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FOREWORD

This is Volume IV - Transportation Analyses, of the §PS
Concept Definition Study final report as submitted by Rockwell
International through the Satellite Systems Division. In addi-
tion to effort conducted in response to the NASA/MSFC GContract
NAS8-32475, Exhibit C, dated March 28, 1978, company sponsored
effort on a Horizontal Take~Off, Single-Stage-to-Orbit concept
is included.

The SPS final report will provide the NASA with additional
information on the selection of a viable SPS concept and will
furnish a basis for subsequent technology advancement and véri-
fication activities. Other volumes of the final report are
listed as follows: ’ ;

Volume Title
I Executive Summary
I1 Systems Engineering
11T Experimentation/Verification Element Definition
v Special Emphasis Studies
VI In-Depth Element Investigations
VI Systems/Subsystems Requirements Data Book

The SPS Program Manager, G. M, Hanley, may be contacted on any
of the technical or management aspects of this report. He may be
reached at 213/594-3911, Seal Beach, California.

iii
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1.0 INTRODUCTION

The SPS transportation system, not unlike the SPS, presents a formidable
challenge to our current concepts of space-oriented endeavors. Cost, more
than ever, becomes the key denominator in transportation system selectionm.
Methods of reducing transportation costs coutribute significantly to the
establishment of the SPS as a viable energy source option. .

During previous phases of the SPS.-Concept Definition Study (Exhibits A
and B), various transportation system elements were synthesized and evaluated
on the basis of their potential to satisfy overall SPS transportation require-
ments and of their gensitivities, interfaces, and impact on the SPS. Study
results led to the preliminary selection of preferred system concepts, as
illustrated in Figure 1.0-1. However, the limited scope of the previous
study effort precluded generation of sufficient substantiating data supportive

of the SPS point design. The objective of this phase (Exhibit C) was to pro-
vide that data.

21IKM
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= STSe O Li:4 [T 1 —
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Figure 1.0-1. Transportation System Options—vVehicle Size Comparisons
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Additional analyses and investigations have been conducted to further
define transportation system concepts that will be needed for the developmental
and operational phases of an SPS program. To accomplish these objectives,
transportation systems such as Shuttle and its derivatives have been identified;
new heavy-lift launch vehicle (HLLV) concepts, cargo and persomnel orbital
transfer vehicles (EOTV and POTV), and intra-orbit transfer vehicle (IOTV)
concepts have been evaluated; and, to a limited degree, the program implica-

- tions of their operations and costs were assessed. The results of these anal-
yses have been integrated into other elements of the overall SPS concept
definition studies.

Emphasis, in the area of HLLV analyses, was initially directed toward an
update of the Rockwell winged, single-stage, air-breathing HLLV and in perform—
ing a comparative evaluation of that configuration with a two-stage version of
that concept. Upon completion of the HT0-SSTO update, effort in this area was
redirected toward the development of an alternate vertical launch/horizontal
landing two-stage HLLV concept with a concomitant reduction of effort in the
operations definition tasks. Configuration updates and additional data rela-
tive to the feasibility and cost of the cargo EOTV and POTV concepts were
generated and requirements and concepts definition of an IOTV were pursued.
Within each of these areas, supporting programmatic data (e.g., costs and
schedule requirements) for the transportation system elements were developed.

SPS program and transportation system analyses continue to show that the

prime element of transportation systems cost, and SPS program cost, is that
of payload delivery to LEO or HLLV feasibility/cost.

1-2
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2.0 TRANSPORTATION SYSTEM ELEMENTS

As identified in previous study phases (Exhibits A and B), the SPS pro-
gram will require a dedicated transportation system. In addition, because of
the high launch rate requirements and environmental considerations, a dedicated
launch facility for the vertical launch HLLV configurations is indicated.

The major elements of the SPS transportation system consist of the
followding:

* Heavy-Lift Launch Vehicle (HLLV)-—SPS cargo to LEO

* Personnel Transfer Vehicle (PTV)—Personnel to LEQ (Growth STS)

« Electric Orbit Transfer Vehicle (EOTV)—SPS cargo to GEO'

+ Personnel Orbit Transfer Vehicle (POTV)-—Personnel from
LEO to GEO

* Personnel Module (PM)—~Persconnel carrier from earth-LEO-GEQO
» Intra-Orbit Transfer Vehicle (IOTV)—On-orbit transfer of
cargo/persomnel

Two basic SPS HLLV cargo delivery options were considered-—a horizontal
takeoff, single-stage-to-orbit (HTO/SSTO) HLLV (Figure 2.0-1) and a two-stage
vertical takeoff horizontal landing (VTOQ/HL) HLLV (Figure 2.0-2). The latter

CREW ? . -
GLOW 1.95 % 10° TO 2.27 % 10°KG
COMPARTYENT CARGO BAY (4.3 X 10° TO 5.0 X 16° L3)
91,000 KG PAYLOAD AIRPORT RUNWAY TAKEOFF
(200,000 L8} PARACHUTE RECOVERED LAUNCH GEAR

MULTICELL WET WING
WHITCOMB AIRFOIL WING-TIP
TRIDELTA LH, ULLAGE
1ak

LHZ AND L02 TANKS \ K\
-

v

AIREREATHER
: PROPULSICN
i {10 ENGINES)

—— ,\
RCCKET PROPULSICN

P (3 HEGh PRESSURE TYPE)
VARIABLE INLET

5 SEGMENT RAMP LH; TANK
CLOSES FOR:

ROCKET 300ST

REENTRY

Pigure 2.0~1. HTO/S5TO HLLV Concept
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Figure 2.0-2, VTO/HL HLLV Concept

configuration option was established as the preferred or "baseline" concept

for this study phase because of the uncertainty in technology readiness of the
HTO/SSTO concept. A third, interim HLLV requirement was identified, to be
employed during the initial SPS program development phase (Figure 2.0-3). This
vehicle is designated as a Shuttle-derived or "Growth Shuttle" HLLV (STS-HLLV).
This launch vehicle utilizes the same elements as the PLV (described below),
except the orbiter is replaced with a payload module and an auxiliary recover-—
able engine module to provide a greater cargo capability.

AR

Figure 2.0-3. STS-HLLV Configuration

22
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The Persommel Launch Vehicle (PLV) is used to transfer the SPS con-
struction crew from earth to LEQ. This launch vehicle is a modified Shuttle
Transportation System (STS) configuration. The existing STS solid rocket
boosters (SRB) are replaced with reusable liquid rocket boosters (LRB), thus
affording a greater payload capability and lower overall operating cost,
(Figure 2.0-4). The personnel module (described below) is designed to fit
within the existing STS orbiter cargo bay. This vehicle will be utilized
throughout the SPS program for the VTO/HL HLLV cargo delivery concept.

' BGOSTER {EACH]:
. . GROSS WT = B71X L8
/"m PROP. «T = 715K L8
[HERT WT = 1564 LB

s 7T
Sl AL SSME-35:
" F = 459K LB {5.L.) (EACH)
LAUNCH CONF IGURAT ION Isp = 406 SEC (5.L.]
PAYLOAD = 100K L8 GLOW = 3.6708 L3 K . 25§‘

156 FT. }

20.0 FT DEA ~-— R I
W

ra 5 \ —:
LHZ TANK { LC)2 THRIK C %;.z_ !#.

{102x LB) Y {613k 18) (77

o i

LANDING ROCKETS LAMDENG ROCKETS //

55PE-35
4 REQD

RCS FLOTATION STOWAGE

PARACHUTE STOWAGE ENGINE COVER

{GREY)

Figure 2.0-4. Growth Shuttle PLV

The Electric Orbital Transfer Vehicle (EOTV) is employed as the primary
transportation element for SPS cargo from LEO to GEO. The vehicle configur-
ation (Figure 2.0-5) defined to accomplish this mission phase utilizes the
same power scurce and construction techniques as the SPS. The solar array
consists of two '"bays" of the SPS, electric argon ion engine arrays, and the
requisite propellant storage and power conditioning equipment. The vehicle
configuration, payload capability, and "trip time' have been established on
the basis of overall SPS compatibility.

The Personnel Orbit Transfer Vehicle (POTV), as described herein, com-
sists of that propulsive element required to transfer the Personnel tModule
(PM) and its crew/construction persomnel from LEO to GEO. The mated config-
uration of POTV/PM is depicted in Figure 2.0-6. The POTV consists of a single,
chemical (LOX/LH:) rocket stage which is initially fueled in LEO and refueled
in GEO for return to LEO., The POTV has been sized such that it is capable of
fitting within the existing STS cargo bay and the growth STS payload delivery
capability.

2-3
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EOTV DRY WT. - 10% KG
EOTV WET WT. - 1,67 X 105 KG
PAYLOAD WT. ~5.26 X 100 KG

5 . _ 38 INCLUDES
sla / 205% SPARES
210
olo
olo
7 0jol]l .M
oo —d 7,

Figure 2.0-5. EOTV Configuration
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e 17 M -]
& 60 MAN CREW MODULE 18,000 KG
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# BOTH ELEMENTS CAPABLE OF GROWTH $TS LAUNCH

Figure 2,0-6. POTV Configuration
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The persommnel module is designed to transport a 60-man construction
crew from LEO to GEO to LEO (Figure 2.0-6). Primary comsiderations in sizing
the PM were given to SPS construction crew demands and compatibility with the
PLV concept. A considerable degree of latitude remains in the ultimate defin-
ition of a PM/POTV concept.

The intra-orbit transfer vehicle is defined im concept only. Because of
the potential problems associated with docking and cargo transfer between the
HLLV and EOTV in LEO and the EOTV and GEO construction base, a transfer vehicle
capable of accomplishing this function is postulated. From cost and program-
matic aspects of the overall SPS program, this element is depicted as a
chemical rocket stage, manned or remotely operated.

In the following sectiomns, each transportation system element will be
discussed in more detail and the rationale for configuration selection pre-
sented. However, in oxrder to maintain a continuity of data presentation,
appendixes have been added to provide the substantiating technical analyses
and trade study results where applicable. .

2-5
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3.0 TRANSPORTATION SYSTEM REQUIREMENTS

As previously identified, the SPS will require a dedicated transportation
system. In addition, because of the high launch rates and certain environmental
considerations, it appears that a dedicated launch facility will also be required
for SPS HLLV launches. Transportation system LEQ operations are depicted in
Figure 3.0-1. The SPS HLLV delivers cargo and propellants to LEO, which are
transferred to a dedicated electric OTV (EOTV) by means of an intra-orbit
transfer vehicle (IOTV) for subsequent transfer to GEO.

LEQ STAGING
BASE

Figure 3.0-1. SPS LEO Transportation Operations

Space Shuttle transpdrtation system derivatives (heavier payload capabil-
ity) are employed for crew transfer from earth to LEU. The Shuttle~derived HLLV
is employed early in the program for space base and precursor satellite construc-
tion and delivery of personnel orbit transfer vehicle (POTV) propellants. This
element of the operational transportation system is phased out of the program
with initiation of first satellite construetion, or sooner.

3-1
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Transportation system GEQ operations are depicted in Figure 3.0-2. Upon
arrival at GEO, the SPS construction cargo is transferred from the EOTV to the
SPS construction base by IOTV. The POTV with crew module docks to the construec-—
tion base to effect crew transfer and POTV refueling for return flight to LEO.
Crew consumables and resupply propellants are transported to GEO by the EOTV.

Figure 3.0-2. SPS GEO Transportation Operations

Transportation system requirements are dominated by the vast quantity of
materials to be transported to LEO and GEO. Tables 3.0-1, 3.0-2, and 3.0-3
summarize the mass delivery requirements, and numbers of vehicle flights, for
the baseline tramsportation elements. All mass figures include a 10% packaging
factor. Table 3.0-1 summarizes transportation requirements for construction of
the first satellite. Table 3.0-2 is a summary of requirements during the total
satellite construction phase (i.e., the first 30 vears). The average annual
mass to LEO during this phase is in excess of 130 million kilograms with more
than 750 HLLV launches per year. Table 3.0-3 presents a total program summary
through retirement of the last satellite after 30 years of operation. Mass and
flight requirements are separated between that required to construct the
satellites and that required to operate and maintain the satellites. As
indicated, the masses are nearly equal.

SSD 79-0010-4



Satellite Systems Division @A Rockwell
Space Systems Group international
Table 3.0-1. TFU Transportation Reguirements
MASS x 100 K6 VERICLE FLIGHTS
PLY | HLLY | POTV | EOTV 10TV
LED GFO LEO GED
SATELLITE CONST. MAINT. &
PACKAGING 37.12| 37,12| 45 |163.5 | 45 6.5 | 164 164
CREW CONSUMABLES & PKG, 0,98| 0.9 - 4.3 - 0,2 4
POTV PROPELLANTS & PKG. 2,91 1.46 - 1128 - 0.3 13
EOTV CONST.. MAINT. & PKG. 7.200 - 15 | 31.7 - - 32 -
EOTV PROPELLANTS & PKG, 4,79f - - | 21.1 - - 21 -
10TV PROPELLANTS & PKG. 0,13 0,06 - 0.6 - - 1 -
235 174
TOTAL 53.13] 39.58 1 60 [234.0 | 45 7.0 409
VEHICLE REQUIREMENTS
TFU FLEET v 5 4 6 i
GRONTH SHUTTLE VEHICLES— PERSONNEL (PLV)  |iancopCARRIER/ENGINE
PRECURSOR REGUIREMENTS:
sSPach o5 72 FLIGHT
: : CONSTR. BASE LIGHTS 129 FLIGHTS
EOTV TEST VEHICLE 1 VEHICLE 2 VEHICLES

Table 3.0-2.

SPS Program Transportation Reguirements,
30-Year Construction Phase

MASS x 100 K& VEHICLE FLIGHTS
PLV | HLLV] POTV | EOTV 10TV
_ _LE0 | GEO LE0 | GED
SATELLITE CONST. & MAINT.  {3.099.3(3,099.3] 3187 {13,653| 3051 |599.5] 13.653|13.653
CREW CONSUMABLES .9l 77 - 330| - 13.9] 330 316
POTV PROPELLANTS 216.6| 108.3| - o4l - | 20.9] 95 477
EOTV CONST. & MAINTENANCE 38,4 3L.2| - 169} - 6.0{ 169l 137
EOTV PROPELLANT 492,3| 2.0/ - | 2.163| - 0.4| 2,169 9
10TV PROPELLANT 10.5 4.8 - 7l - 0.9 w| 2
17,322 14,613
TOTAL 3,932.0(3,317.3| 3187 [17.322| 3051 | 642 31,935
VEHICLE FLIGHT LIFE - - | 10| 300| 100 | 20 200
VEHICLE FLEET REQUIREMENTS | - - 320 58{ 31 32 160

3-3
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Table 3.0-3. Total Transportation Requirements, 60-Year Program
MASS x 106 KG | VEHICLE TLIGHTS
PLV HLLV POTV | EOTV 10TV
LEO GEO ' LEO GEO
SATELLITE . . . '
CONSTRUCTION 2197.8| 2197.8/ 1340 | 9682 1220 | 425.1 | 9682 | 9682
OPERATIONS & MAINTENANCE | 1803.0| 1803.0| 3694 | 7943 3660 | 348.7| 7943 | 7943
CREW CONSUMABLES .
CONSTRUCTION 31.5 28.7 - 139 - 5.6 139 126
OPERATIONS & MAINTENANCE 86.8 86.0 - 382 - 16.6 382 379
POTV PROPELLANTS
CONSTRUCTION 82.7 41,4 - 364 - 8.0 364 182
OPERATIONS & MAINTENANCE | 267.8| 133.8 - 1180 - 25,9 | 1180 589"
EOTV CONSTRUCTION - ,
CONSTRUCTION 28,2 24,2 - 124 - 4.7 124 | - 107
OPERATIONS & MAINTENANCE 22.2 19.0 - 08 - 3.7 98 84
EOTV PROPELLANTS
CONSTRUCTION 340.3 2.0 - 1499 - 0.4 1499 9
OPERATIONS & MAINTENANCE | 304.0 - - 1339 - - 1339 -
10TV PROPELLANTS
CONSTRUCTION 7.2 3.3 - 32 - 0.6 32 15
OPERATIONS & MAINTENANCE 6.6 3.0 - 29 - 0.6 29 13
SUMMARY
CONSTRUCTION 2687.7| 2207.4| 1340 |11840 1220 444 | 11,840 10121
OPERATIONS & MAINTENANCE | 2490.4{ 2044.8f 3694 10971 3660 396 | 10971 | 9008
TOTAL 5178.1| 4342.2] 5034 [22811 4880 840 | 22811 |19129
VEHICLE FLEET
CONSTRUCTION - 14 39 12 22 110
OPLERATIONS & MAINTENANCE - 37 37 37 20 100
TOTAL - 51 76 19 12 210
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4.0 HEAVY LIFT LAUNCH VEHICLE

Initial Heavy Lift Launch Vehicle (HLLV) studies were directed toward a
horizontal takeoff sinple stage to orbit (HTO/SSTO) concept advanced by
Rockwell during Exhibit A and B study phases. After providing an update of
the HTO/SSTO, the reference launch vehicle configuration for the Exhibit C
study phase was changed to a two stage vertical takeoff-horizontal landing
(VTO/HL) configuration. This section of the report is directed toward the
"Reference Vehicle" concept only. A summary of the HTO/SSTO effort conducted
under a company sponsored program is included in Appendix A. An interim
shuttle derived or "growth" shuttle HLLV configuration has been identified to
satisfy early SPS precursor satellite construction requirements; and, because
of it's similarity to the persommel launch vehicle (PLV), is discussed in that
section of the report. In addition, the reference HLLV trade studies data are
Included in Appendix B along with the referemce HLLV trajectory.

4.1 HLLV REQUIREMENTS/GROUND RULES

The primary driver in establishing HLLV requirements is the comstruction
mass flow requirement (Section 3). Other factors include propellant cost/
availability and environmental considerations. The basic ground rules and
assumptions employed in vehicle sizing are summarized in Table 4.1-1.

Table 4.1-1. HLLV Sizing - Ground Rules/Assumptions

» TWO-STAGE VERTICAL TAKEOFF/HORIZONTAL LANDING {VTOIHL)

* FLY BACK CAPABILITY BOTH STAGES - ABES FIRST STAGE ONLY

» PARALLEL BURN WITH PROPELLANT CROSSFEED :

* LOX/RP FIRST STAGE - LOX/LH, SECOND STAGE

* HI P; GAS GENERATOR CYCLE ENGINE - FIRST STAGE [l (VAC) = 352 SEC.]
* HI P; STAGED COMBUSTION ENGINE - SECOND STAGE [Ig (VAC) = 456 SEC.]
» STAGING VELOCITY - HEAT SINK BOOSTER COMPATIBLE

® CIRCA 1990 TECHNOLOGY BASE - BAC/MMC WEIGHT REDUCTION DATA

* ORBITAL PARAMETERS - 487 KM @ 31,67

* PAYLOAD CAPABILITY - 227 x 10° KG UP/d5 KG DOWN

* THRUSTAWEIGHT - 1.30 LIFTOFE/3.0 MAX

* 15% WEIGHT GROWTH ALLOWANCE/D.75% AV MARGIN

The two stage VIO/HL HLLV concept with a payload capability of approxi-
mately 227,000 kg (500,000 1b) was adopted for a reference configuration. The
payload capability was limited in order to maintain a "reasonable" vehicle size.
Both stages have flyback capability to the launch site. The first stage only
utilizes air breathing engines for return to launch site; the second stage is
recovered in the same manner as the STS orbiter.

)
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The launch vehicle utilizes a parallel burn mode with propellant cross-
feed from the first stage tanks to the second stage engines. The first stage
employs high chamber pressure gas generator cycle LOX/RP fueled engines with
LH2 cooling and the second stage employs a staged combustion engine similar
to the space shuttle main engine (SSME) which is LOX/LH; fueled.

Although trade studies were conducted, a vehicle staging velocity compat-—
ible with a heat sink booster concept is desirsble from an operations stand-
point. Technology growth consistent with the 1990 time period was used to
estimate weights and performance. The expected technology improvements are
summnarized in Table 4.1-2. Orbital parameters are comsistent with SPS LEO
base requirements .and the thrust to weight limitations are selected to minimize
engine size and for crew/passenger comfort. Growth margins of 15% in inert
weight and 0.75% in propellant reserves were established. An STS scaling
program was adapted for SPS HLLV sizing.

Table 4.1-2. Technology Advancement
- Weight Reduction

BOLY STRUCTURE 17%
WING STRUCTURE 15%
VERTICAL TAIL 18%
CANARD 12%
THERMAL PROTECTION SYSTEM 20%
AVIONICS 15%
"ENVI RONMENTAL CONTROL T sy
REACTION CONTROL SYSTEM 153
ROCKET ENGINES

15t STAGE THRUST/MEIGHT = 120

2nd STAGE THRUST/WEIGHT = 80

4.2 HLLY CONFIGURATION

The reference HLLV configuration is shown in Figure 4.2-1 in the lzunch
configuration. As illustrated, both stages have common body diameter, wing
and vertical stabilizer; however, the overall length of the second stage
(orbiter) is approximately 5 meters greater than the first stage (booster).
The vehicle gross liftoff weight (GLOW) is 15,730,000 1b with a payload capa-
bility of 510,000 1b to the reference earth orbit. A summary weight statement
is given in Table 4.2-1l. The propellant weights indicated are total loaded
propellant (i.e., not usable). The second stage weight (ULOW) includes the
payload weight. During the booster ascent phase, the second stage LOX/LH:
propellants are crossfed from the booster to achieve the parallel burn mode.
Approximately 1.6 million pounds of propellant are crossfed from the booster
to the orbiter duriing ascent.

SSD 79-0010-4
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BOOSTER ORBITER

- 20M ——]

T/ ORBITER 102.5M

. 560 M

Figure 4.2-1. Reference HLLV Launch Configuration

Table 4.2-1. HLLV Mass Properties x 10-%

KG LB
GLowW 7-14 15.73
BLOW 4.92 10.84
Wp1 h.4g 2.89
ULow 2.22 4. 89
Wp2 1.66 3-. 65
PAYLCAD 0.23 a.51

4.2.1 HLLV FIRST STAGE (BOOSTER)

The HLLV booster is shown in the landing configuration in Figure 4.2-2.
The vehicle is approximately 30C feet in length with a wing span of 184 feet
and a maximum clearance height cf 116 ft. The nominal body diameter is
40 feet. The vehicle has a dry weight of 1,045,500 1b. Seven high P, gas
generator driven LOX/RP engines are mounted in the aft fuselage with a nominal
sea level thrust of 2.3 million pounds each. ‘Eight turbojet engines are mount-—
ed on the upper portion of the aft fuselage with a nominal thrust of 20,000 1b
each. A detailed weight statement is given in Table 4.2-2. The vehicle pro-
pellant weight summary is projected in Table 4.2-3,

4.2.2 HLLV SECOND STAGE (ORBITER)

The HLLV orbiter is depicted in Figure 4.2-3. The vehicle is approximate-
ly 317 feet in length with the same wing span, vertical height, and nominal
body diameter as the booster. The orbiter employs four high P, staged combus-
tion LOX/LH:z rocket engines with a nominal sea level thrust of 1.19 million 1b
each.

4-3
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#CROSS FEED, DUAL DELTA
DRY WING, L/D =7.5

6IM
500 M
ROCKET ENGINES - 7 REQ'D
SB'E '_r‘:';‘a’( 3 TOTAL THRUST = 71,441,950 N{S L.}
CREW CONP'T - = 1131.0 M :
o asa3  WT=975741KG _

. ¥ L0 TANK " AIR BREATHER
LHa TANK ?. a ) FLYBACK
voL=2168.7 M3} VOL=275 M 210 ENGINES — 8 REQ'D
WT = 146,830 KG b wARLL) l TOTAL THRUST =

R Lowes B h 34.88 M 711,716 N
g _H i )E . {REF) M =0.8,h 6055 M
T A & 775 | = =
lizzz001a
L— 27.578 50.451
—— 91728 M
Figure 4.2-2. HLLV First Stage (Booster)
- Landing Configuration
Table 4.2=-2. HLLV Weight Statement
kgx10=% (1bx20~%)

SUBSYSTEM 2ND STAGE 15T STAGE
FUSELAGE 103.41 {227.98} 130.73 (288.22)
WING 39.20 { 86.41) 78.17 {172.34)
VERTICAL TAIL 5.70 { 12.57) 7.21 { 15.89)
CANARD 1.33 ( 3.07) 2.21 ( h.87)
P8 52.53 (115.94) -

CREW COMPARTMENT 12.70 ( 28.00) *k
AVIONICS 3.86 ( 8.50) 3.40 ( 7.50)
PERSONNEL 1.36 ( 3.00) k%
ENV I RONMENTAL 2.5 ( 5.70) itk
PRIME POWER 5.44  ( 12.00) wk
HYDRAULIC SYSTEM 3.86 { 8.50) *x
ASCENT ENGINES 26.93 { 59.38) 67.%5 (148.70)
RCS SYSTEM 9.5 { 2i.15) *
LANDING GEARS 18.38 ( 40.51) *ik
PROPULSION SYSTEHS * 4h.99  ( 59.18)
ATTACH AND SEPARATION - s.sg ( 10.12)
APU - 0.81 ( 2.00)
FLYBACK ENGIHES - 28.55 { 62.95)
FLYBACK PROPULSION SYSTEM - 18.39 { 40.54)
SUBSYSTEMS ) - 25.76 { 56.80)
DRY WEIGHT 286.99 (632.71) (909.12)
GROWTH MARGIHN (15%) k3.05 ( 94.91) {136.37)
TOTAL INERT WT. 330.0h4 (727.62) {1045.49)

*INCLUDED IN FUSELAGE WEIGHT
*XITEMS INCLUDED IN SUBSYSTEMS

4=4
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VOL = B4 94 m3

Table 4.2-3.
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HLLV Propellant Weight Summary X 10-8

FIRST STAGE SECOND STAGE

LB KG LB KG
USABLE 9.607 4.358 - 3.481 1.579
CROSSFEED 1.612 0.732 (1.612) {0.731)
TOTAL BURNED 7.935 3.626 5.093 2.310
RES1DUALS ¢.040 0.018 0.620 .009
RESERVES 0. 045 0.020 0.024 0.0}
RCS ¢.o0l0 0.005 0.018 6.008
ON-ORBIT - - 0.095 0.043
BOIL-OFF - - 0.010 0.005
FLY-BACK 0.187 0.085 - -
TOTAL LOADED 9.889 k.486 3.648 1.655

47.46

800 M

CARGD

BAY

VOL = 2649 93 M3
WT = 226,757 KG LOo TANK

VOL = 1268 26 M3 . l '
LHo TANK
VL. = 3488 24 M3 WT = 1,407.714 KG 210
WT - 234,619 KG
180 [ 35 42 M [REF)
[
7.874

*CROSS FEED, DUAL-DELTA -
DRY WING, L/D =75

ROCKET ENGINES - 4 REQ'D
TOTAL THRUST = 21,129,060 N (S.L}

— 29.028

53 218

Figure 4.2-3.

96.760 M

- Landing Configuration

HLLY Second Stage (Orbiter)

The carge bay is located in the mid-fuselage in a mauner similar to the
STS orbiter and has a length of approximately 90 feet.
statement and a propellant summary for the orbiter is included in Tables 4.2-2
and 4.2-3 respectively.

The detailed weight

88D 79-0010-4
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4.3 HLLV PERFORMANCE

The HLLV performance has been determined by using a modified STS scaling
and trajectory program. The tabulated trajectory data for both nominal and
abort conditions is contained in Appendix B. The vehicle can deliver a pay-
load of approximately 231,000 kg to an orbital altitude of 487 km at an
inclination of 31.6°, The engine performance parameters used in the analyses
are given in Table 4.3-1.

Table 4.3-1. Engine Performance Parameters

ENGINE SPECIFIC iMPULSE {SEC) | MIXTURE RATIO|{ THRUST/WEIGhT
SEA LEVEL VACUUH
LOX/RP GG CYCLE 3z3.7 352.3 2.8:) 120
LOX/CH, GG CYCLE 336.9 361.3 3.5:1 120
LOX/LH, STAGED COMB. 337.0 466.7 6.0:1 8o

The vehicle relative staging veloecity is 2127 m/sec (6978 ft/sec) at an
altitude of 55.15 km (181,000 £t) and a first stage burnout range of 88.7 km
(48.5 nmi). The first stage flyback range is 387 km (211.8 nmi). For the
reference HLLV configuration, all engine throtiling to limit maximum dynamic
pressure during the parallel burn mode is accomplished with the first or

booster stage engines only (i.e., second stage engines operate at 100% rated
thrust).

Summary vehicle characteristics are given in Tebles 4.3-2 and 4.3-3. The
computer CRT data are provided in Figure 4.3-1 through 4.3-35.

v
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Table 4.3-2.

Vehicle Characteristics (Nominal Mission}
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Table 4.3~3. Summary Weight Statement (Nominal Mission)
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Figure 4.3-1. First Stage Thrust vs Time
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Figure 4.3-3. First Stage Figure 4.3~4. First Stage
Relative Velocity vs Time Flight Path Angle vs Time
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Figure 4.3-5. First Stage Figure 4.3-6, First Stage
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PICTURAL VIEW OF THE FLYBACK MAMNELNER OF THE HLLV BOOSTER (SRS STLOY)

Figure 4.3~35. First Stage Flyback Trajectory

4-19
§sD 79-0010-4



Satellite Systems Division a Rockwell
Space Systems Group International

4.4 TRADE STUDY OPTIONS

|

+
*

The trade study options data are given in Appendix B. The several trade
options evaluated included the following:

* First and Second Stage Engine Throttling

* First Stage Propellant Weight Seasitivity

* Second Stage Propellant Weight Semsitivity

¢+ Lift-off Thrust-to-Weight Sensitivity

* Alternate First Stage Propellants (LOX/CHy and LOX/LH»)

With the exception of the engine throttling trades, all trajectories
assumed 100% throttling by the first stage engines (i.e., second stage engines
operate at meximum thrust throughout the parallel burn ascent phase) in order
to stay within maximum allowable load factor and dynamic pressure, 3 g and 650
psf respectively.

The engine throttling study shows little effect on vehicle payload capabil-
ity when doing 100Z of the throttling with either stage. All intermediate
options (i.e., partial throttling of both stages) shows a degradatiom in pay-
load capability.

The first stage propellant weight sensitivity analyses show an improve-
ment in glow/payload weight ratio (smaller) as first stage propellant weight
is increased, however, the staging velocity exceeds the capability of a heat
sink booster. The second stage propellant weight sensitivity indicates an
opposite effect to the first stage data.

By combining the effects of throttling of second stage only and increas-
ing first stage propellant weight could result in a 10«15% improvement over
the reference HLLV configuration.

The alternate propellant trades, LOX/CHy and LOX/LH,, show 77 and 37%
increased performance over the reference HLLV configuration. The LOX/LH;
configuration, however, becomes extremely large (volume) and less cost
effective because of handling and propellant costs. The LOX/CH, booster
appears to be a viable optiom.

4=20
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5.0 LEO-TO-GEO TRANSPORTATION - EOTV

It was previously shown that a chemical orbital transfer vehicle requires
a prohibitive propellant mass teo place the 8PS mass in GEO because of the
limited available specific impulse of chemical systems. An electric argon ion
orbital transfer system was therefore selected as a baseline for SPS cargoe
transfer from LEO-to-GEO. This study phase was directed toward better def-
inition and a degree of optimization of the EOTIV concept. Detailed electric
thruster analyses .and parametric scaling data are included in Appendix C.

5.1 ELECTRIC ORBITAL TRANSFER VEHICLE CONCEPT

The electric OTV concept, Figure 5.1-1 is based upon a rigid design which
can accommodate two “standard" solar blanket areas of 600 meters by 750 meters
from the MSFC/Rockwell baseline satellite concept. The commonality of the
structural configuration and construction processes with the satellite design
is noted. Since the thrust levels will be very low (as compared to chemical
stages), the engines and power processing units are mounted in four arrays at
the lower corners of the structuré/solar array. Each array contains 36 thrust-
ers, however, only sixty-four thrusters are capable of firing simultaneously.
The additional thrusters provide redundancy when one or more arrays cannot be
operated due to potential plume impingement on the solar array. Up to 16 thrust-
ers, utilizing stored electrical power are used for attitude hold only during
periods of occultation. The attitude determination system is the same as the
8PS, mounted in & locations as indicated. Payload attach platforms are lecated
so that loading/unloading operations can be conducted from "outside" the light
weight structure. )

« ATTITUDE DETERMINATION SYSTEM
[6 LOCATIONS)
» SAME AS 5PS

36 INCLUDES
/ 20% SPARES

o

Figure 5.1-1. EOTV Configuration

5-1
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5.1.1 EOTIV SIZING ASSUMPTIONS

A list of primary assumptions used in EOTV sizing are summarized in
Table 5.1-1. The orbital parameters are consistent with SPS requirements and
the delta "V" requirement was taken from previous SEP and EOTV trajectory cal-
culations. A 0.75% delta "V" margin is included in the figure given.

Pable 5.1-1. EOTV Sizing Assumptions

» LED ALTITUDE - 487 KM @ 31.6° INCLINATION

* SOLAR INERTIAL OR{ENTATION

* LAUNCH ANY TIME OF YEAR

= 5700 M/SEC AV REQUIREMENT .

+ SOLAR [NERTIAL ATTITUDE HOLD ONHLY DURING QCCULTATION PERIODS
- 50° PLUME CLEARANCE

+ NUMBER OF THRUSTERS - MINIMIZE .

= 20% SPARE THRUSTERS - FAILURES/THRUST DIFFERENTIAL
« PERFORMANCE LOSSES DURING THRUSTING - 5%

+ ACS POWER REQUIREMENT - MAXIMUM OCCULTATION PERIOD
+ ACS PROPELLANT REQUIREMENTS - 1003 DUTY CYCLE

.25% WEIGHT GROWTH ALLOWANCE

During occultation periods, attitude hold only is required (i.e., thrust-
ing for orbital change is not required).

Since it is currently anticipated that thruster grid changes will be re--
quired after each mission, a minimum number of thrusters are desired to minimize
operational reguirements.

An excess of thrusters are included in each array to provide for potential
failures and primarily to permit higher thrust from active arrays when thrust-
ing is limited or precluded from a specific array due to potential thruster
exhaust impingement on the solar array or to provide thrust differential as
required for thrust vector/attitude control. A 5% specific impulse penalty was
also applied to compensate for thrust cosine losses due to thrust vector/atti-
tude control.

An all-electric thruster system was selected for attitude control during
occultation periods. The power storage system was sized to accommodate maximum
gravity gradient torques and occultation pericds. A very conservative duty
eyele of 100% was assumed for establishing ACS propellant requirements. A 257
weight growth margin was applied as in the case of the 8PS. )

5.1.2 ECTV SIZING APPROACH

The key criteria in sizing the EOTV are given in Table 5.1-2. As stated
previously the EOTV power source utilizes the same construction approach as the
basic SPS. ‘'Structural bays and solar blanket sizes are consistent with those
of the SPS.

8SD 79-0010~4
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Table 5.1-2. EOTV Sizing Approach

« SAME CONSTRUCTION/CONFIGURATION AS SPS
+ PAYLOAD CAPABILITY > Lx10% KG UP/10% DOWN
« SELF-ANNEALING SOLAR CELLS {GaAlAs)

« TRIiP TIME LEO-TO-GEO ~ 120 DAYS
- GEO-TO-LEO < 30 DAYS

« END-OF-LIFE PERFORMANCE CRITERIA - 155 DEGRADATION
. SAME CRITERIA USED FOR Si EOTV CONFIGURATION

The payload capability of 4x10~° kilograms is comsistent with previous
study results which indicated minimum transportation costs based on 8 to 12
EOTV flights and LEQO-to-GEO trip times between 100 and 130 days (see Trade
Studies). A 10% down payload capability is provided im order to return pay-
load packaging materials.

The GaAlAs cells are assumed to be self-annealing of electron damage
occurring during transit through the Van Allen belt. A lifetime degradation
in performance of 15% is consistent with basic SPS criteria. This end-of-life
performance was conservatively used in all performance calculations.

The issue of silicon cell amnealing was not addressed. However, the same
assumptions used for the GaAlAs system were applied to the silicon cell config-
uration (see Trade Studies).

5.1.3 EOTV SIZING LOGIC

The logic employed in sizing the EOTY and thruster selection are summa-
rized in Table 5.1-3.

Table 5.1-3. EOTV Sizing Logic

SOLAR ARRAY CONFIGURATION - AVAILABLE POWER

GRID OPERATING TEMPERATURE - MAX{MUM TOTAL VOLTAGE
GRID VOLTAGE (PLASHA LIMITED) - SPECIFIC IMPULSE

+ %NUMBER OF THRUSTERS - BEAM CURRENT/DIAMETER/THRUST
* TRIP TIHE - PROPELLANT wEIGHT/PAYLOAﬁ WEI1GHT

.

*CONSISTENT WITH ACS THRUST REQUIREMENTS

Having adopted a basic solar array configuration, the available power is
thus established. The solar array consisting of two SPS bays has a total power
output of 335.5 megawatts. Line losses of 6% and an end-of-life cell degrada-
tion of 157 were assumed which yields a net power to the thruster arrays of
268.1 megawatts. The thruster array losses were determined to be negligible.
The power storage system was also sized on the same basis as for the SPS, 200
kilowatt-hours per kilogram weight.

5-3
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The practical upper operating temperature limit of 1900°K for molybdenum
thruster grids fixes the maximum absolute operating voltage of the thrusters
at 8300 volts (see Appendix C).

The solar array voltages must be as high as possible to reduce wiring
weight penalties, yet, power loss by current leaking through the surrounding
plasma must be at an acceptable level. There is no significant flight test
data available on plasma-current leakage. [Planned experiments aboard the
SPHINX satellite (February 1974) were lost due to a launch failure.]

K. L. Kennerud in 1974 predicted plasma power loss based on analysis and
plasma—chamber experiments, Figure 5.1-2. The plasma loss from a 90 percent
insulated array is plotted in the figure as a function of altitude with voltage
as a parameter. At 500 km altitude and very large arrays and high efficiency
cells, it may be possible to utilize 2000 volts.

SYNCHRONOUS
106 — / ALTITUDE
ARRAY
105 OUTFU‘]’J| A
/¥16,000
VOLTS .
. - | ELECTRON
E 104 7 COLLECTION
g 2,000 '
r
E’ /voLTS
wy 1 - o
S w08
&
[#}
= 3
g 2L ~16,000
: VOLTS
2 \ ., X ION
- \\ ) COLLECTION
VOLT
N )
\ | (W REFERENCE: KENNERUD, K.L,
L HIGH VOLTAGE SQLAR ARRAY EXPERIMENTS.
NASA LEWIS RESEARCH CENTER
| DOCUMENT CR-121280 1974
10-1 l ! [ i

100 1,000 10,060 100,000
ALTITUDE (KILOMETERS)

Figure 5.1-2. Plasma Power Losses from a 15 kW Solar Array
with 90% Insulating Surface

An upper limit of +2000 volts was therefore assumed in order to preclude
the possibility of arcing due to LEQ plasma effects. A specific trade of con-
ductor insulation requirements as a function of positive voltage is indicated.
The screen grid voltage establishes propellant specific impulse at 8221 sec,
The number of thrusters selected establishes the remaining thruster parameters.
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{(The number of thrusters should be selected such that the individual thrust is
consistent with attitude control thrust requirements in order to preclude the

need for dedicated ACS thrusters.) Thruster characteristics are summarized in
Table 5.1-4.

Table 5.1-4, EOTV Thruster Characteristics

MAXIMUM OPERATING TEMPERATURE - 1900° K

TOTAL VOLTAGE -~ 8300 VOLTS

GRID VOLTAGE - 2000 VOLTS MAXIMUM

BEAM CURRENT -~ 1887 aMp

SPECIFIC IMPULSE - 8213 SEC

THRUSTER DIAMETER ~ 76 €M

THRUST/THRUSTER - 69.7 NEWTON

NUMBER OF THRUSTERS - 144 (INCLUDES 25% SPARES)
HAXIMUM OF &4 THRUSTERS OPERABLE §IMULTANEOUSLY

By establishing trip time (see Trade Studies), the maximum quantity of
propellant which can be consumed during transit is established; which in turn
fixes maximum payload capability.

5.1.4 EOTV WEIGHT/PERFORMANCE SUMMARY

Based upon the assumptions, approach and logic described above, the EOTV
weights and performance are essentially established. The selected EOQTV weight
and performance summary is given in Table 5.1-5, and the configuration is shown
in Figure 5.1-3. '

Table 5.1-5. EOTV Weight/Performance Summary (kg)

SOLAR ARRAY 588,196
CELLS/STRUCTURE 299,756 .
POWER CONDITIONING 288,440

THRUSTER ARRAY (&) : 96,685
THRUSTERS/STRUCTURE 10,979
CONDUGTORS 4,607
BEAMS/G |MBALS 2,256
PROPELLANT TANKS 78,843

ATTITUDE CONTROL SYSTEM 186,872
POWER SUPPLY 184,882
SYSTEH COMPONENTS 274
PROPELLANT TANKS 1,716 :

EOTV INERT WEIGHT 871,753

25% GROWTH 217,938

TOTAL INERT WEIGHT 1,089,691

PROPELLANT WEIGHT 666,660
TRAHSFER PROPELLANT 655,219
ACS PROPELLANT 11,40

EOTV LOADED WEIGHT 1,756,351

PAYLOAD WE{GHT 5,171,318

LEG DEPARTURE WE!GHT - 6,927,669

PROPELLANT COST DELIVERED {$/K& P/L) 4.72

5=5
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EOTV DRY WT. - 1.1x10° KG
EOTV WET WT. - 1.786x106 KG
PAYLOAD WT. - 5.17%108 KG

— EREBEE 36 Jrigkggses 25%
BEEEEE
QEREEE
ojelojolojo
oo (%
i olo|olalolo ™
4
M

Figure 5.1-3. Selected EOTV Configuration

The solar array weights are consistent with baseline SPS weights criteria.
The thruster array weights are dictated by the size/performance of the individ-

ual thruster whose performance is fixed by available power and voltage/tempera-
ture limitations.

The major element of attitude contreol system weight, (the power supply)
is based on the same sizing criteria as the S5PS battery system.

The transfer propellant weight of 666,660 kg is the maximum that can be
consumed by the thrusters during the assumed transit time of 120 days up
(100 days thrusting) and the resultant return trip time of approximately
30 days (22 days thrusting).

The EOTV dry weight (including growth) is approximately 1.09x10° kg and
has a payload delivery capability to GEO of 5,17x10° kg with a 10% return pay-
load capability to LEO.

The estimated cost of $4.72/kg-payload reflects propellant costs only
(delivered to LEO).

5-6
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5.2 ELECTRIC ORBITAL TRANSFER VEHICLE TRADE STUDIES

Several trade studies were conducted with the objective of achieving a
ear cost-optimum EOTV configuration. In addition, parametric sizing data
ere generated for thrusters, thruster arrays, comnductors, and overall EOIV
izing. These data are contained in Appendix C. The results of selected
rade studies are summarized hereian.

.2,1 GSOLAR ARRAY VOLTAGE, GRID TEMPERATURE, NUMBERS OF THRUSTERS

The effects of lowering the total solar array voltage from the baseline
f 8300 volts to 3300 volts was evaluated and the results were found to be
egligible. The thruster diameter increased to 120 cm and the grid tempera-
ure was lowered to 1500°K. Although the thruster array weight increased
pproximately 2.5 times the total impact on EQTV inert weight is negligible.
n addition the added array weight could be offset by a reduction in conductor
nsulation weight. A lower total voltage would appear to be advantageous only
£ the power conditioning weight would be effected significantly which present
ata indicates would not be the case.

Similarly, the number of thrusters in the baseline was ryeduced by 50%,
hus doubling the unit beam current and thrust. The thruster dismeter in-
reases to 108 cm with no significant change in thruster array weight. The
igher thrust appears to be disadvantzgeous from the standpoint of ACS re-
uirements (i.e., dedicated lower thrust units might be required to satisfy
inimum ACS demands).

