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FOREWORD

The Space Shuttle Phase B studies are directed toward the definition
of an economical space transportation system. In addition to the missions
which can be satisfied with the shuttle payload capability, the National
Aeronautics and Space Administration has missions planned that require
space vehicles to place payloads in excess of 100, 000 pounds in earth orbit.
To satisfy this requirement, a cost-effective multimission space shuttle
system with large lift capability is needed. Such a system would utilize a
reusable shuttle booster and an expendable second stage. The expendable
second stage would be complementary to the space shuttle system and
impose minimum impact on the reusable booster.

To assist the expendable second stage concept, a two-phase study
was authorized by NASA. Phase A efforts, which ended in December 1970,
concentrated on performance, configuration, and basic aerodynamic
considerations. Basic trade studies were carried out on a relatively large
number of configurations. At the conclusion of Phase A, the contractor
proposed a single configuration. Phase B commenced on February 1, 1971
(per Technical Directive Number 503) based on the recommended system.
Whereas a large number of payload configurations were considered in the
initial phase, Phase B was begun with specific emphasis placed on three .
representative payload configurations. The entire Phase B activity has been.
directed toward handling the three representative payload configurations in
the most acceptable manner. Results of this activity are reported in this
12-volume Phase B final report.

Volume 1 Executive Summary SD 71-140-1
Volume II Technical Summary SD 71-140-2
Volume III Wind Tunnel Test Data SD 71-140-3
Volume IV Detail Mass Properties Data SD 71-140-4
Volume V Operations and Resources SD 71-140-5
Volume VI Interface Control Drawings SD 71-140-6
Volume VII Preliminary Design Drawings SD 71-140-7
Volume VIII Preliminary CEI Specification - Part 1 SD 71-140-8
Volume IX Preliminary System Specification SD 71-140-9
Volume X Technology Requirements SD 71-140-10
Volume XI Cost and Schedule Estimates SD 71-140-11
Volume XII Design Data Book SD 71-140-12

This document is Volume XII, Design Data Book.
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INTRODUCTION

This volume of the final report is intended to provide NASA with
preliminary engineering definition information generated during program
phases which displays current system requirements and configuration. The
data contained herein are of preliminary engineering nature and have been
used to develop description of the selected system. Insofar as feasible, the
data have been arranged in four sections as follows:

Section 1.0 General and Design Criteria

Section 2.0 Requirements

Section 3.0 Configuration Definition

Section 4.0 Program Concepts

Where not otherwise covered in the text of the previous volumes of this

report, analytical methods including mathematical equations in key design
areas are given.

It may be noted that in general the design criteria and requirements
associated with the selected system are given in Volume II, Technical
Summary, at the beginning of the sections to which they apply. Similarly,

the evolution of the configuration of the selected system is described in the
other volumes of this report.

In those areas where additional engineering information has been
developed, such data are included in this volume.
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1.0 GENERAL AND DESIGN CRITERIA

1.1 AERODYNAMIC DATA

1.1.1 TRAJECTORY DEVELOPMENT

The following trajectory data were developed and used in the course of
the study. Each trajectory is identified by payload type (where appropriate)
and by date. A brief discussion of its significance to the study is included.
The trajectory dated 2/15/71 was the first developed during Phase B. Much
of the initial aerodynamic heating analysis was based on it.

The 3/1/71 trajectory was an updating of certain performance par-
ameters and represented steering based on nominal (no wind) angle of attack
" equal to zero. Loads analyses conducted on this trajectory revealed that
attachment loads were high and that load reduction schemes by trajectory
shaping should be investigated.
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1.1.2 NOMINAL ESS ASCENT TRAJECTORY FOR RNS PAYLOAD (4/7/71)

This trajectory was the first to reflect trajectory shaping rationale
designed to minimize attachment loads at maximum qa. It is based on off-
loading the booster and the ESS to provide minimum residual propellant in
the ESS and employs throttling and trajectory shaping to reduce the maximum
dynamic pressure to 372 psf and to permit the nominal (no wind) angle of
attack to be negative in the max q region.

Booster propellant of 900, 000 pounds was off-loaded. Throttling of
27 percent was employed to give a liftoff T/W of 1.2. The trajectory climbs
nearly vertically for 60 seconds after which negative angle of attack is
introduced to provide negative angle of attack at max q and permit acceptable
staging conditions,

The computer printout is included as are plots of selected parameters.
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VEHICLE CHARACTERISTICS CASE 3
STAGE [ R 3 4
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N BRI e Bee + T0sT = M3%0 48
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PAYLMAD,(LB) S5uST.9=3L0& - 8,458 = 83,000 LBS




21-0¥%1-1L A4S

TIME VREL T ALY GaMMA
W vhaoT GDTY VGRAV
) AL PHA MACH LIFT RANGE
TTTTATTITUDE TVC DEFL XCG(IN) 2CGULIND
2%Q*V AFRO HEAT Q*ALPHA
0.C 0.0 T.7 T T.IRO00CE T2
0.397484E 07 D.6458245 Ul Ol J.9
_ =0.236409E C1. G.0 A C.0
N.876359E 02 “Ue2364CSE 91 Ce23G379F 24 V.466849E (3
C.C 0.0 L:o'u' O.C
V«lONCOOE G2 0.704524€ 02 C.34287S5E C3 3.,9C0NJC1lE 02
0.385413€ C7 C.T76212CE M Cel17T19E-D< C.322165E 02
=11, 2645828 01 Ceb19922E~01 243882608 03 -0.636523€E-C7
0.875618€ C2 Ce244115E 01 Te23200N2E 04 {.468958E 03
0.0 LeT95627E 3 “.198383F 74 -u.138808E 02
U.1UCOCCE G2 Ue TU4S24E N2 (.3642B75€ (3 0.891228E G2
N0.385413E €7~  C.T63468E 91 -(.4(CC135E OC €.3221658 03
~0.245828E ¢1 0.616922E~C1 £.38826CE G3 ~0.626523E-C7
J7.866645E (2 U.264115E 91 L.232002E (& U.4EB958E €3
T C.T95627E 0T C.TOBIRIE N4~ =C-I386TBE T2
0.2000C0E 62 U. 1527638 63 T 6.144822F D4 0.8664523E 02
C.373343€ G7 {.880490€ 01 -£.2876758-01 C.643965E 03
0.0, , U.134972E GO Ce119684E CS5 C.992779€-02
0.864523F 02 C.2457194F U1 Ue233601F U4
0.0 0.786710F (4 3.367821F <5 .0
. U+300000E 02 0.246349F 03 C.343107E 04 J.8644(1E 02
0.361272€ 07 0.989429EF 01 0.364004E-01 €.965423E (2
0.0 0.219128E 0OC - 0.294CHBE 05 0.3143T5E-0T
C.8644GlE 02 J.245523E 01~ £.235643EF G4  C.4T3653E 03
0.0 0.3117C5€E 05 C.214310E 06 T 0,0

T SG.29BTBZ2E

QBAR’

VORG

DRAG
PITCH AC(IN)

AERO MOM(IN-LB)

~yTg
0.0
0.50000CE C5
LU+2948CCE 04
2.0

(.564656F C1
0.438247¢ C1
0.599864E 05
3.2948C0E D6
-C.298782E 07

Ne564656E Gl
N.4382647E 01
C.599864Et 05
N«.294800E C&
oy g

¢.257493€ C2
G.107258E 02
C.937C3CE 905

TUCATTIZI0UE T3~ N ,Z34BOOE T

-U.15C0301t GC8

L.6326T1E 02
C.214561E 02

_TVISSTIBE 06
ve29509BE O4

-2 .315452¢ 08

" LOAD FACTOR
THRUS T

THRCTTLE RATIO

NCRMAL LF
AXTAL LF

D.119955E 01
(.4818G6CE 07
0.73000CE OC
0,499996¢E-01
C.119850¢ 01}

N",123597¢ 01
C.482358€ C7
C.7300CO0E 0O
C.527400E-01
C.123484E 01

0.123597€ 01}
0.482358E 07
0.730CC0E 0OC
0.527400E-01

TBVIZ348%E 01

C.127179€ ©1
C.4864122¢€ 07
0.730000€ OO

"0.588TT0E-01

0.127043E C1

0.130575€ 01
C.487149E 07

‘0. TIOVDCE OO

0.659048€~01
C.130409E 01
- A




21-0¥[-1L GS

- 12 -

T IME VREL ALT TTTTGAMMA QBAR LOAD FACTOR
W "hlals GDTY VGRAY VDRG THRUST
___ALPHA MACH LIFT RANGE DRAG THROTTLE RATIO
- ATTITUDE TVC DEFL XCG(IN) ICGLINY PITCH ACUIN) NORMAL 'LF
250y AERQ HEAT Q#ALPHA AERO MOM{ IN-LB) AXIAL LF
C++CCGCTE €2 TAU3IS046TE 03 3.640199€ C4 ¢.8737T80E 02 TCL.1T1T228E 03 0.134028€ 01
4.3459202E 7 0.109725€ v2 Gel162206E GO C.1286G54E 04 Ue39321GE U2 G.491367€ 07
U.C _ C.314646E UC £ .544883E (5 C.585523E~-u1 0.236328E 06 0. 730000E 00
C.873T8NE 02 0,240947TE 21 2.237866E 04 0.4T6261E ©3 0.296558E 04 0. 747599E-01
el C.821692E 05 L,.7545C4E D6 0.C : ~(i+55367TE 08 0.133819€ 01
UeSUHOCIE (2 0,466265E U3 £.1(4739E CS 0.BSBL&LIE (2 0.183087€ ©3 0.138111E 0}
__0.337131E u7 Ge122673E 02 C+331171€ 0C U.1608T1E 04 . C.652973E 02  0.496562€ 07
gl €.423736E OC 7.850999E C5 C.735297€-01 0.314233¢ G6  0.739900€ 00
U.8980¢1E C2 0.233967€ 01 .240043E 04 0.479088E 03 0.298231E 04 C.853715E-01
Col C.17CT23E Vo 0,1986C3E C7 C.0 -0.837461€ 08 0.137847E. 01}
_LehNIDOUE 02 £.596211¢€ 23 Le157T46E C5 C.9C392CE 02 0.25357CE 03 ~  0.142494E 01
0.325361E 07 0.1360638F 22 ~(.256C61E UG 0.193045E 04 0.997T146E G2 0.502409E C7
~U.45VIL0E C1 C.5512ClE NC -),260645€ Q& 0.637491E-C1 C.401686E C6 0. 730000E 00
U.B8568920E 02 C.alb4G1TE N1 C.2642169E (4 G.482158E 03 0.299605€E 04 0.199096€-01
Ten f.302363E C6 C.431821€ O7 ~0.114ICTE O« C.122848E 09 0.142480E 01
CeTVSOCSE 2. 0.74C964E U3 Nn,224409E 05 C.862099E 02 G.317066E 03 ~~~ 0.148040E 01
n.31299CE ©7 Co15474TE 02 -G +457291E OC C.225183E 04 0.144207€ 03 0.508502€ 07
-N,473088E 01 0.7029C9E QO -C.371562E Q6 0.1045G2E 00 C.466968E 06 0.730000€ 00
0.81e790E 02 0.46558CE 01 ve.244238E C& n,485500E 03 0.300212E 04 0.125849€E-02
5.6 0.469869F (6 N.815243E N7 -C.1530CCE 04 C.177788E 09 0.148040E 01
N,80C00CE G2 C.905862E 3 C.306G88E 05 C.81363CE 02 0.362716E 03 0.152653E 01
v.3C.920E €7 C.173C18E &2 -5.52665TE OC 0.257123E 04 0.196918€ &3 0.514385€E 07
~0.4135646E C1 0.892362F 00 ~C.374T99E 06 C.26576CE 00 0.562679E 06 0. T30000E OO0
0,772275€ €2 0.452514E Gl Ce266243E UG 0.489147E 03 C.300323E O4 -0.284781E~02
Jol_ C.657142E 06 C.137910E v8  =-0.1500fCE 04  0.135618E 09 . 0.152653€ 01
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TIME VEFL AT " GAMMA T QBAR LOAD FACTOR
W vnor GOT VGRAV VDRG THRUST
AL PHA MACH LIFT RANGE ODRAG THROTTLE RATIO
ATTITUDE TVC UVEFL XCG{IN) 1CGLIN) PITCH AC({IN) " NORMAL (F~
2%0=y AERO HEAT O%ALPHA AERQ MOM(IN=-LB) AXIAL LF
S.900CCUE U2 T 1IE652E 4 T E VA 3498E OB TCLTBA5TTE 02 T 0.366835E 03  0.I558YBE O1
r.288849E 7 T.139241t Jé - 6593T0F (:C J.28R574E 04 D.26T279E 03 0.519557€ 07
-6 .40E9G3E 01 Ne11218F C1 -2 .43BSL9E (.6 C.6160CCE GO U.T13803E 6 0.73000CE 00
U, T1364TE €2 Le4361610 21 Ve 24B223E (4 C.493589E 03 0.299268E 04 -0.322598E-01
WS 0.796730¢8 06 r.,211348E 08 ~Co1909CCE e C.B87CLSTE u8 £.155784E 01
G 1CU0DNUE €3 G.13C521t "é N.516636E C5 C.686192E C2 C.322239E 03 C.171361E €}
n,2T76TT9E C7 5.251€42€ 02 -C.T{5T8CE Ui ".319C73E U4 7.337421F 53 C.523517€ 07
“L . 465454E Gl $.139247¢ J1 ~C+358595E (& {.125435¢ 01 0.508T74lt Q6 C.T73900GE 00
Yeb3UbeIE [ C.423736F 01 $+25.943E 4 Ce496596F (3 9.29757TE 04 -0.429231€E=-02
. ) CeR&411THE 76 1 L 204L62E 08 ~0.15CJ0CE G4 0.4248C6F 08 C.171361F 01
N _
? n.110005€ 02 5.15626CE Ne f.64T201E (5 C.612718E 02 0.2404T3E 03 0.188250E 01
we2b6TLBE N7 Ve322276E 2 ~0L.771621E GO 0.34KLB9E Cé& D.384395E (13 0.526056E 07
-C.e23772C0 N Ce1672368 J1 —U.3779J4E Lo Ce230599E Ol C.302921€ C6 0. 730000E CO
Le550341E 2 Ce4b65951E ol T .253545E (4 0.500 STCE 03 0.294039E y& O+ TO99B80E=-02
UL . T765955EF N6 .378173E (8 ~C.15CGDCE 04 C.65697T4F €8 —  OL.TEBZ4SE TI
.12 00CE €3 7,154085E8 4 L+7G53GE (5 2.532244E 02 0.168241E 03 0.203421€ 01
Ve25.628E 27 C.391R28F N2 -L 83555 (( Le37499CE Cé4 C.413797E 03 0.527444E 07
- ,89]575F £1 20199709k o1 ~L,478G3TE (& 0.394165E (1l J.179933E 06 0.7230G00E OC
TTTTTATR4a g6 N Ge93I5RA2E U1 T 2550C11€ 26 £.535576E (3 "3.28B648E (4 T TTULIGTITTESOT
Gotr . 69S98YE b L .4L63SRE (8 -(.15C0LLE Q4 C.B17782E C8 0.203416E€ 01
Gel30COIE (3 S.238(56F N4 f,982372F (5 Y.453913E €2 3.114047€ 63 0.218087E 01
.26408560TE C7 L.670078¢E 32 ~(.727283E &0 0.399162E 04 0.428822F 03 0.528145E C7
- I IV 2.2391528 71 -(,2564616E & 3.633996¢ C1 0.592829E T5 ~ C.T300COE OO
e2K3913E €2 T e49927CE 11 L .258320E (4 L.51G199E U3 ©.2821ClE 04 0.,826728E-01
¢ 1,5426Q03F Job eS0T 6352F g ~(lu2642t U4 0.360201E o8 C.217931E 01
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TIME VREL ALY T GAMMA GEAR U LOADFAETOR
W vDOoT GOT VGRAV VDRG THRUST
AL PHA MACH LIFT RANGE DRAG THROTTLE RATIOQ
ATTITUDE TVC DEFL XCG(IN) 2CG(IN) PITCH AC(IN) NORMAL LF
2%Q*y AERQ HEAT Q% ALPHA AERQ MOM({ IN-LB) AXIAL LF
C.14GOCCE 03 T 288820 7% T CLITIIBAE TR 5.38650CE €2 “0J7TI9E55E 02 0, 232158¢ 01
0.228497E 07 nN.5445662E (2 -C.623511E LO C.42066EE C4 ND.431927€ &3 C.528483E 07
-U.9CO000E Ol G.282629¢ ) -Le160GC15E G6 0.964C9SE Ul ~C+536427E C& C.730000€ 0C
TTTTCL29€65C00F §2 0.513203F 71 N.260512E G4 €.515916F U3 0.273513F (& 0.138U88E GC
0.C U.42T3T0E 26 ve554805E (.8 -0 L.66587CE o3 5.128659E 08 0.231687E 01
U.L5(OCLE C3 5+346959E C4 f.131814E C5 C.328823E (2 N.4694T6E 02 C.2464T0FE 01
0.216426E C7 C.618CT2E N2 -3.531786E (73 0.439536E 04 £ .428334E N3 G.528639E C7
-0.9GCOCLE €1 0.329€E61F vl -C.1C1866E 5 £.13%678E 02 ~0.405142€ 05 0.730000E €O
C.238823E G2 Ue5387T2E 01 C.263183E (4 ©.5212C8E 3 2.263689E C4 .C.185794E ©C
0.0 C.325778F L6 £.562304F 3 -C.422528E U3 Us29T107E €7 L.245T769E 01
Ue16000CE ©2 J.41CHLTE b 2.1509C4E C& G.279837E 02 3.29T133E 22 C.248674E€ 01
TT0L2C4615E 07 C.0649551F (2 -{ . 45F298E OC U.455099E O6 0.420415€ 43 0.502222E 07
-J.90C00CE Gl U.3BCSTTE C1 -L.6064C21E 05 C.194257E 02 ~U+619632E 05 0.693427E OC
0.189837E (2 Ue«575162E 31 (.265516E C4 (.5274C4E 03 D.253C57E 04 0.218662E 0OC
C.C G.244036E 36 TLLEZTE49E U3 -0.,26742C€ 032 2.148558E J7 C.267T11E D1
T ELITLO00E 3 velT663TE (o L.1TC198E %6 £.238197E 02 3.193873F (2 C«248669E (1
0.192472€ C7 0.67T100U9E C2 ~C.384924E Cv 0.468928F u& 0.4C9311€E €2 C.473514E C7
-2.9C0000E 61 Ge443116F O1 ~L . 476UBCE C° €.260651E 02 ~0,734363E 05 C.653T48F OO0
0.14616TE C2  C.ET6S1BE 1 7 '¢.267416E Ca C+53434CE 03 2.245780E Ca 0.24464TE (O
G velB4551F J6 C.6618TLE LB ~C.174216E (3 U.304900t U7 C.247462F O1
¢.1BLOGZE 03 3.944T60E N4 C.1B9277E L6 L 202642E 02 N.126216E N2 Le24R6K4E 01
C.182954E C7 UebEIETOE L2 - +33189CE {4 C.460783E C4 J.396144E i3 Ue @46T3IRE 07
—0.90COCCE 01 7 "3.,519686F D177 "=(.3¢2402E (% {«339129E €2 ~0.804413E €5 £.6156761E OOC
C.112462€ G2 C.658653E 31 { +269403E £4 C.540810E w3 Ue239861F C& 0.267483¢ OO
Goo .Us1375185€ (6 L.657918E C8 -Cs113594F (3 {.5C490VE 07 C.247221F 01
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1.1.3 LOW Q TRAJECTORY FOR MDAC SS ANALYSIS (4/12/71)

The trajectory represents the lowest aero loading environment (qmax)
practical for launch of the reusable booster /ESS system with the MDAC
space station payload. Preliminary analyses conducted previously indicated
that attachment loads at max q would be excessive. Those trajectory anal-
yses reflected ''zero alpha'' steering and made no attempt at reducing the
max q.

A performance analysis was conducted to find a trajectory with low
maximum dynamic pressure, negative angle of attack at max q, and would
provide performance adequate to launch the MDAC space station. The
enclosed trajectory represents the results.

The trajectory was derived assuming liftoff T/W of 1.2 and employed
steering designed to force the trajectory nearly vertically until shortly
before max q when negative « is introduced as a load-relieving technique,
and also to force the trajectory to acceptable staging conditions. Maximum
booster throttling of 50 percent is employed at end boost to limit the attach-
ment loads.

Related mass properties for the ESS are:

ESS gross weight: 991,687 1b
X cg: S-II station = 475
‘Booster station = 2222
Z cg: 450 inches above booster G,

Radii of gyration:
Kx = 87 inches
Ky = 465 inches
465 inches

~
N
]
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NOMINAL ASCENT TRAJECTORY FOR LAUNCH OF SPACE STATION

VEHICLF CHARACTE®ISTICS CASE 1
STAGE I ? S —
CRASS STACF WE[CHT, (] H) S186627. 0 908287,9 903187,0 E3S GRoSS
| : WEIGHT
GRNSS STACT TARUST /WFTIGHT 1,277 n.n 1.274 1.399
THRST, [ 1A) S 7242500.0 0.0 1262R810,0  1262R10.0
1SP,(SF0) 430,000 2,500 450,000 459,000
STRUATHRFE , (LR} 66N235 N KON N 7500.0 aa3a2n.n «
va\PtLLAMr.(lM 1370900.n 0.0 81000.0 4 593685.8 T 674686 LBS .
PFRF, EDAC,, 1M N.ESLT .0 n.NRLT 0.6573
PONBEL L AMT TRAC,, (NH1P) r,83K6h 0.0 f.9153 0.8567
BUPNOIT TIME (SFC) 260,664 282,164 751,532 _ “éfﬁf?ﬁs." o
PURNMANT VREENTITY,,(FT/SFC) cnZ7.37% 991 ,.R2R 10932,844 25762 ,R48%
PUPMOIIT CAMMAL(NELPEF Q) 4,745 3, RAN 3.276 -0,.000
RUPMANIT ALTITUNF, (FT) 27R67%9, 1 28n2r8,n 299168 .1 4n0000.0 e L
PUDNAT RAMAL, (A1) Me.7 114.4 159.8 71n.4
INEAL VEY IFTTY, (FT/SFC) lanne, 2 N 1758,3 15514,8
TNJECTINN VELACTTV, (FT/SFC) AR FLYPACK RANGE (M) 3T6.4 o o
TMAECT NN PPADEL L ANT, (L) 60, 4 FLYRACK PROAD({| RS 142000 ,0

ON TPRTT NELTA-V, (FT/SF()
OM RATT PRASFLIANT, (LR)
AM ADRTT TSP, (SFC)

7400 DEORBIT Logses
156€2.54 2375 4)807

481,24

TOoTAL
= 19,875

THFTA= 17,28 ATTEMPTS TN CONVFRGF= 3

MDAC sS
83 'ﬁ%{- 116960

PITOH DATE= 0,7 0427

PAYI QAN, 1) RY 194488 , R
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TIMF VRF] ALT [AMMA 0fAR LOAD FACTOR
oW vnny 50T VGRAVY ' vnen THRICT
Al PHA MACH LTFTY P ANGE NRAG THPNTTLF PATIN
ATTITUDE TVE DEEL XCGUIN) TCOUTNY PITCH AC(TN) NNPMAL | F
o o ' A LELA AFNM HFAT N*xAl PHA AF2N MNM{ IN-LR) AXTAL 1 F
n.n n.n 0.0 N,IINNHE N NN N, 120130F 0
N.818KK2F 07 0.647034F 01 n.n 0.0 n.o N.AP]OSAF N7
-N,286N19F N1 n.n 7.N NN N,5C00INF Nk N,A81ANNE NN
n.87430A8F ) N,256019F N Me217T464F 04 NLLTRITAF 072 N.3029NF 4 N, 54NA1LF-N]
NN n, o n,n a.n LN N IDPAQANRFE DY
0.100ANNE 0D n,1"RADRF N) NL3LISDF M N,ONFINF AD N,5AA94T N N, 122792 M
N,872749F 7 N, T64Q91F O] ~N,20S4PTF=N4 N.AP21A5F N3 NL.1294N]F Ny NyAPRTRSFE N7
~N,266Kh14F N1 N,A21I8TF-N] Ne30N61KF N3 =N R4l RKDF-)T N,H6LTOAKFE N8 N,Q8R1ANNF NN
rc.RT3I230F 02 N, 2AS54f AF N1 ALP1969TF 4 N, GLPALKLIF O N,INNANNE N4 N, 571080E-NY
n, N N, 807250F N1 0, 100828F N4 -N,151142F N> -D,23NGKRF 07 NLI2AKRANE NI
NG2NNBN0F ) n,152¢70F N2 N.145199F (4 D,ONDACLE 02 N,25R102F n) N, 127430F N
NL4BTI4SF N7 N,RPDR5IF N AL 132A20F 08 NLAGLINTFE N2 NLARRIANE N N.A1INANE N7
-0 .278%%0F Nl N, 181464F 00 -N.TI571R3F 04 =N, K1D8F-D4 CL.IM17T7F Nng N,a81ANNE 0N
N.37247%F 02 V. 2A634AF D) 0.2216909F N4 N,492902F 02 1.300990F g N, ANTOANE-N
aNLn N, 7199¢€57F N O Y L % S Tt =N, T71Yh44F 02 N,4033]0F N7 N,1272385F M
N, 27NC00OF 02 NG182€TFE N3 rf.145109F D& Ve BANKIKF 07 N.285R1172F NP N 127420F MY
TNL,4R1245F VT NLRAL2IIT M) —,4rARQF 1 Neh663NTFE 03 NoR553ANC N N.A2TAAOF N7
-0 ,275229F M A, 125164F DO —N,7S5T1RF N4 -N, 2181 28F-0F NL1N123TF Ny A.9K1KNNF NN
N ,a53301F 12 N,23N24a8E 0] N.221609F (4 N,432972F N3 NANDANNE N4 N, ANTAANE-N]
n.n N, TAIGRTF N4 N36N5F4F NS =NV, T1I0hGLE ND N,4en32100 07 N Y2TI2RGF N
AT Yo Ta¥ aTak S) I/ VY, 24T748RF N3 N _RLLOXOF N/, N,R83K31F N NJARAAPKIE 1) N,13NA94F NI
N4T1542F 7 J1IPP2CHF DD -N, 721679 -0 N,AIRKT4HAT N2 f.17A0GTF 7D N RRAKLLTE DT
NN Ve 22N12PF 0N N PISRTSF 06 N, 2%4h63F-0] NG1TR23TF 04K N,951,30F NN
n,88363LF "2 N,274727sr 1] N.2237R6F N WNAA8FSAF 0T N.3712309F Ny N, TNQANYF-M
n,n N,3159R1F N8 Ne21A1AAT N4 NN —NLANKT2IF nR N.TRNANLE M
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_ TIMF VRFL ALT
W vnnt 6NY
ALPHA MACH LIFY
ATTITUNF TVC DEFL XCG(IN)
2%Q%yV T TTAERD HEAY T

N .400N00F 02 N.353425F 03 0.6473R4F 04
‘0.455838F 07 N.112098F D7 -0.6T2217F-01
.0 0.,317322F 00 0.533617F 05
0.R46516E 02 N.275900F ™M N.P25T96F N4

3.0 0.842117F 05 N.T6&TI20E 06
0.SCNCO0F 02 N.4T72267F 03 N.105195€ 0S8
0.440135F 07 0.12A139F 07 -0 ,167920E 0N
~N.6G66ATF 00 0.429254F 00 N.446T56F 05
0.R28333E 02 Ne 295473E 01 A.22TTB3E 04
nN.n 0.177165F 06 0.203806F 07
- D.6N0NNDE 02 0.606589F N3 r. 158529 0§
0.624431F N7 N.142791F 02 ~Ce289023F 00

T <0.133333€ 01 A.560G49F 00 BTLI66ROBE 08
0.T9R]3TF 02 0.339911F N1 C.229724F C4
0.9 _0.317644F 06 0,447345E )7
N.TNONOOE 02 0.758702F 03 N,2254R88F 05
N.4DBT28E 07 0.161797F 02 —0.411848F 00
~0,200M00F N1 N.T2006TF 00 -0.4SRS85E N5
__ _D.T5T123F 02 0.383582F 01 0.231614F 04
0.2 0.502691F 06 0,R54435F C7
0.800000F 02 0.928032F 03 0.307031F 05
0.393024F 7 0.172506F 02 ~0.,4R0398E 00
_ . =0,290000E O1 0.914622E 00 -0.656110F 05
N.T12983€ 02 0.397214F 01 0.233848E€ 04
0.0 0.704330F 06 0.145970F 08

GAMMA
V5RAV
RANGF

1CGLIN)

TQ*ALPHAT

N.846516F 02
D0.128654E 04
0069.7097F"0'1
0.43R4724F 03

0N

0.8350NNF N2
D.160677E 04
Na141394F 0N

T 00 6a1sTTE 07

~N.125%46F 03

N.812171F 02
0.192573F 04
0.264805€ 00
0.494919F 03
-N.349104F 03

T0.224193F 064
0.480321F 00
7.498401F 03
~0.66256TF 03
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1.1.4 NOMINAL ASCENT TRAJECTORY FOR LAUNCH OF SPACE TUG
(4/15/71)

This launch trajectory is to be used for analysis of the space tug
payload. As with the RNS and space station trajectories, it is intended to be
a low loads trajectory having low q, negative angle of attack at max q, and
maximum throttling at end boost. The angle of attack is -2 degrees at max q
and max q is 407 psf 84 seconds after lift-off.

Due to the weight and orbit of the payload, the launch system must be
either ballasted or off-loaded for this launch. The latter approach is
reflected in this trajectory.

The booster propellant tanks were off-loaded by 350, 000 pounds and the
ESS was loaded with 450, 000 pounds of propellant, Throttling was employed
at lift~off (16.8 percent) to give a lift T/W = 1,2, A nearly vertical trajec-
tory is followed until shortly before max q when negative angle of attack is
introduced as a load-relieving technique in that region and to force the
trajectory to acceptable staging conditions. The booster engines are
throttled to 50 percent at burnout.

Mass properties of the ESS are:
ESS gross weight (w/o attachment link): 691, 523 1b

X cg: S-II station 443
Booster station . 2254

Z cg: 450 inches above booster §

Radii of gyration:

K =71 inches
X

K =452 inches
b4

Kz = 452 inches

- 36 -
SD 71-140-12
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NOMINAL ASCENT TRATECTORY FOR

LAUNCH OofF SPACE TUG

VEHICLE CHARACTERISTICS
- STAGE ——
GROSS STAGE WEIGHT,(LB)

GROSS STAGE THRUST/WEIGHTY

— THRUST . {LB) —
ISP {SEC)

STRUCTURE ,(LB)

PROPELLANT.(LBY e
PERF, FRAC.,(NU)

i

PROPELLANT FRAC.+(NUB}

——BURNOUTY TIME.(SEC) .

BURNOUT VELOCITY,(FT/SEC)
BURNOUT GAMMA, (DEGREES)

- - BURNOUT ALTITUDE,(FT) ___ __
BURNOUT RANGE , { NM)

IDEAL VELOCITY,{(FT/SEC)
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—_ORBIT MANEUVERING REQUIREMENTS
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$LOSSES =

3

CASE

4

610523,
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459,0G0

JeU

3

2.UTKC
12638]1C.y
: ‘OSQCCOL

10682u.C

PAGF 1 DF

£ESS ¢LosSS
WEISGHT

(Bleco.u + 368689.9 ] = 449,490 LBS

GellTl
1.00Cy
2714402
12927.684
3,681
27256640
169,63

1839.6

ELYBACK RANGE(NM)
FLYBACK PROP(LBS)

1. 2
453635340 698123,.2
le455 Cel
. 124359Ge 0 el
4394000 2450t
660C335,.,u 660U e
.302930u. 0 Leb
e6679 Loy
Le8211 Cel
2392484 241,984
11412, 742 114u9,92C
24872 24555
- 251529 L 25284840
113.7 117.8
15255.5 Vel
3320
4996e¢4
RENDEZVOUS DEORBIT
130.0 60LUeC
45144 451.4
I3 §-3- P V] ._.3796.0 |
L M
128466.%= -
G.0 LBS ¢

*L0OSSES
C.0
vel

..595,1

Ce6039
Ce7754
4066736
257624902
CeGOC
4GL016.0
542.,7

13375.3

L399

14800G.C

TOTALS
73(.0
Cel

.. 5346, .

