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LZQBEYORD

.

This document contains the results of airframe studies
conducted by the Boeing Company in fulfillment of
Aerojet General Corporation Purchase Order A290298,

The studies were conducted over a period ending Aug. 25,
1961, in support of Aerojet General Corporation work

on Task I of the NASA GS-1541 study. The Aerojet
General Corporation work was conducted under NASA Con-

tract Number NAS 5-1025., As such, the contents of

this document supplement that contained in Aerojet

General Corporation Document No AGC LRF 234,

ROTICE

This document contains information propfietory to the
Boeing Company. The contents thereof shall not be
divulged in whole or in part to other than Governmental
ofglnilation. and the isrojet General Corporation,
Liquid Propellant Division without the express written
déonsent of the Boeing Company, Aero Space Division,
Seattle, Washington.
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1.0 SIOURY
1.1 scors
e end point objeotive of the o oovered herein vas direoted to-

Py ‘
(e Gl -

vard determining.the effeots o a:gmood engine design oonoepts on
the cost performance parsmeter (d;un.r- per pound of payload) of & -
tetcl airborme vehicle and ground support system. MNager emphasis

2 ol
vas placed on use of 5/1 pounds ses level force defigotion

(?-D) engine, o
b,—tb-ha@ﬁ:ﬁnm&:ﬁmww This ouinomuudmtvo

basic vehiole configurations:

R

Jodet900nd¢- A two stuge vehicle vith a thrust to weight ratio
(e ) (gl.l and using the P-D engine in both stages operating
at Po t 1000 poi} !5/.«/3?;)

MNodod908wk1 () single-stage-to-orbit vohiclo vith a T/4 7{\ 4

'1-r

and using one P-D engine operating at Po e 3000 psi.

Emphasis vas placed on the engine installation, the engine influence

on conneoting subsystems, .nd the engine mounting structure. ‘The—

~end~107/ WY (NIEJENT] jropllliAws. This

the basis of comparative cost performance imol
Mlity effects for launch rates of 254 100

poriod,
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In addition, preliminkry investigations were made to determine the P

potential performance {f the Model 902-L (single stage) when operating

as a two=stage vehicle.

The payload and cost performance of the study vehicle systems were

found to be as follois:

ENGING
VeHICLE TYPL PRCPZLLANT PAYLCAD
" 90241
(2 stage Zell Loo/lHy 129,900
Baseline) Pc®10C0 psi
902-2
(2 Stage  Zell Lop/RP=1 59,700
Baseline) Pc=1000 psi
902=3 F-D Loo/1Ho  13L,L00
(2 Stage) Pc=1000 psi
902=4 F=D L02/I.H2 113,200
(1 Stage) Pc=3000 psi
Tﬁo‘l.h
902=LA F=D /LH 13,600
(2 Stage) Pe-3000 pai o/l !
tﬁo‘loh

® Includes estimated cumulative system reliability,
® 902-lA not costed dus to time limitation.

COST PERFORMANCE = $/#%
LAUNCH RATE
25/5 yrs 100/6 yrs L00O/6 yrs

661 $155 $ 67
51224 5287 3126
|
5618 SRS $ 62 |
$l98 5125 $ 54
*5 % a6
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1.1 Cent.
The above reflects a 6.5% to 24.5% cost performance gain for the
wvehicle using the advanced F-D engines and Loa/'l:.n,‘, propellants. This
1s attributed primarily to the estimated higher perforumance and the com-
patible thrust structure installation features offered by the F-D
engins. From the standpoint of the sirframe and the supporting sys-
tem, no major prohlem areas vere deteruined that would influence

decisions regarding future consideration of the F-D engine.

1.2 RECOMMENDATIONS -
It is recomended that the potential of the Model 902-4 single-stage
to ordit vehicle, or variations thereof, be eva..luated more thoroughly.
Proa the quantitative standpoint, this configuration offers good
comparative cost performance. In addition, it offers very desirable
"no-fallout during launch" characteristics. PFurther, the use of this
basic wvehicle vith other programmed upper stages should provide an

economical wmethod of achieving versatility.

It {s further recommended that the practice of considering potential
wvehicles in parallel vith investigation of future engine designs, be
ocatinued. The wmore significant interface probleas can be established
and resclved early, thereby reducing potential redesign requirements

to & minimm.
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2.0 STUDY OBJECTIVES
The prime objective of this study wvas to determine the relative merits
of advanced engine oconcepts over omuﬁoul’ engine design vhere the
engines are considered as an element of the total vehicle and support-
ing systen. The primary comparison vas to be based on the net effect
of dollars per pound of payload in a 300 n, mi. orbit as influenced
by Research and Development and hardware costs and the reliability
and performance of the resulting total vehicles. This objective was
t0 be pursued considering both the conventional and advanced engines

vhen used with nominally conventional airframe design.

A secondary objectivelvaa to provide a conceptual review of potential
advanced engine concepts when used with conceptual nonconventional

airframe designs.

e CONFIDENT IAL
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3.0  INTRODUCTION

3.1 GENERAL

Two-£01d benefits are derived by analyzing potential new engine con-
cepts in paraliel with applicable airframes, as was done on a pre=-
lininary basis in this program.
The true net effect of the engine on totdl system (8/#) cost
parameter is more evident than when the engine only is considered.
Important interfaces exist between the engine and the airframe,

that can be studied to the mutual design benefit of both.

Many potential design penalties can, thereby, be circumvented
by considering the design of both early, rather than waiting and

malcing the airframe "line" with a frozen engine design.

] 3.2 STUDY APrROACH

To meet the major objective of the study, as noted in Section 2,0,

the following preliminary analytical and design efforts were completed:
Two conventional two-stage vehicles were developed. These used
.0 x 106 pound sea-level thrust bell type engines on the first
stage and optimized upper staging. The first used liquid oxygen
(wz) and liquid hydrogen (Iﬂz); the second IDz and REP-1 fuel
in bdoth etages., Coste of these vehicles for production rates of
25, 100, and 400 over a six year periocd, their supporting systea
and the required research and development were determined. This
was accomplished on the basis of §/# using predicted vehicle pay-

load performance, and was used as the daseline to which eimilar

datas for vehicles uaing advanced engines was compared.

.
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3.2 Cont.
®
In cooperation with Aerojet General several advanced engine oon-
6opta developed by Aercjet were reviewed from the standpoint of
predicted weight, performance, cost, reliability, and installa-
tion characteristics. The engines considered and applicable
characteristics are shown by table 8.1, More detailed infor-

mation is piovidod in Aerojet General Document reference 15.5.

The Aerojet.coneral force defleciion engine (F-D) was selected
for preliminary design into a two-stage and a single-stage to.
orbit vehicle. Both vehicles used I.o2/LH2 propellants. The

?-D engine used on the two atago vehicle operated at a P°- 1000

pei, while the single stage used a P°- 3000 psi.

Several design approaches for installation of the advanced P-D
engine were developed. These were analyzed and the best from
the standpoint of the engine and vehicle was chosed for weight,

oconnéoting sudbsystem and performance analysis.

Oost data was developed for both advanced vehiocles using the
P-D engines. This provided a basis for comparison with the

conventional baseline vehicles.

Potential advanced vehidle concepts were developed to a limited
degree., Various non-conventional vehicle arrangements using

non=gonventional engines were reviewed primarily from a qualita=-

tive standpoint.

It was desiradble to concentrate on the advanced engine-vehicle aspeot

CONFIDENTIAL
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3.2 Cont.
of the study. To schieve this, data developed previously by Boeing
under Air Porce Contract AP 04(611)-5970 "Advanced Propulsion, System
(APS) Study were relied upon for much of the conrventional baseline
wehicle work. Results of that work are contained in reference 152.
To achieve good couparative data, the advanced engine-vehicles portion
was also analyzed to the same assumptions and ground rules as the
APS and basaline veliicile studies. The performance and cost anal
ineluded herein shuild be considered as applicable to the vehicles
also covered herein. Such data when used for cozparison with other
studies mist ve corrected where the effect of different ground rules

would be signific~ns,

!
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4.0 STUDY VEHICLE CONFIGURATIONS

4.1 GENERAL
A compariscn of the physical size of the four engine-vehicle con-
figurations that were developed during this study is shown by
figure 4.1. These are essentially conventional airframe arrangements,
to which two types of engine (Bell and Porce Deflection) were
applied. Other, non-conventional airframe arrangements with various
engine types were considered briefly and are discuesed in Section

14,0, "Unconventicnal Arrangements™.

Basic criteria that influenced development of the study configurations
are as follows:

A. Migsion - 300 4..: orbit -~ Easterly launch at Cape Canaveral

B. Pirst Stage Thrust - 2 x 106 pound (Sea Level)

C. Man Rated

D. Neutral Stability Required

B. Self supporting on the launch pad, including condition with

bottom tank enpty and unpressurized with upper tanks full,

The performance, structural and subsyste:n criteria, weights and conm=
parative economic analysis of the vehicles and support systems are
covered in separate sections. General vehicle configuration descriptions

are presented in the following paragraphs.

4.2 BASELINE 10,/LH, VEHICLE (MODEL 902-1)
The ¢onnril arrangement and principal design criteria for model 902-%
are shown by figure 4.2. Model 902-1 is conventional in eoncept.

I8 was used directly to estadlish a factor for relating this report

e CONFIDENTIAL o prin o |wo. 2212072
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4.2 Cont,
to work from previous Boeing studies (reference 15.2). In general,
the vehicle is of aluminum semi-monocoque construction. Gimballed
bell nozzle engines of 2,032,400 and 531,100 pounds thrust are used
.on the first and second astages respectively. Tho‘ or}ginea are supported
by the conical tanx ernds. Interstage structure is conventional,
separation being accoz:lished by a shaped explosive charge. Auxiliiry
power and guidance co=ronents are carried in the second stage or pay-
load area depending on the mission., Gimball deflectdon can be accom=
plished by a hot gas servo control system. Electrical power is
supplied by batteries, ZLocation of the L02 tankes ahead of tQ: LH2
tanks aids control, ani neutral stability is achieved during boost by
a snmall degree of flare in the vehicle base skirt. This structure
also serves to suppor: =ne vehicle on the launching pad. Upper tank

ends are .75 to 1 hezi-eilipsoids. Propeliant tank septuas are hemis-

pherical.