Three EOTV configurations reflecting changes of the type described and
lso trip time are summarized in Table 5.2-1. As may be seen the relative
ropellant costs between configuvation 11A and 11B show an increase with a
ecrease in trip time from the baseline. Configuration 12 also shows an in-
rease in cost with increased numbers of thrusters with lower accelerating
‘oltage. Although configuration 1lA appears to be more efficient than the
agseline, it is noted that only 10% spare thrusters and a 13%Z weight growth
as allowed in these configurations. When these corrections are made, all
hree configurations exceed the baseline selection.

w2.2 POWER DISTRIBUTION AND CONWIROL WEIGHT

A simplified block diagram, Figure 5.2-1, illustrates the EOTV power dis-
:ribution interface for the solar photevoltaic concept. The distribution sub-
.ystem consists of interties, main feeders, summing bus, tie bar, switch gears,
nd de/dc converters. The solar arrays feed the load buses with a direct
mergy transfer. Provisions are included to switch power from any bus to any
hruster location. The basic voltages supplied are +2000 V dc and ~6300 V dec.
mndividual power supplies will be included as required at the thrusters to
wupply other wvoltages.

Figure 5.2-2 shows the power distribution and contreol weight comparisons
‘or several EOTV counfigurations studied. A solar array voltage output of

080 V dc was selected as the upper limit for power generation to stay within
:olerable plasma power losses for low earth orbit opesrations. The lowest weight

5-7
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Table 5.2~1. EOTV Configuration Trades
CONFIGURATION 11A 11B 12
THRUSTER DATA
ACCELERATING VOLTAGE, V 2000 2000 1268
SPECIFIC IMPULSE, SEC 8213 8213 6540
DIAMETER, CM 127 127 127
GRIP SET TEMP., 9K 1300 1300 1200
NO. (INCLUDING 10% SPARES) 116 1186 180
TRIP TIME, DAYS
LEO-GEOQ 100 80 100
GEO-LEQ 22.3 20 20.9
PROPELLANT, G (659,739) (540,766) (1,009,000)
LEO-GEOQ 532,444 425,952 824,638
GEO-LEO 118,712 107,186 171,830
ACS 8,583 7,628 12,434
EQTY WEIGHTS, KG
SOLAR ARRAY & COND. 588,195 588,196 588,196
THRUSTEHR ARRAY 112,586 96,469 200,386
DOWER SUPPLY 60,413 87,029 54,524
TOTAL DRY WT. (INCL. 15% 875,374 864,448 269,578
GROWTH) .
*PAYLOAD WT., KG 5,458,250 4,186,384 6,758,069
**PROPELLANT COST (DELIVERED)
($/KG PAYLOAD) 4.51 4.8} 5.57
*Based on 10% dawn payload capabilaity.
**Rockwell reference configuration—34.72
(6300 VOLTS) {+2000 VOLTS)
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130004
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CONFIGURATION == 3000} R —
HE Pl ledtd LI [,
CELL MAT'L GoAs SILICON
CR 2 1
TRANS, VOLTAGE +2080V -6300V -6300V
PANEL CONFIG. SPLIT SPLIT SPLIT SPLIT SPLIT SPLIT SPLIT

2 PANELS | 4 PANELS | 4 PANELS| 2 PANELS | 4 PANELS 2 PANELS | 4 PANELS

WEIGHTS (10% KG)

INTERTIES 221,940 67,260 177,550 177,550 177,500 19,3540 19,540
MAIN FEEDERS 144,520 119,230 57,810 57,810 57,810 22,850 83,740
SUMMING 8US 177,550 44,390 177,550 177,550 55,490 68,800 68,800
* TIE BARS - 24,660 24,660 24,660 24,660 24,660 8,140 8,140
SW GEARS - 2,290 2,290 2,290 2,290 2,2%0 9,460 7,310
POWER CONDIT. - - - - - 75,490 75,490
INSUL. 4,400 4,400 {4,400 4,400 4,400 4,400 16,150
SEC, STRUCT, 57,540 26,220 44,200 44,430 3,220 20,870 27,920
TOTAL | 632,900 288,440 486,180 488, 690 354,420 229,550 307,090

PITE CORFECTION FAlI08S

HEE R N g It
fa. iCr TOoNsET1a bR

Figure 5.2-2. EOTV Power Distribution and
Control Weight Comparisons

concept results in a power distribution subsystem weight of 288,440 kg. This
configuration is a direct energy transfer to the engines. This weight was cal-
culated at a distribution (line loss) efficiency of 94% (i.e., 6% line loss).
The weight calculations ranged up to 632,900 kg dependent upon specific con-
figuration details. A negative voltage system was compared to show impact of
higher voltage. A negative 6300 volts was selected for this purpose since
this is the second voltage requirement of the EOTV thruster system. This con-
cept requires power conditioning at the thrusters to provide the +2000 volt .
inputs required. The silicon system was compared f£or the lowest weight ap-
proach and results in 2 weight pemalty of ~33% (307,090 kg vs 229,550 kg).

The +2080 volt concept is the recommended approach since it does not require
major power conditioning (i.e., direct power transfer) and the -6300 volt
system is susceptable to arcing precblems in the plasma environment.

5.2.3 GALLIUM ARSENWIDE VERSUS SILICON SOLAR CELLS

A comparison was made of the EOIV requirements using GaAs and silicon
solar cells. The configurations used in the comparison are shown in Figure
5.2-3 with a tabulation of solar array parameters and values. The silicon
solar array weights are 725,904 kg compared to 263,511 kg driven by higher
specific weight (.426 kg/m2 vs .252 kg/mz) and requirement for large area
(1,704,242 m* vs 886,950 m?). The impact of reflector weight on the GaAs
configuration is negligible.

5-9
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<= SILICON CONFIGURATIONS

PARAMETER GaAs SILICON
SOLAR |NPUT 1319.5 w/M2 13195 W/ M2
ENERGY ONTO CELLS 2414.7 (CR = 1.83) 1319.5 (CR - 1)
1 424,98 (17.6%) | 221,97 06.74%)
DESIGN FACTOR 278.24 (.89 196.85 (.89)
POWER OUTPUT (ARRAY) (1} | 335,48 MEGAWATTS 335,48 MEGAWATTS
NOTE: AREA REQM'T 886,950 M2 1,704,242 M2
0 ARRAY AREA 900,000 M2 1,800,000 M
NO SPACE DEGRADATION | sepaY WEIGHT (KG) 223,511 (.252 KG/M2) | 725,904 (.426 KG/M?)
ALLOWANCES REFLECTOR AREA 2,210,000 M2 -
REFLECTOR WEIGHT 40,000 KG -
SUBTOTAL 1 263,51 kG 725,904 KG

Figure 5.2-3. EOTV Solar Array Comparisons
(Gads versus S5i Solar Cells)

Estimated weights and performance for two representative EOTV configura-
tions are given in Table 5.2-2. The increased solar array weight for the
silicon solar cell configuration results in a 14% reduction in payload capabil-
ity and a longer return trip time. Because of- these factors and the unknowns
in annealing of the silicon cells in space, the gallium arsenide approach is
more desirable.

5.2.4 ATTITUDE CONTROL SYSTEM

The selection of an “all-electric" propulsion system was based on prior
studies which indicated a. prchibitive propellant requirement for chemical
thrusters, even when used in the ACS mode oaly.

The Rockwell EOQTV concept utilizes attitude hold only during the shadowed
period of orbit. Electric thrusters powered by storage batteries are used for
ACS during this period. Worst case ACS requirements during Earth shadow periods
were evaluated in order to determine battery power and thruster requirements;
the objective being teo minimize ACS requirements.

Thruster redundancy in each thruster array was also considered to preclude
thruster exhaust impingement on the solar array.
5-10
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GaAlAx and Silicon Powered EQTV

Weight Comparison (kg)

ELEMENT GaAlAs
SOLAR ARRAY 493, 056
THRUSTER ARRAY 104, 046
ATTITUBE CONTROL SYSTEM 50, 471
EOTV INERT WEIGHT 647,573
GROWTH - 25% 161, 893
TOTAL EOTV INERT WT, 809, 466
DELTA V PROPELLANT 540,420
ACS PROPELLANT 6,874
TOTAL EOTV LOADED WT, 1,356,760
PAYLOAD WEIGHT 5,310, 568
LEQ DEPARTURE WT. 6,667,328 -
TRIP TIME (UP/DOWN} 120ns

StLicoN

1,032,991
113,355
50,576
1,196, 922
299, 231
1,496,153
593,170
7,411
2,096,794
4,570,534

6, 667,328

120728

EOTV dry and loaded inertia data, Table 5.2-3, were generated for two pay-
load stowage options. These data were generated for comparison with ‘MSFC data
and for ACS thruster requirement deteimination for the reference EOTV configura-

tion described earlier.

Table 5,2-3,

Preliminary Moments of Inertia

» ECTV REFERENCE CONFIGURATION
MOMENTS OF INERTIA.
KG-M2 X 10"
Ix by iz
INERT EQTV WITHOUT
PAYLOAD & PROPELLANT 3.0 +51 3.5
ECTV FULLY LOADED
¢ PAYLOAD CONCENTRATED
ON EACH SIDE AT 4/2 6.94 4,43 1,37
o PAYLOAD DISTRIBUTED
ABOUT C.M. 6.9 1,21 8,14

N
N

The approach to sizing ACS power requirements was to integrate the overall
thruster requirements over the earth shadow period rather than taking maximum
values which lead to ultra conservative design requirements, Figure 5.2-4.

5-11
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Figure 5.2-4. 7Typical Gravity Gradient Torgue Curves
Based upon average gravity gradient torques, the number of thrusters re-
quired were determined for two vehicle oriemtations, three beta 'angles, and
two payload locations. The calculated thruster requirements are summarized
in Table 5.2-4.
Table 5.2-4. Thruster Reguirements in Shadow#

o LONG AXIS INITIALLY POP

AVERAGE NO, THRUSTERS

BETA PAYLOAD DISTRIBUTED PAYLOAD CONCENTRATED

DEG) ABOUT C.M. ON EACH SIDE AT Li2
10 26 2.0
)] 16.2 19.9
& ] 182 . 1.7

® I0ONG AXIS INITIALLY IN ORBIT PLANE

10 15.2 15.6
20 16,0 20.9
45 19.9 : 3.3

*BASED ON 487 KM ALTITUBE
AVERAGE SHADOW PERIOD 36.7 MIN.

Although the number of thrusters required to. satisfy all ACS requirements
are greater than previously estimated (i.e., 16 in lieu of 4, nominal), other
options are available to further reduce ACS requirements. These include EOTV

S5~12
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configuration changes, off-set solar pointing, attitude maneuvers to lower
gravity gradient torque during shadow periods, etc.

Potential methods of reducing thruster requirements by configuration
changes are illustrated in Figure 5.2-5. Many other configuration options
also exist.

-

* PRESENT CONFIGURATION

s CAN REDUCE |MPINGEMENT
PROBLEMS BUT REQUIRES
8 CLUSTERS (VS &)

/'1 *REDUCES IMPINGEMENT CONSTRAINTS,
INCREASES MOMENT ARMS,
INCREASES STRUCTURE AND POWER
CABLING REQUIREMENTS

+ OTHERS

Figure 5.2-5. Alternative Thruster Configurations

Another method of providing reduced ACS thruster requirements is to roll
the vehicle relative to the solar inertial axis. Although some loss in solar
blanket efficiency might occur, the reduction in numbers of thrusters may off-
set those losses. The effect omn solar blanket efficiency with off-set pointing
is shown in Figure 5.2-6.

Although alternate configurations are recommendsd for future evaluatiom,
the current concepts are adequate for this phase of program definitiom.
Table 5.2-5 summarizes the current ACS trade study results.

5.2.5 TRIP-TIME OPTIMIZATION ANALYSIS

An analysis was performed to define an approach for comparing EQOTV's
having differing LEO-to~GEO trip times omn a $/kg-of-payload basis. Although
the number of EQOTV variables assessed are limited, the basic study result is
believed to be valid. Later studies might include variations and refinements
on any major parameter (i.e., electric engine size, thrust level and specific
impulses). (EOTV and COTV are used synonymously in this section of the
report.)

The basic equations used are presented in Table 5.2-6 to give the reader

- sufficient data to check succeeding calculations if desired. Note that the AV
of 4508 m/sec is applicable to an equatorial departure orbit at 300 nautical
miles. For departures from inclined orbits, the Edelbaum equations are suggest-
ed. The calculation of initial EOTV mass in LEO, Mi, was modified slightly to
account for ACS propellant use.

5-13
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Figure 5.2-6. Partial Solar Pointing

Table 5.2-5. ACS Trade Study Results

* LONG AX1S INITIALLY POP WITH PAYLOAD DISTRIBUTED ABOUT C.M. IS THE
PREFERRED ORIENTATION

e FOR ATTITUDE HOLD N SHADOW PERIQD, THE AVERAGE NUMBER OF THRUSTERS
IS 8.6 FOR LOW 8 AWD 18.2 FOR WORST-CASEﬂ.

* PRESENT THRUSTER CONFIGURATION OF FOUR CLUSTERS REQUIRES 35 THRUSTERS
PER CORNER INCLUDING 20% SPARING; COSINE LOSSES IN VERTICAL PLANE DUE
T0 15° PLUME CONSTRAINT {APPROX. WORST CASE COSINE LOSS » 12%

* PARTIAL SOLAR POINTING ATTRACTIVE FOR HIGH B ORBITS

* CONSTRAIN MISSION TO REDUCE MAXIMUM § (AND CONTROL REQUIREMENTS)
APPEARS FEASIBLE; REQUIRES FURTHER MISSION ANALYSIS TO DEFINE
MAXIMUM 4

¢ |NVESTIGATE ALTERNATIVE THRUSTER CLUSTERING CONFIGURATIONS

By "freezing'" the electric EOTV size and non-propulsive subsystems, trip
time variations are introduced by varying the payload to change the thrust-to-
weight relationships. From computer data, the following LEO-to—-GEO trip times
and thruster burn times were established.

LEO-TO~GEQ TRANSFER

Total Trip Times Thruster Burn Times

(Days) (Days)

30 20.8

60 47.0

90 73.2

120 99.4

150 125.7

130 151.8

5=-14
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Table 5.2-6. Basic Eguations Used in Analysis

THRUSTER PROPELLANT FLOW RATE

" s

. 13.02
. 5065113, 000

e

A l0.23x107

ELECTRIC COTV GROSS WEIGHT IN LFO

M < MASS OF PROPELLANT LEO-TO-GEG)
Mf » MASS REMAINING N GEQ AFTER EXPENDING PROPELLANT MIJ
M; = INITIAL COTV MASS IN LEO

4y
MD - Mf( eglsp -1) WHERE 4V = 4,508 misec INO PLANE CHANGE)
My = 0.03606 Mg

M = My F M- 2873 M

With these data, one can compute the LEO-to-GEO argon propellant requirements
and multiply by 0.2 to estimate tankage and line masses needed to calculate
GEO-to-LEO propulsive requirements. The return trip-time results which cor-
relate with the above LEO-to-GEO transfers are as follows:

GEC=T0-LEQ TRANSFER

Total Trip Times Thruster Burn Times
(Days) (Days)
21.1 14.0
21.3 14,2
21.6 14.4
21.8 - 14.6
22.2 14.9
22.4 15.1

The payload mass capabilities for the various EQIV trip times are summarized
in Table 5.2-7.

Minor adjustments were made to the gross weights (i.e., from ~10,000 to
~20,000 kg) to account for expended ACS propellants during the transfers. The
weight growth margins are reflected in the propellant mass calculations since
they had been added to the non—variable EOTV masses.

The assumptions affecting EOTV trip-time cost are summarized in Table 5.2-8.
The numbers shown for each assumption are not "hard" in.the sense of being fully
justifiable and the reader is encouraged to introduce his own where discrepancies
may appear. The EOTIV operations cost variable is introduced to account for the
slightly higher degree of activity at the LEQO base for the shorter trip time
concepts, and is not to be taken as the cost of LEO base operations. EOTV turn-
around times were based on total trip times plus assumed delays per trip and
loading/unloading operations times.

5-15
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Table 5.2-7. 8izing the BOTV - Payload Mass Capabilities

!

L NON-VARIABLE COTV MASSES (xs)l

STRUCTURES AND SUPPORTS 252,000
SOLAR BLANKETS 226,300
REFLECTORS 25,200
THRUSTER MODULES 32,400
ROTARY JOINT 6,540
PWR DISTRIB. § CONTROL k6,500
1S 1, hoo
ACS HARDWARE (ALL) 10,800
ACS PROPELLANT - LEO 10,800
22,400
+30% GROWTH MARGIN 186,730
509,170
[ LEG~TO-GED TRIP TIMES
| TRIP-TIME VARIABLE MASSES (Kcﬂ 30 DAYS 60 DAYS 90 DAYS 120 DAYS 150 DAYS 180 DAYS
LEO-TO-GEO ARGOH PROPELLANT 42,210 95,390 148,560 201,740 255,110 308,080
GEQ-TO-LEO ARGON PROPELLANT 28,5460 28,880 29,300 29,720 30,140 30,560
ARGON TAMKAGE/LINES 14,130 24,860 35,570 46,290 57,050 67,730
ACS FLIGHT PROPELLANT 5,400 10,500 16,200 21,600 27,000 32,400
+ SUBTOTAL 90,200 158,930 229,630 299,350 369,300 435,770
NON-VARIABLE COTV MASS 809,170 809,170 809,170 209,170 809,170 809,170
ELECTRIC COTV HASS 899,370 969,106 | 1,033,800 | 1,108,520 | 1,178,570 | 1,247,950
GW IN LEOQ 1,221,740 { 2,751,620 | 4,261,230 | 5,811,110 | 7,346,460 | 8,870,310
PAYLOAD CAPABILITY 322,370 | 1,782,520 | 3,242,430 | 4,702,590 | 6,167,990 | 7,622,370

Table 5.2=8. Assumptions Affecting EOTV Trip-Time Cost Compérisons

HLLY PAYLOAD COSTS TO LEO = $30UKG PAYLOAD

HLLY PAYLOAD INTEGRATION PENALTY OF 10%

HLLY ADDITIONAL PAYLOAD INTEGRATION PENALTY OF 20% FOR PROPELLANT
CONTAINMENT

EOTY RESUPPLY PROPELLANT COSTS AVERAGE 31/KG

EOTV THRUSTER GRIDS REPLACED AFTER 4,000 HOURS BURN TIME

EQTV THRUSTER GRIDS WEIGH 4 KG/GRID AND COST $500/GRID

EQTY "LIFE" IS DEFINED AS 100% REPLACEABLE AND IS BASED ON EOTV
FLIGHT TIMES USING 360-DAY YEARS .

EQTV OPERATIONS COST VARIABLE 1S $200,000 FOR EACH FLIGHT TURNAROUND

EOTV INITIAL ON-ORBIT COST IS5 $150x106

SATELLITE INVESTMENT AT $5x10%

BISCOUNT RATE IS 7.5%

EOTV TURNAROUND TIMES AS LISTED:

LEQ-TO-GED TURNARQUND

TRIP TIMES TIMES
30 DAYS 57.6 DAYS
60 DAYS 94,1 DAYS
90 DAYS 130 6 DAYS
120 DAYS 160. 8 DAYS
150 DAYS 203 9 DAYS
180 DAYS 240, 4 DAYS

An example calculation is shown in Figure 5.2-7 for the 180-day LEO-to-GEQ
trip time case with its up payload capability of 7,622,370 kg to demonstrate
how costs are apportioned on a $/kg payload basis., The results for all LEO-to-
GEQ trip-time cases are also presented and summed. Note that no apportionment
has yet been made for the initial/replacement cost of the vehicle. This will
be considered in the material to follow.
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l;gXAHPLE CALCULATION‘I 180~-DAY LEO-TO-GED TRIP TIHE CASE = PAYLOAD = 7,622,370

RESUPPLY: .
HLLY_OPERATIONS COSTS

* ALL PROPELLANTS (385,080 KG) * 1.1 {PAYLOAD INTEGRATION)

x 1.2 {CONTAINMENT) x $30/KG {LAUNCH TO LEO) = §15,249,170

e GRID MASS REPLACEMENTS (& XG/GRID % 270 GRIDS x 1.3 GROWTH}
% {166.9 BURN DAYS x 24 HRS/DAY < 4,000 HRS)x 1.1 (P/L) x $30/KE = 46 400
$16,295,570
= $2.007/K5 PL

MATERIALS/PROPELLANT COSTS

® PROPELLANT MASS (385,080} = $1/KG = $385,080
e THRUSTER MODULE REPLACEMENT GRIDS = 135,190
TT§520,270

$0.068/KG PL

SPACE OPERATIONS:

TURNARQUND COSTS
o AT 5204,000 PER FLIGHT, DIVIDED BY PAYLOAD

$0.026/KG PL

[_ALL TRIP=TIHL LASLY I

LED-TO-GED TREIP TIHES
30 DAYS 60 DAYS ! 90 DAYS 120 DAYS ! 150 DAYS 180 DAYS
RESUPPLY = HLLY QPERAT|ONS $11.093 $3.322 $2.550 $2.255 $2.101 $2.007
- HATERIALS/PROP. $ 0.367 $0.111 $0.086 $0.076 $0.071 50.068
SPACE QPERATIONS $ 0.620 $0.112 $0.062 $0.043 $0.4032 $0.020
TOTALS $12.086 $3.54% $2.698 $2.34h $2.204 s2.10l

Figure 5.2-7. Apportioned Resupply and Operations
Cost/kg of EOTV Payload

The definition of vehicle "life" was stated in the assumptions as requir-
ing 1007% replaceability. An example is given here assuming that vehicle life
is limited to 5 years of flight time. For the 180-day LEO-to-GEO trip-time
case, 5 years times 360 days/year divided by 202.4 flight days per trip yields
an average vehicle life of 8.8933 flights. From this data, program buys can
be computed and are shown in Figure 5.2--8, Also from the data provided, fleet
size calculations can be made for each trip-time case. WNote that a l0-year
"life" would halve the program buy requirements but would not alter the fleet
size demands.

The investment streams for capital purchase of the EOTV's is developed
from consideration of average vehicle cost, fleet size, total program buy, and
vehicle life. For this analysis it was assumed that the average vehicle cost -
in place - would be $150x10° regardless of the total numbers purchased. The
example shown in Figure 5.2-9 is for a S5-year vehicle "1life" and assumes that
the initial fleet production investment was begun six years prior to the first
SPS IOC date. All LEO-to-GEO trip-~time cases are shown except the 30-day case
which is now recognized as not cost-effective. If the last purchase of 1l0-year
life point was plotted for the 60-day trip-time, it would appear at $9.15 B on
the ordinate and 18.728 years on the abeissa, but the initial fleet complement
investment point would remain unchanged.
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[7HXAMPLE CALCULATION FOR 1BO-DAY LEO-TO-GFO TRIP TIMF l

* LIFE OF VENICLE IS 8.8933 VFLIGHTS

DURING THE VEHICLE LIFE,
THE PROGRAM REQUIREMENTS ARE 120 SATELLITES AT 10 x 10% KG
67,788,020 KG YIELDS THE REQUIRED PROGRAM BUY OF 71 VEHICLES

IT WILL TRANSPORT 8.8233 x 7,622,370 KG
EACH DIVIDED BY

g Rockwell
international
= §7,78%,020 KG,

s ASS&MING THAT A SINGLE SATELLITE MASS OF 40 x 105 KG MUST BE DELIVERED DURING A
90-DAY INCREMENT, THEN THE FLEET STZE REQUIREMENT IS 90 DAYS DIVIDED BY TURNAROUND

TIME OF 240 DAYS TIMES THE PAYLOAD =
DELIVERED BY ONE VEHICLE OVER 90 DAYS,
BY THE EQUIVALENT PAYLOAD TO GIVE A FLEET SIZE OF 14 VEHICLES.

2,858,390,

RESULTS

THIS IS THE EQUIVALENT PAYLOAD
SINCE 40 x 108 KG IS RLGUIRLIY, THEN DIVIDE

ELECTRIC COTV LEO-TO-GLO TRIP TIMES
30 DAYS 60 DAYS 90 DAYS | 120 DAYS | 150 DAYS | 180 DAYS
CALCULATION 79412 23.4G2 17.902 15.793 11.692 1t 017
FLEET SIZES  ™pounpep 80 24 18 16 15 14
CALCULATION 422.703 121.626 91 783 80.110 71,449 70.809
PROGRAM BUY ROUNDED 103 122 92 81 75 71

Figure 5.2-8. Electric EOTV Fleet Sizes: and Program Buys

CUMULATIVE INVESTMENTS .
(BILLIONS OF DOLLARS) -

18 -
16 .
LEO TO GEO
TRIP TIME CASES
14 - {DAYS)
60
12 b= 90
lzo-\\\
150
10 b H}O—\
. \\\
INITIAL FLEET 8 r
COMPLEMENT BUY
{5 BILLIONS)
o P
3.60
2'70-‘\\\‘\\\\
2.’60- I; -
(225 I
2.10 d
///

J | 1 | l { | ] |

. TOTAL PROGRAM BUY
£ LAST PURCHASE

1 [ f !

518.30 B
24,213 YR

513.80 B
2h.149 YR

513.15 B
24.108_¥R
$11.25
24080 ¥R
$10.65 B
24.061 YR

|

-2 4] 2 4 6 g 10 i2 14
YEARS FROH FIRST SPS 10C

Figure 5.2-9,
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The time-value of money impact on cost comparisons is discussed in
Figure 5.2-10 and expressed for all trip-time cases in terms of $/kg of EOTV
payload. The investment dollars were subtracted from the 180~day trip time
case and only the A differemnces are tabulated.

THE TIME-VALUE OF MONEY MUST BE CONSIDERED IN THE COST COMDARISONS OF THE
ELECTRIC COTV ALTERNATIVES.

(1) SATELLITE CAPITAL INVESTMENT

LEO-TC-GEO TRANSFER TIMES SHOULD BE CONSIDERED AS PERIODS GF TIME DURING
WHICH THE INTERUST ON A CAPITAL INVESTMENT (E.G., THE SAPELLITE VALUED
AT APPROXIMATELY $5 BILLION) IS LOST, FOR EXAMPLE, THE "INTEREST LOST"
FOR A 180-DAY PERIOD AT A 7.5% DISCOUNT RATE IS APPROXIMATELY

$184.1 MILLION. APPORTIONED ON A SATELLITE MASS BASIS EQUATES TO
$4.603/KG.

(2) COTV CAPITAL INVESTMENT

FROM THE PREVIOUS CHART IT IS TO BE NOTED THAT THE SHORTER TRIP-TIME
CASES NOT ONLY REQUIRE HIGHER INITIAL INVESTMENTS, BUT ALSO THE INVEST-
MENT STREAM IS HIGHER. AGAIN, USING A 7.5% DISCOUNT RATE, FUTURE VALUE
COMPUTATIONS WERE MADE FOR EACH INVESTMENT STREAM AND 'ITIE DIFFERENCES
IN $/KG PAYLOAD (AGAINST TIE LOWER COST CASE—E.(G., THE 180-DAY TRIP-
TIME CASE) WERE ESTABLISHED.

LEO-TO-GEO TRIP TIMLES

30 DAYS | 60 DAYS | 90 DAYS [120 DAYS |150 DAYS 180 DAYS
INngﬁﬁg)LOST 0.755 1.516 2,280 3.050 3.824 4,603
COTV INVEST-
MENT &'s 40,128 5,877 2,403 1. 158 0. 192 -
{$/KG)

Figure 5.2-10. Time-Value of Money Impact on
Cost Comparisons

Cost in terms of $/kg of EOTV payload for resupply, operations, "lost"
interest, and investment A's were summed and plotted for each of the LEO-to-
GEO trip time cases, Figure 5.2-11. The results are presented for EOTV life-~
times of 5, 10 and 15 years illustrating the shift in minimum cost ranges
toward the shorter LEO-to-GEQ trip-times. These results are encouraging from
the standpoint of long-duration transfer palatability., Within reasonable
bound and £or the performance values and cost assumptions presented, the
physical size of the electric EOTV vehicle can be changed without appreciably
altering these results.
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COMPARATIVE COSTS
($/KG PAYLOAD)

10 ¢
. EOTV "LIFE"
9 kL 5 YEARS
10 YEARS
15 YEARS
sl
7 -
6 -
>r L. 30-DAY MINIMUM
: COST RANGES
) ] 1 ]

30 50 90 120 150 T30
LEO-TO-GEO TRIP TIMES (DAYS) ]

Figure 5.2-11. FElectric EOTV Cost Comparisons
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6.0 OMN-ORBIT MOBILITY SYSTEMS

On—-orbit mobility systems have been synthesized in terms of application
and concept only. On-orbit elements considered here are powered by a chemical
(LOX/LHz) propulsion system. At least three distinct applications have been
identified; (1) the need to transfer cargo from the HLLV to the EOTV in LEO
and from the EOTV tec the SPS construction base in GEQ; (2) the need to move
materials about the SPS coustruction base; and (3) the probable need to move
men or materials between operational SPS's. Clearly the POTV, used for trans-
fer of persomnel from LEO-te GEQ and return, is too large to satisfy the on-
orbit mobility systems requirements. A "free-flyer' teleoperator concept
would appear to be a logical solution to the problem. A propulsive element
was svynthesized to satisfy the cargo transfer application from HLLV-EOTV--5P5
base in order to quantify potential on-orbit propellant requirements. This
transportation element has been designated intra-orbit transfer vehicle
(I0TV).

Sizing of the IOIV was based on a minimum safe separation distance be-
tween EQTV and the SPS base of 10 km. It was also assumed that a reasonable
transfer time would be in the order of two hours (round trip), which equates
to a AV requirement on the order of 3 to 5 m/sec. A single advanced space
engine (ASE) is employed with a specific impulse of 473 sec (see Section 7.2
for complete engine description}. The pertinent IOTV parameters are summariz-—
ed in Table 6.0-1.

Table 6.0-1. IOTV Weight Summary

SUBSYSTEM WE{GHT (kg)
ENGINE (1 ASE) 245
PROPELLANT TAMNKS 15
STRUCTURE AND LINES 15
DOCKING RING 100
ATTITUDE CONTROL 50
OTHER 100
SUBTOTAL 525
GROWTH (10%) 53
TOTAL INERT 578
PROPELLANT 300
TOTAL LOADED i 878

6-1
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7.0 PERSONNEL TRANSFER SYSTEMS

The personnel transfer systems consist of three basic elements: a person-
nel launch vehicle (PLV) to transfer construction personnel within an independ-
ent personnel module (PM) from earth to LEQ; a personnel orbital transfer
vehicle (POTV), a single chemical propulsive stage to transfer the PM from
LEO to GEO; and the PM, a self-contained crew/personnel module containing all
the necessary guidance, navigation, communication, and life support systems
for construction crew transfer from earth to LEO.

7.1 PERSONNEL LAUNCH VEHICLE (PLV)

The PLV is a derivative or growth version of the currently defimed Space
Shuttle Tramsportation System (STS). The configuration selected as a baseline
for SPS studies is representative of various growth options evaluated in
Rockwell-funded studies and NASA contracts, NAS8-32015 and NAS8-32395.

The current STS configuration is depicted in Figure 7.1-1, and the growth
version (PLV) is shown in Figure 7.1-2, As indicated in the figures, the growth

—

122,3 FT ORB

*331 N,
BlA £7
. |
e Tt
5IA SRB-|
ORBITER 150K LB (INE4Y;

215K L8 {LIFTOFF)
EV 1628k LB {LIFTOFF)

S$RB 2573k LB (LIFTOFF h i
GROSS LIFTOFF WEIGHT = - \

4416K LB - 12K L8 PAYLOAD
70 30 X 100 ML AT 104 0gc | FLESS TXTERHAL FNSULATION
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Figure 7.1-1. Baseline Space Shuttle Vehicle
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Figure 7.1-2, LO3/LH2 SSME Integral Twin Ballistic Booster

version or PLV is achieved by replacing the existing solid rocket boosters (SRB)
with a pair of liquid rocket boosters (LRB). The existing orbiter and external
tank are used in their current configuration. The added performance afforded
by the LRB increases the orbiter payload capability to the reference STS orbit
by approximately 54%, or a total payload capability of 45,350 kg (100,000 1b).

The STS-derived heavy 1ift launch vehicle (S5TS-HLLV), employed in the
precursor phase of 8PS, is derived by replacing the STS orbiter on the PLV with
a payload module and a reusable propulsion and avionics module (PAM) to provide
the required orbiter functioms. The PAM may be recovered ballistically or,
préferably, as a down payload for the PLV. These modifications yield an STS-
HLLV with a payload capability of approximately 100,000 kg (Figure 7.1-3).

7.1.1 LIQUID ROCKET BOOSTER (LRB)

The LRE illustrated in Figure 7.1-2 has a gross weight of 395,000 kg,
made up of 324,000 kg of propellant (278,000 kg of LO2 and 46,000 kg of LHz),
and 71,000 kg of inert weight. The overall length of the LRB is 47.55 meters
with a nominal diameter of 6.1 meters. Four Space Shuttle main engine (SSME)
derivatives are employed with a gross thrust of 412.7 newtons (sea level),
providing a liftoff thrust-to-weight ratio of 1.335.

Unique design features of the LRB, as compared to an expendable liquid
booster system, are presented in Table 7.1-1. The necessity to preclude ice
damage to the orbiter requires the LHo tank to be located forward since the
insulation system, which must be internal to avoid water impact damage, is not
compatible with 1L0p. In addition, the thickness of imsulation required on the
LHy tank is about two times that required to maintain propellant quality.

7-2
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REUSABLE POD 13.7

TOTAL 1642.0

STS HLLV Configuration

dnoip swajsig asedg
uLISIAN SWBISAG anloies

o

jeuoleutaju)
fiavjooy



Satellite Systems Division @ Rockweil
Space Sysiems Group International

Table 7.1-1. Shuttle LRB Unigue Design Features
ORBITER iCE DAMAGE

» LHo TANK FWD, INSULATED TO PRECLUDE ICE .

AVOIDANCE
ENTRY * RCS TO ORIENT BOOSTER
PROV1S1ONS + CLAMSHELL COVERS FOR ENGINE PROTECTION
« HEAT SINK STRUCTURE
: = PARACHUTES & RETRO-SUSTAINER ROCKETS
WATER LANDING « INTERNAL LHz TANK INSULATION
PROVISIONS » RCS FOR WAVE ALIGNMENT

» REINFORCED STRUCTURE
= AVIONICS TO CONTROL LANDING

+ CLAMSHELL COVER FOR ENGINE PROTECTION

WATER PROTECTION _+ SEALED STRUCTURE

PROVISTONS . FLOTATION BAGS FOR OR|ENTATION
RECOVERY . RADIO BEACON AND L1GHTS
PROVIS ] ONS . HANDLING HARDPOINTS

Other unique features are the provisions required for entry, water landing,
water protection, and recovery. In addition to these supplementary provisions,
the structure {unlike that .of an expendable system) must act as a heat sink for
reentry heat loads, be reinforced to absorb landing loads, and be sealed to
prevent sea water contamination.

The basic structure consists of the propellant tank assembly and an engine
compartment. The tank assembly is made up of the LH, tank and the LO2 tank,
with-a common bulkhead similar to the Saturn S5-I1 separating the propellants.
The engine compartment comprises a skirt section, thrust structure, launch
support structure, heat shield, and movable covers that protect the engines
during atmospheric reentry and water recovery. The locatioms of the landing
rockets, the APU, avionics packages, parachutes, the flotation bag, and RCS
system are indicated in Figure 7.1-2.

The structural design of a recoverable LRB is governed by five basic load
conditions: water impact, high-Q boost, intermal tank pressures, prelaunch
loads, and maximum thrust,

The nose cap primary structure and tank frames are designed to withstand
loads due to initial water impact and subsequent water penetration with result-
ant slap-down loads being reacted by the tank ring frames. Launch maximum
aerodynamic pressures (high-Q) loads influence the structural design of the
main frames, forward portions of the LH; tank, and engine thrust structure.
The 1LH; and LO; tank walls and domes are structurally sized for maximum
internal tank pressures. ZEquivalent tank wall thickness due to internal
pressure exceeds those required by other load conditions. The maximum body
bending moment occurs at the aft end of the booster. The design of the aft
skirt and frames is governed by prelaunch loads when the boosters are loaded

N and free-standing on the launch pad. The ET attachments thrust structure are
\ﬁesigned by maximum thrust loads at launch.
~
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There are four structural attachments between the ET and each booster.
The three aft attachments take lateral shears and bending moments, and the
forward attachment takes lateral shears and thrust loads. This four-point
interface is statically determinate, so that structural loads are not induced

by deformations in the adjacent body. This interface arrangement is the same
as that for the baseline Shuttle.

The electrical interface between the booster and ET is accomplished by
external cables mounted on one of the aft struts. They are separated at pull-
away connectors when the strut is cut. The increased number of wires required
for the LRB may increase the number of cables and connectors.

7.1.2 1LIQUID ROCKET BOOSTER ENGINE (SSME-35)

The LRB utilizes a derivative of the Space Shuttle main engine (SSME).
The only difference between the LRB engines and the SSME is in nozzle expansion
ration, 35 in lieu of 77.5 to 1. The SSME-35 and its characteristics are
depicted in Figure 7.1-4.

THRUST, LBF 459,000 {S.L.)
. 503,000 (VAC.)
EXPANSION AREA RATIO 35.1
CHAMBER PRESSURE, PSIA 3230
MIXTURE RATIO ' 6.0:1
SPECIFIC IMPULSE, SECONDS 406 (S.L.}
445 (VAC.)

ENGINE WEIGHT, LBF 6340
SERVICE LIFE, HOURS 75

STARTS 55
ENVELOPE: LENGTH, INCHES 146

DIAMETER, INCHES
POWERHEAD 108
NOZZLE EXIT 63

Figure 7.1-4. Liguid Rocket Booster Main Engine (SSME-35)

7.1.3 LIQUID ROCKET BOOSTER RECOVERY CONCEPT

After the boosters separate from the orbiter-ET, the engine covers close
and the reaction comtrol system (RCS) fires to pitch the boosters over and
align them for reentry (Figure 7.1-5). The drogue and then the main chutes
deploy to slow descent. Retro motors are fired to minimize landing velocity.
Upon splashdown, the chutes release and flotation bags inflate at the aft end
to hold the engine area out of the water.

7-5
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The booster will be commanded by the recovery vessel to start depressuriz-
ing (one propellant at a time) upon landing. The recovery vessel will pick up
chutes during booster depressurization. After the booster is depressurized,
the aft emd of the ship is aligned to the booster, the aft gate is lowered,
and the compartment is flooded (<30 minutes). A craft is then launched to
attach tow lines to the booster, which is then pulled into the ship. The
booster is positioned over contour supports or lifted in a crane cradle,
rear gate is closed, and the compartment is pumped dry. The booster undergoes
washdown and inspection as- the ship returns to port. TUtilizing this system,

a booster can be retrieved and returned to port in 20 to 24 hours maximum (a’
function of distance and sea state). Booster recovery will be accomplished in
waves up to eight feet. The booster reccvery system is shown in Figure 7.1-6.

 pr——— ENTRY
g ENGINE cow-:q%
P CLOSED
} PITCHOVER
MANEUYER
RCS INITIATES N
PITCHOVER i 3
4
A
1 3
TURNARQUHD TIME: \i/
SSME: 15 CALENDAR DAYS JEPLOY MAI%
SSBE: 17 CALENDAR DAYS IHFLATE { CHUTES
ALR SARS
BOOSTER f!’,r REE?Q,HO_TGR
SEPARAT 10 A IGHITION
i
R %
S T TR T -
T T = SPLASE D0Mt
RECOVERY OPERATION RELEASE ChUTES
“FLGATING DRYDOCK" SHIP DEPRESSURIZE TANKS

Figure 7.1-5. Integral Booster Recovery Concept
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SYSTEM ERRORS

3 MAIN CHUTES
' ERROR SOURCE YALUE
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‘ Ve = 80 FPS
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LANDING ROCKETS - HEIGHT +2613 LS
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Figure 7.1-6. Booster Recovery System
7.2 PERSONNEL CORBITAL TRANSFER VEHICLE (POTV)

As stated previocusly, the POTV is the propulsive element used to transfer
the personnel module (PM) from LEO to GEO and return. In previous scenarios,
the POTV reference concept used two common stage LO;/LH, propulsive elements.
The first stage provided an initial delta-V and returned to LEO. The second
stage provided the remaining delta-V required for PM ascent to GEC and the
requisite delta-V for return of the PM to LEO.

The alternate concept described herein uses a single stage to transport
the PM and its crew and passengers to GEO (Figure 7.2-1). After imitial delivery
of the POTV to LEO by the STS or SPS-HLLV, the propulsive stage is subsequently
refueled in LEOC (at the LEO station) with sufficient propellants to execute the
transfer of the PM to GEQ. At GEO, the stage is refueled for a return trip of
crew and passengers to LEO. The HLLV delivers crew consumables and POTV pro-
pellants to LEO and the EOTV delivers the .same items required in GEO. The
PM with crew/personnel is delivered to LEO by the PLV.

Although significant propellant savings occur with this approach, as
comparad to the reference concept, the percentage of total mass is small when
compared with satellite construction mass. However, the major impact is
realized in the smaller propulsive stage size and the overall reduction in
orbital operations raquirements.
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1
. SPS CONSTRUCTION FACILITY
’ . % PROPELLANT
TRANSFER

i SINGLESTAGE
POTY POTY T0 GED

% CREW MODULE
POTV
em LEO STATION
MRl Ty * PROPELLANT
\ TRANSFER
SPS—HLLV
otV CREW
- D
"i'\‘ » CONSTRUCTION PAYLDAD ELIVERY
o CREW EXPENDABLES
J;, « FOTV PROPELLANT
m N
/.mj e SHUTTLE ORBITER
Ve

Figure 7.2-1. POTV Operations Scenario
7.2.1 PERSONNEL ORBITAL TRANSFER VEHICLE CONFIGURATION

The recommended POTV configuration is shown in Figure 7.2-2 in the mated
configuration with the PM. Either element is capable of delivery from earth
to LEO in the PLV; however, subsequent propellant requirements for the POTIV
will be delivered to LEO by the HLLV because-of the lesser $/kg payload cost.

2 ASE
ENGINES

F -

1

* 60 MAN CREW MODULE 18,000 KG

» SINGLE STAGE OTV 36,000 KG
(GEO REFUELING)

© BOTH ELEMENTS CAPABLE OF GROWTH STS LAUNCH

Pigure 7.2-2. Recommended POTV Configuration
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Individual propellant tanks are indicated for the LO» and LH, in this
configuration because of uncertainties at this time in specific attitude control
requirements. With further study, it may be advantageous to provide a common
bulkhead tank as in the case of the Saturn-IL, and locate the ACS at the mating
station of the POTIV and PM, or in the aft engine compartments—space permitting.

The POTV utilizes two advanced space engines (ASE), which are similar in
operation to the Space Shuttle main engine (SSME). The engine is of high per-
formance with a staged combustion cyvele capable of idle-mode operation. The
engine employs autogenous pressurization and low inlet NPSH operation. A two-
position nozzle is used to minimize packaging length requirements. The ASE and
pertinent parameters are shown in Figure 7.2-3. A current engine weight state-
ment is given in Table 7.2-1.

THRUST (LB) 20,000
CHAMBER PRESSURE {PSIA) 2000
EXPANSION RATIO 400
MIXTURE RATIO 6.0

SPECIFIC IMPULSE (SEC) 473.0

DIAMETER (IN.) 48.5
LENGTH (IN.)
NOZZLE RETRACTED 50.5
NOZZLE EXTENDED 94.0

Figure 7.2-3. Advanced Space Engine
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Table 7.2-1. Current ASE Engine Weight

Fuel boost and main pumps 74.5 -
Oxidizer boost and main pumps 89.8
Preburner 12.4
Ducting 25.0
Combustion chamber assembly 62.8
Regen. cooled nozzle (€= 175:1) 58.4
Extendable nozzle and actuators (€ = 400:1) 122.0
Ignition system 6.1
Controls, valves, and actuators 74.0
Heat exchanger 14,0

Total (1b)* 539.0
#*Based on major component current measured weights.

. Since the POTV concept utilizes an on-orbit maintenance/refueling approach,
an on-board system capable of identifving/correcting potential subsystem problems
in order to minimize/eliminate on-orbit checkout operations is postulated.

The recommended POTV configuration has a loaded weight of 36,000 kg and
an inert weight of 3750 kg. A weight svmmary is presented in Table 7.2-2,

Although the current POTV configuration provides a suitable concept for
identifying and developing other SPS programmatic issues, further trade studies
are indicated such as tank configuration and ACS location(s). Also, future
studies might be directed toward the evolution of a configuration that would
be compatible with potential near-term STS 0TV development requirements.

