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FOREWORD
 

This is Volume IV - Transportation Analyses, of the SPS
 
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 Contract
 
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 veri
fication activities. Other volumes of the final report are
 
listed as followst
 

Volume Title 

I Executive Summary 

II Systems Engineering 

III Experimentation/Verification Element Definition 

V Special Emphasis Studies 

VI In-Depth Element Investigations 

VII 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 he
 
reached at 213/594-3911, Seal Beach, California.
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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 selection.
 
Methods of reducing transportation costs contribute 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 sensitivities, 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.
 

2{14 2M) 

N 13008.4 

;.~~~~~2 

3ECICA7EOELECT1iC 
CARAGO! 

______________ 

• 

E 3-
2ZShI
2328KMI 

1398 

RflA 

13008.4 

LECTRIC 
ORBITAL

MITRANSFERVEHICLE A 

aX138Mi 

I'S3f MF2911 E 
•I 

r I 

\310(Y f7 

UNIT .8 LEO311I 

LE 

ECT CHEMOW OCROWY 
VCARU' PERSONNELOW U GIT 

O UNIT0 

'THIV 

CARGO 0-!PERS NEL 
EARTH 

T V
*CARGO.TERSONNEL 

LEO. 

.ERIVATIE 

Figure 1.0-1. Transportation System Options-vehicle 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 personnel 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 HTO-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.
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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
 

following:
 

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

* Personnel Transfer Vehicle (PTV)-Personnel to LEO (Growth STS)
 

* Electric Orbit Transfer Vehicle (EOTV)-SPS cargo to GEO
 

* Personnel Orbit Transfer Vehicle (POTV)-Personnel from
 

LEO to GEO
 

" Personnel Module (PM)-Personnel carrier from earth-LEO-GEO
 

* Intra-Orbit Transfer Vehicle (IOTV)-On-orbit transfer of
 

cargo/personnel
 

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 (VTO/HL) HLLV (Figure 2.0-2). The latter
 

CREW GLOW 1.95 X 106 TO 2.27 X l06 KG 
COMPARTMENT CARGO BAY (4.3 X 100 TO 5.0 X 106 LB) 

91,000KG PAYLOAD AIRPORT RUNWAY TAKEOFF 
(200,001,B) PARACHUTE RECOVERED LAUNCH GEAR 

WING-TIP 
TIELT WLH ULLAGE 

LH2 ND 

WHITCOMB AIRFOIL 

TNKSTALK02 

LANDINGGNES 
(JETTISONABLE LAUNCH /' RPUSO 
GEAR NOT SHOWN) / '7 ; " R(I0NS 

ROCKET P)ROPULSION 

SIL(3 HIGh PRESSURE TYPE)V.ARIABLE INLET 

LH2 TANK5 SEGMENT RAMP 
CLOSES FOR: 

ROCKET BOOST 
REENTRY
 

Figure 2.0-1. HTO/SSTO HLLV Concept
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BOOSTER ORBITER 

72.0 M 

26BOOSTR, ORBITER 1025 M 

560 M -

Figure -22. VTOHL 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.
 

Figure 2.0-3. STS-HLLV Configuration
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The Personnel Launch Vehicle (PLV) is used to transfer the SPS con
struction crew from earth to LEO. 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.
 

BOOSTER (EACH):
 
GROSS 147- 871K LB 
PROP. r - 715K L9 

-INERTr -* 1SS LB 

SSME-35: 
F - 459K LB (S.L.) (EACH) 

LAUNCH CONFIGURATION ISP - 406 SEC (S.L.)* 3S:1
 
nI - 6.1 

PAYLOAD - IOOK LB GLOW'- 3.670q LB 


156 FT.j 

Z0.U FI DIA--. 

102 -.L 2 TANK L TANK 

(10 LB) . (b LKin) . 

LANDING ROCKETS LANDING ROCKET',
 

ROS FLOTATION STOWAGE 4 REQO 

PARACHUTE STO-WAGE EN'GIE COVER
 
(OPEN)
 

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 source 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, con

sists of that propulsive element required to transfer the Personnel Module
 

(PM) and its crew/construction personnel 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/LH2) 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.
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EOW DRYWT. - 106 KG 
EOTV WET WT. - 1.67X 106 KG 
PAYLOAD WT. -5.26 X 106 KG 

Figure 2.0-5. EOV Confi.uration
 

13M-*-- 6NCLDj 

'60 MAN CREW MODULE 18,000 KG 

* SINGLE STAGE 0TV 36,000 KG 
(lO REFUELING) 

* BOTH ELEMENTS CAPABLE CF GROWTH STS LAUNCH 

Figure 2.0-6. POTV Configuration
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The personnel module is designed to transport a 60-man construction
 
ciew from LEO to GEO to LEO (Figure 2.0-6). Primary considerations 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 in 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 sections, each transportation system element will be
 
discussed in more detail and the rationale for configuration selection pre

sented. However, in order to maintain a continuity of data presentation,
 
appendixes have been added to provide the substantiating technical analyses
 
and trade study results where applicable.
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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 LEO 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.
 

LEO STAGITO GEO 

BASE POT TV T GE 

HLLV
 

HLLV , 

STS
 

Figure 3.0-1. SPS LEO Transportation Operations
 

Space Shuttle transportation system derivatives (heavier payload capabil
ity) are employed for crew transfer from earth to LEO. 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 construction, or sooner.
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Transportation system GEO 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 construc
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.
 

EOr 
- CARGO CARRIER. 

N/ IOTV '0 

IU 

~POTW
 

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 transportation 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 years). 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.
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Table 3.0-1. TFU Transportation Requirements
 

MASS x 106 KG VEHICLE FLIGHTS
 
PLV HLLV POTV EOTV IOTV
 

LEO GEO ___ LEO GEO 

SATELLITE CONST, MAINI. & 
PACKAGING 37.12 37.12 45 163.5 45 6.5 164 164 

CREW CONSUMABLES & PKG, 0,98 0,94 - 4.3 0.2 4 4 

POTV PROPELLANTS & PKG, 2,91 1,46 - 12.8 - 0,3 13 6 

EOTV CONST.. MAINT. & PKG, 7.20 - 15 31.7 - 32 -

EOTV PROPELLANTS & PKG. 4,79 - '- 21.1 - 21 

IOTV PROPELLANTS & PKG. 0,13 0.06 - 0,6 - 1 

1 1 235 174 
TOTAL 53,13 39.58 60 234.0 45 7,0 409 

TFU FLEET 
VEHICLE REQUIREMENTS 

5 I 4 6 4 
GROWTH SHUTTLE VEHICLES- PERSONNEL (PLV) 

CARGO CARRIER/ENGINE 
MODULE AND LAUNCH VEH. 

PRECURSOR REQUIREMENTS: 
*LEO BASE 
*SPACE CONSTR. BASE 72 FLIGHTS 129 FLIGHTS 
°EOT TEST VEHICLE 1 VEHICLE 2 VEHICLES 

Table 3.0-2. SPS Program Transportation Requirements,
 
30-Year Construction Phase
 

MASS x 106 KG VEHICLE FLIGHTS
 
PLV HLLV POTV EOTV L IOTV


LEO GEGO __________ LEO GEO 

SATELLITE CONST. & MAINT. 3,099,3 3,099.3 3187 13,653 3051 599,5 13,653 13,653 

CREW CONSUMABLES 74.9 71.7 - 330 - 13.9 330 316 

POTV PROPELLANTS 216,6 108.3 - 954 - 20.9 954 477 

EOTV CONST, & MAINTENANCE 38,4 31,2 - 169 - 6.0 169 137 

EOTV PROPELLANT 492.3 2,0 - 2,169 - 0.4 2,169 9 

IOTV PROPELLANT 10.5 4.8 - 47 - 0.9 47 21 

17,322 14,613
 

TOTAL 3,932,0 3,317.3 3187 17,322 3051 642 31,935
 

VEHICLE FLIGHT LIFE - - 100 300 100 20 200 

VEHICLE FLEET REQUIREMENTS 32 58 31 32 160 
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Table 3.0-3. Total Transportation Requirements, 60-Year Program
 

MASS x 106 KG VEHICLE FLIGHTS 

PLV IILLV POTV EOTV IOTV 

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 - 98 - 3.7 98 84 

EOTV PROPELLANTS 
CONSTRUCTION 340.3 2.0 - 1499 0.4 1499 9 02. 

OPERATIONS & MAINTENANCE 304.0 - - 1339 - 1339 -

IOTV PROPELLANTS 
CONSTRUCTION 7.2 3.3 - 32 0.6 32 15 

OPERATIONS & MAINTENANCE 6.6 3.0 - 29 0.6 29 13 2 

SUMMARY 
CONSTRUCTION 2687.7 2297.4 1340 11,840 1220 444 11,840 1Q121 

3 

OPERATIONS & MAINTENANCE 
TOTAL 

24:90.4 
51178.1 

2044.8 
4342.2 

3694 
5034 

1Q971
22,811 

3660 
4880 

396 
840 

1Q971
22811 

9008 
19,129 

VEHtICLE FLEET 

CONSTRUCTION 
OPERATIONS & MAINTENANCE 

-
-

-
- -

14 
37 

39 
37 

12 
37 

22 
20 

110 
100 

TOTAL - ,51 76 10 42 210 0 



0 

-r
 

=r4.0 HEAVY-LIFT LAUNCH VEHICLE 
2-1
 

m 
C
 



Satellite Systems Division Rockwell 
Space Systems Group OD International 

4.0 HEAVY LIFT LAUNCH VEHICLE 

Initial Heavy Lift Launch Vehicle (HLLV) studies were directed toward a
 
horizontal takeoff single 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 snonsored 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 personnel launch vehicle (PLY), is discussed in that
 
section of the report. In addition, the reference HLLV trade studies data are
 
included in Appendix B along with the reference HLLV trajectory.
 

4.1 HLLV REQUIREMENTS/GROUND RULES
 

The primary driver in establishing HLLV requirements is the construction
 
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 

* IWO-STAGE VERTICAL TAKEOFF/HORIZONTAL LANDING (VTOIHL) 

" FLY BACK CAPABILITY BOTH STAGES - ABES FIRST STAGE ONLY 
* PARALLEL BURN WITH PROPELLANT CROSSFEED 

" LOX/RP FIRST STAGE - LOXILH2 SECOND STAGE 
" HI PCGAS GENERATOR CYCLE ENGINE - FIRST STAGE [Is (VAC) - 352 SEC.l 

* HI PCSTAGED COMBUSTION ENGINE - SECOND STAGE Is (VAC) - 466 SEC.j 
* STAGING VELOCITY - HEAT SINK BOOSTER COMPATIBLE 

* CIRCA 1990 TECHNOLOGY BASE - BACIAMAC WEIGHT REDUCTION DATA 
* ORBITAL PARAMETERS - 487 KM @31.60 
* PAYLOAD CAPABILITY - 227 x 103 KG UP'45 KG DOWN 

* THRUSTAWEIGHT - 1.30 LIFTOFFI3.O MAX 
"15% WEIGHT GROWTH ALLOWANCE0.75% AV MARGIN 

The two stage VTO/HL HLLV concept with a payload capability of approxi
mately 227,000 kg (500,000 ib) 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.
 

4-1
 

SSD 79-0010-4
 

http:ALLOWANCE0.75


Satellite Systems Division Rockwell 
Space Systems Group International 

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/LH2 fueled.
 

Although trade studies were conducted, a vehicle staging velocity compat
ible with a heat sink booster concept is desirable 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
 
summarized in Table 4.1-2. Orbital parameters are consistent 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 

BODY STRUCTURE 17%
 

WING STRUCTURE 15%
 

VERTICAL TAIL 18%
 

CANARD 12%
 

THERMAL PROTECTION SYSTEM 20%
 

AVIONICS 15%
 
ENVIRONMENTAL CONTROL 15%
 

REACTION CO1TROL SYSTEM 15%
 

ROCKET ENGINES
 

1st STAGE THRUST/WEIGHT = 120 

2nd STAGE THRUST/WEIGHT = 80 

4.2 HLLV CONFIGURATION
 

The reference HLLV configuration is shown in Figure 4.2-1 in the launch
 
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 lb with a payload capa
bility of 510,000 lb to the reference earth orbit. A summary weight statement
 
is given in Table 4.2-1. 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/LHz
 
propellants are crossfed from the booster to achieve the parallel burn mode.
 
Approximately 1.6 million pounds of propellant are crossfea from the booster
 
to the orbiter during ascent.
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BOOSTER . ORBITER 

72.0 M 

lit:BOOSTER - ORBITER 102. M 

62.63 M I 

660M 

Figure 4.2-1. Reference HLLV Launch Configuration
 

6
 
Table 4.2-1. HLLV Mass Properties X 10-

KG LB 
GLOW 7.14 15.73 

BLOW 4.92 10.84 

Wpi 4.49 9.89 

ULOW 2.22 4.89 

Wp2 1.66 3.65 

PAYLOAD 0.23 0.51 

4.2.1 ULLV FIRST STAGE (BOOSTER)
 

The HLLV booster is shown in the landing configuration in Figure 4.2-2.
 
The vehicle is approximately 300 feet in length with a wing span of 184 feet
 
and a maximum clearance height of 116 ft. The nominal body diameter is
 
40 feet. The vehicle has a dry weight of 1,045,500 lb. Seven high Pc 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 lb
 
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 Pc staged combus
tion LOX/LH2 rocket engines with a nominal sea level thrust of 1.19 million lb
 
each.
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*CROSS FEED, DUAL DELTA 
DRY WING, L/D =7.5 

N.° 62.63 M 

80 0 M 
RP-1 TANK ROCKET ENGINES - 7 REO'D 
RVOL= 1181.o m TOTAL THRUST =71.441,960 NIS L) 

VOLV-
VOL 

M3 
....4M 

O44 1
'T92.7KG AIR BREATHER 

LH2TAK- 275 8FLYBACK VO 

WTH-145.830 VOL -21687"-3,300,39(G 1. L0TANKENGINES-a8 
.36 M 

REO'DYTOTALTHRUST 
711,715E 

.. E) , 06.h -6095 M 

-_- _ 1223O 
-91.728M .A ... 

Figure 4.2-2. HLLV First Stage (Booster)
 
- Landing Configuration
 

Table 4.2-2. HLLV Weight Statement
 
kgXlO- 3 (lbxlO- 3) 

SUBSYSTEM 2ND STAGE IST 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 1.39 (3.07) 2.21 (4.87)
 
TPS 52.59 (115.94)
 
CREW COMPARTMENT 12.70 C28.00) **
 
AVIONICS 3.86 (8.50) 3.40 (7.50)
 
PERSONNEL 1.36 (3.00) ** 
ENVIRONMENTAL 2.59 C 5.70) ** 
PRIME POWER 5.44 (12.00) *,
 

HYDRAULIC SYSTEM 3.86 ( 8.50) **
 
ASCENT ENGINES 26.93 (59.38) 67.A5 .(148.70)
 
RCS SYSTEM 9.59 C21.1) ** 
LANDING GEARS 18.38 C40.51) ** 
PROPULSION SYSTEMS 44.99 (99.18)
 

-4.59
ATTACH AND SEPARATION C10.12)
 
APU 0.91 o2.00)
 
FLYBACK ENGINES 28.55 (62.95)
 
FLYBACK PROPULSION SYSTEM 18.39 C40.54)

SUBSYSTEMS 25.76 (56.80)
 
DRY WEIGHT 286.99 (632.71) (909.12)
 
GROWTH MARGIN (15%) 43.05 ( 94.91) (136.37)
 
TOTAL INERT WT. 330.04 (727.62) (1045.49)
 

*INCLUDED IN FUSELAGE WEIGHT
 
**ITEMS INCLUDED IN SUBSYSTEMS
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Table 4.2-3. HLLV Propellant Weight Summary x 10 
- 6 

USABLE 

CROSSFEED 

TOTAL BURNlED 

RESIDUALS 

RESERVES 

RCS 

ON-ORBIT 

BOIL-OFF 

FLY-BACK 

FIRST STAGE 
LB KG 

9.607 4.358 

1.612 0.732 

7.995 3.626 

o.oho O.O18 

0.045 0.020 

0.010 0.005 

- -

- -

0.187 0.085 

SECOND STAGE 
LB KG 

3.48I 1.579 

(1.612) (0.731) 

5.093 2.310 

0.020 0.009 

0.024 0.011 

0.018 0.008 

0.095 0,043 

0.010 0.005 

- -

TOTAL LOADED 9.889 4.486 3.648 1.655 

CROSS FEED, DUAL-DELTA 
DRYWING, L/D =7.5 

.47.46 -

CRCEW COM 
CARGO BAY
VOL -249 93 m3 

ROCKET ENGINES -4 REO'D
TOTAL THRUST - 21.129.050 N (S-.1 

VOL= 8494 M3 WT = 226,757 KG L02 TANK 
LI- 2 TAK VOL '26926 m 3 

VOL3_4824 M 3 
WT' 1"4O7,714 KG 21.0129DA 

WT=34.19K - 35 42 M(REF) 

- 7.974 

29.028 6218
 

Figure 4.2-3. HLLV Second Stage (Orbiter; 
- Landing Configuration 

The cargo bay is located in the mid-fuselage in a manner similar to the
 
STS orbiter and has a length of approximately 90 feet. The detailed weight
 
statement and a propellant summary for the orbiter is included in Tables 4.2-2
 
and 4.2-3 respectively.
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4.3 HLLV PERFORMAN4CE
 

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 31.60. The engine performance parameters used in the analyses
 
-aregiven in Table 4.3-1.
 

Table 4.3-1. Engine Performance Parameters
 

ENGINE SPECIFIC iMPULSE (SEC) MIXTURE RATIO THRUST/WEIGhT

SEA LEVEL VACUUM
 

LOX/RP GO CYCLE 329.7 352.3 2.8:1 120
 

LOX/CH, GG CYCLE 336.9 361.3 3.5:1 120
 
LOX/LH2 STAGED COMB. 337.0 466.7 6.0:1 80
 

The vehicle relative staging velocity is 2127 m/sec (6978 ft/sec) at an
 
altitude of 55.15 km (181,000 ft) 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 throttling 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 Tables 4.3-2 and 4.3-3. The
 
computer CRT data are provided in Figure 4.3-1 through 4.3-35.
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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 4.3-2. First Stage Specific Impulse vs Time
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DATE 02/19/79 *04103590201 
t ST Y CASE 5 021979 0006SATELLITE POIR SYSTEM (SPS).COCEPT FINITICN 

7 RIC 100 ATfDSPR-C TRACTY 

- I :: - --- s I 
H 60/- -
L 
H 

T 

- -44 --- +---7::L---

K H 401 
F 

P 
E 

0
 

0 5 log-- 1S ---- 1 200100 200 
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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 
Altitude vs Time Weight and Range vs Time 
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DATE 02/19/79 404103590201 

SATELLITE Pa(ER SYSTEM (SPF) CaCtEPT DEFINITION STLnY CASE 65 021979 0007 

5 _ATtflSPfRIC TRAECT&.. 7 ATtrJSFfRI TRA..gCTcRY 

0 
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TIME SEC TIE C 

Figure 4.3-7. Second Stage Figure 4.3-8. Mach Number
 
Thrust vs Time U. vs Time I I 
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Figure 4.3-9. Normal and Figure 4.3-10. Q and QV
 
Total Load Factor vs Time vs Time
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DATE 02119179 *0-103590201 
CASE 5. 021973 0008
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Figure 4.3-11. Lift and Figure 4.3-12. a, 6 and 
Drag vs Time GQ vs Time 
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Figure 4.3-13. Relative Velocity Figure 4.3-14. Body Attitude
 
and Q vs Altitude vs Time 
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DATE 02/19/79 '04103590201
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Figure 4.3-15. Inertial Velocity Figure 4.3-16. Flight Path 
vs Time Angle vs Time 
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Figure 4.3-17. Altitude Figure 4.3-18. Total Load
 
vs Time Factor vs Time
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DATE 02/19/79 °ul03590201 
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Figure 4.3-19. Weight vs Time Figure 4.3-20. Thrust Attitude 
vs Time 
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Figure 4.3-21. Total Thrust Figure 4.3-22. Dynamic Pressure
 

vs Time vs Time 
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DATE 02119/79 *04103590201 
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Figure 4.3-24. Total Th1rust vs Weight 
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Figure 4.3-26. 
Angle vs 

Flight Path 
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Figure 4.3-29. Weight vs Time Figure 4.3-30. Thrust Attitude
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PICTLR.L VIEW OF THE FLYBACK KtWEtIR OCT-E H-LV BOOSTER (SPS SLOY) 

Figure 4.3-35. First Stage Flyback Trajectory 
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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 Sensitivity
 

* Second Stage Propellant Weight Sensitivity
 

• Lift-off Thrust-to-Weight Sensitivity
 

* Alternate First Stage Propellants (LOX/CH4 and LOX/LH2 )
 

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 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 100% 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/CH4 and LOX/LH2 , show 7% and 37% 
increased performance over the reference HLLV configuration. The LOX/LH2 
configuration, however, becomes extremely large (volume) and less cost 
effective because of handling and propellant costs. The LOX/CH4 booster 
appears to be i viable option. 
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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 to place the SFS mass in CEO 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 cargo
 
transfer from LEO-to-GEO. This study phase was directed toward better def
inition and a degree of optimization of the EOTV 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 structure/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
 
SPS, mounted in 6 locations as indicated. Payload attach platforms are located
 
so that loading/unloading operations can be conducted from "outside" the light
 
weight structure.
 

DETEPJ.INATION SYSTEM
 
(6LOCATIONS) 1300M
 

SATnITUDE 

Figure 5.1-1. 	EOWV Configuration
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5.1.1 EOTV 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.
 

Table 5.1-1. EOWV Sizing Assumptions
 

* LEO ALTITUDE - 487 KM§ 31.60 INCLINATION 

* SOLAR INERTIAL ORIENTATION
 

* LAUNCH ANY TIME OF YEAR
 

5700 M/SEC AV REQUIREMENT
 

* SOLAR INERTIAL ATTITUDE HOLD ONLY DURING OCCULTATION PERIODS
 

* 50* PLUME CLEARANCE
 

* NUMBER OF THRUSTERS - MINIMIZE
 

20% SPARE THRUSTERS - FAILURES/THRUST DIFFERENTIAL
 

* PERFORMANCE LOSSES DURING THRUSTING - 5t
 

• ACS POWER REQUIREMENT - MAXIMUM OCCULTATION PERIOD 

ACS PROPELLANT REQUIREMENTS - l00t 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 requirements.
 

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 periods. A very conservative duty
 
cycle of 100% was assumed for establishing ACS propellant requirements. A 25%
 
weight growth margin was applied as in the case of the SPS.
 

5.1.2 EOTV 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.
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Table 5.1-2. EOTV Sizing Approach
 

" SAME CONSTRUCTION/CONFIGURATION AS SPS
 

* PAYLOAD CAPABILITY ; 4x1O6 KG UP/lOt DOWN 

• SELF-ANNEALING SOLAR CELLS (GaAIAs)
 

* TRIP TIME LEO-TO-GEO - 120 DAYS
 
. GEO-TO-LEO < 30 DAYS
 

• END-OF-LIFE PERFORMANCE CRITERIA - .StDEGRADATION 

* SAME CRITERIA USED FOR Si EOTV CONFIGURATION
 

The payload capability of 4x10-6 kilograms is consistentwith previous
 
study results which indicated minimum transportation costs based on 8 to 12
 
EOTV flights and LEO-to-GEO trip times between 100 and 130 days (see Trade
 

Studies). A 10% down payload capability is provided in 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 annealing 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 EOTV 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 - MAXIMUM TOTAL VOLTAGE 

* GRID VOLTAGE (PLASMA LIMITED) - SPECIFIC IMPULSE 

* *IUMBER OF THRUSTERS - BEAM CURRENT/DIAMETER/THRUST 

* TRIP TIME - PROPELLANT WEIGHT/PAYLOAD WEIGHT 

*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 15% were assumed which yields a net power to the thruster arrays of
 
268.1 megawatts. The thruster array lodses 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.
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The practical upper operating temperature limit of 19000 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
 

1/OUTPUT +16,000]\ / /VOLTS 
_.. S- ELECTRONJICOLLECTION<\104 / , +2,000 

•n .VOLTS 
£ 	 103 N\ 

0 io 	 -16,000102V 	 LTS1 
1, ION 

COLLECTION0210 	 I - 2,000 

VOLTS 

I (1) 	REFERENCE: KENNERUD, K.L. 
HIGH VOLTAGE SOLAR ARRAY EXPERIMENTS. 
NASA LEWIS RESEARCH CENTER 

I DOCUMENT CR-121280 1974 

1
0- 1 I 
100 1,000 10,000 100,000
 

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 LEO 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 

* SEAM CURRENT - 1887 AMP 

* SPECIFIC IMPULSE - 8213 SEC 

*THRUSTER DIAMETER - 76 CM
 

* THRUST/THRUSTER - 69.7 NEWTON 
* NUMBER OF THRUSTERS - 144 (INCLUDES 25% SPARES)
 

* MAXIMUM OF 64 THRUSTERS OPERABLE SIMULTANEOUSLY 

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 EOTV 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 (4) 96,685
 
THRUSTERS/STRUCTURE 10,979
 
CONDUCTORS 4,607
 
BEAMS/GIMBALS 2,256
 
PROPELLANT TANKS 78,843
 

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

EOTV INERT WEIGHT 871,753
 
25% GROWTH 217,938
 
TOTAL INERT WEIGHT 1,089,691
 
PROPELLANT WEIGHT 666,66o
 

TRANSFER PROPELLANT 655,219
 
ACS PROPELLANT 11,441
 

EOTV LOADED WEIGHT 1,756,351
 
PAYLOAD WEIGHT 5,171,318
 
LEO DEPARTURE WEIGHT 6,927,669
 
PROPELLANT COST DELIVERED ($/KG P/L) 4.72
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EOTV DRY WT. - 1.1106 KG 
EOTV WET WT. - l.76x106 KG 
PAYLOAD WT. - 5.17,I06 KG 

T~~OOQO36 INCLUDES 25%' 

000 SPARES 

igure 5.1-3. Selected E Confguration
.V 


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 control system weight, (the power supply)
 

is based on the same sizing criteria as the SPS 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
6 kg and
 

has a payload delivery capability to GEO of 5.17×106 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).
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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, conductors, and overall EOTV
 
izing. These data are contained in Appendix C. The results of selected
 
rade studies are summarized herein.
 

.2.1 SOLAR ARRAY VOLTAGE, GRID TEMPERATURE, NUMBERS OF THRUSTERS
 

The effects of lowering the total solar array voltage from the baseline
 
f 8300 volts to 5500 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 EOTV 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
 
f 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 reduced by 50%,
 
hus doubling the unit beam current and thrust. The thruster diameter in
reases to 108 cm with no significant change in thruster array weight. The
 
igher thrust appears to be disadvantageous 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
 
iso trip time are summarized in Table 5.2-1. As may be seen the relative
 
ropellant costs between configuration llA and 11B show an increase with a
 
ecrease in trip time from the baseline. Configuration 12 also shows an in
rease in cost wifh increased numbers of thrusters with lower accelerating
 
oltage. Although configuration llA appears to be more efficient than the
 
aseline, it is noted that only 10% spare thrusters and a 15% weight growth
 
as allowed in these configurations. When these corrections are made, all
 
hree configurations exceed the baseline selection.
 

.2.2 POWER DISTRIBUTION AND CONTROL WEIGHT
 

A simplified block diagram, Figure 5.2-1, illustrates the EOTV power dis
ribution interface for the solar photovoltaic concept. The distribution sub
ystem consists of interties, main feeders, summing bus, tie bar, switch gears, 
nd dc/dc converters. The solar arrays feed the load buses with a direct 
nergy 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 dc. 
.ndividual power supplies will be included as required at the thrusters to
 
;upply other voltages.
 

Figure 5.2-2 shows the power distribution and control weight comparisons
 
!or several EOTV configurations 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 operations. The lowest weight
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Table 5.2-1. sOTV 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
 
GRID SET TEMP., °K 1300 1300 1300
 
NO. (INCLUDING 10% SPARES) 116 116 180
 

TRIP TIME, DAYS
 

LEO-GEO 100 80 100
 
GEO-LEO 22.3 20 20.9
 

PROPELLANT, KG (659,739) (540,766) (1,009,000)
 
LEO-GEO 532,444 425,952 824,636

GEO-LEO 118,712 107,186 171,930
 
ACS 8,583 7,628 12,434
 

EOTV WEIGHTS, KG
 
SOLAR ARRAY & COND. 588,196 588,196 588,196

THRUSTER ARRAY 112,586 96,469 200,386
 
POWER SUPPLY 60,413 67,029 54,524
 
TOTAL DRY WT. (INCL. 15% 875,374 864,448 969,578
 

GROWTH)
 
*PAYLOAD WT., KG 5,456,250 4,186,384 6,758,069
 

*PROPELLANT COST (DELIVERED) 4.51 4.81 5.57
 
($/KG PAYLOAD)
 

-Based on 10% down payload capability.

**Rockwell reference configuration-$4.72
 

(-4= VOLTS),(+ 0 VOLTS) 

CONDITIONER ill:~SUMMINGSS -

S/A"T JYAI FrEIAR_ L 

S/A IT, ; 

-(~4
ooVOtSi 

Figure 5.2-1. EOrV Power DistributionSimplified Block Diagram 

5-8
 

SSD 79-0010-4
 

http:configuration-$4.72


Satellite Systems Division Rockwell 
Space Systems Group International 

7 1 

CONFIGURATION ~ L' i I.3 
_44 iTl. -a4)~l 

CELL MAT'L 
CR 

GoAs 
2 

- I SILICONNI1 
TRANS. VOLTAGE +2080V _I -6300V -6300V 
PANEL CONFIG. SPLIT 

2 PANELS 
SPLIT 
4 PANELS 

SPLIT 
4 PANELS 

SPLIT 
2 PANELS 

SPLIT 
4 PANELS 

SPLIT 
2 PANELS 

SPLIT 
4 PANELS 

WEIGHTS (106 KG) 
INTERTIES 221,940 67,260 177,550 177,550 177,500 19,540 19,540 
MAIN FEEDERS 144,520 119,230 57,810 57,810 57,810 22,850 83,740 
SUMMING BUS 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 2,290 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 

NCTE CRC~TION F..C(PS 

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 for the lowest weight ap
proach and results in a weight penalty 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 problems in the plasma environment.
 

5.2.3 GALLIUM ARSENIDE VERSUS SILICON SOLAR CELLS
 

A comparison was made of the EOTV 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/m2) and requirement for large area
 

2
(1,704,242 m vs 886,950 m2). The impact of reflector weight on the GaAs
 
configuration is negligible.
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_3000 

9
lO 50M- -

GaAs CONFIGURATIONS -< SILICON CONFIGURATIONS 

PARAMETER GaAs SILICON 

2
SOLAR INPUT 1319,5 W/M 13t9.5 W/M 2 

LNLRGY ONTO CELLS 2414.7 (CR 1.83) 1319.5 (CR - 1) 
(" 424.98 (17.6%) 221.17 (16.74%) 

DESIGN FACTOR 278.24 (.89) 196.85 (.89) 
POWER OUTPUT (ARRAY)() 335.48 MEGAWATTS 335.48 MEGAWATTS 

NOTE: AREA REQM'T 886,950 M2 1,704,242 M2 

ARRAY AREA 900,000 M2 1,800,000 M2 

()NO SPACE DEGRADATION ARRAY WEIGHT (KG) 223,511 (.252 KG/M 2) 725,904 (.426 KG/M 2)
ALLOWANCES REFLECTOR AREA 2,210,000 M2 -

REFLECTOR WEIGHT 40,000 KG -

SUBTOTAL 263,511 KG 725,904 KG 

Figure 5.2-3. ROTV Solar Array Comparisons
 
(GaAs versus Si 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 prohibitive propellant requirement for chemical
 
thrusters, even when used in the ACS mode only.
 

The Rockwell EOTV 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 to minimize ACS requirements.
 

Thruster redundancy in each thruster array was also considered to preclude
 
thruster exhaust impingement on the solar array.
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Table 5.2-2. GaAIAs and Silicon Powered EOTV
 
Weight Comparison (kg)
 

ELEMENT 

SOLAR ARRAY 

THRUSTER ARRAY 


ATTITUDE CONTROL SYSTEM 


EOTV INERT WEIGHT 


GROWTH - 25% 


TOTAL EOV INERT WT. 

DELTA V PROPELLANT 


ACS PROPELLANT 


TOTAL EOTV LOADED WT. 

PAYLOAD WEIGHT 


LEO DEPARTURE WT. 


TRIP'TIME (UP/DOWNI 


GaAIAs SILICON 

493,056 1.032,991 

104,046 113,355 

50.471 50,576 

647,573 1,196,922 

161,893 299,231 

809,466 1,496.153 
540,420 593.170 

6,874 7,471 

1,356,760 2,096,794 
5,310,568 4.570.534 

6,667,328 6,667.328 

120116 120128 

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 determination for the reference EOTV configura
tion described earlier.
 

Table 5.2-3. Preliminary Moments of Inertia
 

e ECTV REFERENCE CONFIGURATION 

MOMENTS OF INERTIA.
KG-M 2 X 10" 

IX Iy IZ 

INERT EOTV WITHOUT 
PAYLOAD & PROPELLANT 3.0 .51 3.5 

EOTV FULLY LOADED 

* PAYLOAD CONCENTRATED 
ON EACH SIDE AT '1/2 6.94 4.43 t.37 

a PAYLOAD DISTRIBUTED 
ABOUT C.M. 6.96 1.21 8.14 

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.
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1/4 /2 314 1
 

0 11,4 1/2 3/4 1.0 

Figure 5.2-4. Typical Gravity Gradient Torque Curves 

Based upon average gravity gradient torques, the number of thrusters re
quired were determined for two vehicle orientations, three beta 'angles, and 
two payload locations. The calculated thruster requirements are summarized 
in Table 5.2-4. 

Table 5.2-4. Thruster Requirements in Shadow* 

" LONG AXIS INITIALLY POP 

AVERAGE NO. THRUSTERS 

BETA PAYLOAD DISTRIBUTED PAYLOAD CONCENTRATED 
(DEG) ABOUT C.M. ON EACH SIDE AT U2 

10 8.6 23.0 

30 16.2 19.9 

45 1B.2 1 7.7 

" LONG AXIS INITIALLY INORBIT PLANE 

10 15.2 15.6 
30 16.0 20.9 
45 19.9 23.3 

-BASED ON 487 KM ALTITUDE 
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
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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 

I-I 

I- -CAN REDUCE IMPINGEMENT 
PROBES BUT REQUIRES
8 CLUSTERS (VS 4) 

_______________-REDUCES IMPINGEMENT CON~STRAINTS, 
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 on solar blanket efficiency with off-set pointing
 
is shown in Figure 5.2-6.
 

Although alternate configurations are recommended for future evaluation,
 
the current concepts are adequate for this phase of program definition.
 
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 EOTV's
 
having differing LEO-to-GEO trip times on a $/kg-of-payload, basis. Although
 
the number of EOTV 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.
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Figure 5.2-6. Partial Solar Pointing
 

Table 5.2-5. ACS Trade Study Results
 

" 	LONG AXIS INITIALLY POP WITH PAYLOAD DISTRIBUTED ABOUT C.M. IS THE 
PREFERRED ORIENTATION 

* 	FOR ATTITUDE HOLD IN SHADOW PERIOD, THE AVERAGE NUMBER OF THRUSTERS 
IS 8.6 FOR LOWfl AND 18.2 FOR WORST-CASEfi. 

