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The Alternate Space Shuttle Concepts Study
extension midterm results reported herein were
genenated jointly by the Grumman Actospace
Corporation, the Boeing Compary, and their as-
sociates. To assure consistency of results, Grum-
man and Bocing worked together closely, partic-
ularly in the 2reas of costing and concept evaluation/
comparison. Ia general, Grumman concentrated on
overall study management, orbiterfexternal tank
design, and development test phnnirg. Boeing
ooncentrated on the design of both interim 2nd
fully reusable boouster configurations as well as
gound opcrztions and maintenance phaning.

The other tean: associates and their major a2reas

of participation are shown in the z2coompanying
chart,
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Under the four month extension to its Alter-
nate Space Shuttle Concepts (ASSC) Study, the
Grumman/Boeing Team with associates has investi-
gated potentially cost-attractive programmatic and
technical aliernatives to the 1 July baseline (concur-
rent development of an orbiter with external hydro-
gen tanks 2nd booster, both fully reusable). These
alternatives include a phased approach, involving
orbiter develspment and operation with an expend-
able booster for an interim period, as well as design
variations to the basic vehicles. This report sum-
mezrizes thie study effort and conclusions achieved
at the mid term (two month) milestone.

Specific study issues were addiessed in terms
of the following tasks, cited in the Contsact Exten-
sion Study Plan of 7 July:

1. To accomplish conceptual designs of the
alternate configurations and define the
pizsed development programs for these
alternate configurations

2. To obtain an understanding of the tech-
nological, operations, cost, and schedule
characteristics of each phased develop-
ment program alterate and to perform
comparative analyses among them

3. To determine the technical and program

impact of orbiter payload size and weight
and of payload size and weight growth in
conjunction with the program growth
from an interim expendable to rcusable
booster :

+

4. To determine the implications of intact

“glide/cruise™ recovery capability vs
abort-to-orbit, using the ¢:ternal hvdro-
gen-oxygen tank single engine orbiter
{i2 x 4C payiozcjanien sold ox-
pendable booster configuration,
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The current contract extension to the Alternate
Space Shutile Concepts (ASSC) Study addresses the
external hydrogen and oxygen tank (HO) orbiter vari-
ation 1o the baseline (H) otbiter, used with expend-
able interim launch vehicles (S1C and SRM’s) ultima-
tely leading to fully reusable booster operation. Varia-
tions in payloxd bay length and abort requirements -
were also considered.

s i e i o

In addition, we studied a variety of alternative
system configurations with expendable boosters which
were directed toward a cost per flight reduction and
extended intesim operation. Finally, a fully reusable
system using existing engines, F-1 and J2, was ex-

“plored.

All options have been developed to a level which
provides a cost and technical comparison with the base-
line.
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BRIEFING OUTLINE
. PRECEDING PAGE BLANK NOT FILMF!-
* T ._;ﬁ'j:k‘f; =
1. Can we reduce costs if we change
Orbiter requirements?
.2, Which is ‘best’ interim Booster for *
phased program?
3. How can we reduce overall Shuttle
*  program costs?
- 1 - s -
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Three major areas have been assessed in terms of — Pressure fed liquid rocket boosters using
their influence on shuttle pexk annual funding, pro- LOX/RP-1 and N204/UDMH (storable
gram cost, and cost per flight. ‘ hypergolic) propellants

| — SIC boosters te. 5 th the H and HO con-

o Influence of Orbites Design Requirements —

figurations
This category has included investigation of: e

® Re-examination of the Approach to Orbiter/

— Hvs HO external tank conﬁgum(ions' Booster Developmernt — Both schedule modi-
: - fications and ali-tnate vehicle approaches
—~ Payload bay diameter, length, and growth have been considered as follows:
from 40 to 60 fect in length .

— Schedule revisions including the deferring
of production vehicles and delay of FMOF

-

~ Abort-to-Orbit (AO) capabilny vs. No-

Abort-10-Orbit (NAO) - o — Use of Satuin technology (J2 Orbiter/
F-1-LO/RP boosier) in conjunction with
e Use of Interim Lavnch Vehicles — Threc dif- Block 1/Block Il phasing
fu.ent classes of interim boosters have been
e:ralza::d: ; — Limited capability approaches including

. use of low-cost subsystems and the appli-
— Sofid rocket motors: 120 in. and 156in. cation of an NAO 15x40 orbiter confip-

- 3 - e
» diameter _ ' uration 1o a reusable LH/LO7 shuttle
e > . system.
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Cha:yge - to oibi“er desizn requitements which
have a significant impoct on vehicle size and sysan
develcpment cost offer putential cost sazings of up 1
$ 1Bin DDT&E. In order to establish which changes
are both feasible and worthwhile, we have studied
variations in those majos orbiter sysiems which hawe
significant size and Jevelopment cost impact, ie.,
propelant tankage, paylood bay size, and engine
size and type.
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BRIEFING OUTLINE
1. Canﬁéréd;tecmsifmchanye
Orbiieffeqlimms?
2 wudns ‘best’ interim Booster for

e HwvsHO

Ho reduce overall Shuttle
® Paylcad Lenath & dia. 3. Howecan we

program costs?
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Potential orbiter requirement changes are ex-
presssed in terms of the six issues shown. For each

item, altcmative configurations were developed with
identical characteristics, except for the feature at is-
sue, and then compared in terras of design and opera-
tional problems, weight, risk, flexibility, and cost. Of
these criteria, only those identifying relevant differen-
ces are presentad for each study.

The first study compared an HO withan H
orbiter, each carrying 65K payload in a 15 x 60 foot
day. All othess used HO orbiters with 45K payload
except for the growth study, in which the finul design
carmied 65K.
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CANW

E REDUCE COSTS IF WE CHANGE

ORBITER REQUIREMENTS?
e Only Hydrogen External, or Oxygen Too?

e Small Payload Diameter, oF Large?
e Short Payload Bay., or Long?
e Can We Start With Short Payload Bay & Grov,?
|
® Abort Once Around or Gliding Recovery

 CQowmo) .
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The issues that were considered in the H vs HO
comparison included the following:

® Orbiter configuration
® External tank configuration

® Qualitative structural/dynamic trends
for the orbites with expendable tanks

® Mated vekicle configuration

@ Heat sink booster weight and perfor-
mance

e ca
Zaamm s Latee S o MRk e i asai g - T RYTTT
. e .

® Ability of the orbiter to compensate
for inert weight growth by growing the -
main propellant tanks

@ Propulsion subsystem and separation
system comparison

® External tank and intersiage disposal

o Orbiter DDT&E, peak annual funding and
cost/flight comparisor

® Orbiter core vehicle aerodynamic balance

18
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H vs HO ISSUES

©® Tank/GCrbiter Struct. & Dynamics |
© Heat Sink Booster Weight & Periormance s

® Development Schedule Flexibility

+
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o Subsystems : o

Tank Disposal
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The baseline H 15x60 orbiter, which was
used for the H vs HO orbiter comparison, incorpc-
rated the following improvements oves the H33
orbiter design documented in the Grumman/Boeing
Alternate Space Shuttle Concepts Study final re-

poit:

® The aitbreathing engine system (ABES)
installation was relocated to the aft end

® Main non-integral LO2 tanks extended

aft into the area vacated by the ABES
reducing the tank diameter and thereby

" decreasing body cross-sectional area and
- body wetted surface arca

Relocalionbf»lhe docking interface
from the payload bay to the nose short-
ened the vehicle by 40 in.

of the payload bay resulting in reduced
scar weight and increased available fuse-
lage volume

- The usable main injection propellant is
780,800 Ib resulting in an orbiter ideal A V of
18,383 fps. The orbiter T/W at staging is 1.26.
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- .;i< NPT . UL -
. H 15 x 60
(65K PAYLOAD DUE EAST)

: Glow 1097833 18

Dry Weight 158,353 )
) Toak Dry Weight 2020310

Engines 03) 450 X Lb (en)
Vstage 67751,
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The dominant problem in configuring the HO o The four-man cabin shows a forward dock-
15x60 vehicle is to keep the excursionof the .« . ing system which necessitates a swing-away nose.
landed cg, with and without payload, within limits ) -
acceptable for aerodynamic batance. To minimize
this excursion, the main engines with fixed noz- -
zles, are located as far forward as possible with " "
their fuel inlets running under the payload: The .~ :
OMS oxidizer tanks can then be ounted above
the main engines, close to the OMS engines. An -
alternative engine pattern, locating the engines
in the same forward position but radially around
the payload centerline in an inverse trizngle pat- T

~ Protection of the upper fuselage by the
chines during reentry down to a = 250 dictates,
. to a great extunt, the plan view shape of the for-
. ward fuselage.

tern, reduces the width of the base but the adj N . . The usable main injéc(ion p[ope“;n( is
ditional exposed wing results in a weight penalty. C * 735,800 b resulting in an orbiter ideal A V of
The base areas are about the same for both en- o 18,383 fps. The orbiter T/W at siaging is 1.26 to
gine patterns. , ' be comparable to the bascline H orbiter.
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HO 15 x 60
(65K PAYLOAD DUE EAST)

oLOW 1,027240 L%
Dry Weight - 142,981 L0
Task Ory Weight 8Ny
Engines (2) 431K Lb fea)
Vitage $175 1
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A dry weight comparison of the H vs HO, with
15x60 puyload bays, shows that the HO coze vehicle
dry weight is 24% less than that of the H core vehicle.
The H orbiter non-integral main propulsion oxygen
tanks, which weigh 11,500 Ib, are included in the
45,372 b dry weight difference.

7 --The body volume of the H and HO core vehi-
cles are 51,500 fi® and 34,000 ft®, respectively.
This represents a 34% reduction in body volume
for HO over H.

A breakdown of the difference in the H and
HO tank dry weights is shown on the next chart.

24
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H vs HO WEIGHTS
: (15x60) -
, ! N '.. N ) N 3 .
* *7"HO Coré Dry Weisht A -45372Lb
? , f HO Tank Dry Weight A"+26,514 Lb,.
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. A configuration and weight comparison of the stage weights due to the mid and 1 skints. Both H : %
H orbiter’s two 15-fout. diameter external LH, tanks and HO tanks have a 5% diy weight growth allowance. ’

and the HO orbiter single 22-foot diameter gi&ternal
UIZI LO‘, tank illustrates the lower v»cight and
simpler structural arrangement of the external LH, tanks.

. The mass fraction of the H tanks and the HO
tank are 0828 and 0.9264, resnectively. The mass
fraction is defined as \he weight of uszble propeliant

P

tribut !
The major items in the HO tank lh.ll contribute to the _ divided b)' the sum of the usable propellam and the
dry weight difference of 26,514 Ib are the structural and
: mest welg.ht of the tank.

propulsion feed system weights for the LO, tank. the :
increased structural weight of the LH, tank (because - - A sketch of three S1VB stages is shovm abng- :

it is a load carrying structure) and the increased intes- side lhe HO tank to illustrate thic size of the- HO tark. - -
i
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H vs HO EXTERNAL TANKS

Weight Comparison - E. .
R > P
HO ' H (2 Tanks) =— R
LO2 Tank 4843 - U e TS o
LH Tank 7,324 8772 '
Nose Cone Attach 885 2712
Interstage & 1,512 233
TPS %506 5,693 TWO H TANKS
Other 1,647 27392
Dry Weight 4,717 20203
Roserves & Resid. 12,284 2,907
Total Weight 60,001 23,110 .
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FRACTURE CONTROL (LOX TANK)

The external HO tank has 1the obvious advantage.

of single use and the resulting benefits such as:

e Minimum fatigue damage, flaw growth, :nd

stress corrosion cracking

o Use of minimum factors of safety in design
of both LH; and LO, tanks -

)
»

® Accessibility during manufacture, NDE,
test and service. Co

TANK COMPLEXITY

The external H tank is less complex than
the 110 tank a5 it docs ROt requisc tank intorstage
structure or booster attachment structure. The HO
tank carries an additional penalty for transmitting

SEPARATIONS

The HO configuration is preferred due to the
simpler tandem separation of the booster and
orbiter over the pigay-back H type of separation. In
. addition, the HO tank separation procedures and
mechanization is simpler due to the single tank.

ORBITER PCGO

In comparing the length of the LOX lines
between the H and HO configuration, the HO line
is appreciably longer (approximately 85 feet com-
pared 10 23 feet). From prior analysis of the H
configuration, no POGO problem was evident; how-
ever the longer HO line will tend to increase sens-
vity of this configuration POGO.

4

ALL DYNAMICS, OTHER THAN POGO

The HO configuration, being longer than the
31 coafiguration, is potentially more sensitive o
coupled vehicle dynamics such as “stop sign flutter”
and structural bending/control system interactions
during launch.

booster/obiter loads.
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Hvs HO‘ QUALITATIVE STRUCTURAL/DYNAMIC
TRENDS FOR ORBITER AND CISPOSABLE TANKS

JRECT)R o

T Y Sy

Oisposabls
Item Mermf Taoks Core + Tanks ,
v # | wo
O! EO
LOX Tank Fracture Contsol \/
Tank Complexity v e
H HO
(Parallel){(Tandem)
Booster & Tank Separations - v
Otbiter POGO (LOX Line Lesgth) v ’
All Dynamics, Other Than PGGO v
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The A orbiter is parallel mounted with attach-
ments straddling the boostcr LH, tank. The vehicles
are mated hotizonfally and rolled out to the launch
pad on the booster landing gear. L

The HO orbiter is tandem mounted on the
booster nose and is oriented with its vertical fin
opposite to the booster’s to avoid irnpingcihent of
the orbiter’s plume on the booster windshield. The
stack requires vertical hnting and soll out.
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Tangd~m mounting increases the bending moments _ S -
on the forward m and the LH, tank, resulting in a ' ‘
~ greater proportion of booster inert weight forward.
This weight shift aliows a wing-mounted booster air-
' breather installation. Compared to the H booster,
the HO vehicle has heavier nose and LH, tank
structure, and lighter inter-tznk and LO, tank
structure.
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BOOSTER STRUCTURAL MODIFICATIONS
FOR TANDEM MOUNTING (FROM H TO HO)
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Small differences in HO and H booster weights
lustrate the minor overall effects due to tandem vs
paralic] mounting. The slightly higher dry weight
of the HO vehicle is compensated by the lower ascent
drag of the tandem arrangement 1o provide approxi
mately equivalent performance.
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During a nominal mission both H and HO
external tanks are jettisoned following oibiter in-
sertion into the 51 x 100 n mi ascent transfer or-
bit. Initiation of the ta:::: deorbit mancuver is
timed so that nominal tank impact is tar;eted for
the baseline impact zone in the Indian Ocean

- which is approximately the antipode of ETR.

