\ei'H.\~ , -$0?.'le,$ , 'l'l 01.et."! ; ,ei.t'tta ~e>~:S"b~ 
1 -~ -z.1 Z.\ i 'l.t ; b"l'l.i.\@. 

1
1 Mq,<>i'5~ i 'll.'l.~"lt • .• 4~\%1\ ,'i!ueo¼ 2.1>".~.1..l.t , 11'-<~.o!o't. 

! :t f t, j i 

l II ~~ .~~ I :~ I !!~:~:~ -! ~~~·~~~ I ;~~:~:: :::~~~: ! ::::~~ ~::·.:~~ :~~:;~~~ 

1
1
~ I~ 21% '.'l.l.\ ti i 1.\\1.~ez. ! l.\~t."54€i e..-so.c"!>o , .1.11111-::.e. .~D!:if,l..t '!:>?..e.~.-.,::. 11..11..1~') 

~ l-"',·ofa i~ 1.<$ ! U.. I •~'l>Z.,":>liS \ 1.\1\1$."l?,\ , eei1.<.'i'} ; .l.\aio~IS ,iOC,lfl'l. °b(.Sle.eea \""' .. ".EiL.I.. 

\\l:.lo.1.00 

\'\"lc.~~a 
\\.\\'l, 'lit.~ 

·1!}_ ,4.;;; u. ?.L. i..'l ; 1.1~e:n,, ! 1.11.1a..~'"' I "l,~.t.l.\S i ·'-''°'\\"II\ .~oeei\~ ~')'}'1.v10 1~~;.01., 
1
g l Z.7 'Z."l '2.8 ! 4i,.'->..'<I\~ '-\"ll:>.0"1~ ')4.':>.2.€>6 j , 4H81..':) 1 ,-So''ll'l.>~ ~'be,o.(,A9 1 11.t.1.o.Z.ol\ / 1"11111.¾ll-i 

l~~~, z..e t-a ?..<t I l.\'\8.':.'\¼ l.\<J\.~~I\ "!'lo .... os 1 , l.\ci":)ot.~ ; .'5'01..~~') i '.:>'-<''n.,z.1 \"l\4,1.\1.\"', •

1

. ,"'11,;u.SI.\ 

j.J r~; }..',} Z.Cf ~ '1· 4q\ .e~'l; So\li.$?.'J ~~t,.¾:, j' • \,\C\ai..i.i:i i ~~o<.,".:,')\ i "';,~.a.1i'-\ ll..t.t.1..014 \°)0$,'Sto 

lf
"~I io ~o ~, sc~.St"I s,1..':i'-\l. ,o,i...e'>S , 4~1.,1-St.. __ J __ ,_~_e::._6_4_•4 __ ... l _:::._,_,1._._"1"_-_1.1 ___ , csc.i.,~·-____ ,o_t._i._._S'>!_ 
& :!)\___ Zi\ ~?. 1· 'S\'2, :,IJ.(., ,·-· ·s,&,%? ... , \o~\. '2.1.\& J . 4~Gei, I . ,So~\"<t l l"l".1•;.Y;,6 ~;;-,~~~ ! \Cbl.\,ot't --

.... """' __ i __ r. ___ '!>_'Z._~~-'.!> ___ .. 'Sl~~-~o?. __ -~l'=o,\"ll., .. -.... \olil\.o'ls ___ . "-l"ll.".1'15 1 .-S.0~00$ j ___ ,"~~~~~--J: ~l.°..-_"l_b_· __ J .... · _,,_')_'t_,11_0_•~-""' 



Table 3-5. Distril?ution of Segment Weight to Boundary Nodes (continued) 
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Tabie 3-5. Distribution of Segment Weight to Boundary Nodes (continued) 
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Table 3-5. Distribution of Segment Weight to Boundary Nodes (continued) 
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Because the calculations involved in determining tl1ese nodal loadings and 
pressure variations were_ quite voluminous., only the results are summarized 
herein. They can be seen in the segmental pressures shown in col"umn © 
of tables 3-_7 through 3-11, inclusive, a·nd the ultimate nodal loadings 
shown in column G) of tables 3-12 through 3-16, inclusive. · 

3.4 CONSTRUCTION OF LOAD COLUMNS 

The reference 1- computer program requires that the pressure acting on a 
segment be input on the first of two cards which are used to specify the 
geometry and physical (elastic) properties of the segment. Tables 3-7 through 
3-11 were set up to show how these data -actually were· entered on the data cards 
Columns ® to @ are input on· the first card while the remainder of the data 
is placed nn the second card. 

The final data required consist of the load column corresponding to the 
running loads on the nodes. Tables 3-12 through 3-16, inclusive, show the 
calculations resulting in the ultimate nodal loadings for each design 
condition. For a given design condition, these tables show the lg nodal 
loading corresponding to the SERV dry weight, the prbduct of these values 
times the ultimate load factor, the ultimate nodal loadings due to the 
variable weight items, and the algebraic sum of the two ultimate increments. 

3.5 ULTIMATE INTERNAL FORCE AND DELECTION DISTRIBUTIONS 

Tables 3-17 through 3-21 summarize the internal forces and deflections 
calculated at each boundary node defining an individual segment for each 
design condition investigated. Figure 3-1 is prov.ided to show the pos;i_tive 
sense -of these data with respect to the vehicle. It should be noted that all 
radial deflections are with r~spect to the longitudinal centerline of the 
vehicle and longitudinal deflections are with respect to a horizontal plane 
passing through node 100 (point A). Translational d~flections are in inches, 
rotational deflections are in radians, forces are in p0unds, and moments are 
in inch-pounds. 

3.6 CALCULATION OF STRESSES 

3.6.1 MERIDIONAL STRESS DISTRIBUTION 

The meridional stress in the inner and outer faces of the sandwich structure 
is the algebraic sum of the stress component due to the meridional loading 
and that due to the discontinuity bending moment, B~cause the internal forces 
output by the reference 1 computer program are referred to the longitudinal 
centerline of the vehicle, the forces acting at each end of the segment in 
the upper and lower frustums must now be converted into components parallel 
and perpendicular to the meridian. The component parallel to the meridian 
(P) co;rresponds to the axial load on the segment while the component per
pendicular to the meridian (S) corresponds to the transverse shear loading 
acting on the segment. If 11911 is equal to 1/2 the cone angle of the frustum, 
these components are evaluated as follows: 

Pn = (Fl) cosO + (F2) sine 

S = (Fl) sin 0 n (F2) cose 

C-45 
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Table 3-7. Summary of CR0033 Input Data - Liftoff Condition (T = 0 Seconds) 
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Table 3-7. Summary of CR0033 Input Data - Liftoff Condition (T = 0 Seconds) .(continued) 
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Table 3-7. Surmnary of CR0033 -Input Data - L::.ftoff Condition {T = 0 Seconds) (continued) 
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Table. 3- 7. Summary of CR0033 Input Data - Liftoff Condition (T = 0 Seconds) (continued) 
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Table 3-8, Summary of CR0033 Input Data - Maximum Dynamic Pressure Condition 
(T = 77 Seconds) (continued) 
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Table 3-9. Summary of CR0033 Input Data - Maximum Longitudinal Acceleration Condition 
(T = 138 Seconds) 
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l: Table 3-9. Summary of CR0033 Input Data - Maximum Longitudinal Acceleration Condition 
(T = 138 Seconds) (continued) 
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Table 3-9. Summary of CR0033 Input Data - Ha::idmum Lo~gitudinal Acceleration Condition_ 
(T = 138 Seconds) (continued~ 

4 ,c...,"'\ 
o;t. 

i...,.-o"'f\._, 

.-:. ') . <. ... 

00 

r 
00 

B.6">''-'i 
9.oei"':> 

0 

l 
i o ~I~ ,.,,

1

'}v1.a ii.ole"l~ . u

1

, _ 

l ~'t. ,~') 
! o ,.;,e,')o \.\-S1'\e'Z.~ i ")7..of)I.I,~ 0 

\'Z.$\.'1'$0,~. 
I i ,-s~. \1.-:i'>tt.. I \tao. ~'lM•S\ ,r...i..i'lo e,.,,_iet 

l \t..c.~ec;S\ ;· \1..1,S"I\ i,')r,. \l.,.e,\& et.c\\., 
, ,,1..1.$c;\,'lto ; \lot.~,:;,1110 11..cil\S eez~t;· · I , 
: ifs? .eosooo ! \l.,.').(M.'!,l,,'1) \'1,01.\\ ")c'?-'l'I 
. . I 

I
' ,!..~.S!,,:>(.q"!, -[ \t.11. qz_z.:,ac.. \"l.\"il.\ 'It "14~ 

,,J,.,,~.'n1-:..~ f\1.S.'le101, \"l,,e, ~':>l..\) ! \t.-S.~i;'), t "•?,b;ir,"l'l?. \"l,;,e·S, <1=i01~ 

l Ho'l,Q~'l'l"lt i\loft,O'lQ!.11.~ '~ ,l.\e'I \o:ocel\ 
11\,(S.o,s¾'$ \£.t.'/. \SllSS \"i .-S"IS ,oeD\o 

I \t,~.,~'H'.Sa ;vie-.. 't1::ie';i, ,"I ,t.$6 \\l.\oe::, 
l1'\o.;.1ses, ;,.,,."l.~~.'S'-1¼ \'l,'lta \'2.\'\l\') 

l, 1,1,"/.'r-1,SW•~ i l'l't,~~;,?.~1 l"!,'181 \"'.:)\I.\U.., 

, l"ll..~1,~Z.!)') \"I~. b'?!'¼~~ \").t\~ \\.\~'?6S 

jwl).~~,.,~o \'il.t,4:5'b(.2.) \'\.ei,i.., 11..;c:i~~ 

l 
·1-i~.11,~i..i :i 1'li.-s:.; 'l'!l,;:, \') .'let ,e1<rt01 
\'1,£'.'.;,"&l'f~\c \'ll..l$'1'1$5 i .\'),'I\(. l.1~11111~ 

l 
t:;o \"\l.,'L-;'.'l~~e i ,11,. ~C!..ll.X. 1'1 .t.-u. 1.1.ol..e\ 

l ,, I 1"l"i.c•~t.T..u;. /n.'ls11tt..<Sl.\ ,"l .1.1:ia ~t51.et 
ii. 'It t \"i"i."l~l.'ilii ;,•1e.-s:,~\11t. ,1.~u ,~1.1z.is1 

->'c. 
;;,:'.Vf 

I 

"l;, a. l?.'St,1So 9 I -\,-Su.o ·/\e,°SQ~\Qt, 'l"l"l.ts\~'So ,,.o!\1.. 'Hfi1~.., ~--. 
I ~'-I t •-qo ,i:'l ~t."!o~ 0 · ... -o : . 1>?...'H>~ \1.,"l"N i, o\\'11.0 .-~,o ~ . 
I I ~S t ,~: :::~•.,, 0 :i.:"~~~ ~'l I f i \O,i: \:~:~'S?.e ~::~~:o .UI\: .. · ;.::-

~ l ~- -~L- --71-~_-.\-2;:~~-~t_i~~'2~ ~- -.o. .. . I ____ L_'\~'.:l.~ ---1----------+----t----~_--_--if,_· :..=;., .. _:.z_. 

it~-. ~\_...__. __ J.,..~ __ t __ ....,..,_1:~_-;~~~~-.1 ~~::~:: L- .~z0_l.__!_· __ -.z.-~..;.\.;.;,·•
0
_4~-~;._-1...-_,._i.._,,,,._it_-S_,_e;.......,;.___1.._ .. DJ_e;;.'\_, _ _.,, __ .u_l\_._~---:~~--➔-; 

1-~~ ·,..}- ·•, . ·;. ~ · .. •,[·----~ ~ . . . ·----- . ... . --- . ·• ............ ------.- ----'-_,.;.:'-'-_..;...;_ 



0 
j 

\.;"l 
--.J 

r 
© 

"$-~. 

~-
Rll:.,; 

,,i:,.::, 

I \.l\ 

I \Cl:. 

I ;,o·:i 

© 
c.u1t.--J? 
O?-r'-01'-I 

(\'-\i:-;t(1) 

! I 
i t 
I 1 

't 

Table 3-9. Summary of CR0033 Input Data - Maximum Longitudinal Acceleration Condition 
(T = 138 Seconds) (continued) 
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Table 3-10. Summary of CR0033 Input Pata - Reentry Condition (TR= 505 Seconds) 
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r Table 3.-10. Summary of CR0033 Input Data - Reentry Condition (TR =.505 Seconds) (continued) 

0 © @ © @, © , ® (j} \O 

5~ ~v. 
'11.o. •f'""'Shilt~, K,... 0'11. I ~O'i?.. ~~ t"M;,Wlt.12' 

~To,....,, j ,q. ".i~ "'"?. ie. Ee -- ),I--rt,,. Of-.:t~l'I .... 
I I '\.. "'l'o ...,.,., \.~. l. 

~u=. 't-\c"tii. I l"\tm. Lz. ~\»"tlt ::, Noi'I! "> t-)c"t~ 1.11 ~,r,-"- S) l ,-.i~"l:'2.b 'l4 o'Ti. l '!> ·l',o",'il. -:i,. ' '1--ic-n '!, 

!i} I o., "lS,C\0 C 0 -s.ooo , !.";,?.Z.'5S <t;;,"l-Soo :z.el\ 
'?;''4 

1 1 t J ,c.coo 
'l,,S • ?,Q ,Cl.ls) ' ! ~t. ~ ... ?.~) . 
~~ 

I 
1-I i ~ ~-

~::i.ni 
~e .. i Z.O,ooo 
~') i 

1 l ,o.coo 
'<lo l C -5.ooo .L."!>U-58 c:n,=i-:soa 
4l ! - '1.'lco· ,,S.ooo s.S"l\!..t..\ ,o \ ,-::.e ! 
l.\ l. I ! '!,o ..ooo J 

I 

I.\'!-
j. 

I l t.o.~o 
\.\4 

' 
!."l.4t.1 .. 

Ll.i 
(.'). 4 l.., 

0 4'.,. ' <.6. '!,1-5 1 ! l \J1 l\~ (. 8."!>~::. ~.12l"\11..\.\ ,:i, \-SS '° 1;8 ·1 i.e . .,;~~ ~.St..41.\E>o C\C,4~(. 
·r-

\.\'I ! ~&-~:.l. t ~ l So t 'l.o,.:.1)1,) 

•• 
t 
l' S\ -'l .')oo ,-s.cco I. ."S.!,'1'.\6o 

; 
,ol\'I:. i 

S2. 0 \4,'-1\ ~ .t.. ·' • .'2.'?.·::.S °l'!l'l-SOo ~ 
.S;i 

j 
l 'ill• o~c I ' 

[: 

~'-I I I,\,. t:· 4 I t 
~$ f .~c.~.:.c~ j ~ 

I 
l I f ~t.. "JS.0\O D . ,,._.~,~ ,C.."l:>'t7..~6 ci-:i,-;ioo I I ~~ ';:)"10.0'$0 t).~0O 1~.~Bo (.. f)t.~'I\\";; ~•l'-11.4 ! I 

t t 
~8 t "'l. \ ~ t.. i 

I Sc, I S\4._l.it i 

I I <.o "l\.\.1-1-:i l,.. ~t.-5-<\14; °';,\\~I..~ 
~ 

\,\ •n.C,.'-IS 1... ee'l":>?..o i r..,oe1-c ! r.1. St\:,,-; t 

t 
j t l 

I,°) I i 'Z.~ .1~{.. ! I . 
(.'I I o."lco l~.'55$ ~ (·: .. ~:.:: c..1ce1 o 

t ½ 
I -~-s· i r-- "), 1 oC t l ,~.--.~: ,.,-:.":>;..:.e "lioe~, 

' c.<,. ob l ;:."lo .OSt, "l ."loc 0 \~.'lc.B \, l°&'!:it.'1:6 "l U 6'1 'i :tel\ --•~•M ...... --. 

f 
,-~~- _.-, ... -~ ·--



0 
.I 
a-. 
0 

IJ 

:j 

'9!.111r. 't\C'i11. I 

t.. "J \ 

t 'f f I I 
l "l::. i ' 
I 'l~ i 

'l'.$ 
')!,, 

Table 3-10. s~mmary of CR0033 Input Data - Reentry Condition (TR= 505 Seconds) (continued)' 
--------- ·---------·. 

.... 

'7.'lco 
')."loo 

0 

l 
0 

4 "'io "'"' \ 
oil:. 

\.. .... ..,,., 
C 

® 
~\O"'iE2 

cl!. . 
\..~. 

l"i.4U\ 

\~, ,4i,~ 

\'&,\ll'IO 

'bt~\~'?i . 

;fl.,\~-.. 

~'t.\'.:,"., 
O \-'5.Mo l.1•:i';,l.'2.f> "l2..0l!l\.li7 

I v-s~. , .. ~,u .. ; ,tto. ~'leq-S\ ii...i..cio e~tet. 
i ,t..c.~eqs\ f ,i..1.~"1,oi'1t. ,1e.e,e et.o,i. l \l..\,S"ll')'H. : \U.,t',oi,oao \l,;.l!)I.\~ eec~i;- -
: 11.,1 .&o$~c l ,1.~et.~t.'1l \'l.01.1\ "Jot.'!'t 
: ,1.~:e1.~q~ J u~•uu:i&t.. I \''l.\'l~ '">'2. 'l4'!> 

j ,i..~.-~i~-et. I H.S.'le.1·0~, { \'\. 1e, "l-:.i..,"I 

l, lt.-S,<te,,a1r, 1~1;.;.e~11t'l'lt \"l.'~es. '\"Jc,~ I·· 
\t.'l.c~'l'l1? i\b2.~:\i41.~ ,•1.1.;e~ 1c1>oa'1 

1 \\,6.oci,a~-S. >1.'l.\~15,$ \'1.-S"lS ,oec,a _ 

~ 1 .·:..:···.·. _._. j~ 

-- ;-: 

\C.~.\-:iil'Sa ; \'\6 ,'2.\~!l'El\ \") .L.~9 
1 

\\l.\cei:, I 
\'IO, 'tl'S6$\ : \"!\, t.111-Sl.l\t ,"! ."lte l \'?,\'\\.\') 

1'11.'l.'\l\'Sl-1'-I '. 1n,-:i-:i~i:;.1 ,,,:ie, ! \'l:i\\\U. I [ 
l ! ,-:1..~';.-::,i~, ,-i~. "!)1¼1l\o ,"\;e,:) i ,1.11f,eS I 

rn ' /\'\~.'~Wl~O \")\,"ISt(.i) \').e~i... , \\.,l'l'l>~ . ; 

ee \"11t.~'iol.t';) 1'l-S.~'l~,o \"!.'leZ. i \t~qc, ~ 
e'l \'l~-~"t'!>\o w ... 2,S'l'l'Sa 1· \"I.,\<.. 1.\~IIJ~') , -· t 
% \"lt..,?.~'l'l'S.5 ,1'\i,00{..~ .,· \'),I..U. l.L.01.e\ ~ 

i,· .,, i \'l'\.ooL.tci... : \"l~.'l'Sl\\.'Slt • \') .¼C!S 'l:lt.S~~ • 
j [ 

1 'R T l"l'\,"1~1.'i~ ;\"IQ.'S~~\1,H. \').;:,tt 41.!Z,':)$\ , -· . ~ 
j ">~ 2 \?..'$\;,"l'So ~ -z.c'l'S 1'1e.-so'!.l,uZ. :,"l,.ts\~~a \'i.oe!. 'Ht!.'11.i'l <;:"' ~ 
I "' I :::.:. oi.-.co 1 'O j ·~•-••~ '"•'"' ''•""° :~}\{.' c~• I 
,[ ~ I:·~:~::~: :~:,.\;~ I f l ,:~~ ,:~:~.i.a -~~::::· :·.:, , __ ;_i~l .. ~. :_ I_··_:_.: 

-t--+---+-~-+ - -St~.\"ll,, ___ j----1--·-J __________ \l.\.'-<\.,"I ,-'--. - 7(i 

i~ .. "le i -cio.i? -S":>\\,1)00 t '1.010 •. __ -..,:.u,.~:L.-:L 
~ ~- •· !Ii>' e:S½E,'111;~" ~~¼.iioo o o 1-i•1,4c'i \.t..¥r5t& t..«."e"' ..... ~ _ r-: :.-:_ .... -.-.:.-.-__ ~; .. ~-... - .. ----------------·----------...... ------'--------------_.-.:_-:i. . .,._.,.1'11·~• ...... i'"E~:-Pi'-



0 
I 

°' f--' 

© 
~-

No. 

R'IL,;:-

,co 
\0\ 

\02. 

\C:, 

© 
Cull...,;? 
O~t-1 

l'ln'&(0 
I 

+ 
~ 
I 

~Cli'.1-~ ·• 

Table 3-10. Summary of CR0033 Input Data - Reentry Condition (TR; 505 Seconds) (continued) 

--· 

& ~ @) (0 (?) 

tto.6'~'!'.~ '"R- 0\7- ¢, 'Re.~ 'Kt" '°?R.it;,':>I.IQ..if. 
4 \0 .,.. .. 1 

. c~ 
. \.. 'T"w "" \ 

~0"\''it (7..) 't\o~ b) '!\ow b) -~~'l,t.(lo.) 1-lo"i-a(.s) 

I 

! 
} 

,) 

00 '51.1. ,eil'Jc I 0 ·o 
. -cio 0 \. ,S;;,0,.~t)O 

' ! - L-.o. 4.1\1.\;,~"!, ,S;;,~.~co I ' \":,, ,,~it.":> -5.i.t..°'l!>io 0 0 
A 

~ 'e, ~ " •• c.<>'!"<1-""'(>•~\-:, .\o -~---~ ..... ;~ ..... ~.. C.""T't" Q 'gV\ \ a.. 

(-r,cl., ~-~ ..... ~ e-.ow'-o\e ,::.,.,-,.;,._~ 

a 

""7\,-!.J;){. ~ ... \ ... ~...,_ ~ -\-.,\,\~ .. \ - \ 

1,~w,.L ..... ~", . •-°!\\... ;-,.o ... \o\. c..,y--,,,._~_,1,. 

.I,., f·,·-:~\-1..":) 

\J *-...\, 4,/•ll-"t.t' ~""-0""" ( \'o ) ;, .. ::.) c.c.~~ 

"'-..,"'- A.r..'¼.. c.,,i.....,,."t'j ~ c.~\c. 1,~"''"''> 

\ - \ 

@- ® I ~ .. ("} 

i\ 'io ",. l.. te I· ~e. 
. y,-c~ 

\..-,,wc, . i . 
't-\~1.;,J 'l-l~t~·) I Mo"t'I{ -,.J t,lo"t'f1 '1) 

~"l.ouo \,!.."l"l~t.ei I r.,:.-ie".\ • 'Z-6~ 
ll).~01) 4 i ·! \l.\.l,1.1.ll I i t 

\\.'S~I>. l \,1."\-':-51.b t.o:0;ei.·. ,1.2\i 

~;~, C.XV<-\,_TC. c.-1 • z.. ~'M:. .... ~.J.,-=, ~ ... 

"t\-,Y011~\ \-"" ~._,,.\..,._;~vc.· .. 

;l.... .. \. \ ' 
r .. -

' 
I 
l 
l 



0 
I 

°' 1v 

Table 3-11. Summary of CR0033 Input Data - Landing Condition 

I I I · 90,01\ 

I ¼~.oo 

\\ 

l .... 
! 

' l 
i 

I 
j 

\t. i 
\~ ! 

i 
\~ l 

,s I 
I 

\I., 

\') 

,e 
\'t 

i.o 

2\ 

u 
~ 

t\t 

'5 
'l.l., 
7.'l 
,e 

l.\-s.co 
-11)0.0.:, 

't4.'H .. ~;oc, 0 

I 

.• :.'=)e..i:no. 
\\j~-~t.,~ 

--1\0,0')6 

\U,, \\.i;I., 

\"!:r':,,"S'lo 

\";>1.\.\1.(. 

l'l'-l.l.9'7., 

\~8,\CI. 

0 0 

+ 
I 

, L,o '",. t 
: ·011. 

: \.= 

t:),l.\"l'!o 

\4, ,;i.') 

,a.'H~S 
'2..~,o'lo 

Z."I .o~c 
\6.ll!e':i 
\\.\,!:~~ 

\~\S,\"\4 0 I ~.\;,;") 

?.ol.\.ee1 ! 0.100 I 1'5,peo 

! I U~R 

I I I ~Q.l,)OQ 

'2.'$0.e"\, l $, • .,e& 

z.e'l.~t.q- • · s,.1ee 
'!,t,4,06~ ! I :,0,D00 

bl.t.'S.'ioi. l ~.coo 

'<.,"l\.\~\e, 
(..61:!'!:>'5"1'. 

~S'i.,LII.\¾ ; e,'loo \'$,Ll::10 £.,f>">~·S'h 

1)')0.0$!) ! o . \o,oao • '4e?. · 

~i~.~~: '. \,4oO , ; ~~:.::~~ >~~~te~ 
j 

~ 

~~l..°1"1-r. 
\~'t'!>\C, 

,-,-z,-:,,~ 
~l:l°)l)(>OCO 

'2.01.\\\?:S 

t 
! '!, ~ .:i ."i':S\t I -~t .'Inc.. 

4~'l>."11e , -:i?.,qo'I ~.t.'-le~e-s '2.c""':z:S 
~1'\,'-lfi?. ~1... 0 ,, 1;.c..1.1~1l)5 ?.~o\')~ 

l;bt,-SV.a U,l.qg t t 
1.1\\e - ':I~\ ~a.lo'\\ \t,t..4i~'I~ l.~,1-s 

:~:~:~: !:::~: "··""\!'\~. 1.:s~ lqi.s 
2., ~"I\. lo1,1; ~o. 'loitl. _ · . , 

I ' so 'S~'l,':)'t~ \&,(.<){.) .>. _.;.,..:;;:1.,,~,~~"l t:S-S<it-5 
~ 4 ' ·-- --,1----· --,~.l..'\S --+--~-~-i..-~-~-\--+----ii----

~ _,._;;; • ..}f.;;.~;..

1 

.....1---'=--...1..--..;.'---'-..;'Z_"'_·"-~-i:i_~_o,_0-.6,_!_
1

_,~_· ~-~-~--L_,_,'-\_oo __ -iL-__ o __ --1._1_-s_.0_co_· --JL....~;...:~_~_:...,;:_:_:_...&.--~-"'_i._~_9_, _ _.._.;,~u.;;....~l\.;,_:_·~~-... -- ~ 
.;. ... . g . ' - •.; ' . : ·_?· "-. 
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Table 3-11. Summary cf CR0033 Input Data - Landing Condition (continued) 
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'rable 3-13. Load Column - Maximum Pressure Condition (T = 77 Seconds) · · 

Ultimate load factor = (1.400) (l.430) = 2.002 (refer to table 3--:1) 
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Table 3-13. Load Column •· Haximum Pressure Condition (T = 77 Seconds) 
· I (continued) · I 
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Load Colunm - Maximum Longitudinal Acceleration Condition 
(T = 138 Seconds) (continued) 
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:~: Table 3-15. Load Column - Reentry Condition (TR == 505 Seconds) 

Ultimate load factor = (1.400) (3.000) = ~.200 (refer to table 3-1) 

'?i i.- '.§ (£ 
t I >r.. I ·· ~-.---L-.>--'°--+-------t----

:r-,11-"£0 '\,J,i/.\(\\.\T TI'ilr\'\S u,.:n~ .... "i'l. U\."t\t"i;,."f'£ l-1\A,- 'ft\)(. 

"'O'O,t ~o. · I 'E\.'f.l"'I~~, 

"0-
.a-v:. 'l-\o,'/1. l\ ., 
~ ~--
~ ·-··-

... -. "'·-·,-· .. -·-

·~-.. -·~- : .·. :.~-- - . 

\ 

?> 
lir, 

I.) 

"I 
a 

_,:f- ·---~--
- .. -.. -·· .. ..., . 

\\ 
,a, 
\~-

\t 
,s 
,e, 
2. \ 
24 
?.1 
2.6 ,, 
'bO 

'b".> 
~G ... 

.. ··-·,I.\···--· 
lli 

\S• lit 

-----{t-- --·-·I-· ~! 
,e ---· ·- -......... ·-···-· 'i:, \ 

'S"' 
i~ 

\ti) 

'U> 
··----· . . - -··-

?. \ <so 
. ···--· .. , ..... - . ···~··---·-·· 

'l.; - . . . l,.') 
w. '; (.(. 

·-······· - ·•------·· ···-·-·- .. ··----·-·· 
'2.4 1.oq 

·-··· 1.~--- -···· ; - .. ~i--. -
---···· a.·t.·-- -- -- .. .,e·· 
··----- i'i ........ ·- .... "t~ .... 
... ---i&-- ----- - ··e,-
---·- ······ -··-··· i, &I.\ 
-· ...... ... . -- ·-· . . 'ii 

'b0 e'I 

-3~ --+ i~ i .. · .. 

~==~:{ =r•.·····.~~- :~· ~\\ I e,, 
··--~~ --- . : ----~~i .. 

~--

- - --· -•-----·-- VA'tl\A\W.,.\.'i l'-\o't>ll-.\.. 
l::>, 1' 

( \f\11 \,a) 

.,.,._~\.~ :, -~ 
,'l.\','S".t'!i 

I 'l).'5\\\i'!) 
.~%.t~ .. , 
,'t$'S\,~')\ 
. 1!1024\, 

.... . ' .. 

.. ,')oei\t> 
;~011.\1.0 
;·~'Sl.4')"1a .. 
• 'b,q(,.?, ')~ 

,l.4"14\t. 
0 

, ~\0000 

• lt;'~t ~oc:, 
,o,o·Hq6 

\,4'l'>S&\ 
u•.1~\ (,t-.. .. 
\.t\~'l~"11f 
• %'bi.~, 

, l.":>t °'ol) 
\,"11\\~f)~\\ 

,'11l,o\t 

,'2.'l'lo,o 

. t.r.l.\~~,e 
\ .t;,1,¼6\6 
,,ceou .. o 
............. ·---
\. \~S\I..Z. 
\ .''L~$24 \ 
\.~toB~!) 

\, "l.-,,,oe\l... 
\ .\I.\O')'\ 
\, \CS¼Ot. 
.8l.~")O~ 
,t.'l>~t?a 

···- ·---·· -·· 

,boti.~t. 
4-~~~iat 

0 

l, "ill."IOIH) 

'e~'tl"l~e 
,\!}')~~~ 

• 1:. \t ~"I\~ 

( 'lrt v. Li ,'2.bo) 
½ ,?_oo ,c ('b 

.. ec,') 
,. 1.J,(';'). 

\. L;t. l\ 
2.·Y~o 
~.~')Q 

';,C')') 

""t,.1,'7o 

Z..;;,~Q 

\ ,l.,l.,l\ 

. "2....') \~ 
0 

\.1:>o'l.. 

'-• L.Sl.. 
;;,, ') G) l\ 
~. i'oi, 

.. 
'),13';50) 

L:2 .. ot.. 
'!). '19 l\ 
2..l,,St,, 
.s,1.!a>G°l -
b.00') 

\. z.4e, 
L"l'2.I.\ 
'-1.'bo~ 
\;:S"';>C, 

-··· ··•. ··•··-• ···-· 

I..\ .eS'Z. 
S.".::>'Sl.. 

S.'$4€> 
s.,L..C) 
4h0i,· 
\.\ :i.. ~s-· 
"!:>.l:.'5\ 
'2.,l.,BS 

'2..,-S"':>, 

\9,091.\ 
D 

°> ,c,l), 

• 2.'2..1.e 

•. '-\5'2.. 
• B<>i'l. 

'W\1 \G.li\'t \..Olil'O"\(,\ 

~')'2.. ~')'} 

.. 
- Z..O>C) '"!,\;) 

- "2..0)\;),:,\°?, 

-541..,'55~ 

\'S.82,~ 

4"JI.\ ·• q lf'7 . 
... '-~-· 27,~ 

D 

C.::6\.'S'-12. 

j 
I 

' i 

.6~') 

~')~. e,t,,l,, 
-· 

'' 1..,l.'-\ 
2.,"!:>'!>0 

1,::~, ") 0 

l\. o')') 

~,"~')O 

-z. .-~~o 
\. t-l,, \; 

·--·· ··- ... -·-
~ '2..0Jl,,,.'5°ll\ 

- "2,.C)C), 1,,3 

-el.\s:iez 
"2.. l,, -S(,, 

'!),')qy 
···--1 

(..,?.,O~---i 
1.es'} , 
L,. 'Z,o t., . i 
°!)I') 9-~--J 
Z..L.-S{,, . 

·-·······-·--·· 

z.,, .\\CJ& 

~.co') 

\ .'2,\\€, 

'Z. ,') '2.l-1· 

4,"!>o~ 
··4·:-s~-l}--
···· ....... ··-·-• -
4.esz. 
s.~S(., 
S,S'-18 
$,\l,.C, 

.. -· -- . --------
L\. ') C, \ 
.. . .. ---·--- --
~.l.. ~S 
"';,.t...~, I G,l.6$ l .. -....... .. .. 

. Z..-S::,\ 
.. ·- -····•·--
'5::,"!,, 2.l,,'-\ ' 

0 

l..L)I. 46> 
. U.l, 

. '-\ Sc. 
...... ·- ·- .... ···-

. eitiz. 

I 

~•· '·\•·,.,.. ... ,,,q•.~ . ..-,,,J\1.w•· • •t~·.- ,.,,- ... 

J, ·. 
~ 

C-75 

'=''~'1,'~7-1'.l:7'''~".!'>l~~Jw.~~~7'.-ll'l"~'5~~~r:f";°"'~~~~~'r""'!'f!'j~~':z~';,'1~!'~J~'\ll~,~~•<,~~~li'\'l'!l':lf"'~~.~~~~'c'~W! 



-r:.
 

Iii
> 

.-
,.

:_
,,

. 
.-

J
 

, 
0 

fl!i
l 

-
: (

)!>
 

j ' 

t'lt
!: 

·:,
,,:

 

~>
 

::
ta

~
 

!'
 

j 
;,,

 
4\

1~
 

~
)
t
 

e 

0 0 l:l
 

p
. 

1-
'

l"
t 

1-
' o
 

1:1
 

-~
,;

; 
~

:;
 

-
~ 

..
 ~

-,1
--;-

-
~

 
.;

_
-.

,.
~

, 
H

.
 

1 
• 

.
,
:
 

-;
 .

• 

i 

.:..
. 



t0:~l:1 
~(\1_';/ 

__ --·--·- ----·-- ----·-···- ~· ... ,.~---··"·:'-'··'"...,.,_,,., • .,.,..,,, •• .,._..,.;,..,.,...,_"'-',.~""~· .. =••uc-~;,,;;,ML.'1')'.Ud.-...:-i,,.;.J., . ..:.¾•~-~;.~.z,:.:::~:.i.fa'1il•.-:_,l!U.;',:.:.r-..r.. .. ~::..v,.l::0..1o.~iV-..~~~~ 

t ' t ;,,.,. . . \_·. 
1· ,..l,: '• ( .. ~ 

-!- Table 3-15, Load Column -Ree~:ry :ond~t::n-~: ~ :0: -~e~onds~::~nti:ued) 
l • 

· :.:.~ 
~· .: t ,, 

·'·!'• 
,·:,;t.J .• 

. ; ... ::,'. 

. ·~ .. ,,,.. 
~~~ --J~. 

~ (i) @ N 'ID 
Mel\"'f\t.\X F1 x \I.\:> 'w'i 16\-\1' \T,t'°"~ U\."H\>ll"'"TI! 

© 
u \.. ,., """' 'l1l. 

\-to't)'l. No. 

-'R\J.f'. -
i\ 

't!\.,l\'''l'l"T -,,-- '°? VI-\RIP\\i!.\..t 

Mo. ("', \,:Oo) ('V\''l_l-l,too) \,.JV1~¼1" - -.--'--··- --~----~- -----~°' \! , ,-.vA, '- 'b • i., 4 ,2.oO ~ '-2.J 
'2.\o .~sz')°lS I ,.'-'et.. 

No~P.\... 
\.o ~ t:>\"' c:i 

-~ 4 @5 
\ .4e,c, 

. 'l? '2.\'!, .~S'l,.')~$ t \,~e,2, \ .~ei2. --
')~ ,,1.o .-z..1.'!>-s,4 ,.,o~ \. \0) 

··-
'l¼ 2.1...1..e,4<;0';) i 4,s,q1..o \,SB.D~"! 

-·· 
· 15 z .'S(.l,, 

11.., -5Y~2. 
,-··--· ·•~·· •..• ·11 -· 

2,~ 
~it 
't'tS 

'Z.'Z.8 
'2..~, 
·,:!;14 

.i..,00i~1 I 
\.?'2,.\0J\\··· I 
\, 2l\~\6 

\ \ 'Z..O"'I"/ 
<. :St,,t.,. 

!$,\~?., 

s~,~t 
4,4')<f 

')") 

"I~ . 
. ~C) 

eo 
e, 
ei, 
e; 
61.\ 
6~ 
e,t,. 
e,'l 

.. 

. - ·--· ---~ . 
ea -· .. ···-· -~-···--·· 
lei~ 
0/0 

°'' ,i 
~~ 

\\~ 
q~ 

civ -· ·"-· ··-. 
II\") 
c,e 
Cjl') 

i:~~ 
?,,l\O 

14".> 
1.1.\lo 
"2.~C, 

"l..St 
2.'S'E. 

Z..~6 
'L.f..e\ 
"l.,f},I 

t!Ji~ 

l -,o 
t ~'\ 
1. .,~ 

7."I, 
160 
'U\ 
t.Ma ·---· ... 
2.eic, 
'VH. 

\, t,l.t.'S \"4 
\, o l.\.Sb"l 

\,0 l.\.~O'l 
, , oY..-So, 
\ ,ol.t.S\o 

\. ol,l, 1.\0~ 

\. ot..lo-Sol.\ 
\,ol.\.~¼\ 
\, ul.l. -&'Z.l. 

\, ol.l.& $.'!-.' 
\ ,OL,l,~'t,C, 

, ")'54o¼? 
,''l'~\'?~"J 

.">lf'.l1ie4t 
.'i$~~t\\ 
I ~"l'lt'l\ 

() 

• "I oC\,ioo 
.,~tlo'l:ilei 
, 'Set.') l\ I.\ 
4,1..\\2'5$~ 

, '50\ ll.S 

!t 

I.\.\.\')~ 
~. \\,,') 
i. \\.,,') 
;) .,t.l .. 

;>.\l..l.. 
,.-se~ 

0 

i. -~1~ 
z..1;e~ 
?...lit,_\.\ 

'18.'$~".) 

c.'-ll\1 

~.\'b"Z. 
1.\,1.\')C, 

; 

r----

.. . ·--
\.\, \.\')9 --
'"';,, \ L.'} 

. ·---~: 
'b, \VJ 

····--
'!>. \l..L. --
~!)' \L. la --

~ \O,'Z.,'5~ - 8,L. "10 
~ 'S2.t. .lc9'5 -~·''"'-~{0_ 

'-'~'I°) 
z., '-I eic;----
z.. '-I l..'-1 

;_ ··,"1°>.t.o~ 
.. ·-·--

-\l...\,o1l. 
-·· ·-· -·-- --
'2.. 4'-1\ 

"'~"> : ,) "'c. -.. ... ~,.:. ... e.\,-...... \ °11\1,)_\.,,r ~'itt ... -rl)l\~') ¼ ~ 't"IQ~ 6 ._;"'~~d.Y' 
~~~'I(. '("()...., "nuw.\,.,. ~\i,,,,..,,... ""' -\r~\o\<lt \- 4. 

i.) r.,...,.., '"e .. <V11r ;,.,, ~1.. 'r""f"'"" ~~""!:I '1\...-..-\ "1"-~~ <-~~ 'cc. - ~i1..1..qs )10?...w~ z -'S.n~l 

w\e.n. \ti't/ll.\°!) •"'~. ,~ ~ c.~o..4"'-"-4. e...>-s 't-111c\... ~?>. 

C-77 

' I ·"' I . t 
l:1E 

~?{!1~~"~"'71'!,!-ff::'\r;'/"if~"?!i'.'~~0'!11'.'l,'~~~~'.".f!.i?1~;/'i',9'.)'$i'i",!7,i"'J1):;i,:~,y:;r::~t~,-?\?)~~~f~t~~!~f',~~~·;'~)'fois'if?!~"r:"1~;~~~~7c: 
T~~xV:,i,;;-.. -~--·· .,,,.. . .,...,~ '~r•· ...,...--~~--• --•--------------



•-·---··- __ , ~-~• ---··-··-~-~ •. •~-~. ,---......,••-'-~•~ ~.,.-_,~,,_,,_._._..•~~-~c:----,,~,.,,.-,~-"'-"~'.-,u,:...-T..,..,__,.a..\..,S.',..'t.11..~...U.:!.C~ .~~:,,1i~:,'J.u..-~t._;:;:_;,hl:.~J,i,i¼/~·g • .u,_~'itl~~ 

;'.: l1· ;/.J··,.,"j;:'.·\ '.:+ -------·-·•·· .. --.-·· ... ·. . . -~r 
~ ... ; .. ;,, ; :. . . ..___,,._1 '·.;·.,. j __ ,...., 

---·~··-· ·-----· ··•-·-····- -··· 

,- l 
; ·' 1 ··. ., 

Table 3-16. Load Column - Landing C0ndition l ·· · ,;t> · · .;; 
I , •', 

·~f1f}
1

'x;:; '. 
~8iI1.·--: I·'· 

r . 
' t 

.'Ultimate load factor= (1.400) (3.000) = 4.200.(refer to table 3-1)1 

·.~tti 
.,·, ..•... 