* PRESENT THRUSTER CONFIGURATION OF FOUR CLUSTERS REQUIRES 36 THRUSTERS 
PER CORNER INCLUDING 20% SPARING; COSINE LOSSES IN VERTICAL PLANE DUE 
TO 150 PLUME CONSTRAINT (APPROX. WORST CASE COSINE LOSS * 12%) 

* 	PARTIAL SOLAR POINTING ATTRACTIVE FOR HIGH P ORBITS 

* 	CONSTRAIN MISSION TO REDUCE MAXIMUM 6 (AND CONTROL REQUIREMENTS)
APPEARS FEASIBLE; REQUIRES FURTHER MISSION ANALYSIS TO DEFINE 
MAXIMUM.8 

* 	 INVESTIGATE 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-GEO TRANSFER 

Total Trip Times Thruster Burn Times 
(Days) 	 (Days)
 

30 	 20.8
 
60 	 47.0
 
90 73.2
 

120 99.4
 
150 125.7
 
180 151.8
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Table 5.2-6. Basic Equations Used in Analysis
 

THRUSIER PROPELLANT FLOW RATE 

. T
 
g9sp 

* 13.02(9.8065)(13, 000) 

* 10.213 x10 5 

ELECTRIC COTV GROSS WEIGHT INLEO 

Mp - MASS OF PROPELLANT (LEO-TO-GEO) 

MI, * MASS REMAINING INGEO AFTER EXPENDING PROPELLANT M 

- INITIAL COTV MASS IN LEO 
/ AV \ 

MD " Mf isp -1) WHERE AV" 4.508 m/sec (NO PLANE CHANGE) 

Mi 


MD " 0.03606 Mf 

Mi • Mp +Mf-28.73Mp 

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:
 

GEO-TO-LEO 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 EOTV 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 EOTV operations cost variable is introduced to account for the
 
slightly higher degree of activity at the LEO 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.
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Table 5.2-7. Sizing the EOV - Payload Mass Capabilities 

LNON-VARIABLE COTV MASSES (KG)]
 

STRUCTURES AND SUPPORTS 252,000
 
SOLAR BLANKETS 226,800
 
REFLECTORS 25,200
 
THRUSTER MODULES 32,400
 
ROTARY JOINT 6,540
 
PWR DISTRIB. & CONTROL 46,500
 
INS 11,400
 
ACS HARDWARE (ALL) IO,800
 
ACS PROPELLANT - LEO 10 8c0
 

+30% GROWTH MARGIN 186 730
 
8059,170
 

LED-TO-GEO TRIP TIMES
 

ITRIP-TIME VARIABLE MASSES (KG) 30 DAYS 60 DAYS 90 DAYS 120 DAYS 150 DAYS 180 DAYS 

LEO-TO-GEO ARGON PROPELLANT 42,210 95,390 148,560 201,740 255,110 308,080 
CEO-TO-LEO ARGON PROPELLANT 28,460 28,880 29,300 29,720 30,140 30,560 
ARGON TANKAGE/LINES 14,130 24,860 35,570 46,290 V,050 67,730 
ACS FLIGHT PROPELLANT 5,400 10,00 16,200 21,600 27,000 32,400 

SUBTOTAL 90,200 159,930 229,630 299,350 9.300 -3770 
NON-VARIABLE COTV MASS 809.170 809.170 809,170 809,170 809,170 809,170 

ELECTRIC COTV MASS 899,310 969,100 1,038,800 1,108,520 1,178,470 1,247.940 
GW IN LEO 1,221,740 2,751.620 4,281,230 5,811,110 7,346,46o 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 Comparisons
 

HLLV PAYLOAD COSTS TO LEO * $301K PAYLOAD 
HULV PAYLOAD INTEGRATION PENALTY OF 10% 
HLLV ADDITIONAL PAYLOAD INTEGRATION PENALTY OF 207 FOR PROPELLANT 

CONTAINMENT
 
EOTV RESUPPLY PROPELLANT COSTS AVERAGE $IIKG
 
EOTV THRUSTER GRIDS REPLACED AFTER 4,000 HOURS BURN TIME
 
EONV THRUSTER GRIDS WEIGH 4 KGIGRID AND COST $SSOOGRID 
EOTV "LIFE" IS DEFINED AS 100% REPLACEABLE AND ISBASED ON EOTV
 

FLIGHT TIMES USING 3W-DAY YEARS 
EOTV OPERATIONS COST VARIABLE IS $200,000 FOR EACH FLIGHT TURNAROUND 
EOTV INITIAL ON-ORBIT CO-STIS $15BxIO6 
SATEITE INVESTMENT AT $5409 
DISCOUNT RATE IS 7.5h 
EOTV TURNAROUND TIMES AS LISTED: 

LEO-TO-OEO TURNAROUND
 
TRIP TIMES TIMES
 

30 DAYS 57.6 DAYS 
60 DAYS 94.1 DAYS 
90 DAyS 130 6DAYS 
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-GEO
 
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-

GEO 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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EXAMPLE CALCULATION' 180-DAY LEO-TO-GEO TRIP TIME CASE - PAYLOAD = 7,622,370
 

RESUPPLY:
 
HLLV OPERATIONS COSTS
 
. ALL PROPELLANTS (3Q5,060 KG) - 1.1 (PAYLOAD INTEGRATION)


1.2 (CONTAINMENT) x $30/KG (LAUNCH TO LEO) = 515,249,170 
" GRID MASS REPLACEMENTS (4 KG/GRID X 270 GRIDS x 1.3 GROWTH) 

x (166.9 BURN DAYS - 24 HRS/DAY ' 4,000 HRS)x 1.1 (P/L) x $30/KG - 46,400 
$15,295,570
 

= $2,007/KG PL
 

MATERIALS/PROPELLANT COSTS 
" PROPELLANT MASS 38!,-"d0) x $1/KG $385,080 
" THRUSTER MODULE REPLACEMENT GRIDS 135,190 

$520,270
 

= $0.o68/KG PL 

SPACE OPERATIONS:
 

TURNAROUND COSTS
 
* AT $200,000 PER FLIGHT, DIVIDED BY PAYLOAD - $0.026/KG PL
 

TALL
TRP',TIL LA_,_
 

LEO-TO-GEO TRIP TIMES 

30 DAYS 60 DAYS 90 DAYS 120 DAYS 150 DAYS 180 DAYS 

RESUPPLY 

SPACE OPE

- HLLV OPERATIONS 
- MATERIALS/PROP. 
RATIONS 

$11.O99 
$ 0.367 
$ 0.620 

$3.322 
$0.111 
$0212 

$2.550 
$o.066 
$0.062 

$2.255 
50.076 
$0.043-

52.101 
$0.071 
S0.032 

52.007 
So.068 
So.QO2 

TOTALS $12.086 S3.545 $2.698 $2.3/4 $2.204 52.101 

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 100% 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. Note that a 10-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 programnbuy, and 
vehicle life. For this analysis it was assumed that the average vehicle cost 
in place - would be $150x106 regardless of the total numbers purchased. The 
example shown in Figure 5.2-9 is for a 5-year vehicle "life" 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 10-year 
life point was plotted for the 60-day trip-time, it would appear at $9.15 f on 
the ordinate and 18.728 years on the abcissa, but the-initial fleet complement 
investment point would remain unchanged. 
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EXAM iIE CALCULATION FOR I8l-DAY IFO-TO-F' TRIP TIMF 

LIFE OF VEHICLE IS 8.89:33 FLIGHTS 

DURING TIlE VEHICI,E LIFE, IT WILL TRANSPORT 8.8933 x 7,622,370 KG = 67,78S,020 KG. 
TIE PROGRAM REQUIREMENTS ARE 120 SATELLITES AT ,10 x lOb KG EACH DIVIDED BY 
67,788,020 KG YIELDS THE REQUIRED PROGRAM BUY OF 71 VEHICLES 

* ASSUMING THAT A SINGLE SATELLITE MASS OF 40 x 106 KG MUST BE DELIVERED DURING A 
90-DAY INCREMENT, THEN THE FLEET SIZE REQUIREMENT IS 90 DAYS DIVIDED BY TURNAROUND 
TIME OF 240 DAYS TIMES THE PAYLOAD = 2.858,390. THIS IS TIlE EQUIVALENT PAYLOAD 
DELIVERED BY ONE VEHICLE OVER 90 DAYS. SINCE 40 x 106 KG IS REQUIRED, THEN DIVIDE 
BY TILE EQUIVALENT PAYLOAD TO GIVE A FLEET SIZE OF 14 VEHICLES. 

ELECTRIC COTV LEO-TO-GEO TRIP TIMES
 

30 DAYS 60 DAYS 90 DAYS 120 DAYS 150 DAYS 18 DAYS 

CALCULATION 79.112 23.162 17.902 15.793 1 1.692 I1017 
FLEET SIZES ROUNDED 80 24 Is I G 15 14 

CALCULATION 422.703 121.626 91 783 80. 110 7-1.4-19 70.809 
PROGRAM BUY ROUNDED 123 122 92 8l 75 71 

Figure 5.2-8. Electric EOTV Fleet Size and Program Buys 

CUMULATIVE INVESTMENTS TOTAL PROGRAM BUY
 

(BILLIONS OF DOLLARS) & LAST PURCHASE $18.30 B
 

2.213 YR
 

i8
IS
 

LE$ TO GEO$ $38
i/ - TRIP TIME CASES 

(DAYS) / 24.149 YR
 

$13.15 B
 
12 - 9024.108 YR
 

120- $11.25 B
 
" 
150 24.080 YR
 

to - 80- $10.65 B
 
24.061 YR
 

INITIAL FLEET 8
 
COMPLEMENT BUY
 
IS BILLIONS) 6
 

2.70 .
 
2.404
 

2.10 

-6 -4 -2 G 2 4 6 8 10 12 I 16 I8 20 22 24 26 
YEARS FROM FIRST SPS IOC 

Figure 5.2-9. EOTV Capital Investment Streams
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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 differences are tabulated. 

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

(1) SATELLITE CAPITAL INVESTMENT
 

LEO-TO-GEO TRANSFER TIMES SIOULD BE CONSIDERED AS PERIODS OF TIME DURING 
WIIICII TILE INTEII:ST ON A CAPITAL INVESTMENT (E.G., TilE SATEL1.LIT. VALUED 
AT APPROXIMATELY $5 BILLION) IS LOST. FOR EXAMPLE. TilE "INTEREST LOST" 
FOR A 18-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 INVESTI]ENT STREAM AND THE DIFFERENCES 
IN $/KG PAYLOAD (AGAINST TIlE LOWER COST CASE-E.G., THE ISO-DAY TRIP-
TIME CASE) WERE ESTABLISHED.
 

LEO-TO-GEO TRIP TIMES 

30 DAYS GO DAYS (10DAYS 120 DAYS 150 DAYS 180 DAYS 

INTRS L 0.755 1.516 2.280 3.050 3.824 4.,(0: 

COTV INVEST-
MF.NT A,'.

($1KG) 
40.128 5.877 2.403 1.158 (. 192 -

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-GEO trip-times. These results are encouraging from
 
the standpoint of long-duration transfer palatability. Within reasonable
 
bound and for 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 5 YEARS 

10 YEARS 
15 YEARS 

8
 

7
 

6 

- 30-DAY MINIMUM 
COST RANGES 

30 60 90 120 150 180 

LEO-TO-GEO TRIP TIMES (DAYS) 

Figure 5.2-11. Electric EOTV Cost Comparisons
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6.0 ON-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/LH2) 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 to the SPS construction base in GEO; (2) the need to move
 
materials about the SPS construction base; and (3) the probable need to move
 
men or materials between operational SPS's. Clearly the POTV, used for trans
fer of personnel from LEO-to GEO 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 synthesized to satisfy the cargo transfer application from HLLV-EOTV-SPS
 
base in order to quantify potential on-orbit propellant requirements. This
 
transportation element has been designated intra-orbit transfer vehicle
 
(IOTV).
 

Sizing of the IOTV was based on a minimum safe separation distance be
tween EOTV 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. XOTV Weight Summary
 

SUBSYSTEM WEIGHT (kg) 

ENGINE (I ASE) 245 
PROPELLANT TANKS 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 878 
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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 LEO; 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 defined Space
 

Shuttle Transportation 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 

F 76.6 F 
OVERALL 

ET 1628K LB (LIFTOFF) 142F
 
SRB 2573K LB (LIFTOFFOVAL
 

GROSS LIFTOFF WEIGHT=- 
4416K LB - 32K LB PAYLOAD *
 

TO SO X lOG IN!lAT 104 DEC LESS EXTERNA~L II(SULATION
 

INCLINAT ION 

Figure 7.1-1. Baseline Space Shuttle Vehicle
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RSS rT = 37v LB 

POOP 4T = 715K Lq 

1IEPT T z ;56< LS 

- a-- - ~ ~ SSqE 3, AC 

LAUNCH CO':FIG0JATION 416 SEC S.-., 
PAYLOAD = IOK LS SLOW = 3 670' ,L2 b: 

156 FT 

20.0 FT OIA I
 

2TANK "1 4____}

(10l2 TK 118 -3fK61 (I 

KETS - \L :ND G ROC, LA-- G P CKETS "/ -/ / \ ,/ ,/ ESE3
 
ROS FLOTATI3N STOWAGE ' 

'A'ACHUTE ST3NAGE/ 

Figure 7.1-2. LO2/LHz 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 ib).
 

The STS-derived heavy lift launch vehicle (STS-HLLV), employed in the
 
precursor phase of SPS, 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 functions. The PAM may be recovered ballistically or,
 
preferably, 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 LRB 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 La2 and 46,000 kg of LH2),
 
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 LH2 tank to be located forward since the
 
insulation system, which must be internal to avoid water impact damage, is not
 
compatible with L02 . In addition, the thickness of insulation required on the
 
LH2 tank is about two times that required to maintain propellant quality.
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Table 7.1-1. Shuttle LRB Unique Design Features 

ORBITER ICE DAMAGE LH2 TANK FWD, INSULATED TO PRECLUDE ICE
 

AVO IDANCE
 

. RCS TO ORIENT BOOSTER
ENTRY 

P CLAMSHELL COVERS FOR ENGiNE PROTECTION
P HEAT SINK STRUCTURE
 

* PARACHUTES & RETRO-SUSTAINER ROCKETS
 
WATER LANDING INTERNAL LH2 TANK INSULATION
 

PROVISIONS * RCS FOR WAVE ALIGNMENT
 
* REINFORCED STRUCTURE
 
" AVIONICS TO CONTROL LANDING
 

* CLAMSHELL COVER FOR ENGINE PROTECTION
WATER PROTECTION
WPROTEIO N SEALED STRUCTURE
 
P FLOTATION BAGS FOR ORIENTATION
 

RECOVERY -. RADIO BEACON AND LIGHTS
 

PROVISIONS * 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 LH2 tank and the L02 tank,
 
with-a common bulkhead similar to the Saturn S-II 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 locations 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, internal 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 LH2 tank, and engine thrust structure.
 
The LHZ and L02 tank walls and domes are structurally sized for maximum
 
internal tank pressures. Equivalent 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
 
and free-standing on the launch pad. The ET attachments thrust structure are
 
designed 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 LIQUID 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.) 

35.1EXPANSION AREA RATIO 

CHAMBER PRESSURE, PS[A 	 3230 

6.0:1MIXTURE RATIO 

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 105 
63NOZZLE EXIT 

Figure 7.1-4. Liquid 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 control 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.
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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 end 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. Utilizing 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 recovery system is shown in Figure 7.1-6.
 

PITCHOVER 

ENGINE COVER 
CLOSED N 

RCSIN{ITIATES i 

OOSTER 

SEPARTION 

PITCHOVERTURNAROUND TIME: 

SSME: 15 CALENDAR DAYS 
SSBE: 17 CALENDAR DAYS 

1PPO 

'T OEPLOY.mA" 
INFLATE i CrUT£S 
AIR SAGS 

1 RET O MO R 

;/ IG T3?!i 

SPLASh DOWN 

RECOVERY OPERATION 
"FLOATING DRYDOCK" SHIP 

RELEASE ChUTES 
DEPRESSURIZE TANKS 

Figure 7.1-5. Integral Booster Recovery Concept 
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SYSTEM ERRORS
 
3 MAIN CHUTES 

I ERROR SOURCE VALUE
 

CHUTE VARIATIONS 4.7 FPS
 

+3.47 FPS 
= 0FSAIR DENSITY -2.37 FPS 

+%
THRUST 


+2615 L5
 - WEIGHT
LANDING ROCKETS 

RETRO T/W * 3.0 +2 IT/ SUSTAINER T/W = 0.9 ALT!YETER T 

NOMINAL IMPACT SIGNAL IME +4 FT 
VELOCITY = 8 FPS 

VELOCITY - 10 STRUCTURAL WEIGtI PENALTY/EFFECT OF VELOCITY ERROOS ON I MPACT 

T A ' Y I D 

WATER 20 AE!SIT 6 -

IM0 ACT C'EALTY - 9O mWAVES, / PARALLEL - :( X 0
VELOCITY 

(FT/SEC) 10 

R
 
2 

0 0 
-8-6 -4 -2 0 2 4 6 8 0 5 10 15 20 25 30 

VELOCfTY ERROR (FT/SEC)_ WATER IM'ACT VELOCITy (T/SSC), 

Figure 7.1-6. Booster Recovery System
 

7.2 PERSONNEL ORBITAL TRANSFER VEHICLE (POTV)
 

As stated previously, 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 L02 /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 GEO 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 initial delivery
 
of the POTV to LEO by the STS or SPS-HLLV, the propulsive stage is subsequently
 
refueled in LEO (at the LEO station) with sufficient propellants to execute the
 

transfer of the PM to GEO. 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
 
compared 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 requirements.
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( - - SPS CONSTRUCTION FACILITY 
. PROPELLANT 
TRANSFER
 

SINGLESTAGE 

POTV POTV 70 520 
/' '~~REFUEL
 

AT G EO' 

EOTV 

CREW MODULE 

POTV 

LEO STATION 
PROPELLANT 
TRANSFER
 

SPS-HLLV
 
IOTV CREW
 

DELIVERY 
" CONSTRUCTION PAYLOAD 
* CREW EXPENOABLES
 
" POTV PROPELLANT
 

SHUTTLE ORBITER 

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 POTV
 
will be delivered to LEO by the HLLV because ,of the lesser $/kg payload cost.
 

I 	 ENGINES 
4.5 M 	 - . "-

17M 	 13 M 

6 60 MAN CREW MODULE 18,000 KG 

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

eBOTH ELEMENTS CAPABLE OF GROWTH STS LAUNCH 

Figure 7.2-2. Recommended POTV Configuration
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Individual propellant tanks are indicated for the LO2 and LH2 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-II, and locate the ACS at the mating
 
station of the POTV 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 cycle 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 (E= 175:1) 58.4 
Extendable nozzle and actuators (6 = 400:1) 122.0 

Ignition system 6.1 
Controls, valves, and actuators 74.0 

Heat exchanger 14.0 

Total (lb)* 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 identifying/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 summary 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 OTV 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 control 235 

Other 262 

Subtotal 3,409 
Growth (10%) 341 

Total inert 3,750 

Propellant 32,750 

Total loaded 36,000 
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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 PIN 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 provisions 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 GEO 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 option,
 
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 #1CREW MODULE - 60 MAN OTV STAGE 

T4V >l~hIENGINES 

* OPTION #2(CREW MODULE SAME AS OPTION 11)
RESUPPLY MODULE - 60 MAN OTV STAGE 

4AASE 
4.SM - ENGINESi~~ 

.5~. 

52M F -


* OPTION #3CREWIRESUPPLY MODULE - 30 MAN OTV STAGE 

2ASE 

~2J4 JI)1ENGINES 
. M -I .7 M7 17 

Figure 7.2-4. POTV/PM Configuration Options
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Table 7.2-3. POTV/PM Options-Element Mass
 

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 
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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 Table 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 22.5% 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
 
(0.231X106 kg).
 

(CiX60) + (CuX60X30)
NxP HLLV $/kg

NxPL
 

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

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 order to meet an IOC date at the end of CY 2000.
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Table 8.0-1. Satellite Power System (SPS) Program Development Cost 
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Table 8.0-2. Satellite Power System (SPS) Transportation Systems Development Cost
 

DEVELOPMENT 

WBS # DESCRIPTION OUT1E TFU TOTAL 

1.3 TRANSPORTATION 10748.816 19671.199 30420.016 

1.3.1 SPS-HEAVY LIFT LAUNCH VEHICLE(HLLV) 8600.000 9530.492 11130.492 
1.3.1.1 SPS-HLLV FLEET~ 86C0.000 6950.176 17550.176 

1.3.1.2 SPS-HLLV OPERATIONS 0.0 580.320 5bO.320 

1.3.2 CARGO ORBITAL TRANSFER VEHICLECCOTV) 31.b18 3625.720 3657.538 
1.3.2.1 COTV VEHICLES 31.618 3621.310 3653.128 
1.3.2.1.1 PRIMARY STRUCTURE 3.930 9.2(7 13.197 

1.3.2.1.2 SECUNDARY SIRUCIUKE _ _ _ _4.582 _ 2478.750 2483.332 
1.3.2.1.3 CONCENTRAIUR 1.6b5 15.818 17.503 
1.3.2.1.4 SOLAR BLANKET 7.6o4 338.117 345.781 
1.4.2.1.5 ShITCHGEAR AND CONVERTERS 2.054 8.760 .C.814 

co 1.3.2.1.6 CONDUCTORS AND INSULA1ION ------ 2.205 6.584 10.7,89 
1.3.2.1.7 ACS HAROWARE 9.697 762.015 711.712 
1.3.2.1.8 INFO. MGMT. AND CONIROL 0.0 0.0 0.0 
1.3.2.2. CDTV OPERATIONS~ - 0.0 4.410 4.4 10-
1.3.3 PERSONNEL LAUNCH VEHICLE(PLV) 1549.000 6251.230 7800.230 
1.3.3.1 STS-PLV FLEET 1549.000 3906-082 5457.062 
1.3.3.1. STS-PLy ORBITER .0.0 1682.531 1682.531 
1.3.3.142 SfS-PLV EXTERNAL TANK 0.0 606.205 o06.205 

... 3;3.3 
1.3.3.1.4 
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745.362 

217.985 
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IIZB.750 

-56.282 -

112B.750 
406.22 

1.3.4. POTV-FLEEI 350.000 54.764 404.764O 

1.3.4.2 POTV-UPERATIONS 0.0 1.518 1.518 g 
1.3.5 
1.3.5.1 
1.3.5.2
1.3.b 

PERSONNEL MODULE(PM) -18.000 

PM FLEEI 
PM OPERATIONS 
INTRAORBITAL TRANSFER VEHI1CLE(IOTV) 
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Table 8.0-3. Satellite Power System (SPS) Program Average Cost 

*, OPS CUST PER SAT PER YEAR *4 TUTAL 
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Table 8.0-4. Satellite Power System (SPS) Transportation System Average Cost
 

OPS COST PER SAT PER YEAR
C* ** TOTALWBS * UESCRIPTION 
 INV PR SAT 
 RCI OCM TUAL OPS
 

1.3 1kANSPORTA1lON 
 19!.754 115.74 79.094 194.baa ' 2090.6 1
 
1.3.1 SPS-HILAVY LIFT LAUNCH VEHICLE-HLLV) 125.4db 
 _ 99.642 39.372 139.-14-1395..20 
1.3.1.1 SPS-HLLV FLEE] 77.040 99.642 2.56 
 123.b98 890.97

1.3.1.2 £eS-HLLV OPERATIONS 489.3B7 
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APPENDIX A 

HORIZONTAL TAKEOFF - SINGLE STAGE TO ORBIT 
TECHNICAL SUMMARY 

A.0 INTRODUCTION
 

Evolving Satellite Power System (SPS) program concepts envision the
 
assembly 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, economic 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. Vertical-takeoff, 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 offered 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 lift 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 involving horizontal takeoff, long range
 
cruise, subsequent insertion intd 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 economical, routine earth-to-LEO 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 HTO-SSTO vehicle concept primarily using exist
ing aerodynamic, aerothermal, structural, thermal protection,
 
airbreather and rocket propulsion, flight mechanics and operations
 
technology integrated into a total systems design.
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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
 

Technical briefings and study progress
issues are summarized in Figure A-1. 


briefings were given to NASA Headquarters, MSFC, JSC and LaRC, and 
to USAF/
 

A code showing the general level of technical assurance 
of the study


SAMSO. 

data as being suitable for feasibility confirmation is 

placed adjacent to
 

technology items. A filled square, * , indicates a high degree of confidence 

A half-filled square, I , indicates data 
in analytical methods and results. 


The 	hollow square, 0 , relates to
requiring further technical analyses. 


technology issues not analyzed or which will require detailed in-depth 
analysis
 

to produce data suitable for feasibility confirmation.
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Figure A-I. 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 end-to-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 payload with a due-East launch.
 

2. 	Devised a modified airbreathing engine cycle 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.l OPERATIONAL FEATURES
 

The HTO-SSTO concept adapts existing and advanced commercial and/or mili

tary air transport system concepts, operations methods, maintenance procedures,
 

and cargo handling equipment to include a space-related environment. The
 

principal operational objective is to provide economic, reliable transporta

tion of large quantities of material between earth and LEO 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.
 

Operations 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
 

KSC
 

* Takeoff and land on 8,000 to 14,000-foot runways (launch velocity
 

z 225 knots; landing velocity 5 115 knots)
 

* Simultaneous multiple 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
 

A-3
 

SSD 	79-0010-4
 



Satellite Systems Division Rockwell 
Space Systems Group International 

* Amenable to alternative launch/landing sites
 

" 	Incorporates Air Force (C-SA Galaxy) and commercial (747 cargo)
 
payload handling, including railroad, truck, and cargo-ship con
tainerization concepts, modified to meet space environment
 
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
 
multi-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 system lines in the wing's
 
leading edge provide the gaseous ullage space for LH2 fuel. LH2 and LO2 tanks
 
are located in each wing near the vehicle, c.g., and extend from the root rib
 
to the wing tip LH2 ullage tank (Figure A-2). Approximately 20% of the volume
 
of the vertical stabilizer is utilized as part of the gaseous ullage volume of
 
the integral wing-mounted LOz tanks. In the aft end of the vehicle, three up
rated high-Pc rocket engines (thrust = 3.2x10

6 lb) are attached with a double
cone thrust structure to a two-cell LH2 tank.
 

Most of the cargo bay side walls are provided by the root-rib bulkhead of
 
the LHz wing tank. The cargo 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 cargo bay is a mold-line extension of the
 
wing upper contours, wherein the frame inner caps are 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
 
with a combined static thrust of 1.4xl06 lb 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.
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CREW 	 GLOW 1.95 X 106 TO 2.27 X 106 KG 
COMPARTMENT 	 CARGO BAY (4.3X i06 TO 5.0 X 06LBI 

91,000 KG PAYLOAD AIRPORT RUNWAY TAKEOFF 
(200, ODOLB) PARACHUTE RECOVERED LAUNCH GEAR 

MULTICEU. WET WING 
WHITCOMB AIRFOIL WING-TIP 

ULLAGE 
LH2 AND LO2 TANKS TAIIK 
TRIDELTALH 

MAIN LANDING GEAR 	 ' <-
AIRBREATHER(JETTISONABLE LAUNCH 
PROPULSIC",GEAR NOT SHOWN) 

G R T- O N (I ENGINES, 

- - ROCKET PROPULSION 

V AL NP HIGH PRESSURE TYPE)
VARIABLE INLET HTN 

5 SEGMENT RAMP LH2 TANK 
CLOSES FOR-

ROCKET BOOST 
REENTRY
 

Figure A-2. HTO-SSTO Design Features
 

Figure A-3 shows an inboard profile of the vehicle, illustrating the
 
details of body construction, crew compartment, cargo bay length, LH2 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
 
cargo 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 relationship of the gear to the
 
engine air inlet ducts and the wing construction and profile
 

to the fuselage shape.
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Figure A-5 presents details of-the basic multi-cell structure of the wing.
 
rhe 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
aell pressure vessel, a foam-filled structural core, an inner facing sheet, a
 
perforated structural honeycomb core, and an outer facing sheet. The inner
 
maulti-cell pressure vessel arched shell and webs are configured to resist
 
pressure. The-pressure vessel and the two facing sheets, which are structural
ly interconnected 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 a multi-box wing structure.
 

RSI TILE TPS
 OUTER FACING SHEET 

TPERFORATED HONEYCOMB CORE 

2.00 

I CELL WEB "WING TANK FAFILDINNER FACING SHEET 

ARCHED SHELLTPSCELLMETALLC 

TRUSS CORE PANEL " DOUBLE FLEXURE STANDOFF 

- THERMAL INSULATION BLANKET 
(PROTECALOR METAL FOIL WRAFPED) 

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

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

k.3 MULTI-CYCLE AIFEREATHER ENGINE SYSTEM 

Takeoff and climb to 100,000 ft altitude and 5,300 fps is by airbreather
 
?ropulsion. Parallel burn of airbreather and rocket propulsion occurs between
 
5,800 to 7,200 fps. Rocket power is then employed from 7,200 fps to orbit.
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The multi-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
 
variable plug-nozzle, ramjet engine technology, and Rocketdyne tubular-cooled,
 
high-PC rocket engine technology.
 

TURBOJET 
TURBINE AIRTURBO EXCHANGER MANIFOLD 
COMPRESSOR (LH2 RANKINE CYCLE) 
DRIVE 

FREE-TURBINE/FANTUR8OJETCHAMBERRAMJET
FUELCOMBUSTION ASSEMBLY

TURBOJET INJECTOR ASSEMBLY 

COMPRESSOR VARIABLE PLUG 
NOZZLE DESIGN POINT ORBITAL FLIGHT 

AIR INLET CLOSED 

TURBOJT?~F 
SHUTFF j 
VALVE PLUGNOZZLESUPPORT 

DESIGN POINT MACH 6 (100,0 FT) 

II 
REGENERATIVELY / .=:. 

COOLED CHAMBER 

DESIGN POINT TAKEOFF 
* EXTERNAL VALVES, PLUMBING, AND AIR INLET OPEN 

PUMPS NOT 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 LH2,
 
regenerative Rankine, air-turboexchanger cycle; and a ramijet cycle that can
 
also be used as a full flow (turbojet core and fan bypass flow) thrust
augmented 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 6 pounds thrust at the Mach 6
 
condition and at least 1.2xl06 pounds for takeoff. This resulted in an inlet
 
area of approximately 1200 ft2 or 120 ftz/engine for a 10-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
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during more violent maneuvers. 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 constant 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 data sources previously described. Subsequent anal
yses produced the engine thrust versus Mach number estimate shown by the upper 
solid curve of Figure A-8. ..........
 

.9 
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>: 0.8 

> 0.7- 2,500,000 

0.6 

= 2,000,000 ,-
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OA = 

VARIABLE GEOMETRY< 
0.2 SUBSONIC COMBUSTION ENGINEo000,000
0.1 

1,000,000 -PRE CONSTANT THRUST 

0 1 2 3 4 5 6 7 0a 0 1 2 3 4 5 7
 

FREE-STREAM MACH NUMBER MACH NUMBER 

Figure A-7. Air Induction Figure A-8. Airbreather Thrust
 
System Performance 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 above 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 operating range. Also 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-orbit
 
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 obtained on an air turborocket concept 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. A modification of
 
this cycle was devised by Rockwell to best match the SSTO requirements. This
 
engine operates as an augmented turbofan for takeoff, 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 LH2 fuel per
mits the use of a Rankine-cycle air 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 LU2 in outer walls and nozzle plug of tubular construction, in addition
 
to providing fan drive power, permits stoichiometric 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 LH2 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 weight.
 

For preliminary estimation of airbreathing propulsion system size require
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 (cc) 
BODY WEDGE ANGLE I

THRUST REQUIRED 

I
 

CONDITIONS AFTER BOW SHOCK(O)COMPUTES: I AREA RATIO ACo/Au 

USING PRESSURE RECOVERY CURVE FIT, M2 ASSUMED, CONDITIONS AT ENGINE FACE (2) 

COMPUTES: A2 A0 PT2 
1 T0 

USING H2/AIR 
CONDITIONS AT NOZZLE EXIT (9)
ALSO: WAIR AND WH 

COMBUSTION PRODUCTS 2 
AT STOICHIOMETRIC, SPIDEAL AND SPACTUAL 

COMPUTES: REQUIRED EXPANSION
RATIOA 0 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 LH2 fuel, as well as the air turbo
exchanger cycle was obtained 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.
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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 supereritical Whitcomb airfoil with a rela
tively blunt leading edge, flat upper surfaces and cambered trailing edges.
 
The trailing-edge camber and 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 percent at the root,
 
6 percent near midspan, and 5 percent at the tip, providing a large interior
 
volume for storage of fuel.
 

Aerodynamic coefficients (CL, CD, C.P.) were calculated using the Flexible
 
Unified Distributed Panel program FA-475, which was developdd by the LAD Aero
dynamic group. Because the governing equation is linear, singular behavior of
 
the linear equation and nonlinearity near H = 1.0 preclude the transonic solu
tions. Also, the hypersonic solution cannot be calculated with this theory
 
due to 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.
 

.2 .05 \ LIFT COEFFICIENTS DRAG COEFFICIENTS 

.04 J / CL =CL=0 +CL~a'q 1.6- .04 .77 1.8 

c .03. \G 1.2- .03- 1.6 
-'' 8 - a .02 CDo_, 

02. u.0 AS-OFF 

.01C --- .4 .01 

o - CDCDo +Km, a=DEG 
0 0 

0 I 2 3 4 5 6 7 0 1 2 3 4 5 6 7 

M., M. 

.8 aGsoQP 

CENTER OF PRESSURE 

.6 !r10' a1 

C.P./CREF 

.4 C.F. MEASURED FROM WING ROOT LEADING EDGE 

CREF IS WING ROOT CHORD 

to I I I - I I I 
0 1 2 3 4 5 6 7 

MACH NUMBER Moo 

Figure A-10. Aerodynamic Coefficients 
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Maximum lift/drag and corresponding lift coefficients and angle of attack
 
versus Mach number are given in Figure A-il.
 

SSubsonic: (t/D) 16.0 at a "- 1.0, CL ! 0.22 

* Supersonic: (L/D)ma from 5.4 to 4.0 at 4.50
x < a < 6.20
 

" Hypersonic: For airbreather-OFF, rocket only (L/D) -xJ 3.4
 

(L/D)MAX VS M= & cVS M AT (L/D)MA X 

86 AS-OFF 
14 AB-ON 

x 6.3 6 
< 6 "AB-ON 

54.2-w 4 

2 A-OFF' .1 AS-OFF 
q-- J ( / ABON j 

I _ I I I I 0 I I I I I I I 
0 1 2 3 4 5 6 7 1 2 3 4 5 6 7 

Figure A-I!. Maximum Lift/Drag
 

The wing bending moments are based on the following data:
 

* Differential pressure distributions computed by the Unified
 
Distributed Panel Program 

* X = 100 

* 2 g loading on wing
 

* GLOW = 4xlO6 lb
 

Lift force (LF) and bending moment 
(BM) at the wing root for the above con
ditions are shown in the following tabulation.
 

M. 6x 10- 6 lb BM x 10 - ft-lb 

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 
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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 (Ikawa 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
 
(TDTP), 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 SSTO 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 KSC to 300-nmi earth equatorial orbit.
 
