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FOREWORD

This $236,000 Low Energy Stage Study was performed by Vought
Corporation under NASA Contract NAS8-32T1Q for Marshall Space Flight Centor
from September 1977 through August 1978. The prime objective of the study
was to determine the most cost effective upproaches for placing autamated
payloads into low energy Earth orbits. These payleoads are injected into
circular or elliptical orbits of different inclinations with energy re-
quirements in the range of capability between that of the Space Shuttle
standard orbit altitude (296 km) and of the Shuttle %ith a Spinning Solid
Upper Stage - D (SSUS~D). The study results are documented in five volumes:

I. Executive Summury

IT. Requirements and Candidate Propulsion Modes

ITIT. Conceptual Design, Interface Analyses, Fiight
and Ground Operations

Iv. Cost Benefit Analysis and Recommendstions

V. Program Study Cost Elements and Appendices

The Vought Corporstion study manager was Mr. J. M. Bean. Other
key Vought participants were H. 7. Knight, J. J. Banchetti, B. H. Fuller,
B, J. Cathey, end (. . Stephens.

The study was performed undexr the technical direction of C. C.
Priest, Marshall Space Flight Center. Mr. M. Kitchens was the overall pro-
gram manager at NASA Headquarters, Office of Space Transportation Systems.

Inquiries regarding the study should be addressed to the follow-

ing:

® Claude C. (Pete) Priest e Jack M. Bean
NASA-Marshall Space Flight Center Vought Corporation
Attention: PSOh P.0. Box 225907
Huntsville, Alabama 35812 Dallas, Texas T5265

Telephone: (205)453-2791 Telephone: (21L)266-4513
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1.0 INTRODUCTTON

The Low Energy Stage Study provides a thorough and obhjective
derivation rnd evaluestion of the most cost-effective approaches for placing
NASA Space Transportation System Orbiter sutomated payloeds into low energy
Earth orbits. 4 brief review of the study background and objectives is
followed by the overall study guidelines and assumptions and an explenation

of ‘the report organization.
1.1 BACKGROUND

In early 1977 the baseline Space Transportation System (STS)
menifests projected many automated payloads to be delivered to Earth orbit
with energy'requirements lower than the capability of the smallest of the
Shuttle upper stages plenned at that time. This smallest stage was the
Spimning Solid Upper Stage — Delta Class (S8US-D). Additionslly, at that
time the STS plamning had not addressed space transportation sccommodations
for Scout expendable launch vehicle clacs payloads. The low mass (usually
less than 200 kg) does not allow efficient econcmic uwtilizetion of the plamed
Shuttle upper stage concepts. A Shuttle smsll low energy upper stage for both
of these classes of payloads. that provides perigee and apogee propulsion
and atbtitude control, can he a cost-effective concept if multiple payload
delivery capabilities per Shuttle launch can be achieved through innovative
packaging arrangements in the carge bey or if minimum lengbh stage concepts
are developed. The Shuttle user charge policy provides a cost driver toward
short and lightweight cargo bay instailations, especislly for smaller pay—
loads. The cost effectiveness of Shuttle/small low energy upper stage con-
cepts compared with payload delivery by the Orbiter/Orbital Maneuvering
Subsystem (OMS), currently plenned Shuttle upper stages, existing expendsble
leunch vehicle upper stages, and the Scout launch vehicle required further

assessment,

1.2 STUDY OBJECTIVES

_ The prime objective of the study was to determine the most cogt-
effective approaches for placing subomsted payloads into low energy Xarth
orbits. These payloads are injected into cireculer or elliptical orbits of

different inclinations with energy requirements in the range of capability



between that of the Shuttle standard orbit altitude 296 km {160 nm} and of
the Shuttle with a SSUS-D. This primary objective was to be atteined by
meeting the following specific objectives:

e Define payload/mission requirements, & set
of reference missions representative of
these requirements, and upper stage design
eriteria necessary for initial definition
and screening of cost effective Shuttle
upper stage approaches capable of accommo-
deting low un.cgy missions. Requirements
were drawn from a low energy payload mission
model supplied by NASA.

e Describe and analyze Shuttle upper stage
design approaches, cargo bay packeging schemes,
and interface concepts for cost effactively
accommodating low energy missions. Define
supporting systems, integretion and operahions.
FEvalusbe, compare and select propulsion ep-
proaches for conceptual design.

e Perform conceptual design and systems analysis
of selected payload delivery approaches. De-
fine the impact of low energy stage (LES)
charscteristics on payload design frends.

e Determine payloed, low energy stage, and
Shuttle Orbiter interface requirements and
their impact on low energy propulsion approaches.

e Determine ground and flight operations regquire-
mente and their impacht on low energy propulsion.
approaches.

e Perfurm cost/benetit comparison of conceptually
designed propulsion approeches with currently
planned Shuttle upper stage systems, Shuitle
with OMS, and the Scout launch vehicle.

# Complete & developiment end implementation plan
for the recommended concept for accommodating

the low energy paylosds of the SIS paylced mission



‘model and the low energy regime they represent.
Incorporate cost and scheduvle projections, test
requirements, and supporting technology require-
ments sufficient to support future NASA rrogram

decisions.,

1.3 GUIDELINES AND ASSUMPTICNS

The following basic guidelines and assumptions were used in the

study.

e The payload mission models, Shuttle user charge
policy, and low energy regime mass—energy enve-
lope datse were provided by NABA.

¢ Investigation was limited tc expendable propulsion
syshtems with the exception of the Teleoperator
Retrieval System which is being considered for
the Skylsb Boost Mission.

¢ Flectric propulsion systems were excluded from
the study.

¢ ILiquid and solid forms of chemical propulsion and
hybrids were considered in the study.

e Solid propellants were limited to Class 2.

e Operational period for comparison analysis of
propulsion systems begins in early 1980's and
extends through 1991,

® Space Transportetion System physical and opera-
tional data 2re as defined by JSC document 07700
Volume XIV, Revision E.

e Applicsble data and results from other government
sponsored studies are used in this study.

e Study cost data is in 1977 dollars.

b REPORT ORGANIZATION

The report is orgenized to present the results of the gtudy in
the order in which the work was accomplished. The study began with e re-
quirements definition (Task 1) (see Figure 1.1) that established a set of
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reference missions and payload characteristics representative of a NASA
defined payloed/mission model. Launch cost envelopes were defined. Candi-
date propulsion modes were defined (Task 2) which accommodated ‘the reference
vayload/missions. A screening process was develcped, based on cost and
benefits, and used to sereen these candidates., Some were eliminated; adapta~-
tions of existing/planned propulsion systems and new approaches were selected
for conceptual design in Task 3; screened existing/planned aystems flowed
to Tesks 4 and 5 for esgessment related to Shuttle interface and flight and
ground operations, along with {he concepts from Task 3. Some surviving
existing systems, such as Orbiter/OMS, were carried directly into the cost/
benefit analysis (Task 6). The conceptusl design effort of Task 3 consisted
of stage subsystem refinement and selection, concept design, performance
evaluation to assure meeting the requirements of a new payload mission model
provided by NA3A, cost/schedule definition, integral propulsiocn concept
anelysis, and definition of impact on payload design trends. Tasks L and 5
ussessed the surviving concepts from Tasks 2 and 3 relative to Orbiter inter—
face and ground and flight operations. Costs end quantified benefits of the
concepts from Tesk 3 and the existing systems from Task 2 were defined in
Task 6. Scenarios of those concepts which met the missions requirements of
the payloads of a revised mission model were defined and life cycle costs
developed. These scenarios were ranked and the most cost effective approaches
recommended in Task T along with implementation plans to support NASA program
decizions. ' ' ‘

The report is contained in five volumes and organized as follows:

VOLUME TASKS CONTENTS
I - Executive Summary
IT 1 Requirements Definition
2 Candidate Propulsion Modes
IIT 3 Conceptusal Design
L Interface Analysis
5 Ground and Flight Operstions
Iv 6 Cost Benefit Analysis
T Recommendations
v - Progrem Study Cost Elements

A listing of references applicable throughout the report. is included at the
end of each volume.



2.0 TASK 1: FREQUIREMENTS DEFINITION

The Low Energy Stege (LES) Study is an evaluation of propulsion
approaches to‘nccommodate payloeds within the low energy regime. Initial
definition of this regime and the reqguirements for the study were embodied
in a psyload mission model furnished by NASA. This model, covering 129
leunches, wes examined apnd compared against the Space Transportation System
Shuttle standsrd orbit inclinations and a Shuttle launch site implementation
schedule provided by NASA. Based on this examination and comparison a set
of six reference missions were defined in terms of spacecraflt weight and
veloeity requirements to deliver the peyload from a 296 km circular Shuttle
standard orbit to the spacecraft's planned orhit. Payload characteristics
and requirements'representative of the model payleads included in the regime
bounded by sach of the six reference missions were determined. A set of
launch cost envelopes were developed and defined based on the characteristics
of existing/planned Shuttle upper stages and expendable launch systems in
terms of launch cost and velocity delivered. These six reference missions
were used Lo define the requirements for the candidate propulsion modes which
were developed and screened (Task 2) tc determine the propulsion spproaches
for conceptual design (Task 3). A revision of the peyload mission model,
which incorporated the payloads of the Space Transportation System g
model of 1978, was furnished later in the study by NASA and was used as the
payload mission requirements for Task 3 through 6 (Volumes IIT and IV). This

revised model is presented in Volume IIT, paragraph L.1.

2.1 PATLOAD MISSION MODEL

The payloaa mission model used in this volume of the study was
developed by Battelle Columbus Lsborastories and provided by NASA-MSFC Low
Energy Stage Study Contracting Officer Representative (COR) during the first
month of the study. Missions within the low energy regime include a variety
of payloads from small, Scout-class automated spacecraft to large free-flying
laboratories and observatories. Destination orbits range from altitudes of
e few hundred kilometers to a few thousand kilometers or more with inelina-
tions from zero to more than 100 degrees. Geosynchronous trensfers sre not

included in the model.



Candidate payloads for this low energy model were selected by
Battelle using the Nationsl Space Transportation System (STS) Payload Model
of September 1976 (Reference 1), the STS Traffic Manifest 1980-1991 (Ref-
erence 2) and the NASA Payload Model Generic Paylosd Descriptions { Reference
3), Battelle augmented and updated these data with information provided by
cognizant NASA personnel based on recently completed S5-year planning activi-
ties for Fiscal years 1979 through 1983 (References 4 and 5). The Battelle
Outside Users Payload Model was the source for non-NASA/non-DoD missions
(Reference 6). Battelle also included candidete DoD missions in the model.

2.1.1 Model Description

The payload mission model, Table 2-I, covers & period extending
from 1980 through 1991 and includes missions sponsored by NASA, U.S. Govern-
ment/Civil organizations, DoD and foreign organizations. The payloads ere
identified by their mission names snd their generic payload codes, where
appropriate. The mission line items are nunbered sequentislly and are re-
ferred to by these numbers in this Volume. Date shown for these missions
are Battelle estimates of annual launch rete and schedule, mass and size of
the payloads, the currently planned launch gystem, the perigee, apogee and
inclination of the destination orbit.
2.1.1.1 NASA Payloeds « The NASA payloads shown in Tgble 2~I include a
tobal of 32 mission line items with a total of T5 payloads of which nine are

Scout payloads, 37 are small to intermediate size automated spacecraft (SES,
£50, SSF, ASF and AIF, generic payload codes from Reference 3) and 29 are
intermediate to large free-flying laboretories and observatories (SIO, SLO,
L30, STI and ST7L). Scout-launched NASA psyloads are projected on the basis
of:
e Planned or possible missions through the early
1980's (e.g., #12 Active Magnetospheric Particle
Tracer Experiment, #13 Solar Mesosphere Explorer,
_ #36 Transit).
e WIR launches prior to the Shuttle's introduction
there {e.g., #23 Soil Moisture Sat., #k0
Cansdien Sclentific).



TABLE 2-I BASELINE LOW-ENERGY PAYLOAD MODEL

SPACECRAFT DELLy LAY
PARAMETERS ORBIT
LAUNCH SCHEDULE LENGTH APOGGEE
GENERIC/SSPD WASS | DIA. | LAUNCH | PFRIGEE | INCL. | patnicnt DATA
MISSION NAWE PAYVLOAD CODE, 89 21 33)es [85)a6 |B7 EBE]8Y 190} 91 TOTAL | kg ] VEHICLE s deg.| srre | coby g SOURCE
MASA-DES
ASTROPHYSICS
H1 ¥
1, | COSHIC_BACKGROUND SES or S50 AS=03 1 1 z 955%1/4 STS 500/500 197 WTR 445
EXTREME UV
2.1 FYPLORFR (FIVF) SES or S50 - 1 1 2604} 114 STS 550/550 128.5 | EIR 4.5
3.| asta. ExeropFR SES_OR 550 = 1 1 2 200ty |sts 400-600 28,5 | EMR 1-3
- 200- 400600 _
4.1 aASTRD. EXPLORER SES OR 550 1 1 20-11re sts P k. 243 1-3
L00-
PN [P —— SES OR 550 - 1 1 1200 1sa |sts aoo-so 138 | wm 1-3
GAMMA RAY ASTRONOMY
6.| ops. (gRAD) SIO/HE-08A 1 1 2 a170)°+2/, 1s1s s607460 |28.5 | TR 4,57
7.} cosMic RAY OBS. (GRo) { SIO/ - 1 1 2 przo* 2, |sts asofueo |56 | e 4,57
8.) x-navy oms. {XROY_ SLOJHE-01A 1 1 2 10830 1”&.5 SI5 L60/460 1 28.5 ETR 4,5,7
9.] 1.7-m X-RAY_TELE, SID/HE-11A 1 1 z 6240 ’g-zi o sts n60/460 |28.5 | EIR 5,5,7
TARGE AREA MODULAR
10.| iRRAY OF REFLECTORS sL0/ - 1 1 gazof 1%,  |s1s a60/u60 | 28.5 | ETR 4,5,7
11.| MEYER-CLASS LV TELE. 510/ - 1 1 a0 17/ _|sts 4607460 |28.5 | ETR 4,5,7
SOLAR TERRESIRIAL
ACTIVE HAGNETOSPHERIC Bra/200
12.} PARTICLE TRACER (AMPTE) | ¢acont) A lesrsa) - SCOUT 20re/200] 249 sM 5,8,9
SOLAR MESOSTHERE SCOUT
13.{ EXPLORER (SME) 5C0UT) Ay Ji! A A 1sof-3/ |3k sts | 5007500 | 98 wR 5,8,9
14.] SOLAR MAXTHUM F/Q SSF/50~03 1 1 1 3 1360 2/4.5 §5TS 575/575728.5 | EIR ?
\PPER. ATHOSPHERE Lo/
15.| RESEARCH SAT. (UARS) SSESfAP-03 1 1 1 3 oq -2/, | STS $00/500 | 2B.5 IR 4,5,7
UPTER ATHOSPHERE
16.] RESEARCH SAT. (UARS) SSF/AP-0] 1 1 1 3 100 1-?’ . |sT8 so00/500 | 90 WL 4,5,7
ORIGIN OF PARTICLES IN - T8/ 7700
17.|_EARTH NEIGHBORHOOD (OPEN] SSF/AP-02 1 1 2 o |28 fsts PRS00 fas| e 4,57
SHALL UBSERVATORY n
18.| CLASS (LIFE SCIENCE) 150/ = Azl a1l a] 4] )2 11 15004 37 | 715 s | 28.5] Em 1-3




TABLE 2-T BASELINE LOW-ENERGY PAYLOAD MODEL

(Continued)
SPACECRAFT DELIVERY
PARAMETERS ORELIT
LAUNCH SCHEDULE LENCTH AROCEE
CENERIC/SSPR - MASS DIA. LAUNCH PERIGEE § INCL. LATNCH DATA
MISSION WAME PAYLOAD CODE pod 81| 82] 8y 84) 8586 87| 8A 89} 90[91 TotAL | kg | = VEHICLE km deg.! srre | cope | SOURCE
HASA-OA
1.5/ |scout
19, | HAGSAT F/O {scouT} A 170 0.8 dor TS5 BSQ/S50 B6 WTR 5,85
20.] STEREOSAT ASE/ - 1 1 200 1'5(.0 STS 771577 LE.S EIR 4,5
1.5/
21,| STEREOSAT F/0 ASF/ ~ . 1 1 200 1.0 | S5 k271577 P6.5 WIR &,5
EARTH RADTATION : 1.5/
22.] BUNGET SAT (ERAS) ASE/E0-102 1 1 2 200 1.0} 818 £00/600 50 ETR 4,5
1.5
23| EOIL MOISTURE SAT ASF/E0-495 & 1 170 é_g SCOUT K00/600 b?.S WIR 4,5
1.5 1000
24 L DATA SAT ASF/EN-98 1 1 200 {.o STS 1960 59.5 WIR 5,5
200 k00-1000 RB.S-
25,0 §M, APPLICATION EXPL. ___|ASF/ = 1 1 1 3 1000 1 174 STS E 1R 7 ETR 4,5
200 500-1000 pO-
26.| SM. APPLICATION EXPL. ASF/ - 1{ 1] 1 1 4 1000 | 174 STS 1RS Em WTR 4,5
4. TLAS-F
27.| SEASAT B ALF/OP-07A 1 1 2864% 5 E‘L {: are 75!}!?50*‘53157* WIR 1-3,7
28, LARDSAT DSE FIO nrléo—nsg. 1 1 2 1610 7.2{.2 5TS 705/705 P8.2 WTR 1-3,7
6.5/

29.] TIROS O/P AIF/EQ-12, -13 1 1 2 1430 2.2 }sTS 25/825 8.6 WIR 1-3,7
30,] COASTAL ZOWE HONITOR ALF/ —~ 1 1 2 1000 § 4.6/4 | STS 00/600 K5 WIR 4,5,7
INTERMEDIATE CLASS 4000 L 00-500 ~
31 ] ORSERVATORIES STLS ~ 1 1 1 1 4 enng | 344 STS 18E 18.5 ETR 1-3,7

. 80004 9.1 ,00-500 _
32] LARGE OBSERVATORIES SIL/ - i 1 1 1 4 10000 :.f 515 rec.  [18.5 ETR 1-3,7
|_SUBTOTAL, NASA SCOUT 2| 12 1 1 1 1 9
550, GSF
SUBTOTAL, WASA L alz L ad sl 3l ol 3l 4 a1 43 37
Lso, SIo, sLo, "
SUBTOTAL, NASA STL, STL 1| z] 4l of 3] 3] 4 371 2 4 29




ot

33.
34,

35.

Ja.
37,

38.

4.
40,
41,
42.

TABLE 2-I BASFLINE LOW-ENERGY PAYLOAD MODEL

(Continued)
SPACECRAFT DELIVERY
PARAMETERS ORBIT
LAUNCH SCHEDUYLE LENGTH APOGEE
GENERIC/SSPD MASS | bIA, | LAuNcH § PERIGEE JINCL. | pammcy DATA
MISSTON NAME PAYLOAB COTE gol 81| 82} B3 84|85 | 86!87 {88} agf 9q 91 TOTAL | kg m YEHICLE km deg. ! s17¢ | copp | SOURCE
1.5, GOV./CIVIL
OPERATIONAL SEASAT ATE/S - 2{ 1 2 1 & J090| o/ s1s  [aoe/8o8 {;ps | WIx 6
NOAA {1T05) F/O ATE/ - 1 1 1 3 1090 14 sts  |825/825 | 9s,6] WIR 6
EARTH RESQURCES SAT 700~
| (QPERATIONAL I AMDSATY ATES = ol zfafoal 1] A1 8 9nn 174 STS 700/700 | 98.0| WIR B
Dob
170- 1.5/ 1000/
TRANSIT F/0 Scout A HA Ay AN BYY 0.8] _ scour |1e00 gn ) TR 6.8
- 910~ 500-1000] 28.5- -
USAF SPACE TEST PROG ATE/ 1] 3 o 1 ff 1y 1f 1) 1 31 1 1 12 1ip0o 174 515 [2ihc oo | £ 5
YSAF METEGROLOGICAL SAT | AIF/ - 1 1) o 3l oxf 1] 2}z oaf 3 4 1 1z |1156 6/3 515 |750/750 |98.4 | WIR 5
FOREIGN
SAN MARCO ~ D, 5COUT A 64 1-5(’) | scour |%s200 fo-3 | sm 8,9
CANADTAN SCIENTIFIC SCOUT A A A |10 1'5:; 8 scour [600/600 [0 | WIR 6,12
CANADIAN SCIENTIFIC wos/ - )l 1| 1 3 200 | 154 sTS | eoosene l90 | VTR 6,12
CANADIAN ALL-WEATHER 1.5/ 82—
HICROWAVE HoM/ - 1 1 2 2040 | ~*7isq 575 |59p7790 |85 WIR 6,12
SUBTOTAL. HON-NASA 5COUT 2| o 2] 1 8
SUBTOTAL, NON-HASA ATF,ROS,HOM 2] A 21 2| 4 4| 6 & 4 o 7| S 45
TOTAL Scout [ I 1 ! 1 17
AUTOMATED
TOTAL SPACECRAFT 2l 4 4) 6o 8] 7| 18 7] o Hdu1| o 83
LABORATORIES &
TOTAL DBSERVATORIES 1 2 4] 3 A3 4 2 4 23

* Revised data (Ref., BMI-NLVP-EH-77-5)




® Estimated follow-on activities during the mid-
to-late 1980's (e.g., #13 Solar Mesosphere
Explorer and #19 Magsat Follow-On)(Reference 5),

The small to intermediste size aubomated spacecraft include
sciv.ce explorers and epplication explorers (items 1-5 and 19-26 in Teble
2-I). They are expected to be lauwnched at rates of one and two per year
(References 4 ang 5)« The Upper Atmosphere Research Satellite (UARS) {items
15 and 16 in Table 2-I) is being considered as g Possible new start in the
early 1980's and will feature pairs of cooperating spacecraft launched every
three-to~four years %o conduet soundings of the upper atmosphere (Reference
3). Another possible new stert, Origin of Particles in the Earth Neighbor-
hood (OPEN }s Will use spacecraft launched into highly elliptical orbits to
study the composition of DPlasma in the Earth mesosphere. It is scheduled %o
repeat the OPEN experiments ev;ery three to four years (Reference 5). A Solar
Maximum Follow-Op mission (item 1} in Table 2-I) is included in the low energy
payload model, Although the first Solar Maximum mission spacecraft (to be
launched in 1979 by Delta) is to use the Multimission Modular Spacecraft (¥3)
bus and propulsion system, the follow-on fpacecraft are assumed to be viable
candidates for this low energy payload model., A similar retionale is consi-
dered spplicable to the cases of Landsat D/E follow-on (item 28) and TIROS
O/P (item 29),

The intermediaste to large laboratories and observatories presented
in the NASA portion of the low energy payload model represent payloads which,
for the most part, could be launched to their destination orbits by the Shut-
tle alone. Nevertheless, they are ineluded in this low energy rayload model
as possible candidates for further study. Only the astrophysics observatories
(items 6-11 in Teble 2~I) are identified specifically. Other peyloads are
identified generically (items 18, 31, and 32) based on data presented in
References 1 throuwgh 3.

2.1.1.2 Non-NASA Paylosds - The non-NASA payloeds of the model include
10 mission line items ang s total of 53 payloads of which T are Scout payloads

and 46 are small to intermediate size automated Spacecraft. A brief review
of non-NASA user requirements indicates that relatively few migsions fit the

low energy mission category. Most non-NASA payloads will be placed in

11
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geosynchronous orbit and are not part of this low energy payloed model. In
addition, Battelle did not include Japanese or Europeen small spacecraft in
the model since the Jepanese and the Europeens are introducing launch vehicles
which are expected to launch most or all of their own spacecraft. The pay-
loads that are included are predcminantly meteorological and cbservetional
spacecraft placed in polar and Sun synchronous orbits.

U.S. Government /civil activities are represented by a projected
Operational Sessat program, a NOAA (ITCS) follow-on program and an Earth
Fesources Satellite (operational Liandsebt) program. A total of 17 payloads
are projected for these three programs based on the "low-level model" of
Reference 6.

The DoD programs include a follow-on series of Trensits for the
U.S. Navy end those representative U.S. Air Force programs (items 36, 37 and
38 in Table 2-T). The Transits are expected to be launched by Scout. After
the four leunches indicated in Teble 2-I are completzd, it is expected ‘that
the Transit program will be terminated and its function will be sexrved Dby
the U.S. Air Force Global Positioning System (GPS) Navstar satellites. These
satellites will be outside the range of this low energy pzyload model., The
USAF progrems considered sppropriate for this model are the follow-on Space
Test Program (item 37} and the USAF meteorologicel sabellite program (item
38). Both progrems are estimated to continue through the decade of the
1980's at a rate of one launch per year for each program. At the present,
the USAF meteorological satellite program is served by the Block 5D space-
craft with two solid-propellant upper stage motors (Reference 10).