The HO tank separation maneuver is considered
to be somewhat sispler than H since there is
only a single HO tank to separate as compared to
the two H tanks.

Both the H and HO tanks will breakup in
the upper atmosphese. However, it is expected
that the HO tank breakup will occur at a lower
altitude than the H tanks due to its heavier
structure. A breakup altitude of 240,000 feet
for HO tank results in a3 maximum down-range
dJispersion for tank fragments of 650 n mi as
compared to a breakup aliitude of 300,000
feet and a resuliing highes naximum down-

range dispersion of about 1200 n mi for the H
tunk fragmen:s.

The probability of I tank fragments
surviving reentry is low due to the high tznk
breakup altitude and the 10w skir gages of the
structure. There is a higher probability that
some fragments of the HO tank would survive
reentry. The net effect of these tank disposal
issues favors HO.

Interstage disposal is an additional issue
which is unique to the tandem HO configura-
tion. During an interim program, the interstage
can be jettisoned with the expendable booster.

. However, when the launch configuration in-

cludes a reusable booster, then the booster op-
tions are to either jettison the intesstage if the
impact zone is acceptable or design an accept-
able scheme of retaining the interstage with the
booster. This probiem is now under evaluation.
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H vs HO, TANK & INTERSTAGE DISPOSAL

©Tank Dispersions Oof 1 \O Ho
N : ! S
. ) ) O N
- Bteakup Altitude . 300000Ft '| . 240,000 Ft
LOW Y
- Fragment Survival Probability | (Bum-Up in - HIGHER %
Upper Atmosphere) « =T '.
—~ Maximum Downrange Dispersion § 1200 N Mi - 650N M |
o ‘_‘l;ior:[kSeparation Simpler = - X ’ G
e ' il e lntustagc Disposad S PR
7 ‘7 N ; g
- .!mnsnn with lntenm Booster
- Gn!m-:s with Finat .'E"......t
] Retam o: .lemson :
o Difficuk Solution . .
n
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Three major questions arise concerning the
operational aspects of configurations employing ex-
tesnal tanks. The first is the question of tank dis-
posal on missions where the orbiter injects directly
into a high energy orbit, such as 50 by possibly up to
800 n mi. For thess missions the nominal 200 :
fps A used to retro the tanks is insufficient, and
increasing the retro A will also increase tank dis- ‘
persions. A better approach which will still limit .
dispersions, is to carry the tanks through the mis-
sioni, and jettison them at entry interface. Assum-
ing a 600 n mi orbit, the payload penalty associated
with this approach is 4000 and 70600 Ib for the H
and HO configurations, respectively.

The second question is the compatibility of
tank jettison proceduics with missions which are
time critical with rendezvous operations occurring

between orbiter burnout and apogee. Since the tiune
required for tank venting prior to jettison could
compromise rendezvous, sealing disconnect values
of the type used un the Atlas could be used at the
tank/ osbiter interface, thus reducing or eliminating
the venting time requirements. These valves are of

a proven design and represent small weight and
cost/flight increments.

The third question is related to tank dis-
poszt following uborts that occur prior tv nominal
booster/orbiter staging. Assuming that the orbiter
always would buin its propellants to depletion,

- the tanks would b jetiisoned at a “q™ of 10-20
- psf in a pressuiized condition. The estiraated

weight penalty for meeting this requirement is
approximately 500 Ib.
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MAJOR EXTERNAL TANK QUESTIONS
QUESTION CrepEn

1. Tank dispersions for high altitude

missions? 600 n mi , bycanymg tanks 1o orbit
- or deorbit - payload penalty.
. AKH:TKHO
: 2. Compatability of tank jettison " 2. Reduce jettison operations time
operations with timefine-critical : by retaining residuals. Requires
missions? Atlas-type sezling disconnects.
Delta weight & cost/flight
150 b & S30K
3. Aborts prior to nominal boosier 3. If early separation required,
senaration? busn orbiter to depletion. Tanks

cap be ietticonod 21 10-20 nef
“q" if pressurized. Weight
penalty = 500 .
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The inherent capability of the H and HO con- represents a relatively modest growth allowance, but

figurations to accommodate unpredicted inert weigitt certainly a subsiantial improvement over the 1} orbiter.
growth beyond the present orbiter growth allowance A plus for HO. ,
was investigated. Two cases were considered, one in .
which there is no design allowance for this unpredicted The second case considered pre-scarred the H
growth and the second where the vekicles were pre- orbiter by providing additional body volume so that
scarred 1o accommodate unpredicted inert weight the diameter of the internal non-integral oxygen tank
growth. ‘ could be increased by 4 in. This coupled with a
' large external hvdrogen 1ank would permit an inert
Without design allowance for growth, the options weight growth allowance of 8.2% which would double )
are fairly stizightforward. For the H orbiter the only the present H orbiter core plus tank grow:h allowance. .
option was to 12crease the size of the external LH? tank The iterated scar weight penalty to the initial H =~ - ;
and operate the main engines at a lower average mixiure rrbiter design was estimated to be 1020 1b. o
ratio. An average mixture ratio of 5.75:1 was chosen , , . h:
since it provides a ratio of 6:1 at nominal separation 2 _ The HO orbiter was pre-scarred by increasing e
(yielding maximmum EPi. in the event of engine failure) ihe length of the BO iank interstage by 4.2 fzet which - 3
which decreases to 5.5:1 at the end of burn. The permits future stretching of both the Ulz and LO) x
percent inert weight growth allowance for this case tanks without distusbing the existirg s.ructusal mlelfaces* “
was only 0.7%. This would permit an inert weight growth of 6.6%, : .
c : which also doubles the piesent HO orbiter plus. 'ank &) %
For the HO orbiter, the only option was to add “ gowth allowance. at a scar weight penaliy in the initial
oxygen 10 the nose of the external HO 1ank since it is - design of 14801b. A plus for I3, if ptescanmg the v
a0l practical 1o disturb the 1ank/orbiter interface seometry 'mbm- frr srowth is acceptable -
oi the tan\jbooster interface geometry. A mixture ¥ o *
ratio of 6.25:1 was chosen for the growth version for A Based on ﬂns analysis, thes2 is no dw cut ad-
the same reas i discussed in the previous paragsaph. . vantage to either H or HO in tesms of dmlopmem

This yielded a net growth allowance of 2.7% which = ﬂcxibmly AR
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H ADVANTAGES

1. Smaller Lines to Sepasate - Both designs require
6-line disconnects. The H orbiter has 2-14 in.main
lines, 2-6 in. vents, and 2.4 in. recircutation lines,
whereas the HO orbiter has a 17 in. u:z main line, a
18 in. LO, nuin line, 2-8 in. vents, and 24 in. rcm- \
culation lincs. The HO urbiter requires that LO, ¢ *
disconnects and larger, LH, dxsconnccubc dm'lopcd.

Y vf. A~ -

2. Less Critical Disconnect Doors - ll doors are _
located on the fuselage sides {1000°F cnmonmem)
whereas the HO doors are on the bottom (1600°F.
environment) thus making the HO design more crith- > ¢
cal from the standpuoint of duor design and l’allure S
sensitivity " ‘

3. Smaller Gimbal Angle Travel - an:ilion ofthe © ial
HO externa! tank tequires that tiwe HO orbiter havea : © . -~
tot:d gimhal ange travel of 25° to maintain adequate -

controf in ihe cvent of an atmospheric abort. The -
cquwnh nt 10tal gimbal angle lmvcl fot the B otbiter

R TP T VT

'HO ADVANTAGES e

1. No Propellant Management - The HO mbliéf '

*single main LO, and L1, tanks do not require the

allocation of reserve propeilants to account for son-
simultaneous depletion of parallel tanks, as is Nq\mcd
for H orbitcr dual wrain LO and L, tanks,-This . -
smiounts to a 443 Ib propelfant savings. In addition, -
lhe single LH, feed line traps 57 ib less ptopellam

2. Less Pressurant & Simpler Purge System - The
lowcr surface to volume ratio of the 110 main pro-

pulxion tanks, as coonpared to the H main propulsion
£ tanks results in less pressurant collapse and thus less .

tmppcd gas. The effcct is nost pronvunced on the -
side and results in a 180 Ib gas savings. The HO .
orbiter purge system must puige only the foed lines

. and not the tanks, iesulting in an additional 1005

“iardware savmg
3. Scpa!at!on is Extension of Saturn Tcuhnology
The HO orbilcrlboosm will usc a shaped charge sev-
crance i the interstage steucture, as used in the
Satusn booster. The H concept uses a hydraulically
actuated linkage to push the vehicles apart
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H vs HO, PROPULSION SUBSYSTEM )
ADVANTAGES .
) O

© Smaller LH2 Lines & No LO2 Lines | @ Simple Feed; No Propetlant
to Separate (Tota! No. Equal to HO) Management (-500 I.Iviafl;u_id)

® Rcclosibg Disconnect Openings . ® Less Pra-surant & Simplgr'l’um
Less Critical System (-280 Lb) -

® Sinalter Gimbal Angle Travel ® Orbiter/Booster Separation Is R
(210° vs £ 12.5° for HO) for |  Extension of Saturn Technology .
Atmospheric Abort ' T )

43




-t - -~

RN R R - [RE e : S avte

BDE: s SR R e s ARG e« el . ¢ S o MBSy ki ki

A comparison of the 1 15560 and the 11O 1S
x 60 orbiter costs shows a reduction in the HO orbiter
core DDT&E of $265M over the H otbitet core, an in-
creased HO tank DDT&E of $175M over the H wank,
with a net total HO orbites COT&E reduction of S9UM,

It should be noted that although the dry weight
of the O orbiter core is 24% lower than that of the
H orbiter core, most of this differonce is attributable
to structural subsystem reductions, A large number of
the ogbiter subsystems are relatively insensitive to

- vehicle weight, The structural subsystem related
cosls amuunt 10 abous one quartes of the total orbiter
core DDT&E cost,  This is the major contsibutor 10
the $263M HO orbiter coro saving. The cost/flight
difference of ST90K between the H and 310 config:
urations is primarily due to the diffesence in average
production costs between a pair of external H tanks
and an external 11O tunk and its interstage.
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H vs HO, COST COMPARI?ON
(ORBITER ONLY) :

| acost | e
T, {H hase)
Core DDT&E
Tank DDT&E
Osbiter DDT&E 9080
Peak Annual Funding 38R
Cost/Flight +790 K
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Several HO fusologe design optivns are shown.

The cost bascline, Cclumn 2, has its theee high
pressure engines in a low horizontal row so that the
required straight scctions of propellant line run under
the payioad bay. This results isi a payload bay closer

to the vehicle center of grovity with an acceptable

o cg travel of 2%, A modificd cockpit arrangement with
front docking has helped reduce dry weight. The first
colurmn shows the vehicle characteristics with a tri
angular maln engine arrangement, Center of gravity
travel of 2.7% is beyond that which can be tolerated
with the current 13.8% clevons, The remaining con-
figurations use smatler propulsion installations (NAO)
and a tzilosed payload bay,

s’
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HO ORBITER CORE ARRANGEMENTS 22F7
126.2F7 18.7FT
AQ AD NAD NAD, 2 Inine
3T 3 Jutine 21nlins Tailered Psyload
Cost Baseline OMS Uplront
Abort to \/ \/
Orbit
No. Eng/Fyac. | 3/1,375,801 § 3/1,283,188} 2/874,008 | 27841517
C.G. Travel 2.7% 2.0% &19% 1.3%
Dry Weight 152,085 | 142981 § 131,746 | 121441
Londsd Weight | 199,855 | 185751 | 174518 | 167219
- 87 2= @'\
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This represents a swnmary of the 1ssues dis- HO tank disposal is slightly favored over
cusszd on the previous pages. H tank disposal because there is only a single tank
to separate and the predicted downrange disper-
A qualitative analysis of the structural/dynamic sion of the HO tauk fragments is sbout one-half
trends for the orbiter and the expendable tanks kv the predicted dispersion of the H tank fragments,
dicates no clearcut advantage for either H or HO, Howover, HO tank interstage disposal wiiis 2 re-
usable booster poses a design and/or operations
The tandem HO HSB and the piggy-back H complexity, «

HSB have alinost identical weights and performance.,

A cost comparison Indicates & snul) seduc.
tion in 110 oshiter peak annual funding and DDT&E
costs, but a more substantial increase in cost/tlght
duc to the niore expensive expendadle tank. There
is no obvious winner froni the cost vantage point,