Prime elements of the trajectory are:
 

" Runway takeoff 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 turbofan power
 

Execute a large-radius turn into the equatorial plane with turbofan
 
power
 

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

* Perform an optimum pitch-over into a nearly constant-energy (shallow
 
y-angla) 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 flight 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/ramjet, or full ramjet, as re
quired to maximize total energy acquired per unit mass of fuel consumed
 
as function of velocity and altitude
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Figure A-12. SSTO Trajectory
 

" Ignite 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 9lx556 km (50x300 nmi)
 
along an optimum lift/drag/thrust flight profile
 

* Shut down rocket engines and execute a Hohmann transfer to 556 km
 
(300 nmi)
 

* Circularize Hohmann 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 (50x300 nmi)
 

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

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

propulsion modes are given below.
 

V Altitude At AWF 
(ft/sec) (k-ft) (sec) (ib) Engine 

800 20 6600 72,000 Turbofan Jet
 

6000 85 880 386,000 Ramjet
 

Although subsonic cruise takes a longer time (110 minutes), the amount of fuel
 
consumed is 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)max configura

tion is performed shortly after liftoff (beginning at 3000 ft altitude). The
 
maximum angle of attack of 13 degrees is reduced gradually to I degree for
 
subsonic (L/D)ma climb configuration.
x 


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)O, (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 to 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 aerodynamic lifting of winged vehicle depend on the high dynamic pressure,
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Figure A-13. Ascent and Descent Trajectory Comparisons
 

the SSTO flies at much lower altitude during the powered climb than the verti
cal ascent trajectory of the Space Shuttle for a given flight velocity. 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 design the SSTO TPS requirement. The maximum
 
total enthalpy flux of 6000 Btu/ft2-sec is estimated near the end of airbreather
 
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 exDected
 
to be considerably lower than the Space Shuttle re-entry heating.
 

Weight in orbit is summarized in Table A-1. 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 10-percent growth factor. Inert weight in
 
orbit was increased from 694,510 lb to 775,800 lb and airbreather engine thrust
 
of 1.4x106 lb constant was revised to reflect increase in airbreather thrust
 
potential shown in Figure A-S.
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Table A-I. SSTO Weight in Orbit Summary 

ROCKET 15 p =455. SEC ROCKET I5p=461 SEC 

(SHUTTLE VALUES) (LtRC VALUES) 

ENERGY METHOD POST ANALYSIS ENERGY METHOD 
GLOW 

ORBIT W 106 LS WI (LE) PAYLOAD L8) WI (LB) PAYLOAD (L8) W1 (181 PAYLOAG (L8)o 

EQUATORIAL 431 787.400. 92,890
 
ORBIT 431 (P 8) 801.700 107.150 790 000 95.490. 832.800 138290.
 
CRUISE 462 (P.8) 845.800. 151.290
 
FROM KSC 500 (Pa) 895,300. 200,790.
 

INCLINED 431 864.500 169.990. 97.000 202 490.
 
ORBIT 4.31 (PB) 882.600 188.090. 849.000. 154.490 917.300 222.790
 
KSC 4 62 (P 8) 925.100 230,590
 
DUE EAST *500 (PB) 972,400 "196,580
 

" DATA FOR 300 N MI ORBITAL INSERTION 

* REFERENCE WING AREA (SREF) 40.900 SO FT 

* WEIGHT IN ORBIT (EXCLUDING PAYLOADI = 694.510 LB 775.800 LB 

* LAUNCH FROM KSC * PB= PARALLEL BURN 

* AIRBREATHER * ROCKET 

" THRUST = 1.4 16 LB * THRUST 3 2x 106 LB 
* ISp - VARIABLE .- ISp = SEE CHART 
* VELOCITY a 0 f V f 6200 FT/SEC * VELOCITY = 6200 S V S VORBIT FT/SEC 

A.6 AERODYNAMIC AND STRUCTURAL HEATING 

Preliminary aerodynamic heating evaluation of the SSTO 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 thermodynamic properties.
 

Wing upper-surface heating rates were computed using free-stream flow
 
properties, i.e., neglecting chordwise variations 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 was 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 aerodynamic heating rate data were used
 
for thermal analysis of the various candidate insulation systems. Radiation
 
equilibrium temperatures for emissivity, E = 0.85, are based on:
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" Leading edge stagnation heating rates peak at M = 16.4,
 
alt = 196,000 ft
 

" Upper wing surface uniformstatic 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 temperatures for upper and lower surfaces
 
(excluding engine inlet interference effects) for the SSTO and Orbiter are
 
shown in Figure A-14. Leading edge and upper wing surface temperatures have
 
similar profiles. The SSTO lower-surface temperatures are from 4000 F to 600'F
 
lower than the orbiter due to lower re-ehtry wing loading (23 versus 67 psf).
 

SSTO ORBITER-TRAJECTORY 

LOWER SURFACE - I- UPPER SURFACE UPPER SURFACE - LOWER SURFACE 

3700-F 10OF 7 2300F 
120FI1800 


2000F1607 IF
14*0 14.€0. 

1200 750F 
1100 1ice*2 

IM0 1240 

1550 1550 

2110 

2445 245 /J - kO 

1200F - N I 800F 
2710 2710 10F200F 

S230OF 

2M 
120F 

294940 

0350 3350 Z " 

33300 
63--2340 

AN :2 ENTRY/ASCENT rrt--200F 230--OF/Fo
 
850F/900F 

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

Structural heating analyses include: (a) typical variations of heat leak
 
rate (BTU/ft2-hr) and total heat flux (BTU/ftz) as a function of HRSI tile
 
thickness for typical LHz upper and lower wing tank surface locations; (b) vari
ation of bondline temperatures versus tile maximum temperature to thickness ratio
 
for RSI tile insulation, including bondline temperatures for the dry, wingtip
 
ullage tank, the wetted lower surfAce of the LH2 tank, and the dry upper surface
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of the LH2 tank; and (c) ty'pical thermal response as a function of launch 
trajectory exposure 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 e0 the low average temperature (10000F to 16000F) 
profiles occurring over 80 and 85 percent of the vehicle exterior surface. 

1.200 1.200 
1.120 4.1.120 

.960 	 1 .960 

-LH2 TANK AREA .800 LOWER SURFACE 
.33 733 

r.033 
.87 

LOWER SURFACE 	 .960 UPPER SURFACE 
.77 

1.115 

.689 
t .656 

ULLAGE ULLAGE 
1.224 TTANK.96 .6.33 

.93 .6 . 

1.109 	 . .0827 
1 $ . 6110913..60 

.9600.787 

Figure A-15. HRSI Tile Thickness Contours
 
for 3500F Bondline Temperature
 

A.7 THEEMAL PROTECTION SYSTEM
 

Ceramic coated RSI tile,used on Shuttle, and metallic truss core sandwich
 
structure, developed for the B-1 bomber, were investigated as potential thermal
 
protection systems for the SSTO, Figure A-5.
 

The radiative surface panel consists of a truss core sandwich structure
 
fabricated by superplastic/diffusion bonding process. For temperatures up to
 
1500/16000 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 1500/16000F, 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 expansion while
 
retaining,sufficient stiffness to transmit surface pressure loads to the primary
 
structure' 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 to the panel interior.
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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 Aircraft have
 
participated in an Air Force Materials Laboratory sponsored program, F33615-75
C-1l67, directed toward the exploitation of Ti3Al base alloy systems. The
 
titanium aluminide intermetallic compounds based on the compositions Ti3A!
 
(a2) 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 concept, 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 (LH2) and 22-22 psia (LOX). 
Maximum wing bending occurs at about Mach 1.2. The LH2 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 LH2 tank. The LH2 interconnects the
 
cargo 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
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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 weights required to sustain these bending moments plus internal pressure.
 
An intermediate location was chosen for LOX propellant where lift 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 lb.
 

The wing LH2 tank was designed to sustain the loads from both internal
 
pressure and wing bending. Al 2219-T87 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 wing bending. The column
 
showing bending only relates to wing-bending contribution, not an unpressurized
 
wing design.
 

The fuselage LH2 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 cylindrical, 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 construction. Tank
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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 cryo tanks is based on cryogenic
 
temperature material properties and allowables.
 

A.9 MASS PROPERTIES
 

SSTO 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 estiniates. 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 sophistication to
 
confirm SSTO mass property data'.
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Table A-2. SSTO Weight Summary 

ROCKWELL MSFC ROCKWELL 

INITIAL FINAL 

ITEM DESCRIPTION 
REFERENCE 

VEHICLE 
NORMAL 

TECHNOLOGY 
ACCELER 

TECHNOLOGY 
REFERENCE 
VEHICLE 

AIRFRAME. AEROSURFACES. TANKS AND TPS 367,000 458.000 249.000 370,000 

LANCING GEAR 27,700 53 CO 39,000 27.700 
ROCKET PROPULSION 63.700 40.000 40.000 71.700 

AIRBREATHER PROPULSION 148.0DO0 200.000 148,000 140,000 

RCS PROPULSION 4 B0B 16,000 11,000 10,000 

OMS PROPULSION 1,200 9.000 7.000 5,000 

OTHER SYSTEMS 35.500 41,000 22 000 37.800 
SUBTOTAL 647.100 817.000 516.000 662.200 

10% GROWTH 81.700 51,600 66220 

TOTAL INERT WEIGHT (DRY WEIGHT 647,100 88,700 567.600 728,420 
USEFUL LOAD (FLUIDS, RESERVES. ETC ) 47.400 - - 47.400 

INERT WEIGHT& USEFUL LOAD 694.500 775820 

PAYLOAD WEIGHT 107.200 196,580" 

ORBITAL INSERTION WEIGHT 801,700 972,400 

PROPELLANT ASCENT 3438,080 4.027,600 

GLOW (POST JETTISON LAUNCH GEAR) 4,239.780 _ 5,000.000 

NMI EQUATORIALORBIT--"1""1 MW750 
NOTE-THISVEHICLEHAS S IM CU FT 

VOLUMEGHINLORBIDSUMMIT 
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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 Sensitivity
 

* Second Stage Propellant.Weight-Sensitivity
 

L
tift-off Thrust-to-Weight Sensitivity
 

* Alternate First Stage Propellants (LOX/CH and LOX/LH2 )
4 


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 maximum thrust throughoutthe parallel burn ascent phase) in order
 
to stay within maximum allowable load-factor and dynamic-pressurei3 g and 650
 
psf respectively.
 

The engine throttling study shows little effect.on vehicle payload capabil
ity when doing 100% 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 throtiling of second stage only and increas
ing first stage proRellant weight could result in a 10-15% improvement over
 
the,reference ,HLLVconfiguration.
 

The alternate-propellant tradesi LOX/CH4 and LOX/LH 2, show 7% and 37%
 
increased performance over the reference HLLV configuration. The-LOX/LHz
 
configuration, however; becomes extremely large (volume) and less cost'.
 
effective because of handling and propellant costs. The LOX/CH4 booster
 
appears to be a viable option.
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B.l 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 -datalist -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 "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 SlM 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 lb) and a payload capacity of 231,195 kg (509,653 lb).
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GENERAL ASCENT TRAJECTORY AND SIZING PROGRAM BY R.L.POWFLL
 

DATE - 01/15/79 TIME - 18:18:27
 

SATELLITE POWER SYSItM (SPS) CONCEPT DEFINITION STUDY 

TWO-STAGE VERTICAL IAKE-OFF HORIZONTAL LANDING HLLV CONCEPT 

bUf tlS1AUS HAVE FLYBACK C Y TO LAUNCH SITE (KSC) 

FIRS1 STAGE HAS AIRBREATHER FLYBACK AND LANDING CAPABILITY 

FLYBACK PROPELLANT HAS A SPECIFIC FUEL CONSUMPTION OF 3500 SEC 

EUND STAGEUSS HE ABORT-ONCE-AROUND FLYBACK MODE (ADA) 

FIRST STAGE HAS LOX/RP/LH2 TRIPROPELLANT SYSTEM 

CWIIH H? COOLED HIGH PC ENGINES (VACUUM ISP = 352.3 SEC) 

SECf-STW-CE-T sEs LIX/LH2 PROPELLANT WITH VACUUM ISP 466.7 SEC 

]HE DESIGN PAYLOAD SHALL RE 500 KLB INTO A CIRCULAR ORBIT OF 

270 N. MILES AND AN INERTIAL INCLINATION OF 31.6 DEGREES
 

C-ENT-S RFE--TO-TR-Nt-NTN rK SC EN T Mi S S ION 

MECO CONDIIONS ARE 10 A IHEORETICAL ORBIT OF 169.22 N.MILES 

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

-o -olB]T-rTh-TA- VE L-c- WE'O E_- iT10 NF CT/s EC 0o 

RCS SYSTfM SIZED FOR A OELTA VELOCITY REQMT OF 220 FEET/SECOND 

THE VEHICLE SIZED FOR A THRUST/WEIGHT RATIO AT LIFT-OFF OF 1.30 



MAXIMUM AXIAL LOAD FACTOR DURING'ASCFNT IS 3.0 G'S
 

TRAJECTORY HAS A MAXIMUM AERO PRESSURE OF 650 LBS/FT2
 

.. AXIMUM ARO PRESSURE AT SIAGING LIMITED TO 25 LBS/FT2
.-

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

PFIGHT PERFORMANCE RESERVE = 0.75% TOTAL CHAC ASCENT VELOCITY 

hT-C-A-FI-FYCW NW PER RUCKWELL IR AND 0 HLLV STUDIES 

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

FIRST STAGE BURNS 7995060 POUNDS OF ASCENT PROPELLANT 

SND--S-A--I1-wTT----N-rE-- 5092633- LBS OF PROPELLANT 

SECOND STAGE DRY WEIGHT WITHOUT PAYLOAD EQUALS 727620 LBS 

SECOND STAGE IHRUST LEVEL @ STAGING EQUALS 4750000 LBS 

SECSECOWDSTK SSUMES 4 ENGIfNES FOR ASCENT WITH 1 OUT FOR ABORT 

SECOND STAGE EPL THRUST LEVEL FOR A.3URT IS 112 * FULL POWER 

SECOND STAGE OVERALL BOOSTER MASS FRACIION = 0.8489 W/O MARGIN 

RE'SIDUAL WEIGHT = 2070 POUNDS 

RESERVES WEIGHT = 3300 POUNDS 

RCS--aP- WIGHT = 1ib280 POUNDS 

1,URN-DUT ALTITUDE AT SECOND STAGE THRUSI TERMINATION = 50 N. MILES 

ADVANCED TECHNOLOGY WILL BE COMPATABLE WITH THE YEARS 1990 '& ON 

rHIS RUN IS MADf. WITH A CONSTANT KICK ANGLE - LOX/RP-i BASELINE 



VEHICLE LHARACIIZRI-STCS (NOMINAL MISSION) CASE 65
 

STAGE 1 

GROSS STAGE WEIGHIT,(LB) 15731068.0 

--R -OS -L IRU I/WhLIGH 1.300 

THRUST ACTUALvLLB) 20450352.0 

ISP VACUUMI(SEC) 370.886 

STgUCUWE)TURF, 1045488.9 

PROPELLANT,(LB) 9607069.0 

PERF. FRAC.,(NU) 0.6107 

PROP-EU-ANI I-RAL.,1INUb 0.9019 

BURNOUT TIME,(SEC) 158.387 

usBURNOUT VELOCITY,(FT/SEC) 8238.750 

... RMNUT--AW (TODTCREESJ 14.396 

BURNOUT ALTITUDE,(FT) 180948.6 

BURNOUT RANGE,(NM) 48.5 

IDTAr--VFU-rTYTC-FT C- 10960.3 

INJECTION VELOCITY,(FT/SEC) 0.0 

--INVECTON- PRO PELA NT' TEB F 0-[W 

ON ORBIT DELTA-V,(FT/SEC) 1083.5 
ON-O RrTT-pRO P Ett- NTT,ErL-B-) - 53 547--
ON ORBIT ISP,(SEC) 466.7 

7HETA= 214-----..- PI-TCFF-RATE= 0.001 q 

PAYLOAD, (LB) 50'v653.0 

2 


4891645.0 


0.971 


4750000.0 


466.700 


0.0 


74168.0 


0.0152 


1.0000 


165.674 


8407.051 


13.338 


195447.2 

56.6 


11189.7 


FLYBACK 


3
 

4817477.0
 

0.986
 

4750000.0
 

466.700
 

806009.0
 

3406460.0
 

0.7071
 

0.8087
 

502.194
 

259S4.109
 

0.187
 

319657.5
 

809.7
 

29628.0
 

RANGE(NM) 


F % c1CP-W( LBS) 

nI- rs-rrTO-


211.9
 

186864.9
 

vFRGF 



SUMMARY 	WEIGHT STATEMENT (NOMINAL MISSION) 


ORBITER 	WEIGHT BREAKDOWN
 
DRY WEIGHT 721620.000 

. ..........PERSI]N 	 000
E['3000 

RESIDUALS 2070.000 

RESERV(.S 3300.000 

IN=FL--GF I LUSES 10439.000 
ACPS PROPELLANT 18280.000 
OMS PROPELLANT 95354.125 

__ 	 PAYL-O-A- 509653.000 
BALLAST FOR CG CONTROL 0.0 
OMS INSTALLATION KITS 0.0 
pjg UA-U MUDS 0.0 

TOTAL END BOOST (ORBITER ONLY) 	 13t9716.O00 


CIMS BURNED DURING ASCENT 	 0.0 

ACPS BURNED DURING ASCENT 	 0.0 


EXTERNAL MAIN TANK
 
TANK DRY WEIGHT 
 2640.000 


- RES'I-U 	 f.000l --- 0-0- 
PROPELLANT BIAS ( 2640.000 2 
PRESSURANT ( 2120.000 )
rAN17AND-LtNE I '9320.Ot"U I 
ENGINES C 3650.000 2 

FLIGHT PERFORMANCE RESERVE 20930.000 
lUN BURN ED-P PEL-AN T-MATU0.-O-TC) 

TOFAL END OOST (EXfERNAL IANK) 41300.000 

0S-ANE--PR-OPEL--cArN--rEXTER N v-TNN-c-Ks509633.00 

FLYBACK PROPELLANT (FIRST STAGE) 	 186864.937 


SOLID ROCKET MOTOR (FIRST STAGE) 9040548.00 
SRM CASE WEIGHI(2) 1045488.87 

-SR M-STlUCTUru---- -r - u 
SRM INCR1 STAGING WEIGHT 1045488.U7 

USABUL 1 'SR M -PR0PLELt7-ATNgur7"O- 

TUTAL GROSS LIFl-OFF WEIGHT (GLOW) 15731068.0 

CASE 65
 

POUNDS 
POUNDS 
POUNDS
 
POUNDS
 
POUNDS
 
POUNDS
 
POUNDS
 
POUNDS
 
POUNDS
 
POUNDS
 
POUNDS
 

POUNDS
 

POUNDS
 
POUNDS
 

POUNDS
 
POUNDS 
POUNDS
 
POUNDS
 
PUUNDS 
POUNDS
 
POUNDS
 

--- N oS
 
POUNDS
 

POUNDS 

POUNDS
 

POUNDS 
POUNDS
 

UUNIT 
POUNDS 
p o 

.J -S 

POUNDS 

http:1045488.U7
http:1045488.87
http:9040548.00
http:509633.00


T1MF 
w 


ALPHA 

THRUST 1 


0.0 

--- t573-nI-rFrUI 


0.0 

0.170419E+08 


0.lO000OE+0l 

0T"5-6692 E-0-0B 

0.0 

0.170421E 08 


0.199999-01 

07TT&-o5EF0~X 

0.0 

0.170427E+08 


0.299999F+01 

-1--
-5--.4-t-+-


0.0 

0.170437E+08 


0.399998E+0L 

0.15-48-36E+0ui 

0.0 

0.170452F+08 


0.499996E+01 

--0-t b 2 I--l 0 

0.0 

0.110470L+0B 


VREL 
VmT-O-

MACH 


VAC THRUST I 


0.0 

u.V 14jLUI 

0.0 

0.182167E+08 


0.982707E+01 


ALT 
0-T 


LIFT 

"HROTTLE 1 


0.183000E+03 

0U.U 

0.0 

0.100000E+01 


0.187900E+03 

05 E Ir-OJEW 0. 

0.86A162E-02 

0.182167E+08 


0.198209E 02 

TT71~T~OO.0 

0.174313E-01 

0.182167E*OS 


0.299836E+02 

01 +-


0.263713E-O 

0.182167E+08 


0.403174E+02 

. L zuz E--UZ--


0.354650E-0] 

0.1 Z167E+O 


0.508246E 02 


0.941394&+02 

0.100000E+01 


0.202710E*03 


0.382819E 03 

O.I000001 


0.227596+03 


0.875430C+03 

O.100000E+01 


0.262734E+03 

0.u 

0.158134E+04 

0.1O0000EOl 


0.308289E 03 


GAMMA 
VGRAV 

RANGE 

tHRUST 2 


0.900000E+02 

0.0 

0.0 

O.3e2432E+07 


0.900000E+02 

O.-2--+02 

0.0 

0.342454E+07 


0.9000006+02 

0.643897E+02 

0.0 

0.342522E+07 


0.900000E 02 

95844+02 


0.0 

0.342635E 07 


0.s00000E+02 

0.12(1 19L+03 

0.0 

0.342795F+07 


0.900OOE+02 

u. ou9T4 

0.0 

0.343002E+07 


OBAR 
VDRG 

DRAG 


VAC THRUST 2 


0.0 

0.0 

0.0 

0.473192E+07 


0.110324E+00 

0.155268E-03 

O.ZZ6589E+03 

0.473192E+07 


0.448634E+00 

0.125196E-02 

O.L916862E+03 

0.473192E-07 


0.102594E+01 

0.4271T7E-02 

0.208667E+04 

0.473192E+07 


0.185321E+01 

0.102408E-01 

0.375194E+04 

O.473192E+07 


0.294136E+01 
0•223nl- 1 
0.592866E+04 
0.473192E+07 

LOAD FACTOR
 
THRUST 
1HROITLE
 
THROTTLE 2
 

0.130101E+01
 
0.204662E+08
 
0.l00UOE 0L
 
O.IOOOODE+I01
 

0.130616E+01
 
0.20466&E+08 
0.100000E+01
 
O.100000E+Ol
 

0.131137E+01
 
0.204679E+08
 
0.100000E+01
 
0.10000EtO 

0.131665E201
 
0.204701E+08
 
0.100000E+01
 
0.100000E+01
 

0.132200E+01
 
0.204731E+08
 
O.1O0002OOE+0
 
0.1000006+O1
 

0.132742E 01
 
0.204771E+Ob
 
0.1 00000L 01
 
0.100000E+01
 

l-a9--TE- ------ T 

0.447154E-01 0.250987F+04 

0.182167E US O.lOOOOOE O1 




TIME VREL 

W -VDU]01G

ALPHA MACH 
THRUST 1 VAC THRUST I 

0.599997E+O1 0.615073E+02 
0715"3"5W" 0 u.Ut (13LUz 
0.0 O.541258E-01 

0.170493E+08 0.182167E+08 


0.699997E+01 0.723679E+02 

..-- t-159zg"t-s u V9-5WI 3+UO 

0.0 0f636992E-01 

0.1705212408 0.182167E+08 


0.7S 96E+01 0.834085E+02 

U.T5"3Err-61T+U u U.1 j3r E-uz 

0.0 0.734391E-01 

0.170552F+08 O.162167E.08 


co 
0.899995E01 0.946314E+C2 


-0fl5lT4Z42EFup U.1j 49L UZ 
0.0 0.833487F-01 

0.170588E+08 0.182167E+C 


0.999995L+01 0.106039E+03 
.. -rTf-3r+-O-----O-OTE+-0 2 

0.0 0.934315E-01 

0.170629E+08 0.182167E+08 

0.100000E+02 0.1060U40E+03 

--t--1-I- 2 Or5tr-B-> 

0.0 0.934319E-01 

0.1706292+08 0.182167L+0u 


ALT 


LIFT 
THROITLE i 

0.364439E+03 
0.u 

0.367022E+04 

0.1I0000E+O1 


0.431361E+03 

u.U 

0.507151E+04 

0.IOOOOE+OI 


0.509233[+03 

U.0 

0.672267E+04 

O.lO0000E+O1 


0.598236E+03 

o.0 

0.863243E+t04 

0.100000E+01 


0.698555E+03 

u. U 
0.1080)3E+05 

0.100000E+Ol 

U.696560E+03 
-=f-rz jg7-
0.106094=2+05 

o.I0OOE+O 

GAMMA 

VGRAV 

RANGE 
THRUST 2 

0.900000E+02 
0.193168E+03 

0.0 

0.343257E+C,7 


0.900000E+02 

0.zz36 + 03 
0.0 

0.343!)60E+07 


0.900000E+ 02 

C.257556E+03 
0.0 

0.343912E+07 


0.900000E+02 

0. -"9 L8E+03 
0.0 

0.344314E+07 


0.9000fl E+02 

U. J2rg4E4793r 
0.0 

0.344766E+07 


0.896315E+02 

0--32t-9421:+. 
0.0 

0.344766E+07 


QBAR 

VDRG 

DRAG 

VAC THRUST 2 


0.430121E+01 
0.35361OE-01 

0.863285E+04 

0.473192E+07 


0.594342E+01 

0. 5679 57E-01 
0.118805E+05 

0.473192E+07 


0.787S44E+0l 

0.857485E-C1 

0.156t3761*05 

0.473192E+07 


0.101165E 02 

0.1234 81E+00 
0.200699E+05 
0.473192E 07 

0. 12b76E+02 

LOAD FACTOR
 
IHRUST 
THROTTLE 
THROTILE 2
 

0.13329L2E.01 
0.204819E+OB
 
0.100000E+01
 
0.1000002+01
 

0.133846E+01
 
0.204877E+08
 
0.100000E+01
 
O.1i000002+01
 

0.134409E+01
 
0.204943E+08
 
0.100000L+01
 
0.100000E+01
 

0.134978E+01
 
0.205020E+05
 
0.100000E+01
 
0.100000E+01
 

0.135555E+01
 
0.1- 1304E-.205105E +08 
0.250430E+05 

0.473192E+07 


0.126678F+02 

07 b0 + 0 

0.2504:33E+05 
0.4'3192E+07 

0.100000E+01
 
O.IOOOOOE+0l
 

0.135555+01
 
0.205105E+08 
0.100000E+O0
 
0.IO0000E+oI
 

http:0.13329L2E.01
http:O.162167E.08


-- 

0.0 

TIME VREL 

ALPHA MACH 
THRUST I VAC THRUST I 

0.120000E+02 0.129420E+03 

--- 4-8-..+v---78606a+02 


0.114133E*00 

0.17072'iE+08 0.182167E408 


0.1400002+0 0.153569EO3 


ALT 

[IST" 


LIFT 

THROTTLE 1 


0.933917E+03 

-0.100452E+00 


0.159975E+05 

0.l00000E+Ol 


0.i2i679L+0z 

-4B-4--- O,---z6-gE-o7-----,-l0656E+00 

0.0 0.135570E+00 

0.170836E+08 0.182167E+08 


0.160000E+02 0.178507E+03 

(Y.-1474-T-8-----.-

0.0 

0.1709686+0& 


0.180000F+02 

O0--14*:73-+ 
0.0 

0.171118E+08 


0.1999,7E+02 


0.0 

0.171286f+08 


0.219999E+02 

0o_ 

0.0 

0.171473E+08 


0.157774E+00 

0.162167E+08 


0.204256E+03 

-F0-_04E-C-

0.180776E+00 

0.182166E+08 


0.230838E+03 


0.204610E+60 

0.1821b6E+08 


0.258279E+03 


0.229311&+00 

0.182166E±0B 


0.223484E+L-5 

0.10000E+01 


0.154872E+04 

-

0.299170E+05 

0.100000E+01 


0.193129E+04 

OTO0568E+O0 

0.387499E+05 

0.100000E+01 


0.235610E+04 


0.48884U2+05 

0.100000F+01 


0.2a5476E+U0 


0.603448E+05 
0.I00002+01 


GAMMA 

VGRAV 

RANGE 

THRUSI 2 


0.894573E+02 

0.386326E+03 


0.353495E-03 

0.345820E+07 


0,8W22661 02 

0.4T075E+03 

0.9588132-03 

0.347078E+07 


0.859321E+0 

0.515079E+03 

0.194111E-02 

0.348541E+07 


0.885675E+02 

0.5794A4E+03 

0.346320E-02 
0.350211E+07 


0.8812832+02 

-0.b4f394E+03 

0.572963E-02 

0.352086C+07 


G.876104L+02 

o.-OST.7E + 3 

0.89903VE-02 
0.354166E+07 

QBAR 

VDRG" 

DRAG 


VAC THRUST 2 


0.187478F 02 

0.302954+t00 


0.3682512+05 

0.473192E+07 


0.261905E+02 

0.491951E+00 

0.511527E+05 

0.473192E+07 


0.350603E+02 

0.750575E+00 

0.681403E+05 

0.473192E+07 


0.454112E+02 

0.109190E+01 

O.878'46E+0 

0.473192C+07 


0.572882E+02 

0.152977E+01 

0.110512+06 

0.47312E+07 


0.7071941+G2 
0.207881E 01 

0.136077E+06 

0.4731925+07 


LOAD FACTOR
 
IHKUST
 
THROTTLE
 
THROTTLE 2
 

0.136729F+01
 
0.205305E+08
 

0.100000E+01
 
0.I00000E+0l
 

0.137931E+01
 
0.205544E408
 
O.I0000E+01
 
0.100000E+01
 

0.139162E+01
 
0.205822E+08
 
0.100000E+01
 
0.1000OE+01
 

0.140421E+01
 
0.206139E+0B
 
0.100000E+Ol
 
O.10000E+0
 

O,141710E+01
 
0.206495E+08
 

l0.100000E+01
 
O.OOO100E+O
 

0.143027E+01
 
0.206890E+08
 
0.100000E2O0
 
0.100000E+i
 



TIMt 

W-UI 


ALPHA 

THRUSI I 


0.239999E+O2 

-U-O-4-b2IE+Ub 


0.0 

0.171676E+a0 


0.259998E+02 

Uubl 

0.0 

0.171901F+08 


0.27T998E 02 

O-.l-3c9r8tutu 

0.0 

0.172141E+08 


0 0.299998E+02 

u.-BBT4-3-fE'rcTE0.z-t
meuz 


ALl 

7-
LIFT 

THROTTLE 1 


0.339893E--04 

-0.319875E+00 

0.731452E+05 

0.100000E+O1 


0.400025E+04 

- 12U2
13E+00 

0.872845E+05 

0.100000E+01 


0.466035E+04 

-U.4CZ1h/6-OU 

0.102747E+06 

0.100000E+0l 


0.538087E+04 


---,43W6geOU 

0.119506E+06 

0.IOCOOE+0i 


0.616346Et04 


-T3-6(6E+OU 

0.137538E 06 

U100000E+O 


U.7009772+04 

- +-l-0v+ 

0.15792E+06 
0.100000E+Ol 


GAMMA 

VGRAV 

RANGE 

THRUST 2 


O.870116E+02 

0.772425E+03 

0.135434E-01 

0.356448E+07 


0.863305E+02 

G.836684E+03 

0.197378E-01 

0.358926E+07 


0.855665E+02 

0.900886E+ 

0.279755E-01 

0.361597E+07 


0.S472015-+02 


0.965O15E+03 

0.387124E-01 

0.364453E+07 


0.P37925E+02 


U.I0290E5+04 

0.524606E-01 

0.367486E+07 


U.878592+02 


O.91886E-O1 
0.370t,85F07 


QBAR 

VDRG 

DRAG 


VAC THRUST 2 


0.857205E+02 

0.275436F+01 

0.164662E+06 

0.473192E+07 


0.102291E+03 

0.357247E 01 

0.196321E+06 

0.473192E+07 


0.120412E+03 

0.454980E+01 

0.231094E+06 

0.473192E+07 


0.140052E+03 


0.569766E+0l 

0.26419UE+06 

0.4731121+07 


O.lb11LS4E+03 


0.700059E+01 

0.295400E+06 

0.473192E+07 


0.18378E+03 

-t--Z." 6+01 


0.328962+06 
0.4731922+07 


LOAD FACTOR
 
IHRUST
 
THROTTLE
 
THROTTLE 2
 

0.144372E+01
 
0.207323E+08
 
O.IO0000E+O0
 
G.1000O0E+01
 

0.145746F+01
 
0.207793E+08
 
0.10000E+01
 
0.100000EfO1
 

0.147148E+01
 
0.2083002+08
 
0.OO00E+01
 
O.IOOOOOE01
 

0.148612E+01
 

0.208842E+08
 
0.10000OE+I01 
0.10000 -Ol
 

0.150141E 01
 
0.209418'+08
 
0.100000E+01
 
0.IOOOOOE+01
 

U.151704L.01
 
0.2 W1-25E +08
 
O.1OOOOE+Ol
 
0.I00000E+01
 

VREL 


MACH 

VAC THRUSI I 


0.286606E+03 

0.1-439UE+02 

0.254919E+00 

0.182166E+08 


0.315850E+03 

u.U 1 tiub6 

0.281474E&00 

0.182166E+08 


0.346042E+03 

u.1i3b t+Z 

0.309023E*00 

0.182166E+08 


0.377226E+03 


0.0 

0.172397E-+06 


0.319998E+02 

" f--T-F-57E " 
0.0 

0.172670E+08 


0.33r997T+02 


0.337622E+00 

0.182166E+08 


0.409,74E43 


u.Itb3 TU---L 
0.367358E+00 

0.182166E+08 


0.442840E203 

-013 62-73E +0--t---Li---9-+-------7V-

0.0 0.398302E+00 

0.1729571z 08 0.182160E+08 


http:U.151704L.01


TIME VREL 

W - - v-ol 


ALPHA MACH 

THRUST i VAC THRUST I 


0.359997E+02 0.477374E+03 

U. 1U:u)ET+U8 U. 115 BTE+U 
0.0 0.430531E+00 

0.173258E+08 0.162166E+08 


0.379997E+02 0.513133E+03 

40-9-E +-)2z


0.0 0.464132E+00 

0.173572E+08 0.182166E+08 


0.399996E+02 0.550176E+03 
O,13756-E-UB .18'2'tE+02 
0.0 0.499201E+00 

0.173898E+08 0.182166E+08 


H 

0.419996F+02 0.588531E+03 
07"i-33E1608 05 5-T 
0.0 0.535818E+00 

0.174234L+0b 0.lb2166E*08 


0.439996L'+02 0.628216.-U3 
-- 0---1 FOUFFO-7"-o---Twr01-5E-R 

0.0 0.574062E+00 

0.1745'19E+08 0.182166E+08 


O.459995E+02 0.b9Z5E 03 
. 4205 	 -o92T 

0.0 0.614u51E00 

0.174931L+08 0.182166E+08 


ALT 


LIFT 
IHROTTLE I 

0.7921371+04 


-0.5599J7(+00 

0.177197+06 

0.100000E+01 


0.889982E+04 

-0.595465E+00 

0.198671E+06 

0.100000E+01 


0.994655E+04 

-U.6bbT30L+0U 
0.221114E+06 
0.100000E+01 

0.110629E+05 

- 7 9U34E 
0.236397E+06 

0.100000E+01 


0.122499E14+05 


(-0U06E 0 0 
0 

0.250185E+06 

0.100000E+0i 


0.13)086[+05 

-rf1707flan0-0-47 
0.262292E+06 

G.IO00OuE+OI 

GAMMA 

VGRAV 

RANGE 

THRUST 2 


0.817030E+02 

0. 115671E+04 

0.9132111-01 

0.374040E+07 


0.805473E+02 

0.122028E+04 

0.117738E+00 

0.377539E+07 


0.793227E+02 

0.128362E+C4 

0.1497741+00 

0.381166E+07 


0.780356E+02 

0.134669E+04 

0.166211E+00 

0.384906C+07 


0.766933E1+02 

0. 4094!5G+04 
0.233866E+00 

0.3$87432+07 


0.7530182+02 

f--E- i-


0.287597E+00 

0.392659E 07 


OBAR 

VDRG 

DRAG 


VAC THRUST 2 


0.207661+03 


0. 10 1127E+02 
0.3648b71+06 
0.473192E+07 

0.232826E+03 

0.1195022+02 

0.403004E+06 

0.473192E+07 


0.259129E+03 

0.139944E02 

0.4433301+06 

0.473192E+07 


0.286405E+03 

0.1629i4E+02 

0.500546E+06 

'0.473192E+07 


0.314461E+03 

0.189126E+02 

0. 5636491+ CY6 
0.731 92E+(,7 

0.3431]5+03 
-7T 	8-S392E+02 
0.632537F+06 

0.73192E 07 


LOAD FACTOR
 
IHRUS1
 
THROTTLE
 
IHRO[TLE 2
 

0.1533001E+01
 
0.2 10662E+08 
0.100000E+01 
0.100000E+01
 

0.154928E+01
 
0.211326E+08
 
0.10000E1+01
 
0.100000E+01
 

0.1565902+01
 
0.212015E08
 
0.100000E+01
 
0.i0000E+01
 

0.158170E+01 
0.212725E+08 
0.100000E+01
 
0.100COE+01 

0.159749E+01
 
0.213453E+08
 
0.100000E+01
 
0.1000C0E+lI 

C.1613255+01
 
0 214 196E+06 
U.1000OE+01 
0.100000E+01
 



TIME 

ALPHA 
THRUST I 

VREL 
Vt1T 
MACH 

VAC THRUST I 

ALI 
GDT 
LIFT 
IHROITLE I 

GAMMA 
VGRAV 
RANGE 
tHRUST 2 

ORAR 
VDRG 
DRAG 

VAC THRUST 2 

LOAD FACTOR 
IHRUST 
IHROTTLE 
IHROTTLE 2 

0.4799955+0Z 
TT Ino utB 
0.0 
0.175288E+06 

0.711'56E+03 
u.2 1-6U4bE+02 
0,655916E+00 
0.182166E+08 

0.148396L+05 
-0.27(1fE+o0 
0.272362E+06 
0.100000E+01 

0.738672E+02 
0.153384E+04 
0.350294E+00 
0.396635E+07 

0.372167E+03 
0.2524Q4E+02 
0.707378E+06 
0.473192E+07 

0.1628951+01 
0.214951C+08 
0.100000[+O1 
0.100000E+O1 

0.499995E+02 
0- 2-6373 
0.0 
0.17 5 6ii9E+08 

0.755704E+03 
5O+To2 T 

0.699804E+00 
0.182166E+08 

0.1o24371+05 
047--0.743961E+00 
0.280035E+06 
0.1000002+01 

0.723957E+02 
0.159537E+04 
0.422877E+00 
0.4006515*07 

0.401407E+03 
0.2903241+02 
0.'188309E+06 
0.473192E07 

0.164452E+01 
0.215714E+08 
0.100000E+01 
0.100000E+01 

C.519995E+02 
0 -I Z5 131 r-
0.0 
0.176012E+08 

-
0.801161E*03 0.177210+E'05 

1rrcw;762-+62+02 -0.757658E+00 
0.745873E+00 0.284948E+06 
0.182166E+08 OIOooooE+OI 