The foreign psyloads in the low energy payload model ineclude two
San Marco Scout launches. Three Canadian scienbtific spacecraft are projected
for launching in the early-to-mid 1980's using either Scout or the STS. The
Canadian scientific program is expected to continue with two Shuttle payloads
in the late 1980's. In addition, the Canudisns are planning an All-Weather
Microwave satellite that might be operated in conjunction with the Operational
Seasat program (NOAA) to provide an operational globsl microwave observation
systen.,

2.1.1.3 Payload Mass Estimates - Mass estimates for the low energy pay-

loads are given in Table 2-II, categorized by major subsystem to indicate how

12
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TABLE 2-I1 PAYLOAD MASS ESTIMATES

(a)

Mass of Indicated Item, kg

Other (b)
Payload Instruments Structure Subsystems Total
1. Cosmic Background Explorer 590(4) 165*(4&) 200 955%
2. Extreme UV Explorer - 75%(4) 50%(4) 115% 240%
3-5.  Astrophysics Explorers(3) mote 1 100-500 100-250 100~250 300-1000
5-7. Gamma Ray Astronomy Obs., 6155 500 1515 8170
Cosmic Ray Obs. (7}
8. X-Ray Observatory(7) 8815 500 1515 10830
9, 1.2-m X-Ray Telescope(7) 4226 500 1515 6240
10-11. LAMAR, Meter-(Class 6305 500 1515 8320
UV Telescope
12, Active Magnetospheric - - - 66
Particle Tracer (AMPTE)(8)
13. Solar Mesosphere Explorer (8) — _— - 150
14, Solar Maximum F/0(7) 570 379 411 1360
15-16. Upper Atmospherie 70 100 130 300
Researgh Satellite (UARS)(7)
17. Origin of Particles in 60 100 130 270
Farth Neighborhood (OPEN) (7)
18. Small Observatory Class(3) - - —- 1500-2000
19. Magsat F/0(8) - — - 170
20-21. STEREOSAT 35(43 50 115 200




TABLE 2~-IIPAYLOAD MASS ESTIMATES

{Continued)
Mass of Indicated Item, kg
Othef (b) ".\‘
Payload Instruments Structure Subsystems “_ Total
22. Earth Radiation Budget 25(4) 50 125 20\(}\\
Satellite (ERBS) \\\
23-26. Applications Explorers(3) -— —-— - 200-1000 T
27. seasaT B(7) 1324¥% 259% 1281* 2864%
28. LANDSAT B/E F/0(7) 483 435 694 1612
29 TIROS 0/P(7) 272 531 630 1430
30. Coastal Zome Monitor 500 250(4) 250 1000
31, Intermediate Class Observatories(3) —_ - - 4000-5000
=
32. Large Observatories (3) - -— — 8000-10000
(a) Superseript numbers in the table are references -1
(b) Estimates include allocations for attitude control %10 to 20 kg) but not for orbit

adjust propulsion.

In

those cases where orbit adjust propulsion was included in the original estimate (e.g., GRAO, CRO, XRO,

LANDSAT, TIROS, SMM), the a.location, genmerally 180 kg, was deducted.

* Revised data from "SEASAT-B and Qperaticnal SEASAT Configurations" Battelle Columbus Laboratories,

BMI-NLVP-TT7-130, November 23, 1977

NOTE:
1. Numbers in perenthesis refer to references on page 128 of this volume.
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the estimates were derived. These subsystems ineluded avionics, instrumenta~-
tion, structure, electrical, thermal, attitude control, ete, The mass esti-
mates do not include allocations for orbit adjust Propulsion (raising and
lowering orbit altitude and stationkeeping).

Yor meny small payloads, the only item that has been defined and
docurented is the instrument or experiment that is the heart of the rayload
(Rei‘erence 13). Tor explerer-class spacecraft, these items may weigh as
little as 25 to 100 kg. The remainder of the Payload mey be projected as
either a Scout-compatible Spacecraft or a Shuttle-compatible spacecraft.

For Scout-compatible peyloads, the allocation for structure is estimsted to
be gbout 50 kg, and for other subsystems, the allocation is about 100 kg oxr
less. For Shuttle-competible payloads, GSFC has Proposed a basic truss
sbructure designed to spen the Shuttle cargo bay that would weigh sbout 250
kg and would provide ample space and strength for mounting one or more in-
struments and their supporting subsystems (Reference }).

For intermediate to large spacecraft such as Garme, Ray Astronomy
Cbservatory, Landssat D/E and TIRDS 0/P, the mass estimates in Table 2-IT
are based on the existing Multimission Modular Spacecraft designs (Referenae
T), with the mass alloecations for orbit adjust propulsion deducted. This
brocedure leaves the MMS bus and the electrical thermsl and the guidance and
control subsystems as rart of the remaining spacecraft mass.

Figure 2.1 is & mass~-energy map for the low enc 'y missions. The
uppermost boundary of the Low Energy regime is the performance curve for g
S8US-D, For the payloads shown here it is assumed that:

¢ the Bhuttle delivers paylosis to cirecular
parking orbits at 296 km (160 nm) altitude,

¢ the Shuttle establiches the orbit inelination
desired by the payload between 28.5 o 104°

¢ orbit inclinations less than 28.5 degrees or
greater than 104 degrees would require plane
changes provided by an upper stege,

15



o SHUTTLE INCLINATION LIMITS

28.5° - 1042
5\ e SHUTTLE LAUNCH INCLINATION
10,800+ ASSUMED AS REQUIRED BY .
6,7 —gRr32\ PAYLOAD EXCEPT AS NOTED FOR |
0.1 4.9 \ NO.’s 20 AND 33.
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FIGURE 2.1 INITIAL LOW ENERGY PAYLOAD MODEL — MASS-ENERGY

REQUIREMENTS WITHOUT SHUTTLE INCLINATION
CONSTRAINT
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Plene changes would be required for two missions. It has been proposed that
the 1981 Stereusat mission (item 20 in Teble 2-I ) be launched atonrd an BTR
Shuttle et an Inclination of 57 degrees and perform a plane change of 39.5
degrees to arrive ab its desired inelination of 96.5 degrees. The total
velocity impulse requirement to perform the plane change and pltitude change
is 525! mps. The other mission requiring a plane change is Operational Sea-
aat (item 33 in Teble 2-I ). In this case, the Shutble parking orbit is
assumed to be 104 degrees and that of the Operational Seasat is 108 degrees.

Peyloads are represented by pumbered circles and by shaded re-—
gions, The numbers correspond to the mission line item numbers in Tebles
o9-T and 2-1I. Three distinct groupings of peyloads are evident on the map.
The payload grouping in the lower left cornmer consists of Scout-class pay-
losds. The payloads in the upper left corner are the large free-flyer
lahoratories and observatories. The remsining are NASA, Civil, Department of
Defense snd foreign payloads. They inelude Explorer series, gmall free-flyers,
small observatories, and some medium-weight, highly-elliptical satellites
requiring intermediate v=loelty jncrement.

This payload-mission model, developed by Babttelle in Beference
1k, was provided by the COR in Reference 15,

2.1.2 Model Review

A Vought review was conducted of the latest available NASA, DoD,
Civil and Scout paylosd/mission data (Reference 14) and the results of this
review compared ageinst the LES pa:rload-mission model. Based on this review
Vought recommended To Battelle thet the following chenges be made to the model:
| e Mission number 9 (in Table 2-T)}, the 1.2 meter
¥-rgy Telescope, has only one launch which is
scheduled in 1985. The payload weight is 10,000
kg, and the length is 13.5 meters.
e The Stereosat, mission nurber 20, paylocd welght
45 not firmly established and could be less than
200 kg. It could be considered as a potential
payload for & Seout lewnch from WIR.
‘e Coastal Zone Monitor, mission number 30, could
be launched from ETR.

1T



¢ USAF Meteorological Satellite, mission number
38, launches prior to Shuttle operations from
WIR could be launched with an expendahle
leunch vehicle. Prior to 1983 it should not
be considered a LES payload.
¢ The length and diameter of the Solar Maximum
Mission Follow-On, mission number 1k, are
reversed in Tsble 2-I.
e The orbits for the two Sen Marco DL, mission
number 39, were defined to be the following:
304 - Apogee, 800 km
Perigee, 200 km
Inclinetion, 2.9 degree
39B - Apogee, 27400 km
Perigee, 420 km
Ineclinstion, 2.9 degree
As & result of the sbove recommended rhanges to the payload misgion model, a
reduction of missions and payloads were mede. The change was from (48/129)
to (k6/125). The payloaed mission model with the changes noted here was used
os the basis for the selection of reference missions, representative of the
model, which were then used in this Volume, paragraph 3.0, as the basis for
the development and evaluation of propulsion spproaches for LES payload
delivery. A revision to the mission model was received in April of 1978.
This revision, which is discussed in Volume III, paragraph h,1, was used in
a1l work subsequent to Tusk 3, Volume III.

2.1.3 Mass/Energy Relationship of Payload Mission Model

The standsrd Shuttle mission destinationg, defined in Reference

16, are:
LAUNCH SITE CIRCULAR ORBIT ALTITUDE INCLINATION
ETR 296 ka (160 nm) 28,5°
56.0°
WIR 296km (160 nm) 90.0°
10k.0°

Tn addition, iastructions received with the LES Payload Mission Model
(ReTerence 15) stete that Shuttle launch and landing et WIR should be assumed

18



for payloads launched in 1983 and beyond.

Based on the four Shuttle inclinations specified snd the initial
operational daete from WIR, the payload weight/energy requirements were re-
computed to include the velocity increment required for transfer from the
Shuttle orbit altitude (296 Km) and available inclination to the paylead
destination orbit altitude and inclinetion. Inclination change is held to
the minimum by assuming that the orbit inclination delivered by the Shuttle
is the one closest to the payload destination orbit inclination. The dis-
tribution of veloecity increment required by the payloads of the model is
shown in Figure 2.2.  Here the paylcoads fell into five or perhaps six dis-
tinct groupings. Payloads in the upper left comer are the large free-flyer
leboretories and observatories. The Scout-class payloads now fall into two
groups: (1) the very low mess and velocity increment near 3500 meters per
second for the near equatorial orbits when launched from a 28.5° Shuttle
orbit, and (2) the heavier peyloads with polar and sun synchronous inclinae-
tion requirements when launched from ETR prior to 1783. There also are some
Scout payloads in the low mass, low energy region. The remaining payloads,
with velocity requirements less then 1000 meters per second, tend to divide
into two weight regions - one near 300 kg and {he other concentirated near
1000 kg. There is, however, a reasonsble scatter of payloads In the last
region that extends to weights near 3000 kg, and require plane changes he-
tween four and nine degrees, The uppér boundary of the low energy payload/

mission regime is also shown.

2.2 REFERENCE MISSIONS

The requirements and characteristics of the LES model payloads
and their missions are quite diverse. They cover a broad spectrum of
destination orbit altitudes and inclinations; their launch schedule spans
the period of Shubtle operationsl initiation from both ETR and WIR and be-
yond; and their mass properties, geomebry, acceleration, stabilization, end
sccuracy cheracteristies and requirements cover a broad spectrum. Mission
and budget planning deta recently availsble end refinements of plans for
introducing the Shuttle tend to help firm up projections of mission activities
and peylosds through the early 1980's. However, after that time projections
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are less firm due to uncertainties in technical, schedule, and budget plans
including the impact of the introduction of the Shuttle. Consequently, not
only are the requirements and cheracteristics of the LES model payloads

. i . .o . .
diverse but their specific characteristics, schedules and budgets axre not

firmly defined., This diversity in requirements and characteristiecs, the lack

of firm definition and the large number of missions and payloads (46/125}
make it difficult to address each mission or psyload in the course of a
feasibility study to assess cost effectiveness of the many existing, planned
or new propulsion approaches for delivery of these payloads to their desti-
nation orbits. Consequently, a set of six reference missions were selected
%0 represent _the significant areas of the low energy regime for the initial

screening of the candidate delivery approsches. These points were selected

"o assure that all of the payloads of the model were gaccommodated by at least

. ene reference mission.

2.2.1 Selection Raticnale

The raticnzle used in the selection of reference missions assured

hat the definition of the missions would be competible with the logical
groupings of payloads and missions of the LES study model as shown in Figure
2.2, This grouping reflects the Shuttle standerd orbit inclinstions speci-
fied in Reference 16 and the currently defined schedule for initiation of
operations from both ETR and WIR (Reference 15), The specific factors con-
gidered in the selection of the six reference missions which represent the
groupings of the model payloads are as follows:
e Representative payload definition in terms
of weight and energy required.
e Leunch site definition and orbit plane
change required of the upper stage system
from the standdrd Orbiter inclinations.
e Potentisl launch modes in terms of Orbiter/
OMS capebility, existing/planned upper stages,
new low energy steges, new low energy stage

spproaches, and expendable launch vehicles.
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e Orbiter cergo bay installation potential

as reflected in horizontal, vertical, and/

or side-by-side installation oriented to-

ward minimizing the Shutftle user charge

for the upper stage and deployment systen.
The implementation of this rationale and the considerationg for each of the
reference missions are shown in Table 2-III. A secondary goel of the
selection was to define existing or planned upper stages cor expendable launch
vehicles with capabilities consistent with the reference mission require-

ments.

2.2.2 Selected Reference Missions

The relstionship of the selected reference missions weights and
velocity increments (gbove 296 km) to the requirements of the nissions and
payloads of the LES model is shown in Figure 2.3, Each reference mission
was selected to provide a weight-energy relationship which assures coverage
of the related payloads which are enclosed in dashed lines. The reference
missions relationship to the LES mission model is shown in Table 2-1V in
terms of payload type, mission model payload codes, mission model numbers
and quantity of payloads, number of missions and payloads, payloed weight,
and velocity increment above the Orbiter altitude of 296 km. Also shown are
the resulting destination orbit altitudes and inclinations for each reference
mission as well as the Shuttle orbit altitude, inclination and launch site.

» Reference Mission A, at 10,000 kg, is representative
of the large and medium size cbservatories and
laboratories to be placed in near 500 km orbits at
4inclinations of 28.5 degrees from ETR. It reflects
the requirements of 8§ missions and 17 payloads of
the model.
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R_EFERENCE MISSI

TABLE 2-ill ON SELECTION RATIONALE
REEERENCE 1 HECRESENLATIVE SROIT INCLINATION PoOTENTIAL CRRGO BAY
MISSION PAYLOAD FACTORS LAUNCH INSTALLATION
POINT TAUNGH SITE TNGLINATION MODE POTENTIAL
CHANGE~DEG
A » HIGH WEIGHT ETR 0 » ORBITER/OMS - SINGLE LARGE PAYLOAD
& LARGE SIZE « STAR 48/AKM (SSUS-D) INSTALLED HORIZONTALLY
« LOW ENERGY © MID SIZE NEW LES
] | ]
B o MEDIUM HIGH WEIGHT WTR 4-9 o TELEOPERATOR WITH TANKS |  MEDIUM HIGH SIZE PAYLOAD
« MEDIUM HIGH SIZE u STAR 4B/AKM (SSUSD) INSTALLED HORIZONTALLY
¢ MEDIUM ENERGY e LARGE NEW LES
- Iy
» MEDIUM WEIGHT ETR 1 » ORBITER/OMS « MEDIUM SIZE PAYLOAD
¢ MEDIUM SIZE e MMS + PM-1T - INSTALLED HORIZONTALLY
o LOW ENERGY S TELEOPERATOR WITH TAN
» SMALL NEW LES
» LOW WEIGHT WIR 4-9 » ORBITER/OMS » INNOVATIVE PACKAGING
» SMALL SIZE » MMS + PM-T1 » HORIZONTAL OR VERTICAL
« LOW ENERGY o TELEOPERATOR WITH TANKS | e OVER AND UNDER
o SMALL NEW LES o OVER THE SPACELAB
» SCOUT
T— - ———
E o LOW, WEIGHT ETR 25,6 s STAR 48/2KM (55US-D) e SAME AS D
o SMALL SIZE s LARGE NEW LES
o MEDIUM HIGH ENERGY < SCOUT FROM SAN MARCO
3 « LOW WEIGHT ETR 41.5 o STAR 48/AKM (SSUSD} ¢ SAME A5 D
» SMALL SIZE e LARGE NEW LES
» HIGH ENERGY « SCOUT FROMWTR
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TABLE 2-1v REFERENCE MISSIONS RELATIONSHIP TO LES MISSION MODEL

VELGCITY DESITNATIOK ORBLT f:EFLzEsE:ﬂ}T
LES MISSION MODEL PAYLOAD | INCREMENT FROM{ ALTITUDE i
) TYPE PAYLOAD ] MODEL MISSION NIIMBERS ND. OF K0. OF WEIGHT | 286 KM SHUTTLE | KM [NM1} INCL. HCL, | LAUNCH
MISSION PAYLOAD | CODES {QUANTITY OF PAYLOADS) | MISSIONS | PAYLOADS | KG (L8] | ORBITMPS (PS) DEG. DEG. SITE
PERIGEE] APOGEE
A LARGE AND | Si,510, {6,7,8.8,18,14,31,32 8 17 16,000 120 500 500 285 s ETR
MEDIUR SIZE | sTosTL |22z, 11,1 ,4,8) 1220501 {208) {270} {270)
ORSERVATORY
B meoium size | ses, 5so, | 1,5.27.28,29,30,33 n 18 3,000 1,000 1,000 1.000 87 30 WTR
FREE FLYER | AIE,NOM Jiz1,1.2.2,2.6) {66151 {3281 {5401 {530)
: 34, 35,18, 42
(3,8.,5,2)
C GMALLSIZE | SES, S50, |3,4,14,18,25,37 5 1 1,080 400 1,600 1.000 57 56 ETR
FREE FLYER | SSF,LS0, [12.1,3.11,3,12) (2.205) (1.312) is40) {5401
ASF
b eXPLORERS | SES, S50, | 2,13,15,16,19,21 1 22 200 300 577 577 965 0 WTR
& SCOUT ssFoNoS, |Inz2.3,2.2,1) {aan 12,953) 1z 312
CLASS FROM | ASF,SCOUT
: 22,24, 26, 36, 41
WTR crass | 322830
E EXPLORERS | SSF, 124, 128, 17, 39A, 398 3 § m 2,380 LN 1,1 78 75 TR
& SCOUT SCOUT (0 .1 .2.1 .1} (3751 {10827} {soul {5051
CLASS INTG | cLASS
EQUATORIAL
ORBIT FROM
ETR
v £¥PLORERS | SSF, A5, | 13,15,19,20,25, 35,40 7 10 200 5.400 1,000 1,000 47.5 56 ETR
& 5COUT 5COUT ,1.1,1,1.,3,2] (a41) {17,717} {540 [540) -
CLASSINTO | CLASS
NEAR POLAR
GRBIT FROM
ETR PRIOR TO
1583
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e Heference Mission B, at 3000 kg, represents
medium size free-flyers into polar and 5w Byn—
chronous orbits of up to 1000 km altitude when
1aunched from WIR. Thexe are 11 missions and
38 payloads in this model category.

e Reference Mission C, 1000 kg, reflects the re-
quirements for small size free-flyers launched
from ETR in orbits of 1000 km altitude and in-
elinations up to 57 degrees. Six missions and
32 payloads of the model. are represented.

e Reference Mission D, at 200 kg, is representa-
tive of Explorer and Scout class satellites
launched from WER into sun synchronous orbits
%o 577 km altitude from 90° inclination Shuttle
orbits from WIR. There are 11 missions and 22
payloeds of the model represented here.

e Reference Mission E, 170 kg, represents Explorer
and Scout cless payloads destined for essentially
equaborial orbits at albitudes near 1111 km when
delivered from the Orbiter in a 28.5% orbit.
faunch is from ETR. There are 3 missions and 6
peyloads in this class.

e FReference Mission F, ab 200 kg, is representative
of Explorer and Scout elass payloads degtined for
1000 km polar or sun synchronous orbits prior to
the 1983 operabional date of the Shuttle from
WIR. 'The velocity increment is thabt required to
deliver these peyloads from the Orbiter which is
in & 296 km sltitude, 56° inclinstion orbit after
1sunch from ETR. Seven missions and 10 payloads
are in this group.

Tor each of the selected reference missions there is at least one existing/
planned upper stage or adaptation of these that will sabisfy mission require-

ments. For helf of the missions there are three approaches for payload
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delivery. Preliminary investigetion indicetes that the payload geometry of
half of the missions offer opportunities for innovative packaging arrenge—
ments in the Orbiter cargo bay.
2.2.3 Existing/Planned Upper Stage Performance Cepebilities

The capability of existing/planned upper stages to meet the pay-

load weight-velocity increment requirements of the reference missionsg is
shown in Figure 2.4, This relationship of existing/planned propulsion

approaches or their adaptations to specific reference missions is shown below.

REFERENCE EXISTING/PLANNED APPROACHES
MISSTON OR ADAPTATTCNS
A + Orbiter + 1 OMS Kit.
. SUSS-D + AEM
B . SUSS-D + AKM
c « Orbiter + 3 OMS Kits
. MMS /) PM-TT
+ Teleoperator / 2 Tanks
D + Teleoperator / 4 Manks
. £rout
E . SUSS-D + AKM

« Scout from San Marco

T . SUSE-D + AKM
» Scout from WIR
A very inefficient use of a 85US-D (also @efined as Spinning Star 48 in part of
the report) with an apogee kick motor (AKM) will also hendle reference Missions
C and D.
2,3 PAYLOAD CHARACTERISTICS AND REQUT REMENTS

In the development of the cheracteristics and reguirements for
the six reference peyload missions the following procedure was used., The
Payload ident:: .- * in the LES model (References 1l and 15) were reviewed
against those ..eutified in the STS Payload Model Summery (Reference 1), the
SIS Traffic Manifest (Reference 2), the NASA Payload Model Generic Payload
Descriptions (Reference 7) to establish, where Possible, more detail descrip~
tions of the characteristics and requirements of the Peyloads. Data for mosh

of the NASA payloads were availsble from these references, but there were

27



20,000 -y
00 omS .l =T
1KIT NOTE:
23‘?('?'135 e TRS PERFORMANCE SHOWN
“\ BASED ON RETRIEVABLE
10,000 I\ SYSTEM
e SCOUTELV CAN DELIVER —
\ \ PAYLOADS OF REFERENCE :
\ MISSION D AND FFROM ~ —
\ \ WTR AND PAYLOADS OF
4.000 REFERENCE MISSION E
' FROM SAN MARCO ]
\ 1 LAUNCH SITES.
- \ SPINNING STAR 48/TEM-364-19
4
H .
v C /- MMS/PM-1}
1,000 A P
e ¥ N,
: \L
< J
[ =)
2 AN
S 400 \
j =+ 19
(7¢]
TRS
| f—BASIC
D / -2-TANK s
P /-4-TANK E F
100 <
] X
4[] L 1 i L] 1 1
0 1600 2000 3000 4000 5000 6000

VELOCITY INCREMENT (ABOVE 296 KM)
(M/SEC)

FIGURE 2.4 PERFORMANCE CAPABILITY OF EXISTING/PLANNED SYSTEMS

28

LESS-007 -1



less significant data eveilable for Civil, DoD and foreign payloads. Scout
payload data descriptions were available. Approximetely 28% of the LES model
payloads had Level B data (Reference 3). ILevel B dets {Reference 7} provides
engineering descriptions of payloads identified by the payload program offices
and Shuttle Payload Planning working groups which are projected for the early
Space Shuttle era. The characteristies and requirements of the payloads were
grouped acceording to their relationship to the selected reference payload/
missions. Reference payload characteristics and requirements wers chosen
which either essentially encompassed, or where necessary because of the nature
of the parameter, were representative averages of those of the payloeds of
the model. A selection of characteriétics or reguirements which were the
.largest and most stringent of all of the parsmeters would have produced re-
ference payloads with such extremes that they would not have truly represented
the payloads of the model.

2.3.1 Payload Data Review

The almost 50 different peyloads of the LES model which include
& broad spectrum of payloads from research through application to operational
satellites for NASA, Civil, DoD and foreign users and developed to be launched
by expendehle launch vehicles as well as the Shuttle have & broad and diverse
combination of characteristics and requirements. However, when these payloads
are grouped as they were earlier in terms of spacecraft weight and energy
requirements, there results some degree of ordering of the other payload
parameters. Reference mission pey.oad weights and mission requirements in
terms of velocity incremént, wna destination orbit deseription as well as
Shuttle launch site and orbit description were reviewed earlier when reference
missions were selected. However, a review of these and other characteristics
and reguirements of the payloads of the model follows.
e Psayload Masr -~ Of those missions represented by Reference

Mission A only one, scheduled in the 1985-1989 time frame,

hes a masg grester than the 10,000 kg selected (see Tsble

2-V). Only Operational Seasats, to be launched after 1985,

are 96 kg heavier than the selected 3000 kg mass selected

for Reference Mission B and these have an energy require-

ment below the level selected. Ahout helf of the missions

of Reference Missiocn C have mass greater than 1000 kg

selected but their energy requirements are much lower thsn
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that selected. TFor Reference Missions D, E and F each
have a few payloads whose mass is greater than selected
but here again energy requirements are below the levels
selected.

Payload Dimensions - With exception of Reference Mis-
sions A and D 8ll selected lengbhs and dismeters are the

ssme as the maximums shown in Table 2-V. ZFor Reference
Mission A ‘the X~Rey Observatory (#8) has a length of 16
meters (2.5 m greater than selected), which does not
leave length in the Orbiter cargo bay for one OMS kit,
Since this peylord iz considered a candidate for s dedi-
cated launch by the Shubtle with an OMS kit, thus to
develop a reasonsble candidate for a LES stage the length
for Reference A psyload was selected as 13.5 m. For
Reference Mission D only two missions (totsl of 5 payloads)
have diamebers gresmber them the 1.4 m selected. Four of
these payloads sre scheduled after 1985 and mey not be
well defined.