4.3 BASELINE 10,/RP-1 VEXIZIE (10DEL 902-2)

In general, the descriction under 4.2 above applied to the Model 902-2
vehicle also. Exceptions are: the propellant, which is Loz/RP-1,

and the seccnd stase thruat, which is 320,000 pounds. The general

arrangement and principal design criteris are shown by figure 4.3,

4.4 UNCONVENTIONAL ENGINE :‘Oz/mz VEHICLE (TWO STAGE) (MODEL 902-3)
Por comparison of engine efficiencies, an Aerojet Genersl engine of
2,000,000 pounds thrust utilizing the Porce Deflection (P-D) concept

was applied to a vehicle similar to Model 902-1, but with propellant

ub e ree REv. et CON"DEN"AI SOFING Ino. D2-12072
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4.4 Cont.
quantities optimized for the P-D engine. A general arrangement of
the vehicle, Model 902-3, is shown by figure 4.4. Principal design

criteria are alsc included,

4.5 SINGLE STAGE TO ORBIT VEHICLE (MODEL 902-4)
A promising application of the Porce Deflection (P-D) engine is on
a single stage vehicle capable of fulfilling the design mission.
Model 902-4 is a conventionally arranged vehicle in this category and
is shown in figure 4.5 together with principal design criteria. Con-
struction is essentially similar to the first stage of the Model 902-3.
The same 2,000,000 pound trnrust P-D engine is used, except that chamber
pressure is incre sed to 30030 psi. Propellant requirements for the
Model 302~4 vehicle allows a tanx diameter of 270 inches with a relatived
ly short vehicle oversll height. This pe~mits the engine sxirt to
provide the base flar: required for neutral stability during atnos-
pheric flight. Support on the launch pad is achieved by ground pad
struct.re extending upward inside the nozzle and through the air vents
lutticiengiy to engage the vehicle engine support structure. lateral
stadbility on the launch pad is aug-ented by three retractable com-
pression members engaging sockets near the vehicle center of pressure

to form a tripod-like support.
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5.0 PERFORMANCE
Sel MISSION AND APPROACH

P.rfo;aance analysis for all vehicles was based on a 300 n, mi. cir-
ocular orbit vith an easterly launch from Cape Canaveral. Performance
calculations were conducted using IBM trajectory data with the follow-
ing characteristics:

l. Vertical launch

2. Tilt at V = 400 fps

3. Gravity turn during the first stage

4, Thrust vectorinz d.ring the second atage to achieve constant

angle of attack.
Por all two-s:tage venicles tne first stage thrust to launch weizht

ratio, T/Wol, was establishad at 1.1. Second stuge thrust to weight

ratio w28 also 2st.blished at 1.1. Both are based on cost optimiza-
tion trade st.i_es cuniuctad at “oeing as discussed in reference 15.2.
!
562 VEHIZTLI STa3l0G

For all two-3t. 2 veni:les, tne st.g.ng veloc.ty for a given combina-
tion of Al and A,y was taken as that first st.ge burnout velocity
which maximized the payload/i;unch weicht rati.. Staging velocity
was found relazively unaffected oy tne choice of A,' 3 and A"vithin
the range of 0.90 to 0.94. ‘ig. 5.1 shows curves giving payload/
launchweight vs. burnout velocity for Model 902-2 (baseline wz/np

vehicle) using sever:l comoinations of ,\:l and A},
.

A staging velocity (vn) of 11,000 fps was established as valid for
all A’ combinations for this vehicle. Maximum deviation of U’I/U;

vithia the cutlined area of Pig. 5.1 for Vy, « 11,000 £t/sec vas only
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5.2

5¢3

Cont,

1.5%. Pig. 5.1 also shovs ourves for combinations of (A= '\'L)' This
parameter remains unchanged for (A =.91 & Aje 92,4 = 93 & Ale
94, A’a 956 & A; = .946) and the curves are displaced nearly ver-
tically from each otner. This leaves the staging velocity virtually‘
unchanged. The finil weight analysis of Model 902-2 established A'
values of .956 for A'and 946 for A, 4 similar staging analysis

vas performed on ¥sdel $02-1 and Model 902-3. The results are sum-

marized cn Pigure 5.2.

SINGLY T3S VEHITLI

fhe proolem of sizlin~ ns single st:ge to orbit vehicle differs from
the two stige ciz2, Jere it is dagsireable to provi:z2 a proper balance
betw:en paylosd ¢ .o.lity wni she cost sensitive inert and prog=llant
Wil s, This w.. . .ni ws o2 4 function of the tnr.st ‘launch weight
\To &,y witu J.o D oienes oLmailon male onoLhw 9:313 of the maximum

aylo.d for tha L- .03 203%.
J

Curves s8iLowinm- on.: Ui :°t of tarust launch <eight (T/a’o) on propellant
val.nt Al Lo we.c.n .3 Sarncut/launch wei at (dao/io) for lodel

9Qo~+ (sincl 35, a2 civen in {igure 5¢3. <This data was gJenerated
froa IBM s.nsle az. =~ :r: 2ctcries. It is seen for the fixed 2 x 106
sea levei tnrusi, .- pr..v...nt cost item decrvases rapidly vhile
the v!o/ﬁol' which gavis a measure of the imert weight cost factor,

levels off at the nigher T/do values, This would infer that lower

eosts would be in.:lved at higher 1‘/&!° than fer 1 twvo st.ge case.
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The abave is dorne out by Figure S.4 vhich exhibits the effect of
thrust/isunch weight {T/W ) on paylosd and payload/stage veight
(PL/W,). Payloec vic Tound to be the greatest for small values of
T/¥,, and decresses rapidly with increasing T/W,. From a cost per-
formance standpuint oo voa ‘,’./fq‘o is degirable. Figure 5.4 also shovs,
how.ver, that the .ayload,weight of stage (PL/H.) is a maximum at

T/w, = 1.8.

VEHICLE CCMPARISCON .
Tatle 5.2 compares mcdels 302-1, 902-2, and 902-3. Two-stage vehicle
weights, engine data, and staging data are presented. A comparison

of the single sia.e vehizle, model 902-4 and the Model 902-1 LOQ/UIQ

baseline vehicle is given in Figure 5.5.

Prom Figure 5.2 it zar b seen taat a 3.5% payload advantage is
indicated for the Mca:!l A2-3 twe stage ve icle using the advanced
P-D engine over the Mci=l 902-1 conventional baseline design. This
1s attributed to tota higher specific impul ;e of the first stage F-D
engioe and the bei'er installation features as affecting structural

veight.

Comparison of the single stage Model 902-4 vehicle to the Model
902-1 design by reference to Figure 5.5 shovs & pet reduction of from
3.8 to 29% from the stundpoint of performance alooe. As noted
previcusly, hovever, evaluation of costs as covered in the Econocmic
Amalysis section of this report must be considered before cooclusions

are drewa.
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FIGURE 5.5

MODELS 902-1 and 902-4 COMPARISON

~ Model G02-1 Model 902-4
10 Baseline Single Stage 10
4/1‘52 Advanced &:gig/ex‘E2
Stage 1 Stage 2 'r/wQ- 1.1 T/W = 1.8 N
Thrust (13) 2,032,400 524,700 2,000,000 2,000,000
Prop. wt. (1v)]| 1,295,200 326,300 1,585,000 955,000
/v, 1.1 1.1 . -
i N .945 .940 LT .937.
i
{ W l?/wo .701 .684 .8815 .8594
{w
vBo (fps) 10,000 25,200 24,260 25,260
i
. (sec) 345 (S.L.) 426 (vac) 388 (s.L.) 363 (s.L.)
| € 20 40 230 230
| .
P, (pei) 1,000 1,000 3,000 3,000
PL (1) 129,900 125,000 ~ 92,000
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MODEL 902-4 « ALTERNATE USE

To determine the performance potential of the single stage Model 902-4

for use as ths booster of a two stage vehicle, a limited study
considering applization of possible upper stages was conducteds
In this study 1le2 to 2.0 T/W, versions of the Model 902~ vehicle

were modiflied by addition of estimated upper stage plus payloads

weights to yieid a T/dg of 1.1 for the resulting two stage vehiclese

The resultinz payleads are sicwn by Figure 5.6 A significant
increase can be noted. After i%eraiing with costing inputs, a
T/Mo = 1.l was selected, proviiin- a 27.) increase in payload over
the sin:le stare 902-L. The tw. sta’e version is desirncted

Model 7UC-Il.

It is interestin: to ncoe iias e additien of an 15,000 pound
thrust usper eseje Wl ., .o Toun.s el propallanis Dor the T/W, @
16 version pemilic o a .y Lol ol 1o, L L e is upper stage

-

would be oirlioyr Lo oo currunsly Liusinoin o Sa.wrn 3-11 stagee

It is noS pessicde Lo he tlo . o .. L we wrl omine the effects
on the o/ 263% parareber, .o::rl.c in end tein to estaolish

whether the sir;le sta: ve.lcle c.furcd growth and/or versatility

characteristics,

T CONFIDENTIAL
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FIGURE 5.6
ALTERNATE USE OF MODEL 902-4

First Stage Second Stage

Basic Model 902-4

Lo/LE, Loy/La,
T e 2,000,000 1b. (S.L.) Ig, = 426 sec. (vac)
Ig » 388 sec. (S.L.) T/Wgp 3 1.2
€ = 23 € - w
P = 3000 pst Agz -
T/WoL = 1.1 Pe = 1000 psi

Single Staze Vealicle

Refererce)
| T/W 1.2 1.4 1.6 1.8 2.0
PL (1B) 124,700 113,200 101,800 92,000 82,000
Tvo-stage vehicle 1.1 1.1 1.1 1l.1 1.1
T/Wo1
WP; (1b) 1,458,400 1,247,000 1,083,000 954,800 863,000
¥P, (1b) 128, 300 328,200 492,500 625,200 723,000
second stage 331,000 611,000 816,000 971,000 1,089,000
thrust
Tvo-stage vehicle 136, 300 143,500 138,000 129,200 121,100
payloed (1b)
(300 n. mi. orbit)
O 1 (oo 8AC BOLEN aal . -
CONFIDENTIAL soemnve| O R-10T
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6.0 MEIGETS
6.1 WEIGHT ANALYSIS MODEL 902-1 THROUGH 902-#
Two primary objectives of the weight study portion of the
progran wvere:
(a) To develop sufficient weight data for evaluation of
vehicle parfornance and vehicle costg
(b) To describe system weight differences between the use
of "conventional" engines and the use of "advanced"
“ englnes.
To satisfy the fZirst objective of this study, the four con-

figurations as descrided im Section 4.0 were analyzed. Weight

data caerated Jir similar configurations (Reference 15.2),

<

! whare aprlicatla, w2s used for study of these configurationa.