The ability to compensate for inert weight
growth of the orhiter by increasing the size of the
maip propellant tanks shows an advantage for HO
if no scar weight is permitted in the initial design
and an advantage for H it a modest injtial scar

weight penalty of about 1000 ib can be tolerated. . , '
Therefoge, development flexibility is a toss-up. With its design, operational, and early funding
advantages, the HO configuration warrznts further
The HO propulsiun subsystem Is superior . investigation (in structural/dynamic azeas related to
to the H because of its simpler feed svstem result. {ts tandem arrangement) before a final <electinn is
ing from a single main LH; and LO, tank, made,
48
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H vs HO SUMMARY

ISSUE
® Tank/Orbiter Struct. & Dynamics - TossuP-
® NSB Weight & Performance . tossup . -
e Development Flexibility I TOSSUP
o Propulsion o . v
® Tank Disposal o IRV
’ c“-tPaak Annual Funding S 4%
-DOT&E R -2.5%
CostFlight :

Aero/Balance
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. Tho next six illusirations summarize studies
" A that were performed to identify the poiential bene-
} _ ‘ fits of reducing the payload bay size. Orbiter de-

‘ : signs with payload dimenstons of 15x60, 15x40
‘ and 12x40 were compared,
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PAYLOAD BAY SIZE

ISSUES

® Aero Balance

® QOrbiter Dry Weight

® External Toak Dry Weight
® QOrbiter & Tank DOTRE
o PAF

51
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;*’“_. “The IIO core dry wclghtsuo eompared for thc '
' 12x40 15x40 and 15x60 vchlclcs. Alltluccuc

3
[ B :
{!:.; : E ‘ »
wd Sof 65K up and 40K down is also shown. Nute the
' a * “kpee™ in lhe cu:ve; Increasing the payload from .
= : 12x40 to. le40 increases core dry weighl by
- T only 2503 lb while increasing from !Sx40 10 15x60

| . - Increases coxc dry weight by 19,955 Ib.
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{PAYLOAD UPIPAYLOAO pOWN ~K

ER DRY wexeum;\vwm_am VOLUME
m

| it
6=2503 120312 . .
» ! . L] h I Lb
\ ‘ 126,808 (@55 Orhiter Dry \*{eng t, L) |
‘ i - 145115) o _
20 ’ '1 L =3 1
3000 ' 11000

PAYLOAD BAY VOLUME {CU.FT
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" The issuc of payload diameter is addresscd by TR
: B eompunng the 12x40 and the 15x40 orbiters on . i
. . < 7 thé basis of 10tal dry weight (inchuding tanks), body o _
T : . volume and body wetted arca, It is concluded that
the total orbiter dry weight savings in reducing the ‘ RN
payload bay diameter from 15 to 12 feet is small. . 3
This small réduction is borne out by the correspond- -
ingly small reduction in body volume and body ‘
IR S o
RN s
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15 X 40—

ISSUES

Otbiter Dry Weight 129,312 2,503 i2:8_:“899_ y

z:;;;;.: fenk By 43,950 1022 ig;éza.‘

Orbiter + Yank DDT&E S1M R
: S6M

PAF
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The effects of payload bay kength wese explored R
by comparing the 15x60 and tho 15x40 HO erbiter, =
It was found that payload bay length isa rehatively ;
brger driver than paylosd dlameteronbody volume . - ¢
and wetted area, and thercfore on dry weight. The |

core dry welght teduction in reducing the cargo bay

kengih by 20 feet is 19,995 Ib.
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The dry weight reductions in going from 60
to 40 foot payload bay length reilect intu orbiter ’
and tank development and pezk annua! funding
reductions of $144M snd $31M, respectively, _ Sy
Whether o1 not theie savings should be implemenied
depends upon analyses of payloud requirements,
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PAYLOAD LENGTH ; ‘
lssues — —15X 40 - -
WEKASKPLOVE ' MSKIZSKPLD) |- L
® Aesro balance : . o] Acceptadle . -
' ® Orbiter dry weight 129,312
| ‘: L 'Ext tank dry weight 43950
L © Grbiter + tank DNT&E
® Peak annual funding




A study was made of the implications of a two-
phase orbiter program in which the initisl crbites has
a payload bay size of 15x40, and is modified later
*) . to 8 15260 paylosd bay size. The objective of the

study was to define the best approach to growth in
terms of

o Minimum scar weight to both the initial and
final vehicle

- -,.-ue»_-m‘_sz' L Ll i A e B ot ot w3 i

o Mlﬁimum rework sequirement

The scar pcmmes‘conmkmd were weight, cost, acgo-
dynamic petrformance and risk, and the rework pen-
altics considered were cost and tisk. The results were
evaluated on potential net benefits in reducing initial
dovclopment and peak snnual funding requisements,
This study was doae on an HO type orbiter.
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' ORBITER GROWTH
{16x4010 15x60)

. ® Bust Approach to Bnmth RS :
L 3 Minimum Scar to laitial & Final Vohicln vs Minlmnm Rmo:t

Scar Penalties: : S
- Weight C : ..
- Cost

- Acrodynamics

- Risk

Rework Penaities
- Cost - Structure, Engine
- Risk

©® Net Benefit of Growth Approach
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szm':&“umzkommm:ommﬁﬁa,

: comldcihtguowth
orblm(dimm mclcn)mcommulhmop- _wouldbohm..moadmdhopemnyummld
timkzed,§ Sx60 orbitor (shown on the right)l Thecore approach tonmhmuudled(lhhdmﬂ;umbn
whkleoftﬁi‘innﬂanlddcwa””b&hm. , fromthc!clt) lnthhmﬂuablmm!ndudeé
Neithe:vchlc!oh’ldmmcmdtam Two - the largez engines plus provisions for a now wing and -
potcmhhwmchatomwthwmmmdmd 820 foot “slug in the fuselage. 'l'heuaddcdmro-
In the finsg appmdl (second configunation fromthe duced the inltial core savings to 6700 ib, and further .
left), unmlmlnhlc!cwasonlymdtotheextm ,uwlwdlnanwbmuminmmheﬂmll&w

W main gngﬁrm sired for the final nhlch
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" The NAO vs AO study staits from a definition - = - L
of utbiter characteristivs necded to perform. aboittor . . e
otbit. The orhiter must achieve 8 oncearound ordit ;o '
with an engine out from nominal staging withOMS -~
propellant augnientation. in the staging velodity - A
(Vstage) region of interest, this dictates threeor:™; . - '

5 \A\;K

: - biter engines and 2 minimum T/W at each Vyape
o to provide AQ capability, The study objectives . . ; :

wete 1 establish whether ichxation of this con- - S
straint provided appreciable cost savings and whethes  ©
NAO was operationally Visible, * - %% .0
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® Orbiter Ciszracteristics Required For Abort-to-Drbit With

NAO vs AO, ISSUES

One Engins Out
. = Number

of Engines

- TN

o Potentiat Weight and Cost Savings for NAD

® NAO Abort Footprint
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A generic HO, 45K 15%40 orbites with 2/3 SSME 3

was size-and cost-trended, through a T/W range 0£ 0.7 ;

to 1.3 and Vypgq0 range of 4K 1o BK fps, fora 12. 5

) e ek

flight interim progrom using 2-stzpe 120 in, SRM
boosters. The charucteriztics of the mininmum cost
three engine AO are shown. With one less engine, the
NAOis 13K Ib lighter in dry welght and 23K 1b
lighter in OLOW than the AO orbiter, Both vehicles
stage at 7000 fps to provide heut sink booster
compatibility.

FAREEE s

R

-

- Por compaiison with the two engine design, a
single engine NAO at the sanie performance level is
- defined. Because of its higher zpecific weight, the
onc engine design suflers a penalty of 2K Ib in dry
weight and 7K Ik in OLOW. The two-engine NAO
configutation was therefure used as the basis for
comparison with the AO vehicle,

Il
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NAO & AO ORBITER CHARACTERISTICS

Core Dry Weight, Lb ek | 128k
oLOW, Lb 8K 860K
No. of HP Engines . 1 2 3
S.L. Thrust/Eng, Lb 655K 325K 3K
™ . 09 08 13 | .
V;tag'. ips 7000 7000 7000

Osbiters: HO 15 X 40 With 45 K Payload
' % '
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" The results of the paramtric size-trending is , o
shown in term of core and tank inert weights. : o o
Characteristically, both core and tank incst weights ’ : o
grow at an increasing rate as Vytage drops. Higher A
ideal AV and AV losses combine 10 increase pro. g
peilant requirenicats nondineatly so as to diive -
tank weight and core engine weight up sharply.

At a fixed Vyia.00, core weight reduces as
thrust drops; tank weight exhibits a reverse trend . .
below T/W ~ 1.0, reflecting a propeilant penalty
based or: higher AV losses, especially at low Vyyape.
However, at higher Vitage, where AV losses are
less severe, tank weight is relatively independent
' ' of T/W. ' .
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OLOW, 33 shown, roughly reflects the chasiac-
teristics of tank rather than core inert weight, since
propellant weight, which grows in unison with tank
weight, is the majos contributor to OLOW.

The *Min T/W for AO” line establishes the
AO doundary: {ta shape seflects the fact that ss
Vitage decreases, AV losses Increase and a greater
TIW is required to achleve orbit, Threc-engine
vehicles to the right of this line have AO capability,
Note that, sbove 7K fps Vmg,. low T/W (< 0.95)
provides AQ cap.lbmly.

In addllion. fixed engine thrust lines are
shown for two- and three-engine conflgurations.
The thrust level per engine of 325K S.L. is esti-
matzd s the minimum size usable in a 12-engine,
7K fps Vstago booster, inatching the orbiters
under study. These minimum engine lines thus
define boundzries for orbiters intended for ulti-
mate use with SSME-powered boosters using
coramon engines.




AO & ENGINE CONSTRAINTS

1.6+
VSTAGE =4K FPS
1.4 ) <. o
_Min TW forAD '
With 3 Engines .
1.2 6K L : )
OLOW, ~
MLb
1.04 6X ‘
X - :
.8 Minimum Engine Size (326K S.L)
8K 5T X for Booster Compatibitity:
' ® 3 Engines
| 6- TS e 2 Eagioes

| § | 1) l
.6 .8 1.0 1.2 1.4
' T/W Qrbiter
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Total costs for a representative interim pro-
gram, as shown, reflect the characterisiics of core
- inert welght rather than tank weight and OLOW;
core DDT&E is the major contributur to program
costs mather than propellant and tank lmdwm

v{oulz-ﬂwumosnm. o,

lllr.lmum cost AO (three engine) and NAO
(two engine) designs are indicated, at 7K fps Vmge
(to preserve heat sink booster performance com-
patibility) and st minimum engine size (to preserve
booster SSME commonality). The DDT&E cost -
saving of $180M for the NAO ls derived simost
entirely from the doletion of an engine srd its

13K Ib dry weight advantage.




PROGRAM COSTS

NAO vs AO,

369

T/ ORBITER

© Reo Fing) Cuoniev or Alieraats Londing Site Cotts lacteded

® 2-5ugs 128 SAM Boestar

© 12 dnges Progam
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Reentry trajectories were developed for both
the one- and two-engine NAO ozbiters, based on one
engine out st & nominal Vg, gg of 7K fps. The

¢

tingle-engine vehicle glides; the two-engine vehicle
has powered flight with its remaining engine at
Emergency Power Leve! (ERP), and achleves
roughly twice the down rangs from separation

a3 the oumﬁno osditer. Comparative footprints

. 70 shown for launclies into a $S deg orbit where

both orbiters reach CONUS, and a due East launch
where both could teach a portion of the Bahamas.
Foz a launch szimuth between 45 and 87 deg the
twoengine vehicle can reach Bermuda, whereas
the one engine velicle is committed to water im-

pact.

As opposed to the AO orbiter which can return
to its launch site, both NAO vehicles would require
alternate landing site activation and additional
mission support effort.
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NAO ABORT FOOTPRINTS
(ONE & TWO ENGINE ORBITERS)

® At Nominal Staging ~ 7K fps  ® Tharmal & Struct. Design Limins
® Oae Engine Out Not Exceoded
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In summary, the two-engine NAO b preferable
1o one englne on the basis of weight and minimum
launch aziruth restriction. Compared to the AQ,
the two-cngine NAO offers a modest weight and
potential cnst saving, However, its cost advantage
will be reduced when.the effort 10 provide offsite
recovery is factoredfn,

Since this uu‘ﬁy'ﬁs performed an a single
configuration type (HO with SSME and snwl) pay-
load). it is sccommended that NAO charactor-

istics be reassessed for the final shuttle configuia-
tion before the AO-NAO decision is made,
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-180
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AD
3
13

129
a4
m
3820
800

Ao
2
0.9
18
Teak a3
Total 159
3640
PAF 860
® fAD Offers Small Potentisl Sevings With SSME

No. of Engines
Dry Weight, K Lb Core
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NAO vs AO SUMMARY
(HO ~ 15 x 40)
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As an example of the reguction in DDT&E feet saves an additional $144M ) -
svailable as orbiter requitements age progressively T
1elaxed, four cost-saving options are sh;»qm. Com- ® Reducing the number of engines from three
pared to the external 131, tank basekine (BH}. ) 10 two, and relinquishing abort-to-crbit Qp .
T IR S ability, produces a further reduction of $180
T ® Changing t0 the external LH plus LOZ tank : . o
T design (HO 15 x 60) saves $90M - . - Finally, using existing J2 engincs and de-
L . - ferring SSME Jewelopment saves another
* & Reducing paylead bay length from 60 to 40 34 ‘ -
&2 ) :
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As a result of the orbiter reqniremenu smdxes. X
we conJuda. ;

. The HO orbiter has a hlghe: cost per mgm
than the 1; however, it offers a reduction
in peak annua! funding, and DDT&E costs,
and some design and operational advantages
(simpler propulsion system, and reduced tank
dispersions after jettison). Further technical
and tank cost analysls is required to make a
final dctetmmnuon between the HOand 1 |

A l2-fo<'\t dlametcr payload bay saves few *

dollars ($6M in PAF, $19M in DDT&E). 5+

The reduced capability is not worth the
saving - - ' '

o A 40-foot lb‘ng payload bay saves a morez

B

Payload bay gmwth is ot ammiw whcn
* potential interim vehicle cost savings are

. work

" operaticnal restrictions and cost of offs:te

B il
- v ——— . A P S iaihs RN \yﬁ

In DDT&E) and is worth eomidenn; ir CoRE
payload muhmms. when (ully defined, ¥-

'6‘-@-‘; y

weighed against dcslm risk and cost of e

NAO can pumde wonhwhile cast uvinp. @_
($40M in PAF, S180M in DDT&E) at nmc{,. ¥
Vstage and engine size as AO. However (™ -

E

operations sy consiJerably dilute this ™~
advantage
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CAN WE REDUCE COSTS IF WE CHANGE
ORBITER REQUIREMENTS? - v

® Only Hydrogen External, or O::ygen Too? . S
® Savas DDT&E Cost But Cost/Flight mghu
N Teehniul Amlvsh Inwmplm
L Small Paylaad Dlametcr, or Large?