. ~ .. · 

~~l.✓, ~
-~~ 

'~.V 

I i 
•~jtf! 
~~~ 

I t'-"·,, .. 'x I ~I'-~ 
'f\7-'IE'O '--1'1,\C-.~T '\TV"'~ 

. "'O\:J11 'No, 
l-1\A i 'l. \ )I, 

~\.12.~\t't\1 

'°'o· 
"? 

s 
U\.."r\~,._-,VL 

\/P..'!l\A~\.I 
'wtt\C.Vi'\" 

·c; 

U\.'\'\"'r:,.'T'i. 
l-\ot,P,,\. 

\.01''0\N& 
T-' • 

'(V\11\,()) 

t . ,~i I lt\l)"l'i, h) ,~\bl..~ b-t; 
('V:\ ... l.\.;'Z.00) 

l\ ~~ )(.--,,, __ <]..-:r+--::-: :-::-:-11--~----~-~:~J 
\ \ ,1,\~'S")°S 
'l .. 't).. ,1,~4\?".>' 

__ .. -- . -·-•--" ..... - .. .. 
~ ls ,Ml.?.'11 

: - '-1. , .. ·- • ~~¼'l'')\ 

. G . \t . . ~o24\C) 
fA \ Si . • ,~oe\e, 

.. •··· ;·-•-.. -. ·-· .. \f!,- ······ ......... ;,eot4Zo 
,· .~ ... 8 .... _. - .. t\·--· . .~S¼"ln 
.. ·-·~- .... ·-·· ·- ?.~ _.... ."Ml.c.'1$ 

-~~,. f~:_ H ·.::;::: 
\\ 

·, t 
\~ 

\I.\ 
\S 

'be 
. b"; 

\I.B 
-,., t~i:, 

-·---·· - t.. '4t 

.lt':>t'bOC, 
·,c,a'H'l6 
,.l4~~-:,e\ 
Ui'H \~l,. 

\,l.\rl'lS'li 

\l. 4'!!!. I , q,.>'~i.r.,, 
. ···-. ·--·•· ... ·-· -· . ·-· --•···· 

,, I.\~ 
-..... -.. ... , - ·-· 

,~ ...... ____ ·--- -'bL 
\0) $½ 

.... ·•·· ..... ··- ........ -- -· - - -· . 

,l.'bt.'\o~ 
\. ~ \\ (l f,'~i\ ... , .... 
.''l\l.O \t 

i.o • ,., I ?.,t\')tl"'J 0 
·•· .. i\ · :· ·-- ·· ·. ~o- · . ~l\ei~~e 

.. . '.'-~ ... -- .. •""•.:.._ ~-~·-·--· J~_Ol.~~\(} 
t".& ~b \ .oeot.t.o 

-··- ... ----- -·-· ·-·----- ·--· . -· -- . 

"l.4 (,,' \. \-SS \fat 
··•···-·•··---" ----··------·--•·· .... -· , .... 

t~ , 'lt \ .i~ii24 \ 

;~ .. -.. • -- ~---· -- \,\'2,Q~~~ 'l., 'lt, \,?. ".i,t-5 ll. 

_ --· U) ..... ____ b\ ___ ... \,\\\O~'H i, &I.\ ,. ,eet.iot.. 
·--·-••0<• ··-·--- ··-· ... ·14 •··· ... 

\o M 
b\ qo .. 

. ,,., __ .. -------· ------- ·---,-
'b't ~":J -·· ... ·-··i·- ·--·· ... . .. - ... 

·-•-- _: . .'. • ...... ·-··••'Itta._.,_, __ 
. ~ . . ,~ ... -, ....... _. . -·-- -··-· ,a ....... .. 

. -·. ·----·- --·-· ..... -•-.,. ..... _ 
~\\ ~, ... -..... ~~==i=---~~t~ . . 

'lm- 1.li..zl.-m"~~~ 

.:-i-

, 6l.,t))Ol\ 

• L. ~,2.?c 
, ti,Ot\.,~I., . 

4-.-.~1.;1.,,,at 
..... ·--·--·-· 
0 

?.~~"\!JOO 
'Q~~~IH:i 
• \ti~i:,'!';lr. ,. 
. i,t~·)~ 

, eoii 
\ ,\.\et~ 

\.wlt.4 
'Z...'~~o 

~.'b">O 
'"'-0~1"1 
~.~")o 
c..'~'!)O 

\ -~~'4 
2.."l\C) 

0 

\ .'!>o?. 
"c..1,~L, 

::, ,')91.\ ... ; .. •'-·· 

(,., till,. 

1.es~ 
- ~--io-~ .... 

;) • ')C,4 

a..t..$1.. 
')~,oi 
b.oo1 
\. 7..\.\8 
2..,"l?..4 

"tlot .~.,, 

- '2.''! . 'l..\O 

- ?.,');Z,\O 

- "II. ,CJL, t 

___ ,., ______ ··•·• ,_; .••. 4,,_., 

"lt,M~ 
·u;:~b~ 
•"~j1~·2.·•--

'S.~'Sl. 
~.-5i4e 
S.\\..17) 

··- ..... ---- - . 
l.\ ,"l(;n 
4,l.'5S 
~.l.$\ 
Z,t.ei,s .. ·-i-.t~,------ ..... -·-· ..... 

, C) • oc:ii~· ·,eii ·"u;ey · · -
......... -·------·-- . --~.e'.-\~ - .. 

0 0 
G) ,"l4i·::'· . \l.lr\·,4i;,,s 
• ?.U. 
• 1.~ti 

~°>Z 

C-78 

• e><l? 
'bo"),et.L. 
·-· -- -··•····--

\.l.,l,.4 
-
t,'1:>':lio 

. ---·---·----
1, .'MO 

.. ··-···• .. ·-··---·· 
4.u'I">. 

f!t0
-:~ 

- '2,l\ I v.tt\ 
- 2./L ?.\C 
_')s.i.r..o 
7..,1,,,S\.o 
"\).')~\.\ 

l.., z.ot. 
'1.e!S~ . r~r 1 
~.,oa 
~.00"1 

'. i~'t', 
'Z.~'1,\\ 
l.\.'~o".) 

\.\.'S~C) 

~-8~2. 
-'5. ~s~ ··--·· 
s.~1.ie 

.. {.,~f·-· 
4 /l '}\ 
... -----·-
4.L,,$S 
"'b.'5$\ 
'a.,t..6$ ·- ·f."-s~,· 

. .. ·-·· 
\'t'S,b88 

0 
. -------··. -·----·--\ -s, ,I.\ 0~ 

..• Z.?.(,, 

.4~, 

. ecn. 1~ 
i:t 

. . . .. _.,, . . ' ·y :·· 
:r.:.:::.:t.:E:.:-:r;;;:T.¢~~~m:.~r~~~~7 ~,"7:~·;!i:':?:J-'t-'t';_l?;';---:!::=:nZl:7,,,.~.rs,T-:';".:•1.".',r:?"l':t!;'.,.1--,.?'~"-:~·"'r::•;~~~~.,,,.~,-":!s~~IJ' ..... ~,,,.....,:•""~1,..,,.,; ... ~!~J"''"'-l"-"',...,,"'~"'"";."',=]"''!>~•;,r,,.,...,_.,.,..=.,,.F<~>'i•-"'f"~.,m,,,1}V1••.-;"~·~~,31...-a:.or.~,M!!.l'.;1"'..1.. ... ·JliO••:'-'ll•.-,,,.,..,,...::-,.,.-m..,,,..,,,,rs.....,,.,~,.-•,Y•,,...,.,..,.,,,,,,'>M"'""'"---..·~.,..,, "''-



i/
 -~~

· .. 
· . 

.-_
, 

... 
:..

,..
.,.

_ 

-
; 

i 
\ 

f 
! 

! 
! 

! 
; 

I 
\ 

: 
; 

; 
! 

I 
I 

I 
' 

.c
'.

~
 

' 
o

,·
t1

,'
f/

'I
 
"':

 
,J

t 
~

: 
«J

; 
&

 
.&

": 
J:

 !.&
 :.G

 
$

: 
$

"
,.

 
C

 
$ 

.;
 

"!
 f,/1>

 !
 .&

 
✓
 

,., 
-

'l:l
• 
,.

o
. G

>
i-

'.
 C

-.
ti&

 .
&

 
~

-
r
' 

-~
. 

0 
(
p

 
I 
~
 

' 
I 

i 
; 

! 

' ~
 .... 

i 
i 

; 
; 

I 
.• 

\ 
I 

l 
! 

! 
; 

I 
: 

. 
' 

l 
I 

' 
' 

; 
: 

-· 
-,., 

--
' -

:r'
-;-

~·
 -

.,,.
 
- -

--
- -

~
 

;;.
 ,

Ji
 

(J
, 

cf
t 

f/1
 

(f
l 

ci
' 
~
 
.,. 
~
 t"

 
€

""
 

r"
• 

i'
ll

 
v 
~
 
-

,.., 
J
l
 
~

·
(
/
,
 

..z
: 

v>
 

0 
: ...

 ..;,
; .

s:-
: -

· 
0

,.
(1

>
 

r,
) 

C
 

' 
i 

r 
=-

-
-~

 
. 

.,,.
 

,
~

 ~
 0 

I 

I 
;
:
 

$ 
J:

 
J:

 v
 
- -

-
¢J

r 
•
•
 

. 

-r 
iJr

 u
" 

o 
(f

r 
"cft

 
0 

O
>

.,
;;

.J
;'

@
 

(/
Jt

'-
7

 
a

, 
v
~

 v
> 

r 
if•

 ,
.J

 d
• 

9 
-
o

 .
.!J

 
u,

 
0 

r
J
 

·r-
3 

C
" 

I 
cl 

ti
' 

C
 

-,
 . 

~
 

C
 

0 

~
· 

. f
ft

' 

rf
t 

·v
':

 
'I

"
 

' ' 

-
• 

0 
ch

 
a

, 
0 

_,
 

-~
 

'1'
 

fr
 -

a
, _,.
 

-
J:

 
J:

 
J:

 
v 
-..-

. 
J
: 

0 
c;

-
c-

"' ~
 i::,

 
if

, 
r 

"' C
"' 

r 
V

 
a

, 
0 

-C
 

$ 
(/

r 
-0 

..S
,· 

-9
 

.. 
::t

 
0 ~ 

·71
 

~
-

;:a
 :e 

$
, 

0 . 

t"
' 

0 Sl>
 

0.
. 

C
')

 
0 .....

 
i::

 s t"
' 

Sl>
 ::s 0.
. 

I-
'•

 
::s ()
ti

 n 0 ::s 0.
. 

.....
. 

n-
· 

.....
. 

0 ::s -0 0 ::s rr
 

I-
'•

 
::s i::

 
(D

 
0.

. 
.._

,, 

I 



0 0
0

 
0 

@
:, 

.... 
~. -

~ 
. 

~
.e

,1
1

,,
.;

 
.J

r 
~
 .:

!-
0 

;
J
 
.c

: 
r"

 
I"

 
r 

,J
I 

•
' 

(:
c,

 

(\
I 
~
 

r"
 "' 

,..,,
 

v, 
4'1

1 
J:

 
s:

: 
,:;

: :
 

11
, 
~
 

..
fJ

 
f
, 

u
l·

 J"
'f

'J
 

....,
 ~

: 
•"' 

I"
 

t-
' 

"' 
rJ

 
.c

 d
' 
~
~
 

I"
' 
~
 
"' 

... 
.,. 

C
 
.
J
C

:
-

C
Jl

. 
Va

 
,-

> 
&

 

' 

--
-:-

rJ
 

~
 
~
 

Ii
 
• 

rl
 

l'
J 
~
 

... 
r 

-
0 

r 
v
' 

.9
 

.s>
 

.£
) 

0 
,J

i 
..,.

 
-(.1

1 
,I

:'
 

O>
 
-

-.s
> 

., 
_., 

.r:
 

0 v
i 

~·
--~

--·
· 

:,:.
 

~
 ,.. 
1 

f'J
 

(,
J 
a 

.:t
 \I

S 
;p

 
., 

.., 
0 

:
;
 .

if
 

l'f
 

v
,o

 
IQ

 ! 
... 

~ 

v
,)

 

I I-
' °' 

~ 
l l ,-.

 -n
 

er
 

,-
$ 

I/•
 

"
' 

,a
 
-d

 )(
 

~
 r

J 
f'>l

 
.J

 
1

-
,9

 
..P

 
(1

1
-Q

 
C

 
(/

1 
1/

l 
•
!
~

 
(.

 
0 

,a
 

t"
' 

0 ll>
 

0
. 

0 0 I-
' § ::i
 

I:"
' 

!!
I ::,
 

! 

0
,.

 
,. 

I-
'-

i 
::i

 
i 

O
Q

 
I .! 

<.
 C

 

@I
 

( 
,. 

!:l 
c1

1 
e 

-
~
 

3l
' 

:;
 

,::
 ~
 ~
 

...
, 
r
' 

,a
 

j;
I 

n 
I 

0 
! 

::i
 

0
. 

I-
'-

r
t 

I-
'-

0 ::,
 -0 0 

' 
::,

 

b 
~
 C

 
,, 

d 
~
 

cJ
 

-
·e-

-
-

:,
 '

$ 
-:r.

 r
' 

7
: 

~
 

~
 

r
t 

I-
'-

':
:i

 
c:: t'!

) 0
. -

. --
-~;·

_i\:
, . 

· ...
 

'~
1,

-_
; 



~rs~~ ~.-f;~~JI 
~11t

1 

••-••• •••--c , ~••d~~J~...-•• -'••-••--•:•;. • \.~l-'-,.,.••'-'"•"•-' .2...,_,.-,~,_,_-•~'l..'..:,-..l.l.a">C<\".'U'J.fn!;,;,J..i~,.!..l;.;,;_•,i:,.",,.:.;.,i,.-;,.:..;._--.:i,_.u_;_,,'.t'~\.'l~L.:;C£;'t:J.::":J,;;t*'~J~~<;.~~ 

-~-!----
• 

Table 3~17. Summary of Deflections and Force: on Segments r--------

Liftoff Con~ition (T • 0 Seconda) · 
PA/it I 

1--:-------- -------. -·-----------------
NODAL 0 EFL EC TIO N 

.. ·L-------'-0-1.-U-MN- ----'-----'------_J,'..1).$1..(-"~-- ------ ------· 

_ _J__ 
0111 • 2,26Ql&S7•0Q f(ll • 7ow2~.1-.l~ 
0(2) • 0,0000000 f(2) • 1•17'i8336+QJ 

-D1 . .l l - •- .'. . -l- e.-'lS-l-0.8,2.!i! m0+-------"'.1.J..) --~-- "'-l--"'+-15201- l + O l 
D('ll • 1,6986222+00 F('I) • •7•i3'1'il37+02 

---0 l!id _.... -7 ,7-0 '13-7 lS .. O'l- · ------- -- --f-( •+ -.,_ ---•·I·• I J2 ~2 9 o •O l 
0(6) • 3.6B081Ql•02 f(6) • •2•71618Q8+QJ 

-----·----------------------------------,---SE.GMENT 2 DCII,. 1,6986222+00 FIi) • 9o3'i235'!3•02 
-O..l2.-) ... IL - .. 1 .•. 7-0!l-.l.1-l-Sm.O-'i -----------·----f-t 2-1- JL ·---l • !- 3 2J.&-82 + OJ 

0(3) m 3,68OBIQ!•02 f(J) • 2o716l869+QJ 
... 0.1 "I-+- __ ,.__ ___ 1-.~-.Ml-S74:>•Oo----------F--<-.1q _ __.,_ ... a 0-7724'&i; 7 ·•o 2 

0(5) m lo338'161l•Ol F(SJ s •1o0"l8917~+U3 
- - --Q-4-1--_..__--1-~--'1-9-= o ~ F i 6 I • ...+.-~~-l 

SE.GHENT J . 0 l.1--1- i - 1-.-S.!1~7-6"'-0-0----------fi'.--t-1-+-·m-.------8-• 719 2 B 7 9 '-0 2 
0<21 " 1,33a'l6tl•DI F<21 " 1.o'ia9131+03 

-O-l..l-l--.&---~-9-7-0-l--t.-7-9-... 0-J- - F < 3-)---R -- l--<>+~1rn0-oa•o.1 
D(~I = 1.520~8'17+00 f('I) m -8,Q'l35677*02 

-·-·- .. ---~...,__ 1 • 2i & 0 '1 I e-0 • 0 I F"I §. l ,. ,. lh 7' Ii 3 6 ~ --· -
016) ~ •'l,f77l107•03 f(6) ~ -l,0322378•0! 

SEGMENT 'I 0(t)"' 1,52068'17+00 F<l) = B,oS29l90+02 
· --0 ( 21-- .,_ __ -l--,-2-~-G-9--i--eB--0+----·-----F+2+---"'- ------a-~ r '- 6-"! 0 lf I + O 2 

Q(J) ~ -'1.9771107-03 f(3J m loo32'118D•01 
·· · ---------...o...t..iW- ., 1-.-5..5,~ 9 9 2 -ta tHl. F I ~ ) " ....J~~~±G-3-

v ( S l a 5,7'11027'1~02 f(S) s •7•J28S8z3+oz 
·--..... D { 6) r:- · -~2.,:lZS-7-2·2-03-·---- ·----·--·-~f'-+&t--,...-·-·-+.,_77.1;.31.,-51-!-G2 

SEGt,H.'.NT · _5._ _.l).(.+) __ ,.. __ _.-.--s.s~s9.9.z-,i,..o.g___ F 11 I ,lil[ ____ -7-,.zs1-0-19 l*0-2 
0(21 ~ Se7'il027'l~02 f(Z) 0 7•J2B613S+o2 

... ·------ ---.i)_(_J._j... " .. z • 33.2Ji7-2,PO) f ( 3-). " ·•I• 77535<;!8....Q.2_ 
D('II = 1,5360376+00 f('I) a •6,2892091•02 

- ·- ...0.-!~'i-l----"'-- -----l-~b.5--'i.B-a.S.,,. 0 2 f-1-5-)-ll'~-6_.-;1.A.ll!I0-71- 0 2 
0(61 ~ !a38608tS•03 F(6) n -S,o6682o'l•oo 

SEGMENT 6 DIii = 1.5380376+00 Fill m 6oJl898Zl•02 
···--------·-----..lll.:l~-..1.+.U,..~Q 2 F I 2 I " ~~_µµ._±.u1.----

D CJ l = lol8B0B15•03 Fill 8 s,o677S69•oo 
-0+~-l----"'-------!-.-fi.-9J,l.!i?-O-¼ !-+-0-0--------·-F+-'4-"'---S-..S-1-fs..J-9-s ~:i- 0 l 
0(5) = 3,9899951•02 f(S) m -5•5906682+02 

· - --·---~-----h-Ob-¾2-8-7-'+-- 0 l F ( 6 l • • 7 • l-144-S-J-2-S-+o-o 

__ -5.LG.!i.£/il ______ _j__ ___ D.LI l aa I • Ii 9 Ii 9 0 & I+ 0 0 f ( 1 I .. --5 • Ii 7 S? S QS * 0 2 

0(2) c J.9899951-02 Fl2) 8 5,5906579+02 
-O-!-J-1---=----l--c,-06J.-2S-7~.,,,_0------F-hl-l----'1L-7-•--3-'-15 'HH, I¾,., O 0 
D<'-ll • 1.q6976oo+oo f<q1 • -s.177'1967•02 
-O-I-S-l-----4,,-JS--'l-+-6-l5-02 F ( 5 I •-----s-~-+-8-9-0-!4904<02-
D ( 6 I u 1,11106~2-03 f(6l s t,179q358+01 

C--81 

~;:-~~~~~s;-i:-.~~•"','·~-~/.,;::--.(.".',;~1_~~"K_~'.?.:;:;::3_::c;::~;•.'.E7~_1'~~/;:;;.7-:-,;-:;'?'."~';'~~:',;."1;:~:V-r"\Q?!..•,::;R°.~,~i-',)'.'"5l'>r,:l''t\,."'•Y,;;:,:_:1:-.;-J.'.-,'l':J.::~.'.".'Jzi':,_7;'.'::"\ -,,;·,:•.<.u .. 'U,.•~D~/~t.,;:i ;Jt,,,~~•:r-.•i' ~.,..,,-,,,,i,;,.,.-~,N- _.,,.._,_.,,,.,..,~ . ..,.~,,.,. .. ,,. .. ,_._,,,_,..,. .w.·•--•-~ -·•·•·• ~ __ , 



-- - ----. - -·-··-- - -·-··--···- -···-··-- -m•••-• ~.". -~ -:"'~:·~·'""' • ,..,_-~--,~~"'~""""'-"~.t"-•=~~-.... ~1'-'u..:.>,S(~L"\~.dtl.-.. l.L~~~\\ .. L:;r.f.l!XU!..S:..~~~-;;ii¥,i~~~ 

◊-------. 

. ·-· ··-·-·•. 
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Table 3-17, Summary of Deflections and Forces on Segments (continued) 
Liftoff Condition (T = 0 Seconds) 
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t!/~l:J---···-- Table 3-17, Summary of Deflections and Foi·ces on Segment& (continued). 
Liftoff'"'Condition (T = 0 Seconds) 
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Table 3-17, Summary of Deflections and Forces on Segments (continued)' 
Liftoff Condition·(T = 0 Seconds) 
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O(J) m -J.5699537~ □ 2 f(J) B 2oQ927778+Q2 

•-0 .i4.).._.._._...i-.-z-7_l--2-2'? ¼4'-9-0-----·----F--Wi-+-...__---1-••5-·l-~ 8-4':. S + O 2 
0(51 ~ i,5952707-02 fl5) = •l•J'l-.3279+01 

.... ---0-{..6+-"'-~~ 7~s---0..2 F ( • l__..__·+<>-'t-S-9.£1-0b~'6-.Q 2 

SE G li£N L.. -..l-5-.. 0<1> .. _2.21122~00 F111 = .. .2..o..;,p2aas+o.2.- .... ···-·-·--·· 
0121 = 1.s,s2101-02 ,c21 = 2.3q'f3699+01· 

... 0--(-3-~- .. --:l.90-'t-1.2-7-!:tfl m Q 2 F I 3 ) ..L_......i.,--1+-5-'i-'¾ 07 7. * 0 2 
Of'tl ~ 2,2952130+00 f(~) n 7o517988S•o2 

.. _,-1)..(..5..) ... ..m..~14-0i;.l{ {2-0-2--2->--0¾------ ~-n-}-·--"'----'I,. 9-2 0 1 J.3 II- *-0 0 

0161 = 1,~709253-02 f(6) c •'fo8820721j.+01 

------------·----· -- -· 

--------------------------------------·-
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Table 3-17. Summary of Deflections and Forces on Segments (continued) 
Liftoff Condition (T = 0 Seconds) 

51::GMENT 

5tGMENT 

DEFLECTlON 
·-- COLUMN 

NODAL 
F-ORct::5 

-,-------~A~ ·. 7 

'I 3.. ---- -0-.t I I • 2 o 5 0 I fl J I a+ 0 0 -f"-.W~ ....a....o,522SJS+o2 
•2•8192620+01 

'l'I 

D121 • •S,292'1258•02 fl2l ~ 
.. 013) .. "'loS3'12'126"'0!1 f(.U a 
D('I) a 20586160'1+00 F('I) a 

,OIS) a -6.b86~570-02 F(5J • 
D161 s ~l.'1783JQ8•0S f(6) a 

• I • I./ S 'I 3 7 66 + O 1 
n.uS27:i35+u2 

.. J,5'161522+01 
-S,96S6CJS7+uo 

DI 1 i "' 2e586l60'l-1-00 f( I l ,. ~8o035'IOS6+Q2 
. 0. !.,Z.) ... m. ... S...,480.SE,.7.l) "'-0~ ----.. -- --- -f.{ .z+.-.IL ... .....,},. 'ilSi-~ S.3 7 -tu 1 
0131 ~ -l,'17aJJQ6•0S Fill • So96S71J7-toO 

· O.~ lff · ., - - 2" 6-0 H•tl"12•0 O ··- · ·-·--·-.. - -· -F-4 'H ··"' · - fh o 35'io 0 6 • o 2 
D(S) a •60!!68953-02 f(S) a •"1•95'16196+01 

-- .. ,--0-+-b-+-., ·9,7'il,Hi237-es FU,! .a 1•39018-<t-9•00 

SEGMENT '15 . 0 tt--l .. a .. - -2,.oS-U,a .. 7"2•00------ -----F-C-H-"'---~• ol 7 OSQO•o 2 
0121 x ~6.ll6a953.02 FC2> • .'i.a1asaso+o1 

.. .p.c,3 .. )-. .J>: _____ 9_,._:,.~s2 .. 3-1•-0-------F-'-.l+-&--•---.i-. J 901 1-00 • o o 
DI'!) s 2.7777'i69+00 f('i) m B•ol70SOO•o2 

.. -.--~~0,20& .. 02 r<!i1 .... s.~~-l ·--· 
0(6), G •'iol7'i8967-0S f(6) G l•70155'i2•oo 

Sf.GHENT '-16 DIii i= 207777'1 0 9+00 F(l)" ,.7.9985571+02 
-.,, -~·(. 2.) · -=·· --1>..,.S.r,..0-2-20~--o.z_ ____ -------•-f'.-t-2.+-"----.5-.-9 7 J 'IS 3 2 + O I 

O(J) = •'-lell'iB967•05 f(J) ~ •1•701'1955+00 
.. ___ Jil.!¾..)____;;_---2.., 8 7 S 9 ,H 'I+ □ 0 F ~ · 7 • 9 9 B !> !.ii 7 I ,1:,g.2-.. 

DIS) • ~7,07J39S6•02 F(S) • ~700629260•01 
· --tl-l{o-}--"'-- ·•-·h-¼-46-1{.5&,S·~O"l---------+-C-6+--"'---S+;,S.9 iH!'i J ,i. O 0 

SEGMENT '17 --O-t-1-i-=------ 2,.-8.7-f.Hl-3~-1+•00--·------,.·--<--H-"---+-t-9-7-9.9 799.• O 2 
0(7) ~ w7.Q7JJ9§6~02 f(2) B •6e98'i6775+Q! 

·-·-·---·-·-~--"-l,-,.~li 6 §I, u O 'i F 4+-11 5 • a 5-94-413-~--· - - -
D{'I) u 2o97'17'!96+00 F('i) a 709799799+02 

--0+&+-..,.____, __ 7_•-.lf.2o..lS<,"t-02----·-------f-(.S-l--'"-·----•7-•GSi> 106 7 • 0 I 
016) n S,3208Jt3-05 f(6) n lo'!77J036•ol 

SEGMENT '48 DC 11 ,. 2,97'l7'196+00 F( 11 • .7o96363S0+02 
... ---·-·----DI 2 l x • 7, II 2 o J a&4 .. Q2 F ( 2 l "-"'¼• 6lio097 3+"'-0-1-

DI 3 I = S,32QB31J-05 f(3) s mlo'l772932•01 
·---0-iJW-""-· -~-O.!f~.2,5 S-+-00-- ---------f..C.J.l-}-1t.. __ -7-._9,1,.,u.3& 0 + o.z · 

DIS) m •B,0760!'i2-02 FIS) u •6•'!076919+0I 
.. --0-l-o-!-- "'----14-,,-0-64-14-lS-9 *04--------,..-.(..b-t,--&-~-!H 8 711-9·8 'i 9 + O l 

SLGMENT 'l'l___ DI 11 ;;; 3,0'!5'ct.21ii5+00 F-'-W '". ,.7,9'-19518.0.±-0-2 
D(2l ~ -a. □1601'12-02 f(2) • -6.o'l6296l+OI 

.. .t}(-J.J- ..... JL. ..... ~ • .Q.b.ii-'i-2-S•9•0'i-·--- ·--·-----.-F-1~-l·----s•-8·7S{)-O I o+o I 
Dl'II m lo115709'l+OO fl'll • 7•9'l95!80+02 

-- ._,o..(,i;.).--"'- _,.J-.-Q2--l-2-6-8-7.,-0 . ~.JS__-t:..,._'i-,-1.33~ 2 •o I 
0(6) x 1,1S08i96•03 F(61 a 2•o77'l3'19+Q2 

--------·-------------------·-~------.. ------ . -· 
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Table 3-17, Summary of Deflections and Forces on Segments (continued) 1 
Liftoff Condition (T = 0 Seconde) I PAGI: e 

OEFLECT10N NODAL 
·------ , COL.VMN FO.R~ -----------·-----···- ·- -· -

SEGMENT so 0 c 1 > ■ l. 1 1 s 7.:s-9-1+-..00 F , & 1 • -7-.9 :un:elii .... •""Ghlll2,------------
o < 2 > • -1;0212&a7•D2 ,c21 • •S+JllJ&60•01 

.. __ ·- ----· ..IilJ.J------++-1...s.o-a_µ._,..g.J f' I »---~~;a •e-a -
01~> • 3.1s1aaz••DO F<•1 • 7693B11~s+oz 

~.____,a_;__~-&--2-I-S.b-'1-32-.... 0-2----~--1F+S I m 14.i.Q.¾o-i' 20+0-0 
016) m ••oZ0070SD•O• Fl') a -~tS07&1oZ+02 

--:-.-~---- --------------------------------···----··---- ... ·-· 
SEGMENT SI 0(11 m J,!57Baz••OO f(i) • •7•~316~91+02 

-.-•·-0--(..Z.i-,a.__ ... s_.,..i..w;.Mq~ ... 0 2 -f.lZ-1~--Z.o...l-"-0'120 ! ,t.Q-l 

Dl3> 0 -•.2001oso~o• f(ll a ltso1~s11•02 
···· ·· - -D--l4+-.. --...a,.,,-H--9-6-'i-a--o4-0·0-------:.+-"l--}----...JS---1+.Y-.l H• ~'1'·-l t.-0-2 

01s1 • -1.02aoz79~oi F<S> G 3,6.93oos+ot 
-----··-----· --~~"-~+a-0 :ii F ( c I . ~!it &r"'*C!,JQ:,,t3--

. Sf. G ME.N f - s.2. ··- -··--....n..w.,..i--____;i_._u_9 6 '+ t16+00 · F-LW-1lL ___ ,,t •. .s,a..s.a202 0 .l 
0(21 a -1.021a279-0l f(2) m -S•8587768+QI 

. ··-···-·-··•--D-t--l+-"'--....a_h .• ~~I a O 3 F ( .J+~A..Q..S.U 7 t.S ~ 0.2 
DC•> • 3,180877~~00 F<•> a ~q.5851820•01 

------------.....u.0+~51 ■ uS,b985~28~0l f➔:s+---a $•61986tZ•00 
0(61 • 1,1536890-02 F(6) a ~~•!973.65•01 

... ----·---- ···-·-.......---- - . -- ···- ... 
SEGMENT 53 0(t) m 3.1eoa11••D0 F(l) 0 .,,225673~01 

·--·· ----··-··-··--···----·---·....0...( 2) m .m.S...,.6..-'fJl-~.,1.a.,,,..O.------i=--l.2.-).._L-»-84-b lSL~.l¼~.6.+-0D- -· ... 
D(3) • ! •• 536890•02 f(3) M ••1973.67~01 

----···---·---··· ---- "L'J..L..!;;__ .1. ! 7 e.J.$_l-5._tC .. O-----··••--·~·-··f-L'1_~ .... !'.' •....• n.':t.$_1,_zz.sAU .... .i-"-'o"-+-1------
D ( 5 l r. 2.6155259~03 FIS) • -~199qos2Bwo! 

- ·· ·-----····· ------____ ,..__UJ._.1a __ ..,.z...._9..5.5.14.4-2_-,,.Q~ F ( h...).--l" _ _µJ . .Z.hi>..'l.5f,U_fH-· ·----·-··--· ··--·-

·-·---. ...5..E..!it.1.E.Ji.T--.S-!L _____ -0-1-W-s;_ __ 3._....uz-!-9--1-5..i,.OIJ------+-l 11 ,. 11..a..4,..2..!l,1,!l.-lJJ-2-0-l.-•·-. 
0(2) m 2.,1ssz59RQ) f(Z) ~ ·•8978!o3•QI 

_____________ ,,, .... tJ ) "' e 7 •~+-6--2-'·0 l f I ;w._....g_---'"-!..A.7-2.h.h...'l.ii..btil+--------·-···· ·--·-
D ( q) m lo172S9!q+OO Fl~I 8 -~•69~69!0•01 

-·-·-·----- ·-------·-------O-Wi-l--"--·-1--<>--'Ul.S.-!-4-b4-"' Q l F I S-)-.JL___..:,)'-4-'}',l-2rl.)4-6-2-.,...Q.,2-----·--- - - --· 
0161 w 3.029S6t7~Q3 Fl6) • wleo689!6l*01 

--··-·-·-··--· 
SEGMENT ss D(ll • 3,172891••00 f(ll m ~.7666~q••o1 

0121,. J.9BSl'i66-D3 fl2)"' Z•SJlS'BQJaoz -----·-·-··· 
0(3) = 3• □ 295617•03 F(J) • !00689161•01 

------------- 0 (it) "'··--. -l..o..!.-b-!U.7-•1·~•00 f...t '1 I • --"'ll.-~-1--6-64-'!-4-'u-O-l-- ---
D ( S l ~ 2,6523902•03 FISI g l•JS2J973•Ql 

··----------- D ! & ) •~~iw..Z-S-6-"'0.•~------;IL-t,, I .. 6 • 06.S.9!;..t,j.2.,._IUI----···-··--

SEGMENT -5..6. D...LLl. ;,: 3 •. ~l-l...µ,-00 F 11; • ~..o.~,.___-----······· --··. 
0121 a 2o6SZ3902-DJ f(ZJ w •l•J•Bt989•Ql 

-----------~......._.~---l ... .2..6..6...32-&6"'.0,..._ ____ ___,u.3..~_.....Jw.-0-6£ll11.0.+-0.0--·-----··· 
D(q) a 3.168'¾199+QO F('!) ~ .q•80J0&66•01 
O-{..S..).:___,.____..5-.-1x_a~.21,-a-1.t .... o,.,)-------f-J.54 __ Jl!_ _____ -1-4~ u.a..;i;.J.-,tcQ O.---···----
D < 6 l ~ 1,i9537•B•Ol f(6) a 2o.Bll7•S•oo 

·-·- ·-·-·-----------------------------------·---------------

-----------------------------------·--··--· 
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Table 3-17. Summaty of Deflections and Forces on Segments (continued) 
Liftoff Condition (T = 0 Seconds) 

DffL£C TI ON 
COl.lJMN 

NODAL 
f0RCES 

SlGMEN.L_ .S.:L .... _ 0 I I I • I• 7BSl,lfil6:.l•OIJ FI 11 • •2 • !i>'i06 l-2-2•u.J 
0(2) • -'l,0'128195•01 Fl2) • -l1'18Si06'l•uL 
0(J). 11 lo72Jl9.'!o•QJ. .. --f.(J). JP •1•0596906•0:i 
D('ll • l,8DJB397+QO F('I) a 2iS'ID6122+03 
D ( S} "'· - -•J--. If'! 1 li>o9 .i!-·O·l· ----- ---- --- --- f'~ i-J-·•· 9, SS 9 o.i,i 9 • 0 l 
D!6J • '1,993'1!95•03 f(6) • '1,85670,6+(.Jl 

SEGMENT 58 D(II a lo8038397+00 F(!)" -2•539'1'18'1+0:l 
0-12-1 .... ilt ___ ..,.J ... 'i'W.51.-92-"'-0-i--.--------- ----.f-.1.,l.j--1il . ...!I.a 709'{91f6+u I 
0(3) s '1,993'1}95•03 f(J) a •'1•85878~, ♦ UJ 

· D ('f} "' --- ·· I oi.39-:.02-'t+OO---· ------ ·· :F-.(-'-f-t-- u.. · .?..,5J9'1'18'1"'UJ 
DIS) = ~2.J06'18tD-OI f(S) 8 2,a086S15•u1 

--· - ··-- • 0 ( 6 l m a .I H 97 2 O e O a · ~~~-~ 2-+ O 3 

SL GM ENT 5 9 . D ( l-J. -•-- .... --!.•..a.l-9..!i0-2fl .t-..OU---- -----· _f:.(.! >---.IL ..• 2 • !,.3 7 12 D 1 + U 3 
D121 • u2o306'18!0•D! f(2) "' -2•S0l58S8•ul 

... 0 .. .(..3.) .. • ---- .J .. ~~-lG---0--J------- -F-L.H--__.__- -l+z-9 i> 3 i 7 S • O 3 
0('1) z !o907SJoS+OD f('II n 2•5371201+03 

·· - -· - D ( Ii l • .. 1 , 8 8 6 7 3 9 ;z.... 0 I f I DI s • 'l..+!--1--~.3+ u I 
D16) = -lo2210iSS- □ 3 f(6) • •lo693Z6J7•u2 

SEGt1ENT 60 Oil) s !o90753QS+DO fill,. •2•S335J76+oJ 
--9--t-2+--"'------1 .-8-&6-7:3-<,-7---0-l------,-f-2--t-··-a.----2--.13 +09 Ji 7 + LJ I 
D(J) = -1.22101ss-0J f(J) & l•69328Ql•ul 

·· ··------ ----~---"'----k,..S-~H ..... 00----- ------,---!..." l "' 2 ...;;...J.J.!i,.J..7-6"" u J 
D(Sl = -2.7933'16 □ •01 ffS) ~ -9•J80D829+01 

--0-H,->-......, - - · - h l-&-"l-9-b-'l-'1-0-.3--------------F-(-o--)-·...,._ -- -l-+-8-6+ 7 6 9 6 + G 2 

5 £ GM £1',j T 61 - ---0-l-P- --=-- .. --1--.-99-8.!f3t-l""'-00-----------F-l++--...._--~~-•S-2-8!J9l+uJ 
DCz) ., -2,7933'!60•01 FIZ) "' •2•3'10'1626•02 

--- ·--0-l 3 l ., ., 1 .. ~~ ~ . F t J ) .. • I • 8 6-~0 + 0 2 
Dl'II = 2,0557SJ'l+OO f('I) s 2,S281J93+oJ 

.-1.)..(.S.J- .=. .. - =.J-,,.f!.8-9-!-59-9-01---------------f'4-li,-l_____.--,l-+J-O-J0!i.-J6* O 2 
D(b) m ~8.J695J69•0~ f(6) = mJ•i127'169+01 

SEGMENT 62 D(ll = 2.os57S1't•OD f(I)"' •2•52223t7•uJ 
0(2.I " ml~~I f(21 "' m3,J91ll+!~*02 
D131 = -8.3695169•0'1 F(J) u 311133~90+01 

-- ----0-t- 'H- -. .. '. -- 2 .,-1-0-H!-7-b-2+0--0- ------f'-t--!t.-,_.... __ --2-• .S 2-2-2-.l I 7 + o 3 
D151 • -'I.0931Jqo•D1 f(SI • •2•8132883+02 

· - --04~-#----1-•·'44-¼-~-.g J F -<-l>-t--JIL-.-.J-..5-7-e-JHH>-9 + O 2 

SLG1>1£N..L.-- 4.L----·-· 0 ( 1 l - 2 0 l4~-'IJ-IY!hl_.,...,_ ___ ~--1<-4--,1.-+---"'-~---HS·~OJ 
D(2) = _q.09313'1U- □ l fl2J ~ •2oo67S028+02 

· .. .0..l.,l..}..-<L. -· .,...J._._!/.~-l-'i60-0..,..0.3.-,---------~~--K----3~ & 7..7. i I 12 + 0 2 
01'1) ~ 2.!26l.Q69+00 f(q) = 2•Sl8'122S+oJ 

-.fl-(-S·>-----=11-c:/2-7...J.'t•h2-0-l----·------F+5-)-----l--~-lf-4-'IJ.&5+02 
D!6l ~ -J,J1as32e~o3 Fib> • -2•1J1sJ76+0J 

-··--·-----·-·· •------·. _,_ ---------- -----------
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Table 3-17, Sullllllllry of Deflections arid Forces on Segments (continued) 
Liftoff Condition (T = 0 Seconds) · 

. PAGE: I 0 

------·---·-·· -------,----------··---·--- -·· -· -·-··-·-· -·. ·-·-· .. 
DEFLECT 1 ON 
~ 

NODAL 
FORcf.'.S-. 

----~L 4~ D<i> a 2,12,~069•00 Fiil • •3•i16i&ea+oi 
012J • •••727l"l't2•01 fl2> • ~1~a"l9't026+D2 

. ·-· D I l I • _,..3...3UU1¾2-&---o-,l.: f'. ( l I ■ ----a....+-3.1...iH:.lt t.o,i 

D1"11 u Z~l39012"1+0~ F("I. ~ z~s16S682+03 
... -~ l...f».. . ...__._,._S....l-l.lli-1-4-9 .. Q--l-.. --- --F--(-5-4-..JL-.~...J_.._.U S 30 7 •· 0 o 

D16) • -s.S7179o3•Qj Fl6) • ~l•SOSS01S•oJ 
--------~-------·-------...;.....-----------···-·-· ......... ·--···· 

SEGMENT . 6 5 DI 1 ) u 2 • 139012 "I+ 0 0 f I 11 • • 5 • 9 76 7 2 8 7 • 0 2 
~-J.. ........ ....:.......~•·..!i+&-CJ ..... o,------'-f-'-2+--•···--a .. ..:,.-9-ioa.lZ•oa 

0131 ., -s.s1179o3•03 ,u, .~ .. a,q9JJ10••02 
· - --O-~-.J..,...J-&.l'-940¼4-0 0 F' I 14 l • ~9-U, 1 l'.3 7 + O 2 

D(SI it .. z,'tBSO'il7.,0l F(S) • : 6eZllf"l.1 ► 02+cil 
-·-·---.::······----·-··-·-~~Q.,02 FI 6 I • ■ I• IS 18 796+:0.2.-····"•.·-• 

SEGMENT 66 ·-·· ......o..t.l > ft 2, 1519'1-0J401J f I I l ., ~..lo 2 i 7. • 0 2 
D 12) • •2,'i8SO'it7•01 F ( 21 • Dl 06530"121•01 

... ·····---· D 131 • 'to098SZf1-0•02 +'31 !!! 1 • 1s1aa,..1,to2 .. 
D ( If l • 2,16'176'19+00 F('♦ I • 509736287+02 

···---·--- ------ ---· 0 I 51 • Zo!t9ZSI J(lmOJ ,.-: I S1 • 2 • lj't8 I 3118•01 ---·······----·· 
D 16 I • 90203!!89•03 f 16) "' •2•!303208+02 

.. ..... -·· --··------------------------
SEGMENT 67 DIii a 2al61f76'19+00 f(lJ 111 --5•9700963+02 
.. · -- .· ·- - · .. · ···--··--.Q...(,i..}-.&--2-.-42-S-t-1-6--0 1 F" ( .?-1-"'--~g.2 {16.2..3.•0·l- ·.-·• · .. 

D131 u 9.2031189•03 fill ~ 29!303261+02 
-------·····--···-··- . .:': .. __ .J)J . .;+_1_,r,___2.+U.il~ 0 fl. I 'l ) .. S • <17nq96 • i o~;; _____ _ 

D(S) n lo9B"I07s5-0l f(S) a So'f888899+oo 
~-m--••+·•U•l-S-t--s-s"4.l 2 F' 14---~a.0-.l-M>~a-a+oo-. 

S.£.~£N..T .. -..h..8 .. ___ .....l)..( 11 a 2o-1-1-!l.2-Go2+00 f 4 I • .. ~i.J.J.OS..+.0-2- · · 
D12> = le98'107SS•OI f(21 • "1,2'198136+01 

_______ _.,._(JI a ~1,223S1i;s .. 02 f()I 11 6oJ6S90SZ+OO --···-· 

Ol"ll • 2e18!09'19+00 fl'II • So96707Q5+Q2 
.. -- ·-·· .. -··· ... .. . .. . ·•· ····-·-:-·-.....D-Ls..)-----1-+-9.S...1-'Ll-9-3.11!-0-l -----·-lS-)~-S+l-'k0-1· 

D161 • 1•'1896906•02 Fl61 m 'i•i289t78•02 
·--------------·--'----------------··-·--·······. 

SEG'4ENT 69 Oil) • 2,18109'19+00 Fill • •2oQ678S27+02 
012) m !,95!9)98•0I f(2) • 9eclZ~8SotOI 
D13) = lo'l8969o6•02 FIJI • ff•o83S9o7•oz 

----····--·····-·---- ~ .. Jl.Lli l 11 • .Z.. . .1.8..2...'i..l.ao....n O F (..!l~ . ......11...---2-o..Q..6..Z.8.5.2-7-"'-0-2.-·•·. 
o<s> • 1.aooo2q,-01 ,1s1 • ~1.9s77q31•01 

··-··--- ... --·- ·-···--· 0 < 6 I • • I • Ull.8-5-9......0 2 f' (.A..).__..!1 5 • 9 'i "-5 O-C-ll4-1-------- ~ .. 

____ .S.._E ........ G~M .... E_..,N~T 70 0111 & 2. 182':lls0+0O F( 11 • --260olll73+(l2 
D121 • lo80002q6n01 fl2) • lo9S776qJ+ot 

- •·-····- -·-··· ·-·--· 0 ( 3 l • .. I o l..b..9..2-8-5.9."!.Q 2 F f..J . ..} 111 • & a.9..li50 . .1.4li..½.Q--l-... ...... ___ .. . 
D(q) • 2ol8786qJ+OO f(q) • 2•Q63Ji7J+oz 

·····-····--····-····-·---~- ·---·--0-(..S..,_.,.__-"'2. • .5..b..3.J.6 .. p~ ... 0 2 f <..s+------"u.ll.2.6.8..li.2.!-...0--l--•--·-··-... 

1:hk'"' ~jj 

D16) • m9,D5Qlq96-0q. f(6) • 1•"1l8161f9+01 
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SEGMENT 72 

SEGMENT 73 

----~.-~...,_,._ ~-'--""'"~ .. -~ .. V.:t•----'"-~.,_~:,,;:c __ \.l:.;W:-,J.~l..ll.:~~C:.b<S.ci...."l.c....:..'.f,;J);~~~}J',,.':;:dN:,J&;;J,1lt.l.:.'i<t.afli.J'~~':h{&~~•~Pfflflfflf!(ft¥tf 

Summary of Deflections and Forces on Segments (continued)' 
Liftoff Condition (T ~ 0 Seconds) ----~-----·-

----·--···--·· --·--· -----· _,_ --- -· 
DEFLECTION 

___ ___,_C.-vOL-ti-M-N .. 
NODAi. 

~-. 

t,111"' 2018766.14:uoo FILI• 
0(2)' II •2e5633019•Q2 f(2) Ill 

•. -0-(;"µ .• JL~ .-0-s~• ... oi+------ ~- ____ -,£..! .J..-l-- • . 
D('ll 11 2ol9S8J93+00 F('I) 11· 

... t)...{f>.i--•-·-----i-.... 1:us-a-a-0-2 .. . -- f--HH-- ,.._ 
0(6) • 'leS3969j9•0'1 f(6) 8 

....z.~Q.S7fl I •"*02 
•5•72069Q3•0I 
• l "'+-I al 4 i I + 0 I 

2o(JS7'1!66+02 
-50329997'1•01 
-~•SO'i'IZOl+oo 

---------------------------------------
0111 u 2.1,ss19J+OO Fil) • -2•0S1'162B•02 

.... -~..i->-----i...-6-U.a.;.-aQ-~.J.---- ---Fc-i-z.+-.llL --S....a2-a21 a, .. o 1 
0131 ,. 'lo8396?!9 9 Qlf, Fili " !°>•S091553 ♦ 0D 

-o4+--· 111 ·--2-.-2-G4¼-9-S-O +-e-o---------f-{-'H-• - ,-- -2 • o fl I 'I 6 2 IH•· O 2 
D(S) • •9ol7S6J70•02 f(5) a •6ej6753J9+0D 

---HD*l...,-6-~ J F I 6 ) " • i • 9 2~-t-- --

• ..o,t..l--) __ _,._ __ .z..,..~--co f '--1--+,---D-----.Z .... olf.71, i:.s-.02 
0(21 • -9,3756170•02 F(2) • 6,t677laS+U0 

· - --0.f-.H-a-5-.--G-7J+..9.S-N-o-J F C 3-J-....._ __ ..z...,..9-2 0-0{> 9-2 *O I 
O('l) ~ 2,2095352+00 F('fl • 2•0'l7!1SS+02 

----D+l-e-!!,~~ •• ao2023 .. 01 VII;)• •1•'-1:ll>litl~➔---•· 
0(6)" 2.06326'!5-0J F!61 • lq9 1Pl6!l-o-02 

SEGMENT 7'l D(!) • 201588607+00 fl!) • 5•806S993+QO 
---------U-~--1--,,-.}~~3 .... g.1 -----f'-·{,H--_a ____ t...,--7-4-¢-~l-7-l-;--00 

o<J> " 1.1oas,29-os F<l! .. •l•65l!&56•D7 
l..\..i.JW .. 2.162?i>7-4"'0Q Fll4----ff .. 601S91lli!iS*QD----·-
D(5) .. -1.35J71ea-01 F<s1 • •2•92~'l'+97•o• 

-{}-l~t-------h+t.~2-5-i+-S--O---.-------H>-t----r- -- -2•-8-7~-l-i--76+0 2-· 

St. GME-N T -- -75- ------------0--f-l-1~----2,-l-4-~-76-'1--6-+0 0 ·r ( 1 l -•--1-,.-J-$.jj!i-2-1-i•O--I- --
D ( 2) " •lo3SJ7ta0-0! fl2) m 3•273'-!~63•01 
bl (a) • I • 74 9~0 If F C JI ., e 2-<,-8~8-1-7-4-0-l---- --
D ( 'l I m 2~17'l37J't+OO Fl'l) s •l•912S263+Q1 

-... - - -- -- --O+s-l---~ ~-3-S-~-9-&!-----.,.__t-5+---"·-~l-%5,-z-S•o l- ·· 
0(61 a 7.0llS'l•H,-O'l F(6)" l•,1996036,•03 

SEGMENT 76 0( I l • 2,l7'fl7J't+OO F<l I R JqOS9262+0I 
.3,019'-!9nOl f~a+----

0(3) • 7.0115.96•0• Fil) w -l•199•21s+ol 
--- ----- --- -- -----o--+-'1-l--11--2-,, 2--G-9-li-35 2-+-Q-01-----+-Pl+-----3-+--3--l-7--7-Q-112-+0--I: --- --

D(Sl a -l.2802DZ3-01 fl51 • •1•0920360+02 
--- .... - ----· -- -- - ---~ " 2---.-0-4,¾-2-6-¥..,.- 0 3 F C a I -----tt-0+0-&-S-1-'i-+-e--3 · -- - - ·· 

....... SLG.l4E-tU 77 [.)(II• 2.zo~~gg FIii O .. 9,9g333.,2-0 .. ,4_H.---·-------
D(21 m •lo28020Zl•OI f(2) • 1•26'+6178+02 
o..L.J,_.)._~..rll.i. . .3.U.."!-~"'-0 3 F .ll..)-.1!.___u,_i......9-3--QOS.3-'i--+ 0 J. - -
DC~) a 2o2719373+00 F<•1 • loOSJ•616+QZ 

·· -- -·'·---- - -·--0-<--&-1_____,,_.______!--.--l--'hl-l-t-2-¼=-0+------t-4·-'-+-"'-~J4.\1{µf-3♦.Q--2 

016) • 3.'12••a1J•OJ fl6) • 1•72SU86l+Q3 
....... ---·-- ------------------------~------

--------------------------------------------------
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' I 

(~----··· Table 3~17. Summary of Deflections and Forces on Segments (continued) 
Liftoff Condition (T = 0 Seconds) ) 

l'AGt 12 
'/ 

···i---·---------·---------------------
DEFLECT I ON NODAL 

-----,G-0-Wl◄ N FOR-e-[-S-··•·-----·-·-·•· --·-· -

SEGMEK-T-----U P(•> • 2.27193~+00 Fill • •9•~iiQ9~7•0I 
0(21 • •lol~ll!23•01 Fl2J • 1•6800782+02 

---D..4--La--.......i..~-1-a---01 F «n 111 -a ,nso~£tB:toJ 
01•1 • l,3582103 ♦ 00 Fl•i • 1,0133999+02 

.... -0-~---9-,,.i-'f---l-9--&-9~--o-2-- F < &--1---------z..o.9 9 i+ a 74 •o 2 
0(6) • ••18lqS16•03 f(61 • 7o6903St0•02 

----·---· - ··- -- ·------------------------~-----·--------·-·-·-·-
5 E GM ENT 79 D ( l) • 2,JS0210l+OO F(lt a -Y.o7B2SJ2+QI 

-~..J__.._ __ .._~ ... s4-1--.'4l 9-t.-... o.a n...i 1 • .:z...+..i J (ll4 i;. 9 *-O 2 
Dill s .,101'-15!6•03 f(J) • -7~697q969•U2 

. --0-.P++.--u--•-.?,,-'I-M-ll-o-a"l-,.._O-a-------< ... 4-JH-"-----9 .• µa i-0 7 2"' o 1 
D ( S-) ., • 7 • S I '-11 0 6 S "'0 2 f( 5 I 21 • 2 ~ 5 S 9 t.. 37 9 + 0 2 
tH4 I .. 14 • 6-0 Q O 7 6 7 .. 9 J F Ii,> 11 Lt• ~--Q-1;-.--·-·· ----· · 

SEGM£N-T ... 80 ... ·--.....O.LW . .....J!L_._2..~~..S.'"3..4-9.~0 FI ~_...8.a.t,.9.U0.8.0.8.t,01 
0(2) a •7.Siql06S•02 Fl2) m 2,5816256+02 
0- I l I a If• 50007-b-7-...0 ·-+131 .. _..__'l..e..Q-9..Z~ti-HOl 
01•1 G 2,5596q90+00 Fl'll • 9~3862S1J•o1 

-----··-··--·----·· 0161 m .. s,SB'IO~ ·(SI 8 mloo27839'H.Q.2----·---
D(61 s '1,5189761~03 f(6) • ••$9160q28+02 

SEGMENT 81 Oil)• 2,5596'!9 □ +00 FIii • .. a,3236686+01 
-··-··-·-·--- ·······----OJ-2-l-.JIL.-'-"'-S+!i.B.!i-Q.a-9 .. a .... o 2. F < 2 > 11 :4ou1-9_z.1.,_+o-& .. 

O(ll = ••5189761•03 F(J) a 'l,908'1007+02 
·----------~.J..U-1'..D. · L'-l ! " 9 • U.!il!l5-L2-tiJ..L___ --···· ·-. - ..... . 

Di~) m -3.B8lbq~e-oc fi&l ~ ~~~5UOOU~2•02 
___ _...,._Lb..}_JiL__'f--o-~l.!IA0-7-G.J. n Q..,__ ____ ~~t.6.).....!!.__,,,__a.,4.l.O..r.-;..z42...t-02- ....... . 

--···- ... 5£.GH.EN.L __ a_, ___ -- -- .O...LlJ-1!! __ ._46 tdlJ-3-7-?.1!.l-O,------f'-·LW--"--,,,_L,_9.U.S.O.S.;z..L+ -O.t ..... .. 
D12) • •3o802Sqqaw02 FIZ) • Jqilg7q7J•02 

-----·----· ___ _.,Q_.(...,;l .... l~,.~ .. .!l......l.fi.M7-.I./.J."0 3 FIJI "' B ~...U...~-0-.l----····. --·-· 
D1'11 ~ 2.7575953+00 Fl'II • 8e7SJ97z6+0l 

-· -- . -·-····---n.l&..).__a._ .. -"2.o-'U.7.0-2-.2~-'?-0 2 f t-S..)._!!.____m.J . .,,_9J..£.0..1-'~-Z.±.{J.2 ······-·. -
0(6) • qe06397Q3~03 F(6) 11 ~1•!!53320+03 

·-·-~---·------·------------------------------· 
SEGMENT 63 Dill"' 2o757S9S3·~00 Fill., ~7v6B'lll9'l+Ol 

-----------~D~< .... 2_..l ......... e-~s,,..2..,.~9~6~7..,_IJ~ 2 f ( 2 I "' 3 • 9 9 2 IO I+ I +o 2 
0(3) = 'le06B97o3~03 f(J) • l•l1'157'!q+QJ 

-·-····-- -----··------·----O-(..!l...).........a--48..9..7..'i..1--9-'1-•·0 0 F (..!:4---1L.._.-L.f>.0.6-l--'l~-O-l---•-· 
D(S) • ~1.3'18353'1•02 F(S) • P'lo'!539776+Q2 

----. ·--··--·-----O.-W,..J_a__J..,..1.J.b.6-9,-3_'½ .. 0 3 f' U...1-1L--'4--4-2-'l-S-l•i-l..7-0.,t..O 3 ..... - . 

___ ..il..G._M.f1U_M Oil I m 2.a9z•1v9~QO FCII • .z.qJ)61jlf9+D----
D(2) • -t.J'IBJs3q-02 FIZ> • q.q69'12sB•o2 
D < 31 ., 3_...1..3.blt.9.8,!i~-----~Ll..l ., I t..z_!L'i.2i:>.2/J.±.Q.3._. __ .. 
O(ql = 209295769+00 fl'!) • 8•J27291J+o1 

___ __..,..(..5.--)._,L__,.,...!L,. l O 6 8 0 S l ~01..L------l'.il-l-..A...-.. e..!Li..9.,).2.8.13~.o.2---· - .... 
D161 ~ 3,3818957-0l f(6) ~ -l•'!S586SO+OJ 

. ···--·----·-·-·-------·-----------------------------
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') Table 3-17. Summary of Deflections and Forces· on Segments (continued) 
Lift~ff Conditibn (T • 0 Seconds) ·· 

----- ... -·---· ···--··-

PAGE i 3 

OEfLECTlON NOD_AL 
. ·-·- __ ....:-401.,{J.f,IN----- -'-------------f..0.4£..S ....... . 

----·- SEGMENT AS OIi)@ 2,2295769•00 F'III • e7o;aS0176.0t01 -------------
0(2) • •5ol0680Sl•D3 f(2) m q•9S368~8•Q2 

···· ~0-(-)+. 11 l • l.S.l-G-U-1•0-------F'...t...l+-c-L_:___:_i ~ 1U 200..+-0 J 
0('1) u J,003S7JS+OO Fl'I) u 8o2'1'17'1Sl+Ol 

-.-!}-(- !;-}--- ----1- .-2-9~8-G-'+- -- -· .. - ------f--{¼t--.a. --· .... ..+a-7 0 'IS 7 + 0 2 
0(6) • Jo0118976•QJ f(6i R •lt6cl97J2 ♦ QJ 

- .. -- - .· -·-·----•-·----------------------------------------------
SEGMENT 86 Dill • l,OOJS7jS+OO Fill • •7•16956!8•01 

____ ;-4.t.,U-•----7.....-,UJl..i+~i•O!I F ( 21 • --S-.-4ll.9i 7-ft.9*02 
0(3) • J,0118976•03 fll) • l•66U7S76+Q3 

.. ---O-(Jf+------6-vG-o~sO + 0 A F C 'I l -"'---4-•~H- i l 9 ;i • O l 
0(51 • '1,3306020•03 FIS) • •&o95172~8•oz 
0 ( a I ,. 2 • Iii l ~-·-•. --·· ·· 

SEGMENT 87 . · --0..W..I.- a l • 0-6.aa.1-3-0-..0.0 --t-.W.~a-----"'+-...zJ.J._.J 7 2 0 * 0 I· 
DIZI a '1.3306020•03 f(ZJ 8 So962210s+o2 

-----~-L.... 2 • td llSS-0-0--0.3 F IJ..> e 1 • 995-15-i-l..,Ol 
0~'1) • 3~1zqq577+00 FCq) a 8060S>1qq+o1 

··-------· on;)• S,286S7il•Cll F(S) a -6,1!2l7'1J3•02 
o<61 • 2.1ssq222-0J Fl6; • -2,s79762S•ol 

SEGMENT 88 0(1) • J.12qq577+00 F(II 11 .1,s11s121•01 
---------0-+-2-l- • S, 9-8-6-irt-+--0-3 F ( 2 I • -'-o~0U-l-S-6+Q2 · 

0131 • 2.1saq222•03 Fil) • 2eS79qz52+03 
- -- - - - ·- D ( II i • Jo• I • Q II I 9 9 • 9 0 F I '4 I ,. , 9 • ~"'-lt-o!> Oc-tl-·---

D IS) 3 s.9aq130q-03 F<s1 • ~7•o6237s7+oz 
. - -- --t•+~+--------l--e-.S~-0..., Q 2 - -· ----- - ------F+i-:- - "'·----....J+f,S..l-~-1.llt-O+j);l · 

-., 

S E GM f. NT----· S.9. ---D-!-!---i----~+-1-6-8--'4-9-~(4+.-ai--.-l-<>--9-l:-OJ-4 9--l +. O l - -
0121 a Se98q73s11~0J f(Zl • 7oo68935z•o2 

------11)....+-( ~l +-l -'"'-•---! • S 'ii S l 7 11 8 • Q l F ( 3 I m · l • S 9~-0-5--1--0-.tJ------
D ('I) • 3el913!95•00 r,Cql • 2eJS!7032+01 

--- .. --------0..(.r,.t • 5 • .Z.0~.8.¼,t-&,..0-3 F I ri+-.m__~-lt-9-U,-3-1 .. a-{J.2 
0(61 m lol789qaS•03 Fl61 • .3.5q6339J+QJ 

SEGMENT 90 0(1)" 3,1913195+00 FIii a -1,se1123Y+o1 
____ __,,,...( 2 I ., S • 2Q.!t..8~~ l F I l) • Z.......~i:-0 .?~---

O (JI • 1,17s911as•o3 FIJ> • J•sqzs,aJ•oJ 
···· .. --·----- · ---·- -- ------0-{-4-l---a- 3 • 2 Q 79 1 8 B+G-0 F I '4-----l--.-9-1!i-3-?-42--l,O- I--

O l 5 l • '1,0192010"03 FIS) • ~8oQ78'16J6+02 
-· -- --- -- - · - -- - -- ---- D ( 6 I • S..-2-!l-2 39 9 1 ., 0 II F W. I 11 0~-l-.+S-2-¼-l-z-µ.o.J.--

- · -· -·-- -s..E..G.1'4VU--41-1 O(ll .. lo2CJ79100+CJQ Fill 11 ,dw~~--------
0121 n q,0192010•03 Fill • BoQ8!8613+Q2 

·····--·-·-·----···-·----tL(...l) "' S....2 !I;;? J liH/l u.fl.'¼ FI l l • l.o¼.!I-U,-l-3.SA--O.,l..---
D ( '1) a 3,2190900+00 Fl~) = lo6lq88SS•O! 

··-·-·-· -------o-+s+-a-------2-r&-7-6-S-'/'-H}-0-3 . f' I 5 I • ,.8-.-r-,Hl-139-7+4>02 
0(6) m S,1718027°0~ f(6) • •~•0210~ol+Q3 

-•••••M••-••-•• --
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Table 3-17. Summary of Deflections and Forces on Segments {continued) 

Liftoff Condition (T = 0 Seconds) 

------'-------··-· -······ 

(

ru1'1';,. 
fii~,, 

t??tf 
PAGt U 

------------------- -- -·-. --- ·--·-·-··--- ----·-
DEFLECT I ON 

,olUHN 
NODAL 
~S--

.5.£.LiMENT 92 DI &J II lo2191l'il00+00 F( 11 a •tteJ9089Q0•!HI 
o 12 > .. 2. 676571 a .. oJ Ff 21 11 a.1•0101 s+oz 

· ····-·· ...o..Ll-l-.lL----S....1-j' l 8 0 2 '1 • 0 ~ F' I 3+-.11L:.__1!---o+5~ ~ "'G~ . - ·-. .. . -- . -
or•1 • 3,zzssJoY+oo rc•1 • 1,2ss••s••oa · 

• D, s, 11 l.,,...lU%-;1+--o¼•------.,-~.,... .. ,a1-~;a1.1s-.a•o2 
0(6) II 2.•2J•111•0• ,(6) II ••ta82J686 ♦ QJ 

SEGMENT 93 OC!l'" J 0 225SJ09+00 FC1) • •••7216181+00 
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Table J-,18, Summary of Forces arid DeHectione on Segments 
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Tab.1.ti 3-18. Summary of Forces and Deflections on Segments (continued) 

Maximum Dynamic Pressure Condition (T • 77 Seconds) 
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Summary of Forces and Deflections on Segments (continued) 
Maximum Dynamic Pressure Condit:l.on (T • 77 Seconds) 
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Table 3-18. Summary of Forces and Deflections on Segments (continued) 
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Table 3-18. Summary of Forces and Deflections on Segments (continued) 

Maximum Dynamic Pressure Condition (T"' 77 Seconds) 
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•··· ----··------ Table 3·18. Summary of Forces and Deflections on Segments (continued) 
Maximum Dynamic Pressure Condition (T"' 77 Seconds) 
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Table 3-18. Summary of Forces and Deflections on Segments (continued) 
Maximum Dynamic Pressure Condition (T "' 77 Seconds) 
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Table 3·18. S4mmary of Forces and Deflections on Segments (continued) 
Maximum Dynamic Pressure Condition (T • 77 Seconds) 
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· · -· Table 3·18. Summary of Forces and Deflectiona on Segments (continued) 
Maximum Dynamic Pressure Condition (T = 77 Secorids) 
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Table 3•18, Summary of Forces and Deflections on Segments (continued) 
Maximum Dynamic Pressure Condition (T = 77 Seconds) 
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Summary of Forces and Deflection, on Segments 
Maximum Longitudinal Acceleraition Condition (T • 138 Secondo) 
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Table 3·19. Summary of Forces and.Deflections on Segments (continued) 
Maximum Longitudinal Acceleration Condition (T .. 138 Seconds) p· 
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Table 3·19. Summary of Forces and Deflections on Segments (continued) 
Maximum Longitudinal Acceleration Condition (T = 1 -:is Seconds) ··---·--····--- ·--·--· --
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Table 3·19, Summary of Forces .and Deflections on Segments (continued) 
Maximum Longitudinal Acceleration Condition (T • 138 Seconds) PAGE If 

-·-· ·-·····-· •··- ·--- ·----- -··--·---··-•·------+ 
DHLEcTION 

COLUMN 
NODAL. 
FOHCES 

------------~ .. -·--------- .. -·----... -.-----·-··--··--·-·-·- ·--------------·-•--·-----·-·~ ·--·-----
SEGMENT 22 DI 1 I • 8,77S'tQ79"'0l Fl 1) s · 2o998't'l6,7+o3 

D(2) • 108339660+00 f{ZJ. • 1&SS8S't82+0J 
0(3) • bo!S90026•02 F(3) u 2o8S08't't3+Q3 
Dl'tl " 1.7ti741q5ao1 fl't) m ."ZY8,6ZZJ8+Q3 
D<Sl • ~,967275!+00 FIS) w •l•ll'tl60B•o3 

------------------ ------------ .DJ_i,J __ 11L . -· .1 ... 'i'.9. .. B.!l.o.S0.!".0.2.. ______ ----- ----~.F..{6.)_ .!L __ tl_aJU.Q.OlLl0.±.0.3 

SEGMEIH 23 0!11"' l~7927'f'IS•OI _f(J) a: 2,70228!1<-03 
0121 s Z.9672751+00 f(2J s loS't518!5•03 
O(J) 111 1,9'H)86S0 .. 02 --- f(3) 11 h8199'i'26+QJ 
D('!) ,. -1.oqa2'!76•01 f('!) n •Zo6131696•Q3 

---------· P !.S _L'" ______ J.a.1.?..?..~ ;ua ±.O!L ________ fJ.S L.!'. ____ !!.'i..!..!t.lili.O!U.2_~.Q;t ____________________ _ 

D(6l • 1,2622265•03 F(6) m ~l•Ol8J023+Q2 

SEGMENT Vi DI 1) 11 ..,1 ,O't82't76.,0l Fl I l ,. 2,'!102l+Q0+03 
... ·•-----•,•'" - . -- --· ·-

D ( 2 l 11 . 3 • l'i' 2 '¼ 21 8 +OQ _________ --- _ F. l2 l . ,. _ .. 1 tJi!i-218 20.~ UJ _____ . _________ _ 
o<J> • 1.2,222,s*ol FIJ> = J,01oooel•o2 

--------------=oJ __ li.l. __ .. --~..i.1_¢.i_i ~.llti.!'...O 1 F c 'I 1 111 ••Z.Lllil!i.1.~-----• .... o.u•>~---------
01 s 1 • lo!S7'i'BaS+OO f(S) m •7•956!'i'z9•oz 

------------·-- lll61 • 1.,U~96lh.0.3 _______________ ..f.16.J_•·-··---··--2t9l07J7_'1.·~0Z 

:S:E:~t-;ENT :!5 
-··--·--. -- ----· -------·-- .. - -·--·--·- . -· 0( l l a: ,.,.z.c:2J_a.2e~.c.1 ________________ f.'_U_L"'.----2..tiO.Hl.1fi,_4'..Q_J __________________ _ 

0121 s J,1s19ess+oo ,121 11 1,z&'!09o'l•OJ 
____________ _Q___lJJ ... ..!:.. ____ l.e.l.25i.6.3.&~0.J ELlJ.....-1·~---~hUJl!U.Afi~.Jl"'"----------

D (~I ~ -~.SQijJ22,~01 FC'!! = •2•030736Z•Ol 
--~·!>.! S l 11 __ .3 d 9n6o.o_t.C!!L ___ ---·-· ___ f,l!:i.1 ____ !" ----~/f.t . .Z8.'!A.9t,0'.-'0.z__. ______ _ 

01,1 ~ •,'!JSl067•0l F<•1 • s.9111s20•01 

-- - . Sl:"GMENT 26 --6<11,. ,.1foS083229 .. 0I f!1)" 1•80371136+03 
___________ JU .. 2.LE _____ J.o-LU..lini! . .ulll ______ ~___LJ.Z.t-L---1.,-1...l~.Hll.____ _____ _ 

Dill ~ q,q3SIS67~0J Fil) ~ @So97l11il+O! 
_ , __ O ( '!J _,. __ ..... ~ 703.0A~ ... U.L ....... ----------~..l't.L !_1< ____ ~.l.112..tUl'l.S.:i'O.tl)..l ______________________ _ 

DIS) • 3,30305117+00 f(S) • ~S•o697!7B+oz 
____ , .. !>.CkL• ______ ,1_._9_:z_•t~o•U.!!.!JA.. ____________ F_t(q_~--~11.t!Hll.'il.2~-· -------· 

SEGMENT 2 7 D I 1.1 "'·--.. 6, S 7 O 3 ~ l E < ~ ... l..,.,..,.!i.__.3._.3w7'""2...,S..,S"-+'-'a,.._3..__ ________ _ 
D(z) a lo.30305~7+00 f(2) • 9o68Z2976+oz 
ot :.u "' ___ '+ .. Y.2.1-1 so U.!>.0.3 ______________ _£__, .1.1 ... 1L...:._.a.0.a..uo21.~ru--. 
Dl'+I u •Bo02S0;2~•0l fl'+> m ulo't905723+QJ 
I? I __ S l ,. .Jo J+ sz S!i.2.tjj!l _______________ ....£_U~ l __ ., <cS~t!lZ.~@.Zn.l±.02.. ______________________ _ 
DI&) • 2ol0'+6ofSN03 f(6) ~ mJe983l037•02 

------------->-----·---·------·-
SEGMENT 28 1 D(!l"' .. a.02S072'1.,0l Fill'" lo3022SSl~Ol 

DJ Z L ~-- _lo Jt!a 5 7 .:152t00 ________________ f:.l2J _ ,. ___ El_, 2.ZIU!U_'H_Q.2_ __ ----------·- ··-·-·-
O ! J) a z.lO't669S•OJ Fil) ~ ltt8Jl&JO+o2 

_ -·------i-0 (If.}_. I! --- ~a ... 3 212!1&! !!.Ol. ... ·'·-------·--- r..l~L .. ___ ...!'!..\Jl.2.6.6.6.l l.i.t.D.l 
! O(Sl • 3ol9'v0778+00 , FIS> " .,Joo'+l09td+o2 
'_JU.k.L -~,----'!J..11.L!tiLLZ..'l.l.!! C 2 . f C 6 I " "' l 1.!il.l.11U ..... Z--"'1-__,.0,.;J,__ ________ _ _________ _... 

-------- ;--- -·--·------f·• ..... 

·-·' .... - ----·- - -·- - --- .. -----·---·----·-----· --·-··-·-------

, C"H4 , 
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Table·3·19. Summary of Forces and Deflections on Segmento (continued) __ 
Maximum Longitudinal Acceleration Condition (T • DB Seconds) f"AG[ 

DEFLECTION 
COLUMN 

NODAL 
FORCES 

5 

- - .. -SEt'iff£Nr::-zv----"'-oT1 f -·;..· --;.-o·~ Jifiss i;,-0-1 -··--·-···-·--·-·-,..-,-i ·,·· .---T;□a-J_9_0_lO+QJ ____ - ---·---- ··--· 

0121 • l,1990778•00 Fl2) • 7tllOOSoS+OZ 
D(J) • •lal58179j~02 FIJI • l•S71&JS~• □ J 
01"11 a •6.0716"13~•01 f("I) • •loQ56629l•03 
DIS) m 2,526396"1+00 f(SI • •3•0168589~02 

. -·-·----- _ ··---· ________ ? < ~ > .. .:"' J.? 1 _2_~uu. ".'.9_~ __ ----... ___ L,_~..1 ___ .. __ ".'_~.!..0.S..P.~-~-! 11 ~~-□ ;i. __ 

SEGMENT 3 0 O ! 1 I • .. 6 • 0 7 ! 6 "I 3 S .. 0 I F I I I • 9 • l 3.8 2 6 ~ I + O l 
D!Zl • 2,526396"1+00 Fl21 • 6,197Za"I-0•02 
0<31 • -J.s1221s1~oz f<J> • Z•oso•7"1Z•oJ 

. Dl"II ., •302502037•01 F(~I a •8,9988335+02 
. ____________ J)I~!. -~----J .. ,_1!2..'.l.?_'i.il.±.Q.11. ____ .E.lil__! __ .:!~..t..3llH!i_'l±D.2 ____ . _________ _ 

0161 • •"leS090JQ"l•02 fl61 • •"lo7i65"16S+02 

SEGMtNt 31 0111 .a .J,2S02037•01 Fill • 7,9Slf6098+02 
0<2> .. 1,a2JS'ii+9+oo_ _ ___ F!21 "' .6,t,79_6sae+a2 
O(J) • -lf,S0903Qlf•02 F(J) 11 'ie7S6i6S't+Q2 

_ _ _____ O(lfl __ • ___ -.6."133792/!•02 fl'll •---~1.!._8S"li0!9!JJ.2. __ _ 
O(Sl m 1.20SSq38+00 f(S) • -s.2s2si9J•o2 
016! "' -3!96008131"'02__ ··--- F(6.) _ _.._ --~•SBS_,ljJQ+QJ -- --

SEGMENT 3.?. . P I l I • . . .. 6 • If l 3 7 9 2 6 m O 2_ _ ___ f.LU 11 . />.,7972a':l!>.~o.L. __ 
0(21 = 1,20SSlf38+00 
013) a •l,9600081• □ 2 

-------------D(lfl "' ?,lf!S2137~02 

FIZI s 7e602S788•02 
--~f_(J) 0 =2oS85l't39+Q3 ________ _ 

Fl'+> a •c•716oao9+02 
DIS) a 8,2289556-0l ·----~- . .f( SJ'~ __ •6 • 6.'1't~OB.7+.oz __ _ 
0(61 ~ •l,"121020lm02 f(6) R 7o907QJ67 ♦ QJ 

·---·--- ---·sEGMt.:Nr· 33 Dill., 3,051Slf81+00 F(il -.--··;;;·i~·z·ijJ'i99-0+03 ________ .. ···---··-----
0C2) R 0,0000000 Ft21 • J,.~i~s~·2~9~s~o~J~•.:...:e.0~2~------

------------□ <J1 • 2.~001100-01 F!l) K lo9'ilfOI07•o3 
(?!"II ".' .,l,_Q.57.~U.Cl-!:.QlL ________ . ____ JJ_'!J .... •-·--'-~2't.J.'t~~0~03._ .. ·-···--·--·- _____ _ 
015) • 'it8382'!t,6•01 . flSl • -2,32qasal+O2 

. Q (_~_). _ ... _ -2 • 5 9 2S9 99 ... _g~ .... ---·- ___ f..L~J .. !' ·-- !",l_• ~~J 5~12'...•.oL_. . ___ -··-- _____ _ 

SEGMENT l'i 0(!_) __ ,. ___ 3o05_7666Q+OO fill• -1•2'l32779+gJ 

SEGMENT JS 

D12) m 'l,8382"166•01 Fl2) • 2o32'ls'lS"l+Q2 
0 ( 3 I • ~z, S9l?_9~ 9•0 2_ .. -- --··--- f I ,l ), -~-~---,1 •.'l~_I_S ~'f~_♦-oi .... -· --- ·--- -- _ ----
D (If) a J,0695189+00 f('l) • 1,2'l32779+03 

____ DIS) • -~ ~ 6 209860.""..0.2 _______ -·- ___ f.:J_~.L!" __ . .'."..J~ l.lZ~?~f.!~_•OL _______ _ 
D16) • -5,0'l5'+6J3•02 f(61 • 2•'1056921+02 

DI!) * 3,0695!89+00 
p121 ,. _2,620Da6 □~.□ l 
0131 s ~S,Q'l5'loJ3•02 

··-·--·-•Dli.+1,. 3d09UdU+0P .. 
DIS) u. ~6,6887Jt8°02 

FIii 2 ~1,2i.+2a223+QJ 
__ . ____ fJ.21 11 __ ;!oa76!>9t.tl~QL __ 

f(J) A a2oi.+0569JS+Q2 
•,---·- ---- f I "IJ .. 8 

_ ---- I • 2 'l 2 82 2 3 + Q_l _____ . ·---
F ( S) C 8010021.!&7•00 

___________ _!H~-L~. ___ b~H& .. ~7.~_Q.l f.J.A• 1 11 • 7 • 8 9 o.lJis..,,,S.i+ .... □...,l~---------
1 
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Table 3-19. Summary of Forces and Deflections on Segments (continued) 
Maximum Longitudinal Acceleration Condition (T = 138 Seconds) 

OEFLECTlON 
COLUMN 

----~EGHENT 36 D(ll • 

. D 12 l • 
D131 a 

lol09168l+OO 
.. 6,6887318"02 

ii!o'l65 1H21•02 
3.191.6080+00 

MS.6622SS9 .. 02 

.. 
f I 1 I • 
F 1,2 l u 
f'( .3 l • 
FI'+ l a 

f ( s, .. 

NODAL 
FORCES 

•l•21fl926l+03 
-a,0999006+00 

7o89Q7Q91f+o1 
I •21fl926l+03 

•S•J5ll708nQJ 

PAGE • 

----

. 0 ( 'l I 11 

DIS l a 
______________ p_l61" •. l.i 2 2 'l ~ Q'i 6 00 .0.l_ .. _____ _ .J._L~1 ___ ,._ .. __ h8't.lU7..~±0L _ .. ___ -·------· 

SEGMENT 37 01 I I • 
012) • 

. D 13 l ,. 
DI 'I I • 

______ D ( S L .!'! .. 

D l.l,I • 

J,19160oO+OO f{ll • •l•2/,f07'i39+Q3 
-!:,.66'.22S59~02 Fl21 • S,35'182!1•0·1 
~l,22'180~6•02 . fill • -3•8'1Zi390•DI 

3,27JSJ19+oo fl'll a l•2'1o7'i39•o3 
-S.1..'l073 225..~Jl,L ___________ __f...i.S~ !! .. _.lt.7 ~7.75. 1.9. ~.O L. -·-· ---

6, 'l l 'i'iBO7•03 f(6J • •l•79'i633'i+o1 

S E G ME N T 3 8 D ( l I • 3 , 2 7 3 S 3 l 9 + 0 0 f ( I 1' • • 1 • 2 J 9 8 S S 'i + 0 3 
0(21 • ~S.9073225•02 F(21 • •l•7'l'+39S'i•Ol. 
D131 • 6,'i1'i'i807•03 fill • 1o79'+63'il+ol 

• 

---------·--· .. -·--· Qt~ .l • .. la . .l.LS.26 l..Otil.O __________ ,J_L~L-!" __ .. ,_ .. .l..L,2..3..liS.5_1f.±.Q..L ____ ---------------. 
0(5) • •b,65S99'i6•02 FIS> • S•237l6S7•Ql 
01,1 a -s.6soaa11~ol r<,~ ~ .a.02Jooss•oo 

SEGMENT·-. 39 D ( 1 ! "' 
D 121 "' 

____ . .o. {3 1 ~ 

J.3!5Z610t00 .FJ!l ~ -1~iJY~11~•cJ 
-S.65599'16-02 f(2) a -5,zJJOSJS•UI 
~ s ... 6 sn.aa 7. 7!".Q.J __________ , _________ f_Ll...L_ !! ... ___ a ~o2.J.02a.S..:t.0.o. .. ____________________ _ 

SEGMENT '-fO 

----··------------

SEGMENT 'ii 

D < 'i l '" 
. O (SJ a 

D ( 6) a 

0 11 l " 
- QJ?) .. 

D 13 l • 
D ( 't I 21 

0 < 5) '" 
.. p ( 6) •. 

P.J l l . ~ 
0 ( 2 l c 

. 0 ( 31 • 
0 I "l 1 • 

. D ( S l "' 
Dlol • 

J,3375210+00 fl 1•1 11 l•239'i11'1•0J 
., 1 • 5 5 8 6 D 5 b .. Q L f ( 5 1 "' ., 2 •92 'IO 2 8 6 + 0 I 
0 le'l8!3Q90•02 f(6) x •3o!'l18!9S+Q! 

3,3375210+00 FIii • -l•Zl826QO+o3 
. -~ I .• S;,13°_05.o~.!u. ___ ,__ F H.L.!, __ ,?..1..2.1~ . .0.U'l.~.il.L .. _____ ._. _ ---
-l. '1813090•02 f(3) • 301'116'118•01 

3 , 3'1 9 6 I 7 6 + 0.0 _ f ! 'U .. u. I ~ 2 36 2 6 O Q + O 3 
•l,9!22SS3Q01 f(S) • •6oq9S757'i•ot 
3, S I 'I 'I If O 1 • 0 3 f I 6}. . 11 . . I ~ 8 9- i l O 21 ,1- a 2 

,l, 3 't. 9A.U..6.-t_Q_Q. _____ ., _____ fJ..LL~--- -~-L~a§.!U..J.l&±Jli _______ _ 
•l,9122SSJ~ol F<21 • 81q680721+00 

30Sl'-f'lqo1•0J FJ3) • . 9,7626857+02 
3,'iOU6JaJ+OO F('I) • lo8SSl360+03 

•l ,7'tS78ol"'Ol ___ F(SJ 11 •917'i75S79+01 
•9e0985qq1•0'I F(6) a •l•187!2'i6+0z 

··----·-·---. ·- ··-- ·-· --·--·- - - ·•····- -------,-,-..-·• •·-

SEGMENT 'iZ D 11 I ,. 3, 'I006JBJ•OO f ( 11 ,. •I• 85360Q2+03 
,D121., -1,71457861•01 flZ} • .. 7_,i99'1Z63•01 

D{3) • •9o0985't'll~Q'I f(J) 8 . 1•187!'476•02 
,O('i)"' 3,5031771+00 .. F('!) • l,85360Q2+ □ 3 

DIS) • •2,0'i3091'1-0l f(SI • •1•18289!0+02 
______ ,._ -- ----· Q l H ....... g!> t !?.Z.~.J6.3.7.!'.0 'L. "L4,L.'!.__ __ .l.!2.H'fS.2.J..~ .... 
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Table 3-19, Summary of Forces and Deflections on Segments (continued) 
Maximum Longitudinal Acceleration Condition (T =_138 Seconds) 

DEFLECT I ON 
COLUMN 

NODAL 
FORCES 

' ------·------ ----- -··--
PAC.E 7 

SEGME1'lT - qT-- -·· D ( I I II J.5031771+00 
,._z. • Olf3091 'I .. Q I 
-U.5263637•0'1 

:t,7109881+00 
-2,0929586mDI 

3, 7051792,::_9_'1 

... -f I I I • • l • 85053.6'1 ♦ 03 
f(2) u -2•206SQS9•Q2 
FIJI • wl•2S79'1'i7+Q2 
Fi'i/ m lo8SOS36'i+03 
FISI • •l•2'i8'i8S5•02 

···------- -- -----------

0 12 I !' 
. D ( 31 ,. 

D ( 'i I .. 
D (SI • 
I) ( 6) • ____ fi_~_L .. _ .':? .. !.OLP9-9~_+oJ -·· 

SEGMENT 'i'i Dill a 3,7109Bal+OO Fil) • •l•a'i620J2+Ql 
Fl21 • •2oS518776+Q2 D121 • -2.0929586•01 

D131 • 3,7051792-0'i 
D('ll a 3,9'i'l5596+00 
D(S) • -2.0793651•01 

--·· 50;,--. --wl,9012907 .. Q'i 

F<J• s ~•Oll'i237•0l 
F(~1 = _l,81f62012+o3 
FIS) a -2•5'il60J6+U2 

. f(6) R le926'/0J0+Q1 

SEGMENT q5 ·oc11 • 3,9'i'i5596+00 F11) • •1•8'11612~•03 
, I 

SEGMENT '16 

SEGHENT" ·,r7 

D12) • -2~0793651~01 f(Z) 8 -2•S~99687~02 
D<Jl s •l,9012907•0'1 Fill • -1•926J8o6+Ql 
D('!) • , 'i.1775JQ'i+OO fl_~_L" __ l,8'1l6j__z_'l!J:)3 ________ · --·•----

- · D<s> • ~z.oso11a1-01 F<s1 ° •2•535899'!•02 
D16) a !.'17'12777•9~ r<~) c -6o096J7z7•p1_ 

DI l I "' 
D 121 • 

____ DI 3 I • 
DC 'I l "' 
DI 5 l '" 
DI 6 I "' 

'iol7753o'l+OD FIil • •1•83699q6+Q3 
.Z.0801781•01 FIZJ • .2.57?90'1'1+02 

... I o_'l7'i27_Z]•O'l _________ f I 3 I ,. ~ • 8~Liil "'Qj __________ _ 
'i~'l13160l+DO f('II ,. l•83699'!6+QJ 

~2.oaosasa-01_ F<s1 .. -2•s76DO'l5•oz 
•lo~2'i'i695•0'1 Fib) u •1•7220'i90+Dl 

D (! ) .. 'I. '11 3 1 6 0 I + 0 a -- -- . ,;·11 I .. - 1v 8 3 2 l '13:?. + o· 3 
______________ QJ __ ?_ I _____ ~------'" ~..!P!'l...O_~_~ful_".'.il !._ ______________ . f < ~ l "' - 2 • 5 7 3 9 9 1 S_~ o 2 ________ _ 

SEGMENT ----

SEGMENT 

'18 

'i9 

DCJ) • ~l.82'1'1695°0q f(lJ s 1•7220736+01 
D<'il ., 'lo6'18312S+QO. f('jJ_,. l_o83_?~'132+Q3 
D(Sl • •2,0816976• □ 1 f(S) • •2•S9'1J'IS5+Q2 

. D I 6 l s l • 0 3 6 9 o 2 2 • D 'i . f < 6 l • .. _ 'I• 3..~.1 S 3 'f 6_+ o l 

0111 • 'l,6'IBJ12s+oo 
. 012) ~- -2.0816976•01 

0131 s J,OJ69ozz•o'+ 
DI'!) w q.8158175 ♦ 00 

D(S) a P2o22'-13!7'l~Ol 
D<6l .. ~1.1ss1222~0J 

-·-··- - . ·--· .. - _ .. -- ..... . 

Fill w ~1•8282578+03 
Fl2) • •l•07'l8'l70 ♦ Q2 
f __ < 3 > ., _ 0 'l ~ 3 ~_I 4 9 8 6_ • o L 
Fl'l) a le8282578+Ul 

-- _f I 5.J • • 2 • Q 1 _':I_Q p '¾ + Q_2 
fl6> a -1•al1a,zq•o2 

DI! I m 

o I 2 l 11 

D < 3 l '" 
DC '-I) ,. 

'l.8158175+00 fill • uloaZ'i73o.3+Ql 
~2 • 22'i3 l 7'-1-0 I Fill. • ~ h 9_09 __ 1778+.02 
~1.1ss1222~0J flJ> a l•Ml18697+02 

'-1,9a11s,a+oo r<41 • 1,sz,130J•o1 
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'fable 3-19, Summary of Forces and Deflections on Segments (continued) 
Maximum Longitudinal Acceleration Condition (T .. 138 Seconds) PAGE 8 
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Table 3-19. Summary of Forces and Deflections on Segments (continued) 
Maximum Longitudinal Acceleration Condition (T = 138 Seconds) 

DEFLECTION 
COLUMN 

NODAL 
FORcES 
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'£able 3-19. Summary of Forcf;!s and Deflections on Segments (continued) 
Maximum Longitudinal Acceleration Conditiq11 (T • 138 Secondl!) PA GE 10 

SEGMENT 611 
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Table 3-19. Summary of Forces and Deflections on Segments (continued) 

Maximum Longitudinal Acceleration Condition (T • 138 Seconds) 

Dt:fLECT I ON 
COLUMN 

NODAL 
f"ORCES 
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Table 3-19. Summary of Forces and Deflections on Segments (continued) 
· Maximum Longitudinal Acceleration Condition (T ., 138 Seconda) 
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Summary of Forces and Deflections on Segments (continued) 
Maximum Longitudinal Acceleration Condition (T"' 138 Seconds) 
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Table 3-19. Summary of Forces and Deflections on Segments (continued) 
Maximum Longitudinal Acceleration Condition (T = 138 Seconds) - ·••·--•-·-··---
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Table 3-19. Summary of Forces and Deflections on Segments (continued) 
Maximum Longitudina 1 Accelera t:1.on Condition (T = 138 Seconds) PA GE l S 
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1 

5•.6.li0'f90+0~2 __ _ 
D(31 = -8e'l8156S9•03 f(J) m •1•2715795+02 
.Dl'i) 01 0.0000000 ... _ .. FJ!:U .. ~ .. -~.2U'i90l't?:t03 
DIS) a •• □ 771883•01 f(S) • •St5JS35Bl+oz 

. D ( 6) . "' -9 • 130'122'+'"0 3 .......... _ . ..f 16-L !" .-. m.1. •.(>?1':!6_•t5±0.? 

---------------------·· -·--••·-----·-·--

-------------------·--···-·····-·-----· ···--·-•·-·-· 

-----------------··••··-···-·•-- ··------·-·--~------·---------
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) · - --·--- ... · Table 3-20. Summary of Forces and Deflections on Segments 
· Maximum Reentry Dynamic Pressure Condition (TR • 505 S.econds) PAGE 

OEFLECTl ON NODAL 
____ ____ COLUMN FORCES 

... _____ s_tfil_1 ENT 1 D < I l • 8 • 3 8 6 9 3 S 8 • 0 l f' I 1 I III S, 2 2 2 6 S 'I!>+ O 2 
0(21 • 0 0 0000000 f'(2) a 1,036'1'137+03 
0131 n ----1..Jl12'11J2° □ 1 El31 • •8,&9'tll3'1+oz._ _______ _ 
Ol'll • '1,'1'172193•01 Fl'II • •'l,9520860+02 

.. ----------D-1 S I ,. .. 6, 7 9 7 0 9--0S-.~ 0 Q F' I 5 I ., •_L_'i'A9___£tinE.:z±o_.__ _______ _ 
0161 • 2,65'12098•02 F<6> "' •le861766~•03 

SEGMENT 2 0111 ~ 'l,q't72193•01 FIii a 806907'162+02 
____ ___,,,_'J_.2__L1L-~--6.,..J--'l7_QjJJS • D 'i E C 2 I ., 9 o 9 8 9 '16 3 0 ~ D 2 

. Dill ~ Zo6S~2098•02 F€3) • lo8~17679•Dl 
-----0-£-14-~ m 3 • 28 9-Ii!Ul'- 0 I f'.( !I I I!! .. 8 ~ I 6-L~,~O~Z--------~-

D ( 5 l • 9~7059590-02 f(Sl • •9,339i9e2+02 
.. --------- D I 6 l = 6 • 3 9 15' 36 2 • P 3 E I o I "' ~ 8 o lj 8 '+l O ;~ 9 • 0 2 

sEGMEH.T--- 3 0(1} • 3e28'18El27•0I F<I) n 8,177392'1+02· 
D(Z) a 9,7053590•02 F(2) Q 903391613•02 
0(3) s 6 1 39lY369•03 f()l m 6,~8'!080'i+Q2 
O("!) D J,03J'l577m01 f('!) U -7o'l92112J+Q2 
n.(S) "' 9,979Cl!66-0Z ffSI • •8o00661St.f+[U 
0(6) m ~2,969101'1•03 f(6) m "2t0737825+QI 

SEGMENT 'I 0(1) m J.033'1577•0I F(l) u 7,5!S"l'IOS•02 
_______ _.._._._z..~ •• 'l. il'iJlU-~ a z F -1--2--L_m e. o o 6.6.5.tl±fl-_______ _ 

0(3) a •2,969101'1~03 Ffll • 2007382!5+0! 
. ______ _.._.,~QJlj_~ o I E I !LJ "' m 6 • lb O 1 Q 5 'l "' D 2 

0(5) • · '1~8587750•02 F(S) u -, •• 31q172+02 
______ ___._D,__,(,..64 ) _Ill -I• '1352290-03 EI 61 • le I 6-2.88~__:tfil 

___ SEGtl_ENT ____ 5 __ 

SEGMENT 6 

SEGMENT 7 

D( l l "' 
D ( 2 l a: 

.. :u "" 
D ("I) .. 
D(SI ., 
D(bl ::: 

D ( l I = 
D { 21 "' 
D ( 3 l • 
D ( 111 II! 

D (5 l .. 
I " 

DI I l .. 

J.!89Q0'16eQj 
'i. ass nsa~o2 

- I n ':13 S 2-Z~U 
3,06'186!'i 0 01 
i , 2 8 2 Q IJJ-1~,0_L__ 
3 9 7"!36260..,0'1 

3 • 06 1♦ &61 'I-O I 
2,2s201a1-02 
3,7'136260•0'1 

f(t) 11 ~~7938276•02 
F(2) a 6.83i'i362+02 
fill • ~I,16688SO.:!J1 ________ _ 
f'(~) D M5o8877qQ9 ♦ Q2 

F(Sl n ~So93S6500+~~-------
Fl6) m •3o09S3613+0l 

F<l> • Se928~972+02 
f(2l ffl 5,93563"!1+0~ 
Fl3) D lo09S37l'l+OI 

22 01 El'il • •S,2308635• 2,60ZlL"""-"'' 
. F(S) m •S,33S8670+02 3 1 51JS63Jl-02 

2-.1l()_B_2.Zj_5,,,!_fi.} (bl u J,1610223+0 

2, 60702 22-0__1 [(L) _e __ _!!o26'i5523+Q2 
0(21 = 3 0 5056331•02 F(2l • S,33S85JS+o2 

________ ___,..__.___, _ _)_-_____z_..,_6_QJl.9.L.LS.~ F C 3 l !!it___--"!l_tlil_Q.lJJli.11~2 ________ _ 
D(q) : 1e76S2'18B•OI r{'I) m ~~o88B8~18+02 

___________________ ___..-1s1 "' 9~222--02 f(51 "' "''io817':l~-----------
,D(61 B B,2222292•03 F(6) u 2e39S020l+o2 
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Table 3-20, Summary of Forces and Deflections on Segments (continued) 
-~--- Maximum Reentry Dynamic Pressure Condition (TR= 505 Seconds) PAGE 2 

··••··-··-··--·-----------------------.,.c--------------
DEF'LEcT I ON NODAL 

········-·--- COLUMN fORCES 

SEGMENT 8 Dfll • 1,7652~88•01 fill a qo912l~SO+o2 
oc21 • 9.7669222qo2 F<2> • q.e11so~l+o2 

. -·-···- -·---------...Jl..Ll.). · "' 8 • 222229.z_ .. O3 F' I l > '" -2.t,.J950273+02 
D(ql a 6o9qJ77Q~•02 F(q) 8 •qe66ZSi71+Q2 

. --·- -·--··----- D ( S I "' 1 •..B..1..6.2.5 8..0.!".11.1 .... ___ US t "' ,.. If tlO.JJ.~.2.l. . .c..+....,o..,2_· _________ _ 
0(61 • 1,1073t3q~oz F(61 ~ 3e6372S8Q+QI 

SEGMENT 9 D ( I l " 6 ;,flfJ1Vi:ff:;"(:f2-" f ( U '" 'I • 6 79 2 J 16 + □ 2 
ll< 2 1 .. 1 • s 1c25 a o O o 1 r c 2 1 ° 'h 2 on 6 c 0 + o 2 
DC3) ~ 1 0 10731Jq•02 F!3) a •3o63~l17Z+Ol 
oc91 m •3.0513980•03 FlqJ_ = .q.s2s93q9+02 
0(51 • z.qBi2279•01 F(Sl a •306746673+02 

--------~~IW-~--ll.Jl-:'WL.£...IIJ,.J...Z,:::.J.L,ll..--_~---Lti..L...!L-"!..b.U.Ll~77~3~6~•~Q~2.._ ________ _ 

S.f.~M~J_.10 OCU.e .. J,0513988 .. 03 f(l)"' 1,1'1%869+02 
D(2) • 2,q812279•01 FC2) a 1,09692't3+02 

13 1 .. a.'! 1 2 1 2 1 2 - o 1 E o • .. •,, u.s.i o,..,a,_9,_+::...,a.,...2.._ ________ _ 
01'11 "' •9 0 9981057•02 F("ll • •le008ZSQ3+Q2 
O[Sl • le3qJl717-P1 flS) "' 716008668+0Q 
01,1 • 8,79"19681•03 F<61 .. ~1.O0,O7q6•oz 

SEGMENT l 1 D(I) R -9.998!0S7•02 F ( 1) a 1,S677Jffl•o1 
________ -., D!Zl ,. 3.3'11:U..17_0 .. Q .. L_ . ______ FJ.;?!_,, ....;~eyfl.ZOH~'i'~Cl~--------'---

DCJ) m 8 0 79'1968!•03 . F(JI ~ 1•~859~32+02 
-------------...!D!...l..! i'f.A.l__:•:.......-•=2...L• 2 5 517 '13 ~9 1 F ( "I I "' .. l • '+ 7 I l 8 9 2 • 0 1 

D(Sl • 'le"l59Sq6q•01 F(5) m 907656816•01 
- ----------.J.i-~~ o 3 F ( 6 > " .. 2 , s 'i 'I€ 8 9 a+ o 2 

----···SEGMENT 12 DI 1 I "' ~••-~•, ,~·-u• 
0(2) a: ····--

.,7. ?t:;~7'7Ll"t-n t F C I .I .. .. J,1900926•02 
't 0 "15'1~'f6ll•0 1 F 12) Ill ~858850+Q 1 

·--·--·- D 3 ) B 7 t 9 2 6 5 5 7 'I 8 U J " r ., ' m 7 - <> u.., M • ,_ , • 11., 
., o?.Lt.:c."7u_n-, F C 31 .. 2o5'1'i83b7+02 

DI'+) II - -------;1.vUb/3lO•Ol 

0 !..!i1 • 
D (6) • 

S19Q19?'f9•01 
607231'158•03 

SEGMENT 13 Ofll • ~~,.,,.,_ ~• -Jo"fUOtJ,u•u1 

0_(2 )_,. S.90199'19•01 
0 f 3 l a 607231'+58 .. QJ 

F ('I) .. lo0891.fS!8+Q2 
E(Sl "' 2. 7J7791ta+o2 
F ( 6) Ill .. 9.5933273+01 

Fili .. -3,2995399+02 
Fl21 .. .. 'f e656'til6'1+Q 1 
f ( 3) .. 9.S92'i'l86-o<QI 

P('t) a -~.82J.Jt.t£JZ•U1 1.(1..ll - ;at1,~_,,.,.,,,.,.,,,.,.; -.t:. _a:'l"l1.l.&U?-nt F C 'I) • 2 • 8792229+02 
0 f 5 l ., 1.ss1•1as1 .. 01 F (S) e, s.961001'+•02 

--·---·--··- 0(6),. lot11U.!6U'l•U;J .,,,.,"' .,..,,.,,.,.,,..,,.., ?.J:1,n'.>Ln"-n"t Ff. 6) 151 -6,1911366+02 

____ SE §11.E_ 'i_T _ _J '+ 0(1) II .. s,8ZJJ'lq2-01 

D ( 2) .. 
_____ ..,.p,_.(._J..,..) -=""---

7 0551 1-1857 .. QI 
;l__o.JLlfil~.tl.~. o 3 

0 I q I " 
0121 ,. 
D f 6 I " 

•'ie0927't'lq .. 01 
5!8115716"'01 

•lo29'i13760•02 

c~127 

Fill • ~s, ,20J 1t13+02 

F' { 2) .. .. J,l'il2785+02 

ELlJ ,a t_.. I 910960+Q2 
F ('I> .. 'lo98S26q0+02 
FCSI .. 7,3'1205'17+02 
F 16 I .. .. z.q737os1+03 
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Table 3-20, Summary of Forces and Deflections on Segments (continued) 
Maximum Reentry Dynami.c Pressure Condition (TR "' 505 Seconds) 

DEFLECT l ON NODAL 

___ -··-- ·-·----· COLUMN FORCES 

... ___ .5.tGME;NT IS O(l} B •'+o0927'+'f'fwQj f(I) ■ •7'1 l'+'f992+Q.2 
0(21 ,. 5,8115716•01 F(ZI • •Sol50767S+02 
DI 3 l • • 1 , 2 9...2_3_7 b O • O 2 f 13 I 11 2 • 'I 7 3 6 9 7 5 + 0 3 
OC'f) • •2,3785'+13•02 Fl'+I • 60677'1290+02 

.. - ·---O-{-S-1-c...o<.----.h-l-+S-2~0+- f t 5 l • ----6~...l.!U 8 7 8 7 + 0 2. 
0(61 a •2 9 t9278Q'f•02 FC6l 11 •7•1~52188•~2 

SEGMENT 16 0 ( 1) B •2,3785'+13•02 FIii • •7o991J852+02 

PAGE 3 

012) z 2.1152!Ll..2.~ □ l f(2) s .. 't.95_19965,_+...,,0,._,2=-----...c. 
0(3! = ~2,192780'!•02 FIJI • 7•1'f5t722•02 

---0-4'1 I E 2 • 6b66'f6..2.•0 I F'I 'I l ,. 7 • 6 
0(5) • ~,.osi78JS•QZ F(S) • 

---------D&.L-1-1•4'-1-I---"'- ,.3,706917-1> ... 0.z f(~Lu. J• 

SEGM.EN.I ..... -1.?__ o(!)"' 2,6668'169""01 f(I),. ... a.6Q012.30•o2 
0(21 • Q6,05778JS~02 F(ZI a ~'+•0996580•02 

______ ___,D"'--'-< .._3 ..._1 -=•-...c-_.l ....1..Q1,...'li.7....6 • O 2 F < 3 I • • 3 • O 'I 2 2 '+ 8 S + o 3 
O('f) • 3 0 758'1167•01 F('f) a 80353621'1+02 
0(5) m •1,5392396-01 F(SI a Ji99J8163+Q2 
D(6) = •1,3100?55•03 F16) a 7,6t888SB+OJ 

·-·· .. ·-·-· -·-------------------------------------------'---
SEGMENT 18 D (II • 3,758'1167•01 F( U • ,..z.92S7108+00 

----------l,0H(.-.2h)l--'"'"'--'~..5..3..!i2.3!ti,-".() l F' '-2-LJ_...!'!..!..& . .b.3,6..6..1..8..'l..:t.O----------
D ( l) • -1.3100755-03 FIJI a •209373953+01 

.----·-·-·---- 1 ·1,. ·•,6!;;"12!:.~Ql fl'¼J"" .;,, - ,, ... • J.l.r.ll!. ·u, "' * + o o 
01s1 = -1.stts,11,-01 F CS l -. ,, . -·-··- ....c_ ______ ........_6...) s: 0 8 0 2~3..!!.fl 't F I b I 

.. SEGM . .Eli.L-19 D ( LJ_ • 3, 758'1167•01 
0(2) = •1053'+23'+6~01 

F" ( 1> 

Fl 2 l 

.. ..1 • '1 ! 33628•02 .. 2, 2~':171..2.!:L".? 

.. !:i~58293'f't+02 .. -5.9152696+01 
~J " ~1.3IJJJJ.1..5S~03 f(31 .. -:,, - I .. I. - r ! ~Q'+S876+Q..3. 

O('li a 3e'l603007-01 Fl If l Ill •SoS32327J+oz 
. ____ __..D....,( 5-)_..;n_· -~....s..a..2il..'U ~ D 2 E I S l "' q - . - .. .. I 8731 'IQ.2.±fil 

0(6l = le6721317•02 f(6) • 3,0067oS9+03 

SEGMENT .20 

SEGM_ENT 21 

DC 1) = 
0 C 2 l • 
0 (3) • 

D <':II "' 
D (5 I ., 

D ( 6 I "' 

D ( 11 ., 

D f 2 I • 
·-··-------------L.1~ 

D t 'I I " 
·------~-..S~ 

D f 6 I "' 

3,'1603807•01 
"9,58919'/JcQZ 

1,6721317•02 

F ( 1 > 
EI 2 I 
F( 3) 

• s.2797523+02 

I!! fJaHZ!!ZZU:t:OIJ 
• ~3,0067595+03 

2e'l858817•Pl r,,, m -~, - I•• I - _r .!...il.U71 l +02 
1 0 0'f'l88b'i-01 F (SI • -1.-211'1660+01 

__.z_.71908'13~02 E:.ti.J 1B 9 • 2 ,. '16 7 a 1 + a.z. 
2.'1858817-0! F ( 1 > "' 'fc6661798+Q2 
1.0'1'+886'1•01 F 121 • lo3857'i83+02 

- I.._ I -", Z'i'f65 I '++Q2 L.LL2..0...8.'l..l..• O 2 f I 3 l ,. - .,. , 
•1,0668233-01 F"( If) • '"'105185629+02 

.... , .. ' "' ..fu EIHSS2s..±ll .8...._l...'LJ;..U.U.~_n l E I S l ~----------·····--~--·--··~•~-s• 
2,5130570-02 F' ( 6) .. .. 1,13'+3916+03 

---------~------------------------------------,--------------------~,, .... ·~"'~"-·,,, .-
. -.... ··-·----··-··--·--------------------------~------------------------
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Table 3-20, Summary of Forces and Deflections on Segments (continued) 
Maximum Reentry Dynamic Pressure Condition. (TR = 505 Seconds) 

DEFLECT I ON 
_t_OLUMN 

____ SEGMENT 22 Dfl I • "1,06682J3~01 f'(ll ■ 

0(21 • 8,1961311•01 Fl21 ~ 

---------· 0 D > 11 2 • S Ll_Q...S.1..9-0 2 f ( 31 '" 
0('11 • •3,6777361-01 f'('f) • 

NODAL 
FORCES 

3,6'169963+02 
2,575.8599+02 
l.il.3'i 3 9 0 HO 3 

g3 •.5226630+02 

PAGE If 

... __lliSJ __ "!._ __ 1..,,.2..2J1.!!!.2.!fJL'ti!JL. _____ _EJ~ • S • 2 ,H 3 7 6 6 +_Q__.__ _______ _ 

0(61 ,. 8.J1639SQ<>03 Fl6) ,. •7 o521l l 8Ml+02 

SEGMENT 23 D ( 1 l .. •3 • 6 '7736.l;;,r.fi~ - f(l) ., 2 • 6d45909+dZ 
JU2.L_., __ Lui;3..li.2.!Ul.+ DD E I 2 ) __ 1!!_ ___ ..L_U,'i~ilM.Z. 
D t 3 I .. 803163950•03 f' ( 3} .. 1.5281365+02 
D..UL)_l!L_~,._6.ll. q 2 O S 7 • 0 I EI~ I .. ~ iu.S.l.JlL~_!.O. 
D (SI .. l t i!0.22766+00 f'{Sl ,. ~1 e33'f2l'tS+01 
-6-,L~~ .l.j El 6 l .. • l e 2 !i S Q S.ll..!.IU 

.. s.E.GH.E.N.L __ 2t/ IJI 1' .. -,,ou"Y·&;u-r,-u, r. '~~~~~~"-L''"' -~--~---n, 1, w .1.1. kn4!.,-nu"l'-n , . f' ( 1 )' "' 1 oss1·1s92+02 
----- - - -

D t 2 I .. 1,'f022766..,.00 f' ( 2 I .. 203269505+02 
0 ( 3 l II S,2B!HIZIS•0!:I Elli !I! 1 L2.!l~U3Z• □ Z 
D < 'f) • •S,0181136 .. 0l f' ( 'f ) lll -1,5029235+02 

IS I • 1 a J9882 I l +(HI EUP "' 6o'f870382+0l 
D ( 6 > .. 5,0366'179•0'1 FUd .. lt2't6SSS8+Q2 

StGMENT 25 DI I l .. nS.OH:11136-01 - F (I> .. 'fo6l8'1260·► of 

··- 0 J.2J ·-"'-•······j_· ~ 9 e.e 6 l l + 0 D F(.2: "' 1.72811386+02 
D ( 3 I .. s O 0366't79•l1'f F.' ( 3) .. "'lo2'166!'1l+02 
H~I "' .. 5 • 5600J_7'f-O t ( 'I ) a "''fo'fSl869S+Ol 
D ( 5 l "' l 1 1J28379l+OO f' (SI "' I• 28002'i2-v02 
D ( 6 l .. 1 i 951739'1·•03 F ( 6) A J-o'l31108S+OI 

_ ~.~~_!-_lENT 26 DI 11 .. M5.S600I 714~01 f' < I ) "" -6,3213233+01 

D 121 .. 1.'1233791+00 F ( 21 .. 101800257+02 
·-------- • _. • I , .JI - ..• .., V ·1 ~ &. r 'W' • U l, DI} I .. 1. ?51739q .. 03 f' ( 3 l - ...,'i_u-:.:t'7'1C"7•nt 

D {'-I) "' -b,21'1!bJ2•01 f!'O "' iu1012B'll+OI 
0 <SI ,. 1.'1919138+00 FIS I Ill 1,7212675+02 
D ( 6) .. 2,'i27S75SDOJ f' ( 6) .. l • 975999'1+01 

SEGMENT 27 D ( 1 I .. a '6-2Prrnz-o 1 Fl 1 > .. ~le5939037+1'17 

D!Zl • 1t'l919138-c>OO F ( 2) "' 5oH37887+Q1 
D t 3 I .. 2,'1275755•03 f(.}) 1G •l,'i1766'I06+0i 
D!~l .. -6 1 69'16729mOl fl'I) .. l ,Si+90S78+Q2 
DI 5 I • 1.5365988+00 f' t 5 I .. 2,0867596+02 
D 16 I • 1 t l 8'185:Hl•0.3 F(ld .. ..1,9506227+02 

SE:GMENT 28 D ( 1 ) .. •6,69'16729 ... 01 F ( 11 .. D2 t lf 'f 3 2'166 +02 

0(2) .. 1,5365988+00 F'(2) "' •'l,072!:i656"'00 

IU 31 .. le 1 £P.18SJ8nQJ E < 3 > .. le9S055!3+Q2 
D ( '11 .. •6.5929l97w01 f' ( It ) .. 2~376'1336+02 
tUSl ·••····----·------------L .. 1 • ..i_~ 9 9 9 + 0 0 El S ! .. 2,'1963'193+02 
D (6 l .. .. 6.05'11729 .. 0J f'U,l 18 mS.'1667180+02 

---·----·---------------------------------------------------------------~--

··-··----·· -··------·-----------------------------------·------------------------
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Table 3-20. Summary of Forces and Deflections on .Segments (continued) 
Maximum Reentry Dynamic Pressure Condition (TR• SOS· Seconds) PAGE Ii 

·---- -··-- ··--·--•·-· 
DEFLECTION 

COL!J.MN 

NODAL --------------· 

FORCES 

---·-··-ll§ . .t'.1..E!:!..L. 29 Df-1 l • •6,5929197-01 Fl 11 • •3o2'11f82l.S+_Q2 

SEGMENY 
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Table 3-20. Summary of Forces and Deflections on Segments (continued) 
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Table 3-20. Summary of Forces .and Deflections on S~gments (continued) 
Maximum Reentry Dynamic Pressure Condition (TR= 505 Seconds) 
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Table· 3-20. Summary of Forcea and Deflections on Segments. (continued) 
Maxlmum Reentry Dynamic Pressure Condition (TR• 505 Seconds) 
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Table 3-20. Summary of Forces and Deflections on Segments (continued) 
0 Maximum Reentry Dynamic Pressure Condition (TR= 505 Seconds)· __ P...;.;A~G~E'--I;.._ ___ _ 
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Table 3-20, Summary of Forces and Deflectionn on Segment11 (continued) 
Maximum Reentry .Dynamic Pressure Condit:i9n (Tji • 505 Seconds) 
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D < 2 ) ,. 1 • 6 'I 'I 2 .l 1 9 m 0.2 F I 2 ) · • - 1 • 'I 6 6 2 '12 O + 0 0 

l'AGE 11 

__ D131 11 -1.8770J9'1•03 F(J) • •2•790357'1<>01 ________ .. ____ _ 
Dl'II • S.2982'1'1'1•01 Fl'II s •le571S61B+o2 

. - --0-U.+ .. 1 • 6 't 9 Li I 32 n !U-- F I S LJL.--1l.ofil.f1...'H,.O!J..:".'..O 1 . 
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Table 3·20. Summary of Forces and Deflections on Segments (continued) 
Maximum Reentry Dynamic Pressure Condition (TR= 505 Seconds) 

DEfLEcTI ON NOl>AL 
-· --·· COLUMN r "" .. n" C E:_S __ 
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DU I .. 7,78763SS•Q3 F( 6) .. 1,. 111os1s+oJ 

SEGMEl!L 8'1 DI 1 I .. 6,'¼258675•01 FI 1 l .. ..!.'1963881+02 
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Table 3-20. Summary of Forces and Deflections on Segments (continued) 
Maximum Reentry Dynamic Pressure Condition (TR n sos·seconds) 

DEFLECT l ON NODAL 
.... ·-·-·--, COLUMN f"ORCES 
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Cl I 3 I • 9 e 5 !i.7~ Llll .. 211SJ982Z•O~ 
D <'II .. 2 • 07'13896v00 f C 'I I .. •9•ll96377"'0l 
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SEGMENT 90 O ( I l • 2,07'13896+00 Fl 11 .. 6.e 2'1299'13+0 I 

0 12 l !!i So6't35a2B•03 £..i..2.J..._m_le616 □ 286+03 

0 ( 3 I .. 7.0592218 .. 03 F C 3 I .. 2oll078o'i+O'i 
... ···•···-·---·------ -0..L..~.l-..a 2,1233869±00 f I~ I II -z.ao1z2tiJ+a1 

D CS I .. 6,517900'1-03 F(SI .. "'1•7896767+03 
•··--· - -----------D ... U . ..)_111 '+, 95..Cl..1...6..2.3...!'!..0.3 Elid .. • 2 • I Z 36 I El.s...±.!Ll.i 

.suil1ENT 91 O(ll .. 2,1733869+00 F (I l • '107239121•01 
IO C 21 .. 6,517900'1•03 Fl 2) .. 1&7878878+03 
:Q_L)) "' 'l195Q7623-03 E!.31 .. 2,17~ZIS'i'+a'I 1-..L!!U'~LJ-uJ r,~, - ,,.,~,l~'-.!...'~~_,_,_,,_ ______________ _ 

! D ( 'i I = 2, 2'103.'i 32+00 F ( 'i l .. ·6,2972798+01 
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Table 3-20. Summary of Forces and Deflections on Segments (continued) 
Maximum Reentry Dynamic Pressure Condition (TR• 505 Seconds) PAGE J~ -----------

DEFLECTION NODAL 
-'.Q!.JJMN FORCES 

Sf;GMENI 92 D II! II 2 • 21103~32+00 F (j I • 302'116771+01 
DC 2) • 5,2766926•03 f C 2 > .. 1. 98ot.'f77+o3 

--------, QI l 1 II 3tl2Ui~l~ .. LU [ ! 3 ! II 2.'1063218+0'4 
D ('fl .. 2,2791051+00 F ('II II •'108617890+01 
DIS l II l, aze u l 2 •o.~ Sl .. •2!U219~ 
DC 6) Ill 1 .ii707He .. o~ FC6) .. •209'187991+0'1 

SEGMENT 93 D ( l l • 2,27910S1+00 F (t) .. 1. 71s5l1s+o 1 

·- DC;U .. 3 1 0788632 .. DJ F ( 2) .. 2 o26 I 27N+03 
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DI~ l .. 2o221SJIZ:t-O..O El~l Ill PJ,!;i5Q69~8•0l 
DI 5 I • 9e033"67D9•0'f f CS I .. ..z.aco31s6+03 
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-·. ·····-····-----· DIS I It n2 t 913 71,JQ..,Pl FIS) .. •201210873+02 
DC 6 l .. •3,3953007•03 FU,> II •709687035+02 
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Table 3~20, Summary of Foi·ces and Deflections on Segments (continueµ) 
Maximum Reentry Dynamic Preaau.re Condition (TR • 505 Seconds) __ P_A_li_E_J;...li _________ ,__ 
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-···------- COLUMN . ,o,.ce:s 
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Table 3-21. Summary of. Forces. and Deflect:lcina on Segment& 
Landing Condition 
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Pn+l = (F4) cos e·+ (F5) sin 9 

Sn+l = (F4) sin G - (F5) cos@ 

The algebraic signs of the loadings obtained from the above expressions are 
such that a positive "P" places the segment in compression and a positive "S" 
represents a shear load acting towards the interi.or of the component. The 
results of this transfer of loads are summarized in table 3-22 for the upper 
frustum and table 3-23 for the lower frustum. Because the segment orientation 
in the cylindrical bulkheads is panillel to the longitti.dinal cent0rline of the 
vehicle, the meridional and shear loading~ are obtained directly from the c6m
puter printouts illustrated in tables 3-17 through 3-21, inclusive. 

The unit area and section modulus (I/y) of the actual sandwich configurations 
were calculated i.n table 3-24 for subsequent use in determining the st;resses 
in the face sheets. It should be noted that initi~lly the data in this table 
were based ori the sandwich overall thickness and face thickness shown in table 
l~l. However, when the axial and discontinuity stresses.were first calculated, 
some discontinuity stresses were found to exceed the lirnitj.ng allowable 
stress. The face thicknesses were then increased as required to provide posi
tive margins of safety. 'rhe segments. where these changes were found necessary 
are indicated by an_ asterisk (*) in coluinrl(})of table 3-2l1 .• 

· The final meridional and discontinuity stresses are calculated from the. follow .. 
ing equations based on the sign conventions established in figure 3-1 for moment, 
and previously in this paragraph for the meridional loading: 

At node 11n 11 

Stress in inner face = i:r IF 

. Stress in outer face = u OF 

At node "n + 1" 

~ P(n + 1) M(n + 1) 
IF = + A + (I/ y) 

uOF - f.ul_.±.1)._ M 0l.±...l)_ 
- + . A + (I/y) 
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.e 3-22. Summary of Meridional and Shear:Loadings - Upper Frustum (continued) 
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Figure 3-1. Positive Forces and Detections on Typical Segments 
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The meridional stress di.stributions are calculated in tables 3·25 through 3·28, 
inclusive. Distribution curves are plotted for .the maximum long1.tudinal accel
erat:l.on condition (T = 138 seconds) in figures 3-2 through 3-5, i.ncluaive. 

'3.6.2 IDOP STRESS DISTRIBUTION 

The hoop stress due to internal pressure acting on a structural component was 
computed from the expression: 

uH = pRe 

2tF 

where uH = hoop stress (positive when tension) 

p == pressure 

Re = equivalent cylindrical radius= (R1 + R2)/2 cos e 

Rl = radius at small end of segment 

R2 = radius at large end of segment 

s = 1/2 cone angle= o0 for cylinder 

tF = face thickness 

Note that the average pressure acting on a segment was used in the hoop stress 
computations because these values had been previously calculated for input data 
to t:he refeEence 1 computer program, To be rigorously correct, the maximum 
··,····· ........ ,.e ····-1),r. "1·1"' s··-.. •·1··r1t -h~-1~d t··av"' 1'""- u~"'d IIc··•"""~ ~ ... t·ho"c c:ing•n"'.,..t"' 1,,J..tbi".>U.t Vct-.uc::-, ~, r_;;.>, ~~gue .... t..,, t..Jt .tL. u c u~\,;.u ,:,JC, • ·• w~v""'"~, ..&..u ..:.,- ...... - .-.1..;..:,. ... i.) 

:where the peak pressures are found, the distance between nodes has beenreduced 
in order to better define the distribution of the discontinuity bending moment . 
The error involved is therefore reduced in these cases and ·is not considered of 

. a magnitude that will invalidate in any way the results of this feasibility study. 
Tables 3-29 through 3-32 were set up to calculate the hoop stress distribution 
in each major structural component for the various design conditions investigated. 
The results are plotted in figures 3-6 through 3-9, inclusive. 

3. 7 CALCULATION OF ALLOWABLE STRESSES 

3.7.1 ALLOWABLE OVERALL BUCKLING STRESSES 

The SERV primary structure has been broken down into basically two frustums and 
two cylindrical bulkheads. Note that the aft heat shield has been omitted from 
this portion of the analysis because due to its method of construction, sandwich 
panels supported by radial and cross beams, it is not subject to the same type 
of buckling failure discussed in this paragraph. The critical buckling stresses 
for the frustums and cylinders were calculated using the methods discussed prev
iously in volume 3, appendix E. In all cases, that portion. throµghout which the 
sandwich configuration remained constant was isolated. and the critical buckling 
stresses determined. When the length 0f the comp~ne1,:t appeared in_ any parameter,. 
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( Table 3-25. Cal.culation pf Meridlonal Streuu - Upper Frustum .8·~· 

•- 41-, .. , k - - '1\¥,'ti'f.V.!Wi\('. ~A,)l,,\..f.)'l'\(A,. ~.~,t,gWt~ . ~ 
L\fi~O'l!I" "PM.1/lt.!R.1 At(.11.1.HA'\'U'H~ ~. ~'ll!t.'b, \.A~'t,\'°'~ . . 1/, 

,<"'··~ '· t\J 
) • . ... ~:~i 

;-'··, 
·:,.;·;• 

.1•"::.:. ,,r:.,., 
', ~/~~? 

,i,~ -

'R'!f.VRW.'tC¢! ( T \I. O) l ;-" "l'I ) {-r a \'\I) ("f "- \I :io'i) · · 

-~1 ""v_(_i. ... )---~-ijii"t, \4l.\, ie, ?-co4 ,41o~ v,io. \1ot. ,~io, e,1 t.z.~,.~c,i 

\'T'U:1'\ 

- ,-1\. (if·- ~d\'l. ( -&) 't-;·~~i~ ·- -i°~4t~~t ". ··4.~q,-~t.6. - . ,-68\.'l~---- l\ ">t ,1.6 ,· 

,~ "1~ ,.~~~~ ·~.,~ . -·· ...... , .. -· ' ....... ;~t~:,;~= ..... ~.=---- . 
1~ -:::~:· · =··~/~ =~~~~~·-----·- :.~~~t~lt---=-~-1 ·:·~~~~\--. ~- ···:-~{~~t· -- : ~~:~; -+ b · '1°)l~ · · ©..,@ ~e~,,·t,, ··· · ·~"i~:~~·~--- ·· ... ~,·:s-...,'iis.... · :L;;,4~2 · ... ~::"i"iC~ii 
:@ · ·\i'~; · -© ~ (~ ·-· ·~ii"l~i---·· 14i·,.-~e···- ..,.iise·~----· ·4i1.:e~·,;;··-··-

i 10 1' :> -,;;~-)- -\%Z.,O\'l -\e,"l'Z.,\l..11 ~ '2-W:\~4 - ,z.~'l.l\:!>S-
... \40\ 

- 'SC)o., t't .. . "•···•· . 
- 2~'!,.t4\\ 1® \·•\{~)··· ---···t-io'ilih') _ - \\t>)l,,801 - 151..\. 1~1 ~·;-~'l~.l.\o'-\ • e~B.410 

·!~· · 'l~~ ·-·- ,f}.l'.i\.\: ~- 24 ·· · · · ·--···-· .. ·--· ·-··-:-~4°ts\e----·--···-·-... -... --·-·----- ........ . 
!~j(f~~~ ... 0/<JS ......... __ '2.L,ICi~ --~l.OO~ -46'¾0l? -'2,Mq? --1\"!)l\C, 
I I • ...... -· · - -· --·--·· · ·-·--- -----···-.. ----·--- -· 
~,,.~~tt"'!':. @/~-7.l.e?Co) .- ~-so~e ~.~~:>~l... . ... :-: .. ~.q~~. .. . :: .. -s.~'!t~ 
i<+) l:T':i.~... • © +@ - s~o~i - ')ion - t)'!.~o'-1 -.1.\-z.e.ss - \f.o~B ~·el q"C'l' ©:@ \~4t... -%1.. -1.\'Slt -4-n: • ., -li:~--, 
I© 1'(;>) 'f\0•1'.t I \"'.,l,,7.,,404- \e,')2.B"J'l t~ll4.'::>l.4 I ?.bB,l.06 5'?l,'>C2 

1
© Mb) ··l-lh:<t(r} .. _ \\C!l.\.eo, ...... --·,-:>t.\.l'l>I\ · \G)"lt...~01,,-- - e11e,1toe,··-· --·2.~'!t.2.4~ ... -

1:f 'I~-- .. ·,,._il,1.ti 11"?.~ . . ··-- ...... . t:?~(~- ..... -· -····- ···----·-·--··--· 
;@CJ;..:~~-;:-· ··-:..--·G.VGS-···t -!.l,u;,L · 1 -'!i.,,e.,1~) I .1.w-,::.·, '· -z~ez.o ! _,,~~, - -! 

~Ii =~f {i~:-I~s;,~~ -~JI(~ ;.jf !~.: :~1r=1~1t-: 
j: ~Pi.:·~;~~-~---'" ::i;.,,:~= ~~:;:,;::.=-- : iio_:'!-,,·--· . i,o,a . :-. \-o ~11 · ~ ~: I 

<r'e"'\1):· · @/® .. · · ·· -'i~i--··-- ·-·+-i'I~ ·--.. --- -·-·~~e;·- _ 4·~L, · -41$ ... ~--
• It -· ---;._ -•··•·- ••• ' . -~-·-----····. • ..... -.. • •• --------· --- - ------- -·~------···;:..-------- ----.-· 

G ,.w © -1- © ~?.~ca~ - ~\\.\ 7)o - LI. ~\.\8\ - i., -::,I.\ z. - 1ot.,1>,t.., ~~~=~:r:r~- :;~t~r- ~;~?,]~~~ :~~~~~-- ~~r~~- ;;f;f7 f------·--------·...._-.... ·•------......... 
~[jz~-- 1~~\.~ o~~t\ -· .. . . . - ·== ............ ~-t~t;~·•-· .. ·---· ··-•--"• .. . -_ 
©lcrl\,!11\1., - 0/6) -":i'bab-S -\\SB\\ -t."li~'I -'bol.\~9 _,...,_e,lj') 

~ ~r,~;;· ---~ f ~~ - ·-:~~t~~ ·· .... ... ~\\~!ii. ·~~~;o .. ·· ~~~;:·;· · ... · ·~;~fjf~~:_-:J 
. t: ........ _.. .. . " . ".. .... .. . . " " .... -,--- ·--· .. - ............ ·---- ........ ---·-·------~ 

4 1®i ~c" 1) • © -"!:,~ - l\l,,\C\~ - l.l'lcl.\ - 2.%7.o -=-~~~.?.~-' 
1%t:·ttr ·--~:}·rir--· \~~-~:~~ .~.i:t'.t}~--· · ~:~\~~z-._ .:~;t~i~~---· : .. ~;~~-

-··-'i·-•··· :~~~Ai '1-24 ·--'"':=== ......... -- -··-----.. .'..~~~ -~--------· .~Rt,11, c-----i!- ___ . . .o~~bl.)'lt. · 

~1~:E~~'t :;~~t" :~,:~~:• ;;,l'.~~p~t~"··f'.~~~~~':c. 
~ta)r·~:·· ~:© ::~tt~~ . ~-~!::~, =~~~~~ ..... fi -=-~C)Jj~;;· .... ·J· ·•:~}{l·;.}·~~1 ... 

, 'l,,. 
,.,,,.-. 

,J~-------------------------· A- ~----~- .-M-~ .. -4 
.. · •. ·-~~-

C-·164 A.~.-~ W-a · 



0 ' ,_. °' \Ji 

l 
I l 0 v

' 
• 

0 
0 

-.:; 
1 

• 

' 
c-

-
.&

 ; 
ci 

:.
, 

tf
) 

('->
: l

h 
-,u

, 
; _

,. .. 
r->

 :
r 

v
jo

, 
:-5

' i
 r 

.I
/,

 IV
' 

c
, 
·c

 
fV

 
- ; ' 

' 
I 

v1
: 

(J
l 

0 
v'

 ~-· (/> 0 .&
"
.o

 
·(

/,
 

I 
I 

u
' 

r:
 

. 
-

-: 
_,.

 
..s

r,:
..,

. 
v>

'v
 

I 
'.

v 
' 

i 
' 

I.,
...,

. 
..

..
 

0 
..

7
 
v 

...,,
 :-

. 
.,, 

(
h

 
I
,
 

r:, 
.c

 

i 

r'.3
 

il
l 0
- ,....
 

B
 w
 

I N
 

\J
r n lb
 .... n i::

: ,_.
 

lX>
 

r
t ,-.
. 

0 ::
l 

0 ....,
 
~
 

I!
) 

'1
 

,-.
. 

0
. 

f-
'·

 
0 

. 
::

l 
D

I .... C
l.I

 
r
t 

'1
 

ft
 ,... .. 

. 
Ill

 "' c::
 .., 'O
 

I!
) 

'1
 ..,, '1
 

i:::
 

c,
, r § 



'j; ·• ,- ( .. 

, ... \ ."· ,\·,,. 
I '• / (~ 

•. \ 

-

- - -····--- ----·- ---,- - .... ,,.~ •• ··- ~, ___,_,~.,.,,., ... ,_.....,,_-. --~·-'•'-.~Ol.U'-"..l.·-~'-"-\.~>J../,1..., .u::..J,.D..f,.!.~..,.:,.-..;;_c..1.:,•J,,LL..l.-.)'~J.'1.'i.t,:';.,j".!d.Q",...;,;;:..ur.l'~~ii.'J:1,i\,].;,\~,:'l.I.J,Ji.Aru.i-~~~ 

Table 3-25. Calc.:uLation of Meri.dional Stresses - Upper Frut:1tum (continued) 
··-· -·-··· ... . . -··-··-··- . :---v--· ... 

, I-'\~. "t>'l~M'I\C. ~A)I,. \..u~. ~."i.Ht\'l11:f 
\'.f\U"\ L\\'"l•Off "?rut~~I AC,.:e.\.H,-.TIOM ~. ~U•~• \..A"'~, .. , 

.,. • . (Ts;o) LT'f'>i) (T,.n,a) ("r~•'5o-s) 1 
.,_1!,n1l1lMCI!, I 

"""1'""",,--. -e---~-u,.,(, 'l ~!) ,\.iei.i. , , 01.. .~4 u. , 4 '::>1. \ iz t.. e.'l. ~.,,, ~s·t~--:----1 
© ~(ef ... t,\d,V.(1.) -\1!)¾_ .. _, --·~c4:')1C,- -· -~2'28~2-0~.. ~ ... z;~,soi·- -,e',(,~,- ·: 1 
,~ "I/~ · TAlll\.~--~-?.4 , ~~:~% .... _ ..... 1 
!©'1'~~~ :01@ -20".:>eo ___ ~-;;c~~- .. - -~-;;_;~')~-- -~·i0i111 I -~"l1.e.·· .. -··-

4 $8)') ~;..) cr~U~l) .... :.-©/® + ~e)'\ 4 '2.oec) 4 ')%~ ··+ ~hi 
·· P.:) · G"'ll'_ .. 01 ~ CQ -,1>ici">OJ ~.z.ei.u.~ -bi'i>e·'l ....... ~ "?'>~-- .. l .. .:--,,~i ..... 
Bi@_ ~c.. ©-@ -'2.o'lt.l -~ie2.1 -L\'llZ.\ .2,(.,€,ll'~ 

I
(\) 1' '1) 'tlo1'1. ,) -L.<:i~.'U,.L, - \!):$').t.o4 - l~l\o,4oa - t.Z.'l,HCJ 
© ~l~y-· "01iT1.y-- "l.-S~~ -fl,".,'So l'l.''.)':)l ~l..'!>'l;i I@ ._. ... ,....... . ..... -........ -- -· -· ·-· ... -................. --,- 'O'M.. ------· 

- Io~(.$ 

. - i-::.z..i,zc, 
0, ?8 ,S 

i®. 'I./~ .. TAra.\..g, ~-2'1 ........ -o-'boc,,~ .. -· ......... . 

~l<r..;;.~~.~~~- :~ .. ~;~ ...... .:;~~~-·1·•:_2~~~·e-· -· ... ~+'be,,e\";J4 ... ·1·• .- .. :,~~;~-~-~.-...... ::-~-~f~s--·:-
;G)l ~::i." . © ~ © -,°'ot.ei - 2.0>L.48 -1>1.':i-S\ ..;. 1t:,2,1.1 ~ - '>2.1o '®· ~01" ©-@ -\~'5SIS - 20/IOt'J - 1:ie11') - leS"I? - C)z.?o 

©IM(q2 l'l.A1t.1.t1 -"l.sc,4 e,iss - 'Z.."l,)S) - ~t..~"1~ ..:c,.,es 
@:-A -- i . . ~ --~:· - ·---- • O~l. . .. 

., .............. ........ 

'Q)~~.(~)---1 .. '!I_O~'l/(I{-· .. ~ .. ~-$.'!.)') ~u$~•-~~~-- ___ l?,l\1,~G~ ... ~~~4~~ -·-1 .. ~-~'-l.Oo(. 

(§_t !. }~- A~l..lt • Z, "i ... _. • 0 ':>o<:)'l (.-
:®' rr,..::~~-- -- ~-:. ·0/(y;j . ... ' :.·,a;:;? c;------ ·---l~~cit"~_,,,..-_ ........ -::,-,,-2,(-.')-----,'l-Y_$_(.,.... --.--_-q_z._"16---1 

i© (r<t.'N'\), - (t.)/@ · q_4s .,. '2.''lo -1- ee~ ·· .. -1- k,4 · -· 1• ··--·+-is ______ _ 
IG) l:!''t 11 ®., (Q - 1 Oi ce 1 • 'l.%t.t. .: ~~ ~84 •- 1 l. '282 · · ·· ---~ ··ci2 ii .. _ .. _ 
I • . ..... 
K'ID 13"'e" @-© -\0!$'lI ~t'112..l. - ':>81-So - 16t,.'!>o - Cl°!>O) 

9 I@ "P ~ II) I 0 Hu11d1Y ....... -:.~{,·.~·.;;;--.. "-:.•1cis:ss~------=.-\i ½;~'!,·.;· .... ·.: ~ ... ~-0.i~ ... ,;----· -_· ;;-z:;·:~ 
!©!Mciof-1' 1-\~il (1.) . -11,t.~e -\~~-.'So~-... .._ .. ies.os·c, >~1i;·:l'i·~........ ..~-~l\:~~~ 
1i) ;;'\ .... TM~~~ ~-2L1 ..... --- .. ·: ... ,;:t:~~~··-.... ____ ....... -.. 
!t~T ]({ ____ ~;!i~ - ::;I~fI~J;:r-. 
'(f~! tr'o, ®-(c.) -181'\9 -2.".,')2.l,, 1 .. ,2.'2..9">4 

-·------- ----·· ..... __ , 
-,\l,106 

- \'2.";,'lo 

- 281.\'le, 
- ;:,"l'.)8 

- 6<\'Y~ 

- I I 2. I 

- I ooS4 
-"1~12." --

,se.4ci~ ies.022 !<DlJL_,~)- .. 1 ~~n l1).. t.~:..e'\1 I Oib'l,1"le _ I· et.'!),1DJ1 
j®: 'ri\(lb) -"'~_ll{t) _ (.\.\,'lee, - ")0,41.to - l.\lll ,')\?, • 

·0 A ,ol\o ' 
- lll,,'!,,1.1\ - 1.to,ci2~ 

®f-1/ · ,_..~.__t.:i•il.\ .ceee,t., . 
"----'<--.--1--------- -----·-- I I ®' <:r,o.y.\t,,I. . - (i))@ - I'$/?)\;') - '2.2,l,')C) • - 2.1Seo 

4 \\9'l"> © cs-1\,11.1,-ii: ...... - c)/@ +·~2."l +101e 

G); ~n I ® +(f.,0 -1-s11e - iit.t.1 - 1t.t.o'l 

- 'b%,2. 
+-S'Z..1$ 

4-12.':il,., 

- '!12,(,, 

,t Ill.I 
- t,1.,·c.s .... --
~ %81 \Qt@: \Jo" ._~_-(0 .\l,~~l. -ni..t:i'l ~'ll.-SS'l, .q1eo 