Table 7.2-2., POTV Weight Summary

Subsystem Weight (kg)
Tank (5) ) 1,620
Structures and lines 702
Docking ring 100
Engine (2) 490
Attitude contrel 235
Other ’ 262
Subtotal 3,409
Growth (10%) 341
Total inert 3,750
Propellant 32,750
Total loaded 36,000
7-10
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7.2.2 PERSONNEL MODULE (PM)

In Volume III, a construction sequence has been developed which requires a
crew rotation every 90 days for crew complements in multiples of 60. The PM was
synthesized on this basis. A limitation on PM size was established to assure
compatibility with the PLV cargo bay dimensions and payload weight capacity
(i.e., 4.5 m X 17 m and 45,000 kg).

The PM shown in Figure 7.2-2 is based on parametric scaling data developed
in previous studies. It is assumed that a command station is required to moni-
tor and control POTV/PM functions during the flight. This function is provided
in the forward section of the PM as shown. Spacing and layout of the PM is
comparable to current commercial airline practice. Seating is provided on the
basis of one meter, front to rear, and a width of 0.72 meter. PM mass was
established on the basis of 110 kg/man (including personal effects) and approx-

imately 190 kg/man for module mass, The PM design has provisionms for 60 passen-—
gers and two flight crew members.

Several POTV/PM options were evaluated (Figure 7.2-4 and Table 7.2-3).
All options utilize a single-stage propulsive element which is fueled in LEO
and refueled in GEOQ for the return trip. The various options considered trans-—
fer of both crew and consumables as well as crew only. Transfer of consumables
by EOTV was determined to be more cost effective. Another potential optien,
which is yet to be evaluated, is a 30-man crew module and integral single-stage
capable of storage within the PLV cargo bay.

® OPTION #1 CREW MODULE - 60 MAN , OTV STAGE _
E‘S@ jll"I_L LILLLLLI ) ! - Ezhféfmes
[FTem} Eﬁacj N . [
= 71 - - 13 M |
* OPTION #2 (CREW MODULE SAME AS OPTION #1)
RESUPPLY MCDULE - 60 MAN _ ) OTVSTAGE
CIT ) > 4 ASE
T [t } X = : 1 . Mi/l ENGINES
swl B 3 agu e —= ]
E i . -
i - N I —L II|Q\‘ _ {
% _ ' 27 M _—.]i
¢ OPTION #3 CREW/RESUPPLY MODULE - 30 MAN . . OTV STAGE
] ] I | 2 ASE
' = 31 ENGINES
i m—
3
o
i
i B
6.7 M i - 7 M -

2-4. POTV/PM Configuration Options
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Table 7.2-3. POTV/PM QOptions—Element Mass

kg

60-man crew module 18,000

60-man resupply module 26,000

Integrated 30-man crew/resupply

module 22,000
" Option 1 OTV 36,000

Option 2 OTV ) 87,000

Option 3 OTV ) 44,000

7-12
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8.0 COST AND PROGRAMMATICS

A summary of transportation costs and schedules are - presented. More
detailed data and costing assumptions are included in Volume II, Part 2.

Table 8.0-~1 presents a summary of the SPS program development cost. The
transportation system elements (WBS 1.3) account for approximately 42 percent
of the total program development cost. In Tabhle 8.0-2 it may be seen that the
PLV and STS-derived HLLV (WBS 1.3.3) contribute almost 26 percent to the trans—
portation development costs.

Table 8.0-3 presents a summary of SPS program average cost, where the
transportation cost is approximately 15 percent of that average cost. The PLV
and STS-derived HLLV accounts for approximately 22.57% of that cost (Table 8.0-4).

The amortized HLLV cost/kg to LEO can be obtained by multiplying Column 1
(Investment per Satellite) by the number of satellites (60), and adding the
product of Column 4 (Total Operation) and the number of satellites (60) and
the number of satellite years (30); then divide that quantity by the product
of total number of HLLV flights from Table 3.0-3 (22,811) and the HLLV payload
(0.231x10°% kg).

(C1%X60) + (CuX60%30)
WXPL

= HLLV $/kg

The results of that calculation yields a payload cost to LEO of $62/kg ($28/1b).

SPS transportation schedules are presented in Figures 8.0-1 and 8.0-2.
The schedules show the need for major technology development programs commitment
in CY 1981, and a commitment for full-scale development of transportation elements
by 1990 in orxder te meet an I0C date at the end of CY 2000.
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pakle 8.0-1. Satellite Power System (SPS) Program Development Cost

DEVELOPMENT
LLSCRIPTIUN . DU TLE TFU 10TAL
SATELLIIE POWERTSYSTEM (SPS) PROGRAM 334014762 51103.242  B4505,000
SATELLITL SYSTEM 793370 79504922 _ . 15884,492
SPACE LUNSTRUCTIUN & SUPPORT 7331.1860 B602.523 15933,703
TRANSPORTATION 124684816 228564199 35335,016
LRUUND PELLIVING STATION L Llhl69Y . 3618.727 3134 .427
MANAGEMENT AND INTEGR ATION 13924563 2151.918 3544 .382
"MASS TCONTINGENCY . 4160,031 5912,945  10072.977
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raple 8.0-2. Satellite Power System (SPS) Transportation Systems Development Cost

DEVELOPMENT
WBS # DESCRIPT ION DUTEE TFY TOTAL
1.3 " TRANSPORTATION 10748.816 19671.199 30420.016
1.3.1 SPS—HEAVY LIFT LAUNCH VEHICLE(HLLV) 600,000 9530.492_ 18130 492
T la3e1el 7T USPS~HLLY FLEET T T ES00.60070 89504176 17550.176
le341e2 SPS~HLLY DOPERATIONS 0.0 580.320 560,320
la3.2 CARGU DRBITAL TRANSFEK VEHICLE(COTV) _  3l.518 _ 3625.720 _ 3657.538
loe3.2.1 COTVY VEHICLES ' T ' o 31.618 3621.310 3653,.128
l1e3.2.1.1 PRIMARY STRUCTURE . 3.930 9.267 13.197
_1.3.2.1.2 SECUNDARY STRUCTUKE 4582 24787150 2483,332
1.3.2.1.3  CONCENTRATUOR ~ 7~ 1.685 15.818 17.503
103-20 la‘i SULAR L‘»LANK&T T ebo% 333- L7 3"5.781
ladeZele5 ShITCHGEAR AND CONVERTERS o 2.0%4 8.760 ___ 1C.Bl4
le3.2410u6 CONDUCTORS AND INSULATION 77— 777 2.205 §.584 10.789
le3.2e1a7 ACS HAREWARE 9,697 762.015 771712
1.3.2.1.8 INFO. MGMT. AND CONTROL 0.0 G.0 0.0
T 1e3.2.2 7 COTV GPERATIONS ™ ' TTTT0.0 T T 404107 4.410
le343 PERSONNEL. LAUNCH VEHICLh(PLV} 1549.000 6251.230 7800 .230
le3.3.1  STS—PLV FLEET 1549.000 3906082 __  5457.062
le3+3.1.1 STS-PLV ORBITER o T 0.0 1682.531 1682.531
le3.3e 12 STS—PLV EXTERNAL TFANK 0.0 606.205 606.205
T le30 30003 T STS<PLY LIQ. ROCKET BOOSTER 1304,.,000 873.985 2177.985
le3e3alett STS CARGO CARRIER AND EM . 245.000 7454362 990.362
1.3.3.2  PLV & STS~HLLV OPERATIONS . 0.0  2333.150 ___ 2343.150
le3.e3e2.l PLV OPERATIONS ' 0.0 1214.400 1214 .400
1.3.3.2e2 STS HiLtv CARLO OPERATIONS - 0.0 11284750 1128.750
1e3e4 PERSONNEL ORBITAL TKANS VEHICLE  350.000__ 56.282__ 406,282 _
T 1e3e4.) T POTV-FLEEY . T 350.000 54,764 404 .7 64
le3e4e2 POTV-UPERATIONS 0.0 1518 ~ lebiB
le3.5 PER SONNEL MODULE(PM) . 116.000 201.5%10 __ 3l9.910
I.3.5.1 PM FLEET 11£.000 196.610 316610
1.3.5.2 PM OPERATIONS U0 2.300 3.300
1.3.6 INTRAURB1ITAL TRANSFER VEHICLE(IOTV) _1U0.000  b.567  105.567_
"Lle3d.b.l 10TV FLEEY T T100.000 Lah16 1C5.470
1.3.6.2 10TV CPERATIONS . 0«0 0.091 0.09i
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Table 8.0-3.

Satellite Power System (SPS) Program Average Cost

¥% 0PS CUST PER SAT PER YEAR %% TUTAL
DESCRIPTION INV PER SAT RC 1 O6M  TOTAL OPS
CSATELLITE POWERTSYSTEM (SkS) FROG 134774068 4514531 193,713 645.244 14522.910
SATELLITE SYSTEM . 5325422 2054265 . G705, _ . 2054970  5531.391
SPACE CUNSTRUCTION & SUPPORT 1148 ,332 51428 11.274 62.701  1211.033
" TRANSFURTAT LUN 1949 .004  119.343 50 < 569 200.212  2149.216
GROUND RECELIVING STAT ION | 3560.822 . 0.275____ 78377, .. TBa652  3669.4T4
MANAGEMENI AND INTLGRATION 6004679 18.815 8561 27.377 6284055
“MASS CUNTINGENCY 1263 .413 53?235"""‘35?637""*"“7df3;ém_"1333.745
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Table 8.0-4.

DESCRIPT ION

ThANSPFORTATIUN

SPS-HLAVY LIFT LAUNCH VEHICLE(HLLV)

SPS-HLLY FLEIET
SPS=HLLY OPERATIONS

CAHGD ORBL1TAL TRANSFER VEHICLELCOTY)

LOTV VERICLES
FRIMARY STRLLTIURE
SECONDARY STRULTURE

INV PER SAT

1y T he

Satellite Power System (SPS) Transportation System Average Cost

** OP5 CUST PER SAT PER YEAR #% TOVTAL

1256 406

7‘.,7 Iyl
489 .51
210.343
205 .001

O.b0b6
142 .9 34

CUNCENTRATUK

SOLAR BLANKET
SWITCHGEAR AND CONVERTERS
CONDUCTURS AND INSULATION
ACS HARCWARE

INFOL. MGMT. AND CONTROL

[ S C)
204077
0 .4bd
[V I-¥31
404199
0.0

COTV UPERATLIONS
PERSUNNEL LAUNCH VEHICLE( PLV}
STS-PLV FLEET

STS-PLVY URB1TER

STS~PLV EXTERNAL TANK
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APPENDIX A

HORIZONTAL TAKEOFF - SINGLE STAGE TO CRBIT
TECHNICAL SUMMARY

A,0 INTRODUCTION

Evolving Satellite Power System (SP3) program concepts envision the
assenbly and operation of sixty solar-powered satellites in synchronous
equatorial orbit over a period of thirty years. With each satellite weigh-
ing approximately 35 million kiolgrams, ecconomic feasibility of the SPS is
strongly dependent upon low-cost transportation of SPS elements, The rate
of delivery of SPS elements alone to LEO for this projected program is 70
million kilograms per year. This translates into 770 flights per year or
2,1 flights per day using a fleet of vehicles, each delivering a cargo of
91,000 kilograms.

The magnitude and sustained nature of this advanced space transportation
program concept require long-term routine operations somewhat analogous to
commercial airline/airfreight operations. Verticalwtakeoff, heavy lift launch
vehicles (e.g., 400,000 kg payload) can reduce the launch rate to 175 or more
flights per year. However, requirements such as water recovery of stages with
subsequent refurbishment, stacking, launch pad usage, and short turnaround
schedules introduce severe problems for routine operations. Studies performed
previously showed that substantial operational advantages are cffered by an
advanced horizontal takeoff, single-stage-to-orbit (HTO~SSTO) aerospace vehicle
concept. Further analysis of this concept was needed to provide a promising
alternative to vertical launch heavy 1ift launch vehicle approaches for LEO
logistics support of the SPS.

The technical problems requiring investigation were of two types: (a) the
need for further development of the vehicle system concept including a multi-
cell wet wing containing cryogenic propellants in a blended wing-body configura-
tion; and (b) technology issues, particularly the technical feasibility and
performance potential of an advanced hybrid airbreathing engine system, and
technical assessment of a flight mode invelving horizomtal takeoff, long range
cruise, subsequent insertion into an equatorial orbit and return via aeromaneu-
ver to the higher-latitude take-off site.

The general objective of this study was to improve system definition and
to advance subsystem technologies for a horizontal takeoff, single-stage-to-
orbit vehicle which can provide ecomnomical, routine earth-to-LEQ transportation
in support of the Satellite Power Systems program. Specific objectives were:

1. To improve the design definition and technical and operational
features of the HTO0-853T0 wehicle concept primarily using exist-
ing aerodynamic, aerothermal, structural, thermal protection,
airbreather and rocket propulsion, flight mechanics and operations
technology integrated inte a total systems design.

A=1
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2. To identify disciplines and subsystems in which the application
of advanced technology would produce the greatest increase in
system performance, and to advance technologies in specific
areas.

The primary elements of the HTO-SSTO study and the related technology
issues are summarized in Figure A-1. Technical briefings and study progress
briefings were given to NASA Headquarters, MSFC, JSC and LaRC, and to USAF/
SAMSO. A code showing the gemeral level of technical assurance of the study
data as being suitable for feasibility confirmation is placed adjacent to
technology items. A filled square, § , indicates a high degree of confidence
in analytical methods and results. A half-filled square, [d , indicates data
requiring further techmical analyses. The hollow square, 1 , relates to
technology issues not analyzed or which will require detailed in-depth analysis
to produce data suitable for feasibility confirmation.

TECHNOLOGY ISSUES
(TO PRE PHASE A
TECHNOLOGY LEVEL)

AIRBREATHER

o SYSTEM ELEMENTS ™ ENGINES . VEHICLE AND SYSTEMS INTEGRATION
WING . PRELIMINARY LAYOUTS OF STRUCTURE
LH2 TANK . ROCKET @ WETWING Bl CARGO BAY B CREW COMPARTMENT
2‘ T 2 -".é;’sncmes MAJOR SUBSYSTEM INSTALLATION
A Y AN @ AIRBREATHER R AOCKET ENGINES @ SEAR
TRIDELTA = ENVIRONMENTAL PROTECTION SYSTEM
FLYING WING A TILE M METALLICT INSULATION
LYING JETTISONABLE . a ETALLICTPS W INSULATIO
LAUNCH GEAR P REFINE AERODYNAMIC PROPERTIES
~ FOR WAVEDRAG REQUCTION
! [ LEADING EDGE CONFIGURATION
AERODYNAMIC PROPERTIES # SPAN THICKNESS DISTRIBUTION

CENTER OF PRESSURE CONTROL

-~ S TRIDELTA MIX FOR PLAN FORM
- {J ENGINE INLET INTERACTIONS
CAMBER

LEADING EDGE DETERMINE THERMAL PROTECTION SYSTEM

PLANFORM CONFIGURATION & AEROTHERMAL ANALYSIS

| B TEMPERATURE PROFILES

S CANDIDATE TPS SYSTEMS

e THERMAL PROTECTION _~MOLDLINE s ETILE BMETALLIC

- DETERMINE ENGINE REQUIREMENTS

- ; m |
Y @ AIRBREATHER B ROCKETS
TANK Ml INLETS O NOZZLES
1 wes WALL . O MULTIPLE CYCLE ANALYSIS B IDENTIFIED

{J AIRBREATHER PERFORMANCE
STRUCTURE ANALYSIS
[@WING B s00Y TANK S CREW COMPARTMENT

- 0 CARGO BAY
G AIRBREATHER M ROCKET THRUST STRUCTURE

.-..\ -‘
\\/ T, \;_/- o MASS PROPERTIES ANALYSIS
e —— —_— /\_ . . D masSS [ CENTER QF GRAVITY

e« ENGINE REQUIREMENTS o

TURBOFAN T aY "
:m?_r.qss\l;fm AlIJR 581150:)'r VARIABLE  * RADJE?JBOREA,?F:‘C'::YS sl ROCKET
CLOSING RAMP  EXCHANGER NOZZLES, . W ENERGY METHOD B LaiiC POST PROGRAM

RAMJET

FPigure A-1. Study Summary -- Advanced Transportation
System for SPS

The combined systems design/performance and technology development studies
produced a number of significant results.
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1. Demonstrated, with endwto-end simulation, the ability of the
vehicle to take off from KSC, cruise to the equatorial plane,
insert into a 300 nmi equatorial orbit with 151,000-pound pay-
load, and then to re-enter and return to the launch site; also
to deliver a 196,000-pound paylead with a due-East launch.

2. Devised a modified airbreathing engine cyecle for operation in
turbofan, air-turbo-exchanger and ramjet modes to provide an
effective match with takeoff, cruise and acceleration require-
ments.,

3. Showed that the HTO-SSTO lower surface temperatures during re-
entry are several hundred degrees lower than the STS orbiter
lower surface temperatures because of a lower wing loading.

As a result, an advanced titanium aluminide system shows pro-
mise of being lighter than the RSI tile for this application.

This study was funded primarily by Rockwell IR&D funds and a summary only is
contained herein.

A.1 OPERATIONAL FEATURES

The HTO-SSTO concept adapts existing and advanced commercial and/or mili-
* tary air transport system concepts, operaticns methods, maintenance procedures,
and cargo handling equipment to include a space-related enviromment. The
principal operational objective is to provide economic, reliable transporta-
tion of large gquantities of material between earth and LEC at high flight fre-
quencies with routine logistics operations and minimal environmental impact.
An associated operational objective was to reduce the number of operations
required to transport material and equipment from their place of manufacture
on earth to low earth orbit.

QOperations features derived in the study are as follows:

+ Single orbit up/down to/from the same launch site (at any launch
azimuth subject to payload/launch azimuth match)

* Capable of obtaining 300 nmi equatorial orbit when launched from
K8C

+ Takeoff and land on 8,000 to 14,000-foot rumways (launch velocity
x 225 knots; landing velocity < 115 knots)

» Simultaneous multiplé launch capability

* Total system recovery including the takeoff gear which is jetti-
soned and recovered at the launch site

+ Aerodynamic flight capability from payload manufacturing site to

launch site, addition of launch gear and fueling, and launch into
earth orbit

SSD 792-0010-4
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° Amenable to alternative launch/landing sites

* Incorporates Air Force (C-5A Galaxy) and commercial (747 cargo)
paylead handling, including railroad, truck, and cargo-ship con-
tainerization concepts, modified to meet space enviroument
requirements

* Swing-nose loading/unloading, permitting normal aircraft loading-
door facility concept application

* Propulsion system .service using existing support equipment on
runway aprons or near service hangars

* In-flight refueling options (option not included in reference
vehicle data)

A.2 DESIGN FEATURES

The HTO-SSTO utilizes a tri-delta flying wing concept, consisting of a
nmulti~cell pressure vessel of tapered, intersecting cones. The tri-~delta plan-~
form (blended fuselage-wing) and a Whitcomb airfoil section offer an efficient
aerodynamic shape from a performance standpoint and high propellant volumetric
efficiency. The outer panels of the wing and vent gystem lines in the wing's
leading edge provide the gaseous ullage space for LH; fuel, L1LH; and LOs tanks
are located in each wing near the vehicle, c¢.g., and extend from the root rib
to the wing tip LH; ullage tank (Figure A-2). Approximately 20% of the volume
of the wvertical stabilizer is utilized as part of the gaseous ullage volume of
the integral wing-mounted LO; tanks. In the aft end of the wvehicle, three up-
rated high-P, rocket engines (thrust = 3.2x10° 1b) are attached with a double-
cone thrust structure to a two—-cell LH» tank.

Most of the cargo bay side walls are provided by the root-rib bulkhead of
the LH2 wing tank. The carge bay floor is designed similar to the C5-A military
transport aircraft. This permits the use of MATS and Airlog cargo loading and
retention systems. The top of the carge bay is z mold-line extension of the
wing upper contours, wherein the frame inner caps ars arched to resist pressure
at minimum weight. The forward end of the cargo bay has a circular seal/dock-
ing provision to the forebody. Cargo is deployed in orbit by swinging the fore-
body to 90 or more degrees about a vertical axis at the side of the seal, and
transferring cargo from the bay into space or to in-space receivers on telescop-
ing rails. :

The forebody is an RM-10 ogive of revolution with an aft dome closure.
The ogive is divided horizontally into two levels. The upper level provides
seating for crew and passengers, as well as the flight deck. The lower compart-~
ment contains electronic, life support, power (fuel cell), and other subsystems
including spare life support and emergency recovery equipment.

Ten high-bypass, supersonic—turbofan/airturbo-exchanger/ramjet engines
wvith a combined static thrust of 1.4x10° 1b are mounted under the wing. The
inlets are variable area retractable ramps that also close and fair the bottom
into a smooth surface during rocket powered flight and for high angle-of-attach
ballistic re-entry.

A-4
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CREW GLow 1.95 X 10° 10 2.27 % 10°KG
COMPARTMENT CARGO BAY @.3x10°10 5.0 x 10% L@
91,000 KG PAYLOAD AIRPORT RUNWAY TAKEOFF

{200, 000 L3) PARACHUTE RECOVERED LAUNCH GEAR

MULTICELL WET WING

WHITCOMB AIRFQIL WING-TIP
LH, ULLAGE

GEAR

MAIN LANDING GEAR
(JETTISONABLE LAUNCH
GEAR NOT SHOWN)

=~ AIRBREATHER

pe PROPULSEC ™
. {10 ENGINES)

\ RCCKET PROPULSICN

{3 HIGH PRESSURE TYPE)
VARIABLE 1INMLET
5 SEGMENT RAMP LH TANK
CLOSES FCR-
ROCKET BOOST
REENTRY

FPigure A-2. HTO~-SS5TQ Degign Features

Figure A-3 shows an inboard profile of the vehiele, illustrating the
details of body construction, crew compartment, cargo bay length, LH, tank
configuration, and location of the rocket engines at rear of fuselage, The
hinging and rotation of the nose section for loading and unloading the pay-
loads are illustrated, with indication of view angle from the rear of the
nose section during these operations. The multiple landing gear concept shows
the position of the nose gear bogie, the jettisonable takeoff gear, and the
main landing gear for powered landing.

Figure A-4 presents front and rear views of the vehicle showing the blended
wing, engine inlet ducts, landing gear arrangement, and vertical stabilizer.
Also shown are typical sections through the vehicle at:

« The hinge line section (B-B) aft of the crew compartment and
forward of the nose gear. Cross—sectional dimensions of the
carge bay are indicated. :

« The 40% chord line fuselage section (C-C) illustrating the
wing and fuselage construction and the profile of the wing/
fuselage fairing.

» The main landing gear station (D-D) illustrating the gear
retraction geometry, the relatiomship of the gear to the
engine air inlet ducts and the wing comstruction and profile
to the fuselage shape.

A=5
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Figure A-3. HTO=-SSTC Inboard Profile
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Figure A-4, Vehicle Section Results
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Figure 4~5 presents details of -the basic multi-cell structure of the wing.
The upper portion illustrates the application of “Shuttle-type'" RSI tile thermal
protection system (TPS). The lower portion shows a potential utilization of a
"metallic" TPS.

The wing is an integrated structural system consisting of an inner multi-
cell pressure vessel, a foam—-filled structural core, an inner facing sheet, a
perforated structural honeycomb core, and an outer facing sheet. The inner
multi-cell pressure vessel arched shell and webs are configured to resist
pressure. The pressure vessel and the two facing sheets, which are struetural-
ly intercomnected with phenolic-impregnated, glass fiber, honeycomb core, re-
sist wing spanwise and chordwise bending moments. Cell webs react winglift
shear forces. Torsion is reacted by the pressure vessel and the two facing
sheets as a2 multi-box wing structure.

RSITUETPS OUTER FACING SHEET
TPS TILE \ / PEREQRATED HONEYCOME CORE
RS e - v —
I =0 VT O T TIT T TET il j T
22.00 ; 4 1 AERRY T FHERE P 4 3
v I 1 :- 3 3y 1RGHE o | ] I\
z S S .
CELL WEB —| WING TANK FOAM FILLED INNER FACING SHEET
STRUCTURE - HOMEYCOMS CORE
) ELL
MALL[C TPS CELL ARCHE[? SH

TRUSS CORE PANEL - DOUBLE FLEXURE STANDOFF
THERMAL INSULATION BLAMNKET

' /S {PROTECALOR METAL FOIL WRAPPED)

T L

INNINOUITHE

Wi g ppaflied
e, L

Figure A-5. Wing Construction Detail with Candidate
TIPS Configurations

The outer honeycomb core is perforated and partitioned to provide = con-
trolled passage, purge and gas leak detection system function in addition to
the function of structural interconnect of the inner and outer faecing sheets,
The construction of the wing structure utilizes the "Inflation Assembly
Technique' developed by Rockwell for the Saturn II booster common bulkhead.

4.3 MULTI-CYCLE AIRBREATHER ENGINE SYSTEM -

Takeoff and climb to 100,000 ft altitude and 5,800 fps is by airbreather
>ropulsion. Parallel burn of airbreather and rocket propulsion occurs between
3,800 to 7,200 fps. Rocket power is then employed from 7,200 fps to orbit.
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The multiw=cycle airbreathing engine system, Figure A-6 is derived from the
General Electric CJ805 aircraft engine, the Pratt and Whitney SWAT 201 super-
sonic wrap~around turbofan/ramjet engine, the Aerojet Air Turborocket, Marquardt
varizble plug-nozzle, ramjet engine technolegy, and Rocketdyne tubular-cooled,
high-P; rocket engine technology.

TURBOJET

TURBINE AIRTURBO EXCHANGER MANIFOLD
COMPRESSOR {LH, RANKINE CYCLE)

DRIVE
TURBO JEY FREE-TURBINE/FAN

COMBUSTION ASSEMBLY
CHAMBER RAMUJET FUEL
UREOET INJECTOR ASSEMBLY
MPR VARIABLE PLUG
COMPRESSOR NOZZLE DESIGN POINT ORBITAL FLIGHT
..'];- vl s : AIR INLET CLOSED
Wil Kl ,
P
NV 3, S 2N N
' ::-V =% ---—--- — T \':
! i'_- £ - ! }flﬁ‘— ey —"ﬂ!j:—
N i >
TuRsoIE ] — 4y | . ‘W
SHUTOFF | L el
VALVE

PLUG MNOZZLE SUPPORT

REGEMNERATIVELY
CQOLED CHAMBER

DESIGN POINT TAKEQFF
® EXTERMNAL VALVES, PLUMBING, AND AR INLET OPEN
BUMPS NQT SHOWN

Figure A-6. Multi-Cycle Airbreathing Engine and Inlet,
Turbofan/Air Turboexchanger/Ramjet

The multi-mode power cycles include: an aft-fan, turbofan cycle, a LH:,
regenerative Rankine, air-turboexchanger cyecle; and a ramjet cycle that can
also be used as a full flow (turbojet cors and fan bypass flow) thrust~
augnented turbofan cycle. These four thermal cycles may receive fuel in any
combination permitting high engine performance over a flight profile from sea
level takeoff to Mach 6 at 100,000 ft altitude.

The engine air inlet and duct system is based on a five-ramp variable
inlet system with actuators to provide ramp movement from fully closed (upper
RH figure) for rocket-powered and re-entry flight, to fully open (lower RH
figure) for takeoff operation.

The inlet area was determined by the engine airflow required at the Mach 6
design point. The configuration required 1.4x10° pounds thrust at the Mach 6
condition and at least 1.2x10° pounds for takeoff. This resulted in an inlet
area of approximately 1200 ft® or 120 ft?/engine for a 1l0-engine configuration.
In order to provide pressure recovery with minimum spillage drag over the wide
range of Mach numbers, a variable multi-ramp inlet is required, Inlet pressure
recovery efficiency vs. velocity is plotted on Figure A-7. Higher recoveries
are possible for the HTO vehicle than for military aircraft which must operate

A-8
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However, the pressure recovery must still pro-

vide a margin which prevents inlet instability and possible engine flameout
from expulsion of the normal shock during transients.

Estimated engine thrust (total of 10 engines) versus velocity is given

in Figure A-8,

Initially, a comstant thrust of 1.4 million pounds of thrust

was assumed for the Rockwell modified Rutowski energy method trajectory analysis

(dashed curve of Figure A-8).

A tentative airbreather engine performance map
was estimated from engine datz sources previously described.

Subsequent anal-

yses produced the engine thrust versus Mach number estimate shown by the upper

solid curve of Figure A-8.
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Pigure A=~7. Air Induction
System Performance

MACH NUMBER

Figure A-8. Airbreather Thrust
Versus Mach Number

Major engine companies were contacted to obtain assistance in advanced
cycle analysis and to obtain the results of any studies which investigated

this operating regime.

Data from a Pratt and Whitney report (Reference 1)

on an advanced hydrogen burning engine, the SWAT 201 turbofan ramjet, were

evaluated and scaled up to the size required.

However, this engine, which

uses a bypass valve to close off the engine core agbove Mach 3.1 and operates
the afterburner as a ramjet at higher speeds, did not provide a good match of

thrust requirements over the required operatlng range.

Alsoc because of the

high compression-ratio design, the engine thrust-to-weight ratio (T/W) was

in the range of 4,5 to 5.5 for an installed system.

Single-stage-to-crbit

launch vehicle analysis showed that a T/W of at least 8 would be necessary

to meet the vehicle payload requirements.

From Aerojet, (Reference 2) data

were cobtained on an air turborocket cencept which provides a potential for
meeting the required T/W values while providing a better match of thrust

required at takeoff, transonic and supersonic conditions.
this cycle was devised by Rockwell to best match the SSTO requirements.
engine operates as an augmented turbofan for takeoff,

4 modification of
This
a turbofan for high-

efficiency cruise, an augmented turbofan for acceleration, and as a ramjet

above Mach 3.
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The engine components include a rotary vane assembly to close off the
compressor-turbine assembly at higher Mach numbers. The use of LH» fuel per=~
mits the use of a Rankine-cycle ailr turboexchanger concept to provide power
for the bypass fan. This allows elimination of approximately one~half of the
normal turbofan compressor stages normally needed for fan drive. Heating of
the LH, in outer walls and mozzle plug of tubular construction, in addition
to providing fan drive power, permits stoichiometxic combustion in the aug-
mentor/ramjet by cooling of exposed surfaces. The 5500-degree combustion
temperature provides high cycle efficiency. During ramjet mode operation,
the fan is allowed to windmill and is cooled by flow of LHz through the fan
guide vanes.

The scope of this study did not permit a detailed evaluation of engine
components to provide further, more accurate calculation of the performance
capability of this engine concept. Engine manufacturers are best equipped to
further refine the design and provide real data on concept feasibility and
system weilght.

For preliminary estimation of airbreathing propulsion system size requizre-
ment, a computer program was developed for the Hewlett Packard computer. A
flow diagram of this program is shown in Figure A~9.

INITIAL INPUTS
FREESTREAM CONDITIONS {®@)
BODY WEDGE ANGLE
THRUST REQUIRED

CONDITIONS AFTER BOW SHOCK(0)

COMPUTES: AREA RATIO A /Ag

USING PRESSURE RECOVERY CURVE FIT, My ASSUMED, | CONDITIONS AT ENGINE FAGE (2)
COMPUTES: | AafAg  Pr,/Pry

CONDITIONS AT NOZZLE EXIT (8}

USING Ho/AIR ALSO: Wpyp ANDW
COMBUSTION PRODUCTS AlR H
AT STOICHIOMETRIC, 'sPipear AND 'SPacTyAL
COMPUTES: REQUIRED EXPANSION
RATIOAg AND NOZZLE
AREAS

Figure A-9. Computer Program Flow Diagram for Airbreather
Propulsion System Sizing

A computer program which has the capability of computing performance of
mixed-cycle engines including JP and LH; fuel, as well as the air turbo-
exchanger cycle was cbtained from the Los Angeles Division of Rockwell (Refer-
ence 3), This program was developed under NASA contract in 1966 and is
currently used by LAD for calculation of JP-fueled turbojet and turbofan
engine data for advanced aircraft.

A-10
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In order to maximize the payload boosted to orbit, an optimization tech-
nique is required to define the proper engine sequencing over the flight
trajectory.

A.4  AERODYNAMIC CHARACTERISTICS

The selected wing shape is a supercritical Whitcomb airfoil with a rela-
tively blunt leading edge, flat upper surfaces and cambered trailing edges.
The trailing-edge camber agnd the tri-delta shape minimize translation of the
center of pressure throughout the flight Mach number regime. The blunt lead-
ing edge offers good subsonic characteristics, but produces relatively high
supersonic wave drag; therefore, further shape and refinements are required,
The wing has a spanwise thickness distribution of 10 pexcent at the rocot,

6 percent near midspan, and 5 percent at the tip, providing a large interior
volume for storage of fuel.

Aerodynamic coefficients (Cr,, Cp, C.P.) were calculated using the Flexible
Unified Distyibuted Panel program FA-475, which was developed by the LAD Aero-
dynamic group. Because the governing equation is linear, singular behavior of
the linear equation and nonlinearity near M = 1.0 preclude the transonic solu-
tions. Also, the hypersonic solution cannot be calculated with this theory
due tc¢ the introduction of nonlinear terms. However, aerodynamic coefficients
computed at M = 5.0 can be frozen and can be used for hypersonic application.
Viscous drag due to the skin friction is not computed by this program. This
effect was added in a separate analysis. The resulting aerodynamic coefficients
are plotted versus flight Mach number in Figure A~10,

20 0S¢ /i a} LIFT COEFFICIENTS DRAG COEFFICIENTS
. §\ 2.0
’ _ . 3 . - . — —
LO4E S \\ CL —CLa=O + CLQ T 1.6 .m_-’d"\'\" . m7 -
- et m
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Figure A=10. Aerodynamic Coefficients

A=11
SSD 79-0010-4



Satellite Systems Division
Space Systems Group

Rockwell
International

A

Maximum lift/drag and corresponding lift coefficients and angle of attack
versus Mach number are given in Figure A-11.

* Subsonic:
* Supersonic:

* Hypersonic:

A/D) gy VS My,

Pigure aA-11.

o
~

(L/D) . Y 16.0 at a ™ 1.0, C

13_
G}
oz_a
-1

Y

oL

i
2 |

L Y 0.22

. . 5% < a < 6.2°
(L/D)max from 5.4 to 4.0 at 4.5° < a < 6.2

For airbreather-OFF, rocket only (I../D)max v 3.4

€ & aVSMa ATIL/D),, .
AB-OFF

A — —

—

o

Maximum Lift/Drag

The wing bending moments are based on the following data:

* Differential pressure distributions computed by the Unified
Distributed Panel Program

* X =]0°

* 2 g loading on wing

« GLOW = 4x10° 1m

Lift force (Ly) and bending moment (BM) at the wing root for the above con-

ditions are shown in the following tabulation.

M L, x 107% 1 B x 1070 £e-1n
0.5 4.0 318
0.8 4.0 322
1.2 3.94 334
2.0 3.87 278
3.0 3.8 251
5.0 3.0 185
A-12
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A.5 FLIGHT MECHANICS

The majority of the ascent performance analysis for the SSTO vehicle con-
cept was accomplished using a recently developed lifting ascent program based
on a modified Rutowski Energy Method (Tkawa Method). This technique accurate-
ly estimated payload and propellant performance; however, it did not provide
a bona fide integrated time history of trajectory state from liftoff to orbit
insertion. A second computer program, the Two-Dimensional Trajectory Program
(TDIP), was then used to compute the ascent trajectory timeline.

In order to do an end-to-end simulation of the SSTO (i.e., airbreather
horizontal takeoff, climb, cruise, turn, airbreather ascent, rocket ascent,
coast, and final orbit insertion) with flight optimization including aero-
dynamic effects, Rockwell acquired the Langley POST computer program (program
to optimize simulated trajectories, developed by Martin-Marietta). POST was
installed on the CDC system at Rockwell and several launch cases were executed.

The SS8TO uses aircraft—-type flight from airport takeoff to approximately
Mach 6, with a parallel burn transition of airbreather and rocket engines from
Mach 6 to 7.2, and rocket—only burn from Mach 7.2 to orbit. Figure A-12
illustrates a nominal trajectory from XSC to 300-nmi earth equatorial oxrbit.
Prime elements of the trajectory are:

* Runway takecff under high-pass turbofan/airturbo exchanger (ATE)/
ramjet power, with the ramjets acting as supercharged afterburners

* Jettison and parachute recovery of launch gear
* Climb to optimum cruise altitude with turbofan power

* Cruise at optimum altitude, Mach number, and direction vector to
earth's equatorial plane, using turbofam power

* Execute a large-radius turn inte the equatorial plaﬁe with turbofan
pover

» Climb subsonically at optimum climb angle and velocity to an optimum
altitude, using high bypass turbofan/ATE/ramjet (supercharged after-
burner) poweyr

* Perform an optimum pitch-over into a nearly constant-energy (shallow
Y-angle) dive if necessary, and accelerate through the transonic
region to approximately Mach 1.2, using turbofan/ramjet (supercharged
afterburner) power

* Execute a long-radius optimum pitch-up to an optimum supersonic
climb £light path, using turbofan/ATE/ramjet power

* Climb to approximately 29 km (95 kft) altitude, and 1900 m/s (6200 fps)
velocity, at optimum flight path angle and velocity, using proportional
fuel-flow throttling from turbofan/ATE/zamjet, or full ramjet, as re-
quired to maximize total energy zcquired per unit mass of fuel consumed
as function of velocity and altitude

A-13
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{1 EQUATORIAL PLANE
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Figure A-12. SSTO Trajectory

= Ipnite rocket engines to full required thrust level at 6200 fps and
parallel burn to 7200 fps

* Shut down airbreather engines while closing airbreather inlet ramps
* Continue rocket power at full thrust

- Insert into an equatorial elliptical orbit 91x556 km (50%300 nmi)
along an optimum lift/drag/thrust flight profile

+ Shut down rocket engines and execute a Hobmann transfer to 5356 km
(300 nmi)

* Circularize Hohmaenn transfer
The re-entry trajectory is characterized by low gamma (flight path angle)
high alpha {(angle of attack) similar to Shuttle. The main re-entry trajectory

elements are:

* Perform delta velocity (AV) maneuver and insert into an equatorial
elliptical orbit 91x556 km (50%300 nmi)

* Perform a low-gamma, high-alpha deceleration to approximately Mach 6.0

* Reduce alpha to maximum 1lift/drag (L/D) for high-velocity glide and
cross-range maneuvers to subsonic velocity (approximately Mach 0.85)

A=14
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* Open inlets and start airbreather engines as required

* Perform powered flight to landing field, land on runway, and taxi
to dock

Flyback fuel requirements include approximately 300 nmi subsonic cruise and
two landing approach maneuvers (first approach waveoff with flyaround for
second approach).

Typical ISP‘characteristics of AB/rocket engine system are:

* Subsonic range - Linear reduction of Isp from 9700 to 4000 sec at
1200 fps

* Supersonic range - Reduction of ISp from 4000 sec at 1200 fps to
3500 sec at =5600 fps (AB) ’ -

* Rocket - Isp = 455 sec

The airbreather cruise mode, which results in an economical orbit plane
change from the launch site to the equatorial orbit, was analyzed., The esti-
mated fuel requirements to cruise 1000 statute miles dowvm-range for alternate
propulsion modes are given below.

v Altitude At AWg
(ft/sec) (k-£t) (sec) (1b) Engine
300 20 6600 72,000 Turbofan Jet
60090 85 880 386,000 Ramjet

Although subsonic cruise takes z longer time (110 minutes), the amount of fuel
consumed 1s substantially less when the orbital plane change is accomplished
with subsonic cruise at maximum L/D.

A transition maneuver from high-lift configuration to (L/D)pyx configura-
tion is performed shortly after liftoff (beginning at 3000 £t altitude). The
maximum angle of attack of 13 degrees is reduced gradually to 1 degree for
subsonic (L/D)yay climb configuration.

Velocity and angle of attack vs flight time indicate the time required to
reach 300 nmi orbit (not including subsonic cruise leg) varies from 1800 to
2300 sec, depending upon (W/S)g, (T/W), and engine operational mode.

Variation in load factor, altitude, and dynamic pressure with respect to
velocity and time during supersonic ascent show a maximum load acceleration
less than 2.3 g. Maximum dynamic pressure is 940 psf, which is within load
limits. From takeoff te burnout, the ascent profile is quite shallow - with
flight path angle ranging between -0.7 and 4.5 degrees.

Ascent and descent trajectories of the SSTO and the Space Shuttle missions
are compared in Figure A-~13. Because the performance of airbreathing engines
and zerodynamic lifting of winged vehicle depend on the high dynamic pressure,

A-15
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Figure A-13. Ascent and Descent Trajectory Comparisons

the S8T0 flies at much lower altitude during the powered climb than the verti-
cal ascent trajectory of the Space Shuttle for a givenm flight wvelocity. Light
wing loading of the SSTO contributes to the rapid deceleration during deorbit.

The total enthalpy flux histories which indicate the severity of expected
aerodynamic heating are shown in Figure A-13. As expected, the aerodynamic
heating of ascent trajectory may d351gn the S8TO0 TPS requirement. The maximum
total enthalpy flux of 6000 Btu/ft®-sec is estimated near the end of alrbreather
power climb trajectory. Except in the vicinity of vehicle nose, wing leading
edge, or structural protuberances, where interference heating may exist, most
of the ascent heating is from the frictional flow heating on the relatively
smooth flat surface.

The descent heating is mainly produced by the compressive flow on the vehi-
cle windward surface during the high~angle-of-attack re-entry, and is exnected
to be considerably lower than the Space Shuttle re-entry heating.

Weight in orbit is summarized in Table A~1l., The data entries identified
by an asterisk are revised reference vehicle data resulting from Rockwell and
NASA/MSFC data exchange in May 1978. Calculations reflect additional fuel
reserves, performance losses and a l0-percent growth factor. Imert weight in
orbit was increased from 694,510 1b to 775,800 1b and airbreather engine thrust
of 1.4x10° 1b constant was rev1sed to reflect increase in airbreather thrust
potential shown in Figure A-8.

A-16
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Table A-1. §STO Weight in Orbit Summary
ROEKET Igp = 455. SE€C ROCKET 15p = 468 SEC
[SHUTTLE VALUES) {LaRC VALUES)
GLow ENERGY METHOD POST ANALYSIS ENERGY METHOD
GRBIT Wyx106138 Wi iLE) PAYLOAD (LB) Wy (L8] PAYLOAD (LB} Wy (LB) PAYLOAD (LB}
EQUATORIAL i 787400, *92,90 )
ORBIT 4317 8) 801,700 107.130 790 000 95490, 332,200 138 290.
CRUISE 462 (P.B) 845,900, 151,290
FROM XSC 500 (P81 895,200, 260,730.
INCLINED 3 864,500 169,290. 397.000 202 430.
QA/BIT 431 [P 8] 882600 188,090. 843,000 194 490 917,300 222,730
KSC i82(P 8 925,100 230,590
OUE EAST *5 00 (PB} s *972.400 *196,580
e DATAFOR 300 N M! ORBITAL INSERTION
» AEFERENCE WING AREA (SREF) = 40,900 5Q FT
& WEIGHT IN ORBIT lEXCEUD!NG PAYLQAD)] = 694,510 LB T = 775,800 LB

¢ PB = PARALLEL BURN

E

e LAUNCH FROMKSC

* AIRBREATHER ® ROGCKET
e THRUST =32x 10518
».1gp = SEE CHART
« VELOCITY = 6200 < V € VoraIT FT/SEC

« THRUST = 1.4 x 105 LB
® |gp - VARIABLE
« VELOCITY =0 T V £ 6200 FT/SEC

A,6 AERODYMAMIC AND STRUCTURAL HEATING

Preliminary aerodynamic heating evaluation of the 3S8TO configuration was
performed for several wing spanwise stations and the fuselage centerline.

For the wing lower surfaces, heating rates were computed including the
chordwise variation of local flow properties. Effects of leading edge shock
and angle of attack were included in the local flow property evaluation.
Leading edge stagnation heating rates were based on the flow conditions normal
to the leading edge neglecting cross-flow effects. ALl computations were per-
formed using ideal gas thermedynamic properties.