Orbit Altitude -~ With the excepbtion of Reference Mis-

sions D and E the selected cireuler orbit altitudes are
equivalent to the maximum altitudes shown in Table 2-V,
Several of the payleads grouped under Reference Mission D
have higher altitudes but the 577 km ecireular orbit is a
reasonable representation of the eleven missions end 22
payloads. In the case of Reference Mission E all of the
orbits are highly elliptical and the 1111 km circular
orbit selected is representative of the energy reaquired.
Orbit Inelination - 411 of the Reference Mission A model

payloads require the 28.5° orbit selected. For Reference
Missicn B the payload orbibs vary from 65° to 108°; the
maximum plane chenge required from the selected Shuttle
inclinetions is only 9°. The inclinstions required by the
peyloads of Reference Mission C are 28.5%, 56° and 57°;

maximum plane change is 19. The missions grouped under
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TABLE 2-V SPECTRUM OF LES MODEL PAYLOADS MASS,

DIMENSIONS AND DESTINATICN ORB!TS

REFERENCE | NUMBER OF MODEL :'PAY&%EB ASS~ | LENGTH~M (FT} | DIAMETER~M (FT) [ORBIT ALTITUDE~KN (NM)Y ORBIT INCL. ~DEG.
MISSION MISSIONS | PAYLOADS | MIN. | MAX. MIN. MAX. | MIN. MAX. | MIN. MAX. | MIN. MAX.
A 8 17 4000 10830 3 16 4 45 400 500 | 285 285

(8818)  1(23,878) {9.84) (2.5 |(13.1) (14.9) (216} (270}
8 1 38 300 3093 1 g 2.2 4 460 1000 | 65 108
{661} | (6818} (3.28) {29.5) | {7.2) (13.1) {216) {540)
c 6 32 200 2000 1 3 4 45 400 1000 | 285 57
' (972} | (8720) (3,28} (9.8} {{13.1} (14.8) (216} (540}
D 1 22 150 1000 1 1.8 0.8 4 270 1000 | 285 104
{331} | (2205) {3.28) (5.9) | (2.6) (13.0 | (148) {540)
E 3 § 54 270 15 1.8 0.8. 14 PERIGEE | APOGEE | 28 8.5
{119} {595) {4.52) (5.8) | (2.8) {4.6} 200 £8.860 :
s . {108} (37,180}
F 7 10 150 300 1,5 18 0.8 14 | 500 1000 | 90 97.5
(331) {661} {4.82) (5.8) | (2.6) (4.8) (270) (540)




Reference Mission D require 1aunches from both ETR and WIR
but the meximum plene change is only 9°. Four of the mis-
sions grouped under Reference Mission E are Scoub class
payloads gcheduled for San Mareco lawnches inta 2.5° orbits;
for launch Trom ETR they require 25,6° plane chenge. All
of the missions of Reference Mission F are either polar or
sun synchronous orbits raquired prior to 1983 when the
Shuttle 'becomeé operational from WTR. ‘They regquire plane
changes up to ebout 41°.

¢.G. and Inertias - Prior gtudies of a broad spectrum of

payloads gscheduled for launch by the Shuttle have shown
that the c.g., of these payloads is generally sbout L0% of
the leng'th meagured from the payload — upper stage inter-
face, Masc properties of the reference mission peyloads
were computed based on this e.g. location, the dengbhs” and
dismebers selected, &nd the assumpbion that the peyloads
have & homogenous radial mass distribution., The peyloads
are considered to be right eircular cylinders.
fcceleration - The meximum sllovaﬂﬁle longitudinal accel~-
erations Tor Reference Missions A, B and C were cbtained
fyom Level B data {Reference 3). Since the payloads of
Reference Missions D, E and F are primarily Scout class
payloads, allowsble accelerations were obtained from ei-
pected accelerations for those peyloeds on the Scoub
expendable launch vehicle.

Spin Capgbility = With the exception of +the payloads

grouped undexr Reference Mission A which require & 3-axis
stabilization reference system, all other payloads of the
1ES model cen be spin stabilized during transfer to their
destination orbit. For the payloads of Reference Missions
B and ¢, which are scheduled for Shuttle launch, spin speed
is sboubt 100 rpm., Nost of the peyloads grouped under
Reference Missions D, E and F sre Scout class payloads and

can be spun at 180 rpm.
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Accuracy ~ The orbit altitude accuracy for Reference Mis-
sion A was derived from the Level B data (Reference 3) for
the large and medium sized observatories and laboratories
and are quite restrictive and compatible with a 3-~axis
reference gystem required during transfer to the destina~
tion orbit. Reference Mission B payloads are polar and sun
synchronous satellites most of which have on-orbit adjust- e
ment propulsion systems. These systems quite often can T
accommodate additional fuel to provide final orbit inser-
tion corrections ab reasonsble cost instead of requiring -
precise delivery accursacy. Also these payloads canh be spun .
during deliver. For these reasons, accuracy reguirements
compatible with the level of energy to be expended and con-
sistent with spinning attitude contrcl were selected. The
payloads of Reference Mission C are all capable of being
spun and since the available Level B data was quite restric-
ted, = 1evei of accuracy requirement consistent with =
spinning attitude control system end the destination orbits
was selacted. Since the payloads of Beference Missions D,

E and F sre predominantly Scout class peyloads, the accuracy
capebility of Scout has been used, Orbit ineclination
accuracy of dll Reference Missions was obtained f£rom rel—
avent Level B daba.

Tnterface Requirements - Structural interface require-

ments were obtained from Level B data. The effect of
functional and other physical interfece characteristics on
the determination of cost-effective propulsion approaches o
for Shuttle upper stages is menifested in development and
operational costs. BSince the definition of Reference mis-
sions and their payload requirements are intended %o be used
in the evalustion of propulsion system approaches in Task o
2 and since thst evaluation is to be based on epproach unit -
costs and Shuttle user cha.fges, these interface costs will .-
not be used, and have not been specified, '
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e Shuttle Bey Installation - Some of the payloads of Ref-

erence Mission A are so large that they mey well require
support at cargo bay attach points rather than support by
the upper stage. Other payloads of Refererce Mission A and
the payloads of all of the obner Reference Missions can be
supported by the upper stege eand it by a cradle. The
gecmetry of the payloads of Reference Missions A, B and C
dictate that they be installed horizontally in the cargo
bay. For payloads of Reference Missions A and B the lengths
and dismeters preclude vertical inétallation. The trend in
the geometry of payloads of Reference Mission C over the
1ast few years has been to increase the dismeter and shorten
the length to teke advantage of the Shuttle user charge
policy. However, the increase in diameter has produced &
length charge for vertical installation that is greater than
thaet for horizontal. Earlier shepes for these payloads had
significent potential for vertical installations and the
potential of reduced user charges. Payloads of Reference
Missions D, E, and ¥ all have potential for both horizontal
snd verticel installetions in the cargo bey.

2.3.2 Reference Mission Payload Characteristics and Requirements

The characteristics and requirements of the payloads for each of

the Reference Missions are shown in Tsable p_VI. The first page of the teble

shows numerical and gquelitative definition of the characteristics end require-

ments devigsed in the previous paragraph. Sketches of each payload with
dimensions, c.g. locgtion and structural interface definition, are shown in

the second page of the table.

2. LAUNCH COST ENVELOPES

the basic objective of the Low Energy Stage (LES) sbudy is to
determine the most cost-effective approaches 4o placing autometed payloads
snto low energy orbits. For en approach to be "oogt-effective', it must, as
g minimum, be cost compebitive to NASAl's exis:‘aing/planned launch approaches.

Clost and performance data for these approaches spplicable to the low energy
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TABLE 2-VI REFERENCE MISSION PAYLOAD CHARACTERISTICS AND

REQUIREMENTS

PAYLOAD fMASS PROPERTIES OREBIT INSERTION ACCURALY (30) STABILIZATION MODE
e LONGITUDINAL SPIN
1 1 1 ACCELERATION | HEIGHT OF | HEIGHTOF { INCLINATION ¢ CAPABILITY
MISSION | WEIGHT LENGTH | niAMeTER | ROLL PITC,L;i YAW MAXIMUM PERIGEE APOGEE AND TRANSFER IN
Kg M M Kgh? | KgM®, KgMZ, | ALLOWABLE Km Km DEGREE | MAXIMUM ORBIT ORSIT
(LB) {FEET) | (FEET) (LB-FTZ) | {LBFT9) | (LBFTY) s (NM1) M) aeM
10,000 13.5 45 25713 _ | 164,531 | 164,531 £20 220 x7° ND 1.AXIS IBXIS
(22,050 (44,3} {14.76) {5.0x105) | (3.9x106} | (3.9x108) 5 (£10.8) (=10.8)
3,000 9 3 £.000 23,250 23,250 100 +100 +5° YES SPIN IAXIS
{6515) (29.6) a1z | tr.a2xa08)] 15.52x105) | 15.52x10% 5 + 54) + 54 100
1,000 3 45 2,531 2,016 2,016 + 50 + 50 +3° YE5 SPIN IAXIS
{2,208) { 9.8 (iage) | 1500108 | (3.78x30% | {4.78x108) 5 (£ 21 + 27) 100
_ o (42%) SPIN
200 1.8 14 49 79 7 = 250 +250 +2 YES SPIN (38%] 3-AXIS
{5411 { 5.9} (3.59) {4163 {1875) {1875} 10 (+135) {£135) A {20%) GRAVITY
GRANIENT
170 18 14 42 67 67 1256 £250 £1° YES SPIN SPIN
(3751 { 58) {4.59} {957) {1530) {1590} m {+ 135) [ 135) 180
200 1.8 14 49 78 79 +250 £250 £1.6° YES SPIN SPIN
{441} {55 {4.58} {1163 {1875} {1975} 10 (£ 135} {£138) 180
i
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‘TABLE 2-VI REFERENCE MISSION PAYLOAD CHARACTERISTICS AND REQUIREMENTS (CONTINUED)

REFERENCE MISSION B

REFERENCE MISSION A

oot — 13.6m {4431 -
—~— FWD 1
CJ\G
PILIF “EpsL .
4.5m DIA. / Y 4.5m DIA e 0.0m {29.6)———»-|
(14.76' DIA) {14.76° DIA)
¥ . ¥y
e 8.1m _ ¢ C.EG -~ 4.0m
(26.6") . P/L N 1 (13,121 DIA
REFERENCE MISSION C REFERENCE MISSION D A
3.6m ] P/ILIF
—.3.6m "’4 1.49m DIA
(11.9") {£88"
P/LIF
3,0m 1.49m D.
™ (9.80""| (4.88'D)
. ’/  1.8m
G.oYl__ REFERENCE MISSION E REFERENCE MISSION F
clG I ] 1.4m DIA
N At 4.5m DIA T | .
L Jl‘ AR Pl v {459 18m,  14mDIA 1.8m

g ) Leie (5.9 {4.59) (5.9')

(2.36'] 1.22}-“ ’*‘G,__——%G L 1‘/ - _-q. C _‘_.‘G ) 1.4m
12m ——s] (4.0') DIA P/L , oL T 44591 DIA
(3.94") 79m P/LIF ' l Lp

. -~ J2m L 1F
(2.36") 1.22m (2.36") 1.22m
{4.0‘} DA - {4‘0:) DIA




regime were the input for this subtaesk. Cost envelopes were established to
represent costs of lawnching low energy peyloads using existing approaches.
Existing/planned launch approaches congidered and groundrules relative to
their use in the study are:
¢ Orbiter Maneuvering Subsystem (0MS); both integral
tanks and from one to three OMS kits,
e Teleoperator Retrieval System (TRS}; with both two
end four monopropellant tanks units. This system
is considered a reuseable system.
e Multimission Modular Spacecraft (MMS) with a PM-
IT propulsicn module; since this system is dedica-
ted to the payload it delivers, it is considered
an expendaeble system in this study.
e Spinning Star 48 (SSUS-D) with an apogee kick stage.
The SSUS~D with an apogee kick stage is an adapta-
tion of S8US-D to provide & two burn capability for
low energy payload capshility.
¢ Scout expendable launch vehicle.
All of these spproaches, except Scout and OMS, are upper stage concepts that
might be used in ,gén,junction with the Shuttle. The Secout lawnch wvehicle de-

livers the rayload from & ground launch to the destination orbit.

2.h.1 Performance and Cost Definition

The elements of the launch cost envelope are the performance
capability of the 'existing/planned propulsion epproaches and the cost to
lsunch to the destinstion orbit. Performance of these launch approaches is
defined in terms of payload welght delivered and the velocity increment
capability above the Shuttle standard circular orbit aititude of 296 km and
have been taken from Figure 2.4, Costs to launch the payloads consist of
recurring costs of these launch approaches and Shuttle user charges for the
launch approach but not for the payload. These costs include:

e Unit mecguisition cost for existing/planned leunch
spproaches and Scout.
¢ Refurbishment costs for recoverable leunch

approsaches.
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e Amortization of the unit cost of any additional
hardvare required to support the low energy
regime for recoverzble launch approaches slready
funded.
e Shuttle user costs for existing/plenned approaches
based on the Shuttle user charge policy.
With these costing groundrules, wnit costs for the existing/planned lawmch
approaches were determined using cost data accumulated from the cognizant
NASA centers or contractors., Shuttle user cherges for the lainch approaches

were developed from the Gpace Transportation System Users Handbook.

Tn the development of user charge the length load factor was
determined based on the lengih or width of the iaunch approach alone; length
is used for horizontal cargo bay installation and width is used for vertieal
installation. ILengbh of launch approach Airborne Support Equipment {ASE)
(eradle) was not included for the following reasons:

e ASE for most of the existing/planned launch
spproaches was not well defined in the early

stages of the Shuttle.
e Any cradle design thab occupies significantly

more cargo bay length then occupied by the
stage will probebly be modified 1o reduce ex-
cess user charge.
e Some ASE insta.lls.ﬁion approaches allow other
payloads to overlap cradle supports.
¢ The launch cost envelope serves 28 a prelimi-
nary screening function, consequently it is
deairsble to keep its use simple.
The weight load factor is based on the weight of the launch approach plus the
weight of the ASE including the cradle snd launch support eguipment. ASE
weight was included since it direetly impacts the user cost. ASE weights used

were derived for the various existing/planned launch approaches as noted:

e OMS - Reference 17 end 18
e TRS -~ Reference 19 _
¢ MM3 - Vought MM3 cradle installation studies
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e Spinning Star 48 Plus AKM - Vought cradle
installation stbudies
An example of the development of {otal user costs for the envelopes
is shown in Teble 2-VII for the OMS Kits. Cost development for three versions
of the OMS kits including a comparison of length and weight load factors on
the Shuttle are shown. User cost is based on the Jarger of the two factors.
Costs are shown for the four standard Shuttle inelinations sinee costs are a

function of these inclinations when the weight load factor is predominant.

2.4.2 Launch Cost Envelopes

Six launch cost envelopes were develcoped for each Shuttle standard
orbit inclinasbtion and Reference Mission combination using the detsa derived
in paragraph 2.4.1., An example of the data is shown in Figure 2.5 for
reference mission D as a plot of user cost in millicns of dollars wversus
veloeity increment available from the Shuttle in a 296 km cireular orbit.
The lowest cost launch approaches establish the envelope for the Shutile orbit
inclinations and Reference Mission payloads. Data for the obher launch ap-
proaches such as Scout, TRS, MMS and OMS are also shown to depizt their
relative cost and performance.
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TABLE 2-VII USER COSTS FCOR OMS KITS

NUMBER LAUNCH LOAD FACTOR USER KIT AND TOTAT,
OF BAY LENGTH | INSTAILED WEIGHT | INCLINATICN cosT COST NON-STANDARD USER
KITS M/{FT) KG/(IB) DEGREES LENGTH! WETGHT | FACTOR | MILLIONS | ORBIT COST-$M | COST-$M
28.5 .1st .25% .335 T.3L .80 8.11
56 .15 .28 .382 8.33 .80 9,13
1 2.82/(9.25) Th01/(16302) 30 s | uh1 | 588 | 12.8 .80 13.6h4
10k Lish 1 .5hk .T25 15.83 .80 16.63
28.5 sk | 453 .605 13.21 i.80 15.0%
56 .15k | 517 .690 15,06 1.80 16.8
2 2.82/(9.25) | 13379/(29468) 90 .15% | .797 | 1.06 21.83 1.80 23.63
10k .is5h | .983 - - - -
28.5 .15k | .663 .88L 19.29 2.80 22.09
56 L15h | L756 | 1.008 21,83 2.80 2h,63
3 2.82/(9.25) | 19537/(43033) " 90 154 11.16 - - - -
iok Jash (1.1 - - -
NOTE 1 2 3 b
NOTE: 1 — REFERENCE 31

2 — REFEEENCE 32 g
21.83% x 10° DEDICATED USER COST — REFERENCE 22
k — KTT AND NON-STANDARD ORBIT CHARGE - REFERENCE 32

3 — BASED O

NO. NON-STANDARD | KIT USE | SERLAL IMPACT | TOTAL
KITS | ORBIT CHARGE-$M| COST-3$M COST—$M $M

1 .20 27 .33 ,80

2 .20 .53 1.07 1.80

| 3 .20 .80 1.80 2.80




26f REFERENCE MISSiON-D, WEIGHT =200 KG (441 LB)

WESTERN TEST RANGE
14#» zl| g0° INCLINATION LAUNCH
USER COST IN MILLIONS GF DOLLARS
22t REFERENCE
Mi;SCmri D
l‘ﬂ‘ _ LEGEND
: (W) — WEIGHT LIM!TED
1 s (1) (L) — LENGTH LIMITED
usercost [T
M$ 1
GMS (W)
— STAGE UNIT COST
— SHUTTLE USER CHARGE
12 FOR STAGE ONLY
W o MID 1977 DOLLARS
—i e MMS INCLUDES SPACECRAFT
10 BUS AND PROPULSION MODULE Il

e TRS BASED ON UNMGDIFIED
SKYLAB BOOST TRS (3.4 FT.LG) .,

a -
6l 723 (L) (2)]~— NUMBER OF TANKS
4 ————stout (WTR)
2_\THS—BUBE {w
0 | 1 | | 1
1009 7000 3600 2000 5000 5000
(3,281) (6,562) (8,942) (13,123) (16,404) (19,635)

AV —METERS PER SECOND (FT/SEG)
(VELOCITY INCREMENT ABOVE 296 km)

FIGURE 2.5 TYPICAL LAUNCH COST ENVELOPE



3.0 TASK 2: TFORMULATE AND EVALUATE CANDIDATE PROPULSION MODES

The cbjective of this tesk was to formulate and select various
propulsion modes for handling the reference missions/peyloads of Task 1,
Four major activities were required to accomplish this task cbjective:
(1) Formulate concepts for vaoious propulsion
modes - covered in paregreph 3.1 CANDIDATE
PAYLOAD -~ DELIVERY APPROACHES
(2) Develop an effective screening process -
detailed in paragraph 3.2 SCREENING
METHODOLOGY
(3) Generste concept parsmetric characteristics
for screening - covered in peragraph 3.1
CANDIDATE PAYLOAD -~ DELIVERY APPROACHES and
3.3 COSTS AND CHARACTERISTICS OF CANDIDATE
APPROACHES
(4) Screen and select candidate propulsion modes
for concepbual design effort in Tausk 3 -
described in paragraph 3.4 COST/SCREENING
ANATYSIS

3.1 CANDIDATE FAYLJAD~DELIVERY APPROACHES

The objective of this subtask was to describe the formulation of
candidate approaches and establish approach cheracteristics for screening.
Categories of approsches considered include the use or adaptation of existing/
planned Shuttle or expendsble launch vehicle upper stages and new upper stages.

The approach to formulation of concepbs was:

¢ Reference Missions and payloads A through F from
Task 1 were used to determine spogee and perigee
velocity requirements.

e IExisting or plenned approaches which meet these
velocity requirements, and are suitable for
Shuttle use, were then classified as candidates
for subsequent study.

o New approaches including tancem, clustered and

conbrolled solids, ligquid bipropellant and mono-~
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propellent and liquid/solid eonceptr vare
selected and sized for appropriate reference
mission coverage end deteils of each were
collected., Sufficient detall of other stage
equipment, subsystems components and structures
was establishéd foi' performance and sizing.
e Adaptations of existing or plenned approech s
{which, when combined with new, existins
plenned approaches are Shuttle compet”™ ’
also considered.
e The Scout expendsble launch vehicle wes con-
sidered.
The results of this effort provide candidate configurations defined for each
reference mission or group of reference missions.
Requirements for an upper stage to transfer a payload from the
Orbiter to & destination orbit of higher altitude end/or & difference incli-
natios involves propulsion, abtitude control and payload separation. Two
impulses in near opposite directions are required: one at perigee and one at
apogee. A broad range of propulsive impulses as & fumchion of altitude and/
or inclination change are required, For scolids some means of impulse adjust-
went such es & Ligui? quench system, employment of energy management through
inefficient orientation of the thrust vector, or clustered solids is required.
Liquid mein propulsion systems reguire & two-pulse capsbility. The stage '
must provide an attitnde reference from Shutile ejection to spacecraft separa-
tion. A control system must orient the stage for perigee burn and rotate the
vehicle approximelely 180° for apogee burn 45 minutes to en hour later.
Orientation at perigee and spogee out of plane for inclination change and/or
in-plane for energy menagex~nt of solid propulsion systems may be required.
Spinning stage concepis may be constreined by peyload spin limitations and
may reguire a nutation damper. Three axis stage concepts must provide thrust
vector control during perigee and ‘apogee burns in addition %o providing
pitch, yaw end roll control for coast pericds for & wide variety of psyloads.
Requirements also exist for a peyload separation system.
Perigee and apogee velocity increment {AV) requirements for

each of the reference missions were determined as a function of the smount
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of plane change accomplished at perigee and apogee of the transfer orbit,

An example of the velocity increments and the total velocity requirements for
Reference Mission B are shown in Figure 3.1. I’I‘here are minimum and maximum
AV required based on the distribution of plane chanpge accomplished &t perigee
and apogee under the assumption of Hohmann orbit transfer. These maximum

and minimum AV's are shown in Tgble 3-I. Reference Mission A does not reguire

& plene change.

TABIE 3-I VELOCITY REQUIREMENTS TOR REFERENCE MISSIONS

REQUIRED MINIMUM MAXIMUM

REFERENCE | PLANE CHANGE {TOTAL DEILTA-V | TOTAL DEIFA-V
MISSION {DEG. ) MPS (FES) MPS {¥PS)

A 0 115 (377) -

B 7 991 (3251) 1160 (3806)

8 1 Loo (1312} 21 (1381)

D T 6.5 | 819 (288h) 963 (3159)

E 25.6 3200 (1079k4) [ 3692 (12113)

F 41.5 5239 (17189) | 5733 (18809)

3.1.1 Exigting/Planned Approaches

To establish vieble existing/planned approaches it was neces-
sary to examine snd egteblish characteristics of a variety of approsaches and
screenn oub approaches which were not appliceble for the Shuttle, This

procedure is described in the following paragraphs.

3.1.1.1 Candidate Existing/Planned Approaches -~ Existing or planned

propulsion systems considered as potential approaches for the LES Study in-
clude three systems plenned for the STS and the Scout ei:pendable launch
vehicle (ELV). Integral OMS capsbility, as well as the added velocity avail-
gble from up to three OMS kits, provide capability in the very low velocity
region of the LES regime. Two and four tank versions of the Teleoperator
Retrieval System (TRS}, as both reusesble and expendable upper sbtages, have
potentiel in the medium weight-low velocity region. The Multimission Modular

Spececraft (MMS), while primerily oriented toward on-orbit support to payloads
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NOTES:

1. REFERENCE MISSION B

2. SHUTTLE ORBIT: 296 KM {160 NNil) AT 90° INCL.
3. FINAL ORBIT: 1,000 KM (54G NMI} AT 97° INCL.
4. HOHMANN TRANSFER

12
(39.4)

o (32.8)

SECOND
BURN

VELOCITY INCREMENT ~ M/SEC x 10—2 (FT/SEC x 1

(7) (8)
0 1

TOTAL

MINIMUM
891 MPS

FIRST
BURN

|
|
|
|

(2ND STAGE PLANE CHANGE ~ DEG.)
{5) I {4 {3) {2) {1 (0K
I L 1

0 1

2 3 4 5 6 7

FIRST STAGE PLANE CHANGE ~ DEG,

FIGURE 3.1 TYPICAL REFERENCE MiSSION VELOCITY REQUIREMENTS
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and payload return to the Orbiter, may be used to trensfer from the Orbiter

to the payload orbit.

Potential existing/planned systems include two planned for the
STS -~ the Spinning Minutemsn Third Stege (58US-A) and = Spinning Star L8
(ssus-D) stage. Other ELV upper steges are the Global Positioning Systen,
the Block 5D, Bummer ITA and the Satellite Control Section. '

3.1.1.2 Screening of Approaches -~ Figure 3.2 provides sketches of each

candidste existing/planned approach, physicel size end weight, energy capa-~
bility, apogee energy capebility, and attitﬁde control system availability.
The TRS and MMS/PMIT sppear asttractive for low energy payload transfer -~nd
were considered in the final screening in Task 6 of Volume IV. The S, inning
Star 48 (SSUS-D) and Spinning MM IIT (SSUS-A) ere relatively compact and
possess adequate energy for booster aepplication of a low energy stage and

vere considered as "adeptations” in the study. The Inertisl Upper Stage (1US)

. The two-stage Burner ITA ELV upper sbage sysbtem has been out of production

is much too large for the low energy regime and was not considered further.