~~~~\'.~· ~ -:::i~) -~~\:0

: :,~~~:~i.e.~. :~{~:~-~~--· :~~2~:~ t-:~;~\f~~-~fl T~~~~ ;.,~ ..... ·····-·------··••··-· .o~:~0i~_···-.. -····· ........ ·----··• .. '-.. -----
;-, L.. '°i --....... ... ........ . . .. .. .. --- .. -· ··-··· -·. -----.. --

1~ ! ':r' i.11M, @,/(~ .. l\.iE,<l)"':, -7..\l\:,? .. 

~\ifJ"~'ll<tJ, @/© +LIU, -\''.;,I\.\ 

(i) I cy;, ®"'@ - \l\l\C') - 2,2. ~\.\~ 

@j <r;" C§) • Q;) ·· IS :i'l°' - '2.o \\ E, 

- \r:,')') ~ - \~e,q - l..L.28 - ·-·-
- II.\ I(. - 17. '2 ~ - I ~S 

- LOIC\~ .. ~u I 'I. -.,ec:: ---
• l'l '!.la\ - ~l..L. - ~t \ I ~';_l ~-

.. -~-• 

C-1 u(, 



-··-··-·--•u•--•--·~~~.,•-•.-.-..• .... ---.,o..-.., .. ~.=...,.w,u.~.•...__,_•.=•=-.u.:u.:.:,L..o.,<~~'a.:'...:..V.Ui~1!L',;l . .l:<:i:nAi~UJc~~.~~i€fi;~ 

:' · · J Table 3,-25. Calculation of Meridional Stresses - Upper .Frustum (continued) • ~;, _-1" _ _., ____ """'!"'_~_ ...... ______ _,,, ________ ,..._ _____ __,r--~---c:--~-.;.._--""--4,-...;,;,.....,.... 

· ,· . · . ""~• ~"1"11\"'\C '"'All-, \..o~. \'W. 'i:.'ll<t"'ni:'1 . , .. •• , 
\T'li.~ . L,n~()V:f' 1)M.~fl1 ht,'il.LHA'f\O" 't.YV'II, V\'l:.,t~~. \..A"'1>\~ ·· (. 

,. (, ... o) LT,'>i) (T•\'\e) ("l.,.,'So$) 
. ,, ~ ...... +rt--,-,,:-t--~ ' 

''. \>' 1 -Pl'!.__ 'Soi4.4~_l ___ ~·M .. ,eio "l-~~~c,-~~- . "l~:.~?~--- J. tt.i~~--·' 
.~ 11 -ll".>.,el.\ 11l.,I..~") \'Z.S,"la,") 101S,S~~ · .\S,.So4 

-;•'"t 

~ I 

A . ,o4o 
® ·-:i/~ A~\.'if. 1'•'24 ___ :·oeeeit.. . ... . .. ···-· .. ·•--·-·--··-

I©~~~-;· ~--©©~@-. - -\~q\\ .. :~--~- - i\\\$$ ~-,ee'i4···- -_)~~-- .. __ _:_1.~)_S ____ _ 
~1;) <!"'t,(!.~T.1- • t 1® . ,;.4Bt. - \~14 -\l\"1(.. ·- 12,z;; - l?S 

I\~~!:::· ~~-: __ t_ : ~~~~~ --. ~ ~!l~~ ·:·=-ttt~f-·:_~ : t:fi. ___ --~~ ~~i~:~·-·· -
!6) '1'(12.) ~oiil 1) -'!31.\"l,')eS - "lOJ"!:>,%~ - S0/2,"18'> '58,(.'t.l .. i1.t1,ot.-S 
l©""I'it)' ... l'{o'l'l{ty··- -SS,l,l..C). ··'2.14.~$\ ~7.e4,0Z.4 -2'$4)e~ ~'5~.~~ 
,~) ···-·-··"·-· ...... _ --·••···-·----·•·- ··-·-··· 4 - ·- --·------·-·• 

i·~~~~j~f ·~ :~I;s7~~tf ·Tiir ;-I-~\1.·•·•·· l{-i-i 
1(1}) i::r~~ ·· ® - @ _\l\:i$l.. - 1'1428 - 111..n .. '-''Y~1 • •. · ".. St.~o 

i;r~~~~tL ::~;g~ ,_ __ , _~~:.:~~--- l---~~~ .. ~~~ +::"'~~~, "Fi~!:::r=l~~~~~~ ..... _ 
!~~-~~--- TA\li\.lt '.?>•?½ ·- .o~oe:o,~····· ······--··· ··'------· j 

. !;~~'. · =11 ·. :\i~r · ·· 1 :~i~l ······ · · jif l . , . rn~r-~ -~1-
1'i%ff!~ -~:~: i~\- ' C ~~~~-- l ~_;-~~~- ;:i1'i~f =:13~~1-~ : ,;'.~~' 

1:~-j----- TA~\t ~.,~ · .......... - - ··-·:o·it~~c-- ·--------------1 t=.· --i~i--·- =:•~i ·.·. · 1 ·i1t~~~-~--- -·~: ~;~;- '. ~,~:~~ - -~ \~,~~.i,~ ;:;:.:.. ~: i-- ----· ··:\~:J~;--------· ·--:-~itr·~~~ --~--it!~~~~-~ ·+;~i~f .::~: ---: :~s:·--
1~~:t(~?--- ~~;~I~~------· ~:i·:-~:o~ ~~~,I~~--.. - --,t;-:t't' ~~~~~-~~q---t- ~~,_.~~~ 
~! A • ,cl.to '. f · ·· · "'\"A't!>\.t. 'b-°<½ -· ....... · -.... ... . ... 
®L1.L1. --.......---1-·---- , oees1to 
@:er"'"'"'- -0@ .,2.ti1":i -1"l"l~e .. ee2.~ -.i.t.-sr.. -s,e~ 

1@:·(l",;.,\fl),- -·_; (i;J/@ . --~--~ii -1.S\~ - 1e~1 - 1oeo ·-: i;s·-·: 
ml q--r, _·_ . · @ Ip,~.,- ·.:.-"">qz --~ 1oi~·s ·-_ 10 (a(.o 4 ss~i.o. ...... · ·::-·s~-sc,----

, @: ~Ill' ®·CW - \'l,(,,~4 - I-Si.(,,'\ -{.,qcjB'".. ·+'l'>it. . - ·- ···::s~----
~ © -P 111 ~~'l , -;,~8 "L.1$,Z.~o b0,2.io tti.-s,oi,e ~ 1s~.ei1tei 
~ M (,1.1 -- -i-i.d'ti .. {ir·-- ~ l\o~ .oz.~ ~-stC) :io~-- ~ ~~~-.;,"ii's···-· ~-ci·~-.,,4 ·· ·· ··-·ii·:;i,i"--· 
~ -·-;;.,.·--·· -.- ---:-·-·---·--. - ,OLIO 

® ··1r· - '~""-t. ::i•Z~ . .. .... .. ....... ··-:-o·e·e·hc-
;~ i~;,~~-- ·-@7@,---~··-:qb'2.I-·--····- . ~-,-siei. 4-'l~L. 41$.ta?..~ . • ~e~t 
© (!'~'-"°ti• ... @/®. ~\.1-Sllo -1.,,iq!.. ~,o~,,--· -- -~-Ceif,· ·J-~-~i:o--
i "i: .. ~:~ :-~~~~' :~~~~ ::\~-~~1-·· ::~~~~~ ... : ·:~t~--~=, ~. - ----- ~ -·•-·---· ....... ----p ... , ... -

C-167 

)W:''""'777.'!""<'~·r~r;";';1'~':;'!t~11:1'.r;'yj~'f~~TITI'x'"'7"~"'n%0:r~•r'"".,..~'"7Jt;;"l"!1?f'.;;~1n~'7"1~;';~77~ll;/1,'~1~~~r~ryJ;/J 
._~;,;-,,~"::.:, .z• '0,._ •• ,-•.- ••,.,.~ ~~-.••n '-·••·- • •-' .. -H• • -••-••• • 



-·- --·--~--:--.~-~-,..,.~. ~~·-·~_,,....._,._'--'"_,., • ...__~ . .,,_.,_....,.....,....,.....~~t..!=~v ... ·~'.J'..1.t..l.:..YM"...:.,"U:.1."-k.'lo.:t,~1,.w;:..'1:,-{!~l"X..~~ht.~~~Q&_~~~ 

.,. :·,tF~(< l Table. 3-~~·~ Cdculation of Meridi.onal Streuu • Upper Frur,tum (~ontinu~d)·:.]i .. ~.J'.:;- 8\r -----..-.,.._,y-, ____ ,.,,... _______ ...,... ____ ..;..;.,;..,....;_ ___ ...,.._____ ~ - . 
. ,i!'.: ,· 'I'\,¥ "t>"l~M'I\C 'rVt\, "'-'11\l" , _f' .;. ' • ' ' •• 

,, ... ,. . l~n-ot:f ,:in.a~, HC.'fM.'HI\T\Cll-\ ~.~U"1 \.A~'>\~·.··: -~~17~, 
. t--1-r+----v--._-e---.- {'r ... o) L-r•,'l)·.· (,..~,.,) · ('l'f'111,•-s~~). .._. .. ···· ,:.)!. 

c,.;~ : '.',,"l-S,oe\ I.\') ,q1e .. l.L\,t,,.~'Z. • I..IOi).V.\.10 \.IIO)US ... , . 
. ·' . .i.lt:r·-··· 4e$.~ $"Sl!):{1·6···- ""cfC~.')~;;····· tel~. \to .. "b\,I)~ ,. i 

. 1 ""' 1 

:.,•·.:) 
• ~ ii\ ~ 

(~;-ft· 

~. 

:~ -i~ .... i,..Ui\.t '!1-~4 ·-······--·-··-·· .... -· .. ·-· ·-·~·orn,~:~~ ..... -·--···---·-·- ~ ·:': 
© ~~: ... \.. · • (§[(f; .. ,~')"'! -~ 1-Sl.\4& --~i.,,') _ .,$~et.. -- ~·~o,, 
(£) i'~'lt~;. :: .. ©/® -- .. · -~ . .-4~~6 ---··-- -: 1.:i~~---- -··.:.··,-0~\,·-·-· ·· - !.~"II ·"' 1:11,0 

- l\':{7\ 

t!J .. G"u .... ©"@ -~-\~c,~i· ... .. ·;,:··2f~\if·-·- ··~\c·~o, - -+a1.f,s·-·· ·-· ~ ~l.S \-
\4 @ .. ~"" -·· ~© ".' © ··-· ... -·4e1'1 .... •· .... l.)\'6t -····· -·➔ II~~(,--- 4 7..t\\S~-·-•·• 

0 1'~~,- .. ~o,,
7
~·-· _~·'.:>1.7..I.IL\'). -:l.111,l.;:,1 ,~.:Z:~.':.:.'-.t.? ...... .'8-:.':.lll~ ..... I:-.. ".~:~~'--

© \-1\(\~J ,;o,•Ht 1 -\?.'Z.¢,11e, ~t..10,,2.$ -~1-s.,s~ .. ,l\"l~.~ol.. .J -11,1z:;_. __ _ 

;@ .. -~?···~.~A~~~·;·. 2~ , --·· ·-· ,0~0 ··-----······- ··-· ··-----··-
!1f~ -iJ~--- _,,:~~~ : ~!~~• -iii\~~- H;!li---~-: ~i'--
© \!':1.;--- --@ ~ @····· . ·.:i.,'lc,"> - 214,i .. ··~·u;·~i",· .. .. ··-~•-1.uCo-· ··-· - ;;.·iaa~: 
@·-~1t• - ·@•@ o\--$1."l") •04!.a~ ·~b!lJo\:, ~·4q~i,i4 ~·i°Cil.. 
i©,-P(\'5 "o,.~ 1 1:>?.11..to".i 1.,<1.'lZ.OJ - ~'-1'!>,\~o- -151.kU,(.. 11 11.e,l. 
1®PJi(I!::. -~~~~:r-- \tto-:\ti ___ --l.11l1.'t1.I.\ Uo~~i;~·e--·- Z.4'lii,1..cie 11,ltt~----

i
l--;~-- il>.•"' :;-i~ . ·-··--···~; c·~\~·····. ··-- ···-·-- ·-· ---

~j:~~::.:.· .. ;. ~~ .... : ... ~;\tt :~ :·~·· .-~ '!r?=:•~·- ~~~;;_1;f i_· !··<_;;~;}-~~: 7~0 

~,:~ @)+@ -7..\$1.1~ -'ti4t.S -'2.4\t,~ -t,1~0 -Mf/S 
,. ........... . t... ... ·• ......... ·-·. -·-·-··· • ... ·- . .......... I 

- a \i,_. @-(i;) +'Sl."!:i':-i ... a~t\ ~l.\l'H,o t+4~-S'.?-.i4 -Ht.ts • 

\$.%~~ :~ ·--~tt{h···---· -\~t~~l1··· · ·-~·,i~~tt~·-· ~:~1~~:t~~~ ~:\~:~t·-· :,~s;~~ @F ), ·· ... · ... "l · · · ··· ·· ··-· ··- ·- , O\\o ··-- · 
1®t· r./·---· ,.,~\.~ ..,.,\\ -·· ---···--·-···-.. ·-···-·--;·oe-e-ei\l. -• 
@ltr,.,;;,.:--- ·- ©I@ ····• 0't\C) ·-·••--·1 ·. \la/}~\ ,I. I.,\')~ 4a L'LC,4$, - 'Z.2.C~ @If~~:~· . _ © I cS) · .. ~:· .. ·.·.. .. ·• :·~~~f __=.:___ ···· +et:4-;;--.. -· --·-:· i:i;qS". ·· · ·· -~~~o4·s · ······ ···:·, $2.e ·-·-

iii~;::~·· •~:•i·······- ·:·!~:~ ··-- ··•::l;~1-·-- ---i:t2!··-·-·-- --t~1~t}-- ~~~~i. - t.eo : :~t •··fi~\l(t)·--· ~t~·.:~:.~~.:. -~(.;~;~~;-= •-~~fit---r.~~~~~\~t.__ -~~$~.~~, 
~ .. A ___ ,~~~'l ~~'2.1.\ ____ :, ... ·--·-····•-'~~~---··--···----·-~= ---® "1/• , ceee,l, 
®!er,.,.,.,.,.'- - 0@ -e$\.\$ -1L."lt.:i +1.,,12., ,;,z.2.eia1 .. ,2.,s 
©,~~;;,,, ··:.@1©•··-- ···:+4ie·-· ·• 481.,~o .i-so·, . ::.eo4s··· .... ·:·~ 
mr~,,. ·- ® +@ . ..:e,o") ··-e1i"i.. +~"i:to . .. ·+·i~eiL;--··· a ~eo, 
@f !S'~-·- (]) a (w ~ec:ie~·-··· • 'Z.$1.\·o~---- ·~ei:fi:--·- ···,i>i~ij·i~ .. '74~ 

¼rg !l~~ ·· -·-:f~:-11, ·-· -f~~;~!~f:-- . --~:~:~~ :.~~~= -f;;~·~!@--·+·~ :/~~, 
@ ---· -··---·-·--···· 

~ ~:L ': .. : •-i~ --~-~" -- -"~~q---:~~~~" .... .,, . ,e,, --1 
© ~~'-""'· @/ © ... . + ?..~~~'.) "+'t~~·;·~···-- ·•*·~icoi... 4 ~~i~~ ... ··:-i-.,e<i··--

'.t 
• I 

,.· 

m ... . ... . ... . --· - . .. ............... . ............ ··- . .... . .. _ --·· . 
,tu cr;, @~© ~\\/~7.q .ii-"l'lee +-~t.'lM -1-St.%0 .. 1.11.,1.,~ _ 
I ···••N• ...... ~ ··- .• .., - •• ,, ·····-.. -•-·'"-~· ·-·---~···-- ·-··-· ·- ·-----··-·· .. -

'1,...J.®_~i: .•. §)-({:J -":,~~O~') ,;.l.\";,l.81,, _.:,_~'Ii$~_ ~\I"/':,~~ ..-'lit '4 _. 
-, ., .. ·•-·---·--··-·~--~·-·-··-•-. -········--·------- [',.' :; ~ : 

" 

·• C-168 

- .·•p..;,,:,v~~:-,,.;,-YJ.,.v-,~, .o;; ..,,.,..--.v,, ...,.........,. ........... ~,~,.-..,,· 0 ··-:;..,.~-"',"'•;-.r.•-·~ .... e,,...,,_-,-.,, ..... , ••• ,, ............... ,. ...... ,.,,..~-- ·····=·----······ .. ~ 



~-"··•-~'~L .... .,, .... ~~=,,_.,...., •. ...,..~,-,,,.~..i.\.1~,..1~.!,,..;~ ... n<}:.\~~4,j:.,il'l)iiid~M"~"~Y..&:U,R~'il~~ 

~-~----··· ··-·· . . .... 
·'•f>~'' ~~· i:~.{::~• I Table 3-25, Calculation of Meridional Streue~ - Upper Fruatum (continu11d) 

·•.·'.·~·•.:-:/: 

~~ iill· ,I'>' 

" .. 

L 

:\; 

,, 
tJ 

,,• I ,,.ia~ \.\n'•Ofl' 

(, ... o) 
\"I~, "O'# "M>\\C 
~11'/bR.I 
LT•.,,) 

Mll>JI., \..uw,., 
Au.'I\.IW.,,.TU!9' 

{'T11 \"91). 
-,ee.01..4 ···-·--·---.. 

"1.\1.16, '"'- . 

'4'wi. "&.'Ht~ 'W!'f 
\.A~.,""": .. 'CM', ~Ut-; 

('If~ 11 ~Cl'I ). . . .. 

- eqe,o,, '')(• ,q'!,6 ~----- t.11'1,1.e,-.. \o\.11. .,~, i :r. -~~,L •-2~ -~~~-~1~~k ;o~llt 

-,~~::~ ~l:i~·f1~tt1l~\i~- -~~ ;Ni~¥~~:= f.Ji~: 
!~ :~,~---< ~:;:£~\.~ ~e~;:~~~ ·· __ J i~~~·.'~~'~ -/-~°i~~~loo · 'i~~::~~~~ · :· .. ~; ~~~~ -· 
@ A · . --- •~O i ,;~ lii?~ iS~\1- -T~~~if 1-I-1-I_j_]_~-1--:--·~---:--:~-?-l-,::_1_:--~----· ~ ~ii~ .. 

~-· ·-•#·-..... _ ... _ 

. ~ --~ 
',•: 
,.-:·· 

· ·' ·'\(~_ .. ,:f-.:}' fJ:2.-};:.:'.\.i~~,~·:7}i 7-:r;,;;·;':<;:,r/::.,;,-~~.~~~~:7·:~2~"-:,;·--~.1-.~~~~ 6 .... ·.-._; • •• .r. ·;: ·, 

i,. 

.. ~c~~-fJJ:: ·;.r.:\\~.:J::~~,\+~t~-~V\•.:. ?-_(,.~~~~~-~~~•:.•·~-~\\~-~~);~t:_.~?7· .of·~'./"·;;.~~> ~.'A~~-':,:·· 
· ·;·.~. i/ <>-. :=: · .- .... :~t,.A;~\\:, ·¾~ -'·Y?'-~;~e.-.-\·•Jjl),ti\<\l•t1..tM -;-:~~-~a:.- ·r.<.r.:··H"'V\"( ·.q ~- j; :_. • · :~e.:··~-it_~~{nia..\··. 
,; . /;;.f'. -~"• •,i,. '.•,~: .··: ·•·••: ·· . ··. ,.'~.-'. .•-i> ... , .. ; ' ... · :.·V._ ·. :·, .: .. · -~. ,. '.',i·ci.' ·'-'·:1" 
... , . i.-.· ..... ,1· . ., ~, 1~" • ~ t.- ~\ · •$·· z.:z • · ...... · ···, .. · · . ··· · · , • ··· ••;;. ... '·.:r-· ; · 
.. · :>.\\.'i\i,\ i >·.· .. .>~,"<ii _;·: '°.:.~: .• ·· · ... ,.:i-<~- .= ~< .. /.·-,,::. ).) ... ~'/{:;:~/'.)··f''.,',_··.:> ··_·\· ·_:_,.; . ·!~ :_-..f· ;'·'? ''.(:)f\ :'·~·:. 

>··'~·· .: ,.·. :-,)'-~~ ->~~"'.':a~::J· '.":":"~ ..... , .,_¢i_,';"5 ,_ '"! .. ~1:ft:'::'.'~-~~: ... ~" :'-.'~¥,.1~H~ -~ .:,~i;-_ ,~l"~~t-. . ... 
'I• ,-'•)\ ~' ' • ~ •• • J •, • ,,,. 1,~: ~,• ,•. ~\~• ~ •.•: >' .~ .~. .r•••·,·•••~·•• \ I '.. :: .·:·. · :·/ · .. ·; _._.~i~i~ ·c:lM·~~~ ... i .. ·~\~, ck:·;--'"~\~· .·:i;l;-ifi:}\~~~i~.:.~·~:a-·(:.'t~':-\~,;~,Je:--i•'.i:}t2g5? _.:· i · .. i~•· 

.;, •';, 

/:?•· 
r.·1 ... './. 
~ ::\·;_~/ 

.. ,,. 
·•. 

·~ .. 

··::,,. :, .. 

ix:::;:··,_._-._-:.·. ·-. ·x. · · -• ·-\;·_ ..•• , .:\;f i::)~:~!t~ii{\'.~}J:;!II([f i;;r;) ; . ,: '.~-:-. 
'••.::1 . ..... 

. ; . ~. 

•''. ,· 
·:.--:: 

-~;·.,.·•.'.\\;. 

·, .,.·.: 
:·•••• .. 

t· . . ~. ,: 

I. 
I 

,-'t· 

tt, 

···1:; ·._. 

.• -t· --~--

• ., I,.~ •• 

~~-- · .. -· ,1. 

:Il{;j:'.;\it{:!(li;:- {::,. ''Oil.'.;: 
\· 

;,_·, 

n~~!;~t'✓;'~·Vi~3Pr'!?;~";~?:..-.:;r-,,_;,~:l'.-~~~w,~·-1,\.""A.;~..>f'l'.t.0..'1'.-Sd:l::t'!!ILT· .... ~"'1o'.=>-'2'!r<>,~c 

.· ',: .. 
~· .. 

.. ·• ·~-=...: 

·,: 

r.,. 

·,• 1_· 

.; . 
-~: ...... ~:.-

. :• •" r ~ • ' , •• • • 

1.''i.\,·.-.;•_ 

--~:\\~ 
."I..'.; 

~~\,;1,;•·: __ ti· :,-: 
... 5{:,{li£\:ii·\·• 

.'I\\ )~r,-p·: 
.,.,-;.. !;•~'~t·~p,~·~ .. 

~· ;,·:. ··t::· :,;•.:·'.· . :t!:~ . . • ~ ·: . 

·-_\·.-·. ,•:;/_\ ... :.: 
/t"• 

·1.,. 

•,v:'.!.: . -~ ·. ,,· 

· C-169 

·------····--····-- -·--· 



,,. 

·:\ 

-♦--! 
, .. , :,{:·, 

.. '~('_-~. 

,-r;:;7'. 
, t ~;•tl _,·.:::,I 

(} 

,r,';'1 
-~/~'.-.;~, 

.. t . 
~ 

·~-.. ·-··-•~-'"'U•'--"~'--'--"'• .,,.~.ua.,._, .... _H,~~L._"SL.J.,,,,;:,.~J:.i.;:.~,,-.:,,,.r.:.n,,;J,.\f"l.sl:,':!'l,\;.;..'".,_~(\U.i~M.\.~~r.a~~~~i~ 

·.: n., fL _ 
Tabla 3-26. 

~ '4 ....... . .., 
r,_ ·' ·.\ . ~-" . ~----

Calculation of Meridional Streues - Lower Frustum ~ . . 
""'~· "O'lllM~\c. . Yi'9~. \..,o~. . 't'W-. "l..uwnq . . 

L\ \C'N.,t=t' \ 1'>M.~f<.I Au""-HJ'Tu·,~ ~. ~u•~ I \..A"'tl'~ · 
(,.o) \ .. LT~'>,) ("T",-\'H)· ("f1t.•'So'I) · · · .. -

1•, .I 
. ' . ,ii·.•· 

\.:~. 
1 'l> ,s ie~..,, ,2.C\'-1- "'2., ~~" b~>S-S,l.\c'l · u.6t.bLie · I '""''l/l'S11 
© -~Fe -'b,e°C~ --eol\~;1.1...e; -~i~b(\oli··· -~-~u;~. -see - -.st.1.,(,:1,-· 

® "J:A· . ,.~.,.I." 1,.,4 ... · .. ··-·----·-··· ... ·····. -----. ,·;~~~<, ----------··--------------··-
® \\"~~ •0 -b"tl..'l'5 --::,'-\UZ.~ . -41..'le.,z. -leb41 -\-U.;l.;'S 

~ -~~~;:;: ~:~i ·;. · ·-:~t~t~:~:~ :~I:t~:c:~~ ~-:~~t~t-~~-: ·:\~!ff.-:-·-- :::~}- ---···· 
I !@ .. ~o~-- ·@r~:© :·t::~~io ..... ,-.\\0)i~?.·---- ~-\W6·~;--- ·-=-~~-$$$_ .... ····-:i°ie°S 
c:, 10 1'('lc "o,i ') -'2..18'c>b ."'->B'i:. - ~~oc/'lqc, - ~S\\'1-1 i~'ll.. . • ~L'Z. .~~, z.,s, M 4 !© ~_:{i~I: ~- ~-~"_,:ltL -,~~4 .t.bt ·_ ·l\-~B~·.ci1..t.. ·-'1oi'l·:·,1f ·· ·-.;-~~c-;i~t.;"-~_ · -:;sii.oet;,·_~ 

\~). ·"'·····1'°Ati\.1L 1>·?\\ ···---- -----···- ,Oil, . ·--~--·-·-·-·--··· ··· --
,@ --~l"Ji .. _ .. . .. __ ·-··--- -i· \ 1 oo'.!:,C) __ ~ 
'®<r""'"'" 0/6' ·b"l~4-& -%o~Li -Lii..t..4o ... 1;oeeio · -1-z.e~'!i 
!@i.r~:.'lt~:--@/® .ii.\~l\C>\ ·- ·+io,e4,· .. -~:;-e-1.~·-·--·---:;"2;~~tS +~,e, 
1i ~:~-~---~ -:::· :~~~~~ :~;~~~ .... •±:\:~~~- -·5~itt· ~--- -_-\'1:~ 
©1~{?.o --~~~_1((1)'. __ i~~~.e~t.. '.h.-,o,,'-~4 .. ?>S\~'....4_()~..:t.~e~:.½~_l___:_•z,-,'l,tJ~ .. 
© Vl(Z£J. ~~,t.G:) ~\\.Oil.\,(.\') -4~0:1,,C:,~o -'lot'lYH.. -~001.,'li.o-i--:-~'°·OC)o 

,:r--i½~-- '"~"-,. ~-i~ ·----- · __ .. ______ --. - .--,·,t!:-b-~-- ·· ·--- --------------
1®·~"'"''"... --:-([)f'($j' '-- a M~\51 -1- \.\.1..0~1 - l.\1..L.'S4 - t.i-S~ ~ Z-e:S8 
1~) (3",_~;:·· ; ©I® .. . o\- \'$40 ,· . . ·- .. ~ ':)qe·~-i .. ---~ i;~e~~ ···;;:·i~ its ___ . -'!- b1ez. 

b _·\Ti~·:--1·-··-©;,·~ :: -~~.iz.,i'o ..... -~•t:-i~-~~~--~·-· ---~-~')~-~~---~:. -~::i~~i~r· ..... ------~-l~~~ -··---f 
® ¾" · @·© '-Gioi·6z .. e$tr1t ~110-s1~ -~"..t,ei.; -it\\ , 

'2.C © "P(z., ~;;if;)- -z.eii:-ei"1 - h4'lOJ,ii~8- --~sii-:-~c N 4~~ ,\2:'1 i,e' \4$ 
,© ~'-~<:~) __ :~~~,ilir-·· ·;f'i~4i~~-~~--- ~~-~\~°j:~-~--- -,~~el\,l.?.l. -·- <-)i\\,'-4b8 \~S,q~'(. 

I'S/, ,Cl'll. 
-····•·-- \ll.\!,\.'l ~-?\.\ . -·-----•·· •···--·--·---·---·---··-•--··----·--•-·---

1~ rs-~~:: ·- ©I@ . :_ b't1)-c~ ----~-- 0 ~'5~6$ _ ._, ~:~;-~ .. '.". t.~~1.. ..~.~_e_')~-----
© i...,~~:··· .. ©/@ - .. -~·i;_;:-~;;-···-·-··· ·-:+:-,o,·\~-- ......... ;;,:·,e·o-~l.. · 1r-- el\ot .., ,\ii.. 

i~ .. ;:: .... · .. -~ ~ ~-' ---. -~=~-~~:~ ·----·_ -·=·;::~:--- . : ~~~,~~ --- ,. ~ ~:~~------· : ~=¼~ ··---
:: ~!1i1 · -t~;:ti~--- -~~~: :~ouo~-- ·· :\;~~~~ ~~\t-'·.{!k-··l ~~i~~.04:s : ~~!·.~:~ 
~t~. - T,Mb\.\t ~-,~ -···· - .... ----··---.. .......... • o\.\o -----·--··-·-··-------
®1 '1/ , D-$e\c4 
@lei·'""'"''- • © @ ·--"!i>Clt'l'S - 8~0,0 - <9191~\. - \2-Qu,S Ji-$~~, 
©1-~~mfU:- --~©/{ff; .. ··;c4i,se .... ..,1.,~oql.\ 4 ':i\.\c~B. "t-\-S~SS ....... ·;·ii~-
G)~-<l°"'lF-·. ·@~@ .. ·,,:~-\.\~~ --:--l;;;~z.°C .. ·-:·-~4o·~i°-·--- +~S,e ....... --~-~1ff$·--

2\~1~--(j~ ·-· ·.:~:@_- ({;) -\~~~-'S-~_-.. - \i>l.\Zt ·:·,ii1~~---·, :··1.~-~-oo···----1---4-,e-e-9 
© i> "?.. 1-\ti"i~ 1 -"'i12..%4 - '!>'!i~C"J.l.L.!> -b'b'l1.s:;e • l\~S.M& 2..i.1.11.1.., 
@ t-4i (2i ... -~_-~1iiTir-- ~'H,r.,\j\t, .. - ,~i,,"i~r-·· :·ie~o. el.\~·-- ·--::i,.ii.i',1.~'i-· ··:·,:;:1,l'f-
1'.2) . . -· .. ---·•-·-- -··-® l} · .... Tf.l~\.~ '1J·l4 - ·•·•·--·-·-· ..... ····----·--··-,~:~~o\l--·--· 

,l.~i.~-1':l:]~ig ~fft~t:~ -~i~Jrlfi~t~-~t:i~§--
;;J---'-=--'=---''----__;_;;_.. _________ ~----- -; 

..... 

r.;.,.•~ 

C-170 

'.~;:::V~~Wf~~~~,r~~~'f'".:u~~:y~~t.~~...t':1~ri1':f..s-i.~.":'~-x•n1:-,:·.r;r.~~:::·:~~:~.,.~;f; c1t~~w~:::.:;.1,~·: :· -~-~:•{l";:,.;:.,.-...-::.~1-:R.-:.m~ .. :,~~·,t 'l$,f,t;'~_·r-~· -~-,...,_,,,·.:>,··~-•-r:•""·w•".-,,. - ......... ...,.,,._ ,...,,,_ ... ,..,,.,, ....... ~._,.,.,,, .. ,, ........ ,.. ___ -·~-.~--·~---~-- -- ~--"~· ---· 



;.~~ \ .~ .. ~:, Table 3-26. 

----------------·---··~---'r';"':•M--ka•-•· ........... ,.,Ac-_~!•-U\;.,1.:au....:.:t;,.W.t,,,..j;, .. ,,;;.1.:,.;.,i;-l.k;.~U~kl.LJ!,Aj,,:,,::;1.,·~11,:r~~~~,1?,t&.~~ 

Calculation of Meridional Streues - Lower Frustum (,;ontinued) 

,. -•-· 

-- ,~,-
---.--~---.~--==------:~-----"l"-------:------°'!='--~------4,,..:. ... 
· ~A,!. "tl'i\OW1\C """~! \.uw;., ~.~'t'llt\1lt1 

1: 

.-:i:;;\ 
'i f. _; ; ~f 

• •J' 

.-:,:~::l 

.~~ .. _•·_,. 

';,/~};, 

\TVI-\_. L(\'l""f•Of)f' 1'1Ul.~ h:(.11,1.'Hf\'f\Ott ~. '?«.'i~)~ 
~t'U\!~ T ,i. 0 [,-._ 1, ) {"fa \116) ("-f ._ • 'So~ 

\.A~~\~,'. J :)\~I 
+-;l....+-"P ___ l:_7. __ "'_11_,-,..,..i 'a."l'\\.\.'$2.C ~".,~\.'SZ.'? ".)~')'$,1..1.S, '4~~.~0$ 

I l~V.-. )o,, \'/\l·a.T· -~-oiiti) ----- ~t.~~-o,-~--··- ·\Olv'.:£t,;'i - -

I~ -i~ · 'Th~"" ~-i~ ---- ----- .... · -------·-·--~-~ii~;~---- -----------------------

i i~~~- • <SS!~~ -v~"l:il."!> -:·e~o~e ·-_ e,4~e1.. - \I.Wl$ + ,si,,~, 

2.es-0, e\\\\ 

.. i,,.i~, 
· ,o.~1~ 

rir-~it~~; ::.-@/® ··· · ·M·,-~c.~~---·- · ---~iioisi _____ -:-~e"e~i ··· -=~~"'-st. -1~1\\) - --

-- G"-.u•. "'© .,·© .... ~8?.4ii ··:,,i::q~o-··· --~-\1,-;;-te;,--· ·-=-~0~11,- ···- --+-iee,--~li~ ~ ~;-- ~~;;~~) -·· :~~:~t~ee ___ ~ ~f~\~!~~-. ~:~:=~~,i?-- -~~:~;~~~; :~;~~0~s 
© \¥\(ii .... \'{o't;ihl ___ -_ 7:e1ic:ez.e - , 1e\.4i.., :\,L);·b~:i · -~-- ~~i.e"i~ _: ___ -~ ~i,-;o~--
@ _ -~-;;;~:_-_: ~~~~~ ;.z\1 ---:-·-:·~~-- .. ------------~-~ --------------------------- ---
·,®~ .. ~{')_ . . .. -··----··-------------------~ t.:i'S8'!>ol.\ 
®'(J"'":."''-: ... __ 0/('fJ -t.L.e,c -"le~~~-- ::_2)_~~~----- __ ,: _ _es11t. __ ..:._~~-~--
~) 13"'-v-~'l!.vro. ©/® -1.1,e,e~ .2,0;,1,.t. ~'b\t\S · _,z.q\i_ -\':!>')CJ 
·G') -i~;--- ----® ... @ ..... - 1) ,1.~s -C)q":io\\ _ .. i iiS~i";i --~·t.,'4ser --- .. --~ ~~~e 
@_· ll"o• ... © ~@ -l.\9Z~ - -ses~2.. ~ I.\L.'2.o'.!) +l.\~·1.·l. .; '>o2t. 

:~iI~; -t;~iT? -~~t::e~----·--- ---~~;~:=~~ ·-t-i~t:ii-t ~$:\~!0-f:·::.1:t-"-· i:l-,s- T~~~; ~-?~ - .• , ------··· .... i;;~t~l\··· --- ---·-· ··-----
1;~:::·: _ ::.; ~~ -· ·- _ )~~:t· ..... --: ~;;~~~ -- -- ;_;~, ~t~: -1--~ ~it{: __ ~~ _ : \~~;-~-L.\--
IQJ -s·:c~ ®"© -"'l\"l'!:)(, ~~~'!>'.'$14 i -\~ei'l~l. -2.\$1.,.~ +\.\ZIJ.S 

,2~: ~;4•) ~~~~-~l-~)•=-~-~-;.'~~;~\:~ . ., :~:u~~ei'.~~~ .... MK?v~t~r .. •J
1 
. .-~~~\~•~••• ~-~:~~;•-•• 

@ ""(?.I. 't\b,~.~ Z.,l.)c),'ll~ -e,0').1.1.t -~1.e10 .-u,,.$oS -\l\,'H.,S 
@ ,;.-- .. ---.- · -- - .......... ---- ~--------- --. o~-;;-·-··· -

~ ------ "'tA~\.f :,•"el\ · -···--· ··· ···-------··---·-··--·-----------------

@~ .. !/ ------- --·-· ------- .... ------·-----------*' 1.)$$~01.\ . ®!~~Mi.\. 0/@ -t .. l.\o?.4 .')~1.1si -L.CoJ%?. __ ... '.~ ~~s~. _ . __ :i-_se._e_, ___ _ 

! ~i~' ....• !~i := ~~!~=-: ·_:,;,~t- -=~~~:--- jf ~-- . -~~~ 
I~ ~:-~i~~- ·· ~~;:zg~~: ... --~~~~.~~\~~ · ~:-~~tii ___ ·-\~o\-~~~~-~--+~h~:~:~9 ·j ~~~~e~:~o 
~E:11--·~ '~~~ ~-i~ -· -- _ .. - .... ----·-·· ····· ·····:·~~i-~li- · 
@;r.r .• .,m,1.. - 6) @ .. \11a'1 • e11,M. ..<1'lt.~e • t.lt'llt ,.1.\.\1, 
© -(r'~i;.;: ··:;. r!i:J /@ .. ·-+~~~~-- --· .:: 'bqs~ - -S'l~') . - t~l-~ . -- . --:--abs·--
mt·· <:r,:,..... .. @) ~@ ~-ll).ll?. --~·--esi.'U:-'"" ~--e~l\oS"" .. - ~o~e -··-· ··-·,i;:1;.,i'>--
1 _., . . ... .... . . ....... . ... .. ...... _ ... ----· ··• ....... --·-··• --

,@), I.S''c1e (!) ... (w - 'lSt.\Z. - 'i'1'116 - ')\~II - 41L,L, 4- l.t.C!i 
·'~'To 1) ~ ~o";;.-y, ~i~ - '2.l..~S.o~S ~\\I.\$. e.oOJ -- \O'l,":181 '2.'-1-S. 1..6') -

® \'l\l?.~) --1-\ll"T'ldt}"·-- 2.eB.o52 ·.. \l,8,12S ___ ·· Z.,%,c-')2.- ·· \Z.4 ,(,$l,. --- ·-,,.OJ1t1.·-
@ A-·· ··--·-- . --·· , o'!>L. 
r-.l.V -· i_/ ..... 1/:>\Th\.'l 'b·°Gl\ ..... ·-- - - ---- ............. -· ·-·-:·u-SZ.:..::'5:...l_'Z. ____ _ 

i 

~!~~{~: -i~i-.·~~~;--·. ,~~~~·.·.·1t~1i;~~~~;;~6~-t~~i ~ 
L ,_,___ __ Jj ~- . -~ ,. 

I 
.. C-171 

I 

\ 

?'£'0~J:1!:~~~il'\;"'!"l;;1Jt1",&:f:'~c,:f~~~''''~~~~,~\','~~~~(~~'!~"'-';ctf,!~.\t,;W,~~~~;,;,,,.~_,;~,,, 



-·: ·:--....,..._~---·•~--~-..- ...... ~.~- ~· ,,.......,,_.,..,:'-~•·-•""""'_. .,.,,_,,,,,..._.,_. ~,. ~.,:_v_ l~,1,;.,;_,;,,-:..1:i.:r1~1,:,.,,,!.~-A.(1>Ll.< -~-~(1-...'.S:l~'..<'.L" • ..;.,;;'ilJ~:'1.\~~~,U.~l::~li'f~1$lif~ 

·•~~;;:"·Ii .Table 3·26. Calculation of Meridional StreHes - Lower Frustum (contin~ed)-'/. 1 . 

!~••· • 

:{,,.f· 
,,. Ir 

,t. 

.. 
·~ ·.:~:-\. 

-::}' 

~·-~- ·1 

... ::•:;{). ~ 
!\,-/'.'• 

~i 

:t ' · '. ~--\tl\~ ""1~. '°tl"ftUW,\C. ""'!#-• \.i>'NJ., 't'\llfi\."i!.~lU\'fflt 
. '. \'flt"': '. .:Ot,1\>. L\,C"N'.)\Cf ,1>M.. ~. I ,¼.'£4,0W,,.'\"IO" ~- ~-'A>,-. l \..AWO\~ 

U J. "' . (T-..o) ,, •• ,,,. '~a\'\.1) ("'f..,•'So!i) · · · 
~ n'l.nffl.1\l"',a . . I.. . ', . 

~ . ·•-"'··• 
.?J•,\~ 

... ;, ' 

© v(2:s) ,~un (,) . i.1.1it..2,oe, ?.l..')8,o~, t4~o.l."ll · \\"/Z.4.$ .;i,~c,jett 
@ 'M(t<i) t~d\1!.{i)-··· ~~.o~~ . ~·,i_;e,,,il,-· -:-2,~,0SZ ...... -·~-lt~-.1.1..\ • ll,,911(,, ... 

-l~ ·~A. -riA~~ '!)-?.ti ..... ·•---··- ---·· ..... ·-- ··-:-~ii;~i-·-····-···-·--- -----~---' ., 
:~)'~-~;~-- r=<D?~ , . Lo'\~'>$ .--~ "~"., •· • t.,e,o~I.\ --:-~w~ -1- i.i. e,o 

~ -~i;;·- ~it:::~-... -·j:i~,~~=::--~-. :.:~\1~t~~=:-~=:\tt:-l ~-- :·:~:~--~~t-------c-·-t-~}?5· 
2.~~ .. ~;· . -@5 - ©---- - . -=~ieeo" -.. .. -~ "\6\\\0)- .... -~-~~-~ii·-· ·-·=·~$\\;,--·- --~·+1..~1., _ 

'6) 1'(~~ '"'o,'f.(,). -tZ.J.\.'2,\i,', .. ~1\.,6,1.\'l k'2.\u1;1.1l\\ \ '!,,\~\ \'$$;'IC!(.. 
© ~I~~L ~·- 1-10,.,_~I= - ,~,.i~oo __ ,1;i1...~~;~-- ---=-- sii.~\i ... ---i\·:~,, ..... · -- .. -s ,,.,"(.-_ 
@ A . .~ 
® · 'l.r· -- '~~'-~ ~-i4 · · · .. ___ ------ -- . 0$2.~,i-------------- · ... ·- ·---------

_ .. ___ ")'_ .. .. . . . ...... ___ -
l®(r,. .. ~,.~- .. __ ©O l(;f) • ~u,i . . . 1.~_i,~ .... -~'!_a~~-~. .. _".'I_~_~\___ 41.\~Z~ · 
i@l(S"'b'l-"'1, t /@ ;-Z.:Sot H.~'/ 4 WM +<..~:i ·• · 4'.\0C, 1~1-!~;~~~ ~~::....... =~:~~~ :~~~e~~-· ;-:·~~~~~ --~~;;~.----~ ---fi'f~·- ·_· 
1f:.! \J!J I..!!) -~ • .,. 

1© i'(ill..) °tt~"t'l(I) 22.1..'!o. '2.b2. 2.,l\1,,\,01') ·Z.11t,4'1;5 - $,ot..1 -Z..-S-o.'lS(. I© ·v;·lz.1.) ~-~~!:t,--- - \b\.\\O'!i . -.:-,-~i.:~ez; - -s~·:?22.--- - b4,'l>I? ____ -··:--s:i'ii~ 

1:~-i~ ... T~~~ 1\•t~ ... . -··-----~/l\,~---- -...... ,, ______ ., ______ · 

~i!f }lJ·: -~Rlff ~ -:~ii.=- =if.f ; __ J}~l~i ~£11=. 
©"'P(t.'l)f 1>1~111(°0 ':"Z.o'\S,1>~(,, •2.t'!l.,,\1.11 .. \")0)~,4cl l \t'),1.\11. i,1,$,'l.l\? · 

©i.M_l~!I.. ___ ~11i1tl,.)~ · ~t~~~~q _______ --~!:-~~'-- · · -·D,eiC~4-~:~=: .:=\OJ,'lt..o -----· ~.t.'!'> ·-
- . ,O'M, 
11\~L'i. ~ .. '2.\.\ ·· .................. ··---·--- --------··-·--·-·-· . 
. 'u!S?.~'\'l. . 

~;f;:·~t i~~~t-~~~r1 ~~!~f --~~7::: ·r<~~:~- . -=~~~---e.~f tf~;-· -· ·@·- (ff ______ ·..:~~o,io"· -.. ---~-i,;~'e6>e'"""' ·-:·Li~&oo· -- . ---~~,-~i- ..... --+'12-1.\o--

::~-ti~ ~:~:t;) ____ ~2.1:\:t ..... ·:Z:}i\il; __ ··-l?i~-;~\.-1 =~t~ffY : ~~:~~~1 
:@ A ~-- ,l.'l4o ... _, 
@r-·1)_ .. __ T~V->\.'u. ~-c.'-\ ·---· ... .... -------·----··· .. ·--·-~-o-Seio4 
®fi;,..\,.,\, - 0)@ --.s,c:ii, --ss~es -44.%:i ~4-io~8 +.i..s 14 ~!-~~.;~. -·;.·@10·-- ·-+i:o~z. ·+1.~eli ...... -,$ +~iq --- ·-·;·~-,s--• 
m! ~i, · · ® +@ ~-4ciei., --:~ioo, ...... ·: Lii:icic.e- · ~-i~o-;;· ·-·- ·-··;t.:~z:"--

,~ @f~oi,· -- .... @u© . : ,s...,,~e$-· ·--~z:Cj(.Ctj -:.:·i.i,-~c,.~e;----· --;2,,if____ ,+1.~C,CJ 

0 '? 28 '4tt111.11 _,e,e~,l.1\.\ .. U)~O). t.:?,i!, .. \SLII,\\~? ·H~.965 2.'l\.\.'2.$'?1 
® l'l\fo,··· --.. ~~,-~Tir -~~'L.\.,l.l. ,\,\q,o~o-· .. --i~e~;;-··· -:·,'qs-:OCi ____ -:..-~r~·ir 
@ ---A ---- -._ .. --. , oL\o 
@ 1/ ··· .... ,-..\":,\.v;. ~~-z." ·· · · ........ ________ ...... · .............. -.-,o-♦s_a_~_l>4-------------t 

i {i: I i~l j§ j!~t~ I-~it~i{{l~=~- ~{~f ____ · .. , 
•' 

.J,;··' 
.• ~ 

' C-172 
' 

~;~~-~7~/0~~~~!~??:ft~::~~f~~~~~~~~~~~~~~~\-~ ~1't~;f 



rlt 
\C,. 

,Ji.a~:.. .. _, ,,...:,i.iC,;.c~:;;..: ..... v . .;<,-:;.;,.d .. ~"'·!~~-~-r_r.:.. .:..Lj'~..'.;.'s,_~..;'X",".J!,.,2,._'h.:.::i,i.n::..~..Jd1-l...t.{.-;..~\j;;i)~~~~~~~1&\1' 

·--, .... 

'fable 3-26. Calculation of Meridional Stresses - Lower Frustum (continued) ~: 
' ---~- -----,,-,-.. 

l'J\~,1:>'t\lJ.."11\C ~Ml., \.u~. \'IM..'V:."1'«1\'n1:'f . • I 

/"":;\ .... -w 

·:·: 

~ 

\T11l'M L\n•Off' ~rut'lf.lY'otl k.(.,a.1.•UAT\0t\ ~. ~'lt1>"'-

'l<.1!ntt:.'l!wc,i (Tt-0) [,-,.-,,) (T,.\'!le,). ("r,e.~'So-s) 
\..A"\l\l'\~ 

-i-l"-.-?.·~---~u"\"4 (, \S0'L'l>'S'; Z.ol.\l,'lD4 1'52.8/lc)'f - 2.(.,C).0Jo1 

~ _tl\Lte} -··i-1~~-li) . "l>~"i~--- :-,-~~~~ - ... b~s~i1·s·· -------------- -;~.~ii;-··-· 
1@ A · . ,o4o 
'® "ll~ . IA~lf ~~zti .... .. ··- ... 'oseio~ ...... -·· ···-··--·- .. ·••·••--------
!(~ ·\f;,:.~~-·· • 07@ - 4'l2~4-- · -~·:s,u~"!, ---=-~e2,~-- -'1-$S~1 ,<. t.,")46 

~·~~;;· ·-\t~% .. :;!~,~. -~:it~et- :·_: · :j:?li -- · ---~llt~ -.~: =~:-t!~~~-
,,.:® · \)~ · ·<!i·- © .. 1.1. ,~t~ · & ~. ~~oo - ;.,~ae··-· --~ ~-cit1.. -----·- ·--"j,'j~t~ 

2.,g•·- . 
1(:) 1'(?.~ "'°"· ,) -\1.,°l0,"il~ -\840,IB(,, - \2.')').~')e, I ~2..c-2.;,D 
!@ M'(iqr 't-to,ilif'- .. \\.\l.0,122. -1Z..Z.\.$Z.0 :.:.,-i;;~\.8l\') -e>-1t.,1.·~2.·· 

2.e2. 111,, \ 

- ,eo.'>02 

l®i. A __ ·· IA\:>\.~ =:,-Z4 ... - - .. . ... -.:-~~o -----·····-·,- ·-·-- ... . .. '"' ----- ... 
;®I. ~{".l... . ....... ----------.--·- ________ .:_~-Se~ol.\ 
i©·<r""'"'- 0/(j) -L-12.2.'l'!> -Y~ooS -'::i19ll2. .1r-eoo<.. '-'>ol.c. 

~i';:;' = ~:i. : :~~:i : tc~t -:t:.~: :':~~~·--· -: !::c 
@' q'OI' @) ·@ • \')no - 2.'$oSS • ti~e, 4- 2.Z $2.1 •IOlt..\ 

!!11

~ c~: · -~~;ci1 .. ~ -/~1t~?--·- ·--~~~t:::~ -;~t::~"$ --=i-ttlt·-t :.~:~6t;--
1@ A ,Olio 
I®, -'II~· TA~Lte. ~-z~ - ··- .... . o-siio~i · ----- · · --------··--·--

'.~tcy-~:~~:-- . -:.--0r@· --- -:~\-i-,-~. I -4~o~$ I .:-'?il046 I . ~-"J()oo ...... I _,:.~~_S_l.._-j 
1(.(Jj\'S".u~.l"/Z, • ©!® ~°2':':{)1J?, 1 ~?.o~So , ~Z~'l-t1' l ~l\.iSi\ t .. 'J..i?~ 
!GJI cy'T~·. © + © ~--t.~~~'7 i~ .. v~~os ... . .. _ ~- ~')oo? . _ -~~4t.ii ·. .. . ~---;,~\6~?-__ -_ 

,,,·@ is-o" . ___ CID~g;) -,•12'!':) _ ~z:s1os ______ :-_'?~~J _____ .. ~i~i, 1t1oos~_ 

/© .!: :>Oi· ·--~~~:.If.;~-- .:'~'°':Z~~---- .. .:: lls~~ ... G~).. ·-~~~-~~~!\(._ . __ ::,~7.ei,4 .. "81.,.'Sli\_ 
;© M ( \OJ 'A~"l'fi lt.) b 'ti.le\. l.'I~ - 22.'$,Ul"J~ - tDSo, 1.~t. - ~'2.'~\\.~') -2.'>6, 'l?.t\ 
;@ .. A . ~ .. -- . ····--- . ot10 ---- -- -·-··----

iJ:jf _ fii~~-. }i~l-lI! !t ~Ft~-;-!-r--,-.• --~-i-{-~-1--:~·--i-----~~-~-~-t-~~-:-__ -_-_ 

: ~~~~r- : .. ~0:t~?- -:_~:r:s~: ~~~~~~-}~1~ -~-lt~~-t~~~--1 ~,t~~-:~~~~ a~~~:~:~ 
@ A -·-·. ,01.\p 

- ·-- IA't>l!l.3-Zl\ -·· ·---· -·-···-··· ------· --i ®: 1/ · .ose-:,;oll 
@~.::..:111.1.. e G) @ -Mol\.\ ~ l.\ll.~\ ~ 'l.W~2. 

1-· .......... -· ... •. . .. . 
:Qi_(r\l.'IJil'tJ. - @/(5) ~;.~'lot '.'..1.'~.~~\ ... '."..~SI"!\ 

-1- C\ l:,14 

~ 21\'l_'?i __ ..... 
.. \\$$CJ 

~ 'lo81 
. .. _ '\11180 
·-··- --------< 

4- ?.'!,c-\ G)t_<:i-.n, ®+@ -"l"!>'lll.. -eo:.ot -1..21.10~ 
'bO@\G"°"" .. . ®"©. -t".,lt, -'l,oto +"lq·~,- <l'!,Q·',~-~---··-- ,t,.\lt%,\ 

© "?('b\ ~tt'!°'i11 D\1.1~2.e'lr, ~ 1s'l4.()$6 ~°loie,,1.1es 1.11,.~1(.. ·us,,1»¼ 
~ ~J!.')_ ~--1-\~,~--~-i)'~~: -eeC¼,tlt,') . __ -: l?.\-s°,iii .,. -·l\-~S~~~--- :··s~·;,~·ioe·· --~-~~- S'i~-
~ A . ,040 ® - il ·•·· '"'\:>\.'c ~-z4 ·- ... .. ··· · .. ··---------·---:-eiei~ii--- ------··--
@·~1-)\,~1.-- 0/<2J ---- -~"h~an-··--· r-·-:1,%~\1 ~ 2.4'le3? 4 IOU'?l ,1,")12,5 tr · il······.J~~ 1 J~t ~.r~;y- -.~itt:-~h-:1~1= 

·• 

. .... --·------.,.,,..,,......- ...... . ·-- ------- -·----~ 
C-173 

···-. 

/ 



. -·--:-•••-u•- -~- -•~ •• .-.~~_,.--.,,~ "·•'-'-•~ . ..,...__,. _ _,'7-'-...::,,·""""~~lh ..... C..-..i.';s..".1,,.H•,.:r.~t,~ . .,;;( I. 1'1..i:.0.~.:'.,)i:k.;t:\_lf.ll:_~'¼f~.J~~~™;fl#z"i,m;Jo.W1Jft)'.'YPPs)llrlrii§!:»ifffl 

-~ -· t '~ • ·----... _..;,.~-----.... ~ 
·-~•_, .. · --.:-.. 

.. .' T~ble 3-26, 

··- .. ,·. 

Calculation of Meridional Stresses - Lower Frustum (continued) -iA .. 
·'t).·· .. ·: 

i-' 
• ' ► I, 

~ ' . 

t"t~. ".>~ttM<i\C. t'l-.it, \.u~.: ~-"-'fl"'it:# 
L\n-o,, ~n.a~.\t "4t.'l,\.HAT\Cilt\ 'tm\;.Y«.U,., 
( ,-.,._0) L-r•, .,, ) (,-1,1 \116) (,-ta;ll 'So~) 

R'fl\'W'lt'l!"C« . . . 

el~'?~~,':"''b-,\~~~-uii'"'01' \4 °b~, t~I\ \'$')(.,It\ I OA 1,q2,C- .0 410 ,l\'/5 
~Tii'r ~i1,-.(1.r·· e,ec,, Boo \tl'S,e1i ___ .. -l-1-~~-z;;-··· ··'5~o·.ie:~ 6-___,;-+---···-·----------·------------·------+-------~ 

® i~-· · '"'~~'f. :>-?.½ -·· ·- ·-·· -·-·---···· ... . .... ·-:~i·~;~-i4··· ··--······-·-···-·---··-•----,.-

~~if-~~~ .. : -~~~~!:_:: -~!~J~ ·-m~~s .::~~tt= -~~: ~ 
~ .. \)Cl;-· <tf~ .© .... ·~ \~Z,?_4 ··.:·•,~~·;;~·•·-·. .. '- \i~,i,·· . ·- ... ~·i4U:ei~-•··-· ·-4,;\~ 

:ii <Di, iz. -;-'!'\-;,;-,. ,) -11>ts1.2.1;, ,. 1'-\c,c,,._,,, - ~b:>.10"/ ~12.."/.'-122 , 2.ez..2.1.s 

'-"~~\~ .. :.I . ~ . :· 
. .. 

--1 
- 28Z. .(.~ -
11.4Q.'5?(.. ' I -· 

:© ""·c'.)?.) .... \-\0~1Tir- \t~10 ,t}()\ ·,·-:,~e,, i)O/o . ·ztes, ~\'~ -c;·1s.ii, ~--. . .. I -:So, Y4l\ . -~ . 
. i@ .. A ___ ..... _,._._ ·-- ,os'-1 Ii ... ir.,-·· ·· ,t1Y:.\.\E :>-7-4 · ··· · · ·· ···· - - ···· · -'·--·::oiie·i°~4 

;t-t ::-:;r::- -iii~~~ l~~l\: •· -::'~~ ···· 1'iit{1- -~, -
I ..... ···•-•· -··· . ... . . . . ...... . . ... ..... .. . .. ·····• . •·•· .. . . ..... -· ·- .. 
;<:i) 13"1\V @ -1- © •I.\L.q(., .. lo"l~I -1-1$t.,'?,II) 4~'>S"l1 .. ·,4 -,14(.. 
@·er.,;·---· ©·@ -1.\'$')2.o .Ll~eo~ .. ,su1~1?·· -~~~-,·· ·-·.i.-iio·e···· 
© 'T> :i, 't4oiu , l'bu'L''!») 1-S-ocM,lo rti\~,'-101., M \it$,1i1 ~-ZYl,'l~? 

)\} 

©__!'l('bi ···.~.~:.':~~)_ b\t,.lc,,lt:?,1 ··-- .• ·v~~e,·, 114- --t~~'!;,414- -.o,1s,l.\it·- .,so,')\(. 

I: ... ~- ,~"'-' 'S·l~ -----· . ·- .... -~~:t~·4·· .... .. ·----- ·-·--···---
1r··,;;,;::- ;7Jj/f!J-- _ , ... ,.,._ .... , ·~··~ - ' • "WI I.'.!!.~!.?. ____ ·j• -~:~:~,e,$ 

ii~l!:~' · '.i'.! · · I{~~~ _ F£~{~!-}I\f _ K}~\:~ f ~1= 
-~ -- • . . . - • , . . . . . - • - . - • • .. Z. '>t.. :'I S.f_ 

~l'JO,bllS 

!J----·· 16'\""-\.'i! ·~·ll\ . ·- . .. . ...... ---·-· --·-···-······ ···--·:··;o-.t}\¼---------·-·-------1 
...... i ... ----- ... ·•--· , ___ .. . ......... -· ·•-. --·-··· - ··---,------..---'-----11--,,---c----f 

~fE; .. i~i- · ·· ::!~~- -~~!:::- -::1;0- •:~~:~l ___ ~1,~:~r --
. l@f\ro;·-··· ·© .. ©--~--- :~~s;;~·-······ ~,·~;,~~;·--· ·.:.:-ii">\Gi-·-· ··.::\~~is·· ··:),-u;;r·-

,,..-.. ·:····~-·. N~,IJ;~ ·•.·· '·\):0~~-.~~;~~t~.:"·.:,~·,:·;~~..n~~:~~/:.~1,A,;i-~;.·i•;~\1f{~~)~:\zl'.)>:~"¢.:~<.0·--.L~::@·.,/· 
:<'.:· .· • .: : <:·?:i •.i·;_·:~i~~:.~:':~~--.· Y3i:At~.~"T. \,~ft~;_;: ,.~~·~e::iv·f(~~i~/i•?·:f'~ ~/.\:~~~Ai~~~,: · 

... ·.: i.)·¢J~jit;::; ;#?.¥ ~{;i\I;it}i~tS~)i:;;:y~.;.J . 
. '. ~t_"i\~:' ·~ .• ~.l.l~. :'1!\i~w\' l'.'~1·~''-" : ?:V) .. '.;t:-,<o'f8'.':i.\1t.,~,F./~ii:'1-1i,v.e._. . ·: 

c-174 
/ 

·~;-·y .:••••< ·:.·"\"~:,,,.,~. >,. ·~ .... '."'i, .. ~fr~~ ...... .,_.~;."":~:"" ................ .-¼~ .......... - =•~ __ ,..,_~..,,_y•--=-r• ·-----~---·-,--·· --



: . 
!.-

'..
, 

.C
·C

fr
 

<h
;-:

-
..