Nepn

® Shore Péy;laad Bay, or thg?

a S:ms cequiuments dominate
® (Can We Start w;m .S?wort Payload Bay & Grow?

'?

® Abort Onca Around or Gliding Recovery

@ N AO) ® Has Potential
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We examined these candfdatcs for an interim-

booster.
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1, Can we reduce costs if we change

Orbiter requirements?

2. Which is ‘best’ interim Booster for
phased program? '

3, How can we reduce overall Shuttle

program costs?
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INTERIM BOOSTERS

® SOLIDS (SRM)

260" vs 156" vs 120"
© EXPENDABLE PRESSURE

FED LOX/RP -
vs STOREABLE

® S§iIC

WET AND DRY CRADLE
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thess areas, which were chosen not oniy

for their costjl;iying chamcteristics but thelr suscep-
tibility to inconsistencies duo to differcncesin

Compurable costs were achieved by

emphasis in

¥ -

critesia/groundrules,
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MAJOR CONCERNS

CONSISTENCY

® . Test Pasn

® Devdopmem Do’lars

® Facikiti

o Launch Operations
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The tost promm sumnmry fot all candidatcs
demowmc: this empham on comlstency and
A dnﬂy shows the dcvelopmemal stam: of cach
H andidatc. The more mature status of both the
; ‘ 120 n. solids and the S-IC allowed xcduc'lon of
tbc(l xespcﬂivc test progmms. -
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The reduction in size and the alleviation of " o %
undesizable motor characteristics were the prifme ' ‘
factors in the two stage, small diameter SRM evolu.
tion. The 260 in. single motos, single stage exceeded
reasonable size zriteria. The 120 and 156 in. motors
in the single stape application exhibited unacceptable/
marginal burn rates,
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WHY 2 STAGE SRM?
SINGLE ) 2.STAGE
STAGE BOOSTER BOOSTER .
e ™y i O, Py, TP
87 : :gn“ | ‘
Single  156“ . 52
260"
6- 2/t 120" .
156~
©® 15 x 60 H Orbiter
GLOW, e 45,000 Lb Payload
6 . 4-4 .
10%ib :
2..
0 - =
Size Buin Surn
Rate Rats
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. Theselocted point design for the 120 In, SRM

} requircs » tolat of seven modificd T-111M solid moton. ) .
" Five 1207 motors are clustercd In the first stage .
. "while the two second stage motots arg _suéppcd KT s
““to the osbites external tank. Second stage exparsian

: : ’za‘ﬂo fs 20:1 compased with a first stage satio of 9:)
_ip order to incresse performance capability. Re- .
- gressive firsd stage burning, wed 1o reduce dynamic

. " pressure, causes the requisement for additional

’ _;ceond stage performance,
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2—-STAGE 120" SOLID
BOOSTER HO ORBITER

; o Safing/Destruct APU (2)
: System

GLOW '6,039,006 Lb
oLow 1,128,000 Lb
BLOW (1) 3,512,000 Lb
BLOW(2) - 1,384,000 Lb

|, Gimballed o

. " Thrust
: . Termination

Nozzle
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Technical emphaﬁs was placed on the (!dilﬂll'tj:;l T
- - " and cosis of the subsystems required to make agolld - - L
' rocket motos Info 3 socken stage. Thisisamajor- :

cost driver on the unit vehicle price, and comprises

the hardware listed, Of these eloments, clustering :

structure provides the largest cost impact, In addi- )
tion to hardwarc'.va‘ substontiad cost goes tewasd

system imegm‘lon-ind support soliware functions,
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SRM & IGNITER + smse EQUIPMENT = CLUSTERABLE Y

STAGE Stluttwipmcnt . Clustarehls | o

SRM&lgmw ® Nose Cone o Suge. - [
o lustrementation T

m ® Tefomatry mmm‘m : A N )
' olestthinaﬂcnSucks&omnmu el M U
‘ ® Fesvard sum L IR :

- : I 'oCmnuAttachStmct. &SwmxlonMuhl , R PR
: oSapmtionMotm = SRR HE L0 ORI :

o ODexuunSymm S . 'j"'lf ' o ;
p ® External Imalstion - T feend-

® Cluster AttachStruet, ~ . P EESTL B
® Aft Skint o \
® Unibilical © " o q -
® Buso Heat Shield~  ~ o
e APU & Fusl Handling

® hozzle Actuators & Servo Valves
® control Elactronlr.s & Sensnn
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® Cabix S . : -
o Plumbing ' ' )
® Racaway




Tbo miscd thmst trace was chusen fox the 120
- C ln.SRM dncwseol’ thc existing grain (with | less - .

I thmst MIonyrbumtlmc.andhighe:losscs) - .

o wu!d :equlxc an addmoml motor to meet perfor- .

o - ' - o ‘ o mance requ}remcnts.» The mlnln.um development

;-i Voo P = of the motor shiown repreaents a lower cost than

: ’ ’ sdding sn additional niotor/flight.
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requlxemem for a new gantry, and equxpment td
handle, transport and checkout the SRM booster.”
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LAUNCH COMPLEX 39 B
(INTERIM 120" 2.STAGE ~ HO ORBITER) . 3
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MOBILE LAUNCHER R20DS
©® Serviee Arms .
® New Lownch Moot § ~TRAVELWAY
® Flame Deflectisn - oDhRw ya

® Mop/Paru, Services © v Temster  ARE
o Firing Accensevies ' -
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R The two-stage 156 in. SRM booster, shown

R BN

\.ﬁ’., o mated with an external hydzpéﬂi quk orbiter, :
I ‘ requircs & total of three new SRM’s, Two of these 3

R

form the £ 3t stago while the third motor (en- *

tical o the First stage motors) pesforms the
sccond stage function, . Although a size advan-
tage is seen for the 156 in, SRM relasive to the
120 in. SRM, additional motor development
is required. o
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WHAT IS AN EXPENDABLE PR

FED (EPF) BOOSTER

v

® System Based On Si

® Al Design Occfsions -Co

‘:"g ?
 Based On Sinple S
® Sinpls Subwstems {Low Part Co
® Low Cost Suacture - -
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The IZPF booster requires four, 260 in. pro-
imls!on modules in & two-stage arrangement to
boost the HO orbiter. With all inodules identical
to reduce developmen: requirements, three are
used for the first stage and the fousth performs
the second stage function.
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The LOX/RP-1 pressure fed vehicle carries the
same design characteristics as the N5Oy vehicle - four
modules in a two-stage configuration. A key diffes-
ence is the use of Inconel 718 for tank material as
opposed to HY 140 seen on the N)O,4 vehicle. (HY
140 has unacceptadle fracture toughness at LOX

temperatures.)
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EXPENDABLE PRESSURE FED LOX/RP-1 BOOSTER
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booster checkout 2

i

the EPFS are due

nd the - -

Y

ing

- e~

"~ need to handle large quantitics of booster pro-

EPFS requirerncnis for ground -

“ pellant. (The

han these for the solid

B

checkout ase more costly t

biger handling equipment expenditures than

the EPFS.

motors.) Tho SRMs on the other hand sequire
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V‘lbe pressure fed wXIRP l dcvelopmenul
sums cleatly puisitata disadvantagc when coms
pared wx.h the more mamre N204 vehicle pro-
pulnon system. The lnmased stage. com for
_:the cryogenic vehicle togelhcr with thl; pro-
pubion synem dindvamage make the N204

vchlcle 3 deu choice over the LOXIRP 1.
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Initial study basélines for the SIC were *wet

cradle” configurations based on previous‘analyses

for internal tanked orbiters. The “wet™ cradle

¢ control

movcs ..OX forward 1o provide amp!

authority with standard fins.
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INTERIM S-IC BASELINE CONFIGURATIONS

(65,000 LB PAYLOAD)
1,115,000 Lb LOX ' o
] ) » 'S"C""‘ - g
Cradiv: 89,800 Lb
|H CONFIGURATION]
GLOW-6,047,024Lb  OLOW.1,097,088Lb - Vstg. - 8300 fps
700,000 Lb LOX
: ———
! Adapter: 60,900 Lb—————
4 HO CUNFIGUHATION
" GLOW-6,101,523Lb  OLOW.1,150,389Lb  Vsty. - 8550 fps .
17 afi 3.
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An evaluation of the bascline (65K paylvad)

wehicle performance and tiajectory data showed
propellant. Utilization of this propeliant results
~ in an additional payload capability of 41K for the

. Hand 49K for tho HO orbiter.

approximately 35,000 Ib of unused orbiter ascent

" that the $0x100 n mi osbit could be achieved with
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INTERIM S-IC MAX. CAPABILITY

1,115,000 Lb LOX
| N .
= {-1- st - ——1=f= R

N ——

Cradle: 99,800 Lb [ H CONFIGURATION ] |
GLOW-5,088,000Lb  OLOW.1,139,075Lb  Vstp.- 8059 fps Lo
’ Psyload - 105,976 L0 S
700,000 Lb LOX
™ Adapter - 60,000 Lb - :
HO CONFICURATICN | aper T e
GLOW-6,088000 Lb  OLOW-1,164,670Lb  Vstg. 8298 fps : R

Pavload - 114,145 Lb
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Taklng advantage of some of the excess pecform.

ance capability of

the SIC led to the dry cradie con-

- ﬁgur_a_tidh shown here. The diy cradle has sufficient

_b‘éllast forward to assure boost control. These

inert

“dry cradle” vehicles shown were the vehicles

T
P

-

‘ costed.
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‘ THE COSTED CONF!GURATIONS
DRY CRADLE ]

[ CONFIGURATION

F

sww 6.088 ouo u. - OLOW- 1047000 b Vstg 6820193 . .

)

: . Payload-65000Lb " N
“ . . ) ) ,‘ . '2‘ . . *‘ ... \ ) . )

W -

5-'-380000I.b ER R

, . Baliust,© R T
) - | l_facuunsuamou S
ST GLOW- 6,088,000 Lb  OLOW-1,049,000 Lb X
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The interim S-1C program annual costs are -
shown to peak at $86.5M in mid FY 1978.
Interim S-IC total program costs are $471.3M.

VPPN W)
\

This program cost data is based on FMOF
in September 1978 (using S-1C-14) plus 11 addi-
tional production vehicles manufactured at a
rate sufficlent to suit the schedule shown.
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S-IC/DRY CRADLE - 12 UNIT ‘3UY PEAK FUNDIRG  $o6S91STY
(CREDIT FOR — 14)  JolALEUSY  saida :

/

CY 11972 15973 ] 1973 | 1675 { 1974
£y 1720073 Thera §io70 [toss 1oy [y

1977 | 1978 | 1079 119301 1037 [1532
*8 11079 [roso 11081 ] 1082 11983
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This summary show, the substaniia) decrease
in the S.1C cogys achieved in concurrence with .
MSFC since the Jupe 1971 baseline, Prime factory ‘
are the dry ciadle, launch, and SE&I custs for R
$IC only (noi Saturn), and the use of lefiovey o
hardware,
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WHAT IS DIFFERENT ON INTERIM S-IC?