SPAE TG
1= Jo7,180 i85

10,0 PERCENT QF USABLE PROPELLANT
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ATMOSPHERIC TRAJECTORY CASE 3 PAGE 2 0OF
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1.2 COMBINED SYSTEM HEATING RATES

This section presents the local heating rates on the ESS during ascent
when used as an expendable second stage with the following three payload
configurations:

Reusable nuclear stage (ESS/RNS)
McDonnell Douglas space station (ESS/MDAC)
North American Rockwell space tug (ESS/space tug)

It is assumed that the heating rates on the B9U booster are identical to
those computed on the ESS at the same station,

The effect of a fairing shroud around the separation mechanism, and of
the trajectory on the local heating rates has been analyzed; the results are
presented herein,

When the ESS is used in connection with a GDC/ B9U booster, larger
and heavier payloads can be put into orbit than with the present shuttle/B9U
system. However, the mated configuration of the ESS in the presence of
the booster presents thermal problems that did not exist when the S-II was
used as the second stage of the Saturn V. For instance, the flow field
between the two mated vehicles will generate a complex pattern of shock
waves that could create serious damage to the vehicle if the thermal protec-
tion system (TPS) is not locally reinforced when compared with the original
S-II design. The present analysis provides the local heating rates on the
S-II and on the B9U in mated configuration for three different payloads. The
results will permit beef-up of the local regions affected by the presence of
the main booster. '
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1.2.1 VEHICLE CONFIGURATIONS, TRAJECTORY, AND FLOW REGIMES

The three payloads to be considered in the study (RNS, Space Station,
Space Tug) are presented in Figure 1. (The existing protuberances and
fitting attachment are not shown here. )

The launch trajectory used for the thermal environment (2/15/71
trajectory) is shown in Figure 2. The flight angle of attack varies slowly
between 0 < @ < -2, By analogy with the analysis performed on the shuttle/
booster configuration, it is assumed that the flow is turbulent att = 0
(takeoff) and becomes laminar at higher altitude. Transition is reached
when, at a given location, the Reynolds number based on the momentum
thickness is 150 times the local Mach number or

R ©
e

M
e

= 150

This relationship points out that, as the flight time increases, the transition
location moves forward on the ESS. However, in the present analysis, it
was assumed that the flow on the ESS remains fully turbulent as long as the
transition point is still located on the vehicle. However, this traveling time
of transition along the second stage is rather short and occurs at an altitude
when local film coefficients have already dropped by more than two orders of
magnitude when compared with the peak heating value. As a consequence,
the effect of this traveling on the wall temperature will be negligible.

The present calculations have been performed using the 2/15/71 tra-
jectory. Shortly after the effort had started, a second trajectory (3/1/71
trajectory) was computed. Both trajectories are presented on Figure 2.
The influence of the trajectory on the local heating rates has been analyzed
for a typical case; the results will be presented later in this section.
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1.2.2 DETERMINATION OF THE LOCAL HEATING RATES

The determination of the local aerodynamic heating rates on the three
payloads is not part of the present analysis. However, the influence of each
payload on the ESS (protuberances) or on the booster (shock interaction,
shock impingement) is of significant interest and has been investigated. In
all analyses, it was assumed that the flight angle of attack was equal to zero.
The results must not be extrapolated to cases where significant flight angle
of attack (|a|>5 deg) exists. The present experimental results showing no
influence between a® = 0 anda® = -5.

a. Payload/ESS Stage Alone

The present analysis deals with the complete second-stage
independent of the booster effect. The local heating rates have
been computed on the ESS (no protuberance) at three longitudinal
locations and a linear interpolation is used for other intermediate
stations. The reference conditions corresponding to the 2/15/71
trajectory have been obtained using the PATRICK 63 atmosphere.
The present heating rates do not account for any separated flow
region exhaust gas heating. The film coefficient and the recovery
temperature have been selected to represent the local aerodynamic
heating. These heat transfer coefficients have been determined
for calorically and thermally perfect gas (y = 1.4). These
assumptions are compatible with the flight Mach numbers encoun-
tered during the launch phase. No correction due to vorticity
interactions have been applied. The heat transfer rates calcula-
‘tions have been performed assuming Ty, = 540 degrees and using
the following relationship:

i-n(r, - T,

For other wall temperatures, following NASA/MSFC practice, it
is assumed that the film coefficient, h., remains unchanged with

Twall-

The protuberances on the ESS and the associated protuberance-
influenced regions are shown on Figure 3. It should be noted that
the attachment struts are iricluded as integral part of the ESS.

The heating rates on these protuberances and on the protuberance-
influenced regions are computed following the relationship:

4 = (PF) hC(Tr - TW)
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where PF is a protuberance factor. Where protuberance regions
overlap, the product of the individual protuberance factors is
used. :

Large protuberances exist for the MDAC space station, and their
influence on the ESS has already been included in the basic side-

wall heating rates calculations.

ESS/B9U Interference Heating, Including Mated Effects

The influence of mated configuration has been incorporated to the
ESS-alone results. This assumes that the effect of the booster
can simply be included as a new protuberance factor that will be
added to the base sidewall configuration.

The analysis of the booster interference has been derived from
NR wind tunnel test (References 1 and 2) and other sources
theoretical and experimental data (References 5 through 9).
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1.2.3 DESCRIPTION OF SPACE SHUTTLE LAUNCH HEATING TESTS

Interference heating factors for the mated ESS/booster combination
were based on the following two launch heating tests run as part of the
NR Phase B Space Shuttle Program.

1.

NASA/ARC 3.5-Foot HWT Test 107 (Reference 1), Conducted
During the Period September 28, 1970 through October 9, 1970

The 0.006-scale, thin-skin models of the NR 9992-134B delta
wing orbiter, the NR 9992-130C straight wing orbiter (modified
to the 9992-130G wing position) and the GD/Convair 7620-010
straight wing booster were used for these tests. The models
were instrumented with iron-constantan thermocouples.

Heat transfer data were obtained at a nominal Mach number of
7.4, a nominal total temperature of 1400 degrees R and nominal
Reynolds numbers of 0.7 x 10 and 3.5 x 10 per foot. Angles of
attack of zero degrees and -5 degrees were investigated.

Mating of the two vehicles was accomplished by sting-mounting
the orbiter to the booster sting, which was in turn mounted to the
wind tunnel model support system. The actual mounting attach-
ments between the two vehicles were not simulated. The gap
between the orbiter and booster was completely open as shown in
Figure 4. Longitudinal positions of the orbiter with respect to
the booster were obtained by sliding the orbiter sting fore and
aft, while lateral positions were obtained by shimming the orbiter
sting support. Longitudinal positions tested ranged from orbiter
nose 550 inches, full-scale, ahead of the booster nose, to orbiter
nose 167 inches, full-scale, behind the booster nose. Minimum
gaps between the orbiter and booster ranged from 3.3 inches to

24 inches full-scale.

A typical shadowgraph taken during this test showing the inter-
ference shock pattern between the mated vehicles is presented in
Figure 5.

NASA/LRC UPWT Test 945 (Reference 2), Conducted During the
Period from January 13 through January 22, 1971

The models used for these investigations were 0.006-scale, thin
skin thermocouple models of the NR 9992-134B delta wing orbiter
and the GD/Convair WT-70-105610 delta wing booster.
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Heat transfer data were obtained at supersonic Mach numbers of
2.5 and 3.7, and at Reynolds numbers of 2.5 x 106 and 5 x 106 per
foot. Angles of attack of zero degrees and -5 degrees were
investigated.

Mounting of the mated models in the wind tunnel was identical

with that of the NASA/ARC test. Data were obtained at orbiter
nose longitudinal positions of zero, 223, and 417 inches, full-
scale, ahead of the booster nose. Minimum vertical gaps between
the orbiter and booster were 3.3 and 23 inches, full-scale.

A typical shadowgraph obtained during this test is presented in
Figure 6, illustrating the complex shock interference patterns
between the mated vehicles.

_ 55 -
SD 71-140-12



(3TeoS TIM) -ut ¢ *¢ = den wnwrury

9SON I93s00g jo pedUVY (9Tedg T[Nd) °UIl L[§ 2SON I231qIQ

G¥6 3S3L MIdN DYT/VSVN

90T X € =3d/9¥ ‘0 =X ‘L°'c =N e

SUOTIOBIDNUT SABM NOOYS I93500g /I931Q.I0 PS3BJA JO UOIJBZI[BNSIA MOTJ

9 21n3r g

- 56 -

SD 71-140-12



1.2.4 TEST DATA ANALYSIS

A search of existing literature dealing with shock interference heating
was made (References 3 through 9). Based on these, it was concluded that
the interference heating problem is formidable where geometric character-
istics are strongly coupled with the aerodynamic parameters and requires
experimental programs on specific configurations in order to make accurate
predictions. Many empirical relations have been developed, based on
experimental investigations, relating the heating rise to the pressure rise
across the shock interaction. The simplest equations are usually of the
form:

. l-n

12 _ (2)

41 \P
where n is about 0.5 for laminar flow and about 0.2 for turbulent flow (e.g.,
Reference 3). Even though the relationship appears simple, it gives reason-
able results when the two geometric configurations to be investigated are

similar to those where existing experimental data at different aerodynamic
conditions already exist. '

Model Configuration

For the present study, predictions of interference heating on a body
(ESS) in close proximity to another body (GDC B9U booster) is required. In
lieu of a wind tunnel program using these specific configurations, the
Phase B Space Shuttle wind tunnel tests previously described would provide
the best available means of estimating the interference heating to the ESS.
It must be pointed out that at the start of this study, no experimental pres-
sure data similar to those made for the heat transfer study existed. For
instance, the influence of the geometric (gap and stagger distance) and
aerodynamic conditions on the pressure rise was not investigated, so that a
direct heat rate-pressure relationship as that presented above is not avail-
able from this preliminary set of data. Instead of it, the flight Reynolds
numbers (valid for both interaction and clean configurations) are used to
correlate the data and extend them to the actual flight conditions. The
cross-sectional shapes at the ESS location of the space shuttle vehicles used
in the launch heating tests are compared with the ESS/B9U configuration in
Figure 7. On this figure, only one gap distance is shown, but this parame-
ter was variable during the test. The NR straight wing orbiter was chosen
as being most representative, considering that the present booster
(7620-010)/shuttle configuration is almost identical to the ESS/booster B9U
geometry. Analysis was, therefore, concentrated on the data obtained with
the NR straight wing orbiter as well as on the GDC booster. Test data
analysis was also restricted to the vehicle's lower centerline due to 'shape
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differences and limited instrumentation of the models in that area making
any rigorous survey outside the pitch plane rather difficult. A cosine law
decay in interference heating was assumed on the cylindrical portion from
the lower centerline (6 = 0 degrees) to the side centerline (6 = 90 degrees)
of the ESS.

Influence of the Reynolds Number

Typical mated orbiter/booster and orbiter-alone experimental heating
distributions are presented in Figure 8. Ratioing the local heat transfer
rate to the theoretical stagnation heating rate of a scaled one-foot-radius
sphere emphasizes the influence of Reynolds number on interference heating.
The relative locations of the ESS and the payload are also indicated in
Figure 8. It is immediately apparent that the shock pattern due to mated
configuration rapidly decays along the axis as previously shown in the
literature (see References 4, 5, 6, and 9). As a result, the payload
experiences much higher interference heating than the ESS.

The shadowgraphs of Figures 5 and 6 clearly show the axial damping
of the shock wave interaction effects which results in a rapid decrease in
interference heating to the level of the orbiter-alone as the gap between the
two vehicles decreases to a minimum. The shadowgraphs also indicate the
complexity of the flow phenomena occurring in the shock interaction region.
However, in the present series of tests, no solid connections (struts,
attachments) exist between the two vehicles. When such fittings exist, the
local supersonic regions (where they exist) could regenerate a new shock
network system that would significantly increase the heat transfer rates
shown here.

Influence of Gap and Stagger Distances

Figure 9 shows the effect of vertical separation of the interference
heating along the lower centerline of the orbiter. A decrease in interference
heating with increasing gap is indicated on the payload. In the area cor-
responding to the ESS location, no significant change in heating is shown as
the minimum gap is varied between 3.3 and 24 inches, full-scale. This
""pattern''-type result is very important and should be investigated in order
to understand the influence of the scaling effect for the next phase of the
investigation. The influence of the stagger was also investigated but the
results show no variation at the ESS location.

Influence of Angle of Attack

The effect of angle of attack on lower surface centerline interference
heating is presented in Figure-10. A small decrease is shown in the pay-
load area over an angle of attack range of zero degrees to -5 degrees.

- 59 -
SD 71-140-12



MODELZ,006 SCALE NR STRAIGHT WIKG. DEA/.T.EL_
~(.s‘sv 9992- 1.305) E : _

Rs/ﬁrx/o‘ AXIAL Pos:non’ MIN. Gﬁp--
238 V. At SCALE| - 3.3 4.

i Figuré 8. .Typ1cal Hea.tmg Dlstr1but10ns on the NR Straight Wing -
Orbiter Fuselage Lower Centerline, Effect of Reynolds
Number on Mated Interference Heating

- 60 -
SD 71-140-12



{
1
1
i

' ,11/»4" /.oc477¢w) X/z

Figure 9. Effect of Gap Distance on Mated Interference Heating, NR
Straight Wing Orbiter Fuselage Lower Centerline

- 61 -
SD 71-140-12



AXIAL Pos¥

238 m. 3.

RATY,

)i

e
ANSFER

TR

ea:

Effect of Angle of Attack on Mated Interference Heating,
NR Straight Wing Orbiter Fuselage Lower Centerline

Figure 10.

-62 -

SD 71-140-12



Again, in the area where the ESS would be located, no significant effect of
angle of attack is indicated for the present (no solid contact) configuration.

Influence of the Mach Number

The variation of interference heating factor on the low surface
centerline for the test Mach numbers of 3.7 and 7.4 is shown in Figure 11.
Interference heating factors were determined as a function of ESS axial
location using the appropriate test data with the aft end of the orbiter loca-
tion in approximately the same position on the booster as the ESS. It
appears that the interference heating factor decays more rapidly with
distance for Mg, = 7.4 (laminar flow) than for M = 3.7 (turbulent flow). This
behavior is still not well understood because of the lack of data at the same
viscous flow regime. A literature survey did not provide any more quanti-
tative information but, qualitatively, it was shown that downstream of the
region of strong shock interference, the Mach number influence could be
considered as a perturbation effect when compared with the Reynolds num-
ber effect. This secondary effect is illustrated on Figure 12 when the ratio
log (dint/dclean) for turbulent flow is plotted versus log (pPint/Pclean) = log
(Reint/Reclean). Even though the Mach number varies significantly, the
results can still be represented on the same straight line.

Application of Test Data to Ascent Flight Trajectory

The local Reynolds number along the ESS determined {rom the nominal
ESS 2/15/71 reference trajectory is presented in Figure 13.

As a result of the experimental data analysis, the effect of flight Mach
number on interference heating in the hypersonic range (My,27.4) was
assumed to be small and was neglected in the present study. The inter-
ference heating factors predicted for My, = 7.4 (Figure 11), therefore, were
used for MZ6. These interference heating factors at the two test Reynolds
numbers were then used for extrapolation to flight Reynolds numbers as
shown in Figure 14 following the results from Figure 12. A similar plot
was derived for the My, = 3.7 heating factors. Between Mg, = 3.7 and
Mg, = 6, the interference heating factors were smoothly faired.

From Mg, = 1to My, = 3.7, the following relation was used to deter-
mine the interference heating factor:

(ReOO >
QM =1 XM
0 _ oo=1
QNOO:3.7 (Reoox)
M =3.7
@
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Figure li Interference Heatlng Factors on the ESS Lower Centerllne
from SSV Phase B Wind Tunnel Test Data Predicted
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where

Q = interference heating factor

= local Reynolds number based on freestream properties

el
o
!

The end result presented in Figure 15 shows the predicted variation of
interference heating factor along the ESS lower centerline with trajectory
time. The factors of Figure 15 were then applied to the local heating rates
on the non-mated ESS configuration. The predicted heating rates to the ESS
including mated interference heating are presented in the appendixes of this

volume for the MDAC Space Station payloads.
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1.2.5 AERODYNAMIC HEATING ON THE BASIC PAYLOADS

The

methods previously discussed for the analysis of the aerodynamic

heating have been applied to the three basic payloads. The results on the
mated configurations are given as a function of time and include:

The

the film coefficient

the recovery temperature

the protuberance factor and interaction regions
following comments should be made:

Even though the trajectory is identical for the three payloads, the
local base heating rates are slightly different for each configura-
tion due to the shape and size of the payloads that modify the local
edge properties on the ESS.

The MDAC Space Station payload has large protuberances (see
Figure 16) while the other payloads do not have any. The influence
of these protuberance on the flow downstream will create a region
of interaction heating that will be even amplified by the presence

of the booster. The exact increase of heating due to the ''12 feet"
docking ports has not yet been experimentally investigated and

very few published data exist on such large protuberance. A con-
servative approach was then taken where the protuberance factor
due to the docking ports is increased by the protuberance factor
due to the mated configuration. The approach leads to local heating
rates that are 50 times greater than those obtained on the present
clean and nonmated ESS. The influence of these large heating rates
on the wall temperature is significant and local additional protec-
tion will have to be considered.

The influence of the present attachment struts will, at a lesser
extent, create a similar problem on the end section of the ESS.
This is due to the interaction of the separation mechanism merging
into the inviscid flow, generating shock waves that impinge on the
surfaces producing locally insensitive heating rates. The same
protuberance-style approach as above has been taken during the
investigation. However, the region of influence is smaller and
decays rapidly. ‘
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The convective heating increase due to protuberance can be significantly
reduced by the use of a fairing shroud that will prevent the interaction from
the MDAC Space Station protuberances to impinge on the ESS, but, instead
be diverted on the forebody of the fairing shroud; and cover the struts attach-
ment so that no shock will be introduced by the attachment sticking out in the
undisturbed flow.

The preliminary design of such a device and its influence on the local
aerodynamic heating is presented in a later section.
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1.2.6 AERODYNAMIC HEATING ON THE GDC/B9U BOOSTER

The influence of the ESS payloads on the local heating rates on the
booster are of two types: '

a. The influence of the close proximity of the ESS that will increase
the local heat transfer rates when compared with the booster -
alone configuration. This problem exists also with the present
shuttle/booster configuration. In this analysis, it has been
assumed that by reason of symmetry, the local heating rates on
the booster at a given station were identical to those on the ESS
at the same location. This was later substantiated by the aero-
dynamic test tunnel data on the booster provided by GDC on the
shuttle /booster configuration (no protuberance)

For the ESS study, the effect of the protuberances (in the case of
the MDAC Space Station) and, for all payloads, the effects of the
struts fitting have been included. As a result, the data presented
earlier in this volume have also been used for the aerodynamic
heating calculations on the booster in the presences of the ESS.

b. The space tug payload presents a conical interstage inducing a
shock wave at its junction with the cylindrical section that
impinges on the booster upper surface. This shock impingement
will create local overpressure and heating rates that are more
severe than those existing for the other 'payloads, shuttle included.
Also, the impingement point on the booster being a function of the
flight Mach number will vary during the ascent phase. An analysis
of the phenomena has been made based upon the following methods
and assumptions!:

The pressure rise ratio pint/pclean across the impinging shock
is obtained assuming the shock is conical and that upstream
conditions correspond to perfect gas. This assumption is
compatible with the Mach numbers encountered during the
boost phase.

The increase in the film coefficient hy (/h_jean due to the
shock impingement is obtained, as a function of the pressure
rise ratio, following the analysis of Reference 5. The results
are obtained from empirical compilation of turbulent flow data
on 2-D bodies and can be expressed as follows (see Figure 12):

0. 85
hint - Pint
h “\p
clean clean
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No reliable data are available for laminar flow. However,
during NR laminar flow tests (References 1 and 2), it was
noticed that the canopy region experiences also the influence
of an impinging shock. For this region, the pressure ratio
and the heat transfer coefficient rise has also been plotted on
Figure 12 together with the turbulent flow data of Reference 5.
It can be seen that the same exponent of 0. 85 applies also for
the canopy and as a result, a 0. 85 exponent will be used for
both laminar and turbulent flow. As mentioned previously, all
results seem to be independent of the Mach number.

No low density corrections have been made relative to the
influence of the shock wave (pressure or/and heat transfer
rates) for the high altitude high Mach numbers flight case.

Application of the above methods for the ascent phase has been per-
formed where the flight Mach number was used to compute the pressure jump
across the impinging shock neglecting the weak influence of the shock from the
booster's nose. The result of the analysis is presented on Figure 17, (a and
b) as a function of the flight time. Figure 17-a presents the shock impinge-
ment location of the GDC/B9U booster as a function of time. Figure 17-b
presents the pressure and heat transfer increase. It must be pointed out that
the most significant increases occur at high altitude where vorticity interaction
and low density effects exist and would tend to attenuate the shock strength and
to reduce the present values. However, as mentioned in the assumptions,
these effects are not taken into account in the present analysis and the results
of the figure could be used as an upper limit for the effects to be encountered.

The influence on the booster of the impinging shock wave could be
avoided by a better fairing design of the interstage and it is recommended to

improve the present configuration.

Influence of the Fairing Shroud

The present design of the separation mechanism creates on the ESS
local heating rates that are 20 times greater than those obtained on the clean
vehicle. Also, it has been shown that the booster interaction was more
sensitive near the pitch plane where shock-impingement effects are more
likely to have a greater intensity and, as a consequence, where higher
convective local heating rates could be expected. Addition of a fairing shroud
around the separation mechanism could alleviate these phenomena.

A typical design is presented in Figure 18. With such a configuration,
the influence of the booster on the ESS only exists for 6 = 30 degrees. Also,
all additional interference heating rates due to the struts are eliminated.

The present design of the forebody creates several zones of interactions for
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Figure 17. Space Tug - Influence of Impingement Shock
on GD/C B—% Booster
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which heating rates will be locally slightly increased when compared with the
present (non-fairing) configuration. However, additional study of the fore-
body shape (Figure 19) (OSWATITCH-like fairing) would be desirable as a
result of the preliminary analysis and would possibly eliminate to a signifi-
cant extent the region of local interactions. No experimental data are pres-
ently available on the system configuration with fairing and the aerodynamic
heating method adopted here was the same as that developed previously, but
for 30 = 6 =< 90.

The analysis was applied to the MDAC/ ESS configuration and the results
presented in the appendixes. It can be seen that the value of the film coeffi-
cients have been significantly reduced and that the severe penalty due to the
struts are now eliminated.

Influence of the Trajectory

Shortly after the 2/15/71 trajectory was computed, a more refined
trajectory (dated 3/1/71) was issued. These two trajectories are represented:
on Figure 2. The first calculations were performed with the 2/15/71 trajec-
tory. The effect of the trajectory on the local heating rates was analyzed.
Here again, the MDAC/ESS configuration was used.

The results obtained from the 2/15/71 trajectory have been used and
modified to account for the slight variation in flow properties following the
analysis of Reference 10 for the laminar flow and that of Reference 11 for
turbulent flow. Obviously, this analysis is based upon small perturbations
and is only valid when the two flight conditions do not differ significantly.

Laminar Boundary Layer Analysis

In Reference 10, the laminar film coefficient for a cylinder is given by
the following relationship: '

(':l . w R p'W
CpAT S, V5w P

where §'V:,/SW is a constant for the zero pressure gradient case and already
includes a 2-D to axisymmetric transformation, ’

and
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with

In the following development, the edge and wall conditions for the
2/15/71 trajectory will be affected by the subscript (1) and the same param-
eters for the current trajectory will be affected by the subscript (2).

At a given time and location the film coefficient ratio between the two
trajectories is given by

h u, (Pwp)
1. 1 1 (1)
= =

2

assuming that,

and
P = ¢f ) = T M2 (s Reference 13)
e - pstag - poo 00 ce
gives
2
P, ) p°°1 M°°1
o 2
T2 R Mooz

b, M°°1

S (2)
> M,
>
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The recovery temperature is given by the following relationship:

T .
2 laminar = ®

T = Tm(l P L Mz) (4)
>

Turbulent Boundary Layer Analysis

In Reference 11, itis shown that Colburn's relationship for incompres-
sible turbulent boundary layer could be used for moderate supersonic Mach
numbers. Applying the same small perturbation analysis for the turbulent
flow as previously described for the laminar flow, the film coefficient for the
current trajectory is given by the following relationship:

5 0.2
M P u
mz cnz eZ
h = h. (x) (5)
2 1 2
(x) M P v,
I | 1
The recovery temperature is given by
Y- 1 2
=T [1 L
Tad © ( ¥ 2 "turbulent Maoz)

The film coeflficient versus time for both the current and the 2/15/71 trajec-
tory is given in the Appendixes. However, on the semilog plot, it is difficult
to accurately read and discriminate among the values for the two trajectories.
During the analysis of the 2/15/71 trajectory, the film coefficient was care-
fully computed and included in the thermal model. To take advantage of this
previous setup, the ration hz/h1 = {(t) was also given. All results are
presented with the recovery temperature in the appendixes.
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A parametric thermal analysis has been made for the two trajectories
in order to analyze the variation of the peak wall temperature.

The following parameters were investigated:

Wall thickness:

Radiation to space factor:

Solar absorption factor:

Ainch = 0.16

gSO.S

0.2 <
0.085 <

yes/no

The difference between the two peak wall temperatiures has been computed

and is represented on Figure 20.

It can be seen that the maximum difference

is of the order of 13 degrees and that, furthermore, this result is obtained
for a very low radiation to space factor, unlikely to occur on the present

system.

- 81 «
SD 71-140-12



F1gure 20. Peak Wall Temperature Difference Due to Change in Trajectory
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1.2.7 CONCLUSION

The aerodynamic heating on the expendable second stage has been
computed for three basic payloads, the details on one of which have been
included. The results include the interaction effects due to protuberances
and mated configuration.

The methods used have been derived from heat transfer (no pressure
data) shuttle/booster wind tunnel tests when the two bodies are in close
proximity, without any solid junction connecting the vehicles. These tests
were conducted for two Mach numbers, two Reynolds numbers, two angle
of attack @, and several values of the gap and stagger distances.

The vehicle geometry tested differ significantly from the payload-
ESS/B9U configuration but, at the ESS location, the booster/straight wing
model offers an excellent simulation of the ESS/B9U. The limited amount
of heat transfer gauges did not always permit detection of the exact value
and location of the peak heating. However, the phenomena always occurred
on the payload and the heating rates decay very rapidly on the ESS.

The results of the present test program on the interference heating can
be summarized as follows:

The Reynolds number is the most significant parameter influencing the
local heating rates.

The Mach number and angle of attack have almost no influence.
The effect of the gap distance can reasonably be predicted.

The results of the literature survey show that the aerodynamic simu-
lation of the protuberances as a function of the boundary layer thickness
could create a serious problem when applying the general wind tunnel results
to actual flight cases.

The method was applied within these assumptions to predict the local
heating rates during the ascent trajectory. For this preliminary phase of the
ESS program, the ascent trajectory used (identical for each payload) may not
represent the envelope of the most critical flight conditions, so that the
results obtained should only be used for the identification of the most crucial
problems associated with each payload configuration.

However, the methods discussed here are believed to be for a general-
ized parametric study. More precision may be needed for a specific configu-
ration where protuberances and attachment struts create significant
modifications in the inviscid flow field, increasing local heating rates by
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over one order of magnitude. When the booster definition is selected and the
trajectories known, a wind tunnel test program is needed. Protuberances
and the gap distance should be aerodynamically simulated, and the flight
conditions (Mm ,a) should be analyzed as a function of the Reynolds number.
With such test data, a more adequate analysis could be performed including
vorticity effects for high altitude cases.

Wind tunnel heating data on aerodynamic heat transfer distribution on
the Phase B space shuttle booster vehicles at angles of attack from -5degrees
to +60 degrees is given in Reference 14.
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2.0 REQUIREMENTS

2.1 ESS TVC ACTUATOR ORIENTATION,
GIMBAL CAPABILITY, AND
CANT REQUIREMENTS

A summary of the actuator orientation, gimbal capability, and cant
requirements for the selected ESS main engines and OMS engines is
presented in Figure 2-1.
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Figure 2-1. ESS TVC Actuator Orientation, Gimbal Capability
and Cant Requirements
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2.2 ESS OMS ENGINE CANT-ANGLE AND
DEFLECTION REQUIREMENTS

The engine cant-angle and deflection requirements are outlined for
the orbital maneuvering system (OMS) during the expendable second stage
flight. The effect of engine cant angle on vehicle payload penalty is given.
The data are generated as flight-control requirements for the ESS.

The study indicated that the use of a single OMS engine for flight con-
trol during orbital AV maneuvers is feasible. The recommended engine
cant-angle and deflection requirements for all ESS vehicle configurations
examined are 8 degrees and +6 degrees, respectively. With this required
cant angle, the vehicle payload penalty is 400 pounds.

If a single OMS engine is used for both orbital AV maneuvers and ESS
deorbit, the cant-angle and deflection requirements are 16 degrees and
+12 degrees. The corresponding vehicle payload penalty is 950 pounds. In
view of the known deflection capabilities (7 degrees) of the ESS and the
orbiter engines, the design for single OMS engine deorbit without additional
attitude control is not practical and is therefore not recommended. The
attitude control and propulsion system (ACPS) should be used to provide this
additional attitude control.

The ESS plus payload vehicle configuration, coordinate system, and
the OMS engine deflection angles are defined in Figure 2-2. Three types
of payload are considered in this study: MDAC space station, NR reusable
nuclear shuttle (RNS), and NR space tug. The OMS engines are used for -
orbital AV maneuvers such as orbit circularization, orbit phasing, and
rendezvous. They also may be used for ESS deorbit. The total propellant
for the OMS control operations is 23,000 pounds of which 3000 is reserved
for ESS deorbit. The nominal thrust per OMS engine is 10, 000 pounds.

The OMS engines are gimbaled (with equal deflection capability) about
the pitch and yaw vehicle-body axes for thrust-vector control. These
engines are also canted (before launch) to provide adequate pitch-axis con-
trol in the event of one engine failure. The cant angles are measured on
the X-Z plane and are f~p degrees outboard.
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ANALYSIS

The problem of this study is to determine the OMS engine cant-angle
and deflection requirements for the following conditions:

Study Vehicle
Case Assumptions Configurations
1 One OMS engine has failed. The remain- ESS + NR tug

ing OMS engine is required to provide
thrust-vector control for orbital AV
maneuvers.

ESS + MDAC space
station

ESS + NR RNS

2 Same as study case 1 except that single-~ ESS + NR tug
engine thrust vector control is also
ESS + MDA
required for ESS deorbit. _+ DAC space
station

ESS + NR RNS

In particular, the study questions are as follows:

1. What is the recommended engine cant angle (ﬁCT) for all ESS plus
payload vehicle configurations?

2. With this recommended cant angle, what maximum pitch-axis
engine deflection (ﬁmax) is required?

3. What is the vehicle payload penalty due to the required engine
cant angle?

The yaw-axis deflection requirement need not be determined because
it is expected to be much less than that of the pitch axis. An engine deflec-
tion requirement adequate for the pitch axis is also adequate for the yaw-axis
control.

The determination of BcT and Py requirements involves calculations
of engine deflections for pitch-axis static and dynamic trims under one
engine-failure condition. The effect of cant angle on payload penalty is
determined by calculating the propellant wasted to produce the sine compo-
nents of the engine thrust vectors. The techniques and input data used for
these calculations are summarized in the paragraphs that follow.

Results of these analyses are given in Volume 1I, Book 2.
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The calculations of engine deflections and vehicle payload penalties for
study case 1 (single OMS engine orbital AV maneuvers) are summarized

below.

The calculations for study case 2 (orbital AV maneuvers and ESS

deorbit) are not presented but are similar to those of case 1. For specific
results of calculations, refer to Volume 1I, Book 2.

Engine Deflection Requirement

The engine deflection requirement (I Bmaxl ) for each ESS plus payload
vehicle is determined by the following steps:

1.

Calculate engine deflection B4 for pitch-axis static trim:

1

d

Bs = 57.3 T degrees
c

1 = X : + 48 inches

c cg

ld = 128 inches

Calculate engine deflection f for pitch-axis dynamic trim:

B.. = —-—IYY § degrees
D |\nF1 d gree
c
n = 1 engine
F =10,000 pounds' thrust per engine
q = pitch-axis angular acceleration

Calculate the maximum engine deflection (ﬁmax) as a function of
cant angle (BCT)-

B (OMS propellant full) = 1.25 (8 + B - BCT)

max D1 S1

§] (OMS propellant at 3, 000 pounds) = 1.25 (-p

max D2 + BSZ - B.CT
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Vehicle Payload Penalty

The vehicle payload penalty (AW) as a function of engine cant angle
(ﬁCT) is calculated by the following equation:

<W0> (Wf> 1
AW = W 1 -
f Wf Wo cos BCT

where Wo and Wf are vehicle weights when the OMS propellant is 23, 000
and 3000 pounds, respectively.
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2.3 ESS MAIN ENGINE CANT-ANGLE AND
DEFLECTION REQUIREMENTS

The engine cant-angle and deflection requirements are examined for
the expendable second stage during boost flight. It also shows vehicle pay-
load penalties as a result of cant-angle requirements.

The ESS + payload vehicle configuration, coordinate system, and the
engine deflection angles are defined in Figure 2-3. Three types of payload
are considered in this study: MDAC space station, NR reusable nuclear
shuttle, and NR space tug. Following first-stage separation, this ESS + pay-
load vehicle is boosted into earth orbit by two orbiter engines. The thrusting
time is approximately 200 seconds.

The orbiter engines are gimbaled to deflect about the pitch and yaw
vehicle-body axes for thrust-vector control. The proposed nominal deflec-
tion capability in each of these axes is +7 degrees. Because of the engine
gimbaling geometry, this deflection capability may be extended to an angle
as defined by the following equations:

Maximum ) .
yaw-axis pitch-axis

deflection | 10° - deﬂe.c;t1on t (1)
capability requiremen

Maximum .

itch-axis yaw-axis |
P ; = 10° - | deflection 2)
deflection e eean

capability equireme

The engines are also canted (before launch) to provide adequate yaw-axis
control in event of one engine failure.

ANALYSIS

3
The problem of this study is to determine the cant-angle and maximum
yaw-axis deflection requirements for the orbiter engines. In particular, the
study questions are as follows:

1. What is the recommended engine cant angle (6 ) for each
ESS + payload vehicle configuration?
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2. With the recommended cant angle, is the proposed nominal
deflection capability of +7 degrees adequate for yaw-axis control?