I
' 

-S
J 

-
=.

;...
u 

-1 r
 

ii%
 

""
' 

0 
0 

..
J
 

O
> 

-

: ' ~ 
II 

.,
 -

-9
 

G
 

~
'.

O
 

-
1,

c-
-

,.,. 
' -

r1
.,

, 
-9

!q
,,

 
1-

->
 

-
R

. -
ti

, 
0 

f-
0 ... 

-
-

4#
, 

(1
9 

-
.r

,,
 

o
,.

..
a 

: 
! 

; 

' 
. 

r 
·s

 
D

 
r-

l 
! -

~
 

~t
r--

0 
-

'.
.r

 
11

>!
 r-

" 
r
;
 o,

 
..

g 
,~

 
: r

->
 

l 

, 
! '

 
.
>

.
 

..
 j

l/
1 

? 
I 
b 'I~
 

i 

I 
r 

t!
 

l 
0 
~
 

(l>
 I "

' 
0:

 ·
~ . ,s
-

·, 

r 
;,

 
•.

-:
-

•
•
 ~

 
~
 

.I.
· 

.....
 

.... . 
' 

,-.
 

"-i
.,. 

l" 
;,

 
0 

~
 

.....
., .. .. l
:$ 

~
 

l 
:, 

f 1
 

~
~
i
 " 

r-
' 

>
 

:z.
 g
 J. : 

~
 

JI
! 

CT
' .... 

. 
1!1

1 w
 

'1
 

I 
·
N

 
....

... . ·o
 

Il
l .... 0 :::
 .... II>
 " .... 0 l:I
 

0 1-
n if
 

Ii
 .... Q
..

··
 

.... 0 ::i
 

Il
l ,... 

-.f
 

tl
l " 

. . 
~ 

"' 
' 

~
 

! 
"' CII 

!: 
(\

) 

-1 
C

l!' I 
! 

1-
i 

I 
::

i 

l 
::s

 
·(

1
<

 

t'I
 

E
 

0 
~ 

'<
 

i 
.... .... ::l

 

J 
a

. 
. 

'1
 .... (

)
 

I 
I!

 .... 
t 

b:
I 

I 
r.: .....

 
p;

-

i 
V

 e l!O
 

Q
. 

! 

-
·-

•
· 

.., 
' 



Table 3-27. 

-------·-···-··-·----·--·--··- .. --••. .,..._,__ .... _,.,.J.~ ... ~,~-.. ~,~u-.sc-=--u-"'~=,._._~.=.,.1.::i.••-'~J•....tkli".:a.:.i.:i.-~ .. ..::.:.;1,....-.,~~--:1f'.,.':;,s.:i.'1ik4:i;;2,Jl!'c.l~'i:...:a~l'W~~ 

Calculation of Meridional Stresses - Inner Cylindi•ic:al Bulkhead 
(continued) ···@f: 

----·· .,: 0• . "'°'"°'· "0"#\1,,;\-\\C. M'111ii. \.o~,' ~- 'l.Ht\Tq -
• i; \Y't!'.l\ L\\•·i-~OJf' 1>.M.~t-u~'( A«.'1.1.1\'AT\Ot\ ~.:Vv.-&t>~ \.A~~\~ 

~:> .. ,,! 

}~};: 

't 
-~' 

i l ft.. ( T"¥-0) LT-. 'Ii) (,-a \110) (i-1&.1 'SO'S) 
(I ·r,2 "-,; l'VW. \U(C,Z, · 

0 v . ~.~L ~. ~;. ,-z\ . .. %.· \~~~--·-· .:.~ O_() .. ~.'..\~~-- .. 
~ 'l.J\t111..l_ t1d\1.(1., 1:1a,ei1 · (.,~:''114 
I@· A .. 
l@-i)~ \~~\.tt~-Zl\ ....... 

!@, '1'~~~ • <§J($f-c··-· -1-iris~2···--- -··.;::~c~o(.. 
~~) <l"''f>fl:"-v· ;_;--(.¥;)/® - \?.2S4 ·.::_ IL.24~···· 

.. 12.41,CJZ(., ···-- __ .......... . 
-"JiS,0/o, 
. oto 

. l.loi~e~ 
+ 1..209(., 

- \"!Bo(,, 
!J>' \l,:i' <§) +@ ·+'Z.$~1e, + ~".o~i- ··· "+·~;frc,;;···--

.. $1q,t;oo 

".,\ -~\1 

+2S99o 

- 1302.o 
-+ ,~q?;· 

- 12,,1,,~ 
ei.s,i-

~ l..48~ 

- 21$8 
-+ 4;,Z(.. 

-
1 .. : ..• ;.. -·· -'\ . • ··••·. ·····-·· .. ··•··-· ·····- ··-······- ..... --·-·· --····· •• ·-·- -·-···· ---····-·····-•·· 

1 !@ .~til" ® • (Q 4 \i.O,e,z1.., ·1- l.t,~4C, +.81%2 -+ :>%10 4 8(,l1.t, 1'111~1-c:---.,.=.,-+---....,.....,---------------------------
i© '\" ~~-f·-. ~°,'I\.· 1~ '7'$1,1..\'!,f, l~Ol.,,\10 IZ.U.1,C,~(& ~IC¾,~o. o 12 •. '>.'.~!4 
:© ti\ l~~). l'.\01,(t) vt,11$ ~2.et1l. '::ie,,1.\2,1 ,·~.~el, 4.2.t~ t~I- ;~--~. ,~~~~ ·;·:·~~- ---·-·------- --- ·-~-. ·-·--·--·-:~~~a-~--·-·--··-··---· .... · ~--·:.~:-------· - ··-
l®:<i-;~~"'.:-· · ·0 !iJ) · ........ ---~1,-;;~">t 4 ~b'l..oto · 4 t.ZDCJ(., 4 2-tff,o - • 1..464 
1(1:). G""~,t\(Q: · ·- @/© i..t.'.'.c4 • 5t\\q. ·-~- ~~l\ll --· ~- i~i----
;('i)l;· c:r:u::· ·®+© ~l1te.,t- " . .,:.e~t:t · ·~·"li~'tib. 
kw 1rc,.. ® ·@ q,,·:L.!) .I, \w.l)t~ 4 ~211~r. 

-1 Zit~40\ 

"~2\1')il) 

... \01,,, 

~'>~4i 
4 ~lit'!, 

!~/~~~;~~- -::lr~t ·.·. ~·~~.~~;~~--Jl~;.o;~t~'-- ._w:;:~~~---·f--:;~~~~~. -t ·_'~~~~~~z ... 
:@~ A_ __ ... TA~\.'l. -~~'24 · · ··-.. - ·· .'. 1,i~....... · ·----· ·· ·· · ·----------
!®, 'l/~ . . l.)l.)'!,q81.\ 

!~Ycy-"'"'"'I. -"0/(~·;' -•· --~~')"..,11e -···· ·•· .. "-sot'l8 ,·- 'I le2o'~'I H~'l'~) 'I "'"'1.S 

!i©:~'tit.11~• ~:. ©I® -+<.~~\\ ·,,. ~i_li~::·-~. ~:·~i:5.~~-~-- ---; ~s-~\- .-:~· -~~-.~~~··--·-
.G) 13"1' 11 ©" ~ -\-,,~eis?.. + '$e·~z..., .\- "l,1.;.e, "'c.C'>'-11.\~. + 'l1.1e~t. 

~,~ t~, ' 11:rrr~ ~2:1: -'~.;:;~ )~!~~: :¥1;~-~: ~~--= 
/ j-: .. ' )... . .. ....... ·----·-·--·••·.__,--_______ ... --·----
i('!I), A ,Oto 
1tr~::i= ~;;; :)-2

½ ··;~~~1.1e=··~·.:· -~;-~c~~~~~-~=-:~~~~\---· -+ zsq7>' 

~,~:::•_:_ ·;~\ - ]~{} ____ ~:;io- -ft1f~ t{~\~ ~ ~~f%-
+. t,;42s ____ _ 

,:~:\i --:o:z~)' ... -~lt~~? -,;rti?:! .. .. : .. \\~J~tS?_ . ---1\l•~Z_l,. __ - ~2.:~~\ 
@j A . ,02-0 

:·· · · · ..... -· "TAt:,1,..'lt. ~- 2'4 · ---·- · ................................................ · .......... ... .. .. ·•· -· .. 
@~1/~. ,Oc'~~B4 
@ G"",.,,.,i,,\. - ©7eD - ·-:;:-~~s~, ~ :Se>2.Sl.. +- ~,q'7'!> + 2S88t,, + <.,~eo 
@·.-~~;;(b:··· .. : ti)/® --:~~-:,s -·4-ssi - 4-se>s - ev3 · ·:..·s·i~------. 
G.)f (!"-ii'.. ® i.@ ,\-~:,e,c,7;:, 4l1S~o4'".. · :;-·=s~~eei -4 2:SoS? ... -4· '$662.--

::ie~l!o~ . .. ®-Ct;; _ ~4111..~· + sl\eoe ·; ~C49·e··-· --;·~~'1,s--·--- --¼ecis 
. ©f'? .. ~~~·- ·--"'.~~,\-- 'l·Sc.~1z. ~Oo5,\2..') ____ '3-.?~.·-~.?§_ ___ ,. --~·~!.~~'-.lo. .. - ....... ,,~.(oO\ _ ®tt'\ (.'b~ ~u"lll l'l.; -S,~oL. "!:,,')"JI -e.oz~ -\S,t.S') _ o.'Sl\4 
~ . 1:..•· - •. _ --•··--•--- •-· , 02.D 

:£)• 1r· .. \A~\.'ic. ::,-z4 ... _........... . ......... ·- :--~~~05\-··--···--------·--------

;~:~?• f .. l . -~~t 1]~1t: t!~~~ ---)~!E : :~~:-= @b <f.~ - ® • © , ,;,,; '"• _l_;_,, ~•• · ,.,,,;,~ - -.-.:~,,:. ··-;:,; s,-; 
-~-. 

·C·-176 
'=rr·.-.,,;,:"<,.,.,,....,_.,.,-:~~~ ... -,.,_~---,..w'=';•~ ........... ,.,, ... ~~·•~e-·.,.-.~..'J.-:---%,<···~•_;_~,-::~,c.~--h,--..,J>-,,,l.O',W..,..,~ ·1,ill'.f,.' ---~·1;:;,:•:;,::-•t•:,, . ..,.,1<.,~•;·,-.--,.,-- ~--,,..-... -,~,.,..,,..._,,_..,_ •• ,.. ... ___ ._~---------... A~--... ............_...,_ ......... ,_,. ~--·-••w~--.. ·~-~-· ·~·-· .-~• ~ -~,-.. ,~ .,· ,' • u, ___ ; -~ • --=· -



_// 
.(/j,r 

,;//' 
'/ . 

. ,// 
/) 
,:.,, ·j,~ ....... 

···V'.:· ,., 

1'0J \,. ti 

t":;; ... i 
·1.•,. •(~, 

--

--• ~-- -•• -•--•=-•"' .,., ,-•.~~••......_'"--",__..,,.,.._,,. ,.,__,-. '-"~.;,~J;:e.L/..c~~~.:rt.::t_.:.,!,___)_;;,lb~L,..i.,!..,..:.,:.,l.).i,l.,!~l.,..:,.,J._~l~~'.ff~'o;,lt~~~~It'1f~~~ 

'r»a .. -- ·-
Table 3~27. Cdculation of Meridional Streuu - Inner Cylindrical Bulkhead 

(continued.) I , . . . . f :. ' 18 I . .+ 
"°'~,1>~\t~\(, t-rlt,,li, \..u~, \"\M, "-UUl\'mt ... ·- , 

t.,n-o,, 'l»rul.\Wi.l ht.t.l.'lt.AT\Ot\ 1;:fflt, ~--."-· \.A"1)\~ 
( T-..o) L,-• '>'I) (,- 111 \1,6)) (,-., ~ '!Jo'5) r·· · 

·.ii 
•~· ..... 

.t ... 

"'""" \ -"!So,l.\~tl) -\004,">2,2. -,\'Z,,';,°1,\\1\. - 'SV).Z?(.. -:\2'),\So 
~ "1\l~, · -~a,1-(1.Y······· --5,~ot.. --=~/\')\--· ·-·~s.ozy ,-s.is') o,SIII.\ --

1
'@ · A ··- ,OU) 

~,~· · - A~\.'- ~·'2.4 ··· ··· -···-·----· ·- · ··•··- ·-.·ooi~·eli··- ··-·.,...--........ _ 

;~: -J~t .. iiii: : : -~1!= ~ti;iF- :-~1;i :- ~ii~ 
!@ ·-<r.,;·- @f.-.·@ · ·· · - ·+;:;~,.,,;··· ···· -~ i.i·~"z;;~· ···;--c~~e·s·--·- · +-~i·~ly··-- ·-4·~11~s 

'!F)t-;;-+-=-,---c..-~=--,;:..,--+-,----,.--+------+------+--------+---
10 1'(1.\0 ·.~\oii .1) '),So,4:,~ \O()l.\;~22, \2,'l)C,.41\ '..,""l'l,2?(., 12?,ISQ 

l© ""Fief ~o,itiY - - "!>.en _q,..,~~ . . -~,:4ie· -~·-ii.~a· · . · .. ,·:~·i·, 
I@ .. ""- .......... -···· -··- -·-···---- • oio 
!@1 •ir···· TA~L~ °!}-·211 · ···- ····-·--:-ao~-~i~---·---···-•···-··--· ·--·-··-·-··· ·· 

~1~~- -~~~--- :~E .~£;r · :1~:- ~~~Th~ r ~~i ~ · 
ltm! ~ll'I' ®-@ + :.e~e4 -1 '52.t.ec, + l,C\eS? . ,,_ 1'~'>2.? ..,_ 'lo94; 

1~1·~~ -·t:iffi-- -~~:~:i- . _:_~o~~~ ::~~t~~~P--t---.~,.~,~~~----~··=~:¾~~e? .. _ 
1:t-··'1~--- T~i\.'2._~-z~ . . .. . . . ··-· .... ··. o\t::e-~· .. - . ·--····. -
1~\G"M\~I.. '.". ©l~. . 'r'!>'l'-1'1C, ·••··· --~ 'S~.?:,~. . .~.4.\~_\'!) ·l ····~·~-~~-~ .. ·-1 ·-:_~~.:! .. _ 
1~}~,,'IM). - ©1® - %t. - '2..U:4~ - '>eet;, - '>et,'!:> - ');J(., !<vt ~T~·- · ·· @'f©. ·-· • 4b~5~? -t4·')·'l,t.. ···· ··~i~oi, · · ·;·f.·i\\)iti ··- --;sst.1 · 

Ltol® ~~".. _®-.~~ --· -4'b6~-~, + -si~~-"i, - . ~ ~~i~_·_···-·t:j .:'.>7>t;t.·~ .. __ 't ~oij.~ I 
· !% ·~.t:~ ... :·t~:-i~,-~·.- ~'~~;~e{_·~·.:·_ :=~\1t-··· -~fb¥:i~2 

·:~ :·~~§~~~~- ~\~Z 

1
1 ~ -~i_-· Tr:-~L~ ~-:Zl\ . ... . .... ·---··--·····-·--···---:-;;·;-~e-4 -----------,----1 

~;:~". --©T@ ___ ··;i·'l~·~.,--··---· ··;;s·o2:,~·--r-'t-1,,,-C\-,-; ·-- -,; 2.seo(,, + 1..z.qC) 
(\"'~\{\It,_- . ·· ©/@ .. . ·:+1.oie1 ···--· . ·+·,~~;,-·-··· ··1 \i')\\•ii" ·:;.: ~e~e1 . ~-- ~ibs. ---
· <i,. .. --·-· ·©+(!t)°"······ ·+'-ll\\8;--··--·-+i:~Szo·-- ➔ ,oOJ'4c$ ·-~')~~~i··· 1-ICl,~\j .~ 

.@-1!"011 - · ··@•(!~:f· · ·- ·+1:,:,S\6-···· -+~I..C)1e,···-- ·+,\\l.\l\ ····-- · ... ?.'hie,\·--· - +\C,~4 ·-

© "? ~' \'l.o"t1t ti -eo),\\°l -\\&1.'l'la, -,e-ss,,~t.. _ ,,1.1L.,'l'ICJ _,e,z.~ee 
I@ ~·l~i ·· ~~(i)" -···· ··q1,11t')l1· ie:i,4c;~· ···a;')~·-.~~,·-· ·-~qt.,~4l,, eq:$oe, -

6\ ... ~····•-TA~\.~ "';:.-"2.~ •.... ··-····· ...... ·-·--.--·-- .. ••······· .'..~~ ®~:I .. __ ·.o~L.6'll.\ 
@;er,,.,.,,..'- - 0@ ~4o~$1.s +Sll)o"c, +.<:,t'lS? +$')~~., +C,l'!>C, 

·---·-------------

@:·~~m:- ····~ @/@ .. .:·ii:i·ei~· - ')~~ I ·-"l.t. 4~S - 2.1o?o --·:·i_4i7--
G}f <r"'lf ... . ®,,cg.. +·1'"16~'2. ··~ s,~;·e ·:,;--~i:ie,z, ·~>io11~·· .... -+~~i~----

. t .... ..• . .. . . . . ..... -·-····--· ...... ······•····• - ··----....f 
4 

@Y ~o• ©D© 4ll'z..eSo 4l.t.'>t.o 4\10,t~t -+64~S~ ,4,-11,S1.,{. 
\ t-=-~--:-~+-------,...,...--+---•----l----~---~~i-------ii----......;;. 

;1;.· _i1tr ::~~~--i~r·~ -6,~;~! --~ttlh-··-- --~tftf--· ·:?~~lai··-- · :~~:f--
1 6vLJ-·- . TM~\I: ~-i4 . .. . . ... . ... ·- ···-·········-- -~ffteii4--··--·-·-·-

j
@ ii~~-,~~-· ·-({;J·~ +\1o~St.----i-~~-o~ i.. ~?'lS? -1-- 'S"l~~t} t •C!I;:;.' 

('J" ~'l'.~tt. .. .. @I© . . . ... - v-, '3 . . . . : ~~~ .. . •. .. ·-:~·i,,q ... --· -··:··i -i ~· . - . -: 2 BB 

-~:· - ~:t :t:~:;• .. :t1~f .... -1-~;;~t-·-- .:t-~1:t~~. ·: :~ti~= 
I ---...... -

.. ,.. .:.:-· . -~·· - '. ···••·•-···=-:...,...,. . ······•····· ... ···---· --~ 

. c~177 · 
iJ 

,. 
~~~~~-,;.;:~~~~:,':,_;.!:!.~J'fl,'.;t:.~k?:(}~~7~,;~'1~/?~'-'cc~X,t,'",','..!ra,;.:r,~':ro".:t'l'!!,:.m,~.!':';;_~~~:,:,~sw_,;'!!~'J'f"",#.~:<:.,.~•J•~~~~~-~-.'\"''l"l•_1~~-...&-1•.,....~,,,,..,.._ . .,..,,~,.,.,.,,.,,,,..,,..,..,.,.,...,.. 



n ,, ,_.
 

-.
J
 

co
 

I' ij 

. ,_ 

I 
-

t:::
 <

P
 

It~
 

! 
::-

> 
' t 

I 
.f-

-
0 

,F
.s

 ~
'.o

 
~

(
f
!
6

1
1
l"

 
..

!J
@

 
'-

",
O

 
,0

 
_.

c-
; ! i 

,~--.~
.-1 

:<
: 

' I 

0 ,..,,
 f '1
 

I-
'- a
. .....
 

0 ::,
 

il
l ,... C
IJ

 ... >
t Il
l 

Il
l co
 

Il
l 

'11
. 

I H
 

:,
 

:,
 

11D
 

>
t n '<
 ,... I-

'-
::

i 
C

. 
>t

 
I-

'-
0 

-
ID

 ,... b:
I 

i::
 ,...
 

r,
- :r
 • .. Q

. 

~
 

-. ,.,_ 
• 

I 
··

• 



--- --~--•• ---•• -- -••---••~----~~M~,~•".-:~-, ........ ».~•<--•~· ............ M ..... ;"'~~~ ...... ....:J..l;_,:i,~;~)~•xu.;:.:..wt..i~•i,i.il:~.>:;.:J.2k,P..i:ua~l~J:.~~~1i7W'~~1J3-V?EYZITCT • -

\f.: 
Table 3··27, Calculation of Meridional Streaaes 

(continued)· 
Inner·cyl{ndrical BulkhHd 

-----11------,----,-------,.,----,--- --•--• -~ -. --• ___ :_,.--.. __ ,; •• • I • 

I. ,~.·,. 1/ ·: :i;t r. -~.: I ..• , . ·"'· , .. ;!:, 
I 

. . . ,.. . , "'A-it.i>,;"~'c. ~11..\.uw,., ~.,t.u9'ffl'# . ,,... ,:,; 
, .. _., i •>.- ,'T1tt'\ : L, n-o,, · "'{)ttU.w~I N4~H.r,T,o". ~; ~ut.. •· \.1t.~'b\l-\4i · 

1 
· {T1i.o) LT•'1'1} (Ti\~G) · • ("'r'lL•<iO'll) · ., .... ·· ·.-.,.,;. 

(:~ · .4-s -eo,.">c$ -·\\ ·,$2.l} -1el\,,t.1i. - \Y~'>:21,,'!:, .;:. ,r..,.2n . 
,.,,,, ~{iTsl- -·~d\a(~r· ... -\1,,~o\ - 47)S~.--- ···:-,~~ii:~---- :·-:-io,IA(,(. _,,~-

.·•1 -· .·.•·· A . . . . . oz.a 
-® >11.-~~ 11>,~'-w. ~-Zl\ ... ······ -------~.-~:. - · · ... ·-·· ·---···.-o-i;Ge~~~·--···:~· ·==-·····="""'"·-=~-
K.~ G"M""'- .. 07© +l.tooeei +Sei"l'll. · · · +'l.}2:oe,1 · ; 4 St.l.~'!) + ei%\.\ · © ct,;~~~-- ~-©/® ··· . +'ll~'1--· --- -·+,t~--- ........ ·-+0

'Sl.?.. . · -4-~t.o · ➔ 4CJ 

\\S~ .:.:::--- -~·:·i--·• .. :. ·;~t~tf--· •-t!fttr~-- ~}!tiit=~ :~.ftl~~~~:=. :~~~~· · 
1<.!) 1"' '-tt. '"o,v. ,) ec\.'lo-s \\')-.S,SZ.a, ,e,·4,.t..,t. \\~:..,to~ '11•~•2?Z '® ~J~;'.f . -l'½o~iTiy·· -- Vlo.t --.. - ~: .. '. ~\ \ . • -::·o:~io··· .. . .. ;:'i·:~~-- .. -· - .:: a.,·i~ 
!~, -if. ..... TA~\.)l ~-".~ ---- ................. _. .u•i:~:~------·---·--· .. ·-·--·--·· ·~··· .. . 

!ti1~ -:Ii--:- ;;Ir f ~ --t ;it ·· ~Iillr-;~ ;w~- ;g; 
----···· .. -- ---·-- ··----- .. ···-

'·f; 

l~l:-l:6~ -tt!H~-. -- -:;;;_/,~--= ::}~i{~i~ ~tt\:~~-·-l•--'r1·i?-t-:.~t~~i1--· --

:@~. A ____ \P..~V. 'b-cl\ . ··-·· .... . . Oto ____ . .. -- -- .. ----------
'®, 1}~ _,....---- . l.)~l,,Ml\ 
k~1<r,,_,,.~~r ·-:,~mrcr:.r·-·· :-4:~0)'}0)~- •··~ 'S-el.l.lo + q,eso · ... 1 Sl.l\~~ + Bl:,\1 
119:1!'..,'l'l\'tl, . a ©/rs;" ... . .. + ¼l. :.·ii:,;. . .. .... -_ ,ei · ...... -- .. ·--=·~-6-- - $ 
I· . -···-- .... . ..... .......... ....... . . ··- ........ ····--·........... . ..... ... ............ ----·---
u~ i:.r,~ . @,, ©. 4- 1\t;\');,t} .., set.::>o • ior-Oi\6~\ .., -st.·~s4 -1- ~Ztei 
I . • .. . .. • .• .-............. . .................... · ............ , .. - ........ ·'··-- ••• ~ 

%~ \\"'a" --~-:~ -··- 41,ti,0>4'1 ~ SMI?}_._ --~~-~_:64~ ...... , -\- Sl.S\o -· + BZ.'!,E, 
, ,'(!)_ -P. 4.'l, .. l-lui)t.{1) ')ciq.~st. _ \\"l~.':;.tt,. . \e.~t..!=l~S . ,,,Ci.l.l\~ .. \t..t\.t.-S?. 

!~.-t~.-~?t · ~\~~,:~1i.r-_· · ~::s .. ~s~:-··:.~~. :.~;.-i:;~~s -····· ---iif~~Q-~:= ·:.~,i~'!, ·· -'-'!>t2. -·-

@t- !)"-- l~ThL'if. 1>-7.~\ .......... . ·----·------·-------·.. , o~t..e/14 -. -

®~~:;!:-· ·-·0i@-.. -· ·--;·i"lqoi~-·. ··1·-.,;·s·ei:°~-~j,_ °>\~So . -<"".·1.,...,. .. ~...,.~-t-... -... ,--... -~...,.-~..,..,2.~~->,..... .... ~ 
@l~V,t!\\\l~:: .. __ ©/f!iL::.~.--- .·~~_\s::<:_~~. --··: ,·e·,-· .. = -=~ .. ~0:=_ -~~e . - ~~ 
·~i~ :::- --~ !-~· ....... :~:,~t-· · ... ··{ ::;:f ·-- ·f~~~,~~.·- · -~·;~\1;~--· .. : =~:~ 
~t~ :a;:z~}-··- -:~·.:;~. ... ~ ~::~t~ ··~ .: .. ~~·:tt'~--1 ~·~-i~~·=~t -~.~~:01 

I~ ---1121 A · ,otc ®C.:'i---TP..~\.'f :::>-2.1.i ~--· ......... ··-·-· -·- ---··· --·.o;;;~e·i"~---·- ·--·-·--·----
@: c.r/\11.,,." -0@ 'r-"\i">~oo ~sese(,, ,;.c,,1,,,") -+S-Uoo -\-eouo 
K9!-<r·-:mi ... ·;:: @J® ··-··:·,s·..;··-·· ... .,iei, · _\.1t,/i -~"'ei -- ··-~-ir.;---
Gff.<r-r, · · @+® 4:,91)1.\') + .. se~~s· +·~-,,so········ ~ sstisz:-· ···· ·--+~')c;~ 

\.\~~@! ~o/. @) u © .. ~s~·-·· "'SB'H,') i:c,£,54 ··- ·-;;·:~$~18·--·-· ·-+ eu~(,, 

(!) ~ l\8 \-\Cl,'3. \ "t Vr),"j°}e_i \l')\.'110 18'/:)2,~\\'!) \\'t"!i,0,C,'"( \f.~,00\ 

i __ ; ~\~} 

.• © ti\ "'(lie' -·-~-~,ti·hr·-· ~1.1..'1~~ ·· ··\e,b;;·--- --Li~.!.\s - .... i~iioo ___ ·-~ . 
~ A~--1... ·-·--. ·--.. -· ----· . 02..0 • -I 
® ""ii ··-: TA'\?,\.~ ~··?4 .......... ,. _____ ............ ,. .... --_l.);,(,6~4 ----····--·· ®[~,:!;: !§7@ r;; ;i;,,o-- -•s•: j--+-:=-°>;;..,ta.;..1.:...,.,.._-.--~.....,..~-t..-2.o_o_,..,.._-+_so_o_0---1. 

1 
•• r~t -i~~ :~~E- ~~:1~~~ t~lt~:~ ~:~i1t~~ ➔f.-~-.- . 

-; ..... ,.,__ ---:-:,,.:·~,·-:!• 

~.I """M'. ..,_._. • .... , ........ •-•••----•-••---~ 

I 
C··l79 

~~~~.W~~~~~JE-~~~~~~~,,.~~~-~~~ 



t 
1 

i ' ! ;, 

,,(;'{;I 
'.::/"'-) 

·.:. +, ·~ ·-.. ;{,. ~ 
, .. ':4-

1,1,·' -·-

·-· ·--. ·----·--·-·· u•••---- -~~~~~ .... -., .... •A'---"'-O.~....._,,.......,_,q_~-~~':"l"'l.>...••-"-;"rlU.;:,.:\.,C,.'-L"l,.'.:;i~,.-,1~'.,~.l'IJ.li.U'Jt~•~'ll:,~~~-~~~~~;~n•~ 
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(continued) 

t l ' ' M~. °t)'i#\4 .. '4\\C ~,1\)1., \..r.,~. \'\11(.V-HM'ttj 
, J:· \'f'!!t-\.. 1'~'lf.lult'I .t.c.c.UUJ',T\O~ ~, ~'111'~, 

~ J . . (T .. '>i) . ('T'a \U) (T-.. s 'SQ'$) 
\.A"°''t>\~ 

q~• 

1t!r .. 
... -. ~ 

(l) '.\:> \le., ~u'T'& {, -\\l.Cl,ll.\ .. l!,?6,1Se, • \IIOJ.C,o~ '7'. \$$,~\~ 
. I 

:!:> -~~~eI -·t\°'at1.) · .. '"'-.-.,')-.,~-- · ··-:·,i:-oo;~·-··- :·1;i:~·is · - --~~-.-j"'~- _ ~-~-is ___ _, 
I --~- --·--

·' 

1 :-. />,. ,o?o 
k'Il·:-i/i --,"~'-'l ~-2 1.1 ______ · _---------------- · --~-------- .oi:.·,-iis ··-- ·-· ··--·-------·'•·--·------·---·------
!© ~~~;:~· • <SS!~ ➔ :,G"Jei1e, ·· ---~·-se~se. --~ c-,1~1:> ,t ssci~s +')')c,/., © -cf\\1'.t\l>, - -· ©/@ ~ ~Se, . . ---➔ \\-~OJ...... . 4 i cSe - .•. ·+~i------- --··-----:-.,,_-e~-- .... 
~ ~. \l'.l': ·cID_~@ _ -1-4-~,~~ _ ~-·_s_i~95~-~~ -~~ci2~~I:·.~-- ··:.~ \~~~i •--=~ ~~:~~~-~--~_s_~ 

1.ie.'@ <:fo., _®_:-_©_ -l'b<i'-1l.o +S6o1°! +CJD:,$$. -l~Soe,& +"l')o7 
:c.Dl'?,.4~ 'l'\o'l\l.1 1) '1%.'l>l..l\ \\\.,C).,t., ,e.2.e.2.Se, \11C>),OJ!)4 1:$$,Cll') !© "'~~- .... t-1~_,i.{2.)' --- _ .-;,e/>$0 ________ • ")J,Bllt • 1e:· ,el,, ·• , i,(4~") .... __ ,:-,i·;-,,½ 

!®!---A.· .. · \M~\.~ ~-'2~ _ ···-·---···'.~-'-_
0 

------------· --····. . .. __ --- ... ... , 

!:~ .. !Q'~(?~- :. 0 l(i) · · .... ·-·,;;-,;ci~,;---1·4 Se~S6_ :-:;_;:~; .. _ . . ➔..S.:?.~. °?_S ____ . ____ +··· '). ').-~-'1 .. ___ _ 
'.~)jCl"?:.'lll.~. __ @/@ -\4t$ -V'll/) _~\\4_1{~- . - __ }>~ioJ - '~10, 

'G)i ll'1tt © + © ne~ti".) , 4 Sl.l.9' · 'I e.<.OJt..C, -4 SZ."l'!.4 -+ ~ 4.SC.. 

!(!>.)~ ~o; · ©·@ -1-~114~ 4 kons -+ 'tS_~~.2 ____ :t_$o_,;_~-~ _ ;:·~i_ot. 

!g(:1~ ~:;:;~;:~t=: ~11\t~:· .. :.~t:l~B: --~~!-l\i\E ___ ~+~t~~~+-:it-~~t~'- --
i@; A · ,oz.o 
. 1--· ... · TATh\.'E '.!>·!\I -----···- - c .. ----
1®; 'I/~ · . Cl.I.I!!(; 

i(~;CS"r,.,-11>,1. - (S)/(-$) ... 1.N,lll) 14 $1?,~')4 I ,; oi, 2YJ : 4 '$~e,,~ .. -'it.•~ 

;(L)j(l"-.,?,'WO:_ .. ·--~- ¢)/(:y .. _ _ • _,~,-:_ . • \",~')~-- _ . ~~~~j_ _ :':, it~~--:~---.. ~_:.;_ i,-0---tj 
,0J· i;rT\'1 © dQ "i.e·!>i~~ ,4 $l.(.o? >1- e.-L/li,;, 4 •:.1 •;;$e; 4 "l~o~ 
'® ~ol' @•@ i.l11•,.1\, . 4 l.O\~,. 4·0)·$~[:,\ .. ~--,SC,o(?io· ~ ~ "J~2'> 

¼~:(!)'"i' 1.~Ll ·--Nu'\a(() _____ --~-~-4!?$, \1·~,~~e,o··-· -,~tl\.~·i;····- ·11\i:-. 'l;,_')_iS __ ....,_1-sJ~je;-,.,-

;©t~ .~'?I>) --~·b·1vili)" ..... 'o'l,~,u~ -.. :-.. -~.i_g,:lfl§, ··=-- --~22.!.~5~~~:-~~ ~~4'):~2.--.~ ---~-1~---
i@· A .oz.o ~!}f I/'··-- T"'~'-'i ;:)-24 ..... , .. --- ........... --·---;-;.,;iiz $ . 

· ®f cr~~:::--·-· -·_·-01@-__ -_ --- .. ~>17; ~ 4 ~--- - ·1 · -4- ~-~-i~-~7·--~-c,_-,_.,-;,1-___ -__ -_ ......... -~ . .;_.s_s_~-, CJ-. -..--•. -::.....,.')--:-1.-, ,-__ -_ -----t 

irr1~. ···· ii · •· :\~:r- ~:tii;;,~Ff f ~l~- -⇒\~tl-:: --ii 

-·+·" 

"f©[-'?"1~~ ..... -"~'t'-0)· .. ___ -'l~-:,.r,,z- ,_ 11 t..½·.~~9-~ .:.~i;_\·_ee1 __ p-;-_,_-;,_'..:;..?:s -:--,~~;,:,~"' 
·
1
®~"" (:So, -~?:i(i. -·to'l.">1t"., • Z·r.s,ot? -t..·u.,Ms } .' u1.1"i.'"I(,, • lp,e,~ 

'~,---'1A- --,~~L'i ;>·Z~ .......... .. ···:;t/2~;-- ... -------·-·· .... . 
Gfi..:;, - © @ -;-:-.;~:..~ <4 tei·:.olt. ~e,11)"'~ .. '$·;.t~"l;. ➔'lti~'l 

~f<>;;· ___ --~ :(i -- ~:·~~u:;1 ·/ct\tt · :-~;~1
:;~ ~ ~~':;-;r.: · }-J~:~~ 

So<~)\ \\"'o,. CQ..:.<!!> ~1)1.\l,s,· ·· ~ s2..04") +·~s-~e·s·--· 1-·i.t"i.iez.ci ....... ·--:;·Zo~1o, _ 

,; :~iJ· ---~::-{~,--- --~9~~~~4 _ .-'~\~~~-- _:~t~~~~k- ·:1~-i~:~£4~~--- ·-=~i~~~~ 
~ A . D2.D ® - 1r·· T!ll~\.i i-24 . -···-. ---~ -◊~-,i"i"s ... -------------· -----· 
@ -·· 'ii.... ·-·-----··-·----·· ---···-·---•·- ·-··· ·-····----•---· ' . 

'

,i_~i>.)',\(>;\, _ 011@ ..-"t>O)Lt.oi, ., -se-:,.01.., .+..~:_.~~l\_ ---,.-~--~-$~)_t.· ----1-:-.. ~\~-~ 
~) t.r ~II.I\';:, @ (5) - 1 D "i "?;i \.\ ~ , '!> -S ~ ') ~ ~ c.. ~ '!:>5 ~ 'Z , D? D - "Uf~ ~ 
G) cr:x~ @)+@ ~!.€J~S) ,41.\l.t')IJ.;, ~Se;t.,S(., · ~-"!ii~o(., · ·:+i1.14S ___ _ 
a ·i:r;~ · @-(£_") ~·s6~ts ,~"l 1e~~ · 4{2~~~2.--· ~-'Y).,:;-(i·~-- --~--a,$,,-

~-

-C-180 

;!:TZ2FTS1:;;~?.R~~~~~~,~-~J7~>,·t.'t;~., ..... ~~:-Y. ·-:c~-~.•· .... ·_:••-< ~~\, 



.,, , .. , 
·~· 

--~-~--------------------~-----,-· -··-...= .. .;..;J<>.L.1..U.,..;.t,Cs_.:,_~:~~~~~-~~.i~"i..!a~il~?fil~;1~~~ 

Table 3-27. Calculation of Meridional. Streues ".' Inner CyUndrical Bulkhead 
(continued). 
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Table 3-27. 

1) and 2) 

--li-- ..... ~ .. ,,..,.,,,_,,.~,,.,,,-,, .... ~-~•~...;.1,....::..-il:.-,,1J,.1!.·-1.~ .... u:..-...r,>u,..-i.:.;t'll.·,',~~~~1""-~'i;jl,Xffa,,~lt.~~~~ 

Calculation of Meridional Stresses - Inner Cylindrical 
Bulkhead (continued) 

The numbe.r in ,..1;_ar .. enthesis following the "P" or "M" in 
columns(!) and@identify the pertinent boundary node 
per figure 1-3. The loadings are obtained from tables 
3-17 through 3-21 depending upon the design condition 
under consideration. 
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!';,\ •rable· 3-28. Calcul;ation of Meridio~al Stresses - Outer Cylindrical Bulkhead I§'~\ 
(continued) ~ ,. 
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~..-;. 1 : Table 3-28. Calculation of t1eridiond Stress.es - Outer Cylindrical ·Bulkh.1111.d 
(continued) · .- · _ .- _ 

. ··•: ,. - \'-'\~- 1>'110••"'" l>"\~,c.. \..u~. ~;~.'~V\'\'T\l:'f . ·.: , . ...,:~.. I 
· "· · L\n-o,, 1>n.i.~~, _ Au;'l.\.'l'-"T\.r.tt\ ~. ~-._~ · ~""'"'~· · ,;;:: · . _ 

•--. (T-..o) (T111i)' ('Ta\'\e) ("{"v.•-5~) ·· •·-· ·,~\!· · 

1:Jti --z.:5\B,l\2.~ -Z.c:,o\,6l.,S -'!.e'l'l.81¼ -\';!,1,,1,;;.o'-lo ~0\,\0)3 .,;i .. 
"-· ··•· "'------. -·----···· -·~-------~-·-···· -·-~-.. -.. . -
. , . ":>"5t:'\ .')\"\ - ~ e, ~ ,C..2.B '2..1!);_£.o ') - \ \ "16, 00\ · - I .:SC.. ll\') 

. \Lio 
. .... ... 1'11':,\.'l, ~·"Z.4 .. . •·••. ··-------,--. . . ··• .................. _ ............. ----~-------··.-·--·----....t 
~- . ---•------+-~--- . 2..l}C}2.~1 !®-¢~,~; -651@ _ +\"ic,eei ~2c~ze· --·.·-1-,..')'>oo ····+ei..,se· _ ~2.,s, 

~-f~:::· ::~~~ti :, ~\~~tt.--::::.·. :;~1t1~~-:· ~;~i~r-· .. :~~it~~·~----~-~· 
{,.~'® ·to;·--·-®·~--©.·· +·,;;;,e·4· .... -+"".l.-:;o"is· . ~-ie\\~o---- --t.$e7zi·--- :-'U.~'!> 

1i ;~ .·::;;~1:i\-=- wi:~'!/J;s ~ttt~~~tto "{:~}~~~· -at~~&"°· - .~ir~i~--
'@ A ,\1.\0 I® --- if" --·· \A~\..ll ~-2.l\ : .. -· ... - --·--------' 2.e,~-z.1,,-·-· ------·· ·----·- ·------· - --
' ........ 1-.. - .. ... . ·-· ·--'-·· ··- ----.-- . ·---------,--,-,----.- . ·-·-
l®l<r...,.'.£\\. __ 0/<5) 1t-\"ic:,ei, .~101,ae1 _ ~ __ ;_!.".o~-·-- .~ .. "!~! ____ -z. 1s1 
~) ~,.,'ILwti. @/® -"l1t., -~42.!.. .. e~eo .\-1010 +·1oe 
!©·~; .. --- ®•@-- .i,-,oet.') +\~":»ot li-\6'120 -.. i,eie·· ··· ... -z.o~-7> 
It~) IS'r,I'.. ©-@ +t'S\ll _+t6\SI.\ 4~t.eo -+">t.ee -tis, 

!g):1~~ ·· ::~:fg- ~~~~~~:~e __ . -~;it!~;'>:J ~~:~.~~';'--+:~~;~;~\~ f-_~;;~~~ 
,:~-~~-··· TA~~~-~-24 ...... - .. ; .... ~:~i~~. ----·- --- ··-·-· 
i® ~11>,II\M, • ©/@ -\- \'lC\~L. ~ l.1.:1''1\t + 't'H,l,(.. "r- ~'l?_l\ '"7..1$l, 
1©1(.1°~~. - ©!@ .. -"I\?,~ ">'i4'£. ·• . ·:..:ecieo .. --.;z:~·:;~···-c· ~ \08 
I • ... .. - ·····-- ... . .... -- -------·--·.. -·-·--··------ ---·-··-----

1 ~I <:rt~ . @) ~ ~ + 100s~ + VS·'l.·~'°. _".r:_'e.t.5(,, -~-\\_')~~L. . _ ~ ~'.J.~ .. ,.-
l~i IS'"ot' @-(.1;:J +"L-so9'1 ➔ "2..8\":,E\ +"!>lot.4r., +')(,:::;,'1 ·-'i::'l'7~ 

GJ,~t~~t; r -~~:m=- ~\:,';\~::;,__ ;:t;~~i~F ~k~~i ~~~f~r :: ~;;;.~~~'-
,~,/) A · . · .\4D !_,_- ··- · Tis.~--'-'1 ~-?J-t · · -_-----·· ·-·-···_---.:._· · ----·- .. ·--------·-·--·-------·---·--
1® .. 1/i_ ·--. ······--· --- . ·····-··- ·1···· .. ···---·-- ."2,<j~'l,(,,') 

'5 G"'Ait1~1. ©I@ +\"lci"ll.. 4 'Z.o,w. A- c.,1.1.1,, ~'.'t'>Z'-\. _ . -'2-'~~-----

.r~::. -· ~~i: = :tJt~~~: -! ~~t:- ~~i~ -- 1~~t -I _;;c~1 
!!i!;81 · ___ -~_se~~;~ -~-!1~}~1,~ ·~~~~:~~7j1~\~0~- -~~l~~::~ 
Q°) A ·- _. .OW 
@ r- ·1/, . --- TA~\.'!! ~ -'l.l.j _____ -·_··_· _·--_· ·_·_·___,-. : 0 ,·~ \4.:...'-\.:._~·----_---_-_--_----_--·_--·-_--,.-,-------,1 

@(~ii,,_1. - (S) @ ··-\-U~\.\S ~ ~:."l'l.S + l\\'l.'\I,,. -\- Z,')H.,1 ,_ \SS9o 
@\<r~~;.,;.-· --·-;_·(JJ/<S) +1·ci1e4 ·+6\2.01 ·\- \~tSC/'1 ➔ 'l%\8. ··- ·+\ii;,~-0--
G}! <r\:,. ® i.@ ,\.-\ont~ ~11l\q~z.-- + ,~js,"!i ~: io~·,;i",-··--·. ·-:--i~so 

,d®'. \!'o,i · ·· ··· ·@-© -se.4~-=, -l\')~ec ..: oi,~ii\ -- -~tl\S?. - - -wii_o_ 

• ·;~ !• 

,~·.:-:~~: 

~ 

(D '1) t..l. \-\<Wi, (\) ~-;,,1,61~ GJ I.\U.,Z'i"J 11-s-s .~ "l<oo;:SoS •- 4~1..S~') 
© ·M{·i~ -- ·-~~iiiTir·-· --\\-s.,as ~ \\e,,01·-·· ·:.:u~~-sC)a·- ·:..-,')'!,:-~·~s·-·· ·:·is:lls_e __ 

~ ··--t··-· T~~\.~·"!)-2'-l ................. : ··•·. ·----~-if~~~--
@ ~~r,~1.0/~ -···- .o\'l..\'!>\\S -·-· ~'S'.:>'>2S ~l\\c.'}(,, +7..')161 -\S$9o 
© 1:rr~v.~~ .. ·ct>/® . -· -\1":iSS ~ ,,-~~"S. - ·-=-ii~~~·--· --=,~,·,1-·---· --.:-is\;-
tD ... Ci:iv. . ®,..@ +q"'~ o 4- ·u.oez. ·--·. ··+·,ea~c, 4-·,co~·~ ...... ·--::1a,co __ _ 

- cit,,·· -- ®-® · · "'"~i.')oo -1- \\-s::.l.e .. 1 .. G;~ii~-- · ~ \\·l\-i"?a ____ ···:-,-;;oa~ ~ _ 
--- ·Ill.~ 

'"'?'"'~·•··~-- ·~··--·· .. ·--· .. •·~-..----~-- r:-..... ·---···'"--~-·- .. -~-

-i 

C-186 

-I I 
';t:,1:::~~~z\!~~~;~f::~ft~~".-'.~~~~~~:~~m,.·~1,!~~w,\1~~h.,1.,.,,._ ... ,,,,i:c,, d, ., .,,:.. , ~)"l'$\~~i(~"~ 



--- - -----·---- ---------·- ~~~~-.---~ ~J-~ ..... ---~~~-....... -..~.,;,..;.i.:,.,.,_.,;1,,,,.·.,i;~.,.~..:..li.\.ai~~-~~.2,e,rir ... ~~ 

. -~ ; ,,~ 
1· 

I 
. Table 3-28. Calculation of Meridional Stresses - Outer Cylindrical Bulkhead · 

(continued) la~.·.d . 
~-·l 

~~--~\ 
·_.:!·/ 

\J\'-",.'tJ'i\-1._\'I\C .~All, \..o~, """".'i.UVtTit.'1 
\"f.1tl'\ L(w,-o-+:)f 1'M~~1 ""4:.'1.l.'111\'f\at\ ~-~-'(~ 

'R: T-,.o [T11 '11) {"T'11, ,,.e) ("r,c.ll '5o'5 J 
----- :r.n1t.'l!ttee. ...... ~~----..1-----.;._-.,__ _____ +-----+-------t 

1 l" t;.(;. -~.t, -'S"J').;,l.') -9l\"!),Cj'!,'S, - \\'Sl\.CJe.o - ')~.'ll\'} 4~'l,Wo 

© "'M -· ···"'d\'L< 1.) , ,i.,aa-:--· ··-,ii;·:,o·B-- · · ·2.·2-~:;~e~· ··,·ri-:;-.~:.1(-- z:s:;-s., -··- · 

\..AWO\~ 
.... 

i :.. ·~#r-

,t-,, 

~ ~)~ >Ir~~-~ ~~2.4 .......... -· __ , .. . ·~~~~4--- ..... ········· .. ·-· -· -·--- --
!® ·~~~~ -&7~ ~i,"!>~\\ 4~~•nz. -·· · ..\-4,z.\\~ ... ---+ 2.'l,~4 -,-s1.,'). 

~ -~~:;: -~tt: \~~~t--· · · ·\'~i:~-·-- .. ~f~~~tt .... ·-t~~-1~~:-~~ -~f~IA=~ 
:@ .. (So~ •.. '©'- © . ..-\ .. iv .. e~ ..... ···~ lliiss·· ·~-b~6e·~···- --~,l\~is,-- -Y!>\1:,1 

~1,;,0 y'_.(c~'l .... ·'t\·o·i~_r't sq'),?~:;,-- -·~\\"'-> .• '1% ·-'~.'~':{::eo. _">~.:.').I\_)_ .. .:--.. ';l.~'>•!~o 
@ 'l'<\(t.'l \'l.oi1Ht1 -Z.\~.o~"> -'2.;>.(~.')I\:> - 44\.~-S-o -;,O'),l\SS -~.")(,,o 

. ;@.~:·/\·.~~=;.A;~-~-~~;~ -~-·· ----·,· ...... ···--~~·-·--·-===·~-·:. ____ ··---· --~~ I® ~!1_ .. .. . ... . .. __ ---· ..... .

1

. , C I D \ 4 ·- ..:., 

l®. :Gt•t<\"'-.. _ 0/(S).· .\-'<..\~~¼ ➔ "!:.'Y)''l: .... _ .. ~~~~.l\'L .... ~-?~~~··-· ._-vs_~'--
;©1cr~,g~~'. ___ ©!@ -'Z..,oo, -: "l..'tl:.S\ -_ l\?§'o.e ... :_:.>o_?~~ .... ·~-'!.~~\ 
(G)I ~'l.\T ®~@ +"!."!.:> ,\-\'(O(;,\ - 2'2.s<? -~\')S _,q4~ 
I@."~ ... ···•©-@ .\- 1·\'t'Y~S -tSl,:~t.~ +84%'). +·-s~·l\4~ ·.::.1,·~~l. 

11~~;~,.:-··· --·:··0R)Y ·-·--r~-v~i: ·- .. 4 ~"Jt.~I... + l\\2,\'} _.:.-::. i:'1/1_4~1. __ . - \,St,;~~ 

j(!--)l\3"~~ .. M ©/® .. :-.2:'op, . - 2:2v5~ .... :..~?..~~ .. -. ·~o'.}_~_<:l ...... - '!>5?,\ 

!~!Jifilfj~:~:i? ~~.:~~ -- ·· ~,: ~; :·' -- -~~~4-,;:i _ I- -~~~~s: t__'.:;;~:• --
;c.5), A . o?.e 
' t· -· ...... TA~\..1?. 1>-Z4 ·· -· ... . .. - · -·---·-· 
jQi~j "S./~ - ,Cl\O\\\.\ 

(:I) l!'i~ @qt;) -t~2\ o\-\\t>i.\S r· - Zl.')\ t -~St;S -'1~'-\')o I • . . • . .••• - . • .. . .••. • . '. • •••• .• .•..••. • .••••• · ••••• ···-·-· --

1 ~1:@1 ~e11 f .. ~.-~~ .l\Z°!,2.", -~ '.St,~~'. ..... __ :_~_l\.:.~~---- -~·~-?~~- . -~\du, 1*!:~~i :~~b · ,?a:;~~ l:2~~~::_ i:~-~•?~~ _)¾".~:~Q_ -~·:~-~~" 

J\ii~ 

·\x . 
~ . 

. ~ F. A·--· TA-~\.tf. -~~!~ -· .... -·- .... , .... ·--· ....... 'o~~··--

:':f :-· . ~~~ -.. -· .. ·~~~f- -·-~t:r~=r~\ · ~•3:~f-7 :. \~~?--
ik:~ · -.·~-~ t: : :~~~~-~• 1~tIFT~:t~~:t :· ~Htft: - \S')4\ 

-~sss~ 
~~on(1)1. -· -~l.-'lo') - C)~~:'':l.la.. . .::-_~~.~~-•:>>\ I ~-'l~_ .. ~JS 

'.© i"" (<.e t-1011.{t e. ~1.s s.t.~ - o, -::.s, q. z.oi "I 
Ll~,q~S 
0, q~?, 

Q) ~. ~-- ·-·- --t=,.,.~\.t ~-zl\ ................... -~ oze _ .. ___ ...... ·----· __ __ 
@~ l/ . · ,010,\.\\\ 

~ _tr..":J-~"':'._ .. "'.. .0 ~- .. ~.;~.~·'' . *~.~t.84 -1- \.\\\t:)O 4 2l,.'h') . __ ···-~-,s. ~-"l(.p_ 
~ .(i",a,'f.\tl), • f:?.)/~1 -8'2.S - -sse 4~-S - 9H,. - 'lZ 
G) . <r,,.. @ ~@ . ·t'l..o\.\ol, .\- i~,-i~· + 1.wus·. ~~ is~, ···a ••• ::..~$%8 

1(,,f,l@f ~o\" -· @•© ·H.·,,-~t.,· +·~'-1'2-\\1 +·l\,·'ES ...... ·+·1.~·L.~~---- .,..,·S-S.S..':L_ 

© "'I) Vt ~di~, sait...~01 c,~'!:,.\l.ll.. 11$":i.~M "l48,ol!-S -1..r~e.')~:,s-
© .t'\(C:.,\" --~-;;-~i"{i,S'" l,\\t,e~i ~lb,q$6-· ·--,i~es,- ... q.45:1,1e't e?.Ltt~ 
@ ;;._'.L ··•···--~·-- -:~ 
(0 -- iV-· T"'~'~\'l ~-'2.ti - ........... _ ..... ·• ---····-·~o·,o-,~~--··------,----· 

i;~i-1 · i~l--: i~~~- ~ -~~~-- ~- ~~B :: I I:~~~---~l:J~if ;= \ I 

.C-187 

!)rt~-~~-~~~~~~i'1:lii~~~~ .. ~~:~f-~.l'.l'~•>:J'&.iW,~~•~1,~!$~~-.mV:~P!'l~1~~~~~~~., 



(. 

I 

·-··· ----•--------••---•~x=•..._.•--"••.,.••••,._,,,_,._.,.,....,_~.:.~ .. ~•'""':'~~M.~,.;,f:.a,:J..:,,;,-.. , ...... ;.11.,.;;~~"~~g':;_~~:lt;r~~~~ 

1 
Table 3_-28. Calculation of Meridional Stresues •· Outet· Cylilldrical Bulkhead 

(continued) 

~ I.' L\n~ov:f "'°'A,<· "0-t\t~"''c. I ~-.)l. \..uw;., """'·1:.u"1'1:f. · 
if j. \'\'¥.~ ( . ·) 11\\ll'!M!V.t Au..'iLHAT\CII'\ ~. ~-c-.,~ ., \.A~t>\~ 
.,, rJ --r ... o.. _[T,11)· (1°11\'\e) (T,..•'So-s) 

~~: 
I 

~-!',, 
·:1:;t 

. ···.•. 1 
I~ :t\ ··· ·:U::(:r~ ·:~~0lci··· ··-so·e~e'io ,lil:~~s ., I·•~:~\~: ( S~CJ.~~

6 
B$,l.9~-·---« I 

i @ ·- /:l,. ••••. -- I C:,2. 

I® "l.~~:- .. · '~~=' :•i4_ · · ·· •······ ···· .:· .. --------· . 6,,ss2 · 

!,;:;:~ ·=jf~ ~~;";4 ~~.~:~_~ . . -~~~;;~\~: .... ·~~·it~f ··~~ ~-~.~~;.~.s.· .~:· 
G"-sl]< 1.,'§J ~ (l.) • U1e12. • 2..$4':,8 . - 'o"l4 \~ - Bio I-~~ - 2S$2o 

(,,9 ~o,;. ·®.: .. © -i4'i°"l~l, .. ~S4'Z.Oo k·,o~ss·· ,. +~i."~~~ ··-· ···:..,ol,~o·--· 
10 't> )o ·~oit( 1 ) 'W(..")e,5 4oL.•,lfiC:, - e.~e,4 -1Slt.St..S - S~;'!,4d l~ M·~7ir· .. tto'lt(t) ····· ... Sq,4~$---····· "1_1.e,Di, ·'.:;2~'') 1$2.,~is._.. 1~·;041_ .... 

. ;@: ·1/"·- 'Tti,\"'.,\JZ ~- ti\ ..... ··--·~·;-\\$$~-··-·--··--· .. .. . ·---· · .. ..,. 

~:;;t-i.;~.·.:···· -· -:~~~;~---r··~L4i~:· · ~-,~~~-·· · -·;,~fe.?t··- -.~:1~i;$ 
:cof ll':tv·.-- .... @ ~ © +ll(~o1 + 2.oSC?") +.. Ill,~'$" 40iSt · ... ..:·\~~')(. 
I@, (l"'otl @) ·@ + \';;\') ~eH .• ") - \ $'.!it\ - 1$0\l - \C,2:,'i 

·-· .. -·-···•-· ···---·. -•--·-•--· ·--·- ' 

+ 

,~:l½JiD· =n:~:~g~ _ ~-~~~~~}:;.:F~~~t.-~~~· ·~:~,~~;~,,-·-·+-~i1~~.~~, --=~~o4J~- .. 
1@ - A._.. TA~\..\! '1,)-?.4 -· '02.ei. . ... . . . . .. ······- . ·--··----
,® 'I,~ , o \ 0 141.\ 
!®~~~;\. ··-:.···(i,1/(~· ·-··· ··-~~~--Coi--··-~·14·,1,,\.\1L. • ¼\ ~ '.SSt..o - to?'!>o 

/110!~1,liWt)'.~. :. :. ©/® ....... *.~f;(,,'l, ·.·· 1 4"10~.:.. . ·+..\s.~·!·f·~~~~: :-~~~~~i-6-(,.=-~~ 
Q) •:rl\T ©~© ,,.,\"l;2,';:,l · -+2.'l>Soc 1 -tlll','ll.\ +94·$:"J ..,\t')t\lHj 
i@) ~.\I @-© . -1-·,:so~ ... .. +-">";>'bt .;,· ... ,14~l.. ~·1..l}s;,1 ··•- :·2:i;;·,'"-·-

')~ ©;, ')I t~~,11.Iiy·-·- .. 2(.)(,:~~t ··-u--s~,1.,$$ - ,o,oqc,-·-- ·-.:\·sS,b"I~ - -s·~o.½$$ 
l@·~('ll- --~~'"1.:r-·· ,Ci,,e;i_· ... , .. ·-,t:~,o .... ·-·i.;~:oi~ •·· ... i'i:.~0-4--· ··-·~,1.\\$-
l ... ·•· . • .......... •·-·--· ···-•-··•··••·-··••··· -··•-•·•-·--·--"--~·A . . . 

; : !.~i :~~\.i:·=~~~ ··-~: .... : ~ .. ··::.-:···~:· ... ::· :~~~---·~;~.t\~·~ -· ·-·--·---· 
~~AJllAII\. .. 0/@ 4 . .,~l,,G)···· .4\1,i~I(,,. ...'bl.d\ u'5°:5'&,.o -l_c')'!.,i,··--

© 13"-e.u"Q, @/@ + \'bc,e + 1ei:,,S 442.\.\.2. '12/lSl 4 ~':>? (j)t er,.~··-·- ·· ® "' © ..... ·-· · ~~.M~~-- ---•· ·;·,-eis·,-··· ·--~·bee,··- ·· ·-~~eo'ij·--- ·- · =-io~~->-
1@r iD;- -· ©•©·-·· ·4~~~\····· ...... \4$~\···- ··:·l.i10~·-· ·•·. -·~e~·\\··•··•··-c.\0{.,') 

1@(-yJi\ __ ~O"I'.,_ L1 . ·-- .. ~?•~1.\'Z._ • 4-S.e. .. ~~-~ .... ~~.~~!~ . ~.?!.•.'~~ ·-· . 'Sdl.~3~ 
@,"11bl Hd"i<;t(t) -\1.\,IBt .. ,e,,(,\t, -4'!.i,OZ~ -'2.'1.0/04 -.'°:>,I.\IS 

".,~f;, 

1~ •. A.·-·· ~~~~~ ~- <-'\ -·· . . . .... . , oie ....... _. _ -···-·······-· -·- ... 
®I "S./ I L'IO\~ 

@rc:r,.,,._,._\. - 0 @ -i.-"l'l:,4& +IL.~")\ .. l.\ll\ • '$1..') -'Z.o'le;> 
@r~'l>~~-: ···.;. ®}® . :~:i1l~e .+'.§~~ . . .. '1'-4i4't +ths,. ..... ~·;;,::~iS-
G), ~'t, ®+© +e~l.ita ~,env +~eiie, -7,et..t -'2.ol\4L, 
@l~o,.···· ©-© 4$0)$0. 4\1\.SSt. ,:l\·t.s~·· ~e~~4····~u;--

"ll © 'y> ~l "'-1t1'.t \)- ?.0$.''l\.\?, -Ll-$e,q4e _, l.s')C, - \,S'), vs·t. - ':Se\. ~YI 
.© ~fii.. ··~·¼·~~-·~r~r·~.: .. -s,ioOJ . .-:.~,\\ r·-·- -.:··i~~ii~i· ... ·:-s.-~"e;~ ·-··· --=··o~-i~\ 
~ ··!;-····· \t,,~\.1£ ~-<\\ ................ - .. ·-···· ··-···-·-/0~~4~--··· ·---·-·-----f 

~ t~,1.~~~ . ·~?,). 7/.~® .. ; .. · ....... -... ~~- :: !-.~;;:4~·:::.~~-,--~.·.,·:·• ~~oc;,···:-· : ,~}····-··· --~ \~;· .... . ..: .. ~f;t}. = 
G) ··cr1, @)11-([J 4-~eos +1-SSC)\ -\'):!PJ -t..4SD -i.oas:~.--
!® <:rov · @~© · .. ~·')eel\ -1- \"l\9\~~ .1,. C)I\ ·:.:·~~;,~·--- ·:··'20')1\ 

:} I -- . ~-~:' 

C-:188 



('
) I ffi
 

·.
,•

 .. :
 . 

•
•
',

 

. . 
::-

. 
..

. :~
· 

~..
 

·, 
. 

.. 
\· 

... 
~-

• 
''
 

,' 
••

 •
t.

 
. 

. 
. 
. .

 
. ·

'
'
'
 

.,.{
,lf t

-\:;
{: 

. ': 
·.· 

; 

. 0 -.
 

~
 

0 
.c

 ,
;;

: 
~

. 

,-
lf

ri
~

 
I
.
 

~
:-

v
:~

 
.r

:;
:,

O
 

Q
!
 ! ! ' 

.c
 !u

, 
-'

l@
 

o
l.

c
 

..,
 I:

,.,
 

...,,~
 , ..... t 

I 
'1

 
. 

I 
' 

$
-

,. 
0 

f
-

'cf
t!.

C
 

.. 
;::

-
f./1

 
0 

<
fi

•v
 

G
 

..
s
,.

S
 
:.

.&
::

-
:;:

 
"' 

.,,, 
: 
. 

• 
0 

a
,f

"
 :
~

i•
 C

 
Q

) 
v
''
(i

t 
-
9

·
-

g,
..s

; 
• 

I I i ' 

1-
3 

ll>
 

i· 
O

" .... 
·1 

(1
) w
 

I N
· 

(X
) . 

,..
.._

n 
(
)
 

ll>
 

0 
.....

 
::,

 
(
)
 

r-r
 

C
 

....
....

. 
::

i 
ll>

 
C

 
r-r

 
(1

) 
.... 

0
. 

0 
~

.:
:,

 

0 H
, ~
 

t1
 .... 0
. .... 0 

; 
-d

:;
 

: ' 
q-

~
t 

0
)1

 r 
.,

 
;a

 .d
 

-
i <

Jr 
..,

(.
c.

 
::

, •
 O

I 
.... ,~

 -
s:

 
l
~

 
---~

, 
,-

" 

::,
 

ll>
 .....
 

C
J)

 
r-r

 
t1

 
(1

) ca
 "' (1) a

, 

~i
1 

-
i >

 
-f

 ,
ti

 
l 

• 
'D

 
Iii

 
,.

. 
• 

~;
cl)

 
,.;;

 -... 
i"

 i-
-»

 
G

I 
! i

 
! 

"'
:"

 - C.
 

::
 

I 0 C
 r-r
 

n,
 

t1
 

C
".)

 
'<

 .... .... 
-

';i
 11

 
u

,l
u

 
~
i
~
 

'!. 
. 

;., 
O

>
ig

-
ch

 
a=.

 
I
.
 lc

,J
 
~
 

il
lS

 
lg

. 
·..

;;
1 

::,
 

·o
. 

t1
 .... n ll:>
 .... t,
l 

·c
 .....
 

:,;
-

::r
 

u;
 

.-
0 

Q
 

>
 

::.
, 

v 
:t.

 
.,. 

c
l 

.r
 

'i
 

-

II
) 

Sl:
I 

0
. 

-
5

\ 
. 

•· .
. I

 



--- ----------·---~ ··---~~-~~H .. -. ........... ~L,<•..>,......,._""'v----- ... ~""-t..-.<0£.,.;::i:.,~:,L[".A"'<.l..~1l..U...114,iolj. .. C...'-.'1.~~l.£.~-,1~11~£:.'l<l~~;t?U.~~~~~ 

120 

100 

llO 

'° 
1 
~ 

.io I 20 ,v STRESS IN OUTER SKIN 

I 

"'· I o 4 z 
~ 

. 5 6 
O "~40-~60-::-00 

e -20 
b~ 
• -40 .,, .,, 
~ -60 .,, 
-~ -80 

Q 
-100 ~ 

w 
~ -120 

FRC 

!;l!l 

,4i:: 

AVERAGE STRps 

STRESS IN. INNER SKIN 

SEGMENT NOS. 

POINT I 

~ ALLOWABLE INTERCELL BUCKLING STRESS 

~ 
5 
:) 

-140 

-160 

-180 

-200 

-220 

-240 

, ....... --,., 
-,~' , ~ \, 

\ 
\ 
\ 
I 
I 
I 
I 
I 
I 
I 
I 

\ 

POINTD 

Figure 3-2. Ultimate Meridional Stress Distribution·in Upper Frustum 
· Max. Longitudinal Acceleration Condition (T = 138 Seconds) 
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Table 3-29. Calculation of Hoop Stress Dis.tribution in Upper Frustum 
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Table 3-29. Calculation of Hoop Stress Distribution in Upper Frustum (continued) 
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Table 3-29. Calculation of Hoop Stress Distribution :in Upper Frustum (continued) 
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Table 3-29. Calculation of Hoop Stress Distribution in Upper Frustum (continued) 
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Table 3-30. Calculation of Hoop Stress Distribution in Lower Frustum 
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Table 3-30. Calculation of Hoop Stress Distribution in Lower Frustum (continued) 
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Table 3-30. Calculation 6£ Hoop Stress Distribution in Lower Frustum (continued) 
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Table. 3-30. Calculation of Hoop Stress Distributi.on in Lower Frustum (continued) 
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Table 3-30.· Calculation of Hoop Stress Distribution in Lower Frustum (continued) 
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Table 3-31. Calculation of Hoop Stress Distribution in Inner Cylindrical 
Bulkhead (continued) 
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Table 3-32. Calculation of Hoop Stress Distribution in Outer Cylindrical . 
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Table 3-32. Calculation of Hoop Stress Distribution in.Outer Cylindrical 
Bulkhead (continued) 
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Table 3-32. Calculation of Hoop Stress Distributi.on in .Outer Cylindrical 
_Bulkhead (continued) 

(e) Landing Condfti6n 

' Q) @ ~ ® (i} (.~ 

~~G.~e;~T· "R. -f~ ·~~~ ?.t, tr:· ,-,,.c . ~ 

"?-- 'iLV. ~\Li ':,-I\ · "'f~\)\.E b~\\ Qi.)>1,(__¼) i'il'i 1h \-! "b .. 'Z 4 ,', ~,c,J - -S'l 'Q'°)C ,OttO · .. -0/)00 · - ,sq . 07)'5 ; ,0"l'l", -1>~8 - . 

t ss ' ' 
.._.._ ....... ~-- -----

'5') 
~- .... ··-- .. ,·-· ... _,. .. _,,,,. --~ .. ----·· ---: 1.0 ,·!)"')'?. ... ,~.8. ·------- ·--:-"· - --\&So . : f.i. I I \\.\o ... __ .. ., ... __ ................ --- 1 · . ·--, ... z. , 

-,. 1--•--- , .. ., ____ . ·-·· ·-,._~ . , 

'. -··-· .. 1 ~·---·--~ ·•···· ... -····-··-
44 - ei,"'leo .;'l.$0),c~ ,\ViO -H~'to 

, , 

t,S D,')oo · ·t:SC),O'!,S .n.~ .. ~ 2,'5 \ ·--------~-- I . u .. ·, 
,, --- -

(// 

Lo& c,"loo '2..S°>.O~S ,oie ~'Z.5\ -- ·--~, 0 0 , ,o~t ,0 
i-----·· . __ .,_,___ ····-- -· .10 . , . ·· cie .. , 

,. 

:f: "' __ ..... _ .. 
·•- ----'lt ,, 

' ,....._._.. ...... -.. - .. ~-..:. "~ 't,'lo,o-So 0, 0 : ,ol@.i, o· 
./ 

... .,..,. 
, .. ,. 

,c-212, 

• 1,, •1:, ,,1 r 

~---··~ 
·--,-~-

.~ 

. ,· 

\ 

•=~;r-.'~t~:~~~.!.~~~l;~ •. i,;:,'.~'J.!t~~,~fa~~~;r-~'.D,'"3;·~~,~:,~~"~.~~Eif.~!-¥'~~-J··~T,,a,~.~~~'t!~;~v,~~,:~~•:hm1!i~i::•'l'l.".i.~~~~i:b,~~~~,,.,_,_.,,..~ .... '"::.,~L,.~ji:_ 



1f,{{;~~ 
t~\\, (1,y, 
~~-y' 

100 

90 

80 

70 
;;-
b 60 

NX 50 

i 
~ 40 
~ 
~ 30 
w 
0:: 
I-
Vl 20 
Cl. 
0 o, 10 
:r. 

0 

-10 

-20 

-30 

-40 

-·-· ··- - ~;'- v~ #•···k·-~··'•'••""~"" .... ., .... ,,...,._,_~...._ .. _,,'Jl~••a>.,'"':',..;.....:....,,:o.L,t:u:-..!.l.:.J:..:.!i.~i>A..t.,.,£~k•_fu'~~"""'::.v~...1.'.;il~.111,l:.'.i.~itM~~~~ 

REENTRY CONDITION 

...---- • ---- ¢11 ..--•·---- - ~. ~ ,,,_,.. < . --. .· 
w ~MAX. LONG. ACCELERATION CONDITION 

INTERSECTION OF UPPER LH2 BULKHEAD 
WITH UPPER FRUSTUM 

SEGMENT NOS. 

(

LANDING CONDITION 

LiFTOFF CONDITION~~ ----- _ ... 

~..!.._~ 
1 

6 JO 7T ~ ~ ==~ - ~?- :;-. -,;, LpOf NTD ·---=·=_:_-- 160 180 200 220 240 260 ~80 300 320. 340 360 380 

20 -40 60 80 lOir:120 D!STANCE FORM ', 
POINT I l'OINT I POINT J (INCHES) '-. 

MAX. DYNAMIC . 
PRESSURE-CONDITION MAX. DYNAMIC PRESSURE CONDITION_..>.., 

MAX. LONG. ACCELERATION CONDITION ' '' ' ' 
Figure 3-6. Hoop Stress Distriqution in Upper Frustum 

c-21.3 

..... 

,:·~'~P'!'r~~{~~;;«r~~~--?~~(9"~!-



J; ·:j 
ii· 
q 
i: 
ii 
" jl 

I 
I 
I 

I f,.J.,J> 
! ,,v_;1.,J/t''s-l ,. l\'ii··''·'·• i /"";,~~ 
1 

·(, .. ~Li,;,~· 
! 

220 

2io 

200 

190 

180 

170 

,)60 

150 

1-40 
M 

b 
°;; 130 ... 
Z 120 

~ 
<:!. 110 

:r:: 
.. _ 100 
V'I 
V'I 
w 
"" 90 ... 
V'I 
a.. 
0 80 
0 :r:: 

70 

60 

50 

.«) 

30 

20 

10 

0 

---···-·--•------:-""''~-,•••·•~..,.r.~•~'=·~"""--"-..,._,,_,,o_.:Luoaa:~!"'-'>~:.,uc.;,,_.;r;...c'~U~S:1.u¥<-J~Xml.-?.nlS:.~.lf,k.~£'!!it'N4-..:t<..\1-}.:1J'.2l.Jt'l.tlf~~!:l'~VJJ1fi~ 

/, 
I ,' 

I/ 
II 

I 
" /I 

I I 

,l/ 

MAX, LOt~G. ACCU.E«ATION CONOtnc»f 

i (MAX. DYNAMJC PaESSU~ CONOITOON 
I I ' , 

I ,, 
·./ '-.LIFTOFF CONDITION 

MAX, DYN.AMIC PRESSURE CONDITION? 