JUNE BASILIRE (5. 29-7V)
15 UniY SuY

® Wet CLade

© {nsal} F-3 Rnpines it MAS

© S Cheshaut ot MAP
{Duplicste: Sutnaquons KSC
Chatbent)

© MA? Ssppart ta Lounzh Thew
51630 :

o MSFC Estinste o) Loymb
Operations

eisNng

©® KSC Logirtics Sparen Program
Independunt of MAF Praduction
Progrem

® Camvari Stage Telsmawy to UMD

® Sundard F-1 Eagines

© Stage téeaticnd ta - 15

© Synem Engineering & ate
sration tncluded in Stege Cest
© 15 Praduction Units

® Ruurring Cote $63.9 L1/ S1age
& Non-Returting Cott $148 00

7

Rigae o

s

s o

SEPTEMBLR BASELINE (3070}
12 GRIY SUY

©® Dsy Crsde

© tastoll P9 Sogions 1t KSC

® Staw Choshovt ¢ KSC Only

® MAP Suppent te Lounch Tore
HEN

e BATC Istimate of Lomnch

. Cpentions
o 19788

& KSC Legistics Sparon Programe

. Provided by MAF Praductien
. Progrom Uptil Late in Lowach Schedule
® Uss Existing VHE Tolemetry
© Low Cost -3 Eagine Insuiletion
® Cost Rvduction Chonges
OMSFC Concovronce)
o SEBIBupe Oaly

® 11 Praduction Unita ¢ Crcdit
o0 S15-3¢

® Rocurring Coul $38.2 M/Suape

© Noa-Recurring Cott $72.6
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F.xamlning cost variations for the S-1C DDT&R
versus orditer configuration shows them to be rela-
tively insensitive to the H vs HO issue.
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S-1C COST COMPAR!SON

(DRY CRADLE)
-72.8 S - 722
0 |
2 d-668 g BN N TL S
-~ J— [EST I . R i
% DOTAE 60 486 ‘ ) es2 |
’ (including Stage -
S4C-14 for “ B B
FMOF) 40~ |
1 20 - T
; = 18.0 180 =
Engines T Enpines
' —
’ BLOW - 108 Liss 4993 B 4938
PROGRAMS SATIM LA sasm
(FMOF + 11 FLIGHTS) T .
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Compatison of interim booster annial costs shows
that funding requirenients are minimjzed through

FY 80 with the Dry Cradle S-IC,
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INTERIM BOOSTER ANNUAL COSTS
(FMOF + 11 FLTS)

Peak Tota!
Otb | Booster | Fund | Yr | Prog
H |sic ‘8 |13 | en

R |120sRm| 100 | 78 | 687
| n {1s6srm| 100 | 78 | 70 _—
120 | woleees | 83 | 77 | 699 co

80
60+

4

72773 74 76 8 77 ' 28 79 ' 80 ' 81
FISCAL YEAR
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Total program cost brcakdowns for each _ _ ,
booster show the S-IC 10 be lowest because of : ' :
substaniially lower developmental cosis. These ’
savings in initial investment offset by a sub-

stantia) margin the associated production and

operational costs.
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INTERIM PROGRAM COST, BOOSTER ONLY .
(EMOF + 11 FLTS) | v
1000 - | . .
800+ o | e
697 = 107 689 __— LA
Ops 138 { Qus 134 T gy |58 o
B0OOSTER 600 Prod Prod. |
PROGRAM Prod. e 168 an
COST, 272 245 ops | 68
™ - 4004 I s )
DDT&E DDTAE DDT&E orod
391 . 428 4713 232
200-
oLl 391 T 428 473 DDTRE |73

120" H/SRM 156"
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R L _‘ boosters'consldered is the expendable pressure - S
o fed stomble. Note that flight cost is inversely
propoxtional to the initial development invest- o
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~BOOSTER PLUS ORBITER AVERAGE COST PER LAUNCH )
(11 FLIGHTS AFTER FMOF) ) '
o - w—y 3
142.3 |
ATy |
40
: ! {38'7.‘: Gaed | 0 |
ps
307 1 28 S
Ops 1 25 : ;
20- Oest 120
AVERAGE 0
COST PER ps
LAUNCH, SM ,
104 Prod. Prod. Prod. Prod.
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: ; The S-1C's cost advantages, due toits low ini- v
) - tial investment, mixe it a clear winner foratrue '
' interim program. 1f the interim program extends,
the S-IC still maintains its cost ad\}a;nage up to 30 T
flights. Beyond this number, the alternative boosters
il are competitive, although none provide a significant
cost margin out to 100 flights. '
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This seclion of the brhﬂng addresses cost
reduction of concumm programs.
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BRIEEING OUTLINE

1. Can we reduce cests if we change
Orbliter requirements?

2. Which is ‘best’ interim Boostear for
CONCURRENT PROGRAMS

H33 Baseling phased program?
] Loz/le 15x60
Limited Capability 3. How can we reduce overall Shuttle

@ LO,/LH, 15x40- program costs?
HO/NAQ - low cost
subsystem - SSME

Satema Technelogy

e B1/B11 Capability
15 x 60

141
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Starting from the daseline H33 space shuttle
(external hydrogen ta:1k orbites/heat sink booster)
there are thsee avallable courses for reducing over-
all shuttle program costs.

First we can retain the concurrent program
and seduce peak funding with a delsy in the first
| maaned ordital Night (FMOF). Alternatively we
could delay the space shuttle main engine and
proceed with existing Saturn technology uvsing a
] J2 engined orbiter with an F-1-engined RP

booster. ‘
i

. .

e

Ly

142
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Sccondly we can select a phased interim
program which pevmits us to meet the scheduled
FMOF for the orbiter with an expendable booster
theceby delaying development of the reusabie
booster until we have passed peak crbiter funding
requirements. Thus the interim program is plaaned
at the outset to become a fully reusable systemn as

© soon as avallable funding will allow,

The third alternative is the extendes inserism

- program. In this program the expendable boosiers

would be able 1o operate economically at lowes
traffic rates (100/200 flights vs 445 flights) and
thus permit a longer delay in phasing the reusable

- booster.
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HOW CAN WE REDUCE OVERALL
SHUTTLE PROGRAM COSTS? _
e Paoved iowim
uot vy
' - , o heaterting 18
© Dox'\ yo¢ inosboed wih intorim © Want rerseble ASAP
. & Rubleedin ® 130 ke ® Tarly SMOP; $/Ficht wesadary
o Deay ST ® FROFy $Fiight lew
© Earty FHOF with Low 3/FHsy ® Losst low” vesent sith betorkn
Trtendsd Satorim
PP S| TAND | SN
T o Pk londisg~ 18
© Lowsr traffie rste & 100/208
© Magiam cont [ight
* Prusato K3
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) For the three reusable orbiter/booster con-
1 current development programs shown, the key ‘
issnes are: o - L

e o - BN

o To what extent can peak shuttle funding be o t -
reduced if we maintain basic requirements b
.~ for planned FMOF and the five orbiter/
. four booster operational flect?

] o To what extent can peak shutile funding
be reduced if we changed basic program
_ requirements for FMOF, full system
. capability and the shuttle main engine?

PSR
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* Limited Copability  NAO-HO/HSB
LO,/LH,
15X 40
SSE . & — o
® '.3. - ’ HJZ[R-S.":
. LO,/RP
. 4 15 X 60
| 32/F1
BI/BI1 SUBSYS
148
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We have updated ous basic assumptions to the
MSC cost and schedule groundruics for the extended
study. The new program milestones (namely phase
C/D go sheud and FMOF) allow four more months for
overall development than those considered in our July
H33 Cost and Scitedulc Estimate Plan. We have added
another production orbiter and booster to obtain the
stipulated Qect size of five orbiters snd four boosters.
No learning has been considered for the manufacture
of reusable flight vehicles. A 90% learning surve was

.used for estimating ex pendable tank costs. We have

also assumed that no ground test hardware will be re-
cycled for operational use.
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There are three wiys to reduce peak funding Secondly, deluy the scheduled FMOF 1o a

v sequirements for @ reusable orbiter/booster con ' point whete a slowdown and cotresponding
5 - current development program. | - . stretch out in the overall development effart will
e D c " also reduce peak funding.

IR —Fim, defer the manufacture of ;')roducticn‘ -
" - vehicles not required 10 meet FMOF past the peak . ~ : =

funding years. This requires that the' program be Third, plan the initial flights with low cost
: initially planned and managed from the outset to “vehicle subsystems. Low cost subsysiems are
: " meet this cost objective. For example,wewould  ~ ~ " - synonomous with reduced systems capability,
plan to make dual use of key manulucturing - such as designing tor a two duy APU-battery mis.
personnel by relocaticn to support {light test ' sion instead of a scven day fuel-cell mission. Alter-
operations, maintain tooling and cquipment, : . natively, it could also mean designing with exist.
maintain flight vehicles, etc, Accordingly, we - ing technology and not upgrading at a later date,
- - would also delay material procurenient to ' - _ such as switching from a cryogenic ACPStc a
X meet the production schedule. - . ) - hypergolic ACPS.
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APPROACH TO RECUCE PEAK COSTS
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There are two general categories of avaltable month centers. Fabrication of the third fiight - &

. schedule options, those that maintain the baseline - vehicle siasts 26 months after the sccond flight .. =
" September 1978-FMOF (Option A) and those. lhﬂl o vehicle. The remaining vehicles are lhen bulton T &
delay FMOF (Option D-3). . i seven’ month wenters. e ~'; ) rr* R

A further alternative within the baseline FMOF IR Opﬂon D-3 Fr ’OF was dclaycd to the end .;_--} %

milestone lies in varying the production rate planned " of the dccade (December 1979). With 1S months! ©~ ¥

for the three additional orbiters (and two additional added 1o the overall developmient schedule we main - %

boosters) required for operations but not nceded for tained the same requirements for engmeenr.g/tooling
devetopment flight testing. The choice lies in main- information rclease a® Option A and then stretched -
taining a continuous production line between flight out the 1emaining development activity. As a con-
vehicles 2 and 3 versus a plonned production delay ‘sequence, the fabrication of major developmnesii

keyed to the operational capability (OC) milestone. ' articles was extended to 10 month cenicrs with 30...
In the continuous production schedule all major months between the 2nd and 3rd flight vehicles and
articles, including the structural and propulsion test S month centers for the subsequent production ve-
articles, are built on four month centers. In our . hicles. As in the buseline schedule we scheduled
bascline Option A schedule, only the development, the 1st flight vchicle for FHF and the 2nd vehicle

R AR IR T 1 SR gl AR s : .vas
SRS ii‘*”ﬁ‘*"m*m *‘ L -NW

ground, and fight test articles are built on fovr - fo: FMOF.
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: o 'l‘he pcakfundmg relntlomhip fortheld3 ¢ e :

baselinc ‘schedule is nlhmmed by this chart, Peak
funding (S1 72[!) occu!s ln FY 76. This is attribu-
ted to $1.38B in non-m:\ming costs foi develop-

ment of the oxbim, boostcr and main enginc and
$.34Bin tccurring pxoducuon. The close relation-
_ship between completion of he two flight test ve-
hiclks and peak [ undmg isalso shown.
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H-33 -- 15 x 60 BASELINE, COST/SCHEDULE
(OPTION A) ‘ .

mn
Mme  FNOF O :
v - v
2.
1.6
8
1.2+ ODTAE 10 FMOF s
1108
Pat Ansunl Fund 118
0.8+
Total Moy 1038
Cent/F1 {VR) Xy ]
0.4~
cy[ [722]73]2a]s! s 2] 8] 70 ] 80] 81}
fy[22 T34 5[ 76 ] 778 [ 79] so] 8188
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The fiscal sdvantages of keying orbiter/booste~
production to the plarned OC milcstone are evident o ‘
) when compared to a program schedule geared to '
maintuin continuous production. Scheduling the 3td
flight atticle 1o mect the September 1979 milestone
for OC will save $110M in peak funding.
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One of the methods of reducing pgik year fund-
ing is to extcnd the FMOF date and stretch program

costs over a lunger time potiod.

+

The dotted line on the sccompanying chart de-
picts the effect of a 15-month schedule extension to
FMOF. Note that the casly year's funding require-
ments are not significantly changed from the baseline
while a reduction of $320M in the peak year is achieved.
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" Lowest H33 funding thulremcn‘u are obtained 7
by combining the FMOF delay with the uso of low
cost subsystems on both orbiter and boostes. The - . e
net effect fowers the peak funding requirement to  ~
$1.19B. Asa consequence of using low cost subsys
tems the development cost to FMOF is also reduced
to $5.298. '
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The team has developed a shuttle program con-
cept which we believe to be superior to any of the al-
ternatives previously examined. It combines low
peak funding, low cost per flight when operational, .
and both booster and orbiter reusability at FMOF in
1978. ‘ .
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3. . , Early studzes of a teusable LOXIRP shuttle
N ' _ ’ booster ooncemmlcd on imemally tanked orbxte:s\
e . witk: high staging velocity (sround 10, 000 fect per R
‘ . ' second). Use of the RP hooster resubted in insuffi-
Tae s B cient payloads to meet :huuleseqmmmm& The T
hydro,cn dmp tank orbiter concept which allows ~ ST ;
- . lower staging velocity (around 7,000 feet per second) - R oS
b ' and which allows heat sink booster design permitted T )
y _ the usc of the S-IC size and liftoff weight withade -~ %
ﬁ L . ' : quate payloads' This sys(evm however did not pro- . » :
1 , . vide the target reduction in peak funding. The fur- b
"‘ . o o ther introduction of a block program approach to )
T . A o S subs;stems. selectively deferred or eliminated cer- R
. _ ‘ < - . Aain DDT&E expenditures to a more acoeptable
- s _ " funding level. g
. Sy
_ SRR 82 - ) .
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REUSABLE S-IC (R—-S-!C)(,QM URAENT PROGRAM |
EVOLUTION. iox

i . |tock 1 - Block 1t

Defer Expenditures

& Significant Payload ’ .
! £ ® Significant Pcak
7,000 tps Staging " Reduction A - .
: & Hydrogen Drep | - o _ _ _
- Tenks - ' o '

. = 3
10,000 fps Steging | ? InPeak k Funting
' | &loternal Tanks | RO
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" The low peak funding ($1.09B) associated with S
' . " this program stems largely from the use of existing. GO
N ' o ' Saturn engines and the aﬁblication of a low ccsi o ‘
- . Block l/Block Il subsystem concept. Early Block | A

: o operations are conducted with the four vehicles used ‘ -

during ﬂigfﬂ tes‘? (i.¢., twc orbitersand two boosters).
During FY 75 peak funding, Black I costs ($1.06B) S
encompass $529M for the orbiter, $424M for the
booster, $17M on the J2/F-1 engines and S90M for
flight test prebpratibt{apd management. Block M sub-
systems are introduced in the rcmnining production
vehicles (three orbiters and two boosters) scheduled .
10 phase into operation by September 1981, o : R
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CONCURRENT HJ2/R—S-IC

(3 YEAR BLOCK ) SUBSYSTEMS OPERATIONS) .
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S Pusk Assuat Fund. 149 . ' S
Lo Yota! Prag (X1 : : .
. Con/Flt 120 W 1500
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s e
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eyl [ 2] 2122w 171 ro[ w67 183 Toalsnn|
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When compared to the bascliie H33 progam -
fiscal savings are schievable with the HI2/R-S-IC pro-
gram both during early build up and the period of
peak funding. The HI2/R-S-IC program saves $1.168
in total program and $.63B in poak funding require- _

ments’
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REUSABLE S-IC BLOCK | - Il PROGRAM COST COMPARISON

18009 .
H-33 Option A
1600 . /\\’/ -33 Option A
1400 - A \ Concurrant HI2/RSICBL 1 - 11
- 1200- / : -, 3 Year BL 1 Ops
, FMOF32 Sept. 81
" $M 1000+ E
800+
600 +
400 -
200+
OI'TIIUII'VIIIIII_ITIVTI
727374757677 7879 80 818283 84 38535 87 8889 9V %1
oy
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Croundrules for formulation of the program
were developed to allow a “product improvement”
growth from Block | capabilit)} to later full opera-
tional capability, while providing maximum suppres-
sion of peak fi unding and program cost to reach Block
1 FMOF. The gioundrules minimize dead-end develop-
‘ments. 7 o
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- REUSABLE S-IC BLOCKI BOOSTER CONFIGURAT!ON ]
',‘ GROUND RULES o , s .