0.7089372+02 
0. 165638E+04 
0.506293E+00 
0.404691F5+07 

0.430604E+03 
0.332876E+02 
0.875421E+06 
0.4731921E+07 

0.165995E+01 
0.216481E+08 
0.O00O]OEtOl 
0.10000E+01 

0.539994C+02 

0.0 
0.176375E+08 

0.848168E+03 

0.794296E+00 
0.182166E+08 

0.1927181+05 

--0. f"822910 
0.286743E+06 
O.1O000E+01 

0.693674E 02 
0. I 683i+04 
0.601507E+00 
0.408733E+07 

0.459514E+03 
0.380d141+0 
0.9687481+06 
0.4-73192E+07 

0.167518E+01 
0.2172481+O0 
0.100000E+01 
0.100000E+01 

0.55999q1+02 0.896764E+03 0.2089601+05 
.OfG-2C6TErTOS0,0- O 2"TO*03E--2------D- rTEWr0 
0.0 0.845252E+00 0.2850636+06 
0.176736E+03 0.I2166E08 O.IOUO00 O01 

0.6"8231'i+0Z 
0.1-7661F:+ 04 
0.70949L9E+00 
0.412758E+C7 

0.487868E+03 
0.433663E+02 
0.106825E+07 
0.4731921+07 

0.169018E+01 
0.218012L+08 
0.100000E+01 
0.10000E+01 

0.579994E+02 
.....r;-121T4" 3 E- 
0.0 
0.17"70bvLt0 

--...
0.947024E+03 0.22b933E+05 

556-4-2-Ew"0z-"---==0f-CTo-Z3UYE0--
0.89897OE+00 0.27v5951+06 
O.182166E+Ob 0.IO00600L-O1 

U.662667F+02 
f3"5-w --

0.831257E+00 
0.416747F+07 

0.515419L[ 03 
0.492330E+02 
0.1156961+07 
0.473192+07 

0.170633E+01 
0.2 16769E +08 
0.IGO000E+01 
O,I_0000E+01 



TIME 

RVOu 

ALPHA 
THRUST i 

0.5999-g32E+02 

-- O-IZOr1-8tr-+0ut 

0.0 

0.177448L+08 


0.619993E+02 

-,TiT8rs 3 B 

0.0 

0.177795L+08 


0.639993F+02 


0.0 

0.1781-34E+08 


0.659992L-+02 

--.- 1-I-u4 tm E-+-Cr 

0.0 

0.178464E+08 


0.679992t*02 

-O-1--52-3- +SEu8-

0.0 

0.18782E+Otj 


0.6999922+02 

-O-IB 9 9Uf -----

0.0 

0.17908bE+08 


VREL ALT 
GOT 

MACH LIFT 
VAC THRUSI I THROTTLE I 

0.999034E+03 0.2436352+05 

U. 6h+0 -G.Tf96ll:b+G0 
0. 955t92E*00 0.270013E+06 

0.182166E+08 0.10000+Ol 


0.105285E+04 0.262061E+05 

ugb48t: OZ0 . -7 -U.(U-109V6 0 
0.101563E+01 0.259646E+06 

0.182166E+08 O.IO0000E+1 


0.lIBA44E+04 O.ZS1203E+05 

Z-82=EI7--r•+Oz -U. 119493T.:7u 

0.I07B90E+0I 0.256421Et06 
0.182166E+08 0.100&OOE+01 

0.116577E+04 0.301051E 05 

0 2 90-JUVE +UU0. -u. 
0.114559£ 01 0.250355E+06 
0.182166E+08 0.10000E+01 

0.122431E 04 0.321591E+05 
O-nJz99-g zU-0--n-6-9-3 UtU 
0.121574E+01 0.241331E+06 
0.182165E+08 0.100000E+01 

0. 128555E+04 0.3428082+05 

u. E - 
0.128936E-01 0.229318E 06 

0.182165E*Ces C.IUOOUOE l 


GAMMA 

VGRAV 

RANGE 

THRUST 2 


O. 6117043E+02 

. IG-94,E+04 

0.967785E+00 

0.420682E+07 


0.631414E+02 

0.195197L+04 
0.112009E+01 

0.424545-+07 


0.615805c+02 

0. 2008b6E+ 04 
0.12s917E+01 

0.428319E+07 


0.b00250E+02 

U. 2U6492E+04 
0.1476042+01 

0.431987+07 


0.584790E+02 

U.?12009qL+0 

0.168168F+01 

0.4355332+07 


0.569464L 4 02 
0.-217 35E04 
0.1907U5E 01 

0.438940E+07 


QBAR 

VDRG 

DRAG 


VAC THRUST 2 

0.541900F+03 

0.55642CE+02 

0.124981E+07 

0.473192E+07 


0.566972E+03 

0.626114E+02 

0.134117E+07 

0.473192E+07 


0.590182E+03 

0.702285E+02 

0.146094E+07 

0.473192L+07 


0.611013E+03 

0.786063E+02 
0.158874E+07 

0.473192E+07 


0.628541E+03 

0.878J29FE+02 
0.173264E+(07 

0.473192E+07 


0.643434.E+03 

0-9797 10+02 
0.187991F.+07 

0.4731922C7 


LOAD FACTOR
 
THRUST
 
IHROTTLE
 
THROTfLE 2
 

0.172238E+01
 
0.2 19516E+08 
0.100000E+O1
 
0.i00000E+01
 

0.173877E+01
 
0.220249E+08
 
O.IO0OOOL01
 
0.100000E+01
 

0.175296E+01
 
0.220966E+08
 
0.100000E+01
 
0.IO000E+01 

0.176658E+01
 
0.221662E+08
 
0.100002E4o1
 
0.100000E01
 

0.177889E+01
 
0.222335E+08 
O.I0000*E 01
 
0.IfjOO0oE+OI
 

0.119095E+01
 
q.222932E+tO 
0.100193E+01
 
0.100000E+Ol
 



--

lIME VREL ALT GAMMA QB AR LOAD FACTOR
 
W VDUI GDT VGRAV VDRG 1HRUST
 

ALPHA MACH 
 LIFT RANGE DRAG THROTTLE
 
THRUST 1 VAC THRUST 1 IHROTTLE I THRUST 2 VAC THRUST 2 THRUTTLE 2
 

0.719991E+02 0.134345E*04 0.364653E05 0.554257E+02 0.650106E+03 0.168962E+01 
L u807" 0. z'l -0oz 5TMETOG 0.222766E+04 0.109015E+03 0.210707E+o8U 1E+ 


0.0 0.136220E+01 0.214127E 06 0.215255L+01 0.200880E+&7 0.942336E+00
 
0.166487E+08 0.182165E+08 0.928121E+00 0.442197E+07 0.473192E+07 O.10000E+O1
 

0.739991F.+02 0.140060E+04 0.387034E.05 0.539161E+02 0.650144E+03 
 0.172531E+01
 
0 -6-r&2 -+Ut u.d b2 0+o4 -u.7uovvi E+O0 0.228000E+04 0.120853E+03 0.213834E+08
 
0.0 0.143524Ei01 0.196524E+06 0.241838E+01 0.212002E+07 
 0.953832E+O0
 
0.169307[-08 0.162165E+08 0.942390Ee00 0.445271F+01 0.473192E+07 0.LO000OE01
 

0.7599912+02 0.1 6364E+04 0.409948E+05 0.124254E+02 0.649544E*O3 
 0.1828836+01
 
07.rrWT3UETCr--0 •3.4u64+U 
 -0. (396-I--0 T.33 13sE 01i 0.133433E 03 0.224046E+08
 
0.0 0.151504E01 0.175299F406 0.270591E' l 0.220600.+07 0.996951E+00
 
0.179231L+08 0.182165E+08 0.996191C+00 0.448155E 07 
 0.473192E+07 O.IOOOOOE-01
 

0.779991E+02 O.I!53245E+04+ 0.433451F+05 0.509621E+02. 0.647164E.03 O.186723E+01 
0f717092"UTEV{ OT O. 52-5330-0-E-7 2422uF+8 0.238167E+04.0 0. 146150E+03 G .225243E+08 
0.0 0.160106E 01 0.143675E+06 O.301691E+C1 0.213270E+07 0.IO00OOE+01
 
0.18015HL+08 0.182165E4O C.10OCOOE+Oi 0.450850E+07 0.473192}£ 07 0.100000E+01
 

0.799990E 02 0.160452E+04 0.45-0560E+05 U.495295E*2t 0.640127E+03 0.190133E 01
"
 = Of lU796ZE-O93...07 3-68"&02T02 --- U.0-4WOV 0U f+-W-6-O+ £. 24309r,) 0.1585 29F+03 0.2 25718L+ 08 
O.U 0.169001E+01 0.1tG428E+06 0.335264E+01 0.204336E+07 O.iOOOOOE -O0 
0.18038"IE+08 0.182165E+08 0.10000OE-0i 0.453353E+07 0.413192E+07 0.IUOOOOEO0 

0.819990E+02 0.167983E+04 0.482276E+05 O.4b1303E+02 
 0.628140rE03 0.193732E+01
 
Ot rO67l 43----TE52E--o2---_&9-4U -.5E E 
 24i-[E--4- * 1)0-6- + 03 0.226156E+08 
0.0 0.178099E+01 0.76!)559E+05 0.371423h+ 01 0.193863+07 .1I0000E20 1
0.1805901+08 0.I82165E+08 0.I0000L+U 0.455660F +07 0.4731922+0t 0.1U0000+01 

http:0.647164E.03
http:0.387034E.05


0.0 

TIME VREL 
V_ I 

ALPHA MACH 
THRUST 1 VAC THRUST 1 

0.839990E+02 0.175864E+04 

-OrOIO-5-7EiZrUT1.
02--41E-Tm2 


0.187309E01 

0.18077q11+08 0.182165E+08 


0.8599.9E+02 O.1b4O86E+04 

----- 00
+9-t-1753+-2 

0.0 

0.180951E+08 


0.8799b9E+02 

-T0 30O- IE+08 


0.0 

0.181105E+08 


0.89999i-E+02 


-- 0?I]wj775-+O'F 
0.0 

0.181242E+08 


0.919986E+02 

-0-- b.
10U55-37StE+u u 

0.0 

0.181362±+08 


0.939988E+02 


0.196523E+01 

0.182165E+08 


0.192656E+04 

0.3770E 2 

0.205639E+01 

0.182165E 00 


0.201579E+O4 

0.4552 ET 
0.214031E+U 

0.182165E+08 


0.210862E404 

ciE+--


0.222761E+01 

0.182165E+08 


0.22003E04 


ALT 

GOT 

LIFT 

IHROII'LE I 


0.507598E+05 

-0.672-20E+O0 

0.431671E+05 

0.100000E+O1 


0.533527E+05 

(65367--TO0 

0.114087E+05 

0.100000E+01 


0.560062E+05 

-0.637203E+00 

0.0 

0.10000E+O 


U.5R7201E+05 
O.6-- 0639E+00 


0.0 

0.1000002+OI 


0.614V3EI+05 

-U 31 -+0 
0.0 

0.O00000E+01 


0.643269E+05 

3
--OW9V9z99aF t~ u.ty--- E-"02-5-9'5-7EO2 


0.0 0.231716E01 0.0 

0.181467E+08 0.182165E+08 0.100COOE+o0 


GAMMA 

VGRAV 

RANGE 

THRUST 2 


0.467663E+02 

0.252641E+04 

0.%10287E+01 

0.457768E+07 


0.454390E+02 

0.257258F+04 

0.451974E+01 

0.459680E+07 


0.4414792+02 

0.261771E+04 

0.496605E+01 

0.461396E+07 


6.428900E+02 

0.266180E+04 

0.544300E+01 

0.462915F+07 


0.416656E+02 

0.2(0487E+04 
0.595184E+01 

0.464251E+07 


0.404752E+02 

U. t, 9691-F_+ 
0.b49382&+01 
0.46542E+C7 

QBAR 

VDRG 

DRAG 


VAC THRUST 2 


0.611210E+03 

0.181878E+03 

0.182508E+07 

0.473192E 07 


0.589563E+03 

0.192733E+03 

0.171202E 07 

0.473192E+07 


0.563735E+03 

0.203005E+03 

0.159802E+07 

0.473192E+07 


0.531466F+03 

0.212675E+03 

0.147595E+07 

0.473192E+07 


0.500748E+03 

0.221693E+03 

0.136012E*07 

0.473192E+07 


0.470700E 03 

-7.-230090E+03 

0.1248148F+07 

0.473192E+07 


LOAD FACTOR 
]HNUST 
THROTTLE 
THROTTLE 2 

0.197465E+OI
 
0.226556E+08
 
0.100000E+01
 
0.100000E+01
 

0.201246F+01
 
0.22b919E+0
 
0.100000E+OI
 
O.10000E+01
 

0.205088E+01
 
0.227245E 08
 
0.l00000+01
 
0.lO0000E+01
 

0.209065E+01
 
0.227533E+08
 
0.100000E-+0l
 
O.I(oOOOE+OI
 

0.23042E+01
 
0.227787E+08
 
0.100000E+01
 
O.I000GOE+01
 

0.217046E+01
 
0.22bOlOE0a
 
0.l00000O01
 
0.100000E+01
 



TIME VREL 

-W 
 ViuTl 

ALPHA MACH 
THRUST 1 VAC THRUST 1 

0,959988E+02 0.230504E+04 
0. -6-4+uf 0.50898Lt+OZ 
0.0 0.?40923E+01 
0.181560E+O8 0.182165E+08 

0.979987F+02 0.240863E+04 

o.... zv0+u 5 2653E+-2 

0.0 0.250411E+01 

,0.181641L-+08 0.182165E+08 


0.999987E+02 0.2515BOE+04 
O-8J5-5-B-707E+-O7 U !4f u1LL+uz 
0.0 0.260209E+01
0.181712E+08 0.182165E+08 


0.1019 9E+03 0.262655E+04 

O ~5b43W9WfE-+,6767u E+pZ 

0.0 0.270343E+01 

0.181773E+08 O.182l65E+Ot 


0,103992E+03 0.274c.u7E+G4 
09v3q-lvttz+u, 070-55E+U2 
0.0 0.280840E+01 

0. 18 18?7 E+Oti 0.1b2165E+08 


0.105999eu3 0.285878E 04 


0.0 0.291117E101 

0.181874E+08 0.182165E+08 


ALT 

GOI 


LIFT 
THROTTLE 1 

0.672188C+05 

-0.569336E+OU 
0.0 

0.100000E+01 

0.701687E+05 

-0.552097E+00 

0.0 

O.IOOh0E.+O1 


0.731761E+05 

-0,634914V +00 

0.0 

0.10000E+Oi 


0.762400F+05 

-0.5115 F6E+00 

0.0 

0.100000E+01 


0.793595F+05 

-0.502i2-4E+00 

0.0 


0.100000I+01 


6.825316E+05 


0.0 

O.ICOOOOE+01 


GAMMA 

VGRAV 

RANGE 

THRUST 2 


G.3931S3E+02 

0.278795E+04 

0.707016E+01 

0.46457E+07 


0.381979E+02 

0.282800E+04 

0.768zO9E+ti 

0.467360E+07 


0.3711083 02 

0.286706E+04 

0.833082E+01 

0.463148E+07 


0.360573E+02 

0.290516E+ 04 

0.9017552+U1 

0.468835E+07 


0.3503632 02 
0.294232F+04 

0.97435GE+01 


O.469432E+07 


0.31,0474E+02 
e) (6 t +T o 

0.10)5099E+02 
0.46v951-+C7 

QBAR 

VDRG 

DRAG 


VAC THRUST 2 

0.441500E+03 

0.237879E+03 

0.114144E+07 

0.473192E+07 


0.413293E+03 

0.245077E+03 

0.103953E+07 

0.4731922+07 


0.386181E+03 

0.251716E+03 

0.946632E 06

0.473192Ei-07 


0.360243E+03 

0.257830E+03 

0.858951F+06 

0.473192E+07 


0.335521E+03 

0.263440E+03 

0.776479E 06 

0.473192E 07 


0.312029E+03 

----2- l0TE + U3 

0.6991436+06 

0.473192F+07 


LOAD FACTOR
 
THRUST
 
THROTTLE
 
THROTTLE 2
 

0.221076E+01
 
0.228205E+08
 
0.I0000E+01 
0.100000E+01 

0.225131E 01
 
0.228377E+08
 
0.100060E ol
 
0.100000E+01
 

0.229174E+01
 
0.228526L+08
 
0.10000E+01
 
O.1000OO1E+
 

0.233247E+01
 
0.228657E+O0i
 
0.10000E+Ol
 
0.100000E+01
 

0.237354E401
 
0.228770E+08
 
0.100000E+01
 

0.1000002+01
 

0.241500L+01
 
0.228869C+08
 
0.100000O.01
 
0.1,I)O00E 01
 

http:0.100000O.01


TIME VREL 
w VDi 

ALPHA !MACH 
*FIRUST I VAl THROST I 

0-: 110799vE+03 0 .98026E+04E+. 
079--F3-5 Tu I (js.n1b +U 

-0 0 - 0 . 3( 2983E4--1 
o 181941+(0& 6.A2i65E-"0cs 

.0: 1C999E.+0. 0 - DO§52?/E-64 
0U9T 0E+0( 0.b 3 ET+2 

0. .0.314623E+OC 
0- F8194V'fL+08 0.-62265E-rO 8 

0 11 19;9F+03 0 .•323379E+04 
-- 8UET625Fl-U 1 0 E51l8E+02 
00 0 .3 26 501E+ 041 
0:1 979&+08i... -2 65E0 

F 0-13999E+03 0 .3658qEt04 
-=-o-8a5V75M +U07- (f. -t-cE+-0 

- .. 381173 E+0-1 
lt dZ006S-+t 0.1L 2 6E*b 

S1159_8E+05 0.30146E+04 

0. G785-6 G7FTC7 U. b7G-T-6 2 
01 0tz 0.550046Et0,i 

-tofk2-OcBE+0 0.71 1651 

0 1179981-+03 0 .364C69E+04 
-- 05- q1It+ 07-0-T'.zT---

0 0i - 0.-0321E+0 
S04+ 0 .?A616o-0O, T4S 

ALT 

CDT 


LIFT 

THF.Or'LE 

T0.856122+05 
-C.4fC886 +0G 

% .0 : -

O.lbC(O0t5+-O 


8W--4I42+O5-

-0q 55'!4E+00 "
4 

00-' 
- o- Oo.-Q0+o 

0923729E+05 
-- 4406O0E+00 

=-0.O 
:010 OGE04C 1 

0.9,?54'6E+05 
zYo-

-0.0 

:0Ql:OOOaOE+a 

0.99lt;4i E+05 

-0 41191I+00 

0-0 z 


-002 +fYi0fi~iO0 


0.1026t-Z-4 c6 

0-hflTz f--

0. 

lI 1-0 CO0 +01 

GAMMA 

VGRAV 

RANGE 


- THRUST 2 

330900E+02 
0.301326E+04 

O.113178.E+02 
0.470400E+O7 

0 321636E+02 
0. 304829E+04 

0.121686E+02 

0.470790E+07 

0.312674E+02 
0. 308184L+04 
0. 130833E+02 
.471123E+07 

0. 304007E+02 
311455E+04 


0. 140031E+ 02 
0.411421E+07 

0.295627E+02 

G. 314643E+04 
0.149891E+02 
6.471673E+07 

0.2S7527E+02 

- 3Gl-775-1E---
0.160226E+02 

l.4718906+07 

QBAR 

VORG 

DRAG 


VAC THRUST 2 


0.289746E+03 

0.273249E+03 

0.630902E+06 

0.473192E+07 


0.268615E+03 

0.2775692+03 

0.578312E+)6 

0.473192E+07 

0.243632E+03 
0.281579r+03 
0.529027E+06 
0.473192E+07 

0.228891E+03 

0.285290E+03 

0.481233E+06 
0.473192E107 

0.21034} E+03 

0.283709E+03 

O.436760E+Oo 
0.473192b+07 

0.192v54E+03 

-- 2- bb5L+03 
0.395493E+06 
0.473192E+07 


LOAD FACTOR
 
THRUST
 
1HROTTLE
 
1HRUTTLE 2
 

0.245644E+01
 
0.228954E+08
 
0.100000E-f01
 
O.i00000E+0i 

0.249715E+01
 
0.229028E+08
 
0.100000c+01
 
0.1 0000E02*0 

0.253852E+01 
0.229092E+08 
0.100000 +01 
O.l00000E+01 

0.25E,080E+01 
0.229148E+08
 
0.100000E+01
 
O.100000E+01 

0.262382E 01
 
0.229196E+08 
0.10000E+01 
0.1000GE+01 

0.266'64E+01
 
0.229237E+08 
0.100090E+01
 
0.100000E+0
 

http:07-0-T'.zT


TIME VREL ALT 

W -- V1UT- GDT 


ALPHA MACH LIFT 

THRUST I VAC THRUST 1 THROTTLc 1 


0.119998E+03 0.378355E+04 0.106190E+06 

083 aVQ07t 73z2UETC2
.- -U._64699E+UU 

0.0 0.374331E+01 U.0 

0.182065E+08 0.182165E*08 .IO0000E+01 


0.121998L+03 0.393007E+04 0.109762E+06 

C0-."9751-Eu 0.(T1 1E+C2"Z-TF162E+00
-.

0.0 0.386722E+01 0.0 

0.182079E+08 0.182165E+08 0.100000E*01 


0.12399UE+03 0.408030E+04 0.113379E+06 

. 8. -07T605-O-2L+
07376L+0 -0.35707E+O0 


O.0 0.399268E+01 0.0 

0.182091E+08 0.182165E+08 0.100000E+01 


0.125998E+03 0.423429E+04 0.117039E+06 
I-u w UU.- iO79-E6r u 379T6-rE-+z612*0 

0.0 0.411970E+01 0.0 
0.182102E+08 0.182165E+08 0.100000f+01 

0.127998E+03 0.439206E+04 0.]20744E+06 

. 7'26-27-/OT79SW5ET37t-T-O-F.-JTg37F
-E+po 

0.0 0.424833E+01 0.0 
0.182111E+08 0.182165E+08 (;.ICOuOOE+0i 

0.1299981i+03 0.455369E+Ozf 0.124490+06 
S0r-- rZqErO-- 1]9U-flr------c3 z -5-
0.0 0.437871E 01 0-.0 

0.152119E+u8 O.l82165E+08 0.10000E+01 


GAMMA 

VGRAV 

RANGE 

THRUST 2 


0.279699E+02 

O.32TF:+04 

.0.171046E+02 

0.472076E+07 


0.272136E+02 

0.323729F+04 

O.lB2364E+02 

0.472236E+07 


0.264829E+02 

0.326607E+04 

0.194192E+02 

0.4t72374E+07 


0.257772E+02 

0.3 9411 +04 
0.206541E02 
0.472491E+07 

0.250956F+02 

0.332146f+l04 
0.2194V3E2+(2 
0.472592F+07 


0. 2 44 3 7i2+02 
. . .b it-+04 

0.232850E+02 

0.472678E+0? 


QBAR 

VDRG 

DRAG 


VAC THRUST 2 


0.176702E+03 

0.2947,E+03 

0.357322F+06 

0.473192E+07 


0.161557E+03 

0.297387E+03 

0.322128E+06 

0.473192E*07 


0.147490E+03 

0.299806E 03 

0.290137E+06 

0.473192E+07 


0.134467E+03 

0.302019E+03 
0.261348F+06 
0.473192E+07 


0.122452E+03 

0.304042E+03 

0.235101,C+06 
0.473192E+07 


0.111405E+03 
0.30566t9E+03 

0.211239E+06 

0.473192E+07 


LOAD FACTOR
 
IHRUS1
 
THROTTLE
 
'THROTTLE 2
 

0.271232E+01
 
0.229272E*O8
 
0.100000EtO1
 
O.IOOOOOE+OI
 

0.275793E+0I
 
0.229303E+08
 
0.100000r+O0
 
O.100000E ol
 

0.280449E+01
 
0.229329E+08
 
O.1O000OE+I01
 
O.100000E+01
 

0.285204E+01
 
0.229351E+08
 
O.I0000E+0l 
0.100000E+01
 

0.290073E+01
 
0.229370E Ob 
0.100000E+01
 
O.I0000E+01 

0.295065E+01 
0.229386E+08 
0.100000E+01
 
0.100000E+01
 



TIME 
w 


ALPHA 

THRUST I 


0. 131998E+03 
.OW57TE~ug 


0.0 

0.182125L'+08 


0.133998E+03 
----j5O61u +UI 
0.0 

0 178117+08 


0.135996E03 

U. 13BQL+0 f 
0.0 

0.174319E+08 


0.137990+03 
0r-2-T51 E01~ 
C.0 

0.170604L+08 


0.139998E+03 

--rl 


0.0 

0.1669b8E+08 


0.141998E+03 


VREL 
VMOi 
MACH 


VAC THRUST I 


0 .471924E+04 
U.b3T635t+UL 
0.451109E+01 

0.162165E+08 


0.488[00E+04 

U.t4UZ5,+0 

0.464411E+01 

0.182365E+08 


0.505536E+04 

U.b84318EU2 

0.477667E+01 

0.182165E+08 


0.522432E+04 

--. L62'At+uz 


0.490938E+01 

0.182165E+08 


0.59386E+04 


ALT 
GfYT 
LIFT 

THROTTLE I 


0.128279E+06 

-u.-i2L00+Uu 
0.0 

.100000F+Oi01 


0.132108E+06 

-U.30-T-r-E+0u 

0.0 

0.977963E+00 


0.135974E+06 

-0.2-9T--+O0 

0.0 

0.957084E+00 


0.139875E*06 

-i.zZbAb3IE+UU 
0.0 

U.93o662E+00 


0.143808E+06 

u.rA-t--7uLU-3ETU-U0---U727 6t:M3
+UU 
0.5C4293E+01 0.0 
0.182165E+08 0.916681E+00 

0.556398E+04 0.147769E+06 

"=609 6--E2Z7E-5uZ-
0.0 0.517820E+01 0.0 
0.163405E+08 0.182165E+08 0.897106C+00 

GAMMA 
VGRAV 

RANGE 

THRUST 2 


0. 238014E+02 
r.33741FE+04 

0.246835E+02 

0.472752E+07 


0.231880E+02 

0.339946E+04 
0.261386E+02 

0.472615E+07 


0.225943E+02 

0.34Z419E+04 

0.276507E+02 

0.472869E+07 


0.22019WI:02 

0.344631E+04 

0.292200E+02 

0.472915E+07 


0.214634F+02 

0.347Ib4L+04 

0.3084b6E.02 
0.472954E+07 


0.209245Et02 
(+)C. +044494 
0.325308E+02 

0.472988E+07 


Q8 AR 
VDRG 

DRAG 


VAC THRUST 2 


0.101281E+03 
0.3-0 576E+03 
0.189613E+06 
0.473192E+07 

0.919675E+02 

0.309113E 03 

0.169978E+06 

0.473192[+07 


0.83389?E+02 

0.310513E+03 

0.152154E+06 

0.473192E+07 


0.755351E+02 

0.311786E+03 

0.136066E+06 

0.473192E+07 


0.683791L+02 

0.312y43E+03 

0.121613[+06 
0.473192E+07 


0.618854E+0Z 
0.313992E+03 

0.108280E+06 

0.473192F+07 


LOAD FACTOR
 
THRUST
 
1HROTTLE
 
THROTTLE 2
 

0.30186F+01
 
0.229400E+08
 
0.iOGOOOE+i01 
0.100000E+01
 

0.300018E+01
 
0.225399E+08
 
0.982505E+00
 
0.100000E+01
 

0.300015E+01
 
0.221606E+08
 
0.965930E+00
 
0.100000E+01
 

0.300011E+01
 
0.217895E+08
 
0.949718E+00
 
0.100000E+01
 

0.300008L+01
 
0.21t263E+08
 
0.933856E+00
 
0.10000E+01
 

0.300004E+01
 
0.210704E-OB
 
0.918317E+00
 
0.100000E+61
 

http:0.3084b6E.02


TIME 
-


ALPHA 

THRUST 1 

0.143998C+03 
0-6F-7!75T --
0.0 

0.159915E+08 


0.1459,8F+03 

07675510)UEFT 

0.0 

0.156497E+08 


0.14799bE+03 

-- 0.-6567T-1E 7 


0.0 

0.153148E O 


0.149998E+03 

-----078---E20T 

0.0 

0.149870 +08 


0.151998E+3 

--Or,6"4ql-f{OT 

0.0 

0.1466552+08 


0.153998P+03 
"---;6-4ZE-2TTET-

0.0 

0.143501E+08 


VREL 
Voun 

MACH 


VAC THRUST 1 


0.573Lt64E+04 
0.8-5"413:+02 

0.5316226+01 

0.182165E+08 


0.590586E+04 

U.U-bfolb+oz 
0.545822E+01 

0.182165E+08 


0.607759E+04 

0.859-36E+Z 

0.560566E+01 

0.182165E+08 


0.624983E+04 


ALT 
GOT 

LIFT 
THROTTLE I 

0.151755E+06 

-0.257161E+00 

0.0 

0.977934E+00 


0.155764E+06 

--0.249426E*00 
0.0 

0.859157E+00 


.0.159793E+06 

-0.242026E+00 

0.0 

0.840765E+00 


0.163840E+06 

(]9E+CZC-2 


0.577557E+01 0.0 

0.182165E+08 0.822760E+00 


G 'Z 38E+O0 

0.642257E+04 0.167901E+06 

-- -- w92--------zz- +90-


0.595628+31 0.0 

0.182165E+08 0.S0,I06E+0G 


0.659579E+04 0.171975E406 
+ (T3 

0.614309E+01 0.0 
O.i8zl6bE+08 0.78786E+GO 


GAMMA 
VGRAV 

RANGE 

THRUST 2 

0.204021E+02 

0.351719E+0 

0.342728E+02 

0.473017E+07 


0.1989556+02 

0.353905E+04 
0.360727E+02 

0.473042E+07 


0.194041E+02 

0.35603dE+04 

0.379307E+02 

0.473063E+07 


0.159272E+02 

0.358119E+04 

0.398469E+02 

0.473081E 07 


0.164041E+12 

0.3601E. 