———

since 1974 and none are currently avaeileble. For this reason it was not
considered further in this study. The Block 5D ELV upper sbage is quite long
for its erargy capability in comparison to the spinning stages and its cost

is high, end was therefore not considered further in this study as a candidate.
The Global Positioning System (GPS) is long for its energy capebility and has
no guidance and control system and therefore was not considered further in
this study. The Setellite Control Section is primarily a satellite support
concept. It provides power commnications and ohbher functions as well as
modules to house instruments and experiments. The monopropellent propulsion

system mass fraction is quite 1ow. TFor these reasons, this system was not

' considered further in the study. In Figure 3.2, the top four approaches wexe

selected for further study and included in the final screening in Task 6 of
Volume IV.

3.1.2 New Propulsion Approaches

Tnis section addresses candidate new propulsion epproach identi-
fication.and initial screening, cendidate subsystems, sizing of candidate
approaches and characteristics of approaches. Emphesis was placed on con-
figuring new spproaches into compact, well integrated stages which reduce

Shuttle installstion length while using existing hardware or proven technclogy.
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STAGE AV (1)
UPPER STAGE NAME LENGTH ola. | WT. M/SEC HAS | HAS REMARKS
M (FT) 2 {FT) | Ko{LB) (FT/SEC} | AKM | ACS
TaS 2.8 2,048 8153 1000 ves | YES | CONSIDER IN TASKEAS
(0.4) (10.0) {8,156} (3281) RETRIEVABLE OR EXPENDABLE
p— 3048 2145 1207 510 YES | YES | ALLOCATE COSTTO PAYLOAD
{10.0) {7.2} (2,660) {1673) % STAGE—CONSIDER IN TASK 6
sSTS
2103 1.402 1936 2452 NO NG | CONSIDER AN ADAPTATION
UPPER §SUS-D (6.9 (4.5) {4268) {8043) -
STAGES 16.5)
SSUS-A 2225 1.554 3743 3386 NO NG | CONSIDER AN ADAPTATION
{7.3) (5.1) (§251) (41,110}
108 4542 2170 | 1451F 6248 ves | YEs | TOO LARGE FOR LES REGINZ—
({WOSTAGE) | (149} 104) | (az,000} (20,500} NOT CONSIDERED FURTHER
' .
BURNER 2.408 1618 a26 | 1560 vEs | YVES | NONE AVAILABLE;USESH, 0, —
nA (7.9) {5.3) (2480} (5318} NOT CONSIDERED FURTHER
= ' 3.444 1515 2016 2458 yEs | YES | LONG FOR ENERGY COMPARED
ELV T g;.. aLocksn | @3 | 63 (2044) (8064) T0 SPINNING STAR 48 -
: l NOT CONSIDERED FURTHER
UPPER
STAGES 3.383 1433 2438 2813 ves | no | NO ACSOR G&C;LONG FOR
GPS gl | e (5375) (9229) ENERGY — NOT CONSIDERED
FURTHER
—
.,-i,] SATELLITE | 2488 3.048 2825 926 ves | YES | BUSCONGEPT,LONG,LOW
1 -,;‘_T“ CONTROL (8.1} {12.0) (6228} (3038} MASS FRACTION —
:E;,—r SECTION NOT CONSIDERED FURTHER

{1} VELOCITY CAPABILITY FOR 1000 Kg (2205 1h.) PAYLOAD

FIGURE 3.2 EXISTING/PLANNED A

PPROACHES AND ADAPTATIONS




3.1.2.1 New Propulsion Approsches - Candidate new propulsion approaches

which satisfy reference missions requirements were jdentified and screened.
This section provides rationale for and results of this effort. Propulsicn
system charscteristics considered desirsble for screening purposes are: short
length, low weight, good performance, low unit cost, low development cost and
risk, high relisbility and wide off-design performence capabilities through
impulse variability. _

(a) Identification of Candidate Concepts - Six basic types

of propulsion approaches considered cendidates are tandem solid, clustered
- solid, controlled solid, liquid bipropellant, liguid monopropellsant and
Jiquid/solid.

o Tandem Solid - This expendable launch vehicle approach
utilizes off-the-shelf and/or new conventional solid
motors with class 2 propellants. Because of the wide
range of totel impulse a@i,l_a}z_]le from existing motors,
new design mcors were not considereé-necessaxjy.
Modifieations were limited to shortening of the exit
cone to an expension ratio of 30:1. TFor length-limited
applications, long exit cones usually present on ELV
upper stage motors are not desirable.

e Clustbered Solid -~ Solid motors are clustered ss re~

gquired to meet the velocity requirements. Potential
problems of thrust misalignment resulting from dif-
ferences in ignition end propellant burn rate were
considered significant but the short é‘bage length
achieveble mede this concept abbtractive., Flat pack
concept has motors clustered normal o the vehicle
longitudinal axis in order to reduce vehicle length

and decrease thrust misslignment problems inherent in
the conventionazl cluster approach. Nozzles are placed
as close to the centerline as practical and canted to
direct the thrust through the vehicle center of gravity.
To reduce control force due to thrust misalignment, low
thrust and end burning motors can be used. To reduce

cost, relatively inexpensive cartridge loaded grains
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are desireble. Total impulse varisbility is achieved
by varying the numier of motors and Propellant grain
length,

Controlled Solids - If staxt~stop, start-stop capa-~

bility is available, a single solid motor can be used

for both apogee end perigee burns. This results in a
“gnificant length reduction over s solid solid tandem
configuration, Thrust extinguishment with reignition
capability can be achieved by use of pintle nozzle,
liquid quench and liquid/solid hybrid configurstions,
(1) Pintle Nozzle - Pintle nozzle technology is
brobebly the most fully developed of all the variable
impulse concepts. A special propellant blend of

slightly lower performence than conventional propellants
is normally used. This concept is cepeble of stop and

restart at sny time during the burn. Insdvertent re—

ignition is not possible with the pintle open in a
vroperly designed system,
(2) Iiguid Quench - ILiquid quench technology has been

demonstrated with non-class 2 bropellants but has not yet
been developed. Most quench motors cannot be quenchead
over the full operating range, thus small and large
notors or stage energy management mey be required to
cover & broad mission spectrum,

(3) Liguid/Controlled Solid - Technology has been
developed in whieh & solid motor will only sustain com-

bustion with the sddition of a liquid. This concept hasg
been demonstrated on the High Altitude Supersonie Target
vehicle. System complexity and development effort re-
quired meke this concept less attractive then the pintle
nozzle and the liquid quench,

(4) Dual Pulse - Two discrete burns can he achieved
with an end burning motor by placing a barrier in the
grein sb a predetermined point. This concept has been

developed in & small diameter missile,
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e TLiguid Bipropellant - This concept consists of multi-

propelliant and pressuresnt tanksge arranged for low
length to diameter ratio, a single short cenbral main
thruster, and one or more meneuver or nutation control
thrusters with common feed system. One basic contigura-
tion is sized to meet high energy mission requirements
with low energy derivetives in which propellant and/or
tankage is deleted. Proven thrusters, system hardware
and technology are availeble., New propellant tankage
using proven technology asnd tailored for compact pack-
aging, provide good modularity potential.

¢ Liguid Monopropellant - This concept also consists of

multi~propellant and pressurant btankage arranged for
low lengbth to diameter ratio bub utilizes four thrusters
which alsc function as maneuver or nubtation conbtrol.
One basic configuration is sized for high energy mis-
sions with low energy derivetives where propellant or
tankage is removed., Proven thrusters, hardware and
technology are eveilable. New propellant tankage in-
corporating proven technology and tailored for compact
packaging, also provide good modularity. The monopro-
pellent system iz less complex and lower in cost but
lower in performance than the bipropellant concept for
similar size systems.

® ILigquid/Solid - This concept offers the high mass
Praction and bulk density advantages of the solid along

with the packaging and impulse varisbility capsbilities
of the liguid. A conventional solid is used for the
first velocity increment and a liguid packaged compactly
around the solid is used for the second increment.
Adaptations in which existing/plenned motors sre used

wre compabible with this concept.

(b) Bcreening of Cendidate Concepts - Advantages and, dis-
oiventages of each candidete system are summarized in .able 3-IT, end form

the basis for initisl screening. Most of the candidate systems are retained.

50



Té

TABLE 3-I1 CANDIDATE PROPULSION APPROACHES

RETAINED AS
SYSTEM ADVANTAGES DISADVANTAGES CANDIDATE FOR TASK 2
Tendem Solid e Off-the-shelf qualified hardware Length inefficient for hori- | e Yes
and technology zontal psyloeds
o High performance and mass frac— Poor impulse verigbility
tion Two stage complexity
o Length efficient for vertical May be inaccurabe with energy
payloads mansgement
# Compatible with solid adaptetions
e Conventional stage design
Clustered Sclid ® Length efficient for horizontal Poor mass Fraction e Yes
or vertical payloads Motor and thrust control
» Off—the-shelf technology likely a problem
e High performance Development/qualification for
e Good impulse verisbility ney motor size as required
® Single stage simplicity Uneconventional design
Not compatible with solid
adaptations
CG control msy De a problem
Controlled Solids ¢ Length moderate for horizontal Extensive development/quali-~ | e Yes - Liquid
- Liguid Quench payloads ficebion required Quench & Pintle
— Pintle Nozzle ¢ High performance and mass frac- Relatively high risk program Hozzle
— Liguid Conirol tion e No - Iiquid Con-
Solid o Compatible with solid adsptations trol Solid and
« Two Pulse Solid ¢ Conventional stage design ToL Polld anc
. Two Pulse Solid
e Basic technology proven
e Single stage simpliecity
s Cood impulse verigbility
{pintle and liquid control)
¢ More extensive technology

development for liguwid gquench and
pintle nozzle
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TABIE 3-II CANDIDATE PROPUISION APPROACHES (CONT'D)

SYSTEM

ADVANTAGES

DISADVANTAGES

RETAINED AS
CANDIDATE FOR TASK 2

Liguid Bipropellant

a8 08

O0ff-the-shelf gualified hardware
and technology

Length efficient for horizontal '

or vertical payloads
High performance

Single sbtasge simplicity
Good, impuise wvarisbility
Packaging flexibility

Fairly low mass fraction
More complex than most
solids snd monopropellent
system

® Yes

Liquid Monopropellant

Qff-the-shelf guelified hardware
and technology

Length efficient for horizontal
or vertical psyloads

Less complex than bipropellant
but more than most solids

Single stage simplicity

Good impulse variabiliiy
Packaging flexibility

Tow mass fraction
Low performance

e Ies

Iiquid/Solid

Off~the~shelf quelified hardware
and technology

Moderate performance and mass
fraction

Good impulse varisbility
Packaging Flexibility

Length inefficient due to
solid
Complex two stage system

a

e Yes




Exceptions are the ligquid controlled and dual pulse solids. The liquid con-—
trolled solid was deleted because more technology development effort has
been expended on the competitive pintle and liquid quench concepts. Since
the dual pulse solid has a large diemeter, development risk for the barrier

and second ignition is relatively high. Impulse of this concept is inflexible.

3.1.2.2 Candidate Subsystems - This sectlon identifies the candidate

gubsystems and components assured and baselined for Task 2. Included are
main propulsion, guidance, electrical, structure, R(S, other miscellaneocus
stage hardware, and ASE. Each subsystem discussion sddresses gll the concepts
except where specifically noted.

Liguid Progulsion -~ Tiguid main and RCS propulsion system con-
sideretions of propellent type, propellant trensfer and components sre illus-
traded in Table 3-III. Liguid system, subsystems and components baselined for
Task 2 are those enclosed by boxes in Teble 3-III. For instance, spherical
and conospherical propellant tankage incorporating metal diaphragms were used
in studies. -Size; weight and funchtionelchara cherisktics of the liguid systems

are defined in 3.1.2.3 and 3.1.2.4 for a typical sysbem.

Solid Propulsion - Solid main propulsion system hardware,

technology and formulation rationale are described in Teble 3-IV. Formulation
approaches baselined and accompanying rationale are identified by box enclo-
gures in Teble 3-IV. Characteristics are described in 3.1.2.3 and 3.1.2.5
for a typical system.

Guidance and Control System - Based on peyload accuracy re-~

gquirements from Task 1, an error pudget wes established. AL this point in
the study it wes determined that IES must accumulate no more than one (1)
degree sdditional a‘b“hi‘bud.e error from the time it is deployed from the Orbiter
until the payload is injected into its finel orbit. The duration of the LES
flight from deployment to payload 1njec‘b10n can be as long as 1-1/2 to 2 hours.
In sddition to sstisfying these requirements and the stage functional require-
ment, the system must also handle commend functions, signal conditioning, nuta-
tion demping or three axis ghbabilizstion as required. The systems nmeeting
the qualificetion criteria that were considered are the Bell Brothers STRAP,
Ball Brothers DACS, the Space Vector MIDAS (Hewkeye), end the Teledyne SOFT/
DOT. The evalustion of these systems is shown in Table 3-V.

Based on the systeﬁs considered, the Teledyne SOFT/DOT system
with the dry-tuned flexure gyros on & roll stebilized platform was selected
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SYSTEM
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- BIPRCP

IABLE 3-IIT LIQUID PROPULSION CANDIDATE SUBSYSTEMS AND COMPONENTS

1B IPROPELLANT REGULATED

PROPELLANT
PROPELLANT TRANSFER

COMPONENTS AND TYPES

- MONOPROP

FOR LIQUID -
MATIy: COMMON
TANKS AND
THRUSTERS

BLOWDOWN
~ INEFFICIENT

[Res}FoR SOLID =

MATN: SEPARATE
MONOPROP

e MONOPROPELLANT | PACKAGING

TURBOPUMP FEED
—~ NONE AVATLABLE

CRYOGENICS I REQD SIZES

HYDRAZINE
PRESSURIZATION
SYSTEM
- NONE AVATLABIE
IN REQD SIEES

COLD GAS

- T PELLANT}

- BPIN & 3-AXIS
- MULTIPLE TANKS

SPHRERE
T ANKAGE
— PROVEN CONCEPT (CONOSPHFRE
~ ZERO PERMEAB. CYLINDER

g METAT, DIAPHRAGM §
SURFACE TENSION SCREEN

el PRESSURANT
TANKAGE

- OFF SHELF
—~ CATATOGS

THRUSTERS

SPHERES

r|§HUTTLE BIPROP |

— PROVEN CONCEFT -
— LOCATION

OLLO/LEM BIPROP|
MM III BIPROP

LOCK 5D MONO|
IUS/TRS MONO

p—{STorE]
MISC. FLOW SYSTEM - £K & IK/PK
COMPONENTS e
— AK & AK/PK
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TABLE 3-TV CANDIDATE SOLID PROPULSION HARDWARE/TECHNOLOGY

HARDWARE/
PROPULSION SYSTEM TECHENOLOGY CONFIGURATION

e | SOLLD ‘EANDEM e | OFF-THE-SHELF : e | VEHICLE CONFIGURED
FROM EXISTING MOTORS

THTOKOL
AERCJET
CED

s ADVANCED CONSIDERED
TECHNOLOGY UNNECESSARY

o | CONTROLLABIE IMPULSE PINTLE b e | TECHNOLOGY I~ . |NEW DESIGN
PROGRAMS ‘
AEROJETL

THICKOL

|

= QUENCH =~——» | TECHNOLOGY e | NEW DESIGN

PROGRAM
HERCULES

—IHITBRID [-— e TECHNOLOGY LESS DESTRABIE
PROGRAM THAN PINTLE OR

HERCULES QUENCH

» | DUAT, PULSE . ' e DSHRAM UNSUIL'TED FOR
THIOKOL BROAD MISSION
ARC SPECTRUM

e |CONVENTIONAL CLUSTER e | OFF-THE-SHELF | e | VEHICIE CONFIGURED

THTOKOL, | FROM EXISTING MOTORS
ABROJET

e |FLAT PACK o | TECHNOLOGY } ¢ |NEW DESIGHN
PROGRAM
ARC |
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TABLE 3-V CANDIDATE |GUIDANCE SYSTEMS

SOURCE

STATUS

EVATUATION

SPACE VECTOR

MIDAS Platform
(2-DOF Gyros)

Flight Qualified ori Hawkeye
{Scout S-191)

)

Drift raste 30°/hour (3 sigme)
Not practicel to modify to de-
crease drift rste
Unacceptable

BATL, BROTHERS

(Dry, Tuned Flexure
Gyros)

SCOUT
(Dry, Tuned Flexure
Gyros)

DACS One unit produced and qudlificabion Drift rebe 2°/hour (3 sigma)
tested for Kitt Pesk National Observe-~ Not flight qualified
tory. Program 't.ermina:bed before Unaccepteble
f1ight.
TELEDYNE
S0FT/DOT Flight qualified on SOFT Drift rate 0.03°/hour (3 sigma)

1969-1970 design requires moderni-
zation for long term program
Acceptable for spin stsb. LES

Presently being developed tc meet the

NASA Scout FPhase VIII guidance and
control regquirements.

Drift rate 0.03%°/nour {3 sigma)
Acceptable for 3-axis LES




for the spin stabilized stages. This system was flight qualified on the SNFD
program, has adequate accuracy (0.03 degree/hour drift rate, 3 sigma), and

cen provide all command functions and signal conditioning., This same system, .
‘Without the roll stabilized platform, has been repackaged and is being quali~
fied for the NASA Scout program and this configuration was selected for the
3-exis stabilized LES stages. The system selected for the spin stabilized
stage consists of four packages and welghs 2k,7 kg (5k.5 1bs.). The dimen-

8lons of each component are:

-~ Roll Stabilizad Platform, 17.78 cm dia. x 24,765 em
(7 in. dia. x 9.75 in.)

- Flatform Electronies, 30.5 em 23.57T em- x 14.3 em
(12.03 in. x 9.28 in. x 5,63 in.)

= Computer, 45.8 em x 25,17 em x 11 cm
(18.03 in. x 9.91 in. x 4.33 in.)

~ Thruster Electronies, T.62 cm x 10.16 cm x 8.89 em
(3 in., x b4 in, x 3.5 in,)

The system selected for the 3-axis stabilized stage configurations is contained
in a single package and weighs 20.3 kilograms (4l,8 pounds). This package
1s 28.6 cm x 39.37 em x 19.6 cm (11.26 in. x 15,5 in. x T+T in.).

For attitude control of the spin stabilized LES configurations,
one or two reaction control system (RCS) thrusters sbe required to provide
the control force for nutation demping and for reorientation, Configurations
with ratio of roll inertia to pitch inertia of the stagg plus Payload between
0.5 and 1.5 require two reaction control thrusters, ﬁdr 3-exis stabilized
configurations, four thrusters gre used for asttitude control. These thrusters
were canted at 45 degrees and provide cortrol abouk pitch, yawv and roll axes.
The control analysis to establish RCS thrust requirements is detailed jin
paragraph 4,0,

Telemetry System - For the housekeeping and berformance tele—
metry system, s Conic Corporation Model CIM-UHF-310E, 8 watt, S-band trans-
mitber was selected. This unit weighs 0.91 kg (2 1bs.), 15 11.7 cm x 3.5 cm x

1.7 em (4,62 in., x 1,38 in. x h.62 in,) and is typical of space qualified
hardware availsble, A Ball Brothers Wrep-around sntenaw, similar to the NASA
Scout 23-004131 antenne was selected as being typicay of space qualified
antennes available for use in telemetry systems. This artenua weighs 0.57 kg
(1.25 1bs.). Since the required signal conditioning aad uaie formeting is
availeble in +the guidance system'computer, no separate signer conditioner is
required, —
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Electrical Power and Cabling and Ignition System -

power is provided by an automatically activated silver-zinc battery. The

estimated power requiremsnts for the stege are shown in Table 3-VI., It is
TABLE 3-VI ELECTRICAL POWER REQUIREMENTS
COMPONENT
OR CURRENT POWER TIME LNERGY
SYSTEM VOLTAGE (aMPS) (WATTS) (HRS) | (WATT-HOURS)
ACS Electronics 28 4,28 119.84 1.5 179.76
RCS Valtes 28 1.0 28 0.15 h,2
Timers (10) 28 .035 0.98 1.5 L1.hT
Relays (10) 28 0.62 17.36 00277 0.0k82
Propulsion Valves 28 2.0 56 .08333 h.67
Telemetry 28 3.6 100.8 1.5 151.2
ransmitter
Average Power 227.57
Total Inergy 341,35

estimated that an sutomatically activeted silver-~zine battery, which provides

these requirements with a twenty percent reserve, weighs 14.52 kg (32 1bs)

~end has dimensions of 12.7 em x 17.8 om x' 33.0 em (5 in. x T din. x 13 in.).

The electrical cabling .5 estimasted to be similer in quantity and complexibty

to that Veing used in Scout Lower D Section which weighs 11.3 kg (25 1bs.).

The ignition system consists of':

(a) An Ignition Control Unit containing firing capecitors,

firing switches and safe arm releys - this unit is

estimated to weigh 1,54 kg (3.4 1bs) and occupies
1737 ce {106 cu.in.}.

{(b) A sequencer for initiating ignition firing commends -

for this preliminary system definition, Model 4100

timers manufactured by Cyclomatic Industries, Inc.

are selected to fulfill the sequencer fMnction.
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solid systems, eight of these timers are required
whose total weight is 1.36 kg (3.0 1lbs.) and whose
volume is 688 ecc (42 cu.in.). For liquid systems ten
timers sre required whose total weight is 1.7 kg
(3.75 1bs.) and whose volume is 852 cc (52 cu.in.).
(e} Deployment switches for starting the timers at de-
ployment of the stage ~ to satisfy redundancy and
safety requirements six deployment swibches are used.
They are similar to Microswitch 602EN126-6 switches.
The weight of the six switches is .52 kg (L.L% 1bs.).
The total weight for the ignition system is approximetely 3.4 kg (7.5 1bs.)
for solid stages ard 3.8 kg (8.3 1bs.) for liguid stages.
Structure -~ Structural concephbs selected are:
®» Two Stage Solid/Liguid Propulsion
Booster Stage — Conventional Monocoque
Delivery Stnge - Combination Truss and Sandwich
e Two Stage Solid/Solid Piopulsion - Conventioral Monocogue
e Controlled Solid Propulsion -~ Conventional Monocogue
# Clustered Solid Propulsion - Combination Truss and
Sendwich |
e ILiquid Propulsion - Combination Truss and Sandwich
The combination truss end sandwich construction employs truss menbers as pri-
mery load beering structure and the sandwich for subsystem and component
mounting. The parametric structural weight equatiuns in Taeble 3I-VII were
derived empirically from Shuttle upper stage data availsble from previously
completed studies. Weight.derived from these equations includes structure,
atage and payload separation provisions, paylosd end interstages adapters and
bracketry and is besed on aluminum construetion. -

. Reaction Control System (RCS) ~ A separate monopropellant

RCS was considered for solid propulsion systems. ALl liquid systems consider
use of either bipropellant or monopropellent RCS which sheres tankage with

the main propulsion system. TFor spin stabiliz=d systems, a total impulse
ca.pability. of 32025 N-see {7200 lbf-sec) was used based on prior studies.
Three exis systems were also used to provide the same total impulse capability.

The number of meneuver/nutation thrusters for spin systems and for the three
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TABLE 3-VII

PARAMETRIC STRUCTURAL WEIGHT FOR
CANDIDATE NEW PROPULSION APPROACHES

‘ PARAMETRIC 3TRJCTURAL
PROPULSION APPROACH WEEGHT - Kg

Two Stage Solid/Liquid

- Booster Btege A9 (‘P!Y;:o:l'):lhf2

+ .63 (Wpl)l/3

= Delivery Stage .73 (Wpl + WPE)J'/E + 7.7L

Two Stege Sollid/Solid

- Boosber Stege . 1.24 (wpl)l/2 + 6L (wpl)l/B'

. S \1/2
~ Deliv =14 .82 (M, + W + 7.71
ery Stage (g + U 2 4 7T

' 1/2
Controlled Solid .82 (Wp) + T.T1
Clustered Solid bos2 (wp) 2 & 1o
Liquid 121 ()2 + 7m

¥Wp = Weight ol propellant

We

y = Welght of propellant - First Stoge

Wp, = Weight of propellant - Second Stage

2

axis system were described"previously. Thrust levels were 445 N (100 1bys)
for bipropellent end 623 N (140 1bp} for monopropellant systems based on use
of existing hardware and prior sbtudies. Characteristics of the RCS are shown
in Tables 3-VIII, 3-IX, and 3-X and a typical separate monopropellant RCS '
schematic is given in Figure 3.3,

Thermal, Destabilizstion, Spin Balance e.nd Contingency -

Thermal blankets, hesbers and conbrol hardware, etc. weight was estimated to
be 2.3 kg (5 1by) and is independent of size or type propulsion system. In
addition, a destebilization and spin balance weight allowence of 9 kg (20 1lby)
was assumed for both spin and three~axis stebilized stages.

Airborne Support Equipment Weight - The welght for the Airborne

Support Equipment for use in the determination of Shuttle user charge for the
candidate propulsion approaches was derived as a function of the stage weight

from the following equation.

Weight of ASE {kg) = .151 x weight of stage + 505
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PARLE 3-VIIT BSE

PARATE MONOPROPELLANT REACTION CONTROL SYSTEM

CHARACTERISTICS

PROPELLANT

TOTAL IMPULSE

WEIGHT, TOTAL

USABLE PROPELLANT

THRUST LEVEL

SPRECIFLC IMPULSE

SIZE

NO. THRUSTERS

Propellant carried in separate
tanks, separate thrusters, lines
and instrumentation

WoH)

32,025 §-sec (7200 1b p-sec)

35.2 kg (7.6 1bm) (Mission B)
16.3 kg (36,0 1bm)

to 689 ¥ (155 1bg)

1961 m/sec {200 1bp-sec/lbm)
(Mission Average

Propellent Tank - 33.5 cm (13.2 in.)