There waire, a>.°v:c, s2veral differ>nces beitween the criteria

i uced for the E:l:rance study and that :riteria used for this

L

stuiys, The eflizst of thege criteria .. {ferences on weight

haen dncorporitad,

: The most sigificwnt criteria clange a!fectingw'oight was that
aseociated with the nunned payload ground rule. Manned
eriteria rejuirsn a fuctor of safety of l.4, incrcased froam
1.25, ani also rejuires vehicle peutral atability throughout
the flight trajectory. To accomplish nmeuiral stadility the

more dease oxidizer has been placed above the fuel, and a
flared fire: etep ecirt has been added, The tank design
assumes that it 1ia self-supoorting, unpressurized on the launch

ped, with no ces*riction on the propellaat loading sequence.

e CONFIDENTIAL
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Another design difference which affects tank weight is the tank

pressures vhich are specified at a alightly higher valus for this
study than for the previous Boeing studies

Pigure 6.1 provides weight statements of the four basic vehicls
models as described in Section LsOs Models 92-1, =2 and =3 were
designed at a thrust=to=weight ratio of l.le Model 902-4 is shown
prior to cost inputs at a thrust-to-weight ratio of 1.8 in this

figure.

The method of determining engine weight was provided by the Aerojet

General Corporations Enzine weights for 2 x 100 1b thrust were specie

fied at 15,000 1lb. for convenitional engines and 14,000 1b for the
forced-deflection enzine, These engines have a chamber press:re of
1000 psie The conventioral engines had.an expansion ratio of 20

and 1% for LUgldp and LUp/AP=-l respectivelye. The forced—dzflzciion
engine for the two stcze vshicle had an expansion ratio of LOs The
single=~staze-to-crbil ermgine had a chamber pressure of 3000 psi,

an expansion ratio of 230, ard was specified tv weigh 20,000 1o,

To estimate the efi'ects of size and expansion ratio on engine weight,

data from reference l5.4 was utilizede.

It may be noted that the weight statemcnts of Firure 6.1 may not
adequately rerlect discrete weight differences beiween systems
using the "forced-deflection" and those using conventional "bell®
nozsles, These discrete weight dirferences (as described

below) were recognized to have a small effect on the maas

afficiency. The step mass ratio ( A’ ) values are

VD $079 7008 (BAS BAC 1848 P-a3 COQFlnENTlAL .ﬂllﬂﬂ] wo. D2-12073 _)_

I race 27 /.




MODEL 902-1 m 9&;&2
"xé‘e/kﬂ' 102/RP-1 -
_STEP I STEP 11 STEP I . BSTEP
PROPELLANT TANKS 22,500 k4,900 19,200
THRUST STRUCTURE 3,800 600 3,000
SKIRT 3,000 - 2,600
INTERSTAGE STRUCTURE 2,500 2,200 2,200
SEPARATION PROVISIONS 100 100 100
—__SIOSH AND ANTY-VORTEX PROVISIONS 1,100 koo 600
EXTERNAL INSULATION 2,900 800 1,000
MISCELLAREOUS STRUCTURE 1,200 500 1300}
TOTAL STRUCTURE (37,100) (9,400 (30,000) )
__ BQUIPMERT b 3,900 1,400 54500 |
_____ MGINE (WET) o _ 15,000 | 3,900 15,000 |
. _PROPELLANT SYSTEM s 3,400 1,900 1,500 |
_____ PREBSURIZATION SISTEM 6,200 | 21,900 _ 5200 .
JBSIDUALS o 9,800 2,300 . 10,700 |
_ TOTAL INERT WEIGHT (73.4000) | (20,800)] (66,800 Q
"PROPELLAWY - FURL | _18s,000 | 46,600 | 4,700 | ¢
-~ OXIDIZER 1,100,200 | 279,700 § 1,026,200 | 1€
__TOTAL STEP WRIGHT 1,370,600 _ 347,200 | 1,517,700 2
STEP MASS RATIO ( X ) _ 9% | o0 R 9% |
lAURCE WEWET 1,847,600 1,818,200
. BURROUT WEIOEY - STRP I o 552,400 367,300
STARTBUZE WEIGET - STEP II o 477,000 300, %00
—____BUBNOWY WEIGEY - STEP XI .. 130,700 — . __72.700
PAYIOAD WETGNY L-_“ 129,900 59,700
Calc REVISED DATE | *
‘m BOOSTER SYSTRMS ]
Appr.
= I0ENG ARFLANE COMPANY DATA SHE

Y SN SN (WAS Bac MN0 ¢.01)




MODEL 902-2 W—} e
BASE LINE ADVAN
102/8P-1 - Lo2/185 LOo/1Hp
_STRP L . STRP IT STEP I STEP IX SINGLE 8
19,200 } = 3,200 || 23,700 3,%0 ) 16,300
3,000 b50 3,500 500 | 3, 300
lew - }.m - i . ?.m
2,200 2,000 2,700 1,840 s00 | .
100 100 100 100 100
600 300 1,100 &Oo § . 800
1,000 150 1 3,000 600 2,200
ooA.30 ) 3008 0 1,300 300 2,000 .
. (30,000) | (6,500) (38,%0) (7,200)§  (26,200) L
5,300 | 900 294900 1,000 3,000 .
“47_41‘5_!_0(10_‘»* 2.600 14,000 2.750J 204,000 o
_ 1,500 | 600 3,400 1,500 2,800 -
. _ hy200 | 700 6,600 1,050 5,200
10,700 1,700 10,300 1,500 7,000 L
_ (66,800) (13,000) (76,600) (15,000) §  (64,200) B
A%, 67,000 1954§00 31,900 119,300
1,024,200 160,800 1,173,500 191,200 833,500 L
1,517,700 240,800 || 1,M5,700 238,100 § 1,019,000
. 9% 1S ol N2 2937 «937
: 1,818,200 ] 1,818,200 1,111,000
367,300 449,100 196,200 ~
o 200,300 372,500 -
_ 22,700 A 149,400 ) - _
59,700 134,400 92,000

DATA SHEET
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— RODEL J0-§
ADVARCED
mg )7 ¢

SINGLE

— 26,300

219300

100
800
2,200

(26,200)

34000
20,000
2,800
54200
7,000

(64,200)
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therefore typical for the configurations and are an adequate

basis for performance and cost evaluation.

o satisfy the second objective of thig study, weight evalua-
tions were made of several arrangements of integrating cone-
ventional "bell" and advanced "forced-deflection" engines into
the vehicle configuration. The primary components of signi-
ficant weight differences are:

(1) aft tank bulkhead

(2) Thrust structure

(3) Skirt or interstage

(4) Base heating provisions

(5) Engine

Other weight diffarences will be relatively minor and should
not affect the trend of weight differences or sigrificantly

affect vehicle cost or perforzance,

Figure 6.2 compares these signifi‘cant weight items for several
arrangenents of integrating conventional and advanced engines,
These discrete weight differences reflect the desizn differ-
ences as shown by the drawinge in Section 7.0, For either
engine type, the various concepts,of mounting the eagines to
earry the thrust loads is seen to have only a small effaect

on weight., The accuracy of weight estimates is not sufficient
to iadicate a definite eonciuion from these small weight

differences.

Thea eompariag engiae types however, a "ell” aostle desiga

T CONFIDENTIAL
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" Approximately 1000 1b is due to engine weight differences

for the first stage is seen to be approximately 4000 1d
heavier than a design for a forced-deflection mosxzle,

and 3000 1b is attributable to thruat structure, skirt, and

the base heating provisions.

The change in porfornanco‘in not primarily due to weight
reduction, but rather, is due to eangine low altitude per-
formance . characteristicas., However, use of the advaﬁéod
engine concept for second stage application may significantly
improve vehicle performance due to weight reduction. These

weight reductions occur as described below:

(1) As compared for the first staze, thrust structure and \
engine attachzant is lighter; ;

(2) The relation of nozzle maximuu diameter to interstage |
diazeter res;lts in less weight of base heatin; pro-
visions;

(3) The shorter forced-deflection nozzle results in a shorter
and lighter idtoratage. i

(4) The shorter interstags causes a reduction in first astep ‘
bending loads which results in a first step tank weight

reduction,

Pigure 6.3 conmpares some of these weight differences between
use of ecnv'ntionni and advanced engine desizns for second
stage application., This table is a comparison of significantly
affected itena from Models 902-1 and 902=3, These two vehicles

were optimiced at different staging ratios and hence, part of

US 6970 7000 (WAS BAC 1848 F-AN CONFluENT IAI-

'olﬂval NO. D2-12072
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FIGURR 6,3

WEIGET COMPARISON OF ENGINE CONCEPTS
SECOND STAGE ENGINE INTEGRATION

Bell P=-D
- Engine Engine
Thrust - Lbd 382,000 262,000
Aft Bulkhead A50 400
Thrust Structure 950 6s0
Interatage II 1,850 1,650
Engine 3,900 2,750
Total Stage II 7,150 5,450
Interstage I 2,700 2,150
|
l
|
|
i
i
VD G079 7000 (WAL BAC 1848 F-R))
CONFIDENTIAL s2-1207
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the thrust structure weight difference is due to thrust
level differences. The heat shield weight difference is due
to engine coancept and the interstage weight difference is due
% a "forced-deflection” nozzle bdeing shorter than the "bell"
nogzle, An additional weight increment which has not been
evaluated for this configuration is possible due to the
resulting reduction in bdending loads on the first step tank.
A further increment might accrue for some configurations due

to stability relationshijps.

T CONFIDENTIAL
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642 PARAMETRIC TRADE STUDIES
The following parumetric weight studies have been performed in
support of the configuration evaluation weight studies described
previously and the thrust versus cost analysis described in the

economic evaluation sections

6.2.1 Thrust/Weight Ratio Single~Stage-To-Orbit Vehicle (Model 902=L)

The single=etage=to-orbit vehicle was iterated and designed at a
thrust/launch weight ratio of l.4 instead of 1l.8. To establish

this value, sin-le-stage vehicles were analyzed at various values of
thrust=to=weight ratio as shown in Figure 6,L. The step mass ratio

( X )s payload, and payload/launch weizht parameters are illustrated
in Firure 6e5. A thrust-to-weizht ratio of 1.8 is .shown to provide

a maximum paylozd/latnch weisht ratio. Figure 6.5 also shows payload/
inert weight (W lfd ) This is maximum at « T/W, of approximately
1., and was considered tv be a closer indicztion of ecormomic

efficiency.