3. If this +7 degrees capability is not adequate, what maximum yaw-
axis deflection (8,,,) is required?

4. What is the vehicle payload penalty as a result of the required
cant angle?

The pitch-axis deflection requirement (for orbit-insertion maneuver,
ESS/shuttle separation transient damping, and engine-failure-mode dynamic
trim) is estimated to be 2 degrees. This pitch-axis deflection requirement
is well within the proposed nominal capability of the orbiter engine and needs
no further calculation.

The determination of 6o and &5, requirements involves calculations
of engine deflections for yaw-axis static and dynamic trims under one engine
failure condition. The effect of cant angle on payload penalty is determined
by calculating the propellant wasted to produce the sine components of the
engine thrust vectors. The techniques and input data used for these calcula-
tions are summarized . in the paragraphs that follow.

RESULTS

The engine deflection requirements (plus or minus §,,,,) and the vehicle
payload penalty as functions of cant angle are plotted in Figure 2-4 where
two important indications should be noted. First, there is no acceptable cant
angle for design if the engine deflection capability falls below 5.5 degrees.
Secondly, the engine cant angle need not be greater than 13 degrees. With
these indications and the limiting capability of the orbiter engine, the pos-
sible combinations of cant-angle and maximum-deflection requirements are
tabulated in Table 2-1 for comparison.

CONCLUSIONS
The main conclusion is that the proposed nominal deflection capability

of £7 degrees is adequate for yaw-axis control, provided the required engine
cant angles are as follows:

Minimum Engine
Vehicle Configuration Cant Angle
ESS + MDAC space station 10 degrees
ESS + NR RNS 12 degrees
ESS + NR tug 12 degrees
- 9 -
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Table 2-1. ESS Flight Control Requirements™

MAXI+77 277 Engine Cznt A/g/e P
Eﬂy/};e. ’?“"’f'e”"-‘-’/?f ( egres S)
Deffection 2,10 AC | T
?e?a/’f‘é’/ﬂeﬂé Space NR RNS | NR 72{7
CDegrees) Station ' - | |
ﬁ + 6 7/ ./ 3 /3
=7 . /0 /2 /2
+8 = 7/ -
£ 7 V4 /0
+/0 s /0 <

REIOMMENDATION FOR ALL ABOVE ESS VEHICLE CONFIGURATIONS:

MARTMUM ZNGINE DEFLZCTION 'F.EQUIPEPEN'I‘ = % 7 DEGREES

(PROPOSZD NOMINAL CAPABILITY OF ORBITER ENGINE)
SNGINE CANT ANGLE REQUINAMENT = 12 DECREES .
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The vehicle payload penalties corresponding to these required cant
angles range from 4800 to 7000 pounds (or 1.6 to 2.3 percent of the in-orbit
ESS + payload vehicle weight) if no engine-deflection bias is provided. This
payload penalty can be reduced to 2000 pounds if the engine deflection angle
is biased by using a control signal to deflect the engine 6 degrees in the
opposite direction to the cant angle during normal thrusting.

With the estimated 2 degrees pitch-axis deflection requirement, the
maximum yaw-axis deflection capability of the proposed orbiter engine may
be extended to +8 degrees (see Equation 1). If the yaw-axis deflection
requirement (6,,,) is set to match this extendable capability, the required
cant angles for the three vehicle configurations examined can be reduced to
9 degrees, 11 degrees, 11 degrees, respectively. In this case, the payload
penalties range from 3800 to 5800 pounds.

For the sake of design commonality, the recommended cant angle for
all ESS vehicle configurations examined is 12 degrees. This recommenda-
tion is based on two reasons: (1) match the yaw-axis deflection requirement
to the proposed nominal capability (+7 degrees) of the orbiter engine, and
(2) compromise between conservation of control capability and minimization
of payload penalty. Until further information on design tolerances and
control-dynamic uncertainties are available, specifying the cant-angle
requirement to fit the extended deflection capability is not recommended.

METHOD

The techniques for calculations of engine-deflection requirements and
vehicle payload penalties as functions of cant angle are summarized below.
The vehicle mass properties used for these calculations are tabulated in
Table 2-2. In the calculations of 6m » one of the orbiter engines is assumed
to be inoperative. _

ax

Engine Deflection Requirement

The engine deflection requirement (&y,,,) for each ESS + payload
vehicle is determined by the following steps:

1. Calculate engine deflection &4 for yaw-axis static trim:
v
6s = 57.3 - degrees
a
¢ =X - 44 inches
a cg
!Zb = 108 inches
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The results are plotted in Figure 2-5. The noted data points are

used for 6,,,, calculation.
2. Calculate engine deflection 6 for yaw-axis dynamic trim:
o = (=22 ); 4
D - \NFv cgrees
a
N = 1 engine
F = 632,000 pounds thrust per engine

e
1]

yaw-axis angular acceleration

The results are plotted in Figure 2-6. The noted data points are

used for 6., calculation.

3.- Calculate the maximum engine deflection (8,,,,.) as function of
cant angle (6CT) at the beginning and the end of engine thrusting:

8 ax (beginning burn) = (1 + 0.25) (6D1 + 6Sl - 6CT)
8 ax (end of burn) = (1 + 0.25) (-E»D2 + 552 - 6CT)

where 65 and 6y are obtained from Figures 2-5 and 2-6. (See
the noted data points in these figures.) The 25-percent safety
factor is added to cover uncertainties such as structure compli-
ance, thrust misalignments, and other design tolerances. The
results of this calculation are plotted in Figures 2-7 through 2-9.

Finally the | 6max] characteristics of Figure 2-4 are constructed
by taking the maximum absolute values of the upper and lower

curves (begin and end of burn) as shown in Figures 2-7 through2-9.

Vehicle Payload Penalty

The vehicle payload penalty (AW) as function of engine cant angle (6~ )
is calculated by the following equation: '

<Wo> Wf 1
AW = W 1 -
f Wf <Wo> cos 6CT

where W, and W, are vehicle weights at the beginning and at the end of
engine thrusting.
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2.4 PROPELLANT FEED SYSTEM CHARACTERISTICS FOR
DESIGN OF ESS PRESSURIZATION SYSTEM

A pressure drop analysis of the propellant feed system was performed
utilizing the loss factors used in design of the shuttle orbiter feed system.
The results are shown in Tables 2-3 through 2-5. Table 2-3 shows the pres-
sure drop for nominal engine operation (6.0 mr, 100-percent thrust).

Table 2-4 presents the pressure drop at 100-percent thrust for mixture ratio
excursions. Table 2-5 shows the drop at emergency power level (109-percent
thrust). While the drop for nominal engine operation should be used for base-
line design the engine shall be capable of operating at off-nominal conditions,
including emergency power level.

Thirteen inches has tentatively been selected as the diameter of both
the LOp and LH, feed systems. While the use of thirteen inch diameter
lines should be considered highly desirable to maintain shuttle compatibility
the size may be changed if required by pressurization system design.

Table 2-3,

Pressure Drop at Nominal Engine Operation

Line Size 12-in. 13 -in. 14 -in. 15-in.
LO, 6.48 psi 4.69 psi 3.49 psi 2.62 psi
LH, 3.65 psi 2.65 psi 1.96 psi 1.48 psi

Table 2-4.
Max. Pressure Drop at Off-Nominal Mixture Ratio
(Max. LH; Drop at 5.5 to 1, LO, at 6.5 tol)

Line Size 12-in. 13 -in. 14 -in. 15-in.
LO, 6.85 psi 4.96 psi 3.68 psi 2.80 psi>
LH2 4.27 psi 3.07 psi 2.29 psi 1.71 psi
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Table 2-5,

Pressure Drop at Emergency Power Level

Line Size 12-in. 13-in. 14 -in, 15-in.
Lo, 7.39 psi 5.34 psi 3.97 psi 3.00 psi
LH, 4.40 psi "~ 3.16 psi 2.45 psi 1.80 psi

The analysis follows:
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2.5 ESS STABILITY AND CONTROL REQOUIREMENTS

Data, information, and definitions used in the ESS stability and control

analyses are presented below.

Included are a list of Nomenclature,

Coordinate System Definitions and Descriptions, Flight Dynamics Equations
and Data, Guidance and Control System Information, Engine System
Dynamics Information, and a Bibliography.

2.5,1 NOMENCLATURE

2.5.1.1 Parameters

Symbol

A

A

Designation
Acceleration
Actuator
Control System Gain Factor
Pitch Axis Body
Bending Displacement

Yaw Axis Body Bending
Displacement

Thrust Level

Transfer Function
Fluid Level

Natural Frequency
Acceleration of Gravity
Current

Moment of Inertia

Torsional Moment of Inertia

- 119 -

Units

ft /sec’

deg/deg or
deg/deg/sec

ft
ft

1b

ND
sta-inches
cycles/sec
ft/secz
Milliamperes
slug~ft2

Slug-ft2
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Symbol

K

W

Designation

Scale Factor

Distance

Torques about X-Axis
Torques about Y-Axis
Torques abouts Z-Axis
Mass

Number of Engines
Body Rate about X-Axis

Body Rate y-Axis

Generalized Pitch Axis Bending

Force
Body Rate Z-Axis

Generalized Yaw Bending
Force

Liaplace Operator
Elastic Displacement
Linear Velocity - X-Axis
Linear Velocity - Y-Axis
Voltage Variable

Linear Velocity Z-Axis

Right Hand Coordinate System
Displacement

Bending Model Shape

Bending Model slope

- 120 «

Units

TBD

ft

ft-1b
ft-ib
ft-1b
slugs
ND
deg/sec

deg/sec

deg/sec

sec
ft or deg
ft sec
ft/sec
volts
ft/sec

ft

ft/ft

deg/ft
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. 5.

1.

Symbol

Designation Units
Control Engine Deflection deg
Slosh Mass Deflection ft
Scale factor to Convert Slosh ND

" SMS Deflection to Wave Deflec-

2 Subscripts

Symbol

B

C

ct

tion at Tank Wall

Torsional Displacement deg
Slosh Wave Height at Wall ft
Damping Ratio ND
Guidance Commands Inertial deg
Angles

Euler Angles deg
Torsional Modal Displacement deg
Natural Freguency rad/sec

Designation

Booster

Command

Cant Angle

Error; Engine

Fluid Level

Hydrogen

.th o

i~ mode of a flexiblity model

Inertial

- 121 <
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Symbol Designation

O . Oxygen

(o} . Reference Value; Initial Value

2.5.1.3 Acronyms

Acronym : | Meaning
ACPS Attitude Control Propulsion System
cG Center of Gravity
ESS Expendable Second Stage
10U _ Instrument Unit
MDAC McDonnell Douglas Aircraft Company
MPS Main Propulsion System
NR | North American Rockwell Corporation
ORB Orbital Engine
RNS Re-dsable Nuclear Shuttle
SMS | Spring Mass System

2.5.2 SYSTEM DESCRIPTION AND AXES SYSTEM

2.5.2.1 Description

The Expendable Section Stage (ESS) is used for orbital missions and
is basically a Saturn V S-II stage with new propulsion system, new payloads
and with shuttle technology guidance and control subsystem. A sketch of the
ESS is shown in Figure 2-1. Instead of the S-IC stage, the Shuttle Booster is
used as the first stage booster. Instead of the S-IV-B plus Apollo space-
craft payload, different payloads are placed on top of the stage for earth
orbital insertion. The baseline ESS configuration for analysis has a space
station payload.

After separation from the Shuttle Booster, the ESS is propelled to earth
orbital velocity by two orbiter engines. This phase is second stage main-
stage boost. During this phase, guidance and control signals are calculated
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and used to position the orbiter engines for mainstage control. During the
orbital operation phase, guidance and control signals are used to either
position the orbital maneuvering system (OMS) engines or to fire RCS jets.

After the orbital mission has ended, the ESS is safely disposed in the
ocean with a de-orbit system.

2.5.2.2 Axes Systems

2.5.2.2.1 Launch Point Ground Axes

The launch point ground axes system is fixed to the launch site and is
used to align the ESS guidance system. Since the distances are small
between the origin of the launch point ground axes, the vehicular gimbal
plane and location of the inertial platform, the origin of the ground axes
system will be assumed to coincide with the gimbal plane at launch.

Because this axes system is fixed to the launch site, it will move through
space as the earth moves. However, for the purpose of stability and control
analysis, .the earth will be assumed fixed in space and the launch pointground
axes system will be assumed to be an inertial system.

2.5.2.2.2 Inertial Axes

The inertial axes system is designated by X,, Y., and Z, and is
defined as a system where Newton's laws of motion are valid. The
stabilized guidance platform is an inertial system and is aligned with the
launch point ground axes prior to launch.

2.5.2.2.3 Body Axes System

The body axes system is designated by X, Y, and Z. The body axes
system translates and rotates with the vehicle during flight. Figure 2-10
depicts the body axes system. The origin of the body axes system is at the
engine gimbal plane. The X-axis is along the ESS center line and is positive
toward the nose. The orientation of the Y and Z are shown in Figure 2-10.
The Y-axis is parallel to position III and the Z-axis is parallel to position IV,

2.5.3 FLIGHT DYNAMICS

2.5.3.1 General Remarks

For purposes of flight dynamics_analysis, the ESS flight is divided into
two phases: ascent boost to orbital velocity and orbital operational phase.
This section of the manual presents data and equations applicable for either
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Figure 2-10. Axes System

one of the two phases or for both phases. These data are properly designated
with respect to flight phase in those sections of the manual that describe the

data.

Linearized perturbation equations are given for flight dynamic stability
studies. Data are presented which describes the ESS mass properties,
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flexibility characteristics and slosh dynamics (g-field model). At the time
of this publication a ''zero-g'" slosh model has not been developed for ESS
orbital operational flight dynamic studies.

The dynamics of both liquid propellant sloshing and vehicular flexi-
bility are expressed in terms of generalized spring mass system (SMS). The
generalized deflection of the SMS may be corrected to slosh wave displace-
ment or to an elasticity displacement by using the proper scale factors
(T, 6;, Y;) indicated by Eguations (3-78) through (3-72).

2.5.3.2 Perturbation Equations

The linear perturbation equations presented in this section are for
use in flight dynamic studies at fixed points in the flight. These perturba-
tion equations are applicable during ascent control or orbital operation
phase when the orbiter engine and the OMS engines are used.

Because of the axially symmetrical geometry of the ESS stage,
adequate control system design may be achieved through separate analysis
of each degree of freedom.

Perturbation equations representing vehicular motion are given for
the pitch, yaw and roll axis in subsequent paragraphs.

2.5.3.2.1 Pitch Plane Perturbation Equation

The equation matrix presented in Table 2-6 is to be used for pitch
plane control system studies. The equations represent the linearized
dynamics of pitch plane rigid body motion coupled with linear models for
propellant sloshing and body bending. These linear models are made up of
two slosh (one LO, and one LHj) and three body bending modes. The
coefficients in the matrix are evaluated from auxiliary Equations 3-2
through 3-29, Note that in these equations, i =1, 2, 3. The matrix
equation and auxiliary equations are basically the same equations in
Reference

2.5.3.2.2 Yaw Plane Perturbation Equations

The equation Matrix shown in Table 2-7 is for use in yaw plane control
system studies. The equations represent linearized rigid body dynamics
coupled with linear models for sloshing and body bending. These linear
models are made up of two slosh modes: one LO; and one LH} and three
bending modes (i = 1, 2, 3). The coefficients in the matrix are calculated
from auxiliary Equations 3-31 through 3-54. Note that in these equations,
the subscript i varies from 1 through 3 for the 3 bending modes.
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2.5.3.2.3 Roll Axis Perturbation Equations

The equation matrix shown in Table 2-8 is for use in roll axis flight
dynamic studies. The equations represent linearized rigid body dynamics
coupled to the torsional dynamics. The torsional dyanmics are represented
by two modes. Auxiliary Equations 3-6 through 3-7 are used to calculate
the matrix coefficients.

2.5.3.4 Liquid Propellant Dynamics

2.5.3.4.1 G-Field Slosh Model

The slosh model described in this section is usable when a g-field is
created when the Orbital or OMS engines are used. Two Spring Mass
Systems (SMS) are used to represent the slosh dynamics. One SMS is for
the liquid oxygen (L.Oj) propellant and another SMS for the liquid hydrogen
(LH;) slosh dynamics. Data for these models were obtained from Saturn V
data, References 1, 9, 10, and 11.

Slosh data in Figure 2-11 through 2-21 consist of slosh masses,
frequencies, slosh mass locations, damping ratios, and conversion factors.
These data are plotted as functions of propellant fluid measured in station
numbers. SMS slosh natural frequencies are given in cycles per second
for the first mode only for LLO, and LH,. The frequencies are normalized
to one standard acceleration (gg = 32.2 ft/sec?). To obtain slosh frequencies
at flight conditions multiply by the square root of flight axial acceleration
(Ax) to one standard acceleration, g0 i.e., \/Ax/go. SMS damping ratios,
{oand L1 are given in Figures 2-18 and 2-19 as functions of fluid levels for
LLO2 and LLHp, respectively. For preliminary design studies, damping
ratios of 0. 002 and 0. 005 are recommended for LLO; and LH2, respectively.
Scale factors, [y and 'y to convert from spring mass deflections to slosh
planar wave amplitude at the tank wall are given in Figures 3-20 and 3-21
for LOp and LH,, respectively. This conversion process is indicated by
Equations (3-68) and (3-69).

2.5.3.5 Vehicular Flexibility Dynamics

This section describes the flexible body dynamics and data for
stability and control analysis of the ESS. These data are applicable during
both the ascent boost and orbital operation phases. The manner in which
flexible body. dynamics are included in the analysis is indicated by
perturbation Equations 3-1, 3-30, and 3-55.
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In the pitch (yaw) axis, the body bending dynamics are represented by
spring mass system (SMS) described by a model mass, M;j; natural
frequency, w;; damping ratio , {;; and generalized deflection d; (ej). These
bending modes are coupled to the vehicular angular motion, 6 (y), and
flight control engine angular deflection, through the modal slopes (Y£,i and
Y¢i) and model deflection 6p(6y) (Yei). Data for the bending modes are
given in Table 2-9, These data were obtained for INT-21 studies and will
require updating when ESS bending data are defined in future studies.

In the roll axis, the vehicular the flexibility dynamics are represented
by i number of torsional modes (or degrees-of-freedom). Each mode is
described by a moment of inertia, J;; natural frequency w;; damping
ratio, Ci; and generalized displacement, n;. The torsional modes are
coupled to the vehicular angular motion, ¢ and control engine angular
deflections, 6y through modal deflections at the Instrument Unit (IU) location
and control engine gimbal plane location. The sign convention is shown in
Figure 2-22. Data for the torsional modes are given in Table 2-10.

The data in Table 2-10were obtained from S-II stage INT-21 studies
and at the time of this publication are assumed valid for ESS preliminary
stability studies.

To obtain elasticity displacements, use equation (3-70), (3-71) and
(3-72). '

Uy = = Yje (3-70)
UZ = z Yl dl (3-71)
U, = Z 65m (3-72)

2.5.3.6 Mass Properties

This section of the data manual presents ESS mass moment of inertia,
center-of-gravity and propellant fluid levels for various ESS payloads. For
the ascent boost phase, these data are given in Figures 2-11 through 2-30.
Note that Figures 2-26 through 2-30. the data are plotted versus total
vehicular mass and not time. Also in Figure 2-29 more conservative values
of ch and L., are recommended for analytical studies than the data shown
which were obtained from Reference 7. Roll axis moment of inertia data
are given in Table 2-11lfor the ascent boost phase.

ESS mass properties at the beginning of orbital operations are shown
in Table 2-12.
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Table 2-9.

Bending Mode Parameters

— -

PANLOAD * REUSABLE NUCLEAR SHUTTLE

MODAL MASS (SLUGY NATURAL FREGQUENCY
DE SiGN (CPS /RAD PER SECOND)
ONDITION ‘
conbT wn 7”1 Ma CJ\- C‘)?. CJ3
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@ O
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| | (24) (s1)
_— =
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| = @Y (58] >
o 0.8 =
g FULL {9,200 | 18,200 > 4.0 \C. P
W @s) (c8) m®
EMPTY | 11,700 | 1,700 M| 4.2 12.0 M
@A (15) —

S n

NOTES: () DATA FROM INT-2t S-IT ANALNSIS, REFERENCE 13,13

(S 6 S 47T RAS /seC |

L=.02 if w> 47 RAD/SEC.
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Table 2-9. Bending Mode Parameters (Cont)

PAYLOAD : REUSABLE NUCLEAR SHUTTLE —NR
MODAL SLOPE AT MODAL DEFLECTION AT
QL SWGN GIMBAL PLANE (DEG/r7) GIMBAL PLANE (FT/FT)
C(ONDITION - P
Ve, Ye2 Yes Ve Yee Yes
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| Tanks | ~O0°% 0.3 = | o4 -1 PN
| ‘ =
| A _ =
! > -
| < . ~
v, FULL' |-o.l 0-3 = | o1 |-tS é
| | — >
Ve FULL  |-0dl | 0e3 o | o6 - 1.3 >
| rm ' -
E.Mp_r\/ --Ool ‘ 002 ~ lol -Ooq ) rﬂ
: : ~——
NOTE : DATA FROM INT-2 ANALYSIS, REFERENCE 12,13
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Table 2-9. Bending Mode Parameters (Cont)

PAYLOAD © REUSABLE NUCLEAR SHUTTLE -NR

| MODAL SLOPE AT IV MODAL DEFLECTION AT Ty
DESIGN |  (DEG/FT) FriFr)
i Vv Yruz Yz | iy e o3
FULL |
| . 2.8 3.6 1.8
: TANK 3-8 — ~
e —
'O P
LTHL |34 2.3 = 3.3 o4 9—{
3.3 2.0 < 3.0 2 z
z >
m 1.
| EMPTY 2.2 \.q (M 1.9 0.9 -
foT — I
' NOTZ DATA TROM INT-2i ST ANALYSIS, REFERENCES 112,13
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Table 2-9.

Bending Mode Parameters (Cont)

‘ PAYLOAD : SPACE STATION —NR
DESIGN MODAL MASS(SLUGS) | NATURAL FREQUENCY
(ONDITION | (CPS/ RAD PeR SECOND)
b w: wz 7/”3 W, W, W3
-
FuLL o
_ 4),300 -4} 300 —~ 4.4 1.6
TAN ! ! N
NK % (28) (48) -
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| 2 .
A S B
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o : (20) o4 —
N [
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B B (&8) |
NOTESS (1) DATA FROM INT-2{ SIT ANALY SIS
(2) USE ¢z 0.0l {F y € 47 ﬁ*b/scc)' (=02 I¥ W, > 47 eagfsec,
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Table 2-9. Bending Mode Parameters (Cont)
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Table 2-9.

Bending Mode Parameters (Cont)

= - :
PAYLOAD : SPACE STATION —NR
DESIGN MODOAL SLOPE AT IV MODAL DEFLECTION AT IV
CONDITION (OEC /ZeT) CET/FT)
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Table 2-10. Torsional Mode Parameters

L
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. DESIGN (sLve-Fr2 §.N INERT NGT’%/%\;D Pszaggc‘%cv
CONDITION .
3—| T;o_ 3-3 wt wz, C«)s
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Table 2-11. ESS Roll Axis Moment of Inertia Data—Ascent Boost

Roll Axis Moment of Inertia
(million slug-ft2)

Flight Condition MDAC Space Station NR RNS NR Tug
Start Boost 1.6 1.3 0.74
End Boost 1.5 1.2 . 0.67

Reference: 7

Table 2-12. ESS Mass Properties—Start Orbital Operations

Center-of-Gravity Moment of Inertia
Total (station inch illion slug-ft
) Mass station inches) (million slug-ft~)
ESS Payload (Slugs) X Y Z I 1 I
cg cg cg XX vy ZZ
NR Tug 5, 440 362 0.2 -1.8 0.57] 3.3 3.3

MDAC Space Station 3,180 268 0.3 -3.1 0.53] 1.8 1.8

NR RNS 6, 190 298 0.1 1.6 0.53| 2.4 2.4

Reference: 7

2.5.4 GUIDANCE AND CONTROL SYSTEM
2.5.4.1 Description

The ESS Guidance and Control System (GN&C) is based on Shuttle
developed technology. The main subsystems are the inertial platform (IMU),
central computing unit (CPU), gimbal engine servo amplifier, attitude
driver unit, rate sensors, and data bus.

2.5.4.2 Guidance System

Inertial Measuring Unit

The inertial unit is a 4 gimbal platform configuration. The Euler angle
sequence is pitch-roll-yaw-roll (YXZX) going from inner to outer gimbal
transformation.
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2.5.4.3 Flight Control Logic

During mainstage boost, the guidance attitude error commands
(8e> Pe and ¢.) are used to point the orbiter and OMS engines with actuators
by means of the following control logic equations:

Engine Commands

6Cp = agFy Be+aq Fq 4y (6-1)
Yaw
= F -
6ey o Fg ¥e 2, F Ty (6-2)
Gyro Dynamics
. !
hy T 9T = Yy 4 (6-3)
. ii
— 1 .
rg TOT + =z YIUi e (6-4)

Actuator Summing Logic

Orbiter Engine Actuator Deflections

LN TR EZL I S (6-5)
5r1p = N27/2 -6 t oy, (6-6)
800 N2/2 T oo, - by, (6-7)
a1 = N2 /2 o, oy, (6-8)
OMS Engine Actuator Deflections
bar = V22 top oy (6-9)
barz = V22 vEg -6y, (6-10)
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8,00 = N2/2 -8, oy, (6-11)
8 12 = N2/2 -85, - by, (6-12)

For point stability and control analysis when single axis perturbation
are used to evaluate stability and vehicular response, the attitude errors are
approximated by Equations (6-13), (6-14), and (6-15).

8, = Xg - 8y (6-13)
b = X¢ - Y1u (6-14)
®. = X¢ " ¥y (6-15)

A flight control system block diagram is shown in Figure 2-31. The
block diagram is conceptual and is for use in determing the stage control
requirements such as stability margins and control system response
characteristics.

The sign convention used in positioning the flight control engine is
shown in Figure 2-32.

2.5.5 ENGINE SYSTEM DYNAMICS

Data are presented on the gimbaled engines used for flight control
during the ascent boost and orbital operations flight phases. Actuation
system dynamics, engine thrust levels, thrust alignment engine mass data
and other data are given for the Orbiter Mainstage Engines and Orbiter
Maneuvering System (OMS) engines,

2.5.5.1 Engine Data

Engine data for use in flight dynamics are given in Table 2-13 for the
orbiter engine. These data were collected from References 2, 4, and 6.
Similar data are given on the OMS engines and were collected from
References 5 and 6 and are listed in Table 2-14 and Figure 2-35. Thrust
build-up transients are shown in Figures 2-33 and 2-34 for the orbiter and
OMS engines, respectively.
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Table 2-13. Orbiter Engine Data

CANT ANGLE ~ YAW PLAKNE
GIMBAL POIRT LoOCATION |
Xe ‘
- Ye
h +
MASS, Mme , WET

CENTER -OF - GRAVITY (FRom -
G IM DAL POI.NT)

K

Y

z

MOMENT OF INERTIA (GINBAL Pomrj B
- .‘.Ix )
Ty N .
1, : ,

PARAMETER VALUE
THRUST (NOMINAL ©Vacuum) 632,000 L&
NOMINAL MiIX RATIO o
THRYST VECTOR ALIGNMENT ) 30 fin From ¢
THRUST OFF-SET (FRCM GIMBAL Oe & INCH

CENTER)

GIMBAL ANSLE RATE 10 ©es/sec.
GIMSAL ANGLE ACCELERATION 513 peEg/sic
GIMBAL ANGLE LimIT 17 OEe6
ACTUATOR LiMiT 11 DEs
LOADS ALLOWABLE ON ENGINE

LONGITUDINAL — STEADY STATE 33 .

LONG ITUDRINAL — DYNAMIC 1 Ve §

LATERAL — STEADY STATE 1089

LATERAL-DYNAMIC ' 1026 9
THRUST ONM-OFF TRANSIENT FicURE 4-|

13 PDEG  grwme
{12 OLtG DY NAMC
S1A 44 1M

P 2R FT
O

El

ia

205 SLUGS

3.8 I°T
;.'IS T
08 7

{050 SL-F1%
5450 S(-fT2
5550 St-rTl

C REEL Rt ,
| EECRENCLG: 2,60
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Table 2-14. Orbital Maneuvering Engine

PARAMETER VALVE
THRUST (NOMIAL QUACIOM) & | . 10000 LB
NOMINAL MIX RATIO . " " @ i
THRUST VECTOR ALGNMENT ~ - L. 2 fn Trom £

THRYST ciFF-st'r (F'-xom 6wem. 3

'ls INCR
GIMBAL ANSLE RATE.. _,“i_, R “21 oes/sac.
GIMBAL ANGLE ACCELERATION =~ Ted
GIMBAL ANGLE LiMIT ‘SDEG
ACTUATOR LIMIT . -1 -t
LOADS AllowABLE ON Eﬂsms a1-3-200 1
THRUST ON-OFF TRANSIENT FISUNE 4.2, ot
CANT ANGLE — PITCH PLANE QD5 sramsd,
GIMBAL POINT LOCATION o (@ os DM

Xe | STA=43 IN |

Ye “; L .. Q o AN &

- T B S L T
MASS , Me , WET ' . 4.6° SWES, 17
CENTER-0R-GRAVITY CFroM emsaL | D &

PO!NT) : "o U N
x Cnes ey
R _ ' ) ' T et T
T L . B 7 .08 F7 {
MOMENT OF- INERTIA ~ | , ' ,

b T T 32 sL-FT2

1y .t 2a SG-FT*

T - _ 2] sL-F7*

REFERENCES: 5,6 L -
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3.0 CONFIGURATION DEFINITION

3.1 USE OF EXISTING LH TANK OUTLET ELBOWS
WITH SPACE SHUTTLE ENGINE

The expendable second stage features two space shuttle engines.
These engines require much higher fuel flow rates ~“han do J-2 engines and,
therefore, need larger feed ducts. To minimize the S-I modifications
required for the ESS, an analysis was performed to determine if the existing
LH, tank outlet elbows can be used with the shuttle engines.

3.1.1 CONCLUSION AND RECOMMENDATIONS

The existing LH2 tank outlet elbows cannot be used with space shuttle
engines. A 13-inch right-angle elbow should be used instead.

3. 1.2 DISCUSSION

The analysis performed on the LH, tank outlet elbows is presented in
the following section. The results may be summarized as follows:

1. At the anticipated flow, a velocity of 98 ft/sec occurs in the
existing LH)y tank elbow. This is considered acceptable as it
is slightly below the 100 to 120 ft/sec normally used as an
upper design limit.

2. A pressure drop of 3. 8 psi occurs. With the existing LHj tank -
structural capability and engine NPSH requirement, this is
acceptable.

3. The cavitation constant is less than one. A cavitation constant
of twe or greater is generally considered acceptable. For this
reason, the existing elbow is considered unacceptable.

Research indicates that a 90-degree angle out of the tank represents
a more desirable configuration than does the existing LH, tank outlet.
Since a 90-degree configuration is considered acceptable in terms of
pressure drop and cavitation, the selected ESS will utilize a 13-inch
90-degree LH2 tank outlet elbow. The ESS propellant feed layout shows
both a 90-degree and a 30-degree elbow.
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3.2 ENGINE INLET PRESSURE AND TEMPERATURE, ESS
PRESSURIZATION SYSTEM BASELINE CONFIGURATION

Estimates have been made for the engine inlet pressure and temperature
of an ESS using two space shuttle orbiter engines. The results are based on
a pressurization system baseline configuration in which an orifice controls
the pressurization flow into the tank and vent valves control propellant tank
pressures, which are set at 27.5-29.5 psig for both the LO, and LH) tanks.
The engine inlet temperature, during both the start transient and mainstage
operations, should be regarded as typical only, inasmuch as the total heat
load to the propellant and the performance of the recirculation (engine inlet
prestart conditioning) system have not been established. However, the
selected temperature values are based on S-II experience, and are consid-
ered conservative.

Figures 3-1 through 3-5 present the data and results relative to the
engine inlet pressure and temperature during the ESS burn. More than ade-
quate NPSP is supplied during the start and mainstage periods for the
conditions assumed, and it is evident there is room for compromise with
other areas of consideration, such as propellant feed line size, tank pressure
levels, insulation, and liquid residuals.
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3.3 SIZE OF ENGINE HELIUM SUPPLY BOTTLE

3.3.1 IN-FLIGHT AND PRELAUNCH DEMANDS

The in-flight and prelaunch demands are as follows:

1.

9.

10.

Prior to liftoff: 130 SCFM

First-stage boost: 29 SCFM

Nozzle extension: 290 SCFM

E/S-1.5 sec to E/S +2.5 sec: 670 SCFM
E/S +2.5 sec to E/S +4.0 sec: 11,600 SCFM
During ESS burn: 50 SCFM

C/Oto C/O +1.5 sec: 11,300 SCFM

C/O +1.5 sec to C/O +3. 0 sec: 1170 SCFM
Nozzle retraction: 290 SCFM

Propellant dump: two l-sec bursts at 22 SCFM

3.3.2 TOTAL REQUIREMENTS

The total requirements are as follows:

1.