)

gphere
Pressurant Tank - ol 4 em (9.6 in.
sphere
Thruster - L1.76 cm (4,4 in.) dia,
{R-304) 27.9 cm (11 in.) lengbh

Mission A - b Mission B - 2
Mission B - 1 Migsion B - 2
Migsgion C - 2 Mission F - 2

N
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PARLE 3-IX COMMON BIPROPELLANT REACTICN CONTROL_SYSTEM

CHARACTERISTICS

PROPELLANT

TQTAL IMPULSE

WEIGHT, TOTAL

RCS PROPELLANT ALLOWANCE

THRUST LEVEL

SPECIFIC TMPUISE

SIZE

NO. THRUSTERS

Propellant carried in main tanks;
separate thrusters, lines and
instrumentation

N20), /MMHE

32,025 N~sec {7200 lbp-sec)
2.3 kg (5.0 1bm) (Mission B)
13.6 kg (30 1bm)

W45 N (100 1bg)

2354 m/sec (240 lbp-sec/lbm)
(Mission Aversge)

Common propellant and pressurent
tenkuge varies with mission

Thruster 15.2 cm (6 in.) dia.,
34,0 em (13.h4 in.) length R-4D

Mission A - % Mission D - 2
Mission B -~ 1 Mission E - 2
Mission C - 2 Mission F -~ 2
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PABLE 3-X COMMON MONOPROPELLANT REACTION CONTROL SYSTEM

CHARACTERISTICS

PROPELLANT

TOTAL IMPULSE

WEIGHT, TOTAL

RCS PROPELLANT ALLOWANCE

PHRUST LEVEL

SPECIFIC IMPULSE = -

SIZE

Thrusters for RCS are main
thrusters; propellant is
carried in main propellant tanks

NoHy,

32,025 N-sec (7200 1bp-sec)
0

16.3 kg (36 1lbm)

to 633 W (1h0 lbg)

1961 m/sec (200 1b p~sec/1lbm)
(Mission Average)

Common propellant and pressurent
tankage varies with mission

Thruster 11.9 cm (M7 in.) dis.,
39,4 em (15.5 in.) lengbh (main
thruster) MR-104
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PRESSURANT TANK

. HELIUM
PRESSURANT HELIUM
FILL AND PRESSURE & TEMPERATURE
VENT - TRAMSDUCER (T&F)
PRESSURANT SQUIB VALVE
—a TEST PORT (TYP)
-D PRESSURE REGULATOR
OVERBOARD
DUMP SQUIB
VALVE ﬂ

.CHECK VALVE

RELIEF VALVE D_

{

PROPELLANT SQUIB VALVE

o)

[] PROPELLANT FILL & DRAIN VALVE
HYDRAZINE PROPELLANT TANK

] PROPELLANT FILL & DRAIN VALVE

PROPELLANT SQUIB VALVE

PROPELLANT
FILTER .

Q| MANUAL
PROPELLANT DRAIN VALVE FILTER

N,H, FEED PRESSURE
-/ & TEMP TRANSDUCER
CHAMBER PRESSURE & TEMPERATURE

TRANSDUCER

MANEUVER/MUTATION
CONTROL THRUSTER

FIGURE 3.3 MONOPROPELLANT RCS SCHEMATIC
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This equation was derived empirically on & least square curve fit to a plot
of ASE wuight versus stage weight for S8US-D, S5SUS-4, MMS, TRS and other ASE
peint design welght studies.

Vehicle/Configuration Weight Summary - Each of the subsystem

welghts described are combined with obther wvehicle weights and shown later in
Figure 3.6, Tor contingency allowance purposes, ten percent of the stage

inert weight, exclusive of main propulsion, was assumed 4o account for stage
component welght variations and potentisl use of alternate lower cost hard-

ware.

3.1.2.3 Candidate Approsch Synthesis -~ Preliminery sereening of new

propulsion approaches and identificabion of candidate subsystems baselined
the candidete stage hardware possibilities. Considering the remaining appro-
aches, subsystems a.nd reference mission energy levels, =z potentially large
number of sbtages still remained. However, by formuletion and synthesis of
approaches to maximize mission coverage, minimize stage length, and maximirze
use of adaptations of existing/planned hardware, the most desirable stages
were selected.

S0l1id/Solid Tendem ~ This approach is governed primerily by

availability of appropriste existing/planned motor or stage performance
capebilities. Perigee mobtors selected for the high energy reference missions
were the Spinning MM IXI (SSUS~A) as en upper limit, the Star 37 as the lower
1imit and the Spinning Star 48 (SSUS-D) as a mid-point. Motors smaller then
the Star 37 were too small to affect high energy caphbure., ZEarly in thé screen—
ing process it was found that the Spinning MM ITI (SSUS-A) was so large as to
have much pooref o.f:t‘ mission cspture capability than the Star 37 and the

Star 48 (8SUS-D) and it was dropped from further considersation in this study.
Two configurations which satisfy reference mission B were synthesized as
propulsion group 1 (Tsble 3~-XI) consisting of a Spinning Star 48/Sclid AKM
and group #3 consisting of a Star BT/So_lid AKM. Two solid AKM's were consi-
dered for group.#l. A single configuration for reference mission F (group

#2) consists of a Spinning Star 48 with Solid AKM.

Clustered Solid - The clustered approach is also limited by

existing motor capability. Group 5 was planned for this approach. The flat
pack endburner approach (group %) was conceived during Vought in-house studies.
These studies show that a res.l'istic maximum number of motors is six and that

mission coverage is achieved by either reducing grain length, case length,
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TABLE 3-XT PROPULSION MODE APPROACH DEFIITION

OTHER
SIZING MISSION
ADAPTAYTION OR | REFERENCE | COVERAGE
APPROACH TROPULSTON GROUP NO. AND IDENTIFICATION NEW APPRCACH MISSION EXPECTED
SOLID/SOLID 1. STAR L8/SCLID AKM ADAPTATION B A,C,D,E
TANDEM o, MINUTEMAN 3RD STAGE SOLID AKM ADAPTATION 7 -
3, STAR 37/SOLID AKM HEW B 4,C,D,E
SOLID/SOLID ly, FLAT PACK -~ END BURNING NEW B 4,C,D
CLUSTER 5. CLUSTERED LOW L/D CONVENTIONAL MOTOR NEW B A,G,D
CONTROLLED 6. LIQUID QUENCH NEW B A,C,D
SOLID 7. PINTIE NOZZLE NEW B A,C.D
SOLID/LIQUID 8. gTAR 48/BIPROPELLANT ADAPTATION B AKE/C&D¥
9, STAR 48/MONOPROPELLANT ADAPTATION B AEE/CRD¥
10. MINUTEMAN 3RD STAGE OR STAR L8/ ADAPTATION F -
#¥MODULAR BIPROPELLANT
11. MINUTEMAN 3RD STAGE OR STAR 48/ ADAPTATION F -
##¥MODULAR MONOPROPELLANT
12. MODULAR STAR 37/BIPROPELLANT NEW B ALE/CED
LIQUID 13. MODULAR BIPROPELLANT NEW B A,C,D
14, MODULAR MONOPROPELLANT NEW B A,C,D

*
FULL PROPULSION GROUP NO. FOR AXE; UPPER STAGE FOR C&D
*¥
CONFIGURED FROM PROPULSION GROUP NO. 13 HARDWARE
HH¥
CONFIGURED FROM PROPULSION GROUP NO. 1L HARDWARE




number of motors, Or & combination of these.

Controlled Solid - Mission coverage for the pintle nozzle and

liquid quench motors is assumed to be provided by & single motor sized for
Reference Mission B. Group #6 identifies the liguid quench and group #7T the
pintle nozzle motor configuration (Table 3-XI}.

So1id/Iiquid end Liguid -~ Several options are availsble for
the liquid/solid concept. With & reletively small solid PKM (star 3T), &

medium-size liquid system is required to satisfy Reference Missions B eand E.
The medium-sized liguid captiires & relebively large portion of the spacecraft
weight-velocity envelope at medium lengbth and user charge. For a large solid
(Star 48/smell 1iquid), the liguid captures & proportionally smeller portion
of the envelope at short length and low user charge, Conversely, & large
1ligquid sized to provide Reference Missions B and B coverage covers the entire
envelope &bt the longest liquid length and highest user charge. The trades To
getermine the most cost-effective system depend on the number of reference
missions for each 1liquid size and liguid/solid aize. BSome of the stage pay-
10ad combinstions are capsble of vertical installetion and potentially very
1ow cost based on lengbh.
Based on this rationale, propulsion groups 8 through 14 (Table
3-XI)} were synthesized for monopropellant and bipropellent systems as follows:
(a) Smell Solid/Medium Tiquid
e Group 12 - Star 37/bipropellant
{(b) Targe Soiid/Smell Liquid

s Croup B - Ster 48/bipropellant

e Group 9 - Star 48 /monopropellent

e Group 10 - Star k8 or MMIII/modular bipropellant
e Group 11 - Star 48 or MMIII /Modular monopropellant

(e¢) Liguid ' '

e OCGroup 13 - Modular Bipropellent

e Croup 14 - Modular Monopropellant
System debails and synthesis rationale for these syEstens ere described in
~ Tables 3.¥x1I and 3-XIII.

An example of Tiguid Propulsion System Synthesis for capbure

nf all reference'missions for Group #10 is shown in Figure 3.k, An eight
propellant, eight pressurant tankage configuration sized for Migsion B with

single AK/PK thruster and, single meneuver and nutetion control thruster is
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TABLE 3-XIT SOLID/LIQUID & LIQUID BIPROPELLANT PROPULSION SYSTEM SYNTHESIS RATIONALE

PROPULSION GROUP

REFERENCE MISSION/CONFIGURATION

SYNTHESIS RATTIONALE

Spiming Star 48/
Liguid Biprop &
Liquid

Biprop Alone

Group #8

BYE ~ Spinning Star 48/4-Tank
Biprop

A ~ B-Tank Biprop

C & D - h-Tank Biprop

Sized for mission B

Spinning Star 48 -~ offloaded and shortened
{size and costs)

i propellant tanks for BRE (to 1limit mission A
configuration to 8-ktanks with no solid)
Conosphere propellant tanks (minimum length)
Two AK thrusters (minimum length with solid)

Configured with maximum number of liquid tenks
of mission B size (complexity & handling)
One AK/PK thruster (cost)

h propellant tank mission B liquid alone with
offload meets C&D requirements
One AK/PK thruster (cost)

Star 37/Liquid
Biprop & Liauid
Biprop Alone

Group #12

[v)
1

Star 37/8-Tank Biprop

Star 37/4-Tank Biprop

=
1

A ~ 6-Tank Biprop

C & D — 4-Tank Biprop

Sized for mission B

Iiguid alone provides mission A energy require-
ment

Conosphere propellant tanks (minimum length)
Two AK thrusters (minimum length with solid)

Lower energy mission requires only 4 tanks of
mission B size
Two AK thrusters (minimum lengbth with solid)

6 propellant tanks mission B liquid slone with
offload meets mission A requirements
One AK/PK thrusier {cost)

4 propellent tanks mission E liquid alone with
offload meets missions C&D reguirements
One AK/PK thruster (cost)
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TABIE 3-XTT SOLID/LIQUID & LIQUID BIPROPELLANT PROPULSION SYSTEM SYNTHESIS RATIONALE (CONT'D)

PROPULSICYN GROUP

REFERENCE MISSION/CONFIGURATION

SYNTHESIS RATIONALE

Liquid Bipropellant
Modulax

Group #13

B & E -~ 8-Tank Bipropellant

A,C & D - 4-Tank Bipropellant

Sized for mission B

8 propellant tanks meximum (complexity and
handling)

Spherical — minimum weight end conosphericsl -
mwinimmn length

Cne AK/PK thruster {cost)

Propellant offload for mission E

Lower energy mission requires only Y4 tanks of
mission B size with offload

k tanks minimize ballast relative to 2 tanks
One AK/PK thruster {cost)

Spinning MMIII/

1 Modular Liguld

Bipropellent

Group #10

F — Spinning MMIII/8-Tank Biprop

Group 13 liguid biprop with Spinning MMIIT
meets mission ¥ energy requirement
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TABLE 3-XIIT SOLID/LIQUID & LIQUID MONOPROPELLANT PROPULSICN SYSTEM SYNTHESIS RATTONALE

PROPULSION GROUP

REFERENCE MISSION/CONFIGURATICN

SYNTHESTS RATTONALE

Spinning Star 48/

Liquid Monopron

Tigquid Monoprop
Alone -~

Group #9

B — Spin Star 48/4-Tank Monoprop

E - Spin Star 48/2-Tenk Monoprop

A — B-Tank Monoprop

c

4 Pank Monoprop

D -~ 3-Tank Monoprop

e Sized for mission B

e Spinning Star 48 offloaded & shortened (size
and costs)

e I propeliant tanks for B (to limit A config to
8 tanks with no sclid)

e Conosphere propellant tanks (minimum length)

e I AK thrusters (min. length and combined RCS)

» Lower energy mission requires only 2 tanks of
mission B size
o 1 MK thrusters (min lenghh, combined RCS)

e Configured with max. no. liquid tanks of B size
( complexity)

e L-Tank mission B liquid alone with offloaded
provides mission C reguirements

e Lower energy mission requires only 3 tanks of
B size

Iiquid Monopro-
pellant
Moduwlar

Group #14

v
!

8-Tank Monopropellant

=
I

4-Tank Monopropellant

C & D - 2-Tenk Monopropellant

e Sized for mission B

e 8 propellant tanks maximum (complexity and
handling)

o Sphericel - min. weight and conosiliericsl -
min. length

e 4 AK/PK thrusters (min. length, combined RCS)

e Lower energy mission requires only 4 tanks of
mission B size with offlosd

e 2 tanks of mission B size with offlozd provides
migsions C and D requirements
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TABLE 3-XTIT

SOLID/LIQUID & LIQUID MQHOPROEELLANT PROPULSION SYSTEM SYNTHESIS RATIONALE (CoNT'D)

PROPULSICR GROUP

REFERENCE MISSION/CONFIGURATION

SYNTHESIS RATIONALE

Reaction Coatrcl
Systen

B — 1 Thruster

¢,D.E,F ~ 2 Thrusters

A = 4 Thrusters

Maneuver and nutation control with favorable
inertia ratios

Maneuver and nubtetion control with unfavorable
inertis ratios

Meneuver, steb and conbtrol for 3-axis peylozds
Biprop stage — comnmon tanksge

Monoprop stage — common bankege

Solid Stage - separate reaction contrcl system
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0 OFFLOAD FOR MISSION E
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depicted in the middle sketch., To capture Mission E, no changes are made
other than offload of propellant and addition of one maneuver/nutation con-
trol thruster. As shown in the left sketeh, to capbure Missions C and b,
changes made to the E Mission configuraticn include removal of four propellant
and pressurant tanks and further offloed of bropellant. The Mission A
configuration requires no changes to the Mission C&D configuration except for
locetion of four thrustere into a three—axis arrangerent and increased pro-
pellant load for the four propellant tanks (left gsketch), For Mission T
(right sketch), the Spinning MMIII stege is added to the Mission E configura-
tion and a full propellant load is incorporated. Characteristics of the
propulsion system hardware common to all configurations and accompanying
rationale are:
(a) Conosphere propellant tanks
¢ Short puackage length
(b) Common size fuel and oxidizer tanks for esch mission
¢ One propellent tank size reduces cost '
{c) fingle gize pressurant tank, one for each propellent tank
e One size reduces cost
(d) Reaction control tonkage cormon With mein tankage
o Minimum cost
(e) Single thruster/venfiguration
e Une thruster for gll confipuwraticns reduces cost
(£) Single KC3 thruster size with quent ity and loeetion
depending on payleed/stere mass pruperties
o Une sice reduces cost
(g) Structure moduler for ell contipurations

& Cne size reduces cost

3.1.2.k Candidete Liquid fnnrcack Sizing - Veloeity reguirements, neon

Propulsion —ubsystem weight data, structuzel puranetric weight relations; and
peraretric propulzicn systenm weiprhy cod performonce clicroeteristics were used
to determine welghtc, sice and other stope eherecteristies for synthesized
provulsion systbems. Typ‘-" birrepelicnt main propulsion gystem parametric

weight as e function of useshie rprepelliont weipht of ar B tonk bipropellent
and 8 tank pressurent teui: cystem with o gingle roin thruster is:



Wpep = 168 + 1.20 WPU(AV)
vhere: WPS'I' = Totel Main Propulsion System Weight, lbs
WPU = Useable Propellant Weight for AV, ibs

Similarly, for an 8 tank monopropellant end 8 tank pressurant tank system
with 4 thrusters for velocity change and msneuver/nutaticn control propulsion
system weight is:

Wpgp = 171 + 1.30 Wy (av)
3.1.2.5 Carididate Solid Approach Sizing

Tandem Solid « With the candidste motors of Table 3-XIV,
initial stege inert weight estimates of 145 kg (320 lby) for the PK motor and
113.14 kg (250 1b,) for the AK mobor spproaches were developed and evaluated
for design and off design mission capture. Selection criteria were as follows:

e AV - The AVy and AVo requirements of the mission must

be met by the PKM and AKM respectively.

e PK/AK AV Split - The rabtio of AVy to AVp should per-

mit efficient energy management. Ideally the excess
during each burn should be approximately equal.

e Velocity Ratio - The ratio of delivered velocity to

required velocity indicates the amourt of energy
menagement required. As a target a velocity ratio
less than It wes desired.
e System Length and Weight - Short motor length and
light weight were desired for efficient Shuttle inte-
gration.
The matrix of motor combinetions shown in Wigure 3.5 was reduced through
screening to meet performance requirements to the mest promising motor com-
binations illustrated in Table 3-XV.
Pintle Nozzle ~ Propulsion vendor datas, modified sppropriately

for LES motor design reguiruuents,formed the basis for the pintle nozzle
design. These data are shown in Teble 3-XVI. The Vought eshimate differs
primerily from ferojet 1972 data in the daretion of the eaction time. The

100 seconds of buwrn time is believed to be withir the current state-of-the-axrt,

perticularly in view of the advances in current cerbon-carkton technology.

Ta
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TABLE 3-XIV CANDIDATE SOLTD FROPELLANT MOTORS

INITIAL BURNOUT
TOTAL IMPULSE SPECIFIC IMPULSE| WEIGHT WEIGHT EXPANSION LENGTH
MOTOR n-sec (1bf-sec)’ m/see (sec) kg (1bm) kg (1bm) RATIO cm (in.)
M/M 3rd 9,256,000 (2,081,000)] 2763 {281.7) (3564 (7857)( 213 (k70) 235 (92.5)
M/M 3rd (8) 8,766,000 (1,570,667)] 2616 (266.8) |355L (7828)| 200 (Lh1) 193 (76)
Star L8 L,608,000 (1,036,016); 2864 (292) 1694 (3734) 84 (185) | 62.5 190 {75)
Star 48 (8) 4,516,000 (1,015,300)] 2807 (286.2) {169k (373k) 84 (186) | 30 154 {60.5)
Star 3TE 2,911,000 ( 65h4,k00)| 2783 (283.8) [1122 (2473} 76 (167) | 30.9 168 (66.3)
Stexr 37F 2,385,000 ( 536,100)] 2803 (285.8) 913 (2013) 62 (137) | bs1r.4 151 (59.4)
Star 37F (8) 2,365,000 { 531,567} 2779 (283.%4) 912 (2010) 61 (134} | 30 139 (5h4.8)
Star 1TA 318,500 ( 71,600)] =28co (286.%) 125 ( 275) | 11.1 (24.4)] 57.9 98 (38.6)
Star 17A (S) 310,800 { 69,880) 271 (279.5) 125 { 275)1 12..1 {2h.h)} 30 83 (32.6)
Star 26 634,800 ( 1b2,700)f 2662 (271.5) 261 ( 576) ! 31.5 (69.5) 8L (33.04)
SWM 5 793,800 ( 178,450)1 2731 (278.5) 318 { 701)4% 27.7 (61.1)f 26.8 90 (35.53)
Star 378 (8S) 1,850,000 ( L413,540); 2776 (283.1) 709 {(1563) ke {102} | 20 108 (43.5)
Star 378 1,870,000 ( k420,430)] 2821 (287.7) 711 (1567) 48 (105) | 57.9 136 (53.7)
Star 17 197,900 { L4h4,500)] 2807 (286.2) 79 ( 174)| 8.5 (183) | 60.7 69 (27)
SVM 2 386,500 ( 86,900)] 2754 (280.8) 159 (350) | 18.5 (40.8)} 28 89 (35.0)
SVM L4 1,825,000 ( L410,280)] 2805 (286.0) 706 (1557) s& (123) | ko 153 (60.3)
S 4 (S) 1,812,000 ( LoT,h00)} 2785 (28k) 706 {1557) 56 (123} ! 30 137 (5k4.0)
SYM T 1,177,600 { 26k,7h0)| 2861 (291.7) 4ho (970) | 28.4 (62.6)] 53.25 1kk (56.9)
sVM T (8) 1,163,500 ( 261,563)f 2826 (288.2) 4o (970) | 28.% (62.6) 30 115 (45.3)
M5 735,300 ( 165,300} 2788 (28%.0) 293 (645} | 28.5 {62.9)} 60 112 (4k.0)

e Motors marked (S) have been shortened by reducing the expansion ratio to 30:1.

e Except for the M/M 3rd {for which vendor Isp data is evaileble), performance for these
shortened mokors is an in-house evalusblon based on the following assumptions:

(a) Cy chaxges from the value for the existing expansion
ratio to the value for 30:1.
(b} The effective nozzle half angle does not change.

e Vhere vendor weight deta was not availsble, it waes assumed that the motor weight did not change.
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TABLE 3-XV SUMMARY OF SOLID PROPULSY. ¥ APPROACHES

MOTOR
LENGTH WETGHT 4V RATIOS FOR REFERENCE MISSIONS Dﬁgﬁg
APPROACH CM {IN.) XG (LBM) A B c D E F MISSION
Bter 48/Star 37F (short) 304.8 2865 3.58 | 1.57 | T.60%| 6.01%| 1.70] 1.00 F
{120} (6317)
Star 48/Star 378 264.7 2662 4.63% 1.%6 | T.18%] 5.77% 1.63] mo™ B
{short) (short) (104.2) (5871)
Star 48/Ster 26 (short) 237.5 221k |{|mo® | 1.23| No® | 5.00 ! 1.B2| mo* B
( 93.5) (4880)
Ster 3TF/Ster 378 24,7 1882 3.125 | 1.05 | 5.55%| L,76% 1.37| NoX B
(short) (short) ( 98.3) {L150)
Star 26/Star 26 167.6 781 1,01 | No¥ 2.23 { 2.41 | No¥ No¥ A
(66) {(1i22)
Star 1TA/Star L7 152.} ) NoX | Wo* | 1.0 | 1.20 | NoX | NoX C
(short) (60) (1019)

*
Exceeds 4.0 velocity ratioc requirement
@Poor AV split

xInadequa:l:e AV
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TABLE 3-XVI PINTLE NOZZLE AND LIQUID QUENCE MOTOR CHARACTERISTICS

PINTLE NOZZLE

Thrust
Total Impulse

Impulse Uncertainty
Pintle Hardware Weight
Hydraulic Herdware Weight
Hydraulic Fluid Weight
Exit Cone Weight
Duraticn {at max thrust)
Expansion Ratio

Nozzle length (motor flange to exit cone aft face)

Hozzle Submerged Length

LIQUID QUENCE

Propellant

Case and Insulation
Hozzle

Ieniters

Quench Hardware
rench Fluid
Miscellanesous
Inert Weight
Total Weight
Case Length
Hozzle Length
Totel Length
Isp

Stage Weight
Case Diameter
Expansion Ratio

AFERQIET 1972 PROPOSAL

b4 ,480 n (10,000 1bse)
1.112 x 106 n-sec
(250,000 1b-sec)
+ 89 n—-sec (+ 20 1lb-sec)

1il.4 xg (25.2 1bm)

4.0 kg (8.9 lom)

2.4 kg (5.2 1bm)

8.3 kz (18.3 1ibm)

26 seconds
30.7h
52.3 em (20.6 in.)
13 cm (5 in.)(epprox.)

HERCULES

1451 kg (3200 1bs)
65.3 kg {14k 1bs)
23.1 kg ( 51 1bs)
5.5 kg { 12 1bs)

20 kg - bh 3bs)
135.5 xg ( 30 1bs)
23.1 kg { 51 bs)

137 kg (302 1bs) + 13.6 kg {30 1bs) quench finid

1602 kg (3532 Ibs)
95 em (37.5 in.)

40,% em (15.9 in.)

135.6 em {53.k4 in.}

2746 m/sec (280 sec)

140.6 kg (310 1bs)

132.1 cm (52 in,)

30:1

VOUGHT ESTIMATE

44,480 n (10,000 1bg)
.45 x 106 pn-sec
(1,000,000 1b-sec)
¥ 178 n-sec (+ 40 Ib-sec)
22.7 kg (50 1bm)
6.4 kg (14 1bm)
2.4 kg (5.2 1bm)
11.3 kg (25 1bm)
100 secconds
30.0
52.3 em (20.6 in.)