Wing upper-surface heating rates were computed using free-stream flow
properties, i.e., neglecting chordwise variatioms of flow properties. Heating
rates were computed for several prescribed wall temperatures as well as the
reradiation equilibrium wall temperature condition. - Transition from laminar
to turbulent flow wag taken into account in the computations. Wing/body and
inlet interference heating effects were not included in this preliminary
analysis. The analysis was limited to the ascent trajectory, since the descent
trajectory is thermodynamically less severe.

These parametrically generated asrodynamic heating rate data were used

for thermal analysis of the various candidate insulation systems. Radiation
equilibrium temperatures for emissivity, € = 0.85, are based on:

A-17
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Leading edge stagnation heating rates peak at M = 16.4,
alt = 196,000 ft

* Upper wing surface uniform .static pressure assumed, temperatures
peak at M = 6,4, alt = 86,500 ft

Lower wing surface heating rates and temperatures peak at M = 7.9,
alt = 116,000 ft

* Local flow property variation, angle of attack, and leading-edge
shock effects are included

= Inlet interference effects were not included

Isotherms of the peak surface temperatureg for upper and lower surfaces
(excluding engine inlet interference effects) for the SSTO and Orbiter are
ghown in Figure A-14. Leading edge and upper wing surface temperatures have
similar profiles. The SST0 lower-surface temperatures are from 400°F to 600°F
lower than the orbiter due to lower re-entry wing loading (23 versus 67 psf).

SSTO ; ORBITER-TRAJECTORY
LOWER SURFACE ~—|[—= UPPER SURFACE UPPER SURFACE = |- LOWER SURFACE
I700°F 1; 08 OFJU x 2300F
4 Rove \:\\,/ 2000F
1480 ‘l 680 B00F \/ ] V
1440 t d1440 A
1200 750F < J o=t
100 1100 “ 17
L1240 —
b 1440

T 1550 !

\ 2110 o —
\ 2445 - O N 18008
N Y S

\ 2710 \
! 1200F \/ - N
\ 2940 N

S~

I iiieffguo :iEE?::: — -
t&‘k\ i240 ENTRY/ASCENT /Ji\ }/\/-;;'75;

—
] b et e\ N 2000F
- Y 2200F

\ 2625F
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Figure A-14. Isotherms of Peak Surface Temperatures During Ascent

Structural heating analyses include: (a) typical variations of heat leak
rate (BTU/ft?~hr) and total heat flux (BTU/£t%) as a function of HRSI tile
thickness for typical LH; upper and lower wing tank surface locations; (b) vari-
ation of bondline temperatures versus tile maximum temperature to thickness ratio
for RSI tile insulation, imcluding bondline temperatures for the dry, wingtip
ullage tank, the wetted lower surface of the LH, tank, and the dry upper surface
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of the LHz tank; and (¢) typical thermal response as a function of launch
trajectory expeosure time of the insulation system.

Figure A~15 shows HRSI tile thickness profiles for bondline temperatures
of 350°F. Preliminary data indicate that the titanium aluminide system des-
cribed in the TPS section of this report may be lighter than the RSI tile for
the SSTO TPS system due to the low average temperature (1000°F to 1600°F)
profiles occurring over 80 and 85 percent of the wehicle exterior surface.

— LHo TANK AREA LOWER SURFACE—
T3
1.033
.87
LOWER SURFACE 960 UPPER SURFACE

ULLAGE ULLAGE

Pigure A-l15. HRSI Tile Thickness Contours
for 350°F Bondline Temperature

A.7 THERMAL PROTECTION SYSTEM

Ceramic coated R8I tile,used on Shuttle, and metallic truss core sandwich
structure, developed for the B-l bomber, were investigated as potential thermal
protection systems for the SSTO, Figure A-3.

The radiative surface panel consists of a truss core sandwich structure
fabricated by superplastic/diffusion bonding process. For temperatures up to
1500/1600°F, the concept utilizes an alloy based on the titanium-aluminum
systems which show promise for high~temperature applications currently being
developed by the Air Force. For temperatures higher than 1500/1600°F, it is
anticipated that an alloy will be available from the dispersion-strengthened
superalloys currently being developed for use in gas turbine engines. Flexible
supports are designed to accommodate longitudinal thermal expension while
retaining sufficient stiffness to transmit surface pressure loads te the primary
structurél Also prominent in metallic TPS designs are expansion joints which
must absorb longitudinal thermal growth of the radiative surface, and simulta-
neuously prevent the ingress of hot boundary layer gases teo the panel interior.

A-19
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The insulation consists of flexible thermal blankets, often encapsulated in
foil material to prevent moisture absorption. The insulation protects the
primary load-carrying structure from the high external temperature.

During the past two years, Rockwell and Pratt and Whitney Airecraft have
participated in an Air Force Materials Laboratory sponsored program, F33613~75-
C~1167, directed toward the exploitation of TizAl base alloy systems. The
titanium aluminide intermetallic compounds based on the compositions TizAl
(2) and TiAl (y) which form the binary Ti-Al alloys have been shown to have
attractive elevated-temperature strength and high modulus/density ratios.

Titanium hardware of complex configurations have been developed, utilizing
a process which combines superplastic forming and diffusion bonding (SPF/DB).
This Rockwell proprietary process has profound implications for titanium fab-
rication technology, per se. In addition, the unprecedented low-cost hardware
it generates promises to revolutionize the design of airframe structure. The
versatile nature of the process may be shown by the nature of the complex deep-
drawn structure and sandwich structure with various core configurations which
have been fabricated. This manufacturing method and the design freedom it
affords offer a solution to the high cost of aircraft structure. Manufacturing
feasibility and cost and weight savings potential of these processes have been
established through both IR&D efforts at Rockwell and Air Force contracts,
These structures may be used for engine cowling, landing gear doors, etc., in
addition to providing major TPS components.

Unit masses of the SSTO TPS councept, state-of-the-art TPS hardware and
advanced thermal-structural designs are compared with the unit mass of the
orbiter RSI in Figure A-16. The unit mass of the RSI includes the tiles, the
strain isolator pad, and bonding material. The hashed region shown for the RSI
mass is indicative of insulation thickness variations necessary to maintain
mold line over the bottom surface of the orbiter. The RSI is required to pre=-
vent the primary structure temperature from exceeding 350°F. The unit masses
of the metallic TPS are plotted at their corresponding maximum use temperatures.
The advanced designs are seen to be competitive with the directly bonded RSI.

A.8 STRUCTURAL ANALYSIS

The multi-cell wing tanks provide a structure which is capable of sustain-
ing pressure while, at the same time, reacting aerodynamic loads. The tanks
are sized based on ullage pressures of 32-34 psia (LHp) and 22-22 psia (LOX).
Maximum wing bending occurs at about Mach 1.2. The LH,; and LOX wing tanks are
the major load path for reacting these loads. The wing also supports the air~
breather engine system.

The primary wing attachment is to the cargo bay structure. The cargo bay
aft section, in turn, is connected to the LH; tank. The LH; interconnects the
cargoe bay, aft portions of the wing, the vertical surface, and the rocket engine
thrust structure.

An ultimate factor of safety of 1.50 was used in the analysis. The prime

driver in the structural sizing of the multi-cell wing tanks is the bending
moment resulting from air loads at Mach 1.2. The net bending moment on the

A-20

SSD 79-0010-4



Sateliite Systems Division @ Rockwell
Space Systems Group international

2. 5 L'é’US
RENE 41 @

LT ASELINE RS
L1-900 { SHUTTLE)
ADVANCED TPS DESIGNS

2.0 SSTO

UPPER LIMIT - TILETPS ——

—

.

w
I

[

L]

=]
1

- LOWER LIMIT - METALLIC TPS
—

0 2 i ! ] | ] |
3 x

1200 1400 1600 1800 2000 2200

PEAK SURFACE TEMPERATURE, OF

Figure A-16. Unit Mass of TPS Designs

wing is the difference between the lift moment and the relieving moment due to
LOX remaining in the wing. Trades were performed to determine the structural
wing welghts required to sustain these bending moments plus internal pressure.
4n intermediate location was chosen for LOX propellant where 1lift moment ~2
times relieving moment. Locating LOX outboard results in a lower net flight
bending moment, but the critical design condition then becomes prelaunch under
full propellant loading. To sustain this prelaunch bending moment, the wing
weight would be in excess of 200,000 1b.

The wing LHz tank was designed to sustain the loads from both internal
pressure and wing bending. AL 2219-187 was chosen for the tank material on
the basis of high strength at cryogenic temperatures, fracture toughness, and
weldability. Loads resulting from wing bending moments are dominant in deter-
mining membrane thickness, which is based on a maximum tank ullage pressure of
34 psia, and an ultimate factor of safety of 1.50. Figure A-17 shows material
thickness versus wing station due to pressure and wiag bending. The column
showing bending only relates to wing-bending contribution, not an unpressurized
wing design.

The fuselage LH; tank is the primary load path for reacting total vehicle
mass inertias during the maximum, acceleration condition (3.0 g). Approximately
27 percent of the propellant remains at that time. The tank has a twin-cone
"Siamese" configuration which is required in order to fit in the fuselage at
maximum propellant volume. The forward end of the tank is ¢ylindrical, while
the aft end is closed out with a double modified ellipsoidal shell. The bulk-
heads react the internal pressures while the sidewall carries pressure and
axial compression loads. The bulkheads are monocoque construction while the
sidewall is an integral skin-stringer with ring frames comstruction. Tank

A-21

858D 79-0010-4



Satellite Systems Division g Rockwell
Space Systems Group International

PRESSURE | BENDING | BENDING +
. REQUIREMENT | ONLY | PRESSURE
1 STA* | Hyom | t1=t3"" t Y
_ | M) N (N (IN) (IN.)
J :
'/(IJ R "m 109 | 240 0.066 0.021 0.087
e + i 230 | 146 0.040 0.076 0.116
_ r 540 | 110 0.031 0.082 0.123
1070 | 48 0.014 0.120 0.134

*DISTANCE FROM VEHICLE §
**FOR @=60 DEG ONLY

Figure A-17. Material Thickness Versus Wing Station

configuration and bulkhead membrane and sidewall "smeared" thickness require-
ments to sustain the internal pressure and axial compression loads have been
determined. The structural design of all eryo tanks is based on cryogenic
temperature material properties and allowables.

A.9 MASS PROPERTIES

S8TO mass properties are dominated by- the tri-delta wing structure, the
thermal protection system and the airbreather and rocket propulsion system.
The initial reference vehicle data, shown in Table A-2, were generated by
Rockwell during the period of December 1977 - January 1978. These data were
reviewed by NASA MSFC/LaRC during February and March 1978, resulting in two
extremes of mass estinates. A reassessment by Rockwell during May produced
the final reference vehicle data. The data presented in this report are con-
sidered to be reasonably achievable targets. The technology items coded on
Figure A-1 require study in greater depth and degree of sovhistication to
confirm SSTO mass property data.

A-22
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Table A-2. SSTQO Weight Summary

ROCKWELL MSFC ROCKWELL
INITIAL FINAL
REFERENCE NORMAL ACCELER REFERENCE
ITEM DESCRIPTION VEHICLE TECHNOLOGY TECHNOLOGY VEHICLE
AIRFRAME, AEROSURFACES, TANKS AND TPS 357,000 458,000 249,040 370,000
LANDING GEAR 27,700 53 000 39,000 272,700
RQCKET PROPULSION . 63.700 40,000 40,000 71,700
AIRBREATHER PROPULSION 148,000 200,000 148,000 140,000
RCS PROFULSION 4000 16,000 11,000 16,000
OMS PROPULSION 1,200 9,000 7,000 5,000
OTHER SYSTEMS 35,500 41,000 22 000 37,800
SUBTOT;\L 647,100 517,000 516,000 662_200
10% GROWTH 81,700 51,600 66 220
TOTAL INERT WEIGHT (DRY WEIGHT) ’ 647,100 898,700 567,600 728,420
USEFUL LOAD (FLUIDS, RESERVES, ETC} 47,400 J— — 47,400
INERT WEIGHT & USEFUL LDAD 654,500 ) 775820
PAYLOAD WEIGHT 107,200 - _ 196,580 *
ORBITAL INSERTION WEIGHT 801,700 §72,400
PROPELLANT ASCENT 3438080 “ _ 4,027,600
GLGW (POST JETTISON LAUNCH GEAR) 4,239,780 — —_— 5,000,000
-‘.Ab 3 of
200 Nl EQUATORIAL ORBIT 0 K 259
EACESS FROPELLANT TANE YOLUNE | INCUNED 0RIT

SEEWEIGHT IN ORBIT SUMMARY
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APPENDIX B

HLLV REFERENCE VEHICLE TRAJECTORY
AND TRADE STUDY DATA

B.0 INTRODUCTION

The reference heavy lift launch vehicle. trajectory data and a summary of
the various trade studies performed are contained in this appendix, The-
several trade-options include:

* First and Second Stage Engine Throttling

* First Stage Propellant Weight Seasitivity

* Second Stage Propellant Weight -Sensitivity

Lift-off Thrust-to-Weight Semsitivity
« Alternate Fixst Stage Propellants (LOX/CH, and .LOX/LH,)

With the exception of the engine throttling trades, all trajectories
assumed 100Z throttling by the first stage engines. (i.e., second .stage engines
operate at maximum thrust throughout , the parallel burn ascent phase) in order
to stay within maximum allowable load- factor and dynamic-pressure;3 g and 650
psf respectively.

The engine throttling study shows little effect.on vehicle payload capabil-
ity when doing 1007 of' the throttling with either stage. All intermediate.
options (i.e.; partial throttling of both stages) shows a degradation in pay-
load capability.

The first stage propellant weight .sensitivity analyses show an improve-
ment in glow/payload weight ratio (smaller)- as first stage propellant weight
is_ increased, however, the staging velocity exceeds the capability of a heat
sink booster. . The second stage-propellant weight sensitivity indicates an
opposite effect to the first stage data.:

By combining the .effects of throttling of second stage only and increas-
ing first stage propellant Weight could result in-'a 10-15% improvement .over
the  reference HLLV configuration. -

The alternate -propellant trades; LOX/CHy and LOX/LH,, show 7% and 37%
increased performance over the reference HLLY configuration. The-LOX/LH,
configuration, however, becomes extremely large (volume) and less cost.
effective because of handling and propellant costs. The LOX/CHy booster
appears to be a viable option.

Bl
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B.l1 HLLV REFERENCE VEHICLE TRAJECTORY

This section contains the tabulated reference vehicle characteristics
and trajectory data. The nominal and abort modes [once around and second
stage return to launch site (RTLS)] data are-included.,- Because an .adaptation
of the space shuttle transportation system scaling program was used, certain
vehicle parameters are listed under headings of “External Tank" and "Solid
Rocket Booster."

The first two pages .of the tabulated -data list -the pertinent ground.rules
and assumptions employed in making the computer run. In the list of "Vehicle
Characteristics" (third page), the structure weight given refers to the booster
total inert weight plus residuals and reserves but exclusive of flyback propel-
lant. The propellant value given is the total usable ascent propellant loaded
in-the first stage (i.e., includes that propellant crossfeed to the second
stage during first stage burn).

In the summary weight.statement (fourth page), the "Orbiter" and “External
Tank" listings refer to second stage weights. The Y"External Tank" values apply
to main propulsion residuals and reserves. The total usable propellant (Exter~
nal Tank) is the total propellant burned in the second stage (i.e., propellant.
loaded-plus crossfeed from first stage). The usable SRM propellant listing is
the total propellant burned through the first stage engines. To determine the
amount -of crossfeed propellant, the usable SRM propellant may be subtracted
from the total propellant loaded in the second stage which is given under
Vehicle Characteristics, third page of data.

CRT plots of significant -HLLV parameters are included following the
tabulated data.

The reference vehicle.has a gross liftoff . weight of 7,135,492 kg
(15,731,068 1b) and a payload capacity of 231,195 kg (509,653 1b).

S8D 79-001G-4



GENERAL ASCENT TRAJECTORY AND STZING PROUGRAM BY R.L.POWELL

DATE — OY/15/79 TIME — 18:18:27

SATELLITYE POWER SYSIEM (SPS) CONCEPT DEFINITION STuDY

TWO-STAGE VERTICAL TAKE~UFF HORIZONTAL LANDING HLLV CONCEPT

BOTH STAGES HAVE FLYBACK CAPABILITY TO LAUNCH SITE (KSC)
\ .
FIRST STAGE HAS AIRBREATHER FLYBACK AND LANDING CAPABILITY

FLYBACK PROPELLANT HAS A SPECIFIC FUEL CUNSUMPTION OF 3500 SEC

SECUND STAGE UStS THE ABURT-ONCE—~ARUUND FLYBACK MODE (AQA)

FIRST STAGE HAS LOX/RP/LHZ TRYIPROPELLANT SYSTEM

—p —

€

WI1TH M2z COULED HIGH PC ENGINES (VACUUM ISP = 352,3 SEC)

SECOND STAGE USES LUX/LHZ PROPELLANT WITH VACUUM ISP 46647 SEC

THE DESIGN PAYLUAD SHALL BE 500 KLB INTO A CIRCULAR DRBIT DF.

270 No MILES AND AN INERTIAL INCLINATION OF 31.6 DEGREES

ASCENT SHAPED TU THe NUMINAL ASCENT MISSION

MECO CONDIVIONS ARE {0 & THEURETICAL ORBIS OF 169,22 N.MILES

BY 50.42 N. MILES (CUASTS T0 APOGEE OF 16U NJMILES)

ON=ORETY DECTA VELOUTTY REGUIREMENT UOF 1110 FEET/SECOND

RCS SYSTEM SIZED FOR A DELTA VELOCITY REQMT UF 220 'FEET/SECOND

THE VEHICLE STZED FOR A THRUST/WEIGHT RATIO aT LIFT=0FF OF 1.30




MAXIMUM AXTIAL LOAD FACTOR DURING ASCENT £S5 3.0 G'S

TRAJECTORY HAS A MAXIMUM AERDO PRESSURE OF 650 LBS/FT2

W AX LU A ERD T PRESSURE AT STAGING LIMITED 1O 25 LBS/FT2

UIRECT ENTRY FROM 27C N.MILES ASSUMMED (DELIA V = 415 FT/SEC)

PEIGHT PERFORMANCE RESERVE = 0.75% TOTAL CHAC ASCENT veELOCITY

WEIGHT SCALING PER RUCKWELL TR AND D HLLV STUDIES

A WEIGHT GROWTH ALLOWANCE OF 15% 1S5 ASSUMMED FOR BOUTH STAGES

FIRST STAGE BURNS 7995060 POUNDS OF ASCENT PROPELLANT

T SECUNDTS TAGE (ORBITER) ENGINES BURN 5092633 L85 OF PROPELLANT

SECOND STAGE DRY WEIGHT WITHUOUT PAYLOAD EQUALS 727620 tH8S

SECOND STAGE THRUST LEVEL 2 STAGING EQUALS 4750030 L&S

T T T TSR COND STAGE ASSUMES 4 ENGINES FOR ASCENT WITH 1 OUT FOR ABORT
£

SECOND STAGE EPL THRUST LEVEL FOR ASURT 1S 112 ¥ FULL POWER

SECOND STAGE UVERALL BUOOSTER MASS FRACTION = 0.8489 W/0 MARGIN

SECONOSTAGE WELGHT HBREAKDOWN s

24870 POUNDS

{1

|
RESTUOUAL WEIGHT

i

RESERVES WEIGHT 3300 POUNDS

TUTTRCS PROP WETGHT 18780 POUNDS

i

BURN-DUT AL TLTUDE AT SECOND STAGE THRUST TERMINATION = 50 N. MILES

ADVANCED TECHNOLOGY WILL BE COMPATABLE WITH YHE YEARS 19906 ON

FHIS RUN IS MADE WITH A CONSTANT KICK ANGLE -~ LOX/RP—-1 BASEL INE



VEHICLE CHARAUTERISTICS

(NOMINAL MISSION)

STAGE 1 2 3
GRUSS STAGE WEIGHT,(LEB) 15731068.0  4891645.0  4817477.0
GRUSS STAGE TARUST/WEIGHT 1.300 0.971 0.986
THRUST ACYUAL{L#) 20450352.0  47500600.0  4750000.0
ISP VACUUM { SEC) 370.886 4664700 466,700
STRUCTURTE, (LB 104€488,.9 0.0 806009.0
PROPELLANT 4 (LB) 9607069, 0 74168.0  3406460.0
PERF. FRAC ., (NU) 0.6107 0.0152 o.7071"
T PROPECTENT FREC > TNUET L9019 1.0000 D.BOEY
BURNOUT TIME, (SEC) 1564387 165.674 507.1%4
zBURNOUT VELOCITY »{FT/SEC) 8238.750 8407.051 25954.1G9
BURNCOT GAMMA, (DEGREES) 14,396 13.338 G.187
BURNOUT ALTITUDE,(FT) 180948.6 195447, 7 319657.5
BURNOUT RANGE s (NM) 48.% 56.6 809 .7
TIDEAT VELOTITY, (FT/ZS¥C) 10960.32 1118%.7 29628.0
INJECTION VELEBCITY,(FT/SEC) 0.0 FLYBACK RANGE (NM) 211. 9
T"INJECTION PROPECTANTS(LB) 0.0 FLYBACK PROP(LBS] 186464, Y
ON ORBIT DELTA-V 2{ET/SEC) 1083,.%
TONTORBIT-PROPELLENTS TLB) FSIBG T
ON ORBIT 15P,(SEC) 46547
TTHETA= 2BW147 T T T OPITCHTRATES 0L.0C192 7 T EATTEMPTS TO CONVERGES 3
PAYLOAD, (LB) 50%653 .0




s

SUMMARY WEIGHT STATEMENT (NOMINAL MISSIUN)

CASE

65

ORBITER WEIGHT BREAKDOWN

DRY WE IGHT T2°1620.000

POUNDS
T T UTTTPER SUNNREL T F000.000 POUNDS
RESIDUALS 2G7C.000  POUNDS
RESERVLS 3300.000 POUNDS
IN=FLTIGHT LUSSES 10439.000 POUNDS
ACPS PROPELLANT 18280.000 POUNDS
UMS PROPELLANT 98354 ,125 POUNDS
PAYLOATY 509653.000 PODUNDS
BALLAST FOR CG CONTROL 0.0 POUNDS
OMS INSTALLATION KITS Q.0 POUNDS
PEYLOAT MODS 0.0 POUNDS
TUTAL END BOOST (ORBITER ONLY) 1369716 .00 POUNDS
fMS BURNED DURING ASCENT 0.0 POUNDS
ACPS BURNED DURING ASCENT 0.0 POUNDS
EXTERNAL MAIN TANK'
TANK DRY WEFIGHT 2640,000 POUNDS
"”ir“"“””“*“RESTUUALb T7720.000 POUNDS
PROPELLANTY BIAS { 2640.000 ) POUNDS
PRESSURANT { 2126.000 ) POUNDS
TANT ANT  CINES ( 9320.000 ) POUNDS
ENG INES ( 3630.000 ) POUNDS
FLIGHT PERFORMANCE RESERVE 20030.000 POUNDS
T OCUNBURNED TP ROPETCANT T IMATN TTANRY AN POUNDS
TOFAL END BOOST {EXTERNAL JANK} 41300.G00 POUNDS
USABCE PRUPELTANT (EXTERNALU TANKTY 5092633.T0 POUNDS
FLYBACK PROPELLANT (FIRST STAGE) ' 186864 ,937 POUNDS
SULID ROCKET MOTOR (FIRST STAGE) . 040548 .00 POUNDS
SRM CASE WEIGHI(2) 1045488 ,87 POUNDS
SRM=STRUCTURE™ & RCVY WEIGHT 0.0 POUNDS
SRM INFRT STAGING WEIGHT 1045488 .07 PUUMDS

T T OUSABLE CSRMCPROPELUANT

TOTAL GROSS LIFI-UFF WETGHT (GLOW) 15731068.0

TT99R0B0TUNTT CPOUNDS

POUNDS


http:1045488.U7
http:1045488.87
http:9040548.00
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T1IME VREL ALT GAMMA QB AR LOAD FACTOR
W VUG DT VGRAV VDRG THRUST

ALPHA MACH LIFT RANGE ORAG THROTTLE

THRUST 1 VAC THRUST 1 THROTTLE 1 FTHRUST 2 VAC THRUST 2 THROTTLE 2

Ca O 0,0 0.183000F+03 0.2C0000E+02 0.0 C.130101E+C1
GI5T3TIEFOR O 914843 F01 G.0 U. 0 0.9 G.204662E408
0.0 0.0 .0 0.0 0.0 0.100000E+01
0.1704319E+08 0.182167TE+08 0.100000E+01 0. 342432E+Q07 O0.4TAY 228407 0.100000E+01
Ce LO000CUE+OL 0.982707TE+01 U«187900E403 0. 9000CG0E+02 0.110324E+00 C.13061A8E+01
015669 2EF08 U9 9TT05EYDT 0.0 0.3219485+02 0.155268E-03 0.204664E+08
0.0 0.864182E-0G2 Ca941394E+02 0.0 C.226589E+03 O.10U0000E+0]
0.170421E+08 0.182167TE+08 C.10000CE+Q] 0.342454E+07 V4731925407 0D.1GO0O00E+OL
0. 199999¢+01 0.198209E+02 Q0.2027T10E+Q3 U 00000E+02 O«448634E+00 O.i31137E+01
CoI5B6U0T3EFUE O ITCOTT9E+T7 o.0 0.643897E+C7Z 0.12519%6E-02 0.204679E+08
Q.G 0.174313E~-01 0.382519E+03 0.0 D.Y16B62E+03 (.1000Q0E+01
0 1704 27E+QH 0.182167E+08 0.1000008+01 D.34252254+07 D.47T3192E+407 C.1UG0000E+01

jt:

0. 29999%E+01 0.299836E+02 Gu221598E+03 O.w0000G0E+C2 0.1025945E+40) 0.131665E+01
O IS4 54EFUB O TU2458U0EF02 (S 4] 0.965844E+02 Q.42T1TCE-Q2 C.2047T01E+08
0. O 0.2637T13E-01 0.875430E+03 Gl 0.20866TE+04 C.1000C0E+0L
QalTUHAITELDS C.182167E£+08 0.100000E+01 Cue342635%+07 0.473192E+8G7 0.100000E+C1
0. B9QYYRE+D | 0.403174E+02 Q0.262134E+03 O« U0 000E+Q2 0.185321E+01 0.132200FE+G1
O T8 36EF0UD U TCGZ07ZEFT L U0 Ue 123775903 C.102408E~01 0.2047T31E+GH
0.0 Q.3544L50E~01 0.1561345404 .0 0.375154E+0D4 0.10C000E4+01
0. 170452F+08 D.1EZ216TE+OB 0.100000E+G1L O.342795E+07 0.4T3192E+07 G.100000E+01
0 499998E+01 D.508246E+02 Ge3UB249E+03 {aQ00CC0E+GY 0.29%4136E+01 D132742E4+01
0T YYE YT EYOD O T OS9YE TERTZ 0.0 U, L6U0GT4E+T3 020231101 G204 1T1E+0H
G. O C.aaTiB4E-U1 U.250987F+04 Cati O eBF2866E+04 0.100000E+01

Co 17047 0E+QY

G«100000E+0L

Gae343G02E+0T

0.4713192E+07

6.100000£+01

G.182167TE+US




TIME VREL ALT GAMMA QB AR LOAD FACTOR
W vooT GDT VGRAY VORG THRUST
ALPHA MACH LIFT RANGE DR AG THROTTLE
THRUST 1 VAC THRUST 1 THROTTLE 1 THRUSTY 2 VAC THRUST 2 THROTTLE 2
Oe 599997E+0 ) 0.6 L60T3E+02 0.364439FE+03 0.900000E+02 0.430121E+401 0.133291E+401
U IS3599F+0E U.IUTTIZE+FQZ 0.0 O.193168E+03 0.3536106~01 C.204819F+0B
0.0 0.541258E~01 O.367022E+04 0.G 0.B63285E+04 0.1C00000E+Q]
0. 170493E+08 0.1821867TE+08 0.10000DE+01 0.34325TE+GT7 0.4T3LG2E+CT 0.1006000E+01
0. £99997E+01 D.T236TFE+02 O0431361E4+05 '0.9000005+02 0.594342E6401 0.133846£+01
0T IS2919EF0B 0 TUYSU3IEFU2 () O, 2Z2953562E+113 CeS56T1T95TE~CY 0.204877TE+08
0.0 0.626992E-01 0.507151E+04 Qe U De11I8RGHE+OS G.100000E+01
0.1705216+08 0.18216TE+08 0.10000GE+01 0.243560E+07 0+4TALG2E+0T 0.100000E+01
Oe T999%6E+01 0.834085E+02 0.509233+03 0.%COCOQE+ 02 0. 78T844E+0Y 0.134409E+0)
Ue ISZ3ETEFUS ToITT 315+ 07 G.0 Ca2HTHB6E+03 0.85748%E-C} 0.2C4943E+08
G. L 04734391501 D.6T1226TE+D4 0.0 0.1568T6E+05 6.100000E+01
0. 17055264038 0.162167TE+DS8 0,.1000G0E+01L 0,3432912E+07 0.473192E+07 0.100000:+01
X E
De B9YIGSE+D] D.946314E+02 Cu598236E+03 0.900000E+02 0.101168E+C2 0.134978E+01
OIDT7428¥03 0. TI3TE9E+07 'O.U U. 28974 8FE+ 03 0.1232481E+00 0.205020E+08
0. 0O 0.833487€~01 0.863243E+04 C.0 Q.200699E+05 0.1000060E+01
0.17058HE+08 0.182167E+CB 0.100000E£+01 Ca344314E+07 0.473192E+07 C.100000E+01
0. 999995+ 01 0.10603SE+03 Q.698B5556+03 G.900000E+02 ' O 1260THEF(Z 0.135555E+01
TS YT Z3EF0E O TISOUTEFOZ ) U.321I%41E+03 O0.1T13G4E+C0 0«205105E+08
0.0 0.934315E~-01 C.I0BOY3E+0GS Cel 0.250430E+05 0.1C0000£+01
0. LTG625E+0Y 0. 1832 167E+08 0.100GO0E+OT Qe 344 T OHE+(OT Oa4T3192F+07 0.180000E+D1
0;100000E+02 0.106040E+03 U,696060E+03 G.896315E+02 g.1266THF+02 04135555E+01
TTTTOTIBTTIZAEFUE 0w TISTIZEFOZ =0, T4297TE=01 Ce 32194825403 O.I7T307TE+CO 0.2051056+08
0. G 0.934319E~C1 Gu1GHOV4E+DS 0.0 0.250433E+405 0.100000E+01

Ca 17T0629E+08

0.182167E+0Y

G 1C0000E+0]

042447 6LE+0T

0.4T319ZE+07

0.100000E+01



http:0.13329L2E.01
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TIME VREL ALT GAMMA GiB AR LOAD FACTBR
W VIIGT GCT VGRAV VORG - THRUST
ALPHA MACH LIFT RANGE DR AG THROTTLE
THRUST 1 VAC THRUST 1 THROTTLE 1t THRUST 2 VAC THRUST 2 THROTTLE 2
0. 120000E+02 0.129420E+03 0.933917€E+03 Q. 8945736+ 02 0.187478F+02 0.13&6729E+01
O T498HEEFUE 0. 1TY8606E+CY —G. LO0C452E+CO Ce3B6326E+03 0.302954E+00 0.205305E+08
.0 0.114133E+QC U.159375E+05 0353495803 0.36BZ51E+D5 0.100000£+01
0.170G724E+08 0,182167TE+08 C.100C006+01 0.345820E+07 0.47T3162E+Q7 Q0.1000G0E+01
Ca140000E+D2 Q.153569E+03 0el216T9E+04 Ce B92266E+02 0.26190C5E+02 (G.137931E+01
0 I4B648E408 0. 122699E+0L =0, 130656E+00 0.450705E+03 0.491951E+0U 0.205544E40y
G. 0 0.135570E+00 U0.223484E+05 0.958813E-03 0.5118527E+05 0.100000E+01
0. 1708 36E+0H 0.182167E+08 G.100000E+01L 0.34707BE+CT Qe473192E+07 0.10GG00E+QL
0. 160000E+G2 C.178507E+03 0.154872E+04 0.889321E+02 Q.350603E+02 0.139162E+D1
CI147T4YTYE+08 0 T26E58E+02 —Ualb64245E+00 Ce 51507%E+ 03 0.7505T5E+00 D.Z0B822E+408
0. 0 0.157T174E+00 G.2991T0E+05 0.194111E-02 (.681403E+05 0.100000GE+01
0. 17096BE+QR 0.16216TE+08 0.100000E+01 Oe348541E+07 Q.473192E+(07 0.1C00U0E+0O]
Z ,
0. 1B00QUCOE+G2 0.204256€E403 01921 29E+04 0.885675E+02 0.4541 18E+02 D.140421E+01
G T4AEYTIEFDE 0.130804E+02 ~0.Z200588E+00 CaET9444E+C3 Gs109190E+GY 0.205139E+08
0.0 0.18CTTHE+OU 0.387499E+CY C.346320E~02 C.HTEB946E+0S 0.100600E+C1
0. 171118E4+08 0.1BZ21656E+08 ELIOOOOOE+01 0.350211E+07 0e473192E+07 0.10000CE+0}
O 199999 E+G2 0.230838E+03 U 236610E+04 C.EBl2832E+02 O 57T2882E+C2 0.141710E+GY
TTTOSIAE9ZEERDS 0135 C3aE+TE ~U.228996E+0C Ce 643794E+03 U.15297TTE+GL 0.206495E+08
0.0 0.204610E+00 0.488840E405 Co872963E~02 0.110512E+06 0.100000E+01
Cal171286{+08 C.182166E+08 0.100000E+0) ~252086E+CT 0.4T2192E+07 G100000E+01

0.21999YE402

GuZbB2T9E+C3

G.2854T6E+0U4

CaB876104E+ 02

0. 70TL94E+G2

0.143027+01

T OTIS369EEFDE

C. C
0. 1714736408

393988+ 2
0.229311E+00
O.182166E+08

=0.273948E+00
G.603448E405
0.100CC0E+0OY

0. fOBLZ4E+G3
Te BYYOBOE- (22
U« 354166E+07

0.,2077881E+01
0.126Q7TTE+Q6
Oua73192E+07

O.206590E+08
0.100000E+01
0.100000E+01




0. 1729571408

0.182166E+08

0.100000E+01

0. 370685F+ 07

Oe4TILG2E+0T

TIME VREL AL GAMMA OB AR LOAD FACTOR
W VTOT GDT VGRAYV VORG THRUST
ALPHA MACH LIFT RANGE DR AG THROTTLE
THRUST 1 VAC THRUST 2 THRAOTTLE 1 THRUST 2 VAC THRUST 2 THROTTLE 2
Qe 239G CGGEX0G2 0.286606E+03 0«339893E+04 0.870116E+G2 Q857205E+02 D.144372E+01
U T4 Z461EFU8 0.T436893E+02 —0.315875E+00 O.TT2425E4 03 0.275436E+01 0.207323E+08
0. 0 0.254919E4+00 0.731452E+05 04135434801 0.1646&62E+06 0.100000£+01
O 1T16TUEHQD 0.182166E+08 Q.1000008+01 Ou356448E+07 0.47T3YG2E+07 0.100CG00E+Q1
0.259998E+02 0.31585GE+03 0.400025E+04% 0.8B63305E+02 0.102291E+d3 Q.145T746FE+01
OCTHIZZ3E+08 U TR S55BE+D? —0.3617273%+00 8366845+ 03 0.357247E+01 0.207TT93E+038
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TIME VREL ALT GAMMA OB AR LOAD FACTOR
W VTIoT CUT VGRAV VORG THRUST
ALPHA MACH LIFT RANGE DR AG THROTTLE
THRUST 1 VAC THRUST I THROTTLE 1 THRUST 2 VAC THRUST 2 THRO{TLE 2
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TimMeE VREL ALY GAMMA QR AR LOAD FACTYOR
W VOoT GOT VGRAV VDRG THRUST
ALPHA MACH LIFT RANGE DR AG THROTTLE
THRUST 1 VAC THRUST 1 THROTTLE 1 THRUST 2 VAC THRUST 2 THROTTLE 2
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TIME VREL ALT * GAMMA Q8 AR LOAD FACTOR
W ViaT GDT VGRAV VORG THRUST
ALPHA MACH LIFT RANGE DR AG THROTTLE
THRUST 1 VAC THRUST 1 THRUTTLE 1 THRUST 2 VAC THRUST 2 THROTFLE 2
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1IME VREL ALT GAMMA QB AR LOAD FACTOR
W voaT GOT VGRAV VDRG THRUST
ALPHA MACH LIFY RANGE DR AG THROTTLE
THRUST 1 VAC THRUST 1 IHROTTLE 1 THRUST 2 VAC THRUST 2 THRUTTLE 2
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TIME VREL ALT GAMMA Q8 AR LOAD FACTOR
W youT GO VGRAV VDORG THRUST
ALPHA MACH LIFT RANGE DR AG THROTTLE
THRUST 1 VAC THRUST 1 THROTTLE 1 THRUST 2 VAC THRUST 2 THROTTLE Z
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L2AD FACTOR

st

TImE VREL ALT GAMMA QR AR
W VODT GDT VGRAV VORG THRUST
ALPHA MACH LIFT RANGE DRAG THROTTLE
THRUST 1 VAC THRUST 1 THROTTLE 1 THRUST 2 VAC THRUSY 2 THROTTLE 2
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CeI3TI 24 EF 0T O RE0RSSEFTY ~0 0024 24C+00 UalB4232E+04% 0.263440E+03 0.2287TT0E+08
0.0 0.280850E+01 G.0 Ce9T435CE+ 01 Q776419 E+ Q6 0.100000E+01 .
0. 181827TE+CH 0.152165E+08 0.100000E+01L Q. 4694328+ 07 Q.4T3LSZE+07 0.100000E+01 ]
—_ . E
Ce 105999 F+0 A 0.2858THE+(4 LL825326E+05% Ue340474E+ 02 Q.212G29E+03 G.241560k+01 ‘
R T R TS GO OS99 TEFOLZ =L HAEESTOEFQOT . 2973545+ 0a U.Z68BYTCE+U3 U.Z2288LYE+08
0. U 0.291 1L TE+ 0O} .0 0. 1350998 +02 0.699143E+0h G.100CL0E+Q]

0. 161874 L+0H

0.182165E+08

GolCOG0OE+01

Ue 40YIB1S+CT

Qo4 T3192F+07

0.1CR000E+01
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TINE

VREL

s

CAMMA QB AR LOAD FACTOR
] VDT GDT VGRAV VDRG THRUST
ALPHA WMACH LIET RANGE DR AG THROTTLE
T OTHRUST 1 T VAL WIHRUST 1 T PHROTTLE L THRUST 2 VAC THRUST 2 THRUTTLE 2
02197969 E+0T 7~ 7 0.2680286E+C4 ~ TOLezFeizE+o08 Ue 330900E+ 072 0.289T46E+03 0.245644E+01
0963 TSEFOT G5 IESUSEFUZ “CTETCEBEEFUT G.301326E+04 0.2713249E+03 0.228954E+08
Vs 7 c.3c¢wa3e+a& UalE = 7 Ce 113178E+02 0.630902E+06 0.100000E401
0:181914£+08 - &21638+03 - 01100000r+01 0« 4T0400E+0CT 0.47T3192E+07 G.lO00D0E+Q]L
O IDC999=+03 i C.3£052{&+04‘ 'o;&%éqi4%+0£ T 0.321636E+02 0.268615FE+03 0.249715E+01
U: E9&0CUEFTT O+DA3791E+CZ ~C.4555S4E40C O.304829E+04 0.277569E+03 0.229028E+08
008 = - ) 0.3L462BE+(L 007 & .« = 0. 12168E6E+02 0.578312E+06 0.100000E+D1
T 0 1B E9A9EHQS "0.382165E+GB o 1300c0r+01 0 4T0TYOE+CT 0.473192E+07 0.1 00000E+01
0= 1119%9k+03 0.3L3379E+04 '0;92f7295+0< Qe 3126T4E+02 0.248632E+03 C.253852E+01
U2 8816 25+07 O 551380E+02 —0.4450G6608400 O 30B184E+ 04 0.281579E+03 Q. 229092E4+08
0= 0 - 0.3Z6501E+01 0,02 © o «130633E+(2 0.529C27E+06 G.100000€+01
“':13{9;9w+0& T GJOA@EIGEEHEE T T 0.10GCO0E401 Q 4TL128E+CT 0 4TILYZE+QT 0.100000E+01
? 0s11329¢9E+02 0.3*658%t+0* 0.937556E+405 e 30400 T7E+02 0.22B8G1E+03 0.258080F+01
I BS9ZS0EF0T . 5&IToEF02 =0 A ZECT6E+ 00 G. B11455E+ 04 0.28529CE+03 D.229148E+08
G B . G.BEBLI3E+0L 0-0% : : 0.140031E+02 0.4812 33E+ 06 ¢.100000E+01Y
TG IBIZ0GHE+0E T T Q. iézfo)5+&3 i 'o“LuuoaoE+01 Ge4T1421E+0T Gt T3L92E+GT 0.100000E+01
C.1159Y8E+03 0. 3:or4et+dh' 0951242408 Ue 29562 7E+02 (e 21U34YE+03 U .2 62382E+0]
O BSE8TEEFTT COAETGITETC? ~GI3TI9TIE +uo C.3L4643E+ 04 0.28370%E+03 0.229196E+08
Ge 01 ° - G.BE0046E4+00 0s0F 0. 149891E+02 0.,436760E+00 0.1 00000E+01
} onlscocaf+0u 0 Et2£6€E+Qﬁ T 0+1DC000E+0L D 471L6T3E+ 07 0.473192:+07 0.10G0000E+01
0: 11 7998E+03 O 3 4@&95+oq U;lﬂ?bhﬁ§+06 G.287527E+02 0.1929 545403 U.260T64E+01}
—'G“szﬁtil'—‘-fm CoTGSITZEYDD =OS3ATEIT2TYUC Oe 317750+ 04 Q. 29T 55E+03 2Z2923FE+08
Ga ¢ - 0 3&22055*0& 0a0 ¢ - - - 0« 160226E+02 0.395493E+06 0.100090E+01
- o 1&”04ﬁ“+08 T 0..&L1o 46% 0+ 10 LU00E+0L’ 044731 92E+07 0.100000E+0)

Pttt

il

Q411 E90E+07
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Iy

TIME VREL ALT GAMMA @B AR LOAD FACTOR
W VDOT GDT VGRAV VORG THRUST
ALPHA MACH LYFT RANGE DR AG THROTTLE
THRUST 1 VAC THRUST 1 THROTTLe 1 THRUST 2 VAC THRUST 2 THROTTLE 2
0. 119998403 D.37B355E+04 0.106190E+00 0.279699E+02 0.1767G2E+03 0.271232E+01
0T 832 L Z6EF 07T U 1T23670EF07 = A846T9400D Ge 3207 T0E+ 0GR 0.2947142E+03 Q.229272E+0E
0.0 0.3T4331E+01 U0 O0.171046E+02 03873228+ 0.100000E+01
0e 1B2065E+08 0.182165E+08 G.100CC0E+GTL G 4T720THE+QY D.4T3152E+CT 0.,100000E+01
0s12199814+03 0.393007E+04 G.10YT62E+06 0.2T2136E+02 Go161557TE+03 0.275793E+(1
O BI97EIT+07 O T41B6TE+02Z =0.3716726+00 Ge 3237295+ 04 0.297387TE+03 D.229303£+08
Ge C 0.386722E+01 GC.G 0. 182364E+02 0.322128E+06 0.100000E+01
Qe LU20TSE+QB 0.182165E+08 U0.1000C00E+Q1 0ua4T2236E+07 Q.4T3192E4+07 0.100000E+Q1
Ce 1239GRE+Q3 044 0BG30E+04 CJlI35T9E+08 0u264829E4+02 0.147T490E+03 0.280449E+01
T OVBOTITREFTT Q. 7T60502E+02 ~0.39%027E+00 U 32660TE+D4 0.2998 CEE+Q3 0,229329E+08
Cs U 0.399268E4+01 0.0 0.1941925+02 D.290137TE+C6 0.10C00U0E+GL
0.182091E+08 0.182163E+08 0.100000L+01 0.4723T4E+07 0.4731928+07 0.100000E+01
i
@ 0e 12599BE+03 0 423429E+04 0.1L7039E+06 0.257TTT2E+02 0.134467E+03 0.285204E+C1
0 TIS00ZEFUT 0T TT93ETEFDZ 0. 358 TE2EF0T Ue 32901 1E+04 0.202019E+03 0e229351E+08
0.0 0.,41197T0E+01 G.0 0.206541E+02 0.261348E+06 0.100000E+01
0.182102E4+08 0.182165E+08 0. 100GC0E+GY 0.472491E+07 O0.4T3192€+07 G.1000G0E+C]
Qe 127998E+03 0439 :06E+Q4 G120744E4+06 Q. 2590956E+C2 0.122452E+(3 0.290073E+01 -
GIe267TEFUT e I9ESEDE+TZ e 334H6BE+00 CaA22146%+ 04 0.304042E+ 03 0.22937CE+0D
Ge O 0.424833E+01 G.0 L0 2194038402 0.235104%+006 0.160000FE+01
0.182111k+08 O.182165E4+08 Ge LUOUODOE+D ) C.a4T2592E+07 Oes5T7T3YY2E+07 Q.100000E+01]
0.129998%+0 34 0.455369E+04 0.1244500+006 DeZ443745+ 02 01114 U5E+03 0.295065E401
T OTTT G2 EFQT U 3TTSO0E+F02 =L 3Z3332EF00 0. 224811704 0.3056689E+G3 0.229386E+08
0.0 0.437T87T1E+01 0.0 0.232850E+02 0.Z11239E+06 GC.100000E+01

O 1H2119E+0H

0.182165E+08

0.10C000E+0]

047267 T8E+CT

CetT3Y92E+0T

0.100000E+01




TIME VREL ALT GAMMA WB AR { JAD FACTOR
W vioT GDT VGERAV VORG THRUST
ALPHA MACH LIFT RANGE DRAG THROFTLE
THRUST 1 VAC THRUST 1 THROTTLE 1 THRUST 2 VAC THRUST 2 THRUTTLE 2

0.131998E+034 OL.4T71924E+04 G.128279E+06 0. 238014%E+02 0.101281E+03 0.3001B4F+01L
GTET8TTEFQT O 83T635EF02 =U.3TZ2T52E+00 0.3374118+04 0.307576E+03 0.229400E+G8
0.0 0.451109E+0G1 0.0 C.246835E+02 0.189613E+06 C.LUGO0CE+OL
0.1821251+08 0.1862165E+08 0.100000F+01 0. 472752+ 07 Q4731 92E+GT 0.1G0000E+01
0. 133998BE+(3 0.4687100E+0Q4 0.132108E+06 0.231880E+02 . 0.9196 7TEE+ 02 0.300018E+01
O T&E8TEEFOT 0. 854020 fe+2 —0.3CG1306E+00 Ve 339946E+ LG 0.309113E+03 0e225399E+08
0.0 ND.464411E401 0.0 0.261386E+02 0.169978E+06 C.982505E+00
017811 7E+03 0.1H2Y65E+08 Ge@TT963E+00 Ced4T26TI5CE+07 0.473192E+07 0.100000E+01
0.1359%85E+03 Q.0085H36E404% 0.135974E+056 0e225943E4+02 0.B3389ZE+02 D,3CG0C15E+C1
Ca 3358070 +F07 U.843318E+02 —0.29197T6E+00 Te342419E+04 Ce3105H13E4+03 0.221606E4+08
0.0 0.4T7T66TE+QL .0 U 276507E+02 0.152154E+006 0.965930E+00
0. 174319L+08 0.182165E+08 0.957084E+C0 0.47286GE+0T O0.4T3LY2E+GT 0.1G0000E+01

i

o 0. 137938FE+03 OJB522432E+04 C«139875E+06 0e220198E+02 C.T55351E+02 0.300011E+01
O T2 Y TS SEFOT UL BES6291EFUY ~0 28263 E+00 U. 34483 1E+04 0.311786E+03 0.2178%5E+08
Ce 0.490%938E+01 0.0 0e292200E4+02 0.1386066E+086 0.949718E+00
Ga 170604E+08 0.182165E+08 Ue930602E+00 0. 4¥2915E+07 Q473 92F4+07 0.i00000E+01
0e 1399%8E+0 3 0,829 486E+04 U.143808E+06 Du214634F4+02 0.683T91E+02 0.300008L+01
UTTTCI 3R EFTT T BRFIBTEFTZ =0, Z273736E+00 U. 3537154 +04 G ALZY43E+03 CaZ214263E+04
0. 0 0.5C4293E+01 G.0 0. 308B466E402 D.121613E+06 0.933856E4+00
O 166968E+08 0.182165E+G8 0.916681E+00 (G 4T2954E+07 Oo4731G2E+07 Q. 100000F+0v1
0. 141998E+03 C.H5563YBE+Q4 G.14TT69E+Q S 0. 2092658+02 0.,618854%540, 0.3G6004E+01

VB9 R T2 T ER U T UL EI9YTEF G2 —U 765255 E+F0C 0. 249480+ De3139G2E+05 0.2Y0704E+08
0.0 0.517T8520E+01 0.0 0o 325308E+02 0., 108280E+0GA 091831 7TE+QQ

0. 163405E+08

0.182165E+08

0.8B9T1L06E4+00

Coe4T2IBHEE+OT

Q4T3 92F+GT

0.100000E+01
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TIME VREL ALT GAMMA OBAR LOAD FACTOR é

W vooT GOY VGRAV VDRG THRUST H

ALPHA MACH LIFT RANGE DR AG THROTTLE ?