64242 Vehicle Size Effects

Figure 6.6 and 6,7 provide a parametric evaluation of a LOp/LHp
vehicle at launch tnrusts varying from 0.6 x 105 to 6.0 x 106 1b.
These data are again based on interpolation of Referemce 15.2
results with corrections for the design criteria differences as

discussed in Section 6,1,

Pigure 6.7 indicates that step mass ratio remains essentially
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MODIL 902-la MODEL 902-1
ey 2 x 20° (masr L1NE)
» _STEP 1 ¥ agm
_PROPELLANY TANKS 8,500 %
bugusr sTRUCTIRE , 800
_ SKIR? , 1,500
. INYERSTAGE ST ‘ 600 2
SEPARATION PROVISIONS _ 100 A
mmmxmm Asa S
EXTERNAL INSULATZON : 2,200 S
WISCELLANEODS STRUCYURE 50 T
TOTAL STRUCTURR (34,100) ©
BQUIPMENT 1,500 1
NGINE (VET) L h,800 3
RBOPELLANT SYSTEM 1,900 1
PRESSURIZATION SYSTEN 2,000 _—
AESIDUALS 3,000 -2
_ : . -
TOTAL INERT WEIGHT (27,300). | ((6,800) (¢
PROPELLANT - FULL : -
PROPELLANT - FULL ool 358600 | 13,%0 185,000 | &
_ = OXIDIZER __ 327,800 79,600 1,110,200 | 27
_ TOTAL srr_:g_!?_rgm __1,%09,700 99,700 1,379,600 3
STEPMASS RATIO (X)) | o33 932
Mmcawpzer ] 545,500
_BURNOUT WEIGHT - STEP I L 163,100
STARTBURN WEIGHT -~ STEP IT L 133,800
_BURFOUT WEIGET - STRP II R 2,900 _
_PATIOAD WETGET . 3%,100
Cale REVISED | DATE i B T-
[0 N ’f_ . Ji
poer. . BOEING AIRPLANE COMPANY ¢ DATA Sk
ot i SEATYLE 14 WASHINGTION §

% SBAL GBUD (WAS DAL Pow C A1)
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¢ MODKL 902=1 ) -1% MODEL 902=
5 (Bask L1NE) P 25,
p 1 2¥ 2pwy 1y STEP I STEP 11 srEp ¥ STEP I1
m “.900 57.5“ 11.&00 75.000 2°Q5m '
3,800 600 9,000 1,500 13,080 1,500
5, 000 - 6,500 - -
2:500 _24200 6,000
. 100 100 200 200
1100 |
2,900 - 2,200:
L1200 000,
7,100) {9,400 (21.3005
5,900 24300
5,000 _ 3,900 26,800 ' 7,300
5,400 1,900 4,700 3,200
5,200 | 1,900 12,000 4,500
9,800 2,300 19,000 7,000
-
5,800) | (20,800) (147,600) (61, ,200)
11000 _| 46,600 364,100 | 137,500
1,200 | 279,700 2,184,700 824,800 .
'.1;‘@__._1__27 100 2,696, 400 1,023,500 _
(o] 90 «940
1,897,600 L 34636,000 5,455,000 ]
552,500 ‘X_Lm“” 1,631,000 — .
= 477,000 939,600 1,406,800
150,700 296,900 44, 500 T o

__. 129,900 256,100 383,300

DATA SHEET
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MODEL
Tub, o

STEP 1

10,000

“.m‘ *

(122,500)

11,000
38,800
54900

18,000
28,000

(224,200)

558,000 - | .
1,631,000 . ) e . J

1,006,800 ,
AM, 500 j L e ——— e J* -

33,3
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eonstant when the vehicle size is greater than a launch
thrust of approximately 2 x ld‘ 1b, Therefore, the pay=-
load-to-launch weight ratio also remains essentially oconstant,

This trend of constant mass ratio for large vekicles is some-
what contradictory to weight data which may be observed in

the Reference 15.% study. That study igdicatel a reduction
in step mass ratio as size is increased. This is due to the
difference in engine concept. In the reference study the
"plug™ engine was an increasingly larger percent of propellant
weight as thrust increased, causing the reduction in step

mags ratio.

6.2.3 Tanlke Coafi-umati-~n

A ground rule established early in this stuly was that the
102 tank would be placad ahove the LHz ~ank %to aid the
stability problems A ctuiy wiz subsejintly performed to

investizate the im-lications of reversirg the location of the

10, and ¥, tanks. Ti-ure 6.8 shows that a tack weight

2 2
saving of approximately 2500 1b may be roalized with Loz below ‘
{
the LHZ. Bowzver, to maintain vehicle neutral stability

approximately 7000 1b of fin weight must b2 added, Other

weight differences such as propellant feed systenm are negligible.

Placing the lox tank above the hydrozen tank is therefore more

eptimum for this configuration to provide neutral stability,

-
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TANK
CYLINDER 18,450
FiD
BULKEZAD 800
INTERMEDIATE
BULXIZAD 1,850
AFT
3ULEEEAD 900
I
t
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TOTAL 22,000

FIGURE 6.8 - EFFECT OF TANK ARRAYGEMENT
ON COMPONENT WEIGH.s
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7.0
7.1

T.2

T.2.1

STRUCTURES

INTRODUCTION

This ecction'proaents the structural design studies ?onductod during
this program. The various booster configurations are described and
discussed. The results and conclusions of this study are based to a
large extent on the results of the Boeing study covered by reference

15.2.

The major structural design effort during this program was concen~
trated on the comparison of bell and forced-deflection engine installa-
tions for a first stage bocster using LH2/LO2 propellants. The design
approach w#as to first establish a baseline vehicle and then study

the various elements such as thrust structure, interstage structure,
and ground support structure that are affected by the diZferences

in the two engines,

The design study iniicates that the instal:.ation weight for a forced
deflection engune is significwntly lighter than for a bell engine.
This l}ghcer weight results frcm the shorter length of the thrust
structure and the eii.:ration of engine gimbialing requirements with
the forced deflection engine. However, since thrust structure is
only a small fraction of total stage inert weight, the weight saving

i® not significant from an overall vehicle performance standpoint.

STRUCTURAL DESIGN CRITERIA

The criteria establisned for the study are outlined below:

Safety Pactors

Ultimate factor of safety = 1.4

L
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T.2.2

T.2.3

7.3

Ydeld factor of sufety = 1.1
Ground Support
fhe vehicle shall be free standing on the launch pad without tank

pressurization and with any combination of propellant tanks filled.

Ground Winds

The vehicle shall be capable of withstanding ground wind loads due
to a 40 mph steady wind plus a 20 mph gust while free standing on
the launch pad.

GENERAL DZ3CRIPTION

Baseline Confizuration

Pigure 4.1 presents a layout of the Model 902-1 LOZ/'LH2 baseline
configuration. The fuel and oxidizer are contained in a single tank
with the oxidizer located forward and separated from the fuel by a
single bulkhead. The oxidizer is located orward to improve vehicle
neutral stability a=nd reduce the magnitude Jf the engine gimbal
angles required for control. The tank length to dianmeter ratio is

based on results of the reference 15.2 study.

The propellant tanxs are of aluminum construction with an integrally
stiffened, semi-mcnosoque cylindrical shell, a .75 to 1 elliptical
upper bulkhead, and a homispherical divider bulkhead. The lower
bulkhead varies wita the type of thrust structure and engine. The
divider bulkhead design provides the required insulation between the
hydrogen and oxygen portions of the tank and is capable of withstand-
ing & collapse pressure. The IH_ tank includes thermal protection to

2
prevent excessive boiloff on the ground and during flight.

:u 070 Y000 MLV, 3/81
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T.4

An aluminum semi-monocoque interstage design is used to join the

first and second stages. The ground support skirt and thrust struc-
ture are of aluminum semi-monocoque type construction. The ground
support eikdrt is skin-stringer design with an integral ground connect-
ing ring. These are snown by Figures 7.4 and 7.5 and are applicable
to Models 902~1 and 932-2. The bell nozzle engine skirt mounted
thrust structure and¢ the force-deflection engine, dry bay, skirt
mounted thrugt structure are skin-stringer construction. The head
mounted thrust structure is e wet-bay, milled skin construction with

either integral milled frame-stringer or waffle patterm design.

EIGINE LOUNT COXPARISCHS
Pive thrust structure desigmgwere prepared for the bell nozzle and
forced cdeflection engines. Pigures 7.1 through 7.5 show proposed

installations for both engines.

Three designs for installation of the forced deflection engine are
shown by Pigures 7.1 through 7.3 and would be applicable to both
Model 902-3 and llodel 302-4. Two additional designs for the bell
nozzle engines were made for weight comparison with the forced
deflection engine. These are shown by Pigures 7.4 and 7.5 and are

applicable to locdels 902-1 and 302-2.

All configurations were designed with flared skirts in lieu of fins
to attain neutral stability. The flared skirts also have structural

oapadbility for ground support, thus providing a dual function.
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Pigure 7.1 shows the forced deflection engine mounted to the thrust
structure at the engine C.P. This configuration has a full length
flared skirt that serves the function of providing fin effect,

heat shield and ground supp;rt. Pigure 7.2 shows the forced deflec-
tion engine installed as above; this configuration has a short flared
skirt that ends on a plane with the engine mounts. This skirt serves
the same functions as the long skirt except a base heat shield is

required.

Pigure 7.3 shows the forced deflection engine installed to the head
of the tank in a wet bay. The engine pick up is made on top of the
engine instead of at the C.P. The flared skirt is identical with

that of Pigure 7.2 and also reguires a heat shield. Prom an overall

vehicle standpoint the long flared skirt design (Figure 7.1) appears
most efficlent, Ignoring weight effect on tne engine, all thrust
structure designs congidered for the forced deflection engine appear

nearly equal from a weight standpoint.