13 cm (5 in.)
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Case design is based op Vought| derived characteristics for a eurrent state-
of-the-art design for Referenc Mission B, An Isp of 271 seec. was assumed to
represent a low aluminum Dbropellant capable of extinguishment at any point in
the burn. The resulting motor welghed 1633 kg (3601 1bs.), contained 1497 kg
(3300 1bs.) of propellent, had a diameter of 132 em (52 inches) and was 150 cm
(58,9 in.) long. This motor is cepable of making all missions {(except F)
without eNergy management, However, because of the premium on short length
in the Shuttle bay, it could be desirable %o develop & smaller motor con-
taining only 390 kg (1300 1lbs) of Propellent using the same nozzle to ainimige
development costs, The resulting motor would have a diameter of 94,0 cm
(37 in.), be 131 cm (51.6 inch) long and weigh 702 kg (1547 1vs.). Tt could
be used on Missions A; C and D,

Liguid Quench -~ The liquid quench design, shown in Table
3-XVI, was provided by Hercules. This design is capeble of being quenched
after 50 percent of the propellant is consumed, Tt does not inelude suffi-
clent energy for reference mission F, but would handle missiong B and E

without energy Dénagement. It would, however, require energy management for
reference missiong Ay, C and D. Unlike the pintle nozzle, where the nozzle
could be made interchangeable, & smaller quench motor would have limited
direct commonality with the larger version,

Conventicnal Clustered Solid ~ This approach consists of

selecting a basie building bloek motor which will deliver the required velo-
eity for the lowest energy missions (C and D) with the minimum number of
motors. Additicnal motors are then added as required to meet higher energy
missions. The minimum number of motors was taken as four, two for AX burn
and two for PK burn, The motor selected was the Star 17. Tabulateqd below
are the number of Star 17 motors required, the +total velocity incresse dg-
livered and the ratio of delivered Velocity to reguired velocity. These

MTSSIONS
A B c D E
Number Star 17 7 22 I L 22
AV m/sec 131.6 | 1025.3 567.5 1343,9 | 3307.4
AV (f/sec) (432) | (3326L) (1862) | (4hog) (10851)
AV Delivered/ 1.10 1.025 1.42 1.5 1.0
AV Required
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calculated velocities are based on a non-propulsive weight of 340 kg (750 1bs).
This mey be highly optimistic for a 22 motor cluster. A heavier nonh-propulsive
weight would have little impact on the B mission (because of the heavy payload)
but would be critical for the E mission. Because of the relatively poor mass
fraction inherent in the cluster approach mission F reguirements cannot be set.
Flatpack Clustered Solid - Using constraints and allowances
established in prior Vought studies, the following flatpack motor character-

istics for reference mission B were derived:

Nunber of Motors - 6

Grain Length - 163.8 em (64.5 in.)
Propellant Weight - 27k kg (604 1bs.) per motor
Inert Weight - 91 kg (201 ibs,) per motor
Motor Weight - 365 kg (805 1bs.)

. Cese Diameter « 36.8 ¢= (14.5 in.)

Due to poor motor mass fraction and high stage inerts, this concept is not
cepable of meeting reference mission E or F performance requirements. For
mission A the same case diameter and nozzle are used but the grain and case

length are reduced as required.

Number of Motors - B

Grain Length - k5.7 em (18 in.)

Propellant Weight - 76 kg (168 1bs.) per motor
Inert Weight - 33 kg {72 1bs.) per motor
Motor Weight - 109 kg (240 1bs.)

When operated as a four motor cluster, the motor sized for mission A produces
velocity ratios of 1.h2 and 1.36 for missicns C and D respectively. Thus,

with only two sizes of motors, missions A, B, G, and D could be achieved with
a flat pack approach. Alternately, the grains for missions C and D could be

cut to size and the missions echieved without energy management,

3.1.2.6 Approach Characteristics - Existing propulsion approeches,

adaptations of existing approaches, and new approaches were developed and/or
evaluated for each of the reference missions. The approaches for Reference
Mission B are shown in Table 3-XVII. Applicebility of these approaches to

the other reference missions was also determined and can be found in Volume

V¥, Appendix B.
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TABLE 3-XVII PROPLLSION APPROACHES FOR
REFERENCE MISSION B

-

| OTHER
PROPULSION DESCRIPTION MISSIONS CONFG.
LACNCi{ APPROACH APPROACH ‘_ EOCSYEER STECGE CELIVERY STRAGE CAPIUREL | MNUMBER
EXISTING APPROACHES LIQUID ‘ * NONE TRS—-4 TANK CXPENDED NONE XIT
]
ADAPTATIONS OF EXISTING | SOLID/SOLID-TANDEM| SPINNING STAR 48 STAR 26 A,C,B,E 46
APPROACHES SPINNING STAR 48 STAR 37F E,F 50
SHORT NOZZLE STAR 37-8 A,C,D,E 1
SPINNING STAR 48
. SHORT NOZZLE SHORT NOZZLE E,F 4
SPINNING STAR 48 STAR 37-F
SOLID/LIQUID SHORT NOZZLE-10% 4 TANK BIPROP E 15
OFF-LOAD SPINNING
STAR 48
SHORT NOZZLE-10% 4 TANK MONOPROP NONE 28
OFF-LOAD SPINNING
STAR 48
NEW APPROACHES SOLID/SOLID SHORT NOZZLE SHORT NOZZLE E 5
TANDEM : STAR 3I7F STAR 37F .
SOLID/SOLID | NONE FLAT PACK-6 LONG NONE ]
CLUSTER l HMOTORS
; NONE 22 STAR 17 MOTORS E 38
CONTROLLED SOLID NONE LIQUID QUENCH MOTOR|a,cC,D,E 12
' NONE PINTLE SOLID MOTOR |A,C,D,E 41
SOLID/LIQUID i STAR 37E & TANK BIPROP NONE 19
. LIQUID | NONE 8 ‘TANK BIPROF E 23
|
NONE B TANK MONGEROP NONE 33




A summary of the physical characteristics and the performance
cepabilities was prepared for each of the 52 configurations considered. Afn
example of this propulsion approach sumary is shown in Figure 3.6 for
R~ference Mission B (see Volume V, Appendix B, for other candidate propulsion
spproach summaries). This summary provides a descripbtion of the system com-
ponents together with a definition of the approach used for each subsystem
and the basis by which its welght was established. The basis inecluded vendor
inputs, weight daba on existing or plenned subsystems, and Vought experience
on similar hardware used in Scout, SC00P, and SDP, as well as in-house studies
such as Small Auxiliary Stages. These data were collected and organized in
accordance with a LES work breakdown structure defined in Volume V, Appendix A
gtructural arrengements were lald out for each propulsion epprouact Lo provide
interconnecting load paths between all components, ASBE and the paylci.l.
Interface structure and separation provisions were provided betweer re shtage
and the ASE, the payload and the stage, and between stages where o .. ired.
The equipment was arranged in a mamner to balance whe stage for spin stabi-
lization application and to minimize stage length, Figure 3.6 shows an
example of the strucbural snd component srrengement for a liguid propulsion
approach. In this case, the structure ‘s a combination truss and sandwich
construction. The components are mounted to an aluminum sandwich plate
which, in turn, is attached to a trues work of aluminum tubing that supports

tke fuel tanks at each end and provides the interfacing structure with the

ASE. A weight summary and performence cepebilities in terms of payload
weight and velociby increments available relative to each of the Reference

Migsion requirements are also shown.

3.2.2.7 Subsystem Components - TFor costing purposes, subsystem com-

ponent lists and schematics were developed., As examples, Table 3-XVIII
illustrates the main propulsion system components list for propulsion group
nunber 10 and Figure 3.7 presents schematic for & bipropellant main propul-

sion system,

3.1.3 Adeptations of Existing/Planned Approaches
The Spinning Star b8 (SSUS-D) and the Spinning Minutemen ITT

(S5US-A) were selected as adaptations for Task 2. Because stage descriptiens
and characteristics were not aveilsble from the stege supplier, these stages
were baselined as defined in Reference 5k, Motor performence, however, was

wpdated through motor supplier inputs. Tables 3-XIX end 3-XX define Spinning
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iTEM COMPONENTS

CONFIGURATION

PERFORMANCE

WEIGHT, 20,000
ITEM APPROACH/BASIS KG LB, ) ey
w000 | R4
DELIVERY STAGE cm2 Lk )
0221  INTEGRATION & ASSEMBLY SEPARATION CLAMP/SCOUT I 17 — it 1
0222 STRUCTURE SEMIMONDCAGYE TRUSS/SAS TYPE 39.01 {86l i PLATFOAM w00\ J
0223 THERMAL SPINNING STAR 48 TYRE 227 FLEC.UNIT Ba1 ] &8 :
TRANSMTA Bi
0224 MAIN PROFULSION BIPROPELLANT - B SPHERICAL PROPELLANT | 1895.63 (4185.9) 2
TANKS & 8 STHERICAL PRESSURANT TANKS, g
ONE R-40A THRUSTERCAS TYPE F (;:gg*_’l ¢C
- 5] 3
‘0225 REACTION CONTROL SYSTEM BIPROPELLANT NUTATION & MANEUVER 590 (13 5 . ~
CONTROL/SCOOP & SAS TYPE ] ] N
G226 DATAMANAGEMENT/COMM. | S-pAND TRANSMITTER & ANTENNA/SCOUT 15 @33 g a0 ]
0227  GUIDANCE & CONTROL ROLL STABILIZED PLATFORM/SOFT & DOT 2825 (623} S e8| N
0228 ELECTRICAL POWER REMOTELY ACTIVATED SILVER-RING 2585 (57 g 4D N AF
BATTERY & CONVENTIONAL CABLING/SCOUT € 9 F W
CONTINGENCY 476 10.5) 100
!2211; |}
- |
40
BOOSTER 5T4.GE tegy T " aom  amm e "
o:m lN;EGHGTI:N&ASSEI‘.‘IBLY NONE (3281 @842k 113123 11 400) Pt
0212 STRUCTUR NONE
0213  THERMAL NONE ; ,
0214 MAIN PROPULSION NONE veLoamy '”ﬁ%’é&%‘ééﬁ?&?@&”"‘““"’
0215 HEACTION CONTACL 5YSTEM | NONE
0216 GUIDANCE & CONTROL NONE COLLSTAE.
ELVERY G
0217 ELECTRICAL POVYER NONE Sep Ly o FLATFORM WEIGHT SUNIIARY
CONTINGENCY NONE -
DELIVERY STAGE KG Y
3tM WEIGHT INERT = 49532 {1082)
132143 WEIGHT PROPELLANT = 151352 {3348)
i _,1_ TOTAL = 201385 {4450)
. oramznase nang” | BODSTER STAGE
| ' WEIGHT INERT = 0
WEIGHT PROPELLANT = o
TOTAL = 0
STAGE WEIGHT = 201395
Q L
% va FIGURE 3.6 PROPULSION APPROACH SUMMARY FOR CONFIGURATION NO. 23
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3 2,
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-
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TABLE 3 XVili. MAIN PROPULSION SYSTEM

18

B8 E A [ D F
Designaticn
STAGE Cemponent MFGH. Part N2, COMPONENT CETALLS LES. PT.B REF, MI55. E RBEF.MISS A REF. MIS5.C REF, MI155.D REF.MI5S5. F
R
woont | o A ‘5‘::"’ WEIGHT g::"’ weigHT |50 weioHT Soan? wiEIGHT ! werGHT Q! weGHT
Ne. (7] m Wo, ki 1bm to, 0 bm  hin kg bm |y kg om |yo, 9 wm (o W9 Ibm
GELIVERY 1 Prassure Tank (3] EJ1B&1 1057 | 233 { EurcpetnProg. ’ 8| 8455 1864 8 | Bass | 1864 afazzg 1932 Ja (428 932 |4 |e228 1932 18 4455 1864
2 | Pres 34 Viw. Quant:e 151201 0.73 16 | Scoop a 11 073 16 ] 0.1 18 1 073 16 |1 073 1.5 . Q713 6 11 0.73 1.6
3 | GamivertSq Ve, Quannz 151201 073 $6 | Secop o 1} 073 15 1 013 18 1 073 16 |t o 16 |1 023 16 |1 073 15
4 | PreaFull & Vent Purplater 7542808 023 0% | Scoop [+] 1] 023 o8 1 023 o5 1 0.73 as 11 az3 as 11 D23 05 1 023 as
5 1 Trrusthegt Vaught New - 82 1.8 7 New - 1] @82 18 1 082 18 {1 pB2 1.8 §1 032 1B |1 032 1B {1 0E2 18
g | Fres e Steter 40T 8 40 |SOP-A Q 1] w3 40 1 151 40 1 181 40 it 181 50 ¢1 1.8 40 11 1.3 40
7 | Check Valve Lymey P &C. E323AUIOTT D2 06 | Scoop [+] 2] Dsa 12 2 054 t2 12 054 12 |2 054 1712 D54 12 |2 54 32
8 | Felet Valve Jamas PEC. 5T20T-10TT4 | 077 1.7 | Scoop [+] 27 158 a4 2 154 3412 1.54 34 12 354 33 312 154 34 |2 154 34
] Tank g Vv - Qimaric 151201 013 1.6 | Scood a {16] 1151 256 16 | 11.861 756 | 8 581 128 18 581 128 | B 181 128 16 use 56
10 | Propes Tank |ARDE Nene 2258 | 4278 | Mene nare] B8l157.94| 3982 B 416062 | 3832 | 4 | 9032 19324 0@ 1299234 o332 (19912] 8 j180.62 3982
" Fropel Fut & Cram Euturgsrsie aga287 sAL] 0.3 | Seocp o [16 218 a3 16 218 48 ] 109 24 | B 143 24 | 8B 103 24 16 218 48
12 | Finer winez 1E290-L3ET o0& 1.} | Scoop a [t6] 943 2.3 16 943 Z0B 1 8 472 [ 104 B 4712 to4 | B 472 § 104 |15 943 08
12 | Kfar Dr Vb Fyturecratt 364253 o2 15 | Scoop 1a | 2 36 a0 2 136 o |2 136 an 12 1.26 3012 135 ao 2 136 30
14 | Thruster Mardyasdt n-4p0a 235 215 ! GSACT o 1§ 835 215 1] a5 215 L} gis |5 |1 935 215 11 075 | 215 | 2 | 1250 4390
15 | LinoSat Yauzht Nene 222 50 {- ~ - - 11 227 50 1 z27 50 1 227 50 |1 r¥ i 50 |1 227 50 |1 i 5.0
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TABLE 3-XIX

SPINNING STAR L8 STAGE CHARACPERISTICS (55US-D)

MOTU. (FULL LOAD PROPELLANT)

Total Impulse, N-sec (lbp-sec) k,608,128 (1,036,000)
Initial Weight, kg {1by) 1693.7 (3,734)
Burnout Weight, ke (1by) 8k} ( 186)
Effective Specific Impulse, m/sec (1bp-sec/1by) 2863.5 ( 292) |
Total Motor Length, em (in.) ' 190.5 ( 175)

STAGE WEIGHTS, kg (1bp) (10% MOTOR OFFLOADED AND SHORT NOZZIE)

Weight at Ignition 1678.8 (3701)

Motor Initial Weight 1533.6 (3381)
Burnout Weight 84k ( 186)

Consumed Weight 14h9.2 (3195)

Separation Clamp 7.3 ( 16)
Structure : T9.4 (175)
Power 13.6 { 30)
Active Nutation Contrel 15.9 ( 35)
Thermal 2.3 ( 5)
Destabilization and Spin Balance 9.1 ( 20)
Contingency 7.7 ( 39)

Motor Lengbh, cm (in.) 153.7 (60.5)
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TABLE 3-XX

SPINNING MINUTEMAN ITT STAGE CHARACTERISTICS (ssUs

-4)

MOTOR

Totel Impulse, N-see (1bp-see)
Initial Weight, kg (1by)
Burnout Weight, kg (1by,)

9,256,300 (2,081,000)

Eifective Specifie Impulse, m/sec (lbf-sec/lbm)

Total Motor Length, cm (in.)

356k.1  (7,857.3)
213.2 (470.1)
2762.5 (281.7)
235.0 ( 92.5)

STAGE WEIGHT, kg (1by)

Weight at Ignition

Motor Initiml Welght
Burnout Weight  213.2 (470,1)
Consumed Weight 3350.8 {7387.2)

Separation Cl.cuap

Structure

Power

Active Nutation Control

Thermal

Destabilization and Spin Balance

Contingency

356%.1 (7857.3)

9.1
124,3
13.6
15.9
2.3
9.1
13.6

( 20)
(27h)
{ 30)
( 35)
( 5)
( 20)
( 30)

3751.9 (8271.3)
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Ster 48 and Spinning Minuteman III stage characteristies using this rationale,
The JSpinning Star 48 motor wes offloaded 10 percent and the nozzle length was
reduced about 36 cm (14.5 in.) to provide vertical installation capability,
These two stages were considered as parigee hurn stages in conjunction with
solid and both bipropellant and monopropellant liguid upper stages to develop

the adaptations of existing approaches considered.

3.2 SCREENING METHODOLOGY

The screening in Task 2 was limited to new and adapbation con-

cepts with finel screcning (comparing new and existing) being performed in
Task 6 (Volume IV). The concept screening seguence was as Tollows:

(1) 'Derive the costs of the candidate new and adapta-
tions launch approaches.

(2) Perform a preliminary screening of the candidate new
launch approaches against the launch cost envelope
and eliminate those that indicete user costs signi-
ficantly higher then the existing/planned approaches.

(3) Stack the remaining launch approaches in increasing
order of cost for each reference mission.

(4) Finally screen these remaining launch approaches by
comparing different launch approsch corbinations for
the combined reference missions to find several com-
bination of approaches to launch all reference misge-
sions at low cost.

(5) From the final screening, select three or four new
or adaptations to existing/plenned leunch approaches

that will continue into subsequent tasks,

3.2.1 User Corts
Vehicle recurring costs were combined with the Shuttle user
charge for both stage and payload to mske up the total user cost for the
screening sequence. For each new candidste approach selected in screening
sequence (3), LES vehicle costs were collected mgeinst the work breakdown
structure (WBS) defined in Volume V, Appendix A for (1) project management and
systems engineering and integration to level L; (2) the LES vehicle to level 5;
and (3) Shuttle user charge to level 3 for stage and ASE, For adaptations to
existing/planned approaches, the WBS level of cost collection was the same

as for e new approach except that for LES vehicle costs the level and scope
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depended on the modifications to be made. Costs were based on g Production
rate of 10 units per year fop screening sequences (1) through (3). For the
final screening of sequence (4), the production useage was launch-combination
dependent and the costs adjusted accordingly, Development costs for the LES
vehicle were derived for the launch concepts selected for the final screening
in step (h).

The Shuttle user charge was determined es shown in Teble 3-XXT.
User charges for payload are included in the cost analysis since for length~
eritical, vertical installations with peyload diameter less thanp stage dia-
meter the total charge ir based on the greatest length of the prayload/stage
combinstion,
3.2.2 Preliminary Screening

A preliminary screening of the candidate launch approeches
&gainst the launch cost envelopes described in paragraph 2.4 was performed,
Launch approaches were selected for additional screening that reflected user
cost not significantly above the lowest existing/planned epproaches,
3.2.3 Screening By Reference_Mission

Using the formst of Table 3-XXII, the user costs for each
reference mission were stacked in order of incressing cost. The table shows

the secondary considerations to be addressed when cosgts are essentially equal
for competing launch spproaches,

3.2.h Sereening Methodolygy for Combinations of Approaches

The methodology used to select three or four of the lowest cost
combinations of Propulsion gpproaches, to launch sll reference missions, is
shown in Figure 3.8, A serles of logieal combinations that have potential
for low cost were selected from the propulsion approach cost ranking by
reference mission. Stage unit cost for each propulsion approach in each
selected combination was adjusted for the quantities required. Unit costs
were based on a twenty quantity buy every two years for an average usage of
ten per year. The usage in the wvarious combinations can vary depending upon
the number of reference missions ceptured by e particular Dropulsion approach,
The adjusted unit cost for each stage configuretion was multiplied by the
number of payloads for each stage configuration end summed. The Shuttle user
charge (for stag ASE and reylosd} for each configuration and reference mission
was multiplied by the numbeyr of Payloads in each reference mission and summed,

Other costs of stage and ASE develorment and program maintenance
were added to the launch costs to provide tle total program cost for each com-

bination of approaches. The stage development costs include subsystem
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TABLE 3—XXI SHUTTLE USER CHARGE

LOAD FACTOR X SHUTTLE
0.75 CHARGE

USER CHARGE =

LOAD FACTOR IS THE GREATER VALUE, DETERMINED BY:
— VEHICLE LENGTH = 60 FT., OR
— LAUNCH WEIGHT - ALLOWABLE WEIGHT (FOUR GRBIT INCLINATIONS)

PRICE OF DEDICATED STS FLIGHT TC CIVIL GOVERNMENT USERS — S18M IN FY 1975 8

SHUTTLE CHARGE ADJUSTED TO MIC FY '77 DOLLARS USING BUREAU OF LABOR STATISTICS
INDREX FOR COMPENSATION PER HOUR, TOTAL PRIVATE.

SHUTTLE CHARGE USED IN STUDY — $21.834 MILLION

EXAMPLES:
— LENGTH FACTOR: $485,000 PER FOOT FOR GOVERNMENT USERS
—WEIGHT FACTOR: S488 PER POUND — ETR 28.5° LAUNCH

S787 PER POUND — WTR POLAR LAUNCH



PABLE 3-XXIT

LAUNCH APPROACH AND REFERENCE MISSION
SCREENING FORMAT

REFERENCE MISSTION C

LAUNCH APPROACH USERS COST ( MISSIONS)

SMATT: LIQUID BIPROPELLANT 3,1
SPINNING STAR 48 WITH A SMALL 5.7
SOLID AKM l ’

SECONDARY CONSIDERATIONS
ON CAPTURED

1, TERCERT OF REFERENCE MISST
2, RELATIVE ACGURACY COMPARISON
%, RELATIVE RISK COMPARISON

o1




0o OBJECTIVE: Determine three or four of the lowest cost combinations
of approaches that capture all reference missions

© APPROACH:

SELECT SERIES OF
LOGICAL COMBINATIONS

ADJUST UNIT COST FOR
QUANTITIES REQUIRED IN © UNIT COST X NO PAYLOADS
EACH COMBINATION (LEARNING)

¢ USER CHARGE FOR EACH

SUM LAUNCH COSTS

MISSION X NO PAYLOADS
IN EACH MISSION

EVALUATE BENEFITS
OF LOWER COS%
COMBINATTIONS

AND ADJUST RANKING

ADD OTHER COSTS

0 STACE DEVETADMOMmMm -
¢ PROGRAM MAINTENANCE (—=——2
o ASE DEVELOPMENT AND

aaJAW L

PROCUREMENT

SELECT COST EFFECTIVE
PROPULSION APPROACHES

—

RANK COMBINATIONS
| BY COST .

TOTAL PROGRAM COST
FOR £ACH COMBINATION [™®

———d

FIGURE 3.8 SCREENING METHODOLOGY



development, integration and assembly, system engineering and integration

end software. The ASE development costs in lude development and the procure-
ment of three sets, The program maintenance costs include sustaining and
gperations costs necessary tu conduct an on-going program. Not included in
the unit or development costs are flight operations, ground support eguipment,
and facilities. These costs were not expected to be significantly different
for different propulsion approaches and thus would not influence the screening
and selection of the lower cost propulsion approaches. The "leunch costs"

and the "other costs" were summed to provide the total program cost for each
combination of approaches.

The combinations of approaches were ranked in order of increasing
cost. Migsion capture, accuracy and risk (elements of benefits evaluation of
the 1r.yer cost combinations) were evaluated and where costs were essentially
equal the ranking was adjusted. Propulsion approaches for continuing detailed

gnalysis were selected from the amdjusted ranking.

3.2.5 Benefits Evaluation

Tn the screening process, if cost benefits were essentially

equal between lsunch approaches, obther considerations of mission capture,
mission accurecy and risk were used as resolution criteria. These other
benefits were rated on & 10 to 0 score (with 10 high) for . ach reference mis-—
sion and summed to give a total benefit rating for equal cost launch approaches.
Mission capture, mission accuracy, and risk were given equsl weight in the
total benefit rating since it is important thet a low rating in any one of
these be reflected in the total. Mission capture is a measure of the capa-
bility of a launch epproach to capture the low energy regime, Mission

sccuracy is a measure of how well & launch approach accomplishes each mission
end reflects penalties relative to excessive energy management (yaw steering)
and attendant delivery inaccuracy. Risk wes defined as a measure of new
technolagy and new hardware development, A need for development testing of

o new propellant was classified as new technology development. A need for

the qualification of a new guidance gystem using existing technology was
classified as new hardware development, A low mission capture direetly affects
the benefit value of a launch approach ts does the mission planning constraints

and delivery inaccuracy associated with the wasting of large amounts of energy.
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Similarly, a launch approach with a high degree of risk associated with ney
teclnology and new hardware development dlrectly affects the benefit value
of that approach,

3.2.5.1 Mission Capture Benefit Rating ~ The energy requirenents of

the low energy regime are very brosad and are reflected in the -eference mis-
sion payload requirements, For example, the energy for reference migsion F
is 41 times that of reference mission 4, The greater the portion of the
energy reglie that can be captured by a single launch approach the greater
the potential Tor reducing the number of leunch approaches, A high capture
reduces developument costs, unit costs, operationsal costs, logisties, ana
improves reliability. While the costs associated with most of these items

ar reflected to g degree in the costs of the launch approaches being con-
sidered, the reduetion in the number of launch approaches is of such impor-
tance that it deserves & separate rating. The mission capture benefit rating,
based on veloeity change capability, is the bercent of the reference missions
captured divided by 10.