THRUST 1 VAC THRUSY 1 THROTTLE 1 THRUST 2 VAC THRUST 2 THROTTLE 2 ;

f

E

CGe 1439 9HE+03 0.573464E+04 G.1l51755€+06 0.204021E+02 0.560110E+02 0.3C0000E+0D) b

UTB68T5TEE+TY G.855T23E+02 —0.257161E+00 0e¢35171%E+0C4 0e314940E+03 0.207216E+0C8 ¢

0.0 05316228+01 0.0 0. 342728E+02 0.561661E+05 Cu503038E+00 ¢

Ce 159915E+08 0.182165E+08 0.877934E+00 G. 47301 7TE+Q7 Qea73)192E+07 0,2 CG0000E+01 ?

: ‘ N

| %*

Ce 145998E+03 04590586E+04 0.155764E+06 Qe 198955E+02 0.5070E9E+Q2 0.299997E+01 %

CYBTESU0EFUT U .57 380E+02 —0.24%426E+00 Gs353900E+04 0.315795E+03 0.203801E+08 §

0.0 0.545822E+01 0.0 0.360727E+Q2 0.853122E+405 0.888193E+00 i

0e 15649TE+08 0.182165€+08 0.859157E+00 0a473042E+0CT Q.473192E+07 C.100CO0E+0L j

)

0. 1479GbE+03 0.607759E+04 0159793 E+06 0.194041E+02 0.459266E+02 0.299993E+01 N

0. 66506 77TE+0T U.BE9964E+02 ~0.242026E+00 Oe 3560348E+04 0+316565E+Q3 0.200454E+08 \

C.0 0.560566E+01 C.0 0.379307E+C2Z 0.755918E+05 0.873594E+00 i

0. 1531 48E+06 0.182165E+08 0.840765E+00 0« 47300636+ 07 (4731 92E+0T 0.100000£+01 i
gy

8 %

Ce 14999Y8E+03 0.624983E+04 G.163840E+06 O, 18927T2E+02 De41B5EHE+02 0.299990E+01 .

U B5504ZEF0T7 0.862380E+02Z -U.224538BE+00 03581 19E+ 04 0.317260E+0C3 0.197178E+038 |

0.0 C.5TT55TE+OL 0.0 O.398409E+02 0.671934E+0b G.859301E+00 Y

C. 149870F+08 0.182165E+08 0.822760E+00 0.473081E+07 04731926+ 07 0.100000E+G1 ;

0., 151998E+C3 0.642257TE+C4 G.167901E+CA 0. 184641E+(2 0.381742E+02 0.259%86E+0} )

TTOTERE5GITYOT 0 BEFTIVEFTY =0V ZZUT&TEFOU 0. 360T5TE+ 04 Ua317VUIE+03 0.1%3955FE+08 !

Ce G 0.595628E+0C1 0.0 0.418215E+02 0.596192E+05 0.8452088E+00 1

0. 146655E+08 0.182165E+08 0.805106E+00C 0.473097E+C7 0.473192E+07 0.10000Q0E+01 ¢

0s 153968E+(03 0. 65957T9E+U4 Gal171975E400 O 180144E+02 0a341555E+ 02 0.299983E+01 :

TTTTUTE3RIZYEYOT 0CEET3ITEFD2 —0TZZTETSEYCU Ue 362134E+0a O 318451E+03 U.190812E+08 }

0. C 0.614309E+01 0.0 0.438547E+02 0.526T42E+05 0.831540E+00 ;

O 1435018408 0.182165E+08 GeTBTTEHEFGO 0e4T3111EHOT 0.47T3192E+07 (.100000E+01 ¢

h St s g e .t 1 .

\




TIME VREL ALT GAMMA QB AR LUOAD FACTOR
W voaT GUT VERAY VURG THRUST
ALPHA MACH L1FT RANGE DRAG THROTTLE
THRUST 1} VAC THRUST 1 THROTTLE 1 fHRUST 2 VAC THRUST 2 THROTTLE 2
Ge 1559G8F+03 0+H6T694BE+(4 0.1760%9E+06 GelTHTT4E+02 Que31084TE+(2 0.299980E+01
0624 278E+F0T O EEYRATEFTE =02 T535 36400 0. 364069E+04 0.318954E+03 C.1E87719E+08
0.0 0.633600E+01 G.0 O.459464E+02 Q0.463149E+Q5 0.818052£+00
Oe 1404 07E+0E O.1862165€+08 Q. TT0T95E+QQ 0.473123E+ 07 Qe 13Y92E+07 0.100000E+01

G. 157998E+03 0.694363E+0U4 C.180152F+06 (.171528E+02 0.206459£+02 Q.299976E+(1
0T8I 3T 0EF07 OL.BITE9TE+CZ =0.209328E+00 O.3659509E+04 0.319407E+03 G.1B4684E+09
0. 0 0.653499E+01 0.0 C.480969E+02 04050 20E+05 G.804817E+00
0.1373700+08 0.182165E+08 D.754121E+00 Q0. 4T3133E+07 O0.4T73192E+07 0.100000E+01
0. 158387E+03 G e9TTETECA G.1B0949E+Q6 04 170715E+02 0.2809%8E+02 0.300000E+01
0612400+ 07 U B812401E+02 ~-0.208181E+00 Ue 366321E404 0.319488E+03 O0.184114E+08
0.9 0.657T441E+01 0.0 0.485205E+02 0.394314E+0G5 0.802334E+00
Ga1368CLE+0E 0.182165E+08 G. T50993E+ 00 0.473135E+07 B.473192E+07 G.lC00U0RE+01

z

= 0. 1583 87E+03 D.69TT57E404 0.180949E+06 Q. 1TDTIHE+C2 0.280998E+02 C262BA5E+00
OC4B89TE5E+0G7 0 ZTTG80E+GZ —6.Z17855E+00C 6.0 0.0 Ced T4942E+07
C.0 065T441E+01 0.C 0.485205E+02 0.3%94514E+05 0.,100000E6+01
Oou 000 O-O 0.0 ' 000 0-0
Ca160063L+03 0.101423E+04 0.184355E+00 B.16707T26+02 0.280765E4+02 0.967318E+00C

T OTABTEEYEFOT U Z220863E+02 =U. 2188 TeE+T0 G. 154045E+ 02 0.40615%85+00 G4 T49S5CE+QT

0.0 0.664260E+01 Ca. 0 0.50354154+02 0s342198E+0% 0.10C00R0E+GL —
0.0 0.0 .0 0.0 0.0 0.0




EXO-ATMOSPHERIC TRAJECTURY

TIME VIR) GAM{R) ALT RANGE T/ W
W V{Il) GAM(L) THETA(R) QBAR VORAG
ALPHA ch
0. 160063 EFT3 0. 7T0L423E+04 0 Yo7 (CTV2E+D2 0e1B84355E+06 0.503541E+02 0.974441E40C
Ce4B87459E+07 C.827T763E+04 U.140993L+02 0.281440E+02 0.250765E+02 0.0
~0s643643E+01 0.185358E+00
0. 162063E+03 0.705782E+04 0.16367T8BE+02 (e l38356E+06 . 0.525551E+02 0.978527E+00
G 484 230+T7 0.832330E+04 C.I36250E+07 0.2B0162E+02 0.219180E+02 0.740648E+00
~U. 6648 36E+01 0.186050E+00
0. 164062E4+03 0.710198E+04 0a160327E+G2 0. 192305E+06 C.5477 34E+02 0.982647E+00
O 4B33BBE+OT 0.8369247E4+04 0.135539E+02 0.2788381E+02 0.191725E+02 0.135302E+01
=Us QUDDOSOEFUL UL1l806749E+CU
"T”BTT5567¢E+UB OL.7123798E+Ca G.1T5T659E+02 G.19544TE+ 06 0.565728E+02 0.9859928+00
N Ce4BlY48E+07 0.840705E+04 C.133378E+C2 G.27784TE+C2 0.,172214E+ 2 Cal76350E+01

=0, 701884E+0 1

0.187316E+00

0o 1656T4E+03

0.713798E+04

O 158T6HGE+0L

TG BTTEABERFOY
~0. 70186 84€+01

CJ8a0705E+FDS

0.167316E+00

O 19544 TE+ 06

0.565728E+02

C.985993E+00

U T33378E+ 02

D.27T84TE+(Q2

0.172214E+02

0.176351E+01

0. 1676T4E+03
O 4TITLIZ2E+OY

TTEOTIZYTGEEH O T

0.7T18319E+04
0.845416E+04

Gal54385E+02
0.130725E+02

0. 199296E+06
Ga.276561E+02

G.588223E+02
0.150815E+02

N.9901LTTEHOD
0.2182616£+01

0.188023E+00

TTTOTIE Y ST R TS
047767715407
—0a T41191E+0 ]

UL T22ZE890EF0%
0.8L0178E+04
0.1U8734E+00

U iDI 104402
Cel2BI04E+02

Ue 203094+ 04
C.27TH2T36+02

G.610651E+02
0.132132F+02

0.9594396E+D0
G.251237E+01




TIME VIR) GAM(R) ALY RANGE T/W
W VII) GAM{I) THETA(R) QBAR VORAG
ECPHA (032
O TTIGET4EFT3 0. 727530t+04 0.147985E4+02 0.206836E+05 0.633T43E+02 0.99865 1E+00

0. 475641E+07
~0. 7601 72E+0L

0.8549%1E+04
0.18944TE+00

C.128514E+072

0.213984E+02

0.1158B03E+02

0.276334E+01

{

O 1736 T4E+CS Q. T32220E+C4 0.144819E+02 Ce210523E+ (6 Q.656T56E+02 0«100294E+01

G 4136055+ 07 0. 8B59855E+04 0. 122G55E+02 0.212690E+02 0.,101519E+02 0.294471E£+01
—Qs TT8T05F+01 0.190159E+00

Ca 1756 TAE+T3 CW73696TE+G4 0.141718E+C2 O« 2141%7E+06 C.6T9951E+02 0.100727E+01

0e411570E+07 Q.H64TTOE404 0.120428E+02 0.271394E+02 0.890115£+01 0.306452E101
=OTISETIIERUT 0. TO9ORIZEFGU

'?‘ O 1TI6THEFQS O THITO9EF( 0. 138652E+02 G20 T3TE+ 06 0.703330E+02 0.101164E+01

P 04698 34E+07 Q.869736E+04 B.117932E+02 ‘0,270096E+02 0.780586E+01 0.312983E+01
-0, 814436E+01 0.191583E+00

Ga L7986 T4E+Q3 DeT40028E+04 0135631402 0.2212645+06 C.72688BE+02 0.101604E+01

TTTTOTES T499EF 0T OB I5T52E%0% C.YIB486TE+(2 G.268705E+02 0.684603E+01 0.314684E+01
—0. 831641E401 0.1%92291E+00

O 181674E+03 OTHh1542E+C4 0.132651E+02 Ue 224738E+08 0.750624k+02 0.1 0204 BE+01

Oe 4654 63E+0¢ O0.819820E+C4 0.1130338+02 0.261493E+02 0.6004 T5E+ (] 0.312102E+01}
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TIME VIRY} GAM(R) ALT RANGE T/W
W vil) GAMLI) THETA(R) QABAR VORAG
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TIME VI(R) GAM(R) ALT RANGE T/W
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TIME V (R} GAM(R) ALT RANG E T/W
W Vi(I} GaM(1) THETAL(R) QBAR VORAG
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—0.484T84E+G2




TIME VIR) GAMI(R) ALl RANGE T/W
W viT) GAM(T) THETA(R) QBAR VORAG
ALPHA Ch
O. 6236 74 E+G3 O.180006E+05 —0105422E+01 0.336117E+Ch 0.541087E+03 Ca216699E+01
0.219170E+0G7 0.143249E+05 —0.9482244E+00 U 10TI56E+(Z 0.,L069256+00 ~0.4916T0E+02
=0, 676987E+01 0.597366E+CO
Cu 4256T4E+03 O.181439E+05 —0e104953E+01 Q.335453E+06 0.546912E+03 0.218730E+01
U 21 713DE+ G U194632E+05 —G 9 THIB0E+00 0.106001C+02 0.112400E+0Q0 ~0.498605E+02
~(e 664FE8EFO] 0.693587E+00 .
0.4276774E+03 C.182835E+05 —.104335E+C1 0. 334787E+06 0.552812E+03 0.220799E+01
0. 2151 0CE+0O7 0.196028E+05 —-0.973129E400 0.104852E+02 0,118189E+00 —0.545687E+02

=U, 652455k +01

0.689278e+00

'If_07¢?9€74E?03 0184246 E+U5 —0,103%70E+0L C.334120E+06 0.55875%8E+03 0.222908E+01
0. 213064E+07 0.197438BE+05 ~0.966494E+0Q 0. 103710E+02 0.124302E+00 ~0.512618E+02
—0. 640672401 0.684939E+00
0.431674E+03 0.185670E+0Y ~0.102658E+01 0.333454E406 0.564T49E+03 0.225058E+01
OV 2YY0Z9RR 0T 0.198 862+ ~0.958478E+TC C.lUZ51HE+Q2 0., 130795E+00 ~3.51969TE+(Q2

-0 6284 19E+0 L

D.H[05TLE+OU

0a 4336741403
0. 208994E+07T

TT=0d616093E+01T T

TTGJOTELTHEFGO

0.187108L+05
0.2C0300E+CH

~0.,1C1599E+01

O 3327T90E+ 06

0 570THTEXQU3

0.227T2506+01

OV EISETSEFOE
Qs 2069 SHEFQT
=0.:603697 E+01

ORI 88 HETIEFUS
0.201¥53E+08

04671 T49E400

—6.949073t+09 0.10144%E+02 Q. 137562E+00 ~0.526824E+02
=0 10039 3L+01 33212 7TE+0GE O0.5768T2E+03 0.229485E+G]
~0.938286E+00 0.100330E+02 Ga1447T33E+00 “~0.533999E+02




TIME V(R) GAM(R} ALT RANGE I/W
W V1) GAM(T) THETA(R) QBAR VDR AG
TTTTTTTTUTALPHA T Co - .
O HI 6 TEEFOS OTISOUZYETDS —U.99040E+00 0.331L40EE+ 06 0.583005E+03 0.231764E401
0. 2049 23E+07 0.203220E+05 -0.926109E+00 0.992193E+01 0.152284E+00 -0.541222E+02
-0 591233+ 01 0.66T7296E+00
0s 4396 74E+03 0.191511E+05 ~0e975398E+00 0.330813E+06 0.589186E+03 D.2240BBE+01
TGy 2028 GEET0T 0705 T02ETOS =0.91Z540C+00 0.9B1162E+ D1 0.160224F+ 00 —0.548493E+02
-0, 78702 +01 0.662816E+00 : '
Ge 4416 T4E+03 0.193009E+05 ~0.958939E4+00 O 330 164E+ 06 0.595415E+03 0.2364860E+01
Oe 200852E+07 0. 206 200E+05 ~5+B9T593E+00 0.970212E+01 0.168562E+00 ~0.55541 OE+D2
=0y, 566 T06EFUY U ESSITIETCO
HT0TE6 36 THEF O3 T 0T 94 52 TEF OSSO O4] U2 FEFO0 0. 32982 1€+06 0.6016G3E+03 0.23B881E+01
: é; Ou 196817E+07 0+ 207 TL3E+0S -0.581262E4+00 04 $29344E+01 01773058400 -0 563176E+02
© T =0 553447+ 01 0.6537T7TE+00
0. 445674 E+03 0.196052E+05 —0.G21 645E+0D 0. 328886E4+ 06 0.608021E+03 0.241351E+01
T VY96 T8 ZENGTT T O 209 24 ZEFD5 T SO BE 3SEEETCU CoYREBE 1R+ 0T 0.18G4 67E+00 —3.5TC58RE+02
L =0.540726E+01 0.64522GE+00
0e4bT6T4EY0O3 0.197598E+QS ~0eJU0SO4E+Q0 0.328259E+06 0.614399E+ (3 0.2438745+01
Oe 194 T46E+07 0.210787E+05 ~L 8444 36E+0G 0.437B64E+01 041960 ATE+00 ~0.576047E+02

— =0 52T944E+01 770 B4 EITERCTD

O ASIETREFO3T
Ge LYZ2TYLLE+DT
=0.515104E+01

UL L9916 GE+UDS
04212 349E+05
Ce6400G3LE+QO

=0 U 7E51I0E+00
~0aB23943E+00

U 327643E+ 06
(a927255E+01

D.620077E+03
0.,205766E+ QU

(Je246449E401
~0.5385553E+02




TIME V(R) GAMIR) ALT RANGE T/W
W vin GaM{l) THETALR) QBAR VDRAG
ATPHA o
U 4516 T4E+F03 0 ZUOT39E70S =0 85475 7E+00 Ge227T038E+06 0.62T7T307E+03 0.249080E+01
0. 190676E+07 0.21392BE+(05 ~1.8020536+00 0.916T7T32E+01 0.2157&9E+00 =0.5931088402
-0.8G2207E+01 0.635401E+00 ‘
0, 4536 74E+03 0.202235E+05 —0.829544E+00 0. 3264 45E+06 0.63383BE+03 0.251747TE+D)
01886 GTE+FOT UaZ1I55Z24E+05 =CL. 77878 0E+0Q G.9U6301E+0) 0.226141E+00 ~0.600710E+G2
~0.489255E+01 0.630748E+00
Ce 4556 74E+03 0.203%949E+05 0. 80z87T1E+00 0. 325860E+06 0.640421E+03 0.254513E+01

G, 186605E+07

0.21713TE+CS

—-0.754105E+00

0.895962E+01

0.236574E+00

~0.608362E+02

—Ue 40249 E+0]

0.660171E+DO

W TUOTE5TETEENDS
& 01845708407
~0s 463190E+01

OC205581E+TUS
0.21876GE+05
0.6212T4E+00

=G T THT38E+CO
~0.T2B033E+00

G. 325302E+ 06
O« BESTITE+CI

C.64705TE+03
0. 246 TYLIES OV

C.257T319E+01
—0.616062E+02

Cu 4596 74E+03

0.207231E+CH

—CeT45144E+00

0. 324T7T54E4+06

0.6537T47E+03

0.260188E+01

YIRS IOEOT
-0. 450081 +01

05 Z205TBEFGS
0.616654E+00

= TOUSOTE+DOU

Q. EIO06TE+(]

0. 2b9356E+ 0D

~U.623811E+02

0., 461674E+03
Lo IBO49YE+QT

~T =07 4369 2601

T OT4OBETAEFQS
0. 178444L+07
~0. 422717840

0.607153E+00

0.20889yYE+08 ~U.T14095E+00 Cad26223E+06 0.460491E+03 0.263122E+01

0.222Z0087E+05 ~L.6T1692E+00 QaB65513E4+01 0.2710ATE+CO —L«631610E+02
TG EITS TG ERGO

OL2TO0EITEFCE =0 eBTSBEEFCU 0323 7T3E+ 06 D.66T7289F+03 Uu266122E+0G]

0.2237714E+05 ~LaB4 1L BEFCO U 5855508FE+ () G.283048E+00 ~0.639459E+02




TIME VIR} GAM(R) ALT RANGE T/W
W ViI} GAM(I} THETA(R) QBAR VDR AG
AL PHA Co
04656 TaEYDT U.ZIZZ95E+05 ~eba 7o T2E+00 0.323222E+06 0:674142E+03 0.269192E£+01
0e 1764 2GE+CT 0.225482E+05 —0.609736E+00 G.845TO3E+0Y 0.295276E+00 ~0.64T360E+02
~Cs 410464E+01 0.602372E+00 ‘
0.4676T4E+03 0.214022E+C5 —0.612170E+00 0. 322753E+06 . 0.,681052E+03 0.272334E+01
UTTTH3II3IRFOT ULL2709e+05 —U.BT76BLUE+UT Ue 8354%50L+01_ 0.307709E+00 =0.655313E+02
—0.397167E+01 0.597472E+00
0s 469674 E+03 0.215710E+05 =0 5TE265E4+00 0e322307E+06 0.688C17E+03 0.275549E+01
G 172358E+07 0.228957E+05 ~0.542132E+00 0.8263015+01 0.320295E+00 ~0.663319E+02
TTEOT38 38 TEFCT 0EGZT53E+TU
WOOVATIETAEFDS U.2TT539€E+C5 ~Je5368B0E+(C0 0.321886E+06A G.695040E+03 0.278842E+01
£ 0.17G3.23€+07 0.230725E+05 ~0+506156E+00 Os8loT57E+UL 0.332999E+00 ~U.671380E+02
—0.370445E+01 0.587916E+0OD
CoaT3674E+03 0.219329E+05 ~0.497024E+00 0.321492E+06 0.,702121E+03 0.282214£+01
TTTOSL682BEER 0T T T OVZAZHLYEAGS ~U 45BE3TETDC C.BUTIZOEH0T 0.345748E+00 ~0.6T9499E+02
~0.357023E+01 0.583061E+00
Ue475614E+03 0.221141E+05 ~Uabtb639E+00 U.321125E+0C6 0.709260E+03 0. 285668E+D)
0. 166252E+07 0.234327E+05 ~0.43CLanE+QO C. T97T993E+01L 0.358483E+00C ~0.H8T6TTE+0O2
TT=0 3435 C6LFHOL T U0 LS TBTBIEFGU”
TTTTOTAT TS THEFO3 OVZZZ9TEEFTE =UVETIBEBEFQT 0. 320789E+T5 0. 7164 09E+U3 U.249209F+01 .
Ca 1642 1TE+CT 0.226161E+05 ~L.389816L+0C Ce 7887760E+DL 0.371129E+00C ~0.695916E+02

~0s330062E+01

0.573299E+00




TIME VIR)} GAM(R} ALT RANGE T/wW
W Vi{1) GAM(I) THETALR) QBAR VDR AG
TTTTTTTTTUALPHATTY ey - T
O G TS6 TR EF T3 0. 224833F+05 —G 3685 f0E+00 D.320483E+GC6 0,723 7T18BE+03 0.292838E+01
0.1621826+07 0.23B019E+05 —0.348152E+00 O, TT96T1E+01 $.383620F+00 =0 T04220E+02
~0.316528k+01 0.568394E+00
0. 4816 T4E+03 0.226T14E+05 ~0.322T81E+0G0 0.320210E+06 0.T3I1OATE+T 0e296559E4+01
OLYE0TA6EF0T 0. Z39900E+05 =0 30504U0EY0U B, TIo6E1E+O 0.398B850E+00 ~0.7T12593E+02
0. 302959E+01] 0.5634T3E+00
e 48343T7E+03 0L 22BAYZEHOS ~0.281175E+00 Ue319999E+ ()6 O T3T7540E+03 029991 YE+0L
0. 158352F+07 0.24157T8BE+0S ~( o 265829E+00 0.762853E+01 0.406355E+00 ~0.T20032E+072
TE0TZO09TOETOT 0, 559 T123E+GU
0748843 TEFCR U Z3030TEFOS =0.7232%83E+00 OD. 3197T93E+06 De 7449 TEE+03 0.299919E+01
& 0. 156329E+0G7 0 .245493E+08 —0.220366E+00 0.7540635+4061 0ol TEZG9E+00 ~F.T26543E+02
-0 2771381 L+01 0.58418HE+GO
Ce4B87437E+U3F 0.232223E+05 -3 184 148F+00 0,319625E+ (6 Q.752473E+03 0.2%9%19F+0}
T LA 2 O O ARG DB ET ST 0T TS 2B EEY (O Ue f40431E+0O1 0.428694E+ 030 ~0.T47T134E402
~{a 263846E+01 0.549271E+0CC
e 4B89437E+0S Q0.234138E+05 —(e134632E+0C U.319495E+06 0.760033E+03 0.299919E+01
Ce 1523861E+0U7 e CGTRA22E+05 U 12T455E+00 O« T36B99E+01 0.43887T6E+00 ~0 4 T45309E+02
R y28 0B GZEH O TR TR A EE9EF00
Gr49 14375+ 03 T2 36053EFUS =0V B EERIE=TT Ce 3TU4UREFGE 0. T67HE5E+03 0.299919F+0)

0. 15064 15+07

—~0, 236931401

Qe 249Z39E+05
0.52%4u3E400

—0. #YFTLOE-O

Oe12848TE+01

D.448268E+00

~D.TH45TIE+O2




TIME V(R) GAM(R) ALT RANGE T/
W vii) GAM(1) THETA(R) QBAR VDR AG
T TTRCPHA s
U A9 343TEF(3 O a37969E+05 ~Ue3357TT3E~U1 0.319356F+06 O0.7T15339E+03 0.299919E+0L
Qe 14849 3E+CT 0.251154E+05 -0.318146E~01 0. 720194E+0L 0.4567T9E+ GO ~0.76342TE+02
=0. 223552E4+01 0«5340613E400 )
0. 495437TE+U3 0.2398846+05 0.179788E~01 0.319350E+06 0,7830E5E+03 0.25999) 9E+01
o T465986E+0T 0.253069E%05 Gul7CG422E~01 0.T120623E+01 0.464323E+00 —-0.772382E+02
~0.210225E+01 0.529T59E+00
CedSTHITEFOD 0.241800E+05 0. T702566E-0) 0.319386E+06 0.790B93E+03 G.299919E+0]
0.144723E+07 0.254985E+0G5 UebbHZ3TE-OL 0.703974E+01 0.4708248+00 =078 442E+02
TTEOTTYRIGIEF 0T UGan2aY2U0E+0CU
BTTOCA99E3TEFO3 0 2437ISE+CH CoTZ30754E+00 « 3194 69E+06 0. 79BT63E+03 0.299%19E+01
& 0.142875E+UT 0.256900E+05 C.11&909E+00 0.6496046E+01] 0.476186E+00 ~0.7T20612E+02Z
=0. 183723E+G1 0.520098E+00
Ce 501437 E+03 0.245630E¢05 CelTo946E+00 0. 319597E+ 06 0.806696E+03 0.299915E+01
OIIH1059E+0T 0T2EBEBIEE+US G.TET935EY 00 0. 688242E+01 0.4B0356E+00 ~0.799901E+02
=0 17CG54TE+OL 0.515291E+00

O 502194F+0U05
O0e1403648+07

0.246356E+05
DeZ2bI541E+0H

Lel9T4T2E+GO
0.187440E+00

0.319656E+08
Ue 085319 E+0]

C.B0971LE+03
0.481602E+G0

0.299914%E+01
—0.803450E+02

T AT S S TIREH O Y T T UTY I3 G TS ERQO
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ORBLITER ABORT DATA

VERTCTE CRARACTERISTICS CASE 65
_STASE 1 2
GROSS STAGE WEIGHI, (LB) 4817477.0  383847u5.0
—GROS S STAGE THRUST/WETGHI VPP 3T 0.59%
THRUST ACTUAL, (L5) 3990000.0  3615000.0
ISP VACUUM,(SEC) 466,700 466,700
STRUCTURE;TCEH) 0.0 756009 .0
_ PROPELLANT,(LB) 9T8998.6  2470349.,0
PERF. FRAC .y {NU} 0.2032 U.6436
TPROPECCANT ERACT S (NUE] 1.0660 0. 7563
wg_gg_@gy_:r_zmrz,(sem 280.185 582,340
EBURNOUT VELOCLTY ,(FT/SEC) 10940.555  25580,176
—BURNCGUT GAMMA; (DFGREES) 4 I0G 0550
__BURNOUT ALTITUDE +(FT) 3472934 362190.9
BURNOUT RANGE 5 (NM) 20842 966.2
TTIUEANCTVELOCITYY (FTZSECT) 1 qédo Y 30091.5
OM-ORB1IT PROPELLANT USED,(LB) 42491, 0

TOMSORBIT™ TOERS T T OMSEASCENT T T 0L.E T
UN ORBIT PROPELLANT AVAIL, (LR} 95354.1
DELTA ON ORBIT PROPELLANT,(LE) 5246341
ON-ORBIT MISSION FROP REWQ'D, (LB)] 253965.,v
TTTHETAS 38447777 T T PTTCH RATES OS002Y T TATTEMPTS TO CONVERGE= C




SUMMARY WEIGHT STAYEMENT {(ABORT MODF)

CASE

65

ORBITER WEIGHT BREAKDOWN

DRY WE IGHT 727620.000 POUNDS
T T T T PE R SONNELS FUCCL000 POUNDS
RESIDUALS 2070.006  POUNDS
RESERV &S 3300.G007 POUNDS
IN=FETGHT TUSSES T043% 000  POUNDS
ACPS PROPELLANT 8280.000 POUNDS
UMS PROPEL LANF 52463.125 POUNDS
- “HAYLUAD SUGES3 000 POURDS
BALLAST FOR €6 CONTRUOL ' 0.0 POUNDS
OMS INSTALLATION KITS 0.0 POUNDS
PEYTUAT MOTS .0 POUNDS
TOIAL END BUOST (URBITER ONLY) 1314825.00 POUNDS
3MS BURNED DURING ASCENT 42891.000 POUNDS
ACES BURNED DURING ASCENT 10000.000 POUNDS
EXTERNAL MAIN TANK
TANK DRY WEIGHT 2640.00C POUNDS
~Tw T RE STOURALS 17730000 POUNDS
£ PROPELLANT BIAS { 2640.000 ) POUNDS
PRE SSURANI { 2120.000 POUNDS
TANKANTLINES T 9320.C00 ) POUNUS
ENG INES {  3650.000 ) POUNDS
FLIGHT PERFURMANCE RESHRVE 20930.000 POUNDS ,
e e —UNBURNED™ P RUPETLCANT ™ {MATN TANKT 0.0 POUNDS g
TUTAL END BOOST {EXTERNAL TANK) 41300.000 POUNDS 2
USABLE PROPFLCANT  tEXTERNAL TANKT 5092633.00  POUNDS 5
|
FLYBACK PROPELLANT (FIRST STAGE) 186864.937 POUNDS }
SULID ROCWKET MOTOK (FIRST STAGE) : 9040548 ., (0 PUOUNDS !
SRM CASE WEIGHT(2) 104 24 88 .87 POUNUS
T R M ST RUCT URE SR CYY T WET SR 050 POUNDE i
SRM INtRT STAGING WEIGHT 1045488 .87 POUNDS ;

T T TTTUSABCE T SRMTPRUPELLANT T T

TOTAL GROSS LIFT—UFE WEIGHT (61 iw) 157110AR L0

IS CE0, 00T FOUNDGS

PUILINNDT
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SUMMARY WEIGHT STATFMENT (RTLS MODE) CASE 65

UKBITER WEIGHT LREAKDIWN

DRY WEIGHT 727620.000  POUNDS
T U TTTRERSONNEL 35G6.006 POOUNDS
RESIDUALS 2070.000 POUNDS
RE SERVES F500.000 POUNDS
IN=FLIGHT LCOSSES 10639.000 POUNDS
ACPS PLOPELLANT 1530.000 POUNDS
(OMS PRUPEL LANT 0.0 POUNDS
T T TR RY LU 50%656,187 POUNDS
BALLAST FOR (G COUNTROL 0.0 POUNDS
OMS INSTALLATION KITS 0.0 POUNDS
PEYCOAD MOTTS C.0 POUNGS
TUTAL END BOOST (ORBITER UNLY) 1263615 400 POUNDS
UMS BUKNED DURING ASCENT 953584 ,125 POUNDS
ACPS BUKNED DURING ASCENT 10750,6G00 POUNDS
EXTERNAL MAIN TANK
TANK DRY WEIGHY 2640.000 PUOUNDS
'"“i“' URESTDUALST 7730.006  POUNDS
& PROMELLANT HIAS ( 2640.000 ) POUNDS
PRE SSURANT { 2120.000 1} POUNDS
TANK AN TINES { GA20. 000 } POUNDS
ENG INES ( 3650.000 ) POUNDS
FLIGHT PERFUKRMANCE RESERVE 11837.600 POUNDS
T N BURNED PR UPE LT ANT T OMATN TTANK ) LELTZ9 02 POUNDS
TOYAL END BUDST (EXTERMAL TANK} 40A336.812 POUNDS
TTTTTTTTTTUSABLUE PRUPFELANT (EXRTERNALC TANKT G654 1596 .G0 POUNDS
FLYBACK PROPELLANT (FIRST STAGE} 186864.937  POUNDS
SULID ROCKET MUTOR {FLIRST STAGE) . 904548 .00 POUNDS
SRM CASE WRIGHT(Z2) 10654068 .47 POUNDS
SRMSTRUCTURF & RCVY WETGHT U.0 POUNDS
SRM INuRT STAGING WEIGMT 1045488 .87 POUNDS
Tttt U USABLE SRM O PROPELLANT T T e e G G GG OO P OONDS T

TOTAL GROSS LIFT-UFF WELlGHT (GLOW) 15731U68.0 POUNDS




. VERTCLE CHARACTERYISTICES (RTLS MLOE) CASE 65
STAGE 1 2 3 4 5
GROSS STAGE WEIGHT,(LB) 481714770 4711475.0 47114750 30464168.C 2526652.0

TGROSSTSTAGE THRUST/WELGHT Ge792 G.810 0. 852 1.310 1.510
THRUSYT ACTUAL,(LDB) 381500040 3815006.0 401500040 3990000, 0 3815000, 0
ISP VACUUM,(SEC) 466,700 4664700 466,592 4664700 466700

TSTRUCTURE, (LB 0.0 0.0 0.0 0.0 TB65166.0

_EEH&?E&fEI,(LB) 1C40CL.T 0.4 1665056 6 5187664 % T7669% 2
PERF. FRAC.r {NU) .0220 0.0 0.3534 - 0.1706 0.3074

TPROFECLANT FRAT,. »(NUZ) 1.0000 U.0 1.0000 1.0000 d.4970

b:"B“URNI'_'IL-IT TIME,{SEC) 1764640 178.640 3724140 432.936 5264708

éBURNOUT VELOCITY »(FT/SEC) 833b.T42 8335.7248 2572.291 THY. 336 3471 6. TE3

TBURNDUT GAMMA, (DGREEST) 12.5690 iZ2.6u0 ~-12.711 ~-&61.328 175. 868

mEHEEPpIﬁﬁPI}IUDE:(FT) 21987%.1 219968.0 302894 1 26334Y9. 4 230004.1
BURNOUT RANGE,(NM) Tl.} Tle 200 .0 201.9 159 .4

TIDEALTVELOCYITY, (FT/SEC) 1125%4.6 1125446 17800 .4 20609 .4 261241

THET A=157 .64

PITCH RATE= 0,.00232

ATTEMPTS TU CONVERGE= &4

UNBURNED MAIN PROFPELLANT,(LDB)

454129.8

TPEAYLOADY (LB)

50985602



http:THETA=157.64

PROFELLANT SUMMARY FOR THE ABORT MODES FOR . CASE €5

ASCENT TRAJECTORY SHAPED TU THE NOMINAL MISSION MODE UP TO 165.67F4  SECONDS

UNBURNED MATN PRUPELLANY IN THE ABORT MODE C.0 POUNDS

EXCESS ON-ORBIT PROPELLANT IN THE ABORT MODE

It

26497.250  POUNDS

UNBURNED MAIN PROPELLANT IN THE RILS MODE

454129.812 POUNDS

EXCESS ON~ORBIT PROPELLANT 1IN THE RTLS MODE

0.0 POUNDS

MINUS SIGN INDICATES PROPELLANT SHOURTAGE IN BURN MODE INDICATED

i

SHUTTEE SYSTEM NET PAYLUAD WITHOUT OMS EITS 509653 ,000 POUNDS

MAIN PRUBELLANT SURNED TO AQAZRTLS ABORT TIME

i

1686177 .00 POUNDS

SHUTTLE GRUSS LIFT-UFF WEIGHT (GLOW)

15731068.0 POUNDS

T PR UL TANT T CRO S SR T EDT FROM ™ F IR ST =TS ECOND STACEE T TET U0 T O POILINGS

SECHOND STAGE PROPELLANT CAPACLITY — (ROSS FEED = 3480024.,00  POUNDS
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Satellite Systems Division g Rockwell
Space Systems Group International

B.2 HLLV THROTITLING STUDY

This section contains the results of variations in throttling percentage
between first and second stage engines to stay within the maximum load factor
and dynamic pressure constraints, 3 g and 650 PSF respectively. The propel-
lant weight consumed by the first.and second stage during ascent was held
constant and the amount of crossfeed propellant from the first to second stage
was allowed to vary accordingly (i.e., the second stage propellant loaded
weight .was allowed to vary). An assessment was made as to the effects on
payload, staging velocity and gross .liftoff weight (CLOW). A summary of -the
results are tabulated in Table B.2-1 and vehicle characteristics are included
in - the tabulated sheets for each case. (Refer to .Section B.1l for reference--
vehiecle characteristics.)

Table B.2«]l. Engine Throttle IT'rade Summary

CASE NO. 15T STAGE STAGING PAYLCAD 2ND STAGE GLOW GLOW/PAYLGAD
THROTTLE % VELOCITY {FT/SEC) (LBx10%) pao::éxliggnen Lex10%
REF. CONFIG. 10d 7 6978 ‘ 509.7 ) 3.481 15.73 30.87
85 86 - 6893 505.9 3.509 15.73 31,10
65 68 §887 - 499.6 3.543 15.72 31,46
45 1 50 ¢808 499.5 3.574 15.72 3.7
66 ' o £646. 508.4 3.631 15.73 30.92

As may be seen from Table B.2-1l, a 2.8% decrease in.payload is realized
when the throttle level of the first stage is reduced from 100Z to 50% with
a similar decrease in staging velocity. However, when throttling 100Z with
the second stage, essentially the same payload capability as afforded by the
reference configuration was achieved at-a sipgnificantly lower staging velocity
{(Case 66)-.