S

. - Vo

L Mamtain mat Sink Structure Concept .

® Structure Adaptahle to Full Block 1l Mission Capabnmy

Without Change

“Concurrent” Uevelopment of Orbiter and Bonster - N
Maximum Utilization ct Apollo Hardware & Development :
Experignce (Ergines, Propulsion System Etc.) _ o 3
Use F-3 and J2 Engines  ° . o N
No Redesign of Distributive Systems for Block Il ’

H Type Orbiter With Pigoyback Moum N

One Month Turnaround

Maintain S-C Tank Size & Geometry
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Deveclopments to be deferred were selected on
the basis ..f significant savings in Block 1 development
cost while not impacting utility of the Block I system.
The Block I system can carry sufficient traffic to
prove out the basic capabilities of the shuttle system
and provide growth in utility to attain the low cost,

mission flexibility goals of the shuttle.
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REUSABLE S-IC BLOCK I-1l PROGRAM

[n{nlnlnlinjn]n]lsliew|laleln

%’ ) Block | , FHF Glock § FMOF Bloek 1) 1A0F

1 Drugn Deveioprwmt |}

Block | i FAD, Aumbliy 8C/O | o130 Flights —~—
2 Opsrations! Vehules Test & Qps -
|
- ' FAB, Agembly & CO
: Bloeck I . ] 418+
’ 4 Operations) Vehicles I Test & Ops i
Blozk Block 1
BOOSTER Main Engines OF-V's BF-1As
Avioniy Commercial Rased, Min. Automatic Landing &
On-Board C/O Complate On-Bowd C/O
ALPS Storatie De-Propefiant Samsa
FACILITIES Chochout Detay Muit. Pos. Implamant Mull. Pos.
Paty 1 2
ORBITER Main Engines 82y 23
. : Avionics C Commercial, Space, and Automatic Lending &
Mdtitary Bagad, Min, Complate
On Boxrd C/O On-Bosd C/O
ACHS Storable BrPropatiznt Same
m

Sl




A oy e - e e
. Cn it e e e e o ars e s - - . . ey e bty s\ SR ey » s

W Sy =1y s 3 ket T

TISIPERECRE Ve viea

s henge

Examination of all potentially reasonable alter-
natives for Block 1 engines led to the selection of
F-1/J2 as sufficient in performance for Block I whils
1 providing minimum cost.
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REUSABLE S-IC BLOCK | PROGRAM %3
(ENGINE SELECTION ALTERNATIVES) 2

Engines ’ Est. Engine ;QS
Block | PIL Cost thru
5on Booster | 285 nmi | Biock| Operation | Advantages &
5 on Orbiter O«bit $106 Disadvantages
F-1/i2 47,000 61.8 Fall Back, BEO*
: - Least Cost Growth Risk
, : . Max Use of Availabla Engines
F-1A/328 81,500 2113 Eliminates OMS Engine
B Requiz ment
No Ar:ded Block il RDT&E
4 ' Cost
F-1A/SSE 107,500 - 671.8 No Ad:led Block |} RDT&E
{250K) Cost
F-1A/02 65,500 113.2 Ne Added Black (| ROT&E
v Cost
F-1/J2S 64,000 166.3 Fall Back, BEO*
: Eliminates OMS Engine
Requirement

*Booster Engine Qut

NOTE: Orbiter Design Payload 65K
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‘The selected oonﬂgug"u_tion is compatible with
maximum use of existing S-1C structure and systems.
1t retains S-1C tank volumes and propulsion systems.

" ‘The delts wing can be integrated with the S-IC struc-
tural arrangement. In comparison 1 a hydrogen bous-
ter, its dry weight (553,400 1b) is 15% greater, but its
size is smaller, with 22% less total wetted area.
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GLOW 6,470,700 Lb
- OLOW  1,166,500Lb
~ - | siow . 8304,000Lb

) A Block | Engines’
. . " Orbiter . 5 2%
i - Booster .8 - F1%
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REUSABLE SIC BOOSTER =~ . B
'LONGITUDINAL TRIM & STABILITY , | R

] Landing "~ - - A L
90+ Approach T 3
80+ St -1%0g Cruisa
' " SM., Neutral
70- A |
60+ No Nose Up '
. agody, 504 Trim Capability _-- .
” reg. g0 e
7’
20-‘ 053 T '300 ]
10- 50 »
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o The structural design has been developed In suf-
ficient detail to assure integrability with the S-IC, de-
fine ==jor structural interfaces, and to determine ap--
plicabitity of recosting S-IC hardware. These designs
have been analyzed for structural loads and heating _ ’
histories based on ascent and descent trajectories B ST
generated for the R-S-IC system. BN : B
S
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Thrust Shell : ' ~ _
Wing Upper I
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WING INSTALLATION DETAIL

Lox
Tank

o T BT AR | W R U !

Y3 e
A . : .
.J Wing Attach Link Y Ring - e :
. jB (Vertical Load Only) ’ B
See B-B " .3

4 - - _ 4 (
.J Expandahle Jaint // \ ' : }

ﬁ: ) Attech
{ Fairing 10 Tank .
nglCarry Thru B8-B "

3L

Y Ring Body Frame
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Conﬂsumnon lnyout and subsystcm fequirement
stud:es have been pcrformed on the reussbic $-iC con-
ﬁguratm Thesc studm have verified that use can be.
made dueclly cr with smal) modification of several
important eomponcms iaken from the Apolio pro-
gam. The thrust structurc will have to be modified
to account for lhe‘S 5 deg. cant of the engine and
for auachmq_m pi';ft,he vertical fin.
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o APOLLO COMPONENTS UTILIZATION ;
- _ BOOSTER - % USED _
'. ® F-1 Engines S ---- 100 i
® LOX Tank : - a 100 . : T
®eRPtTank - . - 80 .
® Fwd Skirt e
® Intertank ' _ 0
® Thrust Structure : - 25
o Fairings & Fins _ 0
® Propellant Delivery System .90
. ® Propellant Pressurization System ~ 100
® Subsystems ' .15
; ' o Retro-Rockets : ’ 0
ORBITER ' : - ) ’

® J-2 Engines - - 100
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Cost differences from the baseline 1133 Booster
were developed in detail, and arialyg.ed by association
with specific changes to ensuro understanding and
credibility. These changes included thosv that would
increase ccsts as well as those that would decrease
costs. As an example, the design and construction of
a forward fusclage to accept the greater number of
airbreathing engines (12 instcad of 8) resulted in a
cost increase of $12M as shown.
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BOOSTER AIR FRAME COST SAVINGS
- {DOES NOTINCLUDE TODLING)
L ANNUAL o | SAVINGS §55.6M

AVINGS, | ‘ .
® ssz | Reusable S-1C VS H.33 e

-50 | i

>

Y53 T35 732 T 76 T 76 ¥ 77" 78 ' 79 T 80 ' 81
5355 " 5T 77 7 787 19" 8 ' 81"
Program Change - Savings 7
| _ @ No Horizontal Stabilizer - $uam - - o
B ® 12 A/B Engines lustead of 8 . - §-122M : : ' :
. © Simgpler Thrust Structure A
Because af Fewer Main Engines - $194M
- ® Simpler Uninsulated RP -
Tank Instead of LH2 Tank $ 202M
® 0‘[‘0‘ . s °600M
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The direct enginecring effort included in the

reusable S-IC program cost estimate is compared
16 actuals for the 747, S-IC and SST programs.
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REUSABLE S-IC BOOSTER DDT&E
TOTAL DIRECT ENGINEERING EFFORT -
(COB@PAHISON WITH 747,S-1C, AND SST PROGRAMS)

cny

3o

fny -

f
v:‘l?'r; ) ﬁ.yk‘,' & W‘(

Program "~ Total Hours . " Remarks
: - (Millions)
741 1.1 " Thru 1st Airplane o
SST 18.1 " Design, & Test of Z Prototype
Airplanes Plus 100 Hours of Flight
Test ' o v N
s1C - . 15.1 To First Launch
H33 a0.9 Option A to Sept. 1981 _
RSiC 317 - Block 1) FMOF (Sepc. 1981)
_ 185 -
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Applying the proven Apollo technology engines
10 the shuttle can cut engine costs in half. Asshown,
- the F-1A and J2S engine modifications can be per-
> : formed at a low funding level over a long period.
Basic performance of the I-1A and 125 hauve already
been demonstrated (Ref. NAS 8-18734 and NAS 8-19).
The remaining task is to demonstrate engine life e .
extension. e
: ) 188
P SO WA T Y R i e e o e T s i

T ouh

=3




BTl L L T e

o ek e e e o - ; o
MAIN ENGINE COST
REUSABLE S-1Cvs H-33
Option A H-33 -
415 K SSME - R-SC 111 o
200 Total S986M F-1A/250K SSME Option T

Savings S30M

160 -

100}

/" R=$C 11 -
. F-1A/J2S Optian
Savings $S471 M

o

EXPENDITURES IN MILLIONS -

T7al 7176 77 18179 80 8182 !
: 351781 0] 8o 811 82] 83 |
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“ A Approximately equal, and acceptably low costs
’ per flight, é;e'demonstraled by the fully opcra-tlonaf
133 (SSME orbiter and booster) and the 049 Block 11
(F-1A booster/J28S orbiier) shuttle systems.
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We have concluded vn the baws of the foregoing
anahnais that the 1cusable MIC boosia mated with an
externa! hydrogen tank J 2 arbater s hest able to re-
tain NASA shuttle program voab weihin peobable
funding limitations. It provides a dovciopaient pro-
pam which meets pesformance requirements, make»
maxitoum wse of Apollu/Saturn expetience and
pvallable off-the-cictl equipment, bas no malor
dead ended devclopruents and has sigmiicanily lowes
funding and tecimicul risk than any Loncuent pro-
geam anatyzed to doie. Ju additien the reusable
Block 1-H prograns tesults in lower 1otal program
costs and opesational cust per flight (undc} S5M3.
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CONCLUSION

e

REUSABLE S-IC/BLOCK I-1 PROGRAM

Reduces Peak Funding $600:1 {DDT&E $3,6458 (Block 1)

®
® Reduces Program Risk .
® Rakes Maximum Use of Avsilabls Hardware
® Eliminates Dead Ended Development
® Reduces Cost ~$18
® Cost/Flight Close te H-33
ub "
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There afe 3 numbct of aleas In which the Block
B 1] apptoach can be applied to the orbiter 10 achieve
ap; ecioble savings (St 308) in ahe carly part of the
program. Several of these (:monlcs, power, ACPS)
gain from common usage betwecn the o:bllet and

booster.
. 7.
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USE OF EX!STING TECHNOLOGY FOR ORBITER
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The design definition was utilized in s bottoms
up cost analysis to determine funding level reductlons
and cost savings over the comparable H33 (hydrogen
booster) program. Roughly two thirds of the savings
are due to the LOX/RP-1 sclection, with the other B
third attributable to the Block 111 reusable SIC

program approach.