0.418215E+02 

0.473097E+C7 


0.180144E+02 


0.438547E+02 

0.473111E+07 


OBAR 
VDRG 

DRAG 


VAC THRUST 2 


0.560110E+02 

0.3149402+03 

0.961661E+05 

0.473192E+07 


0.5070b9E+02 

0.315795E+03 

0.853122E+05 

0.473192E+07 


0.459299F+02 

0.316565E+03 

0.755918E+05 

0.473192E+07 


0.4185P5E+02 

0.317260E+03 

0.671934E+05 

0.473192E+0"' 


0.381742E 02 

0.317( ?E*03 

0.596192E+05 

0.473192E+07 


0.347555E+02 

8451 ' 

0.526742E+05 

0.473192E+07 


LOAD FACTOR
 
THRUST 
THROTTLE
 
THROTTLE 2
 

0.300000+OI 
0.207216E+08
 
0.903098E+00
 
0.100000E+01
 

0.299997E+01
 
0.203801E+08
 
0.888193E+00
 
0.100000E+01
 

0.299993F+01
 
0.200454E+08
 
0.8735941 00
 
0.O0000E01
 

0.299990b+01
 
0.1,7I78E 08
 
0.859301E+00
 
0.100000E2ol
 

0.299986E+01
 
0.193965E08
 
0.845288F+00
 
0.100000E+01 

0.299983E 01
 
0.190812F+08
 
0.831540E+00
 
0.100000E 01
 



------

TIME 


ALPHA 

THRUST I 


0.155998E+03 

0;-62-42 2BE+u 7 
0.0 

0.140407E+08 


0.157998F+03 

0-61- 6 1u E+Ou 7 
0.0 

0.137370[+08 


0.158387E+03 


VREL 

WV[TD 

MACH 


VAC THRUST I 


0.676948E+04 

.869 b1E+uz 


0.633600E+01 

0.i82165E+08 


0.694363E+04 

u.urff9l +UL 

0,653499E*01 

0.1821-65E+08 


0.697757E+04 

0-6200-0T-n 872-rET2oz 

0.0 0.657441E+01 

0.1368 01+08 0.182165E+08 


0.158387E+03 0.697757E04 

4W9'TC-5+-(;--O--+-


0.0 0.657441lE 01 

0.0 0.0 


O.1600631+03 0.'/01423E+04 

0 45759FO----------2 -3---+ 

0.0 0.664260E+01 

0.0 0.0 


ALT 

IG 


LIFT 

THROTTLE I 


0.176059E+Ob 

-0.-215353+OO 


U.0 

0.770795E+00 


0.180152E+Oe0 

-U-0.232-0 +o 

0.0 

0.754121E+00 


0.180949E+06 

-0.2081 IE+00 

0.0 

0.7b0993E+00 


0.180949E+06 

-. 27mse 0 

0.0 

0.0 


O.184355E+06 


0.0 

0.0 


GAMMA 
VGRAV 
RANGE 
fHRUST 2 

0.175774E+02 

0.364069E+04 

0.459464E+02 

0.473123E407 


0.171526E+02 

0.365959' 04 

0.480969E+02 

O.0473133E+07 


0. 170715E+02 

0.366321E+04 

0.485205E+02 

0.473135E+07 


0.170715E+C2 

0.0 

0.485205E+02 

0.0 


0.1670722+02 

002Th-ETo
0. 154049TEb2 

0.503541c+02 

0.0 


QBAR 

VDRG 

DRAG 


VAC THRUST 2 


0.31t)347E+02 

0.318956E+03 

0.463149E+05 

0.473192E+07 


0.28645(IE+02 

0.319407E+03 

0.405020E+05 

0.473192E+07 


0.280998E+02 

0.319488E+03 

0.394314E 05 

0.473192E+07 


0.280998E+02 

0.0 

0.394314E+05 

0.0 


0.250765E+02 

0.406158E+01 

0.342198+05 
0.0 


LOAD FACTOR
 
THRUSi
 
'THROTTLE
 
THROTTLE 2
 

0.299980E+01
 
0.187719E+08
 
0.818052E+00
 
0.100000E+01
 

0.299976E*01
 
0.184684E+03
 
0.804817E+00
 
0.i0oo6O0E+01
 

0.300000E+01
 
0.184114E+08
 
0.802334E+00
 
O.IOODUOEi O
 

0.962865E+00
 
0.4749422+07
 
O.1OOOO-+O
 
0.0 ... .
 

0.967318E 00
 
0.474v50E+O7
 
0.i(COO0OE 01 

0.0
 



EXO-AIMOSPHERIC TRAJECTORY
 

TIME 

W 

oD 0-6bT3t F 
0.487459L-+07 

-0.6436,3E+01 

0.162063E+03 

...
4.54Z1=-.

-0.664836E+01 


0.164063E+03 

0.483388E+07 


-M-685-53 5-E+ uI 

0. 481748E+07 
-0.701884E+OI 

0.165674E+03 

----	 8-.4177-81+-O-


-0.701884E+01 


c.167674F+03 

0.479712E+07 


- 0;-72Y7" ZE+01. 


0.477677f2+07 
-0. 741191L+01 

V(R) 

V(I) 


0.7Th423E-04 

0.827763E+04 

0.185353E+00
 

0.705782E+04 

3aZ3-EN 


0.186050E+00
 

0.710198E+04 

0.836947E+04 

u. i 

0.840705E+04 

0.187316E*00
 

0.7 13798E+04 

O--Ts07f0-3377T--2-7 


ALT 

THETA(R) 


0.184355E+06 

0.281440r+02 


0.138356E+06. 

0.280162E+02 


0.192305E+06 

0.2781881E+02 


0 .195447E+ 06 
0.277847E+02 


0. 1954A47E 06 

847E +02 


0.199298E+06 

0.276561E+02 


u.i 009E+6 
0.275273E+02 

RANGE 

QBAR 


0.503541iE+02 

0.250765E+02 


0.525551E+02 

0.219180E+02 


0.547734E+02 

0.191725E+02 


0.565728E+02 

0.172214E+02 


0.965728E+02 

0.172214E+02 


0.588223E+02 

0.150815&+02 


0.610 --E+02 

0.132132F+02 


1/W
 
VDRAG
 

0.974z4E400
 
0.0
 

0.978527E+00
 
0.740648E+00
 

0.982647E+00
 
0.1353025+01
 

0.985992E+00
 
0.176351E+01
 

0.985993E 00
 
0.176351E+01
 

0.990177E+00
 
0.218261E+01
 

0.994396F+00
 
0.251237E+01
 

GAM(R) 

GAM(1) 


0.16 072E 02 

0.14U993t: 02 


0.163678E+02 

O-. 13u250E+0z 


0.160327E+02 

O.135539E+02 


0.133378E+02 


0.1576596+02 


0.1b7316E+00
 

0.718319E+04 

0.845416E+04 

0"f1"38 (23+UO"
 

0.810178E+04 

0.188734E+00
 

0.154385E+02 

0.130725E+02 


T15t02 

0.128104E+02 




--

TIME 

W 


--- LEPWA 


01-T bt4L+O3 

O.475 6 4 1E+07 


-0. 76C172C+0t 


0.173674E+03 

O-4TW6t5-L+o7 


-0. 778705E+01 


0.175674E+03 

0.471570E+07 


-0779-6- T57.c 

---.--177774o 

C.469534E+0-


-0.814436E+01 


0.179674E+03 

-O-467499 .

-0.831641E+01 


0.181674E+03 

0.465463E+01 


V(R) 

V(I) 

CD
 

0.121530E 04 

0.8 D4991Et04 

O.
0189447E+O0
 

0.73222OE+C4 

0.85 855E+04 

0.190159E+00
 

0.736967E+G4i 

O.864770E404 


I 'I0 + 12E+O0 

0.869736E+04 

0.191583E+00
 

0.746628E-+04 


0.192291E00
 

0.751542E+04 

0.879620E+04 


-0;-848A1 2E+O ----.- 192995E;00
 

-Of3-- q U"-6-L-+---- -OTT6-rEt u 
0.463427L+07 0.884938E+04 

-0.864743E+01 0.193694E 00 

GAM(R) 

GAMI) 


O.147965E+02 

0.125514E+02 


0.144819E+02 

0.122955Et02 


0.141715E+02 

0.120428E+02 


0.117932E+02 


0.135631E+02 


ALT" 

THETA (R) 


O.206836E+06 

0.273983E+02 


C.210523E+C6 

0.2I690E+02 


O.214157E+06 

0.271394A+02 


- 37--m-E---
7 E +06 

O.270096E+02 


0.221264E 06 

1-l-467E7+F---.Z -95E+02 


0.132o51E+02 0.2247382+06. 

0.1130331+02 0.2614v3E+02 


0 . iZTr30r .TZBt 15E4 
0.110630E+02 0. 266 1$ 7E+U2 

RANGE 

QAR 


O.633733E+02 

O.115803E+02 


O.656756E+02 

0.101519E+02 


O.679951E+02 

0.890115E+OI0 


0.703330E+02 

0.780586E+01 


0.726888E+02 

0.6,84b 03 E+01 


0.750624L+02 

0.600475E+01 


RiT-." 545 +02 

0.526I51E+01 


T/W
 
VDRAG
 

0.998651E+00
 
0.276334E+01
 

0.100294E+01
 
0.294471E+01
 

0.100727E+01
 
0.306452E+01
 

0.101164E+01
 
0.312983E+01
 

0.101604E+01
 
0.314684E+01
 

0.18204BE+O1
 
0.312102F+01
 

U.IC02496E+01
 
0.305718F+01
 



TIME 
W 

.. . .....
AEPHA 


o- 614 E ub 
0.461392E+07 


-0.880652L+01 


0.187674E+03 

S0;4-f'5h-9(FT 7 
-0.896128E+01 


O.189674E+03 

0.457321E+07 

=-.9YTri-7 E+r 

40.455285E+07 


-0.925805E+01 


O.193674E4+03 

-- 0-4532 9E r 


-0.940014E+01 


O.195674L+03 
0.451214E+07 

-0.9538 05E Or-. 

O.44917bE+L01 

-0.9671 2E+01 


V(R) GAM(R) ALl 
VII )GAM(I) THETA(R)
CD
 

u+ --6-8--E+0 0.231529E+06 

0.890108F+04 0.108256E+02 0.264879E+02 

0.194389E 00
 

0.766618E+04 0.123957E+C2 0.234-845E+06 
0.8-"328E+04 0.105913E+02 0.263569E+02 
0.195076E 00
 

0.77175qE 04 0.121139E+02 0.238110E 06 

0.900599E+04 0.103601E+02 0.26225"/E 02 

0 -4139+O0
 

I E+0207-G. 3- 0.241323E+ 06 
0.905921E+04 0.101318E+02 0.260942E+02 

0.292179E+00
 

0.782192E 04 0.115624E+02 0.244484E+06 
007-7T--02'9O-3 0----- 0-99- -4-5Et+-T-fl-*7-2-9--626E+o2. 
0.345263E+00 

0.787492E+04 0.IZ926E+02 O.247593E+Ot) 

0.916716E+04 0.968412E+01 0.258307E+02 

0Tw"--09"E00 

--T9-L-L-'(T- - +o -- E+-06 0S-I-6-TTL- U. 2 
0.92218vE+04 O.v464 5E I01 0.2569U5E+02 

0.45860bE 00
 

RANGE 
QBAR 

0 798641E+02 

0.462105E+01 


0.822923E+02 

0.405471E+01 


0.847392E 02 

0.355853E+01 


0.872044E+02 

0.312380E 01 


0.896884E+02 
0.2743 142+O1 

0.921916C+02 

0.2409v0E+01 


09 iW'7140tE+0 Z 
0.211832E+01 


T/W
 
VORAG
 

0.102949E+01
 
0.295958E 01
 

0.103405E 01
 
O.283197E+01 

0.103865E+01
 
0.269887E+01
 

O.I04329E+01
 
0.2 58125E 01
 

0.104798Et01
 
0.247481E+01 

0.105270E01
 
0.237502E+01
 

0. 1.15O47E+0 
0.227415E+01
 

I 



_ _ ___ _ _ 

TIME VIR) 
W V(I) 

AlPHAkD 

-Q'T9ySj7zF-*-O tJ.f g2WbhOt 
Cl.447143E+07 0.927712E+04 


-0.980149L+01 0.519017E+00
 

0.201674E+03 0.803121E+04 

O.-4-zT-07E-+-G 1 0 .9iZb E o+4 

-0.992717E+01 0.582021E+00
 

O.203 6 7t -+03 0.809239E#04 

0.443071E+07 0.938913E+04 


-0.TOO4"8tB--+-o z 0.641t529E+UO0 

---- 2 U56-ET -3- U -4- - ET(T 
0.441036E407 0.944589E+04 


-0. 101664 E+02 0.7 15523L+00 

0.207674E+03 0.820439Ee04 

043900 (Ee+ 0t--O; 

-0.102800E+02 0.786202E+00 

-- 9 50-5ETO---

0.209674E+03 0.826121E+04 

0.436965E+07 0.956093E+04 


... 0; i038 91Ev-02 ... .;. 2510TE-+o0 O"-_ 

-OwZ 11T 4-r-+U0-315&E-+lTt 
0.434929E+07 0.961921E+04 

-0.104956+02 0.828781E+00 

GAM(R) ALT 

GAM H) THETA(R) 


O.17b4fF+0Z 0. 253655E+06 

0.924829E+01 0.2556b2E+02 


0.105065E+02 0.256612E406 

0. T-3468-+0 T. 254337E+02 

0.102521E+02 0.259517E+0& 

0.882399E 01 0.253009E+02 


-. U -6CT U 262371E+06 
0.3616iE+01 0.251680E+02 


0.97>482E+01 O.265174E+06 

-. 4-1--Z3E-+O---O 03 E 2 

0.q5l7 1 E+OI 0.267928C+06 

0.B20905E+01 0.24901E+02 


U7.927232nE------T63T--06 
O.8C0969E+01 0.247679E+02 


RANGE 

QBAR 


0.972553E+02 

0.186309E+01 


0.9981S3E+02 

0. 163971E+01 

0.102395E+03 

0.144432E+01 


0.104994E+03 
0. 127345F+01 


0.107614E+03 

T24 04 E+ 01 

0.110252E+03 

0.993251+*00 


_ 

0. 129 10E+03 
0.876837E+00 

T/W
 
VURAG
 

0.106228E+01
 
0.218115E+01
 

0.106714E.01
 
0.208154E+0
 

0.107204E 01
 
0.197735E*01
 

0.107699E+01 
0.186698E+01
 

0.108198E+01
 
0 . 1 74924 E401 

0.108702E+01
 
0.161859E*01
 

_ _ - _ _ _ 

0.1 09211 E+01 
0.146617E+01
 

http:0.106714E.01


TIME 
W 

A-P FFA 

V (R) 
V(I) 
TOC 

GAM(R) 
UAM(I) 

ALT 
THETA() 

RANG E 
QBAR 

T/W 
VDRAG 

-O, ZC-3T6-74Ej4-
0.432893r+07 

-0.105976E+02 

u. 86(646L+04 
0.967800E 04 
0.b32317E 00 

U.903866E+0I 
0.781314E+01 

u.273287E+ Ob 
0.246342E+02 

0.115589E+03 
0.774895E+00 

0.109724E+01 
0.128915E+01 

0.215674E+03 
-0T4-308S5-WET 
-0. 106958E+02 

0.843490E+04 
U.91i5g iLh+Ou 
0.835721E+00 

0.880449E+01 
U.b196zL-+UI 

0.275892E+06 
U.245003E+02 

0.118287E+03 
0.6789552+00 

0.110243E+01 
0.108917E+01 

-

0.217674E+03 
0.428822F+07 
r-I79u,-E-Z -

0.849388E+04 
0.979711E+04 
U.07W38-9-rth + u 

O.857595E+01 
0.742822E+01 

().278449E+06 
0.243662E+02 

0.121006E+03 
0.596544E+00 

0.110766E+01 
0.868314E+00 

o;z0I9674 f 
0.42678 E+07 

'-0. 1088096+02 

r-07 .3-U5534E 
0.985745E+04 
0.842130E+00 

OTdU35 -- F 
0.723983E+01 

U 28095eE+ 06 
0.242319E+02 

0.123744[i+03 
0.525599E+00 

0.1 11294E+01 
0.629110E+00 

0.221674E+03 
- O; 4 2 i7+5-t 7---
-0.109679F+02 

0.8613+7E+04 
0- 9 
0.845139E+00 

0.81294"9E+01 
TU5-4-I 5E-

0.283418E+06 
- - -4643fTE 

0.126503+03 
. +00 

0.111827E+01 
0. 3-N72+t00 

0.223674E+03 
0.422715E+07 

-- 0, rT0513[+02---

0.867tO8E+04 0.7,41151E+01 
0.997164E+04 0.6Of114E+01 

-.. 0 848020E#00 ............. 

0.2.5830E+06 
0.239628E+02 

0.129283E 03 
0.411425E*00 

0.112366L+01 
0.104036E+00 

-- oz,Z567q+ 0J3--0 
0.1120680L+07 

-0.11131UE+o2 

-73523ErU 
O.1,C0415E+05 
0.850772E+00 

. -9T 1"0-
0.669081E+01 

-07 - -t-W 
0.23828CE+02 

, 1320E84 +03 
0.365541E+00 

0,1 12909F+01 
-0.178386E+00 



TIME V (R) GAM(R) 

W V(I) GAM(I) 


..... CU
.K PH-


--2TT W30---6+.7L-t4 O.748592E+01 

0.418644E+07 O.11039E 05 O.651309E+O1 


-0.112071E+02 0.B53O1E+00
 

O.229674E+03 0.885916E+04 0.727824E+01 
O.--U9qE+D-fOC---- - O O.-33&OlE+0 

-0. 112797E+02 O.S559O5E+CO 

0.231674r5-03 O.892193E+04 0.707389E+01 
0.414573F+07 0.102302E+05 0.61650E+01 
-07Tr[34-8 BE--O2 -- O-EfB-T-2-E%0

3367ZE0~30-V8- Ei - 0-.b-a-290 +01 

. 0.41253dF+07 0.102941E*05 0.599558L-s01 

* -0.114144E+02 
 0.860548E+00
 

0.235674E+03 0.9049IOE404 0.667516E+0i 

07-4i052FC7....0-.-W6ET- U- Y9E+O 


-0.114766F+02 C .862&90E+00
 

0.2376741 +03 0.91132E+04 0.648069E I01 

0.1408467h+01 0.104236E,05 0.56o334"+01 


-'0rl5353EF02-- 0 ?6471IE 00 ........
 

-.2396-T4WE4Z0TW79T TU7 
0.40b431E+07 0.104b91E05 0.55OIGOE+01 

-0.115908E+02 0.866G21E+00 

-- .... E7 W32E-TUe-p 


ALT 

THETA$R) 


0.2905081+06 

0.236931E+02 


O.292775E+06 

O. 235579E+02 

O.294996E+06 

0.234227E+02-


O. 29716sE+06 

0.232873E+02 


0.299295E+06 

0.231517E+02 


0.301314E+06 

0.Zj01oOE+0C2 


U 0 

0.228802ZE+02 

RANGE 

QBAR 


O.134905E+03 

O.325646E+00 


0.137748E+03 

0.290901a+00 


0.140611E+03 

0.260558Et0O 


O.143496E+03 

0.231916E+00 


0.1462t02E+03 

0.207001E+00 


0.149330E+03 

0.185534E+00 


0.152280E+03 

0.166963E+00 


T/W
 
VDRAG
 

0.113458E+01
 
-G.472172E+00
 

0.114013EitO1
 
-0.776153E+00
 

0.114572E 01 
-0.108932E*01
 

0.115137E+01
 
-O.141107E+Ol
 

0.119708E+01
 
-0.174086E+01
 

O.116285E+01
 
-O.ZU7790E+01
 

0.1 16867E-+-01 
-0.242152E 01
 



TIME 

W 


-X L-PFIA 

0. 416"t+U3 

O.404396E+07 

-0. 116428E+02 

0.243674F+03 

0h---U-042"3-6 U 


-0. 116917E+02 


0.245674E+03 

0.400325L+07 


-U.-11 IL+U Z 

cQ 0.3982892+07 

-0.177i961+02 

0.249674E+03 


0-39-62 54- ----
-0.1188E+02 


0.251674E+03 

0.394218U.07 


E+O'-


--Z5"3 6-0+-3 

0.39218l3F+07 


-0.11887F+02 

V (R) 

V (IV), 


---. CU
 

0.524396E+04 

0.105551E+05 

0.868413E+00
 

0.9S1001E+04 

U,01ZU6EL+U5 
0.870092E+00
 

0.937661E+04 

0.106887E+05 

U.UI7lb2 I +UU 

0.175632+05 

0.8731l14E+00
 

0.951146E+04 


0.874461E+00
 

0.957973E+04 

0.108932E+05 

0,757i99F-0 0 

---4"3 5-1:T~4 

0.109624E+G 

0.876832+0
 

GAM (R) 

GAM(I) 


0.61U144c+0, 

0.534118E+01 


0.591653E+01 

0.518379E+01 


0.573478L+01 

0.502886E+01 


0.487635E+01 


0.53b047E+01 


0 


0.520788E 01 

0.437851E+01 


u 5'3h--5E"FO. 

U.4433121+01 


AL F 

THETAIR) 


0.305393E+06 

0.227443E+02 


0.307335E+06 

0.226082E+02 


0.309230E+06 

0.224720E+02 


-- -1
03I-E+ 

0.223357E+02 


0.312886E+06 

0.-221993E+02 


0.314646E+06 

0.220627E+02 


-*ii, ib 3 + 6 
0.219261E+02 

RANGE 

QBAR 


0.155252E+03 

O.150845E+00 


0.158245E+03 

O.136787E+00 


0.161261E+03 

0.124501c+ti 


0. 164299E+03 
0.113719E+00 

0.167359E+03 

0.1042213+00 

0.170441E+03 

0.958523E-ni 


U 7.-" £--5(t+ 

O.b84350E-Cl 


T/W
 
VDRAG
 

0.117455E+01
 
-0.277112E+01
 

0.118049E+01
 
-0.312621E+01
 

0,118649E+01
 
-0.348637E+01
 

0.119256E201 
-0.385126E+01
 

0.119868E+01
 
-0.422057E+01
 

0.1 0487E+01
 
-0.459404E 01
 

0.171TI.12 E+01
 
-0.497146E+01
 

-58 

http:0.394218U.07


--- 

TIME 

W 


- 2-55-67 4t+ 03 

0.390147E+07 


-0.119178E+02 


0.257674C+03 

-G--03W8UIZ00T 

-0. 119447E 02 


0.259674E+03 

0.386076E+07 

- U71T 6b hz2 

V (R) 

VU) 


.9(l 191E 04 

0.110322E+05 

0.8778b0E00
 

0.978714E+04 

.11025E+05 


0.878782E+00
 

0.9858334E+04 

0.11133E+05 

u . 8 9 604ETGO U 

GAM(R) ALT RANGE 

GAM ( I T HETA (R) QBAR 


0.481162E+01 0.318035E+06 0.176675E+03 
0.429012E+01 0.217894E+02 0.818561E-01 

0.470791E+01 0.319662E+06 0.179826E+)3 
0.414942E+01 0.216526E+02 0.760021E-01 

0.454710E+01 0.321247E+06 0.183001E+03 
0.4011022+01 0.215157E+02 0.707773E-01 

026-1'6-74 ET GT---.-9 92--4--O4.. 0-.48-97E+01 0.3227872+06 0.186199E+03 

0.384041E+0O' 


-0. 119895E+02 


0.263674E+03 

0.382005E#O 7-


-0.120076E+02 


0.265674F+03 
0.379970E+07 

-"'Cr-'1202 28E+02--... 

----0-26A76-?4 E+'03 --
0.377934E+07 

-0.120352E+02 


0.1 12 441E+05 

0.880323E+00
 

0.iOOOlOE+05 

-Y3T6TET"r 


O.880942E+00
 

0. IUO 732E+05 
0.113892E+05 
-0 -S81'4634"O

-t,-VFU
07-5---+C 

0 .1 146,22E*05 
0.881 817E+Q0 

0.387492E+01 0. 213787E+02 0.661094E-01 

0.423408E+01 0.324285E+06 0.189420F+03 
--f i-0E+01 0. 2124 17E+02 0.6192702-Of 

0.40u177E+0 1 0. 325740F'206 0.192665E+03 
0.S60948E+ 01 0.211046E+02 0.581651E-Ol 

T0-39 372GE-027 O---O--5 +---03 
0.348011 +0l O. 20196742+0Z 0.547908E-01 

T/W
 
VDRAG
 

0.121744E+01
 
-0.535264E+01
 

0.122382E+01
 
-0.573741E+01
 

0.123027E+01
 
-O.612565E+01
 

0.123679Et01
 
-0.651725E+01
 

0.i24338E+01
 
-0.691209E+01
 

0.12500E+01
 
-0.731011F+01
 

0.125677E+01 
-0.771122E+O 1 



TIME VIR) GAM(R) ALT 

W VII) GAM(I) THETAIR) 


-- V269-2FE'03 U.IUZ ------ 855Et:U5 0.3 O O328521E+06 
0.375899E+07 0.15358EiO5 0.335298E*01 
 0.208302E+02 


-0.120447E+02 0.882212E*00
 

0.271674b03 0.102932E+05 0.364153E+01 0.32984E+06 

o'03'3-738Yc6TOr4U0-i-05 U.322804E+01 
 0.206929+E02 

-0.1205142+02 0.862444E+00
 

0.273674L-+03 0.103677E+05 0.350017E+01 0.331134E+06 

0.371828E+07 0.116848E+05 C.310524E 01 0.205556E+02 


------ 2O0555 E42 o0.296" 3E-+ot 

"""027 56 74-E 03 -442FTU-- 3r'r"r-0. 332379E+06
u0.369792E+07 0.117601E+05 0.298459E+01 0.204183E+020_0. 120568E+02 0.882629E+00 

0.277674L+03 0.105184L+05 0.3225462+01 0.333582E+06 

7--O-3657E0...nTS3wOE%-or-T-f 
 2O2o~-O-9F -2 


-0.120555E+02 0.882583E+00
 

0.279614r 03 0.105946E+05 0.309204E+01 0.334743E+O6 

0.365721F+07 0.119124E+05 0.2749tlE O1 0.201435E+02
~-0-o2055E+Oz .... T-8824EV-_____________________________ 

-0ras IS6tn5t3~---TfI-r5E-tT-gr z-E- y----.37Z- T--+---O-6--
0.363686E+07 0.119u95b+05 0.263544L01 0.200061E*02 

-0.12049L-+02 O.b82221E 00 

RANGE 

QBAR 


0.199227E+03 

0.5168BAE-01 


0.202544Et03 

0.487697E-01 


0'205885E+03 

0.46150SE-01 


0.2 09 2 51 L+ 03 
0.437985E-01 

0.212642E+03 

0.416822E-01 

0.216057E+03 

0.397761E-01 


219498[+C:5 

0.380558E-0l 


T/W.
 
VDRAG
 

0.126358E+01
 
-0.811538E+01
 

0.127046E+01
 
-0.852256E+01
 

0.127741E+01
 
-0.993274E+01
 

0.128444E+01 
-0.934587E+01 

0.129155E+01
 
-0.976192E+01
 

0.129873E+01
 
-0.101809E+02
 

0 *.1306006E0+01 
-0.106027E+02 



IME 
W 

LP FFA 

V(R) 
V(I) 

LD 

GAM(R) 
UAM(1) 

AL7 
THETA(R) 

RANGE 
QIIAR 

TIW 
VORAG 

t.2Sl"l +t78.SuI6di9 1 

0.361650E+07 
-0. 120358E+02 

LFuU 
c.1206lE+05 
0.881909E+00 

0n ,'f g2=L +p i 
0.252321E+01 

0.336947"E+06 
0.198687E+02 

0.222963E+03 
0.365013E-01 

0.131335E+01 
-0.110273E+02 

0.285674E+03 
-0;-3!5&t5"pE0:-5"zu 

-0.120242E+02 

0.1082692+05 
U0 

0.881510E+00 

0.270709E+01 
E+ 1atbb 

0.337989E+06 
0.197313E+02 

0.226454E+03 
0.350964E-01 

0.13207SE+01 
-0.114549E+02 

0.287674E+03 
0.357579L+07 

0.109055E+05 
0.122241E+05 

0.258382E-01 
0.230496E+01 

0.338991F+06 
0.195939E+02 

0.229971E-03 
0.338283E-01 

0.132830E+01 
-0.1188521+02 

-0R9-' &6-T0: 300-5v-0 
6 0.355544E+07 
'-'_0. 19935E+02 

-- l-0TO,9-63TF-+XW 501)7q-3Tf-l3-I-E-jU.j-U_%-5-  -U-6 
0.123035E+05 C.219bSE+01 0.194565E+02 
0.880456E+00 

0.Z33513E+03 
0.32682BE-01 

U 133 590E+01 
-0.123184E+02 

0.291674E+03 
-03$3 5-0 +0e-'---
-0.119744E+02 

0.110646E+05 
-0-I-23 u-5 +h--
0.879803E+00 

0.234464E+01 
- U-;2 -r--------

0.340877E+06 0.237081E+03 
g3Tq ETO--0Y---------3 f--T77 -

0.134359E+01 
-0. 2/545E +02 

0.293674L+03 
0.351473L+07 

-0; 1195302+ &2... 

0.111450L+05 
0.124641E+05 
07ff79t 69 20 

0.222869i+01 
0.199274E+01 

0.341762E+06 
0.191817E+02 

0.2'0675E+03 
0.307136F-01 

__ 

0.135137E+01 
-0.131934E+02 

-- 0729 56 -0 
0.3494372+07 

-0. 119292E+02 
0.125453E+U5 
0.878253E+00 

ui'L 
0.189266E+01 

CAZ 501h i06 

0.])0444E+02 
. ZU•244Z')52E 03 

0.298729E-01 
0.1359242E+01 

-0.136352E+02 



TIME 
W 

---- A[-FIRh 

V (R) 
V(I)

CO 

GjAM (R) 
GAM(1) 

ALT 
THETA (R) 

RANG-
QBIAR 

1/W 
VORAG 

7.976-7"4:--+ 0 0 "0.-03----T-5 L.2 '8E+01 0.34z3418E+06 0.247942E+03 0.136720E+01 
0#347402E+07 0.126271E+05 0.179453E+01 0.1890'(1E+02 0.291163E-01 -0.140798E+02 

-0.119031E+02 0.877356E+00 

0.299674L+03 0.113k012I+05 
033-6-09r5FU.Ib(u3b-

0.189516E+01 0.344136E+06 
O.1bV83E+0I0. 187698E+02 

0.251616E+03 
O.Z84352E-01 

0.137526E+01 
-0.145273E+02 

-0.118747F+02 0.876380E+00 

O.301674(=+03 0.114730E+05 0.178864E+01 0.341-922E+06 0.255316E+03 0.138341E+01 
0.343331E+07 0.127Y26E-05 0.160410E+01 O.186326E 0 0.278316E-01 -0.149776E+02 

-0 BE-Z--T-f 0 12O72+ 00 

W-0%- 33 E+03-----r5'5-6£--0-F -0T. 44-- O0I 0.345619E+06 0.2590432+03 0.139166E+01 
0.341295E+07-0.11811IF,+02 0.128762E+05

0.874195E+00 0.151176E+01 0.184955E 02 0.272921E-Cl -0.154311E+02 

0.305674E+03 O.ll6408E 05 0.158247E+01 0.3462BI+06 0.2627976+03 0.1400016+01 
.. . --4- 2 0.2681402-01 -0.1 58874E+02 

-0.117760E+02 0.872989E400 

0. 3076742+03 0.117257E+0-5 0.1482b0E+01 0.346904E+06 0.266580h+03 0.140846E+01 
0.337224E +07 0.130455E+05 
oU.1"r73 6E+ 0-2 -------

0.1332'15E 01 6.12122142+02 0.263960-01 -0.163466E402 

S0;-3C9&q 2+0r0.... -IITzE~ -o......x. -T------s-92 - -0- 3 892 {33 0.141701E+01 
0.335189E 07 0.131311E-05 0.124606E+01 Ci. 1tr0I145c 2 0.260321F-01 -0.168088F+U2 

-0.11699eE+02 G.870351E+(0 



TIME 

W 

'-A..L PF' .. . .." 


"-073" IT 6Y7- ,TF-153 
0.333153E+07 


-0. 116576E+02 


0.313674E+03 

+ 


-0. 1161,tOE+02 


0.315674C+03 

0.329082E+07 


-I-T5-6JUT 2 


't03176-/EyU30...f 


0.32704?1+07 


-0. 115205 +02 


0.319674E 03 

0501 


-0. 114708E+02 


0. 321674 E+03 
0.3229 i6E+07 
-O. il4-("V Ef 02... 

V (R) 

V(I) 


. . . ... 0 

.89-3--;5 

0.132173E+05 

0.868922E+00
 

0.119841E+05 


0.867420E+00
 

'O.120-16E+05 

0.139186E05 


0 . 875-'4-f Tc 

,TwETcT5 

0.134600E+05 


0.864204E 00
 

0.122486E 05 

-74015E+2 


0.862492E+00
 

0. 123381E+05 
0.13656iE.05 
07 -6071 ITE-T UC 

GAM(R) 

GAM( I ) 


0.129;008E+01 

0.116122E+01 


0.119701E+01 


0.110610E+0i 

0.997054E+00 


T.1-173-5 01 

0.917707E+00 


0.930718E-00 


0.646160E00 
0.76 359E+00 


U. (063618L+00 
0.690334E+00 

ALT 

THETA(R) 


0.348045E+06 

0.17947"E+02 


0.34856?E+06 

O. 178 11OE+02 


0.349045E+06 

0.176744E 02 


0.349493E 06 

0.1-15379E+02 


0.349907E+06 


0.350287F+06 

0.172653E 02 

0735bo-+06 

0.171292E+02 


RANGE 

QBAR 


0.274227E+03 

0.257196E-01 


0.278092E+03 

0.254568E-01 


0.281986E 03 

0.252409E-01 


0.285VObE603 

0.250699E-01 


0.289859E+03 

0.24941E-01 


0.293839F 03 

0.24S51,SE-01 

0.29 -tE+0 

0.248081E-0I 


T/W
 
VORAG
 

0.142567E+0
 
-0.172740E+02
 

0.143443E*01
 
-0.177423E+02
 

0.144330E+01
 
-0.102136E+02
 

0.I145z28E+O1
 
-0.1186880E+02
 

0.146137E+01
 
-0.191655E 02
 

0.147058*+01
 
-0.196461E+02 

0.147991E+01
 
-0.201299E 02
 

-OTf236-Tq E----O.-724-2t-3"E-r 


0. 320941E+07 0.137q265+05 
-0. 113655F+02 0.858863E00 

http:0.13656iE.05


TIME VIR) 
W V(I) 

-EPHA 


S0.3U5.'I+uj Z.15i
9IZE+p5 

0.318905E+07 0.138396E+05 


-0. 113099L+02 0.856947E+00
 

0.327674E+03 0.126I07E05 

03 & O,f-g9 -T-U5-
L+E 


-0. 112525E+02 0.854967E+00
 

0.329674E+03 0.127030E+05 

0.314834E+07 0.140235E 05 


-- 0T-9"327-E+ ----G,5mz9Zy l

0733r-T4E03-O'2 -0 
0.312799E+07 0.141165E+05
-0. 1113 2 1F+ 02 0.850812E+00
 

0.333674E+03 0.12888qE+05 

0 1 T!E0T....-4zor E---5-


-0.110692b+02 0.848638E+00
 

0.335674E+03 O.12v842E+Ob 

0.308728L-+07 O.143048E+05

'0;-rtI 00#5' +-0 Z---- 07-84&64cr3E-+-

--"017304--" -I"3 5 
0.306692E*07 0.1s,3999E+05 


-0. 109380&-+02 0.8t4106E00
 

GAM (R) 
GAM(I) 

____CD_ 

U.h832751+0U 

0.618083F+00 


0.6049051E00 

5 8E+O 


0.528555E+00 

0.478785E-00 


0.45T-c Z). -- O-
0.411712E+00 

0.3a1856L+00 

073T&- %O --

0.311454E+00 

0.282702*00 


-

4.O + 
0.2?U741L- 00 


ALT 
THETA(R) 

0.350949E+0b 

0.169932E+02 


0.351231E+0c 

0.168574E 02 


0.35148]E+06 

0.167Z18+02 


0.35f-00E 0F 
0.165863E+02 

0.351836E+06 

o -E 02 

0.352042f+06 

0.163160E+02 


-

0.3-r1- b-
0.161SLIE 02 


RANGE 
QBAR 

0.301885E+03 

0.248017E-01 


0.305953E+03 

0.2483382-01 


0.310050E+03 

0.249038E-Ecl 


0.314177E+03 

O.250120E-01 


0.318335E 03 

0.251588E-01 


0.3225231+03 

0.253425E-01 


U7 3 2 t 1 2t-+ O 
0.255656E-01 


T'/w 
VDRAG 

0.148935E+01
 
-0.206169F+02
 

0.149892E+01 
-0.2 11071E+02 

0.160861E+01
 
-0.216006F 02
 

0.151642E+01
 
-0.220973E+02
 

0.152837E+01 
-0.2259746* 02 

0.153u4+E 01
 
-0.231009E*02
 

00.154865E+01 
-0.236078E 02
 



TIMb 
W 

--L-TPF-A" 

VIR) 
V(1)
CT-

GAM(R) 
GAM(i) 

ALT 
THETA(R) 

RANGE 
QBAR 

T/W 
VDRAG 

0.3961+F+0u 0.131f3i+05 0.i76520E+00 0.352263E+06 0.330991E+03 0.155900E+01 
0.304657C+07 0.144959E+05 0.160A39E+00 0.160464E+02 0.2582635-01 -0.241181E+02 

-0.108699E+02 0.841749E+00 

0.341674E+03 0.132720E+O 0.111919E+00 0.35232bE+06 0.335272E+03 0.156948E+01 
z--9-F+u7-0-1 596+ 05 0.10i790E+00 0.159120E+02 0.261263E-01 -0.246319E+02 

-0. 108000E+02 0.8 39332E+00 

0.3436?kE1+03 0.133694E+05 0.492218E-01 0.352365E+06 0.339584E+03 0.IB8011E+0l 
0.30058tE+07 0.1A6900E+05 0.447969E-01 0.157777E+02 0.264655F-01 -0.251492E+02 
-O-78-E+u 0.8 36B5bEb+0O 

I E--0- -352373E+06 0.343929E+03 0.159088E 01 
60.298551E+07 
"-0. 106554±02 

0.147882E+05 
0.834320E+00 

-0.105553E-01 0.1!)6438F+02 0.268457E-01 -0.256700Et02 

0.3476-i46E+03 0.13-5666E+C5 -0.705376E-01 0.352353E+06 0.346305E+03 0.I6OISOE+01 
--- 0;z9 615E-,+ .... -- E4--T7rE+ -b - -0-I-o 1 0.155100E+02 0. 272616E-01 -0.261 945E+02 

-0. 105806E+02 0.831'728E+00 

0.349674E+03 0.136663E+05 -0.127638L+00 0.552305E+06 0. 352713L+03 0.161287E+01 
0.294480E+07 0.119b69E+05 -0.lio391E+00 0.1537t6+02 0.2-7319E-01 -0.267225E+02 

-0;--T05042 f02 0-82q07qE0 

0Z-'3 5T6714 E 0-3-- _ 3--76-8"E-0 -~-0-ZI82UE 0(T T22-E+-O-W 0 -T536 + 03 0 •162409 +01 
0. 292445E+07 0.15 08 ?4E+05 -C.166L83E+00 0.152i43'E+02 0.2824 13E-CL -0.272542E+02 

-0. 104262F-+oz 0.826374E-00 



TIME V (R) 
 GAM (R) ALT RANGE T/W
 
w V (I) GAM(I) THETA (R) 
 QBAR VDRAG
 

.... ALPHA ..... 
 . ..... CD................
 