B~62
SSD 79-0010-4




VEHICLE CHARACTERISTICS (NOMINAL MISSION) CASE 85
STAGE 1 2 3
GROSS STAGE WEIGHT,{LB) 15733913.0 4920108.0 4842005.0
T GRUSS STAGE fHRUST/WEIGHT 1.300 0.965 0.981
THRUST ACTUAL,{(LB) 2045404840 4750000.0 41500000
ISP VACUUM,(SEC) 370.883 466,700 466.7C0
STRUCTURE, (LB) 1045488,9 G.0 809575.0
PROPELLANT(LB) 9578332. 0 T8103.0 3431252.0 .
PERF. FRAC.,(NU) 0.6088 0.0159 0.7086
PROPELLANT FRAUC .y (NUB} C.9010 1.06060 0.80%1
s BURNOUT TIME,(SEC) : 147,584 165.261 504.2440
é BURNOUT VELOCITY»{FI/SEC) 8149.641 8323.281 25954.121
BURNCOUT GAMMA, (DEGREES) 15.057 13.955 0. 187
BURNOUT ALTITUDE, (FT) L82132.3 1979472 319657.5 _
BURNGUT RANGE y (NM) 4743 55.7 810.9
IDEAL VELOCITY,{FI/SEC) 10¢88.2 11129.1 2564644
INJECTION VELUCITY,»(FT/S5EC) 0.0 FLYBACK RANGE(NM) 21644
““TﬁiEtTiuN PRUPELLANT (LB} 0.0 FLYBACK PROP(LBS) 189983.5
ON OREIT DELTA-V,(FT/SEC) 1083-5'
ON URETT PROFELLANT, {LbBi 95525.3
ON ORBIT ISP,(SEC) 46047
TTTHEYAS T2T03% PITCR RATEZS 0.00182 "TATTEMPTS 10 CONVERGE= 3

PAYLUAD, (LB)

50585240




SUMMARY WEIGHT STATEMENT

(NOMINAL MISSION)

CASE

85

GRBITER WEIGHT BREAKDOWN

DRY WEIGHT 731000.000 POUNDS
PERSONNEL 3000,000 POUNDS
RES1DUALS 2070.000 POUNDS
RESERVES 3300.000 POUNDS
TN=FCIGHT LUSSES 10508.000 POUNDS
ACPS PROPELLANT 18280.000 POUNDS
OMS PROPELLANT 95325.312 POUNDS
PAYLDAD 505852.000 POUNLS
BALLAST FUR €6 CONTROL © 0aG POUNDS
OMS INSTALLATION KITS 0.0 POUNDS
PAYLOAD MODS G.0 POUNDS
TOTAL ENO BOOST (ORHITER ONLY) 1369335.00  POUNDS
OMS BURNED DURING ASCENT 0.0 POUNDS
ACPS BURNED DURING ASCENT 0.0 POUNDS
EXTERNAL MAIN TANK
TANK DRY WEIGHT 2640,000 POUNDS
e RESTOUALS 17847.000 POUNDS
& PROPELLANT BIAS { 2640.000 ) POUNDS
PRESSURANT { 2120.000 ) POUNDS
TANK “AND LINES { $437.000 1 POUNDS
ENGINES { 3650.000 ) POUNDS
FLIGHT PERFORMANCE RESERVE 20930.000 POUNDS L
UNBURNED PROPECLANT “TMATN VANK) 0.0 POUNDS
TOTAL END BOOST (EXTERNAL TANK) 41417.000 POUNDS
USABLE PRUPELLANT TEXTERNAL TANK) 5092635, 00 POUNDS
FLYBACK PROPELLANT (FIRST STAGE) 189983.500  POUNDS
SOLI0 RUCKET MOTUR (FIRST STAGEY) Y040548 ,00  POUNDS
SRM CASE WEIGHT({2) 1045488 .87  POUNDS
SEM STRUCTURE & RUVY WEIGHT a.0 POUNDS
SRM INERT STAGING WEEGHT 1045488.87  POUNDS
USABLE SRM PROUPELLCANT - YL POUNDS T
TOTAL GROSS LIF1-UFF WELGHT (GLOW) 15733913.0 POUNDS
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VEHICLE CHARACTERISTICS (NOMINAL MISSIUN) CASE 65

STAGE 1 2 3
GROSS STAGE WLIGHY,(LB) 15719436.0  4952269.0 4873984 .0
GROSS STAGE THRUST/WELIGHY 1.300 0.959 0.975
THRUST_ACTUALs{LB) 204352370 4750000.0 _ 4750000.0
ISP VACUUM, ($EC) 370.900 466,700 466, TG0
STRUCTURE, (LB) 1045488.9 0.0 814780.0

_ PROPELLANY»{LE) Y545680.0 T8285.0.2 3464330..0
PERF. FRACay (NU) 0.6072 0.0158 0.7108
PROPELLANT FRAC., (NUB) 0.9013 1.0000 0.8096

o BURNQUT TIME,.(SEC) 157..084 14,171 500.964

& BURNDUT VELOCITY, (FT/StC) 3152.324 §331.051 25954,117
BURNOUT GAMMA,(DEGREES) 13.752 12.493 .187.
BURNOUT ALTITUDEs(FT) 173%11.4% YR8242.0  31u6Sb6 .5
BURNUUT RANGEy (NM) 476 56.0 817.0
IDEAL VELOCLTY,(FT/SEC) 10682640 11065.3 29693.2
INJECTION VELOCITY, (FT/SEC) 0.0 FLYBACK RANGE{NM.)
INJECTVION PROPELLANT (LB 0.0 FLYBACK PROP{LBS) 176597.2
ON _DRBIT DELTA=V, (F1/SEC) 1083.5
ON ORB1T PRUPELLANT s (LB} gn246.8
ON URBIT 18P, (SEC) 4006t

THEFA= 31o41

PAYLOAD,(LH)

PLICh RATE= O.GLZ20

G965 a0

CATTEMPTS T0 CONVERGE= 3



http:ACTUAL,.LB

SUMMARY WEIGHT STATEMENT

(NOMINAL MISSTON]

ORBITER WEIGHT BREAKDUOWN

ASE—bE

DRY WEIGHY 135930.000___ PUUNDS
PERSONNEL 3000.040 POUNDS
RESIDUALS 2070.000 POUNDS
RESERVES A300..000  POUNDS

IN-FLIGHT LOSSES
ACPS PROPELLANT
OMS PRUOPELLANT

16610.G640  POUNDS
18280.000 POUNDS
©5236.812 POUNDS

PAYLOAD
BALLAST FOR (G CONTRUL
OMS INSTALLATION KiTS

499637.000 POUNDS

0.0 POUNDS
0.0 POUNDS

PAYLOAD MODS

C.C POUNDS

o TOTAL END BOOST (ORBITFTER DNLY) — 1368063.00_ __ POUNDS

OMS BURNED DURING ASCENT
ACPS BURNED DURING ASCENT

G.0 POUNDS
0.0 POUNDS

EXTERNAL MAIN TANK
TANK DRY WEIGHT

2040000 PUUNDS

& RESIDUALS 18020.000 POURDS
& PROPELLANT B1AS { 2640.000 ) POUNDS
PRESSURAR] ( 2120,000 ) _ POUNDS

" TANK AND LINES ( 961G.000 ) POUNDS

ENG INES { 3650.000 ) POUNDS
FLIGHT PERFURMANCE RESERVE 20930,49C _ POUNDS

UNBURNED PROPELLANT (MAIN FANK) 0.0 PUUNDS

TOTAL END BOOST  (EXTERNAL TANK)

4)1590,000  POUNDS

USABLE PROPELLANT (EXTERNAL TANK)

FLYBACK PROPeLLANT (FIRST SIAGE

o

SOLID ROCKET MOTUR (FIRST STAGE)
SRM CASE WELGHT(2)

e e b A B0 G L0 250 POUNDS

5092633.00 POUNDS ~

9040548, 00 POUNDS
Lua54 68,67 POUNDS

SKM STRUCTURE & KCVY WE1GHT
SRM INERT STAGING We1COHT

C.0  POUNDS
1045488.87 PUUNDS

USAEBLE SRM PROPELLANT

TOTAL GROSS. L TIFT-MNEF WEIGHAY (5w

7995060 400 POUNDS v

TRTIQ4LWE [T DOTIMNC
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VEHICLE CHARACTERISTICS (NOMINAL MISSIUN) CASE 45

STAGE 1 2 3

GROSS STAGE WEIGHT (LB} 15720730.0 4983925.0 490241640
GROSS STAGE THRUST/WEIGHT 1:300 0.9463 Oe56Y
THRUST ACTUAL ,(LE) 204369120 4150000.0 4750000 .40
ISP VACUUM, (SEC) 370.898 4664700 466700
STRUCTURE, (LB) 1045488.9 0.0 819097.0.
PROPFLLANT.(LB) 9513551.0 B1509.0 3492634.0
PERFa FRAC., (NU) 0.6052 0.0164 G.7124
PROPELLANT FRAC. s (NUB) 0.9014 1.0000 0.8100

BURNOUT TIME,(SEC)

194

~120.261 164,215 = 54%9.25%

BURNOUT vELUCITY,(FT/SEC) BOTU.586 B252.945 25454.113

BURNOUT GAMMA s {DEGREES) l4.1686 12.58%5 G.187

BURNOUT ALTITUDE,(FY) 173832.4 189042 .4 3196569

BURNOUT RANGE, (NM) GHels 5.2 8419.0

IDEAL VELOCITYL(FT/SEC) L7505 10998.1 28712.0,

INJECTION VELOCITY {FT/SEC) C.0 ELYBACK RANGE(NM) ~198.5
INJECTIUN PRUOPELLANT,(LB) C.C FLYBACK PROP(LBS) =~ 177764.2
ON ORBIT OELVA-V.(FFT/SEC) 1083, 5

UN ORBIT, PROPELLANT, (L) 4525b a7

ON ORBIT ISPy {SEC) o667

THETA= 31.24 PITCH

PAYLOAD, (LB)

RATE= 0.GU215

495449,

ATPEMPTS 10 CONVERGE= 3
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SUMMARY WEIGHT STATEMENT

{NOMINAL MISSION) CASE—45

ORBITER WELIGHT BREAKDUWN
DRY WEIGHT

PERSONNEL
RESLDUALS
RESERVES

140012.000 _RPOUNDS . e
3000.000 POUNDS
207T0.0G0  POUNDS
3200.000  BPOUNDS

IN-FLIGHT LOSSES
ACPS PROPELLANT
OMS PROPELLANT

106%5.,000 PUOUNDS
18280.G00 POUNDS
95235, 750 POUNDS

PAYLOAD
BALLAST FOR CG CONTROL
OMS INSTALLATION K118

495449 .,000 POUNDS
G.0 POUNDS
Q. eouNDsS

e TOTAL END BOOST {ORBITER_ONLY)

PAYLOAD MUDS

0.0 POUNDS

1368048.00  POUNDS - S S

GMS BURNED DURING ASCENT

0.C  POUNDS

FLIGHT PERFORMANCE RESERVE

20%30.000_ _ POUNDS

UNBURNED PROPELLANT (MAIN TANK)

JOTAL END BQOSTY {EXTERNAL TANKI

G0 POUNDS

ACPS BURNED DURING ASCENT (a0 PALNDS

EXTERNAL MAIN TANK . : 1
_ TANK DRY WEIGHT 2640..000_ . _POUNGS —_

i RESIDUALS 18163.000 POUNDS {
N PROPELLANT BTIAS { 2640.000 ) POUNDS ;
PRESSURANT (. 2120.0600.) PLUNDS :

TANK AND LINES i 9753.000 ) POUNDGS
ENGINES { 3650.000 ) POUNDS ;

41733.,.000  POUNDS !

USABLE PROPELLANT (EXTERNAL TANK)

509263300  POUNGS !

ELYBACK _PROPELLANY (FIRSYV_STAGEY _ _ . 1 TTTOACIBT. CPOUNDS o e

SOLID ROCKET MOTUR (FIRST STAGE)
SRM_CASE WELIGRHT{2)

9040548.00 POUNDS
1045485 ,87 POLNDS

SRM STRUCTURE & RCVY WEIGHT
SRM INERT LTAGING WEIGHT

0.0 POUNDS
1045488.87 POUNDS

USABLE SRM PRUPELLANT

e e TAYEAL- LRI R, YE T et YUl L ST - 1T 3

7995060.00 POUNOS

- T ETFTYNS YN ot 2Ty LRI O
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VLHICLE CHARACT LKASTHICS (NUMLINAL M1IS5SIUN) CaSkE wé
5>TAGE i z 3
LAOLE STabl WEIGHTs (LK) L2522 .0 SC4AQRTIY6 dbloldz .0
GhuSS STAGE THRUST/ Wk lGHT LeaClh Covus Ge%bb
ThRUST ACjUAL, (Lb) cUah biag o 4T5Uulleu % 850H000 ,
i5F vaCUUMy (SEL) 370.890 4664700 406,700
STRUCTURE L LB) JRIDY T g.0 BUbUOY .0
PRUPELL ANT 4 tLEB) G45 6590 o 224041, U 34G0483.0
PRt e FRAC. ({NU} G.bUl3 Qe 0u4bd Ce 1L
PROPLLLANT FRACG.y (NUB } Lo 9G04 1 LUOG VatsufY
. BURNUUT B ML, (SEC) 154,692 Li6.1b4 543.33%
é BUKNOUT VELLCLTYy (- i/5L0) 1899.03Y 83Y%4 .ib4 259544113
BLRNUUT GaMMA s (DEGRELS ) 1504 aU 12,29, Qeib’
BUKNUOUT ALTLITULE, (F 1) 1715656 .4 2liazbeb 519657 o4
BURNGUT RANGEy (NM) 44 .3 Goe L beiad
fibAaL VELOLLIY LRI/ 0EL) 1C6UY o 11293.9 2YTui b
iNgECTl iy VELUCITY, ¢F1/0E0) da.0 FLYBALK HANGE(CNM
INJECTIUGN PRUFELLANT, (LB Gau FLYbALK PRUFILBYS) lobdoos,.7
UN ORBLT LEETA=Va (FT1/500) itus ed
OUN GRDLT PROPELLANY y(LD1) Yiebileid
UN URBBLT 15P, (5EL) “GGO o T
THELTA= sY.us PLILR &A1= U.GULYT ATTEMPES T CUNVERGE= 3

PAYLDAD y L LE ]

SUbALE U
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SUMBARY Welbhkl STa TEMENT

ENIMINAL MISSIUND

LAMNE

bty

Okbl Thk WElLHI bkEANDUWN

12i1620.000

UKY WEIGH1 PUUNULS
FLRSGNNLL ’ 5006.000 POUNDS
RES TOUALS 2630060 POUNDS
KESERVES 3300060 PUUNLS
IN-FLIGHT LUSSES 1o43y . uli PUUNDS
ALPS PRUPELLANI 18250.00C  POUNDS
UMS  PROEE L ENT yh29T. 450 PUUNUS
PAYLOAU H5383862.000  FUOUNUS
wALLAST FLR (6 CoNITKGL Ged PUUNLS
UMS INSTALLATLIUN KITS Cald PLBUNDS
PAYLUAD MLDS C.0 POUNDS
TUTAL ENU BUUST (URBATER UNLY) 136834800 PUUNDS
UMS BUKNE & LURING asCenT Ul POUNDS
ACPS BURNEY LDURING ASCENT el POUNDS
EXTERNAL Mallv TANK
TANK DRY wWi-iGiil 26aUL00L  POUNDS
& RESTUUALS 11730600  FUUNDS
3 MPROPELLANT BlAS { 2640G.0600 } PUUNLS
PRESSURANT { 21204000 ) PUUNDS
TANK AND LINLES ( 9324000 ) PUUNDS
ENGINE S { 3650.000 ) PULNDS
FLLIGHT PERFURMANCE RBSERVE 20930000 POUNUS
UNBURNED PRUFELLANT (MAIN TANK) [T PuUINUS
TUTAL ENU BUUS ] CoX T LBRINAL  TANK } 4i300800  PuuNus
USAbLE PRUPELLANT (LATVERNAL TaRk) Luveosdell PULNLS
FLYBALK PROPELLANT (FIKST S1aLE) 184663.0L7  PUUNLS
SULIU RUCKeT Wulvk (FIKST ST aGk) GUua0s48.00 rOUNLS
SRM CASE WLILHIL2) Ludbabbabg ¥ rUOUNDS
StM STRUCTUKL & KLVY wkiGHT Lol FLUNU S
Sk INEKT STAGLING Wk uhil luasalbab 7 FUUNDS

LLABLE SRM PrOFLLLAND

Tk s £ttt PRI T SO I Y B ] LT NI

T995060.Ut

[ I Vi

POUNLS

[S IS AP Y
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Sateflite Systems Division @ Rockwell
Space Systems Group International

B,3 TFIRST STAGE PROPELLANT LOADING STUDY

An analysis of the effects of varying first stage prepellant loading was
performed. The resultg ars gsummarized in Table B.3-1 and specific vehicle
characteristics are included in the attached data sheets. As expected, the
payload capability increases as the first stage propellant mass is increased.
The ratio of glow/payload weights is also improved. However, the staging
velocity also increases significently. In this trade study the first stage
inert weight was not-peunalized for the additional TPS required at the higher
" staglng velocities. By including that delta weight the glow/payload ratio
would not be as favorable. By combining the results of -this study with the
throttling trade results, however, a payload increase may be achieved without
the significant Increase in staging velocity.

Table B.3-1. First Stage Propellant Trade Summary

CASE 1ST STAGE PROP. GLOW PAYLOAD | STAGING | GLOW/PAYLOAD
(LBx10%) (LBx10°%) | (LBX10®) | VELOCITY
(FT/SEC)
REFERENCE 7.995 15.731 509.7 6978 30.87
21 8.495 16.328 551.6 7281 29,60
22 8.995 16.921 589.0 7573 28.73
23 9.495 . 17.514 62%.9 7852 28.03
24 9.995 18.108 659.3 8114 27.46
B-71.

38D 79-0010-4



GENEKAL ASCENT VTHRAJECTURY AND STAING PRUGKAM BY RoloPOWill

DATE — OaziB/YY ¥IME ~ L6230 ©

s

SATELL {1% PUWER SYSTEM (SPS) CUNCEPT LEFINITIUN STUDY

TWO—4TAbt VERTICAL TARE~UFF RURLIZUNTAL LANOING HLLYV CUNCLFI

BUITH STAGLS RAVE FLYBACKN CAPABILITY 0O LAUNCH SKIE (KSC)

FARST STAGE kab AIRbREATHER FLYBACK AND LANUING CAPABILIRY

FLYBACK PRUPELLANT MAS A SPECIFLC FUEL LUNSUMPTION UF 350G SEC

SECUNDL STAGE USES THE ABURI-UNCE—ARUUNU FLYBALK MUE (AGAY

FikST ST bk HAS LUA/KP/LHZ TRIPRKOPELLANT SYSTEM

FAA:!

Wlit: e COULED RIGH PL OENGIRES (VACUUM 15+ = 352.3 5kC)

JLTYR0 Hopd 40
si 39Yd

SECUND STAGE USEY LUA/LH. PRUPELLANT Witk ValUUM LSP 466,77 SEC

HE UBRSLER Faviuau Shsbl BE SUUC KLB INTO A CIRCULAR UKEIT UF

ZI0 hNe MILES Awb Al INLRTLAL INCLINATIUN UF 21.06 DLUREES -

ASLENT SHAPED IU FHE NUMINAL ASCENT MISSION

MECL LUNLLIWIMNS askk (0 A THEURETICAL UKBIT UF 16v¥.42 WeMILES

BY Ludde Mo BickL 10UALMS T aPOGLEE UF 164 NJHLLES)

Cihw=URLIT Dibda VirLOCITyY REQUIREMERT UF 111G FEET/5FCUND

KES SYLTLM SILEL FUR A wILTA VELULITY ReWMi WE 22U FEET/SECUND

Tk VorlGlé Shzet HUk A THRUST/ZWEiGHT RaitO Al LIFT-UFF O 1.30
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MAXEMUM R1AL LUAD FaCEUR DURIKE ASCENT 15 3.0 (*4

TRAGECELKY BAY A MAXLMUM ALRU PFRESSURE UF 654 LBES/FTZ2

MAXIMUM ALKO PHRESSURE AT ATAGING LIMETELU Fu 24 LBES/ZETZ

UDIRECT ENTKY FRUKM J70 NJMILES ASSUSMMED (DbLEA ¥ = 415 FR/SEC)

PELIGHT PERKFUKMANCE ReSLRKVE = U 75% TUTAL CHAC ASCENT VELOCIYY

WEibHT SLALIRG PLR ROCAWELYL IR AND U HLLY STULLES

A WELGHT GRUWID ALLOwWANCE UGF 15% IS ASSUMMED FUR BUOIH STALLS

40

FIRST STaALE BURNS  84950L6L PUUNDS UF ASCENT PRUPLLLANT

SECOND $Talt (LRLITER) ENGIRES BURM 5092633 LBS UF PROPELLANY

SECUND STAGE URY wWikiGhHl WITHOUT PAYLUAD EQUALS #11e8/7 LBS

Ly

SLLUND STALE ITHRUST LEVEL o STAGING EUUALS 47150090 LES

W A

ALITYNO
S AVe

SECUND STACE UVERALL EUUSTER MASS FrRACTIUN = 0. 8409 W/U MAKGIN

SeCunt STAGE WEIGHE LKEARUGWN =

RELDAUUAL WEIGHT = 4,78 FUUNDS

FESEKVES WELGHIT = 2304 fUURDS

FER WELIGHT = ZG3..6 ¥OuniDs

KLUS PRUF WELGHT = 17166 POUNDS

BUKN—UULE ALTSGUDE Al SELUNDG STAGE FHRUS | TERMINATION = S0 M. MILLS

AUVANCED TECHMULUOY wibtl L1 CUMPATABLE wilhH THE YEARS 1995 & ON

ASLENE RLLV 3lziab RURS MADE BY RoL.PUWELL (IXT 3703 SkAL BEACH)




vEHICLL (HARACTERISTILICS

R BT R O

(NUMINAL M1SS10NJ CASE 21
STAGE 1 2 3
GROSS S1AGL WeElbRYSILE) LOIZTGETH oG 4E%E949,.0 AL 3843240
GRUSS STAGL FTAKUST/WEiGHi Teate 0.911 T.Cat i
T HRUST AChUAL, (LB) 21225930, 6 4T50000.0  475060C .0 ’
1SP VACUUM 4 SEC) STCeil 466,100 466270 i
STRUCTURE (LB ) 1094 3.5.0 Go i TU5165 .0
PROPELLANT (LB S 10141553 .0 3535070 3093228340
PEKE W FRACy (NU) 0.6210 0L UT25 L6816 o 1
PRGPELLANT FRAC.y (NGE ) U902 1.0000 Cu 1954 j?; |
BURNUGT T1ME 4 (SEC) 163775 146 .5CE bLLaE6OT Falle?

; HURKNUULT VtLUtIIYt(Fifthl chq L U% oL Soleubl L5%L4. 074 %.%
BURNOUT GAFMA gy (DEGRLES ] 15.611 Geaa4 Co1u7 ::eié i
BURNOUT AL¥17UUES (F1) SE6268.0  244910,5  51Y9655.7 |
BURNUUT RAibE g (M) Lt Y4t B1E .G
TDEAL VELLCITY.(FT7akb0) 112716 1c59 1. Z95BL .6
1NJ§C1IUN VELULLITYy (RTS8 16 owb FLYBACK HAge%tNM) ;
INJECTION FROPELLANT 5 € LE) Tt FLYBACK PRUP(LES) 1956584
UN URBIT Lull A=V LFT/5EL D L Qb
un GREBIT PRUPLLLANT, (LL) STH33 .0
UN OKBIT 18Py tsEC) Kbt i

TrETA= 2t.5%4

FAYL Il (S L)

PlsClh RATEL= Gevadbe

Bhierzl it

ATTENFTS 10 CUNVERGLE= 2




SUMMARY wWilbhl STATLMENT (NOMINnAL MISS SUN)

Uk lTER WLIGHT bR UARLORN

DRY Wk itHT 11827080 PLUNLS
FER SUNNE L AG0ULLG0 0 PLOUMGS
LS luuaLs 0L LUl G PLUNRDS
RESEKVES I20C .00 PUUNLS
IN=FLIGHT Lussis 106312 000G FOUNDS
ACPS PRUPELL ANT L7766 0L FOUNDGS
LMS FRUPELLANT YiHad.812 PUUNDS
Favyiuab 551610 410 POUNLS
BALLAST FUK (G LUNTHKUL G0 POUNDS
GMS INSTALLATION RIS U o1 PUOUMNES
FayrLGaD muus G.u PUUNDS
TUOVAL END bUUST {URbITER UGNLY ) 140418 alw P UNLES
UMS BURNLED LSUR ING ALLE md Gall PUUNDS
ACP L BUKNED LURING ASCEAND ol POUNLS
EXTLRNAL MALM 1 ANK
TANK DKY wWeltH1 L6004 POUNDS
w KeES TUUALS 17912000 FUUNDS
3 FRUFPELLANT bLial { dE8bolil ) FUOUNDS
PRESSURANT ( 202%.000G ) POUNLS
ANk AND LIKLS I %341.0600 ) POINDA
ENGINES { 3L46.060 ) PLULUNDS
FLIGHT FERrEUGRMLNCE KESLRVE ZU338 JOL0 PUUNLS
NBURKNED PRUPELANT (MadiM §ANKY g.g PLHIN DY
TUIeL LND BuUST CLXGERNAL JAINK qlatlJO00  PULNUS
Usable PFRUFPELLANT (LATVERNAL FANA) LOUGAZZH LUl FLUNDS
FLYFACK PRIPELLANG (FinSE S1AGLE S Lu¥eB8 000 . rrUNDS
SULIU KUCKET MULIUR (FIRYT STAGEY - YLEY duh s UL FUlinDs
SKM LASE wRIGHIC: ) , 1094 405 oGl PLUNGS
SRM LTRUCTUKE L KLvY WilGbH U.0 PFOUNDS
SEM O INLRI L1AGAiRG kLILHT LOY4325 .00 POUNDS

Ubabik SkM PrubPELLANT BasSGalati PUUNLS

TUlAL GRUSLS LAFT—uFE wEdGrT {LLlw) O3z (oth L PUUMLS
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PRUPELLANT SUMMARY FUR §rte aLURKT RUDLS FOR CASE

-

ASCENT JRAJECTURY ShHaPEU TU THE NUMINAL MISSIUN MULE UP 1O 196.50886 X ECONDS

URBURKRED MAINM PROPLLLANT IN THe ABUKT MUDE

i

0.0 FOUND S

EXCESS UN—URLET PRUPELLANT AN Ti sbuRT MODE

25491 .750 PUUNUS

UNGURNED MaSN PRUPELLANT IN ke RILS MUDE

I

§111300.000 PUUNDS

EACESS UN~UORBLIT PRUPELLANT IN FHL RTLS MUUE 0.t POUNDS

M

FINGS LION INDECAT S FRUPELLANT SHURSAGE iN BURN MUbLE JNUDICATED

i
o -
SHUTILL SYSHEM NeoT PAYLOAD WITHUULY Ms KITS = LE1010.000  PUURDS
AN
MALN FRUPELLANT cURNI U TL AUAZRT2S ABORT TIMEzZ  20uudfua.tbi PUUMDS
SHUNILE GRUSS LIF -UrF wWelomd (bl = 1632705 .0 FUUNDS

FROPILLANI CROSS b ofL FRUM #iHST — S:ECUHD STAGEES  ioat49iaty PULINLS

SECUNU STAGE PRUFELLANT CAPALITY — (RUSS FeEL = 344673200 FUUNLS
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VERLCLE CHakACTERIST LS (NOMINAL MLISS1UM) Cast 22

STALE 1 2 5
GRUSS STawl WelGHT (L) Teseisleat 4BY 232U U G TE6Y9
CRUSS STaok THRUST/WEIGLHL Le3CLL U.971 LeCay
THRUST ALTUAL, (Lb) £15YTLbs oL 4E500d0L U ATHOCUHU L O
I8P VACUUM(5:L0) 36Y.50u 40 {lu 46 e T Uy
STRUCTURE g (LB ) 1394500 Ual Fus0%2 .0
PrROUPELLANT (LB} lutTaaide .l ds062ba 0 3Ly dalva 0
PekFe FRAC .y fluiy) {3t Lalbbd U.06706
PRUPELLANT FRAC. s INUG) vaSU3s5 Levd O L1968

= GURNCGUY T EME y(SEC) ivbewnd 19be5UY 5pletbuz

é BURNOUT vELDCITY 2 UFT/%EC vb45.LEl 962l 4th 25%904.01¢0
BURNUUT LAMMA, {DEGREES) [P KR EPPAA Uela?
BURNOUY AaLtITulbEsUF1) 1910y T .t Z4L4H 35 . & Jreabh .
BURNOUT RAMGE 5 {MM) bo.b Yo.d LZb .4
LOEAL VELUCLIY s (FErSL0C ) i1h68.7 125060.5% 2553903
INJECTION vELUCIIY kI /50010 Lowlke FLYBACLK RANGLE(NM]) 2334
IRIECT 10N #RUFLLLANT 5 (Ll ) e FLYBALK {RUPELES) 2151021
UN DKBIT LLLTA=Y Syt ET/ 510 ) 1Lg&.;
UM URSLIT PRUOFELLANT, (Lb) . e allet
U URBLT ESH,(5EC) qbtt . f
ThEeTA= 274106 FLICHh RATE2 Lelulby ARTemii 10O CONVLRGEZ 5

PAYLOALs £ 2} . Lty 6.
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SUMMARY Wed il

STALeMENT (NuMIhAL 2SS IUN)

URBITEH wWeloHl bR:-AnbLOWN

LRY Wit 112630.0Guwd  POUNDS
PER SUNNEL A0LU Ll PGUNGS
KESILUALS 070w 030 PUURDS
RESERVES 2300 .6, FOUNDS
IN=-FLIGHT LUssces liz&.L00 POUNLS
ALPS PRLPELLaNT 17584 3w POUNDS
UMS PRUPELLANT LCOz2d Sz PLHUNUDS
PAYLUAD 5689700 PULNBS
FALLASE FOR O CUNITRUL U.0 FOUNDS
LMS O INSTALLATILN RIS WG POURDS
PAYLUAD MULN (¥R POUNDS
TUKAL D BOOSS (LEDBITER UNLY ) 1450 i8T cuu POURDS
UMS BURNED DWW ING ASLENRY G.u PUUNDGS
ALES BURNED LURING ASCERG . 0 uis POUNDS
EATERNAL MAIN TANK
lana DRY Whilhi 204l sGuw  POUNDS
¥ RESIDUALS LT332 oGld POUNUS
- FRUPELLANT ©£1AS ( 29%39.020L ) FUBRDS
FRELSURANT { 208 .L0C ) FUUNUDS
TANK ANL LihdS  9245.000 ) PUUNLS
ENGIMLS { s:laal00 ) PULNDS
FLILHL PERFUKMANLCE RbSERVE SGLl36.Ldlb POURDS
UNBURNED PROPE LLANT (MALN LANNG U0 POUNDS
TUlAL &R0 huds | (EXTLRNAL TANK ) SULUZ LU POUNDS
UbAGBLE PRUPELLANT (EXELANAL ¥ aNK} 204%34933.00 0 PLUNDLS
FLYBACA PHUPELLANG (FIRST Sihek) Z1B10& cung PULHRDS
SULIAD KULKEF MuiUh (FIRME SiAut) lulZaSluals FUUNDE
LRM CASe weltHIt) Il 3vabu Lo FOURDY
S STnUCTuE L KLWY wellLiid ald Plilini s
SEM AMEKT STAGING WLlLRT Llsvasuabl BUUNUS
USKLLE SRM PROPLLLANT BY9LBLoL U POUMUS

Ut AL ERUSS Libkd=~ubl wedCHE (GLUWY.

R EG ee

rrhlan s,
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PRUPELLANT SuUMMarY FLR Thd AbLuR 1 mbley PUR CAaSE Vi

ASCLNT IRAJLLTORY SrAPEU Ju thk NOMINAL MI3L1UN MOuE Ul 10 d96.50%  SECHNDS

ENaUKRNED MalN FROFPELLANF IN THL ABURT MOULE G0 POURDS

FXLESS ON-URER] pRUPELLAND 1M T hE ABURT ML 403u4 Y31 PUNNDS

UNBUKNED MALN pRUSELLANT IN R RTLS MUDE 5000 Udu POUNDS

EXLESS GN-URGIT FROPELLANT IN fnt KTLS WUDE

i

0.t POUNIS

MInUG SION INDLCAT =8 FROPELLANT SHURTAGE IN_ BUKN MULE JNOILATED

6.9

SHUTTLE SYSTEM Nrt PAYLUAD WRTROLUT UMS Kif soBYTo.lGe  PUUNDS

MAIN PROPELLART YURNzL U AaUAZKTLS ABUKE 11Me= 2000600 .U FOUND S

SHUTTLE GRUSYS LiFT~-UFF wiithT (GCLuw) 169213120 PUUNDS

1

PROVELLANT CRUSS F ol FruM FIRYY — SELLND STALE YoTysT9 Wl SUUNLS

i

H]

SECGUhL STat PRuUPELLANG CAFACLEY - CRUSS Fikls 3414054 ., GG POUNDS
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VEHICLL CHARACTERISTILS {(NUMINAL MISSIUN)

STAGE 1 2 3
GROMS STAGE WOLIGHT L) Lbl444b .0 4893323.uU 4TL560) 0
GRUSS ATaLkE THRUNT/WEIGHT feauls Va7 LU0y
FHRUST ACHUAL,(LB) 268V he i 454 0d0 a0 4500000
L5P VACUUM,(SEC) 30U4.9%8 4604300 40047 0w
STRUCTURE y (LB 11638630 U.G Tedlival
PRUPELLANT s (LE) 11ZLobby .t ABUTIZ2.6 3LGEH0E Wi
PERF e FRAC Ay (NU) Ueb34b Gelidi4a LebTY1
PRUPLLLANT YRAC. y (NUE} U444 ieG0u0 L8032
BURNOUT 1AM, (8EC) 1edobub 156.5u9 HEla.a11
g BURKNUUY voelOCITY(HIZ25EC)H Yidbaf27 583,203 25454 .08y
BLRNOUT GAMMA s (DEGREES) lralca AL.GTL L.IBT
BURNUBUT AL 11T UUE. (FT ) e Y Y| £203%3. ) 3YSLH0 .Y
BURNUUT KANGE 9 (NM) Gl wy d4al £33
JDEAL VELUOLITY{FT/SEL S Bibay . §da371.1 29502 ah
ladeECT U VELGLLEYyiFT/5:L) Lol FLYBALK wmANGE(NM) £47a
INJECTION PROPELLANT, UL § tLal FLYBACK PFROPLLES) 23476244
UN URBIT LiLTA=V, (E1/5LC ) Lieb.0
UN URBIY FRUPELLANDI. (LL) lugnub,.y
UN ORBET 18P 9 (5EL) 4ol

THeTA= 26497 PLAUH RATLT (e vwwhiwu ATTEMPES 1O LUOWYERGE= 3

FaY YAl . Lt e d P T R



SUMMARY WEIGHT STADEMEN]

(NUMEMAL M15STUNM)

CANE

Z

-

UKBATER WELGMT EREARLLWN

POUNDS

TUial LRGSS LIKI=WhE WLibnt (Gilw)

L¥L 14448 .0

DRY wiluRT T0ile? JGal
FPERSUNNEL A0 LD PLIUNUS
KRES LDUALS 210000 POUNLS
RESERVES A3LHLLLU PFUUNDS
IN—FLIGHE LOSSES LGAUT 00 PLUURKDS -
ACES PROFELLANG 1¢443.009  POUNDS
UMS PRUPELLANT 102505 .87 FOUNDLS
PAYLUAL 624871 000  PUUNLS
BALLAST FUKR (G CUNTRUL a0 PUUNLS
UMS INSTALLATIUN KITS i .0 PUUNDS
FAYLOAD MUDLS a0 FOUNDS
Tulal END BUULT (UKBLTLER LNLY) L4T045H O POUNLS
uMS LURNLD UURING ASCERT Q.U POUNLS
AUPS BURKNED LURING ASCENT .0 PUUMDS
EXTERNAL MAIN 1ANK
VANK URY Wt iGHY 2640 .00  POUNDS
? RESICDUALS 17163600 POUNDS
g PROGPELLANT PLAS { Zoi4. 600 ) POUNLS
PRKESSUKANT {  «elB.Gul ) PounDis
TANK ANG LI#bS ( S1L5.0006 ) pUUNUS
ENGINEY , { 5470.000 1} PULRLS
FLIGHT PEREUGRMAKRCE RESERVE 19934 .00  PLOUNLS
GNoURNED PROMo LNt (MAIN Pavi) g.u PULINDS
TUT AL NG buusl (EXVERNAL TANK ) 39737 et ud  PUUNDGS
UsabLE PRUPELCLANT (EXTekNaL 1 aNK) LHUYIEEY b PUOUNUS
FLYDACRKR PROPELLANT (FLRZT SiAGL) ZILTE2.375 PUUNL Y
Sl RUCKLE MUGIDK (Fiast STAz) LGolvBbs U FUUND S
SRM CASE WolOGHI{) LLhesbetd 6. PUGNLS
SRM STRUCTURE & RCVY wWrlbuHI Uats Pliging s
SRM INERIE LT AL L WE tnl 11830643 cuwe PUUNLS
Usarl bk SR PRUPLLLANI 495060 00w PUUNLS

POUSIS



http:391V37.0U

PROPELLANT SUMMARY FUKR THE ABRGRY MUlES FOR CASE 23

ASCENT TRAJECTURY SHaPLL} 10 THE NORINAL MISSIUN MUDE UP LU 1he bt  SECUNDIS

UNBURNED MAILN PFRUPELLANT IN ThHE ﬁBUR] MUDE

i

Gob PUUND S

EXCESS ON-URBIT £#RUOPELLANT IN THE ABURT MODE JbeTsa%3T  #OUNDS

[l

UNBURNED Mall PROPELLANT IN THE KTLS MUDE 71138 UG0  PUUNDS

H

EACESS UN~ORBIT FROPLLLANT IWN THL RILS MUDE G.U FUUNDLS

MINUS SION AINDLICATES PRUPELLANT SHUKVAGE AN BulN MOLL INDICATED

8-q

SHUTTLE SYSTEM NEl PAYLUAD WITHUOT UMS KITS

i}

024811.0G0 PUOUNDS

MAAN PRUPELLANT HURNED Tu AUAZRTILS ABUKT TiMEz= 1698224400 PUUND S

SHUTTLE GROSS LAFE P wliLGHT tGLLW)

4]

14bla4a8 .0 FOUNDS

PROPELEANT CRUSS Fer 2 FRUM FIRMT — SECUND STAGE

171a4vy9 .00 BOUNDS

2382130000 PUUNDS

It

SLLUNL L1AGE PRUOFELLANT CARACLYY - CRUSS FEEL
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VERILLE CHARACTERIST SCS (NUMINAL MISSIUN]

31AGE 1

2

3

CASE

24

GRUSS S$tabs WelGHI (LB} Tuillcdbalo

4895076a U

4726 52h.C

GRUSS ST1ALE ThRUST/ZWEIGHT 1.3C0

FTHRUST ACUFUAL,(LB) £3540746.0

Ve %10

4150 CLla

1.0G3

4T5000UL G

ISP vaCUUM4(S5EL) 36L.abl) L6 .TLD 466.700
STRUCTURE S (LB 12282510 0.G- 717691040
PRUPELLANT 5 (Lis) 117367500 1585510 319558%.0
PERE. FRACay (NU) 0. bh Ll ¢ 0324 GubT47
PROPELLANT FKAC.s (NGB 6 507 2 -B0UG 5-8044
BUKNOUT 13ME,(SEC) 17649 51 1562509 5G1.306

g BURNUUT VELUCLTY, (F}/SEC ) G394.544  STTY.43T  259%4.066
BURNUUT GAWA, IDECREES] 112551 5.553 ¢.181
BUKNOUT ALTLIUDE, (F1) 199211ee  226b64al  310655.%
BUKNOUT RANGE 5 (NM) ' b4y o £ t4.8 il el
TUEBAL VELULITY (FI/S5E0) iZ¥l3.06 PALUE LG 2YLGEY .2
INJECT 40N VELGCIIY, LFT/5:L) e FLYBACK HANGEENM)
ARJECHIUN PRUFELLANT 3§ LEB } Uul FEYBACK #RUF(LES) euizalay
ON URB1T Guid A—Vy (FT/SEC) Less .y
UN BRBALY PRUFLLLANT, {LE) L4 T4 .9
UN URBLT L14Py(SEC) qebiaf
FHETA= 26471 PITCH RATES 0. 0ULL ATILHPTS 10 CONVERGL= 3

PAYLOAL s (L) 0L 51 W0
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(miMiMal MISS 10N)

{ASF

-

SUMMARY wbklGhki S1alfMEnd

URBITER WeIGHE BR-AKUDUGWN

URY WEIGHI 101880000  POUNDS
FERSUNNE L 3000 .00  POUNDS
KE SEDUALS 2070000 POUNLS
RESERVES 3300400  POUNDS
IN=FLIGHT LGSSLS i0043.666  POUNDS
ACHES PRUPELLANT 11252..0U0  FOUNDS
UMS PRUPELLANT 104714937 PUUNDS
PaYLUAU 655315 .000 POGUNDS
BALLAST FUR (6 CONTROL U0 POUNDS
OMS INSTALLATILN K11S 0 ol PUUNDS
FAYLOAD MODS IR POUNDS
TOTAL END BUUST (ORELTER UNLY) 1501544 GO POUNDS
tMS LURNED LUR ING ASCERT G.C POUNUS
ALPS BUKRNED LUKING ASCEMT 0 o PGUNDS
EATERNAL MALN TANK
TANK DRY WELGH § 2640000 POUNDS
i RESIDUALS 17004 .000 POUNDS
L PRUGPELLANT L1AS ( 2z4%2.G00 ) FUUNDS
PRESSURANT ( 2000,00U ) POUNDS
TANA AND LISES { SLI0.4u60 ) PUUNDLS
ENGINES ( 5443.000 ) PUUNDS
FLIGHT PERFURMANLE RESERVE 19750 L0U POUNDS
UNBURNED PRUPELLANY (MalN TANK} U.b PLIUNDS
JOTAL eND LUUSY (EXTERNAL TANK ) 39395000 PUUNDS
USALELE PRUPLL ANT (EXTERANAL FANK) L093613% U0 POUNDS
FLYBACK PROPELLAN?! (FIkiT STALL) 250230 .1¢5  POUNDS
SULID RUCKES MOYK (FIRSE SiAce) 11223311.0 OGS
SRM LAkt wWEEChi(z) lzcbebli ol PUUNRLS
SRM STRUCTURE & RCVY WEIGHT Ul POUNDYS
SRM ANERT STA6 NG wE i fezbenl Ly POUNDLS
UsabkLe SKM PRUPCLeaNT G99 HLEL LUt PUUNDS

FiaV ol (bREVAY § L= b Wbk il d it j1 )

IR

HISTEY A AN
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PROPELLANT SUMMARY FOR THE _ABORT MODES FOR CASE 24

ASCENT TRAJECTORY SHAPED TC THE NOHINAL MISSIONM MODE UF TO 186,509 SECONDS

UNBURNED MAIN PROPELLANT IN THE ABORT MODE 0.0 POUNDS

B

EXCESS ON-URBIT PROPELLANY IN YTHE ABORT: MODE

it

40249 .,937 _POUNDS

L}

UNBURNED MAIN PRUPELLANY IN THE RTLS MUDE 13047F 000 __POUNDS

EXCESS ON-ORBIT PROPELLANT 1IN THE RTLS MODE

i

0.8 POURDS

MINUS SIGN: INDICAT-ES PROPELLANT SHORTAGE IN BURN MODE XNDICATED

g8

SHUTTLE SYSTEM NET PAYLOAD WITHOUF OGMS KITS = 659315080 POUNDS

MAIN PROPELLART BURNED TU AUA/RTLS ABORT TIME= 1898221.00 POURDS

SHUTTLE GROSS LIFT-GFF HEIGHT (GLUW) 16106288 .0 POUNDS

i

PROPELLANT CRUOSS FEED FROM FIRST — SECOND STAGE= 1739670.00 POGUNDS

SECOND STAGE PROPELLANT. CAPACIYY -~ CROSS FEEN = 3354143.00 POUND S



http:3354143.00
http:1739670.40
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Satellite Systems Division a Rockwell
Space Systems Group International

B.4 SECOND STAGE PROPELLANT WEIGHT ANALYSES

The second stage propellant weights were varied in a similar manner as
the first stage (B.3). Vehicle characteristic data sheets for the various
cases are included in this section and the results are summarized in
Table B.4-1l. The results of this analysis, as might be expected, are just
the opposite of those presented in the previous section for the first stage
weight variation. As second stage propellant weight.is -increased the pay-
load weight increases but .the staging velocity decreases and the glow/payload
weight ratio becomes worse. Also, when the throttling function is shifted to
the second stage, the penalties become worse rather than showing an improvement’
as in the case of first stage propellant weight increases.