Allowing for venting the airborne line at T-60 sec

60/60 x 130 = 130 SCF
Boost time = 240 sec

240/60 x 29 = 116 SCF
290 x 8/60 = 39 SCF
670 x 4/60 = 45 SCF
11,600 x 1.5/60 = 290 SCF
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6. ESS burn =~ 200 sec
200/60 x 50

7. 11,300 x 1.5/60

8. 1170 x 1.5/60

9. 290 x 10/60

10. 22 x 2/60

Total

1

pHE at STP = 0.01 11.5 1b

For 2 engines
2300 SCF and 23 1b

3.3.3 BOTTLE SIZE

167 SCF
283 SCF
30 SCF
49 SCF

1 SCF

1150 SCF

Assuming an initial pressure of 3000 psig and a final pressure of

1400 psig:
AP = 1600 PSIG

2300 3
1l = ——x 14. - .
Vo 1600x 7 21. 1 ft

For 4500 psig:
3
Usable = 1.6 1b/ft

—23—“’3 = 14.4 ft° — Use 15 ft°
1. 6 1/ £t
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3.4 ESS ORBIT MANEUVERING SYSTEM (OMS) SIZING

The following design data were developed in sizing the OMS tankage.
Total Impulse = 9.49 x 106 lb-sec (includes contingency and deorbit)

Tank Volumes for Separate Tankage:

3
LH2 = 900 ft3 + 10% ullage = 990 ft
RL-10 3 3
LO2 = 279 ft© + 10% ullage = 307 ft
(10% boil-off and chill-down allowance is include(d)
UDMH 50/50 = 216 + 10% ullage = 238 ft3
ILMDE 3
NTO = 216 + 10% ullage = 238 ft

Inside Diameters of Tanks:

Single Spherical Tank

RL-10: LI—I2 tank — 12,4 feet
LO2 tank — 8.4 feet

LMDE: UDMH 50/50 — 7. 7 feet
NTO tank — 7.7 feet

Two Spherical Tanks

RL-10: LH2 tanks — 9. 8 feet each

LO2 tanks — 6. 7 feet each

ILMDE LDMH 50/50 — 6. 1 feet each
NTO tanks — 6. 1 feet each

Note: High-performance insulation will probably add
0.5 foot to cryo tank diameter.

Torus for LHp only with 85-inch R - cross section diameter is
5. 4 feet (without insulation).
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3.4.1 TANK MOUNTING ON ESS
The following are applicable to ESS tank mounting:
LMDE

Two modules (each module containing an engine with a UDMH 50/50
tank and an NTO tank) are mounted on the exterior of the thrust cone.

RL-10

1. The space inside the thrust cone is not adequate for mounting
the required LH2 tankage.

2. There is sufficient space on the exterior of the thrust cone to

accommodate the necessary tankage. This means the installation
is possible but cannot be considered practicable until the
following are completed:

a. Structures group must analyze to determine if mounting is
possible.

b. An RL-10 thrust structure must be designed.

c. A thermal protection system must be devised to protect
the engine during main engine burn.

3.4.2 TANK SIZE — NEW SHUTTLE OMS ENGINE

I = 454 sec
Sp
9.49 x 106 4
—.——2 = 2.09x 10 1b
4. >4 x 10
MR is 5 to 1
1
20, 900 x—6- = 3,483 1b LH2

20, 900 - 3483

17,417 1b LO2
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4,4 1b/ft3

P =
LH2
p = 71 1b/ff:3
Lo, B
3483 3
LH2 Vol =24 - 792 ft
17,417 3
LO2 Vol =7 C 245 ft
Add 10 percent ullage:
3
LH2 = 792 +79 = 871 ft
3
LO2 = 245 + 25 = 270 ft

Add 10 percent boil-off and chill-down:

LH

5 871 + 87 958 ft3<—LH2

270 + 27 = 297 ft° ~—LO

LO2 5

Put into 1 LO, tank and 4 spherical LHj; tanks:

Lo, — 2978t
VvV = _617 1rD3
3
D = —()(—iﬂ = 567.5 ft3
D = 8.3 {ft +6' insulation (3'" each side)

o
1

8.8 ft (LO,)
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LH2 — 958/4 = 240 ft3

D3 - 6(240) = 458.6ft3

w

D = 7.7 ft +6'" insulation

D = 8.2t (LH,)

For CIS tanks, tanks contain 3218 1b LHZ'

13,542 1b = Usable + 10% Usable
13,5
Usable = —"43 = 12,311 1b LO,
3,218 _
~7— = 2925 1b LH,

. .LO, is limiting

12,311 1b LO2

Equivalent LH2 is 1/5 or 2462 1b

Z = 14,773 1b

14,773 1b x 454 sec

I = 6.7x106
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3.4.3 CALCULATE A CURVE

Total LO; LH> LOp LH>
LtoT (1b) (1b) (1b) (1t3) (it3)
| 1 x 106 2,203 1,836 367 25. 86 83.41
2 4,405 3,671 734 51. 70 166. 82
3 6,608 5,507 1,101 77. 56 250, 22
4 8,811 7,342 1,469 103. 41 333. 86
5 11,101 9,251 1, 850 130. 30 420. 45
6 13,216 11,013 2,203 155. 11 500. 68
7 15,419 12, 849 2,570 180. 97 584. 09
8 17,621 14, 684 2,937 206. 82 667. 50
9 19, 824 16,520 3,304 232. 68 750. 91
9.49 20,903 17,419 3,484 245. 34 791. 82
10 22,030 18,358 3,672 258. 56 834. 54
LO, + 10% LO, + 10% LH, + 10% LH, + 10%

Boiloff Ullage Boiloff Ullage 6
(£t3) (££3) (£t3) (it3) Iyor * 10
28.45 31. 30 91. 75 100. 93 1
56. 87 62. 56 183. 50 201. 85 2
85. 32 93. 85 275. 24 302. 76 3

113. 75 125. 13 367. 25 403. 98 4

143. 33 157. 66 462. 50 508. 75 5
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LO, + 10% LO, + 10% LHy + 10% LH; + 10%
Boiloff Ullage Boiloff Ullage
(£t3) (ft3) (£t3) (£t3) ToT X 10
170. 62 187. 68 550. 75 605. 83 6
199. 07 218.98 642. 50 706. 75 7
227.50 250. 25 734. 25 807. 68 8
255. 95 281. 55 826. 00 - 908. 60 9
269. 87 296. 86 871. 00 958. 10 9.4é
284.42 312. 86 917. 99 1,009. 79 10
6/m = 1.9098
1x 10° %DO% (LDH32) L?D23)+ : %1;))2 1(11;1 )2
1 59.78 152.76 48. 19 3.9 3.6
2 119.48 385.49 96. 37 4.9 4.6
3 179. 23 578. 21 144. 55 5.6 5.2
4 238. 97 771.52 192. 88 6.2 5.75
5 301. 10 971.61 242. 90 6.7 6.2
6 358.43 1,157.01 289. 25 7.1 6.6
7 418.21 1,349.75 337. 44 7.5 7.0
8 477.93 1,542.51 385.63 7.8 7.3
9 537.70 1,735. 24 433. 81 8.1 7.6
©9.49 566. 94 1,829.78 457. 45 8.3 1.7
10 597.50 1,928.50 482.13 8.4 7.8
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LO>2 LH>
6 w/Insulation w/Insulation
Ix 10 (D) (D)
1 4.4 4.1
2 5.4 5.1
3 6.1 5.7
4 6.7 6. 25
5 7.2 6.7
6 7.6 7.1
i 8.0 7.5
8 8.3 7.8
9 8.6 8.1
9.49 8.8 8.2
10 8.9 8.3
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3.5 NARSAMS COMPUTER SOLUTION

Inputs to the program for structural analysis are:

1. Node point coordinates in an overall coordinate system
(X, Y, Z)

2. The elastic properties of the finite elements (modulus of
elasticity, moments of inertia, area, thickness, and shear
modulus)

3. Applied loads and boundary conditions

The output from NARSAMS consists of:

1. The node point deflections

2. The elastic properties of the finite elements (modulus of
elasticity, moments of inertia, area, thickness, and shear
modulus)

3.5.1 NARSAMS STRUCTURAL MODEL (Figure 3-6)

To keep the program model to a practical size, the following
simplifying assumptions were made:

1. The structure is symmetrical; therefore, only one half of the
' structure was modeled.

2. The stringers and skin were lumped into ten beam elements
for each bay.

3. Each frame was idealized into nine beam elements.

4. The load-carrying capability of some of the frames was
proportioned into adjacent frames.

5. The skin panels have shear capability only.

6. The attachment loads were applied at node points. No
fitting structure was modeled.
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7. To increase the accuracy of the solution for the region of
load application, the structural modifications were approxi-
mated. This rough sizing made unnecessary the iterating of
the program. The frames were estimated for attachment
loads through use of the ring frame load coefficients in
NR Space Division Structures Manual, Pub. 2546,
(October 1969). The skin panels and stringers were estimated
through use of the method for solution of shear lag problems
in Paul Kuhn's Stress in Aircraft Structures, McGraw-Hill

Book Company (1956).
3.5.2 PROBLEMS INVESTIGATED
The following problems were investigated with NARSAMS:

1. Local modification of shell structure required to distribute
drag load, thereby minimizing total modification required.
The element loads from the computer output were used to
determine the local structural modifications.

2. Structural modification to frames required to distribute
attachment loads. The element loads from the computer
output were used to determine the required frame area,
moment of inertia, and web thickness.

The method employed was to use rough-cut structure, sized to the
general load intensity curves, as input data to the NARSAMS program, then
resize the structure using the program output. This one program provides
internal loads for the entire ESS 33-foot-diameter shell structure (forward
skirt, LH, tank sidewall, and aft skirt). The loads were evaluated, and it
was determined that boost of the MDAC space station and RNS payloads at '
max qa was critical. Figure 3-7 shows the externally applied ultimate loads
to the structural model for these two conditions. The loads at intermediate
stations listed are applied to the model as load intensities (Nx). Their values
are computed to duplicate the applied external bending moment curve and
axial load distribution.
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THRUST CONE FRAME 57 (25" 0&F7%)

AT ENCGIHNE M=6.3 x f0° (comf ouvreesro)

P= 415,000 (COMP. OUTER CAP oneY)
V= 200, 000

L3 X108
OUTBIARD CAP LoAp = /’:———4 +P = éf; + /5, @4
: 2
= 484,83 +4/5, 000599, &
. _ 899,60 - - e
REP D <ACAPoursoAtzo o = /5.0 1n
M
INBOARD  CAP LodD T G- * 484,000 rensron
. | 484, 600 “
EQ'D — J = \
kEa (ACAr)/NSOAﬂD 6,000 6.9Z m
V 200 000
REG D t = . - _— - .
wes AT T 13 x 44,00 3/7,6
AT  Fo° M= 6./5 x /0° (7EHS10H ourBa/mD)
P = /50 000 (TEASION  JUTER CAP orl)
V= 790,000
’ /S X%
OUTBOARD CAP LOAD = Z/j rP= 4—/3"” + /50,000
&
= 4973, 00 + /50,000 = 623,40
TEN.
Re @' D (ACAP = CL207 . 5 g

UTBOAARD 701500

7
INBINRD CAP LoAp = f‘ = 473 999 * conr”

g 4773, 000
- " .( . - / ,=. b
EE-@D ‘\A(‘Al)[N‘BOA/J,D - 60,@ 7- q/”
Vv 170,000
f:\)é: '0 Z - —n - —— = .
¢ We 4 A /% R 40N 3/8
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LOADS M= 246,/00
P= /690
V= ¢260

6,/ 0
CAP LoAp = Z"i'- £ 24400 1,09

7 -

Y

35,200 + 5500 =40,707

49000
REQ D /4 = —_— = L8t
@ ChAe 50,000
. - 4 6250
REG o .‘(:MB AT = e T 0%

vse osa (M)
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THRUST Cone fRAME 05 0 (N DEFTH)

M=z 1 xp% (come ,mgonso)
= 32,08 (CoMP. 0UTBOARD CAP anry)

V= 24, 000

LoAps AT 0° § . 90°

(_/ar ENGINE )

\

INBOARD CAP toap = M — _
: h /0 -

ﬁﬂp o CAcAﬂ maa,;.fo = $0, wo

- 32000 = /00,00 -32 2o

OUTBOARD CAP (0AD =
| = &g 000 (7?/./.// on)

68,000 .
Q' = 2 - /3
REG'D (AW)MGO o oam = AF6

24, %0 - .08

REQR'D - =
¥ -eweg A T‘ T /0(30,00) _
LOADS 4$°— /35° (CoNerr) - M= 600,000 (ot 0 UTBOARD)
| P= /5,000 (mF ours'p cAr)
. V= 6500
. ‘ M &
INBIARD CAP LOAD = 4 = _63:‘000 = O, @0 " (rension)

o ©0,000 _ .
REQD (ACAPJ//VsoARD - ,S.OJ ow prond /n 25 Vda's

OUTBOARD CAP L0AD = -’,l:'— + P = om0 + /500 < 15000" ]
. (cor2.
| 1S, 600
' - i S - ,:
REQ'D (AC’W>M8M@0 = o /.5 rn™
Reap T = L . L50__ _ 433y

: ves 10 (20,000) e 050
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THRUST _coné _FRAME /46 @ verr#)
LOADS M= 393, 800
3 : P = 40,000

V= 42006

3723, 549.. . 40,050

7 e I

caf Loap = L4 P
h ‘—r.

= 56,200 +720,00 < 96,200%

. [} r?
REQR'D ACAP— }%_w = /52
Vv 4100
E ‘D - —— - —_—
REQ t‘UE’B 4HT 7 (zo0m) ~ 030
| | ’ ufe a5
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- 91¢ -

STATION 52 FRAME |

‘AT ENGINE _TAPERS TO AT 90°
e 7.0 ___-j & e 6,0 —>
f pt—— —— = L/’ - S -
K A 1.25 -
i — - T ==F :
3?0 1 3.0
3 o l 0,375 -
L 0.375 e —
15.0
11,0 11.5
0.575 —w e 0.375 = je—
f 0.375 - — T 0.375 it
3,0 3,0 |
¥ } . Y
1.0 J .1025‘
I e— 60 — I 60—
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- L1e -

STATION 105 FRAME

. AT ENGINE TAPERS TO | CONSTANT 45° TO 135° .
0.5— fe— 3. o(m)—g- 0.5 — I*—B-O(TYP),—:{
= - f - -1
— I e
1.2SITYP) 1 o 1.25(TYP) - ,l o I
10.1(TYP) —f e 0.07(TYP) -»1
0,08 —d fem 0.05 ~>pa—
110.0
7.85
8.1
0.6"5 }_ | | oud j : ,
R 2 I :
k3 ¥
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= 81¢ -

STATION 140 FRAME

4.0

o.37s(m=).—; I‘— (TYr) 2
—= ’—;T’ | ] *.

‘ouzs(mre) +] e

1005 —fre-

:7025; ;9'01

STATION 78,5 FRAME

0.09(1¥p) ~>{fre=

© 0,05




2I-0%1-1L dS

. CROSS-TIE BEAM

1.0 (TYP) —1 - 5,0 (TYP) > -

| !
[. —_—
3.0 (TYP) - .
5 { |
v 0.5 (TYP) —-‘ e—
12.0 15.0
" 0.125 = e
l‘ Y

'CROSS=TIE BEAM AND SUPPORT

CROSS-TIE SUPPORT

0.6 (TYP) g }<-—s.o (TYP)-’"
— '

e T

0.25 (TYP) —>

0.0T1 <

|

[—.
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SYM. ABOUT N.A. —\_ﬂ

ENGINE SUPPORT EEAM

ONE ENGINE CONFIGURATION

SECTION A-A

N C=C

— A B e C
[—16.0

ARRRN 1‘

. '
30.0 |- — — >~ 18.0

L]

Em J

N 1

L A B c

TAPERS TO SECTION B-B. TAPERS TO SECTIO

235 i-\- 6.o~»|
T

| — 0,250

——— b

iL

0.975—, "' 6.0

-

1

o

SYM. ABOUT N.A.

jt— 0,290

i

pe- 5.

0.600
1 f emap—

ol

o~

1

lé— 0,340

C Ly
SYM. ABOUT NoAs = H
\
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THRUST LONGERONS )

STATION 52 , TAPER - STATION 105

o 5.0(TXP)—’I 5. o(np)-—{
1.0(TYPR) 3 , . -0,375(TYP) 3
-~ li - "l A L_ﬁ—r
T F — 1.5_33»5.’ t

‘2.5(TYP)
K A

} 10.25(TYP) ¥ -
0,25(1rP) »| [e—

15,0 :10.0 :
12,0

10425 —>fe- J

STATION 105 TO STATION 174

[—v"

o
T

I‘PO 25

£°
'r
..J.

375
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FORWARD SKIRT STRINGERS

STRIKGER SPACING = 8.64 INCHES
(144 S’I‘RINGERS)

o 2,00 ————3

¢ |
%
- crown
L Y Y .
1 .875_ 0.060 __’i -
}" 0.82 » l Yoot
0.100 |
3 Y I — 1 ¢
) 3
—F [
‘e' 5.88 (EFFECTIVE SKIN) )‘
STA. - STA. t e rown t foot A I Y
724 - 741 070 .110 1.125 0,545 1.499
741 - 781,075 .090 1.012 0,561 1,469
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FORWARD SKHIRT FRAME 7¢7

STABILITY FRAME onNLY

o,
T ™R M 7 (173) Gaare)

RE®'D = 4000 £o- | doco(b.Sxrt) (795761 )

IQEQ‘D = //. /é

I S. 50" EFFecrive sk
. 2.0 ' .'

T .

\

~AJ

_ T
T 1% & 10 s

~| -

625 || : A= .494S
T = /170%
6.7 - — . 06 J = 2.131%

s

'l T
i A0
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FORWARD SKIRT STABILITY FRAME

STATION 767.0

0.10——} '-<—-——2.oo————>{ 0,100 SKIN

2
L . | 1 ?3(

SECTION PROPERTIES : A = 1.495
n
(5.50" EFFECTIVE SKIN) [ _ . o
Y =2.131

6425
6.75
o.;os—>-<-
0.09—>| T—
T
0.90
l 1]
- - , S |
010 e 20715 — 5|
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FORWARD SKIRT  FRAME 795

(22" veern)

P

P= KICK LOAD FRoA DRAG AT SEFPARATION
P _ (400, oD X/4-) x qué‘ccavre'ci"“/

ST (831- 795)

P= /40,000 # vLT .

PEENEMUNDE : M, = 24(/40,00)(/98) = 6653 x16¢
P = .25 (120,000) = 35,000
V¥ = .50 (190,000) = 10,000

ASSumPrion FeR  St2/n6, USE -3—'- OF  PEENYLrronE LoAp S

CAP tosp = S L 2 - (c.c53x3 ) +(?5°09/3)
- A' < Z/ 2
= /05‘,600 + £800 = 1L, 400 7
~ )//,4-00 .
RER®'D A.Cﬂ».p: ——————90,000 = l. 6 N
- V o (aofk)
Reed T = — _(mooss.

e N > .058

VSE L 063
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FORWARD SKIRT FRAME

STATION 795.0

i C |
T
2,0
4
0.09 —>{ e
'SECTION PROPERTIES : A = 4,652
: I = 434.4
? Y =11.0
22.0
0,063 —>|fe—
| C ' 1
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FORWARD SKIRT fFrRAme 031 (40" peEPrH)

SD 71-140-12

- ®
T T~
7 ~
@ AN
;-// \-.
//
| \
@ -
\
\
\
© @ ©) @ ® ©®
M A.7 r10% | D64 x10%|~2.33x/0% [-4.46 x16* | £70,000 | 3.2 x/0®
P 365, 000 389,000 | 213,000 31/, 000 29,000 | s6, 00
Y o /72,500 #, 000 37,500 3¢, 000 o
GENERA L ,
M P
CAP LoAp = —— ¢+ —
. 39 T
weg usE V= 40,000
V. 40,000 .
= — .0
v hr 49 (20,000)
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FoRwARD SKIRT FRAME @3; (40" pepre)
' .9 x10®
O) CAP LoAD = ¢ 3;' + 3‘:‘5”“ = 123,950+ /87,500
(o%%) 200 450 = 306,450
. Acry® “ho,000 ~ 4.38 ™
L.6¥ %10 ), Q0
@ " CAP LOAD = q—g%’-— + ”Z = 263,70 + 194, SO0
2.1, A = i
(121 o). R P 418,200
e cap.” 70,000 i
B .
® CAP [6AD = lﬁ}% + 7.;3)000 = 6/,30 + /06,500
3 ~ =
(/3 /4%)' _ en,820 = /67,820
.. che - 70,00 = 2.46 ¥
.46 x fo* 0
@ _ CAP WAD = ¢ ta + 3"2 % - 117,900 + 15, G006
(zs7) A' , = ;32,900 %
, 132,440
s A, = —— /.20 n*
CAp 0,000
- &70, 29, 600 '
® CAP WAp = 30‘”0 + ;“ = /7,636 % 14,500
@5 %) | = 32,/306
32,/3 -
. 2 =72 ___ = .46
’ Acne 70, 000 0.46 N
1ot 000
© CAP LOAD = 1;—;— + —5—‘1—_—— = 84,20 + 28,000
(zhn) = 12,200
. /12,200 .
Acne 70,000 /.60 1~
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0.00
" 11.25
33.75
67.50
112.50
157,50

STATION 831.0

/.

FORWARD SKIRT FRAME

11.25
33.75
67.50

112,50 .
157.50°

0.7
1.05
0.38
0.30
0.07

.0°250T.

6.72 2110

5.77 1743

3.04 670 -

5.8 1512
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AFT SKIKT STRINGERS

STRIKGER SPACING = 5.76 INCHES
(216 STRINGERS)

|
0.09—} If—QoBO—*

SECTION PROPERTIES : A = 1
(ALL SKIN EFFECTIVE) I = 0.7774
' Y = 1§

I—*

o

[ ]
S

n
il e

N
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AFT SKIRT . SHIN -S7TR/NGERS
VPPER BAY -

(7.3 8' ~283 )

P=(3900x11) &.7¢

= §400 *\5:74» = fZ/J‘?;Y)ﬂt uer
(D/SCONTNVu;TY) M = 7260 xS = 4378 swv-w ULT
283 | (COMPke:smfv IN cRowN)
I [, —'l/L :
el L)(4.7 . (o
0=(EE) T < |Cos e )onme) | (259.5¢53) " = /6. 11
P 31,450 1 _
' 286 .
-£: - :ff: = 2. 8559 SHV——-:.QN(314““WLG§§1) = .28
Jd /6.11 N| .
M' - M - 43 ’78
- SIN 3 - , 2.82.

/15,625 1n~-7=

_ 314% /5525 (12955)
z /.1243 0. 777 ¢
. = 29,970 + 25, 870
= 53,840 e
CROWN L
b - = Z = 16.0
E AlS
I = €3,300
63 300 |
fpafnc - = 0./ :
sl 53,940 f 8 i
t
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AFT SKIRT SK/N - sTRINGERS (UNpisTURBED SsC7/ams)

SECT/ON
7.0
_ 3 |
T
T 72 .
2.0 e Y
| N
<l .69
3 . l EJ ]_F > 'S
\ ' i L] ‘E_
e sot N 071 SKIN
A= 11243 Oz . e3/s
I = 0.227¢ AR 7 42.49
Vs L2988 R e - V2
e . 9375
CRIPPLING |
b
A % . Axc
/  zx.09%.755 = /359 870 =89  sz,000 7067
2 x.09x /. 8925 = .3409 2.9/pq =122.72 49,500 /6, 865
32 .Sy L9 = 2397 2.0/ j255/6.0 63,300 /5,118
s .7/53 \ 39, 04
' 39,047 |
' Gee® sy = SRE9C AU
G (%)~
Teor accow. = Yoo ~gameg : N - .
= 54,580 — (500 (str0) ™ 25 8/0
| LT (10.S%10%) : 2
LoAD (Lower Sav) .
Hrx < 4093 (1l 4) = 8638 n
$76(8638 :
7= 5 ) e, 35, oro p 35, 816
.1243 MS.= 4 -1 = .02
35,00 —_—
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Apf SKIRT FRAMES 206.5 ¢ 238.0 (fmemrr)

Ne: 14 (4883) = 6836 T, (oer)

T - ﬂ\R4Nx - 77*(196)‘./\/-'( - //5(_&)
REQD 4000 € o " 4ooo (/o.sxio“)& o~

(ra,e 2065 ¢ 7380 , e 3.5 )

| 683¢ )
' = . /M5 =
% Ty (3,.5 25.0
3.0
- .
) L : ] .28
71
| 063 > §—
6.
X
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AFT SKIRT FRAME
STATION 31
BASIC : LOCALLY AT
POSITIONS I & IIT
. - s
f ]
—}e— 0,071 -
. —»i pe— 0,071
'5.0 .
110.0
o.ma{ —

) I
0.10 —»| 1 & 2.55 4
LN I - |

2.55 J 1 -L "—600—'_‘* 0087
XY 4 - ,
le———— 6.0 ——> -[.0.55
SECTION PROPERTIES : A = 9,232 SECTION PROPERTIES : A = 12,271
I = 398.7 | | I = 230.9

Y = 7-5 . : ) o ) Y = 5.0
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APT SKIRT FRAMES

STA. 82.5, 128.0, & 174.5 STA, 206.5 & 238,0

e YT k40—

[ 7 1K

2?0 0.25"7 je—3.0 -}
I S ‘

0,063 | ffe- | |

' 0.063 —}
| i 12,0 8.0 : _
0,050 —la— 0.050
1

t = 0,64 (STA. 82,5) SECTION PROPERTIES : A = 2.077 .

=2 0,68 (STA. 128.0). I = 25,67

: .
= 0,70 (STA, 174.,5) . . Y=

SECTION PROPERTIES : A = 5.858 (STA. 82.5)
= 6,174 (STA, 128.0)
a 6,332 (STA, 174.5)‘

I = 174.,0 (STA. 82.5§ :
= 183,0 (STA. 128.0) :
= 187.4 (STA. 174.5)

Y = 6.0 -
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OIS THRUST STRUCTURE

26=% 240
habidnd —c

© 3N 3 313 1
Cagetz ¥ =3
Tt crTr

aes 3 318 1

asd 3 38 1

8

La—:'a—""w?/'} £23 &2 293 §3 35 (3 358 149
110 425 235 16 283
223 §¢3°° I° L—a““ 65 -390 —a2t

< | oy —tge—
223 da235 {6 298 §3 EI ¢

e
]
W
o
&
b o
D @
.
(-]

LTy Toa rre X
Ly TS5 $+55 +66

T 09 228
/!
.'
l'}" f
A R
ELEMENT MABER X Y PROECTION
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01S THRUST STRUCTURE

&7 o3 106 119
68 ] ca 103 128
4 =
. .
‘ w e3 a5 108 127
, /9‘ . /
e /
as 89 a3 o8 103 120
18 / 57 /
ge /
17 3% /
19 '
/ 83 ) e3| . 1ea 123
18 - 58
3| 2 2]
B | €3 g5 83 101 124
12 a3 61—
913 aa 59 83 88 9 108 123
NODE NUMBER X Y PROJKECTION
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01S THRUST STRUCTURE

62 4 E3 169 113
63 7 =5 162 5
Eg /n 9 103 116
e
3 %
3 38 A 78 91 104 117
l“-g‘/{/ 52
Y / 39 /
‘26 /
1
5 66 79 82 105 118
53 /
- 4o /
./
. 18—
18 28 w1 =1 80 a3 106 e
18 .
\Q'Nsa\
5
\sa%\sn o 107 120
29 \w\
10 \‘k '
ald \ \55\
\§ 69 95 108 121
\}\\e ) 109 122
7 \ @] 1o 123
kl 1% € LAE 1oy
NODE NUMBER X 2 PROKCTION
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015 THRUST STRUCTURE

T e et V= = A ey
«él—@——&w———tﬂu—‘sﬂ Rt
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1|8 27 ! T
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4 239 ¢5 288 fo 300 f0o J2 g2
2v0 30 292 © .
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229 9 241 .
253
——y 3 855 ¢7 283 19 301 1 313 193
Tr3e
1le 52|
230
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3.6. BOOSTER LOADS AND STRUCTURAL SIZING

The ESS launch vehicle, consisting of the shuttle booster with a
modified S-II stage mounted in place of the reusable orbiter vehicle, was
analyzed with the following payloads:

Space Station (MDAC configuration)
Space Tug
Nuclear Stage (RNS)

Loads and structural sizing study were determined to verify the feasibility of
this launch vehicle concept and to identify structural design requirements
that differ from those of the shuttle launch vehicle. The following sections
describe the methodology used to conduct the loads and structural analyses.

3.6.1 GROUND RULES AND OBJECTIVES

The overall objective was to minimize the impact of the ESS, with its
various payloads, on the shuttle booster. To minimize internal body loads
and the amount of strengthening required in the structure at the interstage
attach points, aerodynamic loading limits were established that were less
than those applicable to the shuttle launch vehicle. During the maximum
dynamic pressure region of flight, in particular, these limits were selected
to constrain aq to within +1500 and -2900 deg-psf, and 8q within £1600 deg-
psf. For aq, the -2900 deg-psf value represents, in general, the structural
capacity of the aft lower portion of the hydrogen tank, and the total range of
4400 deg-psf represents the minimum control limit. The Bq value of £1600
is also a minimum control limit. The aq and Bq constraints must be satis-
fied for the shuttle synthetic design wind conditions and without exceeding the
booster thrust vector control system capability defined for shuttle. In
addition, all attitude stabilization and control system modifications required
by the ESS launch vehicle to achieve the essential load relief were confined to
the areas of system software. Both trajectory shaping and load-relief tech-
niques were employed to satisfy the @q and Bq constraints.

3.6.2 APPROACH

The approach to booster structural sizing is shown in Figure 3-8. The
booster was analyzed only in the mated configuration with each of the three
payloads shown. From stage separation to booster touchdown, the shuttle
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booster structural capability is adequate. The analyses conducted for each
of the three mated configurations consisted of the following:

1.

Booster loads were determined from a consideration of 1-hour
ground winds, liftoff plus l-hour ground winds, maximum aq,
maximum PBq, the point in the trajectory where the maximum thru
thrust level is reached, and burnout. The loads were determined
using Net Load II, a program for the determination of net loads
(described below). Certain analyses were conducted separately
to provide input to the loads program. These consisted of:

a. Ground Loads., The magnitude and the point of application of
these loads were determined as described below.

b. A six-degree-of-freedom control simulation program was
used to ensure that the aq and pq constraints defined above
could be satisfied and to determine the angle of attack at max-
imum aq under headwind and tailwind conditions.

" ¢c. Aerodynamic load distribution data were developed for the

booster body plus point loads for the wing, canard, vertical
tail, and ESS. The flight conditions consisted of maximum
aq headwinds, maximum aq tailwinds, and maximum Bq
(pitch and yaw planes).

d. Integrated system mass properties were developed for the
ground and flight conditions to be investigated.

Separation system linkage loads and the resultant loads on the
booster bulkheads during separation were determined using the
six-degree-of-freedom multiple-body separation simulation
digital program,

The body load intensities and the bulkhead loads determined in
Steps 1 and 2 were compared with the shuttle booster design loads.
Identified were all regions where the shuttle design loads were
exceeded and the corresponding ground or flight conditions.

The required changes to the shuttle booster structure and the
resultant weight increases were then identified. These changes
basically added material to the booster bulkheads and the body
skin and stringers to provide increased shear capability for local
areas. DBecause of the nature of the structural changes, it was
considered impractical to make field modifications that would
provide the required "'beef-up'* for the ESS mission and then be
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removed upon completion of the mission. It was therefore
assumed that the required changes to the primary structure of the
booster would be incorporated in the original design and develop-
ment of the shuttle booster

3.6.3 GROUND WIND LOADS

Ground wind loads were determined for the mated configuration on the
launch pad. Conditions investigated were the 2-week and l-hour wind profile
profiles defined by NASAI. The base of the booster is assumed to be 100 feet
above mean grade. Loads are claculated by dividing the vehicle into a series
of sections, computing the loads on each section for the wind velocity at that
height, and integrating over the vehicle to obtain shear and bending moment
distributions.

The running load at a point on the vehicle is given by

F = 0.00119 C CHV2D

where F is the running load (lb/ft), C is the dynamic amplification factor

(1. 6 in this case), Cp is the drag coefficieat (1, 0 in this case), V is the wind
velocity (ft/sec), and D is vehicle width (ft), The C and Cp coefficients are
consistent with those used for all General Dynamics space shuttle ground
wind analyses. These coefficients, considered conservative, should be
verified by wind tunnel testing.

3.6.4 BOOST-PHASE STABILITY AND CONTROL

A six-degree-of-freedom digital simulation was used to analyze the
time-varying stability and control aspects of the boost phase., The principal
simulation activity was the determination of thrust vector control gimbal
angle requirements and trajectory parameters for design wind profiles. The
rigid-body stability characteristics and the blending of aerodynamic control
surfaces with the TVC system were also investigated (see Volume II,

Book 1).

3.6.5 BOOSTER/ESS AIR LOADS
Launch trajectory data, similar to that presented in Book 1, and

component aerodynamic data versus Mach number were used to determine the
design flight conditions that produced the maximum component loads. To

1Structural Design Criteria Applicable to a Space Shuttle, NASA SP-8057 (Jan. 1971).
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ensure maximum loads on all components, flight conditions were explored
to provide maximum positive and negative normal loads and maximum side
loads. The total launch trajectory was investigated, and the design flight
conditions occurred at maximum aq and fq between Mach 1.0 and 1. 2,

For the design flight conditions, the total booster and component loads
were determined from wind tunnel data. Interference factors were applied
to these data, and total integrated booster/ESS aerodynamic data derived.
Each flight configuration was balanced to the total integrated data.