--.t-i' 

. I , 

// 
I • ,----· ' 

, , 

:',_/ 

--~ ----------- , 
I 

I ---
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 

/ 'LIFTOFF (,ONDITION 
I 

/ LANDING CONDITION 

.1-~-~----L __ ---'\.-----------------L .------------- ---
1 

.,J 

'1,2Q 21 , 22 
20 40 60 

POINTD 

23 , 2~ 25 26 , 27 , 28 , 29 , 30 , 31 , 32 

80 100 120 uo 160 180 200 220 240 260 280 300 320 340 360 380 

DIS'TANCE FROM POINT D (INCHES) 

POINT 8 

Figure 3-7. Hoop Stress Distribution in Lower Frustum 

C-2l/+ 

~~~~~~~~~~~~w;~~~~~~~~~~~i~~,~~~~~~,:c;'f,~}rf,'%~1j'~"\~~t;~~~i~?~m:r?!i:1%~~~:rsr':' 



~ 
~l( 

'I)' 

.'H> '-~'· .t.-.c..t . .:... _ .. :,.>"°<;~~-•.._.i..::o,..._,t..,~"'-1,;._,;,__,~·-•,;,:},il_;=l ... ~_;,,J.,:;.,:";>,-_;..,:,__~~-:J;J.'!f,ii;,..~.:'.-!,.~"i_JJ'.;,~~~~'lffi?~M,t~ 

DI STANCE FROM POINT J (INC~ 
0 

-10 

er 
>( 

N 

100 200 300 -400 500 . 600 700 800 

~i 421 43 
1 

44 I . 45 f 46• I 47 I 48 1 49.;_,~ 

---•--------~---•-·- POJNTL 
............. ........ . 'LANDING CONDITION ............ 

.............. ._. ..... _; ' /LIFTOFF CONDITION ------:---- ---........ ------ ... ~- ' . 
' ~-........ •-. ... 

MAX, DYNAMIC PRESSURE CONDITION '" -- .......... .., --- .. ......._, 

-~ 
POtHTM 

z -20 

~ 
:x: 
" .. 
V, 
V, 

I!;! -30 ... 
VI 
I>. 
0 
0 

MAX, LONG, ACCELERATION CONDITION 
I . 

:x: 
..;(O ------•- -R~;,:~R~-~~~~1~;7 ···· --•-

-50 

Figure 3;..8. Hoop Stress Distribution in Inner Cylindrical Bulkhead 

mf 110 

j(Xj[ 
901 
00 

70 

60 

50 

40 

30 

·-., 

(------~x. LONG, ACCE~ERATION COl'l)ITION 

r--.;;::;,NTOY OONOITION 

I 
I [_Ax. DYNAMic PRESSURE CONPltlON 

I -- . 
F~:_:~~IFTOfF CONDITION 

i 
x 

20 
REENTRY AND LANDING CONDITIONS 

"'· 10 / 

I . 
I 
I 

fOINT FI _ ,/ LANDING CONDITION , U-.....a:__--. FOINT G § 0 57-58- -5~_,;!---60---,__~ -61. :;:-:::,,-,62 

~ 20 40 60 100 ',.,120 140 160. U!O 2()Q 220 2.olp 2~ 280 

FOINT H 

f!:• 6~ I 6~ 168f69 I 1 70 I ~1 72 • 7J. 
.. 

V'I 
VI 

~ 
VI 

a. 
0 
0 :c 

~ lO POINT D ', . LIFTOFF CONDITION 
__;,>, ,.. ..... . 

20 LIFTOFF CONDITION..,..---- ',. ! ....... -.tr • .- _ - ~ .. r•· X •--~-- -., ...... ·--......... ... ..... 
30 ...... 

- MAX, DYNAMIC PRESSURE CON=.,'.!j ........... ,..., 

-40t---~--
-50I- MAX. DYNAMIC PRESSURE C~NDITION 

-401- MAX. LONG, ACCTLERATION CONDITION 

-70 

40 

340 360 380 400 420 «o 460 ,480 soo s20 540 
DISTANCE FROM POINT O (INCHES} 

Figure 3-9. Hoop Stress Distribution in Outer Cylindrical Bulkhead 

C-215 

'f~~~~~~~~~~-~~-~~jl-~.ZW1¥Wm~~---·~~~~,w; 



-- -•---•••••-•---~••-----~~•••--------•._,•,-•U.'--"->-L'--".~'-!•CF.•-<-=•"'~;.__~,.!:.~ .. C"i.::._\.l.!)J".tf,J...,;.t~.d,\,~/.:lti::i)~J:_\_~~~~~~ 

the total length of the component was used instead -of the length of the. isolated 
porti,onof the component, ther~by resulting ·in somewhat conservative allowable 
stresses. Paragraph 9.3.1, volume 3, appendix E, gives the equ_ation. for the 
critical meridional buckling stress for a frus.tum (which is converted te an 
equivalent cylinder) subjected. to compressive meridional loads only. When an 
internal pressure also exists, the equation for the critical meridional buckling 
stress is modified as shown in paragraph 9.6, volume 3, append:i.x·E. When .the. 
frustum is subjected to an external lateral pressure, the critical hoop buckling 
stress is computed from the equation given in p'aragraph 9.3.2, voh.tme 3; append
ix E. 

In all computations, the actual sandwich was replaced by an equi'valent plate for 
which the thickness and modulus of elasticity were calculated. using '·the equations 
presented in paragraph 9.2.3, volume 3, appendix E. These· parameters.were .calct~
lated in table 3-33 for all sandwich configurations. The critical hoop and me
ridional buckling stresses were calculated in table 3·34. · 

3.7.2 INTERCELL BUCKLING STRESS 

The intercell buckling stress vs sandwich face -thickness is c_alculated in table 
3-35 using the method discussed-in paragraph 9.2.3.1, volume 3, appendix E. The 
curves of intercell buckling parame.ters. from, this reference are reproduced here: 
as figures 3-10 and 3-11. 

3.7.3 FACE WRINKLING STRESS 

The allowable-,face wrinkling,.st:c:.ess,v.ers.us .... sandwich cell size and foil thickness 
is calct!lated in table 3-36 using the method discussed in paragraph 9.2.3.2, 
volnme 3, appendix E. The curves of face wrinkling parameters from this ref
erence are reproduced here a13 figµres 3-12 _and 3--13. 

3. 7 .4 ALLOWABLE SHEAR STRESS 

The allowable shear stress was calculated from data presented in reference 5 
which states that: 

where 

therefore, 

u pcl 1.34 asu . 
S=l.307(--) ---o.44 

pc (tc) 

as= allowable shear stress 

1 
pc _/pc = 2tFOILfS 

aSU. = material shear strength (assumed equal to 0.6 .aTU = 129,000 lb/ii:1~) 

tc = core thickness 

tFOIL = foil thickness 

S = cell size= 0.50 in. 

(pc1/pc) = 2(0.0020)/0.500 = 0.008 

(0.008) 1 •3~ = o.001549 

us= 1.307 (0.001549)(129,000)/(tc)o. 44 
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Table 3-33. Calculation of Effective Thickness and Modulus of Elasticity 
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· The shear allowables for the various sandwf.ch configurations are calculated in 
table 3-37. 

3. 8 CALCULATION OF MARGINS OF SAFETY 

3.8.1 UPPER FRUSTUM 

3 .8. 1. 1 Portion From Node 2 to Node 4 (Segments 2 and 3) 

With reference to table 3-24, the sandwich in thi.s area has an overall thickness 
of 1.600 in. with a face thickness of O .026 in. This portion of the upper frus
tum is checked for general stability as follows: examination of table 3-25 
shows that the critical compressive axial stress occ.urs at. node 2 in the maximum 
longitudinal acceleration condition (T = 138 seconds) and is: 

a-AXIAL = - 52,316 lb/in'._2 

( o-CR)M = 129,660 lb/in.
2
(refer to table 3-34) 

~ = 52,316/129,660 = 0.403 

Table 3-29 reveals that the maximum compressive hoop stress is located in seg
ment 3 and is: 

o-H = 1,700 lb/ in•. 2 

( o- CR)R == 20,897. lb/in;
2 

(refer to tab.le 3-34) 

RH = l,700i20,897 = 0.081 

The above values of "¾" and "RM" are plotted in figure 3-14. A line drawn from 
the origin.fhrough their intersection, intersects the interaction curve at a 
value of~ = 0.833. The value of the margin of safety is then: 

M.S. = (0.833/0.403) - 1 = + 1.067 

Table 3-29 shows that the maximum dynamic pressure condition (T = 77 seconds) 
produces a higher hoop compression stress than that _shown above; this condition 
is checked as follows: 

a-H = 3,594 lb/in_:2 (table 3-29) 

2 
( o- CR)H = 20,897 lb/in~· (refer to table 3-34) 

RH= 3,594/20,897 = 0.172 

a-AXIAL = - 38,548 lb/in.·2 (refer to table 3-25) 

(o-CR)M = 129,660 lb/in. 2 (refer to table 3-24) 

RM= 38,548/129,660 = o.297 

~l = 0.630 (determined from figure 3-14) 

ij.S. = (0.630/0.297) - 1 = +1.121 
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The intercell buckling characteristics of this portion of the upper frus_tum 
are checked as follows: table 3~25 shows that the maximum compressive stress 
in the face of the sandwich occurs at_node.2 in the maximum longitudinal accel. .. 
eration condition (T = 138 seconds) and is: 

o-IF 

O'ci 

= - 153,215 lb/i~~2 

2 
= 171,600 lb/in. (refer to table 3-35 for tF = 0 .026 in) 

M.S. = (171,600/153,215_) - 1 = +0.120 --
The allowable face wrinkling stress is 157,400 lb/in~ \refer to table 3-36 
for S =0.500 andtFOIL = 0.0025) 

M.S. = (157 ,400/153,215) - 1 = +0.027 

The shear strength of this portion of the upper frustum is checked as fol.lows: 
table 3-22 .shows that the maximum transverse shear loading occurs at node 2 in 
the maximum longitu.dina 1 acceleration condition (T = 138· seconds) and is: 

S(2) 

tc 

T 

us 

= 228.802 lb/in. 

= 1. 548 in. (refer to table .3-33) 

= 228.802/1.548 = 148 lb/in.2 

. ·2 
= 215 lb/in. (refer to table 3-37)) 

M.S. == (215/148) - 1 = ±9_~4-?.l 

3.8.1.2 Portion From Node 4 to Node 10 (Segments 4 through 9) 

Wi.th reference to table 3-24, the sandwich in this area has an overall thickness 
of 1.600 in. with a face thickness of 0.018 in. This portion of the upper frus
tum is checked for general stability as follows: 

Examination of table 3-25 shows that the critical compressive axial stress occur.s 
at node 4 in. the maximum longitudinal acceleration condition (T = 138 seconds) 
and is: · 

a-AXIAL= 62,277 lb/in. 2 

(qCR)M = 111,610 lb/in. 2 (refer to table 3-34) 

RM= 62,277/111,610 = 0.558 

Table 3-29 reveals that the maximum compressive hoop stress occurs in segment 9 
and is: 

uH = - 4,299 lb/in. 2 

( <T CR)H == 19,450 lb/in. 2 (refer to table 3-34) 

RH= 4,299/19,450_ = 0.221 
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~l "'0.717 (refer to .Paragraph 3.8.1.1 for method) 

M.S. = (.717/.558) .. 1 a +o.285) 

The general stability under loads from the maximum dynamic pressure cond:f.tion 
(T =·77 seconds) is checked as follows: 

O'M = 45,811 lb/in~ 2 (refer to table 3-25 at node 4) 

2 . 
(O' CR)M = 111,610 lb/in. (refer to table 3-34) 

RM= 0,410 

un = 9,089 lb/in.2 (refer to table 3~29) 

. 2 ) ( <r CR)H = 19,450 lb/in. (refer to table 3-34 

~- = 9,089/19,450 = 0.467 

Ri/ ·= 0.468 (refer t
1

0 paragraph 3.8.1.1 for method) 

M.S. = (0.468/0,L~lO) - 1 = +o.141 

The intercell buckli.ng characteristics of this portion of the upper frustum 
are checked as follows: table 3-25 shows that the maximum compressive stress 
in the face of the sandwich occurs at node 5 of segment 5 in the maximum longi
tudinal acceleration condition (T = 138 seconds) and is: 

uoF ~ 63,91"6 lb/in. 2 

O'ci = 139,400 lb/in. 2 (refer to table 3-35 for tF = 0 .018 in.) 

M.S, = (139,400/63,916) - 1 = +1.180 

The allowable face wrinkling stress is 135,600 lb/in. 2 (refer to table 3-36 for 
S = .500 and t:E'OIL = ,0020) and is obviously not critical. 

The shear strength of th.Hi portion of the upper frustum is checked as foliows: 
table 3-22 shows that the maximum transverse shear loading occurs at node 4, 
segment 4, in the maximum longitudinal acceleration condition (T = 138 seconds) 
and is: 

S(4) = -77.842 lb/in. 

tc = 1.564 in. (refer to table 3-33) 

T = 77.842/1.564 = 50 lh/in. 2 

us = 214 lb/in. 2 (refer to table 3-37) 

M.S. = (214/50) - 1 = +3.280 
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3.8.1.3 Portion From Node.10 to Nbde 18 (Seg;ments* 10 to 17) 

With reference to table 3 ... 24, the sandwich in this area·has an overall thickness 
of 4.000 in. w:1.th a face thickness of 0.020 in. This portion of the upperfrus• 
tum is checked for general stability as follows: examination of table 3-25 shows 
that the maximum compressive ax:1.al stress occurs at node 10 in segment 10 in·the• 
maximum dynamic pressure condition· (T = 77 seconds) and is: 

<T 
AXIAL = - '22,679 lb/in\ 2 

( <T CR)M = 157,000 lb/in. 2 (refer to table 3-34) 

% = 22,679/157,000 = 0.144 

Table 3-29 reveals that the maximum compressive hoop stress occurs in segment 
17 and is; 

(J' . . 2 
H = 41,588 lb/in. 

(O' CR)H = 57,130 lb/iri. 2 (refer to table 3-34) 

RH= 41,588/57,130 = 0.728 

1 - . 
RH . = 0 .835 (refer to parag1:·aph 3 .8 .1.1 for method) 

·. M.S. -= (0.835/0.728) - 1 ~· +0.147 

1'he·maximum tensile stress in the sandwich faces occurs at node 18 of segment 
17 in the maximum longitudinal acceleration condition (T = 138 seconds) and is: 

O'IF = + 117,533 lb/in. 2 (refer to table 3-'?5) 

"'UT = 215,000 lb/in. 2 (refer to paragraph 9.1, -volume 3, ·appendix E) 

M.S. = (215,000/117,533) - 1 = +o.829 

The intercell buckling characteristics of this portion of the upper frustum 
are checked as follows: table 3-25 shows that the maximum compressive stress 
in the face of the sandwich occurs at node 18 of segment 17 and is: 

O'QF = - 112,003 lb/in. 2 

O'ci = 151,400 lb/in. 2 (refer to table 3-35 for tF = 0.02.0 in.) 

M.S. = (151,400/112,003) - 1. = +o.352 

The allowable face wrinkling stress is 135,600 lb/in. 2 (refer to table 3-36 
for S = • 500 and tFOIL = .0020) 

M.S. = (135,600/112,003) ~ 1 = +0.210 

The shear strength of this portion of the upper frustum is checked as follows: 
table 3-22 shows that the maximum transverse shear loading occurs at node 18 of 
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1£:egment 17 in the maximum longitudin~:L acceleration .condt:lo:n (T ~- 138 seconds) 
and is: · 

S(18) • 404,323 lb/in. 

tc = 3.960 in. (:refer to table 3·33) 

,,. == 404.323/3.960 = 102 lb/in. 2 

_O"s = 142 lb/in. 2 (refer to table 3-37) 

M.S. = (142/102) - 1 = +-0.392 

3 • a·. 2 LOWER FRUSTUM' 

3.8.2.1 Portio.n From Node 18 to Node 21 (Segments 19. and 20) 

With referenc.e to table 3-24,. the. sandwich in, this .. area .has an overa 11 thi_ckness 
of 2. 700 in. with,a face thickness of 0.038 in. · This portion of the lower frus
tum is checked for genera 1 stability as follows: · e:K;amination,of table 3-26 shows 
that the maximum compressive axial stress occurs at. node, 18 i.n segment 19 in the 
maximum longitudinal acceleration condition, (T" = 13.8 _s.econdi;) and ",is.: 

O"AXIAL = - 46J82 lb/in. 2 

Examination of table 3-30 reveals that the hoop stress throughout the lower fruf;
tum is always tension, indicating that the frustum is always subject to an inter
nal pressure environment_. The incremental inc1:eas~ in the ·meridional buckling 
stress coefficient due to the stabili.zlng effect of an internal pressure is now 
calc.ulated using the method described in section 3.24.lB of reference. 6, which 
states that ilCc is a function of the parameter p(Re/te)2/Ee (in terms of the 
equivalent plate) where: 

.L\ Cc = incremental buckling coefficient 

p = internal pressure = 1.4.469 lb/in.
2 

(refer to table 3-30) 

Re = radius of equivalent cylinder == R1/c;os Q · 

R1 = radius in plane normal to centerline of vehicle = 370 .05 in. 
(refer to table 3~9) 

cosQ = cos (1/2 cone angle) ~ 0.908323 (refer to figure 1-2) 

te = thickness of equivalent plate =. 4. 610875 (refer to table 3-33) 

Ee_::;: _modulus 

p(Re/te) 2 /Ee = 

of elasticity of equivalent plate= 489,545 (refer to table 

(14.1+69) 370.050/(0.908323)(4.610875) 2/48~545 == llz,956/ 
48~45 = 0.231 

~Cc= 0.140 (refer to figure.3.2l~-2, reference 6) 
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'f'rom table 3-34, the buckli.ng coefficient and critical meridional buckling stress 
,,,:"\.",'"·• for a frustum without internal pressure was found to be: ,~\f::~ri;'. · --· ... 
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Cc_= 0.232 j (o- CR)M.., lo'3,300 lb/in. 2 

Considering the stabilizing effect of the internal pressure, the new buckling· 
coefficient is:' 

l 
Cc = (Cc+ ~Cc) = 0.232 + 0.140 = 0.372 

And the new critical meridional .buckling stress is then: 

(a Cij)Ml = (103,300)(0.372)/(0.23~) = 165,630 lb/in.
2 

M.S. = (165,630/46,782) - 1 = +2.51+0 

·-The strength of' the individual faces of the sandwich in this portion of the 
.lower frustum i.s checked as follows: examination of table 3·-26 shows that the 
maximum meridional tensile stre~s in the faces occurs in the maximum.longitudi
nal acceleration cond~tion (T = 138 seconds) at node 18 of segment 19 and is:~· 

aIF = 68P10 lb/in. 2 

The hoop stress in segment 19 for. the same d.esign condition is: 

o-H = 77,916 lb/in. 2 (refer to table 3-30) 

The maximum principal stress in the inner face is then: 
1 

' ½ ]½ 
o- tmax ~ [< CT IF) 2 + (CT H) 

2
] 

2 

= [(68 ,010) 2 + (77,916) 2 = 103,420 lb/in. 
2 

uu•r ';,' 215,000 lb/in. 2 (refer to paragraph 9.1, appendix E, volume 3) 

M.S. = (215,000/103,420) - l = +l.079 

The inter.cell buckling strength is now checked. Table 3-26 shows that the max
j_mum compressive stress in the sandwich faces occurs at node 18 of segment 19 
in the maximum longitudinal acceleration condition (T = 138 seconds) and is: 

qOF = 161,574 lb/in. 2 

O"ci ;· 19i°,400 lb/in. 2 (refer to table 3-35 for tF = .038 in.) 

11.S. = (191,400/161,574) - 1 = +o.185 

It should be noted .that as a result of deficiency in shear strength, it was 
necessary to increase the foil thickness of the core from O .0020 in. to O .0030 
i.n. The allowable face wrinkling stress is then 176,400 lb/in.2(refer to table 
3-36 for S = • 500 and tFOIL = .0030) 

M.S. = (176,400/161,574) - l = +o.092 

The shear strength of this portion of the lower frustum is checked as follows: 
table 3-23 shows that the maximum transverse shear loading occurs at-node 18 
of segment 19 in the maxi.mum longitud:i.nal acceleration condition (T = 138 sec
onds) and is: 
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S(18) = 713.685 lb/in. 
. ' 

tc • 2'.624 in, (refer to table 3•33) 

T = 713~685/2.624 = 272 lb/in. 2 

O'S = 294 lb/in. 2 (refer to table 3-37) 

M. S. = (294/272) -:- 1 = +o .081 

3.8.2.2 Portio~I!__From_NQ~-~~-?1-. to Node 24 (Sesme'!ltS 21 to 23 Inclusive) 

With reference to table 3-24, the sandwich in this area has an overall thickness· 
. of 2. 700 in. with a face thickness of O .020 in. This portion of the. lower frus-
: •tum is checked for general stability as follows: examination of table 3-26 shows 

that the maximum.compressive axial stress occurs at node 21 of segment 21 in the 
maximum longitudinal acceleration condition (T = 138· seconds) and is: 

AXIAL = - 88 9131 lb/in.
2 

The incremental buckling coefficient· due to internal pressure is eva·luated in 
the same manner as discussed in paragraph3.8.2.1. 

p = 14.452 lb/in. 2 (refer to table 3-30 at segment 21) 

R1 = 377 .618 _in. (refer to table 3-9 at node 21) 

cos 9 = 0.908323 (refer to figure 1-2) 

te = 4.641939 (refer to table 3-33) 

Ee = 255925 (refer to table 3-33) 

p (Re/te) 2/Ee = (14.452) 377.618/(.908323)(4.641939) 
2

/255,925 
=, 115,917/255,925 = 0.453 

4Cc = 0.177 (refer to figure 3.24-2, reference 6) 

From table 3-34 the buckling coefficient and critical meridional buckling stress 
for a. frustum without internal pressure was found to be: 

cc= 0.228 ( u CR)M = 75,570 lb/in. 2 .. _ 

Considering the stabilizing eff~ct of the internal pressure, the new buckling 
coefficient is: 

1 cc = (0.228 + 0.177) = 0.405 

And the new critical meridional buckling stress is: 

(<T CR)Ml = (75,570)(.405)/.228 = 134,230 lb/in. 2 

,.M.S. = (134,230/88,131) - 1 = +o,523, 
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The strength of the individual faces of the sandwich ·in this portion of .the 
lower frustum is checked as follows: examination of table 3~30 shows that the 
maximum hoop tension stress occurs in segment 23 in the maximum l~ngitudinal 
acceleration condition (T' = •138, seconds) and· is: 

uH = 162,848 lb/in. 2 

?°UT= 215,000 lb/in. 2 (refer to paragraph 9.1, volume 3, appendix E) 

M.S. = (215,000/162,848) - 1 = +o.320 

The intercell buckling strength is now determined. Table 3-26 shows that the 
maximum compressive meridional stress occurs at node 21 of segment 21 in the 
liftoff condition (T = 0 seconds) a.nd is: 

uoF ~ 135,553 lb/in. 2 

<Tei = 151,Li-OO lb/in. 2 (refer to table 3-35 for tF = 0.020 in.) 

M.S. = (l.51,400/135,553) - 1 = +o.117 

The allowable face wrinkling stress is 135,600 lb/in. 2 (refer to table 3-36 
for S = .500 and tFOIL = .0020) 

M.S. = (135,600/135,553) - 1 = +o 

The shear strength of this portion of the lower frustum is checked as follows: 
.table 3-23 shows that the maximum transverse shear loading occurs at node 22 
of segment 21 in the maximum longitudinal accelel;'ation condition (T == 138 se·c
onds) and is~ 

S(24) =287~798 lb/in. 

t~ ,:::1 _2 ,660 in. (refer to. table 3-33) 
•. ~ . 1· ? • 

' T =1 287 ".-798/2 .660 = 108 ·lb/in. 2 

G'S = 169 lb/in. 2 (refer to table 3-37) 

M.S. = (169/108) - 1 = +o.565 

3.8.2.3 Portion From Node 24 to Node 27 (Segment 24 to 26 Inclusive) 

With reference to table 3-24, the. sandwich in this area has an overall thickness 
of 2.700 in. with a face thi.ckness of 0.018 in. This portion of the lower frus
tum i's checked for general stability as follows: examination of table 3-26 shows 
that the. maximum compressi.ve axial ptress occurs at node 25 of segment 25 in th~ 
maximum dynamic pressure condition (T = 77 seconds) and is: 

,, ' • 2 
<TAXIAL = -74,947 lb/m. _ 

The incremental buckling coefficient due to internal pressure is evaluated in 
the same manner as discussed in paragraph 3.8.2.1: 
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p. = 8 .0961 'lb/in. 2 (refer to table 3 .. 30 at ~egtnent 24) 

R1 • 41.7.482 in. (refer to table 3 .. 9 at node 24) 

cos Q = 0.908323 (refer to figure 1-2) 

te = 4 .645395 (refer to table 3-33) 

Ee = 230,175 (refer to table 3-33) 

P (R0 /t0 )
2/Ee = (8.096)(417.482)/(.908323)(4.645395) 2/230,175 

= 78,955/230,175 = 0.345 

ACc = 0.160 (refer. to. figure 3.2li,,-2~ reference 6). 

From table 3-34 the buckling coeffi.cient and critical meridional buckling .stress 
for 0a frustum without int:erµal pressure was found to be: 

cc= 0.227 ( q CR)M = 6tp70 lb/in. 2 

Considering the stabiiiz.ing effect of the int.e.r:naL pressure, the new buckling. 
coefficient is:. 

1 . 
Cc = (0.227 + 0.160) = 0.387 

Ane the new critical meridional buckling stress j_s: 

1 ~ ? 
(O'CR)M _ = (68,170)(0.387)/0.227 = 116,220 lb/in .... 

M.S. == (116,220/74,947) - 1 = +o.551 

The strength of the i.ndividual faces of the sandwich in this portion of the· 
lower frustum is checked as follows: examiniation of table 3-30 shows that the 
maximum hoop tension stress occurs in ~Jegment 26 in the maximum longitudinal 
acceleration condit:i.on (T = 138 seconds) and is: 

o-H = 200,657 lb/in. 2 

o-uT = 215,000 lb/in. 2 (refer to paragraph 9.1; volume 3, appendix E) 

M.S. = (215,000/200,657) - 1 = +0.071 

The intercell buckling strength is now checked. Table 3-26 shows that the max
imum compressive meridional stress· occurs at node 25 of segment 25 in the max
imum dynamic pressure condition (T = 77 seconds) and is: 

uoF = 78,149, lb/in. 2 

O"ci = 139,400 lb/in. 2 (refer to table 3-35 for tF = 0.018 in.) 

M.S. = (139,4-00/78,149) - 1 = +0.784 
awc::... ---
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The allowable face wrinkling stress is 135 ~600 lb/in.2 (refer to table 3-36- for 
S • .500 and tFOIL = '.0020). 

M.S. = (135,600/78,149) - 1 = +.735 

The shear strength of this portion of the lower frustum is checked as follows: 
table 3-23 shows that the maximum transverse shear loading occurs at node ·24 
of segment 24 in the maximum longitud:i.nal acceleiration condition (T = 138 sec
onds) and is: 

.,:.: 

-~ ! 

S(24) = - 308.739 lb/in. 

.tc = 2.664 iti. (refer to table 3-33) 

7 = 308,739/2.664 = 116 lb/in. 2 

«rs -= 169 lb/in. 2 (refer to table 3-37) 

M;S. = (169/116) - 1 = ±2..:.ilI 

3 .8. 2 .4 Portion From Node 27· to Node 31 (Segments 27 to 30 IncJ.u•sive) 

With referenc~ to table 3-24, the sandwich in this area has an overa 11 thickness 
of 2. 700 in. with a face thickness of O. 020 in. This portion of the lower frus
tum is checked for general stability as follows: examination of table 3-26 shows 
that the maximum compressive axial stress occurs .at node 27 of ·segment 27 in the 
maximum dynamic pressure condition (T = 77 seconds) and is: 

crAXIAL = 55;985 lb/in. 2 

The incremental buckling coeffiecient .due to internal pressure is .evaluated in 
the same 1:11anner as discussed in paragraph 3. 8. 2,.1: 

p = 8.015 lb/in.2 (refer to table 3-30 for segment 27) 

R
1 

= 464.914 in. (refer to table 3-9 at node 27) 

cos Q = 0.~08323 (refei to figure 1-2) 

te = 4.641939 (refer to figure 3-33) 

Ee = 255,925 (refer to figure 3-33) 

p(Re/te) 2 /Ee = (8.015) 464.914/(.908323)(4.641939) 
= 197 ,446/255,925 = 0.38L 

~Cc= 0.167 

2 . 
-/255, 925 

From table 3-34 the buckling coefficient and critical meridional buckling stress 
for a frustum without internal pressure was found to be: 

cc= 0.226 (q CR)M = 60,850 lb/in.
2

, 
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Considering the stabilizing eff~ct of the internal pressure, ·the new buckling 
coefficient is.: 

l 
cc • (0.226 + 0.67) = 0.393 

And the new critical meridional buckling stress is: 

( O'CR)Ml = (60,850)(.393)/.226 = 105,810 lb/in. 2 

M.S. = (105,810/551985)- 1 =+0.890 

The strength of the individual faces of the sandwich in this portion.of the lower 
frustum is checked as follows: examination of table 3-30 shows that the maximum 
hoop tension stress. occurs. in, segment.3.0 in the. maximum longitudinal acceleration 

.. condtion (T = 138 seconds) and· is:' 

"it=. 200,392 lb/in. 2 

"'uT = 215,000 lb/in. 2 (refer to paragraph 9.1, volume 3, appendix. E) 

M.S. = (215,000/200,392) - 1 = +o.073 

The intercell buckling str._ength is now checked. Table 3-26 _shows that the 
maximum compressive meridional stress occurs at node 30 of segment 30 in the 
maximum dynamic pressure condition (T = 77 seconds) and is: 

"'IF =80,302 lb/in. 2 

uci = 151,Li00 lb/in. 2 (refer to table 3=35· for ~ = 0.020 in.) 

M.S. = (151,400/80,302) - 1 = +0.885 

The allowable face wrinkling -stress is 135,600 lb/in. 2 (refer to table· 3-36 for 
S = .500 and tFOIL = .0020) 

M.S. = (135,600/80,302) - 1 = +o.688 

The shear ·strength of this portion of the lower frustum is checked as follows: 
table 3-23 shows th,at the ~ximum transverse shear loading occurs at node 29 of 
segment 28 in the maximum longitudinal acceleration condtion (T = 138 seconds) 
and is: · 

S(29) = 253.558 lb/in. 

tc = 2.660 in. (refer to table 3-33) 

T = 253.558/2.660 = 95 lb/in.2 

"'s = 169 lb/in. 2 (refer to table 3-37) 

M.S. = (169/95) - t = +9..:1l2 
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3.8.2.5 Portion from Node 31 to Node 33 (Segments 31 and 32) 

With reference to table 3-24, th~ sand~'1ich' in this area has an ove_rall thickness 
of 2.700 in. with a face- thickness of 0.027 in. This portion of the lower frustum 
is checked for general stability as. follows: ·examination of table 3-26 shows that 

- the maximum compressive axial stress occurs at node 31 of segment 31 in the maxi
mum dynamic pressure condition (T = 77 seconds) and is: 

<TAXIAL = -29,188 lb/in. 2 

The incremental buckling coefficient due to internal pressure is evaluated in the 
same manner as discussed in paragraph 3.8.2.1: 

p = 15.068 lb/in. 2 (refer to table 3-30 for segment 31) 

R1 = 512.346 lb/i.n. 2 (refer to table 3-30 for node 31) 

cos 9 = 0.908323 (refer to table 1-2) 

te ~ 4.4629851 (refer to table 3-33) 

(refer to table 3-33) Ee = 346,391 

p(Re/t ) 2 
/E = e e 

A.Cc = 0.193 

(15.068)(512.346)/(0.908323)(4.629851) 2 /346,391 
= 223,648/346,391 = 0.646 

From table~3-3Lf the buckling coefficient and critical meridi.onal buckJ ing 
stress for a frustum without ·internal pressure was found to be: 

cc= 0.225 ( u CR)M = 54,860 lblin. 2 

Considering· the stabilizing effect of the internal pressure~ the new buckling 
coefficient is: 

1 
Cc = (0.225 + 0.193) = 0.418 

And the new critical meridional buckling stress is: 

(o-CR)Ml = (54,860)(0.418)/(0.225) = 101,920 lb/in. 2 

M.S. = (101,920/29,188) - 1 = +2.492 

The strength of the individual faces in this portion of the lower frustum is 
checked as follows: examination of table 3-30 shows that the maximum hoop ten
sion occurs in segment 32 in the maximum longitudinal acceleration condition 
(T = 138 seconds) and is: 

<TH= 193,380 lb/in.2 

From table 3-26 the meridional tension stress at node 33 of segment 32 at th:i.s 
same time point is: 
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<TM; 84,197 lb/in. 2 . 

The vector sum of these stresses is: . 

. 2]½ 
O"t = ~193,380) 2 + (84,197) == 210,910 lb/in. 2 

<rut== 215,000 lb/in. 2 (refer to paragraph 9.1, volume 3, appendix E) 

M.S. = (215,000/210,910) - 1 = ±Q.019 

The interce 11 buckling strength is now checked. Table 3-26 shows that the maxi
mum compressive meridional stress occurs at node 33 of segment 32 in the maximum 
longitudinal acceleration-condition (T = 138 seconds) and is: 

0bF = .. 117,163 lb/in.
2 

O'ci == 173,800 lb/in. 2 (refer to table 3-35 for tp = 0.027 in.) 

M.S. = (173,800/117 ,163) -~ 1 = ±Q.:.i§l 

The allowable face wrinkling str.ess is 135,600 lb/in, 2 (re·fer to. table 3-36 
for S = .500 and tFOIL = .0020) 

M.S. = (135,600/117,163) - 1 = +o.157 

\ . 
The shear strength of this portion of the lower frustum is checked as follows: 
table 3-23 shows that the maximum transverse.shear loading occurs at uode ,32 
of segment 32 in the maximum longitudinal accelerat:i.on condition (T = 138 sec.
<rnds) A.nd is: 

S(32) = - 406.250 lb/in. 

tc = 2.646 in. (refer to table 3-33) 

r = 406.250/2.646 = 154 lb/in. 2 

us = 170 lb/in. 2 (refer to table 3-31) 

M.S. = (170/154) - 1 = +0.104 

3.8.3 INNER CYLINDRICAL BULKHEAD 

3.8.3.1 Portion From Node 1 to Node 35 (Segments 33 and 34) 

With reference to table 3~24, the sandwich in this area has an overall thickness 
of 0.375 in. with a face thickness of 0.030 in. This portion of the_ inner. cylin ... 
drical bulkhead is checked for general stability as follows: examination of table 
3-27 shows that the axial stresses in this region of the bulkhead are tension, so 
that buckling in the meridional. direction cannot be a failure mode. Examination 
of table 3-31 shows no hoop stress.es in this region of the bulkhead.· 

The strength of the individual sandwich faces- is· then checked as follows:: 
table 3 .. 27 shows that the maximum meridional tension stress occut·s at node 1 of 

C-240 

.• ,;? 

~~!~~~~;:~~~~-~~~~·~,tr~~~~~~~r..~~':_'!,,, ~•;._,'+~~ .. ~ .• ~~ ~ ........ :,~l_;-.. ,•,•·~~~•M,,-.•s<~-, ,;. l, •' t~~-,~ 



I 
I 
I 
f'A'i' 
: 

.. - -·· --· --.~~- ·--~ ~--- ~"--. _.,_.~_.,,...,_,, - ,. ,..,...,_,,_..,..._,.. __ .,_ ... ,. .... :.,":Jo.L:c""-<)\.,-~;(.-:,.,,.., ... ~;,_u_',),. ~ ... .:1.:.J ..• 2l'.l.'.;:fil.JJ].'..\L~\.l,;!::"2-Jw.~~YM(d"'-'J\,j!,:13ii!f§U$~ 

segment 33 in the maximurt1 longitudinal acceleration condition {1' .,, 138 seconds) 
and is:, · 

uoF = 192,974 lb/in. 2 

Uut =·215,000 lb/in. 2 (refer to paragraph 9.1, volume 3, appendix E) 

.M.S. = (215,000/192,974) - 1 = +0.114 

The intercell buckling strength is now checked. Table 3-27 shows that the maxi
mum compressive meridional stress occurs at node 1 of segment 33 in the maximum 
longitudinal acceleration condition (T = 138 seconds) and is: 

uIF = 151,524 lb/in. 2 

O'ci = 180,400 lb/in. 2 (refe.r to table 3 .. 35 for tF = 0.030 in.) 

M.S. = (180,400/151,524) c.. 1 = +o.191 __ 

Because of a- deficiency in shear strength,. it was necess.ary to change the foil 
thickness of the core from O .~020 in. to O .0040 in. The allowable face wrinkling 
stress· is then. 196,400 lb/in. (refer to table 3-36 for S = .500 and tFOIL = 
0 .0040). 

M.S. (196,400/151,524) - 1 = +o.296 

The shear strength of this portion of the inner cylindrical bulJ.,Jlead is checked 
as follows: it should be noted that the transverse shear loadings are obtained 
directly from tables 3-17 thrnugh 3-21 as the F.(2) and F(S) loadings with the 
algebraic sign changed. Examination of these tables shows that the maximum 
transverse shear loading occurs at node 1 of segment 33 in the maximum longitu
dinal acceleration condition (T ti 138 seconds) and is: 

S(l) = 325.298 lb/in. 

tc = 0.315 in. (refer to table 3-33) 

r = 325.298/.315 = 1033 lb/in. 2 

· us = 1098 lb/in. 2 (refer to table 3-37) 

M.S. = (1098/1033) - 1 = +0.063 

3.8.3.2 Portion From Node 35 to Node ·41 (Segments 35 to 40 Inclusive) 

With reference to table 3-24, the sandwich in this area has an overall thickness 
of 0.375 in. with a face thickness of 0.010 in. Examination of tables 3-27 and 
3-21 reveals that the meridional loading is tension and there is no hoop stress. 
General stability is, therefore, not a problem. 

The strength or the individual sandwich faces is then checked as follows: table 
3-27 shows that the maximum tensile meridional _stress occurs at node 35 of seg
ment 35 in the maximum longitudinal acceleration condition (T = 138 seconds) and 
is: 

c--2/j.J. 
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,,qIF ... 122,525 lb/in.2 

O'ut.,. 215,000 lb/in. 2 (refer to paragraph 9.1, volume 3, appendix E) 

M.S. = (215,000/122,525) - 1 = +o.755 

The intercell buckling strength is checked as follows: table 3•27 shows that 
the maximum compressive meridional stress occurs at node 41 of segment 40 in 
the maximum reentry dynamic pressure condition (TR= 505 seconds) and is: 

crOF = .. 23,181 lb/in. 2 

crci = 63,200 lb/in, 2 (refer to table 3-35 for tF = 0,010 in.) 

M.S. = (63200/i3181) - 1 = +1.726 
;! 

The allowable face wrinkling stress is 135,600 lb/in. (refer to table 3-36 for 
S = ,500 and tFOIL = .0020) which is obviously not critical. 

The shear strength of this portion of the inner cylindrical bulkhead is checked 
as follows: examination of tables 3-17 through 3-21 shows that the maximum 
transverse shear loading occurs in segment 40 in.the maximum reentrydynamic 
pressure condition (TR= 505 seconds) and is: 

S(41) = 66.554 lb/in. 

tc = 0.355 in. (refer to table 3-33) 

\ .r = 66.554/0.355 = 187 lb/in. 2 

. 2 
crs = 411 lb/in. (refer to table 3-37) 

M.S. = (411/1~7) - 1 = +1.198 

3.8.3.3 Portion From Node 41 to Node 48 (Segments 41 to 47 Inclusive) 

With reference to table 3-24, the sandwich in this area has an overall thickness 
of 3.400 in. with a face thickness of 0.010 in. Examination of table 3-27 re .. 
veals that the meridional loading is tension; however, table 3-31 shows that the 
maximum compressive hoop stress occurs in segments 41 through 47 in the maximum 
reentry dynamic pressure condition J(TR = 50_~ ~econds) and is: 

. 2 
crH = -37,734 lb/in. 

( er cR)H = 38,560 lb/in. 2 (refer to -·table 3-34) 

M.S. = (38,560/37,734) - 1 = +0.022 

The strength of the individual sandwich faces is then checked as follows: table 
3-27 shows that the maximum tensile meridional stress occurs at node 41 of seg
ment ·t,.l in the maximum longitudinal acceleration condition (T :: 138 seconds) 
and is: 
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- 2 . uOF - 119,232 lb/in. 

Uut = 215,000lb/in:. 2 (refer to paragraph 9.1, volume 3, appendix ;E) 

M.S. = (215 ,000/119 ,232) - 1 .;, tO._803 

The intercell buckling strength is checked as follows: . table 3 .. 31 shows that the 
maximum compressive hoop stress is a constant value in segments 41 to 47 in the 
maximum reentry dynamic pressure conditi.on (TR = 505 seconds) and is: 

uIF = u · 2 OF= -37,734 lb/in. 

uci = 63,200 lb/in. 2 (refer to table 3-35 for tF = 0 ~010 in,) 

M.S. = (63,200/37,734) - 1 = +o.675 

The allowable face wrinkling stress is 135',600 ib/in. 2 (refer to table 3-36 for 
S = .500. and tFOIL = .0020) and is obviously not critical. 

The shear strength of this portion of the inner cylindrical bulkhead is checked 
as follows: examination of tables 3-17 through 3-21 shows that the maximum trans
verse shear loading occurs in.segment 46 in the maximum reentry dynamic pressure 
condition (TR= 505 seconds) and is: 

S(46) = -263~717 lb/in. 

tc = 3 .380 in. (refer t<;> tabl.e. 3-33) 

r = 263~717/3.380 = 78 l~/in. 2 

u·8 = 152 lb/in. 2 (refer to table 3-37) 

M.S. = (152/78) - 1 = +0.9.!!:2, 

. 3,8.3.4 Portion From Node 48 to Node 52 (Segments 48 to 51 Inclusive) 

With reference to table 3-24, the sandwieh in this portion has an overall thick
ness of 3.800 in. with a face thickness of .010 in. Examination of table 3-27 
reveals that the meridional loading is tension; however, table 3-31 shows that 
the maximum compressive hoop stress occurs in segment 51 in the maximum longitu
dinal acceleration condition (T = 138 seconds) and is: 

uH = - 44 ,4~7 lb/in. 2 . 

( u CR)H = 47,760 lb/in. 2 (refer to table 3-34) 

M.S. = (47,760/44,467) - 1 = +o.074 

The strength of the individual sandwich faces is then checked as follows: table 
3-27 shows that the ~~xi.mum tensile meridional stress occurs at node 52 of seg
ment 51 in the maximum longitudinal acceleration condition (T = 138 seconds) and 
is:• 

O' 

OF = 197,048 lb/in.2 

c-21+3 
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uut "" 215,000 lb/in. 2_ (refer to paragraph 9 .1, volume .3, appe~dix E) 

MoS o • (215 ,000/197 ,048) ... · l 111 +-0 .091 

·· The intercell buckling strength :ts checked as follows: table 3-31 shows that the 
maximum co~pressive hoop stress occurs in segment 51 in the maximum longitudinal· 
acceleration condition (T = 138 seconds) and is:. 

o-H = • 44 , 46 7 lb/ in • 2 

O'ci = 63,200 lb/in. 2 (refer to table 3-35 for tl!' = 0.010 in.) 

MGSo = (63,200/44,467) - 1 = ±Q..421 

The allowable face wrinkling stress is 135,600 1p/in. 2 (refer to table 3 ... 36 for 
S == .500 a_nd tFOIL =- .0020) wh:i.ch is obviottsly not cr:i,tical. 

The·shear strength of this portion of the inner cylindrical bulkhead .is checked 
as follows: examination .. of tables 3-17 through 3-21 shows that the maxi.mum 
transverse shear loading· occur•s· in i:rngment 51 in the maximum. longitudinal accel
eration condition (T = 138 seconds) and :.is:. 

. . , 

S(51) = 222.156 lb/in. 

tc = 3.780 in. (refer to table 3-33) 

T = 222.156/3.780 = 59 lb/in.2 

o-s = 145 lb/in. 2 (refer to table 3-37) 

M.S. = (145/59) - 1 = +1.458 

3.8.3.5 Portion From Node 52 to Node 53 (Segment 52) 

With reference to table 3-24, the sandwich in this area has an overall thickness 
of: 0.375 in. with a face thickness of 0.014 in. Table 3-27 shows the maximum 
compressive a1dal stress to occur in the maximum. longitudinal acceleration cond• 
ition (T = 138 seconds) and is: 

O"AXIAL = 24,185 lb/in.2 

2 
( q CR)M = 41,480 lb/in. (refer to table 3-34) 

M.S. = (41,480/24,185) - 1 = +o.715 

The strength of the indivi.dual sandwich faces is then. checked as follows: table 
3-27 shows that the maximum tensile.meridional stress occurs at node 52 of seg
ment 52 in the maximum longitudinal acceleration condition (T = 138 seconds) 
and is: 

qIF,,., 32,494 lb/in. 2 

Uut = 215,000 lb/in. 2 (:refer to paragraph 9.1, volume 3, appendix E) 
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M.S. = (215,000/32,li-9l~)- l = +.5.62 

The intercell buckling strength is checked as f0llows: table 3-27 shows that the 
maximum compressive meridional stress occurs at node 52 of segment.52 in t:he max• 
imum longitudinal acceleration condition (T = 138 seconds) and is.: 

o-OF ·= 80,864 lb/in. 2 

O'ci = 104,600 lb/in. 2 (refer to table 3-35 for tF = 0.14 in) 

M.S. = (104,600/80,864) - 1 = +o.294. 

The allowable face wrinkling stress is· J.35 ,600 lb/in .• 2 (refer to table 3~36 for 
S == .500 and tFOIL = .0020) which is obviously not critical. 

The shear strength o:E this. portion of the inner cylindrical bulkhead is checked 
as follows: examination of tables 3~17 through 3-21 shows that the maximum trans
verse shear loading occurs in segment 52 · i:1;1 the. maximum longitudinal acce_leration 
condition (T = 138 seconds) and~ is:. 

8(52) = 255.507 lb/in. 

tc = 0,347 in. (refer to table 3-33) 
. . . 2 

-r = 255.507/0.347 = 736 lb/in. 

O's = 881 lb/in. 2 (refer to table 3-37) 

-,. M.S. + (881/736) - 1 = +o.19'z. 

3.8.3.6 Portion From Node 53 to Node 57 (Segments_l3_t_9___;56 Inclusive) 

With reference to table 3-24, the sandwich in this area has an overall thickness 
of 0.375 in. with a face thickness of 0.010 in. Table 3-27 shows that the maxi
mum compressive axial stress occurs in segment 56 in the '.maximum longitudinal 
accel~ration condition (T = 138 seconds) and is: 

a-AXIAL= - 34,132 lb/in. 2 

( o- CR)M = 41,970 lb/in. 2 (refer to table 3-34) 

M.S. = (li-1,970/34,132) - 1 = +0.230 

The strength of the individua 1. sandwich faces is then checked as follows: table 
3-27 shows that the maximum meridional tensile stress occurs at node 53 of seg
ment 53 in the maximum dynamic pressure condition (T:: 77 seconds) and is: 

o-OF = 19,535 lb/in. 2 

Because the allowable stress is 215,000 J.b/in.
2 

(refer to paragraph 9.1, volume 
3, appendix E) the margin of safety is large. 

The intercell buckling strength is checked as follows: table 3-27 shows that 
the maximum compressive meridional stress occurs at node 53 of segment 53 in the 
maximum longitudinal acceleration condition (T = 138 seconds) and is: 
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u 2 
F • • 64,534 lb/in. 

uci = 63,200 lb/in. 
2 ' 

This situation indicates that if the change in face, thickness from Q .-014 in-; 
in segment 53 is allowed to remain at node 53, a small negative margin would 
exist. This can be eliminated by moving the station at which the thickness 
changes to a few inches below node 53. It has been arbitrarily decided to move 
this transition point a distance of 6.0 in. From table 3-27, the bending moment 
at node 53 (segment 53) is 122.021-in. lb/in.; at node 54 ·(segment 53) the moment 
is 47 .672-in. lb/in,· Conservatively assuming a linear variation in moment between 
nodes, the bE:.,nding moment at the_ tran_sition point becoi:ne~~--- __ _ 

M = (40-6)(122.021 + 47.672)/40 - 47.672 = 144.239 - 47.672 = 96.567 in.lb/in. 
' 3 ' ' 

I/y = 0 .003984 in. (refer to table 3-24) 

Bending stress= 96.567/.003984 = 24,239 lb/in. 2 

Axial stress= - 33,906·lb/in. 2 (refer to table 3/27 at segment 53) 

o-IF = - 33,906 - 24,239 = - 58,145 lb/in.
2 

O"OF = - 33,906 + 24,239 
' 2 

= - 9,667 lb/in. 

By moving the transition point a distance of 6,0 in., the marginof safety becomes: 

. M.S. = (63,200/58,145) - 1 = +0.087 

.'I'he allowable face w:dr1kling stress is 135;600 lb./1-n.
2 

(refe:.r: to t.&ble 3~36 for 
S = .500 and tFOIL = 0.0020) which is obviously not c•titical. 

The shear strength of this portion of the inner cylindrical bulkhead is checked as 
follows: examination of tables 3-17 through 3-21 shows that the maximum trans
verse shear loading occurs at segment 53 in the maximum longitudinal acceleration 
condition (T = 138 seconds) and is: 

8(53) = 25.550 lb/in. 

t = 0.355 in. (refer to table 3-33) 
C 

r = 25.550/0.355 = 72 lb/in.
2 

us= 411 lb/in. 2 (refer to table 3-37) 

M.S. + (411/72) - 1 = +4.708 

3.8.4 OUTER CYLINDRICAL .BULKHEAD 

3.8.4.1 Portion From Node 18 to Node 61 (Segments 57 to 60 Inclusive) 

With reference to table 3-24, the sandwich in this area has an overall thickness 
of 4.000 in. with a face thickness of 0.036 in. Table 3-28 shows that the pri
mary axial loading is in tension. Table 3-32 shows that the maximum compression 
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· hoop stress .occurs in segment 57 in both the maximum dynamic pressure condition 
(T = 77 seconds)· and the maxinium longitudinal acceleration condition ('r = 138 
seconqs) and is: 

"'p = 39.575 lb/in. 2 

.("' CR)H = 42,320 lb/in. 2 (refer to table 3-34) 

M.S. = (42,320/39,575) .. 1 = -1-0.069 

The strength of the individual sandwich faces is then checked as follows: table 
3-28 shows that the maximum meridional tensii'e stress;occurs at node 57 of seg
ment 57 .in the maximum longitudinal acceleration conditi9n. (T = 138 seconds) and 
is: 

"'OF= 70,256 lb/in. 2 

"'~t = 2.15,000 l.b/in. 2 (refer to paragraph 9.1, volume 3, appendix E) 

M.S. = (215,060/70,256) - 1 = +2.048 

The intercell buckling strength is checked as ,follows: table 3-32 shows that 
the maximum compressive hoop stress occurs in s.egments 57 to 59 in the maximum 
dynamic pressure condition (T = 77 seconds) and is: 

2 
"'H = - 39,575 lb/in. 

"'ci = 104,600 lb/in. 2 (refer to table 3-35 for tF = 0.140 in.) 

. M.S. ~ (104,600/39,575) - 1 = +1.643 

The allowable face wrinkling stress is 135,600 lb/in. 2 (refer to table 3-36 for 
S = • 500 and tFOIL = 0 .0020) which is obviously not critical. 

The shear strength of this portion of the outer cylindrical bulkhead is checked 
as follows: examination of tables 3-17 through 3-21 show~ that the maximum trans,
verse shear loading occurs in segment 60 in the maximum longitudinal acceleration 
condition (T = 138 seconds) and is: 

S(60) = 278.342 lb/in. 

tc = 3.928 in. (refe~ to table 3-33) 

r = 278.342/3.928 = 71 lb/in. 2 

"'s = 143 lb/in. 2 (refer to table 3-37) 

'M.S. = (143/71) - 1 = +1.014 

3.8.4.2 Portion From Node 61 to Node 65 (Segments 61 to 64 Inclusive) 

With reference to table 3-24, .the sandwich in this area has an overall thickness 
of 4.000 in. with a face thickness of 0.070 i.n. Table 3-28 shows that. the pri
mary axial loading is in tension. Table 3-32 shows the maximum compressive hoop 
stress occurs in segment.64 in the liftoff condition (T = 0 seconds) and :i.s: 
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tTH = - 39,915 lb/in. 2 

( ,s CR)H "' 41,760 lb/in. 2 (refer to table 3--34) . 

M.S. = (41,760/39,915) - l = +0.046 · 

The strength of the i.ndividual sandwich faces is checked as follows: table 3-28 
shows that the.maximum meridional tensile stress occurs at node-65 of segment 64 
in the maximum longitudinal acceleration ·condition (T = 138 seconds) and is: 

O'OF = /+3,578 lb/in. 2 

O'ut = 215,000 lb/in. 2 (refer to paragraph 9.1, volume 3, appendix E) 

M.S. = (215,000/43,578) - 1 = ±3,934 

The interce 11 buckling strength is checked as follows: .table 3-32 shows that the 
maximum compress:i.ve hoop stress occurs in segment 64 in the liftoff condition 
(T = 0 seconds) and :i.s: 

O'H == - 39,915 lb/in. 2 

O'ci = 63,200 lb/in. 2 (refer to table 3-35) 

M.S. == (63,200/39,915) - 1 = +o.583 

The allowable face wrinkling stress is 135,600 lb/in! 2 (refer to paragraph 3-36 
for S = .500 and tFOIL = 0.0020) which is obviously not critical. 

The shear strength 0£ this portion of the outer cyiindrical bulY~~ead is checked 
as follows: examination of tables 3-17 through 3-21 shows that the maximum 
transverse shear loading occurs at node 61 of segment 61 in the maximum longitu
dinal·accelerat:ton condition (T = 138 seconds) and is: 

8(61) = 414.833 lb/in. 

tc = 3.860 in. (refer to table 3-33) 

,,. = 414.833/3.860 = 107 lb/in. 2 

O'S = 144 lb/in. 2 (refer to table 3-37) 

M.S. = (1.4A/107) - 1 = +o.346 

3.8.4.3 Portion From Node 65 to Node 69 (Segments 65 to 68 Inclusive) 

With reference to table 3-24, the sandwich in this area has an overall th:i.ckness 
of 0.680 in. with a face thickness of 0.011+ in. Table 3-32 shows that the maxi
mum hoop tension stress occurs in segment 68 in the maxim~ longitudinal accel
eration condition (T = 138 seconds) and is 120,041. lb/in. • Table 3-28 shows the 
meridi~nal stress at node 69 of segment 68 at this same time point to be 163,119 
lb/in. . The vector sum of these stresses is: -
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uIF =B~20,041)2 + (163,119) 2]½ = 202,530 lb/in. 2 

O'ut == 215,000 lb/in.
2 

(refer to paragraph 9.1, volume 3, appendix E) 

M.S. = (215,000/202,530) - 1 = +o.062 --
The intercell buckling strength is checked as follows: table 3-28 shows that 
the maximum compressive meridional loading occurs at node 65 of segment 65 in 
the maximum longitudinal acceleration condition (T = 138 seconds) and is: 

<TOF = - 91,321 lb/in. 2 

<Tei = 104,600 lb/in. 2 (refer to table 3-35 for tF "" 0 .014 in.) 

M.S. = (104,600/91,321) - l = +o.145 

The shear strength of this portion of the outer cylindrical bulkhead is checked 
as follows: examination of tables 3-17 through 3-21 sho:ws that the maximum trans
verse shear loading occurs at node 66 .of segment 65 in the maximum longitudinal 
acceleration condition (T = 138 seconds)· and is: 

S(66) = - 132.749 lb/in. 

tc = 0.652 in. (refer to table 3-33) 
2 

T = 132.749/0.652 = 204 lb/in. 

(J' . . . 2 . 
S = 315 lb/in. (refer to table 3=37) 

M.S. = (315/204) - 1 = ~ 

3.8.4.4 Portion From Node 69 to Node 70 (Segment 69) 

With reference to table 3-24, the sandwich i.n this area has an overall thickness 
of 0.680 in. with a face thickness of 0.016 in. Table. 3-28 shows that the maxi
mum compres~ive axial stress occurs in the landing condition and is: 

.;_:,. 

. u AX:l;AL. = - 18,105 lb/in. 2 
··:'.:\?/ .,_··.~,, 

, ,;, = 18,260 lb/in. 2 (.refer to table 3-34) (u CR)M 

M.S. = (18,260/18,105) - 1 = +o.009 
Table 3-28 shows the maximum tensile meridional stress occurs at node 69 of 
segment 69 in the maximum longitudinal acceleration condition (T = 138 seconds) 
and is: 

uOF ""106,855 lb/in. 2 

uut = 215,000 lb/in.2 (refer to paragraph 9.1, volume 3, appendix E) 

M.S. = (215,000/1.06,855) - 1 = +1.012 

c-249 



:;;i 

~:~-F»~~~~~tx~~,~~~11tft&til~ 

Table 3-28 shows the maximum compressive meridional stress occurs at node .69 of 
segment 69 in the maximum acceleration condition (T .. 138 seconds) and is: 

~IF= - 107,417 lb/in. 2 

The· allowable intercell. buckling .stress is: 

<Tei = 123,600 

M.S. 

. 2 
lb/in: (refer to table 3-35 for tr= 
= (123,600/107,417) - 1 = +0.151 

.016) 

The allowable face wrinkling stress is 135,600 lb/in. 2 (refer to table 3-36 for 
S = .500 and tFOIL = .0020) which is obviously not critical. 

The shearstrengthof this portion of the·outer cylindrical bulkhead i.s checked 
as follows: examination of tables 3-17 through 3-21 shows that the maximum trans
verse shear loading occurs in the maximum longitudinal acceleration condition 
(T = 138 seconds) and is: 

' 
8(69) = - 120.398 lb/in. 2 

tc = 0.648 in. (refer to table 3-33) 

T • 120.398/0.648 = 186 lb/in. 2 

O'S = 316 lb/in. 2 (refer to. table 3-37) 

M.S. = (316/186) - 1 = +o.699 

3.8.4.5 Portion From Node 70 to Node 74 (Segments 70 to 73 Inclusive) 

With reference to table 3-24, the sandwich in this area has an overall thickness 
of O .680 in. with a face. thiclµ1ess of O .014 in. '£able 3-2.8 shows that the maxi
mum compressive axial stress occurs in segment 73 in the landing condition and is: 

uAXIAL = 20,876 lb/in. 2 

(O' CR)M = 18,320 lb/in. 2 (refer to table 3-34) 

The above represents a negative margin of safety of 12.2 percent, however, it is 
based on a limit acceleration during landing of 3.0g. Reference 7 indicates 
that a decision had been made to reduce the landing acceleration to a limit value 
of 2 g. Because the major portion of this analysis had been completed when this 
change was made, no attempt was made towards its incorporation. Now, in order to 
prevent an unnecessary weight increase, the critical axial stress in this portion 
of the structure will be made to conform to the new criteria. Therefore: 

(1 ' 2 
AXIAL= - (20,876)(2/3) = - 13,920 lb/in. 

M.S. = (18,320/13,920) - 1 = +0.316 

The maximum tensile meridional stress occurs at node 74 of segment 73 in the 
maximum dynamic pressure condition (T = 77 seconds) and is: 

(1 6 / 2 . IF = 3 ,683 lb in. (refer to table 3-28) 

Because the allowabJe tensile strength is 215,000 .lb/in. 2 (refer to paragraph 
9.1, volume 3, appendix E) the resulbing margin of safety is large. 

The maximum meridional compressive stress occurs at node 74 of segment 73 in the 
landing condHion and is (reduced per the above discussion): 
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a- OF . = .. (36,162) (2/3) = .. 24, UO lb/in, 2 (refer to table 3-28) 

q ci = 104,600 lb/in. 2 (refer to table 3"".35) 

M,S. = (104i600/36,162) - 1 = + 3.338 

·The shear strength of this portion of the outer cylindrical bulkhead •is checked 
as follows: Examination of table!:! 3-17. through 3-21 shows that the maximum 
transverse shear loading occurs at node.70 of segment 70 in the maximum longi• 
tudinal acceleration condition (Tc::: 138 seconds) and is: 

S(70) = 59.126 lb/in, 

tc = 0.652 in. (refer to table 3-33) 

T = 59.126/0.652 ~ 91 lb/iq. 2 

qs = 315 lb/in,2 (refer to table 3-37) 

M. S. = (315/91) - 1 = + 2,461 

-. 
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3.8.4.6 Result of_Jv,eight ,Re.4!!9tion Rev._ie~ 

In the, cours.e of this ,analysis', ft •was gener~Uy apparent· that in sizii1g the 
sandwich for any primary structural conj.ponent that is critical in a compre's•. 
sive buckling mode, the minimum weight was ,achieved when the .face.thickness 
was !Uinimized and the overall thickness was allowed to grow until stability 
resulted. In the case of the outer cylindrical bu-lkhead, 'this optimization 
was· not realized because a maximum overall sa11dv.1ich thickness of 4. 00 in,. was 
imposed by existing manufacturing equipment. However, discussions with the 
sandwich manufacturer has indicated that the 4,00-in. manufacturing limit 
could be inc1·eased to 5,00 in, with modification• of the manufacturing tooling 
and core cell size and material .thickness. 

The decislon was. then,rnade· to reexamine·the sizing of. ·the outer· ·cyli~drical 
bulkhead 'usinga 5,00 ... in. overall thickness, Examination.of paragraphs 3,8,4,L 
and 3,8,4,2 shows that the portion of thebulkheaclfrom segihent 57 to 64, . 
inclusive (refer to figure 1 .. 4), was designed by the ex.ternal pressure dis-
tributions from the maximum .dynamic p.ressure con.ditiou (T = 77 .seconds) and 
the maximum lo:ngitudinaLacceler.atian ~con.d:Ltion (T .:::i 138 seconds). The in
tensity of the external pressure ac.ting at the· mid-point of the iridiv,idual 
segments is found in column -(6), of ta:b.le, 3:--8· and 3:-9. The hoop. stress in. 
each face of the sandwich is:· given . .by,the,,equ~ti:on.: · 

where, 

(o-CR)H ,::: 

PCR = 

R = 

tp = 

(o-CR)H = Pt:RR 

2tp 

critical hoop buckling stress 
I 

critical external pressure 

radius of cylinder 

individual face thickness of sandwich 

Because the computer runs described in para.graph 9,4.2, volume 3, appendix E, 
provided the critical bulking stress for a family of 5,00-in,-thick sandwiches 
with variable face thicknesses, the above equation is used to evaluate the 
critical external pressure as follows: 

PCR = (o-CR)H (2t)p 

R 

Because R = 370.050 ins, (refer to table 1-1), the equation becomes 

PCR = 2(CTCR)H (tF) = 0.005404 (UCR)R (tF) 
310.oso~·-

Table 3~38 was set up to calculate the critical external pressure versus face 
thickness for a 5.00-in,-thick sandwich. 
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Table 3~38. Critical External Pressure versus Face Thickness 
-for t = 5.00 Ins. - Outer Cylindrical Bulkhead 

' © © @ ~ ~ 

' t., ( t)c'.~)~ l~-.\lt,) ft!\· 

~w. ,.,_ "'l,·n. \') (D "® .0061.40'4 Q.) 

,0\0 l ,so,ll)r..o SC> 0J.l.OO ~.1."'0 
,O\'t ~~~i( .. "l\q,\\'l, \,eot, 

'0\4 -s~e~i 8~0A&8 U.11&~\ 
I .o,Li s,es, qS'l,"t44. ~-.,~~ 

,0\8 . sqeis \o'lla,(\'$0 (.~~q 
,oio S~"lc;\ \ 1:::i-s.e2.o t,i, \4 Ls?. . 
,07 . .'t '$'?'1'56 \ "'.)\ 1.\\1.. "ii.. . "I 1\0fJ 

.. ~'Z.4 ,sq")z.l\ 14':>~.~~~ "!,"I \4(. 

.oit. · 'S~l.10 , 'SS\,°14o e,.~&l 
' 
i ,c,2.e 'S°tl.$"7 \ ~'lo. ~~I. °i,o't'l 
; 

I .oio ~O)l.1.~ \")e,&.<.qo 0) .t.~t. 

I , O'b'Z. s~-ser, toict..e~e \O ,"!>oS 
;C'b4 -so,'S~(., '2.1.)"Z.4 ,q Dl.\ \0 .~,1.\1 

f 
I 07)1.. -S'l'SZ?. t, ui.~'l?. . \\,'\60 -

I I 
I 

.o~B -SG>l\ac, '2. U.o, 'S8?.. \?. I "l. \~ 

,Ol.\o 'SC)4S'4 Z. 'b "> Q t'tl.H) \'t,~\, 
.o!,l.t. 'S~4ZZ iw~~."li~ \~.~,,, 
,01.14 -s~~~e '2..l..\'~.c')Z \\.\,\t\. 

,04(.. 'Sli/1J~'S '2."l':>o,~~o \4 /)'i'S 

,01.\8. '$C:,1)'2, \ '2.8'4~ .'408 ,-s.-~e'l 
I O'SO ~o,iee '2.~l.4.4i,o . \b,01..0 

Notes: 1) Data from computer runs are described in paragraph . 
. 9 .4 .2, appendix E, volumE:!" 3 •. 
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Examination of table 3 .. 9 shows that the maximum external pressure acting on 
the outer cylindrical bulkhead remains constant from the forward end of ·the 
bulkhead to the midpoint of segment 61, and is 7,700 lb/in,2, The required 
face thickriess.for a 5,00-in• sandwich to withstand. this pressure is fot,tnd 
to be O. 024 in, (table 3-38) with a cr.it:lcal pressure of 7,746 lb/in, 2• The 
strength of this portion of the bulkhead is then 

M,S. = (7,746/7,700) - 1 = +,006 

The length of this portion of the bulkhead is the sum of the Ls values for 
segments 57 through 60 plus Ls/2 for segment 61 and is: 

L = (13,588 + 27,176 + 54,352 + 71,645 + 71;645) = 202,58~ in. 
·- 2 

(values of Ls are from table l··l) 

The next transition point in the sandwich configura.tion was arbitrarily es .. 
tablished as the midpoint of segment 62, The intens.ity of the maximum external 
pressure at this station is obtained from table 3-7 (liftoff condition, 
T = 0 seconds) and is 11. 079 lb/in. 2. The required face thickness for a 5 .o;..in. 
sandwich to withstand this pressure is found to be 0.036 in. f:tom table 3-38, 
with a critical pressure 'of 11. 580 lb/in, 2. The strength of this portion of 
the. bulkhead is then: 

M,S. = (11,580/11.079) ~ 1 = +.045 

The length of this portion of the bulkhead is one-half of segment 61 plus one
half of segment 62 or: 

--. 
L = 0.5 (71,645 + 54,352) = 63,0 in. 

The remaining portion of the bulkhead down to, and including se_gment 64, was 
sized as follows: the maximum external pressures acting at the midpoint of 
segments 63 and 64 in the liftoff condition ('I' = 0 seconds) are 13,762 lb/in, 2 
and 15,101 lb/in,2, respectively (refer to table 3-7), From table 1-1 the 
lengths of segments 63 and 64 are 27,176 in. and 13,588 in,, respectively. 
Because the pressure variation is linear, it can be shown that the ~ressure 
intensity at the lower end of segment 64 (node 65) is 15,547 lb/in, . The 
required face thickness for a 5,0 in. sandwich to withstand this pressure is 
found to be 0,050 in, from table 3-38, with a critical pressure of 16,020 
lb/in.2. The strength of this portion of the bulkhead is then: 

M,S, = (16,020/15/547) - 1 = +.030 

In order to check the other possible failure modes of the sandwich, the as
sumption has to be made that the internal loads in the new configuration 
remain unchanged. This is not rigorously correct because the change in sand
wich sizing affects the stiffness of the outer cylindrical bulkhead, which in 
turn will affect the discontinuity loads (bending moment and transverse shear 
loading). 
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In the region where the sandwich has a face thickness of O. 024 in.; the· ·maxi
mum rp.eridional tensile.stress occurs in the maximum longitudinal acceieration 
condit,ion (T = 138 seconds)· and is calculated as follows: 

P(57) = •3933. 402 lb/in. } . - _ · · · ,_- ·. 
. . refer to table 3-28 

M(57) = +2467 .410 in-lb/in, . 

A = 2tF = 2(.024) =; - .048 in,2/in. 

!/y = (t3 - tc3)/12(1 - u2) (h_/2) 

= 2 [cs.000)3 .. (4.952)3] /(11.032) cs.oo_o - 0.024) 

= 7,134/54.895 = 0.129957 in,3/in.. (refer to table 3-34) 

O"OF = - (-3933,402/.048) + (2467,410/0.129957) 

+ 81, 946 + 18 , 98 6 = + 100,932 lb/in.2 

O"ut == 215,000 lb/in.2 (refer to paragraph 9,1, volume 3, 
appendix E) 

M.S. = (215,000/100,932) .. 1 = +1.130 

The maximum compressive stress occurs in the hoop direction in both the maxi
mum dynamic pressure condition (T = 77 seconds) and the maximum longitudinal 
acceleration condition (T = 138 seconds) and is: 

O"H = pR/2tF = (7.70)(370.050)/2(.024) = 59,362 lb/in,2 

The intercell buckling allowable is calculated as, follows~ 

S/tF = 0.500/0.24 = 20.8 

a-ci/YJ = 235,000 lb/in, 2 (refer to figure 3-10) 

O"c'y/(a-cih1) = 200,ooo/23s;ooo =: o.ss1 

°c.i/O"cy = 0~835 (refer to figure 3-11) 

°ci = 0.835 (200,000) = 167,000 lb/in. 2 

M.S. = (167,000/59,362) - 1 = +l.813 

I 

The allowable face wrinkling stress is 1351 600 lb/in,2 (refer to table 3-36 
for S = 0.500 and tFOIL = 0,0020) 

. 
M.S. = (135,600/59,362) - l = +1.1_?4 
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The shear strength of this portion .of the outer cyl:lnd.rieal bulkhead.is 
checked· as follows: examination of tables 3 .. 17 through 3-21 show's that t;he 
m~imum transverse_ shear. loading Occurs :in segment 61 in the maxim.um lorig:J..;. 
tudinal accelerationcondition (T = 138 Seconds) and is: · 

S (61) = 414. 833 lb/in. 

tc = 5.00 - 0.048 = 4.952 in~ 

T = 414 ■ 833/4. 952 = 84 lb/in. 2 

us = 1.307 (Pcl/Pc)l.34 (qSU)/(tc) 0.44 (from-paragraph 3.7.4) 

·- 261.166/(4.952)0.,4lf, = .261.166/2.022 "" 129 lb/i,n.2 

M, S, = (129/81+) - 1 = .±:..2.22. 

In the regi.on of the bulkhead where the face thickness is 0. 036 ins. , the 
maximum meridional tensile str.ess occurs at segment 61 in the maximum longi
tudinal acceleration condition (T = 138 seconds) and is determined as follows: 

P(61) = - 3902.234 lb/in.} 
· refer to table 3-28 

.M(61) = 603.317 in-lb/in. 

A : 2(0.036) = 0.072 in.2/in, 

I/y = 2 ~5.000)3 - (4.928)~ /(ll.Oj2)(5.000 - 0,036). 

= 10.648/54.763 = 0.94437 in,3/:i.n. · 

o-oF '"' - (-3902. 234/. 072) + (603.137 /, 194437) 

= + 54,198 + 3102 = 57,300 lb/in.2 

crut = 215,000 lb/in. 2 (refer to paragraph 9.1, volume 311 appendix E) 

M.S. = (215,000/57,300) - l = +2 .• 752 

The maximum compressive stress occurs in the hoop direction in the liftoff 
condition (T = 0 seconds) in segment 62 and is: 

crn = (11.079)(370.050)/2(0.036) = 56,941 lb/in. 2 

•ci = 190,000 lb/in.2 (refer to table 3-35) 

M.S. = (190,000/56,941) • 1 = +2.336 

The allowable face wrinkling stress is 135,600 lb/in,2 (refer to table 3-36 for 
S = 0.500 and tFOIL = 0.0020). 

M.S. = (135,600/56,941) - 1 = +l.380 
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The shear strength of this portion of the outer,cylindrical bulkhead is checked 
as follows: examination of tables 3-17 through 3-21 shows that the maximum 
transverse shear loading occurs in segment 6·1· in' the .rnaximum longitudinal 
acceleration condition (T = 138 seconds) and is:. 

S(61) = • - 414,833 lb/in, 

t~ = 5,000 - 0,072 = 4-928 in, 

r = 414.~33/4,928 = 84 lbs/in.2 

us = 261.166/(4/928)o. 44 = 261.166/2.017 = 129 lb/in. 2 

M,S. = (129/84) - 1 = +.535 

I.n the region of the bulkhead where the face thickness is 0,050 in., the maxi
mum tensile meridional .stress occurs at segment 64 in the maximum longitudinal 
acceleration condition (T = 138 seconds) and is determined as follows: 

P(64) = 3873.151 lb/in. 

M(64) = -4762,789 in.-lb/in, 
} refer to table 3-28 

A ~ 2(0.050) = 0,100 in, 2/in, 

I/y ;: 2 ~5-000)3 - (4. 900)3] / (11.032) (5,000 - 0,050) 

- 14.702/54,608 -- 0,269227 in,3/in, 
-. 

uOF :: (3873,151/.100) - (-4762,789/0.269227) 

= + 38,732 + 17,691 = .. + 56,423 lb/in,2 ~~--~ 

«ut = 215,000 lb/in, 2 (refer to paragraph 9.1, volume 3~ appendix E) 

. M.S .. = (215,000/56,423) - 1 = +2.810 

The maximum compressive stress occurs in the hoop direction in segment 64 in 
the liftoff condition and is: 

uH = (15,547)(370,050)/2(.050) = 57,532 lb/in, 2 

The allowable face wrinkling stress is 135,600 lb/in,2 (refer to table 3~36 
for S = 0.500 and tFOIL = 0,0020). 

M,S. (135,600/57,532 - 1 = +1.356 
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The shear strength, of thi8 portion of the outer cylindrical bulkhead is checked 
as follows: examination of tables 3-17 through 3-'21 shows that the maximum 
transverse shear loading occurs in segment.62 in the liftoff condition (T = 0 
seconds} and is · 

S(63) = 281.329 lb/in. 

tc = 5.000 - 0, 100 = 4,900 in, 

r = 281, 329/4, 900 = 57 lb/in, 2 

~s = 261,166/(4.950)0,44 = 261,166/2.022 = 129 lb/in. 2 

M, S., = (129/57) - 1 = +L 263 

3, 9 · SUMMARY OF RESULTS ~·----------................. -- --
The. res.ults of the preceding. determination and justification of the primary 
structural ·sizes .(less the aft heat shield bulkhead} are smlllll/lrized in 
figure 3-15, A summary of .the margins of safety is given in table 3-39. 

3, J.0 ~• S1UELD 

The heat shield configuration is depicted in figure 3-16 and serves as geometry 
and nomenclature reference for the beam and panel configuration, The method of 
analysis utqized is r~ferenced to section 9.8 of volume 3, appendix E, The 
revised heat shield design criteria are as shown below: 

1) Load factor equals 1.1, see table 3.2-1, section 3.2.2 of 
volume 4 

2) Max:i.mum dynamic px-essure equals 180 psf, reference 8 

3) Configuration geometry as in.figure 3-16 

Li.) Panel ~T equals 200° F and panel pperating temperature equals 
500° F, reference 9 

5) Beam operating temperature equals 150° F, reference 9 

'l'he material selection for the heat shield structure was PH15-7MO steel. The 
material was assumed to exhibit the following properties at room temperature: 

Fey = 200,000 psi 

E = 30 X 106 psi 

µ = 0,282 
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Table 3-39. Summary of Minimum Margins of Safety- in Shell Structure (Sheet 1 of 3) 

Segment Margin of 
Range Safety 

2- 3 0.027 

4- 9 0.141 

10-17 0.147 

19-20 0.081 
. 

21-24 0 

24-26 0.071 

27-30 0.073 

31.-33 0.019 

Failure Mode 

Face Wrinkling (Meridional 
and Bending) 

General Stability (Hoo.p and 
Meridional) ---, 

I 

General.Stability (Hoop and 
Meridional) 

Transverse Shear 

Face Wrinkling (Meridional 
and Bending) 

Tension (Hoop) 

Tension (Hoop) 

Tension (Meridional and 
Hoop)·· 

Critical Design Condition 

Max Longitudinal Acceleration 
(T = 138 sec) 

Max Dynamic Pressure 
(T = 77 sec) 

?A.ax Dynamic Pressure 
(T = 77 sec) 

Max Longitudinal Acceleration 
(T = 138 sec) 

Liftoff (T = 0 sec) 

- Max Longitudinal Acceleration 
(T = 138 sec) 

Max Longitudinal Acceleration 
(T = 138 sec) 

Max Longitudinal Acceleration 
(T = 138 sec) ' 



Table 3-39. Summary ·of Minimum Margins of Safety in Shell Structure (Sheet 2 of 3) 

f 
Segment Margin of 

.. ·'·· 
I 

Component Range Safety Failure Mode Critical Design Condition 
j 

' . ,: .. 

33-34 0.063 Transverse Shear Max Long:i.tudinal Acceleration 
(T = 138 sec) 

35-40 0.755 Tension (Meridional and Max Longitudinal Acceleration 
Be1:1-ding) (T = 138 sec) 

41--47 0.022. General Stability (Hoop) Max Re-entry Dynamic Pressure 
Inner. (TR= 505 sec) 

Cylindrical· 
Bulkhead 

48-51 0.074 General Stability (Hoop) M.;lx Longitudinal Acceleration 
(T == 138 sec) 

52 0.197 Transverse Shear Max Longitudinal Acceleration 
(T = 138 sec) 

- ·• ,. .. 
53-56 0.087 Intercell Buckling Max Longitudinal Acceleration 

(Meridiona1 and Bending) i (T = 138 sec) 

. - 57-61 -· 0.006. G~neral Stability. (Hoop) j- (1) 

Outer ! ,. 

\. 

Cylindrical 61-62 0.045 General Stability ~Hoop) ! Liftoff (T = 0 sec) 
Bulkhead I 

! 
62-64 0.030 Ge;;ieral Stability (Hoop) ! Liftoff (T = 0 sec) 

·I 
I 

.. 

i 
l 
I 
i 
! 
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Table 3-39. Sunnnary of Minimum Margins of Safety in Shell Structure (Sheet 3 of 3) 

·. 

Segment .Margin of 
Component Range Safety Failure Mode Critical Design Condition 

65-68 0.062 Tension (Meridional and Max Longitudinal Acceleration 
(Hoop) (T = 138 sec) 

Outer 
Cylindrical 69 0.009 General Stability Landing 

Bulkhead (2) (Meridional) 
(Continued) 

70-73 0.316 General Stability Landing 

i (Meridional) 
l 

NOTES: (1) This margin of safety applies to the maximum dynamic pressure condition (T = 77 seconds)· 
and the maximum longitudional acceleration condition (T = 138 seconds). 

(2) This margin of safety is conse:tvativo (subse·ction 3 .1) . 
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NOTE1 1) UNLESS OTHERWISE SPECIFIED 
CORE FOIL THICKNESS (tF01L) = 0,0020 IN, 

VEHICLE 

CELL SIZE (S) "' 0,500 IN, 24,0 

t = 1.60, t.F = 0,.026 . t ; tf = 0,030 tfOIL = ,0025 i 

t = 1,60, tF = 0,018 

It= 3,75 

-~· I- I tFOI L = o. 0040 

t = 0 375 

0.010 '1-® . I. ,,-0.010· 

I• 4,00, If• 0.)• 
t = 2.70, tF = 0.038 J )---..___ \ / 1 

18.1 
tFOIL = 0,0030 

. : . 

. 113.4 

t = 2.70, If= 0:020 

t 
I 

5,00, If= 0,024 

' 

~ I 

t = 0.036 f t = 5,00, F 

I = Q,014 113 ,4 y t = 0,680, tf L = 0:002 r· 
I s ':' 0.375, tfO~ 0 050 . . I • 

70 , t = 5,00, tF- ' i42,0 

t =,2, I 

tf = 0,027 F 

0 r--.;-· .( 0 680 tf = 0,014 

I 

I 
t = 3.40, tF = 0,010 · 

I . . 

I 

I· 
t•rO.' !f•O,OIO 

I • I _ rt= 0,375 

r! · !FOIL= 0,003S 

-v•• ~ lf=0.014 
G 7 /I 0 

A 

1 

• O,':;,~,'., • O,OJ,11 '~ 20,

4 

,(~• 
1 

~t = o.,375, tf = 0,0l 0 1 = 0.014 t = 0.68 , F 

'-.....~ ... _ -· 0.012 ... ________ -

M 

Figvre 3-15.. Preliminary Structural Sizing - Task 4 
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Figure 3-16. Bulkhead Configuration 
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The 500° F operating temperature of the panels would reduce the compression 
yield and modulus of elasticity values to: 

Fey = 200,000 x 0,89 • 178,000 psi 

E = 30 X 106 X ,93 = 27,99 X 106 psi 

The reduction values were obtained from reference 10 on page 161, figure 
2,7,3,2,2(a), and page 162, fig~re 2,7,3;2,4, 

The 150° F operating temperature of the beams reduces the compression. yield 
and modulus of elasticity values to: 

Fey = 200,000 x 0,98 = 196,000 psi 

E = 30 X 106 X 0,99 = 29,7 X 106 psi 

The reduction values were obtained from reference 10 on page 161, figure 
2,7,3,2.2(2), and page 162, figure 2,7,3,2,4, 

3,10,1 LOADS ANALYSIS 

The pressure loads for the heat shield panels were calculated by ratioing the 
revised design criteria, i,e., panel design pressures in tables 31, 32 and 33 
of volume 3, appendix E, multiplied by (1. 1/1, 5) (180/165). These pressures are 
shown in tables 3-40, 3-41, and 3-42. The pressure coefficients were assumed to 
be the same as utilized in figure 32, 33 and 34,. volume 3, appendix E, 

3,10,2 HEAT SHIELD PANELS 

The geometry of a typical section (45°) of heat shield is shown in figure 3-17, 
These panels receive the maximum pressure loading. The idealized panel geometry 
is shown in figure 3-18, Using the revised design criteria and the new con
figuration geometry, the operating stress levels for the panel configurations 
were calculated, Tables 3-40, 3-41, and 3-42 present the design calculations 
for the outboard rectangular panels, inboard rectangular panels, and circular 
sector panels, respectively. Tables 3-43, 3-44, and 3-45 describe the selected 
designs for the panel configurations. 

3,10,3 HEAT SHIELD BEAMS 

The beam configuration is depicted in figure 3-16. Because the method of 
analysis would be the same as presented in subsection 9,8.4, volume 3, the 
beam designs were obtained by ratio, The required areas itemized in tables 
44, 45 and 46 of volume 3, appendix E, were multiplied by the ratio of the 
load factors, beam lengths, allowable cbmpressive stresses, and maximum 
dynamic pressures in order to obtain the new required areas. The required 
area and/or section modulus for a given beam varies directly with its loading, 
length and allowable stress. The beam loading would have the same sl:fape, but 

• I 
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Figure 3-17. Geometry - Typical 45° Section 

PANEL NO. 9 

4 90 IN. l 

~v5° 
% 
'1-

. 3 4 3 

14 169.14 IN. 12 
· PANEL NO. 10 

----13 

. 
z 
~ ~ 

~ 
30 

- ..J29 

PANEL NO. 11 OR 12 

PANEL WILL BE ANALYZED AS SHOWN, 

a 

IDEALIZED 
PANEL 

b 

IDEALIZED 
PANEL 

a 

AREA4-3-12-14= 15,509,10 IN 2 

LET IDEALIZED PANEL AREA= 15,509.10 
o = 22.5°, :. b = Cos 22.5° (131) = 121,03 IN. 

b AREA= ax b 
15,509.10 = 121,03 X 0 

:. a= 128.14 IN. a/6 = 1.06, .'./3= 0.3136 

AREA 13-14-30-29= 15,121.92 IN.2 

LET IDEALIZED PANEL AREA= 15,121.92 
· LET a= t132 + 148 .82)/2 = 140.41 IN. 
AREA= ax b 
15, 121 • 92 = 140. 4 1 x b 
/.b= 107.7 IN. a/6= 1,303, /3=0,4192 

~ 
/ 

Figure 3-18. Idealized Panel Geometry 
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Table 3-40. Outboard Rectangular Panels - Design Calculations 
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Table 3-41. Inboard Rectangular Panels - Design Calculations 
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Table 3-42. Circular Sector Panels - Design Calculations 
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6e ~ s=---
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Table 3-43 Panel Design Configurations . 
·-·- . -----·-··· 
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"Pfl/V I!; L CcRE£ rNCiE F;:,.,4- GRGE C&:L, s., •• WEit.Hr L 
FN/C/r:N(!;SS °7#/CKNtSS.:S /H/CKNSS:5 JJ. 

@- (l,Y.-IS-!Jl-30) 
2. 73' 1 

c.7o 
., 0,015 ,, o.oozo o.soo 2/7 

@ ( 1:5- J'~- 3<::)_ l!,q) 
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@- (_,q_ zo- 3fi>-3S) 
/. e;.3" /. ~o'' o.a,s" o. ooz.o 0.500 /80 

€i) - ( Z'f--ZS- ~I-Jt-tJ) 

~- (za-z.1- 37-3t;.) ,, 
/. S5

11 0, QIS'' o.oozo o.soo- /79 /. 53 
@)- (z3 Vl·-'r-0-89) 

@- (z1-zz- 38-:n) /, .s~ I/ /. S"!- II o. o,s·' o.oozo o.sao 173 
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Table 3-44. Panel Design Configurations 

S€LECT£V Vs-SIGN CoNF/G</HA,/ON 

PflNEL Coif:£ F,c,c~. Fon .. Gfl<S'E G,L~ S✓i!& 'tl+Jg.1,;Hr 

/HIC~AIESS 
~ ,i.. 11-IIC ~NE .s-s /#.ICK/1/ESS 

Z, :;JS" i?, iTC. II 0.015
11 o. oozo o.soo zze, 

Z. 8'S
11 

Z, i'Z 11 o, 01s'' o. 00<!0 o.soo zz~ 

z.. "1-9'' Z,.tJ.<;;'' O.OISN o.oozo a.soa ZI#-

z. ;;.CJ" z.~" o. 015
11 o.oaza 0,$0() ZI~ 

Z. /Z. 11 2.09 11 o.01s" o.oaz.o o.soo Z.·01 

z.1z.1
' Z,09 11 0.01.s'' a.oo.zo o.soo ZOJ 

/, 93'" ,.qs" 0.01.s" o.oozo a.soo /91; 

/. 98
11 /.9.s'' 0.01..s'' o. ooz:.o o.soo 196 
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Table 3-45. Panel Design Configurations 
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the magnitude would be lower in value -which would reduce the required area 
and/or section modulus (SREQ'D • M/F). The ratios applied to the particular 
beam segments are defined as: 

AREQ • D = (Task 3 Area) (Task 4 Load Factor)(Task 4 qMAX) ----------------
(Task .3 Load Factor)(Task 3 qMAX) 

X _ [_ .!!!sk 4 LengthJ !Task_ 3 Fey] 
. Task 3 LengthJ LTask 4 Fey 

Short radial beam: 

AREQ'D = (Task 3 Area)(0,795) 

Cross beams: 

AREQ'D = Task 3 Area (0,765) 

Major radial beam_s: 

Where: 

Inside segments -

AREQ'D = Task 3 Area (0,74) 

Task 3 Areas: reference- tables 44, 45, 46 of volume 3, appendix E 

Task 4 Load Facto.rs:· reference table 3.2-1, section 3.2.2 of volume 4 

Task 3 Load Factor: 

Task 4 qMAX: 

Task 3 qMAX: 

Task 4 Length: 

•rask 3 Length: 

Task 3 Fey: 

Task 4 Fey: 

reference section 9,8, volume 3, appendix E 

see reference 8 

reference table 30A in section 9.8, volume 3, 
appendix E 

reference figure 3-16 in ·subsection 3.10 

reference figure 31 in subsection 9,8, volume 3, 
appendix E 

reference .subsection 9.8, volume 3, appendix E 

reference section 3-10 

Utilizing these ratios, the new. beams were defined. It should be noted that 
sample analyses were made on individual beam segments to ensure the accuracy 
of the ratios. A design summary of the beam configuration is present~d in 
table 3-46, 
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Table 3-46. --;eam ~e~ign S~mmary r 
·' 

,· 
. ' 

. VE $/t,;'I\I . . /1 ,ea-R LcN<irt'I ·u.h:!1a1rr 

V/frR 
'"81cfifrl '. 

SeGMGNr •' t-
1.i. IN /N 

S'Ho~r k/i'?J/"9L ( 5'.G<.;) 
IS'- Z9 z.z7 IJ.f-8' 93 
15- 3/ Z.Z.7 /~g q3 

II- 27 /, 79 l"/8 7'1-
-· 

17-33 /. 79 l!f3 · 71-/-

z..s- /./-I I• J/.-(1) l'fF "° 19-35 /, 'f{p /~8 GO 
23--ZCj /,.37 l/.f8. SG 

. :::1- 37 /. 37 l'i-8 s<.. 
C Rei .ss "St:Rfr/ {878) 

/2- /";'· 2,9'8' /~9./'I- /-Y-0. 
/J../ ~- ;t;; Z,98 /~C,.pf 1.1./-0 
/O-IZ c,W /C9./Jf. /IS 

l~-IJ" 2, lf.S ;~q. /If ·115 

/(} - 2'/- 2.,03 J(,q,/Jf 95. 
/$''- 20 . 2,0.3 /~9.llf 95 
2Z-· ZL/ /. 901" /~9./11- 'f9 
zo-Z'Z . /. 901/- /~CJ. /I/-. 89 

MRJt),R 13,zw?L (S95?). 
//--1-3 Z..t;,7 13'8' /39 
..3- I-· 7 2,tp7 /?$' 139 
Z-/-<;, c. 07 I 8'8' /39 
CJ-1-5 z.r;,7 Jl?S ;sq 
30-l'f-lf . 7, -'/·I z.r;,;. /./-7S 537 
Zl!- IZ- 3 . ~.so e.C,./. J./.-75 . 1-.7/ 
3'Z-/C,. $ G,SO Z~/. 'l-75 /./,7/. 

2~ -10-Z.. S,% 2~/.,IJ-75 J/-3?-
31/--18'-~ S, % 2¼/,"1'7.5 lf ,:JZ. 

®- Z.tf-9 .S.15 z,1.~7s . 373. 
. 36- "c..C,-7 5,/S Zt;/. "l-7.5 373 

38- ZZ.- 8' lf,,33 c.C./.J./-75 3/Jf . .,,. 

8· 
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3.1.1 '11iE~I.. __ PROTECTION. SYSTEM SELEC',l'IQ_N FOR UPPER· AND LOWER FRUSTIJMS 

The rigid body analysis discussed in sections 3,0 to 3.9 assumed a room temper
ature environment. However, .thermal protection analyses of the upper and lower 