Table B.4-l. Second Stage Propellant Weight Study Summary

CASE SECOND STAGE | STAGING PAYLOAD GLOW GLOW/PAYLOAD

PROP. 'WEIGHT { VELOCITY | (LBx10%) | (LBx10%)
(LBx10%) (FT/SEC)
REFERENCE 5.093 6978 509.7 15.731 30.87
30 _ 5.576 | 6608 519.6 16.310 31.39
31 _ 6.068 6238 521.1 16.918 32.46
32 6.565 5851 515.2 17.540 34.05
B-86

88D 79-0010-4



GENERAL ASCENT TRAJECTORY AND SIZING PROGRAM BY R.iL.POWELL

DATE = 01/19/79 ) FIME — 17:357:20

SATELLITE POWER SYSTEM (SPS) CONCEPY DEFIN1ITION STUDY

THO=-STAGE VERTICAL TAKE~QOFF HORIZUNTAL LANDING HLLY CONCEPT

BOTH STAGES HAVE FLYHACK CAPABILITY T0 LAUNCH SIVE (KSC}

FIRST STAGE HAS AIRBREATHER FLYBACK AND LANUING CAPABILIIY

FLYBACK PROPELLANT HAS A SPECIFIC FUEL CUONSUMPTION OF 3500 SEC

SECOND STAGE USES THE ABORT-ONCE-AROUND FLYBACK MODE (AQOA)

FIRST STAGE HAS LOX/RP/LHZ TRIPROPELLANT SYSTEM

PR

WITH H2 COULED HIGH PC ENGINES {VvACUUM ISP = 352.3 SEC)

SECUND STAGE USES LUX/LHZ PROPELLANT WITH VACUUM ISP 466.7 SEC

THE DESIGN PAYLOAD SHALL BE 500 LB INTO A CIRCULAR ORBL1 OF

270 N.o MILES AND AN INERTIAL INCLEINATION OFf 31.6 DEGREES

ASCENT SRAPED TU THE ROMINAL ASCENT MISSIUN

MECO COUNDITIUNS ARE TO A THEORETICAL URB1T UF 16%9.22 N.MILES

BY 50.42 No MILES (COASYS TO APDGEE OF 160 N.MILES)

UN-URBIT DELTA VELOCLIY REQUIREMENTY (F 1110 FeET/S5ECOND

RCS SYSTEM SUZED FOR A DELTA VELOCITY RECMT OF Z:0 FEET/SECUND

THE VEHICLE SAZED FOR A THRUSY/WEIGHT RATIO AT LIFT-OFF OF 1.30




MAXIMUM AXIAL LOAD FACTOR DURING ASCENT IS 3.0 G*S

TRAJECTUORY HAS A MAXIRKUM AERD PRESSURE OF 650 LBS/FT2

MAXIMUM AERO FRESSURE AT STAGING LIMITED TO 25 LBS/FT2

DIRECY ENTRY FROM 270 NoM1LES ASSUMMED (DELTA V = 415 FI/SEC)

PFIGHT PERFORMANCE RESERVE = 0G.75% WOYVAL CHAC ASCENT VELOCXTY

WEIGHT SCALING PER ROCKWELL XR AND D HLLV STUDIES

A WE1GHT GROWTH ALLOWANCE OF 15% IS ASSUMMED FOR BOTH STAGES

SECOND STAGE (OREITER) ENGINES BURN 5592633 LBS OF PROPELLANTY

SECOND STAGE DRY WEIGHT WITHOUT PAYLOAD EQUALS 792904 L8S

SECOND STAGE THRUST LEVEL a2 STAGING EQUALS 5212010 LBS

SECOND STAGE GVERALL BOOSTER MASS FRACTION = 0.8489 W/0 MARGIN

884

SECOND STAGE WEIGHT EBEREAKDOWN =

RESERVES WEIGHT 3300 POUNDS

RESIOQUAL WEIGHT 2070 POUNDS

RCS PROP WEIGHT 19806 POUNDS

i

FPR PROPF WEIGHY = 22673 POUNDS

BURN—-OUT ALTITUDE AT SECOUND STAGE THRUST TERMAINATION = 50 N. MIELES

ADVANCED TECHNOLUGY WILL BE COMPATABLE WLTH VHE YEARS 1990 & ON

ASCENY HLLV SEZING RUNS MADE BY R.L.PUKELL (EXT 3703 SEAL BEACH)




VEHICLE CHARACTERISTICS (NOMINAL MISSION) CASE 30
STAGE i 2 3
GROSS STAGE WEIGHTy(LB) 16310355.0  5352967.C 5118293.0
GRUSS STAGE THRUSYZWEIGHT 1.300 0914 "1.G18
THRUST ACTUAL,(LB) 21203424.6  5212010.0  5212010.0
1SP VACUUM4(SEC) 371.934 4664200 4b6.7 00
T STROUCTURE, (LB} I1G&32G7.0 0.0 877407.0.
PROPELLANT ,({LB) 9710386.0 234674.0  3619955.0
PERFo FRAC .y (NU) 0.5954 G.G438 6.7673
T PROPELLANT FRAC.;{NUBT G.9013 1.60G0 G.8049
BURNOUT TIME,(SEC) 153,598 174.612 56L.149
E BURNOUT VELOCITY, (FT/SEC) 7862.922 835%.094 25954.102
BURNOUT GAWHA ; (DEGREES ) 15.24; 1i2.193 G.187
BURNOUT ALTITUDE,(FT} 172889.7 212930.6 319656 .2
BURNDUT RANGE y (NM) 43,9 66.5 798 oG
TDEAL VELOCITY, (FT/SEC] 10527.5 11200;7 29646 .8
INJECTION VELOCITYs(FT/SEC) 0.0 FLYBACK RANGEINM ) 2044 3
TTTINJECTION PROPECLANTS (167 G0 FLYBACK BROPTLBS) 183754.9
UN ORBIT DELTA-V (FT/SEC) _ 10&5.0‘
ON URBTY PROPELLANT, (L5} 161372%. 1
ON ORBIT ISP, (SEC) 46647

THETA= 29,18 PITCH RATE= (.00200

PAYLOAD. L LB) 51960640

ATTEMPTS T0 CONVERGE= 3




SUMMARY WEIGH! STATEMENT (NOMINAL MISSION)

CASE

ORBITER WELIGHT BREAKOOWN

3G

DRY WEIGHT 792904 .000 POUNDS
PERSONNEL 3000.0400 PGUNDS
RESIDUALS ’ 2070G.000 POUNDS
RESERVES ) 3300000 POUNDS
IN=-FLIGHT LOSSES 11496.000 POUNDS
ACPS PROPELLANT 19806.000 POUNDS
MS PROPELLANT 101324 .125% POUNDS
PAYLOAD 5196C6.C00 POUNDS
Q BALLAST FOR CG CONTROL 0.0  POUNDS
OMS INSTALLATION KITS 0.0 POUNDS
U PAYLOAD MODS 0.0 POUNDS
FTOTAL END BOOST (ORBITER ONLY) 1453506 .00 POUNDS
UMS BURNED DURING ASCENT 0.0 . POUNDS
ACPS BURNED DURING ASCENT 0.0 POUNDS
EXTERNAL MAIN TANK
TANK DRY WEXGHT 2640.060 POUNDS
_—T RESIDUALS ] 19518 .000 POUNDS
o PROPELLANT B1AS { 28604000 ) POUNDS
PRESSURANT { 2295.000 ) POUNDS
TANK AND LINES { LU433.000 ) PO UNDS
ENGINES { 3953.000 ) POUNDS
FLIGHT PERFURMANCE RESERVE 226T73.000 POUNDS
ONEURNED PRUOPELLANT (MAIN TANK) 0.0 POUNDS
TOTAL END BOGST (EXTYERNAL TANK) 44831 000 POUNDS
USABLE PROPELTANT (EXTERNAL TANK) B5695960 .00 POUNDS
FLYBACK PROPELLANT (FIRST STAGE) 183794 .875 - POURDS
SOL1D ROCKET MOVOR (FIKRST STAGE) 5054267 .00 POUNDS
SRM CASE WEIGHT¢Z) 1063207 .04 POUNDS
SRM STRUCTURE & RCVY WEIGHI G0 PUURDS
SRM INERT STAGING WEIGHT 1663207 .00 FOUNDS
USABLE SRM PROPELLANT T995060 .00 POUNDS
TOT AL GROSS | IET=0IYE WETGHT £ (Wt VTARAVAAER 8 DrLiNG S


http:10632071.00
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PROPELLANT SUMMARY FOR THE ABGR HUDES FOR CASE 30

ASCENT TRAJECYORY SHAPED TO THE NOMINAL MISSION MODEIUP TO Ll4.612 SECONDS

#

UNBURNED MAIN PROPELLANT IN THE ABURT MOUDE 0.0 POUNDS

—T7420.250 POUNDS

EXCESS ON-ORB1T PROPELLANT IN THE ABORT MODE

UNBURNED MALN PROPELLANT IN YHE RTLS MODE

3612884250 POUNDS

EXCESS ON-ORBLET PROPELLANT 1IN ¥HE RTLS MODE ﬁ-@ POUNDS

it

MINUS SIGN INDICATES PROPELLANT SHORVAGE IN BURN MODE INDICATED

164

SHUTTLE SYSTEM NETY PAYLOAD WiTHUOUT UMS K115 = 519606 .000 POUNDS

MAIN PROPELLANT BURNED TO ACA/RTLS ABORT TIME= 195G000 .00 POUND&

SHUTTLE GROSS L1FT-0OFF WEIGHT {LLOW) = 16310355 .0 POUNDS

YRUVELLANT LRUSS FEED FRUM FIKST - SECOND STAGE= 1715326 .GUL FOUNDS

SECOND STAGE PROPELLANT CAPACITY — CROUSS FEED = 3654634.00 POUNDS



http:3651634.00
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VEHICLE CHARACTERISTICS (NOMINAL MISSION) CASE 31
STAGE ‘ 1 Z2 3
GROSS STAGE WEIGHT »(LB) 16917712.0 582334640 5053036 .0
GROSS STAGE THRUST/WEIGHT 1.300 .98l 1.130
THRUST ACTUAL,(LB) 21992992. 0 57110110.0 5716110 .0
ISP VACUUM(SEC) 37&.09% 466.700 466.7760
STRUCTURE, (LB) LO076520.0 U0 9570320
PROPELLANT y{LD) 2824F50. C T70310.0 3467687 .0
PERF. FRAC ., (NU) U.5807 Cal323 C.6863
PROPELLANT FRAC., (NUB) 0.9012 1-8006G GaTB3AT.
BURNOUT TIME,{SEC) l4% 543 2124502 4%9.10%
hg BURNOUT VELOCTITYy (FY/SEC) T480.551 F126.132 25954.066
BURNOUT GAMAA, (DEGREES) 16.710 2200 0.187
BURNOUT ALTITUDE, (FT) L6B U197 21556245 319656.9
BURNUOUT RARGE y{NM) 39.5 106.8 THZ « 8
LDEAL VELOCITY,,(FT/SEC) 1012043 12260.9 28666 .8
INJECTION VELOCITY(FT/SEC) DaG FLYBACK RANGE (NM)
T INJECYION PRUOPELLANT, (LB} 0.0 FLYBACK PROP(LBS) 193095.7
ON ORBIT DELTA-V, (FT/SEC) 1086.3‘
OR ORBIT PROPELLANT, (LBY 101 i22.5
UN ORBIT ISPy (SEC) 466e7

THETA= 28,63 PITCH RATE= 0.8&193

DAV fFeaml. 4y 2o MY orsad o

ATTEMPTS 10 CONVERGE= 3



SUMMARY HELGHT STATEMENT (NOMINAL MISSIGM)

CASE 3]

OREITER WEIGHT BREAKDOWN

DRY WEIGHT 865186000 POUNDS
PERSONNEL 3606.6086  POUNDS
RES1DUALS 2070.0C0  POUNDS
RESERVES 3300.000  POUNDS
IN-FLIGHT LOSSES 12644.000 POUNDS
ACPS PROPELLANT 21784.600 POUNDS
OMS PROPELLANT 107222.500  POUNDS
PAVLUAD 521094 .030 POUNDS
BALLAST FOR €6 CONTROL 0.6 POUNDS
GMS INSTALLATION KLTS 0.0 POUNDS
PAVLUAD MODS 0.0  POUNDS
TOFAL END BOOST (ORBITER ONLY) 153630000  POUNDS
OMS BURNED DURING ASCENT 0.0 POUNDS
ACPS BURNED DURING ASCENT C.8  POUNDS
EXTERNAL MAIN 1 ANK .
TANK DRY WEIGHT 2640,000  POUNDS
¥ RES IDUALS 21471 .000  POUNDS
9 PROPELLANT BIAS { 31462000 ) POUNDS
' PRESSURANT {_ 25244000 ) POUNDS
TARK AND LINES ( 11453.000 3 PGUNDS
ENG INES { 4348.000 ) POUNDS
FLIGHT PERFORMANCE RESERVE 24937.000  POUNDS
UNBURNED PROUPELLANT (MAIN TANK] 0.0 POUNDS
TOTAL END BOUST  (EXTERNAL TANK) 49048 .0LG_ POUNDS
USKBLE PRUPELLANT (EXTERNAL TANK) 6867696.00  POUNDS
FLYBACK PROPELLANT (FIRST STAGLE) | 193895.750_ PUUNDS
SOLID ROCKET MOTOR (F IRST STALE) 9071530.00  POUNDS
SRM CASE WEIGHI (2) 1076520.0G  POUNDS
SKM STRUCTURE & RUVY WETGHY Oal POUNDS
SRM INERT STAGING WEIGHT L670520.0L  PUUNDS
USABLCE SRM PRUPECLANT T965060.00  POUNDS
TOTAL GROSS LIFI-DFF WEIGHT (GLOW) L6Y17712.0  POUNDS




PROPELLANT SUMMARY FOR THE ABURT MGDES FUR CASE 31

ASCENT TRAJECTORY SHAPED TO THE NUMINAL MISSION MODE UP TO 212.502 SECONDS

AT AP I e e T e e - TR

; UNBURNED MAIN PRUFECCANT IN THE ABORT MODE = i) POUNDS g
| : ]
| EXCESS ON-OR8IT PROPELLAWT LN THE ABURT MODE =  ~22702.500 POUNDS §
: \
UNBURNED MAIN PROPELLANT IN THE RTLS MODE = 16886.750 POUNDS :
. ;
| EXCESS ON-ORBLIT PROPELLANT IN THE RTLS MODE = 0.0 POUNDS !
5
MINUS S1GN IRDICATES PROPELLANT SHORTAGE IN BURN MODE INDICATED
Y
. 0
. -
f
; SHUTTLE SYSTEM NET PAVLUAD WiTHOUT ORS KITS = 571095 .00C POUNDS
MAIN PROPELLANT BURNED TO ADA/RTLS ABORT TIMES 2600000.60  POUNDS
: 1
i !
: {
; SHUTTLE GROSS LIFF-UFF WELGHT (GLOK) = 16917/12 .0 POUNDS i
f
PROPECLANT CRUSS FEEU FROUM FIRST = SECOND STAGES 1829690.00  POUNDS g
{
SECOND STAGE PROPELLANY CAPACITY — CROSS FEED = 4238006.03  POUNDS %


http:4238006.00
http:1829690.00

VERICLE CHARACTERISTICS (NGMINAL MISSION) CASE 32
T OSTAGE 1 2 3
_ GROSS STASE WELGHTy(LB) 17540464, 0 62997940  5431321.0
GROSS STAGE THRUSF/WEIGHT 1.300 0.985 1.143
~ FHRUST ACTUAL,(LB) 22802560.0  6208210.0 _ 6208210.0
HSP?VﬂquHEi%ECI 374,122 466,700 466,760
STRUCTURES (LB) 10900657, 0 .0  1035091.0
T PROPELLANT £(LB) 9926587. G B68473.0 3765389 .0
PLRF.. FRAT & ENU) 0.5659 0.1379 0.6933
PECPELLANT FRAC.y (NUB} 0.9011 1.0000 0.7839
_é BURNOUT T1ME =(SEC) 1454202 210.489 497,677
%3BURNDU1 VELDCITY ¢ (FT/SEC) T073.633 B770.648 25954.086
é BURNGUT CAMMEy (DEGREES) 18.940 b.947 0.187
" BURNOUT ALFITUDE, (FT) 165000.7  283603.5 319555 .5
BURNOUT RANGE, (NM) 34,8 10242 767 .9
TOEAL: VELOTI Y, (FTZSEC) 9731.0 11958 o4 29703.8
T OANJECTIONINELOCLITY(F1/SEC) £.0 FLYBACK RANGE (NM )
T INJECTION PROPELLANT, (T8) G.0 FLYBACK PROP(LBS) 22402542
%é UR;i% égigA—V.(FT/SEC) 1087.5-
ON ORBIT PROPELCLANTy (LE) T12659. 8
46647

ON ORBTT 159 5 (SEC)

THEFAS 2709 P1¥CH RAYE= 0.00177

PLEYLOAD, (i) 515181.0

ATTEMPTS 10 CONVERGE= 3




SUMMARY WE1GHT STATEMENDY

(NOMINAL MASS10M)

CASE 32

ORBITER WEIGHY BREAKDOWN

POUNDS

DRY WEIGHT 935T63.000
PER SUNNEL 3000.060  POUNDS
RESIDUALS 2010.000 POUNDS
RESERVES 3300 .000  POURDS
IN-FLIGHT LOSSES 13814.060 POUNDS
ACPS PROPELLANT 23800.000 POUNDS
OMS PROPELLANY 112659.812 POUNDS
PAYLOAD 515181.000 POUNDS
BALLAST FOR (G CONTROL 0.0 POUNDS
OMS INSTALLATION KATS 0.0 POUNDS
PAYLOAD MODS ¢.0 POUNDS
TOYAL END BOUST (ORBITER ONLY) 1612587 .00 POURDS
OMS BURNED DURING ASCENT 0.0 POUNDS
ACPS BURNED DURING ASCEN] 0.0 POUNDS

EXTERNAL MAIN TaANK
TANK DRY WEICGHT 2640.000 POUNDS
w RES IDUALS 23458.000 POUNDS -

by PROPELLANT BLAS i 3437.000 ) POUNDS
PRESSUR ANT { 2758.000 ) POUNDS
TANK AND LINLS { 12513.¢00 ) POURDS
ENGINES ¢ 47150.000 ) POUNDS
FL1GHT PERFORMANCE REStRVE 21246 .000 POUNDS
UNBURNED PROPELLANT (MAIN TANK) 0.0 POURDS
TOTal. END BOOSY {EXTERNAL TANK) 53344.000  POUNDS
USABLE PROPELLANT (EXTERNAL TANK) 65653467 .80 POUKDS
FLYBACK PROPELLANT (FIRST STAGE} 2240254387 POUNDS
SULID ROCKEY MOTOR (F1RST SIAGE) SO85117 G0 POUNDS
SRM CASE WERGHT(2) 1090057 .20 POUNDS
SKM STRUCTUREL & RUVY WEIGHT D0 POURDS
SRM INERT STAGING WEIGHT 1094057 .00 POUNDS
USABLE SRM PRKOPELLANT 1995060 .06 PUOUNDS

TH'T as FOMCCE @ TET _ MCE Lo BT § e Aa

W ML . Xa w2 2 -

LT .
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PROPELLANT SUMMARY FbR THE ABORT MODES FOR CASE 32

ASCENT TRAJECTORY SHAPED TO THE NOMINAL MISSION MODE UP TO 210.489 SECONDS

H

UNBURNED MATN ™ PRUPELTANT "IN THE ABORY MODE 00 POUND S

EXCESS UN-ORBIT PROPELLANT IN THE ABOKT MODE

B

~T2984.562 POUNDS

UNBURNED MAIN PROPELLANT IN THE RTLS MODE

6693 .,060 POUNDS

0.0 POUNDS

]

EXCESS ON-ORBIYT PROPELLANT 1IN THE RTLS MUDE

MINUS SYIGN INDLCATES PROPELLANT SHORTAGE KN HURN MODE INDICATED

£6~J

SHUTTLE SYSTEFM NET PAYLUAD WITHOUT OMS «ITS

515181.000 POUNDS

MAIN PROPELLANT 8URNED TO ADA/RTLS ABURT TIME= 2ZBO0G00.00. POUNDS

SHUTTLE GROSS L1IFT-0OFF WEIGHT (GLOW)

17540464 .0 POUNDS

PRUPELLANT CRUSS FLED FROM FIRST = SECOND STAGE=  1931527.00 POUNDS

SECUND STAGE PROPELLANT CAPACLEY — CRUSS FEED = 4633860.00 POUNDS



http:4633f60.0Q
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Satellite Sysiems Division @ Rockwell
Space Systems Group International

B.5> LIFTOFF THRUST-TIO-WEIGHT

The 1iftoff thrust-to-weight (T/W) was reduced from the reference value
of 1.30 to 1.25 in order to assess the effects. This variation in T/W-result-
ed in approximately 1% reduction in payload capability -without an appreciable
change in staging velocity. The glow was also reduced slightly. -The major
effect .was a shift of approximately 70,000 lb of second stage stored propel-
lant over to the first stage crossfeed tanks. This shift in propellant weight
should -bring both vehicles within the same volumetric envelope. Selected
vehicle parameters are compared with the reference HLLV configuration in
Table B.5~1 and vehicle characteristics are given in the attached computer
data sheets.

Table B.5-1.. Comparison of Liftoff
T/W of 1.25 with Reference HLLV

THRUST/WE I GHT

1.3 (REF) ]1.25
GLOW (LBx10%) 15.731 15.697
PAYLOAD {LBx10°%) 509.7 503.9
GLOW/PAYLOAD . 30.87 31.15
STAGING VELOCITY (FT/SEC)} 6978 7000
.FIRST STAGE PROPELLANT - LOADED (LBx10%) - 9.607. 9.679
SECOND -STAGE PROPELLANT - LOADED (LBx10°%) 3.481 3.410

The lower thrust~to-weight system would be of advantage only if the impact
on engine size is of sufficient magnitude to warrant paying the small penalty
in payload capability.

B-93

SSD 79-0010-4



GENERAL ASCENT TRAJECTORY AND SIZING PROGRAM BY RalL.POWELL

DATE - GL/1T1/79 TIME - 21:31:36

o

SATELLITE POWER SYSTEM (SPS) CONCEPT DEFINITION STUDY

TWO-STAGE VERTICAL TAKE-OFF HORIZONTAL LANDING HLLV CONCEPT

BOTH STAGES HAVE FLYBACK CAPABILITY TO LAUNCH SITE (KSC)

FIRST STAGE HAS AIRBREATHER FLYBACK AND LANDING CAPABILITY

FLYBACK PROPELLANT HAS A SPECIFIC FUEL CONSUMPTION OF 3500 SEC

SECOND STAGE USES THE ABORT-ONCE~ARQUND FLYBACK MODE (AQA)

FIRST STAGE HAS LOX/RP/LHZ TRIPROPELLANT SYSTEM

66—4

W1TH HZ CODLED HIGH PC ENGINES (VACUUM ISP = 352.3 SEC)

SECOND STAGE USES LOX/LHZ PROPELLANT WITH VACUUM ISP 46647 SEC

THE DESIGN PAYLOAD SHALL BE 500 KiB INTO A CIRCULAR ORB81T OF

270 N. MILES AND AN INERTIAL INCLINATION OF 31.6 DEGREES

ASCENT SHAPED TO THE NOMINAL ASCENT MISSION

MECO CONDITIONS ARE ¥O A THEORETICAL ORBIT OF 169.22 N.MILES

BY 50.42 No MILES (COASTS TO APOUGEE OF 160 N.MILES)

ON-CRBIT DELTA VELOCITY REQUIREMENT OF 1110 FEET/SECOND

RCS SYSTEM SIZED FOR A DELTA VELOCITY REQMT OF 220 FEET/SECOND

THE VEHICLE SIZED FOR A THRUST/WE IGHT RATIO AT LIFT-QOFF OF 1.25




MAXIMUM AXIAL LOAD FACTOR DURING ASCENT IS 3.0 G®S

TRAJECTORY HAS A MAXIMUM AERC PRESSURE OF 650G LBS/FT2

MAXIMUM AERO PRESSURE AT STAGING LIM1ITED TO 25 LBS/FTZ

DIRECT ENTRY FROM 270 N.MILES ASSUMMED (DELTA V = 415 FT/SeC)

PFIGHT PERFORMANCE KRESERVE = 0.75% TOTAL CHAC ASCENT VELOCITY

WEIGHT SCALING PER ROCKWELL IR AND D HLLV STUDIES

A WEIGHT GROWTH ALLOWANCE DOF 15% 1S ASSUMMED FOR BOTH STAGES

FIRST STAGE BURNS 7995060 POUNDS OF ASCENT PROPELLANT

SECOND STAGE (ORBITER) ENGINES BURN 5092633 LBS OF PROPELLANT

SECOND STAGE DRY WEIGHT WITHOUT PAYLOAD EQUALS 713154 LBS

SECOND STAGE THRUST LEVEL @ STAGING EQUALS 4730000 LBS

CoT-4

SECOND STAGE ASSUMES 4 ENGINES FOR ASCENT WITH 1 OUT FOR ABORT

SECOND STAGE EPL THRUST LEVEL FOR ABORT 1S 112 % FULL POWER

SECUND STAGE OVERALL BOOSTER MASS FRACTION = (.8329

SECOND STAGE WEIGHT BREAKDOWN :

2070 POUNDS

RESIOUAL WEIGHT

RESERVES WEIGHT 3300 POUNDS

H

FPR WEIGHT 20141 POUNDS

RCS WEIGHT 17594 POUNDS

BURN—GUT ALTL1TULE AT SECOND STAGE THRUSTYT TERMINATION = 50 N. MILES

ADVANCED TECHNOLOGY WILL BE COMPATABLE WITH THE YEARS 1990 & ON



VEHICLE CHARACTERISTICS (NDMINAL MISSION) CASE 25
STAGE 1 2 3
GROSS STAGE WEIGHT, (LB) 15696635.0  4796839.0  4794255.0
GROSS STAGE THRUST/WEIGHT 1.250 0.990 0.991
THRUST ACTUAL s (LB) 19620768 .0 4750000.0  4750000.0
ISP VACUUM, (SEC) 371,672 466 .700 466 4 T00
STRUCTURE; (LB) 1040199.7 0.0 789453.0
PROPELL ANT, (LB ) 9678653 .0 258440 340720440
PERF. FRAC.s(NU) 0.6166 0.0005 0.7107 -
PROPELL ANT FRAC.y (NUB) G.9030 1. 0000 0.8119
_ BURNOUT TIME, (SEC) 1654421 165 675 5024543
é BURNOUT VELOCITY, (FT/SEC) B267.918  8274.047  25954.113
BURNOUT GAMMA ; (DEGREES) 13.522 13477 0.167
BURNOUT ALT ITUDE, (FT) 180447.9 _ 180938.1  319657.8
BURNOUT RANGE, (NM) 49 45 49.8 798.1
TDEAL VELGCITY, (FT/SEC) 1114925 11157.9 2976048
INSECTION VELOCITY, (FI/SEC) 0.0 FLYBACK RANGE(NM)
INJECTION PROPELLANT, (LB} 0.0 FLYBACK PRUP (LBS) 180942.2
ON ORBIT DELTA=V, (FT/SEC) 1082.7
ON ORBIT PROPELLANT 5 (LB) 536577
ON ORBIT ISPy (SEC) 466 .7

THETA= 29.10

PAYLOAD,{LB)

PLTCH RATE= 0.00205

503900 .0

ATTEMPTS TO CONVERGE= 3




SUMMARY WE1GHT STATEMENT

(NOMINAL MISSIDN)

CASE

25

ORBITER WEIGHT BREAKDOWN

713154.000

- TOTAL GROSS LTET~NFEF WETCEHT (CLOWY

MTARAAGHMRIS Y

DRY WEIGHT POUNDS
PERSONNEL 3000.000 POUNDS
RESIDUALS 2070.000 POUNDS
RESERVES 3300.000 POUNDS
IN-FLIGHT LOSSES 10212.000 POUNDS
ACPS PROPELLANT 17594.000 POUNDS
OMS _PROPELL ANT 93697.687 _ POUNDS
PAYLOAD 503900.000 POUNDS
BALLAST FOR CG CONTROL 0.0 POUNDS
OMS INSTALLATION KITS 0.0 POUNDS
PAYLOAD MODS 0.0 POUNDS

TOTAL END BOOST (ORBITER ONLY) 1346927.00  POUNDS
OMS BURNED UURING ASCENT 0.0 POUNDS
ACPS BURNED DURING ASCENT 0.0 POUNDS
EXTERNAL MAIN TANK
TANK DRY WEIGHT 2640.000 POUNDS
iy RESIDUALS 17342.000 POUNDS
= PROPELLANT BIAS { 2540.000 ) POUNDS
~ PRESSURANT { 2040.000 ) POUNDS
TANK AND LINES { 9250.,000 ) POUNDS
ENGINES { 3512.000 ) POUNDS
FLIGHT PERFORMANCE RESERVE 20141,000  POUNDS
UNBURNED PROPELLANT (MAIN TANK) 0.0 POUNDS
TOTAL END BOOST {tEXTERNAL TANK ) 40123.000  POUNDS
USABLE PROPELLANT {EXTERNAL TANK) 5093422.00  POUNDS
FLYBACK PROPELLANT (FIRS1 SYAGE) 180942.250  POUNDS
SULID ROCKET MOTOR (FIRST STAGE) 9035259.00  POUNDS
SRM CASE WEIGHT(2) 1040199.75  POUNDS
SRM STRUCTURE & RCVY WEIGHT 0.0 POUNDS
SRM INERT STAGING WEIGH1 1C40199.75  POUNDS
USABLE SRM PROPELLANT 7995060.00  POUNDS

POIINTIC


http:7995060.00
http:1040199.75
http:1040199.75
http:9035259.00
http:5093422.00
http:1346927.00

ORBITER ABORT DATA

VEHICLE CHARACTERISTICS CASE 25
STAGE 1 2
GROSS STAGE WEIGHTy (LB) 4794255.0 37942 07.0
GROSS STAGE THRUST/WEIGHT 0.832 1.005
THRUST ACTUAL,s (LB) 3990000.0 381500040
ISP VACUUM, (SEC) 4664700 466,700
STRUCTURE 5 (LB 0.0 779453.0
PROPELL ANT, {LB) 1000047.9 24510880
PERF. FRAC. s {NU) 0.2086 0. 6460
PROPELL ANT FRAC., (NUB) 1.0000 0. 7587
BURNOUT T IME, (SEC) 282,647 582 496
5 BURNOUT VELOCITY, (FT/SEC) 10859.383 25586 .543
BURNOUT GAMMA, (DEGREES) 4174 0.650
BURNOUT_ALTITUDE, (FT) 335653.9 3621876
BURNOUT RANGEq {NM} 202.6 951.8
TDEAL VELOCITY; (FT/SEC) 14670 .7 302661
ON~ORBIT PROPELLANT USED, (LB) 43890 .0
OMS—ORBIT  93697.7  OMS—ASCENT 0.0
ON ORBIT PROPELLANT AVAILs(LB)  93697.7
DELTA ON ORBIT PROPELLANT,(LB)  49807.7
ON-ORBIT MISSION PROP REQ'Ds(LB) 25520.6

THETA= 29.55

PITCH RATEL= 0.00236

ATTEMPTS TO CONVERGE= O




SUMMARY WETGHT STATEMENT

(ABORT MODEY)

CASE

25

ORBITER WEIGHT BREAKDOWN

DRY WEIGHT 703154.000 POUNDS
P ER SONNEL 3000.000 POUNDS
RESIDUALS 2070.000 POUNDS
RESERVES 3300.000 POUNDS
IN-FL1GHT LOSSES 10212.060 POUNDS
ACPS PROPELLANT 7594.000 POUNDS
OMS PROPELLANT 49807.687 POUNDS
PAYLOAD 503900.000 POUNDS
BALLAST FOR CG CONTROL 0.0 POUNDS
OMS INSTALLATION KITS 0.0 POUNDS
PAYLOAD MODS 0.0 POUNDS
TOTAL END BOOST (ORBITER QONLY) 1293037.00 POUNDS
OMS BURNED DURING ASCENT 43890.000 POUNDS
ACPS BURNED DURING ASCENT 10000.000 POUNDS
EXTERNAL MAIN TANK
TANK DRY WEIGHT 2640.000 POUNDS
¥ RESIDUALS 17342.000 POUNDS
= PROPELLANT BIAS { 2540.000 ) POUNDS
* PRESSURANT { 2040.000 ) POUNDS
TANK AND LINES { 9250,000 ) POUNDS
ENGINES ( 3512.000 ) POUNDS
FLIGHT PERFORMANCE RESERVE 20141.000 POUNDS
UNBURNED PROPELLANT (MAIN TANK) 0.0 POUNDS
TOTAL END BOOST (EXTERNAL TANK) 40123.,000 POUNDS
USABLE PROPELLANT (EXTERNAL TANK) 5093422,.00 POUNDS
FLYBACK PROPELLANT (FIRST STAGE) 180942.250 POUNDS:
SOLID ROCKET MOTOR (FIRST STAGE) 93035259.00 POUNDS
SRM CASE WEIGHT(2) 1040199.75 POUNDS
SRM STRUCTURE & RCVY WEIGHT 0.0 POUNDS
SRM INERT ST1AGING WE1GHT 1040199.75 POUNDS
USABLE SRM PROPELLANT T995060.0C POUNDS
TOTAL GROSS | TRFT~MFF WFRTOGMT (2 Nw 18 AQAALAGR O DATING


http:7995060.00
http:1040199.75
http:1040199.75
http:9035259.00
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VEHICLE CHARACTERISTICS (RTLS MODE)

CASE 25

STAGE 1 2 3 4 5
GRUSS STAGE WEIGHT, (LB) 4794255 .0 4690199.0 4690199.0 3025143 .0 2543142.0
GROSS STAGE THRUST/WEIGHT 0.796 0.813 0.856 1.319 1.500
THRUST ACTUAL, (LB) 381500040 3B15G00.0 4015000.0 3990000.0 3815600.0
ISP VACUUM, (SEC) 466.700 466.700 466.592 4564700 466,700
STRUCTURE 4 (LB) 0.0 0.0 G.0 ‘0.0 T710399.0
PROPELLANT, {LB) 104055 .4 0.0 1665056.0 482000.2 7577311
PERF. FRAC.y{NU) G.0217 6.0 0. 3550 0.1593 0.2980
PROPELL ANT FRAC.s (NUB) 1.0000 D.0 1.0000 1.0000 0.4959
. BURNOUT TIME,{SEC) 178,403 178 .403 371.903 428,281 519.492
é BURNOUT VELOC1TY, {FT/SEC) B184.465 8184 .465 2421 .007 702.479 3304.023
BURNDUT GAMMA, (DEGREES) 12.836 12 .836 —-12.228 ~-57.180 175.809
BURNOUT ALTITUDE, (FT) 204908 .4 204895.1 291505.2 258602 .7 229997.7
BURNOUT RANGE, {NM} 63 .8 63.8 188.7 189.4 149.3
IDEAL VELOCITY,{FT/SEC) 11224.3 11224.3 178074 20413.5 25725.3

THETA=156 .66

PITCH RATE= C.00z28

ATTEMPTS TO CUONVERGE= 4

UNBUKRNED MAIN FROPELLANT, (LB}

511152.9

PAYLOAD 4{LB)

503858.1




SUMMARY WEIGHT STATEMENT

(RTLS MUDE)

CASE

25

ORBITER WEIGHT BREAKDOWN

DRY WEIGHT 713154.000 _POUNDS
P ERSONNEL 3000.000 POUNDS
KESIDUALS 2070.000 POUNDS
RESERVES 3300.000  POUNDS
IN-FLIGHT LOSSES 10212.000 POUNDS
ACPS PROPELLANT 6844.0060 POUNDS
UMS PROPELLANT 0.0 POUNDS
PAYLOAD 503858.125 POUNDS
BALLAST FOR CG CONTROL 0.0 POUNDS
OMS INSTALLATION KITS 0.0 POUNDS
PAYLOAD MODS 0.0 POUNDS
TOTAL END BOOST (ORBITER OUNLY) 1242438.00  POUNDS
0OMS BURNED DURING ASCENTY 93697.687 POUNDS
ACPS BURNED UURING ASCENT 10750.000  POUNDS
EXTERNAL MAIN TANK
TANK DRY WEIGHT 2640.000  POUNDS
¥ RESIDUALS 17342,000 POUNDS
s PROPELLANT BIAS { 2540,000 ) POUNDS
o PRESSURANT { 2040.000 ) POUNDS
TANK AND LINES { 9250.000 ) POUNDS
ENGINES ( 3512.000 ) POUNDS
FLIGHT PERFORMANCE RE SERVE 11837.000  POUNDS
UNBURNED PROPELLANT (MAIN TANK) 511152.875 POUNDS
JOTAL END BOOSY  (EXTERNAL TANK) 542971.875 POUNDS
USABLE PROPELLANT (EXTERNAL TANK) 4590573.00 PGUNDS
FL YB ACK PROPELLANT (FIRST STAGE) 180942.250  POUNDS
SOLID ROCKET MOTOR (FIRST STAGE) 9035259.00  POUNDS
SRM CASE WEIGHT(2) 1040199.75  POUNDS
SKM STRUCTURE & RCVY WEIGHT C.0 POUNDS
SRM INERT STAGING WEIGHT 1040199.75  POUNDS
USABLE SRM PROPELLANT 7995060.00  POUNDS

TATAL CROACT | TETaNER WETAMT I Mwd

TR AGAARR N

Pk ng
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PROPELLANT SUMMARY FOR _THE ABORT MODES FOR

ASCENT TRAJECTORY SHAPED TO THE NOMINAL MISS ION MODE UP TOD 165

675

UNBURNED MAIN PROPELLANT IN THE ABORT MODE = 0.0 POUNDS
EXCESS ON-ORBIT PROPELL ANT IN THE ABORT MODE = 24287.062 POUNDS
UNBURNED MAIN PROPELLANT IN THE RTLS MODE = 511152.875 POUNDS
EXCESS ON-ORB1T PROPELLANT IN THE RTLS MODE = 0.0 POUNDS

MINUS SIGN INDICATES PROPELLANT SHORTAGE IN BURN

MODE INDICATED

B
1
|
=)
~J
SHUTTLE SYSTEM NET PAYLOAD WITHOUT OMS KITS = 503906.,000 POUNDS
MAIN PROPELLANT BURNED TO AOCA/RTLS ABORT TIME= 1666177.00 POUNDS
SHUTTLE GROSS LIFT-0OFF WELGHT (GLOW) = 156965635,0 POUNDS
|
%
PROPELLANT CROSS FEED FROM FIRST — SECOND STAGE= 1683593.00 POUNDS :
SECOND STAGE PROPELLANT CAPACITY — CROSS FEED = 3409829.00 POUNDS



http:3409829.00
http:1683593.00
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Satellite Systems Division ’ h Rackwell
Space Systems Group International

B.6 ALTERNATE FIRST STAGE PROPELLANTS

& performance comparison was made of the reference configuration using

LOX/RP with alternate propellant systems of LOX/CHy (Methane) and LOX/LH,.

The comparative vehicle characteristics are-tabulated in the attached computer
data sheets and selected parameters are comparad in Table B.6-1. Although the
LOX/LH, configuration affords significant gajns in payload capability, the
considerably higher cost of LOX/LH» and the larger vehicle volume requirements
result in a less cost effective configuration than the baseline. The increase
in performence (~6%) afforded by the methane system is significant and contin-
gent upon cost/availability in the quantities required for SPS, is the prefer—
red propellant gystem.