3.6.6 COMPUTER PROGRAM NETLD2

This program determines net loads due to a specified loading system
at any number of stations along the longitudinal reference axis of each of two
interconnected vehicles. The loading system consists of the intertia loading
system and the external load system. The inertia load system includes loads
due to vehicle acceleration in the three coordinate directions as well as
pitch, roll, and yaw accelerations. The external load system consists of
air loads, point loads, engine thrust loads, and trim loads due to engine
gimballing. Air loads for each vehicle, in the form of running load distribu-
tions along the longitudinal reference axis of the vehicle, are required input
to the program. The air loads are given as a load distribution each for lift
loads, lateral loads, and drag loads. DPoint loads for each vehicle are input
in the form of load components and bending moment components at specified
coordinate locations in the directions of the positive vehicle local axis sys-
tem. Right-hand rule reference system is used. The total engine thrust for
each vehicle is required input data. The user has the option of putting in
either individual trim loads for each vehicle or rotational accelerations of
the interconnected vehicle system.

If the trim loads are specified, the rotational accelerations of the
interconnected vehicle system about the combined center of gravity are
calculated as the quotient of the unbalanced moments and the combined mass
moments of inertia. If the rotational accelerations are specified, the inertia
moments are calculated as the product of the rotational accelerations and
their respective mass moments of inertia, These moments are combined
with the moments produced by the specified external load system moments.
Trim loads necessary to put the system in moment balance are then
determined.

Vehicle load factors are determined by summing loads in the directions
of the coordinate axes and are calculated as the quotient of the resultant

loads and the vehicle weight.

Interconnect loads are determined by separating the vehicles and
calculating the loads required to put each vehicle in balance with the
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individual external and inertia loading systems of the vehicle. The
interconnect loads are then included in the external loading system of the
individual vehicle. Finally, net loads are determined by cutting the vehicle
at the desired stations and summing the external and inertia loading systems
at each station.

The net station loads are resolved into distributed load intensities at
eight points around the vehicle circumference in a ''load envelope' computer
program. A subroutine of this program computes the thickness (t) of
structural material required to carry the maximum load intensity at any
point, including the influences of propellant tank pressures, using stability
tables derived from a separate plate-stringer optimization program (Nova),
The weight of a component such as the LH) tank is computed by integrating
the product of t and material density over the tank surface. For ESS, weight
differences with the B-9U are determined by comparing the B-9U and
B-9U/ESS LH, tank weights computed by the above method.

The weight of the thrust structure is determined by using net station
and point loads in a finite-element computer model. A baseline weight is
defined for the B-9U thrust structure, and, for B-9U/ESS configurations
yielding higher loads, weight increments were estimated by increasing B-9U
component weights by the ratio of the change in load. Attachment loads
between the ESS and B-9U stages are computed with the load envelope
program. They are resolved into bulkhead loading conditions at Stations
1866, 2096, 2666, and 2866 for comparison with orbiter/B-9U loads. At
Stations 1866 and 2866, where ESS loads exceed baseline, weights are
computed by making mathematical models of the bulkheads for use in struc-
tural sizing in General Dynamics, finite-element CLASS program.

3.6.7 LINKAGE LOADS DURING SEPARATION

General Dynamics' Digital Program P5255 was utilized to determine
separation system characteristics, which included linkage loads developed
during the separation maneuver. Inputs to the program consisted of mass
properties data and initial condition inputs such as q, «, 3, y, altitude,
velocity, and Mach number. In addition, inputs included geometric data
peculiar to the ESS (plus payload)/booster linkage arrangement and ESS
engine positions.

Separations were simulated which corresponded to cases where one and
both engines were operative at normal staging points. Output of the simula-
tions included link loads. Structural sizing of the mating/separation system
linkage elements was based on the use of those link loads developed before
separation and the complementary loads developed during the separation
maneuver,
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3.7. SEPARATION SYSTEM SIMULATION

3.7.1 INVESTIGATION GROUND RULES

The following ground rules were applicable:

1.

Rigid-body separations were to be investigated for the following
booster payloads:

a. ESS with nuclear stage

b. ESS with MDAC space station

c. ESS with space tug

Simulations were to be made of separations occurring at normal
staging points of specified trajectories, where aerodynamic effects
are minimal,

The booster thrusted linkage separation system linkage concept —
as used for the baseline booster/orbiter separation system — was

to be used.

Staging simulations were to take into account the following
conditions:

a. Two ESS engines operative, and 10 to 12 booster engines
operative

b. One ESS engine operative, and 12 booster engines operative

3.7.2 INPUTS

General Dynamics' Digital Computer Program P5255 was used to solve
the equations of motion for the booster and ESS/payload. Inputs included
mass properties, shown in Tables 3-1, 3-2, and 3-3, and end boost trajectory
variables shown elsewhere in this data book,

Comparison of the inputs indicated that separation simulation of the
ESS/space tug configuration was not warranted since the ESS/nuclear stage
and ESS/MDAC space station bounded the separation simulation kinetics
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 Table 3-1. Flight Seqdence Mass Properties Summary (RNS)

>

WEICKT | CENTER OF GRAVATY | MOMENT OF, INERTIA .|PRODUCT O INERTIA
© o (LB) (INCH) (SLUG-FT 2/100) (SLUG-FT2/1
© MISSION EVENT . 4 | BOGSTER KEF. AXES '
' N LOCATION
. 1
ol e (Yo %o [t (M |tz Ty | I |l
e - e
( ESS (811 -+ RNS) AT LIFTOFF # 669,420 | 22516, 0| 850.0| 1.332| 45.164 45.166| 0| 0 0
VOUIFIED B~9U BCOSTER ##
T LYFIOST #i% ‘ |3,298,223 | 2310.1| o |37.4{ 13.39| 456.9 |456.5 | ©[-15.8 | o
RETTRC | 2,211,878 | 2543.8 | ©0|361.9] 12.27( 332.0331.8 | o -6 | o
AT 2.5G - | a,ue7,648 | 27963 | 0 |343.3] 11.35] 225.2|225.3 | o0 |-6.96 | o
AT BUANGUT 815,916 | 3146.6 | 0 {332.5| 9.81 | 106.5 | 107.8 0 [-2.20 0
COUBINED B-9U + ESS
AT LIFTOFF e 3,967,643 | 2300.3 | 0 |454.7| 41.89| 529.6 {502.0 | 0 |-19.2 0
AT MAY.  Q : 2,881,298 | 2475.9 | O [475.3] 40.02| 413.1(386.5 | © [=27.4 | o
AT 2.5G | 2,157,068 | 2627.3{ 0 [500.5| 38.26 325.5[300.0 { 0 [~-:.5 | o
| AT beanouT ' 1,485,336 | 273.2 | 0 |565.7] 32.40| 236.5 |216.5 | 0 |-39.0 | o

®* Based on NAR Trujeciory,Program run for off;loaded booster (~-900,000 1bs propellant), low q (Received 4/8/71).

#ellocilied E-0U Looster includes an.estimate of 10,000 lba for £SS platform and fairing.
NV 0 ey off—‘oqccd by 900, 000 1bs of propellant "L liftoff.
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Table 3-2. Flight Sequence Mass Prope'rties Summary (MDAC)

aa

Yodification conalsts of the addition of 10,000 1lus for BUS platform and falring.

N &K STR 475 (S5EE TRAIGcTHBMRY )

WEIGHT | CENTER OF GRAVITY |MGMENT OF, INERTIA PRODUCT OF, INETIA
LISSION EVENT - BOOSTégNﬁgg. S (SLuG-FT</10°) (SLUG-FT</10°)
LOCATTON
W Xeo (Yoo | Zeo (Txx | Iyy | lz2 Iy | Iz | In

5SS (S-1I + STA.) AT LISTOFF # 991,687 gzzzgo O |850.0 {1,619 | 46.24 | 46.24 of o 0
YOOIFIED B-9U BOOSTER %% 3 .

AT LI¥TOFF : 4,198,223 | 2162.9 | O |379.9 | 4.38 | 552.4 | 551.8 0 |-18.5] 0

AT VX, Q. _ . 2,860,726 | 2393.4 | 0 |[370.5 112.96 | 409.6 |409.2 0:l.-.3| O

AT 2.066 2,156,501 | 2559.2 | 0 |360.9 |12.20| 324.4 | 324.2 o |-1.3] o

AT BUINOUT . | 815,916 | 3146.6 | 0 |332.5 |5.81 | 106.5 |107.8 o |-2.20] o
COMBINED BoSU + ESS

AT LIFTOFF . 5,189,910 | 2174.2 | 0 |469.7 | 54.26 ] 637.5 | 598.7 0 |-13.7] o

AT UAK.  Q . . [ 3,852,613 | 2349.3 | O [493.9 |51.12 | 497.0 [460.1 0 (-274 | ©

AT 2.066 - .| 3,1u8,188 25;3.0 0 |515.0 [48.90| 422, {387.1 | o [-35.5| o

AT UOUT ) 1,807,603 | 2639.3 | 0 |616.4 {37.31| 261.2 | 236.6 0 |-ue.4 | o0
#  Linred on NA Trajeétory Propram run for MDAC S5 dated 4-12-71.
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Table 3-3. Flight Sequence Mass Properties éummary (Space Tug)

' ) WEIGHT CENTER OF GRAVIFY | MOMENT OF INERTIA |PRODUCT OF INERTIA
' . 2,148 2,8
MISSION EVENT ' - (LBS) (INCH) (SLUG-FT“/10") (SLUG-FT=/10°)
BOOSTER REF. AXES
] LOCATION
. v Xca |Yea | 2ca Iex Iy | Y2z | Ixy | Ixz | vz
. 4 A .
ESS (S~-I1I + SPACE TUG) AT LIFTOFF* | * 691,523 | 2254.0.} O |850.0 | . 0.753 30.{37 30.45[ 0 0 0
MODIFILD B-9U BOOSTER **
AT L1FTOFF . 3,848,223 | 2217.6 | 0 | 378.1 13.92{514.3 | 514.3 0 -17:5 0
AT MAX. Q (407 PSF) 2,693,517 | 2428.4 | 0 | 368.7 12.79 |390.6 | 390.3 0 -13.7 o
AT MaX. G (2.47 ) 1,651945 2725.5 | 0 | 348.9 11.57 |252.4 [252.4| © -8.25.| 0
AT BURNOUT 815,916 | 3146.6 | 0 | 332.5 9.814{106.5 {107.8 0 [-2.20 0
COMBINED B-9U + ESS
‘AT LIFTOFF : 4,539,746 | 2223.2 | 0 |450.0 42.85[573.6 | 544.9 0 -15.3 0
AT MAX. Q (407 PSF) ‘ ‘ 3,385,040 | 2392.7 4 0 | 467.0 41.06 |452.2 | 424.3 o -23.6 o}
AT MAX. G (2.47 ) = 2,343,468 | 2536.4 | 0 |496.8 | 38.73|332.6 |306.3 0 -33.1 0
AT BURNOUT 1,507,439 | 2737.1°{ O | 569.9 32.2 [223.0 |202.6 0 -39.5 | 0

¢ Based on NAR Trajectory Program run for Space Tug dated 4-15-71.
**Booster off-loaded 350,000 1lbs at liftoff. 10,000”.1bs added for E3S platform and fairing.

. | )13(:- té, - 74 = ot 3 ( Sz 77{7/&1'.:‘:;}-’//:7 )



problems. Also, for those cases in which 10 or 11 booster engines are
operative, a 50-percent thrust level may be maintained by increasing the
thrust of the remaining booster engines. Consequently, investigation of
these cases was deemed unwarranted.

3.7.3 RESULTS

The results of the computer simulations are shown in Figures 3-9
through 3-20. Tables 3-4, 3-5, and 3-6 facilitate comparison and interpre-
tation of the graphs. A review of the results indicates that for the three
integrated vehicle systems considered, satisfactory separations can be
effected in those cases where one and two ESS engines are operative.
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Sgparatioxi Trajectory - Normal Staging of ESS With RNS Payload

(2 ESS Eng operative)

Figure 3-9.°
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Thrust Scheduling - Normal Staging of ESS With RNS Payload

Figure 3-10.




7

=

4%

-3

oy
PR

NS,

by
e

|

g

-z 4

>
£

o

Figure. 3-11.

SD 71-140-12

Separation System Link Loads - Normal Staging of ESS

With RNS Payload
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Separation Trajectory - Staging of ESS With RNS Payload

(one ESS ENG operative)
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Thrust Scheduling - Staging of ESS With RNS Payload

Figure 3-13.
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Figure 3-14. Separation System Link Loads - Staging of ESS With RNS
Payload (one ESS ENG operative)
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Station Payload (two ESS ENG operative)
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Thrust Scheduling - Normal Staging of ESS With MDAC
Space Station Payload

Figure 3-17.
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Comments/Conclusion

Fig, {Payload Graph Conditions
1 Trajectory | 2 ESS Trajectory, clearances, vehicle pitch rates, attitudes satisfactory,
Eng, Oper. ,
6 Release
governs’BECO
@.1
2 = Thrust " BECO@t = 0.1sec; BECO@ t <.05 sec. will not permit separation to
& Scheduling occur, :
<
3 ‘f‘ Link " Satisfactory except that graph indicates that release may be effected at
g Loads t~.75 sec,
4 :'Zg Trajectory | 1 ESS Trajectory, clearances, vehicle pitch rates satisfactory. Elimination of
U‘;- ‘ Eng. Oper. , ESS engine dwell (not used normally) would improve trajectory,
’é .5 sec,
+ ESS Eng, Dwell,
= © Release ]
A governs,BECO
@ @.1
%
5 - Thrust " ESS engine dwell normally nonexistent under one engine operative
Scheduling conditions. '
6 Link " Satisfactory except that graph indicates that release may be effected at
Loads t<£ 1.0 sec,




21-0%1-1L Aas

- 88¢ -

Table 3-5.

Loads

Fig.| Payload] Graph Conditions Comments/Conclusion
7 Trajectory | 2 ESS Eng. Oper Trajectory, clearances, vehicle pitch rate and attitudes satisfactory.
@ Release Longitudinal clearance less than for BECO = 0,1 sec,
govems,BECO (Ref, Fig, 8)
@ .2 sec, '
9 Thrust 2 ESS Eng, Oper.| Delayed BECO yields earlier release for constant 8 release,
= Scheduling | 6 Release
g governs,BE CcO
'?;‘, @ 0,1 sec.
~y & BECO
&)
g @ 0. 2 sec. |
10 = Link " As could be expected, MDAC configurated ESS yields highest loads.
+ Loads Load histories indicate that release may be made prior tot = 1,0 sec,
8 :,TJ Trajectory | 2 ESS Eng, Oper_J Trajectory, clearances, vehicle pitch rates and attitudes satisfactory.
‘C‘n" 8 Release Compare with Figure 7,
& governs,BECO
@.1 sec,
11 Link " Note effect of BECO change by comparing with Figure 10,
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Table 3-6.

Fig. | Payload| Graph Conditions Comments/Conclusions
12 Trajéctory One ESS Eng, Trajectory, attitude and inertial pitch rates satisfactory; improvement
Oper. , can be obtained by letting release time govern,
6 Release
Governs, BECO
J
@.1 sec
13 Thrust " ‘ESS eng, dwell = 0 which normal for case when one ESS engine is
Scheduling operative, T




3.8 BOOSTER B-9U—COMPARISON OF LOADS IMPOSED BY
ESS/NUCLEAR STAGE, ESS/MDAC SPACE STATION,
AND ESS/SPACE TUG VERSUS NR 161C ORBITER

The loads imposed by the ESS/nuclear stage, ESS/MDAC space
station, and ESS/space tug on the B-9U Booster structure were compared
to those imposed by the NR 161C orbiter, which represents the present
structural capability. Table 3-7 lists the loading conditions used to develop
the current design load envelope. Table 3-8 and Table 3-9 give the peak
tension and compression ultimate loads versus booster station for the cur-
rent baseline. Figure 3-21 gives the interconnecting structural configuration
used in the following loads analysis for the ESS/nuclear stage, ESS/MDAC
space station, and ESS/space tug stage.

The delta weight increases, as determined by this analysis, are based
on the assumption that ground support equipment will be available to render
l1-day and 2-week ground wind conditions noncritical to the booster design.

3.8.1 ESS/NUCLEAR STAGE

Table 3-10 lists the loading conditions investigated for the ESS/nuclear
stage. Tables 3-11 and 3-12 give the peak tension and compression ultimate
loads versus booster station for this configuration.

Figures 3-22 through 3-26 are plots of the loads shown in Tables 3-8,
3-9, 3-11, and 3-12. The shaded portions indicate the areas where the ESS/
nuclear stage-imposed loads exceed the current load-carrying capacity of
the booster body structure. The tension side of the plots are not shaded
because the booster has excess tension capability,

Figure 3-27 gives design limit attachment loads that are applied to the
booster by the ESS/nuclear stage.

3.8.2 ESS/MDAC SPACE STATION

Table 3-13 lists the loading conditions investigated for the ESS/MDAC
space station. Tables 3-14 and 3-15 give the peak tension and compression
ultimate loads versus booster station for this configuration.

Figures 3-28 through 3-32 are plots of the loads shown in Tables 3-8,
3-9, 3-14, and 3-15. The shaded portions indicate the areas where the

- 290 -
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ESS/MDAC space station-imposed loads exceed the current load-carrying
capacity of the booster body structure. The tension side of the plots are
not shaded because the booster has excess tension capability.

Figure 3-33 gives design limit attachment loads that are applied to the
booster by the ESS/MDAC space station.

3.8.3 ESS/SPACE TUG

Table 3-15 lists the loading conditions investigated for the ESS/space
tug. Tables 3-16 and 3-17 give the peak tension and compression ultimate
loads versus booster station for this configuration.

Figures 3-34 through 3-38 are plots of the loads shown in Tables 3-8,
3-9, 3-17, and 3-18. The shaded portions indicate the areas where the
ESS/space tug imposed loads exceed the current load-carrying capacity
of the booster body structure. The tension side of the plots are not shaded
because the booster has excess tension capability.

Figure 3-39 gives design limit attachment loads that are applied to
the booster by the ESS/space tug.

3.8.4 CONCLUSIONS
The effects of the ESS/nuclear stage, ESS/MDAC space station, and

ESS/space tug on the structural weight of the booster have been evaluated,
and the results are presented in Figures 3-40, 3-41, and 3-42.

- 291 -
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Table 3-7. Booster B-9U/Orbiter NR 161-C Ultimate Internal Loads (Baseline)

CONO ORBITER NR 161-C 1 HR GROUND HEAOWINDS TANKED UNPRESS

1 BOOSTER B=9U /
COND 2 BOOSTER B~9U / ORBITER MR 161-C 1 HR GROUMND TAILWINDS TANKED UNPRESS
CCND 3 BOCSTER B=9U / ORBITER NR 161-C 1 HR GROUND SIOEWINDS TANKED UNPRESS
COND & BOOSTER B=-9U / ORBITER NR 161-C LIFT CFF + 1 HR GROUND HEADWINDS
COND 5 BOOSTER P-9U / ORBITER NR 161-C LIFT OFF + 1 HR GROUND TAILWINDS
COND & BOOSTER B-9U / ORBITER NR 161~C  LIFT CFF + 1 HR GROUND SIDEWINOS
conNe 7 BOOSTER B-9U / CREITER NR 161~C MAX ALPHA-Q 'HEADWINGS AQ = 2800.
"CCND . 8 BOCSTER B-9U / CREBITER NR 161-C MAY ALPHA-Q TAILWINDS AQ = -2800.
CCND 9 BOOSTER B8-9U / CRBITER NR 161=C MAX BETA-Q (2400}
COND 10 BOOSTER B-9U / ORBITER NR 161-~C 3G MAX THRUST.
COND 11 BOOSTER B-9U | - BCOSTER BURNOUT
CCND 12 BOCSTER B=-3U . BOOSTER PECOVERY |
COND 13 BOCSTER R=-9U BCOSTER SUBSONIC GUST
CCND 14 BOCSTER B-2U " BOOSTER 2 POINT LANDING
COND 145 BOOSTER B-9U . BCOSTER 2 POINT LANDING
COND 46 . BOOSTER 8-9U ) © BCOSTER 2 G TAXI

VIEW LOOKING AFT
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Table 3-8.

PEAK ULTIMATE AXIAL TENSION LOAD INTENSITIES

STATION
(IN)

1300
1036
1072
1131
1278
1337
1341
1477
1481
1600
1750
1364
1868
2906
2022
2026
2042
2094
2098
2180
2184
2300
2400
2500
2600
266k

NX1

(LB/IN)

0(16)
5(12)
45(12)
73(12)
161012)
173(12)
177(12)
2881(12)
1411(12)

1569(12)
1820(12) .

2042(12)

931(12)
1932(11)
2207(11)
2274(41)
2544(11)
343101 1)
3476(011)
3878¢11)
57¢8(11)
5803¢(11)
5813(11)
5820(11)
5822(11)
5822(11)

NX?2

(LR/IN)

0(1€)
L{12)
32(1¢2)
51(12)
93(12)

121(12)

124(12)

200(12)
1322(12)
1430(12)
1601(12)
1753(12)
640 (12)
852(11)

996 (11)
1021 (11)
1169(11)
1631 (11)
1650(11)
1678 (11)
3588 (11)
3I577(11)
3574 (11)
3568 (11)
3559 (11)
3552(11)

NX3

(LB/IN)

0(16)
0(15)
1(15)
2(15)
71(15)
9(15)
8{14)
14(14)
1229(10)
1194 (10)
1149(10)
1102(10)
35(14)
L7{14)

L8 (1) -

“L5014)
L7(14)
52(14)
52{1H)
60 (14)
1454L(13)
1444 (13)

"1437(13)

1433(13)
1432(13)
1431(13)

NAL

(LB/IN)

0(16)
0(16)
3(11)
7(16)

28 (16)
L2( 8)
121(15)
99( 8)
128C( 8)
1377 ( +3)
1539( 8)
1510 8)
86(13)
155(13)
166 (13)
160(13)
15211 3)
1461 ¢14)
142(14)
168(14)
1653(13)
1656 (13)
1675(13)
1709(13)
17564 3)
1733(13)

' NXS

(LB/IN)

0(16)

1€(11)
8(11)
13( 8)
58( 8)
89¢ 8)
192(15)
191 ( 8)
1374 8)
1531( 8)
1791 ¢ 8)
1780 8)
140(13)
242(13)
258(13)
251 (13)
242(13)
213(13)
217(13)
213 (14)
1734(13)
1743(13)

1772(13),

18214(13)
1888(13)
1940 (13)

NX6

(LB8/7IN)

0(16)
0(ie)
(1)
7(1a)
28(16)
42( 3)
121(15)
39( 8)
1280(¢ 8)
1377¢ 8)
1539(¢ 8)
1510(C 8)
85(13)
153(13)
164(13)
1581(13)
150(13)

141 ¢16)

142(14)
168(14)
1€50(13)
1653(13)
1671(13)
1704(L 3
175113
1787(13)

Booster B-9U/Orbiter NR 161-C Ultimate Internal Loads (Baseline)

NX7

(LB/IN)

0(16)

0(15)
1(15)
3(15)
7(15)

9 (15)
8(14)

14 (14)
1229(10)
1194(10)
11530 9)
1102(10)
I5(14)
47 (14)
LB{14L)
45 (14)
47(14)
52 (14)
52{14)
€0(14)
1450(13)
1439(13)
1431(13)
1426 (13)
14246(€13)
1422(13)

NX8
(LE/IN)

0¢16)
4(12)
32(12)
51(12)
98(12)
121(12)
124(12)
200(12)
1322(12)
1430(12)
1601(12)
1753(12)
64G(12)
853(11)
996(11)
1031(11)
1169(11)
1631 (11)°
1650(11)
1678(11)
3588(11)
I577(11)

L 3975(1 1)

3568(11)
35538(11)
3552(11)
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Table 3-8.

Booster B-9U/Orbiter NR 161-C Ultimate Internal Loads (Baseline) (Cont)

PEAK ULTIMATE AXIAL TENSION LOAd INTENSITIES

STATION
(IN)

2668
2300
2384
2368
2350
3050
3161
3165
3293
3295
3373
3377
3538
3542
3679
3683
3820
3321
3925
4065
4369
4300

NX1

(LB/IN)

5813(11)
5193(11)
48R9(11)

4870(11)

Lu50(11)

3796(12)

3683(12)
3615(12)
2979(12)
2968(12)
2475(12)
23394(12)
1465(12)
1391(12)
943(12)
-609(12)
-447(16)
=119(16)
538(11)
ocC 7
0016}
0(i6)

NXZg

(LB/INY

3545 (11)
3082 (11
2871(11)

2856(11)

2977(12)
3103 (12)
3033(1L2)

-2980(12)

2538 (12)

2530(1¢)

21851(12)
2123(12)
1471 (1¢)
1414 (12)
1105(12)
-442112)

-=316 (1€)

-84 (1€)
478 (11)
1( 6)
1( &)
0(16)

NX3

(LB/IN)

1431(13)
1429(13)

1429113)

1429(13)
1428(13)
1428(12)
1464(12)
1448 (12)
1473(12)
1472(12)
1486(12)
1462(12)
1486(12)
1469(12)
1559(13)
- 25(13)
16(13)
15(13)
333(10)
2{ &)

2¢ 6)
0(16)

NX &
{(LB/IN)

1795(13)
1886(13)
1937 (13)
1940(13)
201511 3)
217213
2487(13)
2437 (13)
2631{16)
26432 (16)
2737 (13)
2742(13)
2656 (13)
2651(13)
2228(13)
770(16)
516¢12)
132¢12)
290(10)
1¢ 6)

1¢ 6)
0(16)

NX5

(LB/IN)

1644 (13)
2L72(13)
2164(¢13)
2149(13)
2254(13)
2LrT7(13)
2921(13)
2938 (13)
3721(16)
3737(16)
3272(13)
3281¢13)

3156 (13)

3155(13)
2506(13)
1088(16)
743(12)
196(12)
272(10)
ge 7)
8¢ 6)
d(i6)

NX6

(LB/IN)

1789113
1879(13)
1930(13)
16833(13)

2007(13)

2164(13)
2L77(13)
2L87(13)
2631(16)
2643(16)
2726 (13)
2730(13)
2642(13)
2639(13)
2229(13)
770¢16)

| 516(12)

132(12)
250(10)
6C 7)
0(18)
B(16)

NX7

(LB/IN)

1422(13)
1419(13)
1418(13)
1418(13)
1417 (13)
1428(12)
14e4(12)
1448(12)
1473(12)
1473(12)
1486 (12)
1469(12)
1486(12)
1469(12)
15€1(13)
26 (13)
16(13)
15(13)
333(13C)
e 7
0¢i63
0(16)

NX8
(LE/IN)

3545(11)
3692(¢11)
2671(11)
2856¢11)
2977 (12)
3102(12)
3033(12)
2980(12)
2538 (12)
2530(12)
2185(12)
2123(12)
1471(12)
14164(12)
1105(12)
-442(12)
~316(16)
-84 (16)
W78(11)
0c 7)
0(16)
6(16)
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Table 3-9. Booster B-9U/Orbiter NR 161-C Ultimate Internal Loads (Baseline)
PEAK ULTIMATE AXIAL COMPRESSION LOAD INTENSITES

STATION NX1 NXZg - NX3- NX4 NX5 NX6 NX7
(IN) (LB/IN) (LB/IN) (LB/IN) (LB/IN) (LB/IN) (L8/1IN) (LB/IN)
1000 0(16) 0(Ci1€) .0€(16) .0(i6} 0(15) g(16) 0(16)
1336 -5(11) -4(11) ~4( 9 -4 (12) -5(12) -4(12) -3( 9)
1372 -23(11) -21( 9) -25( 9) =34{12) - -47(12) =34(12) -8( 9)
1131 -57¢(11) -50( 9) -59( 9) =-55{ 9) -75(12) -53(12) -24(€10)
1278 =-171(C 8) - -138( 8) =-4122( 9) =-105(12) =-147(12) -105(12) -65(19)
1337 =231( 8) =184( 8) =142( 9) ~132(12) =185(12) =132(12) -77(10)
1341 =295(15) =224(15) ~144( 9) =-136(12) =189(12) =136(12) -73(10)
1477 «435¢ 8) =343( 8)  .-205( 9) =225{12) ~=213(12) =225(42) =131( 7)
1481 <«135(15) ' =107 (1%5) =38(1%) -58(16) -82(186) -58(16) -62( 3)
1600 =232( 6) =-167( €) -50¢ 2) ~111(%5) -158(15) -111(16) =30¢( 3)
1750 -446( 4) =327( €) -65( 6) =154(16) -218(16) <-154(16) =-135( 3)
1864 =-665( 4) <-503( 6) -117( 6) -166(16) <~234L(16) -1656(16) =178( 3)
1868 -5396( 4) =~5238( €) =-4B86B( 6) =4514( 5) =43288( 5) =4514( 5) =-4813( &)
2006 -4429( 4) =4742( 4) -5564( B) =6397( 5) «7050(10) -6397( 5) =-5498( 4)
2022 -4315( &) =-4L685( 4) =-5648( 6) =-6621( 5) -7€70(10) =-6621( S) =E57G( &)
2026 =-4286( L) =-4671( L) =56609( B) -6678( 5) =-7825{(10) ~6676( 5) =5589( &)
2042 ~4L171(C 4) =4613( 4) =5753( 6) =-7144{10) -844L4T7(50) -7144(10) =-5681( &)
2094 =-3791( 4) -4&421C 4) -6023C B) -8733(10)-10458(10) =-8733¢(10) =5342( &)
2088 =3773( 4) =4414( 4) -6043C 6) -8837(10)-10%87(10) -8837(13) =-5962( 4)
2180 =3651( 7) =4L437( 4) -B4SB( £)=~10594(10)~-12710(10)=10594(10) ~€364( &)
2184 ~-34E6( 4) =-3968( 4) =-59399( &) -8728710)~-106852(40) =-8723(13) =-5905( &)
2300 =3238( 4) ~4026( 4) =-6036( 6) =B773(10)=108C85(10) =-8773(10) -5628( &)
2400 =-3343( 7) -4072( 4) -6062( 6) =-8803{10)-10923(10) =-8803(10) =-EQL4L( &)
2500 -4011¢ 7) -4118( 4) -6086( 6) ~-BB30(L10)-1(34L5(10) -8830(10) -59€1( &)
2600 ~4675( 7) -4L52( 7) =-64071 6) =~8853(101~10263(13) <8853(10) =5978( 4)
2664 =5091( 7) ~4751i( 7) -6119( 6) =5089{ &)

-8866(10)=10872(10) <8866(410)

NX8
(LB/IN)

0(16)

-4 (11)
-18(11)
-48(11)
-138( 38)
-184¢ 8)
-224(15)
-343¢ 8)
-107(15)
-176( &)
-329( &)
-430C &)
-5227( &)
—4742( 4)
-4685( 4)
-4671( &)
-4613( 4)
-4421( 4)
~4414¢ 4)
~4437C 4)
-3368( 4)
-4026( 4)
-4072¢ 4)
-4118( 4)
44520 7)
<4751 7)
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Table 3-9.

Booster B-9U/Orbiter NR 161-C Ultimate Internal Loads (Baseline) (Cont)

PEAK ULTIMATE AXIAL COMPRESSION LOAD INTENSITES

STATION
(IN)

2668
2800
2864
2868
2950
2050
3161
3165
3293
3295
3373
3377
3538
3542
3679
3683
3320
3921
3925
4065
4069
%300

NX1
(LB/IN)

-5111¢
-5563(
-5773¢
-5787¢(
-6060(
-6519¢
-7061¢(
-7174¢(
-7480¢
-7485(
-7671¢(
-7770¢(
-7646
-7732¢
-7196¢(
-9708( 7)
-8869¢ 7)
~8474(10)
-243(12)
=0(15)
0(16)
B8(16)

7)
7)
7)
7)
n
7)
7)
7)
7)
7
7)
7)
7)
7)
7)

NX2

(LB7IN)

-47€6(
=-5096 (
-5250(
-5260¢
-5463(
-5828(¢
-6256(
-63u46 (
-6597(
-6601¢(
-6751(
-6831¢
-6771 ¢
-6841(
-6439¢(
=9017¢ 7)
-8464( 7)
-84S7(10)
-184(12)
-0(1%)
0(16)
0(18)

7
7
7)
7)
7)
7)
7)
7)
7
7)
7
7)
7)
7)
7)

NX3
(LB7IN)

6)
6)
6)
6)
6)
6)
6)
6)
6)
6)
©)
©)
6)
6)
6)

-5120¢(
-6138(
-6146(
-6146(
~6162 ¢
-6276(
-6401(
~6405(
-6491 ¢
-6492(
-6536 (
-6535¢(
-6593(
-6594 (
-6681(
-8198¢( 6)
-8263( &)
-8551(¢10)
-113( 9)
<0¢15)
0(16)
8{16)

NX4
(LB7IN)

NX5
(LB/IN)

-8861(10)-10964(10)

-8485(10)~

10412(10)

-8301(10)~-10141(¢10)
-8289(10)-10125(10)

-8065(10)
=78561(10)
-7817(10)
-7812(10)
=7566( 5)
=7564( ¢5)
-7L484C 5)
-7473¢( 5)
-7277( 5)
=7271¢ 5)
-7125( 5)
=5195(10)
-8763(10)
-86051(10)
=-124¢ 9)
-0{15)
0(156)
g{16)

~-0738(10)
-8525(18)
-9206(10)
-91564(10)
-8701¢10)
~B8693(10)
-8368{10)
-8349(10)
-7584( 5)
-7576( 5)
-7325( 5)
-G8682(10)
-38991(10)
8627 (10)
-=3116( 9)
=0(15)
0t16)
0(16)

NXB
{(L8/7IN)

-8861(10)
-8485(10)
-8301(10)
-8289(10)
-8065(10)
-7856(10)
-7817(10)
-7812{(10)
-7566( 5)
-7584( 5)
-7484( 5)
-74739( 5)
-7277( 5)
-7271¢ 5)
-7125( 5)
-9195(10)
-8763(10)
-8605(10)
-S4 ( 9)
<1( 6)
<1 6)
0¢i6)

NX7
(LB/IN)

-5990 (
-6012¢(
-€023¢
-6023¢(
- €045 (
-6167¢
-6201¢
-£3206(
~E4 04 (
-6406
€158
-€459(
-6536
-€538(
-E743(
-8162( 4)
-8251( &)
-8551(10)
-71( 9)
-2( 6)
<20 &)
8(16)

&)
4)
4)
4)
4)
&)
L)
&)
4)
&)
&)
&)
L)
4)
3)

-5096(

NX8

(LB/7IN)
-47866( 7)
7)
7)
7)
7)
7)
7)
7)
7)
7)
7)
7)
7)
7)
7)

-5250(
-5260¢
-5463(
-5828¢
-6256 (
-6346(
-6597(
-6601¢
-6751(
~6831¢(
-6771(
-6841(
-6499(
-3017¢ 7)
-8464C 7)
-8497(10)
-184(12)
-1( &)
-1( &)
6(16)
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Interconnecting Configuration — Ref-Sketch-ESS/B-9U

Booster Interface Concept

Figure 3-21.