One bell nozzle design (FPigure 7.4) installed the engine to the tank
head also using the head for thrust structure. The second nozzle
utilized a stiffened dry bay cone with a separate elliptical fuel
tank head as shown by Pigure 7.5. Bell nozzle eangine thrust struce
ture installation was found to be slightly heavier, r?forvnco sec 6

weight statement.

7.9 STRUCTURAL LOADS

Based on previous study programs, the critical loads for a wvehicle

e ererem Alv. v CON"DEN"A[ SOSING Iuo.DZ"uclz +
lnu Ly
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7.6

of this type with a ballistic payload occur during ground
wind, launch, or first stage dburnout. These three loading
eonditions were investigated ccasidering the effects of
axial loads, bending moments, and internal pressure.

Tank pressurization was established by propellant utiliza-
tion requirements and was not increased to help carry design
loads.

EFPFECT OF TANKAGE ARRANGEMENT

Heutral stability is enhanced by locating the center of
gravity as far forward as possible. locating the LOZ forward
tends to help this situation. A weight trade study was,
therefore, conducted to determine the effect of propellant
arrangement on stage inert weight, The tankage structure

was sized for both the LO2 forward and aft conditions. The

LOz forward conditicn resulted in tankage 2400 pounds heavier

than for the L0, aft condition, This weight increase was

2

due to the higher axial loads in the LHZ tank walls with the

xob forward. However, for neutral stability with the LO2

1200 sq. ft. of fins are required at a weight of 7000 pounds.

att,

This fin requirement results in a net stage inert weight

dacrease of 4500 pounds with the LO

ST CONFIDENTIAL __
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00  pROPULATON
[ R RNIINE STSTBMI
Pour advaised eigite concaptas ware evalusted prior to shoice of

I e roveso-

orgine type to ha wsad for the enginsvahiicle integration study
containad haretn, Thesa wren the "PLit," tha®Reverse Flow® (RP)
and two vornions of Lo "oree ctlation” (D) enginee The two
P=D engines diftered unly an iprluenced by the chamber pressure
(Py = 1000 pal sl Po@ 20 pnila) Tne more important characterise
tica of thase w:givred 85 auplind by Anrojet TJeneral Corporation
are showit Ly Flypre 3.0 4l ule. shows the characteristics of

the bell vrigines used In 16 i, on ilodel 902«1s llore detailed

deacrip'icta of L rr acin are Leeliied in Aerolet Jencral

Corparalinn g urmty oot e - 1,

dalarer s b Uianse 18 oy tle prodicted 3ea lovel and vacuum

apoacitic Impulse Lo be apyre xint.ly equal for tie aavanced engines

whan operatir s 2t Fe = 1000 psi.  (he main dii''erence appears in

' the predictet weighta, wiorn tle 720 enzing shows the better '
chareieri=' 5. Ono bl it%lr LY wis ajreed with Aerojet General

! - that Roodns worlds cone phente o intestation of the Fel engine during

this study; the Pe = 1) p3i mission to be used on a two stage

vahicla (llodol 902=3) with the Pe = 3000 psi version‘'used on the

aingle staze vi.dcle (Model 0°-is) Performance data used on all

econfimirat lon; »n LaTtione.s byl engines are shown in Section S¢0e
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From a performance standpoint the F-D engine has an advantage over
the bell engine with the same chamber “wwg:.res That is, the bell
engine is forced to use a low area = ratio nossle because it is
optiruhly expanded at only one design altitude and the performance
above the design altitude must e sacrificed to prevent separation
at sea levels The F-L cnjine ca.. use a aigher area ratio nozzle at
sea level beca..2 segaratl.n 1 precented by the secondary air flow.
Therefore, it has i her performance lrom sea level to altitude.

The FeD engine appzars to have a sii:ht weight advantage, is shorter

and offers the advartaje of using a Jited structure installation ‘
since secondary jas injection rat.er than gimballing can be used
for thrust vector contrele Tiis allews a lirnter connecting struce

ture between enzine and airfrae. '
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Lh: advantazes of better porformance,
smaller size, ana less woij .2 woan oo telle Jossible disadvanta ces
ineludes hivher begeraiur.sy Ll proscure tarto pumps, and longer

develczrment timese

| 8elel  Devalopacrt

|

Itams to be dovelopei on cut. wie w2il and 7=D cuncepts include the
turbo pumps, especially on Lae hiji. cnamber pressure versions, and

the thrust vector cunirol syitcmse

Peculiar to the bell are tie injector design problems and flaxible
high pressure linc connections, The F«D concept will require work
4n heat tranafer, j:t interaction, and secondary airflow designe.
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S.2.01

8e242.2

PROPELLANT & STRM

General D ion

Model 92«1 Baselins (LOp/Liz Bell)

The propellant subsystem diagram is shown in Figure 8.2, Both fuel
and oxidizer are withdrawn Jram matural sumps in the bottom of the
tanks and routed directly to the engine through pre-valves located
irmediately upstream of the engine gimbal bellows. The oxidizer

line is routed througic the hydrogen tank in a double-walled evacuated
tube to grovido the most direct route and to aid in sub=cooling the
oxidizere The hydrogen lire is short and insulated to prevent air
liquifications A stored zas helium system provides the expulsion
media for both propellan:s during enzine st‘;u't. At engine start,
liquid hydrocen is witidrawr from the high pressure side of the
turbopump, vaporized, heated ard injected into the hydroen tark
ullapge space. Hydrogen gas pressure over-rides the helium flow to
the oxidizer tanke Ullave :ressure is ma.atained tiwrough standard
primary and secondary rei.lators. A gas accurulator is installed
between the two regulators %o decouple the system ani prevent hunting.

The helium boitle is stored in the hydrogen tank for minimum gas
storage volume and bottle weiznt. Standard fill and toppirg
connsctions, overpressure relief, check, and shut-off valving

cenplete the system.

Model $02-2 Baseline (LO2/RP-1-Bell)

The propellant subsystes diagrea is shown in Figure 8.3 Muel and

exidiser is vithdrewn from the bottom ef their respective tanks and
routed directly to the enginss. The exidiser line is rowted throwgh
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8.2,143

84242

m'mmuc«m‘mmﬂmummm
ing and excessive heat leak to the axidisere A stored gas helivm
systen provides the expulsion media of both propellants throughout
flighte The helium sphere is stored in the oxidiser tank to eonserve
weight and space through increased gas density. The cold gas is
bheated in the engine heat exchanger before ixgection into the pro-

"pellant tarks. The gas accumulator, fill and topping valves, over-

pressure relief, and shut-off valves perform the saue functions as

for model 902=1.

Mocals 902-3 and =4 Advanced Enzine (LOo/LHp=FD)

The prepellant subsyctem diarram is identical for these Swo rodels
and is shown in Fiure Cele Tie 3 :tem is virtually the cave as
for mocel $U2-1 exc:pb tiab tie tell is replacec by .orcc ceflection
errire. The alajru: is also ap;licatle to the upper staje oOf the.-3
modsle Thc mest gi-rificars crance inreuwce by the use ol ire
force~ cMecticn wrnzire 1o (o Incorieraticn oI Lie 'r.;,';i:;)_;en turco=

ry

purp inl:%4 inio Yhe ool toltonm, Lour eliminarln: the usuzl fuel
1ine between tan: and en.rce ne Lvc oxidizer feud lines are
dnterconnscted i liatel, nittreoan ol tne pre=-alves to allow
oxidizer circulaticn, tircugh huat pump action, there:y minimizing

chances for feyserine

From the standpoirt of the propellant feed system, -he oxidizer tank

should be placed forsard of the fusl tanke This is true for voth
the conventional L02/RP and the high energy cryoenic propellantse
In the latter case the greater density of the LOp can be effectively
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wed %0 achisve & large hydreulio head at the Surbopwyp inled
enabling the LOg sank pressure $o be reduced and the axidiser
Sarbo-pup $0 operate at a relatively large WPSH, In the case

of hydrogen, the hydreulic hesd change is almost negligible. Inss-.
much a8 lov valuwes of turbopump NPSH are more easily achieved in
hydrogen, its aft position is not seriously penalised. With the
10p tarnk forvard, the unavailable oxidizer is oontained in the feed

1lines Tather than spread out over the large tank bottom thereby
reducing residual propellant weight at burnout.

Though less significant, the 1O tank also optimises in the forward
position in.a 10y/RP system. This is dus primarily to the much
lower vapor pressure of RP=1 and secondarily, to the gmt;r‘
density of LOo.

80243 Pressurization Systems

A number of potential approaches to the pressurization system for a
large vehicle Q:d.st. These systems differ from one another on the
basis of the pressurizing gas used, the gas source, gas temperature
involved, and the venting system characteristics. Stored systems,
using either hot or cold nitrogen, helium or cambustion products are
the acoepted state~of-the=art and can be readily adapted to tﬁse
large vehiclss. The inherent advantages in reduced total system
weight of the hot gas systems has, however, been long recognized
and the current trend is in this direction. This approach affou'
minimm residual gas weight,
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subpeted 4o »apid. preseure trunsients dus 40 gas=liquid heat
_embasge; and hess eystens empleying prepellant vapors may suffer
oemplete pressure sellapse since the gas is ocendansible,

Oemposite systems, however, vhere & small amount of cold helium is
used for initial pressurization and as a blanket or thermal barrier
over the propellant to minimise heat transfer to the pressurising
gas 1s one approach to an efficient and reliable system.

The presaure systems selscted for this study are either composite

or aimpls helium lygtem: which result in -system simplicity, minimum
residual gas weights with reasonable system reliability. Cost,
relatively severe gas conmtainment problems, and possible ahortage of
bheliun were not considered in the choice of the pressurizing media,

8.2.4 Developmant Items

This study has placed primary emphasis of the achievement of good
reliability t.hr.ough 8 simple resiazing of current systems. There

is undoubtedly considerable development required from.the sheer
size requirements of the components, piping, and tankage. However,
it 1s delieved that size is the main problem and therefore amenable
to solution through application of current technologiess The use
of the force-deflection engine does not appear to make these

problens ary more severe. . o

84245 Tank Baffling
The tank baffles fall into four main types; slosh decoupling, anti-
wortex, unporting, and in the case of cryogeniss, inti-feuntain,
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Swrret and pust progrens &4 Destng inileate dhet ecmparettvely
slapls 21ght wight baffls: designs are quite effestive ia:the
oeppression of vertiees and tank euiled wiporting nesr bumeute
Vary simple designs also axist 4o senbet fountain affect during
eryogenis propellant losding.