0"7E*35-36t-1 u _ 

O.290409E+07 


-0.10346BE+02 


0.355674E+03 

0 B8TgE 0 


-0. 102657F+02 


(.357674E+03 

0.286338E+07 

-.IOYT83WEu-z 


0;3967403 .+0 

0.2843U3E+07 


-0. 100993E+02 


0.361674F+03 

..2822s85E-oy ...
 

-0.100139et+02 


0.36367zH+03 

0.280232E+07 


...0;99270420r-... 

.--3-i E, 
*.27 197L 07 

-0. 9838 bi ell 

u.1IBT.82E-U -5.Z256349+0u0.352128E+06 
O.151887E+05 -0.215800E+00 0.151104E+02 
0.823b15E+00
 

0.139703E+05 -0.287579E+00 O.351999S.06 

-52JE+O5 -0..63109E+00 0.149778E+02 


0.820800E+CO
 

0.110 733E 05 -0.337b33E400 0.351846E+06 

0..153938E+05 -0.308853E+00 0.148454F+02 

u. 8-1- A33E-+C 

0.154976E+05 -0.353021E+00 0.147134E+02 

0.8150136+00
 

0.142817E+05 -0.432228E*00 0.351463E+06 

;-5&022-i05-....5--0-6-tyo---- 2"
0..f-;T ---

0.812040F+00
 

0.143871E+05 -0.476783E+00 0.351234E+Gb 

0.lb'7376E+05 -0.436,702E+00 0.144503E+02

0.809 Qra0----------

2- --- T -E- 6 
0.156 13,9E.-U5 -0.47o2242+00 C.14319ZE+02 
0.805v42E+00 

0.361626E+03 

0.287945E-0I 


0.366133E+03 

0.293969E-01 


0.370672E+03 

0.300477E-01 


0.375245E+03 

0.307505E-01 


0.3798512+03 

0.31505i2-0i 


0.384492E+03 

0.323179E-01 


-91
0. +03 

0.33169I--01 

0.163548E+01
 
-0.277897E+02
 

0.164702E 01
 
-0.283288E+0Z
 

0.165872E+01
 
-0.288718E+02
 

0.167060E+01
 
-0.294185E+02
 

0.168264E+01
 
-0.299692E+02
 

0.169486E+01
 
-0.305237E+02
 

0.170?266+01 
-0.310822+02
 

http:O.351999S.06
http:u.1IBT.82


-- 

TIME 

W 

;LPH
A' 


0-3676-T 7"Cr----

0.276161E+07 


-0.974921E+01 


0.369674F+03 


V (R) 

V (I)

CD"
 

U.1-6ub+U 

0.159211+05 


0.802818E+00
 

0.147087E+05 

OT2TrZ4T +-T 


-0.965825E+01 0.799644E+00
 
-- FO-r6....

0.371674E+03 0.14181775*05 

0.272091E+07 0.16138OE+05 


-795W5w t+ U1 L.(96f +U 

4-3---------I i9275E--

Lo 0,270055E+07 0.162478F+05 

-0.94723bE+01 0.7v3152E+00
 

(T3 5

0.375674C+03 0.l5O3g2E+05 

...r 268020 E+0-70f-&3 .- 525 F0 

-0.937748L+01 0.789836E+CO
 

0.377674i+C03 0. 151499E+05 
0.265984 F+07 0 . 164702E+05 

-- 0;928134E+ 01.. 0-786 -2 Ef0 O'_____________ 

0.26394b4+07 0. 1650 28E+6b -0. 715376E+00 
-0.91839E+01 0.783064E+00 

GAM(R) 

GAM( I) 


-u.5tLU 128L+UU 

-0.514223E+00 


-0.600126E+00 

-5Tb'l E00 


-0.6378121+00 

-0.5856272+00 


-3f3-o.+-0.3449 

-0.619061E+00 


-0.708144E+00 

=OS.5-q98E K f0 

-0.648 13E+00 
-0.681426t00 

ALT 

THETA (R) 


0. 3507()8F+06 

0.141885F+02 


0.350410C+06 

5tII+02
o 16079E-+-95 


O.350090F+06 

0.139281E+02 


E+06 

0.137985 E+02 


0.3493862+06

0TT-I33-frl3 EW-22--0-TY8-5WffS- 01 

T/W
 
VURAG
 

0.171984L+01
 
-0.316447E+02
 

0.173261C+01
 
-0.322112-+02
 

0.174557E+01
 
-0.327817E+02
 

0.1 75872E+01 
-0.333564E+02
 

0.177208E+01

-0.339352EF+02
 

0.178563E+01
 
-0.3 5183Et02 

0. 1994 GE-+01 
-0.351055E+02
 

RANGE 

QBAR 


0.393876E+03 

0.341215E-01 


0.398620E+03 

0.351189E-01 


0.403400E+03 

0.361854E-01 


0.408215E+03 
0.373239E-01 


0.413066E+03 


0.3'90042+0% 
0. 135405E+02 

0.13412111+02 


0.41752E+03 

0.398363E-01 

-

E;r15E963 
0.412128E-01 




--

TIME 

W 


-ACLFFTA 


403T-"'T
L+ Ur6 

0.261914LE+07 


-0.908536E+01 


0.383674;r+03 

O--z5-8T5j-+uw 


-0.8985571E+01 


0.385674E 03 

0.257843 +*0-


--78"8-6-0-i 


- O '3 8 76 7 4 .'F O 3 
- .
0.255807O0 


-0.878249L+01 


0.38967 t+03 


V (R) 

V(I) 


eb1-5
+p 

0.166963E+05 

0.779olOE+00
 

0.154906E+05 

u .b IUU1+Ub 
0.776113Ei00
 

0.156061E*05 

0.169263E+05 

o.I? 25(21+00
 

0.170427E+05 

0.768987E+00
 

0.158401E+05 

.... E 05
0--2 537721+ 07...0- r7-


-0.867922H+01 


0.391674E+03 

O.251737f+07 


-0. 857485+01 ....... 


0.765361E+00
 

0.159586E+05 

0.172 /86E+05 

761 693E 00 .............
 

GAMIR) 

GAM( I) 


-0.80120;E+00 

-0.737848E+o0 


-0.828955E+00 

-U. tb385b-E+O0 


-0.855078E*00 

-0.788333&+Oo 


-0
0879603E+00 

-0.811466E+00 


-0.902499E100 

0-33- E----


-0.923803E+GO 

-0.853224E+o 


ALT 

THETAIR) 


O.348180F+06 

O.132B42E+02 


0.347741E+06 

0.131"566E+02 


0.347284E+06 

0.130295E+02 


0.346809E+-Oc, 

0.12902L-E+0 2 


O.346317E+06 

0-77U+ 0 

0.345ICE+06 

0.126510E+02 


RANG E 

QBAR 


0.427835E+03 

0.426812E-01 


0.432832E+03 

0.442447E-01 


0.437865E+03 

0.459079E-01 


0.442937E+03 

0.476770E-01 


0.448047E+03 

0.495602--01 

O.q531%5E+O3 

0.515626E-01 


T/W
 
VORAG
 

0.1813381-+01
 
-0.356970E+02
 

0.182758E+0l
 
-0.362929E+02
 

0.1114201E+01
 
-0.368931E+02
 

0.1b5666E+O1
 
-0.374977E+02
 

0.187155F+01
 
-0.381067E +02 

C.i85668E+Ol
 
-0.3a72011E+02_
 

---O39a67T E+tr3 
 ETO000 -
 E+03 o. -90206E+01

O.249701E+07 0.1739815E+05 -0.5719.12E+00 0.125259E+C2 
 0.536892E-01 -0.393381C5+02
 

-0.84694'F+01 0.757934L+00
 



TIME V (R) GAM(R) ALT RANGE T/W 

. 
W 

AL PFAA-"O" 
VCI) GAMC1) THETA(R) GOBAR VORAG 

0 9567yE'3 0.16V84L+5OD -. 96f692E+O0 0. 34475 1E+06 0.463606E+03 0.1 917h9E+01 
0.24766&E+07 0.175186E+05 -0.889229LE+00 0.124012E+02 0.559502E-01 -0.399606E+02 

-0.836286E+01 0.754234E+00 

0.397674L+03 0.163203E+05 -0.978271E+00 0.344199E+06 0.468871E+03 0.193358E+01 
-.Z56-z3E+o;u t U. I 4ou2+u l -u.9-0-50 +oo O. 122770--+02 0.583537E-01 -0.405876E+02 

-0.825528E+01 0.750445E+00 

0.3996"74E+03 0.164430E+05 -0.9.93294E+00 0.343636E*06 0.474175E+03 0.194974E+01 
0.243595E+0"/ 0.177629E+05 -0.91v483E O0 0.12153 1 E 02 0.609059E-01 -0.412193E+02 

0-8 14'-6 Tt'OT-- -0r .- 7E- +pu 

-4001674---3 .... 07l5-6WE7-57O 0  E+01 0- 343059E+06 0. 4795 19E 03 0.196616E+01 
0.241560E+07 0.178866E+05 -0.932474E+00 0. 120303E+02 0.636166E-01 -0.418556E+02 

-0.803704E+01 0.742751E+00 

0.403674V+03 0.1 6917E+05 -0. lOlb9E+01 0.34247lE+0b 0.484904E 03 0.198287Et01 
0.239524E07......o15E-05-....,79 3----------0.11.+02 0.664960E-01 -0.424966E+02 

-0.,792643E+01 0.738847E+00 

0. 405674E+03 0.168 177E105 -0. Iu2907240 0. 341 872-+06 0.490329E+03 0.1i99986E*01 
0. 237489E+07 0.161375E 05 -0.954190E+00 0. 117858E+02 0.6955345-01 -0.43142ZE 02 

-0;787. 1484 E+O 0 

.40l7&-3 E-T13-4 -.-- T5 0-iu'95E+O pO. 3 g263 .+-06 0.495796E+03 0.201715E+01 
0. 235453E+07 0.182646E+05 -G.962930E+00 0. 1166442+02 0.727987E-U1 -0.437925F+02 

-0. 770230L+01 0.730928E+GO 



TIME 
W 


7Z-'PHX 


-0Uq1TT -l53 
0.233418E+07 


-0. 758882F+01 

0.411674E+03 
-- O. 2nr3U2-


-0. 747442L+01 


0.413674E+03 

0.229347E+07 


-0. 7357-+tu. 

O.T45 &-7E+-o-- 3-
0.227312L+07 


-0.724296E+01 


0.417674Ek+03 

.... G'-Z U7----
-0.712594E+01 


0.419674+03 

0.223241F+07 


- 0;700 S0&E'+02-7---

0.2212C6E+07 
-0.688937+01 


V(R) 

V ( )

'CD)
 

to132+05 
0.i3929E+05 

0 .726915(+00 

0.172027E+05 
E+0 5 

0.722866E+00 

0.1 13334E+05 

0.186530E+05 

0. ( IU fLiZ +00 

0T71U53 E-T05 
0.167649E+05 

O.714665E+00
 

0.175985E+05 

-f9 r[rC---

0.710514E+00
 

0.177329Ee05 

0.1V0523E 05 

0 '7063-3 JE-+UOG... 

0. 191 d8OEf05 
.702114E+00
 

GAM(R) 

GAM( I) 


-0.10lb26E+01 

-0.970255E+00 


-C.105105E+01 
-0.9167F+00 

-0.105534E+01 

-0.980678E+00 


-30 IT-O1 
-0.983782E+00 


-0.105939E+01 


-0.105916a*01 

-0.985802E+00 


-I 
-0.934717E+00 


ALT 
IHEI A(R) 


0.340644E+06 

0.11543oE+02 


0.340017E+06 
O. 114234E+02 

0.339381E+06 

O.11303i3E+02 


0.338739E+06 
0.I1848E+02 

0.338090E+06 

0.110665E 02
1216r-+ 

0.337437Lz+Ob 

0.109489E+02 


Li. 336 In)- + 06 
0.108319F 02 

RANGE 
QBAR 


0.501304E+03 

0.762427E-01 


0.506854E+03 
O.798982E-01 

0.5124462+03 

0.837749E-01 


0.5180 u2- 03 
0.878682E-01 


0.5237W0E+03 

0.922445E-01 

0.5294 82E+03 

0.9686202-01 


0.3524,7+03 
0.101752E U0 


T/w 
VDRAG
 

0.203474E+01
 
-0.444476E+02
 

0.205263E+01 
-0.451074E+02 

0.207085E+01
 
-0.457720E+02
 

0.208939E+01
 
-0.464414E+02
 

0.210826E+01
 
-0.471156E+02
 

0.212748E+01
 
-0.477946E+02
 

0.2 14705E+01 
-0.484784E*02 



TIME 
w 

ViR) 
V (I) 

GAM(R) 
GAMCI) 

AL) 
TFIETA(R) 

RANGE 
OIAR 

I/W 
VDRAG 

60E 0.180056E+05 -0.105422 E+0 I 0.336117E+06 0.541C57E+03 0.216699E+01 
0.219170a+07 0.193249E*05 -0.982244E+O0 0.107156E+02 0.106925F+00 -0.491670E+02 

-0.676987-E"01 0.697366E+00 

0.425674E+03 0.181139E+05 -0.1049535+01 O.335453E+06 0.546912E+03 0.218730E+01 
0-21735E0 0.19463-2+05 -0.978380E-+00 0.106001E+02 0.112400E 00 -0.498605E+02 

-0.664958E+01 0.693587E+00 

0.427674E+03 0.182835E+05 -0.104335E+01 0.334787F+06 0.552812E+03 0.220799E+01 
0.215100E+07 0.196028E+05 -0.973129E*00 0.104852E+02 0.118189E+00 -0.505587E+02 
0--5295- I 0689218 E +00 

0;29C-7"ET- U-I-w- - -5----------z 0.334 0E 06 0.558(58E+03 0.222908E+01 
O.2130h4E+07 

*-0.640672E+01 
0.197438E+05 
0.684939E+00 

-0.966494E+00 0.1f03710 +02 0.1243022+00 -0.512618E+02 

0.43167'iE+03 0.185670E+05 -0.1026582+01 0.333454E+06 0.5647:9E+03 0.2250582+01 
.0;2to-210ZcEo - 076224W5 98 --- O79---ET- t3 Ti-62 - 0.1307 55E+00 -0.519697E+02 

-0.628419E+01 0.6130571E+00 

0.433674L+03 
0.208994E+07 

0.S87OSBL+05 
0.200300E+05 

-0.101599E 01 
-C.949073L+00 

0.332790E+06 
O.101449E+02 

0.1)"(077l+03 
0.137562E+00 

0.227250E+ol 
-0.526824E+02 

-- 0.616093E+Ol.- 0.6761742T00

-W-;4 3 506-t1-r --855-E-Or -Tu ' 3 0 6i7-2T27E-TC 0.5 - W 2+03 0.229485E+01 
0.206958E+07 0.201753E+05 -O.v38286L+00 0.100330E+02 0.144733E 00 -0.533999c402 

-0..603697E+01 0.611149E400 



TIME V (R) 

w V(I) 

..... .ALP A- "C0
 

0 t43-76"-4q-.F-5 ' '. I w-072 91T U5 
0.2049236E+07 0.203220E+05 


-0.591233E+01 0.667296E+00 

0.439674E+03 0.191511E05 

.. •2028]Tr-w07---- --0--4-T0- !E:5 
-0. 578702ah+01 0.662816E+00 

C. 441674E+03 0.193009E+05 
0.200852E+07 0.206200E+05 

-UT-07.5 6-6"FO O.-653-ETO 

Or-0'4"4367qE4g03-.Z2rE-+-O 
-0. 198881-C+07 0.207713E+05 
-0. 553447.L+01 0.653777Et00 

0.44567tE+03 0.1,6052E+05 
....0 6782 E+07 7 05 . 
-0.540726E+01 0.61922GE+00 

0.447674E+03 0.197598E+05 
0.19 47 46L+07 0.210787E+05 


-0. 527944E+01. 0-6z--3----00
 

-.--

0.1927[lE+07 0.21234VE+05 


-0.515104E+01 0. 640031E+00
 

GAMCR) 

GAM(I) 

-0.990401E+0 

-0.926109E+00 


-0.975398E+00 

-0.912-5-40E+00 

-0.958939E+00 

-&.897593E+00 


.
 
-0.6126 2E +0U 


-0.921645E+00 
086354 ET--

-0.900804E+00 
-G.844436E+0O 


-0.823943E+00 


ALT 

THETAIR) 


O. 3314oLE+06 

0.992193E+01 


0.330813E+06 

0.981162E+01 


0. 330 164E+06 
0.970212E+01 


. 5-2E +06 

0.959344E+01 


0.32B8f 6E+06 
0Y4 --- YUF1 -

0.323259F+06 

0.937B64E+0 


3- 6 
0.927253E+01 

RANGE 

QBAR 


0.5830056+03 

0.152284E+O0 


0.5891 86E+03 

0.160224E+00 


0.595415E+03 

0.16b562E+00 


0.6016 93E+03 
0.177305+00 


0.603021E+03 
i0209242E4i 864 62E00 

0.614399F+03 
0.1960PE7+00 


0.620L, 27E+03 

0.205766E 0U 


r/W
 
VDRAG
 

0.231764E+01
 
-0.541222E+02
 

0.234088L+01
 
-0.548493E+02
 

0.236460E+01
 
-0.555BI02+02
 

0.23888 1E+01 
-0.563176E+02
 

0.241351E+01 
-0.570588E+02
 

0.243874+01 
-0.578047E+02
 

0.24644 9E+01 
-0.535553E+02 



--

TIM6 

W 


gL-Pwc 

45-r674-j 
0. 190676C+07 

-0. 502207E+01 

0. 453674 E+03 
0l7&W&T4 u 

-0.489255E+01 


0.455674E+03 

0.186605E+07 

-.47-62V9F+0n 


-;45767E+03...-2055 

O. 184570E+07 
-0.463190E+01 

O.459674E+03 

0--1825 

-0.450081+01 

-l 53 -+ 07.0-O 


0.461674E+03 

0,180499E+07 


...
=0; 4369 23E-o1_... 

0Oz4636-7q ET03 -CtTZ 

0.178464L+07 

-0.423717h+±U 


V(R) 

V (I) 


C0 

0 


0.213928E+0b 

0.635401E+00
 

0.202335E+05 

U.,215Z24L+ !) 
0.630748Et00
 

0.2039zt9E*05 

0.217137Et05 


-o.T 6o-U7tE-O
 

GAM(R) 

GAM 1) 


E.327038E+U60 
-0.802053E+00 


-0.829544E+00 

-U. 1 0(UO+00 

-0.802871E+00 

-0.754105E+00 


-574--0---


0.218769E+05 
0.62137AEt00 

O.207231E+05 
ETO 5 

0.616654E00 

0.2089v9E+05 

0.222087E 05 

0-,7I&1-4ZF&0 

7 T-


0.223774E+05 

0.607153E+00
 

-0.7211033E00 


-0.745144E+00 

-O U--5--E oF5 


-U.14095E+00 
-0 .671692E+00 

-~ * to E5 B-E---T---

-,.641418E+O 

ALT 

THETA(R) 


0 
0.916732E+01 


0.326445E+06 

0.906301E+01 

0.358bbtE+06 
0.895962E+01 


?353C2E+06 


0. 85717E+01 

0.32z-754E$06 

-TE--f 


0.324223E+G6 
0.665513E+Ul 

73-73-1-3 E iU 

O.b5555E01 


RANGE 

QBAR 


0.627307f:+03 


0.215769E+00 


0.633838E+03 

0.226141E+00 


0.640421E+03 
0.236874E+00 


0. 647057E+03 
0.247953F+00 

0.653747E+03 

~021-93-56E+00 

0.660491t.+03 
0.271067bEC0 

U * 030667(2 592 

0.283048E+00 

T/W
 
VDRAG
 

0.2490O0OE+01
 

-0.593108E02
 

0.251767E+01
 
-0.600710E+02 

0.254b13E 01 
-0.608362E+C02
 

0.257319E+01
 

-0.616062E+02
 

0.260188E+01
 
-0.623811L+02 

0.263122E 01
 
-0.631610E+02
 

0.2 tb12 2E*01 

-0.639459E+02
 



TIME V (R) 
W V ( I ) 

-- - -A[PFA-CD[, 

GAM(R) 
GAM (I) 

ALT 
THETA ( R) 

RANGE 
OBAR 

T/W 
VDRAG 

-- T46 ' 9.F- -tub5 
0.176429)E+07 0.225482E+05 

-0.41046tE+01 0.602372E+00 

---.h46-I4T-Tr-Fu 
-0.609736E+00 

O.323222E*06 
0.845703E 01 

0.674142E+03 
0.295276F+C0 

0.269192E+01 
-0.64"?3b0E+02 

0.46767 F+03 0.214022E+05 
43935t7 (f .ZI ZUV+U5 

-0.397167E+01 0.597t172E+00 

-0.612170E+00 
-U.f664UE+UO0 

0.322753E+06 
0.835950E+01 

0.681052E+03 
0.3077%9L+00 

0.2-12334E+01 
-0.655313E+02 

0.469674E+03 0.215770E05 
0.172358E+07 0.228957E+05 

-0.575265E+00 
-0.542132E+00 

0.322307E±06 
0.8263012+01 

0.688017E+03 
0.320295E+00 

0.275549E+01 
-0.663319E+02 

- -0471674-E03 -----.2-1T539 +u5 
0.1703232+07 0.230725E+05 

4-0.370445E+01 0.587916E+00 

53 b F 
-0.506196E+00 

-321886,+ 
0.81o757E+O1 

0.695040E+03 
0.332999E+00 

0.278842E+01 
-0.671380E+02 

0.473614E+03 0.219329E+05 
.- 16 82-8 8 E+0 T-...... 0-232515E+ 57-
-0.357023E+01 0.583061E+00 

-0.497024E+00 
-b.OZ-y T-O-

0.321492E+06 
T30 -(f 

0.702121E+03 
4-.FC-3--F3 4-5-74 E+ 0 

0.282214E+01 
-0.6 791,99E+02 

0.4756"14E03 0.221 141l+05 
0. 166252E+07 0.234327E+05 

-0; 3435 GITF+0 -.-----0 . 578 IS9E FD" 

-0.4 b5639E+00 
-0.43 C'-6E+00 

0.321 125E+06 
0.797993E+01 

0.709260E+03 
0.35843E+00 

-

O.ZTh668E+01 
-0.687677E+02 

- O47T6-7 OE+3 
0.164217E*07 

. Z 
0.236161E+05 -u.389816E+00 0.788776E 01 

0-- 64 59E+U3 
0.3711290E+O0 

0.2892092+01 
-0.695916E+02 

-0.330062E+01 0.573299E 00 



__ 

'TIME 

W 


.......LPHA 


-O-O 6t1E+03 

0.162182E+07 


-0.316528E+01 

0.481674E+03 

--O--I6-Eu0. 


-0.302959E+01 


0.483437.+3 

0.158312F+07 


-OW29Q9-TO -----


5-0;4w85437Eio 
0.156329E+07 


-0.277381L+01 


0.4874372+03 

..
 

-C.263846E+01 


0.4894312+03 

0.1523612+07 


V(R) 

V(I)

C0 


0".224833E+U5 
0.238019+05 

0.568394E+00
 

0.226714E+05 

39-T-O-5 


0.563473E+00
 

0.228392E+05 

0.241578E+05 

9751 ET-U
 

.-3"noTE~cr7T15T~ 
0.242493E 05 

0.554188E+00
 

0.232223E+05 


GAM(R) 

GAM(I) 


-0.368570F+00 
-0.348152E+00 


-0.322781E*00 

-0-."5040F+0 


-0.281175E 00 

-0.265829E+00 


-0.220366E+00 


-0.184148E+00 

5254E7V 


0.519271E+00
 

0.234138E+05 -0.134632E 00 

0.247323E+05 -0.12'455E+00 


-0250362f+01- -7.5 4 E369EO 

--- f49 r43T++03-- l-F2h53E+0-----Th.B-4-4T53-E-
0.150415L+07 0.249239E+05 -O.?99 ?OE-0! 

-0.236931L+01 0.5394u3E+00 

ALT 

THETA(R) 


0.320483E+06 
0.779671F+01 


0.320210E+06 

0.706biE+O1 


0.319999E-06 

0.762853E+01 


03197932E+06 
0.754053E+01 


0.319)625E+06 

0.74D431E+01 


0.319495E+06 

0.736899E+01 


T .1- 0O6 
0.728467L 01 

RANGE 

QBAR 


0.723718E+03 

0.383620E+00 


0.731037E+03 
0.395850E+00 


0.737540E+03 

0.406355E*00 


0. 7414976E+03 
0.417829E+00 


0.752473E+O 3 
0.428694E+ 00 

0.760033E+03 

O.,388-(bE+O 


0.7676 5E-+03 
O.i48268EO00 

T/W
 
VDRAG
 

0.29283?E+01
 
-0.704220E+02
 

0.296559E+01
 
-0.712593L+02
 

0.299919E+01
 
-0.720032E+02
 

0.299919E+01 
-0.728543E+02
 

0.29 9919E+01 
-0.717134Ef02
 

0.299919E+01
 
-:0.745809E+02
 

0.2 V991 9E+01 
-0.754571E+O
 



TIME V(R) GAM(R) ALT 

W V(L) GAM(I) THFTA(R) 


+ 0 " 7-3 E- 0 1 0.319356F+06 
O. 146493E+07 0.251154E+05 -0.3le146E-01 0.720194E 01 


-0. 223552E+0 1 0.534613E+00 

0.495437E+03 0.239884E+05 0.179788E-01 0.319350E+06 

--'i6422E-01 0.712023E+01 

-0.210225E+01 0.529759E+00 

0.497437E+03 0.241800E+05 O.702566E-01 
 0.319386E+06 

0.144723+07 0.2549ts5E+05 (O.666237E-0I O.703974E+01 


"t'---T-499-IW37F-FY3----- 72'437r5"E"-+ 40T- D.319469 E+06",-2T3- -C
0.142875E+U7 0.256900E+05 0.116909E+00 0.696046E+01 


-0. 183723E+01 0.520098E+00
 

0.501437E+03 0.245630E.05 0.17o948E+00 O.319597E+06 

I 04- 7---- -'-258 8 I- - -t--


-. 170547L+01 0.515291E+00
 
-0-1 O -0 CT- .- i -TT ---------o . &U- ?M? -E:FO -1 

O.502194E+05 0.24635bE+05 L.197472E+00 0.31965,E+06

0.140364C+07 0.259541E+0b 0.187440E+O6 U.od5319E+01 


-- 0; 155-7r I+tI----- o-r1mwE-oa0-______-_____________________ 

RANGE 

QBAR 


0.775339E+03 
0.456779E+00 


0.783085E+03 

0.464323E+00 


0.790893E+03 

0.470824E+0Ou 


0.79B763E+03 
0.476186E+00 


0.806696E 03 

4 80.480356E+0 

O.8014716E+03 

0.481602E+00 


T/W
 
VDRAG
 

0.299919E+01 
-0.763427E+02
 

0.299919E+01
 
-0.772382E02
 

0.299919E+01
 
-0.7bt42E O2
 

0.299919E+01 
-0.790612Et02
 

0.299919E+01
 
-0.799901E*02 

0.299919E+01
 
-0.80350E+02
 

http:0.245630E.05


ORBITER ABORT DATA
 
CA SE 65
 

S TAG E 1 2 

GROSS STAGE WEIGHT,(LB) 4817477.0 3838478.0 

-ROSOS--ST-E-RITSTTC--H I 8 0*994 

THRUST ACTUAL,(LS) 3990000.0 3815000.0 

ISP VACUUM,(SEC) 466.700 466.700 

-STRO-CTuRr lB 0.0 796009.0 

PROPELLANTt(LB) 978998.6 2470349.0 

PERF. FRAC.,(NU) 0.2032 0.6436 

PW-PEcL-rRACTT( NUB) 1 .0000 0.7563 

BURNOUT IMEt(SEC) 280.185 582.3O 

tBURNOUT VELOCITY ,(FT/SEC ) 10940.555 25580.176 

8URNlUT-G-AiM-WTDTG RE-E) -b 0 

BURNOUT ALTITUDE,(FT) 3 4 7293., 362190.91) 

BURNOUT RANGEt(NM) 208.2 966.2 

DEArEEOCTT Y-FF-STC 3 ,&6&o . 9 30091 . 5 

ON-ORBIT PROPELLANT
"OMS-ORBT ... 95354;-

USED,(LB) 
.. O'- SCE-

42891.0 
.... .c" 

ON ORBIT PROPELLANT AVAIL,(LB) 95354.1 
DELTA ON ORBIT PRUPELLANfv(LB) 52463.1 

ON-ORBIT MISSION PROP REW'DfLb) 25965.9 

THETA ' - 38.47 .......... TTC--TE.T-S TNVRE= 0 



SUMMARY WEIGHI STAIEMENT (ABORT MODF) 
 CASE 65
 

ORBITER WLIGHT BREAKDOWN
 
DRY WEIGHT 
 727620.000 POUNDS
 

...... PER SON NE U-
 -bWO0- O-FUSoK 
RESIDUALS 
 2070.000 POUNDS
 
RESERV LS 3300.000 POUNDS
 
IN=FETG-9OPSS-
 104 39 .00 PUSUNIS 
ACPS PROPELLANT 
 8280.000 POUNDS
 
OMS PROPELLANT 
 52463.125 POUNDS 
. n -5V9-6-53TG-O---P- FO-PAY LtrA" 


BALLASI FOR CG CONTROL 0.0 POUNDS
 
OMS INSTALLAITON KITS 
 0.0 POUNDS
 
PwYLKA-rMOuS 0.5 UNDS 

TOIAL END BOOST (ORBITER ONLY) 1316B25.00 POUNDS
 

OMS BURNED DURING ASCENT 42891.000 POUNDS
 
ACPS BURNED DURING ASCENT 10000.000 POUNDS
 

EXTERNAL MAIN TANK
 
TANK DRY WEIGHT 
 2640.000 POUNDS
 

- -- -RE S-DUACLS 17T -0ST O--NU 
PROPELLANTI SIAS 1 2640.000 3 POUNDSPRE SSURAN1 
 ( 2120.000 ) POUNDS 
ANr-APW]--tNET- 9 i0.0 !ND POU s
 

ENG INES 3650.000 1 POUNDS
 
FLIGHT PERFURMANCE RESE-RVE 20930.000 POUNDS
 ....... UN 8URNtED- P Rt PEtCA'Nt-(MATPN-'IANc -070-PO-UNTS
 

TOTAL END BOOST (EXTERNAL TANK) 41300.000 POUNDS
 
S9d- --.o POUNDS
 

FLYBACK PkOPELLANI 
(FIRST STAGE) 186864.937 POUNDS
 

SOLID ROCKET MO1OR (FIRSI STAGE) 9040548.00 POUNDS
 
SRM CASE WEIGHT(2) 104:488.87 POUNDS
 ... ...- SR f-S'T RU CTU5RrE rRtCvr-wrI - G- r-- u OTfiDW 

SRM INiRT STAGING WFIGHT 1045488.67 POUNDS 

USA BLth--"SR'M -PR-P EL LAXNT......---- -"---5cgOT-0 "--- 4tTS 

TOTAL CROSS LI -11FF WrICIAT ((I 1r73 IOAR _n tinnl l1w 

http:1045488.67
http:104:488.87
http:9040548.00
http:1316B25.00


SUMMARY WEIGHT STATFMENI (RTLS MODE) 

--

URBITER WhIGHI bREAKDOWN 
DRY WEIGHT 

.PFRSON'NEE 
RESIDUALS 
RESERVES 
.1N---FLIrT1TUSSs 
ACPS PROPELLANI 
]MS PRUPELLANT 
PA-Y'LO-A- W 
BALLAST FOR CG CONTROL 
OMS INSTALLATION KITS 

.-P O-D--5TS 

727620.000 
3000.000 
2070.000 
'300.000 

10439.000 
7530.000 

0.0 
509656.187 

0.0 
0.0 
0.0 

TOTAL END BOOST (ORBITER ONLY) 1263615.00 

UMS BURNED DURING ASCENT 
ACPS BURNED DURING ASCEN' 

95354.125 
10750.000 

ko 

... . 

EXTERNAL MAIN TANK 
TANK DRY WEIGHT 

..... RES-TDUAV'S 
PROrELLANI BIAS 
PRE SSURANI 
A A--------rANTJ--A:N--TN 

ENGINES 
FLIGHT PERFORMANCE RESERVE 

..... hN BSURN'TD-P RO P E._L-A NT-MATN -1-,NK-F" 

2640.000 
f--77-3-00--0-0-

( 2640.000 ) 
( 2120.000 ) 
!5C732-G.0 T ) 
C 3650.000 ) 

11837.000 
t"5"5-W--2--UiY--

TOTAL END BOOST (EXTERNAL IANK)"rJ 'ABLE-PR'OP'FL-L-KNT'-('EXT-'7C-T '- }44i
A K 

48A336.812 
- 6 O

46 41759-6 .Ut) 

FLYBACK PROPELLANT (FIRST STAGE) 186864.937 

...... 