Mission Capture Benefit Rating = % of Missions Captured + 10

3.2.5.2 Mission Accuracy Benefit Rating -~ A high capture rating may

require inefficient performence from some launch approaches., For example,

missions requires Peculiar mission planning such as Yaw steering or ballasting
when used in a low energy application. Ballasting to reduce the amount of
Yaw steering is not a desirable solution, as approximately 50 bercent of the

For a controllable solid or liquid approach, no peculiar missiopn Planning is
required, The energy wasting/mission Planning peculisyr to the fixed impulse
launch approach reflects itself primarily in orbit destinaticn error. Analysis
has revealed thsat orbit accuracy degrades significantly for fixed impulse launch
approaches when the ratio of wasted energy to the energy required is 3.0, The
accuracy rating equation is designed to produce g rating of 1 when the ratio

of wasted energy to energy required is 3.0, Additionally each eccuracy de-—
greding characteristic such as multi-motor thrust alignment ig essumed to
penalize the accuracy rating one point.,
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Number of

Mission Accuracy - 19 . 3 ﬁvwasted. _ Accuracy
Benefit Rating Avre uired Degrading
4 Characteristics
3.2.5.3 Risk Benefit Rating - A primery objective of the study was to

use production hardware components that have demonstrated their performance
in actual space flight. When this objective is met, there exists the need to
combine existing production components in & different manner, to require in-
creased or decreased size, to use & component in & different application, or
to upgrade component performance. An exawple is the SOFT Program attitude
control platform that was used in & spinning application to maintain ettitude
reference for attitude control after despin. This platfirm hes potential

for & spinning low energy stage, bub its use would be as an abttitude reference
to change vehicle attitude while the vehicle is spinning. No modifications
to the SCFT platform ere required; however, its usage end interfacing com-
ponents will be different. There is a degree of risk associsbed with this
different usage application and it was accoﬁn‘bed for in the risk benefit
rating by the subbraction of points for each major subsystem that contains
such chenges that lead to hardware development testing.

There are some candidate propulsion modes that involve new
technology development. An example of this is the water quench controllsahle
solid. A new propellant grein competible with manned spacecraft operation
(Class 2 propellant) would have to be proven. Neither the propellant sub-
system or the roéket motor system have been proven in space flight. The risk
associgted with this new technology development was accounted for in the risk
benefit rating by stbtracting one rating point for the unproven subsystem
(the propellant grain) and one point for the total system which is also un-
proven. _Using the water quench controlleble solid as a sample case, the
number of subsystems requiring development testing are: (1) propellent
(technoloé'y development); (2) water quench (hardware development); (3) low
L/D case (hardwsre development); (%) guidance end control (herdware develop-
ment); and (5) system performance (technology development). In this sample

case the risk benefit reting is 10 - 5 = 5.
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Nurber of New Number of New

Risk Benefit Rating = 10 - (Technologies + Hardware
{ Developmeny Development
3.3 COST OF CANDIDATE NEW APPROACHES

In order to compare the array of propulsion approaches guickly
with appropriate accuracy a mechanized cost evaluation methodology was used,
with the necessery flexibility and attention to detail, to clearly reflect
system differences. The costing methodology utilized a work breskdown strue-
ture (WBS) developed quite early in the LES study to assure consistent
definition of propulsion system approaches, together with a complete swmari-
zetion of configuration design differences to the subsystem level. The basie
cost information used in the costing exercise included internal { company
historic) cost data, vendor quotstions, and other published report data.
Solicitation of vendor quotations was necessary to more sccwrately measure
the unigue differences of competing designs, and to cheeck the accuracy of
cost records used in the study. The ccstiné methodology utilized a special
checking feature, where input data could be evaluated relative to existing
cost models by means of developed complexity factors. By use of this feature,
the relevence of cost data could he checked before use and verified for

accuracy end commonality of costing assumpbions,

3.3.1 Cost Ewvaluation Mcothodology

Costs were derived using s computerized parametric cost modeling
methodology. 'This technique, known as the RCA PRICE (Programmed Review of
Information for Costing end Evaluation) system, provides relisble estimates
of system acquisibtion costs (development and production) during the concep-
tusl phase of a system development program. Its use permits repid and
timely cost evaluations, based on varistions in designs, performence schedules,
relisbility, economic escalations, ehe. Since a1l estimates involve compara-
tive evaluation of new requirements to analogous histories, irregardless of
the estimating technique used, it is necessary to classify a new design in
such parameters that it mey be related to available besic data, The costing
methodology utilizes configuration definitions which are primarily the

physical characteristies of the design concept. These include size, weight,
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type of componentry, component count, material +type, Power dissipation and
construction type, as well as prototype and production quantibies., In
addition the methodology is sensitive 4o design and production schedule,
learning (progress) curve, integration cheracteristics, design and manufac-
turing complexity, design redundancy, the degree of new design required,

and faebrication method. One mode of this cost estimation wethodology produces
e estimstion of design, manufacturing and Producibility complexity from
rhysical,schedule and cost data. This mode was used in the cost exercise
vwhere the design being costed was of & unique nature wita lim‘ted reletion-
ship to historical dsta. Vendor quotations were brocessed through this mode
to establish eredibility. Where complexity factors appeared inconsistent
with historical data the credibility of the costs were questioned, In such
cases, further evalustion was required before adjusted costs were used, The
final step in the costing methodology was the review of subsystem costs by
technical and cost specislists for consistency among similar subsystens o;.
different propulsion approaches: The costing Sequence for a typical propul~
sion epproach is shown on Figure 3.9. Subsystems are costed independently,
then combined to develop delivery stage or booster cost, which are again
combined to develop the cost of a propulsion approach,

3.3.2 Costing Assumptions

Because of the low level of LES usagas, it was considered advis-
gble to establish special production guidelines which would fit this condition.
Production was spread over a total 10-12 year period end the quantity of
procured items was set at the totgl nurber required for use during that period
for mission regquirements., A production cycle was established to produce a
two-year usage quantity, then production was agsumed interrupted until the
next production quantity was placed on order, Some learning takes place for
any offort spread out over an extended time reriod. The effects of "learning"
are well established in manufacturing industry. However, when a production
run is interrupted, some of the "lesrning" and associated cost effactiveness
is lost. When production begins again, some trained Perzonnel have left cr
have been reascigned, some tools are lost, ete., thus the learning curve
applicable ©o the next production run is not simply a continuation of the
learning curve of the prior run, The loss of "learning" . as that production
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restarts at a point higher up on the learning curve. TFigure 3.10 illustrates
the interrupted production situation, To compensate for loss of "learning"
for interrupted production schedules, the empirical datas set for the second
run must be adjusted. The longer the production interruption, the less
residual learning remains until a finel limit is reached. To determine the
probable learning curve which would apply to the LES production program, &
trade study was conducted. A structural item was selected for study since
it was considered to be highly lebor intensive and subject to maximum learn-
ing impact. For a typicel production gquantity of 103 structural units, pro-
duced without regerd to production need, the optimum learning curve was
determined to Le 2.898 (89.8%), for a program length of nineteen (19) months.
Production rate was approximetely 5.42 units per month. When production
quantity was cut to 20-21 items per run, for Zive independent production
pericds during the ten (10) year period, the rate of composite learning drops
to approximately 0.941 (94%). A selection of material intensive subsyster
items showed increase from the normal 92% range to the 95% learning regime,
hence this value was selected as most applicable to the LES system. A1l
subsystems were estimated for 103 item cumulative average guantity and five
equivalent lots of production. For varisnces in total production quantity,
the 95% Wright slope was assumed appliceble. DDT&E costs were developed for
a modular family of vehicles of each type studied. For combinstions of
vehicles, requiring more than one type, the development cost was integrated
by consideration of the existing commonality between differing types. All
casts were developed in 1977 calendar year dollars.

3.3.3 fost Development ~ LES Vehicle

Production costs were developed for each configurstion in the

study. Several configurations of a similar type may be grouped to form a
modular family., DDT&E costs were developed to take advantage of the cost

commonality that exists to a large exbent between these vehicles.

3.3.3.1 Production Costs -~ A summary of produckion costs for a

Star LB/6 tank bipropellant solid/liquid tandem propulsion approach is shown
in Table 3-XXIII. Costs for 20 units per lot are detailad for ezch subsystem
for both booster and delivery stages as defined by the work breakdown structure.
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TABLE 3-XXHI TYPICAL PRODUCTION COST SUMMARY

THOUSANDS OF DOLILARS
Solid/Liquid Tandem Propulsion Approach
' Star 37E/6 Tank Bipropellant

Delivery Stage - 20 Units

Booster ~ 20 Units

WBES ELEMENT

ITEM WBS ELEMENT COST
. Subtotal 10-0220 ($22,439)

Integration & Assembly 10-0221 1,114
Structure 10-0222 990
Thermal 10-0223 6
Main Propulsion 10-0224 11,173
RCS ‘ 10-0225 1,145
Data Mgt/Comm 10-0226 367
GN&C 10-0227 7,264
Electrical Power 10-0228 380

Integration & Assembly -~ Subtotal
Total Production - 20 Units

Total Production CosE/Vehicle

Usexr Charge COst/Vehicle and Payload

(Reference Mission B Payload)

10-0210
10-0211
10-0232
10-0213
10-0214
10-0215
10-0217

10-0218

10-0201
10-0200
10-0200
20-0100

COSsT

($ 7,873

223

737

(S 679

$30,997

$ 1,549.9

$17,620




The costs are accumulated for sach stage and finally for the complete pro-
pulsion e.pproa.ch. Adjustments for quantity varistion were made.

3.3.3.2 DDTEE Costs ~ A summary of development (DDT&E) costs for a
modwlar liquid monopropellant Propulsion approach is shown in Teble 3-XXIV,
Costs are shown for each subsystem as .defined by the work breakdown structurs
and are summed for the modular stage. The noted example requires no indepen~
dent booster and the main propulsion thrusters are modulated for attitude

control of the stage, thus requiring no separate reaction control subsystem,

3.3.h Cost Development - ASE
Cost information used in the development of Airborne Support

Equipment (ASE) costs included available costs on two spinning upper stages,
the Inertial Upper Stage, and the Miltimission Modular Spacecraft, as well

as cost date developed in Vought internal studies, This cost data along with
selected measurable descriptive dmta provided the necessary inputs for a
complexity assessment utilizing the mechanized cost evaluation methodology.
The resulting complexity factors, which define engineering, manufacturing and
producibility complexity, were compared 0 published system tabuler data end
Yought cost deta so verify the validity, applicability and consistency of

ASE costs,

Based on these comparisons, specifiec complexity factors were
established and along with ASE description data (such as weight, volume, quan-
tity, and learning curve) used to compute both development and recurring
costs for ASE. The sequence of events is shown on Figure 3.11., The ASE costs
inelude development and the praocurement cost of three units - one for each
launch site and one spare.

3.3.5 Cost Development - Program Maintenance Costs

The program maintenance costs shown in Table 3-XXV are the sus~
taining and operations costs hecessary to conduct an on-going program. These
costs were estimated using the NASA Scout brogram cost experlence as the base—
line reference weighted with the LES/Scout comparative complexity, The sus-
taining costs shown include NASA end contractor project management, relisbility
and treining, sustaining engineering, and snares and logistics administration.

The operations costs consist of both wunit and annuel costs. The
unit operations costs shown are those that are unique to each L.ES/payload
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WBS ELEMENT

1n-0220
10-0221
10-0222
10-0223
10-0224
10-0225
10-0226
10-0227

10-0228

10-0200

TABLE 3-XXIV TYPICAL DDT&E COST SUMMARY

THOUSANDS OF DOLLARS
MODULAR LIQUID PROPULSION APPROACH

ITEM DDT&E COST
Delivery Stage - Subtotal ($ 16,311)
Intégration & Assembly - Del. Stage 2,093
Structure — Delivery 5tage 583
Thermal - Delivery Stage 83
Main Propulsion — Delivery Stage 6,128

RCS - Delivery Stage —_—

Data Mgt/Comm - Del. Stage 181
GN&C - Delivery Stage 6,494
Electrical Powexr — Del. Stage 749

Total Development Cost $ 16,311
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FIGURE 3.11 ASE COSTING METHODOLOGY
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TABLE 3-XXV PROGRAM MAINTENANCE COSTS

WBS SUSTAINING COSTS  OPERATION COSTS
ELEMENT ITEN ANNUAL UNIT ANNUAL
10-0100 | PROJECT NANAGEMENT
NASA MRNAGEMENT 162,502
CONTRACTORS PROJECT MGMT. {12 PEOPLE) 600,000
10-0400 | SYSTEM ENGINEERING AND INTEGRATION
~0401 CONFIGURATION CONTROL 61,500
-0401 RELIABILITY AND TRAINING 371,000
-0401 PREFLIGHT PLANNING 15,000
-0401 DATA REDUCTICN 33,000
-p402 ASE INTEGRATION 17,000
-0403 PAYLOAD INTEGRATION 17,000
-0404 SUSTAINING ENGINEERING (6 ENGINEERS) 300,600
20~-020 ORBITER INTEGRATICH 18,000
10-0900 | GROUND OPERATIONS
-0902 SPARES & LOGISTICS ADMINISTRATION 140,000
{3 PEOPLE)
-0903 ETR LAUNCH CREW 617,500
(18 PEQPLE 1980 ACTIVATION)
-0903 WIR LAUNCH CREW 617,500
(18 PEOPLE 1983 ACTIVATION)
-0903 EANGE SERVICES : 50,000
(T/M, COMM., FACILITIES, ETC.)
-0903 LAUNCH SUPPORT, LES CONTRACTOR 6,000
(30 MAN-DAYS)
mOTAL ANNUAL SUSTAINING cosms(D 1,773,500
. TOTAL UNIT OPERATIONS COSTS 257,500
TOTAL ANNUAL OPERATIONS COSTS
PRIOR TO 1983 617,500
. AFTER 1983 1,235,000

NOTE: () gacH LES CONFIGURATION CARRIES TH

E TOTAL ANNUAL SUSTAINING COST.

@ ANNUAL OPERATIONS COSTS FOR THE STS LOW ENERGY REGIME.




3.k COST/SCREENING ANALYSTS

The user costs for Sereening were built up in accord with the
Procedure described in beragraph 3.2, A typical éxample of the ysger cost
buildup is shown in Table 3-XXVI. The user cogt buildup for all The new pro-

weight wasg based on g buildup of the subsystem and integration welghts as
defined by the work breakdown structure, fThe ASE weight was based on an
empirically derived equation, ASE weight = <151 (stage weight) + 505 kg,

This equation Was derived from existing/planned Shuttle Upper stage ASE
welghts and detail ASE weight studies. Lawmeh weight is the sum of the stage
weight, ASE weight and rayload weight,

determined by the stage or Payload dismeter whichever was greater. For hori-
zontal instellations the cargo bay length reguired was determineg by the
length of the stage plus the length of the payload., Eeeh stage ang bayload

In this éxample only the horizontal installation Was possible, For Purposes
of propulsion approach,screening, the ASE was considered to ba within the
length of bay occupied by the stage ang Payload, thus no extra bay length
charge was 8ccunulated. The length loag factor was greater than the weight
load factor for this exemple; therefore, the Shuttle charge was based on the
length of the stage and Payload.

Unit cost wasg derived as a buildup of the Subsystem costg shown
in the work breakdown structure, The total uger cost for comparison at the
reference mission level was the Shuttle charge plus the stage unit cost,
.41 Screening by Reference Mission
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TABLE 3-X2V| TYPICAL PROPULSION APPROACH COST BUILD-UP

FOR REFERENCE MISSION C

e OREBIT e PAYI.OAD
1000 XM {540 NM) CIRCULAR WEIGHT - 1000 KG (2205 LB}
57° INCLINATION LENGTH - 3M (9.84 FT)
DIAMETER ~ 4.5M (14.76 FT)
BAY LENGTH
STAGE ASE LAUNCH BAY INCLUDING |UHIT | SHUTTLE|USER
PROPULSION WELGHT WEIGHT WEIGHT INSTL. PAYLOAD COST | CHARGE |COET
APPROACH KG (LB} KG (LB) KG (LB} B ORV M(FT) M 5M 5M
MODULAR 4 TANRK 516.8 583.3 2100.1 H 3.7 1.07 [ 5.91 L {6.98
BIFPRCPELLANT {1139.3) (1286.0) (4630.3) (12.15) (1)

I, = LENGTH CRITICAL
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TABLE 11i—-XXVIl PROPULSION APPROACH COMBINATIONS

KREF. A & c D E £
MHSSION 10,600 KG 3,000 XKG 1,00¢ XG 200 XG 170 KG 2 XG
500 K1 1,000 KM 1,000 XM 537 KM 1,111 XM 1,008 KM
285 54cC1 37° INCL 577 INCL .5 INCL 28 INCL 275" INCL
CosT APPROACH COST APPROACH [cosT | aprroacH  [cosy | AePROACH | cOST | arPRDACH |cun' APPROACH | COST
ORDER [T} ™ s ™ o ]
1 INTEGL OMS 2148 FLATPACK  [16.51 [ s T-MONOFROP| 645 | STAR17A! |34 Liauip 18t IsSTAR4 | am
6LONG - STAR 17 (¥} QUENCH {V) SSTAR 37F
) 6 T-BIPROP. 2353 5 TANK B:PROP] 1688 | FLAT PACK 600 | 4STARITIVY 322 PINTLE- 332 IsTARAN 547
{MDDULAR) 4 SHORT LARGE (v} STARITF
3 1 TMONDPROP, | 23.54 STMONO - 1713 | 4 T- BIPROP, 683 | STAR 28/ 175 SSTAR 37F/  a.1b (wiMe tizeT-  § 1034
PROP STAR 26 (V) | (W) S5TAR 375 (V) BIPROP.
{MODULAR}
4 B T-BIFROP. 2155 Liatio 17.09 | 4 T RIPRDP. 651 | PINTLE- a7eiw) [ T-BIPROP. [5.23
QUENCH SMALL [V}
£ FLAT PACK 23.68 PIATLE- 1807 {4 T BIFREP. 598 | 2TMONG. (4T SSTAR4Y [551
§ SHORT LARGE (MODULAR) PROP. 4 TBIPROP.{V}
6 & T-RIFROP. 2178 225TAR 17 18.09 | 2TANK MONG-| 707 | 4T-BIPROP. | 406 STARITE/  |586
(MODULAR) PROP. ) §T-BIPROF.{V
{MODULARI
7 4 TMONOPROP. | 2400 STAR37E/ 19.17 | 4STAR 17 7.11 | FLATPACK |48 SSTAR4Ef [533
(MODULAR) 6T-BIPROP 4 SHORT 2 T-MOND-
PROP {Y)
4 15TAR17Y 2819 SSTAR 48/ 19.23 } PINTLE- 296 | aTEPROP. 508 22 STAR 17 (V16,55
4 T-BIPROP. SMALL
q PINTLESMALL {32490 SSTa8f 19.33 { LIDUID 220 § 4T-BIPROP. 620 STAR 48/ 1.47
- . AT-MONOPROP QUENCH (MOOULAR) STAR 26
10 LIQUID QUENCH | 24.85 SSTARI7F/  |19.60 | PINTLE-LARGE]| 845 | 2TMONO- | 5.15 STAR 4N/ m
SSTAR37S PROF 4T-BIPROP.
{MODULAR) {MODULAR)
n PINTLE-LARGE 12516 STAR 487 20.58 | STAR 17Af 157 | vouie 5.66(W) | SSTARAS (LM
STAR 26 STAR 17 QUENCH (V) SSTAR 375
12 STAR 26/ 1 25.78 SSTAR 48f 20.36 | STAR 26/ 3.30 | PINTLE- 5.74[W) | SSTAR 4N {551
STAR 26 ‘ STAR 375 STAR 26 LAAGE {V} SSTAR37F
13 STAR 43/ 2645 S.STAR 48f 2095 | SSTAR AN/ 10.82 | SSTAR4M Jeag STAR &3/ }5.97
2T-MOROPROP. 5STAR 37F SSTAR 37 S.STAR 37 STAR 37F
14 STAR &3/ 27.43 STAR 48/ 21.43 | STAR 38/ 1084 | STAR 48! a2 -
STAR 26 STAR 37 STAR 26 STARZ§
15 SSTAR 48/ 2141
SSTAR 375
UMBER
F 17 3 32 2 (1 10
AYLDAD

V — INDICATESCONFIGURATION IS INSTALLED VERTICALLY, ALL OTHERS ARE INSTALLED RORIZONTALLY
W — INDICATES SHUTTLE CHARGE IS DETERMINED BY WEIGHT, ALL GTHERS ARE DETERMINED BY LENGTH

STAR 48 1S S5US-D, S. STAR 48 OR SST 48 IS SHORT NOZZLE SSUS-D

MM 111 IS S3US-A



adaptations of existing/planned propulsion approaches eva.lus.ted.' The costs
include stage unit cost and Shuttle user charge for the stage and payload,
Verticael installations are noted by a "V'" where they are possible and lower
in cost than horizontal installations. Where the weight load fachor for the
stage, payload and ASE determined the Shuttle user charge, it is noted by a
yh,

Using reference mission C as e typical example, Figure 3.1% is
a bar chart plot of the costs shown in Table 3-XXVII. Shown are 4he propul-
sion approach description and a breakdown of the total user charge by unit
stage cost, Shuttle user chaerge for the stage und for the payload. For
reference mission C payloads used in this example, the length of three meters
(9.8% ft.) combined with the stage length did not permit vertical installation.
Length load Tactor for the stage and payload was greater than the weight load
factor for the stage, peyloed, and ASE for all propulsion approaches; thus
the Shuttle user charge was based on the length of cargo bay required for
this reference mission.

3.h.2 Screening by Propulsion Approech Combination

Cost ranking by reference mission was used as a shopping list
for candidate combingtions of propulsion approaches. The modular bipropellant
approach shown in heavy bordered boxes in Table 3-XYVIII is a typical logical
spproach to launch all of the reference missions. Consideration of the
relative cost weighting ¢f each reference mission was made using the reference
mission payleoad quantities also shown in the table. Another logical approach
would be to use the integral OMS for reference mission A and the modular
bipropellant for all others. Using this procedure, a series of logical com-
binations of approaches were selected that have the potential of being the
lowest cost to launch the 125 payloads represented by the reference missions.