-Table 3-10. Booster B-9U/Nucle§,r_Stage Ultimate Internal Loads

"CCND - 1 BCOSTFR A-0U /ESS-NUCLEAR STAGE 1 HR GRCUND HEANWINDS TANKFN UNPRESS
COND 2 BONSTER R-9Y /ESS-NUCLEAR STAGE 1 HR GROUND TAILWINDS TANKED UMNPRESS
FOND 3 BCOSTER B=-CU sESS-NUFLFAR STACE 1 HR GROUND SIDEWINDS TANKED UNPRESS
CCND & BCNSTER P-qy / ESS-NUCLEAR STAGE LIFT OFF + 1 HR CROUND HEADWINDS
COND € BCNOSTEF P-oU / ESS-NLCLEAR STAGE LIFT CFF + 1 HR CROUND TAILWINDS
rFCND € BrOSTER E-QU / ESS-NUCLEAR STARE LIFT CFF 4 1 HR GPCUND SIDENTNDS
.CCND 7 PCOSTER 9=-0U / ESS=-NUCLEAR STAGE MOX ALPHA-N 'HEANWINDS

CCND & BCONSTFR F=QU / ESS«NUCLEAR STAGE. MAX ALFHA-Q TAILWINDS

COND @ RCOSTI? p-auU / ESS=NUCLEAR STAGE MAX PETA?O

CCND 10 BOOSTFR P=9U /ZESS NUFLEAR STAGE 2.5 G MAX THRUST

rCND 11 AONOSTFR -9-0U 7ESS hUCLEAR STAGE 2.5 G ﬂGOQTFP PURMOUT

CCAND 12 PCOSTFR F=-0U BONSTEP RECOVERY _

COND 12 -BANSTFR B-9U ‘ BOOSTER SUBSCNIC GUST

FCND 14 BOOSTFR P-qay ' ' ' BOOSTER 2 PCINT LANDING

CCNp 15 BOOSTER P=-CSU - RCOSTER 3 POINT LANDING

CCND 16 .

-BONSTER pR-0y ‘ _ .. BOOSTER 2 G. TAXI

- 862 -
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_Table 3-11. Booster B;9U/Nucl¢a.r Stage Ultimate Internal Loads

FEAK ULTIMATE AXIAL TENSION LOAC INTENSITIES

STATION
(IN)

1009
1076
1072

1121 -

1279
1327
1341
1477
1681
1600
1750
1264
186
2006
2022
2026
2042
2094
20¢R
2480
2184
2300
2600
2500
2600
2664

NY1

(LP7TN)

0(i6)
5(12)

4t (12)
73012
161.012)
177(12)
177 (9 2)
238 (12)
1411 012)
156°0112)
ie20€12)

2nu2(12y

231 (12)
145304 1)
1649(11)
1698 (1 1)
1903(31)
2ANE(11)
2BL7L11)
311804 1)
5046€11)
5356(11)
5622(11)
5882(31)
6139111)
6300(11)

NY?

(La/IN)

0(1r)
412y
32(12)
51112)
gR(12)
121(12)
124 (12)
200(12)
1322(12)
1420(12)
1601(12)
1753(12)
540(12)
82¢(12)
R50(12)
891(12)
911111)
1302(11)
1322011}
1LBRU11)
WN7(11)
1610011
I79I(11)
3967(11)
4139(11)
4247 (11)

NXZ

(LB/IN)

0(16)
0(15)
1(15)
3(15)

. 7(15)
'9(15)
8(14)
14(14)
1263(10)
1230(10)
1187 (1 0)
1141 (10)
C 25014
L7 (14)
§8(14)
Ls(14)
L7 (14)
52 (14
52(14)
ED 1Y)
1454143
16441013
1437(17)
1433(1L3)Y
1432(13)
1431 (43)

NX4

(LR/IN)

0(16)
0(16)
6( 8)
13¢ 8)
L3¢ 8)

610 8)

121(15)
124¢ 8)
1310(10)
1403 ( 8)
1561 ( 8)
1873( 8)
86 (1)
155 (1)
166(123)
160(1 )
152 (12)
141 (14}
142149
163 (14}
1653 (13)
1656 (13)
1675 (13)
1709013
1756 (1)
1793 (1X)

U NXS

(LAZ7IN)

0(11)
1(11)
11( 8)
26 ( 8)
80 ( A)
111¢ 8)
192 (15)
2181 8)
1401( 8)
1558 ( 8)
1311 ( 8)
2278 ( B)
140 (13)
242(13)
258(13)
251 (13)
242 (13)
213(1%)
217 (13)
213 (14)
17364 (43)
1743 (17)
17721

1821(13)"

1888(13)
194004

NXo

(LR/7IN)

0(16)
0(16)

6( 8)
13( 8)
43( 8)
61 8)
1211(15)
124 ( &)
1310(10)
1403 ( 8)
1561 ( @)
1873( &)
85(13)
153¢13)
164 (13)
158 (13)
150 (13)
161044
14201 4)
168 (14)
1650 (13)
1653 (17)
1671(13)
1704 (1 3)
1751 (13)

1787(L )

NX7

(LB/IN)

. 0(18)
0(15)
1(15)
3(15)
7(15)
q(15)
r(14)

14014)

1263(10)
1230(10)
1187(10)
1141(10)
35(14)
L7014)

L8 (1k)y

45(14)
47 (14)
52014y
52(14)

60 (14)
1450013)
1439(13)

1431017

1426 (13)
1424 (13)

1422(13)

NX8
(LR/7IN)

0(186)
4(12)
32(12)
51(12)
98 (12)
1211012)
12L(12)
200(12)
1322(12)
1430012)
1601(12)
1763(12)
640 (12)
826(12)
850(12)
891 (12)
911(11)
1302 (11).
1322(11)
1488 (11)
34071(11)
616 (11)
3793 (11)

3967 (11)

4139 (11)
4247 (11)
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Table 3-11. Booster B-9U/Nuclear Stage Ultimate Internal Loads (Cont)

PEAK ULTIMATE AXTAL TfNSION LOALC INTENSTTIES

STATTON
(IN)

26¢cR
22 C0
2864
2BE6R
2950
2050
2161
2165
2207
22Q5
2273
3277
3578
2542
2679
I6R3
reao
36214
3925
4065
4L0R9
4300

NX1

(1.B7IN)

6296 (11)
S57T14(11)
542£(11)
5417 (11)
5042011)
LIN5{11)
3687(12)
3615(12)
2979(12)
296AR(12)
2L7%5(12)
2384(12)
1665(12)
1291012)
qL2(12)
-609(1?)
=L47(1F)
~110016)
4511(11)
e 7y
01i6)
0C(1¢F)

NX?2

(LB7INY

L2us(11)
381Ff (11
361201 1)
7538(11)
32201
2102(12)
2037212
2980(012)
2538(12)
2520(12)
2185(12)
2123(12)
1471012)
1414(12)

1108(12).
=442042) .

=31€(16)
-84 (16)
Ho00(iL)
ic ¢)
it e)
0(16)

NX3

(LRZ7IN)

1431(13)
1429(13)
1429 (1)
1429(13)
1428(13)
1428 (12)
14E4(12)
1448(12)
1473 (12)
1473(12)
1486 (12)
1460(12)
1486 (12)
1469(12)
1559 (13)
25(13)
16 (13)
15 (13)
280 (40)
1t 6)
10 6)
0t16)

NX4

(LB/7IN)

1795(13)
1886 (13)
1837 (1)
1940 (13)
2015 (1)
2172(32)
24871
2497017
2631 (16)
2643(16)
2727 (12)
2742 (12)
2654 1(13)
2651 (1)
2228 (13)
770(1i6)
516 (12)
132(12)
246 ( 8)
10 6)

10 F)
0(16)

NX5

(LBZ7IN)

1044 (1'3Y
2072(13)
2144 (17)
2149 (13)
2254 (13)
2477 (13)
2021 (1)
2038(13)
3721 (16)
3777 (16)
3272(13)
3281 (17)
2156 (1)
3155(17)
2506 (13)
1088(16)
743(12)
196(12)
268( A)
oL 7

D¢ &)
0{16)

NX6

(LR/TIN)

1789(13)
1879(13)
19320 (1 3)
1833(17)
2007 (132)
2164 (1)
2477 (1 2)
2487 (13)
€631(16)
2643(16)
2726 (1 2)
2730(13)
26462(13)
2639 (12)
22291(13)
770018€)
516(12)
122(12)
2L6( 8)

0(C 7)

0(16)

0(16)

NX7

(LRZIN)

1422(173)
14616(13)
1418(13)
1418017)
1417(132)
1428(12)
1464(12)
i448012)
16773(12)
14732(42)
1486(12)
1460(12)
148A(12)
1469(12)
1561(13)
26(13)Y
16(1)
15(13)
280(10)
0e 7y
0(16)
0(1e)

NY A
(LR/IN)

G244 (11)
3816 (11)
3612(11)
2598 (11)
3322(11)
31021(12)
2032(12)

2980¢(12)

2538(12)
2530(12)
21R5(12)
2122(12)
1L71012)
1416(012)
1105(12)
-L452(12)
-31E(1¢}
-84 (18)
40011

0o 7

0(16)

0(16)
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Table 3-12. Booster B-9U/Nuclear Stage Ultimate Internal Loads

PEAK ULTIMATE AXIAL CCVPRESSIGN LOAD INTENSITES

STATTON
(INY

1000
1076
1072
1121
1278
1237
1344
1477
481
16040
1750
1364
1868
2006
c0e?2
2026
2042
2094
20cs
2180
2184
2300
auqQn
2500
2600
2664

X1
(L7 1N

-1011)
-5(11)
-25( 8)
-61( £)

-174¢ 8) -

-229¢ 8)
-295(15)
-427¢ 8)
-135(15)
-113¢ 2)
-49¢0¢ 6)
-880( &)

-409L( 4)

-3764L1 £)

-3162¢ 6)

-2136( 6)

=3029( 6)

-2€a7( 5)

-2675( 5)

<24A9( 5)

-2191¢ 2)

-2278¢ 2)

-2354¢ 2)

-2430¢ 2)

~2508( 2)

«256N( ?)

NX2

(LB7INY

-1011)
-4(11)
-19( &)
-4S7 @)
-137( 8)
-1800 8)
-22L(45)
~X28( #)
-107115)
-au( 2)
-35¢( €)
-R55( €)
-3367( 6)
-2430¢ 4)
-3358( 5)
-346( 5)
~329€( %)
-2417( )
-3100( ©9
~2065( 5)
-2597( 5)
-2548( 5)
-2596( 2)
«2654( 2)
-2712¢( 2)
27520 2)

NX3

{LE/IN)

<0 (10)
-2(10)

-12¢(
-32¢(
-86 ¢

-109¢

-1117

-181¢

9
9)
9)
Q)
9)
9)

-39(15)

-47(
-€21(

=118 ¢
-23737¢

AN W

-3801(
-2868¢(
-3884(
2948 (
=414l
=4155(
“4454¢(
=3992¢(
~L013(
“4030¢
“4047¢(
=L 065 (
=4076¢(

2)
2)
e)
6)
L)
5)
5)
5)
5)
5)
5)
5)
5)
5)
5)
5)
51

NX4

(LgsInM)

=00 6)
4 112)
-34(12)
-53(17?)
-105(12)
-1371(12)

-136(12)

=225(12)

-58(1¢)
-111(1¢6)
-154 (16)
-166(195)
-2822( S)
“4187 (¢ 3)
~4383( &)
-4431(10)
~L784L(30)
«5914 (10)
-5989(10)
-72a3(10)
«B508( 4)
-56Q2(10)
=5922 (10}
=6150(10}
«6375(10)
-6517 (10)

v NXE

(LBe/IN)

-0( 5
-5(1?)
-47(12)
-75(12)

~147(12)

-185(12)
-189(12)
-313(12)
-R2(16)
~158(16)
~2181(16)
~234(186)
-2r291 5)
L5781 D)
-5029(10)
=5142(10)
-56380(10)
-7034(1 DY
~7129(10)
~8735{(10)
~6870(10)
-7239(10)
-7552(10)
-7860(10}
~R164(10)
=856 (10)

NX 6

(LR/IN)

-0{ 5

-4(12)
-34(12)
-53(12)
-105(12)
-172(1?)
-136(12)
=-2251(12)

~58(16)

-111(18)
-154416)
-1661(16)
-28221( 5)
-43197¢ B)
-4383( &)
-4431(10)
«L7RL 1LY
-£914 (1 D)
=-£389(10)
=77203(40)

“£518( 6)

-5699( ©)
=-5022(10)
~£450 (10}
-6375(10)
-6517(10)

NX7
(LB87IN)

-0C10)
=2010)
-7¢ 7
-19(10)
47 7)
-60C 7)
-61( 7)
-103(C 7)
-57¢ 3)
-87( 3)
-133(-3)
-179( 3)
-3287( 5)
-3R20( B)
-3885( ©)
~3913( €)
~3985( 6)
-4205( ©®)
-4221( €}
-45E3(C €)
-4103( 8)
~4489( 6)
-4393( 3
~LE26¢ )
~48621( 3)
«5015¢ )

NX 8
(LR/IN)

-1¢11)

-4 0119
-1a( 8)
-45¢ 8)
-137 ¢ 8)
~1801( &)
-224(15)
-328( 8).
-107(15)
-122( )
-369( €)
~641( &)
~3857( 4)
“2437( 6)
-3390( 6)
~3378( &)
-3327¢ &)
~214A( &)
-3138( €)
=3081¢ 6&)
~2619¢ &)
~2703( )
-2786( 3)
-2873( )
-2963( )
-3024¢ 3)
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2l-0F1-1L S

B-9U/ESS - MULLEAR STAGE (LiviT: Loass) -
. CONDITION WIND. I'x Fy - rz Ay Az TMx
(x 103 Ib) (x 103 Ib) (x 103 Ib) (x 103 1b) x1031b) | (108 1a/1b)

Two Week ~ . Head o5 " 4q2¢ 28 ‘Z_ ‘ .

Ground Winds Tail 195 -495 -1 77 L ao
Unfueled . Side 155 559 487 F230 54.6| T70.8

1 llour Ground licad 66O L 270 299 - ‘
‘Winds Fueled | . Tail L6 6.7 o727 _
Unpressurized Side (6O *+149 | 6 F 6. / ] A5 /6.9
Dymamic Lift Off Ilead 94 ¢ . L. 3z22 K . B
+ 1 Hour Ground Tail - XA ‘ : 57, | o /&7 _

Winds Side 995 | T30 232 7 80.8 263 | F /1.9

Max, a-q llcad 124 73 _ - 0D 567 C

Tall 1237 -/30 -/129

Max, B-q Side 1234 | *297 /bl T /862 237 |z 73.3
2655 Max. Thrust - 1851 & g05 L 544

Booster Burnout . - 117977 34913 392

Figure 3-27. Design Attachment Loads




Table 3-13,

STAGE

Booster B-9U/MDAC Ultimate Internal Loads

[4

- 80

Z1-0%1-1L AS

CEND 1 BOOSTER B-QU/FSS-MDAC 1HR GROUND HEANWIND TANKED UNFRESS
CCND 2 ACOSTER 2-9U/ESS~MDAC STAGE 1HR GROUND TAILWIND TANKED UNPRESS
CCnD 3 ROOSTEP B-QU/ESS-MDAC STAGE 1+? GROUND SIDEWIND TANKED UNPRESS
CCND & BONSTER R-AU/ESS-MDAC STAGE LIFT OFF +1HR GROUND HEADWINDS
COND 5 BONSTER P-QU/ESS=-MDLC STAGE LIFT OFF +1MHR GROUND TAILWINDS
COND 5 RCOSTF? @~QU/ESS-MDAC STAGE LIFT OFF +1HR GROUND SIDEWINOS
cenn 7 BAOSTER R-GU /M0AC STAGE MAX pLPHA-Q HFADWINGS

conNg 8 RANSTFR R-al /MNAC STAGE MAX ALPHA-N TATILWINDS

FCND ¢ BLOSTER R=QU /MDAC STAGE MAX RETA-Q

CCND 10 RONSTFP 0=-3U/ESS-MBAC STAGE 2.06G MAX THRUST

CCND 11 ACNSTER R-9U/ESS~MDAC STAGE 2.06G BOCSTER RURNOUT

comn 42 BCOSTFR r=-ay BCOSTER REMOVERY

COND 13 BONSTFR RB=-CU ROOSTER SUBSONIC GUST

CCND 14 BODSTER R-qU POOSTER 2 POINT LANDING

COND 15 RONSTER R=-gU BOOETER 3 POINT LANDING

COND 16 BONSTER B8-9U BOOSTER 2 6 TAXI

VIEW LOOKING AFT
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Table 3-14. Booster B-9U/MDAC Ultimate Internal Loads

PFAK ULTIMATE AXIAL TENSION LOAC INTENSITIES

STATTON
(IN)

1009
10326
1072
1131 -
1278
1227
1341
1477
1481
1600
1750
1864
1368
?0ne
2022
2026
23L2
20¢ck
2068
2180
2184
2300
2400
2500
2500
6eL

NX1

(LR/IN)

N(16)
5(17?)
L5(1?)

o 720U12)
141(12)
177(12)
177(12)
288(12)
1411 (312)
1569(12)
1RrR20(12)
2042(12)
az1{12)
1eA3 (1)
2212(11)
2277 (11)
2534 (11)
ILns (1)
5L (11)
LN322(11)
60172 (11)
637P(11)
6692 (11)
7000(11)
7374 (11)
T495(41)

N¥2

(LR/IN)

(1e)

L{12) -

32(12)
51(12)
38(17)
121(12)
124(12)
200(12)
1322(12)

- 1430(12)

1601(12)
1753(12)
ALDT12)
g3er(11)
1123041 1)
1157 (1)
128° (11
17R6(11)
1810(11)
2018 (1 1Y
988 (11)
4237(11)
tLS50(11)
Leb0(11)
LRBT7(1
TELESSS

NX3

(LB/7IN)

0(16)
0(15)
1(1%)
315
7(15)
9(15)
8(14)
16(14)
1358 (11)
1322(11)
12¢6(11)
1258 (11)
35(14)
L7 (14)
4801w
L5 (1W)
L7 (14)
£2(14)
52(14)
€0 (14)

1454 (13)

1644 (1)
1437 (13)
16323(472)

1422 (43)

43101

NY Y

(LB IN)

01
0(16)
16¢( &)
25 &)
65 ( 8)
86 ( &)
121(19)
154 ( 8)

1412 (11)

1431 ¢ 8)
1755 8)
1416 (11)
86(13)
1656 (13)
166 (13)
160(133
15213)
161 018)
142 (14)
168 (14)
1653 (13)
1656 (13)
1675 (13)
1709(13)
1756 (1)
1763(L

' NXE

(LB/IN)

0(11)
1(11)
17 ¢ 3)
L2 (¢ 8)
110¢ &)
144 C F)
192 (15)
256 ( ®)
1435(11)
1,96 8)
2080¢C &)
1481(11)
140 (13)

242(13) .

2581(13)
251113)
242 (13)
219{13)
217 (172)
213 (14)
1734(12)
17&3(43)
i7724(1L2)
1821 (13)

1868 (13)

1940(13)

NXH

(LR/7IN)

0eie)
0(18)
ine 8
250 8)
65 R)
ge( 8)
121 (1L5)
154 8)
1412(11)
14321 (¢ 8)
1755 ( 8)
1416(11)
45 (13)
153013)
164 (13)
125(123)
i50(13)
14101 4)
1642 (1 4)
168 (1 4)
16801 3)
1653(413)
1671 (13)
1704 (1 3)
175147
1787(13)

NX7

(LB/IN)

0(1e)
0(15)
1115
3(15)
7(15)
a(15)
8(14)
1 (14)
1358(11)
1322(11)

‘1226 (11)

12658 (11)
35(14)
L7(14)
La(14)
L5 014)
L7 (3 4)
52 (15)
52014)
60(14)

1450(013)

1439(13)

163101 3)
1426 (1)
14624(13)
1622(13)

NX8 .
(LB/IN)

01
Le12)
2i12)
51(12)
GR(12)
121(12)
1241012)
200(12)
1322(12)
14320(012)
1601(12)
1752(12)
6L0(12)
g3/ (11)
11221111)
1157 (11)
12981(11)
1736 (11)
1610(11)
2018 ¢11)
3988(11)
42371(11)
LL45D0(31)
L6600 (11)
LARB7(11)
L3g881(11)
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Table 3-14.

PEAK ULTIMATE AXTAL TENSION LOAD INTENSITIES

STATTION
(IN)

2hh8
2R00
2R/¢4L
28¢8
2950
2150
el
3165
7203
32a5
33772
377
1538
3542
3679
2683
2820
1921
3925
L06S
4069
4300

NXx1

(LR/TN)

7490 (11)
6742(11)
6382 (11)
6159(11)
5881 (11)
5163 (11)
4067 (11)
4026 (11)
3936011)
2920(11)
2692 (11)
2465(11)
1465 (12)
1391 (12)
uIT(172)
-A00(12)
~4L7 (16)
-119(16)
373 (11)

oe 7).

0(16)
06<(16)

NX2

(LR7IN)

4994(11)
L6551 (11)
4191 (11)
4174(11)
2827 (11)

2196(11)

3033(12)
2980(12)
2538(12)
2530 (12)
218¢%(12)
2122(12)
1471(12)
1461L(12)
1105(12)
“442(12)
-316(16)
-84(1€)
331(11)
10 &)

1¢ &)
16}

NX3

(LE/IN)

1631 (13)
1429013
1429 (13)
1429(13)
1428(13)
1428(12)
1464 (12)
1448(12)

1473(12)

1473(12)
1486(12)
1469(12)
1486(17)
14€9(12)
1559(13)
25(13)
16(13)
15 (13)
233 (1)
1( o)
1( 6)
g(16)

NXy4

(LR7IN)

1795 (12)
1886 (12)
1937 (12
1940 (12)
2015 (13)
2172(13)
2487 (13)
2497 (1)
2621 (16)
2643 (16)
2737 (13)
2742 (132)
2654 (13)
2651 (13)
2226 (13)
770 (16)
516 (12)
132(12)
260( 7)
1( 6)

10 6)
0(16)

NX5

(Lnr/IN)

1944 (13)
2072 (17)
2144 (13)
2149(17)
2254 (13)
2477 (17)
2921 (17)
2038 (17)
3721(16)
2737 (16)
3272 (1)
3281(13)
3156 (13)
3155 (13)

2506 (17)

1088 (18)
743 (12)
196 (12)
274( 7)

0( 7)
el 6)
g{16)

NX6&

(LR/IN)

1789 (12)
187911 3)
193 (1 3)
1933(13)
287 (13)

2164 (12Y

24771013)
2L67 (13)
2631(16)
2643 (16)
2727 (12)
2730(13)
26L2(13)
2629 (13)
2729 (13)
770(16)
516 (12)
132(12)
260( 7)

0t 7)

0(16)

0(16)

Booster B—9U/MDAC Ultimate Internal Loads (Cont)

NX7

(LB/ZIN)

1422017)
1419(12)
14618(13)
1418(13)
1447(13)
1428(12)
1464(12)
1458 (12)
1473(12)
1473(12)
168501 2)
1460(12)
1486{(12)
1469(12)
1561(13)
26(13)
16(13)
15013)
2331
0( 7)
0(16)
(16}

NX3
(LBZ7IN)

4992 (11)
LL51 (11
4181 ¢(11)
L1741 1)
3827 (11)
219a(11)
30323(12)
28R0(12)
2538(12)
2530(12)
2185(12)
2127 (1 2)
1471(12)
141L(12)
1105(12)
-442(12)
-216(18)
-84 (16)
3I31(11)

ne 7y

£(16)

0(16)
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Table 3-15.

Booster B-9U/MDAC Ultimate Internal Loads

FFAK ULTIMATE AXIAL CCMPRESSION LOAD INTENSITES

STATION NX1 NX2 NX3 NX4 NXS NX & NX7 NX8
(IN) (LB/IN) (LAR/IN) (LBR/7IN) (LB/7INY (LB/7IN) (LP/IN) ALB/IN) (LR/IN)
1000 -11(11) -1(11) -0(10)Y L-0m - =0t{i0) -0(10) -0(10) -1(11)
1076 -t(11) -L4(11) =210 =4{12) -5(12) -4(12) =2(10) =410
1072 =20( 8) 230 &) =707 -34(12) L7112y =34(1?) =70 7) =23( 8)
1121 -75( 8) -R8( &) -18( 7) -53(12) =75(12) =53(12) =18 7) -58( M
1278 =197( 8) =-152( 8) ~48( 7) =105(12) -147(12) =105(12) -L8( 7)Y -=152( 8)
1337 -257(C 8) =195( &) -e1( 7y =-132(12) =-185(12) =132(12) -61( 7) -1G65( 8)
1341 «295(15) =224(15)* =82( 7) =-136(12) ~-189(12) =-1361{12) -62( 7) =224(15)
1477 -u45( 8) -342( 8) -106( 7) <=225(12) ~-3213(12) =-225(12) =-1Ch( 7) =342 8)
iyt =-244C 6)Y =-181( %) -49( 4) =58 (16) -82(16) -58(19) -58( &) -1c4( €)
. 1600 =-4R8( 6) <=370( ¢€) -73( 8) -111(1&) -158(16) -111(16) -87( 3) =359( ©)
w 1750 =#56( L) =-666( €) =142( 6) =-154(16) ~-218(416) =154(16) =-133(C 3) =-638( &)
- —~ 1864 ~5611( 4) =5219( €) -4586( 6) ~3847( 5) ~3580( 5) -3B47( S) =-L492( 4) -5276( 4}
: ' 13€8 =552Q( 4) -5214( €) =uUbNR( HA) =875 ( 5) =3616( 5) =2875( ©) =450%3( LYy -5271 (0 )
?00F =43132( 4) -LB07( 6) =-5306( 6) =-5985( 5) =-6566(10) -5985( 5) =-522a( 4) =uL584L( 4)
2122 -4161C L) -4524( €) =-€32¢5( 6) =8247( 5) =-711N{10) -F247( B} =5372( 4) =43504L( &)
2926 =4127( 4) -4503( €) =5417( 6) =-06334(1J) =7266(10) -6334(10) =5354( 4) =LLRZ( 4)
2042 -3261( 4) =4412(C &) =5503( 6) =6759(10) -7787(10) =-8759(10) =-5444( 4) =-4L395( 4)
8 2004 <3422 ( L) =4L108( €) =57R9( 6) -83119(10) =-G527(10) -8419(10) -5720( 4) -4035( 4)
- 2099 «2397( 4) -4093( 6) =5789( 6) =8210(10) ~-QHKLI(10) =-R21G{10) =5741( &) ~4081( &)
—~ 2180 =3051(C 4) -7G96C( €) ~€202¢ 6) =-376R(10)1=-11558(10) =-€76R8(10) =6172( L) =3955( &)
I~ 2184 =2520( 4) «3LLEC &) =5693( &) «7928( 5) -2656(10) =7928( 5) =5864( 4) =JI441C 4)
S 2300 =2722( 4) «73IN7( 4) «C688( H) =A126(10)=10026(10) «R120(10) =5685( 4) =3307( &)
— 2L00 =2171( 2) =7192( €Y «5702( 4) =8355(10)1-10339(10) =83I55(10) =5717( &Y «2203( 6)
D 2500 =2127( ?2) =3105( 5) «5720( 4) =8582(10)~10748(10) -8582(10) =57b2( &Y =-311R( €)
260N «2084L( 2) «3049( €) «5737( 4) «8RC6(10)="0953(10) =8R06(10) =5809( B) =304L( )
2664 =2057( ?) =29h64( B) ~S5748( 4) =AQ48(10)-11147(10) =-8948(10) =584L0( &) =3051( X)
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Table 3-15. Booster B-9U/MDAC Ultimate Internal Loads (Cont)

FEAK ULTIMATE AXIAL CCMPRESSION LOAD INTENSITES

STATTICN
(INY

2k68
2800
2REL
2868
2950
3050
3161
1165
3203
2205
33732
2377
538
3542
3670
2607
3820
3921
3925
Lnes
L060°
4300

NXx1

(LB/7IN)

-20m1(
-2285(
-2547(
=2553(
=2763(
=2092«¢
-35653¢(
=3572(
-4L073¢(
-40R3(
-L3LG¢(
=457 (
-L91E
-4930(
-552271¢(
=72R5(
=7559(
-8044(

2)
2)
°)
2)
2)
2)
L)
4)
L)
4y
L)
4)
4)
L)
4)
7)
4)

£)

-242(12)
-D(15)
0(16)
0(16)

e e it

NX2

(LB/7IN)Y

~2967(
=3242¢
=3375(
-3382¢
=7561¢(
-3886(
“u287 ¢
-4301¢(
-Lpa0(
-Lbge(
-4R81(
-4891(
-529L1
~5304 (
-5762(
-7277(
-7668(
-8057(

5)
£)
5)
5)
53
4
L)
4)
4)
L)
L)
)
L)
4
L)y
4)
4y
5)

-184(12)
015
pl1ed
o(ie)

NX2

(LB7IN)

“5749¢(
-E778¢
-5794Q(
~67¢q(
-5811¢
-“£917(
-£056 (
~€0E61¢(
~g144(
~£145(
~“B1hAL(
~C1€5¢(
~£207¢
~€208¢
-€347 ¢
-7851¢(
-7830¢
=8076¢

L)
L)
L)
4)
L)
41
4
4)
4)
L)
4)
L)
4)
L)
4
4)
4)
4)

-L2(12)
-0(15)
0(16)
0(16)

NX 4 NX5
(LBZIN)  (LB/IN)
~8946(10) -11144(10)
-8533(10)-10540(10)
-8328(10)-10241(10)
-8315(10)=10223(10)
-8070( &) ~9AL3(10)
~-7954( B) ~94563(10)
-7852( 5) -a042(10)
-7848( 5) =G026(10)
-7656( 5) ~8&08( 1)
-7653( &) =8607( 1)
=7504 ( 5) «8687( 1)
-7496( 5) ~8586( 1)
-7447( 1) <8555( 1)
~74460 1) -8S54( 1)
«7505( 1) ~-8596( 1)
-8589 (10) ~9294( 1)
-8232( 1) =9314( 1)
-8320(¢ 1) =G3G3( 1)
70(15) 750 1)

-0 (15) =0(15)
0(16) 0(16)
0(16) 0(i6)

NX®
(LP/IN)

-fG4L6(1N)
-8533(10)
-8328(1 D
-8315(10)
-8113¢C ©6)
-79G62( 6)
-7932(0 3)
-7935( 3)
~7Qa2{ 3)
=7894( 3)
-R011(C 3
-8012( 3)
-80S0 2
-8051( 2)
-8149(C 3
-gas8( 3)
-8911( )
-8g18(C 3)
70(15)
-1( &)
-1t &
0(16}

NX7

(LB/IN)

5841 ¢
~53989(
-6091(
-6097(
-5233(
-bLe1
-6722¢
-6742(
-70C6¢(
-70G10(
-7151¢(
-719%a(¢
-7457(
-7464(
=77398(
-8504¢(
-8803¢
=906 ¢

6)
3)
3)
2)
3)
3)
2)
2)
3)
)
)
H
)
2)
3)
3)
3)

K}

-42(12)

-1
-1 {

€)
B)

0(1€)

NX8
(LR/7IN)

-30586(
-3342 ¢
3482 ¢
-3431(
~3675 ¢
-3971 ¢
-4322¢(
-4L34{
-45633¢
-LBRA(
-LA81(
-4391¢(
-5264 ¢
-5305¢
-5703(
-7277«(
-7668( &)
-8053( &Y
-184(12)
-1( B)
-1( &)
0(16)

)
2)
3
3)
2)
3)
3
3)
3)
2)
47
&)
5)
4)
4)
4)
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1 Hour Ground tead 59/ . _ 293 297
Winds Fueled Tail S59/ . /< E_A‘ ' _ 297 -
Unpressurized Side 25/ ¥ 97. 4 255 T 253 2772 -+ /3‘7“7
Dynamic Lift Off lead /327 | ZVe g24 .
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COND
conp
COND
CoMD
ConD

“COND

COND
COND
COND

“COND

COND
COND
COND
GCOoND

-~ COND

COND

DNV WN -

Table 3-16.