frustums, see section 3,3 volume 3, and section 2.3 volume 4, identified the 
.need for external thermal protection to ensure that the thermal gradients 
across the primary structure do not become. unacceptable, Because the ratio 
between weight of thermal protection and increase in primary structure weight 
due to strength degradation caused by thermal gradient has an important bearing 
on. total system weight, a selection trade was performed to: 

1) determine the optimum proportions of the·fruatum thermal protection 
in terms of insulation weight vs •. increased load bearing structural 
weight 

2) to establish the resulting TPS sizes for .the point design of the 
frustums 

3). · to estimate the resulting total protection weight as an input for 
the SERV task 4 baseline weight report 

The TPS trade studies for the upper and lower structural frustums, see section 
3.3 volume 3, conclude with one recommended insulation system (double honeycomb, 
reference 11) and one variation (double honeycomb-perforated, reference 11) 
which, to be complete, must be integrated with the load bearing frustum sandwich 
structure from a thermal stress and optimum weight point of view, The load bear-

·ing structural sandwich weight and sizes were, and still are, reported on the 
basis of a room temperature environment, Such additional structural weight 
and/or thermal insulation required to enable the load bearing structure to sus
tain the flight thermal environemtn are the subject of the TPS selection reported 
below. 

Figures 3-19 and 3-20 show theweight increase for sustaining a range of thermal 
gradients in the load bearing sandwich frustums, in terms of percent of the 
frustum structural weights given on figure 3..;2l(a) for a room temperature 
environment. The facing thicknesses required to sustain the combined thermal, 
inertial, and pressure stresses (i.ncluding thermal stress and reduction of 
E and Ft) were calculated and the percentage increase in unit structural sand
wich weight per square foot, was determined and plotted. The thermal stress 
calculations were in accordance with reference 13, 

Figures 3-22 through 3-26 combine the structural weight increases shown in 
figures 3-19 and 3-20 with the range of insulation thickness recommended in 
section 3.3 volume 3, using the approximate weight relationship of figure 
3-2l(b). They show a resulting total percent of weight increase attributable 
to frustum thermal protection, This increase is shown parametrically in terms 
of a percentage of the frustum structural weights for room temperature environ
ment cited in figure 3-2l(a), and for a range of thermal gradients in the load 
bearing sandwich. On figures 3-22 through 3-26, the curves labeled "insulation 
only" are re-plots of the structural gradient vs. insulation thickness data in 
terms of,percentage of room temperature load bearing sandwich weight, also 
using the approximate weight relationships of figures 3-2l(a) and (b). · 
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Figure 3-19. Weight Penalty Versus ~Tat Various Points on Lower 
Frustum (Inner Skin Temperature= 200°F) 
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'Figure 3-20. Weight Penalty Versus 6 T at Various Points on Upper 
Frustum (Inner Skin Temperature= 200°F) 
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Figure 3-21. Frustum and Insulation Weight Relationships 
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The fish-hook shaped curves· of figures 3-22 through 3-26 labeled "structure 
plus insulation", are the sum of the "insulation only" and "structures only" 
values. The low point of these fish-hook curves determines: 1) the minimum 
percent weight increase required for thermal protection; and 2) the accompany
ing "optimum" thermal gradient in the load bearing frustum sandwich. 

No combined curves were shown for the reentry condition of the upper frustum 
· because the upper frustum TPS selected for ascent. will be more than adequate 

for reentry. A review of the fish-hook low points on figures 3-22, 3-23, and 
3-24 shows that the lower frustum also will be adequately protected in reentry 
by the TPS selected for ascent. Thus, it is concluded that the ascent flight 
conditions are critical for the frustum TPS. 

Comparing the fish-hook low points of figure 3-22 to those of figure 3-23 re
veals that from 8 percent to 11 percent of the lower frustum room temperature 
load bearing structural weight might be saved by using the perforated double 
honeycomb discussed in section 3.3, volume 3. Comparing figure 3-25 to 3-26 
shows a similar saving potential of from 7 percent to 8 percent for the upper 
frustum. However, as discussed in section 4.3$ volume 3, the perforated double 
honeycomb was discarded for practical reasons and the nonperforated double 
honeycomb insulation was selected as the frustum thermal protection system. 

The optimum thermal gradients in the load bearing frustum sandwich defined by 
the low points of the fish-hook curves of figures 3-23 and 3-26 are listed in 
table 3..,47 as~ T. The required thickness of exterior honeycomb insulation to 
ensure the tabulated ,1. Ts is also given. These are the insulation thicknesses 
used in the final baseline definition of SERV. 

The percent weight increase due to the insulation thickness listed in table 
3-47 is read from the "insulation only" curves of figures 3-23 and 3-:-26 for 
the tabulated A.Ts and also entered in table 3-l~7 The percent weight increase 
of load bearing structure to sustain the tabulated i.\.Ts is read from the ascent 
curves of figures 3-19 and 3-20 and entered in table 3-47. The sum of these 
two percent weight increases is listed in table 3-47 as total percent weight 
increase for TPS and checks as identical with the low point of each of the 
fish-hook curves of figures 3-23 and 3-26. 

Using the average percentage of the point-to-point weight increase listed in 
table 3-47, the'unit weight of the room temperature load bearing structure 
per figure 3-21, and the SERV Task 4 baseline frustum surface dimensions, the 
required weight of insulation and additional load bearing structure is calcu
lated and totaled in table 3-48. The values are entered in the SERV final 
baseline weight report as Frustum Thermal Protection, and used as input to the 
vehicle sizing analysis. 

4.0 CONCENTRATED LOAD ANALYSIS 
. . 

In the analysis of the inner and outer cylinders described in section 3.0 
all loads and their induced stresses were assumed uniformly distributed around 
the circumference of the vehicle. This assumption was dictated by the charac
teristics of the computer program, reference 1, used to calculate the internal 
load distributions within the primary structural components. There are known 
concentrated loads applied to these shell structures from the landing gear, 
lift·engines, and major radial beams in the heat shield bulkhead which are of 
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STRUClURAL 
LOCATION 

UPPER FRUSTUM - D 

UPPER FRUSTUM - IL 

UPPER FRUSTUM - Iu 

UPPER FRUSTUM - J 

LOWER FRUSTUM - D 

LOWER FRUSTUM - Z 

LOWER FRUSTUM - Y 

LOWER FRUSTUM - X 

LOWER FRUSTUM - B 

t 

Table 3-47. Thermal Protection System - Selection Crite:i:-ia 

6T REQUIRED WEIGHT INCRFASE (%) 
(DEGREES) THICKNESS (INCHES) INSULATION STRUC'IURE TOTAL 

. 

570 1.6 29 0 29 

500 2.1 35 16 51 

460 2.5 40 17 57 

450 2.6 42 43 85 

400 1.0 37 33 70 

430 .8 33 19 52 

430 .8 28 20 48 

430 .8 22 18 40 

440 .8 27 18 45 
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Table 3-48. SERV Thermal Gradient Weight Penalties 

UNIT WT. STRUCTIJRE INSULATION DIMENSION 
UPPER FRUSTUM LB/FT2 % UNIT WT. % UNIT WT, LENGTH S.A. (FT2) 

SECTION J-I 3-064 . 30 .919 .41 1.256 145-7 924.396 

SECTION I-D 3.064 .08 .245 .32 . 980 216,4 2,581.368 
1.018* 

TOTALS: 

LOWER FRUSTUM 

SECTION D-Z 2.281 .33 .753 . 37 .844 115-8 1,968.715 

SECTION ZY 2-450 .19 -462 .33 .802 115-8 2,202.833 

SECTION YX 2.620 . 20 .524 .28 . 734 115.8 2,436.632 

SECTION.XE 3.214 .18 .579 ,245 .787 36.3 694. 389 

-

* (1.8 INCH THICKNESS AVERAGE) 

TOTALS: 
' . 

,SUBTOTAL: BOTH FRUSTUMS 

TOTAL PEitALTY ('lliERMAL GRADIENT) 

wr. PENALTY 

STRUCTURE INSULA.TION 

850 1,160 

632 2,530 
2,6JO.': 

1,482 . 3,690 
3,79~ 

· L482 1,660 

1,018 , 1,767 

1;277 1,788 

402 546 

. ' 

4,179 5,761 

·5,661 9,551 

15,212 
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of appreciable magnitude • .In assuming these concentrated loads to be applied 
as distributed loads, pne obtains unconservative weights for that portion of 
the structure between the point of application of the load, and that point at 
which the shear lag effect results in a truly uniformly distributed load. The . 
following paragraphs are, therefore, included to describe the work performed 
to more exactly define the weight impact resulting from the concentrated load13 
introduced by the landing gear, lift engines, and heat shield support beams. 

4.1 CONCENTRATED LOADS ON OUTER CYLINDRICAL BULKHEAD FROM LANQING GEAR 

The geometry of the outer cylindrical bulkhead to which the landing gear loads 
are transferred is shown in figure 4-1. This figure also serves as a nomen
clature reference for the development of the shear lag geometry. The shear 
geometry is shown in figure 4-2. The shaded area (area inside lag lines) is 
the effective area in reacting the_ concentrated axial lbads. The panel deligns 
for the uniformly.distributed loading are superimposed on the shear lag geo
metry in figure 4-3. These panels are redesigned to accommodate the concen
trated loading. 

The concentrated moment applied at the housing interface was assumed to be 
reacted by the heat shield beams through two rings at the lower end, see 
figure 4-4 and a further ring at the LH2 tank interface on the upper end. The 
moment is distributed to the ring and heat shield beam by the housing and a 
longeron, see figure 4-4. The shear and axial loads applied at the housing 
interface were assumed to be reacted by the _effective area inside the lag 
lines. The axial load was transferred to the skin at such a rate that it 
would not exceed the general instability allowable of the configuration. The 
honeycomb configuration in the effective area of the outer cylindrical bulk
head was considered td be. 4-in. by 0.0225-in. face sheets with a core of 1/2-
in. cell by 0.0020:--in. foil gage. This configuration has a general instability 
allowable of 79,000 plus psi, reference figure 4-5 for ancllysis. Utilizing 
the shear lag geometry, figure 4-2, the allowable loads in the skin are: 

plll allowable = 0 

Pq allowable= 80 x 0.045 x 79,000 =.284,000 lb 

PG allowable= 170 x 0.045 x 79,000 = 604,000 lb 

Therefore, the net axial load in the housing and longeron is: 

PH1 = 588,000 lb 

PQ = 588,000 - 284,000 = 304,000 lb 

PG = 0 

Therefore, the axial load is sheared into the skin at the rates: 

bet~een Hi and Q 

between Q and G 

q = 284,000/57 x 4 = 1248 lb/in 

q = 304,000/44.96 x 4 = 1693 lb/in 
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Figure 4-1. Geometry - Outer Cylindrical Bulkhead 
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LEFF= 2 x 0,70021 x 101,96 +27 
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Q 
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HI 

Figure 4-2. Shear Lag Geometry 

"CR=17,995PSI ~\ I 
0.036 X 4 X 0 0 0020 X _0,5 ~ 

O'CR=41,010PSI. - ,,- -17.51 

o.o7 x 4 x 0.0020 x o 5. \- 170 IN --- LEVEL F---. . ~ . . ,___ t 
O'CR = 41,559 PSI LEVEL G I 207 .43 IN 
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1 

Figure 4-3. Panel Designs for Uniform Load 
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These rates of load introduction yield shear stresses of: 

between H1 and Q 

between Q and G 

17'5.·t.·1248/0.0225 • 55,400 psi 

as·;~·:1692/0.0225 = 75,300 psi 

The analysis of the reinforcement panel configuration is presented in figure 
4~5. Utilizing the results of the lag analysis, shear, moment and axiAl 
load diagrams were generated for the housing and longeron, and are presented 
in figure 4-6. Longeron (1) (reference figure 4-4) cons is ts of a square 
tube insfrt with a structural tee which tapers from an effecti~e area of 
5. 75 in.. at level ''Q", to an effective area of 0 at level ''G". The taper 
was calculated in accordance with the shape of the axial and mome.nt load 
diagrams shown in figure 4-6. Because the moment load could be. in either 
plane, a longeron was added to the system in the other plane as shown in 
figure 4-4. This longeron would distribute the moment load if applied in 
the other plane (r.otate moment 90°). The longeron analysis is .shown in 
figure 4- 7. · 

The ring at· the hyqrogen 1=ank bulkhead interface was idealized and analyzed 
per the loading shown in figure 4-8. The combined loading is·a superimposition 
of case 1 and case7 loads in the ring archives. The ring.loads at various 
locations are shown in table 4-1. Using this loading:, the analysis was 
generated and is presented in figure 4-9. 

A summary of the reinforcement configuration design is presented in figure 
4-10. The concentrated load penalty weight for the honeycomb was calculated 
using the method presented in figure 4-11. 

The total penalty weight for introducing the concentrated loads is presented 
in table 4-2. · 

4 .2 _C_ONCENTRATED LOADS ON OUTER CYLINDRICAL BULKHEAD FROM LIFT ENGINES 

In the SERV configuration studied, there are .36 lift engines installed in 4 
clusters of 9 engines each. The typical arrangement within one cluster is 
illustrated in figure 4-12. The analysis of the lift engine installation 
assumed that the thrust and inertia loads were reacted in their entirety by 
the outer cylindrical bulkhead. This portion of the analysis deals only with 
the effect of the lift engines on the local design of the outer cylindrical 
bulkhead. Examination of figure 4-12 reveals that the outer cylindrical bulk
head receives loads from the longerons shown in detail A and from the lift 
engine support fitting attached to the bulkhead midway between webs, as shown 
in detail B. 

In order to distribute the loads from the shear webs in the lift engine sup
port syetera to the outer cylindrical bulkhead, longerons are provided as shown 
in detail A, figure 4-12. The longeron extends from the lower heat shield 
to the kick ring, a distance of 117.0 in., as shown in section A-A, fJgure 
4~12. The averaged moment introduced by the shear plate to the longeron is 
523,300 in-lb (refer to paragraph 5.2). The maximum bending moment in the 
longeron occurs at the forward edge of the shear plate and can be shown to be: 

M = (523,000/117.0)(117.0 - 26.0) = 407,040 in-lb 
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SECTION PROPERTIES 
OF LONGERON AT 
LEVELQARE: S=20IN,

3 
2 

A= 5,528 IN, 
HOUSING . 

. OUTER CYLINDRICAL BULKHEAD 

LONGERON 

'-=Pl• ' LEVEL Q 

* LONGE RON (2) AREA= 4. 168 IN. 
2 

FOR SECTION, SEE FIGURE 4-4, 

I 

l. LOADS: (SEE FIGURE 4-6) 
6 

.M = 3 x 10 IN-LB} AT LEVEL Q 
P = 304,000 LB · 

f = P/A + M/S = 304,000 + 3 x 10
6 

C ~.528 20 

= 55,000 + 150,000 = 205,000 pli 

. 2. · MATERIAL PROPERTIES 

INCONEL 718 - Foy· = 200,000 psi 

3, MARGIN OF SAFETY 

THE OPERATING STRESS LEVEL SHOWN ABOVE 
WOULD YIELD A NEGATIVE MARGIN, BUT THE 
AREA OF LONGERON (2)* WAS NOT CONSI
DERED IN ABOVE CALOJLATION, THEREFORE, 
THE DESIGN WOULD SHOW A' POSITIVE 
MARGIN. 

fc = 
3~\~~ + 150,000 = 181,400 psi 

' (CCNSERVATIVE) 
_ 200,000 _ 

M.S, - 181,400- l -~ 

4, WEIGHT OF LONGERONS 
9,696 

WT,=-
2
- x44,96x0.297=65LB 

TOTAL=WT. x4 (4 LOCATIONS), 
= 65 x 4 = 260 LB 

Figure 4-7. Longeron Analysis 

. p 

.. 
Figure 4-8. Ring Loading - LHz Tank Interface 
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Table 4-1. 

LOCATION, t<MlOTAL KQ i'OTA.L KW TOTAL P* R' M· Q N 

PT 1 .. 0.230 -+0.60 -I0.315 55,000 354.48 -4.47 X )0 
6 -t\33,000 +17,300 

PT2 :.0.095 -+0.225 . -+O .\.580 . 354.48 

PT 3 -iO. 120 -0.08 -+0.42 354.48 

PT 4 .. 0,093' -+0,09 -0.350 354,48 

PT 5 -IO. 115 -0. 155 .-0.250 354,48 

* P LOAD FOR KICK RING WAS DERIVED AS FOLLOWS, 
MAXIMUM LATERAL LOAD OCCURS ON GEAR AT BOTTOM OF SHOCK STROKE, 
THEREFORE11<1CK LOAD.FOR RING= (84 x 58,800/90) = 55,000 LB 

.~ . . . ~ 
12 x 4 B LIGHT BEAM 

3 . 2 
S = 22. 9 IN • , A = 6. 08 IN • 

VALUES INTERPOLATE IN TABLE 
ON PAGE 1-23 IN AISC STEEL· 
HANDBOOK 

. •.•. 

1. LOADS (REF. TABLE 4-1) 
. . 6 

M = 4.47 x 10 IN-LB 
N = 17~300 LB 

fc = N/ A + M/S 6 · 
= l7,300/6.08 +4.47 x 10 /22.9 
= 2845.+ 195,250 
== 198, 095 psi 

2. MATERIAL PROPERTIES 

INCONEL 718 - Foy = 200,000 psi 

3. MARGIN OF SAFETY 

M . s 200 t 000 1 -I{) 01 • ' = 198 095 - = ' , . 

4. RING WEIGHT . 

WT :::2227 x 6.08 x 0.297=4015 LB 
fl'. 

/ 

Figure 4-9. LHz Bulkhead Interface Ring 
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KICK.RING 

LEVEL F 

LEVEL G 

~NGERON (2) 

~LONGERON (1) 

SECTION A-A 

fl TAPf~_ TO l'ANEL llll THICKNESS. 

Ae = 9.696 

LONGERON TAPER 

4 X 0,07 X 0,0020 X 1/2 

\ 
0,68 X 0.014 
0.0020 

1/2 "' 

0.68 X 0.014 
0.0020 

1// 

NOTE: ALL DIMENSIONS ARE GIVEN IN 
INCHES. 

Figure 4-10. Reinforcement Configuration Design 

r----7 
I © I I I 
I - I 

'L LEVEL G 

LEVEL Q 

. REINFORCEMENT PANEL SURFACE AREA= 21,300 IN. 
2 

(PANELS {D, @, @, @). , 

ADDED SKIN WT.= 21,-300 x (0.045 - 0.028) x 4 x 0.297 = 430 LB 

ADDED CORE wr. - 21•300 
x 

4
1
;fa·955 - 0··

652> x 4. T = 667 LB 

TOTAL PENALTY= 667 +430 = 1,097 LB 

AT LEVEL G, THE REINFORCEMENT PANEL 
CONFIGURATION CAN CARRY THE AXIAL 
LOAD WHICH DICTATES THE SHAPE OF 
PANEL@ IN ABOVE SKETCH. 

~ 

Figure 4-11. Honeycomb Penalty Weight Calculations 
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Table 4-2. Penalty Weight Summary 

Weight 
Reinforcement Item Penalty 

(lb.) 

Panel Configuration 1097 

Longeron 260 

Kick Ring 4015 

Total 5372 

.. 
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LIFT ENG NE I· 117" 

SECTION A-A 

DE TAIL C 

OUTER 
CYLINDRICAL 
Bl/LKHEAD 

Figure 4-12. 

HEAT SHIELD tiEAM 

PRESSURE SEAL rt.All 

IDE WEB 

TYPICAL 

Z- SECTION 

i- L - 52-ENO vwn-----1 
· l-L •5.S INSIDE wn-, 
I l 

OUTER CYLINDRICAL BULl.HEAD 

i'"'°'"'; 1 
IEN63iirl 

INSIDE •:1EB 

D[TAIL A 
-jl.5r--

SECTIONS OF FITTING 

Lift Engine Support Structure 

26 

DETAIL c·sH,AR WU 

-11-5\-

l 
. 8.75 

+ 3.25 
_L 

DETAIL D 

CHANNEL.; - INTEIIMIT. GUmT 

NOTE:. ALL DIMENSIONS ARE GlvtN IN INOC6. 
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Assuming the longeron cross-section to be proportioned so that the allowable 
crippling stress is equal to the compressive yield stress: 

cy = 200,000 lb/in~ 2 (refer to paragraph 9.1 volume 3, appendix E) 

The required section modulus is then: 

(I/y) = 407,040/200,000 = 2.035 in. 3 

From reference 14, the standard I-beam shape that most closely meets the re
quirements is a 3.00-in. section with a cross-sectional area of 2.17. in. 2 and 
a section modulus of 1.900 in.3. Although the section modulus of this shape 
is slightly less than that required, it is considered satisfactory because, in 
the deterrnina tion of loads, the relieving effect of lift engine inertia has 
not been included. 

The weight _increment to be added to the outer cylindrical bulkhead caused by 
the requirement· for longerons in the lift engine support system ·is then: 

WL = (40)(2.17)(117.0/2)(.297) = 1500 lb 

The ability of the outer cylindrical bulkhead to carry the loads introduced 
by the longerons is investigated as follows: 

T = ultimate thrust per engine= 23,652 lb (refer to paragraph 5.2). 

With reference to paragraph 5. 2, and figure 5-5, the uniformly distributed 
· loading in the longeron is: 

qL = (3T/4) /L 

where T = 23,652 lb 

L = 117 in. (refer to figure 4-12) 

then qL = (0.75)(23652)/117 = 152 lb/in. 

Assuming this running load on the longerons to be divid~d equally to the por
tions of the outer cylindrical bulkhead, and equally between the faces of the 
bulkhead sandwich, the shear stress in the face skin·s of the outer cylindrical 
sandwich is: 

'Y = qL/4 (tF) 

where tF = 0.014 in. (refer to figure 3-15) 

~ = 152/4(0.014) = 2710 lb/in. 2 

The allowable shear buckling stress in the outer cylindrical buckhe~d, for 
which t = 0.680 in., tF = 0.014 in., S = 0.500 in. and tFOIL = 0.0020 in. 
(refer to figure 3~15) is calculated by the method discussed in reference 5. 
The intercell buckling stress for this sandwich configuration is: 

•-<Tei= Gc.i/~ = 105,000 lb/in.2 (refer to table 3-35) 
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<Tsi/'YJ 1111 . 0.8 ( Gci/"fl) = 0.8(105,000) •· 84,000 lb/in. 2 

'Y i • (3)\ • . 1. 732 

<Ti/rt= 'Y i ( <Tsi/'YJ) • (1.732) (84,000) = 145,500 lb/in.2 

U'cy = 200,000 lb/in.2 (refer to paragraph 9.1, volume 3, appendix E) 

<Icy/(<1 i/77 ) 1= 200,000/145,SOO = 1.375 

cri/<Tcy = 0.680 (refer to figure 3~11) 

cri = (200,000) (0.680) = 136,000 lb/in.2 
.I 

crsi = <Ti/(3)~ = 136,000/1.732 = 78,500 lb/in. 2 

Because the ultimate shear stress is only 2,710 ~b/in.2, the resulting margin 
of safety is large, 

The longeron spacing on the outer cylindrical bulkhead is 42.0 in. (refer to 
· figure 4-12). Assuming the longeron load to be completely difused to a uni

formly distributed compressive loading at the forward end of the longeron, the 
stress in each face of the outer cylindrical bulkhead is then: 

<Tc = (0.75)(23652)/(42.0)(2)(0.014) = · 17,739/1.176 = 15,080 lb/in. 2 

The allowable intercell buckling stress (see above) is: 

<Tei = 105,000 lb/in.2 

M.S. = (105,000/15,080) - 1 = + 5.96 

The critical buckhlng stress for this region of the outer cylindrical bulkhead 
is: 

( crcR)M = 18,320 lb/in.2 (refer to table 3-34) 

M.S. = (18,320/15,080)-1 = + .214 

This margin of safety is very conservative because it has been assumed that the 
buckling stress is determined on the basis of the outer cylindrical bulkhead 
acting as a pure monocoque cylinder. Actually, the presence of the longerons 
will prevent the cylinder from buckling as a monocoque, and will instead break 
the surface of the cylinder into numerous long, relatively narrow rectangular 
panels which will inherently possess a considerably higher buckling stress. 

The strength of the kick ring located at the juncture of the lower toroidal 
LH2 tank bulkhead with the outer cylindrical bulkhead is investigated as fol
lows: 

The load induced on the kick ring by the longeron is: 

i.> = L (T/4) (52) + (T/2) 23/117.0 (refer to detail C, figure 4-12) 
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PL • (23,652) (52/4) + (23,lj52) (23/2)/117.0 

PL • 307,480 +· 272,000 /117.0 • 4,950 lb (acting radially inward). 

Because it is believed that the kick rina is not critically loaded in this mode, 
the conservative assumption is made that the longerons (ten per engine cluster) 
apply their loads at single concent,:ated pointa, 90 in. apart. Total load per 
cluster is then: · 

P • 10(4950) • 49,500 lb 

With reference to Case 5, section B6, reference 15, the maximum bending moment 
and axial load in the ring occur at stations midway .between the assumed load
ing points and are: 

M =.~PR; and N, = ~p 

where M = bending moment 

N = axial load 

Ki,i and KN are loading coefficients from the referenced manual. 

P = load applied at four diametrically opposite points 

R = radius of ring = 354.48.in. (refer to paragraph 4.1) 

M = (0.071) (49,500) (354.48) = 1,245,800 in~lb 

N '= (0.71) (49,500) ~ 35,150 lb (compression) 

In paragraph 4.1, the. ring shape selected had an area of 6.08 in.2 and a section 
modulus of 22.9 in.3 with ucy = 200,0,00 lb/in2• The maximum compressive stress 
in the ring is then: 

f
0 

= (1,245,800/22.9) + (35~150/6.08) 

= 54,400 + 5,780 = 60/180 lb/in2. 

M.S. = (200,000/60,180) • 1 = + l.:]l 

The kick ring is obviously more critically loaded by landing gear loads (refer 
to paragraph 4~1). 

The strength of the outer cylindrical bulkhead at the point of application of 
the loads from the inboard attachment point for a lift engine is checked as 
follows: 

~ 

The ultimate load at the fitting is: 

P = T/4 = 23,652/4 = 5,913 lb (refer to paragraph 5.2) 

The moment due to the transfer of this loading to the centerline of the outer 
cylindrical bulkhead sandwich is: 
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M • (5913) (2.00 + .680) 
~ 

• 13,840 in•lb (refer to figure 4-12 for 
moment arm of fitting) 

Assuming the insert to have a rectangular shape with dimensions of 4.50 in. 
by 7 .5 in. (see sections of fitting details on figure 4·.12), and considering 
the shear stresses induced in the sandwich .core to have the .same character,.. 
istics as a bending stress, the equivalent moment of i.nertia of the shear area 
is: 

Is = 2(0.680 - 0.028) (4.50) (7.50) 2 + 2(7.50) (0.680 - 0.028) {7.50)3 
2 12 

= 82.519 + 343.828 = 426.347 

The maximum intensity of the transverse shear stress is then: 

T = (13,840) (7.50/2)/426.347 = 122' lb/in. 2 

a
8 

= 315 lb/in.2 (iefer to table 3-37) 

M.S. = (315/122) - 1 = +1.581 

The maximum local compressive stress developed in the-face skin of the bulk
head sandwich (at the forward end of the insert) is:_ 

ac = 5913/(4.50)(2)(0.014) = 5913/0.126 = 46,930 lb/in2. 

The intercell buckling stress for this sandwich configuration is: 

aci = 105,000 lb/in~ (refer to table 3-35) 

. M.S. = (105,000/46.930) - 1 = +l.237 

The allowable buckling stress for a curved panel with a length of 117 - 26 = 
91 in., a width of 42 in. and a radius of curvature of 354.48 in. (refer to 
figure 4~12 for these dimensions) is calculated from the.equation given in. 
reference 16 which is (in terms of sandwich design parameters): 

where 

( "CR/r,) = kc 1r
2Ee (te/b) 2/12 (1 - µ. 2) 

' ' 
Z = L2 (1 - µ. 2}11i/Rt 

e 

ucR • ·. allowable buckling .stress 

rt = plasticity reduction factor 

Ee • equivalent modulus of elasticity = 720,800} 

= equivalent plate thickness = 1.154 · te 

b = 42.0 in. 

L • 91.0 in. 
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R • 354.48 in. 

µ • 0.281 (refer to paragraph 9.1, volume 3, appendix E) 

then Z • (91.0) 2 [ 1 - (0.281) 2] _\ / (354.48)(1.154) • 19 

kc s 6.5 (refer to figure 38 (b) of reference 16) 

("CR/.,, )e ... (6.5) (3.142) 2 (720,800)/12 [1 - (0.281)2] (42/1.154)2 

= 3,160 lb/in.2 . 

This is converted to actual sandwich stresses by multiplying by te/2tf = 

41.201 (refer to table 3•34) so that:· 

( o-CR/ r,) = 3,160 (41.201) = 130,200 lb/in.2 

rr CR = 130,200 ·lb/in.2 (refer to figure 26, volume 3, appendix E) 

M.S. ~ _(130,290/46;930) - l = +l.774 

4.3 CONCENTRATED LOADS ON INNER CYLINDRICAL BULKHEAD FROM HEAT SHIELD 
RADIAL BEAMS 

The inner cylindrical bulkhead reinforcement configuration consists of tapered 
longerons running from the radial beam intersection at the heat shield to the 
intersection with the toroidal lower LH2 tank bulkhead. The longeron was de
signed to introduce the radial beam load into the inner cylindrical bulkhead 

_ at a rate such that the compressive allowable stress in the sandwich face 
skins would not be exceeded. The geometry involved in this analysis is shown 
in figure 4-13. The max_imum concentrated load used in this analysis was con
-servatively taken from paragraph 9.8, volume 3, appendix E,and is 78,090 lb. 
This conservative value was selected in order to avoid the necessity for the 
time consuming reanalysis of the point design heat shield configuration in 
which both loads and geometry changed. With reference to paragraph 3.10.3, 
this load could legitimately have been reduced by the factor, (O. 734) {1.095) = 
·o.so1. 

In this vehicle configuration, the radius of the inner cylindrical bulkhead 
was assumed to be 94.0 in. The sandwich configuration in this portion of the 
bulkhead specified an overall thickness of 0.375 in., face thickness of 0.010 
in., cell size of 0.500 in~ and foil thickness of 0.0020 in. (refer to fig-· 
ure 3-15). 

The maximum uniformly distributed stress in the face skins, assuming the shear 
lag effect fully accomplished is: .,. 

"c = 78,090/(2)(3.142)(94.00)(2)(.010) = 78,09~/11.814 = 6,610 lb/in. 2 
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A=1;19IN.
2 

0 = LONGERON . 

LH
2 

BULK HEAD 

J50i 

Figure 4-13. Inner Cylindrical Bulkhead -Reinforcement 
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The crit:f.cd meridional buc,kling 1trHt11 for thh part of the cylinder ii: 

("CR)M • 41,970 lb/in2 (refer to table 3-34) 

M~ S. • (41,970/6.610 - 1 • + 5.34 

The allowable intercell buckling 111trea111 is: 

trci • 63,200 lb/in~ 2 (refer to table 3;..35) which is not .critical. 

From reference 14, a 5.0-in. channel with an area of 1.97 in. 2 and a radius 
.of gyration of 1.95 in. was selected as the section at the aft end df the lon
geron. 

The maximum stress= "c = 78,000/1.97 • 39,594 lb/in.2 
. . 

The allowable column stress is then: 

trAC = 1r 2 E/(KL/p) 2-

where E = 29.7 x 106 lb/in. 2 (refer to paragraph 9.1, volume 3, ~ppendix E) 

K = fixity coefficient= 1.0 

L = 150.0 in. (refer to figure 4-13) 

p = 1.95 in. (see above) 

trAC = (3.141)2(29.7 x 106)/(150/1.95)2 = 49,517 lb/in:2 

M.S. = (49,517/39,594)-1 = + 0.250 

Because the longeron effectively feeds the concentrated load acting at its 
aft end into the sandwich as a uniformly distributed shear loading, its area 
can be varied along its length. Assuming the longeron to taper from an area 
of 1.97 in. 2 at the aft end to 0.25 in. 2 at· the forward end, the total lon
geron weight becomes 

WL = (8) (0.297)(150)(1.97 + 0.25)/2 = 396 lb 

A developed view of the inner cylindrical bulkhead including the longerons 
is given in figure 4-14. 

5.0 MISCELLANEOUS STRESS ANALYSES 

The stress analysis associated with the landing gear assembly and the lift 
engine support structure is presented in the following paragraphs. 

5.1 LANDING GEAR ASSEMBLY .. 
.. .---

The landing gear assembly consists of a housing, housing extension tube, hy
draulic actuator and shock assembly, and a piston rod. The lower end of the 
piston rod has a lug attachment which acts as the structural tie to the land-
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ing pad. The landfo.g gear &ssembly is depicted in figure 5-1. in a fully ex• 
tended position. The geometry of the individual segments and the bearing 
pad-ring structure used to transfer the moment load between segments is also 
shown in figure 5-1. The gear .structure is extended using hydraulic and me
chanical actuation. On attaining full extension, the various segments are 
locked into position by shear pins that transfer the axial load between seg
ments. The geometry of the outer cylindrical bulkhead in the landing gear 
area is shown in figure 4-1. This figure serves as a nomenclature reference 
for the development of the shear lag geometry. The shear lag geometry is 
shown in figure 4-2. 

The design criteria utilized in the analys'is of the landing gear structure 
are as follows: 

1) Landing impact, 2G limit, 12 fps sink speed, at 2 degrees 
attitude 

2) 1/2 of landing weight of 1 gea.r 

· 3) friction factor,µ, between pad and gear 0.1 maximum 

4) 1.4 factor of safety 

5) vehicle landing weight 420,000 pounds 

The ultimate axial load to the gear was then calculated to be: 

Pult = 420 1000 X 1.4 X 2 = 588,000 lb 
2 

The maximum lateral,load to the gear was then calculated to be: 

Platetal = µ Pult = 0.1 x 588,000 = 58,800 lb 

The gear was designed to withstand the combined maximum azial and lateral 
loads which were calculated at the fully extended gear position. 

The gear structure was idealized as a cantilevered beam column. The shear, 
moment and axial loads applied at the housing interface were assumed to be re
acted by the heat shield beams through two rings at the lower end, and a fur
ther ring at the hydrogen tank interface on the upper end. The housing and 
an added longeron (see figure 4-6) distribute the moment to the rings and the 
heat shield beams. The shear, moment and axial load diagrams are also de
picted in figure 4-6 was calculated using the results of the shear lag analy
sis on the outer cylindrical bulkhead structure. The outer cylindrical'bulk
head honeycomb configuration in the landing gear region was considered to be 
a 4-in. by 0,0225-in. face sheet with a core of 1/2-in. cell size by 0.0020-
in. foil gage. This configuration yielded a general instability allowable of 
79,000 psi. The axial load in the housing and lingeron was sheared.:iJlto the 
skin at a rate not to exceed the general instability allowable at any section. 
Utilizing the shear lag geometry (see figure 4-2) the allowable loads in the 
skin are: 
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TYPICAL 
BEARING 
BLOCK 
3 IN. 

l~lll~l 
39.75 

LOAD TRANSFER RINGS 

102.00 • 

70.36 

NOTE: ALL DIMENSIONS ARI 
GIVEN IN INCHES. 

.Ct 

1:....,._ _____ 60 D .... • I ~ 

Figure 5-1. Landing Gear Assembly 
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PHl Allowable• 0 

PQ Allowable= 80 x 0.045 x 79,000 • 284,000 lb 

PG Allowable x 170 x 0.045 x 7~,000 • 604,000 lb 

Therefore, the ne.t axial load in the housing and longeron. is : 

Pu1 = 588,000 lb 

PQ =,588,000 

PG .. = 0 

284,000 = 304,000 lb 
I • 

Th·e reinforcement panel configuration was also checked for intracell buckling 
in accordance with methods.outlined in reference 6. The panel was not criti
cal. 

The gear segments were designed to accept the loads itemized in table 5-1. 
The section properties of the gear segments are defined by the equations: 

Area= 0.7854 (Do2 - Di2) 

Moment of Inertia= 0.04908 (Do4 - Di4) 

Section Modulus= 0.09816 !Do4 
Do 

Di4} 

Radius of Gyration= 0.25 /no2 + Di2 

The allowable column load was calculated assuming an effective column length 
of 84 in. (length minus shock stroke= 102 - 18 = 84). The section proper
ties of the gear segments are shown in table 5-2. A weighted Pvalue for 
the column was calculated as shown in table 5-3. The allowable stress calcu
lations for the column sections are shown in table 5-4. The actual stress 
levels and margins of safety are shown in table 5-5. 

The rings and bearing pads at station 1 (see figure 4-6) were designed to ac
cept the loading -shown in figure 5-2. The rings were idealized as a case 18 
ring, and analyzed per the ring archived in reference 15. The loads for 
three locations on the ring are shown in table 5-6. Using the loading in 
table 5-6, the actual stress levels may be calculated: 

fc max= t + !:! = 28,651 + 1.L..201 
A S A S 

ft max= t + !:! = 85,952 + z.;L.201 
A S A S 

(I> 

,/ 

By selecting a standard section from reference 14 (ensuring against local 
crippling): 
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Table 5-1. Design Loads 

V Marm M Pa 

Shear Moment Arm Moment Axial Load 
- {lb) (in.) (in.) 

58,800 39.75 2.34x106 588,000 

58,800 70.36 4.14xl06 588,000 

66,500 102.00 6xl06 530,000 

66,500 3x106 304,000 

.. 
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C') 
, I 

I.,) 
0 
I.,) 

Gear 
Segment 

Piston Rod 
Do= 10.75 in. 

Hydraulic Act. 
and Shock Assy. 
Do= 19 in. 

Housing Exten-
sion Tube 
Do= 19 in. 

Landing Gear 
Housing 
Do = 27 in. 

Section 
Properties 

Aft 
t = .185 

Sta. 1 
t = .325 

Sta. l 
t = .250 

Sta.· 2 
t = .285 

Sta. 2 
t = .285 

Sta. 3 
t = .325 

Sta. 3 
t = .285 

Pt. "B" 
' t = .175 

Table 5-2. Gear Segment - Section Properties 

Moment of Section Radius of 
Area Inertia Modulus Gyration 

0.25 ./ Do2+ Di2 , 0.09816 {Do4 - Di4} 
p.7854 (Do2 - Di)2 0.04908 (Do4 - Di4) Do 

' 

6.14 85.71 15.95 3.74 ' 

10.64 144.72 26.92 3.69 

I 
; 

14.73 647 .17 68.12 6.63 I 
! .. 16.76 733.75 · 77 .24 6.62 ,, 
I 
f 
' I 
' 16.76 733.75 77.24 6.62 ' ,. 
f 
' f. 
!' 

19.-07 831.42 87.52 6.61 ~ -

23.92 2,133.95 158.07 9.45 ~ 
•. . .. 

14.75 1,326.49 98 .. 26 4~48 
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Table 5-3. · Gear Radius of Gyration 

.Radius of 
Length 

Gear 
. Segment L 

Piston Rod 15.75 

Hydraulic Actuator 
and Shock Assy. 37.00 

Extension Tube :31.25 
' 

}; 34.00 

Eff. P 

Gyration 

... · .... 

_ 510.36 
- 84.00 

= 6.08 

p 

3.715 

6.625 

6.615 

Table 5-4. Gear Allowable Stress 

Radius Thickness R/t 
R. t 

Fee 

Gear · ... Ref 
Segment KSI 

Aft. 5.375 0.185 29.05 105 
Piston Rod 

Sta 1 5.375 0.325 16.52 151 

Sta 1 9.500 0.250 38.00 82 
Hyd. Actuator 
and Shock Assy. 

0 .285 . Sta 2. . 9.500 33.-33 94 

Sta 2 9.500 0.285 33.33 94 
Extension 

Tube 
Sta 3 9.500 0.325 29.25 ·,103 

Sta 3 13.500 0.285 47.40 62 
Landing Gear 

_Housing 
Pt. "B" 0~175 bet=91..: 52 be=16 

Reference 1 - CCMD Structures Manual 
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e 
Lp 

58.51 
·, 

' 
245.13 

206 .72 

510.36 

RI Fcol 
Ip 

l' 

KSI 

27.62' 98.00 

27.62 133.00 

27.62 77 .50 

27 .62 · 87.00 

27.62 87.00 

27 .62 . 87.00 

. -



n 
I 

t.,.) 

0 
V1 

Gear 
Segment 

Piston 
Rod 

Hyd. Actu 
& Shock Assy 

Extension 
Ttibe 

Landing Gear 
Housing 

Section 
Area Modulus 

A s 

Aft 6.14 15.95 

Sta 1 10.64 26.92 

Sta 1 14.73 68.12 

Sta 2 16.76 77 .24 

Sta 2 16.76 · 77 .24 

Sta 3 19.07 87.52 

Sta 3 23.92 158.07 

Pt"B" 14.75 98.26 

Table 5-5. Actual Stress Levels 

Axial Moment P/A 
Load 

Pa M 

k in-k ksi 

588 0 94.2 

588 2.34x103 53.6 

588 2.34xl03 39.4 -

588 4.14x103 34.6 

588 4.14xl03 34.6 

588 6xl03 30.3 

588 6x103 24.35 

304 3xl03 20.50 

MIS C Allowable Margin 
P/A+M/S Stress of 

FA Safety 
FA 1 ksi ksi ksi --fc 

0 94.2 98 t-0 .040 

79.4 133 133 0 

33.0 72.4 77.5 ff-0.070 

51.2 85.8 87 4-0.013 

51.2 85.8 87 ;t-0.013 

65.0 95.3 97 +o.018 

36.85 61.2 62 t-0.012 
-

30.00 50.5. 52 it-0.030 
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R = 5.375 +3.5 = 8,875 IN • 

t 
. 13 IN. 

L 

6 
P !RING:;: 2 .34 x 10 /13 = 180,000 LB · 

C = 2.,.. R(RING). = 2 1r x 8,875 = 55.76 IN. 
. % VEARING LENGTH= 180°/360° = 0.5 · 

LEFF= 0.5 x 55.76 = 27 ,88 IN. 

Pmax 

13. 94 IN. 

LOAD= 180,000/2 = 90,000 LB 
90,000 = 1/2 x 13.94 x Pmax 
P!TIOX = 12,913 LB/IN. 

Figure 5-2. Ring Loading - Station 1 

LOCATION Km Kq 

oo -0,07 0 

90° -t0,07 0 

180° -0.07 0 

ASSUMID CASE 18 RING: 
2 M = Km Pmax R 

Q = Kq Pmax R 

N = Kn Pmax R 

I 

Kn 
-t0,75 

:t0,40 

· -0,25 

Table 5-6. 

Pmax R R2 . M Q N 

12,913 8,875 78.77 -71,201 0 -185, 952 

12,913 8,875 78.77 +71,201 0 -+45,841 

12,.913 8,875 78 .. 77 -71,201 0 . -28,651 

~~ +. 

POSITIVE S~GN CONVENTION 

.. 
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Select STl•JR, A • 0.96 in.2, S 111 0.56 in.3 

fc • 29,900 + 127,100 • 157,000 psi 

ft• 89,500 + 127,100 • 216,600 psi 

The margin of safety for the tension stress is then: 

M.S. • 220,00.Q. - 1 = 
216,600 

+ 0.0:1.5 

.The rings and bearing pads at station2·(see figure 4-6) were designed to 
transfer the loading shown in figure 5-3. The method of analysis utilized 
is referenced to the station 1 ring analysis. The loads for thre~ locations 
on the ring are.shown in table 5-7 •. Using this loading, the actual stress 
levels were calculated to b~: 

assuming a standard secti~n from reference 14: 

3 x 1 1/2 x 6 standard channel, A= 1.75, S = 1.4 

ft= 208,000 psi 

M.S. = 220 1 000 - 1 = + 0.058 
208,000 

l'he inside rings would be checked in the same manner. The design weights 
were calculated by ratio of the geometry. 

The rings at station 3 (see figure 4-6) were designed to transfer the load
ing shown in figure 5-4. The loads for.three locations on the ring are 
shown in table 5-8. Using this loading and selecting a standard section 
from reference 14 (3 x 1 1/2 x 6 standard channel, A = 1.75, S = L"4), the 
actual stress levels were calculated to be: 

ft= 178 2 250 + 119 2 500 = 127,500 + 68,500 = 196,000 psi 
1.4 1.75 

M.S. = 220 2000 - 1 - + 0.121 
196,000 

The inside rings were checked in the same manner, considering a hollow rec
tangle shape and the geometry. The analysis yielded a cross section of 1 in. 2 
for weight calculations which yielded a high positive margin of safety. 

5.2 LIFT ENGINE SUPPORT STRUCTURE 

The lift engine support structure was designed by deflection criteria. The 
structural assembly consists of shear webs stabilized laterally at the out
board edge by a continuous channel and Z segment with intermittent g~sets 
for stiffness and load introduction. The webs are also stabilized at the top 
by the pressure seal plate. The lift engine support structure assembly is 
depicted in figure 4-12. The analysis was generated assuming the structure 

·was cantilevered from the outer cylindrical bulkhead. The structure was then 
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! LOCATION 

I 
oo 

90° 
i 

180° l 
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. /R~ 9.~+2,5 = 12 IN •. 

...... --t ', . ' 6· '. 
j ' 

Km 
-0.07 

-!{),07 

-0.07 

PRING= 4.14 x 10_/13_=317,500 LB 
C = 211" R(RING)i= 2 11" x 12 == 75,40 IN, 

. % BEARING LENGTH= 180°/360° = 0,5 
' Lff = 0,5 x 75 ,40 = 37.70 IN, . •. . e • . . . 

.d11]Pmax 
·18,85 IN • 

LOAD= 317,500/2 = 158,750 LB. 
158,750 = 1/2 x 18.85 x Pmax 
Pmax = 16,850 LB/IN. 

Figure 5-3. Ring Loading - Station 2 

Table 5-7. 

Ka Kn Pmox R R 
2 

M Q N 
0 -!{),75 16,850 12 144 · -170,000 0 +151,750 

0 -!{). 40 16,850 12. 144 +170,000 · 0 -t80, 900 

0 -0.25 ,16,850 12 144 -170,000 0 -50,500 

+M 
ASSUMED CASE 18 RING: 

. +N ~~c :i1J-2 
M = Km Pmax R 

Q = Kq Pmax R 

N = Kn Pmox R 
.e.,os1.nvE_SIG~ CONVENTIQ"-1 
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R = 13.5 +2,5 = 16 IN. 

I .. 
~ 

. BEAR 'p r 
24 IN. 

L .. . ....... ' a ►Nimz 

BEAR P 

PRING,. 6 >< 10
6
/24 = 250,000 LI 

C = 2TR (RING)= 2 'Ir>< 16 = 100,.53 IN, 
% BEARING LENGTH= 180°/360°"' 0,5 

Leff,= 0,5 x 10.0,53 = 50,265 IN, 

..dil]
. Pr(,ax .. LOAD= 250,000/2 .. 125,000 

.· 125,000 = J/2 X 25, 1325 X flMaoc 
. Pmax = 9950 LB/IN. 

25, 1325 IN, 

Figure 5-4. Ring Loading - Station 2 

LOCATION Km Ka 
oo -0,07 0 

90° -IQ. 07 0 

180° -0.07 0 

ASSUMED CASE 18 RING: 
. 2 

M = Km Pmox R 

Q = Kq Pmox R 

N = Kn Pmox R 

Kn 
-l{),75 

-I0.40 

-0.25 

Table 5-8. 

Pmox R Ri! M Q N 
9,950 16 256. -•178,·250 o. +119,500 

9,950 16, 256 +178,250 0~ -+63 ,600 

. 9 I 950 16 ·256 -178,250 0 -39,800 

. -+M -IQ 

~ ~ ,--c ---::it-).... 

POSITIVE SIGN CONVENTION ... 
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sized to give the required titiffnus for the limiting deflection criteria. 
The limiting deflection was aa1umed to be O.l in, verti'cal. The bending mo• 
ment and axial load tran2ferred to the outer cylindrical bulkhead are db• 
tributed to the rings (at LH2 bulkhea.d • forward, and heat shield interface 
aft) by the longeron depicted in figure 4·12. The longeron is tapered aft
to•forward to transfer the axial ·1oad into the skin at a rate which will not 
exceed the compressive buckling allowable of the.skin. An insert, see fig• 
ure 4-12, is used at the inside engine fitting·at the outer cylindrical bulk• 
head in order to distribute the load to the honeycomb panel. The analysis 
of the reinforcement configuration is presented in paragraph 4.2. 

The load distribution from the engines is depicted in figure 5-5. The ulti
mate thrust load utilized in. the analysis was 23,652 lb. Shear and moment 
diagrams for the channel segments are shown in figures 5-6 and 5-7. Shear 
and moments for the shear webs are shown in.figt,1res 5-8, 5-9,and 5-10. The 
engine fitting and door seat loads are depicted in figures 5-11 and 5-12, 
respectively. -The analysis -of the channel segment is referenced to figure 
5-13. The analysis of the shear webs is shown in figure 5-14 through 5-16. 
The engine fitting weight calculations are shown in figure 5-i7. The door 
seat analysis is shown in figure 5-18, while the seal plate weight calcula
tions are presented in figure 5-19. 

In summary, the web structure sized for the deflection criteria in stable 
for the applied shear and compression loads. The summary weight statement 
for the structure is shown in table 5-9. 

6. 0 $C_AR~WEIGHTS FOR ALTERNATE PAYLOADS 

The primary objective of this task was to define the "scar we:tghts" for the 
expendable and reusable SERV vehicles for a due-east launch of large-diameter 
payloads. The analysis was generated with the following assumptions: 

1) Geometry of vehicle from reference 60SKC0195 

2) . Payloads interface at present 15.65-ft-diameter. kick ring 

3) Pressure loading is the same as in the baseline analysis 

4) Expendable SERV payload equals 250,000 lb 

5) Reusable SER~ payload equals 119,652 lb 

6) Component analyses methods are the same as for baseline 
vehicle. 

The method of analysis is as herein defined. The existing design allowable 
stress level (baseline vehicle design) will not be exceeded in the upper frus
tum. The face thickness of the skins will be increased in order to carry the 
added compression load at the same working stress. A second iteration will 
determine the increased allowable of the honeycomb configuration caused by the 
increased skin thickness. If such changes in configuration geometry alter the 
critical design loading condition, a correction will be made to the previously 
calculated weights. If changing the configuration by only increasing the skin 
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COMMOf:,J WA~L NEXT-TO-END WEB 

INSIDE WEB 

T/4 

NOTE:. ALL DIMENSIONS ARE 
GIVEN IN INCHES, 

CHANNEL CHANNEL 
. OUTSIDE SEGMENT -. INSIDE SEGMENT 

Figure 5-5. Load Distribution 

T/4 = 5913 LB 

23.675 IN. i 23,675 IN. 

L=47.35 IN. 

R
1 

= 2956.5 LB R
2 

= 2956.5 _LB 

:--29s6J1s7 
I I 

' I 1 
0 / V - SH EAR Dir-· ----t----~ 

• I 

I 
. 2956.5 LB· t · 
.. ..-.ms ilD ,.._.J 

01---------~ O M - MOMENT ' .,,. 
' ;I' ', / ' / 

' ;I' 'v_,. ,Mmax = ~ 70 1 000/ IN-LB 

Figure 5-6. Loading - Inside Channel Segment 
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T/4::; 5913 LB i 

23.675 IN. 

· L = 38.675 IN •. 

R3 = 3620 LB i ; R4 = 2293 LB. 

r --- -- .... ., 2293 LB, 1 I . . I 

oi, ; • o , v- sHEAR 

• • I I 
I I 
1 3620 LB; 1 L--- .. -:J 

;',\.:' 

Q ~ ,,,, 0 M- MOMENT ' ., ' ..... ,,,' ,,,-, '--'..... . 
Mmax =~54,300 IN-LB 
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2, MAX LOADS (REF. FIGURE 5-6 • INSIDE CHANNEL SEGMENT) '. ., ~ 
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3, ANALYSIS 
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tmax fill ' ". 111eq•d 48Hmax 
3 - 6 4 
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eq . • • ", ._ 
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2. 
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. F cy • 200,.000 pol F w • 1'°,000 (RA TIO NUMIU) 
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. 2 3 
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. . . . 2 
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Figure 5-14. Inside Web Analysis 
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% ::: .l!~'.)'3/.~u .= ,._ 7¥, ¾ lP',,,4 .::: <id.S, :. ~ ~ ;_ ~~ ,: ~ • 
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· Figure 5-16. End Web Analysis 
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Figure 5-17. Engine Fitting Weights 
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Figure 5-18. Door Seat (F and Gusset) Analysis # 
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-47,35 IN. 

_t.7,35 IN 

i 
"1 
~ 

ASSUMED DIMENSIONS SHOWN: . 
2 NfT SEAL A'liEA = (47,35 X 45,5 • .- X 39,5 /4) 36- 1750 

= 31,600 IN: 
ASSUMING tSEAt = 0,038 IN, 
WT,= 31,600 X 0.008 X 0,277 = 333 LB 

Figure 5-19. Seal Plate Weight 

Table 5-9. Summary Weight Statement 

STRUCTURAL ITEM WEIGHT (LB) 

CHANNH Assv·. (REF. FIG. 5-13) 1310 

WEBASSY, (REF, FIGS, 5-1-4, 5-16) 2480 

ENGINE FITTINGS (REF. FIG, 5-17) 432 

DOOR SEAT ASSY. (REF. FIG, 5-18) 662 

SEAL'PLATE.ASSY. (REF, FIG, 5-19) 333 

TOTAL WEIGHT 5217 
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thickness serves to yield an excessive weight penalty in a given area, a new 
honeycomb configuration that is more efficient will be defined for the calcu- • A 
lation of "scar weights". The upper and center kick rings will be redesigned W 

-and sized to accommodate the new loading. The summation of the weight penalty 
on SERV will include the increased weight of the upper frustum and the in
creased weight of the kick rings. 

The enveloping geometry utilized in the analysis is depicted in figure 6-1. 
Figure 6-1 also defines the existing honeycomb panel designs as well as the 
critical stress condition. Section JI was critical in intracell buckling at 
a design stress level of 104,638 psi. Section ID was critical for geµeral 
instability at a design stress level of 25,000 p~i. 

Section JI of the bas·eline vehicle received its critical loading at the Max g 
condition during ascent (t = 150 seconds). The Ma-x g loading summary is pre
sented in figure 6-2. Sec_tion I['J received its critical loading at the Max q 
condition during ascen.t (t = 90 seconds). The Max q loading summary is pre-
sented in figure 6-3. · 

The calculation of the new meridional loading proceed is: 

added payload= expendable SERV - Baseline 
= 250,000 - 85,125 
= 164,875 lb 

Considering section JI: 

new loading at J = 3,349 (reference figure 6-2) + 164 2875 x 3 x 1.4 
· 2 xrr x 103~365 x • 707 

= 3,3l~9 + 1,508 
= 4,857 lb/in. 

Then the new required face thickness is: 

working stress= 104,638 psi (reference figure 6-1) 

0 = p 

2tF 
= 4857 

tFREQ'D 2 X 104,638 
= 0.0232 in. 

Therefore, the penalty weight may be calculat.ed as: 

penalty weight = 1r D3 + 71" Dr x (tFNEW - tFOLD) x (RI - RJ) x P 2 

2 

= 649.46 + 1287.35 X (0.0232 - 0.0160) X (204.887 • -- - -2 . 
103.365) x 0.297 x 2 = 421 lb 
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il .6 IN. x 0.016 IN. 
:Fcl = 104,638 psi 

INTRACELL BUCKING 

-,___( lf~veRTc{~I 
~103.36.f I~ 

] 

4 IN • x O. 020 IN • 
Fcl = _25,000 psi° 

j.., ,, ~ 204.887 IN._j 
I 

244o2851N.~ GEN! _INSTABILITY 1 

> 

i' 

I 

l • ;, •S370,01i0 IN.~--------
'-- '· ---- ·---- --·-···-· 

Figure 6-1. ·· Honeycomb Design Geometry 

·. 0.418 

7,282 

INTER~AL 

NET PRESSURE (LB/IN. 2) 

' 

-3348.400 

MERIDIONAL LOADING (LB/IN.) 

- = COMPRESSION 

.. 

Figure 6-2. Max g Loading Con~ition (t = 150 Seconds) 
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1,493 

--818,076 
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2
} 

-2667.-451 

MERIDIONAL LOADING (LB/IN,j 
- = COMPRESSION 

Figure 6-3·. Max g Loading Condition (t = 90 Seconds) 
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·:_JG.fl'.'1:o-J~,J,~:ring Sec.t:i_oq ID: 

· :': __ ,, ney·1:oa~:i:ng,''at I "" 1503 (reference figure 6-3) + 164.875 x .3 x 1~ 
, " ,,.,' 2 X .'Tr X 204.887 X • 707 • :-~ . .. ...., :;. 

• 1,503 + 761 
= 2,264 lb/in. 

new loading at D = 818 (reference figure 6.-3) + 164 1 875 x 5 x 1.4 
2 X 'Tr X 370.05 X r707 

= 818 + 421 
= 1,239 lb/in. 

Now ~recking the section at D; · 

'l'ht!- 'b .. E::\v '·t·equired thickness is: 

assume workfaig stress equals 25,000 psi (reference figure 6-1) 

(1 =..x... 
2t 

tDREQ'D "." 1239 = 0.0248 in. 
2 X 25,000 

Now checking the section at I; 

The new required thickness is: 

assume working stress equals 25,000 psi (reference figure 6-1) 

!1 ":' .J?...:~~ 
2.t> 

TIREQ'D = 2264 = 0.0454 in. 
2 X 25,000 

The weight penalty would then be calculated as: 

penalty weight= la,_287.35 + 2,325.10 x (0.0454 - 0.02) x (370.05 -
2· 

204.887) x 0.297 x 2 = 4,500 lb 

Because this is a large penalty, consider a sandwich configuration of 4-in. x 
0.04 in. faces and define the stress levels: 

2 2 · AF= (1 - uF) = 1 - 0.282) = 0.9205 

D = EF (t3 - tc3) = 29.J X 106 (43 - 3.922) = 10.215 x 106 
12-,A F 1 12 x 0.9205 

H = EF (t - tc) = 29.7 x 106 (4 - 3.92) = 2.375 x 106 

te = 2 13 A F .!?.] \ = 2 [3 x 0.9205 x 10.215 x 10~7_\ = 6.89 
l . H 2.375 x !Obj 

_Ee= Hite = 2,375 X 106 = 0.3445 X 106 

6.89 ! 
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the hoop stress analysis is: 

Re= R1 + R2 = 204.887 + 370.05 • 406.603 in. 
2 cos 2 x b.707 

Z = L2(1 - uF2)?..i = 3772(1- 0.2822,)¾ • ~ 49 . KP• 5 
406.603 X 6.89 

~ = Rp 1r 
2Ee (te)2 .... R .... 2 ___ _ 

-,Ue 12 (1- µ FZ) L Re Cos a 

~· = 5 X ~ 2 X 0.3445 X 106 (. 6.89)•2 370 0 05 
'7 Je • 12 X 0.9205 377 ·• 406.603 X 0.707 

~qg_l = 659 ( t ) = 659 4 = 32,950 psi 
'7 J t - tc 4 - 3.92 

u = PR2 = 4.166 x 370.05 = 27,300 psi 
2tp Cos a 2 x 0.04 x 0.707 

therefore Rp = 27 2300 = 0.83 
32,950 

The meridional stress analysis is: 

Re·= R1 = 204.887 = 290 
CcIBa 0.707 

Re/te = 290 = 42.l 
6.89 

. Cc = 0.235 

u CR;l = CcEete = 0.235 x 0.3445 x lQ_~_:x 6.89 = 
'7 Je Re 290 

uc~l = 1,925 x _!:±_ = 96,250 psi 
'7 j 0.08 

u = 818 + 421 = 1,239 = 15,490 psi 
2 X 0.04 0.08 

Re= 15,490 = 0.161 
96,250 

Rp +Re< 1.0 

0.83 + 0.161 .5c. 1.0 

1,925 

0.991 < 1.0 Configuration satisfactory 

The penalty weight is then: 

penalty weight= 0.02 (4,500) = 3,540 lb 
0.0254 
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The added loading on the upper kick ring is calculated as: 

pl• 1,503 x 0.707 ~ 1,066 lb/in. 

Therefore the new design loading is 

P • 2,034 lb/in. (aee table 18, volume 3, appendix E) + 1,066 • 
3,100 lb/in. . 

The area required is.calculated as: 

AREQ'D = ..!:, • 32 100 x 103.365 = 1.602 in. 2 (assuming F =, 200,000 psi) 
F 200,000 

This area corresponds to a weight of: 

Weight~ 653 x 1.602 x 0.297 = 311 lb 

The existing ring weight was calculated to be 205 lb ·which would yield a 
penalty weight of 106,lb.. · · 

The added loading on the center kick ring is calculated as: 

pl= 421 lb/in. x 0.707 = 298 lb/in 

Therefore, the new design loading is: 

P = 1,309 lb/in. tension (see table 1a, volume 3, appendix E) + 298 = 
1,607 lb/in. 

Therefore, the· area required is: 

AREQ'D = .JL. = i,607 x 370.0~ = 2.81 in.2 (where F = 211,000 psi) 
F 211,000 

Weight= 2,325 x 2.81 x .297 = 1,940 lb 

The penalty weight would be:' 

penalty weight= new weight - reference weight 
= l,940 - 1,585 = 355 lb 

In summary, the total penalty weight '(i.e. scar weight) for the expendable 
SERV is: 

section JI ..•••.••••••••••.••.••••••••..•• 
sect ion ID ••••••••••• e •••••••••••••••••• ~ • 

upper kick ring •••o••••••••••••••••••••••• 
center kick ring••••••••••••••••••••·••••• 

421 lb 
3,540 lb 

106.lb 
355 lb 

., 

l'otal Penalty •• n ••••••••• 4 ,422 lb 

·c-3291 
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The scar weight for the reusable SERV configuration for a due•east launch 
can be obtained by rationing the payload changes to the above weights because 

.the loading change is strictly meridional. The payload for the reusable SERV 
is 119~652 lb. The ratio is: 

Ratio= 119 3 6~? - 85.12_2, = 0.21 
164,875 

In summary, the total penalty weight for the reusable SERV in a due-east· 
launch is: · 

section JI•••••••·••·••·• 0.210 x 421 = . $8 lb 
section ID ••• ~ •.••••••••• 0.210 x 3,540 = 742 lb 
upper kick ring •·••••••·• 0.210 x 106 = 22 lb 

'center kick ring ••••••••• 0.210 x 335 = 71+ lb· 
Total Penalty·••••·•••••• 926 lb 

'·!{. 

.. 
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APPENDIX D 

METEOROID PROTECTION. 1ANALYSIS 

D.O GENERAL 

Space vehicles are subjected to encouriters with meteoroids that 6ould cause 
considerable damage to vital component's of the vehicle. To ensure adequate 
mission reliability, it is necessary to provide ptotection against this hazard. 
The most promising technique .for protecting vital components and structures 
is to erect a thin bumper shield a short distance from the item to be pro
tected. The shield serves to disintegrate the incoming meteoroid, allowing 
only a ·relatively diffuse cloud of debris to strike the component. With the 
bumper shield, the rear wall need only withstand the impact of .a cloud instead 
of a solid incoming meteoroid. The meteoroid environment and shield models 
used, the method of analysis, and results obtained are described in this appendix. 

D.l METEOROID ENVIRONMENT 

Meteoroid flux varies considerably during the course of a year, and ·the total 
activity comprises two· components: 1) a fairly constant although sporadic 
component associated with meteoroid streams, and 2) the stream flux that has 
well defined recurring peaks associated with the individual meteoroid streams. 
The intensity of the individual s~reanis can vary up to 20 times that of the 
background, or sporadic flux. 

It is a simple matter to use a sporadic environment model, which is time
invariant, to determine the shielding requirements. However, computation of 
the meteoroid design mass for the stream fluxes. is more difficult since they 
vary from day to day and stream to stream. Since the exact mission times 
(day or month) were not known, the stream flux parameters were time-averaged. 

The meteoroid environment selected for this analysis was the average accumula
tive total meteoroid flux-mass model proposed by B. G. Cour-Palais, et al 
(reference D-1). Mathematically the meteoroid flux-mass relationship can be 
expressed as follows: 

loglONt = - 14 .33 9 
· . 2 -12 I 6 

L584(1og1oM) - 0.063 (loguf1) ,i for 10 :s M:s 10; and 

-6 0 log10Nt = - 14 .3 7 - 1. 213 (log10M), for 10 :s M :s 10 ~ 

where: 

Nt is the a~erage unshielded focused accumulative total flux· (number of 
particles of mass, M, or greater per square meter per second), and 

Mis the meteoroid design mass (gm). 
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Figure D-1. depicts this me~eoroid flux-mass relationship graphically. Other 
pertinent data used in conjunction with this model are listed below: 

· 1) Average velocity of 20km/secj 
2) Average density of 0.50gm/cm 
3) Spherical shape. 

' The actual number of meteoroid impacts received by a. vehicle it1 cislunar space 
depends upon the vehicle altitude above the Earth or moon. This_ dependence on 
altitude results from two phenomena, gravity focusing and body shielding. The 
gravitational attraction of the earth or moon will tend to enhance the meteoroid 
flux near the surface, and the gravitational focusing will decrease with distance 
from the surface. To correct for this phenomenon, the average cumulative total 
meteoroid flux given in figure D-1 must be corrected by multiplying by a de
focusing factor, Ge. The defocusing factor used in.the analysis is illustrated 
in figure D-2 (reference D.-.2). · These da.ta assume the gravitational effect 
influences only the lower-velocity sporadic meteoroids, and hence the effect 
on the flux of the stream meteoroids has been omitted. 

The other altitude correction that mus.t be applied to the flux accounts for 
shielding provided lyt:he Earth or moon. This occurs not only when the planet 
shields the vehicle from the impacts of sporadic meteoroids but also when the 
spacecraft, planet, and meteoroid stream are aligned so as to block the impacts 
of the stream meteoroids. The shielding factor ( t") used in this analysis was 
computed from the following: (reference D-3) 

t = .L±...Cos 0 
2 

where. 

R , 
Sin9 = R + H' 

R is the radius of the shielding body, 

H _is the altitude of the spacecraft above the surface. 

In developing these equations it was assumed that the space vehicle was spherical 
and randomly oriented. The shielding factor for the Earth is presented as a 
function of altitude in figure;D-3. This shielding factor will yield only a 
small error in the total flux impacting on any shaped, randomly oriented space 
vehicle, when multiplied by the unshielded defocused flux. Hence the total cor• 
rected flux can be found by multiplying the unshielded focused flux by the 
defocusing factor (Ge) and the body shielding factor ( t); that is: 

where 

NTC .. G 
e t • NT 

~ 

/ 

Nrc is the a.verage corrected accumulative total flux (number of particles 
of mass, M, or greater per square meter per second). 
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D .2 METEORO!D DESIGN MAS!, 

The present method of protecting a space vehicle from meteoroid damage is to 
ensure that the meteoroids do not impact directly on vital components. This 
is accomplished by designing the protective shield so that the largest meteor• 
oid likely to be encountered during ·the mission will not penetrate the shield. 
The probablity of encountering a meteoroid having a specific design mass is a 
function of the meteoroid flux, the aarea exposed and the time spent in the 
environment. Mathematically this can be expressed as: 

where 

P
0 

= exp (-~TCAT) 

P
0 

is the probability of not bei:ng hit, 

A is the area exposed (m2), and 

Tis the exposure time (sec.). 

Substituting for the corrected flux, and then solving for the 'focused-unshield 
total average accumulated flux, 

N = loge Po 
T .;.tG AT 

e 

it is possible to.determirie the corresponding meteoroid design mass from the 
environment (see figure D-1) • 

D.3 METE_9ROID SHIELD MODEL 

Whipple's bumper shield concept was used as a means of protecting the vehicle 
from meteoroid damage since this is the most promising technique. Basically, 
the concept consists of a thin outer shield arid a primary or backup structure. 
The thin shield which surrounds the space vehicle (see figure;D-4) fragments 
the incoming meteoroid into a relatively diffuse cloud of sm,aller particles. 
The debris then impinges on a second backup wa11 or sheet. Since the backup 
wall is impacted by the dif~use debris cloud, the damage done to the spacecraft 
itself is much less than if it had been struck directly by the meteoroid. 

The most important element in this type of meteoroid protection system is the 
shield or bumper, since it controls the physical state of the debris in the 
cloud. The cloud consists not only of the disintegrated meteoroid, but a sig
nificant amount of shield material. The debris, from both the shield and the· 
meteoroid, can take the form .of solid particles, liquid droplets, vapors, or 
some combination. Since it is evident that an all-gaseous debris cloud"would 
produce the least damage to the back-up sheet, it is desirable to design the 
shield to vaporize the debris. In order to accomplish this it is necessary to 
look at the phenomena through which it can be achieved. 

B. G. Cour-Palais (reference D-4) reasons that the impact of a hypervelocity 
meteo.roid on a shield produces intense compressive shock waves which travel 
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forward in the bumper and rearward in the particle. Since the shock waves are 
not isentropic, they increase the internal energy of both the shield and meteorn 
oid. When the internal energy of debris exceeds its fusion energy or sublimation 
energy, the debris either becomes molten or vaporizes. 

The maximum internal energy increase will occur when the unloading wave, which 
is reflected from the rear surface of the shield, overtakes the compressive wave 
in the meteoroid as the latter reaches the rear end o-f the particle. Therefore, 
the shield should be designed to a thickness which is proportional to the part
icle diameter. According to Cour-Palais (reference'.D-4), the optimum product 
of the bumper thickness and density falls between 0.1 and 0.2 of the product of 
the meteoroid diameter and density.· However, he states that because theni are 
more small particles in the meteoroid population than the size corresponding to 
this optimum ratio, a shield thickness~density product of the order of 0.3 of 
the meteoroid diameter-density product should be used. Mathematically, this can 
be expressed as: 

where 

t 
s 

0.3D(P /P) 
m s 

ts is the thickness of the bumper or shield (cm), 

Dis the diameter of the meteoroid (cm), 

P is the meteoroid density (gm/cm3
), and 

m 

P is the shield density (gm/cm3). 
s 

When the bumper thickness falls outside the optimum region (0.1 :s P:sts/PmD:s 0.2), 
the design of the backup sheet is governed by solid fragments in the meteoroid 
and the shield debris cloud. The Manned Space Center's emperical for~ula for 
the nonoptimum regions, which was used to calculate the backup wall requirements, 
is given by the following (reference D-4): 

0.055 (Pp )1/6 1/3 
M V 

th = s m 

1/2 s 
(7~00) 112

, 

where 

tb is the thickness of the backup wall (cm), 

m is the meteoroid mass (gm), 

V is the meteoroid velocity (km/sec), 

s is the spacing between the shield and backup wall (cm), 

.,. 

u is.the 0.2 percent yield stress for the backup wall material (lb/in2), 

P is the density of the shield material (gm/cm3 ), and 
s 

P is the density of the meteoroid (gm/cm3). m . 
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Although the validity of the above expression has not been completely established, 
preliminary evidence suggests that it is valid for bumper-backup wall spacings· 
between 10 and 30 particle diame_tl;'!rs (reference · D-5). 

D.4 METEOROID_SHIELD RESULTS 

Whipple's bumper shield concept previously discussed was used as a model for 
the SERV meteoroid shield. As illustrated in figure :n-5, the front sheet of 
_the TPS honeycomb panel was utilized as the bumper. The combined thicknesses 
of the rear sheet of the TPS honeycomb panel and front sheet of the structural 1 

honeycomb panel was used as the backup wall. The Task 4 baseline vehicle was 
analyzed in three sections due to the various sizes of honeycomb used, and fig
ure D-6 depicts the general configuration. Table· D-1 gives the thicknesses of 

·the honeycomb panels and the resulting meteoroid shields required for each portion 
of the vehicle. Each of the four honeycomb face sheets were assumed to have a 
density of 505 lb/ft3 and a 2 percent yield stress of 200,000 psi. 

A computer program was used to determine. the shielding requirements necessary 
to afford the desired protection of O. 995 probability o.f no hits by meteoroids 
having a design mass or larger. The recpired· bumper thickness-density product 
was assumed to be 0.30 times the product of the diameter and density of the 
design meteoroid. Although this did not give the optimum thickness, it y.ielded 
results that are ac~urate enough for preliminary designs. The reasons for this 
are twofold. First as, discussed in paragraph 1D .3, even though the optimum bumper 
product range is between 0.10 and 0.20 particle diameters, the bumper is usually 
designed to a slightly higher value; and second, even.at a ratio of 0._30, the, 
bumper thicknesses were found to fall below the minimum allowable skin gauges 
for manufacturing. As shown in figure D-7, the latter was found to be the case 
on all three frustums. · 

The spacing between the bumper and backup sheet used was equal to the core thick
ness of the TPS honeycomb panel. The spacing in all cases was found to be 
greater than the minimum ratio of ten times the meteoroid diameter. 

The backup wall thickness requirements were computed using MSC's empirical rela
tion (section D.3). Figures D-8, D-9, and 'D-10 depict the required backup sheet 
thicknesses for the upper, middle and lower frustums, respectively. In cases 
where the spacing between the backupwall and bumper exceeded 30 meteoroid diam
eters the program sized the backup sheet on the basis of 30 diameters, although 
the spacing was actually larger. This condition occurred in several instances. 
The spacing in the upper frustum has a spacing-diameter ratio greater than 30 up 
to 7 days, while the lower frustum drops below a ratio of 30 at approximately 6 
hours. Figure D-9 shows that the spacing-diameter ratio of t~e middle frustum 
falls below the 30 at 2.6 days, where the slope of the required thickness curve 
changes abruptly~ 

The computer program determined the additional thickness required to provide the 
necessary meteoroid protection in cases where the required thickness exceeded 
the actual thickness and computed weight associated with this delta thickness. 
Figure D-11 shows that additional weight is required to provide the necessary 
meteoroid protection at approximately 4\ days into the mission. This weight is 
due of the added thickness required in the backup wall in the lower frustum, 
caused by the small bumper-backup wall spacing, which is close to minimum (S/D=lO). 
From figure D-10 it can be seen that only 0.001 or 0.002 inches of additional 
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Table D-1. Honeycomb Panel and Meteoroid Shield Thicknesses 

Location Frustum 

· Thicknesses Upper I Middle I Lower 

TPS Honeycomb Panel 

Front Sheet 0.008 0.008 0.008 
Core 2.500 1.600 0.800 
Rear Sheet 0.004 0.004 0,004 

Structu~al Honeycomb Panel 

Front Sheet 0.026 0.020 0,020 
Core 1.600 4.000 2.700 
Rear Sheet 0.026 0.020 0.020 

Required Meteoroid Shielq 

Bumper 0.008 0.008 0.008 
Spacing 2.500 1,600 0.800 
Backup Wall 0,030 0,024 0.024 

.,. 

-
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,material is required to provide the desired protection. This slight increase 
might be eliminated in either of two ways. First, any additional str,uctural 

,J,,;')\ strength requirements for the vehicle would probably cause the face sheet 
thickness of the structural honeycomb panels to increase by more thanl or 2 
mils; and second, it might be possible in futur.e design efforts to decrease the 
rear sheet of the structural honeycomb panel and increase the front sheet. 

Although no consideration was given in this preliminary analysis to the use of 
the r·ear sheet of the structural honeycomb panel as a second backup wall,· the 
use of multiple backup barriers tend to reduce the thicknesses required for 
first. This approach to the meteoroid shield might not require any additional 
shielding. However, the actual protection afforded by honeycomb for any type 
of meteoroid shield, must be verified in laboratory test. This is because 
there is no analytica~ technique for. predicting the extent of the damage to 
the sandwich core by the expanding debris ·cloud. Thus, before any hone'ycomb 
meteoroid shield can be designed, its worth must be substantiated in the 
laboratory. 
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ABSTRACT 

The Rocketdyne subcontract to Chrysler Corporation had four 

principal task areas: 

Task I The fabrication of a-2-1/2% scale SERV 

model with aerospike engine for slipstream 

and still-air testing, 

Task II - Model design and testing support, 

Task III - Propulsion analysis and design, and 

Task IV - Engine design description for the point 

design. 

This report presents the results of the Task IV effort, 
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INTRODUCTION AND SUMMA.RY 

'rhe SERV (Single-Stage, Earth-Orbital Reusable Vehicle) proposed by the 

Chrysl~r Corporation is designed to incorporate an acrospike engine, 

ihtegrated into the base of the vehicle and having a diameter of approxi

mately 89 feet, The engine design provides a short length engine assembly 

integ1;ated into the vehicle base to minimize the combined engine weight, 

thrust structure .weight, and vehicle structure weight. The engine has a 

v~ry high nozzle area ratio and thus a high vacuum specific impulse. 

The Rocketdyne subcontract to the Chrysler Corporation has provided data 

on engine design, performance, and operational characteristics for the 

SERV aerospike engine. This information was gathered in four tasks. 

In Tasks I and II preliminary nozzl~ performance calculations were made, 

areas of uncertainty were identified, a cold-flow test program was formu

lated, a model was designed and built, tests were run~ data were evaluated, 

and analytical procedures were updated, based upon the newly-available test 

data, This work was documented in Ref, 1. 

Task III provided baseline (preliminary) design information for the engine 

system, as well as parametric data for trade studies, In additiont related 

studies on base pressure ground effects, base heating, reentry nozzle 

cooling, reliability, and the dual combustor aerospike were presented, 

Task III was documented in Ref. 2. 

The purpose of the Task IV effort was to formulate a point design aerospikc 

engine for SERV, This work built logically upon the results of the prcccdin1{ 

tasks, The Task IV effort 'presented here covers engine description, module .. 
layout, engine layout, engine-vehicle interface, structural aspects, engine 

weight, combustor heat transfer, engine performance, and engine balance for 

the SERV Point Design Engine, 
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POINT DESIGN ENGINE DESCRIPTION 

The propulsion system for the SERV is an integrated aerbspike-nozzle engine 

comprised of twelve modules, ,each having a sea level thrust of 475,000 pounds. 

A module is defined as the smallest basic operating unit of the engine, i.e., 

it is comprised of an assembly of combustor segments jointed together with 

the nozzle and operated using one turbopump set •. · The total engine generates 

5.7 million pounds of thrust at sea level operating with LOX/H
2 

propellants 

at a chamber pressure of 2000 psia and an engine mixture ratio of 6,0 

The engine is designed to provide a high performance, reusable propulsion 

system having short length- and a minimum propulsion instaliation weight. 

Altitude compensation (i-.e,, the ability to deliver high performance at 

both sea level and vacuum) is achieved with the aerospike nozzle design. 

The engine is designed to provide ma.ximurit integration benefits by matching 

the engine gometry and the vehicle configuration. The ae·rospike-nozzle 

engine is tailored in diameter (and in length) to the base of the SERV 

vehicle. This provides a large diameter engine and hence,' a high area 

ratio. With integration of the engine and its nozzle into the structure 

of the vehicle the combined engine, engine thrust structure, and vehicle 

structure weight are minimized. The inherent capability of the aerospike

nozzle to effici~ntly perform with very short nozzle lengths permits the 

overall vehicle length to be minimized. 

The integrated, aerospike-nozzle engine is designed, developed and 

fabricated in independent sections (or arcs) of the complete circular 

engine system. These sections are defined as engine modules. Each 

module is an independent engine-system with its own turbopumps, propellant 

inlet ducts, start system, controls, etc. These modules are .assembled to 

provide the complete engine much ill. the same manner that bell-nozzle entines 

are clustered to provide a stage propulsion system. 
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The unnular ,combustor for the nerospiko-nozzle engine is assembled from 

essentially independent combustor segments. Segmenting o:f the combustor 

permits combustor develop~ent, teiting and fabrication to be conducted . . 
on a unit having approximately l/288th the thrust of the enginti system 

I ~ 

and approximately l/24th the thrust of the engine module (SERV baseline 

design utilizes 12 engine modules each comprised of 24 combustor segments). 

High performance, dombustion stability and productiort cost benefit from 

this design, Each _combustor is an isolated unit from the injector to an 

area ratio of approximately 6:1, Efficient combustor development can 

therefore occur using research-type test stands which reduces cost compared 

to testing th~ complete combustor in all tests. 

ENGINE POWER CYCLE 

In the SERV configuration, high-pressure and low-pressure (inducer type) 

pumps driven by individual turbines are used for the fuel and oxidizer 