SOLID ROCKET MUIOR (FIRST STAGE) 
SRM CASE W-IGHTC2) 
SRM-STDuCTUR-FlI -- RCVY--ET I 1".0 
SRM INL-RT STAGING WEIGHT 

9040548.00 
1015418.87 

104 'A88.87 

----.-.. USABLE SRM 'PROPELL:ANT .79T950 600..-US 

TOTAL GROSS LIFT-OFF WEIGHT (GLOW) 15731U68.0 

CASE 65
 

POUNDS 
POUNDS
 
POUNDS
 
POUNDS 
POUNDS
 
POUNDS
 
POUNDS
 
POUNDS 

POUNDS
 
POUNDS
 
POUNDS 

POUNDS
 

POUNDS 
POUNDS
 

POUNDS 
POUNDS 
POUNDS
 
POUNDS
 
POUNDS 
POUNDS 
POUNDS
 
#-ii'iN~ S 

POUNDS
PO N 
POUNDS 

POUNDS
 

POUNDS 
POUNDS
 

S 
POUNDS 

POUNDS 



CASE 65E CRRACYTrnTCRF--M--E)Vi UH-LL 

STAGE 


GROSS STAGE WEIGHF,(LB) 


-- Gw OSSTxT-Er TYT7WfT-i-G-

THRUSi ACIUAL,(LB) 

ISP VACUUM(SLC) 

-- TRUCTIR-, {LB ) 

PROPELLANT,(LB) 

PERF. FRAC.d(NU) 


-hI1OPECANTF d 


BURNOUT TIMEtSEC) 

'BURNOU1 VLLOCITY,(FT/SEC) 

-URNUrT--G-A-MA-T-T G2-90 

BURNOUT ALTIIUDEd(FT) 

BURNOUI RANIE,(NM) 

-r-EA-L--VEr-OCI TYrlzT-rtrsC-) 

1 


4817477.0 

0.192 

3815000.0 


466.700 

0.0 

I060CI.7 

0.0220 


1..NUB
1.0000 


17S.640 


8335.742 


219S79.1 


71.1 


1i1254.6 

2 

4711475.0 

0.810 

3815000.0 


466.700 

0.0 

0.0 

0.0 


0.0 


178.640 


8335.738 


12.60 

219968.0 


71.4 


3 

4711475.0 

852 

4015000.0 


466.592 

0.0 


1665056.6 

0.3534 


1.0000 


372.140 


2572.291 


-1 2.711 

302?94.7 


200.5 


]b7UOO.4 

4 

3046419.0 

..1.310 


3990000.0 


466.700 

0.0 


519766.9 

0.1706 


1.0000 


432.936 


751.336 


-61.328 

263349.4 


201.9 


20609.4 

5 

2526652.0
 

1.510
 

3815000.U
 

466.700 

786166.0
 

776699.2 

0.3074
 

0.4970
 

526.708
 

3476.763
 

175.868 

230004.1
 

159.4
 

26124.7 

THETA=157.64 PITCH RATE= 0.00232 ATTEMPTS TO CONVERGE= 4 _ 

UNBURNED MAIN PR[IPELLANT,(LBI 454129.8 

-PAYLOAOTtVB) 50-U576T

http:THETA=157.64


PROPELLANT SUMMARY FOR THE ABORT MODES FOR CASE 6 5 

ASCt-NT TRAJECTORY SHAPED TO THE NOMINAL MISSION MODE UP TO 165.674 SECONDS
 

UguRE --- P-L- -aR-TMODE 0.0
1F ABL = POUNDS
 

EXCESS ON-ORBIT PROPELLANT IN THE ABORT MODE = 26497.250 POUNDS
 

LiNBURNED MAIN PROPELLANT IN THE RiLS MODE = 454129.812 POUNDS
 

EXCESS ON-ORBIT PROPELLANT IN THE RTLS MODE = 0.0 POUNDS 

MINUS SIGN INDICATES PROPELLANT SHORTAGE IN BUR.N MODE INDICATED
 

STTUTT'F--YSTETvNrrI PWr-ALTK[T-lWTTrR-Orr-O S- K-S = 509653.000 POUNDS 

MAIN PRUPELLANI URNED TO AfA/RTLS ABORI TIME= 1686177.00 POUNDS
 

SHUTTLE GCRUSS LIFT-OFF WEIGHT (GLOW) - 15731068.0 POUNDS 

PR0o P-E Lc-A'r""-CROSS--FTETD-FROM-FI-R'ST- -S cO rxm'- nr 9.0
=--0Thrf-l-f5
 

SECOND STAGE PROPELLANT CAPAC]IY - CROSS FEED = 3480t24'-.u0 POUNDS
 

http:3480t24'-.u0
http:1686177.00
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SATELLIT PGR SYSTEM (SPS) CUCEPT CE tFINITIaN STLUY 

FCTIVE._ CHRATERISTICS (V =VA till S SEA LEVEL. A =ACTUAL) 

DATECASE 
02/1779
65 

04103590
021779 00 

15 -

T 
H 
R 
U 

T 

M 
L 
BS 

5 

355 

0. 
20 40 

. 
60 

. 

TIr 

. 
80 

SEC 

.
I00 

. 
120 

. 
140 16 

-5 - - - .I ---- I 

I I ! ( lI Im I t 

I I I I 

35i 

s~ - ,IMSEC 

I 

11 

-

0 20 40 60 so 

B-52I 

100 120 1 0 160 



I 
7 

SATELLITE PaER SYSTEM 
AT nPIEIC TRAJECTcFY 

(SP) CaCEPT CEFINITIaJ STLUY 
11OG 

DAT 0/17179
CASE 65 

ATM3Sf-R!C TRASCTcOY 

'04103590201
021779 0006 

L 

L 

K
F 
P 
S 

5 

-

-

2-

-

v 

EP 

- -

3T 

-i::::: 
-

S- - - -

- -

HT 

A 

H 

E

80 

-

40 

I 
I 

111 

-

20 

----------- 1-:0

0 50 IGO 
TIVE SEC 

IN-
150 200 0 

11 
-0-

53 100 
TIME SEC 

I 

15D 

11 

ago 

1 11 

A 
L 
T 

T 
U 

DE 

150 

100 

F:: 

so - - -

T - - -

I I 

: : : : 

:: :: 
l [ 

; ::N 

-

R E 
A 

G H
E T 

0: 
m 

ML 

S 
-

R 14 

i 

12 

10 

8

1a 1 1 

f 

-

50 100 
TIME EC 

ISO 200 50 
TIM 

lOG 
SC 

150 200 
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DATE 02/17/79 "041035902 

SATELLITE Pci-ER SYSTEM (SPS) CQNCEPT DIFINITICN STLOY CASE 65 0211T9 000 

AfFrR 7 ATMDSP-,PC TRA-CTmY 

o II -

A I I 
R 

T H 
E A 
R 3C 

T 
H
R 

N
U -

5T 2 
uH M 

BE 

R 

M 

LjB 

SI 

o 50 100 150 200 0 50 100 150 20 
TIE SEC TIME SEC 

3.0 1200 

N T 2.5- Q 100OO 

R T N- - - -  - -

MA AL vK 
A 
MI - - 

- -
-  -  + 

L 2.0 
- /' / 

L 
B 

1 
C 

800 

0 
A 

0 
A 

1/ P-
F" R 

G D 1.5 T E 600 

F F S S- II I 
A A c cT T 1. 1 

Ec P 400\ I 1 1 I 1 

0R 0R S_-F 

N T 0.5 V a 200 

0 0

0 50 100 150 200 0 50 1-00 £50 201 

TIE SEC TI SEC 
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DATE 02/17/79 '04103590201 
SATELLITE FER SYSTEM (EPS) CUQCEPT DEFINITICN 5TL Y CAS 65 021779 0008 

2500 AT IEtITA-SCCRY 1.2 ATr -ERTCloJCTORY 

A E A - -:
: ::L P L 

D L : : : : P.8 

R I : : H I H 
A. F 1500 A L A
G T iI1 0 

K N .6 
K 0--D D- - - - -

LL - E E E 
s a 1000 0 G -

F 

D L Soo . . E AA J 

D 0E 2- A 0.2 _ _ - -- 200r- o1 2o 1o o 

TIM EC TIME SEC
 
700 100
 

600 -- I
 
y 08
 

A 50+ 
R M 

- - - - - - -0L C 
ER A v P 400 II' 
E RA 
L E I % 

85 0
 
S 300 2 0k
D 40 0 

F A V D 

S SBG
F 200 : : 

100 :PLTPTLE :T: : : E 

1 50 00 10 00 a so 100 150 2{0 

ALTITLDE KF TIMIE SEC 

B-55 



30 f( 
SATELLITE PaER SYSTEM 

- IC wrCTmY 
(PS) CWICEPT CEFINITICN STLOY 

20 

DATE
CASE 

AT-ONCE-A-T 

02/17/19
65 

AROr. 

01035902021779 000 
. 

I I ] 

T it I IN 

N _L - ---

R 0I 
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EE L I 

, A I I I I 
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'-5P 2.5 _ _ 

OE -----

0 200 400 60 0 00 400 0( 
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B]-56 



I 
DATE 02/17/79 *04103O0201 

SATELLITE POtER SYSTEM (SPS) CQ'CEPT CEFINITIOa SThEY CASE 6 021779 0010 
5 Fyo-Aflfl5'FRic TRA 'CY 40 A A9YT-ar-AROM 
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400 
SATELLITE PCLER 

cA=QsiTE WAScToxY 
SYSTEM (SF5) WCEPT [EFINITION STWY 

DATE 
CASE 

A--------------O 

02/17/79 04103590 
02177 00 
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PR SYSTEI 
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SATELLITE rnER SYSTEM 

FX-AWpWRIC. TyR-rCTRY 
(SP1 CONCEPT EFINITION STUDY 

160 A 

DATE 02117179
CASE 65 
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I 
SATELLITE FCIER SYSTEM (S5;) CUCEPT CEFINITIC*' STLOY 
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Satellite Systems Division Rockwell 
Space Systems Group International 

B.2 HLLV THROTTLING 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 (GLOW). 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.1 for reference-.
 
vehicle characteristics.)
 

Table B.2-1. Engine Throttle Trade Summary
 

CASE NO. 1ST STAGE 
THROTTLE % 

STAGING 
VELOCITY (FT/SEC) 

PAYLOAD 
(LBxIO3) 

2ND STAGE 
PROP. LOADED 

GLOW 
L~x1O' 

GLOW/PAYLOAD 

LBxIO 

REF. CONFIG. 100 6978 509.7 3.481 15-73 30.87 

85 86 6893 505.9 3.509 15.73 31.10 

65 68 6887 -499.6 3.543 15.72 31.46 

45 50 6808 49S9. 3.574 15.72 31.73 

66 0 6646 508.4 3.631 15.73 30.92 

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

B-62 
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VEHICLE CHARACTERISTICS (NOMINAL MISSION) CASE 85
 

STAGE 1 2 3 

GROSS STAGE WEIGHTTLB) 1b733913.0 4920108.0 4842005.0 

CWOWSWIAGE ITRUST/WEIGHT 1.300 0.965 0.981 

THRUST ACTUALv(LB) 20454048.0 4750000.0 4750000.0 

ISP VACUUMI(SEC) 370.883 466.700 466.700 

-I1UTURELB) 1045488.9 0.0 809575.0 

PROPELLANT(LB) 9575332.0 78103.0 3431252.0 

PERF. FRAC.d(NU) 0.6088 0.0159 0.7086 

--- WLLANT FRAC.,(NUB) 0.901 1.0000 0.8091 

BURNOUT TIME,(SEC) ) 157.588 165.261 504.240 

bURNOUT VELOCIIY,(F1/SEC) 8149.641 8323.281 25954.121 

-- BU o GAMMA,(DEGREES) 15.057 13.955 0.187 

BURNOUT AL1ITUDE(FT) 182132.3 197947.2 319657.5 

BURNOUT RANGEdNM) 47.3 55.7 810.9 

IEiAL VLUCiTYsFT/SEC) I080.8 11129.1 29646.4
 

INJECTION VELOCIIY,(FI/SIC) 0.0 FLYBACK RANGE(NM) 216.4 
SIrfr~cf _piELL-A--N --- ) 0.0 FLYBACK PROP(LBS) 189983.5 

ON ORBIT LELIA-V,(FT/SEC) 1083.5 

ON ORBIT ISPOSEC) 466.7 

TfErA'-"2t3W -flCWRA1 - O-82 ATTEMPTS O8C5.NVERGE3 

PAYLOAD, CL() 5O5852. U 



SUMMARY WEIGHT STATEMENT (NOMINAL MISSION) 
 CASE 85
 

ORBITER WEIGHT BREAKDOWN
 
DRY WEIGHT 
 731000.000 POUNDS
 
P-- EL 
 3000.000 POUNDS
 
RESIDUALS 
 2070.000 POUNDS
 
RESERVES 
 3300.000 POUNDS
 
IN-FLTCUj LOSSES 
 10508.000 POUNDS
 
ACPS PROPELLANT 
 18280.000 POUNDS
 
OMS PROPELLANT 
 95325.312 POUNDS
 
PAYTMD 
 505852.000 POUNDS
 
BALLAST FOR CG CONTROL 
 0.0 POUNDS
 
OMS INSTALLATION KITS 
 0.0 POUNDS
 
PAY1---A7J-9-0S 
 0.0 POUNDS
 

TOTAL END BOOST (ORBITER 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
 

-i 0-ES-rDOrS 17B47.000 POUNDS
 
PROPELLANT BIAS ( 2640.000 ) POUNDS

PRESSURANI ( 2120.000 ) POUNDS
 
]ANK-AN LINES ( 9437.000 ) POUNDS
 
ENGINES C 3650.000 ) POUNDS
 

FLIGHT PERFORMANCE RESERVE 
 20930.000 POUNDS
u* J E LAN-MI -T@7 - O.O POUNDS 

TOIAL END BOOST (EXTERNAL TANK) 41Qi7.000 POUNDS
 

US)ABLE PRUPECEWNTTEXTEKRWgI7T~ffC) ---- 5092633.00 POUNDbS
 

FLYBACK PROPELLANT (FIRST STAGE) 189983.50 POUNDS
 

SOLID ROCKET MOTOR (FIRST STAGE)' 9040548.00 POUNDS
 
SRM CASE WEiGHT(2) 1045488.F7 POUNDS
 
SRM-ISRUCTuR E-RCVY-- ErGFfm- . - P0-UOf
 
SRM INERT STAGING WEIGHT 1045488.87 POUNDS 

' OAB EOSR- FOE EAIH-(GLW 1739500.00 POUNDS 

TOIAL GROSS LIFI-UFF WEi.GHT (GLOW) 15733913,.0 POUNDS 

http:1739500.00
http:1045488.87
http:1045488.F7
http:9040548.00
http:189983.50
http:5092633.00
http:1369335.00


VEHICLE CHARACTERISTICS (NOMINAL MISSION) CASE 65
 

GROSS STAGE WLIGHT,(LB) 


GROSS STAGE THRUST/WEiGHT 


THRUST ACTUAL,.LB) 


ISP VACUUMI(SEC) 


STRUCTURE,(LB) 


PROPSLII AI~J -_____ 

PbRF. FRAC.,(NU) 


PROPELLANT FRAC.,(NUb) 


BURNDLT __TIE,. LEI 


BURNOUT VELOCITY,(FT/SLC) 


BURNOUT GAMMAt(DEGREES) 


BURNOUT ALTITUDE4-(FIj 


bURNOUT RANGE,(NM) 


IDEAL VELOCITY,(FT/SEC) 


INJECIIhN-VELOCITY. (FT/SEC) 

INJECTION PROPELLANT,(LB) 


ON ORBIT DELIA-V,(F1/SEC) 

ON ORBIT PROPELLANT(LB) 

ON ORBIT ISPt(SEC) 


15719436.0 


1.300 


..2_43Z523-0 

370.900 


1045488.9 


~5A~~a~n 


0.6072 


0.9013 


'5. 


8152.324 


13.752 


4952269.0 


0.959 

47SlO560 0A 

466.700 


0.0 


4873984.0
 

0.975
 

l5f0nIQr_.f 

466.700
 

814780.0
 

2285.ft'346-4330-.O- --- -__ 

0.0158 0.7108
 

1.0000 0.8096 

L&--l t7 b.S64 

8331.051 25954.117
 

12.493 0.187.
 

'7jflIA.___242 .f __31s65 __.
 

47.6 56.0 817.0
 

1082b.0 11065.3 29693.2 

-lQ _AClPFl__ L(G4(N-1 1 
0.0 FLYBACK PROP(LBS) 176597.2
 

103
 
95236.8
 

(36.7
 

IHEIA= 31.41 PITCH RATE- 0.00220 ATTEMPTS TO CONVERGE= 3
 

PAYLOAD. (LUA) 99 Q1 0, 

http:ACTUAL,.LB


SUMMARY WEIGHT STATRMFNI (rNJMFNAI MTRTfMI) CAcE-


ORBITER WEIGHT BREAKDUWN 
DRY WEIGHI 73593-G.DQ-2-nUN0S__ 
PERSONNEL 3000.00 POUNDS 
RESIDUALS 2070.000 POUNDS 
RESERVES 33)00on 0 P-0J].S 
IN-FLIGHT LOSSES 10610.060 POUNDS
 
ACPS PROPELLANT 18280.000 POUNDS
 
OMS PROPELLANT 9523 _-12___R.QUNS_
 
PAYLOAD 499637.000 POUNDS
 
BALLAST FOR CG CONTRUL 0.0 POUNDS
 
OMS INSTALLAIION KITS 0.0__PNfLS
 
PAYLOAD MODS 
 0.0 POUNDS
 

TOTAL END BOOST (RBITfrONLY) --. OUND& _ 

OMS BURNED DURING ASCENT 0.0 POUNDS
 
ACPS BURNED DURING ASCENT 0.0 POUNDS
 

EXTERNAL MAIN lANK
 
TANK DRY WEIGHT 2h4f.iO0PIJUNDS
 
RESIDUALS 18020.000 POUNDS
 

PROPELLANT BIAS ( 2640.000 ) POUNDS
 
PRESSURAN1 ( 12,f.lOQ_ P)lUNDS 

'TANK AND LINES C 9610.000 ) POUNDS 

_
 

ENGINES ( 3650.000 ) POUNDS
 
FLI6HT PERFORMANCE RESERVE 
 SZ9 0a ____S 

UNBURNED PROPELLANT (MAIN TANK) 0.0 PbUNDS
 

TOAL END BOOST (EXTERNAL YANK)5O.QQQ_._O_ IfS 
USABLE PROPELLANI (FXIEkNAL TANK) 5092633.00 POUNDS 

FLYBACK PROPELLANT (FIRS1 SIAGE! . 0_Z.PQUN>S____f 5_l 

SOLID ROCKET MOIUR (FIRSI SIAUE) 9040548.00 POUNDS
 
SRM CASE WEIGHT(2) 1IO4 54 8_ __________ _____P 

SkM STRUCTURE & kCVY WEIGHT 0.0 POUNDS
 
SRM INERT STAGING WEIGHT 10454188.87 POUNDS
 

USABLE SRM PROPELLANT 7995060.00 POUNDS /
 

TflITAt r(f)lC I TFT.-rC!F WtrTC ICS mam1T i l t 1 rnil. . 

http:7995060.00
http:10454188.87
http:9040548.00
http:5092633.00


VEHICLE CHARACIERISTICS (NOMINAL MISSION) CASE 45
 

STAGE 


GROSS STAGE WEIGHT,(LB) 


GROSS STAGE lIRUSI/WEIGH1 


TRUST ACTUAL,(LB) 


ISP VACUUM,(SEC) 


STRUCTURE,(LB) 


PROPELLANT LjLB) 


PERF. FRAC.,(NU) 


PROPELLANT FRAC.,(NUB) 


BURNOUT I 1M A .LCL 

BURNOUT VELOCITY, (FT/SEC) 

BURNOUT GAMMA,(DEGREES) 


BURNOUT ALTITUDE (FY) 


BURNOUT RANGE,(NM) 


IDEAL VELOCITYI(F/SEC) 


INJECTION VELOC1TY,(FT/SEC) 

INJECTION PROPELLANr,(LB) 


ON ORBIT OELA-V,(FT/SLC) 

UN ORBIT. PROPELLANT,(Lb) 

ON ORBIT ISPdSEC) 

2 3
 

15720730.0 4983925.0 4902e16.o
 

1.300 0.953 0.961
 

20436912L. 4-j50000-O 475000a.0
 

370.898 466.700 466.700
 

1045488.9 0.0 819097.0.
 

2i3.5 t951i4t 0__a_3_A.xL _________.___._ 

0.6052 0.0164 0.7124
 

0.9010 1.0000 0.8100
 

.2-_ .___2_ _____ ___,_.__ _ 

807U.586 8 2 52. 9 45 25954.113
 

14.168 12.B75 0.187
 

I2L23832. 4_.Ak 424_ivhS .t ___
 

146.6 55.2 819.0
 

1075U.5 10998.1 29712.0
 

OD F LLY-LCiANR LNM_ mNa8.5 _ 

0.0 FLYBACK PROP(LBS) 177764.2
 

1HO3.5
 
95235.7
 

466.7
 

THETA= 31.24 PITCH RATE= 0.00215 ATI'EMPTS 10 CONVERGE= 3 

PAYLOAD,(LB) ,95449,0
 

http:0__a_3_A.xL


SII|JMM A RY W _T_..A.. TrTEbftNothTAL tl IN ) GA-E-_45 . -

ORBIIER WEIGHT BREAKDOWN 
DRY WFEI T .-Lflfl9.L.00.O -D_ N DS.-

PERSONNEL 3000.000 POUNDS
 
RESIDUALS 207U.000 POUNDS
 
RESERVES 3300 aDD P.i iu Nns
 
IN-FLIGH1 LOSSES 10695.000 POUNDS
 
ACPS PROPELLANT 18280.000 POUNDS
 
OMS PROPELLANT 95_35.50OL__POUNDS -

PAYLOAD 495449.000 POUNDS
 
BALLAST FOR CG CONTROL 0.0 POUNDS
 
OMS INSTALLATION KIlS nlaL.fAOUD
 
PAYLOAD MODS 0.0 POUNDS
 

TOTAL EN_oBOOJJIOB,_fEJQbLYL _ _I3.681a8.DfPOUNDS-


OMS BURNED DURING ASCENT 0.0 POUNDS
 
ACPS BURNED DURING ASCENT .. 0 POIN{lS 

EXTERNAL MAIN TANK 
TANK DRY WELGHI 26A_.tflODDlUNfl& _s.
 

RESIDUALS 18163.000 POUNDS
 
PROPELLANT BIAS I 2640.000 ) POUNDS
 
PRESSURANI ( 21.70.606 1 PIIlNDS
 
TANK AND LINES C 9753.000 ) POUNDS
 
ENGINES C 3650.000 ) POUNDS
 

FLIGHT P ER FO RM A N C $ELj _ _2___ 9a0Q..0,f___ UND&.___
 
UNBURNED PROPELLANT (MAIN TANK) G.0 POUNDS
 

TOIALIEND BOOST ( EXT ERJAL'AJI I A433_,. UDSa.ML-P-0_____ 
USABLE PROPELLANT (EXTERNAL TANK) 509633.00 POUNDtS 

FLYBACK PROP LlAI RSTA[ ) -- ------ 76..IB. PaU N----...... 

SOLID ROCKET MOTOR (FIRSF STAGE) 9040548.00 POUNDS 
SRM CASE WEIGHT(2) J&.5jt' L ell 0 S 
SRM STRUCTURE C RCVY WEIGHT 0.0 POUNDS 
SRM INERT STAGING WEIGHT i0454A88.7 POUNDS 

USABLE SRM PROPELLANT 7995060.00 POUNDS
 

http:7995060.00
http:9040548.00
http:509633.00
http:Lflfl9.L.00


VLHiCLiL (AIAKACI LKISIILS (NJrMIAL MISSIUN) CASk c6 

JR(J-SS ,TACL vJEl(HT, (Lb) 

GKuSS STAGE I iRkUST/WklHfr 

tkU.S1 AC4UAL,(Lb) 

ISP VACUUIB(SEL) 

S1RUCiUkE, I Lb 

PRUPLLLANT,iL$) 


PLKf-. FkAC.,(NU) 

i1KUPLLL ANI FRAC. (NUBJ 

BUKNUU'I "IMrk. (EL ) 

BUkNUUI VELUCIY,(IFI/.LL) 

bLk4NUUI bAMMA s(G4tLz.. J 

bUNCUT ALT1TUDL, (F 1 

BUKNOUT KANbLI (NM) 

iDLAL VhLCJLIYU-i/:LLJ 

INJL.1LInU VELUCIEY, (F1/.:,EL) 
INJECTIuN HUELLANi, (L) 

UN DUOtIT U.LTA-V,(E1/tcL.I 
CN U)bi'l PRUOPELLAN I(LU) 
UN IJKbi 1SP,CS L) 

I-tA= t9.1j- Pllth 

P"AYLJAU,I Us 

L57/27522.0 

1-.3 C 

AT' 14 Wt-4 .( 

3i0.890 

II U4&' b8 .9 

9'.56590.u 

0.6013 

,.0,i 

1541,A92 


"18c-.0391 

1--b6j6l . 

" .3 

IC6U9.S 

J. 

G.0 


tbLb) 

KATL= U.G OL 

tLU b3b2 .U
 

5041V).& 

0 .0 t 

4-50uU00.u 

4bb.7UO0 

0.0 

224o47.0 

0.0"46 

.oo 

l7b l-Ib't 


b3Y.1.b4 


12 29± 

I' 2b.6 

6o. 

11293.9 


FLYIAALK 

4b.o132.0 

U .9b6 

ft-5L,0&.b 

4b6.700 

bUOUO9.0
 

340t463.0 

0.tTh07
 

U.atst
 

513 .33.
 

25v5,si3 

0.4 

il-° 

k97qZ.6 

KANbLllN.f 
FLYbALK PkUt(Lbs) 14ol3.7 

A'llNI1S iU LUNVL-\GL2 = 3 

http:b3Y.1.b4


SUMA~KY Wr.I l T lM-


UhbI]LM WLIU-a bREAKDOUWN 
DRY WEnd-Cl 
FLSNNLL 


RELS IDUALS 
kLESERVES 
1N-E-LIGiIf LOSSFS 

ALPS PRUPfrLLAN'1 
UMS PRG-LLAkN1 
PAYLOAD 

OALLASf FUR L6~ CdNIR1.0L 

DM5 INSTALLArION KITS 

PAYLOAD MUDS 


IU1AL END b~aST (ORBltER LJNL Y)J 

UMS BUNED~ UUK1N. ASG-tNT 
ALPS bURNi:t) UlNu ASCLNT 

EXiFRNAL MAIN LANK 
TANK DRY WL-WIUU 
RESIDUALS 

PNOPLLLANI BIAS 
PRE~ssuRANT 
lANK AND LiNLS 

ENGINhS 


F-LIUHT PLRt-ijNsANCL RE!LRVL 
UNBURNED VRjiJ&LLAN1 (MAIN lANKi 

lUrAL END ubusi% (tXlLRNAL 1tNK) 
USAbLE PRUPELLJANT (EXTERNAL DNANK) 

FLYbALK PRUi'ELLjntWl (FIRSI SIA6oEJ 

SLIDl RLICKLT MuIL0K (FIkIS. 'SVAUL-) 

SRM CASE WLIh-ttc ) 
SRKM STkU~lTURL k, ISUVY ihAGH1 
SkM INLK] SlAbINL, WLI UflI44Lbb 

US'AbLL SKM 	 PKUPLLLA&I 

INIMi NA I MISSHIN) 	 CA% hh 

12i1620.00 UUNL'S 
50U 0Lt' POJU1DbS
 

(a ulCou~ rouND.
 
j1300.000G PuLUNUS 
L4p'39o.uU0 PUU'iS
 

xl;2b0.0& 	 POUNUS 
95257.150 	 PjuiqhUS, 
5U332.0U( POUNDSu
 

U0 PuuNUS
 
0 .0 PuUUS
 
0.0 POUNDS
 

13603'd.UO PoUNus
 

o.0 PUUNUS
 
o.C. OUutiJs 

b-iU43uu POUNDS
 
C/7300 000 fOUNDS
 

C 	 640.000 l1UN05~
 
ZLU.O00JO PuUNDS
 

C93ei(..G00 ) PuUNUS
 
C3b50.000 I PUNDs
 

Z09vaU.000 POUNDS
 
J.U iPuUN Uz, 

1.i300.LL0o 	 FuON~la
 
Pu2b
U0PU Nu 

16'4b63.obi PUUNUZs 

90't05'tS.lU rOCiUN U2
 
1C5b~7 rbuNUS
 

L.0 KtUNlqus 
POUNDS 

1't!hot(J.ut, PouNus 

http:1't!hot(J.ut
http:90't05'tS.lU
http:13603'd.UO
http:5U332.0U
http:12i1620.00
http:CdNIR1.0L


Satellite Systems Division Ad& Rockwell 
Space Systems Group TV International 

B.3 FIRST STAGE PROPELLANT LOADING STUDY" 

An analysis of the effects of varying first stage propellant loading was
 
performed. The results are summarized 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 significantly. In this trade study the first stage
 
inert weight was not-penalized for the additional TBS required at the higher
 
staging velocities. By including that delta weight the glow/payload ratio
 
would not be as favorable. By combining the results of-this study with the
 
thr.ottling 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. 
(LBx1O6) 

GLOW 
(LBxIO 6) 

PAYLOAD 
(LBx1O 3) 

STAGING 
-VF-hOCTY 

GLOW/PAYLOAD 

____ PEAVEC) __ 

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 17.514 624.9 7852 28.03 
24 9.995 18.108 659.3 8114 27.46 

B-I1
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bENbRAL ASCLNII KRAJLLIUKY AND SILIN, PRLtKA4 B*Y R.L.POWI LL
 

UAIE - O/i/179 lIME - L6.50 0
 

SA]ELLII PUw'lR SYSTEM (SPS) CUNCEPT L'Ff JlI UN STUDY
 

lWo-SrA6t VERTICAL TAKE-OFF iUR1LUNTAL LANDING I-LLV CUINCLI
 

BUlH- SIAGLS LAVLt F-LYbAC- CAPABILIY IU LAUNCH SIlR (KSC)
 

FIRST ST,GE hAS AIRbk-AlHI-LR i-LYBACK AND LANjIN, CAPAjILI'IY 

FLYbAC&k PRUPELLANI I-AS A SPECIFIC FUEL LUNSUNITIDN OF hiub SEC 

SECUNU SIAGE USES TH: AbJRI-UNCE-ARUUNU FLYbACK MOLIb (A0A) 

FIKSi SIskGLv HAS LUA/HP/LHZ rKIPRUPHLLANI SYSILM _ _ _ _ 

WI lit H COULLED hlIGH PL EN(,INlES (VACUUM ISI- = 32..3 S,)
 

SECOND SiAGE USL&L LUX/Lfi. PkUPELLANT Wil-i VACUUM ISP hb6.- SE.
 

IHE IJEI-N IAYLUAU SftLL BE 5IO KLB INIO A CIRCULAR UkBI1 OF
 

270 N. MIL{.S AvU AN INLRIIAL INLLINA'IUN LIF2"1.b ULU<ES ,.
 

ASCE,'I SHAPEU iU [HE NUMINAL ASLENI MISSION
 

MECL) LLINI'IkZNS ARKE iL A I-UbURL'ILAL UkbI! UF %6'.22
,.MILE-S
 

N. MILEo 


UN'l-ORbIT DAiLA VLLU(.IY REQUIREMFNI UW 1116 F-?E'IISECIVNU
 

kCS SY::A, 14 SItED FOR A ufLIA VELUL1Y kcLPI UF 22u FL-'I/SLLUNU
 

lnL V.hIL.LL SILL-U FUlk A 1HRUSI/WEIIl RA1IO A(l LIFF-UFF OF 1iO 

U}Y N.o.'. (CU,,'.S 1) APUGL-E OF 16' N.MiLES) 

http:V.hIL.LL
http:VLLU(.IY


MAXIMUM AXIAL LiJU IACI,,R DURIN ASCENI IS 3.0 LSb 

THAJEC|ILk GYAZ, A MAXIMUM AERU PRESSURE O- 650 LIS/FT2 

MAXIMUM AtRO PRLSSUKE Al IAGING LIMIIEU IU 2±4 LbS/F12 

DIRICT ENTRY F-RUM 270 N.MlILbS ASSUAMtED (OLLUA V 415 FI/SEC) 

PFII'ii PERKOKMANLb NLSLKVL = U.L12 TUIAL CIIAC ASCENI VELCCI1Y 

WEIGHI SLALI'& PLR R0C., LL IR AND IILLV S1Ubl)-S 

A WEihl (,RDWNIH OF 15Zt IS ASSUMMtU FOR HU1H SIAGISALLOWANCt_ 


FIRSi !AAuLE BUKNS B4y5L6U, POUNDS OF ASCLNT PRUPELLLANT
 

SLCOND SIAL(,F (bR.ITEK) ENGINES bURN 5092633 LBS OF PRLPELLAN1
 

SLCUND SIAGE DRY lIG- WilHOlUT PAYLUAD EQUALS "1 L<?LAS
 

SLLUND SAL IhRuSI LE-VEtL , SIAbING EUUALS 4"IStl'JO Lbs 

bStLUNND S ACE OVEKALL BOIUSIER MASS FxACI ION = 0.64t§5 w/U MAkGJN 

SECuND SIAGE WL-iHI L:IkAKLJOWN 

MRLSAIJLIAL W.IGHI = .tU PUUNDS 

ISRVES WEII = 336L4 PUUNDS 

Fl-R WEIGH = 2(73-,b h'OUNOS 

KLS PROP WEI'-i'l = 1,7766 POUNDS 

buRN-Ul ALU1wjiE Al SLLUANL; SlAbE tHRUS I ILK1RiNAIOJN = 56 N. MILLS 

ADVANLID TLt-iNULujGY KILL Li LUMPATAbLE zlH IHL YEARS 199L L ON 

A LENi hmLEV SILIN,,b RUtfS MADei bY R.L.PUW'fLL (IXT 3103 SEAL bEACH, 



Vi-HICLL ,IIARALTR1SICS (NUMiNAL MISSION) CASA 21 

Sil AGE 123 

GKOSS SIAUL W Iuh'IltLbj It36ZI -5. 

LRUSS STA([ rHkUsI/WEIH4 .I.-i 

INIUS1 ACkUAL,(LBJ 21225')36.(s 

ISP VACUUMtS.EC) 3?C. L 

SIRUCItURE (LB) 1 I 3 54. 

PROP LLANI ,LB J IIolI . u 

PEHF. FRAC.,(NU) 0.tb2kl, 

PRUPLLLANI FRAC.,(NUB) 0.90 26 

B URN LUjT 11IME -SL)Cbf~ 61. 7to 

li.[UKN UUjI VELU CI I Yv F I/ L c ) 4;a.OU 

BURNOUl GAfMMA,(ULbHLES) I.611I 

BURNOUT ALIIUL'W-, (Fl 1ib-12eU. G 

huRPOUfli RAa,L-,(XP4) 

ID)EAL VkLbUTIYI(Fl/ A. ) llell,, biz_'-

INJECIUUN VELU.IY,(I/-L C) G[ 
I.NJECI ION HIRPLLAN(LU 0 1, 

ON UIK8i I UtiLIA-V,(F'l/.EU I1LbL 
LIN4 URbil PHAJLLLAN-l,ILU) Vi3. b 
UON. URBlb ISP,tSECJ 46c .j 

IrITA= 2i.Lsl Pl 4Ch RAi = it.ualst 

P AVI IIAI . Ii I. i , i 

Aesi j,;. ' 15biL432.& 

V.971 1.L'41 

&-{000O.G 47t620.0 

'66flLU 4bbflCL 

.0 -1'16 . 