4 detailed analyses of the retio o: vehicls rigid pitsh frequensy
and' bedy bending frequency to deep wave slosh frequency is required
0 establish definite requirements for slosh decoupling baffles.
Such a detailed amlyses is beyond the scope of this contract and
was not conducted. .anr., past studies at Boeing on similar:
nhiclfl indicate that slosh bc;fn.u will probtt;ly be required in
the oxidizer tank and possibly even in the fusl tank for these
study vehicles.

8.2.6 Control Valves
Control valves selected for the baselins vehicls propellant systems

are of the type presently in use. Propellant £ill valves and pre-
valves are elactrically controlled, hydraulically or pneumatically
_actuated. This type valve has proven itself in present L0 systems,
Current design type mechanical quick disconnect couplings are well
suited for use in helium £ill lines and topping comections required
by these vehicles.

Vent walves associated with cryogens should be of the pilot-impulse
type to prevent valve freesing. These are presently used with
Sucoess in L0 systems.
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dojgh Conmectiens
The meed t0 eliminate-grepellant. leakage at permansnt and breakab’'s
1ine joints beoemes more pronsunced fer large vehicles empleying
advansed, high energy propellants.. Speeial. joints are required with
the oryogens for nininising heat leak while maintaining lins integrity.

Bayonst type joints have proven to be effective against heat leak
and eryogen lsakage and are proposed fer use in the propellant systems
wvhere jacketed lines are required.

Iine Problems

There are many areas associated with propellant linss which could
have serious repercussions -from lack of proper design considerations,
These include such items ia gas traps, contaminant traps, excessive.
1ine losses, thermal stresses, and geysering,

The propellamt lines of a cryogenic vehicle are likely to geyser if
not adequately insulated, QGeysering, in this case, refers to a
sudden blowing out of the liquid in a line and refilling of the line
in a cyclic mamer. Heat added to the propellant in a line causes
decrease in the local static pressure. This unatable condition
produces increased generation ani expansion of gas which rapidly
expels most of the liquid contained in the line,. This causes
uneven thrust buildup at engine start,

The heat-leak-to=lins andi the lins=length-to~diameter ratio are the
Swe majer paramsters comtrolling the omset of geysering. An increase
4a either will eventually result in geywering. Lime mum and/er
diquid re-cireulation are the principal meass of eontrelling this

R T CONFIDENTIAL
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- ghenemensy Integral line bellews offer the most attrective solutden
00 1ine-disterbion: sosdetated- vith eryegens amd indwoed vehiels:
Sending- 1eadss

0 doss Dot appear that ihe abowe items will presemt insurmountable
predlense They will have to be imvestigated in detail, for specifis
omfigurations, to greater depth than permitted during this study,

0.2s9  JInsulation
Uss ef oryogenic propellants introduces the phencmena of cryopumping,

bedl-aff, and ioing vhich must be comtrolled. In addition, insula=
$iom systems must con£r01 structural and propellant temperatures.
-Inl;huon to limit boilwoff v:l.l:_l.‘bo required only fer hydrogens
Insulstion systems, as well as. structurel materials, must be
eompatible with propellants.

Vacuwm blankets vrepped around external surface of ‘tanks with

specisl formed vacuum pads for tank heads, common tank hesd included,
effers ons solution to insulaticn problem; however, weight and handling
prodlems my overocme the advantages. Another approach is bended
polyurethans foam on intermal surface of tanks with bonded layer

of mylay separating fesm from the eryogen. Lines may be sovered

vith wouum blankets or bondod thm fosm,

§.2:0  Joost Pumpe
4 potential trede existe between the wee ef tank mousted boost
'”nzoma-‘: propellante-4inte 4de aaia tarbopuspe md
€he wse L tenk pressure alens for parferming this fumetisms. ..
Gustenoy furmished data indisetes that resseallyy leow valwes. of
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Sarbepump XPSH ean be aehieved at & gmll inorease in Surbopwmp
weighte In this study NPSH values of 2 PSI for hydrogen, 7.4 psi
for lax, and 12 pel for hydrocarbons were useds These values
sesulted in reasonable tank pressures obviating the need for addi-
w turbo machinery.

8e2,11  Emergency Provisions
Jor the purposes of this study no special emergensy provisions are

incorporeted in the basic propellant subsystea except for emergency
defusl in the event Mo conditions exist in the area of the loaded
vehicle, DEmergency defusl is accomplished by the onboard helium
system supplemented by additional inert gas from the zround based
dysteme Pressurizing gas is forced into the propellant tank through
the flight regulators and liquid is withdrawn through the filling
connections. After liquid depletion, inert gas continues to purge
the tanks.

82,12  Summary

In general, there are no major differences in the propellant subsystem
resulting from the use of ths force-deflection engine in lieu of
the onventional bell engine. Some secondary effects do exist as
followss
(a) The boli engine studied employs engine gimballing for vector
control while the F<D engine employs gas injection. This is
oconducive to an inherently more reliable propellant feed system
<4 vwogh diximtdensof.the giabalabelieva,
‘(W) Of the two basic engine studisd, the propellant inlet.arrengement
om:the bell engine is mere amenabls to a dixmct feed lime revting
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of the exidizer lines, This is presumed to lyp & functien-of
inlet arrangements of the partisular engine geomstriss under
study rather than an inherent advantage associated with a
particular exngins typee

(o) The propellant feed lines to the P~D engine tend to be somewhat
smaller than those to the conventional bell engines.due to
the slightly higher I,p values inherent' in an altitude compen-
sating engine for first stage application. This difference

disappears on upper stage applications.
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9.0 OONIROL SYSTEX ‘ .
" Thw eemtyel pretlems of the JModels 908<] threugh <k ccafigwetiens
ar sinilar in mature and are eonsidered eollestively herein. HSingle
" and \andem stage eenfigureticas oarrying mon-1if\ing paylosds and -
fiying a sero g* wmqwuéﬁmnsstm of 300 mautioal
alles are involved, Without special previsions, the booster-payload |
odmum are unstable “W and must bs both attitude
stabilised and guided along the presoribed trajectory by the guidance
and control systeme In these respects the control system require=
ments are identical to curnxlxt operational vehicles. '

Considerstion of man rating the booster leads to a requirement for
provision of asrodynamic stability in the event of engine shut down.
_ﬂm requirensnt is in addition to those of present operstional
vehicles. It may be met by the addition of fixed fin area, or by
use of a flared skirt, located at the base of the first stage con-
figuration, Both methods have besn examined, The skirt method has
advantages in providing & mount to support the booster on ths pad,
in ll.hvhting.hunch clearance requirements, and in reducing air
loads impinging upon the .vectmd notzles, It also is simpler to
make an attachment to the booster engine, Either stabilization
method would be acceptable in fulfillment of the control function.

8ince increase of the booster aerodynamic stability is accompanied by
& £in veight peralty, & minimal requirement of neutrsl stability was

salected, The effect of neutrul sercdymamic stability is to decrease
Shrwst vestor control requirememts in providing control system
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%440f2008" vhem oeqq.n( % ourremt wmstadle vehisles. Thrust veso
-V eontrel aysten danping requirements are almost the same in either
" ease. Becsuse the semter of mv'm'zm further ttan the
~'o-ta' of pressure shifts as propellant is oconsumed, the boester

otability inereases vith time from lsunoh. This is helpful %o the
' stage separation process and further alleviates thrust vestor require-

asats for provieicn of comtrol stiffness. It does inorease thrust
veeter deflections for acoomplishing trajectory mansuvers. Sush
mansuvers may be expected to be small in this regime and as & eonse-
quence, o particular probles is foreseen,

Sinse the inclusion of no.itnl ssrodynamic stability tends to reduce
thrust vestor oontrol requirenents belov that required for less

stable doosters, yi'ovim studies and experience may bde used to pro- _
vide conservative guidelines in the controls area. Speoific solutions
to vehiole lt;l;iuty st of course be made by s closed form analysis
of the hrdvm oontrol components, engine and vehicle airframe char-
asteristios. Such analyses are beyond the scope of. this study. De-
tailed slesh and léructu.nl coupling stability analyses are, therefore,
ot inocluded. Yhen such studiee are sade, their solution my be ex- 1
pected 0 be eased due to the ‘stable airframe.

Trends of control problems arising as a function of booster size,
fusl type, engime type and booster performance for boosters less
atable serviynamically than those oonsidered here are presented in
soforense 15.2. Preliainary reviev of this program imdicates the
ssatrel trends presented thereia are applicadle %0 the configuretions

being studied here with equal validity.
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10,0 YRKIOLE ATRILAY STStRG

V3 ORNEMAL | _
Scveral of the lewer weight and 0oss subaystems are sonsidsred
Wrlafly belov. Fer the most part these systems vill not vary
mwmm«mmommumuw. This
4s partisularly true for guidance. telemstry, destrust and identi-
ﬂ.utm’rwuiou.

10,2 THRUST VECTOR CONTROL

One poszihle exception to the above is with regard to provisions
t.or thrust vector controle A comtinuous thrust misaligrment toler-
ance for the engine is stipulated. Use of m injection for
control may impose a severe weight penalty caused Sy gas flow to
trig out the 1/2° thrust misaligrment and to meet the average
thrust angle required to ovu"cou wind shear disturbances. Wind
sheay requiremsnts wvere estimated by extrepolating the results
of a continous digital flight simulation of a 1.5 million pound
booster with several control laws being examined. Figure 10.1

- shews the thrust vector requiremsnts for two control laws repre-
senking the greatest ani least average thrust vector angls for the
1.5 xillion pound thrust vehicles. Fusl weight is such a small
p,ruon of the weight of a conventional thrust vectoring lyst.e.-.
and such & predomimant portion of a fluid moction.lysu- vhere
signifiocant trim is required that a comparison is made on that
basia, Figure 10,2 shows the effect of thrust vector trim on
the waights of the two types of eystems for a 2 aillion pound
osuliguwretien, The charecteristics of the fusl injection system
(Igy = 260 sec and mgnification facter © 2) were supplied by
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Asvedath, Booling btudies: tend -0 confive these . figures. The adeve
would indieate ferther study. is zequired of metheds for obtiining
voster ommirel vhen fixed engines owsh o8 the F=D .type are !;olvu.