Table B.6-1. Alternate Propellant Concepts

VEH [CLE FIRST STAGE PROPELLANT
WEIGHT (KGx10°) LOX/RP LOX/CHy, LOX/LH2
GLOW 77.135 7.151 7.532
BLOW 4.831 L, 849 5.109
Apy 4.359 4.372 L.385
ULOW 2.177 2.186 2.260
Wp2 1.579 1.564 1.552
PAYLOAD 0.231 0.245 0.318
GLOW/PAYLOAD 30.87 29.18 23.70

B-108

SSD 79-0QL0-4

-~



GENERAL ASCENT TRAJECTORY AND SIZING PROGRAM BY ReL.POWELL

DATE - 01/17/79 TIME ~ 21:58:24

SATELLITE POWER SYSTEM (SPS) CONCEPT DEFINITION STUDY

TWO—-STAGE VERTICAL TAKE-OFF HORIZONTAL LANDING HLLV CONCEPT

BOTH STAGES HAVE FLYBACK CAPABILITY TO LAUNCH SITE (KSC)

FIRST STAGE HAS AIRBREATHER FLYBACK AND LANDING CAPABILITY

FLYBACK PROPELLANT HAS A SPECIFIC FUEL CONSUMPTION GF 3500 SEC

SECOND STAGE USES THE ABORT-ONCE~AROUND FLYBACK MODE (ADA)

FIRST STAGE HAS LOX/METHANE/LH2 TRIPROPELLANT SYSTEM

6074

WITH H2 COOLED HIGH PC ENGINES {VACUUM 1SP = 3361.3SEC)

SECOND STAGE USES LOX/LHZ PROPELLANT WITH VACUUM ISP 466.7 SEC

THE DESIGN PAYLUAD SHALL BE 500 KLB INTO A CIRCULAR ORBIT OF

270 No. MILES AND AN INERYIAL INCLINATION OF 31.6 DEGREES

ASCENT SHAPED TO THE NOMINAL ASCENT MI1SSION

MECO CONDITIONS ARE TO A THEORETICAL ORBIT OF 169.22 N.MILES -

BY S0.42 No MILES (COASTS TO APUGEE OF L60 N.MILES)

ON-ORBIT DELTA VELOCITY REQUIREMENT OF 1110 FEET/SECOND

RCS SYSTEM SIZED FOR A DELTA VELOCITY REQMT OF 220 FEET/SECOND

THE VEHICLE SIZED FUR A THRUST/WEIGHT RAFIO AT LIFT-OFF OF 1.30




MAXIMUM AXTAL LOAD FACTOR DURING ASCENT IS 2.0 G'S

TRAJECTORY HAS A MAXIMUM AERO PRESSURE OF 650 LBS/FT2

MAXIMUM AERO PRESSURE AT STAGING LIMITED TO 25 LBS/F72

DIRECT ENTRY FROM 270 N.MILES ASSUMMED (DELTA V = 415 FT/SEC)

PFIGHT PERFORMANCE RESERVE = 0.75% TOTAL CHAC ASCENT VELOCITY
\

WEIGHT SCALING PER ROCKWELL IR AND D HLLV STUDIES

A WEIGHT GROWTH ALLOWANCE OF 15% 1S ASSUMMED FOR BOTH STAGES

FIRST STAGE BURNS 7995060 POUNDS OF ASCENT PROPELLANT

SECOND STAGE (DRBITER) ENGINES BURN 5092633 L8S OF PROPELLANT

SECOND STAGE DRY WE IGHT WITHOUT P AYLOAD EQUALS 7i9503.1i8S

SECOND STAGE ASSUMES 4 ENGINES FOR ASCENT WI1TH 1 (OUT FOR ABORT

OTI-g

SECOND STAGE EPL THRUST LEVEL FOR ABOURT IS 112 % FULL PDWER

SECOND STAGE DOVERALL BOOSTER MASS FRACTION = $.8489 W/0 MARGIN

SECOND STAGE WEIGHT BREAKDOWN =

RESIDUAL WEIGHT

2070 POUNDS

RESERVES WEIGHT 530G POUNDS_

RCS PROP WEIGHT 17787 POUNDS

FPR WEIGHT 20364 POUNDS

BURN=-UUT ALTITUDE AT SECOND STAGE THRUST TERMINATION = 50 N. MILES

ADVANCED TECHNDLOGY WILL BE CUMPATABLE WL1TH THE YEARS 1990 & ON

ASCENT HIiv ST7Z ING RUNS MANDF AY R 1 _PNWRE I (EXT A7N3 SEAL RFACHY



VEHICLE CHARACTERISTICS (NOMINAL MISSION) CASE 26
STAGE 1 2 3
GROSS STAGE WEIGHT, (LB) 15765263 .0 4882263.0 4776883.0
GROSS STAGE THRUST/WEIGHT 1.300 0.973 0.994
THRUST ACTUAL 4 (LB) 20494800.0  4750000.0 475000040
ISP VACUUM, (SEC) 376.691 466 JT00 466 4700
STRUCTURE , (LB) 1051005 .0 0.0 797077.0
PROPELL ANT, (LB) 9639680 .0 105380.0  3342640.0
PERF. FRAC.s(NU) 0e6115 0.0216 0. 6998
PROPELLANT'FRAC.,(NUB) 09017 1. G000 0« 8075

o BURNOUT T IME, (SEC) 161.591 171 .945 501.922

é BURNOUT VELOCITYs (FT/SEC) B4 7203 44 8715.793  25954.094
BURNOUT GAMMA, (DEGREES) 13.737 12 .388 0.187
BURNOUT ALTITUDE,(FT) 185572 .9 2056 51,7 31965745
BURNOUT RANGE, {NM} 5147 63.6 814 .8
IDEAL VELOCITY,(F1/SEC) 11213.8 1154144 29607.5
INJECTION VELOCITY, {FT/SEC) 0.0 FLYBACK RANGE{NM)
INJECTION PROPELLANTs (LB) 0.0 FLYBACK PROP{LBS) 192314.9
ON ORBIT DELTA-V, (FT/SEC) 1083.8
ON ORBIT PROPELLANT 5 (LB) $7006.6
ON ORBIT 15P, (SEC) 466 .7

THETA= 27.73 PITCH

PAYLOAD 4 (LB)

RATE= 0..006190

540157,0

ATTEMPTS TU CONVERGE= 3




SUMMARY WEIGHT STATEMENT (NOMINAIL MEISSION)

CASE

26

RBITER WEIGHT BREAKDOWN

DRY WEIGHT 719503.000 POUNDS
PERSONNEL 3000.000 POUNDS
RESIDUALS 2070.000 POUNDS
KESERVES 33C0.000 POUNDS
IN-FLIGHT LOSSES 10324.000 POUNDS
ACPS PROPELLANT 17787.0G0 POUNDS
OMS PROPELLANT 97008.562  POUNDS
PAYLOAD 54015%,000 POUNDS
BALLAST FOR CG CONTROL 0.0 POUNDS
OMS INSTALLATION KITS g.0 POUNDS
PAYLOAD MODS 0.0 POUNDS
T0TAL END BOOST (ORBITER ONLY) 1393149.00 POUNDS
OMS BURNED DURING ASCENT G0 POUNDS
ACPS BURNED DURING ASCENT 0.0 POUNDS
EXTERNAL MAIN TANK
TANK DRY WEIGHT 2640.000 POUNDS
? RESIDUALS 17523.000 POUNDS
Q PROPELLANT BIAS { 2560.000 ) POUNDS
ha PRESSURANT { 2061.000 ) POUNDS
TANK AND LINES { 9352.000 ) POUNDS
ENGINES { 3550.000 ) POUNDS
FLIGHT PERFORMANCE RESERVE 20930.000 POUNDS
UNBURNED PROPELLANT (MAIN TANK) 0.0 POUNDS
JOTAL END BOOST (EXTERNAL TANK) 41093.000 POUNDS
USABLE PROPELLANT {EXTERNAL TANK) 5092633.00 FOUNDS
FLYBACK PROPELLANT (FIRST STAGE) 192314.875 POUNDS
SaLID RUtKET MOTOR {(FIRST STAGE) . 9046065,00 POUNDS
SRM CASE WEIGHT(Z2} . 1051005.00 POUNDS
: SKM STRUCTURE & RCVY WEIGHT C.C POUNDS
| SRM INERT STAGING WEICGHT 1051005.00 POUNDS
i USABLE SRM PROPELLANT T7995060.00 POUNDS
TOATAl . GROSS. 1L IET=MiEF WETAKHT (QIrw) 168 7ZARZ LD . N BOINNDC
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PROPEL LANT SUMMARY FOR THE ABORT MCODES FOR CASE 26

ASCENT TRAJECTORY SHAPED TOD THE NOMINAL MISS ION MODE UP TO 171.945 SECONDS

UNBURNED MALIN PROPELLANT IN THE ABORT MODE 0.0 POUNDS

H

EXCESS ON-ORBIT PROPELL ANT IN THE ABORT MODE 30091.312 POUNDS

1

UNBURNED MAIN PROPELLANT IN THE RTYLS MODE 349875.625 POUNDS

EXCESS ON-ORBIT PROPELLANT IN THE RTLS MDODE 0.0 POUNDS

MINUS SIGN TNDICATES PROPELLANT SHORTAGE IN BURN MODE INDICATED

STT-U

SHUTILE SYSTEM NET PAYLOAD WITHOUT OMS KIS 540157.000 POUNDS

MALIN PROPELLANT BURNELC TO AOA/RTLS ABORT TIME= 1750000.00 POUNDS

SHUTTLE GROSS LIFT-0FF WEIGHYT {(GLOW) = 15765263.0 POUNDS

PROPELLANT CROSS FEED FROM FIRST ~ SECOND STAGE= 1644620.00 POUNDS

SECOND STAGE PROPELLANT CAPACITY - CROSS FEED = 3448013.00 POUNDS
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GENERAL ASCENT TRAJECTORY AND SIZING PROGRAM BY RalL.POWELL

DATE - 01/19/79 TIME - 17:56:54

SATELLITE POWER SYSTEM (SPS) CONCEPT DEFINITION STUDY

TWO-STAGE VERTICAL TAKE-OFF HORIZONTAL LANDING HLLV CONCEPT

BOTH STAGES HAVE FLYBACK CAPABILITY TO LAUNCH SITE (KSC)

FIRST STAGE HAS AIRBREATHER FLYBACK AND LANDING CAPABILITY

FLYBACK PROPELLANT HAS A SPECIFIC FUEL CONSUMPTION OF 3500 SEC

SECOND STAGE USES THE ABORT-ONCE-AROUND FLYBACK MODE (ADA)

FIRST STAGE HAS LOX/RP/LHZ2 TRIPROPELLANT SYSTEM

YIT~4

WITH HZ CODLED HIGH PC ENGINES (VACUUM ISP = 352.3 SEC)

SECOND STAGE USES LOX/LHZ2 PROPELLANT WITH VACUUM ISP 466.7 SEC
THE DESIGN PAYLOAD SHALL BE 500 KLB INTO A CIRCULAR ORBIT OF

270 No MILES AND AN INERTIAL INCLINATION OF 31.6 DEGREES

ASCENT SHAPED TO THE NOMINAL ASCENT MISSION

MECO CONDITIONS ARE TO A THEORETICAL ORBIT OF 169.22 N.MILES

BY 50.42 N. MILES (COASTS TO APOGEE OF 160 N.MILES)

ON~ORBIT DELTA VELOCITY REQUIREMENT OF 1110 FEET/SECOND
RCS SYSTEM SIZED FOR A DELTA VELOCITY REQMYT OF 220 FEET/SECOND

THE VEHICLE SIZED FOR A THRUST/WEIGHT RATIO AT LIFT-OFF OF 1l.30



MAXIMUM AXIAL LOAD FACTOR DURING ASCENT IS 3.0 G*S

TRAJECTORY HAS A MAXIMUM AERD PRESSURE OF 650 LBS/FT2

MAXIMUM AERO PRESSURE AT STAGING LIMITED TO 25 LBS/FT2
DIRECT ENTRY FROM 270 N.MILES ASSUMMED (DELTA V = 415 FT/SEC)

PFIGHT PERFORMANCE RESERVE = 0.75% TOTAL CHAC ASCENT VELOCITY

WEIGHT SCALING PER ROCKWELL IR AND D HLLV STUDIES

A WEIGHT GROWTH ALLOWANCE GF 15% IS ASSUMMED FDOR BOTH STAGES

" FIRST STAGE BURNS 7995060 POUNDS OF ASCENT PROPELLANT

SECOND STAGE (ORBITER) ENGINES BURN 5092633 LBS OF PROPELLANT

SECOND STAGE DRY WEIGHT WITHOUT PAYLDAD EQUALS 715166 LBS

SECOND STAGE THRUST LEVEL @ STAGING EQUALS 4750000 LBS

CTT-4

SECOND STAGE ASSUMES 4 ENGINES FOR ASCENT WITH 1 OUT FOR ABORT

SECOND STAGE EPL THRUST LEVEL FOR ABORT IS 112 % FULL POWER

SECOND STAGE OVERALL BOOSTER MASS FRACTION = 0.8489 W/0 MARGIN

SECOND STAGE WEIGHT BREAKDOWN s

RES IDUAL WEIGHT 2070 POUNDS

RESERVES WEIGHT 3300 POUNDS

FPR . HEIGHT

20202.POUNDS

RCS PROP WEIGHT = 17648 POUNDS

BURN-OUT ALTITUDE AT SECOND STAGE THRUST TERMINATION = 50 N. MILES

ADVANCED TECHNOLOGY WILL BE COMPATABLE WITH THE YEARS 1990 & ON




VEHICLE CHARACTERISTICS (NOMINAL MISSION) CASE 35
STAGE 1 2 3
"GROSS STAGE WEIGHT, (LB) 16604204 .0 5021797.0 4894494.0
GROSS STAGE THRUST/WEIGHT 1.300 0.946 0.970
THRUST ACTUAL,(LB) 21585424 .0  4750000.0  4750000.0
ISP VACUUM, (SEC) 466.500 466 2700 466 .700
STRUCTURE 4 (LB) 1596503 .0 0.0 791663.0
PROPELLANT, (LB) 966 7757.0 127303.0 329336640
PERF. FRAC.s{NU) 0.5822 0, 0254 0.6729
PROPELLANT FRAC.y (NUB) 0.8583 1. 0000 0.8062
BURNGUT T IME, { SEC) 1644350 176 .858 501196
E BURNDUT VELOCITYy (FT/SEC) 9592,059 9888.875 25954.09
BURNOUT GAMMA, (DEGREES) 11.793 10 .415 0.187
BURNDUT ALTITUDE, (FT) 195481 .4 218899.2 31965742
BURNOUT RANGE, (NM) 65 .2 82.0 864.2
T IDEAL VELOCTITY, (FT/SEC) 12154 .0 12539.5 29318.1
INJECTION VELOCITYy (FT/SEC) 0.0 FLYBACK RANGE(NM) 271 .6
INJECTTON PROPELLANT, (LBY 0.0 FLYBACK PROP(LBS) 318146.2
ON ORBIT DELTA~V, {FT/SEC) 1086 .9 '
T ON ORBIT PROPELCCANT, (LB) 106996, 7
ON ORBIT ISP, (SEC) 466.7

T THETA= 26 .21

BAVINAD . fiR)

PITCH RATE= 0.00183

TRRLAAR N

ATTEMPTS TO CONVERGE= 3


http:T-E-TA--=-2.21

SUMMARY WE1GHT STATEMENT (NOMINAL MISSION)

CASE 35

ORBITER WEIGHT BREAKDOWN

DRY WEIGHT 715166.000 POUNDS
PERSONNEL ' 3000.000 POUNDS
RESIDUALS : 2070.000 POUNDS
RESERVES 3300.000 POUNDS
IN-FLIGHT LOSSES 10243.000 POUNDS
ACPS PROPELLANT 17648.000 POUNDS
OMS PROPELLANT 108996.687 POUNDS
PAYLOAD 700468.000 POUNDS
BALLASY FOR CG CONTROL G.0 POUNDS
OMS INSTALLATION KITS 0.0 POUNDS
PAYLOAD MODS ' 0.0 POUNDS
TOTAL END BOOST (ORBITER ONLY) 1560891.00 POUNDS
OMS BURNED DURING ASCENT 0.0 POUNDS
ACPS BURNED DURING ASCENT 0.0 POUNDS
EXTERNAL MAIN TANK
TANK DRY WEIGHT 2640.000 POUNDS
& RESTDUALS 17394,000 POUNDS
= PROPELLANT BIAS ( 2548.000 ) POUNDS
~ PRESSURANT { 2045.000 ) POUNDS
TANK AND LINES { 9279.000 ) POUNDS
ENGINES ( 3522.000 } POUNDS
FLIGHT PERFORMANCE RESERVE 20202.000 POUNDS
UNBURNED PROPELLANT (MAIN TANK) 0.0 POUNDS
TOTAL END BOOST (EXTERNAL TANK) 40236.000 POUNDS
USABLE PROPELLANT (EXTERNAL TANK} 5093361.00 POUNDS
FLYBACK PROPELLANT (FIRST STAGE) 318146.187 POUNDS
SOLID ROCKET MOTOR (FIRST STAGE) : 9591563.00 POUNDS
SRM CASE WEIGHT(2) ' 1596503.00 POUNDS
SRM STRUCTURE & RCVY WEIGHT — 7700 POUNDS
SRM INERT STAGING WEIGHT 1596503.00 POUNDS
USABTE SRM PROPELCLANT 7995060.00 POUNDS

TOTAL GROSS LYFT-OFF WEIGHT {(GLOW) 16604204.0 POUNDS
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PROPELLANT SUMMARY FOR THE ABORY MODES FOR CASE a5

ASCENT TRAJECTORY SHAPED TO THE NOMINAL MISSION MODE UP TO 176.858 SECONDS

F PRIy PRI S SR NS N

UNBURNED MA'IN PROPELLANT IN THE ABORT MODE = 0.0 POUNDS
EXCESS ON-ORBIT PROPELL ANT IN THE ABORT MODE = 40335,250 POUNDS
UNBURNED MAIN PROPELLANT IN THE RTLS MODE = -~31336.,000 POUNDS
EXCESS ON-ORBIT PROPELLANT IN THE RTLS MODE = 0.0 POUNDS

MINUS SIGN INDICATES PROPELLANT SHORTAGE IN BURN

MODE INDICATED

.
| el
&
SHUTYLE SYSTEM NET PAYLOAD WITHOUT OMS KITS = 700468.000 POUNDS
MAIN PROPELLANT BURNED TO AOA/RTLS ABORT TIME= 1800000.00 POUNDS
SHUTTLE GROSS LIFT-OFF WEIGHT (GLOW} = 16604204.0 POUNDS
PROPELLUANT CRUSS FEED FROM FIRST — SECOND STAGE= T872657.00 POUNDS
SECOND STAGE PROPELLANT CAPACITY - CROSS FEED = 3420664.00 POUNDS
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APPENDIX C.
ELECTRICAL ORBITAL TRANSFER VEHICLE SIZING

- C.0 INTRODUCTION

The data contained herein relates-to preliminary sizing of large electric
orbital transfer vehlcles (EOTV) capable of delivering payloads from LEO to
GEO of the order of 5%10° kg and return payloads (payload packaging) of 10% of
the LEO to GEO payload. Total trip times are of the order of 2700 hours.

The benefits to be derived from employing large electron bombardment ion
thruster systems using argon .propellant have been discussed in References 1,
2, and 3. Makimum useful thruster size (diameter) for single grid systems
have been estimated in Reference 3 where it was shown that thruster system
cost is relatively insensitive to thruster size., A grid set span to gap ratio
of 600 is considered a practical limit. In this study, the span to gap ratio
problem is alleviated by assuming multiple, concentric grid sets up to three
as required. Five grid sets have been tested in the laboratory at WASA Lewis
Research Center (LRC). Sovey (Reference 3), with the help of Child's law, has
determined an empirical expression for the ability of a grid set to extract
the mawimum ion current (per hole) for minimum total accelerating voltage
(Perveance.limit). Beyers and Rawlin (Reference 1) have projected the per-
formance of .100 cm diameter thrusters based on identified constraints such as
perveance and temperature. They indicate that thrusters might operate at tem-
peratures as ‘high as 1900 K. Howevexr, they used a conservative temperature of
973 K (where the grids begin to glow) in their own work. Since molybdenum
grids have survived temperatures of 1900 K for several hundred thousand hours
without significant creep (References 4 and 5), 1900 K was taken as the upper-
temperature limit in this study.

The EOIV-sizing philosophy used in-this-study is in harmony with the phi-
losophy found implicitly in References 1 and 3. That is, since thruster system
cost is relatively lusensitive to component size, a considerable cost savings
can be achieved by operating at high thrust levels with a small number of
large diameter thrusters. This is in lieu of a large number of small thrusters
which impose a severe burden on orbital labor with respect to both construction
and refurbishment. The lengths of electrical conductors and propellant lines
can.be many kilometers for small.diameter thrusters. Further, the reduction -
in the number of components associated with large diameter thrusters implies
an increase-in .system reliability.

The grid sets are more subjéct to failure than other thruster components
because of bombardment by singly and -doubly charged ioms. 1t is therefore
assumed that the grid sets will be refurbished-after each round trip. When
large payloads are returned it may be necessary to refurbish or replace grid
sets more often, i.e., after each payload transfer. The grid set lifetime as

Cc-1
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a2 function of beam-current (operating temperature) is not known for the opera-
tiongl time period under consideration. There is cuxrently at least a decade
to improve thruster state-of-the—art. The data presented will therefore re-
flect what is believed to be the technology of the next decade.

The choice of argon as the working fluid is based upon its great abundance
and envirommental suitability. Argon is currently obtained as a by-product in
air reduction processes, The one billion kilograms of argon produced annualky
are largely discarded thus affording a readily available and low cost propel-
lant.

C.1 STUDY GUIDELINES

The following ground rules and assumptions were employed for the EQOTV
study:

* The LEO parking orbit is at 500 km altitude and 31.6 degree
inclination.

*» Transfer time from LEO to GEQ will be 120 days of which 20 days
is. in the Earth's shadow.

* The vehicles will either return empty or with ten percent of the
up payload.

* Ten percent of the payload mass is packaging.

= The propellant utilization efficiency-is 0.82.
* The stead& state loss in thrust because of ion beam divergence'is
five percent. Ap = 0.95.

* The thrust vector steering loss is five percent. vyg = 0.95.

* Gallium aluminum arsenide solar cells are used with an assumed
self annealing capability at 125°C. It is assumed that all
electron damage due to radiation is annealed out and only proton
damage results in degradation to the cell., Those lossas are
assumed as follows:

4% non-znnealable loss due to proton damage over 10 year life
6% plasma loss when operating in LEO

5% loss due to pointing errors

6% loss in line due to voltage drop

21% total loss in system efficiency
» Electric power is provided by two SPS panels with a blanket area of

900,000 m“. Solar reflectors are employed with a concentration ratio
of 2.

* A plane change with optimum steering to the equatorial plane is
assumed with a veloeity increment of 5688 m/s.

c-2
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* A propellant reserve of 0.75 percent is assumed effectively
increasing AV te 5730 m/s.

* Attitude hold only is employed during perieds of Earth shadow-

ing., Ion thrusters powered by storage batteries provide the
required thrust.

* Advanced storage batteries are used that yield 200 watt-hours/
kg of electrical enexrgy.

C.2 ESTIMATING RELATIONSHIPS

The necessary formulas for estimating electric thruster system parameters .
and payload masses are presented hersin. An attempt is made to ensure that the
estimating relationships are self-consistent, realistic for the second decade,
and that power and energy are comnserved. Each formula is discussed, referenced
when required, and derived when presented for the first tlme, or when additional
clarity is justified.

An objective of this study is to take advantage of economies of scale.
This coupled with the desire to have larger thrusters and fewer components
leads to high grid set temperatures.  Grid temperature was therefore a driving
independent variable in this study, and ranged from 1900 K dowm to 1000 K. For
each temperature selected, three maximized dependent variables are automatical-
ly defined, i.e., total extraction voltage (Vp), maximum thruster diameter (d),
and maximum beam current .(Jz).

C.2.1 Total Extraction Voltage — VT (Volts)

Referring to Figure C-1, VT is the potential difference between the anode
and the accelerator grid. The total extraction voltage is limited by the allow-
able grid-set.temperature, and for the maximum thruster parzmeters considered
here, it is uniquely related to operating temperature. That is,

Vg = 0.012307T!-7778% (1)

independent of thruster diameter. Equation (1) is derived from work by Sovey
(Reference 3) who found that the average measured temperature of the grid-set
corresponded to a model grid with an emissivity of 0.4, that absorbed 25 per-
cent of the discharge power.. The discharge chamber loss €7 was taken to be
200 for argom..

C.2.2 Net Accelerating Voltage - Vy (Volts)

Once again referring to Figure C-1, Vy, is the positive part of Vp, re-
sponsible for imparting the initial momentum to the ionized argom.

For convenience the ratio R is used to relate Vi and Vp, i.e.,
R = Vy/Vg (2)
Thrusters have been operated with values of R ranging from 0.2 to 0.9,

c-3
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Figure C-1. Argon Ion Thruster Module
{not to scale}, Modified from Reference 1

C.2.3 Propellant Utilization Efficiency =~ Mgy

The electric ion bombardment thruster operates by accelerating argon, or
other suitable ions, to high speeds by subjecting them to a suitable potential
difference. In the thrusters considered here, argon gas is first introduced
into the thrust chamber and ionized by a voltage 6f about 40 volts which is
high enough to ionize argon atoms with a single impact. The first ionization
potential is 15.755 electrom volts.. Argon atoms that are initially exeited
but not ionized, may occasionally become doubly ionized (requiring 43.38 ev).
Doubly ionized.argon atoms are apt to bombard the grid structure, causing
damage (sputtering) and penalyzing thrust and specific impulse.

In addition, some of the propellant remains un-ionized and is exhausted
at low speed as a diffusing hot gas. It -is necessary therefore to introduce
a penalty, Ny, on both thrust and specific impulse that can be determined by
measurement. The parameter Ty is called the propellant utilization efficiency.
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By making two reasonable assumptions, one can acquire a feeling for pro-
pellant utilization. ¥First, assume that all singly charged argon ions are
accelerated to identical speeds, v, by the net potential difference Vy.
Second, assume that the fraction of doubly charged ions is small compared to
the fractien of singly charged ions. Then from conservation of momentum

k k
z vm, =V z m, =V
i=1 i=1 P
where v = vy = vy = - - =~ = v = ion speed,
vV = mean speed of 211 exhaust materials,
and mp = mass of exhaisted material (lons and neutrals).

The propellant utilization efficiency is then defined by
k
 my

Sl 3
my

where the limits on 1y apply to ionized argom.

<)<

0.8 < nu~=

C.2.4 Specific Impulse - Igp (seconds)

Actual gpecific impulse can be defined by
3
I = oe— (4)
sp T g

where g = 9.807 m/s? the mean acceleration of gravity. This can alsc be
expressed in terms of-electric parameters. If ions are accelerated through
a potential difference Viy one can write (summing i from 1 to k)

+ I miviz =3vikm=23 a; Vy (5)
where q4 is the charge on each ion of mass m. Solving Eq. (5) for v?

yields

2V _La, 2V (kq)
N * N _
V " Tk T Tkm - ZVN (q/m)

= SZym 2 oL 2 2. 2
v /nu g ISP./nu

and

ISp = (nu/g> v 2V (a/m) . (6)

C-5
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The ratio of charge to mass for argon is

q/m = 2.4162x10° C/kg, 7
and

n, = 0.82.

After substituting the numerical values from Eq. (7) into Eq. (6) one obtains -

]

g5
ISP 223,96 n, Vg (8)

183.65 VNO'5 seconds,
and conversely

Yy

2 2 S
1.994 ISP /(nu x10°) (9

2.9655 I 2 10™° volts.
sp

Specific impulse as a function of voltage ratic and grid temperature is depict-~
ed in Figure C-2.

Ideal or "electrical" specific impulse is obtained by setting ny equal to
unity. The specific impulse used herein is as defined in Eq. (6). It is based
on conservation of.energy and momentum and ylelds either a maximum ion speed
(ny=l) or a mean propellant exhaust speed.. The fact that the beam may be
diverging and producing a useless component of thrust will be considered later
by introducing a thrust efficiency term, y¢. Thrust is a measurable quantity
and, in particular, the useful thrust along the thruster axis can be determined.

Estimated thrust vector steering lesses (yg) will also be introduced at
the same time. With this approach there is no pseudo modification of maximum
or mean propellant exhaust speeds or of .specific impulse. The modification
comes in the total propellant mass for rate (ifip); part of it diverges and does
no useful work. This is taken into account empirically and avoids giving the
impression of an’ improvement in specific impulse.

Factors which enter into beam divergence include: (1) electric field in-
tensity divergence; (2) mutual repulsions of singly and doubly charged ions;
(3) the applied magnetic field; and (4) the discharge power that creates the
ions. The discharge may be ten percent or more of the total power provided. -

C.2.5 Maximum Thruster Diameter - Dy (cm)

An expression for the maximum useful beam diameter, Dp, which is tantamount
to the maximum useful thruster diameter, d, was presented in Reference 2:

d = 1.5x107% ISPZ m/nqu (10)

-6
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Figure C~-2. Specific impulse as a function of voltage
ratio, R, for operation at temperatures indicated,
where m = 39,948, the molecular weight of argon., Taking this value for m, with

the help of Egqs. (8) and (1), and using 0.82 for ny yields

d (11)

i}

8.9117x10~7 I__2/R,
sp

]

3.0051x102 Vo {cm)

The straight dashed line .in Figure C-3 is a plot of VT versus maximum
thruster diameter based.on Reference 2. The maximum operating temperature
corresponding to Vr is shown as a solid line whieh is almost linear over the

range of Vp (5100 to 8300 volts).

C.2.6 Maximum Beam Current — Jp (Amperxes)

The accelerator system, consisting of-a screen grid and an accelerator
grid (Figure C~l), imposes a basic limitation on.the obtainable beam current
density because of .the "perveance" limit. The perveance limit in effect deter-
mines the peint where any increase in the total accelerating voltage, Vr, results

in high wvoltage breakdown.
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Figure C-3. Total extraction voltage versus selected
grid-set operating temperatures, based on Egq. (1), and
thruster diameter, based on Eg. (11).

Sovey (Reference 3) has determined an empirical relationship for-argom
thrusters which yields the maximum practical ion current, Jg, for dished grid
systems, operating near the minimum gap (0.06 * 0.008 cm). This is given by

Jp = 4.97 42 vT’--“xlo'” (12)
where Jg = beam current (amps),
and d = maximum thruster diameter {(cm).

The maximum value for Vp has already been given by Eq. (1) where the select-
ed operating temperature, T, is the independent variable. In terms of T, the
maximum beam current becomes

Jg = 2.5072 42g* 107* (13)

€.2.7 Beam Electrical Power - Py {(Watts)

The beam electrical power is given by
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I

i

IV

The beam power is controlled by the mass flow rate of argon entering the
thrust chamber.  The discharge power, Pg, which is the power expended in ioniz-
ing the incoming argon gas, is necessary in order to have an ion beam but is not
part of the beam power. A plot of thruster module power as a function of extrac—
tion voltage ratio, R, for operating under conditions of maximum beam power and
thruster size (as determined by the perveance limit, a grid-set span to gap ratio
of 600) for various operating temperatures is shown in Figure C-4.

00— ———

o

MODULE POWER - Py /“E (MW)

R

Figure C-4. Thruster Module power as a function
of extraction voltage ratio, R.
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C.2.8 Thruster Module Electrical Efficiency - Mg

The electrical power efficiency, Nes, ¢f a thruster module in achieving a
beam power, Py, is given by

a

T Fg T Pgg + Pp By 15

e

Grid set loss¥%,
0.0025 JgVy, (an empirical value)

where Pgg

non

Discharge power loss¥,
200 Jg,

Pp

Beam neutralization loss¥®,
300 Watts (assumed comstant).

"

and Py

1}

In texrms of voltages and currents
Ta'y

Na =
JBVN + 0.0025 JBVT 4+ 200 JB + 300

(16)

RHN

RV, + 200 R + 0.0025 Vet 300 R/JB

P}
B (R o 0.0025) T 200 , 300

+ +
R v, By

For the large, high power thrusters comnsidered in this study the efficiency
may be approximated by .

n, = Vig/ (Vy+200)

within 0.6% at the extremes. When the beam power is small (i.e., < 300 W)
Eqs.~(%5) and (16) should be used.

A plot of thruster electric efficiency versus R is presented in Figure C-5
for six values of Ig.. A temperature of 1900 K was considered the maximum allow-
able for extended operation of molybdenum grids. This is indicated by the dashed
line in .Figure C-5. Operation in the shaded area is not permitted. At these
higher temperatures it is assumed that the grids would be replaced periodically.

In Figure C-6 the electrical efficiency is plotted against R for various
selected operating temperatures. The efficiency increases with grid-set
temperature, and at a given temperature, alsc increases with R.

#Based on conversations with V. K. Rawlin, NASA, LRC
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Figure C-5. Electrical power efficiency as a
function of extraction voltage ratio, R.

Knowing the electwical efficiency, one can determine the required input
power per thruster, Ppy, for operation at maximum beam power (i.e., maximum
thrust). This is given by

_ 200
Prg = Pp/pm Py {1+ T (17)

However, Eq. (17) does not include electrical power losses or conductor
mass penalties attributable to the power input lines distributed within a
thruster array. This'is the subject of the next section. Such penalties can
be serious.when the number of thrusters becomes large. Figure C-7 indicates
the number of thrusters required for a total array input power of 268.1 MW
as a function of extraction voltage ratio and grid-set temperature.

C.2.9 Thruster Performance

Electric and Mechanic Power. The ion energy, E, from Eq. (5) is

E = kmv =
=Mv =0QVy
where M = total mass of k ions
Q = total charge of k iens.

C-11
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Figure C-6. Thruster electrical efficiency
as a function of extraction voltage ratio, R
Power 1s the rate of change of energy with respect to time., Thus
Power = } Myv? = Q Vy (Watts) (18)
But, differentiating Eq. (3) with respect to time yields
m, v/v = N (19)
Now eliminating M from Eq. (18) by using Eq. (19) gives
twm, vvo= IV (20)
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Figure C-7. Number of thrusters for a fixed array
input power of 268.1 MW as a function of extraction
voltage ratio and grid-set temperature.

where the beam current Jg is used for Q. Now with the help of Eq. (3) and (4)
v and V can be eliminated to give

¥omy, Vg = ¥ RgetIo Py

= Jpn = FB
The propellant flow rate is therefore

B, = z_:Banu/(g ISP)’-, (kg/s)- (21)

C-13
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or for N thrusters each with beam power Pg

B, = 2N PBT]u/(g ISP)Z (kg/s). (22)

Clearly, the mechanical power, Pp, is equal to the electric power Py, and is
. - . .
Py = ¥ @y g2 Ig,2/n, (23)
Thrust. Thrust is the rate of change of momentum with respect to time.

Since the propellant exhaust speed is constant, the thrust, F, is derived
from the mass flow rate. Thus

F = m,vY mPgIspY (24)

where Y = Yp¥g = 0.9025.

As defined here y is the thrust utilization efificiency which accounts for
thrust losses caused by beam divergence (yp) and the thrust vector steering
(Yg). According to V. K. Rawlin of NASA, LRC, grid compemsation techniques
should be able to maintain yp at 0.95 or more.

Equation (24) can be expressed in terms of beam power by employing
Equation (22).

F= 2NP]‘3nuY/ gISP (25)

C.2,10 The Rocket Equation

Consider an EOTV with initial mass mj, final mass (at burnout) mg and a
required velocity increment AV.

The total propellant expended in time At is

= m At 26
m, = m, (26)

Gravity losses for low thrust flights between LEC and GEO are assumed to
be small. The thrust acting on the EOTV is given by

F = mva = (mi—mpt) v, (27)
where t = time, or thrust duration,
65 = yehicle acceleration,
and my = vehicle initial mass (t=0).
The acceleration of the spacecraft at any time, t, from Eq. (27) is
VS = mpvyl(mi=mpé) . (28)
c-14
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m, =M t,
+ P

[}

Now substituting W
and dW = I.ﬂpdt,
in .Eq. (28) and integrating yields

At m,—m At'

L P
* - dw
&V = f v dt = -vy J‘ = > oF (29)

0 my
Av = AVS = gIsPYﬂn [mi/(mi-mp)].

With the help of exponentials, Eq. (29) can be written

Av/gIS Y
m, = mie p s whertja. (30)
m, =.n$+mf , and (31)
Av/eIl v
m =m (e SP .1 , or
P £
~Av/gl v
m = m.(l-e SP . {32)
P 1

C.2.11 Attitude .Control Propellant

Some of the electric thrusters are used for attitude control while in the
Earth's shadow. (Batteries are used to provide the required power). The max-
imum control thrust requirement occurs in LEC where the gravitational torques
are highest. Control requirements become quite small in GEO. In this analysis, -
the average control thrust wag taken to be 400 N, which is believed te be con-
servative.

The control propellant mass was estimated by taking appropriate fractions
of the total propellant consumed durimg the daylight thrusting period. Thus,
for = 120 day trip time and 100 days of thrusting time the shadow period is
close to 20 days, which gives a factor of 0.2. The propellant mass is further-
reduced by the ratio of control thrust (400 N) to total thrust (F). Thus, the
control propellant mass; mp., is given by

C-15
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@m At
400
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780,945 At(days)/L_

C.2.12 Thruster Array Properties

Total Distributed Conductor Length. Figure C-8 represents an upper
quadrant of a rectangular array of thrusters. The array is fed from 2 junc~-
tion at the center labeled Py. We shall consider only this gquadrant and cal-
culate the total mass and total power loss of the power distribution wiring
between the thrusters in the quadrant and the terminals in the junction box.

Each of the N thrusters is connected by a pair of conductors that run
horizontally along the width L, of the array, and then vertically along the
height, Ly. This is illustrated for the kth thruster. The thruster diameter,
d, and the number of thrusters, determine the array dimensions. The separation
distance between thrusters, or between a peripheral thruster and the adjacent
edge of the array structure, is half the thruster diameter, i.e., d/2. Thus,
the vertical distance %y to the kth thruster is

B, = d [1 + 1.5 (k—l)] =% (3 K=1) (34)

- Lw >

y 3 - .g-
Z

e Y
{

&
L OGF
O |]

Figure C=-8. Schematic representing one gquadrant
of a rectangular array of thrusters
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If there are Ny thrusters in each column the cumulative length of Ny, wires
(one way) is given by the sum

=

i ( )
2x = dN,. (1 + 3 W _)/4 (35)
= 1] h h

WM

Since each thruster requires two wires the total vertical wire length per
column becomes

L= dy (1 +3 Nh)/z (36)

Since there are N;; columns, the total length of vertical wiring is

L, = any (1+3 N, )/2 (37)
There is also a horizontal component of wire, the total length, L _, of
. . . . ht
which is given by a similar type formula,
L, =any (14318 )/2 | (38)

If Equations (37) and (38) are added together the total required two-way
wire length, %+, is obtained by

g, = AN [1 + 1.5 (Nh + NW)] . (39)
Foxr a square array
No=N_=/§ (40)
. = dn [1 + BJN_] , |

where N is the number of thrusters.

and 2

Arrzy conductor lemgth as a function of extraction voltage ratio for
several operating temperatures is presented in Figure C-9 for am array input
power of 268.1 MW,

Distributed Conductor Size, Mass, and Power Loss. Transmission of
electric power from the array input junction te each thruster is critical to
the array sizing problem, not only with respect to mass, length, power loss
and cost, but also with respect to orbital labor, ease of construction, and
refurbishment. It -ls desirzble to have conductors that radiate heat efficient-
1y, but are not of excessive area so that the insulation is subject to numerous
pin holes from micrometeoroid impacts. Each such opening is a potential site
for plasma discharge losses when at low orbital altitude. Restrictions were
therefore applied to the size and shape of .the conductors.

C-17
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Figure C-8. Electrical Conductors (feeders) length
for an array of thrusters, operating at thé indicated
grid-set temperatures, as a function of extraction
voltage ratic, R.

C-18
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In z point design there are good reasons why cylindrical conductors might
be preferred. For example, the conductor area exposed to metecr streams could
be reduced by an order of magnitude. This is important with regard to the
Kapton insulation which could deteriorate prematurely both thermally and
electrically. Small "pinholes" can yield significant plasma discharge losses
in LEO (Reference 6). The reduction in conductor area permits an associated
increase in the Kapton mass density. Further, there is the possibility of
heating the argon by piping it through the cylindrical conductors. This also
tends to keep the conductors cooler and therefore yields more available elec-—
tric power. However, time did not permit a completion of this analysis. For
purposes .of this parametric study the conductors are assumed to be rectangular
and shaded at all times.

A conducting strip with a width/thickness (m/n) ratio of 20 can be a
reasonably good thermal radiator, and still retain structural integrity. A
lower limit of 0.038 ecm (15 mils) was placed on thickness. Strips-of this
size can be handled during construction or repair phases without excessive.
difficulties. .

The power dissipated in a flat conductor is lost mostly by radiated heat.
A layer of Kapton ).00254 cm thick (one mil) was used to improve the radiation
efficiency and alsc for insulation to help prevent plasma discharges. Kapton
has an emissivity, €, of 'approximately 0,68 which is an improvement on aluminum
(0.05 to 0,11).

The maximum allowable wire température from electric power loss heating
was assumed to be 373.16 K (100°C). A summary of the zssumed conductor char-
acteristics is given below:

T < 373.16 K maximum conductor temperature,

1A

]

m = 20 n width of conductor,

]

A=mn = 0,05 m® cross section,

v

n > 0.0381 cm (15 mils) in thickness,

]

p = 2.70 g/cm’® density,

and for the electrical resistivity

n

Yg = 2.828x107°% [1+0.0039 (T-293.16)] ohm-cm

3,7103x10~° ohm-cm at 373.16 K

n

The thermal power radiated is given by
Py = 2%meC T" + 2%necT", (41)
= 20g0 T* (m + n)

where g = 5.66961x10~'2 w/cm? /KRY,

c=-12
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" The Stephan—-Boltzman constant.

The thermal power radiated, Py, is balanced by the electrical power Py
lost, or dissipated, in the conductoxr. The power lost in a conductor of length
%, with a voltage drop AV and current I is

Py = AVI = I? (YEE./A) = 2012 (YESL/mZ) (42)

Equating the rhs's of Equations (41) and (42) yields

m (m+ n) = IZYE/(zsoT‘*) = 0.0525 m®, (43)
and - m = 9.5238 IZYE/acT“,'
= 6,986x10° I2[1+0.0039(T-293.16)]1/T" (44)

At the upper temperature limit (373.16 K)
n* = 4,72696x10~" 1%, cm® (45)
and m = 7.78982x10"% 12/, cn

The total conductor mass M., of length 2%{, which includes a 10 percent pemalty
for structural support is given by

Mo = 1.1 pAQy = 1.1 pmaf, (46)
= 1.485x10™% m? %> kg
the total power lost in the array wiring of length 2t is

5.656x10"5 [l+0.0039(T—293.16)]2t2
P = - -

2t m? (47)

= 7.42067X10‘52t12/m2, Watts at 373.16 K

Equations (45 through (47) can be used to size the array conductors once the
current I is known.

Solar Panel Bussbar Power. The required power. for the thruster array
from the solar panels is

- 1
P = N(P0 + PTH) (48)
= 2
= N[I Ygh/ () + JBVN/T]E:,
where Pé = conductor panel leoss per thruster,

¥ = pnumber of thrusters,

c-20
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and - L= ﬂt/N, average two~way ceonductor length from junction box

to each thruster.

The net voltage drop, Vy, in the distributed wiring and thruster array
is assumed to be

v, = IYER./(mn) + Vg (49)

where conservation of current requires that

I= JB/nE (50)

Equation (48) can therefore be written

P, = NI [V + Iyge/(mm)] . (51)

The bussbar current for the entire array is therefore

I = NJB/nE . (52)

o

Application to Electric Thruster Arrays. It is desired that the voltage
Viy at each thruster be fixed, for any given specific impulse, Ig,. In order
to keep the voltage, Vy, at each thruster identical it will -be assumed that
the thrusters are comnnected in parallel, each with a properly desigmed "fuse"
in case of a short circuit. The power lgsses, Pg in the distributed conductors
are assumed to be identical for each thruster. In order to mske a fair compari~
son of required wire mass and sizes the conductor width m is determined initial-
1y from Equation (43) under conditions where the current per thruster is at a
maximum and therefore m is at-a maximum. This occurs, assuming fixed total
available power, when the array size is at a minimum (R = 0.9), and the grid-
set temperature, and therefore Vg, are at the highest values-to be considered
[see Egs. (1) and (2)].

Equation (47) is then used to determine total conductor power loss. This
power loss Py, is fixed thereafter in order to have a fair basis of comparison.
Thus, as R is increased, m can be determined from the relation

n = 8.6143x107° T ‘/zt/rgt , cm (53)

which then leads to conductor mass.

Conductor masses are shown in Fiéure C-10. The increases in conductor
mass are phenomenal with decreases in R and/or T.

For subsequent point design studies it was found beneficial to keep the
ratio of PLt/Mc comparable to Mp1d/Pp whexe Mpld is the mass of the payload.

In othar words up to a point it pays to increase the array conductor mass,
and thereby reduce the array electrical power loss. Thig-inereases thrust

c-21
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Figure C-~10. Electrical conductor mass of length
At required to feed N thrusters as a function of
grid set temperature and extraction voltage ratio,

R.
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and may yield an increase in payload that exceeds the increase in conductor
mags. Also, it enables operation at much lower.wire temperature which reduces
registivity. Thus, from Eqs. (46) and (47), and the relation

Poe/Me = Moq4/®,

it follows that

y P
m = 0.78559 [14+0.0039 (T-293.l6)]nli[ﬁr2— . (54)
pld
.Thruster and Supporting Structure Mass.- Referring to Figure C-8, the
height of the array is Ly, and the width Ly, In terms of thruster diameter, d,
the array height and width is- given by.

o Lh s 1,5 Nh d,

and L =1.5N d.
W w

Also N = Nth,

where N and N, are the respective number-of thrusters along the height and
width, and N the total number of thrusters., The total thruster module mass
is given by :

M, = 120 N N d*, kg (55)

where d is in meters.

The structure mass can be taken to be ten percent of the total thruster
mass. The total mass of thrusters and structure Msth is therefore

- 2
M, = 132 NN d&%, ke, : (56)

Thruster array mass as a function of grid-set temperature and extraction voltage
ratio are presented in Figure C-11.

Battery Mass. During periods of darkness when the EOTV is eclipsed by
Earth, a fraction of the thrusters are operated on batteries to accomplish
attitude control. The required battery capacity is determined by the longest
duration of darkness, tj, about 30 minutes. There is ample time between
eclipses for the batteries to recharge. If-F, is the required control thrust
and Eg is the watt-hours/kg capability of the batteries then the battery mass,
mg, is

c-23
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Figure ¢-1l1. Mass of N thrusters including supporting
structure, as a function of grid-set temperature and
extraction voltage ratio, R.

C-24

§8D 79-0Q10-4



Satellite Systems Division @ Rockwell
Space Sysiems Group International

Fc tho
" \F )\ ) G1)
) Fc td NPB/nE
ZYnuNPB/ gISP Ep

gl t.F
- sp dc
2N Mgy

Adding ten percent for structure, yields -

5.39385 1- ¢
sp d

& YnunEEB

F
c

. (58)

For the parametric study the following values were assumed:

F = 1000 N
c
tD = 0.5 hours,
and By = 200 Watt-hours/kg.-

Equation -(58) can therefore be written
my = 18.22 I_ /n., kg (59)

or in terms of Vv

v
my = 3346 x N+200 . (60)

Vi

-C.3 PARAMETRIC EOTV SIZING

Figures C«l2 through C-20 present some of the results of the parametric
study which, in effect, are estimates of thruster and spacecraft parameters as
a function of grid-set temperature and extraction voltage ratio. The tempera-
tures ranged from 1000 K te 1900 K: All of the figures have captions that
should be self-explanatory,

The electric power was assumed to be comstant at the thruster array junc-
tion box. The total power available, after subtracting the varilous losses such
as 15 percent solar array degradation, and 6 percent line loss, ete., at the
junction box was 268.1 mW. Initial power from two SPS bay solar arrays was
335.5 mW. The power available per thruster array for four arrays is 67.025 mlW.

C-23
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Figure C-l2. Propellant expended by the electric
OTV in transporting payloads between LEQ and GEQ
for the indicated temperatures as a function of
extraction voltage ratio, R.
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Figure C-13. Final masg, my, remaining upon
arrival in GEO after expending a mass of
pbropellant, mp as a function of R for the
indicated grid-set temperatures.
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Figure C=15. Propellant reguired to return the
empty EOTY from GEO to LEO. (15% growth. margin
included.}
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Figure C=l6. Mass of return propellant tanks and
lines as a function of R.
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Figure C-17. Payload delivered to GEO with EOTV
returning without paylcad to LEO.,
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Figure C-19. WNet accelerating voltage for the
indicated grid-set temperatures as a function
of the extraction wvoltage, ratio, R.
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Figure C-20. Estimated thrust duration versus
total trip time for optimum thrust vector
steering.

C-34
S§D 79-0010-4



Satellite Systems Division g Rockwell
Space Systems Group International

The various EQOTV fixed masses (kg) were:

Salar Array 588,196
cells/structure 299,756
power conditioning 288,410

Thruster Arrays (4) 2,256
beam/gimbals 2,256

Aetitude Control System . 1,000
gystem compouents 274

590,726 kg

‘. An interesting result was deduced from the supporting calculations for
Figure C-17. The paylcads delivered to GEO increase as the grid-set temperature
decreases, down to about 1300 K. At 1130 X the payload falls below the 1300 K
curve,, as R approaches.0.2, because of excessive electrical conductor mass.

At 10Q0 K, and at R = 0.2, the payload drops almost twe million kilograms more
but peaking at R = 0.32, Presumably, as the temperature is lowered this peak
would ogeur at increasing values of R.
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