circuits as shown in the schematic of Fig.. 1 .. The turbine drive gases 

are provided by a separate turbine drive combustor (i,e,, a low-mixture

ratio gas generator). This cycle allows the pump discharge pressures to 

be minimized in relat_ion to the chamber pressure. The pump components are 

not an integral part of the combustion chamber. They function independently 

of the thrust chamber and are readily accessible. On the fuel side, the 

high-pressure pump is a two-stage centrifugal pump. The oxidizer side has 

a single stage, high-pressure pump, The fuel and oxidizer low speed inducer

type pumps allow operation at a low NPSH value. 

The turbine drive gas, after expanding throi.gh the turbines, provides the 

secondary flow to the base region of the nozzle which increases the base 

pressure and thrust. This efficient use of the turbine drive gas results 

in high nozzle performance and a very high overall engine efficiency. To 
. . -furnish the required power of the system, a gas generator flowrate of 
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36.2 lb per second for each pump system is needed, operating witl1 o2/H2 
propellants at a pressure of npproximntely 1050 psin and n mixture ratio 

of 1.12. The total gas generator flow required t6 operate twelve pump 

systems is 419.1 lb per second. TI1is flow results in a mixture rntio 

(O/F) shift from the. 6:1 tanked conditions to a value of 6,45 in the. main 

combustor, 

Engine start, to full mainstage thrust or intermediate thr6ttled thrust 

levels, is initiated by opening of the main fuel valve which permits 

chilling of the thrust chamber cooling passages to begin, Controlled 

sequencing of the main oxidizer and turbine inlet valves allows main 

combustor ignition and engine power buildup to occur in accordance with 

the dynamic operating envelope of the engine start components. Engine 

start controls can be provided so that starting NPSH requirements never 

exceed the mainstage pump NPSH requirements, A pump inlet pressure ih 

excess of ambient is·required, however, to accelerate the flow in the 

pump inlet line. Minimum possible start ·time is a function of this 

pressure, 

For a tank head start, enough energy must be available to "breakaway" the 

turbopumps, In the case of the SERV engine, gas generator conditions 

under tank head must be sufficient for this task, With breakaway accom

plished necessary engine operating point servo controls can be provided 

to permit mainstage to be achieved. Should there be insufficient energy 

for turbopump breakaway, an auxiliary power source such as the pressurized 

hydrogen bottle of the J-2, the solid propellant spinner of the J-2S 1 or 

the propellant start tanks of the Thor may be provided. In either case 

the start may be controlled so that starting NPSH req~ircments do not 

exceed those of mainstnge provided that pump inlet static pressure, due 

to tank pressure or static head exceeds ambient pressure, 

necessary to accelerate the fluid in the pump inlet duct, 
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The start transient is then limited by the fluid accelerating force·acting 

on the fluid in the inlet ducts. For the SERV vehicle, for example, if n 

2 psig head is available on the fuel side with a 13 inch diameter duct 

50 inches in length; approximately 0.1 second is required to accel~rate the 

fluid to the mainstnge flowrate, If 6 psig is available on the oxidize~ 

side for a similar duct, 0 .2 .second is required :to accelerate the oxidizer 

to the mainstage flowrate. Thus, a start transient of less than 0.2 second 

could not be attempted without at least a momentary dip in NPSH. It is 

likely, however, that other component restrictions would limit the start 

time before the 0,2 second oxidizer acceleration limit was encountered. 

Maintenance· of a high fuel pump flow coefficient to avoid sudden head loss 

will undo~btedly dictate a slower start. 

The same conditions would apply to an orbital restart with the additional 

stipulation that good quality propellant be provided at the pump inlet. 

Settling the propellants and providing good propellant quality are the 

major problems associated with orbital restart. In the case of the J-2 

engine on the Saturn S-IVB stage, small settling rockets, and a propellant 

recirculation system are provided, 

In addition, the engine start control system must be designed to d~tect 

and adapt to a wide range of hardware temperatures. This is because hard

ware conditioning has an effect on component_operating conditions during 

start, Further, hardware temperatures are difficult to control during 

orbital coast periods. 

One additional consideration is that the number of starts must be predeter

mined if any system such as the solid propellant spinner is adopted. The 

number of starts required determines the number of spinners. Should a large 

number of restarts be required, some replenishablc energy source such as 

the J-2 start bottle or tank head would be favored. ~ 
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Tlae engine cutoff sequence may be initiated from nny engirie thrust level, 

Engine propellant volumes downstream of .the main valves are minimized to 

reduce cutoff impulse levels, Engine cutoff is initiated by Closure of 
.. 

the turbine drive combustor valves allowing turbine power to decay, The 

sequence is followed ~y closure of the main oxidizer valve and finally 

the main fuel valve. Main oxidizer valve closure and, therefore, cutoff 

time must; however, be accomplished within the limitations for maximum 

vehicle duct surge pressure associated to vehicle duct lengths, For a 

specified duct geometry and maximum surge pressure, engine shutdown will 

be accomplished by either first throttling down to a low thrust level and 

then fully closing the main oxidizer valve, or by controlling the closure 

of the valve from full thrust shutdown tq limit surge pressure below safe 

limits. 

TURBOMACHINERY DESCRIPTION 

The designs for the high pressure pumps are based on technology and 

experience obtained from the development of many past rocket engine turbo

pumps. The oxidizer pump is a one-stage, shrouded centrifugal impeller 

design without an inducer. The head developed by the low pressure pump 

prevents cavitation of this pump. The fuel pump is a two-stage, shrouded 

centrifugal-impeller design also without an inducer. Shrouds are utilized 

to improve the pump efficiency and to permit labyrinth seals to be incorpo

rated with the impeller. Pump efficiencies of 81 and 77 ,percent are based 

on actual experimental data obtained from the developed rocket engine pumps. 

The high pressure pumps develop discharge pressures of 3653 psia and 

3050 psi a for the oxidizer and fuel pu,mps, respectively. The critical 

design parameters were maintained well under the present state-of-the-art .,. 
for rocket engine pumps to obtain the necessary long-life for an economically 

reusable system. 
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Both the hydro~en and oxygen low-pressure pump designs are based on c1.1rrent. 

high suction performance inducer tcci1nology. These pumps are designed for 

low Nl'Sll·opcration with the oxygen and hydrogen pumps capable of opcl·ntion 

down to 12 and zero feet rcspecti vely. These values of NPSH reflect current 

design capability, 

The zero-NPSH capability of the hydrogen pump is based on considerable 

experience in the design of hydrogen pump for two-phase flow, such as in 

the J;..2 Mark 15 a-nd the NERVA Ma1·ch 25 hydrqgen pumps. The required pump 

inlet diameter increases with decreasing pump inlet total pressure. In the 

·sERV application, an inlet diameter of 13,25 inches is required to operate 

at an inlet total pressure of 14,7 psia, The corresponding inlet vapor 

friction is 50 percent by volume and the inlet static pressure is 11.7 psia, 
' 

For an NPSH of 12 feet for oxygen, the oxidizer low-speed inducer diameter 

will be 12.70 inches. This latter specification is based on the capability 

of inducers to pump at suction heads (or NPSH) of two inlet velocity heads 

~n liquid oxygen. 

Sufficient head is developed by these pumps to avoid cavitation in the high 

preesure pumps. The experience gained in the development of various inducer 

types have led to low pressure pumps that are capable of both high suction 

performance and high efficiency operation, The recently completed hyc;lrogen 

inducer program (NAS 8-25069) has also provided the technology for the 

design of low pressure pumps for two-phase flow. The inlet geometry of 

these low pressure pumps are similar to the two-phase flow hydrogen inducer 

which was designed, fabricated, and tested. Vapor volume pumping capabilities 

in excess of 35 percent were demonstrated, 

The turbines for the SERV turbopumps were designed for minimum flowrate.,and 

high efficiency to maximize engine performance, To minimize flowratc, the 

turbines for the low-pressure and high-pressure pumps are arranged in series 
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on both fuel and oxidizer turbopumps. 1be main fuel turbine is o 4-stage 

impulse turbine, designed for ri stage velocity ratio of Oi40 and has an 

efficiency of 74 percent. TI1e 4-stage design reduces the stress of the 

last rotor at the turbine discharge, The turbine for the low-press.ure fuel 

ptllnp is a single stage impulse, designed for a velocity ratio of 0,35 1 and· 

an efficiency of 70 percent, The aerothermodynamic design of these turbines 

is based on Rocketdyne' s extensive experience in developing these turbine

type_s. 

The main oxidizer turbine is a 3-row, impulse turbine designed for a stage· 

velocity ratio of 0,35, and has an efficiency of 70 percent, The turbine 

for the low-pressure oxidizer pump is a 2-row, impulse turbine with a 

velocity ratio of 0,12 and has an efficiency of 50 percent. 

SERV ENGINE THROTTLING 

The SERV engine throttling requirements during the primary mission result 

from a restri6tion on the maximum vehicle acceleration level experienced 

and maintenance of an effective gimbal angle, The throttle range for 

limiting vehicle acceleration above 100,000 ft in the baseline mission is 

from full thrust to 18 percent nominal thrust (throttle ratio of 5,55:1). 

In addition the engine is capable of differential throttling of 15 percent 

within the thrust range (total throttle ratio of 6,5:l), The modular concept 

employed in the SERV engine is extremely versatile when it comes to the 

throttling requirement, The modules may be throttled either together or 

separately. 

Generally, the type of engine control depends greatly upon the syst:m. 

response requirements, For example, the engine throttling response may 

need to be sufficiently fast so that the engine system will fit a projected 

mission profile without requiring pulse mode operation, Liquid propollnnt 

\ 
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control elements generally provide suporior dynamic response, but require 

high valve pressure drops nt design conditions nnd subsequently higher pump 

discharge pressures. Turbine-drive gas controllers allow lower pump dis

charge pressures at the expense of system response time, which increases 

due to the lai in turbomachinery response. Both types of controls w~tld b~ 

used in the SERV engine·. Additionally, pump recirculation for propellant 

utilization and prevention of pump stall at deep throttled conditions may 

.become necessary. 

Control of engine thrust and mixture ratio during the start transient can 

be accomplished by ~eans of the mainstage control system (Fig. 2 ),· but· 

special consideration must be given to other aspects such as system pre

conditioning requirements, pump stall effects, and initial turbine power 

provided to initiate mainstage engine operation. 

The main propellant valves and turbine drive combustor valves woula be 

variable position and functibn as throttle control valves as well as on-off 

valves. The hot gas valves also function as on-off and throttle control 

valves. ~osition indicat~rs are provided for propsr system sequencing and 

to facilitate operational evaluation by the engine in-flight monitoring 

system. Throttled operation will be obtained by operation of the main 

oxidizer valve in conjunction with the turbine supply valves. These valves 

are controlled in a closed loop manner. The system is capable of throttling 

from full thrust to 18 percent thrust including differential throttling of 

15 percent within the thrust range, and of varying the engine MR to ±•5 

mixture ratio units about a nominal of 6:1 during mainstagc operation. 

Investigation results of the previous NASA-Advanced Engine Acrospikc (AEA) 

program indicate that, for stringent throttling ramp rates (45%/sec), a 

combined liquid valve-hot gas valve control system gave preferred response ... 
characteristics, '!'his same combination of valving for throttle control 

would be used for SERV engine even though the ramp rate is less severe 

estimated to be about (25%/sec). 

di 
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Fig. 2, SERV Engine Control System 
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The impact of SERV engine throttling on specific impulse hos been investi

gated, The datn (Fig, 3 and 4 ) provide performance trends for altitudes 

equal to or above 100,000 ft and for throttling down to 10 percent of nominal 

thrust (basis: original baseline design). The combuiti6n efficiency trend 

with throttle level is provided on Fig. 5 • The combustion efficiency i,s 

0,995 for the full chamber pressure conditions, This efficiency value hns 
. . 

been achieved in extensive aerospike nozzle segment testing conducted under 

the Air-Force-ADP .and NASA-AF.A programs. During. the latter program, high 

combustion efficiencies were measured with both triplet and coaxial type 

injectors, As chamber pressure decreases in the throttling mode, the 

combustion efficiency is affected, 

The SERV engine perfonnance data were generated including assumptions 

relative to the method of throttle control, For example, an oxidizer 
2 

injector pressure drop of 1330 lb/in (conservative) was allowed to 

provide stability at the 6,5:1 throttle level, Nominally, the oxidizer 

injector pressure drop at full thrust for a. non-throttling engine would 
2 

be 500 lb/in for the SERV engine. 

Investigation during the NASA-Advanced Engine Aerospike program at 

Rocketdyne concerning main engine throttling capability to 3 percent 

nominal thrust has shown that the injector pressure drop ( P. -.) must 
1~ 

re~ain large to maintain control stability and performance at low thrust 

levels, Data presented on Fig. 6 show Pi ./P vs 'throttle ratio for 
nJ C 

o
2
;H

2 
propellants in the regeneratively cooled AEA application, The GH

2 
injection curve (AEA-1 curve) indicates acceptable throttling characteris

tics, The Pi ./P values in the L02. curve (AEA-2) decreases sharply as 
~ C . . . 

the throttle ratio exceeds 5: l and falls below a minimum stability limit 

line established by stability and control criteria. It is noted that G0
2 

was used as injectnnt for the AEA system (AEA-3 curve) and so eliminntedl' 

the problem of stability and injector pressure drop increase, 
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Also, during the AF-ADP program, an injector was successfully operated nt 

a throttle ratio of 5:1 and experienced a value of P ./P of 0.05. 
inJ C 

Further, the J-2X test data shown on Fig. 6 reflects stable operation to 

a value of 0,05, Therefo1~e, the minimum level of 0,10 can be. considered 

a cdnservative throttle level value as the throttle ratio approaches 10:1. 

The SERV engine data are based on this value. 

An experimental data line :f:rom J-2X testing is shown on Fig, 6 which 

indicates the co·ncentric element injector with L0
2

/GH
2 

propellants follows 

a Pi ./P curve for L0
2 

injection down to about 7:1 throttle ratio 
nJ C 

( 14% F ) beyond which gasification o·f the oxvgen occurs. The J-2X data nom • 
indicate the concentric element injector follows a P. ./P curve for L0

2 • l.nJ C 

injection down to about 7:1 throttling and then apparently gasifies the 

oxygen to follow the G02 curve. This characteristic can be attributed to 

the inherent heat exchange injector capability of the J-2X system, It is 

not expected that the SERV injector configuration would have sufficient 

heat exchange characteristics (enthalpy exchange to incoming oxygen) with 

throttling to gasify the oxygen. 

DIFFERENTIAL THROTTLING TVC 

Because of the unique geometry of the SERV vehicle, thrust vector control 

(TVC) can be achieved efficiently by differential throttling of engine 

quadrants. Large effective gimbal angles are obtained with only moderate 

throttling ratios, which results in small specific impulse losses. Mission 

requirements can be easily balanced by using the engine upthrust capability 

to keep the engine total thrust at the required level. An alternative thrust 

' vector control system for a fixed engine uses s:condary gas injected at a 

point near the end of the nozzle to produce an unbalanced side thrl,J,,St. 

Design and analysis capability for secondary injection TVC with aerospike 
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nozzles is well established, nnd this method has proven attrnctivc in 

several previous applications. However, vectoring demands for the SERV 

vehicle are such thnt secondary flow requirements and attendant specific 

impulse losses (on the order of 1 to 2 percent) mny be e.xcessive, 

The SERV aerospike engine is readily amenable to differential throttling 

TVC, because it must undergo at least 5:1 throttling.to satisfy baseline 

mission requirements regardless of the TVC method. It should be relatively 

easy to combine these functions, Because each module is separate, individual 

controls c~n be- employed to provide ind~pendent throttling. Previous studies 

have shown th~t several control systems are capable of 10:1 thrott~e levels, 

and that the choice of one over the other depends on a tradeoff between 

response, performance, and complexity. Moderate throttling rates are 

obtained with systems that employ hot gas valves in the lines upstream of 

the turbines, Faster response can be obtained by providing additional 

valves in the liquid lines. The present SERV contra~ system includes liquid 

line contra~ and turbine drive gas control, 

Results of a recent study conducted for a representative aerospike engine 

are summarized in Fig. 7 Characteristic relationships and transfer 

functions for all system components and controls were combined in this 

study to evaluate transient response characteristics of each control 

technique; hence, these data represent the effect of all major time lags 

in each system, The curves indicate upper bounds of regions for which the 

controlled response was smooth and stable at all levels. It is readily 

seen that several methods are capable of throttling rates around 10 percent 

per second to levels much lower than that needed to TVC, This is equivalent 

to gimbaling the enginf at a rate of about io degrees per second, which 

should be more than sufficient. The present combination liquid/gas control 
fl> 

system will allow much faster 'l'VC response rates; approaching 50 percent 

change/second (i.e., a change in thrust will occur about two seconds after 

command· is given). 
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Analysis for the SERV differential throttling 'l'VC system indicates that 

the attitude control force required can be supplied by throttling one 

quadrant of the engine (three modules/quadrant). For example, a quadrant 

throttling requirement of 23,9 percent is required for a gimbal angle of 

5 degrees (Fig, 8 ) • The data presented on Fig. 9 resulted from a 

parametric study of relative moment arm length and degree of throttling 

required, Figure 9 presents these results for a single m·odule and for 

a quadrant of modules with variable R/L values (R = Baseline vehicle radius 

(45 ft), and L = Effective moment arm length). The SERV R/L value corres

po.nding to the data of Fig. 8 is 1,5. 

MODULE OUT 

One of the features of the SERV engine is that compensation for malfunction 

or premature shutdown of a pump set can be provided. This is accomplished 

by the use of pump-out valves as shown in Fig. 2 . The turbomachinery 

overspeed capabilities allow the remaining 11 pumps to provide the .additional 

flow to compensate for one module pump set shutdown. When required, the 

disabled pump is isolated, and the propellants supplied to the common manifolds 

by the remaining pumps, thereby maintaining the required flows over the entire 

engine. In this manner, thrust misalignment is prevented without additional 

control system or vectoring requirements. The effect on engine performance 

is a decrease of 0,2 seconds in engine specific impulse caused by 

an increase in turbine flow required by the higher pump discharge pressures. 

Detailed dynamic analysis is necessary to define the operational modes, 

response requirements, and operating performance with this approach. For 

such an investigation, a computer dynamic module of the engine m~dules and 

the entlre engine system need be developed, Such an undertaking was beyf)nd 

the scope of the present contractual effort. 
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ENGINE DESIGN AND WEIGIIT 

1. 

MODULE IAYOUT (AP 71-014) Figure 10. 

Each engine module ~an be defined by 1) thrust chamber (combustion chamber, 

injector, no~zle and base injection sectiori), 2) interconnects/supports 

(lines, valves and supports)., 3) turbomachinery (low pressure rise turbo

pumps, high pressure rise turbopumps and turbine drive gas generator), and 

4) con~rols (including pogo suppression and ignition). 

TJffiUST CHAMBER 

Combustion Chamber 

The combustor assembly for each engine module is comprised of 24 combustor 

segments, The core for each combustor segment is fabricated as a casting. 

Coolant flow passages in the casting are defined by poolant velocity, heat 

transfer and pressure drop requirements. The coolant passages are cast 

channels with an electroformed closeout for the cold wall, 

The distance from the i'njector end of the combustor to the nozzle throat 

has been selected to ensure high combustion efficiency and stable combustion. 

The side walls of the combustor act as baffles between segments further 

assuring combustion stability~ The combustor walls are tapered and contoured 

from the injector face to the throat. This allows the correct boundary layer 

form~tion and prevents unfavorable pressure gradients from developing in the 

combustion gas st·ream. 

~ 

Wall radii upstream and downstream of the throat are selected to develop 

maximum performance, 
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Structural inner and outer rings, assembled about the combustors and joined 

by bolts between combustor segments, provide restraint against pressure and 

thermal loods, The inner structural ring is welded to the nozzle oxial 

beams. 

InjectC>_r 

The injector face for each combu~tor segment is rectangular with a length 

to width ratio of approximately 6,7, The injector element is a coaxial 

type ~1th hydrogen injected into an annular passage concentric with a tube 

through which liquid oxygen is injected. Proper recessing of the central 

tube.controls the expansion of the hydrogen and provides fbr proper atomi

zation and mixing of the propellants before combustion. The injector face 

is porous and transpiration cooled with hydrogen thereby maintaining the 

injector face at a low operating temperature. The injector bodj is an 

investment casting with fuel·manifolding and oxidizer posts cast integrally 

with the body, The oxidizer manifold is welded to the body and the latter 

is welded to the combustion chamber, 

Nozzle 

The thrust chamber nozzle is formed in two parts. Downstream of the throat 

of the combustion chamber, the combustor body forms a two-dimensional shrouded 

spike nozzle, The module combustor assembly (composed of 24 segments) is 

attached to a one-piece tubular nozzle to complete the module nozzle (with a 

two-dimensional nozzle contour joined to a truncated ideal spike nozzle 

contour). The nozzle has a length from throat to end of section equal to 

5,175 percent of that of a 15-degree cone of identical area ratio, The 

external flow field generated by the nozzle is essentially identicill to that 

of a.point-exponsion truncated ideal spike nozzle, The nozzle tubular wall 
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is backed by a shear skin ond axial nnd transverse beams. The inner 

structural cbmbustor ring is welded to the axial beams which in turn arc 

welded to- the. shear panel which is attached to the i.nner (cold) sur.face 

of the tubular nozzle wall. 

Base Injection Section 

Secondary gas flow is introduced into the engine base through a porous 

annular injection section. The design of a high base performance, 

injection section is based on data from cold flow tests. 

The secondary flow system (turbine exhaust base injection) consists of 

turbine exhaust ducts, a continuous toroidal duct and a flexible coupling. 

The toroidal duct serves as both turbine exhaust manifold and secondary 

flow injector. The injector is formed by holes punched in the aft segment 

of the duct, The toroidal duct is supported both outboard and inboard by 

a sealed flexible coupling assembly. 

The flexible coupling permits radial translation of both the toroidal 

duct a.nd thrust chamber skirt under action of thermal and thrust loading. 

Simply supported ends are provided at attach points (to the module nozzle 

and the vehicle structure) by piano hinges sealed against base pressure. 

Tangential stresses which would produce buckling failure and excessive 

rigidity of the structure are relieved by circumferential slots in the 

coupling wall. The voids thus formed are also sealed against base pressure, 

.. 
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INTERCONNECTS AND SUPPORTS 

Lines and Valves 

Rigid high-pressure propellant and hot gas lines are used to achieve a 

lightweight engine with simplicity of design and ease of component packaging. 

The main propellant valves and turbine drive ga:;; generator propellant valves 

are variable positi~n valves which function as control valves as well as 

on-off valves. Recirculation valves are provided on.the high pressure rise 

pumps to facilitate engine throttling. Propellant valves are also provided 

to isolate the module turbopump set from the common propellant feed lines. 

This provides the engine system with pump.set out/fail iafe capability. 

The hot gas valve functions_as a mixture ratio control valve. Position 

indicators are provided for proper system sequencing and. to facilitate 

operational evaluat_ion by the engine inflight monitoring system, 

Supports 

Each turbopump is supported from the nozzle axial beams by the con~entional 

1-2-3 suspension system, i,e. 1 one support has one attachment point to the 

axial beams, one support has two attichment points to the axial beams and 
I 

one support has three attachment points to the axial be.ams. The turbine 

drive gas generator is attached to the high pressure rise fuel turbopump 

(the fuel pumping system consuming approximately twice the gas generator 

flow compared to the oxidizer pumping system). 

9 
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TURDOMACHINERY 

Low Pressure Rise Turbopum_ps 

The low pressure rise fuel and oxidizer turbopumps have the capability of 

operating with minimum mainstage NPSH (o.g., a minimum of Oft and 12 ft 

for fuel and oxidizer, respectively) 1 high efficiency, reliability, and 

maintainability, Minimum engine NPSH requirements are desirable in order 

to minim.ize tank pressure. 

High Pressure Rise Turbopump~ 

The fuel pump is a two-stage centrifugal. pump, The oxidizer pump is a 

single stage centrifugal pump, An accessory drive is provided on the 

oxidizer turbopump. Turbop'Lu~p bearings I seals, and tip speeds were 

selected based ~n previous experience and long life considerations. 

Turbine Drive Gas Gener~tor 

The gas generator produces low-mixture-ratio combustion gases to power 

the turbines; The gas generator can operate on gaseous, liquid, or two

phase propellants. During mainstage, the gas generator will operate on 

liquid propellants. Propellant valves located in the feed lines control 

the propellant flowrates and mixture ratio during operation. 

.. 
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CONTROLS 

'fhe control system is disc\issed elsewhere in this repoi•t. Two control. 
/ 

itE:?ms can be discussed here as part of the engine design since they 

effect the control of the engine system al.though they do not appear in 

the conventional controls section, 

~~go Suppression 

Each engine module is equipped with a Pogo suppression device at the 

oxidizer pump inlet to prevent the oscillations expeiienced in previous 
I 

launch vehicles, These oscillations are due to the inherent resonance 

in the vehicle structure and propellant feed system, The suppressor 

consists of an active control system utilizing a servo-controlled flow 

absorber. On command from the control ·system which senses vehicle 

acceleration, a quantity of fluid is displayed in such a way that the 

oscillations are cancelled. The fuel feed system does not require such 

a device because of the lower flowrate and the compressibility of-the 

fuel 1 Which tends to damp the oscillations. 

Ignition 

' The gas generator and each combustion chamber se.gment will be equipped 

with resonance ignitors, This will provide a lightweight multistart 

ignition system. 
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ENGINE I.AYOUT (AP 71-045) Figure 11.. 

The propulsion system for the SERV is an integrated aerospiko-nozzle 

engine. The engine generates 5,7 million pounds of thrust at sen level 

at a chamber pressure of 2000 psia and an engine mix_ture ratio of 6 .o. 

The nerospike nozzle, which integrates into the vehicle base; has an 

area ratio of 433,7 and a length equal to 5,175 percent of ah equivalent 

15 degree conical nozzle, 

'l'he engine system is comprised of twelve modules, each module having a 

sea level thrust of 475,000 pounds. A modu__le is the smallest basic 

operating unit of the engine and is an assembly of 24 combustor segments, 

a nozzle segment and one turbopump set, The modules are bolted together 

to form the complete 1040 inch O .D. engine system.. The inlets to the low 

pressure rise pumps have been orientated for maximum accessibility to the 

propellant tanks, 

The integrated engine operates on:an open-flow power cycle, with the pumps 

driven by individual turbines powered by low-mixture-ratio combustion gases 

provided by the turbine drive gas generator. The engine system has common 

propellant feed ducts for the combustion chamber injectors. These common 

ducts and associated valves allows one turbopump set to shut down while 

still operating the attendant thrust chamber, i.e., pump set out/fail safe 

operation. 

The engine system is equipped with heat exchangers capable of heating 

liquid propellants tapped from the engine for use in pressurizing the 

vehicle propellant tanks during mainstagc operation. 

/ 

_, 

Thrust ~ector control is provided by differential throttling of the engine 

quadrants. 
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THE STRUCTUML ASPECTS OF ENGINE THRUST 

The total thrust of the aerospiJ;:e nozzle is generated by the combination 

of the periphcrial combustion chamber load, the nozzle pressure profile 

and the base pressure (Fig .12 ) . The principal nozzie structtli·nl element 

is the axial beam (I-sections made of titanium). These beams are supported 

at the forward end by the vehicle thrust structure and at the aft end by 

the kicl( ring. The aft "l~iclc ring" is fabricated of ti tnnium sheet formed 

in a box section with honeycomb as the ~ore. The ring is 'bolted to the 

axial beams and to the transverse beams. Engine thrust loads are trans

mitted.to the axial beams in the manner desc~ibed below. 

The magnitude· and direction of the peripherial combustion chamber load is 

such that it tends to counterbalance the nozzle loading. Thus, the net side 

load from the system is small in comparison to the vertical thrust load. 

The combustion chamber load is transmitted to the axial beams by bending 

and shear of the combustion chamber structure. The line of action of the 

combustion chamber load is offset from the axial beam centroid and, there

fore, provides a reverse (or reacting) moment .to the moment generated by 

the nozzle pressure profile. The nozzle pressute load is reacted first by 

the nozzle tubes and transmits the loading to the transverse beams in 

bending. The transverse beams transmit these loads to the axial beams in 

bending. 

The forward mount reacts both vertical (thrust) and horizontal loading. 

The kick ring reacts horizontal loading only and therefore, is sized 

structurally to resist hoop buckling under the influence of this loading. 

When a quadrant (3 engine modules) is throttled, the reduced loading on the 

ring has the same effect as imposing a distributed lond in the opposite 

direction to the hoop loading that is already present (Fig. 13 ) • Tpe un

balanced loading imposes bending on the ring and in addition, the resulting 
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unbalnnccd si,de load must be reacted in shear flow, A shear skin is pro

vided (bonded to the nozzle. tubes for stability) to trnnsmit this shear flow 

to the forw~rd mount. The transverse beams are increased in heiaht in•the 

area of the aft kick ring to provide the required snc~r tic between the 

ring ahd this skin, 

The bending imposed on the aft kick ring by differential throttling was 

reviewed in some detail during the previous report period, For the same 

effective gimbal angle, quadrant throttling results in a maximum ring 

bending moment of approximately 62 pe:r:cent of the maximum moment obtained 

for module throttling. It was also apparent.· that a large. reduction of 

maximum bending moments could be obtained if opposing quadrants (or.modules) 

are throttled, However, this was not pursued since, in all casei, the ring 

size was governed by hoop buckling and the stress from ring bending was 

relatively small, 

In summary, ·the propulsion system generates three peripheral loads that must 

be reacted by the vehicle thrust structure. This loading is summarized in 

. Fig. 14 . It. consists of the vertical (thrust). load, RV, a horizon~al load, 

Rh, and the shear flow that arises as a result'of differential throttling 

for thrust vector control, During throttling, the vertical and horizontal 

loading can be calculated using the percent of module thrust for the given 

condition, The shear flow is then calculated from the resulting unbalanced 

side load. The loads shown are the maximum values that occur at altitude 

and include a limit load factor of five percent, 

~ 
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, RV= 2'193 Lb/In 
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, TiffiUST. = 7, 646K (ALTITUDE) 

LIMIT LOAD FACTOR= l.05 

S lll!:AR FLOW (MAXIttuM) = 
(SID~ LOAD)'/(DIA?,lli'TER) 

NOTE: MAXIMUM SHEAR FLOW @ ! 90° 
TO THE CENTER OF THE SIDE LOADING, · 

,· 

l,IMIT LOADING AT Al.TlTtJD~ 
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ENGINE VEHICLE INTERFACE (AP 71-016) Figure 15. 

Theprimary interface between the engine und the vehicle is the structural 

attachments and the propellant feed ducts, The secondary interface is the 

flow of propellant tank pressurant and.control signals and actuation power. 

Since the engine system is not gimbaled 1 many designrequirements usually 

associated with an engine vehicle int~rface have been eliminated, i.e., the 

great variety of flexible and/or gimbaling lines is not required. Also, 

location restrictions imposed by gimbaling requirements as to where the 

lines may be routed have been eliminated. 

The structural interface is the conical thrust structure attachment to 

the vehicle and the base injection section attachme.nt to the structure. 

The thrust structure is attached using two bolts at each axial beam 

location (144 beams located 2° 30' apart}, The base injection section 

is attached by a simple supported seal. 

The propellant feed ducts must have enough flexibility to allow for 

installation alignment and th~rmal changes brought about by th~ propellants, 

ENGINE WEIGHT AND MASS PROPERTIES 

The point design engine weights are summarized in Table 1 Dry, wet and 

burnout weights are presented for both the engine and the engine module, A 

more detailed breakdown of these weights was used in conjunction with the 

engine design drawing to calculate the system mass properties, These 

properties are summarized in Table 2 • They include dry, wet and burnout 

center of gravity locations and the calculated mass moments of inertia about 
., 

the center of gravity, The coordinate axis system used has its origin at the 

I 
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'l'ABLE l 

ENGINE WEIGJIT DREJ\Ja>OWN 

• F = 5700 K (SEA Ll::VEL 

• P ·= 2000 psia 
C 

• MIXTtm.E RATIO= 6 

• OUTSIDE DIAMETER = 1040 in. (86,67 ft) 

• THRUST VECTOR CONTROL: DIFFERENTIAL TlillOTTLING 

• NOZZLE PERCENT LENGTH= 5,175 

WEIGHT, LBS, 

ENGINE MODULE 

(65,448) (5,454) I 

COMBUSTION CHAMBER 9,965 830 .. 
NOZZLE 16,214 1,351 
TURBOPUMPS AND MOUNTS 14,195 1,183 
LOW PRESSURE TURBOPUMPS AND MOUNTS 4,911 409 
PROPELLANT DUCTING AND VALVES 11,635 970 
HOT GAS/IGNITION SYSTEM 5,179 432 

l 
CONTROLS AND MISCELLANEOUS 3,349 279 

-----··· ... 

(18,482) 

AFT KICK RING 16,222 

BASE FLOW INJECTION SYSTEM 1,972 

I MODULE ATTACH PARTS 288 

--· -
FLUIDS, WET 2,704 225 

FLUIDS, BURNOUT 870 73 

SYSTEM WEIGHT, DRY 83,930 5,454 

SYSTEM WEIGHT, WET 86,634 s,6b9 
SYSTEM WEIGHT, Dtm.NOUT 84,800 4,527 

. - ,.. ... ~.~· ... · ..... , ...... ~ ... ~-----~-----·-
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e 
TADLE 2 

BASELIJ'l'E ENGINE MASS PROPERTIES 

.. ,--
I 

Center of Gravity, in. Mass Moinents of· Inertia (Slug~Ft 2) 
Weight, lbs. 

y z Ix Iy Iz X 
! . - ~ . . . ,.. .. - . .. .. ..... . . ~ ,~. ~-, .. 
i 
' j 

83,930 Dry I -40 0 0 3,831,800 1,932,600 1,932,600 ' i 
I 
I 

86,634 
i 

, 3,959,500 Wet i -39 0 0 1,997,000 1,997,000 

I 84,800 Burnout -39 0. 0 3,.871, 500 1,952,500 1,952,500 

I ' i .... ---- . --·-• - ....... 

.. 

,Iii -
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engine (and vehicle) centerline in the vel1icle-propulsion interface plnne 

(Ref, 183,32 dimension, Chrysler drawing number GOSK-193, "SERV - Revised 

Baseline Vehicle, 88 feet Diameter", 2/12/71), The positive x-axis is 

directed forward (away from the. propulsion system) and the y and z axis 

are in the interface plane, Since the propulsion system is symmetrical, 

they and z axis can be tissigned any compatible directions that may be 

desired, 

.,. 
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SERV TlffiUS'f CIIAM13ER COOLING ANALYSIS 

The SERV engine consists of an annular combustor expansing hot combustion 

gases on a truncated aerospike nozzle. The combustor, Fig,16 , is about 

5 inches in length from the injector face to throat plane with a throat 

gap (neglecting baffles) of 0,5806 inches and injector end height of 

1.5 inches. The combustor aiis is canted radially outward 62,3 degrees 

with respect to the engine centerbody axis· of symmetry. The combustor 

shroud extends about 4,8 inches below the throat to an area ratio of 

about 5,5. 

The combustor including the shroud will be fabricated from_a NARloy casting 

or billet with coolant passages machined on the outer contour. The coolant 

passages are closed out with an slecrodeposited nickel backwall ~hich also 

provides structural rigidity for the contour, 

Coolant passages for the combustor throat should be about 0.050 inches 

square with a 0.060 inch land. The gas-side wall thickness for the 

expected heat flux at 2000 P is about 0.035 inches, which should also 
C 

meet other requirements. If constant land thickness is maintained 

throughout the combustor length, passage width will be about 0.052 inches 

at the injector and about 0,051 at the shroud exit, An engine combustor 

segment will contain about 100 passages. 

The spike nozzle is truncated to 5,175 percent length of a 15 degree 

conical nozzle of the same area ratio. TI1is results in a nozzle length 

of about 93 inches along the centerbody axis from the combustor throat, 

Fig ,17 The nozzle 

stainless steel tubes 

attach point requires 

will be cooled with a tubular wall of about 50 
. 2 per segment. A heat flux of 10 Dtu/in -sec at tfle 

. 2 
a coolant mass velocity of 4,0 lb/in -sec with a 

·:1. }. 
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Figure 16 • SERV Engine Combustor Geometry 
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Figure 17 . SERV Engine Nozzle Contour 
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0.015 inch tube wall thickness. This muy be nchievcd with a 0,20 inch 

inside tube diameter. The heat flux at the nozzle exit plane is about 
2 2 

0,9 Btu/in -sec requiring a coolant mass velocity of 0,5 lb/in -sec. 

The tube width at the exit is 0.150 inches requiring a flat length of 

about 0.9 inches to achieve the 0,5 mass velocity, 

Proper design would retain an L/D ratio of about 3 rest1lting in a flat 

length of about 0,4 inches, This effects a substantial reduction in tube 

wall weight and simplifies fabrication .. The result is usually a small 

increase ih coolant pressure drop since the over-cooled wall is irt a low 

heat flux region near the spike exit. 

The SERV combustor is very similar to the linear engine cast NARloy segment 

recently designed and tested under NASA contract NAS8-30182, The operating 

conditions for the cast segment are similar to those for the SEIW combustor 

as shown in Table 3 •. The SERV combustor heat load may be predicted from 

the experimental data taken on the linear engine cast segment, The com

posite heat loads to an area ratio of 3.87 1or the foui 11.25 inch side 

panels are plotted versus chamber pressure in Fig:18 Extrapolating this 

data to 2000 psia and summing the result yields a total combustor heat load 

of 630 Btu/sec per inch of _combustor width. 

A throat mean diameter for the SERV engine of 1026.5 inches yields a total 
6 

heat load of 2,03 x 10 Btu/sec to an area ratio of 3,87. The heat load for 

the balance of the SERV shroud is derived from a boundary layer analysis of 

the contour from E = 3,87 to the ex,i.t at E. = 5,53. This resulted in an 

additional 112,530 Btu/sec per side, assuming the inner and outer bodies are 

identical to the shroud exit, A theoretical analysis of the spike nozzle 

surface indicates an additional contribution of 99],,000 Btu/sec. The total 
-6 engine heat load to be absorbed by fuel coolant is then 3.25 x 10 Btu/sec. .,. 

If the entire fuel flow is available to cool the thrust chamber walls, a 

bulk temperature rise of 430 degrees Fis predicted. "Film coefficients 

for SERV are shown in Figures 19 and 20." 
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'fADLE 3 

COMBUSTOn OPEMTING CONDITIONS 

p, psia 
C 

Throat Gap, in, 

Propellants 

Mixture Ratio 

Material 

Length, in. 

Convergence, degr~es 

Injector Height, in. 

e- C 

t, exit 

Cooling Circuit 

SERV 

2000 

0. 58.06 
(No Baffles) 

LOX/H
2 

6.45 

NARloy 

5,0 

5.5 

1.5 

2.59 

5,53 

E-52 

• 
LINEAR ENGINE 

1200 

0,456 

LOX/H
2 

6,0 

Cast NARloy 

5,0 

6.0 

l. 5. 

3.29 

3.87 

All sides 
in parallel 

.. 
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POU~T DESIGN ENGINE PERFORMANCE 

The SERV vehicle aerospike_ nozzle engine is tailored in diameter (nnd in 

length) to the base. of .the vehicle •. , This provides a large diameter engine 

and hence, a high area ratio. The SERV point design engine resulted in a 

nozzle area ratio of 433,? rind a nozzle percent length of 5.18 percent. 

ENGINE PERFORMANCE 

The complete description of the SERV point design, engine .balance, and 

component efficiency parameters is shown in Table 4 . This information 

is shown for an engine with an overall throttling capability of 6,53:1. 

In this table, values are furnished for the various proc~ss efficiencies 

whose combined effect determine the engine specific impulse. System 

geometry and flowrates as·we~l as temperature and pressure schedules are 

presented. 

· In the following sections, a review of the various engine efficiencies is 

provided together with additional descriptive information on the engine 

performance calculations, 

OVERALL ENGINE PERFORMANCE EQUATIONS 

All the nozzle performarice parameters and the turbomachinery performance 

parameters are combined in this section to develop the engine specific 

impulse. 

.. 
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TADLE ·4 
\· 

POINT DESlGN ENGJNE PERFORMANCE SURVEY 

CONFIGURATION 

ENGINE DIAMETER, IN. 

COMBUSTOR 

CYCLE 

TURBINE ARRANGEMENT 

ENGINE 

SEA LEVEL THRUST, LB 

SEA LEVEL SPECIFIC IMPULSE, SEC 

VACUUM THRUST, LB 

VACUUM SPECIFIC IMPULSE, SEC 

MIXTURE RATIO, 0/F 

OXIDIZER FLOWRATE, LB/SEC 

Ftr.EL FLOWRATE, LB/SEC 

EFFICIENCY AT VACUUM 

COMBUSTOR· 

MIXTURERATIO, 0/F 

CHAMBER PRESSURE, PSIA 

OXIDIZER FLOWRATE, LB/SEC 

FUEL FLOWRATE, LB/SEC 

FUEL INJECTION TEMPERATURE, R 

CHARACTERISTIC VELOCITY, FT/SEC 

COMBUSTION EFFICIENCY 
(REF. TO INJECTION CONDITIONS) 

* REFERENCED TO PROPELLANT INJECTION CONDITIONS 
** REFERENCED TO PROPELLANT TANK CONDITIONS 

E-57 

NPL POINT DESIGN GEOMETRY 
6 . 5 3: 1 TJUlOTTLI NG 

1040. 

SINGLE 

GAS GENERATOR 

. PARALLEL 

6 
5.7·x l.O 

345,8 
6 

7.65 X l.0 

467.5 

6.0 

J.4,0l.8 

2336-

0.9463* 

6,45 

2000 

J.3,797 

2,139 

474 

7561 

0,995 

(0.9612**) 

f/1' 
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PRIMARY NOZZLE 

AREA RATIO 

NOZZLE TlffiUST COEFFICIENT 

DIVERGENCE EFFICIENCY 
; : ' ~ 

DRAG EFFICIENCY 

KINETICS EFFICIENCY 

BAFFLE EF'FICIENCY 

BASE 

SECONDARY FLOW RATIO, WS/WP. 

SECONDARY CHARACTERISTIC VELOCITY, FT/SEC 

BASE PRESSURE AT VACUUM, PSIA 

GAS GENERA TOR 

MIXTURE RATIO, 0/F 

OXIDIZER FLOWRATE 

FUEL FLOWRATE I LB/SEC 

TEMPERATURE, R 

SPECIFIC HEAT, BTU/LB-R 

GAMMA 

MOLECULAR WEIGHT 

CHARACTERISTIC VELOCITY, FT/SEC 

GEOMETRY 

ENGINE DIAMETER, IN, 

NOZZLE EXIT DIAMETER, IN. 

TlffiOAT CENTERLINE DIAMETER, IN. 

BASE AREA RATIO 

BASE DIAMETER, IN. 

NOZZLE PERCENT LENGTH 

NOZZLE LENGTH, IN. 

COMBUSTOR THROAT AREA I IN. 

COMB US TOR T}ffiOAT GAP I IN. 

• I 

** BASED ON O ,075 BLOCKAGE DUE TO l3AFFLES 

NPL POINT DESIGN GEOMETRY 
6. 53: 1 TJffiOTTLING 

433.7 

~.871 

_0.9096 

0.9865 

0~9% 

D.999 

0.0263. 

5500 

1.099 

1.12 

221.4 

197.7 

1960 

1.8 

1.348 

4,272 

7045 

1040 

1016.8 

1026.5 

310 

859,7 

5.175 

93.47 

1872.4 

0, 6277** 
f/1' 
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PRESSURE SCHEDULE 

CHAMBER PRESSURE, PSIA 

INJECTOR END PRESSURE, PSIA 

;.6 P INJECTOR, PSI 

D,. P .COOLING JA.,CKET, PSI 

,6.p LINES, VALVES,· MANIFOLDS, PSI 

GG SOURCE PRESSURE, PSIA 

TURBINE INLET PRESSURE, PSIA 

TURBINE EXIT PRESSURE "'.' STATIC, PSIA 

E•59 

NPL POINT DESIGN GEOMETRY 
6. 53 :1 THROTTLING 
~ 

. OXIDIZER 

.200.0 

290 

2820 

825 

60 

2000 
. 2030 

.. 

~ 

200 

700 
120 
3050 

. 900 

60 

~M_\!¥9$t4;J#ii#W##fu#-#,~J~A\AA,,MY~~~H#¼Ai@iriMf.@WJ,J&ffi~~+~.w.~-.mM'#ffl@h~®?W4llffl¥¥~~,i.ittM;,M~ 



~

0}f.\ 
/!1ti 

. j,J,/f}. 

{'.~f?:i 
'([Lt· 

-----------------,-···-···''~----·•-•N• ... •~--""'-'•·'""'"·'"&J~-=.:...--..,~1,,\'1.::,&..liii>.'•~=~-l.:.,,~j.6/,li~~,..lla...~u:r(wl;&ll~ll~~~~bil 

FUEL 

SERV Tlffi.DINES 
(NOnI\1AL POWER LEVEL) 

OXIDIZER 

• MAIN TURI30PUMP; TURBINE • .. MAIN ':rlffi.BOPUMP; TURJ3INE · 

Inlet T = 1960 R 

Inlet Pressure = 900 psia 

Pressure Ratio = 11,25 

Speed = 22,700 rpm 

Diameter (D) 
m 

Efficiency-

Flowrate 

Horsepower 

= 12 in. 

= 0,74 

= 25 lb/sec 

= 43,000 

Inlet T = 1960 R 

Inlet Pressure = .825 psia 

Pressure Ratio.= .7,5 

Speed = .21, 700 rpm 

Diameter (D) . . . m 12.0 in, 

Efficiency = 0,70 

Flowrate = 11.2 lb/sec 

Horsepower = 16,650 

• LOW PRESSURE PUMP; TURBINE • LOW PRESSURE.PUMP; TURBINE 

Inlet T = 1050 R 

Inlet Pressure = 78 psia 

Pressure Ratio = 1.3 

Speed = 13 1 100 rpm 

Diameter (D) = 15 in. 
m 

Efficiency = 0,70 

Flowrate = 25 lb/sec 

Horsepower = 3,130 

E-60 

Inlet T = 1110 R 

Inl~t Pressure = 85 psia 

Pressure Ratio = 2.22 

Speed e 4,330 rpm 

Diameter (D) = 20 in, 
m 

Efficiency = 0,46 

Flowrate = 11.2 lb/sec 

Horsepower = 2,565 

tf/11 
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. SEnv TURDINES 
(EMERGENCY POWER LEVEL) 

FUEL 

•• MAIN 'l'URDOPUMP; TURBINE 

In;t.et T 

Inlet Pressure 

= 1960 R 

900 psia 

Pressure Ratio = 11.25 

Speed "' 24,800 rpm 

Diameter (D ) 

Efficiency 

Flowrate 

Horsepower 

m 
= 12 in. 

= 0,74 

= 29,9 lb/sec 

= 50,600 

• LOW PRESSURE PUMP; TURBINE 

Inlet T = 1050 R 

Inlet Pressure = 78 psia 

Pressure Ratio = 1.3 

Speed = 13,100 rpm 

Diameter (D) = 15 in, 
m 

Efficiency = 0,70 

25 lb/sec Flowrate = 4,9 lb/sec bypass 

Horsepower = 3,l30 

E ... 61 

OXlDIZER 
~--

• ... MAIN TURDOPUMP i TURBINE 

Inlet T 

Inlet Pressure 

= 

= 

1960 R 

825 psia 

Pressure Ratio = 7,5 

Speed = 23,700 rpm 

Diameter 

Ef;f;i,ciency 

Flowrate 

Horsepowa:-

= 12 in. 

= 0,70 

= 13,7 lb/sec 

= 20,300 

• LOW PRESSURE-PUMP: TURBINE 

Inlet T = 1110 R 

Inlet Pressure = 85 psia 

Pressure Ratio = 2.22 

Speed = 4,330 rpm 

Piameter (D) = 20 in. 
m 

Eff:i.ciency = 0,46 

Flowrate 11.2 lb/sec = 2.5 lb/sec bypass 

Horsepower = 2,565 

.. 
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SEnv TURBOPUMPS 

'( "'. 
HIGH PRESSURE PUMPS 

Speed, rpm 

Del ta Head,· ft 

Specific Speed, N . s 

Efficiency, % 

Horsepower, HP 

Discharge Pre~sure, psia 

Inlet Pressure, psi~ 
. . -6 . Bearing DN x 10 MM rpm 

OXIDIZER (0
2

) 
l!<NPL/EPL 

21,700/23,700 

6,270/7,450 

2710 

81/80 

16,650/20,300 

3,653/4,340 

451/413 

1.3/1 •. 45 

LOW PRESS URE PUMPS 

Speed, rpm 

Del ta Head, ft 

Specific Sp~ed,;N 

Efficiency,% 
s 

Horsepower, HP 

Discharge Pressure, psia 

Inlet NPSH, ft 

Flow Coefficient, P 

Head Coefficient, Ip 

Suction Specific Speed, S ' . s 
Inlet Diameter, in. 

* NPL - Normal Power Level 

4,330 

912/836 

2,320/2~600 

80/80 

2,565 

451/413 

16 ft 

.07/.0763 

.436/.4 

51,000/50,000 

15.8 

EPL - Emergency (Module-Out) Power Level 

E-62 
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FUEL (H2) 
*NPL/EPL 

22,700/24,8000 

90,90()/108,000 

1030 

. 77/77 

42,200/50,GOO 

3,050/3,560 
t . . . 

217/199 

1.68/1.89 
.: ·I 

13,100 

7,160/6,480 

2,340/2,670 

80/80 

~,130 

217/199 

64 ft 

.07/.0763 

.436/,4 

88,000/85,000 

14,5. 

~ 

·-

8· 
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COMBUSTOH INJECTOn GEOMETIW AND COMnUSTION EFFICIENCY, IV1 . . '\ C* 

A combustion efficiency vnlue of 0.995 hns been used in the perfo;rmnnce 

invespgntions. This efficiency hns b(}en achieved in the nerospike 

nozzle segment testing condupted under the ADP and AEA. 

progrnms, Under the latter program, high combustion cf:Cicicncics were 

measured with both triplet and coaxial type injectors. In pnrticul.ar, a 

coaxial injector tested at 2000 psia in a combusqon chamber of geometry 

similar to that of the SERV yielded a combustion ejficiency of 0.996, 

NOZZLE OPTIMUM THRUST COEFFICIENT RATIO (CF ) 
OPT. 

At a given altitude, the maximum thrust coefficient occurs when the nozzle 

exit pressure equals the prevailing ambient pressure, A nozzle whose area 

ratio can be adjusted at each altitude to match the ambient pressure, will 

generate an optimum thrust coefficient. The thrust coefficient of this 

ideal nozzle is obtained using the propellant combination and temperature, 

mixture ratio, and ch~mber p~essure, and is bjsed on a shifting equilibrium, 

ideal expansion to the ambient pressure, It is used as a reference for 

nozzle thrust coefficient efficiency, CT. 

At design pressure ratio for the nozzle, the CF which results is the 

C 
FOPT 

d 

NOZZLE GEOMETRY AND EXPANSION EFFICIENCY,'l{ G 

Past the throat of the thrust chamber the gases expand internally in a two

dimensional nozzle contour, i.e., the shrouded portion of the spike nozzle. 

The expnns.i.on area ratio at the exit of the shroud is 6,2:1, The t~o-

E'-63 
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At design pressure rntio (which is in the closed wake regime): 

I 
s 

= j c* C* ideal 
g 

CT 
d 

CF 
OPTd 

p CF . . . PA 
va c · ( fl.{ + Iv{ + ~ N] -3) ·-f B . 

- + _. -E 
ideal g B d K PS'.' Pc where C 

CT 
d 

'f d 

= 

= 
CF <1 + w 1w > 

OPTd s p 

nozzle thrust efficiency ~t design P.R. 

CFOPT = nozzle optimum thrust coefficient at design P.n. 
d 

B 

The term w /w reflects all the turbomachinery efficiencies and secondary s p . . . . 

flow energy level. The· terms PB and ~ B reflect the contribution of the 

base toward engine thrust. The term PA /PC_reflects the_ ambient back 

.pressure term. 

At sea level pressure ratio (which is in the open-wake regime): 

1s = 'j c * 

I 

CF 
OPTSL 

= 

C* ideal 
g 

';f;" C 
.X Td 

CF 
OPTSL 

CT 

CT 
d 

from normalized CT plot 

= optimum thrust coefficient at sea level 
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dimensional nozzle contour is joined to the truncated ideal spike contour, 

This nozzle has a length from throat to end of the spike section equal to 

5,18 percent that of a 15 degree cone of identical area ratio. The external 

flow:field generated by the nozzle is essentially identical to thnt of a 

point-expansiori truncated ideal spike nozzle, 

Nozzle expansion losses (i.e., a divergence loss) results from the trun

cation of the ideal spike contour, Truncation yields a nozzle lighter in 

.weight, whose contour discharges the gases at an angle from the vehicle 

longitudinal axis. The divergence of the gases from this axis leads to the 

divergence loss in the nozzle thrust coefficient. The nozzle geometric and 

expansion efficiency applies to the primary nozzle, CF, it is used in the 

engine performance analysis to adjust the overall nozzle performance to 

account for the geometric and expansion efficie.ncies, This loss is partly 

made up in the base pressure and by the addition of secondary flow, 

A computer program employing a high accuracy method of characteristics 

procedure evaluates this nozzle expansion loss ·at any altitude of 

operation, For the nozzle contour chosen the value of the nozzle divergence 

loss calculated was 9,04 percent of the ideal thrust coefficient, yielding 

thus a nozzle divergence (or geometric) efficiency (~(
0

) ~f 0,9096. 

BAFFLE EFFICIENCY c1(B) 

Baffles are used in the combustion chamber to assure combustion stability, 

A baffle width of approximately 0,84 inches is utilized. The baffles would 

be tapered and contoured to a width of approximately 0,17 inches; the baffles 

produce a loss in nozzle expansion efficiency of only 0,1 percent, 

~ 
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NOZZLE KINETIC LOSSES, fv( K 

In chemical equilibrium nozzle flow the various species undergo continuous 

reactions ns the flow expands in the nozzle~ The reactions are considered 

to be in chemical equilibrium when they are able to proceed at a faster 

rate than that imposed by the noizle rate of expansion. When these two 

rates are equ~l, the co~position of the gas flow remains constant .. The 

freezing process occurs in e~ch streamline, so that the overall nozzle flow 

will consist of an upstream region where the species will b~ in chemical 

equilibrium and a downstream region where the flow is considered frozen. 

The larger the region of equilibrium flow the higher the performance of 

the nozzle. 

The calculation of reaction kinetic effects in the nozzle is performed by 

dividing th_e nozzle flow into a large number of streamtubes derived from 

the aerodynamic analysis. The one-dimensional reaction Jdnetic analysis 

is ·then applied to the flow in each streamtube, The .reaction kinetic loss 

for the nozzle is calculated by integrating the impulse function across 

the streamtubes at the nozzle exit for both equilibrium flow and for flow 

calculat_ed using the kinetic model. For O2/H2 propellants at high thrusts 

and high chamber pressures the reaction kinetic effects are very small. 

NOZZLE DRAG LOOS, /l1{ D 

Friction in the boundary'layer along the combustion ~hamber and nozzle walls 

dissipates part of the energy available in the combustion products. The 

nozzle bourdary layer drag losses are applicable to tho primary nozzle, CF, 

A computer program is used to solve the boundary layer equations alon~ the 

thrust chamber walls (from the injector, through the combustor to the nozzle 

E-66 
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exit). '!'his proi;rnm uses ns input the inviscid flowficld generated in 

the computer proi;ram which evaluates the nozzle divergence efficiency, 

Tho friction loss is then evilluated as a loss in thrust coefficient (ACF), 

and converted to a loss in the nozzle efficiency (fi CF/CFi). A drag loss 
V 

in nozzle expansion efficiency <~{n> of 0,0135 was calculated fo~ the 

combustor/nozzle geometry for this engine, 

REGENERATIVE COOLING GAIN 

Heat gained by the hydrogen during the regenerative cooling of the thrust 

chamber increases its temperature, Therefore upon injection into the 

combustion chamber a greater amount of energy results than would be generated 

by the hydrogen at tank conditions. To properly incorporate this effect a 

correction is made to the heat of formation of hydrogen from which the ideal 

specific impulse is calculated at the mixture ratio of the combustion chamber, 

BASE PRESSURE (PB) 

The aerospike nozzle has two basic thrust components, The primary nozzle 

and the thrust resulting from this flow (as a result.of combustor and primary 

nozzle wall pressures) is the major thrust component. The pressure acting 

on the nozzle base time the area of the base is. the secondary thrust contri

bution, 

For the closed wake condition, extensive past results have provided good 

correlation methods, A set of empirical equations for the closed wake 

regime were developed 'fhese equations have been obtained from 

data generated in extensive cold flow and hot-firing testing of the aero

spike nozzle and are directly applicable to nozzles with expansion l4'tltios 

/ • ' / E-67 
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of 8:1 to 150:1 1 nozzle lengths from 10 to 30 percent, nnd gns specific heat 

ratios of 1,23 to 1.67, For the SERV engine configuration, the empirical 

rolEl.tionship and values developed from those test data points have been 

employed. 

In the empirical relationship,employed 1 the base pressure is primarily a 

function of the pri?lnry divergence efficiency, 'Yl G, the primary and 

secondary characteristic velocities (C*), the amount of secondary flow 

and the nozzle base area ratio (f B). The relationship of base pressure 

to nozzle area ratio and length comes from thefv{ G calculation. 

The closed-wake base pressure calculated for the SERV point design was 

1,099 psia, Figure 21 presents the SERV point-design base presstire as a 

function of altitude and.Mach number, 

NORMALIZED TiffiUST EFFICIENCY, ! 

The 1 term is based on the normalized CT vs _normalized pressure .ratio, 

formulated from previous test data., It is used with the engine design CT 

to obtain intermediate altitude still-air performance. Recent SERV cold

flow t~st data were used to revise the normalized thrust efficiency factor 

0 obtained from previous test data at sea level conditions, At other pressure 

ratios the previous correlation was found to apply. 

NOZZLE PERFORMANCE (CT) 

For the SERV engine point design, the predicted still-air nozzle CT' Is and 

thrust vs pressure ratio are shown in Table 5 • The effects of module-out 

conditions on the same parameters are shown in Table 6. This rclat:!J;>nship 

has been derived from the calculated CT vs normalized pressure ratio 

(recently verified with SERV cold-flow model data). Figure 22 presents 

the SERV point design engine I as a function of altitude and Mach number, 
s 
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TABLE 5 

SERV Still-Air Engin~ Performance vs Altitude 

Performance-Altitude Data 

Design Point Data 
Pressure Ratio 0.976806E 04 
Engine Thrust 0.747962E 07 
Engine Specific Impulse 0.457341E 03 
C Sub T 0.950590E 00 

ENGINE 
ALTITUDE PRESSURE RATIO ENGINE THRUST SPECIFIC IMPULSE · C SUB T 

o.o 0.136091E 03 0.569997E 07 0.345800E 03 0.855100E 00 

O.lOOOOOE 04 0.141113E 03 0.572375E 07 0.348200E 03 0.858800E 00 

0.300000E 04 0.151837E 03 0.577097E 07 0.352100E 03 0.864100E 00 · 

0.500000E 04 0.163559E 03 0.581853.E 07 0.355774E 03 0.868785E 00 
t'rj 
I 0.700000E 04 0.176367E 03 0.586641E 07 0.358701E 03 0.871582E 00 

--.J 
t--' 

O.lOOOOOE 05 0.197883E 03 0.593791E 07 0.363073E 03 0.875796£ 00 

0.130000E 05 0.222618E 03 0.601026E 07 0.367497E 03 ···0.880037.E 00 

0.160000.E 05 0.251089E 03 0.608283E 07 0.371934E 03 0.884296E 00 
' 

0.296112E 03 0.618024E 
t 

0.200000E 05 07 0.377890E 03 0.890015.E 00 ,. 
~ 

0.250000.E 05 0.366737E 03 0.630164E 07 0.385313E 03 0 .897140E 
~-

00 ~ 

i 
0.300000E 05 0.458232E 03 0.642220E 07 0.392685E 03 0.903964E 00 

,-

~ 
0.350000.E 05 0.578319E 03 0.653433E 07 0.399541E 03 0.909583E 00 

k ,, 
0.400000E 05 0.735078E 03 0.665712E 07 0.407049E 03 0.916810E 00 

t 

~ 
0.500000E 05 0.118913E 04 0.686743E 07 0.419908E 03 0.927580E 

f; 

00 R 
r 

0.600000E 05 0.190858E 04 0.704508E 07 0.430771E 03 0.935768.E 00 
(,; 

~ 

0.800000\ 05 0.496524E 04 0.733676E 07 0.448605E 03 0.947400E 00 i 
O.lOOOOOE 06 0.129116E 05 0.752010E 07 0.459816E 03 0.950714£ 00 ~ 

0.150000E 06 0.959233E 05 0.762895E 07 0 .466471E I 03 0.951043£ 00 
. 

0.200000E 06 0.432901.E 06 0.764213E 07 0.467277E 03- 0.951083E 00 I 
O.lOOOOOE 07 0.200000E 10 0.764588E 07 0.467507.E 03 0.951094£ 00 i 

~ 



~?, 

TABLE .6 

SERV Still-Air Engine Performance During Pump-out ondition (Overspeed Capability) 

Performance-Altitude Data 

Design Point Data 
Pressure Ratio 0.970981E 04 
Engint Thrust 0.749483E 07 
Engine Specific Impulse 0.457081E 03 
C Sub T 0 .,950328E 00 

ENGINE 
ALTITUDE PRESSURE Rl\.TIO ENGINE TIIRUST SPECIFIC IMPULSE C SUB T 

o.o 0.136091E 03 0.571123E 07 0.345600E 03 0.855100E 00 

O.lOOOOOE 04 0,141113E 03 0.573508E 07 Q.348000E 03 0.858800E 00 

0.300000E 04 0,151837E 03 0,578242E 07 0.351900E 03 0.864100E 00 I 
; 
\ 

0.500000E 04 0,163559E 03 0.583012E 07 0.33333.7E 03 0.868769E 00 
t,j ' 

I 0.700000E 04 0,176367E 03 0.587812E 07 0.358484E 03_ 0.871563E 00 
--.I 
N 

O.lOOOOOE 05 0.197883E 03 0.594982E 07 0.362857E 03 0,875772E 00 

0 ,l30000E 05 0.222618E 03 0,602239E 07 0.367283E 03 0_.880008E 00 

0.160000E 05 0.251089E 03 0,609516E 07 0.371720E 03 0.884263E 00 

0.200000E 05 0 .296112E 03 0,619288E 07 0.377680E 03. 0.889976E 00 

0.250000E 05 0.366737E 03 0.631459E 07 0.385103E 03 0.897086E 00 

0.300000E 05 0.458232E 03 0.643537E 07 0.392469E 03 0.903884E 00 

0.350000E 05 0,578319E 03 0.654775E 07 . 0. 3·99_322E 03 0.909476E 00 

~ 0.400000E 05 0.735078E 03 0.667098E 07 0.406837E 03 0.916706E 00 ~ 
( 

0.118913E 04 0.688181E 07 0.419695E 03 " 0.500000E 05 0.927440E 00 i O.GOOOOOE 05 0.190858E 04 0.706003E 07 0.430564E 03 0.935607E 00 ~ 
O.SOOOOOE 05 0.496524E 04 0.735262E 07 0.4484081;: 03 0.947189E 

~ 
00 ~ 

" 
O.lOOOOOE 06 0.129116E 05 0.753631E 07 0,459610E 03 

~ 

0.950449E 00 ~ 

0.150000E 06 0.959233E 05 0.764516E 07 0.466249E 03 0.950761E 00 I 
I 0.200000E 06 0.432901E 06 0.765833E 07 0.467052E 03 0.950798E 00 

I O.lOOOOOE 07 0,200000E 10 0,766209E 07 0,457281E 03 0.950809E 00 -
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APPENDIX A 

CAS'f SEGMENT EVALUATION 
FINAL REPORT 

February 1971 

Contract No. NASS-30182 

SUMMARY 

The Cast Segment Evaluation Program has successfully met the objective of 

establishing the feasib_ility of segmented thrust chamber fabrication using 

castings for low cost and light weight •. Four segments were built using the 

simplified procedure, with successive improvements. One segment underwent a 

series of 110 hot-firing tests and successfully demonstrated design suitability, 

good performance, and long life. Three segments were assembled together into 

a linear multisegment and will be test fired under the continuing multisegment 

effort of contract NASS-25068. In addition, the technology developed has been 

successfully transferred.to a separate and expanded program to demonstrate a 

20-segment thrust chamber using the basic segment design.* 

The cast segment design depended on the development of the thin-walled liner 

casting of the high (thermal) conductivity alloy designated as NARloy, a North 

American Rockwell trademark (Fig. 1). In developing this investment casting, 

the state of the art was extended _in the casting size, complexity,, and the 

ability to provide thin sections and narrow, deep cooling channels. The casting 

development efforts included trial castings at two vendors, tooling fabr{cation 

and a total of 30 experimental castings made under various conditions by the 

*Breadboard Test Bed Engine, NAS8-25156 
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selected vendor, Hitchiner Mnnufncturing Company. Problems were encountered and 

solved in casting areas of shell strength, shell dewaxing, wax cracks, and c;lcn 

cleanup procedure. Six acceptable castings were made under this technology 

program. The casting process was developed so that larger orders were 

success folly filled under a subsequent program. ~'r . 

The relatively inexpensive cast liner was the basis of the tow-cost segment 

design. Other design innovations included the extensive use of electroformed 

nickel to close out the coolant passages and to form manifold joints, The 
. ' 

segment design was a 100-percent welded or brazed assembly with no joints or 

seals. During the course of fabrication of the four segments, the l_earning 

(together with design simplification) resulted in reduced time and cost. Actual 

-segment weight was 92 pounds, with design proviirion included for further 

1·eduction t.o · flight weight. 

A development problem was uncovered when it was found that electroformed 

nickel is subject to environmental hydrogen embrittlement. The cast segments 

were strengthened to function with this material, and work was undertaken to 

provide a complete sol.ution. This work is continuing under other related 

programs. 

The tubular nozzle extension for each segment was made as an inexpensive 

braze assembly of plain, round nickel tubes, brazed flat and formed to contour 

on simple tooling. .. 
~•rBrcadboard, Test Bed Engine, NASS- 25156 
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The hot-fire test program exceeded expectations in many areas. Performance of 

the relatively inexpensive injector and small combustion chamber was good; 

averaged 96,8 percent, and n ,, averaged.97.4 percent, Durability was c,, . 

n 
Is 

excellent; 110 hot-firing tests were accomplished on one segment assembly; . some 

at more severe conditions than normal. Al though fatigue cracks eventually 

developed in the NARloy liner, perfonnance was not affected and the segment was 

still suitable for use when retired for examination, Following the test series, 

the chamber was thoroughly examined and found to fulfill the design intent in 

all respects,. 

The segments were stable in mainstage with regard to both acoustic vibration 

modes and feed system-coupled oscillations. Characteristic vibrations during 

start were self-damping under all conditions, including tests designed. to 

explore the low chamber pressure/mixture ratio region. 

With the satisfactory development of the technology for this particular useful 

segment size, additional technology effort should be undertaken to extend the 

range of chamber pressure (higher P) and to provide approaches for ignition 
. C 

improvement and thrust vector control, Further development of the geometry of 

miltisegment shapes, such as for linear thrust chamber assemblies with 

rounded ends, is an important technical challenge, and would include the 

.. 
optimization and parametric study of chord length, combustion chamber length, 

thrust/inch, and all aspects of throttling. This continuation of the technology 

program is recommended to provide the engineering basis for new or enlarged 

future engine programs, 
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APPENDIX F 

AERODYNAMIC CHARACTERISTICS 
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F.O GENERAL 

APPENDIX :f 

AERODYNAMIC CHARACTERISTICS 

This appendix presents v~hicle longitudirtal dtstribu~ions of aerodynamic normal 
forces, axial forces, meridian pressures; and local flow propertiep for the three 
SERV ascent payload configurations of the task 4 baseline. The reference con
figuration for each figure is illustrated .as a sithouette sketch at the bottom 
of the graph. These aerodynamic charac·teristics are defined for the ascent 
flight region of maximum dynamic pressure (MACH = 0 .8-1.46). Table F.0-1 pre
sents an index of the appendix figures. 

F.l iocAL NORMAL_AND AXIP._4 FO~CE~COEFFICIENTS. 

The local aerodynamic normal and axial force coefficients (CN' and CA') are 
presented for the wind angle of attack condition of a= .100 (figures F.1-1 
through F.1-24). Total normal and forebody pressure axial forces are deter
mined by the integrations: 

L/D 
CN = J CN I d (X/D) 

0 

CA 
FOREBODY PRESSURE' 

L/D f CA I d (X/D) 
0 

F.2 LOCAL PRESSURE COEFFICIENTS 

Vehicle longitudinal pressure coefficient (CPLoCAL) distributions are presented 
for wind angles of attack of a= 0° and 10° (see figures F.2-1 through F.2-24). 
The longitudinal meridian distribution for a= 0° is assumed constant for all radial 
meridians through 360°. At a= 10°, only the vehicle lower surface windward meri
dian and the top surface leeward meridian are presented. Other radial meridians 
from windward to leeward are not presented here; however, they are available as 
working data. 

F.3 LOCAL FLOW PROPERTY RATlOS .. 
Vehicle longitudinal distributions of local flow property ratios (PoL/Po00 , 

PL/P
0
n M1/Mco, TL/T

00
, P1f P(IJ are presented for zero wind angle of attack (see fig

ures F.3-:-1 through F.3-24). These are assumed constant for all·radial meridians 
through 360° for this angle of at tack condition. 

F-1 
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Payload 
Confi uration 

Retracted PM 

Winged Payload 

Large Payload 

Retracted PM 

Winged Payload 
tzj 

l Large Payload 
_N 

Retracted PM 

,Winged Payload 

Large Payload 

Retracted PM 

Winged Payload 

Large Payload 
t 

Table F.0-1~ Index of Aerodynamic Characteristics.Presented in Appendix F 

Fi ure No. 

F.1-1 thru F.1-4 

F .1-5 thru F.1-8 

F.1-9 thru F.1-12 

F .1-13 thru 

F.1-17 thru 

F.1-21 thru F .1-24 

F.2-1 thru F.2-8 

F.2-9 thru F.2-16 

F.2-17 thru F. 2-24 

F.3-1 thru F.3-8 

F.3-9 thru F.3-16 

F .·3-17 thru F.3-24 

Aerod namic .Parameter 

Local Normal_ Force Coefficient 

CN' vs. X/n 

Local Axial Force Coefficient 

CA I vs. X/D 

Local Pressure Coefficient 

X/n cP vs. 
LOCAL 

Local Flow Property Ratios 

Po 
L PL ~ TL p -

-1 
Po co 

pco Meo Teo p::n 

Wind Angle of 
Mach No. Attack de 

0.8, 1.0, 1.2, 1.46 10 

0 • 8 , LO , t'. 2 , 1. 46 10 

6.8, 1.0, 1.2; 1.46 0 ,10 

·o.8, 1.0, 1.2, 1.46 0 

-.. 
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Table G-1. (Continued) 
GROUP WEIGHT STATEMENT PAGE 05 OF 05 

--- ·-------··-· .... 
. CONFIGURATION: FINAL. SERV-MURP/HYBRID BY DATE 6/25/71 

--------------------------------·--------·-- ---- --- ---- --•-•·-·· - ------

25,RE5E:R\I~ Fl._UIDS EUfL OXIQ 
(17737 > 

MAlN_ ASCf,NT. PROPULSION SYSTEM _______________ ... _ --~117 .. 
(12750) 
12700_ 

LANDING PROPULSION SYSTEM 15610 
Aux IL I ARY . .PROPUJ..S..l 0J':JS YS.I.~ . ..M ----·---. ·- ··---- ·---··-·•-· 0 0 

50 ELECTRICAL POWER SYSTEM 10 

2b,INFLIGrlT LOSSES 
------·--· ··-----------

MAIN ASCFNT PROPULSION SYSTEM 
LANDING···P-ROPULSION SYSTEM 
AUXILIARY PROPULSION SYSTEM 

FUEL OXID 
·----- <408) '(2450) 
_______ 308 ____ 1850 

0 
0 0 

100 600 

30487 

2858 

EL~CTrtICAL POWER SYSTEM 

27 $PR()PELLAt-JT-ASCENT 

MAINSTAGE UTILIZATION 

5358429 

5353076 

FUE 
·- _QXIDIZER. 

764725 
't_!:5_88351 . --------·-·----------

THRUST VECTOR CONTROL 5353 

FUEL 765 
oxlDlZER 4588 

····· ---------------------------------------------------------------------------

28.PROPELLANT - LANDING 
---·· -·· ·- ----

29.PROPELLANT - AUXILIARY PROPULSION SYSTEM 

MAi\JEUVER 
ATTITUDE CONTROL 

27523 
4683 

17235 

32206 

TOTAL<GROSS WEIGHTT 6048922 

----···-· ·---· -'-------------------------------------
NOTE-DRY WEIGHT AND INERT MASSES OBTAINED FROM FINAL STAGE SIZING 

-----·-----n:ufJ, PAYLOAD AND PROPELLANT UTILIZATION WERE EXTRACTED FROM FINAL 
FLIGHT PERFORMANCE ANALYSIS, 

----·· - ------------------------------------------------------------------------

-----------------G-5 ---------------------

-·~?~¥~:•t~:~~-~:-•, f1!:?~?:t~-r-1\F?:I, 
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Table G-4. Current Inventory of Fluids and Propellants (Lb) 

CONFIGURATION I FINAL SERV-MURPHYBRID I BYI 

EXPENDABLES SYSTEM 
(NOMINAL) RESERVES 

' 
*(5:360,587) . 04;e1·n PROPULSION .. ASCENT 

OXIDIZER (LOX) 4,594,789 12, 7Q0 
FUEL (LH) 765,798 2,117 
PRESSURANT (GH2, GOX) 

PROPULSION - LANDING {17,235) (15,610) 
FUEL (J P4) J7,23•5- 15,610 
PRESSURANT 

PROl'l.JLSION - AUXILIARY (32,206); •· 
OXIDIZER (LOX)· . (27,605) 0 . 

· MANEUVER 23,591 
ATTITUDE CONTROL 4,014 

FUEL (LH) · (4,601)' 0 
MANEUVER 3,YJ:.t: 

A TTI TUD.E CONTROL 669. 
PRESSURA~--IT 

MANEUVER 
AUliUDE CONTROL 

ENVIRONMENTAL CONTROL ., 
(REQUIRED ENVIRONMENTAL 
CONTROL FLUID INCLUDED 
WI APPLICABLE SYSTEMS) 

PRIME POWER 
FUEL CELL REACTANTS (700) (60) 

OXIDIZER (LOX) 600 .50 
FUEL (LH) 100 10 

BATTERY ELECTRO LITE 

HYDRAULIC SYSTEM -LANDING GEAR 
HYDRAULIC FLUID 

MISCELLANEOUS 

, ' 

~INCLUDES MAINSTAGE, TVC AND THRUST DECAY PRO R:LLANTS 
. *~LH2·TAN~ REPRESSURIZATION 

G-6 
\ 

!DATE: 6-25-71 
, ' .. 

RESIDUALS 'TOTAL 

(23, 120) (5,398,524) 
16,363 4,623,852 
2,114. 770,029 
4,643 4;643 

(300) (33; 145) 
. 300 33, 145 .. 

(1, 105) (33,311) 
0 (27,605} 

· ·23,591 
. 4.01:.i 

1; 105** (4,6Ol), 
3,932 

669 

·. - ,.••_'., 

(760). 
650 

. 110 

(1,260) (1,260) 
·1,260 . 1;260 

~ 