10.3 ERIOTRICAL POVER

Tor purposes of this study & conventional 20 vols DC supply wmes
oomsidered. DBatteries are s umu onargy source, chosen largely oa
the basis of extensive omitopi experionce and the related oonfi-
dence in ashieving high mmgw, Pover level and duty oyole are
208 expected to vary appreciably vith booster thrust in the renge of
interest, so that source veights may be oonsidered sonstant. The
distridution system, or network, is affected b'y booster sise, but
mot appreciably by ohoice of fusl or engine design. The net effsots
of variations in thrust level o eleetrical system veight, cost and
volume are shown in Pigure 10,3, Availability and relisdility of
scmponents are net expeoted to de m"c\;hu. nor are they expected to
wary nuaifiuntlly vith ochanges in the key parameters of this study.

11,0 GROUYD SUPPORT

. Ia generel, ground lupport.povtum will not vary ntpiti}cmtly
vith engine eheice per se fer similar prepellants vithin the liaits

Y Wis study. Sinoce all vehioles inton vith the same general
funstien, are fabricated %0 similar maaufacturing launch site loca-
tion and eperuted in like manmer % theee ?nu-.oouuorod in
seferense 15,2 Whe oceting eriteria fer ml suppors used ia
referense 15.2 vere folloved a his atudy.
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ELECTRICAL SYSTEM CHARACTERISTICS AS
A FUNCTION OF BOOSTER THRUST
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Thie seetion presents the mumerisal results of [rogeen .-Qum. .
Gloranion of the sost techniques, and the aseumptioss aad gromd
Fules folloved during eccnonts asslyeis of he four vehisle eonfigu-
rations somsidered in this study. In addition ourves are presented
m the estimated variation of cost for major vehicle compoments

over a firet stage vehoile thrust renge of 6 x 10‘10 6.0 x 10‘

pounds,

Yoo

Pigure 12.1 shovs estimated costs applicadble to the number one vehiole
for the Model 902-1 thru 902-k vehicles. PFigure 12.2 shows estimated
total systea costs inoluding Researtlt and Develo;ment, production '
and operating costs for each vehicle for productiou.touhd 253 1003
and 400 vehioles. I¥ is seen that the airborme vehicles asdount

for the majer portion of the reourring ooou,th:;ouglwut the vehicle BAD .
and production guaatity spectrum,

Figure 12,3 indicates the relative cost performance for the four basio
Mc‘mmrpd in Gh'il study. These _miﬂu ronoottln eotimated |
performance of _mh vehicle as disoussed ia section ?.0 and the pre-
dioted eumilative oy‘{u m.umiv discussed separately in section
13.0, ' '

Seferense %o figure 12.2 indicates the Medels UZ-3 and 902+4 advaneed

10,/18, Wnedtine vehiale, The 113,000 pownd paylesd capabllity of the |

o
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_(Dollars in Millions)

PIGURE 12.1
VENIGLE COST STATEMENTS

NUMBER 1 VEHICIE
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12,3

12.3.1

1244

12.4.1

siagle stage Model 902=4, however, is 22,800 pounds or 18.7% less
then the Nodel 9023, The predieted reliability of the single stage
vehicle 10 4n its favor. All faotore combined results im & emall

' akventage %0 the single stage Model 9024,

0082 VARIATIONS

The eotimeted variation of costs for ‘three major vehiole categories
6 %06 x 10° pounds)
i M by Pigure 12,4. The weight variation over the same thrust

68 & funotion of booster thrust level (.6 x 10

Tange is evaluated in Seotion 6.0,

!m}lg Stage to Orbit Cost Results

Plgure 12.5 shows the results of a cost analysis made to determine
the optimum value of T/Wo for the single stage to orbit veiele (Model
902-4. . MNinimum costs are obdtained u.t /%o of 1.3 to 1.4 depending
on the total quantity of launches. Ths actual optimum value may be
influenced by the desirsdility of amaking this vehicle capable of
aleo opersting with upper stages to achieve versatility. The study

schedule 4id not allow this possidility to be analyzed in detail.

COSTING GROUND RULES AND TECHNIQUB
This seotion presents the cost estimating and eost analysis methodology

utilised during the study.

Sost Retimating
System cost data presented in this document were founded on parsmetric
values taken froa The Boeing Oompany related contrect expmrisnce and
dotailed estimtes. The sbecnse of detail design data precluded the
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€00 of alternate estimajing Weehniques.: Thd:ecusistency of the cost
ase was stressed throughout the study vo pr;mt an unwarranted
osenonie advantage deing awarded t0 any of the design eocncepts
evaluated.

12,42 Qoe% Teohaiques
The research and development costs were estimated by relating the task

required to a similar lawwn task containing actual costs, considering
such faotors as complexity, reasonable level of manpower and the

state=0f-the-art,

Manning was estimated as the cost of maintaining work orews required
8t the launch dase, and it was assuned that government personnel

*  would be used. This cost was based on user taking delivery of major
assendlies and system components upon arrival at the launch ui.to. .
Menning costs also included the ladbor required to maintain the base

feoilities and ground equipment.

vi e rem REv.wer CONFIDENTIAL . p/no | wo02-22072
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Alsberns vehisle followeea predusticn sests vere uu-wuu.
‘awmber ems wnit 0ot per pound paremsters fer She sitems listed en the

,pmmuum. The Boeing Company experisnse surve ferwmilas were
wiilised 40 oempute costs, This fermula 1is defined as fellows:

e Uxit values © ax™@, vhere a = /1 unit value,
% ® unid mmber,

A * glope constant =
- 8lo

Cumilative valuss equal the mmmation of the unit v'nluu.

The eesting of base facilities and ground equipment was perfommed by
interpelating from known costs.

The operating costs were computed as a function of propellant weight,
launch schedule, manpower and spares provisioning requirements. The
costs wvere estimated by an exaaination of each of.thcu subcategories
ﬂ‘ an Am.y-u of the associated costs such ass cost pér pound of
propellant, aversge amnual m., annual spares requirements, and
maintenance and repair as a percentage factor to.the total facilities
valne. '

12.5 RESEARCH AND DEVELOPMENT PROORAM
‘l.'nd RMD costs vere ocomposed of enginsering, development, and test
of the airborns vehiols and greund systems, and also insluded RLD
toeling and flight test prograa. This progrea assumes no major state-
ef-Aho-art advanses,

e CONFIDENTIAL
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. Sosstar dev-lspment assesiated vith the airberne system imcludes the

eoets ofs. strustusal ecuponsats, sush as interstage and tankage, and
sbaystens equiment mh a8 seocondary power, eontreols, and pressurie
satden equiyment, BEngine development ¢osts were taken frem informe~

A4en furnished in chart fom by Asrojet-Oeneral Corporation.

‘Ground systems development costs were composed of the estimated design
and ﬂqhn_tioa eoffort for barges, transporters, slings, launch com=
Blaxes, oheckout and lausch equipment, assesbly and test equipment,
propellant storege and loading facilities, and utilitiss,

The estimated construction and produsction costs for major segments of
the ground system, such as test base facilities and transportation
and handling equipment, were based on t he assumption that the test
base would be located within an oxiati.ng Alr h?rco ﬁu complex,
lmvoi', all launch facilitiss and equipment were assumed to be
significantly different in capacity and design than existing test
sites, thereby requiring procurement of ground systems unique to the
systea evaluated.

Estimated costs for providing a basic set of contract topls to be
utilised in the fabrication and assembly of test vehicles and limited
quanties of follow-on production vehicles were included in R&D

oosts. These costs upoch't.od with further duplication of tools te
sustain a high rete of produstion were included in the follow-on
preduction eoets as were all recurring tool maintenanees and repair
[
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& DG %ent progmn Wilisiag the equivelest of: fourtosn aisberms

] vmnt‘wo h““ﬁ.ﬂﬁlmwﬁﬁﬂ
LM!‘I‘.M'&““MM‘&“. Night
mwmmeunuummmm
Sange wsage, prepellante, lﬁ.ﬂ.ﬂl’.. “ﬂ site maintenanse, hl\
Mmﬁl. otoe, were MM | |

12,6  FOLLOW-OX PADUCTION COST
| AR analysis of recurring produstion effort was mads to derive the costs
of airberne vehiales, tooling, opereting base faeilities and equipment,
and training of base operating personnel. Engine coste were segregated
4n sscordance with the terms ef the contracts

12.6.1_ Alzborne Vehicle
Preduction costs for the airborns vehicle mmber ens were based on

parenmeters develsped by the Boeing Company ylelding cost per pound
for items listed on the weight statement.

Production engine oosts were taken from information furnished by
Aerojet Gcnonl Corpont;l.on. In order to use these charts for all
stage engines, vacmum t.hnm. m.eonnmd to ses lavel thrust per
direstion of an Aercjet-Gensrul representative,

Airborne vehicls production costs included production tooling fer
engines derived from information furnished in greph form by' Asrojet~
Generel Cerporatiocn. The balance of the vehicls tooling costs included
ostimated costs for laber and materials to fabricate duplicate Hools
and 4o sustain preduction tosls.

CTTTETTT CONFIDENTIAL
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12,7

Srevnd Sreten

The growd aysten included cests swpplemental t0 the test base
S201140400 and greuwnd oquipment, IS was assumed that & pertica of
the st oamplex would be retained for ths fellowson predustion
progran, Costed as part of the ground sywtem was transportation
equipment, transportaticn costs and handling equipment. Training
of operating personnsl and other mm-m costs were also
imoluded,

OPERATIIO COSTS

Operating costs were estimsted to sustain a launch program over a six
year periods A major cost item was the airborne vehicle spare compo-
nents required during the pre-launch checkout phase. The estimated
ocost of these spares for all except engines was based on a Boeing
uuutg;ot replenishment nqu!__.unnntl. Engine spares requirements
were based ocn information supplied by Aerojet-Generul Corporsation.

All propellant required to load the liquid propellant boosters over
the six. year opsrational phase vas costed to include an allowance
for boil=off and other losses.

The cost ef maintenance, operation, and replacement- of facilities
and ground equipment required for airborme vehicle assembly, stage
mting, propsllant loading, pre-launch check-out and launching vas

included in operuting expenses.
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13.0

131

13.2

13.3

SELIAMLITY

INTEN?

Binoe reliadility charecteristios are a f\ notion of specifie hardware.
and lnv‘of the subsysteme comprising these vehicles are still in the

eonoept stage, the reliability numbers shown here should bde considered

as comparstive from vehicle to vehicle rather than as indicating

absolute levels of reliadility.