BOOSTER

BOOSTER
-BOOSTER
BOOSTER
BOOSTER
BOCSTER
BOOSTER
BOOSTER
ROQSTER
BONOSTER
ROOSTER
BOOSTER
RONSTER
BOOSTER
ROOSTER
BOOSTER

Booster B-9U/Space Tug Ultimate Internal Loads

A-9U/SPACE
B-9U/SFACE

B=-QU/SPACE.

B-9U/SPACE
B=-9U/SPACE
8-9U/SPACE
R-QU/SPACE
B-QU/SPACE

A-GU/SPACGE.

B-QU/SPACE
R-QU/SPACE
3-9U
B-GQU
3-9U
R-9U
B-9U

VIEW LOOKING AFT

TUG

TUG

TUG
TUG
TUG
TUG
TUG
TUG
TUG
TUG
TUG

STAGE
STAGE
STAGE
STAGE
STAGE
STAGE
STAGE
STAGE
STAGE
STAGE

STACGE

1HR GROUND HEADWIND TANKED UNPRESS
1HR GROUNO TAILWIND TAMKED UNPRESS
1HR GROUND SIDEWIND TANKED UNPRESS
LIFT OFF +1HR GROUND HEADWINDS
LIFT OFF +1HR GROUND TAILWINOS
LIFY OFF +1HR GROUND SIDEWINDS
ALPHA=N HEADWINDS
ALPHA=Q TATLWINDS
RETA =1
2476 MAX THRUST
2.476 300STER BURNOUT
_ROOSTER RECOVERY
BODSTER SUBSONIC GUST
AONSTER 2 POINY LANDING
800STER 3 POINT LANDING
ROOSTER 2 G TAXI
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PEAK ULTIMATE

STATION
(IN)

1000
1036
igz2
1131
1278
1337
13414
1477
1481
1600
1750
1304
1868
20U€E .
2g2r-

202"

2042
209¢4
20938
2180
2184
2300
2400
2500
2600
2664

NX1

(LA7IN)

0(16)
5(12)
45(12)
73(12)
141(12)
173(12)
177(12)
288(12)

1411(12).
'1569(12)

1820(12)
2042(12)
931(12)
1520 (11)
F724(11)
L776(11)
1983 (11)
2719(11)
27631(11)
3243(11)
5226(11)
5548(11)
5823(11)
6094 (11)
6360 (11)
6527 (11)

Table 3-17. Booster B-9U/Space Tug Ultimate

NX2

(LB/IN)

0(16)

L(12) -

321(12)
51(12)
38(12)

121(12) -

124 (12)
200 (12)
1322(12)
1430 (12)
1601(12)
1753(12)
643 (12)
829 (12)
850 (12)
891 (12)
359(11)
1365(11)
1386 (11)
1559 (11}
3528(11)
3743(11)
3929(11)
4110(11)
4289(11)
4401 (11)

NX3

(LB/IN) -

0(16)
0015
1(i5)
3(1%)
71(15)
9(19%)
8(14)
146(18)
1343011
1310(11)
1268(11)
1222(11)
35(14)
47(14)

G8(16) .
45(14)

47(14)
52014y
52(14)
63(14)
1454(13)
1444(13)
1437(¢(13)
1433(L3)
1432(13)
14631(13)

NX4
(LB/IN)

0(ie)

0 (is)
70 8)
13¢ 3
37¢( 8)
54( 8)
121 {13}
11370 3)
140650140
1401€(1%7
1654( 8)
1853¢ 3}
86(13)
155(173)
166(L3)
160(13)
152(13)
1461018
1642014)
1e8{15%)
1653(1L3)
1656(13)
1675(13}%
170913
1756(13)
1733(13)

AXIAL TENSION LOAD INTENSITIES

NX5
(LB/IN)

AR
1(11)
12¢ 8)
25( 8)
710 8)
99( 8)
192 (15)
194 (¢ 8)
1430 (11)
1521¢ 8)
1935 ( 8)
2241 ( 8)
140(13)
242(173)
258(13)
251(13)
S42(13)
219(13)
217(13)
213(14)
1734(13)
1743(13)
1772(13)
1821 (13)
1588(13)
1340 (13)

NX®
(LB/IN)

(18}

{ (16)

70 8)
13C 8)
37( 8)
54( 8)
121(15)
11¢c¢ 8
1492 (11)
1401 (1)
1654 ( 8)
1852( 8)
8¢ (13)
153(13)
164 (13)
158(13)
15C(13)
141 (14)
152(1%)
158(14)
1656(13)
1632(13)
1671 (13
1704 (13)
1751 (13)
1787 (13)

Internal Loads

NX7

(LB/7IN)

gle?y

0 {15)
1(18)
3(1%)
701%)
915}

S B{1W)
164443
1343(11)
131004
1268(11)
1222(11)
35(14)
47 (14)
48(14)
&5 (14)
L7(14)
52(14)
52(1i4)
o0 (iLy
1450(13)
1439(13)
1434(L3)
16426(13)
1424 (L3)
1422((13)

NX38
(L8/7IN)

0(16)
412>
2(12)
51 (12)
98 (12)
121(12)
124(12)
250(12)
1322(12)
1430(12)
1601(12)
1753(12)
6LC(12)
829112
850 (12)
891 (12)
959 (11)
13£5(11)
1286 (11)
1559 (11)
3528(11)
3743 (4L)
3929 (11)
4110 (11)
4289(11)
4401 (11)
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Table 3-17.

PEAK ULTIMATE AXIAL TENSION LOAD TINTENSITIZS

STATION
AIN)

2668
2840
286hL
2868
2350
3050
3161
3165
3293
32935
3373
3377
3538
3542
3679
35683
3820
3921
3925
4065
4069
L300

NX1

(LB/IN)

6523(11)
5918(11)
5627(11)
5608(11)
5218(11)
Lyo2(11)
3683(12)
3615(12)
2973(12)

- 2968(12)

2475 (12)
2394(12)
1465 (12)
1391(12)
943(12)
-609(12)
“447 (16)
-119(16)
452(11)
0¢ 7)
0(16)
0(16)

NX2

(LB/7IN}

4398 (11)
2953(11)
3741(11)
3727 (11)
34401
3103(12)
2033(12)
2980(12)
2538 (12)
2530(12)
2185(12)
2123(12)
1L71012)
1414(12)
1105(12)
-442(12)
=316 (15)
-84(16)
401(11)
1(8)

1( 6)
g(1i6)

NX3
(L3/IN)

1431(13)
1429(13)
1426(13)
1423143
14231 3)
1428(12)
1464(12)
1448(12)
147301 2)
14L73(12)
1486(12)
1469(¢12)
1486(12)
1469(12)
1559(13)
25(L3)
16(13)
15(13)
280(10)
1( 6)

1( 6)
_0(1e)

© 265

NX &4

{(L3/7IN)

1795 (133
1886 (173)
1937 (13)
1540(13)
2015 (13)
2172(13)
2487 (L3)
24987 (13}
2631116}
2643 (16)
2737(13)
2742(13)
{13y
2651(13)
2228(13)
770(15)
516(12)
132(12)
2610 73
10 8)

10 6)
0(16)

NX5

(L&/IND

1344 (13)
207213
21446(13)
214913
2254 (13)
2LT77 LN
29211{13)
338 (13)
3721 (16)
3737 (16)
3272(13)
3281(43)
315613
3i55(13)
2506 (13)
1088(10}
74L3012)
196 (12)
2770 7)
e 7)

8¢ &)
0(18)

NX6

{(LB/IN)

17890132
1876(13)
1830 {(13)
1833(13)
2337 (13)

164{(13)
2477 (13)
2687 (13
2631(18)
2643 (16)
2728 (13)
2730 (1 3)
2642(13)
2639(13)
222%(13)
77C{(1R)

51€(12)

122(12)

2611 7)

a¢ 7y .

C(18)
€t {10)

Booster B-9U/Space Tug Ultimate Internal Loads (Cont)

NX7

(LB/7IN)

1422(13)
1419113)
1418(13)
1413(13)

1617013y

1428127
1464(012)

14648012y

1473(12)
1473(12)
1486(12)
1469(12)
1486(12)
14568(12)
1561(13)
256(13)
16(13)
15(13)
280(10)
gC 7)
g(i6}
0(19)

NXS
(LB/IN)

4397 (11)
3653 (11)
37411 1)
3727 (11)
343 (L)
3ig2(12)
203312y
28gil(12?
2538 (12)
2533(112)
2185(12)
2123(12)
1471 (12)
1414 (42)
1135(¢(L2)
=442 (12)
-316(16)
-84 (1%)
601(11)
8¢ 7
0(1o)

- 0(is)
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Table 3-18.

Booster B-9U/Space Tug Ultimate Internal Loads

PEAK ULTIMATE AXIAL COMPRESSION LOAD INTEINSITES

STATION
(IN)

1000
1036
1072
1131
1278
1337
1341
1477
1481
1600
1750
1864
1868
2006
2022
2026
2042
2094
2098
2180
2184
2300
2400
2500
2600
2664

NX1
(LB/IN)

-1(11)
-5(11)
-25( 8)
-58( 8)
-159¢ 8)
-209( 8)
-295(15)
-384( 8)
-135(15)
-355( 5)
~724( &)
-1673¢ 4)
-4977( 4)
~4130( &)
~4026( &)
~3999( 4)
-3892( 4)
-3525( 4)
=3505( 4)
-3272( 4)
~2745( 4)
-2607 ( &)
-2486( 4)
-2425( 2)
-2413( 2)
-2401 ¢ 2)

NX2

(LB/IN)

-1(11)
=4({11D)
-13( 8)
-L6( 8)
-125( 38}
-164( 8)
=224 (15)
=289( 8)
=107 (15)
=270( 5)
=538( 6)
-863(10)
«L714( B)
~42591 b6)
=-4204( B)
-4193( d)
-4133¢ 6)
-3928( ©)
=-3319( 4)
-3844( 4)
=3322¢( 4)
~3230( &)
«3150( &)
=3075( &)
=3000¢ W)
=2953( 4)

NX 3
(LB/IN)

-0(10)

-2(10)
-12( 9)
-31{ 9)
-86( 9)

-109( 9)
-112( 9)
-181¢ 9)
~49( 4)
-66( 4)
-89( &)
-549(10)
~4063( )
-4602( &)
-4671( 6)
-4688( 6)
“4755( 6)
-4957(¢ 6)
«4972( 6)
-5284( 6)
~4773( ©)
-4797¢( 6)
-4813( 6)
-4827( 6)
~4838¢ 6)
«4845(-6)

NAL

(LB7IN)

-0¢ 5)
-4 (12)
-34(12)
-53(12)
-105(12)
-132(12)
-136(12)
-225(1.2)
-58(1%)
-111(18)
-154(15)
-235(10)
~-3393¢ 5)
~4919( 35)
-5111( 3)
-5153( 3)
~5348( 3)
-6379(13)
-6456(10)
~7735(10)
-6192( 5)
-6333¢ 53
-6450( &)
-6614(10)
-6841(10)
-6985(13)

NX5
(LB/IN)

=G 5.
-5(12)
-47(12)
~75(12)
~147¢12)
-185(12)
-1891(12)
-313(12)
-82(16)
-158(18)
-2181(18)
-234 (169
-3140{ 5)
-5371( 5)
-5432(13)
~5548(10)
-5U09(13)
-7495 (10}
-7532(10)
-9243(15)
~73314(10)
~7704110)
-8519(10)
-8331(10)
-8639(10)
-8333(10)

NX6

(LE/IN)

-C( 5)
-4{12)
=34(12)
-52{12)
-132(12)
-132(12)
-13¢€ (22)
-225(12)
-58(16)
-111(1%)
-154(18)
=235(10)
=-3386¢( 5)
-4519( 5)
-5111( %)
-5155¢( 5)
-5348( 5)
~6379(10)
~cb45€ (1)
=77%6(10)
-5138( 5)
-63281( 5)
-eL&5 ( B)
-56146(10)
-5841(10)
~=698%(10)

NX7
(L3/7IN)

-0 (10)
-2(10)
=70
-15(10)
-45( 7)
-62( 7)
-63( 7)
 =107¢ 7)
-70¢ &)
-88( 6)
-133¢ 3)
-549(1()
-4026( 4)
-4554( &)
-4622( 4)
-46391 4)
“4704( &)
-4903( &)
-4918( &)
-5225( &)
-27140 &)
-4735¢( &)
-47520 &)
-4770¢ &)
~4787( &)
-4798( &)

NX8
{LB/IN)

-1(11)
-4 (11)
-19¢( 3)
-45( 8)
~125¢( §)
~164( B)
~224(15)
" ~299( 3)
<107 (15)
-283( 5)
-537( 6)
~863(10)
-4688( &)
-4254( 4)
-4201 (¢ &)
-6187C &)
-L130( 4)
-3Q28( &)
-3916¢( &)
-3844 0 &)
-3222( 4)
-3230( 4)
-3150¢( 4)
-3075¢C &) °
-3660¢ 4)
-2984( 3)
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Table 3-18. Booster B-9U/Space Tug Ultimate Internal Loads (Cont)

PEAK ULTIMATE AXIAL COMPRESSION LOAD INTENSITES

STATION
(IN)

2668
2800
2864
2%68
2950
2050
3161
3105
3293
2295
3373
3377
353
3542
3679
3683
3820
3921
3925
4065
4069
4330

NX1

(L3/7IN)

=2LJ5(
-2682¢(
-2818¢(
-28256{
-3007¢(
-3323¢(
-365A8¢(
-3671¢(

c=4025(

-4031¢
-4225(
-4235(
~4653(
-L6b64 (
~-5127¢(
-6751¢
-6767¢(
-7015¢

2)
2)
2)
2)
2)
2)
2)
23
2)
2)
2)
2)
2)
2)
21
7
7
5)

-243(12)
=0(15)
2(16)
0¢16)

NX2

(LR/7IN)

-2954(
=3163(
-2262¢(
-3269(
-3401¢(
-3659(
=3973¢(
=3984 (
~4260(
=4264 (
-4 336 (
“4402¢(
-46731(
-4580¢(
=5024¢
-6567(
-6726(
-7024¢

4)
4)
4)
L)
4)
4)

4)

4)
4)
4)
&)
4)
4)
&)
L)
7)
L)
5)

-1841(12)
-0(15)
0(16)

0(i6)

NX3

-4846¢(
=4877(
-48°29(
-4890¢(
~4903¢(
-5012¢(
-5149¢(
-5153¢(
-5233¢(
=5234¢
=-5250¢
-5251(
-5284¢
-5235(
~5413¢(
-6838(

=-6906

-7047(

{LB/IN)

6)
6)
6)
o)
6)
®)
o)
6)
6)
6)
6)
6)
6)
6)
6)

6)

©)
4)

-42(12)
-0(15)
0¢(16)
C0e)

NXY
(L3/IN)

-6985(19)
-6695(13)
-65L93(L33
-6541(18)
“-64G3( 5)
-6405( 5)
-6375( 5)
-5374( 5)
-6267( 5)
-6265( 5)
-6170¢( 5)
-6165( 5)
-5960( 5)
~5955¢ 5}
-5855( 5)
-7522(10)
-7126(10)
-7078( 4)
70(13)
-0(15)
0(15)
0(16)

NX5
(LR/IN)

~-8823(10)
-8389(1y)
-6184(10)
-8171(10)
-78806 (107
-7627 (13}
-7328(10)
-7316(14)
-5874(10)
6366 (10)
-5566( 5)
-6559( 3)
-5252( 5)
6244 5)
614G )
-7939G6 ¢ 8)
~7557(119)
-739GC &)
74C 1)
-3(15)
g0(15)
0(16)

NX6
(LB/7IN)

~-5385(10)
-6695(10)
-6549(10)
-o541(10)
“5443( 3)
-oLi%( 5)
-6375( 5)
=6374{( 5)
-5267( 5)
=525 ( 5)
-617C( 5)
-5165( %)
-5998( 3)
-5839( 3)
-6032(C 3)
-7522(10)
-7126(10)
=7078(C &)
7C(15)
-1( 6)
=-1( 8)
C(10)

NX7

(L3/7IN)

-4799¢(
-4R328¢(
-48068¢(
-4873(
-4 983
-5178¢(
5414
-54623(
-5645(
~-5648¢
-5764¢(
-5770(
-6017¢
-5023¢(
-6313¢
-5962(
-7217¢
-7472¢

L)
L)
3)
3)
2)
3)
3)
3)
3)
2)
3)
3)
3)
3)
2)
23)
3)
3)

-42(12)

-1
-1

&)
&)
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Figure 3-39. Design Attachment Loads

CONDITION WIND | TFx Fy Fz Ay | Az x|
- (x 103 1b) (x 103 ib) (x 103 1p) (x 103 by (x 103 %) (208 in/iyy 0
Two Week Head 2/6 - D6.7 E2.9
.Ground Winds Tall . 2/6. -/ O8. 54.9
Unfucled . Side 2/6 t /4 / 52.6 AV S58.5 1FDA.D
1 lour Ground llead L2/ /8F /7
Winds Fueled Tail 69/ /28 _ /20
Unpressurized’ Side 62/ L 992 /72 F 993} 1D/ F 2.7
Dynamic Lift O Ilead 975 297 283
« 1 jtour Grownd Tail - Y4 + 209 262
Winds Side 74 Ix.2 24/ -+ 2.8/ 269 F5.23
Max. a-q Head /506 lAAN 5//
' Tail /922 299 308
Nax. 3-q Side /389 +)25 202 36,8 83 (3/8.65
.2.473.\1:1.&. Thrust - /B74 423 554 .
Roostcr Buimnout - VoY 1o 353 —é 7/0 .
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DELTA WEIGHT INCREASE
THEORETICAL INSTALLED - CRITICAL CONDITION
IOX TANK
Ce——
DOMES 0 1lbs 0 1lbs
FRAUES 0 1lbs 0 1lbs
SKIN-STRINGER 0 lbs © 0 lbs
BULKHEADS 283 1bs , 35k 1bs Max 4 ¢
IHp TANK
DOMES A 0 lbs 0 1bs
FRAMES 0 1lbs 0 1bs
SXIN -STRINGER 30 1bs . 39 lbs 1 Hour Ground Winds
BULKHEADS 59T 1bs - 685 1lbs 2,5 g Max, Thrust
IOCAL SKIN BEEF-UP 149 lbs ' : 186 1bs 2.5 g Max, Thrust
INTERTANK ADAPTER 0 1bs 0 lbs
THRUST STRUCTURE ° 0 lbs 0 lbs
TOTAL BOOSTER STRUCTURE 126k4 1bs

Figure 3-40. ESS/Nuclear Stage Delta Weight Estimates
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ELTA WEIGHT INCREASE
THEORETICAL | INSTALLED CRITICAL CONDITION
i
10X TANK | .
_——
LQLES 0 los 0 1bs
FRAMES 0 lbs 0 1lbs
SKIN-STRINGER 0 lbs 0 1lbs
BULKHEADS 260 1bs 325 1bs Max, & q
iH, TANK
Ly TAN
DCOiES 0 1bs 0 1bs [1 Hour Ground Wisads
FRAMES 46 1bs 51 1bs —2.05 g Max, Trrust
71 lour Ground Winds
SIGN-STRINGER 371 lbs h76 1ts -'..2'06 g Max., Tnrust
DULKHEADS 640 1bs 735 1bs 2.05 g Max, Tnrust
LOCAL SKIN BEEF-UP 160 1bs 200 1bs 2.06 g Max. Thrust
IXTERTANK ADAPTER 0 1lbs 0 1bs
THRUST STRUCTURE 910 lbs 1365 1bs 1 Hour Ground Vind
TOTAL BOOSTER STRUCTURE 3152 1lbs

Figure 3-41.

ESS/MDAC STage Delta Weight Estimates
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4.0 PROGRAM CONCEPTS
4,1 ESS (S-1I) LAUNCH PAD SERVICING STUDY

The GSE launch pad servicing of the ESS was investigated, with the
following results:

OPTION I

Retain baseline (''Belly to the Tower'') and redesign S-II to accept
aft service connections with launcher rise-off disconnect pylon.

RATIONA-LE

1. Routing of the ESS forward connections to the aft area will add
considerable weight to the ESS. New systems tunnels will be
required. The LHZ vent lines, vent valve actuation lines, tank
pressure lines, thermal control line, hazardous-gas detection
line, and electrical cables will have to be routed to the aft area.

2. The LHZ fill line, LOZ fill line, 24 pneumatic lines, and electrical
cables on the S-II aft swing arm have to be rerouted for rise-off

separation, which adds weight to the ESS.

3. No qualified hardware for rise-off disconnects is available.

4. The complete umbilical system will have to be redesigned and
requalified.
5. Without the forward swing arm, there can be no entry into the

ESS forward section for inspection or repair of the LH, tank
and the tank vent system oi entry into the payload area after
T-12 hours.

6. To permit entry into the above areas before T-12 hours, the
MSS will have to be modified to reach the forward access door.

OPTION I1

Retain baseline and modify pad to include service tower adjacent to
the launcher, with swing arms compatible with S-II service connections.

- 333 -
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RATIONALE

1. Umbilical carrier plates, disconnects, and swing arms can be
used as previously qualified for Saturn launch operations.

2. Separation at liftoff provides maximum safety for the launch
vehicle.
3. No changes required for stage structures, fluid systems

plumbing, or electrical cable routing.
4. Launch abort before liftoff has the umbilical connected for
detanking and switchover to ground power for stage operations

and safing procedures.

5. Since the new tower will be approximately 200 feet high, the
flight path will have to be accurately determined.

OPTION III
Modify baseline to booster '""Belly away from Tower'\
RATIONALE
1. Dependent on the actual location of the ESS relative to the launch
tower, the length of the swing arms and the location of the

umbilical withdrawal mechanism will have to be modified.

2. The umbilical carrier plates and disconnects can be used as
qualified for Saturn launch operations.

3. The service of the shuttle booster is not defined for this
configuration.

« 334 -
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4.2 CONVAIR LAUNCH PAD

Modify the ESS as required to obtain single-point aft umbilical.
e Consider ESS with nonejectable aft skirt extension.
e Consider ESS with an ejectable aft skirt extension.

Routing the LH, tank vent aft on either of the two configurations will
violate MSFC Saturn V ground rules, which are based on engineering
judgments to maintain as great a separation as possible between GH,, and
GO, vent systems. The GO, vent should face away from the tower and/or
approximately 180 degrees from the LH) vent. GO, is vented to the
atmosphere, GH, to a burn stack through a service arm. Forward and
aft separation should also be as great as possible.

In order to obtain good separation between the GH, and GOZ vents,
additional valving in the GH, vent should be considered, which would provide
forward venting after liftoff and prevent the aft (service arm) vent from
expelling C:H2 into the ESS and/or booster engine plumes.

Routing the forward service connections aft will require an additional
external tunnel large enough to contain the forward connections.

On the S-II of the Saturn V, the forward and aft swing arms are in
line, in a plan view. On the ESS, therefore, as the additional tunnel _
containing the forward connections approaches the vicinity of the aft service
connection area, the tunnel should 'fan' out to a very wide tunnel, permitting
the aft connections to be encompassed. This assumes that the single aft
servicing point would be near the end of the aft skirt extension.

An alternative to the above approach is to use two tunnels. The second
tunnel would be used for the aft service connections, and it would be ''clocked"
(rotated) to clear aerodynamically the forward tunnel. (The forward tunnel
should remain in its current location to maintain the approximately 180-degree
separation from the LO, tank vent.) This approach would probably require
two swing arms.

An alternative to the two-tunnel approach is to locate the swing arms
(probably two) at the elevation station in the aft service area. This would
require only the additional tunnel for the forward connections and obviate

«-335 -
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complexities associated with running the second tunnel aft on the ESS
configuration with an ejectable aft skirt. (An ejectable aft skirt would
require disconnects at the separation plane.)

Refer to Volume II for a discussion of the selected system.
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APPENDIX A. HEATING RATES FOR ESS WITH MDAC SPACE STATION
PAYLOAD WIiTH PROTUBERANCES — MATED
INTERFERENCE HEATING INCLUDED

- Heating rates presented herein are for the ESS mated to the B-9U
booster. The 2/15/71 trajectory and the 1963 Patrick atmosphere were used.
The heating rates, which do not account for any separated flow region exhaust
gas heating, are to be used as preliminary design values pending final defini-
tion of the configuration or wind tunnel tests, or direction from NASA.

Heat transfer coefficients, hc’ for ESS Stations 0, 451, and 962 are
presented in Figures A-la, A-1b, and A-1lc, respectively. The effect of
interference heating decay on the side of the ESS is also shown as a function
of the local angle. The heat transfer coefficients have been determined for
calorically and thermally perfect air (Y = 1.4) and a wall temperature of
540 R. The associated recovery temperature, T.. is presented in Figure A-2,

The heat transfer rate to the 540 R wall (in the absence of ESS or pay-
load protuberances) is obtained using q = h, (T,-T,). For other wall temper-
atures, following NASA MSFC practice, hC is not changed.

The protuberances on the ESS and the associated protuberance-influenced
regions are shown in Figure A-3. The heating rates on these protuberances
or in the protuberance-influenced regions (in the absence of payload protuber-
ances) are found using q = (PF) (hC) (Ty-Tw). The protuberance factors, PF,
are determined using Figures A-4 through A-16. Where protuberance regions
overlap, the product of the individual protuberance factors is used.

A multiplying factor, MF, is used to account for the influence of the
payload protuberances on the ESS heating rates. Thus, q = (MF) (PF) (~hC)
(T.-Ty). Figure A-17 shows the variation of MF with ESS station, local
angle, and flight time. The (MF) (PF) (h.) product, which includes the effect
of mated interference heating in each factor, provides an upper limit for the
heating rate. A more refined study is in progress to improve the present
analysis.

The protuberance factors for the protuberances in Figures A-4 through
A-10 require no further explanation. However, further explanation is required
for the attachment fittings and drag strut cylinders calculated using Figures
A-11 through A-16. Figure A-11 shows the protuberance factors for the
vicinity of the drag strut due to the radial and longitudinal struts. However,
the presence of a pyramidal attachment fitting complicates the situation.
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Details of the regions for the vicinity of the attachment fitting are shown in
Figure A-15. The methodology for the calculation of heating rates for the
attachment fitting and the adjacent structure (except drag strut) is presented

in Table A-1. The heating rates for the drag strut radial cylinder are

obtained using Figures.A-12 and A-13. The heating rates for the longitudinal
cylinder are found by multiplying the protuberance factors from Figures A-12
and A-14, by the protuberance factor for the appropriate region of the cylinder,
as shown in Figure A-15.

Table A-1. Methodology for Calculating Heating Rates
(Attachment Fitting and Adjacent Structure)

A Region Method
A PF = (1 +T2*K2), KZ =19
B PF from Figure A-11 Region I
C Multiply Region A value by Region B value at same range time,
D PF = (1 +1'2 KZ) x Region B value, K2 = 6.7
E PF = (1 +'r2 KZ) x Region B value, KZ =0.9
F PF = (1 +-r2 KZ) x Region B value, KZ =0.3
G | PF = (Region IV, Figure A-11, value) x (1 =7, K)), K, =3.5
H PF from Figure A-11, Region II
I (PF Region H) x (1 +'r2 KZ)’ KZ =0.9
J PF:l+T2K2,K2:3.5
K (PF from Region IV, Figure A-11) x (1 +'r2 KZ)’ KZ =0.3
L (PF from Region B) x (1 +'r2 KZ)’ KZ =0.9
M PF same as region L
N (PF from Region B) x (1 +1'2 KZ), KZ = 3.5
@) (PF from Region IV, Figure A-11) x (PF Region I)

*"'2 is on Figure A-16
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APPENDIX B. INTERFERENCE HEATING INFLUENCE OF
A FAIRING SHROUD BETWEEN ESS AND BOOSTER

Proposed is a fairing for enclosing the L.O, vent valve and the struts
between the ESS and the booster, as shown in Drawing No. V7-923147.
The heating rates for the ESS hemicylinder closest to the booster is obtained
using, in part, the factors shown in Figure B-1. The heating rates for the
outer hemicylinder are obtained as previously stated.

RNS AND SPACE TUG

The heating rates for the hemicylinder closest to the booster are given
by

d=(n)(T_-T) (/) (1)

where

h/hlcb is obtained from Figure B-1.

These ratios include both the booster interference factor and, for the fore-
body, shroud, and Regions I and II, the factors due to the presence of the
shroud. The effect of the projections through or beyond the shroud, indicated
in Drawing No. V7-923147, are not included.

MDAC SPACE STATION

The heating rates for the hemicylinder closest to the booster are
obtained as follows:

q = hC (Tr - TW) (h/hlcb) (MF) (2)

These ratios include both the booster interference factor and, for the fore-
body, shroud, and Regions I and 11, the factors due to the presence of the
shroud. The effect of the projections through or beyond the shroud, indi-
cated in Drawing No. V7-923147, are not included. '
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APPENDIX C. INTERFERENCE HEATING INFLUENCE OF
TRAJECTORY ON ESS AND BOOSTER
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Figure C-2. ESS MDAC Payload, Ration of Basic Heat Transfer Coefficients
Mated Interference Heating (C) Station 962
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Figure C-3. Recovery Temperature for ESS Basic Sidewall
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APPENDIX D. TRAJECTORY AND ANGLE-OF-ATTACK EFFECTS
ON ESS HEATING RATES

The results of a study on the sensitivity of ESS heating rates to _
trajectory changes and to angle-of-attack are presented herein. The maxi-
mum dynamic pressure (high q) trajectory (with zero angle of attack) and the
low dynamic pressure (low q) trajectory (with nonzero angles of attack,
assuming tail winds) were used together with the 1963 Patrick reference
atmosphere.

The low-q trajectories for the MDAC space station, RNS, and space
tug are compared with the high-q trajectory in Figures D-1, D-2, and D-3,.
A comparison of trajectory and angle-of-attack effects on the heat transfer
coefficient and recovery temperature for the MDAC space station payload is
shown in Figures D-4 and D-5, while the effects for the RNS and space tug
payloads are shown in Figures D-6, D-7, D-8, and D-9,

It should be noted that the heat transfer coefficients presented are for
an area of the ESS sidewall not influenced by payload protuberances, ESS
protuberances, or the presence of the booster or interstage structure (booster
to ESS), Further, these values are preliminary pending final definition of
the configuration, augmented by wind tunnel tests.

For this study, only the values of the heat transfer coefficient, hc’
on the windward meridian at ESS Station 885 are presented (the values of h_
at ESS Station 0 are within 10 percent of the values at ESS Station 855), The
heat transfer coefficients were computed using the method of Spalding and
Chi for a turbulent boundary layer. Local values of Mach number and pres-
sure at the location were used together with an assumed constant wall
temperature of 540 R. The influence of angle of attack on the heat transfer
coefficient was based on the experimental results of Feller., The heat trans-
fer rate g — determined by using q = h¢ (T. - T,) —is the appropriate value
when the supplied values of h, and T, are used.

The heat transfer coefficients for the high-q trajectory are higher than
for the low-q trajectories, assuming zero angles of attack. However, when
the angle of attack is considered the heat transfer coefficients in the high
heating range of the trajectory are higher for the low-q trajectories than for
the zero angle-of-attack, high-q trajectory. The heating rates (based on cold-
wall assumptions) for the high-q trajectory are approximately three times
as high for the low-q, zero angle-of-attack condition but only 40 percent
higher than the nonzero angle-of-attack, low-q heating rates. The difference
in trend of the heat transfer coefficient and heating rates is due to the
recovery temperatures for the trajectories.,

D-1
SD 71-140-12



21-0F1-1L AdS

L.

tmck, «<,

1

ANELE oF A

o
V. - Lr—
DYNFIMICE PRESSURE

s us/%'a. /"r

g
hAxr0 Y Fr_

P

&
. ALTrTUODE,

-~
S
P

0.

3

8

$

o

10

DyNAMIE
: PRESSURE
8 B ALTITODE
" Maer No
6~
T
Q .
£ 3 ' ANCLE OF ATrraex
3
v 4
g
— low-3 TRATECTORY
2 —~= MAX-3 TRAJECTORY
. o > o)
\§\
o
° , 260

Figure D-1.

ESS Ascent Trajectory, MDAC Space Station Payload




Zi-0k1-1L dS

gEG

S
DYN AMIC_ PRE SSURE

S

[ANGLE OF ,ATTACK,

ET
i 3

,Las/
B

&

8

200

g

8

,hx1073 FT
MACH NUMBER

ALT/TUDE
g

10

(a3

<

U—/ ‘ .
P
T 1 \\
,’ﬂlnxz-“e \
!
DynNAMIC - . \

PRESSURE /

ALTXTUDSE

raecy ANo.