Foalls

et
2o

T

100

: Tas ot & anoe L ol
TP AR LTI YT om PP P T SN TTY YR AT R  mecailonsiont b e A




REUSABLE S-IC BLOCK I - 1l SAVINGS OVER H-33 BASELINE
PROGRAM

L : Peak Yuar (1376)°
Booster ' $202.3M

, @ Uala Propolsion Sy v 45.0 o

*_® Air Frame R e 7 .
® Avionies ‘ S S X ‘
‘® Tooligg ) 000
® ACPS B 4c.0
® Othes - - S 4227

Obitr - o 205.7
Main Engine i 152.0
Flight Test & Operations | 15.6
M 264

Total Savings : $503.0
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In addition 10 the seumable S1C approach for

getting custs down (as discunied on the jrecedin S
papes) we evzluatud what could b schivved by L
pulling out all the staps un requirenents seductions 0 -

fur 8 cryopenic (high pressure engined cancurient
program. This chart dentunstrates s typiat example
of this limited capability,, all cryogenic approsch’ L.

o Poylosd Doy is dscreasod in size SN T

o Payload weight is decreased | _ -
o Lowcon mb.syst::n# are used |
e Aburt-te-orbit capability is relincquishad

o FMOF is delayed 15 s;mmhx

Relaxing all of these constraints reducss peak

annual fupding frina the bawtine peak ot 1781w ,
$1.12 B and towl program costs by $1.86H. o R
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LIMITED CAPABILITY SYSTEM
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Peak Aznual Fund.

e Dolay FMOF -15 Months | Tous! Proy
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This chart comparcs the baseline 1133 bxogmm
10 a delayed FMOF/low cost subsystems H33 pro-~

S a © gramand to the limited capability NAO-HO/HSB | "
I , » all cryogenic approach defincd on the preceding SN
' puge. . - : S '

FMOF delay combined with Jow cost sub-
systems reduces the peak $530M and reduces total
program $1.2B. Payload reduction and no-abort-
to-urbit reduce the peak another S7T0M and total
program an additional SO75M,
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The HI2/R SIC program can nducvc the same
sedwctian in fisal funding from the 1133 bascline as
the two bk cost suhsystem pdgrams with delayed -
FMOF. The difference botween the low cost H33 ’
13260 st HO §5x30 NAO pragrams with the e W
H2R-SIC (s only $4D0M. The HI2/R- SIC
program, which reaelios an eattier peak (KY 1975)
due to ita zashicr FMOE, rolics upon itz application

of existing S 2/F-4 eﬂ;)ncs o mininize pesk funding .o
sequitemants, Accordingly it also s the luwest o
developient ceat 1 FMOF (S3.658).
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CONCURRENT PROGRAMS — COST COMPARISON
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Our uudm have thown m.n ﬂzc best way ta < %
meminize B33 basaline funding requireiments (for

“Sept 78 MOV}, 1s 10 Koy thc production vehicks
tothe .umm!ﬂ(‘ m’gdwm I'naddui\mn. we have 0 -

shown lh.s' the (vmd..w :eommncms for the base. 7"

line M3 concupreni fxm;ga-n(Si 738) can beyes |~ _’

duced by anothes ss_m«mu ‘A 1aduction of llus
magnitude necessitates a ch:m;,r dnshuttle system ™

“gequirements iid gaoundw!cs. This can be acgom-

plithed in two ways: st by using low cost sub-
systems with 3 delay in FMOF, pnd second. by
using existing Saturn engines. The combined
efteet of delayed FMOF and using Jower cost
(limited capability) subsystems will achieve ihe

P o N Lo A b -
. - - . o thh e <M~-au.i . DRGNP+ 1 S PREL RS CL A S A W0 Y
RPNy T R e nt

maximun s‘mng fog the l|33 basclinc (ISx(O[ML)
If we po 1o o Binited capability desigr. with »
smalicr and lighter payload (1 3x40/45K) pius’.

no abort-to-orhit capahility, the overall vo:is may

- be reduced further, The difference in togat p'mr._nr

costs brtwuen the 15x40 RAQ-HQand 143
(18%A0) 38 onty $675M ar-d $70M in peuk funur:p
The $I 2/ R-S-1C program tses exmmg)..il I
engines coup!cd with Block 11 subsystems to -
‘achivve an eiuatly low junding requirement. By f"‘jﬁ;
excleding the developaent of 2 vew shettie iwein®
ergine, the HI2/R-S-1C is able to provide ful! sysiems
capability (15x60/65R), lowsst peok funding, and
lowest develnpment cost 1o Sept 78 FMOY-, )
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CONCURRENT PROGRAM CORNCLUSIONS

® Key Production Vehicles to Planned 0C

® To Reduce H-33 Baseline Fundmg
- Delay FMOF
- Use Low Cost Subsystems

® Llimited Capabifity (15 X 40 NAG-HG) vs H-33 (15 X 69) Savings
- With Common Subsys, S675M Total Prog, S70M Peak Funding
- With Low Cost Subsys Ouly NAO, S1862M Total Prog, $280M PAF

® $1.1- 1.2B Peak Funding Achievable Two Ways
- H-33 or Limit Capability with Low Cost Subsys/FMOF Delay
- HJ2/RSAC {Scpt 78 FMOF)

© HJZ/RSHCProvides Full System Capebility At Lowest Pak
Funding And DDT&E to FMOF
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BRIEFING OUTLINE

1. Can we reduce costs if ve change
Orbiter requirements?

i Which is ‘best’ interim Booster for

[ o4
PHASED PROGRAMS ph program?
H33/S-1C~ HSB
15 x 60
Limited Capability 3. How can we n;duce overall Shuttle
HO/NAD/S-IC — HSB . program costs!
15 x40
Saturn Technslogy
HI2/S-1C—~ R-SIC
15 x 60
207
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For the three phased program configurations
shown, the key issues are:

e What is the required interim operational
period to minimize peak annual funding?

e How can peak shuttle funding be reduced
if we change basic program requirements
for full system capavility and the shuttle
main enginc?
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PHASED PROGRAM CONFIGURATIONS

h\ - .
‘ 5
4ob
H33/51C - HSB ‘ )
NAO-HO/S-IC - HSB ]
209
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The phased program groundrules shown con-
form to those established by the NASA/MSC Cost
Analysis Branch on July 12, 1971 and forwarded
to the Phase B study extension contractors. '
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PHASED PROGRAM GROUND RULES

® Orbiter
ATP April 72
FHF May 27
FMOF Sept 73 .
.5 Flight Articles

© Interim Booster
- Option A- 0 Flights
- Option B- 9 Flights Sept 78 - May 81
- Option C - 12 Flights Sept 78 . May 82

® REUSABLE BOOSTER
"Option A - FMOF Sept 78 - OC Sept 79
- Option B - FMOF Sept 81 - 0C Sept 82

~ Option C - FMAOF Sept 82 - 0C Sept 83
4 Flight Articles :

21

TR AU SO Y




In addition to the NASA phased program
groundrules, the following additional groundrules
were established by Grumman/Bocing and included
in all phased piogiam costs:

® Recusabic Booster Susisining - An annual
cost beginning with program award and
continuing until rrusable booster DDT&E
build-up. 1t covers the cust of such items
as monitoring orhiter progress and assuring
otbitcr/boostes interface maintenance

212

Orbiter Conversion - Covers the additional i
cost of converting orbiters used in the - s
interim program to operational program P

configuration

Added Wind Tunnel - Cost arising from
additional wind tunnel testing in the interim
flight configuration

Orbiter Flight Control - Additional avionic

hardware/software required to control the
interim booster from the orbiter
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INTERIM PROGRAM COSTING ASSUMPTIONS

© Reusable Booster Sustaining, $25M Each Year ot Delay
® Orbiter Conversion Interim/Reusabls Boostar, $50%

o Added Wind Tunnel Separation Tests, S1084

riace, $5M

¢/lnterim Booster Inte

-

viom

¢ Qrhiter Flight Control A
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With postponc.ii ¢ 7 resable booster develop
ment, much uof the technologisal sisk involved is re-
moved. Technelogival problem solutions achieved
during orbiter program development wid be adapted
to the booster during its initiai design phases; rather

" than during advanced design where techrology changes
impose redesign requirements. Booster development
will be undertaken during a pesiod when the ogbiter
is fully developed with the majoz portion of the
booster development occusring after the orbiter has
begua horizontal flight testing. Due to the low
flight rate during the interim program, the two
oibiters procured duting the test phase are adequate
for the interim flighy program.  Additional orbiter
production may thercfore be dehyed to control

. pezk annual funding requirements.

214
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. Interim booster development, procurement, and
: . . operations costs are a very smal] part of annual pro-

’ pram junuing. However, they allow sufficient delay
in starting the reusable booster prograui to keep
annual funding to approximately the $1.0B level de-

s sired. In addition DDT&E remains below the $5B

; level through FMOF.

The high interim flight cost is due mainly to
the limited learning attendant with the short interim
booster production and operation, The low flight
rate defined for interim program (3 flights/ycar)
results in largely sustaining operations smanpower
costs. However the low total number of launches
in the interim program adds only 4% in nonrecurring
and 4% in recurring costs to the concurrent pro-
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H-33 (15 x 60)/S-1C - HSB PHASED INTERIM PROGRAM
(3 YEARS INTERIM OPTION C)

DDTAE 1o F240F 3698/
104 4808
Feak Anpusl Fund. 1.068
Totsl Prog s
0.8 - Cost'TR (I/R) RO
0.6 -
$8
0.4
0.2+
\ Fu0fy
ey 2
cvitvnlnint T nlaoleiTaisy asies]
Fyf 22} 23732135826 7735} J9} EOf Bl w7 ) £3 " £3! €593
saf03].38] o 9d ]9 hohieaiesfiesioiest oy 2s] w2
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; . The lower costs for the hmted ombxﬁt; phas.d I ;

1 ©interim prograin is achicved through the reductionin - . t . :
1 ' orbiter size stemming from iclaxed aboit requisements . 7 7 Cm
3 , and low cost subsystems. These cost reductionsoccur ™ +.7 ¢ . o
P carly in the development cycle and ate prineerilv re- -~ - SooaL
g”, * sponsible for the reduction in cost to FMOF and force o
- the peak funding yess to 1989, In this phased oo~ - ' LT

gram, the effcet of the reduced uvrbiter size on 1e-

ductions in bousier size and <18t courleg with reduced .

orbiter operations costs are the major contributor )

1o reduced peak funding in 1980, .

3 »

oi e a8 v
t

o 218
B
i > bt Y SRy Tt o 2 = g \“W- sk Seraoal i ansidatte < alaictieailane o 2 UASA el L o iy ot ol
-
t -
o .
£
‘y
Wt H & % t 3 R y
" . . .
* 3 E .
A . R . B o
o g ke . oF
: v ¢ i
. - ) .
E . R I
. :
€ PO N
P N £+ o H t N b },
¢ ; . . * [ FIPRES S
ST SR L TEREA
- i s A s .
2 ’ B4 d g‘f . . ‘ ""’ i K L
‘ . . . e ’ N
] . 7 .
- 2 %o v , ) coa o, ) K
. I .
T . '




PR -3 SR

=) e s Temat i Tl

LIMITED CAPABILITY PHASED INTERIM PROGRAM
(15 x 40 NAO-RO/S-IC ~HSB — LOW COST SUBSYSTEM)
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Anothey aliernative directed at maximum re-
duction of early development costs involves use of
existing Apollo-developed hardwrie. Through use of
J2 and F-) engines, S-1C ayo ankage in the booster
and low cost subsystems as previously desczibed, peak
funding can be reduced to $1.098. By phasing the
HJI2/R-S-IC program with an intevim S-IC for a four
year period, peak annual funding requirements can
be further reduced to below $900M and DDT&E to
FMOF can be reduced to S6.25B. This represents
a substantial reduction in funding requirements in
the carly years of the shuttle development program.
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HJ2/S-1C = R-S1C PHASED 4 YEARS INTERIM PROGRAM
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Comparisen of phased intesim programs shows
the substantial reductions that can be achieved with
the full capability HJ2/S-IC—— R-S-IC approach in
cost to FMOF, peak annual funding and early funding
requircments. The 1) 2/S-IC — RS-IC full cap-
ability program is competitive {rum a cost stand-
point with the limited capability NAO-NO/S-IC .

HSB program.
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BIVSIC ~ HSB -
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Our studics have indicated that theugh pro-
gram phasing, several configurational uppreaches can
achieve NASA’s desized goals ot $1.0B peak unnual
funding and $5.0B for development costs to FMOF.
To achicve minimum peak funding, both a funrto
five-ycar interim operutional period and orbiter pro-
duction phased to support the reusable booster
opusation ure required. These jtems are necessary
to afford sufticicnt uncoupling of the orbiter and
reusable booster peak fuading requircincins

Further extensions of the interim program
beyond five years will inciease interim program

EPIPTNNT

” Y e P PP B YT R W U L e

costs and have no further cffect on peak funding
since the orbiter and booster are iully uncoupled
and the peak funding requirements are being driven
by the individual orbiter and boostcr funding re-
quirements. With the addition of Jow cost subsys
tems in the initial operational phase and exteasive
wse of presently deveioped hardware, peak funding
can be jurther reduced to below SPO0M, The
HJ2/SIC -~—=R.S-IC comhines sll these funding
advantages andt s hieves the lowest poak funding
and the lowes development cost to FMOF of all
‘the configuiativns sudied,
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CONCLUSIONS, PHASED INTERIM PROGRAM

© 4.5 Years Interim Operation Required for Minimum PAF
©0.85 to 1.0B PAF Achievable
o HJ2/S-1C+R-S-IC Lowest PAF & DDT&E to FMOF

® Orbiter Production Phased to Support Beuseable Booster
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The “extended interim™ p:ogram represents
a possible alternative 10 either the concurrent or
phased interim programs. This approach addresses
the case in which lower traffic rates are anticipated
over an extended time pusied. Higher cost per
fhght is balanced by the curly savings accruing
from extended deferral of fully reusable buoster
development.

Thrce candidate configurations, each
utilizing exteinal HO tanks and an expendable
booster, have been evaluated:

e Thrust Augmented HO - Emplovs twin
156-in. solid roctets burning in paraliel
with three ushiier-mounted high pressure
engines

e Pressure Fed Storable - Utilizes a two -
.stage No04/UDMH booster burning in
series with a three-engined orbiter

o Two-Stage Solid - Uses a total of seven,
7-segment solid rockets burning in a 5-2
sequence.  Orbiter characteristics are
identical 10 those of the pressure fed
storable configuration

All orbiter configurations are sized to ac-

* commodate 15-foot diamctes by 60-foot long

payload dimensicns.