The total user cost buildup of the integral OMS, modular hi-
propellant and the MM III/modular bipropellant combination is shown in Table
3-XXIX. This example is typical of the costing procedure applied to the
series of Jogical combinations selected from the propulsion approsch cost
ranking by reference mission. A description of this example follows:

e Integral OMS lpunches reference mission A payloads in
this combination. While one OMS kit would be required to deliver a total of
29483 kg (65000 1bs.) to oxbit, an analysis shows that anticipated payload
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PROPLLSION TOTAL USER CHARGE —$M .-
APPROACH 0 1 2 3 4 5 b 7 8 yon 11 12
4 TANK MONOPROP e L L
FLAT PACK — 4 SHORT N R P TR A

4 TANK 8IPROP
4 TANK BiPROP

4 TANK BIPROF-MODULAR

e S 717 S

2 TANK MONOPROP-MDDULAFR t:"_ﬂzmmm

CLUSTER SOLID3 — 4 STAR 17
PINTLE SOLID — SMALL
SOLiD-LiauID QUENCH
PINTLE SOLID-LARGE

STAR 17A/STAR 17

STAR 26/STAR 26

STAR 48 SHORT/STAR 37 SHORT | AT —

AL T T2 2/

STAR 48/STAR 26 ?: VL A o YA
STAGE PAYLOAD
UNIT COST SHUTTLE USER CHARGE SHUTTLE USER CHARGE

ALL INSTALLATIONS ARE HORIZONTAL AND LENGTH CRITICAL IN THE ORBITER
FOR SHUTTLE CHARGE

BAY

FIGURE 3.12 PROPULSION APPROACH COST RANKING
FOR REFERENCE MISSION C




TET

TABLE 3-XXV11l PROPULSION APPROACH COMBINATIONS

N aer. A B c b E F
MISSION 10,000 KG 3,080 KG 1,000 KG 200 KG 170KG 7200 KG
500 KM 1,000 KM 1,000 KM 577 KM 1,111 KM 1,000 KM
28,57 INEL 977 INCL 579 INCL 96.5% I8CL 2.9% INCL 97.5% INCL
COST APPROACH COST | APPROACH |cOST | APPROACH |COST | APPROACH EOST AFPROACH |cOST |APPROACH | COST
ORDER M M ™ ™ M M
1 INTEGL OMS 2148 FLATPACK  |1661 | 4 T-MONOPROP] 6.65 | STAR17A/ 374 Liauin 241 S.5TAR 48f 9.5
. G-LONG STAR 17 (V) RUERCH (V) SSTAR 37F
2 & T-BIPROP. 23.53 B TANK BIPHQP]16.88 | FLAT PACK 5.88 | 4STAR171{V}|3.33 PINTLE- 182 |STAR 48/ 9,97
(MODULAR) 4 SHORT LARGE {v} STAR 37F
3 3 T-MONCPROP. | 2354 g T-MOND - $7.13 | 4 T- BIPROP. 6.89 | STAR 25/ 375 SSTAR 37F/ [4.70 (W) MM HI/8T- 1 1034
PROP STAR 26 {V) | (W} S.STAR 375 (V) BIPAOP.
(MGDULAR] (MODULAR
4 8 T-BIPROP. 23,55 Liauip 17.26 | 4 T-BIPROP. 691 | PINTLE. 378 (W) § 4 T-BIPROF, ]5.23
QUENCH SMALL {V] MODULAR
5 FLAT PACK 23.59 PINTLE- 18.07 |4 T-BIPROP. gse | 3TMOND- 471 SSTAR 48/  |5.68
§ SHORT LARGE {MODULARY PROP, & T-BIFROP.[V)
5 4 T-BIFROP. 23.78 22 STAR 17 18.00 | 2ZTANK MGNO-| 7.07 | 4 T-BIPROP. |4.86 STAR 37E/  }5.8%
{MODULAR) PROP. w) 4 T-BIPROP. (V)
{MODULAR) i
7 4 T-MONOPROP. |24.00 STAR37ES 19.17 { 45TAR 17 7.1 | FLATPACK |458 $5TAR 4B/ |5.83
{MODULAR) RT-BIPROP 4 SHORT 2 T-MOND-
PROP (V)
] 1STAR1Y 2418 SSTAR 48/ 19.23 | PINTLE- 8.06 | 4T-BIPROP. | 508 22 5TAR 17 [VXB.52
4 T-BIPROP. SMALL
Y PINTLESMALL |24.90 $ST48/ 18.33 | Liautp g.20 { aT-BIPROP. | 45.20 STAR 48/ B.87
AT.MONCPROP QUENCH IMODULAR) STAR 26
10 LICUID QUENEH | 2495 SSTAR37F/  |19.60 | FINTLE-LARGE | B.45 | 2T-MOND- | 5.15 STAR 48/ 8.88
S.STAR 378 PROP 4 T-BIPROP.
(MODULAR) {MODULAR)
1 PINTLE-LARGE |25.16 STAR 48/ 2058 | STAR 174/ 857 | LiuID 5.66(wW) | SSTAR 4B/ |9.89
STAR 26 STAR 17 QUENCH {V} S.5TAR 375
2 STAR 26/ 2578 SSTAR 48/ 2038 | STAR 26/ 830 | PINTLE- 5.74(w) | SSTAR 48/ (3.58
STAR 26 STAR37S STAR 26 LARGE (V) SSTAR 37F
13 STAR 48/ 2645 SSTAR 48/ 2085 | SSTAR 48/ 10.82 | ssTAR 48/ | 6.89 STAR 43/ 9.97
2T-MONOPROP., SSTAR 37F 5STAR 37 S.STAR 37 STAR 37F
14 STAR 48/ 27143 STAR 48/ 21.43 | STAR 48/ 1084 | STAR 48/ 852
) STAR 26 STAR 37 STAR 28 STAR 26
15 SSTAR 48/ 2741
S.STARJIS
%}EMBER
17 ] 2
FLoaps 3 3 22 6 10

V — INDICATES CONFIGURATION IS INSTALLED VERTIC

ALLY, ALL OTHERS ARE INSTALLED HORIZONTALLY

W — IKDICATES SHUTTLE CHARGE IS DETERMINED BY WEIGHT, ALL OTHERS ARE DETERMINED BY LENGTH
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TABLE 3-XXIX TYPICAL COST BUILD-UP FOR COMBINATIONS
OF PROPULSION APPRCACHES

REFERENCE MISSIONS/NUMBER OF PAYLOADS

A B T b £ F
. 17 38 32 22 B 10 TOTAL
PROPULSION APPROACH STAGE | SHUTTLE | STAGE | SHUTTLE | STAGE | SHUTTLE | STAGE | SHUTTLE | STAGE |SHUTTLE | STAGE | SHUTTLE | cosT
COMBINATION - COST |CHARGE | COST |CHARGE | COST |CHARGE |GOST |CHARGE |COST |CHARGE | COST | CHARGE | sw
INTEGRAL OMS s | 9 0
B TANK MODULAR
BIPROREL LANT " 1.41 1.3 1.41 112
4 TANK MODULAR
SIPRORELLANT s 1.21 112 | 121 112
MM IN/B TAIK
MODULAR BIPROPELLANT  SM 241 5.24
PAYLOAD SHUTTLE
CHARGE M 21.48 14.33 4.8 2.88 2.86 3.0
TOTAL STAGE COST | 53.6 38.7 26.6 85 24.1 151.5
TOTAL SHUTTLE CHARGE  SM 365.2 5239 190.4 88.0 229 828 | 13432
| COMBINATION DEV COST 19.8
ASE DEVELDPMENT COST 10.5
PROGRAM MAINTENANCE COST §2.1

TOTAL USER COST

1,587.1

+

e



density snd lengths meke the integral OMS & practical candidste., TFor example,
the Reference Mission A payload, vepresentstive of payloads in this class,
weighs 10000 kg (22046 1bs.) and is 13.5m (44.3 £t.) long. This corresponds
to a length load factor of .Th and a user charge factor of approximately

1.0. Integral OMS can deliver the Reference Mission A payloed to the 500 km
(270 nm) circular orbit and de-orbit to earth., For shorter payloads of the
same density, multiple payloads could be delivered by integral OMS to hath

296 km (160 nm) and 500 km (270 nm) orbits. There is no stage cost or Shuttle
user charge for o stage in this case, only the payload Shutile charges is
asccrued.

e An eight—tenk version of the modular bipropellant approach
is used for Reference Missions B and E and a four-tank version for Reference
Missions C and D. TFor Reference Mission F the eighbt-tank version is used &as
a second stege on the Splnning Minuteman III third stage. Unit costs and
Shuttle user charge for horizontal installations, required for this combina-
tion, is shown for each reference mission payload. The number of peyloads
represented by each reference migsion is multipl’ed by the unit stage cost
to give the totel stage cost and by the stage Shuttle charge plus the peyload
Shuttle charge to give the totel Shuttle charge, These are sumned to get
totel cost to launch all payloads.

s The development cost for the conbination is the cost to
develop the moduler four— end eight-tank versions of the bipropellent and to
integrate the eight-tank version with the Spinning Minuteman IIT third stage.
The ASE development cost includes the cost for development and design inte-
gration of the airborne support equipment for the four— end eight-tank ver-
sions and the cost of three seis of this ASE. Alsc included is the cost to
integrate with the Spinning Minuteman ITT third stage ASE.

e Program meintenance costs consist of ennual program sustaining
costs and operstions costs made up of system engineering and integration and
am 1 site operation costs. Tn thig example the program gustaining costs
are 21.24 §M, the system engineering and integrabion costs 27.86 $M and the
snnual site operation ecost 13.0L $M for the total of 62.1 $M.

Nineteen combinations of propulsion approaches were exsmined
and costs, as shown in Table 3-XXIX, were built-up for 15 of these. Costs
for the top ten of these are shown in Teble 3-¥XX. Of the four combinations
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TABLE 3-XXX COST RANKING BY PROPULSION
APPROACH COMBINATIONS

~TOF 10 OF 13 COMBINATIONS —

]

£l

ISSION A B ¢ p E F TOTAL
£OST COMBINATION €oST
ORBER  NO. LAUNCH COMBINATION DESCRIPTION M$

L INTEGL MODULAR | MODULAR | MODULAR  |MODULAR | MM III/ 1587

oMs BT-BIFROP | AT-BIPROP | 4T-BIPROP  [ST-BIPRDP | MODULAR
8T-BIPROP
2 | 4 INTEGL FLATPACK | FLATPACK | FLATPACK [SSTAR48/ [ SSTAR48/ | 1605
OMS 6-LONG 4-SHGRT 4SHORT _ [SSTAR37F | SSTAR3TF
3 9 INTEGL MODULAR | MODULAR | MODULAR [STAR4B/ | MMill/ 1618
oMs ST-BIPROP | AT-BIPROP | 4T-BIPROP  |[MODULAR | MODULAR
AT-8IPROP | 87-8IPROP

4 2 INTEGL 225TAR17 | 4STAR1T | 4STAR17  [22STAR17 | SSTAR4/ 1627

oMs S-STAR 37F

5 7 INTEGL MODULAR | MODULAR | MODULAR [SSTAR4B/ | SSTAR4S 1630

OMs ST-MONOPROP | 2T-MONOPROP| 2T-MONOPROP|SSTAR 37F | S-STAR 37F
§ 15 INTEGL PINTLE-L PINTLES PINTLES  [PINTLEL | SSTAR4Y/ 1638
OMS | S-STAR 37F
7 8 MODULAR | MODULAR | MODULAR | MODULAR  [MODULAR | MMIII/ 1641
4T-BIPROP | BT-HIPROP | 4T-BIPROP | 4T-BIPROP  |ST-BIPROP | MODULAR
BT-BIPROP

8 10 INTEGL LiQuIp LIGUID LIauID LIoUID SSTAR48/ | 1674

oms QUENCH QUENCH QUENCH _ |QUENCH | SSTAR37F

8 11 INTEGL PINTLE-L PINTLE-L PINTLEL  |PINTLEL [ SSTAR4S/ 1685

oMS SSTAR 37F

10 1 INTEGL SSTARAB/ | STAR1TA/ | STAR17A/ [SSTAR48/ | SSTAR4g/ 1801

OMS SSTAR3TF | STAR1Z STAR17  [SSTAR3IF | SSTARIIF




that were nob costed it wes determined, by inspection, that two solid/seolid
combinations were higher in cost than the solid/solid conbination evaluated;
one was & bipropellant conbination higher in cost than the evaluated bipro-
pellant combinabion; and one was & monopropellant higher in cost than the
evaluabed monopropellant conbinations.

Jive combinations were costed but eliminated [from considerstion.
One of these was the lowest unit cost for each reference mission. Tt consisted
of six different approaches; Integral OMS - Mission A; Ilat Pack - Mission Bj
Monopropellant - Mission C; Star LTA/Star 1T - Mission D; Liquid Quench -
Mission E end Short Spinning Star 48/Short Star 3TF - Mission F. The resulb-
ing user cost for this conbination was low as would be expected; however, the
program,maintenance end development costs were very high. This conbination
was eliminated from further consideration. The second combination thet was
eliminsted was identical to combination number 2 except for Missions ¥ and F
which were launched by & Short Spinning Star 48/Short Star 3TF. This com~
bination was significantly higher in cost than combination 2, The third
combination eliminated was jdentical to combination number 12 except that
Mission A was isunched by & G-short-motor Flat Pack. This combinetion was
significantly higher in cost than combination 12. The fourth combination
eliminated consisted of Integral OMS for Mission A, Star 37E/Six-Tank Bipro-
pellant for Missions B and E, & Four-Tank Bipropellent for Missions C and D,
end a Short Spinning Ster 18/Short Star 3TF for Mission F. The costs for
this solid/liquid combinabion were much higher than combination 9. The fifth
conbination elimineted was identical to combinetion T except thet Mission A
was launched by & Four—Tank.Monoprapellant. The costs for this conbinetion
were much higher than conmbination numbexr Q.

Liquid propulsion approaches are represented by combinations 2,
9, T and 6; solid/solid propulsion approaches by combination 1l controlled
solids by combinations 13, 10 and 11; and solid/solid cluster approaches by
combinations k and 12. Combination 6 shows the cost impact of replacing the
Integral OMS with a liquid stage for Reference Mission A paylosds. Combina—-
tions 2, § and 9 show the gdapbation of exisbing/plenned Shuttle upper stages.

A graphic compariscn of the costs of the top ten propulsion

approach combinations is shown in Figare 3.13. Approximately 254 of the
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COMBINATION TOTAL COST TO LAUNCH ALL AEFERENCE MISSION PAYLDADS — SM
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FIGURE 3.13 coST COMPARISON OF PROPULSION APPROACH COMBINATIONS




total cost is a function of the propulsion approach and 75% is attributable

to the Shuttle charge for the payload; therefore the propulsion approsach .
costs amount to sbout 420 $M in the case of combination number 2. Costs -
within 10% of combination 2 are considered to be essentially equal and a

benefits analysis was performed to adjust the ranking prior to final selec~

tion of propulsion approeches, Based on this procedure, combinations 2, 4,

9, 12 and T gquelified for deeper penetration. Combinations 2 and 9 were

grouped together as s modular bipropellant, therefore, the propulsion

approaches selected for additional benefits analysis were the modular bipro-

pellant combinations 2 and 9, the flat pack combination i, the Star 17

cluster combination 12, and the modular monopropellant combination T.

3.4.3 Benefits Analysis

Mission capture, accuracy and risk for the four lower cost

propulsion approaches were evaluated, as shown in Table 3-XXXI. Mission cap-
ture rating, rated on a one-to-ten basis with ten high was derived by calcula-
ting the percent of reference missions captures and then dividing by 10. Mis-
sion capbure measured the progrem sdvantage of a single approach, The modular
bipropellant, which can deliver five of the six reference mission payloads has
a reting of 8. The modular monopropellant captures four reference mission
payloads and has a rating of 7. The Flat Pack has a rating of T. The Star 1T
cluster captures all but Mission F and hag e rating of 8.

Accuracy is reted on & one-to-ten basis with ten high. Wasting
excass energy by yaw steering fixed-impulse propulsion approaches produces
errors in destination orbits. The sccuracy reting eguation is designed to
produce & rating of 1 when the ratio of wasted energy to energy required is
3.0, Also, each accuracy degrading characteristic penalizes the accuracy
rating one point. Iigquid approaches do not waste excess velocity, thus have
no accuracy degrading characteristics. The flat pack sized for mission C
wastes sbout 40% of its energy for mission D. Also, sligning many solid
rocket motors to thrust through the system center of gravity along with
pointing inaccuracy from thrust buildup characteristics of multi-motors re-
sults in an accuracy rating of T for the flat pack. A similar rating was
derived for the cluster of Star 17s, but its energy waste was greater and
- produced & rating of 6.
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TABLE 3—XXXI BENEFIT ANALYSIS

MISSION TOTAL
i';gggksc'g" CAPTURE ACCURACY RISK | BENEEIT CONCLUSIONS
RATING LocIc RATING LOGIC RATING | RATING
MODULAR 8 * ND AV WASTED 10 | * HARDWARE DEVELOP. | g 26 ACCEPTABLE FOR ADDI-
BIPROPELLANT * NO ACCURACY MENT REQUIRED FQR: TIONAL STUDY
DEGRADING — TANKAGE
CHARACTERISTICS ~ GUIDANGE
INTEGRATION
MODULAR 7 * SAME AS BIPRO- 10 | * SAME AS Bi®RD. 8 25 ACCEPTABLE FOR ADDI-
MONOPROPELLANT PELLANT PELLANT TIONAL STUDY
FLAT PACK 7 *AVWASTED ., | 7 * HARDWARE DEVELOP. | 7 21 ACCEPTABILITY FUR
AV RED'D MENT REQUIRED FOR: ADDITIONAL STUDY
« MULTI MOTOR — GUIDANCE INTEG. MARGINAL DUE TO POTEN-
THRUST ALIGNMENT — UNSYMMETRICAL TIAL ACCURACY AND RiSK
* UNSYMMETRICAL THTUST BUILD UP PROBLEMS
THRUST BUILDUP SENSOR
— UNSYMMETRICAL
THRUST CORRECTION
STAR17CLUSTER | &8 © AVWASTED . o, | & * SAME AS FLAT PACK | 1 15 NOT ACCEPTABLE DUE T0
2V REQD * RELIABILITY OF STAR | (1) RISK
* MULTI MOTOR 17 CLUSTER < .98
THRUST ALIGNMENT
* UNSYMMETRICAL
THRUST BUILDUP

ISSION CAPTURE RATING

AGCURALCY RATING

RISK RATING

u

n

PERCENT OF REFERENCE MISSIONS CAPTURED -10

AV WASTED
AV REQUIRED

10-3

— NUMBER DF ACCURACY DEGRADING CHARACTERISTICS

10 ~ (NUMBER OF TECHNOLOGY DEVELOPMENTS REQUIRED + NUMBER QF HARDWARE BEVELOPMENTS

REQUIRED)

NOTE: (1) REDUCED FROM 7 TD 1 BECAUSE OF RELIABILITY




Risk rating is on a one~-to-ten basis with ten indiceting low
risk. The rating is degraded from ten for each technology and hardware develop-
ment required. None of these approaches require technology development. Re-
quired sizes of metal bladder conospherical tanks require hardware development.
Integration of a computer with a roll stabilized platform requires interfaecing
hardwere and software development. The resultant risk rating is 8 for the two
liquid approeaches. The flat pack has the same guldance integration hardware
development requirement, and must have hardware developed to sense and correct
pointing error due to thrust misalignment and unsymmetricel thrust buildup -
thus a rating of 7. In addition to these risk rating degrading factors, the
22 Ster 17 cluster has multi-motor relisbility of less than .98 based on an
individual motor reliability of .999. 'The potentiasl loss of 2 out of 100
launches due to propulsion malfunction was not considered acceptable stabe~
of~the-art design. This was not correctable by reasonable technology or hard-
ware develcpment and the risk rating was reduced to an unacceptable level of 1,

Based on the total benefit rating only the two liquid approaches
were considered acceptable for additional study,

3.k Propulsion Approech Selection

New and adaptation of existing/planned propulsion spproaches
that were selected for detailed analysis and cost/benefit evaluation against
the specific payloads of the new payload model are shown in Table 3-XYXII.

344,10 Belection of New and Adaptation Approaches -~ The modular

bipropellant and the modular monopropellant approaches ranked high in benefits
and low in user cost and were first and second choices respectively for new
propulsion approaches. An alternate to the integral OMS for Mission A was
rrovided by the four-tank version of the bipropellant for no additional
development cost. This was a reasonsble alternste as shown by Teble 3-XXVIT.
An alternate to the higher energy requirements of Mission E
was provided by the medular four-tank bipropellant as the upper stage for the
Spinning Star 48. The propulsion approach selected for Mission F was the
eight-tank bipropellant as the upper stage for the Spinning Minuteman III
third stege.

3.4,.k,2 Moduler Bipropellant Configurstion - The modular bipropellant

propulsion approach, Figure 3.1k, was configured to minimize Shuttle
installation length through use of multiple identical conogspherical propellant
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TABLE 3-XXXII' PROPULSION APPROACH SELECTION
FOR DETAILED ANALYSIS '

~._REF. MISSION

A B c D E F
PROF. APPROACH
ADAPTATIONS OF STAR 48/| MM IIT/
EXISTING APPROACHES MODULAR MODULAR
4-TANK 8~-TANK
BIPROP BIPROP
MODULAR MODULAR MODULAR MODULAR MODULAR
4-TANK 8-TANK 4-TANK 4-TANK 8-TaNK
HEW BIPRQP BIPROP BIPROP BIPROP BIPROP
APPROACHES
MODULAR MODULAR MCODULAR
8-TANEK 2~TANK 2-TANK
MONOPROP | MONOPROP | MONOPROP
TOTAL FOR EACH 1 2 2 2 2 1

MISSION
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B-TANK PRESSURIZATION TANK

TANKS (4)

O0XIDIZER
TANKS (2)
(N,0,)

PROPELLANT
TANKS {2)

(MMH}
THRUSTER

ELECTRGNICS
TRANSMITTER

AC THRUSTER —
(2--R-4D}

COMPUTER

: 34800 - ' 4.480M
( (142 Fr) | 1142 FT)
—~ V-BAND SEPARATION CLAMP ROLL STABILIZED
PAYL3AD/DELIVERY STAGE PLATFORM
{osm [ RSy A E N 'f\ 3 0.705M
? (2,31 FT) ¥ N o, iny T (231 FT)
'l- -\ - & /
V-BAND SEPARATION RC THRUSTER MAIN THRUSTER {R-40A}
CLAMP THRUSTER {2--R-4D}
REFERENGE MISSION “B” REFERENCE MISSIGN “C” AND ~D"
STAGE WEIGHT = 2,014 Xg (4,440 Lg)

STAGE WE!GHT = 732 Kg {1,614 LB)
W, = 459 Kg {1,012 LB)

#IGUHE 3.14 MODULAR BIPROPELLANT

Wp = 1,519 Kyg {3,349 LB)
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tanks arranged with centerlines normal to the stage centerline, Propellant
transfer under varying loads and maneuvers was accomplished by use of tankage
incorporating metal disphragms for single phase flow and center of gravity
control. Tankage was prepackaged and required no servieing at the launch
gsite. A regulated helium system was used for propellent pressurization, A
single R-40A 3870 ¥ (870 1by) thruster (Space Shuttle reaction control
thruster) located on the stage centerline provided hoth perigee and apogee
velocity increments. In applications for Reference Missions B through F,
the stage employed a spin stabilized guidance snd control system consisting
of a computer, roll stebilized platform and control electronics., Maneuver
and nutation coutrol was provided by one and two R-4D thrusters (Missions B
and C, D, E, F, respectively).

- Propellant tankage and other components were sized for sn
eight~tank fully loaded configuration for Mission B, A four-tank, off-loaded
derivative satisfied Missions € and D requirements. Stage length was con-
Gistent with propellant tankage diameter as well as the combined lengths of
the roll stabilized platform and the mein thruster (both were on the stage
centerline). Diameter of the eight-tank econfiguration was governed by the
number of propellant tanks, tank length, and plumbing requirements. For the
four-tank system, due to the fewer propellant tanks, the diameber was less
tharn the eight-tank system.

3.h.4.3 Modular Monopropellant - Similar to the bipropellant system,

the modular monopropellant propulsion approach, Figure 3.15, was configured
to minimize Shubtle installstion length through use of multiple, identical
conospherical propellant tanks arranged with centerlines normal to the stage
centerline. Propellant transfer under varying loads and maneuvers was accom-
plished by use of tankage incorporating metal diaphragms which also provide
single phase flow and center ol gravity control. Since tankage was pre-
packaged, no servicing was required at the launch site. Propellant pressuri-
zetion was by a regulated helium system. Four MR-10%, 623 N (140 1be)
thrusters (Mariner Jupiter/Saturn 77 RCS) located on the outer stage circum~-
ference, 90° apaxrt and parallel to the stage centerline provided both perigee
and apogee velocity increments as well as maneuver and nutation control.

For Missions B through E, the stage employed & roll stabilized guidance and
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8TANK

4.064M

P/L SEPARATION PLANE

Y

-]
{13.33 FT) |

[lFlBITER-ASEJ
SEPARATION PLANE

= 2

]
REFERENCE MisSsSioN “B"

Wp = 2,288 Kg {5,040 LB}

‘ | ]
(274 Fr) 5 /t*‘\ ﬂn.sasm
- (2.74 FT)
~4 Rt

STAGE WEIGHT = 3,177 Ky {7,004 L3)

2TANK
1
PRESSURIZATION
TANKS (2) BATTERY
MAIN AND RC PLATFORM
THRUSTERS ' T ELECTRONICS
(4—MR-104) UNIT
ROLL
- STABILIZED
/ = PLATFORHM
PROPELLANT / 1:
TANKS (2) /
(N3Hy) ~ ! _
- j;&* X T |
COMPUTER : \\' | A g
\ p
THRUSTER \ N\ - e
ELECTRONICS
TRANSMITTER
1
] 4.064M |
(13.33 FT} o

MAIN AND RC REFERENCE MISSIONS “C" AND 0"
THRUSTERS STAGE WEIGHT = 645 Kq {1,422 LB}
{4—\iR-104)

Wp = 2E8 Kg {657 LB)

FIGURE 3.15 MODULAR MONOPROPELLANT



control system consisting of a computer, roll stabilized platform and control
electronics. Propellant tankage and other components were sized for an eight-
tank, fully loaded configuration for Mission B, A two-tank, off-loaded
derivative satisfied missions C and D requirements. Stage length was estab-
lished primerily by propellent tank diameter. Diameter of the eight tank
configuration is governed by the number of propellant tanks, tank length

and plumbing requirements. For the two-tank version, the diameter is less
than the eight-tank system. Since propellant density end performence were
lower, the monopropellant package size was larger than the bipropellant system.

3440 Adaptation of Existing/Planned Approaches - In the left side
of Figure 3.16, the spin-stabilized modular bipropellant propulsion approach

is combined with the Spinning Minuteman ITI (SSUS-A) third stage for Reference
Mission F. The bipropellant stage is the same as the &-tank modular bipro-
pellant and provides apogee velocity increment.

The spin-stabilized modular bipropellant approach was combined
with the Spinning Star 48 (ssus-b) stage for Reference Mission F. The bipro-
pellant stage is the same as the Y~tank modular bipropellant, and provides

the apogee velocity increment.

3.k.4,5 Existing/Planned Launch Approasches - The existing/planned

launch approaches for additionsl evaluation in the LES study are shown in
Figure 3.17. Both integral OMS and OMS kits were considered in Task 6 (Volume
IV) for delivery of payloads that have been represented by Reference Mission
A 8s well as for other sppliceble payloads. The Teleoperator Retrieval System
in both two-tenk and four—tank versions was considered in TPask 6 (Volume IV)
for delivery of all payloads for which it heas adequate performance., The
Multimission Modular Spacecraft (MMS) with a PMIT propulsion module was con—
gsidered for those payloads using the MMS. The Scout expendsble launch vehicle
was also evaluated in Task 6 (Volume IV) for those payloads it can deliver to
their destination orbits.

3.4.4.6 Total Propulsion Approaches Carried Forward - A summary of

the total propulsion approaches carried forward in the study is shown in

Table 3-XXXIII. Conceptual designs, STS interface analysis and flight and

= .ad operations analysis are presented on the new approaches and adaphta~
vions in Tasks 3, k and 5 (Volume IIT). Cost/benefit analysis of ney, adapta-
tion and existing/plenned approaches is presented in Task § (Volume 1V),
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TABLE 3-XXXTTI

SUMMARY OF PROPULSICN APPROACHES FOR FURTHER EVALUATION

ADAPTATIONS NEW EXISTING/PLANNED
MIIT/MODULAR BIPROPELLANT MODULAR~BIPROPELLANT IRS
oM
MMS3
STAR 48/MODULAR BIPROPELLANT MODULAR-MONOPROPELLANT scour
2 2 L
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