-
~~~:~$~~'.:!::':::.~4~~~%ffiff.;t;AiQUNR,%Q,{M.jf P,.t~~~P'~M,2.4fJ. !W.flJ!tjj►X.M,.\{fAW¼@~ii{f«Oi~@,rJ!fm,,~P!{~!Mtfflf~t4J,tif$.¥¥f:ffe.W~WMWkffik&t,«.,;ijhhQ;h,41.i(,;;.n,&i]~~ 
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Table H-1. 
Sf;RV"'MVRP FINAi. REFERENCE TRAJECTORY 

SOX 100 NMl INJECTION ORBIT 
za.s DEGREE INCLINATION 

.,. ___________ _ 

____________ _ ________ PROJf;CT_APOLLO_STANoARO COORDINATE _SYSTEM_ 1 
FLIGHT GEOCENTRIC INERTIA~ INERTJAL 1NERT1AL GEOCENTRfc LONGfTUQE 

----------1 lME. _____ _ IUOIUS... VELOCllY PATH ANGI.E A~IMUTtt.. t..AT.HVl:?~ ____ .J.f.9S• E_::.::.A..:::.S..:..T...$-J ___ _ 
(SEC) (FT) (FT/S) (DEGJ ([jE.Gl (DEG) lDEGI 

eDO 209098'16• ll'llo8 •DO 9a.oo 28eJ6 •80,S6 
-------~s .......... o,µo.,___ 209.o.99'fD. . ... l..J1t2 .. 3 _______ 1 ... ta..!L ________ i_o_._o..u___ 28,30· -so,rao 

l □ •O □ 2091023'1. l3'f't.O le'll 89.99 28036 •BO.So 
1S.•00-------209l07~S. --· --- - l.lijJ ..• 2- ----- ------ Sell .. ....: .. 89998. :ZB.-liL •80._ • .._5,..6 _____ --: 
20,00 20911'1920 13520'1 7e'IO 89.98 2a.36 •80eS6 
2SoOU.---------2C.l9 l 2'192 • - ------ 1.3.ol-•6 .---- ----------- 9 ooO ----- ---- a9-. 9_7 _______ --- -.2.8.e..J.O.--~-"----~i.U....,.S--6---------' 
JOoOO 20913767• 1377!2 t1e89 89•97 28,36 •80,S6 

---------l1--S~ •• ~o~01.1-----.2.Q.~lSJJ6, --i.J.-'i-9..o1------ . l~ .. -2-5.- ---- _______ 89,.9.ta__ ____ - - 2.8.it-36_ __ _: __ ..!'!8,..Dc.ae..;aS._..6.___ ____ _, 
'tO•O □ 20917219• 1'129el 16•6~ 89.95 . 2s.36 . •80.56 

-::c: --~ 'tS. .. oQ _______ 20'i'19~3S.. -- l't6Z•1-------· 19e01 __ 890-9~. .2th3t. ______ -..!D..a.S . .,.6'---'-,---------i 
, so .. oo 20,2200s. 1516,7 21.2a a9.9• 2a.34 ~ao.s6 
t-____ ---5.s. .. oo_. ____ ..2092g9!i'h _______ l.S17Lft-------- . zJ-.37 ____ . ____ 89o9'L. 2e,J• _.;.sa .. .ict.-5c.:6 _____ _ 

60iOO 2092826Se l6S0e3 25•22 89•9• 28•36 •80,S~ 
6 2 o oo 2 09 2 9 7D l. 168 2 • 7 2 Se a 7.:c_ ______ 8.9J..'L_ _____ ___za, 36 • BO a·5S 
6•• □□ 209J12oz. 1716•7 2,.qs 89,9'1 2s.36 -ao.~s 

---------- -----66 .. -00 --·-----...2.0i327U • -· --- l-ZS.2....J---------····· z6 • 9.7 _______________ a._., 11 9.'t -----. . .28 • 34 ---·····-•--'8"-'0.._.._aS---S--~-----! 
68,00 209l•J~O. 178902 21-•2 89o9• 28.36 -ao,ss , I 

_______ zo.oo _________ ,_.ZJ1.9Jl:i.056e 1a27 ,6 ______ 27,80_________ _ ___ J~9~ 'F~L- ___ . ~~.! J!. .;.130"--·,.__•S~S _____ -4~ 

12,au 2u931 1 a1. 1866•'1 28009 a9.9s · · 2a,36 ~ea,ss _ I 
_______ ..... Z...c'twe, .. a.,_,o,._c____ 2 ll9 J 9 s b 'le 19 os, 3 2.8, 2 8 ~9 1..2.§.. _____ c_ __ _iJh 3 6 • 8 O • S s· , • 

76eQO 2_09'1_1396• 19•'+•1 ·-28038 89,9S 2S.J6 •80,S't ~ 
_____ ,. _ _:_ __ .. _ z.a .. oo. ______ ._ __209'i.J2µ._ _______ ... __ l YB2•7 _______________ 28 ,lf .. 6919_6 2a-. 3• --·· -.. ~BQ.,.=S..:.'t _____ ----'--'t 

80,00 2U9.St66. 202Zo~ 280JS 89.~6 28.36 -eo,s1 I 
az ... oo __ _ __ .zo2'tZ1o'f. 2063.1:!L .. __ 2a,2~ 89,97 2a.36 _____ .ao.s't ~ 
s•• □ O 209'1907'+• 2106•3 2Sel't 89.97 28eJ6 •80eSl f 
86,QO 2.0CZilUJ.Ze 21Sl •S 21,Y.<f. ____ .. ------ _89.9d_ l'3•l~--- -ao.sl ~, •• 
aa.oo 209Sl11z. 21,a., 27e80 89.99 28eJ6 -eo.sJ I 

---------- 90000 _ . 209SSp9..... 22_1¼8..eS -------27,59. 89.99 28,l~-'-- ~~UoS2 ~ 
92,00 20957277• 2300•7 Z7e3S 9Qo00 2~•J6 •80,52 I 
_91,i._.oo .. 209S9't0.6o 2JS6•~-- ... 271109 9QaOl 28.l~----·· --~§. ... Oc..oac.,,S._.1'---------'--m 
9 6 ,a a 2 o 9 , 1 5, 1 1 • 2 '+ 1 7 • 9 2 o • a s , o • o 2 2 a • J , - a o , s , · ( ____ : 

_______ __,9 .... S.wo0-,0U-J0U---- -- .2.0.96.3 17-.6.._____ 2~.as • 2 2 6 a 6.1 9 o a OJ . 2 ~ ,.36 =-----•-'8=->S...lLOI.X...-------f~ 
lOOeOO 20966U2S, ,2558eJ 26-37 9QeOJ 28eJ6 •80,SO 
lOSoOO 2097l8e7o 27o7o.1 251176 90.00 l8el9 ~81l.._!,,,8 ______ ..;: 
110•0 □ 209780.00 3010el zSe07 9Qe0d 2a.36 -so •• 6 



. -- - - - Table H-1. (Continued) 
5~RV•MURP FINAL REFERENCE T~AJECTORY 

SOX 100 NMJ INJECTION ORBIT 
28•~-~EGREE INCLINATION 

FLIGHT 
____________ TI ME __ 

C SEC, 

---·•--------- -···- ~·-·-·--·- --- --
11s.oo 2098'f626e 328508 2'fe29 9oell i"a~Jb -so.'t.it 

______ __.._1...,2'""'0'-"''""'00 ~099J::7..l...t_ ___ -~~~O•~:. __ _z3o'fl . 90•t:i ____ 28.36_ _ •.,,.8.:...0..:.o_'t...:.l _____ _ 
125000 209988880 3922•7 2Z,'t8 9Qe18 28oJ6 ~ao.38 

---------- _______ llQ.10!L ---- _ ~l006S6Q.1._ ------ 'f28l!.'t __ Zl .so 9Q•22 --- 2a._3_6 __ -a-=-o.:..9.-=-J_df _____ _ 
ll5o00 210l'f568e 'f666e'f 2DeSO 9Qe2~ 28oJ6 -ij0e30 

---------- l'iO 100 _______ i1.oz2a~ l1 . SQ76, 2___ __ 1 ?e50 YO• 30. 28 • Jo ___ -s_-'o=-•::..:2=-:::-5 _____ _ 
!'fS,oo 210J1sooo sso~.7 1s.50 9oeJ'f 2a.30 -sa.19 
I sn.oo 21 il~llj _ _. ________ S.YJ.6.1D.--·--------17 LS_l_ ___ ----- 'ul.1..J '-------------- 28 --~ ___ ._8_;0z...,;_f .._i.;:;.l _____ _ 
155,00 21Q'f9J'f5o 6370oS 1 ♦ ,SS 9o•'f'f 28,36 •80,06 

::i::--------16.0aQO ________ . .21058'¼61. -6807•9 1Se60 _ CZ.Qal.J9 2ijd~ ____ '!"!:_}..JJ...9.L.=8 _____ _ 
, 170,00 21076820~ 7691•1 1lo81 9Q~6~ 28eJ5 -7Je80 

t,.) 
_ ------- .lBJ:lt0.0 _____ .. i1 □ 9't96Q, f:!!:»6't,6 11890 _ 9o.au ZS.JS ..,_:7_9=-•=-6=-=-0 _____ _ 

190.00 21112092. 9't89e't 10.os 9t•Oij 2a.3s •79e37 
200100 211280.Si._ _____ _j_Qi.O_J1.6_ _________ f!~5_Q ____ _____ 9 Lt J!:> ___________ 28,. J'i ___ -_._7_9-"-o.,,,l-'1 _____ _ 
210•00 21l'f282l• 11325•8 7el8 91062 28,Jl .~78e82 
2.20,00.._ . ___ ,.21156.lS.S, ______ lZ2S'fo7 6,0S 91,89 28,32 ____ •7f!_!~o:-::..· _____ _ 
230.00 2116S6'tS. 1J1a,.2 s.01 ,2.1b 28.31 -1s.1s 

---~O .JHJ _ __ __2.1179681, ________ l'H28, 7 'ft.23 92 ,"15 28• 30 _ ----· _-:-77 • _,_7-=-8 _____ _ 
2SOt00 21189't71e JS072•S 3e't9 9ze7'1 28oz8 . •77~37 

______ _....6.Q..,n 0.. __________ ill'! .a a .ti .• _______ U 0.2 0 ~a_ __________ ~ !.8 S __ 9 l, ol 2 !h 2.~---•~7:=:.6_,,_o...:.9-,:'t=-------
210, a o 2120S't07o 1697009 2e29 93.J't 2a.2J •769't7 

.----·-.. -280100 2121162.So ______ }792'tt6 lo81 9Je66 28e<?Q •7So98 _____ _ 
290000 21216756. 18880•8 le'tO 93.99 28el7 •7S,'t6 

______ JOO oOO 21220861 • J 9839 ~2 I• OS 9'f • 33 28 • l l- ----~-'-7-''t-"'a-'9_,l,__ _____ _ 
310000 2122't02So 20799eJ e7S 9'fo~8 28oQ9 •7'tel3 

___ . _.J.2.0,00 212263'1'1. 21760,'l .s1 95.o'I za._o't •7l~•_;_7_:;_J-,--____ _ 
330000 212279260 22723•8 e32 9Se'tl z7.99 •7J,09 
l'tOeOQ 21228893, 23687,s ,17 9So8U 27e9l ·-:72,~'P. 
JSO,OO 21229J8Ue 2~6Sl•8 e07 96•19 27•86 •71•7~ 
36 □ .ao 21229S37a ZS6J6,S • □ l 96e60 27078 -11.02 _____ _ 
362•89 212295~3. 2S89Se7 •00 96e7l 27e76 •70,80 



FLIGHT 
-----------U ME 

(SEC) 

ALTITUDE 

( f T > 
-------- ---- . -----·--·-·-------·· 

Table H-1. (Continued) 
__ s·ERV-MURP f ~ NAL REf£R£NCE TRAJE.C TORY 

so X 100 NM! INJECTION o~sIT 
2s.s DE6REE INCLINATION 

__ fftQJE_~T M:.!H,J.0_ STA~oARD .f_Qg_R.DlN~T£. ~r~.T~M 
• ~ • EARTH - FlxED o o 

VELDClLr PATH ANGLE AZlMUTH 
(FTIS> (DEG) (0£G) 

0 GEODE Tl C 
RANGf.. ___ _ I.. Al llU D.~E,,___ ____ _ 
( NM i ) (DEG) 

,OO Oe ,0 .oo aOO • □ O 2c3,S2 
s,oo 9'1, 38,3 ____ S9.28J__ 33!_!.~86 .oo 2s .. s2 

10,QO 388, 80,0 89 0 79 321,se ,OO 28oS2 
---------IS a0-0.--- ----- --90□--------- . !..25.,._..J:_ ___________ 89 • 7.5 _..l!-0 e 71 ___ ,oo_ _______ __z8 rS _______ _ 

20000 16'16e !7'h2 89,71 303,56 eDO 28•52 
---------25..oo-------2647 •. _________ 221,0. ___________ 89,77 _ _ ____ 'iS,s1 ,oo _____ za,_s _______ _ 

30,00 3921. 28Je8 88,8'1 82,06 • □ O 28•52 
--------.3~5 ....... QQ ______ -S'l 9 O • ---- .. J 'H .a 9 ... -- ------- . 8 4.S'.L_ ------ 8 6 1 25 ___ ---- -· _ til L . 2~_2 ______ _ 

~o.oo 1313. '!10.3 S6.2u s7,67 ,03 2s~sz 
--- ------------ _ 'iS,oo _ 9590. ___ 1ao_..3 sq.,s'i' sa .. 'i..t , □ 6 __ 2th.s.2. ______ _ 

7 sa.oo 12160. ss'l,9 e2.or sa,.s1 eta 2a.s2 
w _____ 55.,.QQ _____________ 15098.____ _ ___ 6J'laS ~U .. 'tS 89~1e d7 _2~e-5~Z~------

60,00 18'120. 719,1 77.96 a9,39 •28 2a,s2 
_______ .,.,_i, o □ 1 ~a.s.2 _____ __,_.s_.3... cz. __ _____ u ... .a 'L__ a 9 ..ll. !f 6-_ _____ ~ JJ . z s =-" ... s ... 2~------

6 q. o o 21356, 7S9oU 75,78 S9oS2 e39 28oS2 
-----· ----4>6.,00- ---.22916•--- B.2'i,Z. _____ 7'f-+.6J -----·-···--- 89._~g__ ~:'fb ____ 4§,.5.2.-_____ _ 

68000 2'fSJ'te 859,6 733~S 89063 oS'f z8,.5z 
__________ 70.00 __ 26211. ______________ a'is.L______ 72-e.23 _a9.67 __ d>2 _ 2a~s..._ ______ _ 

72,00 279'12. 929.6 70.97 8967! e71 28eS2 
--------'~'t~1.00 29723. 96.Z.. 6 ~-2__._{I_!! _______ Q9_u5__ _________ . !~..2 . 2a o;,2 

76000 3155 □• 9V~.1 
··--------- __ 78 a 00 l.J.1¾ l 7....__ _ ______ 102lf e.2 

so.au Js320. 1os'i@7 
.82eOO .. .37258 •.. ____ ---l □ SSa 7 _ 
S'teOO 39228. 1118e1 

-------'--0-8.<>6..a.Oil_ __ ---- 'I 12.11..._ __ ----.-1 ~ .._L ______ --

88,00 qJ266. 1188,S 
90eOO. 'tSllle ---1226,..6.-
92•0 □ '17't31. 1267,0 
9'f• □ o,. 'f9Sol. 1J11.o __ _ 
96eQO 51725. 13b0&9 

-----~ .a_. O!L- --··-- 5..l 'i! .l 0. .,._.___ -1 'i i 7 • 0. -- -
i00,00 56179. 1q79,1 

62021') 
68Zlq, 

t661,S 
1879,6 

68036 
.. 66.99. 
65.59 
6'ta!S 
62 9 68 
61.1a 
59e6S 
!:>8 • 10 
SooS.3 
S'te'i!> 
53.36 

.s1.1a 
50o21 
"16 • .31 
r;z.1.3 

89079 
89,62 
89e8S 
s9,ae 
89,91 
_89a9l. 
89,96 
8'1•98 
90oQU 
90a02 
90,QS 
CJ(J 1106 
90oQ8 
90,13 
90.11 

,_93 2s~s2 
1,0, 2a.5~ 
1.20 2s.s2 
1 •3S _______ ia!..~--------
1 ,s1 2s.s2 
1 , 6 a ___ _____ _2. 8 •e..S ....... 2 ______ _ 

. 1 • 87 
2o08 
2o3Q 
2 a S '! 

28eS2 
--- -2811.52 -~~----

2s.s2 
_ 2 e 11.£2 ________ _ 

2e8Q 28cS2 
J, Q 7.. ___ 2. 8.~•.-S_..2~------
J,37 2s*s2 

2a~s2 ______ _ 
2a,s2 
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Table H-1. (Continued) 
SEB_V•MURP fJ NAie, REf ER£NCE T ~ AJEC TORY 

SOX 100 NMI INJ~CTION ORBIT 
za,s DEGREE INC1,..INATJON 

_____________________ PROJECT APOLLO STANoARo_fOORDl~ATE_,~YSTEM 
fLlGHT ALTITUDE o • • EA~TH • FIXED • • • c.EOOET lC 

_____ . __ Jll1,E_ ________ .... _________ _vE1...Q,.1.Ji_ _____ _e,! TH AtHib~. __ .. AZ ( MUTH R~NGE_ 
(NM 1 ) 

__ LAT lT,_U=-0:....cE=------
( 0 E G) (SEC) (FT) (fT/5) (OEG) (DEG) 

. - _______ _,_ --------
11 s. ao 7't781e 213106 J9.jq 9 □ •21 6eS0 Z8eSZ 

-------L' ... 2.xO_,,_e_,..0'-"0'-- 817 ~~ . ...__ _____ z_'f 1 't LJ __________ 36 1 .22 . ___ ? □ !.?.~ _ 7 o9 7_____ --~_a_ • ...,:5:...::2::..._ _____ _ 
12s.oo ij9 □ '+2. 212,.6 3J,J7 ,0.2, ,,10 2e,s2 

______ l,JO. . .aOO --- ___ CZ6-Zl'i,. ____ _....Q_f,>7 ., ________ .... J0,?6_ _ _ .YD•J.3 l 1 •7_.l --------· 2s~s2..__ _____ _ 
lJS.o0 10't722, J't3Se9 28,'t0 90oJ7 l'to0J 28,SZ 

------~l_i0.1100 _____ __11 J □ 't't. ________ JaJ a ,.a _________ 24. is _________ ?Q, Ii I i o. 67 _____ ?~~2-=--------
1 qs, oo 121,~J. 't2~6.6 2q,z9 9 □ ,~6 19,66 2s~s2 
I so• oo l.3Jli.'l4. 'tti~._z__ _______ l.Z....S <l.Qi5L __ ZJ • Q.L. ___ --=2=-:8::-e'-'S:..2..__ _____ _ 
155e00 139't97, 5090,3 20,88 9 □ •56 26•71 Z8oS2 

--- __ l 6ila.OJJ ______ l 't86 l 2.a.. --- --- .--5518, 't --- __ l 'i..e.38 ...... 90 ~62 30 • 7 8 2 8 • 5=2 _____ _ 
:;= 170e00 166969• 6385,8 16070 90•73 'l □ •0J zs-;·sz 
~ ____ laU .. OIL. _______ l.8510 0 a. .. .. ____ JZbSe S ______ . .l.~. 10 ____________ .90t 96 _ SOe 76 28!?~1 ______ _ 

190eU0 2022l't 0 8159&0 11,71 91026 63•02 Z8eS1 
200,00 2181'H,, __ ___:iQ~?.!.? 9 76 _9l•SS ___________ 76.,8L_ ____ -'2a __ •--=5=--0cc._ _____ _ 
210.ao 2Jz9s2, 99a1,s a.is 91,a'I 92.13 2s.so 

---·- .. ·---·· 220a00. ___ , ______ .. Z'i6Ub-. ____ ... ___ J.090!!>..,Q _________ o..80 __ y;z.! 13 .. . . L08•97 213e'}9:__ _____ _ 
230000 258751. 11837.J So6S 92•'11 127•35 28•~7 

____ Z'IU•OO _______ 269771 • __________ ..l.2ZZ'f .~L 't 1 68. 92, 7l J '17 • 27 26• 'f:::.6 ______ _ 
250t00 2795'13e 13716.3 3*8'1 93,ol !6S•7J 28e'I~ 

_______ 2.._.._6 ___ 0.00 28.8.067_..__ ___ _._1..Q~l. 't __ L.11 _'H~3.l... ______ t91 •7~-- ~_2_8_._'l-=-2 ______ _ 
270.Q0 295'!32e 15612,l 2.'19 9le63 216•26 28,39 

- --- 28UaO0 J.016.2'1._____ __J6S6~.J ______ l_.9~ 93,96 Z't2.JS 28o~7. _______ _ 
290.uo 306718. 11sz1.o 1.s1 9'feJO 
3001t00 3l078'1a l8't79a0 lel2 9't,65 
310,00 J1J9 □ '1• 19'1l9e0 e80 9!>oQl 

_____ _:__ ~ . ..120. .. 0.0 _____ ··-·-3 ! 6 !7 l •. -·- ____ --2,0.'i.00..5 ·----------·· ... S'i 95138 
330,00 317700, 21363.'I .J'I 95.76 
J't0e0~ 31860'1 0 22327,2 ,18 96e15 
JS0e00 Jl9023e 2329107 .07 96,S6 
J60e00 319103. 2't2S6a5 001 96t97 
362089 319085• 2~53~o7 eOO 97eQ9 

269e98 
299el6 
J29o90 
J6l•19 
.396e0't 
'fll ,'IS 
'!68o't2 
506•96 
518e'i0 

2s • .33 
2s.2c1_ 
28o2S 

?,~--~---"---
2a.,s 
28 ,09 --·-
2s.02 
21.9, ---------
27,92 



___ _,_ _______ ---···----
FLIGHT THRUST 

Table H-l. (Continued) 
SERV-MUR~ FINAL REFERENCE TRAJECTORY 

SQ l 100 NMl IN~ECTlON OR61T 
2Ba5 DE,REE INCLINATION 

------ ------ ------------- ------ --- --- ---
WE l GHT INERTIAL A.TT n.iof~ANGLEs 

--------Ll .ME. ____ .. -- - -- ------------------- ------------

L0N<ilTU0lNAL 
A(;C£tiRAI ION.:_ 

l<i•S> 
--~PITCH r~.rr 

( SEC) (DEG) (DEG) H>EGJ 

,oo 1•s31s2. 60757os. 1.22,1 9 □ .oo .oo za~J6 
s • o □ 2 'I 't b 12 t, , s S' o a 4 2 6 , ~Ll-- __ 9 o. _o_a___ _l!_.Q ..... oc...-___ _..:;::2--=a..,.1:..,.J'-'6'---------

1 o. o o 1••6265. 58615•8• 1,2685 90e00. • □ O 28,36 
-------'-4--.S....0-0----- 7'15'1S8.0e 57S.'l~.o-9~-----t-+Z-'i.07--------------.,.i..U•OO ---- --- -- _.__Q(l____ _.........,2._.a..__.,.._.3~6..___ _____ _ 

20.00 1•73279. 56,7391, 1,11•2 90,oo .oo 2s.3, 
-------4~0 -- -----7-S.O~SS.6----S!i-~Ol.l--2_._ 1 e l-39 2 -----------------B.i, 02 - .. ...o.0._.Q ____ _2._.L..3..-c_ _____ _ 

30e00 1s,1866~ 5~3323•• 1,36.. as~o, .oo 2~.j• 
1s.oo 1sea1s9. s12~.1.ss, l ,J9Qc:i ______ ...az..._01.... _______ ... __._no 2a.36 
•□• □□ 1,,J,,1. s219011, 1,~&63 a,.09 .oa 2a,J• 

- __________ .ij~,0O-----___;__J..'J.02629-...--- .5U-1.i..98~-----------1- ♦.lt-'i.-2!J-- ------ -•·····---B-~ .. 'f-J: ___ .... --- --~.0.0-- _ za ...... ~J.s,6c__ ____ _ 
~ · sa.oo 7762570. soo,,200 1 ,'t6ao _S2e't9 .oa · 28,36 1 
1.,/'1----~.s.. • .oo..._.~a.i.Jat>a. 'fSU~lt.-----1.att2si ____________ apa...2s._ __ . .!.oo 2a,30 t 

60.00 · 7896'18,3. 't79076J. 1.s11a 11.73 •OO 2a.Jo ! 
6 2 s O O 7 9 2 S Z9 l • 'i Bl 9.lJ...A_ 1 t $ 1 'i2 7 ~..li..-S ___ .. _--.!..0'""0.__~----=2:..::8:....,y...,3"-''-~------
6~•00 79Ja1s~. •1os100. r~~12, 1s.s~ .oo 2a,Jo 

_______ _..o..u0----'1---S'!!S'i'.0.1. u-0-2.2..os----i¾Sll.9.,1. ------L.!4-3.S __________ ... uo _ __.2....,a.._._, ... 1""6----'-----
,s,oo 7957't.•2• •619't37, l,~06't 73.19 •00 28~36 

--------#7 ....... C o..OC 79LlQ..28.._ _____ .'f.S.766.0..6 • I ~~jsz_ ______ .:__z.1 .... 96.__ __,o__o __ ~_c-2§~ .. l---='------
72 eOO 7985'190, 't53377'te A,~652 70,70 •00 ~a.36 
1':l ,oa aoa,na'f. 't't2PHl, a .;wa ... ___ __c...._6,c;_.__~.tL _!Qo""~~--.....::C,2.::Ca...,., .... Jc..;:•;.._------
16 .oo ao1'1626. .'t't,s11i. i,itOO't ~8.06 _ .uo za.30 r 
18100 ________ 80J.1S68•-----~-'1~..o5i~O.t ______ 11..)8'17 66,69. •00 '"· _____ 2~t..3_6 ______ t 
eo,oo sos2121. i+J62'1•9• 1,~a•o o5,2a .ao 2a,J6 ~ 

__ .az,oo a □ o'IUJ._____ '131?<>17' __________ 1,3s.;n t.J,sJ .oo ________ 28,36 ~ 
8'1e00 8089169• '1276786, le't02't 62,lS ,UO. 28•36 I 

--------<::-a!:~~ =~!~i:~----~~7~~i:- ~ ::;=~ ---~----···--. --- ~~:j~ .. :~U~-----,--...C----'Jlt~--""':-":--;'--"!'--------1 
--90•00-- ·-·-----806'i.32l...... 'tU8292, 1,.s29 S7,7't ,uo _zs.~J6 - ~ 

92eOO 8078678 9 •10S't6D, i,'t778 S6~16 •00 28v36 i 
... 9'i•'\J □---- __ 8223165. 'iD62629<J 1.tS'tl9 S't,Sb ,oo:. 2-~136 ' 

96,00 8J777't3, •019797, 1,.205 52~~6 eOO 28,36 
---~98....00.-- ____ .a!)..2.2.7S.'i•--- ___ .Ji7626.6a .. --. l-•ll987 Sl ,.37. tO □--. ____ .,;..Z=S..,._,.c.::6:.......;....;.... ____ 4 

100,00 86706780 3931135, 1,775s .9,78 ,ao 28e36 
1 as. oo 11005232. Ja2 ,use. i.t675 'I=». 91 , uo ?..e.a.l"'--------1', 
li □ ,oo 926017S, 3719977• 2,ll8• '12,2't ,oo 28,36 



-------·- --··--····--·--·-·-----·----·-·-··--· 
Table H-1. (Continued) 

FLIGHT 

-----. T Jl!.E.-'--·· 
(SECJ 

THRUST 

(LBJ 
-------· ----·--------·--- ----·-

. S.EliY_~MVRP .fINAL. REfEt'IENCE TRAJECTORY 
SOX 100 NMJ INJECTION.ORBIT . 

Z~~~ p~~R~E INCLINATION 

~EJGHT LONGJTUOlNAL ... rnr:;:rn··AL.AiTlTUoE ANGl.Es lNCLlNAI 10N 
____ ______ _ ________ __ ACCELERAT J Q~ __ .. l~Jgti, YA# 

(LBJ (G•SJ (DEG) (dEGJ (DEG) 

- -· - -- ----
11 s .-0 o 9'f'f8708e 3612899, 2,2895. 38,~l ,Do 28,36 

_______ l z o • o o 9 6 oz 'f 1 z • J sos a 2 o • 2 • 'f J a 3 J s • 6 s • o a 2 a • Jo 
125,00 9i22llJ6e 3J987'f2, . 2i,S7'f7 J2;7'f ·---·-·· • □ O. 28.36 ,-~,: 

______ __.._JQ,CJO 980'f'f76, ____ 3291663, ____ 2o7f03 -----····--~g,09 •00 28,J~ •. 
135,00 9850582, 318'f58S, Zo8'f6Q 27.67 ,bo 2a;11---~~~--

_______ l.'i.9 ,JJ..Q_ _____ 'Hl7~ JQl.1. ______ 3cn?.?.C!/,.! --------~ ,,as3 ___ . ---····-·· zs. ._,s .• oq 2a ! ~~:-· --''-'-'•· .... · __ 
l'fS,00 9SOJJ.76. 2972372, .3,000Q 23,'fJ ,OQ 2Bo3~' 
1 s a • o o u u .lJ&2. ._ _____ ZJU 1~-'- ·· •· j tJJ.QJ~o... ______ ___;u.}s • o a 2 a. Jo , 

.. ass.oo 8723928, 211·s1aa. · •jioooo 19,86 ,oo 2a.36 l 
____ _liJLoo 8JZil1~ ... -.--.z~aJs9J! ... -· __ 3,0000 ________ iat.27 _!QP- 2a.3, ! 

~ : ~~: ~~ i~:~~~_:_ _____ ;_~~1;;: __ ~~-- _1:g~~~ ·- ·------ ·----~:: ;! ··--1 :j~ --- ------- ::: !!_·_ ------ t 
190•00 66¥9829, 2201720• le000o 7.~7 ~l•'t3 28oJ7 i 

2□ a , a □ 6 2 s □ 'f zit • .1..01i2.1 3 s , - hQ.Q.g.o_ , • s 9 -~!.! s , 2 a • 3 1 l 
z10,oo ~ao1aJo. 19J39'f3• J,0000 s.s1 -1.sa . .·· 2a~3a I 

--~~~:-g~- --~g~:;~~:----t:~~-~;:--,--... -·· -~gggg---··-------·-j:j; .. -~-- . :: :;~--- ··-- ~ ~=!~cc-:---'---- ! 
___ 1...lf_Qu)O ,peorn~._ _____ ,_li_CZJ.~~9. ltD..9:Po .. _.?.,?Z . .".'.'L!t!I 28-=-•_c.'f..:..O __ _.,. ___ i 

2S0o00 't'f8079So l't93S98, J,'oOOo 1.18 -1'88 28e.'f0 t 
240,00 £t20.o..us3, 1rn1a.~. ,3 91 00,ga _______ __._Q? ____ .. ....:;.1.9s 2a ... , f 
2 7 0 • 0 0 J. 9 J b 7 't 9 • 1 3 l 2 2 5 0 • . J t 0 0,0 O • l • 0 0 -i. 0 3 2 8 • 'i Z ~ 

-------.--·-··.2ao .. oa. _______ .J.0S.9.s19.__ __ u2cz.j'f01. ~•-.. _._. __ .1. .. nooo .... ~i.oc; .. z-&o ____ 2th'f·-=-···2=-------- j 
290.QO 3'f5826le 11S27S'f, \ 3,QOOo •J.18 •2•17 28,'fl ~ 

_ _:_ ____________ JOO •00 __ .. -~-- .12 ~1.1 JZ ._ ________ ..i.oa □ J 7 9. t ~-•~----3.aQ:Qoo ~'f • 2 8 . •2 • 2 If ______ __ 28 • 't't i 
llOoOO J037SS5, 10J2Sl8• Je0000 •S.37 •.2•ll 28e'fS ' 

______ .. l .. Z~□ uJO___ 2a~1tl!t -~'i!!.~_U_t_ 3 ,Q.QQ.o. -6, 'f 7 . -2. ja ___________ 28. ,., f 
330.00 2667525. 889175.. J,bOOo -1.s~ -2.~s 28e't7 ! 
J If □-• 0 I 2 't '? 9 S l 'i • 8 l 3 1 7 l , J • 0 0 0 O . • ~t. 6 6 • 2 • S 2 2 8 • 't 8 , ~ 
350,00 23'f19J'f. 7-806'fS• 3,QOOo -9.JS -2.ss 28.it9 il 

.- .. 360100 21~'t1S6. 7.31Jas. _J,o00o -10~85 •2e6S 28e50 I 
362,89 21SJ1't7, 717716• 3,000Q •11~17 •2•67 28,SO t 

I 



FLIGHT MACH 
Tl M.£ ____ . ··- NO• 
(SECJ 

DYNAMIC 
PRESSl.lRE 
<LBIFTZ) 

Table ~~l. {Continued) 
SERV-MURP .FINAL R~rERENCE TRAJECTORY 

SQ X 100 N~l lNJlCTlON ORalT 
28aS DEGREE INCLINAJIUN 

NORMAL 
fO~CE.... 
(LBJ 

ANGLE·oF 
ATTACK 
(OEGJ 

AERu • HEA tl NG"" ·;-,·AERO, L.OAD 

lNOJCATOR ... - .. -l~.PJC:~!..QR 
(Ld-FT/FT2) cL~-OEG/FTZJ 

------,-~ --·- --· -----
.ao ,oou o. •O •O •000 O• · 0• 

________ s..o □ , UJ't ___ ..1.__. -··---·-- _ ____i.Q_·----•·· Z.,S..6Z.!_a_ --··--··· ,o.1-t1 ______ -------·-~-• o, 
lU,00 ,070 1, •O 11Pt0•7 e091 888• I• 

··----·- .lf>-.aOil--·--•l-lU .. ···------18• ____ --·•a__ ... -27DOZ•b ,132 't9JLL_. ________ -2-"-•------
2 0 • DU , 1 5 't 3 3 • • 0 S 1 3 3 5 • 9 • 1 70 l 7 0 2 8 • 6 • 

.. -2 s .. oo. -···--- .• 20-1 ·- - --··. ss. e- --·-· - -· ... O . - -·- as l 1 l .e S • 7 22 'i S2 9 8 •. ·-· _ ~- -·-----~Ul.L..-------
30 e O O .2sJ al, ,o 12a9s.'i,9 ,100 1 □ l6Bo• . &e, 

-------.. .3..S. .. oD , 309 ... - -"·-- 1,il ..... __ .. -·----6-U. 1 a'f 91;,8 ._.5. __ .. ..tlf.U . .l .. ~..:..-. . 2020?8!.:__~--· __ 't .......... Z..::.•------
'tO, oO ,J69 1S6, •O 2S1~2't,'t •032 3~6279• S• 

--·-··•·----·- .!JS.,Q.0 ... ---··-·•'¼.lS_. __ ._ .. .zoo.. .... . •O .:U89o9e 9 ,002 6 l 8SZ9° --·'·-·-·-·---· _Q~•------
f so.ao ,so7 2'16, •O ~,so,a.s .002 986132• l• 

- -..1·----·-··--·~00-·-·-- --.. !iSS...- ---2-~l •. --·· ,--- •-Q- 5,,i0.!i7'1•2- --· aQO't l'i97lb2t .·• - _ -~.,.___ ____ _ 
6 □ ,oo .671 339. •0 653732•9 .no:; 21ao2s3° 2• 

-------..Q6...i;2,...o>-1.Ll.1--'0~- ....1o.B..---'---~b.. _____ _....fJ..-.. .. _.:.7.}£:z.a_l .a...l ---'_._OQit __ . ___ ..:2JiD.fi.2El L------'----'""--"--------
6 '+, 00 o7'1S 3720 •O $2132808 e0U6 286'tS99•. 2• 

------···-~6.00 •. 783. ..~a.6 .•. --······-··--·--··-·••iJc••- ---.!i'09ZI la.S - --- -·- •001--.•-· J2S'tJJ8L .,.:___.i-L--_____ _ 

68.QO e823 399, •0 998607,S •b □~ 3675519• 3• 
_ ___z_o_.oa -··---·0863 ___ . _ ~tOe...... . .. __ ,.Oc . __ JJ..J02'¾Z,J _,,009 'tlV5'+8• -·······-,--... ____ 't-'--•------

72,00 o90't '118• •U 1J~26q9,2 •Oi-0 'tb0~~69• . 't• 
--------+-'._..on • <l..'i~-- 'f ;22. ··-- .... a_ 1 s:ss.1.2.'t.-.s.. ___ ,nu __ & U 'fo~ □ L .. :. . .:. ... C- .•. --:~_:. __ ~L-'•.._ _____ _ 

76,00 098'1 '123• •0 17853't6.,9 0012 St1'tlb07• S• 
---•····--78aO□ --•-1•023 .. '121• •O 1931526•9 ,alJ° 618't2!:i'l• __ --·~·-----

80000 1•063 '+17, •U 20f5Q97•2 •0JS 6739233• 6• 
-·----- -·----- az, oo 1, 1 as · '+ 1?, ,a:c_ .. ios77o9. o ,o 1, 1'Jo•t"a 1 ,. . ___ 1•. __ 

S'toQO l•l'tS 'tQ6, •ti 20~1Sq'ie'I •Cl~ 7879067• 7• 
..8.lu.lJO.. __ _. ... d 'l't --·· __ 39'! a ·- __ .1.Q._. 209 lJO'i! 9 • O 19 8<t6093S •-- -··-_; _____ 7<.....::..•------
88, 00 1•2'tl 391, •-0 2~i7962o7 i020 9Uq9272• 8• 
90e00 •O 20!:lZ2Q6e't •U22 'ro't2SS1 • 8L--'-------1,290 Jal, 
92eoO •0 .zog1595•6 ,023 1023'H93• 9• l•J'tl 371, 
9't.01) •O 19S90J9o6 e02S · l08J.ijU59• .cc. c?-L-------1 ,39'1 360, 
96,00 e.O l86367'1o't e026 11'1'10670• 9e 1•'151 J '19. 

__ ..98. uo. .. ___ ,:0 ··-- -11 a 71 a 7, o • 021 1.2u 'I 9 J H • -··---· _____ 9=--•-=---~-----1..s1J .l.l'le 
100. uo •U 1685679•5 ,029 l.lo6S'l79• 9• 1,579 329. 
l0!>o00 •0 1417S61SeS ,032 l'i2J85JZ• ._10• _____ _ 1 • 7 S 'f 302. 
110,00 · •0 1J053't'+•l oQ35 1!:>Hll.269• 10• 1,961 279• 



FLIGHT 
.Ti M ~ __ _ 
( SECJ 

Table H_-_!.. (Continued) 
~~RV•MURP FINAL REFERENCE TRAJECTORY 

SOX 100 NMI INJECTION ONBlT 
is.s DEGREE INCLINATION 

-----··-·-··· 
MACH DYNAMIC NORMAL AX I AL -- .ANGLX ·or 

NO • ____ _ PRE? SURE ___ _ . FORCE __ FORCE ATT~C~ 
fLS/fT2) (LB) (LB) (OEGJ 

·,.rRv ~. HEA flN~ AERO. I.OAO 

lNUICAToR 1No1cATOR 
(Ld-fT/fTi~- (LB•OEG/FT2) 

.... ·- ·---·-·· ·-------------'--
11s.oo 2.199 zss, ,o 1116aqo.2 .o38 11s1J•12, 10• 

10• ________ lZ.O.tOO __ u 'f66 _________ 2J2 •--·-···--· -~-.t!. __ _l_Q~_'+2'f9e S__ •O'+ 1 __ ... 19332'+77 • 
l2S•00 2•763 207. ,Q 971362•2 eO'fS 211Z'f60'f• 

________ l.30,0Q ____ 3,0V .......... _18~'--· tO .. S829s7_!7 ,O'fJL. 22915J16! ________ ...c9c...• ______ _ 
13Se00 3•'f07 156, •0 787212,0 ,OSl 2'f65859Z• 8• 

. 1 ':tu. oo _____ J.1s2 ___________ LllL. ___________ ,o ___ ---6S6999 !' z • QS'f _ _ ____ .U,J?Q'f.'+o 0 _______ 1'-'-•------
1 'fs. aa ·~.102 110. ,o sa626 □ •2 . ,ass 21s12a11.• 

______ __._1 ... sj,loWl.'-'-o._..o,...__..-L.1't, tiS ______ io......_ _______ .JJ. _____ 'i.S.!l.a..~.! J ______ .o6L ____________ 291.as_6 □ 0•.------"-6_• _____ _ 
1ss.oo 'f,786 7J. . •O 396563•0 ,Q6S 3US'f'f306• S• 

__________ Joo.ao. _____ s .. .1JL. _ .. s,. . . ....o. _______ J2023J,a ____ ,o4~ .. He,~_1oa,1~----'------- ,.. 
If 170e00 Se.917 39. •O 2l2'tJl•l •078 J.3'¼63'-108• 3• 
c:> ______ lSQ,OQ ___ _b._tQ§.? ____ 2~, .. -~Q ______ JlfZ'tS'lo_.:t_____ 4toQ,?_7_ -~'!89_22~2~ _______ ..::l:...::O:...:S:....• ______ _ 

190e00 7e971 17• •O 9167 □ •0 2eS10 l~9BJS01• 't't• 
200,00 9•1'+1 11, eO 6~U.□ •3 leS'iS _____ 36778'f.cc.O..cc8_• _____ ....:;1_8_• _______ i 
210.00 ,ooo o. •O .a 1 e360. 0• O• I 

. ___ -·-----··- 220!100 _____ ___..QjJQ ____________ (,!.,_______ ell ___________ -· ,0 __________ 1-.!Sl?Q ____ . Q! 0• t 
230.00 .ooo 0, •O .o le70'i O•- □• i 

0 O• I -------------~~:~:~~----- :~~~----··-·-· u: -··--··:·~----·· :~ ·-·!:~;~ --~:--- □• i 
______ .-2..,.60-.0.Q ______ eODO Oa . •0 ... .t..0 _____ 1_,Ql.O _________ ·---···----D• O• ~ 

270e00 eOOO □• •O eO 1•7'-18 . o• O• ~ 
______ --·--- _ .. za1.1.uo __ .aaa _ _ __ o_.___ _ ___ tJl______ _ • a J ~ 6SJ o• . _______ o !______ t 

290,00 .ooo o. •O .o leS.39 o, O• [ 
________ J □ O• □ O _ .,QQQ___ __ Qe .. !O___ •O lo'f2l O• --···--·- ___ o, ~ 

----· -~;~:~-- :~~~----------~: _____ -_______ :~----- :~ ! :!~~ ~: ··-. ----~..::..: _______ ! 
lJo.oo .ooo u. •O .u 1.2'-18 O• O• t 
J't □ ,oo .aao o. ,o ,o 1 ,J2J O• Q• -~ 
Jso.oo ,ooo o, ,o .o 1,,.,1 □•. o, ~ 

___ -·-- 3.60al10 ,000 Q, tO ,o 1 •697 O• D! _______ ~ 
J62.a9 ,ooo a. ,o .. o 1,110 o• □• I ------- I 

I 



FLIGHT 
___ Tl ME 

<SEC) 

GEOCENTRIC 
IUD 1 us_ 

(FT) 

·' 

··-- --
Table H-2. 

SERV-MURP FINAL REFERENCE TRAJECTORY 
SOX 110 NMI INJECTION ORS!T 

SS DEGREE lNCLlNATi0N 

PROJECT AP,Q_~L0 
1N£RTIAL 

V~LOCl Tl .. 
CFT/S) 

STAN~ARD COORDINATE SYSTEM 1 
IN~RTIAL 1NERT1AL ~EOCENTRlc - LONJil_TUOE 

PATH ANG!,.E AZJMUTtl L.ATPU0£ _(pos. EAST) 
(DEG):_. toEG> <DEG> lOEGl 

- . 

o00 209098·6• l3'ile8 e00 90o0U 28~Jb •80oS6 
-----------j•u□"--'c...___ 2090993.3., 13't2,l___ l,o7 .. _________ 9_0t..OU ___________ £8,36 •BQ,56 

10,00 209102'i3, _l3'i'te1 3e't9 . 89.99 za.36 •80eS6 
. lS..o-00.----·. ----- -2U'H07o6.e -· 13'!1 . .oS. ----- !i.o'tS 89_._2a ._--21hll ______ "!!_.o_.,...__.s..,._6 ___ _ 
20,00 20911s2a, 13s2.~ 7,ss 89.9H 28.36 -~o.s6 

--------'5•0-0------ -2.0...9!2.SS.0~- ______ ...:.l . ..1.b.l.o7-.-· . ___ .:_ _____ 9-.a7'i .... ---"--- 8«,e91 26,...J.E!._~-·----~~.iJ.....s.~•-----

--------3~~~ :~:~~~_: ______ J~~~:~ _______ !!:!~------ __ .. ~-- =~~~ _________ !::~: ::~:~: --I 
't0eQ0. 20917367,. 1't20e8 17006 8Se9't 28eJ6 -80~66 

--------- i+s.00-- ----------209 i9,2!f.___ 1 !ts3.7 - ---------19:.s6 _______ . aa .. J1... ._2.a .. 3-~: ______ .. __ ~ao-......... s~4'------. 
If so • o o 2 o 9 2 2 2 3 8 • 1 't 9 5 • 3 2 1 • 9'8 a 1 ; 'ts 2 a • 3 6 - s_a • s • 
'°---- s.s...o.o - --- ... __ z.092s22s. . -- lS'i.6 •'t.------ .. 2'i.:2ll. ------ ---· Soe.JJ__ 2th.3.~ -'-- ·•--•~,~''------< 

,o,oo 20,2as,a. 1~01.6 26.36 a't•'" 2a.3, - -ao.s, I 
6 2. on 20 2.l.O..Os.A .... ____ J. 6-.l!L...6.-~-~---- ---···-2 z._u ti·-~--·--- e_·C( .. 1z._ _"_2..a·. 17 -ao a S6 f 

6'te00 209lis,,. .~~z., 27,79 ~3,6~ 28,37 -sa~s6 I 
---"--------06 dlO.---- -- --.20.9 J 3 I ~A . .._ . l: bCJ 2.o-S----- __ 2 a..~.Q __________ _:_ __ 8.z .._.9 ~. ____ .... __ 2 tb.l.1.~- _: ______ .. 8 O.....S.-6 ____ ➔ 

68,00 2093't795e 172l•l 28,95 a2,2J . 28,37 -80oS4> [ 
________ 1.o .. oo . .,...-------..zo9.1o'iU.o. __________ us~~-o.------- ... z9!'i:l. ___ · _____ s1,'t7 2S!..J7 ____ .. ao.ss l 

72eOO 209~82't3, 1786•8 29,80 So,70 28,37 _•80eSS r 
-'----------L.-.L ao _ _:_ __ _1.u.9_.'f..0.0~2 ._ rs 1 a, s _ .1:0.t.J.lZ. __________ 1 'i.•-'' ----· ~~u..~..c.:.. -so .ss - ~ 

, 1 , • a o 2 o , 't 1 a s s • 1 a 't , • , J o • 2 't 1, • p 2 a • J 1 - e o • s s ~ 
-----.. ________ 18 • 00. _____ ..... _ 2.0.-<.l 'i.3..Z.o6 • .... 188 l,S_.~--- _ 30 • 32 7 at 3 J l8 • 3a_.:_ -~Jh. SS ~ 

80,00 209'fS683, 19i'tel J0d6 77t&2 28.38 -eo,ss, i 
82e00 2 □ 9~76J.~•-. _____ J'1'~81.Q_ JQ.,33 76070 2.s~_38 ,. ______ ~~Ji.!-~S ~ 
S't.Q0 209't9618• 1983•8 30e28 750_8!) 28.38 •8-0oS"t f 

_______ __,A""'6a._.a.• .u.O..u□--- _ 2 □ 9 .5..l.c.3..2 e 2(:i 2 l • 6 ____ .-HI I LCZ 7 'i e 'l c ~ ~ ! .l._8 • 8 0 • S ~ 1' 
aa.oo 209S368~. .2Q6l•S JO•O~ 7~c10 2~.39 ~ao.s~ I 

--'i0..00 .... --- -- 2U9S.S.1.p..5•--- 2fO~a4 z9e.89 · 73,.zU , 28a_J9
9

, --------~_...s.__,,.___ ___ -'I~:. 
92ell0 · 209S7877e 21'f8•3 z9e69 7z.z9 28•3 •80,Sl t 

----+9'l-.o-OO 20960022. .:2_197.a-l 29 ii'i9 7 l • .lt.! 28 • 4tQ __ : --- •8Q_.._._..5"',l'-,-------'-<i_'_: 
96eOO 209622Dlfe ·22S1o'¼ z9o28 7oo38 28o't0 -so.SJ r, 

--------.!i-.a...00..---....__ __ 2.09.c~i.za.___ Z-lH . .eS.---- --- JS' .aOB b9 a .l~ ~-- .... 2.811:'tO ... so ,SJ ~ 
100,00 20966698, ~377,2 28,86 68e3b 2do'tl •8UeS2 ij 
l0~a00 20972602. 2S67e3 ~8•27 ~5e7b 28e'fi_ ~Jo.s ____ ~ 
llDeOO 20978865• 2791,9 27aS3 ~3•Zl 2~~'f3 •80e50 



· ' Table H-2. (Continued) 
·····----·-·--- ______ . __________ SE_RV-MURP _FINAi,. REFERENCE TRAJECTORY 

SO X t 10 NMJ lNJEcTION. ORBIT . 

-·· -·--. ··---- --------··•·- ··--··-----··ss _DEGREE_ I NCL'l NAT lON 

--------------------~P~R_;O~J_;E~C~T--=A~P~O~L~L:_0--=.S~TANoARD COORDINATE SYSTEM 1 
FLIGHT GEOCENTRIC INERTIAL INERTIAL INERTIAL GEOCENTRIC LON6JT00E 

__________ -1.11if _______ ...:..R:..,.A=D !_U=S _____ v __ E_L~O_C~I~T~Y_ ·-- . p AT i-1 .. ANGLE-····_ A z IM ur H ___ - - I.. AT l_T ~-~_E ___ ,_P_o_s_. __ E_A~S_T_;> ___ _ 

(SEC) lFT) (FT/S) !DEG) loEGJ lOEG> lDEG) 

--------,-, s-. □-□------2oiiiss11-;·- -----j□'+ 9, 't 26. 65 - - - 60. a 1 2if. 'ts -ao, ,.a 
_______ _.1~20i.O.:O ____ -=e.2.!!09~zil2 333 7. 6____ ·2.s. 6'+ ______ 5Eh 61_ 2a. '+ 7 -so. 'f 7 

125,00 2U9999SO, 3655,2 z'to!>S S6l6J 28~-~9 •80,'fS 
_______ _.__...l:0-"illJ __ UOJH.119,_ ________ ,QQl,.O. ___________ 23 • "§0 _______ .?.'f • a7 ___ 28 • s2 -so a'f2 

135,00 21015829, · 't37,,9 2~o23 53,32 28•55 •80,'fO · 
------ ___ l.'tll_.au_ . .210~2.S~., ____ 1I1Q.d _______ .. 21• 06 _____________ St• 9 7 ______ 28 • S~ ___ "".80.!::::.l.:::..6 _____ _ 

l'¼S,00 2103297S, Sl~l•l F9e91 So,aO 28,62 •80,Jl. 
_______ _,1 .... s~Joo<...L, o-O _____ li.U.tiliJ .____ s 6 U •JL _____ .. 1 ~ !. Z] ---~.t.'h ~--~- __ · ___ 2 8 • o 7 -so• 2 9 

lS5,00 21051012, 603So't 17,61 't8e99 28072 -so,Z't 
... l 6.!J.1 aQ __ . _____ ll.0~021 't ,_ __________ ~'i6.'it 0. _________ 16 • 61 _ ... 18 ~ ~? 28 • 7-! ___ :...~-'----.'.:'..~hl_9 _____ _ 

170a00 21078723• 7l32el l'ttb~ 17012 28,89 •80e08 
. _1 ao_.og______ ~ 1 O'lg97?, . _____ ~21 i ! z_________ 12 •.? L __ . ______ it,. 20 z9 '! ol ______ ~_:_7_9_._,.~'------
19 □, oo 2111'117'1, 9106o~ 1o~so 'f5,'t6 29,19 -79,81 
200,00 2Ulll~, 10012,a 8•§:3 't5-'·89 _____ 29,37 -79a6't 
210,00 2ll't't886e 10927•3 7•41 'f'te'l't 29,S7 •79~'t6 
2Z.!h.OQ. _________ 211 S8J~t.7L ·--- LI ~SQ_, 6 _-___ --- 6 • l L. --------·- '-t'f ! t O --- -·- _ ~i! 7! ___ -:79,_.,,Zc::S:........------
230 ,00 2117os2a. 121so~, s,1B ~3.aJ 3 □ ,ol •79.oJ 

_______ 2.'fO,oo. ~lHU'i271. ... ______ .PZl~!2. _______ :__ '1~29_ ... ______ t.t3.~'t lQ-.l_! __ •_7_8_•:..:7:._9 _____ _ 
2S0e00 2119iOS8, l't6S6e7 3aS2 't3,'t9· JOeS7 -78,SZ 

_______ ..li,0, □ D .Z..Uill't6, IS6Q.1,s 2,86 't.l.!-tf:L.. ___ __!o,ao •78e2't 
270,00 21i06629, 165'19~9 2,i8 '13,3~ Jlel8 •77,93 

______________ _zaa .. ao 2.1212os~. _11s□ 111s l•i?. '13,;,!) lleSl _· -n.,o 
290 • 00 212 l 7591 • 1 S'tSS • 9 1 eJ 7 'i3 ~ 3 7 J (,. a1·--·-- -----. =,-,-".-=2'-'s'-,------

··-·--------- _300 ,og __ .. _ 2.1 Z2 l SQ9 • ·- ·-·· .J 9H?! .______________ l •Q2 . 't3 • 'IJ 32 • 2't. •76 .s_a _____ _ 
310,00 21Z2't't98o 2U371•3 •72 'tJeSZ 32,63 ~76e't8 
3 20 ,UU. _____ 212.lbfl..60'-- ___ 2l331 • 6 -•-~ 8_ . _ ____ .. 't 3 • 6 ~ _ JJ_e_Q_l .76106 
330.00 21228111, 22Z93eJ a29 't3,79 33e't6 -7S,.2 

. --· ·--- __ J'IQ • 00 ..... 
Jso,i.o 

.. .360,00 
'J67oS6 

21228976, ZJ256,c ,1s '13,96 33.90_ -1s.1s __ ~---
21229399. 21219•'1 •06 't'tol7 l't,36 .. ~7'to6S 
2122'iS32e 2S18J,t; • □ l 'l'lo'tll J't.ij't ______ -7't,t.;:.l ____ "_·. __ 
21229S'13, 2~912•l •U □ 'l'teS9 JS.21 -73,7! 



Table H-2. (Continued) 
SERV•MURP FINAL REFERENCE ~ftAJECTONY 

SQ X 110 NMI INJECTION ORBIT 
SS DEGREE INCLINATION 

•--
.... Pf39.JECT Af'QbLO STANDARD ~UOR(?lNATE SYSTEM 1 

FLIGHT 
.. T lME 

(SEC> 

ALTITUDE 

(FT> 

• • 
V£L0C lT Y 

(fT/5) 

• EAIHH 
PATH ANGLE 

(DEG) 

.ao o. .o .au 
- --····---· ·-·S..1.00.._._ .. --·-·--· 'il..1....-.-----·-· -- . _39_. 2 .. - -- ~9 1 SJ. 

10.00 J9a. a1.a 89.8 □ 

····•--··---·-··-·· .-is.oo -· 920. 12a.a 89.7~ 
20.00 1683. 177.8 89,71 
2Se00- 270'i. - 2.31 a6. . 89.,'+8 
J0,00 'tOU'to 289eS 88 0 57 

________ __,s_...Q..O._ ... ------·5.o.il'i •------·. . . .lEt l .a..6 . ·-··. 8.J • .l J. 

::i:: 
I ,... 

,-.. 

't0,00 7522. 'tlB.O 8S 0 9't 
'i..S .• o a 9 1 1 9 • 't ~ 9 • □ ._ . :_ a '+ • J 1 
SO,OD 1Z39'i, S6'io7 82.37 

. .5 5 • O O l 5 3 8 2 • 6 't S • 3 8 0 • 1 J. 
60.QO ld7S6• 73007 77.61 

- FIXED • 
AZIMUTH 

(DEG) 

,oo 
.. JJ891 L 
32 l •91 
lllol.O 
J0J,s6 
35.817:. 

2le50 
29e1.l 
32, 2.2 
Jl109 
3'1e68 
.}SeJ9 
J5t90 

. .62.a..Q0-______ 202-LS.~.- .... ____ _Jb.5...,. a·-·-··-···--Zb ..... .S.'t . -··-··· --- _,l.c! dl,7 ·--·-· 
6'to00 21736, 801,0 7S.'i2 

--·-··--·-·--- -- 46oUO~ -•-2lll7o·-··. 836.i-··· .7'i 0 27 
68eOO 2 ➔ 9S8e 871.9 7J,09 

___ ---•--·-···- ---10.oUO. .26656. _________ 907a3 _.71.~6 
72o00 28i08e 9'tle3 7o.,t 

________ .... 1..:i'twi-.OO.-·-··--·-- -· .Jazoa .. ·----··--··-···21.~ ... o. .. ___ 69_.,H 

76eOO l20S3e 100'to8 67 0 98 
-- -- - -- -···· ... --- 7 8 • 0 0 .l l 9 J 6 • l OJ 't • 9 . _. 6 6 • 61 

aa.oo Jsass, 1 □ 6s.s 6s.21 
·--·---·--······a2.u □ J1aoa. i. □ 96,e 6J.77 

8'ioQO l979't, 112908 62~29 
------~-.u8 ..... 6L..a•0.0_._. -----~1813 .. _____ Uo't ... Z __ -·•-·· .. 60. 79. 

88oQ0 'tl86S. 12010S S9.26 
~o.oo 'tS9't9o l2't0ol SJ.71 
92,0D 'fd06'to 1281.6 S6.l't 
9'i•'3 □ sa212. 1.121.'f 5i·'t.S6 
96eUU SiJ97, 1379.J S2,9S 

... 9a.oo --·--.s~,26. ---~J.7.'f _____ ..... ·- s1.'+a 
100.00 So90 □• 1so1., 't9.S't 
,os.uo 
l l O • 00 

62dl6. 
69093. 

&689.J 
1912,6 

36 ,22 
Jo• 1s 
J6o't7 
l~tS:S 
36168 
3:6,7Z 
36,aS 
36,9.l 
37.oo 
37,oa 
37•13 
37119 
37•25 
37.30 
37eJ6 
37,'tl 
J7e't6 
.J7a5l 
37.56 
J7e68 
J 7, 78 

• • · • GE0DET IC 
RANGE_ .l,A I .. lJ.:~DE 
( Nl'll) (DEG) 

,oo 2a.s2 
• OQ ______ --·-2a,s2 
oDO 2SeS2 

"00 _ .. -····· . 2 !l.!..S 
,oo 2s.s2 
,oo . ----· 2!.!.U 
.01 2s.s2 
•.l°Jl. __ - . 2a .. s2 . 
.u3 2a,s2 
, 06 . 28!!:l 
0 1 1 2a.s2 
t 19 ..... ·-·- 28!5.2 
• JD 28,53 

···---· .t..15 --· _._zS,SJ 
• ., 2 28oS3 
• 'i 9 ..... __ .. --28 eS..l. 
,57 · 2s~s3 

. ,65 ___ ._ ·--
075 

...• 86 
e98 

1 • 11 
1•2~ 
1 • 't 0 
I-57 
1,1s 
1 • 9 't 
2.is 
2o38 
2 • 62 · 
2.aa 

21:hft. 
28,53 [, 

r, 2s,s3 
28,SJ 

-=...,,:...,-------~ 
28~5~ 
28•S'f 
28•~'t 
28,S't 

t 
~ 
~ 
~ 
~ -----.t 
I, 
~7 . ~~-· ss -"'-JOO-------- ~. 
~ 2a.ss 

281.SS 
,28.ss 
2.~!~0 
28oS6 

F ....... '---'----...,_--- i 
"' =------~ .......____; J t 1 6. ... : ____ . _ 2 8 , S 6 

J • 44 7 21h57 

'-hl5 . 2~t.S8 
S • 't O 28eS9 I 



___________ ,. _____ . ··-- ---- ···-·-···- -·---- .... 
Table fl:-~. (Continued) 

-------· -----·-···· 

FLIGHT 
TIME 
(SEC) 

~!'.B.Y~~y~P FINA~ .REFERENCE TRAJECTORY 
50 X 110 NMl INJECTION ORBiT 

S~ DEGREE INCLINATION 

PROJECT APOLLO STAN6ARD COORDINATE SYST£M 
ALTITUDE • • • EARTH~ Fl~EO. • ~ 
.--· ··-·-- --- -~E..I..Q~LIJ . ____ .P-.AHL !tl1HibE_ ... -~Zl.11.u.JJi_ 

CFT) (FT/S) (DEG) (DEG) 

1 
• GEODETIC 

RANGE LATITUDE 
(NHlJ . (OEiJ 

----- -· ... -----· ·-·. 

1 1 s • o o 1 s 1 s 6 • 2 16 9 _. 'f 3 9 • a 9 J 1 • a a 6 • 6 1 --·is;i ,-
12 o, □ o 82807, .2._'fS7,2 3~~00 ·-·- ___ 37,_'/6 ________ ~.!..!.! 2a_..:..•-=6-=3----~--
l2Se00 90239, 277'f,'f 33,18 38,Q'f 9~,'f 28,65 

_______ ...... l.O...til.O. ____ .. _.~!iOJS.. _________ J l iQ.1.Q____ __:_ ~Q t.6.tL J~_.!.lL. ·-·--· . J J !9.9 ~~~8"------
135,00 106178, J'f9J,9 2~,27 JS,18 l'f,J'f 28•71 

______ __._.4f..0.a.OO _ l B6.'t~- ______ Jlt'i~•l. ______ j~ .. l ~-----·--_,l-~t..Z!i .. -----··-. J7 •03 · __ 28• 7S _______ _ 
l'fSeOO 12l'f □ l, 'f309,8 2'f.21 38,J0 20,07 28,79 
1so,oo 1J..2Jss, 't.ZllLJ 22.'fs JS,J6 __ l~!~1 2s,a3 
lSS,00 l'flSl'f. 51S3,2 20.82 38o'f2 27•22 28,88 

____ J.6.0..tD.0.. _______ 1sa.1•.n _____ 55s_1. 1 . -- --- ... U .. lJ --- ___ ,18, 't8 _____ -- _ .. 3 l• l'f ____________ .28 • 9.c::l;__ ___ _ 
~ 170eOO 169't27, 6'f'f8.1 16,66 38.,59 'f0e68 29•06 

-~ .. lSD.&fl._. ________ _113ZB29 • --· .. _ _ 1 Jll, J. .. ·--- _J 'i.11.0S.. _______ . __ J~!.6.L ___ _ Sl• sz ···-··--•--· 29• 2 □=------
190 o OO 205192. 8220.S l1,6S- 38,73 63e88 29•36 
200, □ o 221360, 912,,s. 9 1 69 3a,a2 ___ 11.1, 29,s'f 
210.00 2363 □ 2. 1ooqz.1 a.01 3s~92 •~•l& 29.1~ 

________ z.2_0.. ... oo_ ______ .-.. _2'f.2.9ifu ____ 10?'7,_Q __ ···-------6• 11 __ . ______ · J9~J ··--· __ 110! !.~---- .... ~!-~!6 ____ _ 
230,00 262'f29e ll898e2 S,S7 J9el6 128•61 J0e20 

_______ 2.!i0.1..0D_ _____ ___ ZZ.360.'f.a. _______ . _ _121n~.1.0. ----·-·--·····- '1 • ~~- ______ ... .. 39-..! 3 L. --·. _ & 'f8 • 62 ___ ___ J0•..:.."==-'----
2so. oo 2sJsJ2. 1311,.1 3.7s J9•'f7 110.1a ·3□ ,14t 

_______ __.2 ... 6 ... □ .... ,ILJa.._o ..... _____ -2..2.ll 39 • 1 't7 2 2 • S 3 n O 3 3 9 1..6.. 4t ___ . _ u_ 3 • 2 7 l l • 0 l 
270,00 29976'ft 1S672o0 2e'f1 39,83 217o9Q llo35 

_______ 2.8.0..a.OJ)__ .. _ . J.0.6.1.S6.._ ____ j6~2.'t IL~------ -······- J • 89. '+!l!O'i 2'4 'f • 08_____ _ J l • 68 .. _ .. 
2,0.00 Jll't77. 11s1,.s 1.'+'f 10~26 211.ao l2•0~ 

-------- .JO.OaQ.0. ___ .. .. 31S80Sa .. ·--·· .-l8SJ711.J ___ ··-·· _ 1 .06 'f0e'f9 301 •08 32•4'.,__l ___ _ 
llOoOO 319228• l9't96e7 .1s 't0e7't J3le9Q J2e80 
32 □ •00 321 S't4~. 20'tS.1...a..Z. _____ ... ~.CL .• .. _ ·-···-·. 'tl.&01 .J61ftl.8. __ . l~l~•..,.2...,1 _____ _ 
330,00 323775. 21'+20e0 ,JO 4tl,29 398~12 Jle6't 

···-··-·-···---· 3'¼0.eOO--. l2511f2e 22.38la2· 016 '+1,t.P· 'tJ,l-71 J~,1QL ______ .. 
3S0e08 326088• 2Jl'f7el e06 ,l,92 't7P,76 3'+•51 

---·-- ·--·· .l60eOO .. 326769- 2'¼311 •If 0 □ 1 4t2e26 !:t09eJB __ J!?.!O.,.2 ____ _ 
367,56 3272 □ 9• 2SO'f0e3 0 00 't2e.S3 ~J9e60 JSeJ9 

• 



Table H-2. (Continued) 
5ERV•MURP FINAL REFERENCE T~AJECTORY 

SOX 110 NMI lNJ~CTION ORBIT 
SS DEGREE fNCLlNATlON 

------ ----

FLIGHT 
______ Tl ME... 

THRUST WEIGHT LONG1'ruo1NAL. 
A~CELERA T l_ON 

cG•s, 

!Nt::RTJAL ATT1TiJOi ANGLES· INCLJNAlJON 
P. lT CH YA If _________ ----~---

(SEC) (LB) cL6)_ ( 0 E~ > cDEG) (DEG) 

-- - -----------.oo 74S31SZ. 6048922~ 1,2321 9 □ .ao ,oo 28,36 
________ ...... , ....... n....,o ___ ~_ .... z_'l ....... -'t 6.1_a_L..._ ___ _s..i.'llJtiJ . .L.. ______ .1.a:2 ~ .2..1 __ _ ---- 'j_ .IL. QJl__ - --------,,-i Q_.o..__ 281J6 

10000 7'f'f61S7• S83'f76S• l,27'f2 90.00 oUO 2s.Jo 
-------l.S. ... -0.0. - ----------1-'lS.'HJ-2..------ . --S12 7 h Biu. ---- _ . 1_.2 9 .66 . 90.00 ·--· _1.00... .. 28,lt-

Z0oQ0 7'f7'fQ0'f. S6206 □·• 1,3202 90,00 •U0 28.36 
zs.oo --------7S0S6't9. .5513529.__ - :.t.l'fS3 89,02------ !l.Oo. ________ .ZB,l6 
JD.a □ 7S'tJ7'f3~ S'fQ6'fSle 1,3705 as.oq •□ O 28ol6 

--------.lS+-Ov□----+7--5'"""9 Oo6t.. ---- ---52 9 tl1 i.------- J..:..l 'th.a Bl,D..1--~- -____ :'.11.0 ,U,lZ 
qo.oo 76't7boa. s19zz9q. le4226 86. □ 9 oO0 2a._3a 

--i:=-----------'tS.OO.c .7705720. -5085215, 1,~'t8S 
~ sa.oo 11,1025. 4978137• 1,47ito 
w ___ -------SS.oQ .. ___ .].8'i8910. 'i8710S8. ___ J.5011 

8'l~ 35_ ,oo "-- ___ .ZJh.S: - . 

az:.J9 •UO 2B.'f7 
60.l't ,oo __ -__ 2a_,sa 

60eQ0 7900886. 4763980• l,SlS0 77.61 •00 28,78 
.. 

_______ __._'-'--_..uo_..,□~---7.._._9 .... Z 4.!f a 2 • __!tlll...l 'i a.. 1 , s u .. !L--'-----.]Q.,;._S_,l__ ____ --·· ___ ___ , O ci 28188 
6 '+. o o 793719S. 't678317• 1,S139 7$.'fl oOO 29.0l 

--- - ----4.c.oOO --+9!ile81-.--,-- -'t6JS'iBS0-- -----l•SiQt . 7't.,25 -- e:O.O ____ ..C.: __________ .2_9 o \ 6 

68.Q0 79606'tle 'tS9265'te 1,5082 73.06 eOO ·z'iell 
. _zo. oo ____ i 97 J 908 ._ ________ 'fS't 9 a23. __ 1, 11 s zo -__ .. 1 .l. • 8.J _____ !UCL i .. 'h~2 

72000 7988121. 'tS06991• l,~S73 7D.S7 •00 29o7~ 
.2 'L..0.0. a.aOc.Z.lh_ ______ lf !f..6 't.160 • ---1..a ~lZo. ------ .. ---,--'--. _f1 'la 2.1_ _____ - .. __ , _.!_:.O 0 29,97 
76eb0 80160l3e 'f'f21328• leJ89S .67.93 •00 30o22 

... - 78•00 - 8Ul.6...9'f2• _____ 'fl78'f97e l-,l8S7 
80.Q0 80Slf621. lf33S666e 1,3839 

66.ss ,oo .. Jll__~ lf,9 
65,l'f .oo 30, i'I 

a 2 • o o ' a a 7 1 1 1 7 ~ ____ ':t z 9 z !LH • _ 1 • J 9 1 2 63.69 o00 ___ lletl 
S't.Q0 809611a. 't250003, 1.~,o~ 62oZl •□ 0 l&ectS 

--------uai.•00. 8.093183. .• _____ 'f2O1 Hl•------ ----1-~251 oU • b9 ___ ,oo li18i 
88000 8088270. 'fl6't340e le~'fis S9.16 oOQ 32021 
90.oU 8082665. 't121509e 1•§626 !i,7.60 •00 --·· J 2.. 6_.l 
92.o0 80~l19 □• 't078677e l1't9Q9 56.02 ,oo 3le07 
9 'f°'o 0 0 8 2 7 B 2 2 'f • 't 0 3 S 8 'i 6 • 1 • S 7 0 9 S'i,'tl ,oo -.. ----"- -- .u_ .. s.L 
96000 8'f2l9S3. 39930l'f• l,6'f93 52.S't •UO J'foO'f 

___ 98eOU BS685lllo .J950l8le 1e7273 S 1 .26 ,oa. - - lj1S8 
100,00 87lijQ97o 3907352• 1,8057 'f9.69 •UO Js.,s 
105,0U 9QJ7927, 38U02/l• 1,995S 't!:i,8S •00 36,98 

110.uo 929637'i, 369319'te 2•1699 'f2,Z3 ,oo 38o2tJ 

i 
I 
\ 

i 
I 
~ 
l 

' ' f 
I 

ct 
• 

t 
t 

f 
I K 

. t 
~ 
~ 
!~ 

~ 
~ 
~ 

~ 
Ii) 

~ 
~ 
~ 

-~ 

i 



L 
l 

-------- -- ---:Table H-2. (Contin.ueaJ 

~tRV-MURP fl~~L REftRENCE TRAJECTOR~ 
SO X 110 NMJ 1NJ£CTJON OkBlT . 

. .··--- 5? DEGREE lNCLJNATlON 

FLIGHT ·---- -THRUST WEIGHT ___ -·LONGJTUOINAL 
___ -11l1E.__ ________ _ __________________ .. ________ ·ACCELERATION 

(SECJ (LB) cLt3J cG•S1 
·- -· ·-· -· - ·--- .. 

11s.oo 9't72111. 35s6116• 2,Jl83 
________ 120.00 '-~~-0156, -·-- 3't79037. _______ 2,,.678 

125,00 97't0156o 3371959. 2o60S't 
____ ___.._J.Q_.oo_ _____ . .'i8 l 7 6Qi..._ _______ 126't!HIO , ____ lt.l'tl9 

13s.oo 98S't7J1. 3151002. 2,a1a6 
_______ -1.lfOao.o__ _______ 98.J 5021.a JOS.019.2._• ___ ,3.0PQO 

l'tSoOO 9't00J90• 29't6781• leO00o 
I so• no 90U;,290 • 28't 7't~ L . · __ J.eJJ.0.Q.Q__· ---- --
1 ss. oo S6JU~Js. 21s2't2't, J,oooa 

________ -11,_.o....oo ______ ~.1i2~~z2z..&L. ________ 2.66t~_'t'l.L. _ . J. .. oQoa 
~ 170eOO 7669577• 2't90't57e 310000 

TNt:.RTIAi ·nn TVOf-ANGLEs7NCLl NA I ION 
... ____ P_l_TCt:i __ . _____ yA~----· __ 

(OEGJ (DE~) (OE~) 

- - ---------·--·- ---~-------38 e:8 't ,oo J9,a6 
JS.72 ,Oo 'f!al7 ----- - ---- ---------·---------'----------
32.86 .o □ 12.11 

. -~Q ,l'i 
27,85 

.. ____ • 0""0 _____ 1_1-'-,=-"0::.e _____ _ 
,oo 'fie2i 

·-- 2$._~ 7 . ---e O g ______ .. _6_,-'-2=--"------
23.,68 

___ 2~11§~~---
20.1s 

___ l a _ _. ~ 1 ______ ..... 
1s.12 

e OQ 't7el'f 
•□ O 'f7v90 
•□ O 'Ul.57 
,oo 1,,11 
e00 SQ,..Q9 

-~ ___ lBJLoo._ ______ 7 l.203 Ll.a 2"1 !J.'i, __ ____ .. ...J'--1J0Uo - -- - .. - . ~ ' '! s .. •~L 50,&7 
1,0,00 66l798't, 21a't075, J,0000 1.,s e62 S&,52 
2go,oo 6l9't'l76, 20'l63't't• 3,.CQ.QJJ --- ______ 6,9'½ •62 sz .. os 
210,00 57556~5. 19J8j65, 3,00do s.9J ,61 sz ... , 

_____ 220..oo___ ... _ _s_J2.t.io.2.2_.__ .. ____ J 79~il'i !_ __ :___ . l...1.0.9,QO _ 
230~00 SOS857't, 1686191• 3eOQOO 

_ _ · 't 1.?. L ___ · .. __ . __ .!.~l ____ ,c...:S-"2"--'"'-'8"-S-____ _ 
j~90 061 SJ,S' 

-------~.Q .. uQ _____ . --~Z1l.OQ~t. , _______ !~~Q6~~- ___ -~,0000 _ 
2so.oo 't't'tsos,. l'fs1•a6. 3.0000 

2e@9_ •'0 Sl,'tl 
1.81 ,60 sJ.,, 

---------'2~6~0~, □~a ____ _:'tl.~6 s 3?. L_ ____ l~ 8 a 8 '+ s • 3 • oO_QQ. 
210.00 3905313. l3oi111. 3~G□oo· 

• 86 _ ______ _ _____ • 5_9-=---~--S_J_,_1_6'-------
'"' e 16 eS8 S1eO'l 

_______ . _______ 2a □io.O _____ ... Jo6□ JJ8.... __ 1220113, Je.D.OOo -a.,a ,s@ ____ stt,1' 
290.ao 3'+30618, _ll't3539e 3,000o -2.20 ,S7 S't.J2 
JO Q • 0 0 J Z 1 S 2 J 5 • 1 0.7 1 7 .3. 8 I! • _ -- . _ J • 0 0 0 0 -lal2 .s7 S'fe'tS 
ll □ •O □ J0132't9e 100't'+l6• 3,0QOO -~,2'+ eS6 SieSS 
320, oo 28l.J6,U . .L ________ ~l.!i• ------~• C.QQa ___ _ - S t ~ 7 _ • S S ----···- --"-S_;.'f...::.•.;.6..::.5--,-________ -=-
J30e00 26't~ll'te 8820'+5• 3,000o 
l't □ .oo 2'+79't't9. a2o't8J, J,oooa 
Jso.Jo 2323115. 77'+372, J,0000 

-6.29 •SS S'f,71 
• 7 • l l • S 'f !i 1, 1-=l ___ ,..:._._.\-4---'-
• tJ. J 't e53 S'felf ~'-. \ 

36 □ .ao 2116soe. 12s~u3, J,aooo •9,36 .s2 -~~!..:..,_• _____ _ 
l67,S6 2071799. 69 □ 6 □ 0• 3.0060 -10.13 ,s2 ss.oa 

--------------- -·--·-·• -· 

• 



-------------------· .... 
FLlGHT MACH 

-------------1.IM.£ _ .... Na.. 
(SEC) 

···-~··-·--·-·--· ··-----•· ·-· --·---
Table H~~- (Continued) 
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