This facet of the ASSU study extension
effort is directed toward the determination of the
best configuration for the extended interim applica-
tion in terms of lowest cost, lowest technical risk,
and most acceptable operational characteristics.
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The thrust augmented 110 configuration com-
prises a threc-engined delta-wing orbiter, a belly-
mounted external HO tank sized for orbiter burn
from liftofT to injection, and two fixed-nozzle,
156-in. diameter solid rocket motors side-mounted
to the HO tanks. Orbiter engines and the SRM’s
are burned in parallel up to SRM burnout/jettison
at 5168 fps. Orbiter engiue buin continues through
injection. Control during boost is provided by
orbiter enginc thrust vector control.

The bulk of the orbiter liftoff weight of 1.73M
Ib is attributuble 1o the 1.41M Ib of main injection
propetiant required for burn from liftoff to orbiter
inyectinn. Lightweight HO tank design is acheived

on this configuration by pickup of SRM thrust loads
and LO; tank drag loads 2t the orbiter forward
attachment point, thus reducing the axial loads
sustained by the aft-located extcrnal LH, tank.
Downstream introduction of a tandem-mounted
heat sink booster would require external tank
redesign to accommodate introduction of axial
loads at the tank aft end.

DDT&E and total cost to first manned
orbital flight are $3860M and $4310M, respec-
tively. Peak annual funding required during
development is $974M. Total program costs
for 100 and 445 flights are $6.7B and $9.5B,
respectively.
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The pressure fed storable configuration utilizes’
a 1.13M Ib exiernal HO 1ank orbiter plus a twesstage
expendable liquid rocket booster consisting of four
identic2! tankage/engine modules. The thiee out-
board booster modules, clustered at 120 deg intervals
around the core module, comprise the booster first
stage. The core module provides second-stage thrust
and also serves to transmit both first and second
stage thrust loads to the external HO tank via a
conical interstage skirt. First and weond stage
burnout occurs at 2875 and 6200 fps, respectively.
Control during boost is provided by liquid injection
thrust vectoring of the bvoster engines.

Orbiter main prepulsien consists of three
igh-pressure LOy/1 1y engines each providing
483,000 Ib vacuum thrust. Booster engines
utilize N0, /UDMH piessure fed propellant.
Sea level lhrusl rating of each engine is 2.4M b,
All-up weight of the stacked configuration is
SB6M Ib.

DDT&E and total cest to first manned
orbital flight are S4060M =3 S5 100M. respec-
tively, with peak funding iotaling slightly over
$1B. Total cost for 12 and 445 thgh pro-
grams are $6.9B and Y1124, respectively.
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The “tvro-stage solid™ configuration cmploys a able nozzles are incotporated on ail SRAL's to ol
1.13M Ib external HO tank otbiter (ideatica! to that provide thrust vector contiol duri-g the hoost ﬁ
used in the pressure-fec storable configuration) plus phase. First and second stage br:reout velo- s
a two-stage solid rocket booster vomprising seven, cities arc 1952 and 6178 ips respectively. g
120-in. diameter SRM’s in a 5/2 configuration. The Lift-off weight of the configuration is 6.04M Ib. ?
fiveengined first stage cluster is tandem-mounted to 4 g
the external HO tank: thrust loads are transmitted to DDT&E and 1013} cost to FMOF ase i
the tank via a conical * “erstage skirt. $4000) and $S4910M. -vith peak fumding total- i

: ing S99SM. Cost per flig:. on a three flight kS

The second-stage SRM's are instalied sym- pet year bosis is $41.8M. Total costs for 100 4
merrically on each side of the external tank in the _and 4. faght programs aic $7.7B ard $13.538 T
plane puassing through the tank centerline. Mov- respectively. 3
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Basic configuration characteristics and costs are
summarized in the table opposite. Significant points
are:

e All orbiters are sized for the same payload
volume: expenduble boosters for the PFS
and the two-stage SRM are sized for 45K
payloads rather than 65K

o TAHO external tank dry weight constitutes
a higher percentage of total (core and
1ank ) dry weight as a consequence of

the parallel burr approach

The twin fixed-nozzic SRM’s utilized in
the TAHO configuration represent the
simplest booster configuration of the
three alternates considered

TAHO costs are lower than those of the
PFS or two-stage SRM configurations,
particularly in the arca of cost per
flight (fower by 22% and 36% respec-
tively on a three flight per ycar basis)
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The chart opposite reflects a comparative eval-
uation of the thiec candidates for an “‘extended
interim® program in tenns of program costs and
key performancefoperational parameters. Where
onc configuration exhibits a cleas advantage in a
given evaluation category, the appropriate para-
nieter has been “boxed™.

Although all candidates represent tech-
nically feasible upproaches, it is concluded that
the thrust augmented HO configuration affords
the best selection on the basis of cost, technical
1isk, and operational chamacteristics.
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SUMMARY EVALUATICN ALL PROGRARS
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Phasme an interim cxpendable “drv cradie”
S-C (approximutely 12 fiichits) witi: o fully reusable
*winged” S-1C takes maximum advantage of caisting
ApollofSaturn technology. By combining the basic
features of the two programis deseribud on she im-
medistely preveding prges. ihe lowest possible peak
annuzt funding is achieved. cit basic Lt gbjec:
tives are niect. and an operztiona! cost pos Tt e

ptitive with the baseline 5. siem s walized.
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The throust augiented externad HO tank
(TANO) system s a derivative of the A3A peralied
burn *“stage-and-s-halt™ cond urativn of the original
ASSU rudy. B Features sio Lo viecpron, fixed poz-
zle 136-in. SRM s, an SSAME poavered osbiter und a
larpe oxternnd 11O wnk, The “2ATO booster™ simpli-
city of this svstem resubts in ko pesh funding -

quiiemznis o FMON (appecdmately SIRYond ;

medium ceats per Sight (520.8M average for the Tirst i

P2 ighits ond S10.60M averaze for 4445 iligais). Three ;

apzrationnet deenvhocks o this syetem are appar et &

(1) SRM expso d preducts at Bioddt (2 the diopping

of © peir of SR cases o cach Dight, and (3) insul- :

ficizoy low cosifthisht to corrure ali poicntiz! shat- '
tie traffics At tirce o thewe diadvantages cund be

orsrcoms by stariing up a phased reusable bousier and é:'

HO veal afier Tondin rogeireraeniis for the 3

st drep G hee., dowastreznt of FY 778). ;

.

E:

246

LR SPRIRITN V.S ORPRRVEPRURIINY JU

?’?
:
‘-‘;i
-
- - - EX * v
~ - ’
X P
7
< e N -
A o 1 ‘
. . te
= - N I .




[ PR SR SIP S SPRRPONPIS SR A S PP S P S - P e o s ranltd

EXTENDED INTERIN PROGRAM
TA0

€ Bmohazizes Orbiter Develapment
® oioediar Cost/Fiight

L Pesk Fundizg & DDTAE un Target
® Cen Evolve to 2 Stage Systzam

. 568,
™o - GOT&E to FLIOF 3 /

256
I
VYol b 1]
—SAM  DDYRE Lot brez f23%4 |

08 Taist Picg. hﬁ..,;—l v7E

sB

Obiter & Tank
Praguctinn

CGperetions
— ~—* Tank Froduziien
- Production
L e W e

151 /9] 801 811 871 83]

247

evmare

108615 wr b AARAMME L ALMNEL Wb 11 ey

aeipr e w

A AT +

MY
ot Lot s tos SEie)

e

'

v

- . - - e . rm——  emme L AR W e e e AT - =y s s vem mt mEC pem sl S

SR TS AOw e W R WSRO TITON.

e e

Lo






e mmRine 4wy e s AT eaah wi e harie e SRR s AT S0 et et

PETTTDING PAGFSBLANK NOT FILM:

By plotimas cost por Bishi vetatal east to PMOE,

the varieus proziamt alernatives v be readity asses 2
fel-tine o one anothel,

Al of the ploved mierim prosam cost tesuks
are crouped ot 2 rolatively high cost per iheht and
theiciore the v ol an interion bouste: should be
hetd down to as b as possible while mecting
objetine of dobay e seasible booster developinent
funding, W0 beliove that 12 it ot a rute of appron-
imatelv thror iBen- par year would be sutficient,

Al of e extended intenim prowans heve inter-
modinte coas o R wil tic TATR) <howing the

foaest overe’! cust te MU Even of the extivine of

4415 flights, the extended intedim programs aze not
sutficiently comyetitive to capture all potential
i,

The coucurrent baseline H23 proeram has the
desited low cost per flight but is expensive in cost to
FMOFE. Delav of FMOF drives peak (unding down but
undeistandably makes little difference in total cost
to 'MOF.

The HI2/R-S-IC (RP-1) concurrent program
with a cost per Tlight competitive with the bascline
and a significant saving 1o FEMOF {without delaying
FMOV) is clearly the best approect 10 mevting the

Jbasic shuttle prognm goals within expected tunding

linitations,
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SHUTTLE DEVELOPMENT OPTIONS

Hi2/S-1C
NAOQ/S-IC  S-C Phased Interim

501 G0 3 Flights/Year
H33/S1C

. 40-

, Extended Interim /@

i @ 3 Flights/Year !

: 304 t_1H/SAM

; s, . O Extended Interiin
( ; g;’;t/“'. ' 6 445 Flights In 10 Years

\]

: . 1 ! HO/EPFS

: 1

H t

!

; 104 [ Concurrent

: TAHO /“““ng'\\-\ .
i D HIZ/RPT w H23
% FROF

i 2508 angs £aco cann 7800 gan
1

i Yotal Cost to FiOF 14

i
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This summary comparizon chart is provided

for ready reference to tire properties of the vehicles

s

discussed in the presentetinn,
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2257
16370
16272320
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The HO orboror coproach trensters structine)
coiplenity from the v bicle (o e tank and wek/
bBooster inteitice, The O cost per Hight exceeds
that o en o eibizer aed it now appeas that the
production cost & ap HO winkfinterstaye structure
will excesd that of twa Htankse Additional time
wiit be wequived to more acvcuratels define the 11/HO
relationshap,

Low cost interim subsystems show peak fund-
ing advantages in alt programs. The Block I/Block 1
subsystem appioach is strongly advosuted fos the
shuttle systemn finally sclected.

R

Combinine the orbiter reguirenionts reductions
which have been cousidered (payioad hay dinmeter
and length, payload weight, no sbori-io-orbit (NAO)
amd substitution of J2 engines) reduess the basehne
provram peak funding approximately $200M
and saves a total program cost ol approximately
SLGHB,
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HO0 Orbiter Core

- Structurally Simpler
- Less Costly

- Harder To Balance

Fr vt yongry’

3 WM ARVt ) 8 W o BRI i S B
s

s © HO Tank Developmcent more Complex 3
© HO Caost Per Fligit Higher than H 2
© Choice of Hys H0 [ot Clear Cut Yet I
- Heeds Concentration For Mext Two Months i 3
(2) © Lovs Cost Suhsystems will save Eaily Dollars L
- Include in Selviicd Orbiter 3
(3} o Combiningall Crbiter Reguirecent Reductions
{10 X &0, NAG, 12)

- Saves Totwal Freqr =2 $1.68
- Reduces Pexi = S200M
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Three ahicinative propram approsches have been

evalunted relative to the telisreusable cotcurient
H33 haseline propra.

The concuiient Satur technology piograin -

tzing the basic shuttic sy viem goul of full reusabilivy
while achieving substantiel cost reductions welative
10 the bascline,

The Ssture §1C & cieady the best phased
mterim boagter Ty ehne o< bogsier devstepment

dsKin the curdy yerrs of 2 program and therefore

D O LT o o L

256

o, Ll el e e e o T A mimal. e 0 emillm. m aaae o o om oA -

permits full conceniration en anviter development,
s vz shoulid be hmied to approxnately 12

Hights.,

The best i 1he extended interim progsams
i the paralicl bura, theast augneated O (TAD)
program which ey two 136 in. fined nozzle,

whd rocker melocs fog boost axsist. Due 1o are

insefficiontly oy onst pec flight + 2 the uperation!
phose, eventual saning 1o a retseblr beoster s

recomnended,
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To compleie our presertation we bricfly wani Lcond s
to b diess the reconunendotions we woeaid mahe n The selection of i intesnn boe- et ot
the tight of the poastien ZASA G Favine. Inview ol tne cotical, Howevor, 1 aing an oby b boesier .
the f()“hu)ll‘,lll;‘ Candyet decisions, ihevay sabrical selectivt is dostiable . the SAIC is cileanh dbe hiest i
Jimitation, and the derapabiiny ofetaning decision ] choice Yor a phased pteriin prograsi 1 omess 9 te '

fexibitity downstrean in the progran: we would 12 Mighis. The selectiog of this apien wieid pro-
recosornd that you tehe the Tollowing three steps vide the minimano e a7 booster B nent

now: risk thus pesmitting musimum com rnfriion ) :

orbiter developent, ‘

IHTE Thid: -

- - Because the reusable RA500 S abeinad 1

o Move now on thic externad tank vrbiter system offers (e very rea possibitiy of votmding

a concutrent shutthe progrum widhin o ¥

SIB peak funding amd ot

R P JT NS

with J2 enpte

the <am - o te s i

e Complete the 1O svirem evatuation during alow cost per ", we propose Lo e v )
the nexi two winths o that 4 devision be- evilustion of the 12:S-00 toy the oot b 1 niis, )
tween Hoand HO —ap be amude on Jatz of
comparable meerity, We bohieve shisto This combination cf stons T e vt P ‘
be entirely censistent with vour piecures mits the jnitiztion of the orboaor O
ment schedut sooi) g paacticab withm dhe s o 0 g
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