8COPB

The analysis presented below is concerned primarily with the .ompari-
son of the four vehicles studied in the regime between lift-off and
final atage bum-out. If the vehicle stands in the ready cohdition
for ﬁblmtid lengths of time, those components in active servioce,
such as gas pressure rogulator; which cannot be checked out immedi-
ately prior to lift-off must be considered to be opersting for the
ready time. If the item can be checked out and proved to be operating
imnediately prior to 1lift-off it is assumed that its likelihood of
failure 1 no different for subsequent time intervals thas it was

for the previocus intervals of the same length.

SIGNIPICANT PACTORS

The variation in operating time from wvehicle to wvehicle appears to
bave the greatest effect on reliadility. HNext comes the difference
between 1liquid hydrogen and RP-1 fuels, the latter being lees active,
easier to handle, thus lese likely to esuse & hardware failure. The

differences in engines affegt this evaluation on the order of 4%,

¥

S e CONFIDENTIAL  prino | . so-12072
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Figuze 13,1 shows & relisbility Mooa'ot the v?h}du whiech
indieates & definite advantage for the Nodel 902-4, B8ingle Stage %0
Orbit. This 16 the Tesut of the shorter epereting ime and grester
elaplicity applieadle %o the single stage vekiele.

3.4 RELIABILITY OROWTHE |
Pigure 13,2 shows the predicted inoresse in reliadility with sucsessive
lsunshes. The two top Mo represent the "instantaneous ronnbiuty".
oF prodadility of anyone vehicle performing satisfactorily. The two '
lower ocurves represent the "oumlative unabni.ty" or & measure of
sugcess of nny total numder of launchings. The cumilative reliability
forms the basis for development of predicted system coet performanace.
The inherent higher nl;ubinty of the ;mlo stage vehicle noted

‘previcusly is evident over the total launch spectrum,

13.9 ASSUMPTIONS

1. Pailures of subsystens and componente are exponentially
distriduted.

2. 8tages of the various vehicles are similar enough to warrant-
using c;u failure rate (adjusted for propellants used) with
appropriate time of operstion for all stages.

3. The conventional bell nozsle engine with gimbal thrust
veotoring and the forced defleotion engine with throttled
gas thrust vectoring are of equal complexity within the pre-

oont limits of evaluation.
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FIGUXB 13.2

RELIADILITY GROWTE

Single Stage Instantaneous
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Model 902-4
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Model 902-1, 2 & 3
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Qo purpose ¢f this section 1s 10 qualitatiwely present usccnventiomal
Seoster eencepts to vhich the spplication of the unccavestiosal en-
gines may be particulerky edvantagecus. This is offered primarily as
‘ol add ia evaluation and choios of possible cenfigurations for further

_study.

1.2 SUMMARY
Provided an engine of adequate portgmneo, the principal opportunity
for optimization of a boostsr system lies in the arrangsment of the
propellant provisions vith respect to other design requirements. In-
eluded in propellant provisions are tankage, pressurisation, and
induction systems. Of these, tankage is by far the most significant
iteu. Jor conventional applications, the familiar tandem cylinder,
relatively slender arrangsments of Models 902-1, -2, -3 and -4 fulrills
206t compromise requirements. However, from a container standpoint
uinimm surface is achieved dy spherical tankage. One such arrange-
msnt is represented by Models 902-5A, as shown in fig 14.1. PFrom the
standpoint of stability during boost, the tankage 1s best toved as
in the original Goddard models and illustrated by Model 902-5B in
£1g 1A.2. On a tandemn tankage wvehicle, interstage structure and one
teak ond might be eliminated by immersing the second stage eagine ia
the firet stage tank as showvn oa Model 902-5C, fig 1h.3.
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LM Ceat,
| These eenfigurations represent somevhat idealistic approsches %o the
‘Yankage prodlen. It 1o recegnised lat previcus studies on similar
arrengmments have revealed undssireble oharacteristics. Hovever,
bosanse of the potential gains, it is believed that further work in
the areas represented by Models 902-5A, =5B and =5C is justified and
should be undertaken before a final recommendation is made,

In addition t¢ the unconventional Model 902-5 arrangements sketched,
othar varied conscepts vere examined, including some suggested by the
AsTojet~General Corporation at the onset of this study. The more
pertinent of .the latter are briefly commented on in the paragraphs
folloving the Model 902-5 series descriptions. No evaluation has been
made of the lifting hody vehicles or u.ir breathing engine applications

suggested because of time limitatiom,

14,3  MODEL 902-51
This 1is a single stage vehicle employing the volumetric criteria of

model 902-4. See fig. lé.l. Spherical tankage has been used in an
offort to reduce tankage weight. It will be noted that vehicle length
is also reduced. It is recognized that, while excellent as pressure
vessels, the spherical tanks will present support problems due to mass
offects of propellant and stxucture vhen subjected to acoelerations.
PrelDminary vork indicates that a structural system might be devised
vhioch oould result in a significant weight saving. As is possidble in
ether applications of the F-D engine, advantage is taken of the possi-
3411ty of allowing the ground support etruoture to extend through the
air veat ports of the engine and engage the thrust strusture, thereby

VS 6070 7000 (DAS BAC 1808 PR3} co"FlDENT'AL .
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.3 Cent.
elininating the requirement for speeisl greund support strueture oa
Whe vehiale Base. The use of Wagee réArsetalle ceupression Prope
Bight Vo cemsidered for high leunch wisd ecaditions.

WA 0 903
m-umuwuucmmm'maumum. 8.2,

The ecmoept vas used by Goddard ia his early models and minimises
stadility and control protlems. M oonfigurstions largely eliminate
the meed for aa elsborate eantry, ommmmomuum
the surfeqe of the Asunch area vithout the requiremsnt for exhaust
disposal as u cbaventional types. The configurstion shovn bas &
two dimensional plug nossle engine mounted in the trailing edge of
each of the cruciform md vings of a re-entry wehicle. Light
weight tankage is sssured since all membders are primarily in tension
and stadilized by tank pressure. The details of propellant delivery
and engine exhaust mﬁanﬂ sust bs worked out and treds studies
sade before the advantages can be confirmed. It vill be recogniszed
that other engines msay also be employed on f.rutor conﬁ;nr;tiou.

uo, m g.s
The oonfiguration shown in fig 14.3 represents a two stage tandem

"Seakage” wehicle vith the second stage engine immersed in the first
stage tank. This essentially elimimates one tank head and the usual
imterstage structure. Howewver, the resultiag inverted taak heed vill
8ot Yo a8 officient strusturully and will iacrease ususable propellants.
I8 agpeers that (his epprosch is particularly suited $o fimed engisme
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| tastallatiens having & Risimm requiremsnt for mehanivas. L1
mnmmm-mwmmmum
corpereted ixte the ssoend shage damk bettem. Mositive shut offs
wvould % required for upper stage propellant contral. Developmental
wvork vould % required to accommodate the enviremment created by
intimete contact of engine and aecessory ocomponents vith the propellants
h“r'hMr;nmuuﬁ..fb £irst stage engine could like-
wvise Yo incorporeted in the tank dottom as shown. It {s enticipated
mmmtuunqummhmewzumwmc
arrangousnt dus to internal oonnection requirements.

1.6 AOC UNCONVENTIONAL CONCEPTS

18.6.1  Standard Vehicle, Mod. I (Fo Oimbal, thrut vecter control by
seccndary injection)
Mefer to Sketch Pig 1b.A. As discussed in Secticn 10.2, it appears
that, because of comtinmuous dsmand to correct vehicular thrust aligh-
sest discrepancies, secondary injectica for thrust vector control
wvould require analysis for each spplicatica in order to establish
Gesiredility from s propellant ‘requiremsat standpoint.

3.6.8 Stamdard Vehicle, Mod. II (Tank eubedded ongine, thrust waetor oemtrol
W sseondary iajection) _
Game emmment as for Nod. I adeve, Ia edditica, sigaificest imswesse
ia strestural wight required % stadilise the iavertsd task onds,
. wmwwmhﬁwmmwﬁu
dosign. Seo Nedel 908-3C, paregreph 1N.3.
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THRUST VECTOR CONTROL BY
" SECONDARY INJLLCTION
_vA ‘V
BOOSTER -
STAGE SINGLE OXIDIZER &
FUEL PUMPING SYSTEM
B/ SINGLE BELL THRUST
CHAMBER
SECONDARY
INJECTION JACKETS
— =—=—""| STANDARD VEHICLE MoD.1  |F14.14.4
arve . ) D2-12
e BOENG AIRPLANE COMPANY ADE
o ; _ %




ADANTIAL

Mw.6.0

w.6.3

16.6.6

t

Standerd Wehiale, Mods. II2, IV and ¥ (Bugise and pmp elusterisg
esnenyte) |

These vere net censidered 1u evder %0 eoncenirate the limited time
oveiledle o epplicsticns for the taste P-3 eagise somsept.

Stendard Vehials Mod. VI (Submerged fnd stage engine in first stage
‘emks)
See. comments oa Model 902-5C, paregreph 1A.5.

Standard Vehicle Mods. VII and VIII (Clustered booster units)
Theess vere not considsred in order to concentrate the limited tiue

availatle on applicatiocns for the basic P-D engine concept. Refer to

14,3 for conceptual shetches.

'Uncomventicoal Tankags

Befer to fig 14.6. PFor toroidal, clustered spherical, clustered
eylindrical, spherical and disk tankage configuration concepts have
in common the structural problem of engine thrust transfer to the
propellant confained. Distribution of the thrust load by a wmulti-
plicity of engines renders the control problem critical as well and
imposss further structural penmalties if engine out conditions are
ssmsidered. It was considered bBeyond the scope of this study to
izvestigats .these areas sufficiently to permit valid conclusions to
% drewm.
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STANDARD VEHICLE MOD, VI

CLUSTERED BOOSTER UNITS

i\ G %

2"° STAGE

137 STAGE
(6-2"° STAGE UNITS)

STANDARD VEHICLE MOD. YIT

PARALLEL STAQING -CLUSTERED UNITS

BOOSTER

UNITS-6
\
| _ )
] e _
_ J
2™ STAGE UNIT

— ————1"~1 STANDARD VENICLE MODS, T ¢vm[FIG 4.5
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