AN 6LE OF ATTAC K

— Low-g TRATECTORY

-—- Nnx-'z TRAJTECTORY
(£ *°0)

50 {00 150 200 250
TIME, §€ CONDS

Figure D-2. ESS Ascent Trajectory, NR/RNS Payload




Zi-ov1-12 dS

'v-a

Di&

ATTACK,
Q

ANGLE OF

LBS/FT2
&

£

s FT

DY NAMIC PRESSURE
: &
o

8

hxilo~3
MACH NUMBER

ALTITUDE ,
(S

DYNANZIC
PRESSURE
- ALTETUDE -

Maecn Ao,

ANGLE OF AT TALK -

— ——— - /1AX -9 TRATECTORY (Kxa)
Lowg TRATECTORY

50 100 150 200 250
" TIME , SECONDS '

% R R

Figure D-3. ESS Ascent Trajectory, Space Tug Payload




- i
10" ] -
! ! .
: i
R e e e e ]
R

[

| Uy ———tlow:g ﬁ».?‘:éraizﬂ-rw;

T aea /mn'-;' .rm.-recron‘r
IDURUDY PR l'_". - (a=0) RN B

P
: ]
*

~ "
|
1
|
AT
o

. l -
!
, -1
- "

I
|
|
i

/ear TRangrar Coscrmie onr (5'0/fr‘-atc- - )

10

RNSRREN I SR N SCASAN S B TSRO I S I
9

So : 700 ——7—;1 o

Figure D-4. ESS Sidewall Heat Transfer Coefficient, MDAC Space
Station Payload ESS Station 855

D-5
SD 71-140-12




- ey

{

FeRY !

TQRZ. -:..-.T',.j

ZEe

'rfl;ﬂ'.ié'e

--TRa

i

.

—

]

o !
) T
P
A

_
. i

1
260

oo
loNDS

. S&

]

i

]

: .
/30

L et

!
T 1Mme

700

Ve

70000y — T TTITITTETILT

‘Dyribysiwz,

~

Ay groosy

(22

/

ESS Sidewall Recovery Temperature,

IFigure -5,

MDAC Space Station Payload ESS Station 855

SD 71-140-12




ow-g3 JRAIECTORY -

1

Tud’:aroéy
(@=0) v

-3

£
o
——-|/70!-

lt

T

R S

'

255

!

. - L

24

a

,NM‘.. p u,w:n n.kn\..\\skmwN a3 ) 24

%
D o o r

28D VasSNVY Y L VIS

ESS Sidewall Heat Transfer Coefficient, NR/RNS Payload

Figure D-6.

ESS Station 855

D-7

SD 71-140-12




- TRAT

)

o

LU
o
- M
I
lw,
-
el

TRATETO

'q'iffﬁ.;_'
pooost

S

el

e MAE 3

200

1

——t _pi

/700

oy s S

.,Ja.

Ve ‘gynivudIIWTL ABIRODIY

~

750

ESS Sidewall Recovery Temperature,

NR/RNS Payload ESS Station 855

Figure D-7.

SD 71-140-12




N il'
R’ i . T AT -
% . i . N T
3 ) e - =
| — - -
/07 L
4 f Pl '
S ! i . .t.':i
PR I R D -

1 o [P IR WIS S .

i
[T T P

S L = Low2 erJt;e_ra.'gy
- — Max -2 \TRATECTORY
SRS SR I {niz0d 1T

‘ER COEFC(c:(ENT} UTU/(

-
N PR
|

S~
o
]

HEAT TRANu ¢

. = | S S Dt
——— g —_ - - forme = i _
3 e
i
P NN WS
z - : 4
o ! T -
—— i — —_— i -1
. B . H
- ! v
-51" ! S !
10+ —+ - e e
€ e e = --
_ : : R e
6. : i : e e —_—
. . H H
5 | i ! '
T . T Tttt - ‘A
——— e } —_— . . e ]
4 i ! k] e T
1 H : T T TR
—_— : ‘ - + s e —
3 : ! .
. .
) MR
_ e LT TS SN S S

~ " < ) A A 150 AN

TIME - sec_

Figure D-8. ESS Sidewall Heat Transfer Coefficient, Space Tug Payload
ESS Station 855

D-9
SD 71-140-12




'

i

4
i

S B

|

T

i

i
4
)
]
. 3 H i
——«_-—.-»--—-—-—-.’—‘._._7'._..._4_— R e
. HE .

-3 Z’RA.r:c_raR Y. .

T Low

- /‘70!13 TRATECTORY |

i
1

i

1
1
1

} .
| i
i
H .
! - —
. : o
: . .
i H i L
§- i
t t
—
:
. : —
. [
i .
: ; i
; ! | -
i ! -
:
1
i
H .
! -
H
e - — o
: i
' , -
! i
, .
! X -
; iw_ —
oo L
IS S
. H ! . T
o ! | _
bor b s = e e i B el e

—

{
oo

L]

/50

73‘»7:?- Se &

700

S0

ESS Sidewall Recovery Temperature, Space Tug Paylaod

Figure D-9.

ESS Station 855

D-10

SD 71-140-12




The aerodynamic heating indicator (AHI) has been used to indicate
relative heating severity. For zero angle of attack and small trajectory
changes, this is reasonable, as indicated in the Table D-1, However, for
large trajectory changes and for large angle of attack, the AHI should not be
used without a careful examination of all parameters that may affect the con-
vective heat transfer rate, which is used to predict structural temperatures.

Table D-1, Comparison of Representative Heating Rates and
Aero Heating Indicators
High-q Trajectory Values/
Low-q Trajectory Values
MDAC Space Tub RNS
t = 140 sec
q (@ = 0) Btu/ft®-sec 0.647/0. 195 0.491/0.175 | 0.614/0.213
q (a=0) Btu/ft®-sec 0,647/0.464 | 0.491/0.332 | 0.614/0. 444
AHI x 10_6 (ft-lb/ftz) 170.8/58. 4 170.8/63.1 170.8/61.5
q (a = 0) ratio 3.32 2.80 2.88
q (@ #0) ratio 1.39 1.47 1.38
AHI ratio 2.92 2.71 2.78
t = 160 sec
q (= 0) Btu/ftz-sec 0.452/0.120 0.391/0.112 0.428/0. 149
g (@#0) Btu/ft?-sec 0,452/0.282 | 0.391/0.230 | 0.428/0.317
AHI x 1079 (ft-lb/ftz) 202.6/64.2 202.6/64,2 202.6/69.0
q (@ = 0) ratio 3.77 3.47 2,87
q (a# 0) ratio 1.60 1.70 1.35
HHI ratio 3.16 2.88 2.93
D-11
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APPENDIX E. B-9U BOOSTER UPPER SURFACE TEMPERATURES
DURING ASCENT WITH ESS AND ORBITER

The following illustrations and tables present the results of a short
study to evaluate the booster upper surface skin maximum temperatures
during ascent with various expendable second stages, compared with the
baseline shuttle.

Three points on the booster surface were investigated for the aerody-
namic heating effect of the different expendable second stages. These three
points are illustrated in Figure E-1. Temperatures at these points were
calculated with the booster-orbiter flying the baseline B-9U-1 trajectory,
and with the booster-space tug, booster-RNS, and booster-space station
configurations flying the ESS trajectory. Points Aand Brepresent two areas
on the booster forward section undergoing shock impingement due to the
second stage, and their locations vary according to the second stage config-
uration, Point C is located in the most severe interference heating region
caused by the mated attachment struts. Points A and B were modeled as
0. 025-inch René-41 skin and point C as 0. 025-inch René-41 skin over the
LO, tank.

Table E-1 identifies for each point and mated configuration the view
factor to space (used for radiation cooling) and the aerodynamic heating
factor. The aerodynamic heating factor for the area around the mated
attachment strut is shown in Figure E-2.

The maximum temperatures on the booster upper surface during
ascent are summarized in Table E-2.
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Table E-1.

Heat Transfer Factors

oot A

Point B Point C
' View View View !
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Table E-2. Peak Temperatures During Ascent on Booster Top Surface
Temperalure (Dej. F)

SCCOhd T O.GCTOV -
S tage ") | Poin tA | Point B! Pornl C
Orbster T-B3U-} 1770 1780 2250
Muclear

ESS (3-1-71) 1500 2140 2290
St‘aye
Space £Ss(3-171)| 1830 | 2140 | 2290,
STtalion |

1
Space Ess(3-17n| 1650 | 1870 | 1940
TU] R |
" E-5
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APPENDIX F. ORBITAL HEATING RATES FOR
ESS ELECTRICAL CONTAINERS

The orbital thermal environments used in this study were generated
using the Space Division's Space Vehicle Thermal Environment Program,
described in SD 69-507 for the IBM 360 computer. This program was
developed for computing the thermal environment encountered by multisur-
faced vehicles in orbit about any of the nine planets, the moon, or the sun.
The physical model of orbital motion employed in the program is an isolated
dynamic system consisting of the planet, a satellite, and the sun. It is
assumed the planet has a uniform spherical shape, no atmosphere, and is a
diffused reflector of the solar spectrum. Orbital input data required include
orbital altitude, angle between orbit plane and sun (B8), position at which the
satellite crosses the equator traveling from south to north, and, for ellip-
tical orbits, the semimajor and semiminor axes, The program uses these
orbital parameters to describe the position of the space vehicle relative to
the planet and sun for a complete orbit, including planetary shadow effects,
As output, the program provides a complete orbital history of the radiant
energy incident upon each satellite surface due to direct solar radiation,
planetary reflected solar radiation, and earth-emitted radiation. If desired,
the program also determines the transient temperature history of the satel-
lite surfaces for the complete orbit.

To determine the incident orbital heat loads around the ESS, the
vehicle was represented by an eight-sided prism for use with the orbital
heating program. Figure F-]1 shows the arrangement of sides for the Y-axis
perpendicular to the orbital plane (Y-POP) nose forward solar orientation.
The orbital heating for each of the vehicle sides is presented as a printed
output and also displayed on cathode ray tube (CRT) plots. The program
also delivers the incident heating for each side as a punched-deck, which
consists of direct solar and planetary reflected solar radiation combined and
earth-emitted radiation. This deck is used directly as the incident radiation
curve input for equipment container thermal models.

Shown in Table F-1 for a complete orbit is the integrated incident
radiation on each of the eight vehicle sides as well as on the nose and base.
The sum of direct solar and planetary reflected solar radiation is shown
along with earth-emitted radiation for solar orientations of Y-POP nose
forward at  angles of 0, 40, and 80 degrees. From this table, the maxi-
mum and minimum orbital heat loads and temperatures for each of the.
vehicle sides can be determined by interpolation for the range of orbital
parameters under consideration.

Figures F-2 and F-3 show the temperature on the sides of the ESS
relative to stage positions and axis orientation. A review of these figures
indicates that containers housing high-heat-producing equipment should be
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installed in areas adjacent to sides 4, 5, and 6. Containers housing
low-heat-producing equipment should be installed adjacent to sides 8, 9, and
10, to take advantage of solar heating.
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Figure F-1.
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Table F-1. Integrated Incident Radiation for Eight-Sided Prism
(with two ends) in Orbit

Sun vs, Orbit » ’
Inclination Y~POP NOSE FORWARD MAX, MIN,
Side Angle-B . SOLAR EARTH EMITTED TEMP °F TEMP °F
1 0° 79.8622 98.915 +2°
LO° 65.2903 98.915
80° L8.8L58 98.915 -L°
2 Qe 214.654,8 0 +25°
LO° 16L.3048 0
80° 37.0768 0 ~208°
3 0° 177.3812 33.4336 +12°
LO° 142,5761 33.4336
80° L2.1089 33.4336 =75°
L 0e 59.4537 Th.43L6 ~L6°
LO° 38.9037 Th.L3L6
80° 8.7836 Th.L3L6 -80°
5 0° 22,7913 33.4336 -120°
LO° 17. 4466 33.4336
80° 3.9411 33.4336 -135°
6 0° 154.5878 L.L912 +32°
40° 9.3620 L.L912
80° 0.5253 L.L912 -24,8°
7 0° 153.9719 33.4336 +10°
L0° 121.4950 33.4336
80° 40,0195 - 33.4336 - =750
8 Q° 155.0L23 L.4912 +85°
L0° 302.1195 4.4912
80° 471.8127 4.4912 +20°
9 0° 23,1815 33.4336 +98°
L0° 290.6761 33.4336
80° 670.5327 33.4336 =75°
10 0e 59. 551 7L.L3L6 +82°
LO° 132.5509 TL.L3L6 '
80° 1,80.1972 Th.L3L6 ~4,6°
These are sample or reference minimum and maximum temperatures
for a piece of 0. 20-inch aluminum, with @ = 0. 25 and ¢ = 0. 85.

F-4 {
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APPENDIX G. ESS BODY LOADS

The following figures define the body loads on the ESS vehicle
structure that were not critical in the basic design. Included are all pre-
launch loads and space tug loads,.

SD 71-140-12



21-0¥1-1L @S

‘2-9

L
PR ppy

y

ChebiENT e

7P i:i

-

2704
. '.c p) //
MITE e S BRI gl o, 'Ne:l'/f sz e
LN MU S DTS SR //.
Errrids e zers /
. ,‘-aJ ' . ‘ ""_//-/ / |
2, el pacru = 2 //
sida 3. A \AL L )/L)»
=16, &N P /
Wtz z-
) MR S LA ’ﬁj/)(‘/f/)/ ) ¥ 3
‘o /4!’
N _// //
< Hip) d
2
9 /
~3 .leq ' . e —— e ———
——
/ e

M %3~
h
s

-
-,
’
~
-
—

-39
/ ’ e
,’ -
b} o
v e

.. et I

IR S ——— I e et e e o s Sl E et ,_ B T Al o

R 7D RO 2D #02 P Lo -3 J EVATN
- . ;)' [, I’ *'/t , ¢ / - ,IV

" Figure G-1.

o - BENDIG 101N THoEMALY

ESS/Space Tug Max qoa Normal Body Loads, q = 336.5 PSF a
{Tailwind Case)

-8.62°




21-o¥1-1L as

X9

(-4

I1oMELT = IN-8 257,57

NS,

D
3

.
N
‘:: t 90
1
1 %
_;,,4 N /00
AR YRY 7
R s
Y
’,,)'0: V) ] .
.: fﬂa.!
t
-2 ZER

B I

.. | P EP] +-—.- e

s\“j\‘ Betlidsy MMz T

CACPIRL)

1445T 36 ADTUSTED FOK

’ }
: P
MOTE - [ SHzse findo 1DIMENT VILUES !
'\
: |
FITTING 102D DEFECT S :

4
2, Lwiiirtic EICTOR =2, 2 . \
3, LiMIT LoAbS : '
¥
SHEAKR (MoeMn)
\
. \\
\_\.‘\; \
. — \
—— \,
. l' -r— ¥ T L2 T T T : T
Sun 737 68090 560 P25 390 20 s0d <o -/D0

e e ). e e g . .
£ 080 f‘.{;).-{"/ N / ORI ARV /‘/

Figure G-2. ESS/Space Tug Max qa Normal Body Loads, q = 525.0 PSF a = 2.97°




1-o¥i-1L QS

LIS

in -

¢

Yoy S22

Y

1609

/J-'};.f'- /e /).,'1/_"‘_ PR YRRCLINERY A2 /‘311,_' i ED

Toat EITIG LD SO

Taordos Tt s/

WLUANAYY L0 A L )

o axiat LoD AcTh & BSL &

’ I AT X ]
5. !NTE.QN.AL_ PREIW IR

AERD JirlD
Y:S.Js‘.o."sF e

——— e

bt Re PR R S g “Uia

ST s

Y

B

»
TP LD
T 5T

T T =

“Figure G-3. ESS/Space Tug Max qa Axial Body Loads

}r e e e g

2 YN




Z1-0¥1-1L S

s=9

-
>

Ay IV LBT XD

-

&g Mars

B:

80 4

£

¥0.

30

29

104

SHEAR ~ LBsx~

23

891 ./.
70 |
éo0 .
, __/.._,—-—.—1-‘
50 . b
SHEAR (NORMAL)
4 ]
o . .
30 ] / NoTs . /. Doss NOT 1deryos
. FITTNNA 1 DADS -
20
2, DYNAMIC £ACTOR =], C
10 |
3, COMBING WiITH PITCH
of (Flbr, 2.2-2248) %
’ BENDING MOoMENT AKIAL CFIQ-rg-rQTETﬁ,—é-d‘) )
-104 CNORMAL)Y Loaps
G LAimaT LoRRS
-0/ ' :
<304
—‘, L 4 T T AR - L] =T r L 4 L L)
B9 700 oo 590 Ho0 o0 200 799 .0 ~rD)

£35S Foly S7ATION ~ /M,

q=401.8 PSFa = -2, 72°

: Figure G-4. ESS/Space Tué Max q'(‘)zi Trim Yaw_B>o-d'-,r“ I;.c-).ad;




a-ori-tL as

“j9=D

~
(-]

7 XY~ o W3

.

s,
V0w TER

¥

Lo AT

© -4y

S

~i13) .

~"/olu

Yl

o]

~70.

~40]

-50
-40 ]

~

-

i)

SKHEAR ~ LES X492

I22

77¢

709 J

S

40|

gy

3

jﬁofs MIT JR0LerDs
s Lonps

Dyndiesic Facror =/ 2

CemBINE T AW FLANE(F16.2.2.2,9.:4]) , ' e

AND AxIeL (FIo.2,2.2.9.2.1%) LoAaDS pd

4. LIMIT LOADS '
/,// .

SHEAK (W2RMAL) e

/

/,\/ /\

b:mm)q HMuomaNT (40 <MA1_)

e . y v v
Too $21.3 Y B %20 S92 bl % J0a

Figu're G-5. ESS/Space Tug Max qa Trlm Pitch Body Loads

q=401.8 PSFa=2.72°3=4,0°

22




21-0%1-1L QS

L-O

PIDTE 2 [ ANIPL LS Mt 7 EF JPSiT 5D

e Sapy THTIIN s A

Figure G-6. ESS/Space ’i‘ug Max q& Trim Axial Body Loads

v

q=401.8 PSFa = -2, 72°

- ¢99)] FOK FATTiHG J500 ERFFECTS o
s 20 Dywoptic Frcoori = /)] e T
- ¢ 200 3. ComMBiNG wiry FrrcH(Fi5,2.2.2,9.2.18)
Y YAW (Fi6.2.2.2,4,2.1]) Loads
- 1192
Q 4 NxrnL bores Aszortso
;,’-)-fo.aq 7o ACT ALorG EsS ¥
v S, LimiT LoaDs
P / w ' .
NiKiad G, \NTERWNAL PREZLVAET =0
£y -305 ]
3
-7
9 i
<
> 4/'
\\E - 600 ///-./ ’
/’/.'. .
- 5, . o
E¥] + _ -
L R
&30 * - ] . s o i e e —_ - ~
g0 - BEB) 09 “2) R 295 r -/09




21-0%1-12 AS

8-D

IN-LEBS x 107°

MOMENT ~

- 40

-ied

-\un

8

>
5

[
o0
[o4

+290
. +2L0L
tadol

$2.20

e 2ol

40

o
NOTES! 4 ul
). FITTING LOADS NOT INCLUDED _
2. DYNAMIC FACTOR =" LI - NORMAL
CF3,LIMIT LoADS SHEAR /

T ¥ LA
ADo FI0 200 oy

BiDy SrAariron -~ N

Figur"e G-7. Eéé/Space Tug End Boost Normal Body Loads

°-




21-0%1-1L AS

6-D

Yo ahd

X

LOAD ~ L

AXIAL

-2000

-1200|

=1600

-MODL

~1200)

-10001.
. -800

500

"iOO

NOTES: e—"
L "FITTING LOADS NOT INCLUDED I
2. DYNAMIC FACTOR = 1. B

3. ANIAL LOADS  ASSYMED  TO
ACT AT ESS &
G LT LoADS

S.INTERNM AL PRESSVEE =0

T T T

T T T HAE
Boo 700 £55 Svo 432 F00 200 700 < /2D

ELG B0O20 S;0r/ae) e 77

Figure G-8. ESS/Space Tug End Boost Axial Body Loads




21-0%1-1L AS

(1] Sut®

-400

€

SHEAR (LBx 107
S
8

BENDING MOMENT (IN-LBx107%)
L *
8

Flgure G-9.

400

1

i

1). DOES NQT " WCLUDE .~ ° Lot ooy R TR /A/

[FITTING  LOADS U T, . e

o] o TR S B ol T
.2; LM T LOAD> s R BRI oo

14 ‘ .
L - S a———b sns;m (NonnnL)
a——a——a BEHDNG MOMENT Q«oam-.)
v v ¥ '} ¥ . T T N T T

800 700 600 500 ‘400 T 300 200 . 100 . 0

ESS BODY STATION (IN)

{Winds in Direction of ESS to Booster) Headwind

Prelaunch Loads on Unfueled ESS/RNS Due to 14 Day Wind and Von. Karman Effects




21-0%1-1L AS

11-D

o~
8]

o

LIRS
-.‘.h

% -
-
A

SHERR (LB x 1072 I:
R
=

PO

140,

180 J

"BENDING MOMENT (iN-1Bx1p™)

0] | -22ol

Figure G-10. Prelaunch Loads on Unfueled ESS/RNS Due to 14 Day Wind and Von Karman Effects

-0,

80 .

Jo" DOES:'NOT . INCLUDE. e S A
L FITTING LORD& [ ST
::_.é. it t.CJAHS.. .

"\OO."""-:"

st sHaAR(uoRmL)
A4 Q’ BENDING MOMENT (Noanm.)

“
o

T - T =T g L4 N T N T

BOO - 100 600 . X00 400 200

ESS. BODY STATION (INCH)

(Wind in Direction of Booster to ESS)
Tailwind Partial Shielding

O -




L
8
£
(=]
O

{ ( R T S . i . _ R A ‘ 2 Lo N RN

[N F‘TTlNC’ LOAD$ ' et I P , I T TP ' : T e
- ",' ' 3 LIM l T LoAbi ‘ ,‘ e e o /A/' .

[
(4
O
g

- Pt 'l_‘l:
200l e ;

21-D
SHEAR- (LBx 107Y)

T . besiie L4 SHEAR .. .

bntozy, BENDING MOMENT

5.

£

BENDING MOMENT (AN-LBK107%)

~G— -0 A_._._._._...o
A- T AN.... ] SRS 7 N Y |
300 3- |o% 0. .

"800

ESS BODY STATION (INCH)

2T-0%1~-1L dS

Figure G-11. Prelaunch Loads on Unfueled ESS/RNS Due to 14 Day Wind and Von Karman Effects
(Winds in Lateral Direction to ESS) Crosswind ’




21-0%1-1L AS

€1-O

AXIAL LORD (iBS=xi07%) "

=200, .. .

<180}

). DOES NOT INCLUDE

FITTING LOADS . e .
-160] " 20 LAMAT LOADS.T L i , U '
(3L AXIAL LomAD: ACTS: 89155 g A
4., INTE RNAL_ pzssswms =&
-ivcy -
-120
-100 |
_% T T L4 T - T T ™ |
80O . 700 600 500 NGO 360 200 100 ) -100

ESS BODY STATION (IN)

Figure G-12. Prelaunch Loads on Unfueled ESS/RNS Axial Loads for Use With 14- -Day

Wind Conditions




eL-0%1-1L as

¥1-5

-0, Mo e e e |
Q. a Coe e e B S R v . .-
x “47 k., poEs NOT MELUDE ‘oot
M . ‘ FITTNG  LOADS
.4 zoo! A 200, LRy LIMIT LOADS :
1 ‘ .
\.:/ . o 9 g = ‘:*"".-‘ ¢ 41 4 A . "’,;' R e ';:. ' T ] : f’.'_ i ¢
b T x . K -
P24 * ’
% q |
¥ -160] ¥, 160/
0 ~/
x
.
0 <
2 PTI
a-teod 120 - ,
ﬁ 9 a—g SHEAR (NORMAL)
o Mo MOMENT (NORMAL)
-BQ. 80 T— -+ -+ v v Al T T T
800 700 L00 SO0 0 WoD 300 200 100 (o]

ESS .BUDY STATION (N)

) VVFig;;J._re. G;_l3'. Prelaunch Loads on Fueled ESS/RNS Due to 1-Day Wind and Von Karman Effect
(Wind in Direction of ESS to Booster) Headwind '




21-0%1-1L AS

SI1-D

-
9 0
% : e T -°
T 20 I, DoES NOT INCLUDE ‘ Va '
FITTING LOADS
= {\‘ZOJ '2. LI T LOADS .
- ‘o . i ¢ ’ e
Zio| = & -
] - % : .
r _ .
S B-u0] _
b — - —
: ~ guiY
« 80] o ,_/
z < P e
(&) w_, A
= L0 & oo -SHEAR (NORMAL)
i by o—a MOMENT (NORMAL)
%0 ]
-80 i A4 L ™ T L T T T
800 100 600 - 500 Hoe 300 200 100 0

Figu?e G-14. Prelaunch Loads on Fueled ESS/RNS Due to 1-Day Wind and Von Karman Effect

ES3  BODY STATION (IN)

(Wind in Direction of Booster to ESS) Tailwind




240 " 160

o I, DOES NOT. WCLUDE . .. .. o
o FITTING - LOADS L
: 2, LimiT LOADS
Moy 120
A B
Zz N
s - - . -
= : :) . LATERAL .- o———o SHEAR :
w 804 @ 80 B 5 ——4& MOMENT
5- - 1
0 (&) ~/
' T
I . a - o
o o - _
é 0] X 40_‘ - SR W A - A R
£ » D o & ,—
19 NORMAL. _
-80 o L] R r T -r T Aan ]
800 700 400 500 400 300 200 ico 6

ESS BODY STATION (IN)

n
(w)
-3
[
:-
—
w»
(=
'
[ )
N

Figure G-15. Prelaunch Loads on Fueled ESS/RNS Due to 1-Day Wind and Von Karman Effect
(Wind in Laterial Direction to ESS) Crosswind




Z1-0%1-1L dS

L1-O

1
K
| R §
—~ . . . . ) . J— )
5. -8oQ . DOES MOT INCLUDE : e
b ~ FITTING LOADS . . .
x “2.L1MIT LOADS _
3 3, INTERNAL PRECSURE = O
~ -600 ]
T ’ ~ I . ' N
A ‘
<
fa)
"“_—‘100 4
‘_’ -
. <
=
. € -200 |
) L c
o T e ——e—— T T r BRI Il Al
800 160 600 500 400 300 200 100 0 -100
£55 2007 CTATIGH [1h)

Figure G-16. Prelaunch Loads on Fueled ESS/RNS Axial Loads for Use With 1-Day Wind



z-ob1-1L as

81-D

TONIL Y &~ oe TP~ 2L

-

70

Figure G-17. Prelaunch 14-Day Headwind Loads on Unfueled ESS/MDAC (Without Fittings)

r —— e a— —

x 03

S A e 4 AP

-S5e

-52

NOTE : SHEAR AND MIFENT VALLES /

’ MITT SE AITVSTES FOF AT74CH . - : -
FTTTAG L DAL LA FEZTS, . /-’

T ALL VALUES ARR LM T

~——— i

SHEAR —

Vo 2s T

Ee s LY 520 Ak I 2a0 /00 o

LSS Lo T ST~ AL S




21-0%¥1-1L AS

61-D

FOAIENT ~ TN B85 x 0" €

£

LPENDIA

~242 | 220 g
: .
i MNOTE : SHEAR A0 MOENT VALUES // '
-200 700 AIIST B8 ACTYSTED FOR ATTACH -
- FITTING LOAD EFFECTS. /
ALL VALUES ARFE LimiT ad
~ e -
* =
-0l N ss0 —
\
x -
[ vy —t e
M — /
/20 \; /60 /
% MOMENT — | T
< - / .
Q A .
I /
-80 | \n /40 - -
SHEAR =g
i
) 170
Z o0
200 800 700 6oc  Sco 200 ¢ 200 yze) o -~ /00

S5 3 Bopoy STar/or e IMIEES

Figure G-18. Prelaunch 14-Day Tailwind Loads on Unfueled ESS/MDAC (Without Fittings)




720 240 ‘ ' S
. . C NOTE: SHIAR AND MOMENT VALUES //
\ AMUST EE ADTUYSTEDL FOR AT7ACH '//'
N CLFITTIMNG LOAD EFFECTS. —~ L
X 6o 200 ALL VALUES ARE LIMIT o
< - ' ‘ . - . . -///
Y " . ZATERAL T AMOMENT _ / e
R .Io| g /60 ' C \ ‘ - '
~ ~N . _ -~ - . )
) x b : B : : i — - . . . )
N ] - LATERAL SHEAR
N N , ‘
3" 80 2 /80
e R v : o
N 3 1 X
A { | 3 eo N
'\\' .
2 .
N :
,‘\: i — NORYAL ATONIENT
2 40 Y4
m - - —— e e
o ,— NORMAL SHEAF T e e e w
-~ ; y4 - —— T
Lond .
,'_. R &od o) L SO
$ 200 800 o evo . s S0 300 200 G0 o -0
~ E£SS Boryv _Sicarias ~ INCHES

Figure G-19. Prelaunch 14-Day Sidewind Loads on Unfueled ESS/MDAC (Without Fittings)




21-0v1-1L ds

LOAD .(LBS x 1072)

AXIAL

1. DOES NOT INCLUDE

~260 ]
FITTING LOADS

2: LMT LOADS
o 3. AXIAL LOAD ACTSs € E35 G
T < INTERWAL PRESSURE 20
-220 4
-200

—

-'\501 /

T Y T A\J A ™ ™ =T >

8CO 10 500 500 40D 300 200 100

E5S  BODY STATION (IN)
Figure G-20. Prelaunch Loads on Unfueled ESS/MDAC Axial Loads

for Use With 14-Day Wind Conditions

-0 |




21-o¥1-1L As

2=

.

CMNIE/r ™ e SHLE a1

BLNEING

22

A

2.7

20

Figure G-Zl .

SHEAR ~ i35 xr573

3Jo

INOTE ! SHEAR ANO AIOAMENT VALUES
; MIST SE ADTUSTES FOL ATTAH
FITTING LOAD EFAFECTS.

20 ALL VALUES ARE LI\M\T _—
/0 )
’ /,.' s
. MOAIES, /’.\’ / i |
o - / .
, SHEAR ~ 7/
70 - _ ,
___———-—-"‘/ .
-, "j? - — -
322 890 70¢ 7% S 46 560 200 700 2 — 00
LS Loy Soe LorE !

Prelaunch One Day Headwind Loads on Fueled ESS/MDAC (Without Fittings)




MNOTE: SHEAR ANS MOAENT VALIES
MUST BE ADTUSTED FOR ATTACY

I B FITTING LOAD EFFECTS,
i | : ALu. VALUES ARE LI1M\T
~ H
]
N
x ~/CC /60
s < et
3 ™ /
' I Q T -
Py CoN : -
S -~
y vEO X 20| - : L
¢ "
N N
0 < N - o ?
L v{ | ) SHKEAK \//
() - 4 P . e
w .‘g =50 ! Y 80 e T ’,/
R — T
H h "
SRR e
N oV : —
I | ,,/f
N 40 ! —  MCENT
N |
R 1
‘) J o w———
Zn ey ot E0¢ S20 Wil Foo 2 200 D -k

ESS Fopy Iramiei o~ Fve Fv

21-0%1-1L AdS

Figure_G-ZZ. ‘lvz’rel.au_nch One Day Tailwind Loads on Fueled ESS/MDAC (With.c_).l—;\t'Fi.ttir;géu)




21-0%¥1-1L ds

2D

/o b

AIOMENT ~ TN L£

NN

AOTE 2 SHEAK AN AWOAMIENT [ FLLES .

AFL'S 7 FE QNTISTED FOR TTACH :
169 o0 FITTING LoAT EFFLCTS L TER AL SHEAR "
ALUL VALURS ARE «thmmiT : /-—/
ot
’ZO 80 . e
% : / i~ LATEBAL MOMENT SN
N T e
N . e
ec| " 6o : — ' . .
~ _ v I
. —
)
< .
] N VDR VIV, SHESR
"
, o i
D 20 _ T
| —_—— e e g1 T T - L AL RA AT
3 e PR - - - — - [
| o S
' - ‘\_s\
] ———.
wi | 1) S - - - _
gce KA T su 5% @D Fo 208 N ol - 2%
LT R ) 4 ;

Figure G-23. Prelaunch One Day Sid>ewi»r;d‘L'.oads on

Fueled ESS/MDAC (Without Fittings)




21-0%1-1L AS

§2-D

-1060 _ . :
/
. —
i. DOES NOT IMNCLUDE —
FITTING LOADS
“B800 . 2. LIMIT LOADS
3. AXIA- LORD ACTS @ Ess §
4. NTERNAL PRESSURE = O
-600 |
=400 |
-2¢0 | .
o -~ ol T T v T T L
800 700 600 500 40D 300 200 100 -100
ESS  BODY  ATATION (i)

Figure G-24. Prelaunch Loads on Fueled ESS/MDAC Axial Loads
for Use With 1-Day Wind Conditions
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Unfueled ESS/Space-Tug Prelaunch Loads Due to 14- Day Wind and Von Karman Effect

Winds in Direction of ESS to Booster (Headwind)
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Figure G-26.

Unfueled ESS/Space Tug Prelaunch Loads Due to 14-Day Wind and Von Karman Effect
Winds in Direction of Booster to ESS (Tailwind) (Partial Shielding)
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Flgure G-27. Unfueled ESS/Space Tug Prelaunch Loads Due to 14- Day Wind and Von Karman Effect
Winds in Laterial Direction to ESS (Crosswind)
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for Use With 14-Day Wind Conditions
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Fueled ESS/Space Tug Prelaunch Loads Axial Loads for Use with 1-Day Wind Conditions