.3507.& it9-12223D 

.G123 k.68 16 

1.0000 C,.' 4,I; 

P6.!Ct 50i.h6i 

S4 1 b. u!; I 5 -5 C74 

9.Zst G.a~ 

z 4 1"II1.19e52,.7 

94I.b k ,. 

,91.L ,~o 

FLYIACK KA.GH. NM) 
1LYIACK PRUP(LBSJ i-5b58.: 

1 

) 

AITEivMtS 1iG CbNVtRb- $ 



SUMMARY WI L-fhi SIAI -MENI 

Likh,	llEk WL IG'F hRLA K/iwN 
tINY EkuLIT 
PERLNNt L 
RLS IUUALS 

RE SLkVES 

IN-FLIGHI LLJ LS 

ACPS PRUPLLLANI 

(M PRUPeLLANI 

PAYtl(AD 

UALLASI FUk CG LUNIIUL 

DMS INSIALLAICJiN ht'IS 

PAYLAD MUDS 


TUIAL END bLiUsI (LsRllLR ONLY) 


UMS BURNLD OURiN6 AtLiti 
ACPS BURNED LtJRAING ALLE41 

EXILRPJAL MAIN IANK
 
IANK DRY WILH1 
KS IUUALS 


PRUPELLAsCI bIAS 
PRLSSUkANI 

lANK AND LINLS 

LNLIN:S 


FLILHI PEkrUMlNCL kLSLKVL 
I'bUkNED PR<LJIL-LAN1 (MAIN ANKJ 

IUIAL LNU LLUS1 ILXtfENAL IANKji 


USABLE PRULLLANI (LXiEKNAL, liNh 

FLYI'AC& PkkIPLL/Nh (Fk.SI SIAL-,L 

SOLID IUCKLI Ui,, (FKSI SiAGL) 
KRM CASi 2h9S'25.&60W'LIGh 1(l 

SRM SIRUCIUR , RLVY W{lHi 
SkM INLRI S IAi Mt WLJIlU-

USkL,LL SkM PkIJPI:LLAhlN 

IUll 	 ,L ,RUSS IF'L-tUFF W -ml i (L 

(NOM 

( 
( 

( 
I 

1rAL MlSSlhjiq 

-116b2 7.u'0 
3GU . L,(,O 
2G'/aL,.(s0 
330C.CLO 

O312.GGU 
-- b67.6ut.' 

9T a. .u 12 
bb lO,,4i 

0.0 
u .(! 
0.(" 

14"/16.U 


G .13 
1-0 


261C..U,i 
1h1Z.00L 

,tht.COU 
2059.000 I 
93A1.OuU ) 
3tb6.000 

203-6.C0 
0.C 

LtGziC. O0 


5093 25.UiL 

L65 5F.(OO. 

9.dw3",5.u 

(. (I 
lOV'-t3z.O0 

hq95Gb1C . 

V3l (2t. .,Co? 

CAq- 21 

FGttNL S 
PULND 
POUUDS
 
PUUNUS
 
POUNDS 
POUNDS
 
PUL'NDS
 
POUNDS
 
POUNDS
 
POU,)$S
 
PUUNUS
 

PQUNIJ
 

PUN DS 
POUNDS 

POUNDS 
POUNDS 
PUUNDS 
POUNDS 
POJNDS 
PUUNDS 
POUNDS 
PIIJNbiS 

P{JU( Us
 

POUNDS 

eULIDS 

PU.NDS
 
PIJUNDS 
POUNDS 
PUOUNDS
 

PUUNiS 

POU DS
 

http:lOV'-t3z.O0
http:203-6.C0


PfUJPLLLANI $UMMAKY FJK IIN , ALUki M'LS -FOR 

ASCk-Wl I.AJi.CIUKY SHAPED "IU IFIL NUMINAL Mi s.%IUN MutL 

UM&URNED MAIN f'RIUtLLLAN IN 1H- ABURI NIUDE = 

EXCLSS UN-URi fl PRUPt'LLAN1 

UNBURNED MAIN1 PRUPfrLLANT IN 

LXCESS UN-DRLiil HUPLLLAfl 

IN Tht. 4ABlJRi MLJDt 

Ih-,L RILS MODL = 

IN IHL RTLS MUOL 

(ASF 21 

UP Ib 196.5Ot s.ECu 1, s 

O.C POUNDS 

38491.Thcl POUNDS 

111300.000 PUUNDS 

O.C POUNDS 

MINU. SI6N lflVCAIt PRUPELLAN' SHkO.IA:.9 IN BURN MUUL INDICAIED 

b-ibi ILL SY hLMi Nz'l PAYLOAD WIItULJI UMS,.ift = $I1O.0yOG PIUNDS 

MAIN PRU iLLAN I CUkNi U "1 , AUA/lI.,. AbUR "1IM-= ..., ,U,.u.. .Uiu PUUNUS 

SMUE ILL kUSS LJFI -U-I- WcIL-ll (GLLsv.) = 16327ot5.0 POUNDS 

PRP ILLANI LitUSS I- [RUM FII - SLbCUD tiAtir ib-,--3.to ?ULtNUS 

SECLIU S)'AGL PKlIITIA.AN CAeALI Y - itRUSS, [t-Lb -I',673z.6 f*"UtJII. S 

http:PKlIITIA.AN
http:ib-,--3.to


2 ~th1~tCnF(C~RIJLsINUMINML Mi, S1UN) CASE 

STA~t1 

URUS.S d A LL WuIU-iLo) 1692131 k.1G 

(4AUS$ STAbL -ILS/W H 1.3LL 

'ItRJKU.l ACTUAL, (Lbj 2] 971 tst.c 

ISP VACUUM,(tAC) 361Y.544 

'IRKUC IURE ,(LB ) 11394$0(). 0 

PROPLELLAN I,(LbJ IUt6'tZ,31s. O 

PLRE. -RAC., (P\11) U.t3. t 

?'RURELLANil FRAC. ,A(NUL) U.90i-5 

tbuRN0U1 IINMEItS±:C) 165 .Ut. 

~jbURNUU1 V1LEJCVIY c, s&!C,103 b'5,U2( 

bU KNtJI UAMMA ,(OREL S ) I12.bT1.24 

bLURNUU) AL1XTUb, (F-i 191 L,59 . L 

bUMNUU1l i{AMt-I(ON) !bo.5 

11vJL-LCUiv v LU I Y ,t(-i1/ SLL L, 
I JLC1 ]OW rRiLLLAN.ItiLb 0.0 

UM URbff PNJf4LLANT',(Lbt) LcIt 
ONp UNSIT is:P,cS&Lj 

IhLfA= 27.1b [II ILli RA1LE- L.Gulbrr 

PJAYLOADJ, ii~I- i ,7t 

092,32u. u ,,)716L9. 

U.971.I.03 

~fL, ) 'Q.4 A-1i OCu.. 

'0f).Th 'itjsc6.IU ,,j 

0(1 Ub2. 

3206 L.u 3U93Zd)9. 0 

L.C&565 0.6766
 

1."VU.0 C.7968
 

19b.5dV 5I~6
 

9LZI.4t5 25t, ,. 0tO 

0.e.7
 

1 upe 

130.3 

FLabAcK RAq1,E4NM) i. 
f-LYE3ALK IRUP(LIAS) 2151OZ. I 

AHI1MAi's 10 CLJNVLRGIb. i 

http:itjsc6.IU
http:U.971.I.03


SUMMARY Wtehuti I S IA I tNi N I 

URb 	likk w~LIhI LkI.Af'DLOWN 
DRY WLitiI 
r'LRS'LJNNLL 
RE. S iLIUALS) 
KLSIERVL.S 

]N-FLIu-iT LOt'.cS 
ALPS PR'UPELL,~ti;l 
ElMS PRUi-LLLANT 
i AYLUAL, 
LALLASIl FOR CL- CUNI)CUL 
iMS 1NSTALLA1IUN KlkS 
VAYLOAD MJfl, 

1UIkAL 1-ND BOOS) (I RbiLR ONLY I 

OLJS BURNLU OUR hNU AZ>LENJ 

ACPS buRNbti IUKIMG ASCENI 


LX1EKNAL MAIN IkH(K
 
LA& DRY WiiHIl 


VRESIDUALSi 
P'RUI'ELLANJ nIAS 
PRLSS!UNANIC 

IANK ANDi L~iS 

L Nt I N S 
hLIUAI~ P6Ht-ikMM4N(L- RhtzSU<V& 
UNbuRNLO PRUPL LLAWi (MAIN I ANI 

101AL i:NO hUJUS I (LX ILRNAL. lANK) 
USAhLE PRIIP'ELLANtI (L)ULRNAL IANK) 

Fly DAtA& PRUP LLPN (FIRSI SItA-) 

SULID RLLH muliK (FIR-l S'IAUL) 

tkM LASc:WI-I~) 
SkM SIrNUCIIAykL L k.gY NLIUMI 

5kM~ INLN1 %lIAGINL. WLiU-T 

U~tLLE 5kM PRLI.LLAWI 

(NLIM I ALt IS S IlwN1-AS 

ftl~b36.GuO 
30C,)LU.u (I 
ZO'iu .OOU( 

1Ui6uO 
'15ua's.. 

160 11 .Th 
Sbb97b.0tuO 

U .0 
6C.C 
0.0) 

i'. uiTI7 uu 

6a.U 
- 00 

Z2o0it1 .C c 

1133 G&J, 
Z3U.DS
 
2UaB .0600 I 

924-,)dGco J 

CStl{.CuU) 
tiLiir.Lu'6 

u0.0 

40oiu.Ak 
03'j. 

ZP12.o 

1tiUIB5I u (L 

I#b.~ 


i95uU2 

bV3,tktLU r, 

I 	 - 22 

POUNDS 
UC
 

PJUNOUS 
PiOG.~
OUNDS
 
POUNU s 
rOUU N D 
PiLIUS 
POUNDS 
POUNDS 
KPOt's 
POUNDS 

POUNDS% 

POUNDS 
POJUNDfS
 

POUNDS 
POUNDS% 
v 
PUUNOS 
P)UNiS 
PUONDS 
PUNDMS 
POUNvDs 

pouNDS 
PUI.1S 

UtWiUSk 

PuuEjWS 
POUUNDS 
PVJUMIS 
PUUNLYS
 

HouhrUS 

http:40oiu.Ak


PRUPaLLANI SdMMARft YLM I hE ALUR I MUfcS tuft CASE Z 

ASCLf'I I RAJLCIURY SKAPLU Iu OHL NOMItNAL MISLIUN MQub UP' 15 i96.5 S&CI~t4Is 

UNWUtNLU MAIN FR&WLLLAWf IN Tm-L AbufI MODE G.0 POUNDS
 

tXLtSS ON-URRIl ?RUPtLLAMI IN Wit AaURI MUDiL = 63U4.937 PUtINID
 

uNUuI{NEL MAIN PMU$LLLAN1 IN I f-L KILS MODlE ',I2(~ OUNOS
 

LXLLSS UN-tUi<Il PRU~tLLAIT IN ti-a RILS MU~r O.L POUNLAs
 

MINIUS SION fINUDLA7 :S PRLPfLLANI SHURIAGE IN bURN MUQsE INDICAILED 

SH0WJLE SYS~IEM Not PAYLUAI Will-iUr DM5 atS = tbu97.L0- POCUNDS 

MAIN I-ROPEILLAPJI b AtiK I IIMt= - JUNDSItRlNcD U AUA/k 1L5 2U0U600.0u 

hU1 Lft 6NUSZ LA F] -uFF wLIHTf (LLUh) 1b92 1312 .tk PJUN(JS 

PRUI-LLLANT CRUSS F-abL FrmuM 4-IPUIf - SELUNb SVAbE= ht7V379,uU POUurjU
 

SECUN; SIAGL FRPEtLUA CAPAi-41 - CkUSS FLED 10100SA.00 PO)UNDlS
 

http:10100SA.00
http:tbu97.L0


V&HICLL: CHARALIERISTILS (NUMINAL MISSIUN) LASL 23
 

S IAG 2 3 

(ROSS 

6 KUS S 

SlACE 

11 AL,L 

WEIGHIIT'dLLU 

*1 RU.) I/WfI Lt 

I?5Vi4b.C 

I.3L-1G. 

I89323.O 

I'(1 

4"7cbLI.0 

1. 00% 

inRUs ALIUAL,(Lb) Z'16815- .C 'u7l)bOUdj. . 75e u%.0, 

IsP VACUUtv1SEC) 3&6.998 4't6.1O0 4b.l"0'u 

SIRUCI URI-, (LBJ 1153503.0 0.0 7'1291Po. 0 

PRUP(LLANT?(LB) 14.1Z LD) 5 9 .L 12 1722. b 3194G5 .U 

PiKF. FKAC.,(NU) U .61"1b 0.G0id4 0.6"-91 

PRUPLLLANT rIRAC.,{NUBi) u..G4 I.Guuo 14.8032 

BURNUU1I 1ib.I(SEC) lb$.0ob Ib6.5U9 5113.41? 

00 bURNUU'I VcLOCI1Y,([I/SLC) 'slzb.12i V583.203 2b94.0 9 

lLRNiiU T AIA , ( C, t RE ) .c l .Q1C, L.1671 

BURNOUl 

bURNUU1 

AL11UULE,( FlI 

RAKL,(NM) 

195t)~ Z20Y13. I 

84.1 

1%5. 

Lb63.7 

IDEAL VEL.LcIIY, (FI/SEL I 11,,9.Iui 1243-.1 29v502..5 

1,vJ:CiIU&, V-LtLli 
INJ CTION FRkQPVLLAN 

FY,(FII/S-LJ( 
, ILi I 

. 
L.C 

I-LYI3ALK 
FLYLACK 

KIAIVIGL(NM) 
-r(OP1L.S) 

e t 1.3 
231762'.4 

UN URBII 
UN URBil 
ON LkIRBl 

LLLIA-V,(F'I/,LC) 
I-RUPELLANbtLLL) 
ISP,(SL) 

I 
I"5.O 

5.7 
c;.I 

[Hr'A-' 2&., 'I HI IkH NAIL= O. U.i'L, AILAMH10Pf i L0C VELWf = 3 

I iA ; ( t it , 



SUMMARY WEIbI-1b SlAI±MENI INOMINAL MISSION) (CASE 23 

UKbiTI'R WEIGHT b-R&fAKUbLfD 
lKY wkI HT 7011z2.iqo POUNDS
 
PERSuNN-L iGC00.l,4 0 POUND.S
 
RESIDUALS O D.TbL PLJuNUS
 
NESERVES 3306.660 POUNDS 
IN-FLI6HI LOSiS+ S I10 .t(e0 PtJUNDLS
 
ACPS PRCPELLAN]I 11413.060, POUNDS
 
OMS PROPELLANT 102 05.bb POUNUS
 
PAYLUAU 624511.000 POUNLJS
 
bALLAST FUR CG CUNIKUL 0.0 POUNDS
 
UMb INSIALLAIIUIV KlS b POUNDS
0.0 

PAYLOAD MUDS 0.0 POUINDS
 

IlJIAL END bUUSlI (UKIiflIK UNLY)J1470'd B.O0 POUNLYS
 

uMS LURNLD OURiNG ASCENT 0.0 POUNDS
 
ACPS BUKNL- DUkINt, ASCbIhI t .0 PUUNDS
 

tXILRNAL MAIN IANK
 
TANK DRY WtU-IGHI 2640.0,b P[JuNDS
 
RESIDUALS 1I1,3.000 POUNDS
 

H PROPELLANT l,IAS 1 2514.bU0 ) POIUNUS 
PKESSURANIt 4 OlB.0uo I PouN[D 
IAN& ANU LIkkz C 91t5.000 1 POUNUs 
LNGINI: ; t '7o.000 ) PUUtVUS 

FLItHI PLKI-ORMANLL IsStKVE 1993L4tLoo f'UuNDS
 
Ukb'RKNLIJ PRU'ELLMgNI (MAIN JA'4K) o.u POUNDS 

1UIAL 'ND bUUbi tEXIEkN4L lANK) 391V37.0U POUNDs 

USALLi PRUPELLAN1 (XIhENAL "IANK) b03b29 .b IUU1)iU 

FLV ACr, PROPLLL.N (FIR ! SiAGL) 231-162.Y15 PJUNub 

SULID UKLI MU J1UK (FLSl S'IAtam 10o7blbh.U VUUNDS
 
5KM CASL WzI(,Hi(L) f
1tdz~bU3-. PLJLNUS
 
5kM SIRt.IURL- L KCVY wtb-i. PuUpn)S
 
SRl iNItIR 5"1 A hibill 11836t3 u, PuUNus
 

USAHLk SRMi PKUPILLANI '4950b6uC.C, PUUUS 

lJtiL bRUSS LIFI-mf-h WLJI6h (ULUi) £YtS1I44b.0 PWL)UD% 

http:391V37.0U


I 

VROI4LLANT SUMMARY FOR lHi Abtil MLDES FOR (7CASEL 

ASCENI IRAJLClURY ShAPLL) lU "IHE NGrJNAL MISSIOJN MUD. UP lU 1h6.5U SLCUNDS 

UNBURNED MAIN PRUPELLANT IN IHL ABUR'I MUUE G. POUNDS 

EXCESS (N-ORbl tRUPELLAT IN THE A8UR1 MODE = 3bta,.93- POUNDS 

UNBURNED MAINP PRUPLLANT IN "HE RHLS RUDE = -1115s.00 vPUUNOS
 

EXCESS UN-ORbiT PROPLLLANI IN IHL RILS MODL 0.0 POUNUS
 

MINui, SliN JNDICAT:tA PKuPLLANI SI-IULk)'AGL IN BuRN MOItL INIJICAIEL
 

SHUITLE SYSIEM NUl PAYLOAD WIMIuuT LMS KIlS = o24b'I1.b0O PUUNaS 

MAIN PRUPLLLANI'T LRNr-i) Tb AOJA/R1LS. AbUkR TIML= ib98221.CG PUUNDS 

SHU'ILL URKUSS LIFI-UfF wiHT IGLUW) = "51ziv J4.L, POUNDS 

PRUPf"LLANI CROSS F-cL U-KUM FIR Sl - SECOND SIA(-,E= 1i11,49.9C-Oa POUNDS 

tLCUgu S'lAbl, eRULLLAN1 LAPACIIY - RU.SS FEL = .3g.33b.c6 PUUNDL 

http:ib98221.CG
http:1115s.00
http:3bta,.93


VIJ-ILLFLCHAR4CIER1S1 ILS (NUMINAL MISSIUNy) CA SE 24 

S1 AGE 


GROSS S1AtUE WtL16ii,(LH', 


GR"IS WIAbE IiRUSI/WL-Il 


FHRUSI ACfUAL,(LB) 

ISP VACUUM,(SLL) 


S1IRUCI UKU,(Lbs 

PRUPfrLLANT,(LL) 


e"ERF. IRAL.,(NU) 


PRUI LLLAN1 F-RAC.,tNUbJ 


EtURNOUIf I]ML,(SEC) 


co URNUU I VL-LJC11Y, (Fl /sCK39 


bUkNULET- GAMM4A,I(DLW-REEfl 


BURNOUl ALIIIUDE-,tFlj 


B3URN(JU' RANGL-dNMJ 


IDEAL VEtUL fY, (FI/S:CJ 

IN,,.JbCIU'i VELULIY,(VI/ScL) 
INIJtzCIluNI 1-RUPLLLANvitLSI 

I URBIlI JLLIA-VFl1/S EL) 
UN JRtSi1 PRUI'LLLiI~i, (lU 
UN UM6il ISPISEC 

1 

lbl"bZdb.a 

.G 


2J54.0736.0 


36i.'Th1l 


le2S 51.G 


11734'1:c. C 

0.6'.b0j 


0 .90yj f 


X710. 9A 


9 4.j:44 


1.551 


lYs9411.. 


6'1 Zt; 

I ) 3 .~ b 

0.0 

O.Cl 


lb.
 
JlOitIk.9
 

2 

'0195C76.0U 


.I 


475fl0L6i.u 


46-6.760D 


0. U. 


1!t8551. U 


0.0324 


i.'b0o0 


Ibb.509 

V?7Th9. 437 


953C.ILV1
 

226t6 e. 


w.b"t8
 

I1tUb.L0 


3 

473t(-525. c 

.0
 

4I15O00(6.t
 

466.700
 

1f6,j10.0r
 

3i9 5 Net.G
 

064
 

a2.844
 

5Uis.z106 

259±,4s.U66
 

31t)655.9
 

2Yfi r9.2
 

tLYBALK ItANGE-(NMI261 
FLbACK rRfUP(LbSJ Gc. 

ri-ILr'A= 26.Y1 PFiCH RAIEA 0.Ublvi AflLMPWIS TO C0NVFRzL= 3 

P AYLOJALS, ( Lb) c5it .0 

http:f6,j10.0r
http:I1tUb.L0
http:0195C76.0U


SUMMAkY Vwbl-6h h.IAi'&MfmlN tNUM INAL MISS )Uly4 

( 
DRY WhI1GI 

PERSUNNLL 

RESJIDUALS 

RESERVFS 


OR8IIEK W 3GHI eR:AKUUWN 

1N-FLI(HI LOSSLS 

ACP-S PRUPELLPNW 

UMS PRUPELLANi 

PAYLUAD 

DALLAST FUR LG CUNIROL 

0IMS IN.S'TALLAi]lJN KIIS 
PAYLOAD MODS 

lOTAL END BOOS1 (ORLIlER tNLY) 


LMS bURNED LURING ASCEN1 

ALPS BURNED LkING ASCENT 


EXIEMNAL MAIN IANh 
lANK DRY WLILHA 
RESIDUALS 


PRI)PtLLANI LIAS 

eKESSURANI 

IANA AND Li:,dS 

ENG1NES 


FLIH'f PEKFOUMANCE RESiRKVL-

UNbURNE.) PROPELLANI (MAIN IARK) 

lL'IAL END hOU$I (&XlLtKNAL TANK) 

USAELE PRUPi:LWANI (EXi4,RNAL I ANl.) 

FLYFACR PROPELLAN1 (FIkRM SlAbi) 

SOLID ROCKi At/Uk (FIKSt SIAE) 
,KM LASE Wt-ILI ( ) 

SKM STRUC1URI: kLRCVY WL](uFi' 
5Rk4 INERI S*iAblNb wJltlblzZ25b1. 

USAULE SKM PRLPWLtAN1 

701bBU.ouO POUNDS 
3000 .DO0 POUNDS 
207C -000 POUNDS 
3360.4i00 POUNDS
 

10013.6GU POUNDS 
17252.0U0 POUNUS 

10i114 .37 POUNDS 
659315.000 POUNDS 

t.0 POUNDS
 
O.s POUUNDS
 
0.0 POUNDS 

150t44.GO POUNDS
 

0.0 POUNDS
 
0.0 POUNDS
 

2640,.006 POUNDS 
100t.000 POUNDS 

C 2492.O0 ) POUNDS 
.2$00.0 1 ) POUNDS 

( St i.uuO ) PUUbS 
(3 J$'t.000 ) POUNDS
 

I9-.-L(U POUNDS
 
O.0 POUNDS 

"9395Q00 POUNDS
 
bu'3hJ3.. POUNDS 

2AU23.izt POUNDS 

lzl2J311.0 PO[fUDS 
.24,0 . Pt.UNIS 

.L POUNDS 
L( POUDS 

5995L6b.i- PUUNDsS 

http:150t44.GO


PROPELLANT SUMMARY FOR THE ABORT MODES FOR CASE 24
 

ASCENT TRAJECTORY SHAPED TO THE NOMINAL MISSION MODE UP TO 186.509 SECONDS
 

UNBURNED MAIN PROPELLANT IN THE ABORT MODE 

EXCESS ON-ORBIT PROPELLANT IN THE ABORT,MODE z 

UNBURNED MAIN PROPELLANT IN THE RTLS MODE 

EXCESS ON-ORBIT PROPELLANT IN THE RTLS NODE 

0.0 


40249937 

13041-.000 

0.0 

MINUS SIGN INDICAT;ES PROPELLANT SHORTAGE IN BURN MODE INDICATED 

SHUTTLE SYSTEM NET PAYLOAD WITHOUT OMS KITS 659315.00 


MAIN PROPELLANT BURNED TO AOA/RTLS ABORT TIME= 1898221.00 


SHUTTLE GROSS LIFT-OFF WEIGHT (GLOW) 181S028 .O 

PROPELLANT CROSS FEED FROM FIRST - SECOND STAGE= 1739670.40 


SECOND STAGE PROPELLANT CAPACITY - CROSS FEED = 3354143.00 


POUNDS
 

POUNDS
 

POUNDS
 

POUNDS
 

POUNDS
 

POUNDS
 

POUNDS
 

POUNDS
 

POUNDS
 

http:3354143.00
http:1739670.40
http:1898221.00
http:659315.00


Satellite Systems Division ilk Rockwell 
Space Systems Group Intemational 

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.4-1. 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
 
tha second stage, the penalties become worse rather than showing an improvement
 
as in the case of first stage propellant weight increases.
 

Table B.4-1. Second Stage Propellant Weight Study Summary
 

CASE SECOND STAGE STAGING PAYLOAD GLOW GLOW/PAYLOAD 
PROP. WEIGHT VELOCITY (LBxIO 3 ) (LBxIO 6 ) 
(LBxlO 6 ) (FT/SEC) 

REFERENCE 5.093 6978 509.7 15.731 30.87 

30 5.570 66o8 519.6 16.31P 31.39 

31 6.068 6238 521.1 16.918 32.46 

32 6.565 5851 515.2 17.540 34.05 

B-86
 

S$D 79-O0O-4
 



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

DATE - 0119/79 TIME - 17:57:20
 

SATELLITE POWER SYSTEM (SPS) CONCEPT DEFINITION STUDY
 

TWO-STAGE VERTICAL TAKE-OFF HORIZONTAL LANDING HLLV CONCEPT
 

BOTH S AGES HTAVE FLYBACK CAPABILITY 10 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/LHZ IRIPROPELLANT SYSTEM 

WITH H2 COULED HIGH PC ENGINES (VACUUM ISP = 352.3 SEC)
 

SECUND STAGE USES LOX/ILH2 PROPELLANT WITH VACUUM ISP 466.7 SEC
 

THE DESIGN PAYLOAD SHALL BE 500 KLB INTO A CIRCULAR ORBI1 OF
 

270 N. MILES AND AN INERTIAL INCLINATION OF 31.6 DEGREES
 

ASLENI SHAPED I It NUMINAL ASCENI MISSION
 

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

BY 50.42 N. MILES ICOASIS TO APOGEE OF 160 N.MILES) 

UN-URbIl ULLIA VELOCIIY REQUIREMENI OF II1 FfEISECOAD 

RCS SYSTEM SIZED FOR A DELTA VELOCITY'RECMT OF Z20 FEET/SECUND 

THE VEHICLE SIZED FOR A THRUST/WEIGHT RA1i1 AT LIFT-OFF OF 1.30 



MAXIMUM AXIAL LOAD FACTOR DURING ASCENT IS 3.0 GIS
 

TRAJECTORY HAS A MAXIMUM AERO PRESSURE OF 650 LbS/FT2
 

MAXIMUM AERO PRESSURE A] STAGING LIMITED TO 25 LBS/FTZ
 

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

PFIGHT PERFORMANCE RESERVE = 0.75% lOTAL CHAC ASCENT VELOCITY
 

WEIGHS-CAL --P-E-ROCKWELL IR AND D HLLV STUDIES
 

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

SECOND STAGE (ORBITER) ENGINES BURN 5592633 LBS OF PROPELLANT
 

"SCOND-SAGE DRY WEIGHI WITHOUT PAYLOAD EQUALS 792904 LBS
 

SECOND STAGE THRUST LEVEL @ STAGING EQUALS 5212010 LBS
 

SECOND STAGE OVERALL BOOSTER MASS FkAClION = 0.8489 W/O MARGIN
 

SE'CONDSAGE WEIGHT BREAKDOWN t
 

RESERVES WEIGHI = 3300 POUNDS
 

RESIDUAL WEIGHT = 2070 POUNDS
 

FCS PROP WEIGHT = 19806 POUNDS
 

FPR PROP WEIGHI = 22673 POUNDS
 

BURN-OUT ALTITUDE AT SECOND STAGE THRUST TERMINATiON = 50 N. MILES 

ADV- NC-TCChNOLUGY WILL bE COMPAliABLE WITH THE YEARS 1993 & ON 

ASCENT HLLV SIZLtG RUNS MADE BY R.L.POWELL (EXT 3703 SEAL BEACH) 



--

VEHICLE CHARACTERISTICS (NOMINAL MISSION) CASE 30
 

STAGE 


GROSS STAGE WEIGHTtI(LB) 


GRUSS SIAGE IHRUSI/WEIGH 


THRUST ACIUAL"LB) 


ISP VACUUM ISEC) 


SIRULIURE (LB) 


PROPELLANT,(LB) 


PERF. FRAC.,(NU) 


PRUPELLANI FRAC.,NUB)' 


BURNOUT TIMEt(SEC) 


BURNOUT VELOCITYv(FT/SEC) 


bURNUUt GANTMA,(DEGRES) 


BURNOUT ALJITUDEt(F1) 


BURNOUT RANGE,(NM) 


IDEAL V-LULIIYv(Iil/S-C) 


INJECTION VELOCIlY,(FT/SEC) 

-- 3EC- PR-OPEcKNTf T[ 


ON ORBIT DELTA-V,(FT/SEC) 

UN URBIl PRUPLLANI,IB) 

ON ORBIT 1SP*(SEC) 


1 


16310355.0 


1.300 


21203424.0 


371.934 


1063207.0 


9710386.0 


0.5954 


0.9013 


153.598 


7862.922 


15.246 


172b89.? 


43.9 


10527.5 


0.0 

0T'-0 


16L5.0
 
101324.1
 

4b.7
 

2 


5352967.0 


0.914 


5212010.0 


466.1d00 


0.0 


234674.0 


0.0438 


1.O0000 


174.612 


8359i.094 


12.193 


212930.6 


66.5 


11200.7 


3
 

5118293.0
 

'1.018
 

5212010.0
 

466.700
 

877407.0.
 

3619955.0
 

0.7073
 

G.8049
 

501.149 

25954.102
 

0.187
 

319656.2
 

798.0
 

29646.8
 

FLYBACK RANGE(NM) 

FLYBACK PROPILBS) 


204.3
 
183794.9
 

LT A=rTAE--- -8 PT-CH -A-TEC-6--.OO20O ATTEMPTS 10 CONVERGE= 3
 

PAYLOAD, (LB) 519606.0
 



SUMMARY WEIGH] STATEMENT (NOMINAL MISSION) 


ORBITER WEIGHT BREAKDOWN
 
DRY WEIGHT 792904.000 

PERSONNEL 3000.000 

RESIDUALS 2070.000 

RESERVES 3300.000 

1N-FLIGHI LOSSES 11496.000 

ACPS PROPELLANT 19806.000 

O S PROPELLANT 101324.125 


5196C6.000

BALLAST.FOR CG CONTROL 0.0 
OMS INSTALLATION KITS 0.0 
PAYLOAD MUDS 0.0 

TOTAL END BOOST (ORBITER ONLY) 1453506.00 


OHS BURNED DURING ASCENT 0.0 

ACPS BURNED DURING ASCENT 0.0 


EXTERNAL MAIN TANK
 
TANK DRY WEIGIT 2640.000 


- RESIDUALS 19518.000 
PROPELLANT BIAS I 2860.000 ) 
PRESSURANT 1 2295.000 )
lANK AND LINES ( 1(J410.000 ) 
ENGINES 1 3953.000 1 

FLIGHT PERFORMANCE RESERVE 22673.000 
-0w DRf--PR-PELLAN (MAIN IANK) 0.0 

TOTAL END BOOST (EXTERNAL TANK) 44831.00,0 


USABLE PRUPELLANI (EXTERNAL lANK) 5569960.00 


FLYBACK PROPELLANT (FIRST STAGE) 183794.875 


SOLID ROCKET MOYOR (FIRS] STAGE) 9058267.00 
SRH CASE WEIGHTI2) 1063207.00j 
NRM STUtURE L CV LrIH 0.0 
SRM INERT STAGING WEIGHT 10632071.00, 

OS-CE-S --P-P-- T 7995060 .00 

R a I rFT-(iczr taw tZfTfITLh a Cn'- L T IC&r Il"lh,., 1 K.l tfl 

CASE 0Q
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POUNDS
 

POUNDS
 
POUNDS
 

POUNDS
 
POUNDS
 
POUNDS
 
POUNDS
 
POUNDS
 
POUNDS
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POUNDS
 

POUNDS
 

POUNDS
 

- POUNDS
 

POUNDS
 
POUNDS
 
PLUNDS 
POUNDS
 

POUNDS
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PROPELLANT SUMMARY FOR THE ABORI MODES FOR 
 CASE 30 

ASCENT TRAJECTORY SHAPED TO THE NONINAL MISSION MODE UP TO t74.612 SECONDS 

UNBU ND MAIN PROPELLANT IN THE ABORT MODE 

EXCESS ON-ORBiT PROPELLANT IN THE ABORT MODE = 

UNBURNED MAIN PROPELLANT IN THE RTLS MODE = 

EXCESS ON-ORBIT PROPELLANT IN ]HE RILS MODE : 

0.0, 

-7920.250 


36128B%.250 


0.a 


MINUS SIGN INDICATES PROPELLANI SHORTAGE IN BURN MODE INDICAIED
 

thUIDILl SYSILM NEi PAYLOAD WITHUTU UMS KiTS = 519606.000 

MAIN PROPELLANI BURNED TO AOA/RTLS ABORT TIME= 1950000.00 


SHUTTLE GROSS LIFT-OFF WEIlbi-il ibLOW) = 16310355,.0 

rKUrPLLANI LRUSS EtlU I-RUM hRSI - SELNU SIA(L= I11326.0Q 

SECOND STAGE PROPELLANI CAPACITY - CROSS FEED = 3651634.00 

POUNDS
 

POUNDS
 

POUNDS
 

POUNDS
 

POUNDS
 

POUNDS
 

POUNDS
 

POUNDS
 

POUNDS
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VEHICLE CHARACTERISTICS (NOMINAL MISSION) CASE 31
 

STAGE 1 

GROSS STAGE WEIGH1i(LB) 16917112.0 

GROSS STAGE THRUST/WEIGHT 1.300 

1HRUSI ACTUAL*ILB) 21992992.0 

ISP VACUUMdtSECD 374.099 

SIRUCIURE,(LB) 1076520.0 

PROPELLANI *(LB) 9824750.0 

PERF. FRAC.I(NU) 0.5807 

PROPELLANi FRAC.,(NUB) 0.9012 

BURNOUT TIME,(SEC) 149.543 

BURNOUT VELOCIXY,(FT/SEC) 7480.551 

BURNOUT GAmKA,(DEGREES) 16.710 

BURNOUT ALTITUDE,(FT) 11i319.7 

BURNOUI RANGE,(NM) 39.5 

IDEAL VELOCITY,(FT/SlEG) 10130.3 

INJECTION VELOCITY,(FT/SE) 0.0 
-- TINEr-ON-PRO-ECEL-A TyL-- 00O 

ON ORBIT DELTj%-V 9 (FT/SEC) 1086.3 
UN ORBii PRUP ELANTI-TLA) 101222.5 
UN ORBIT ISP,(SEC) 466.7 

1H-A- 28.63 PITCH RA1E= 0.0a193 


DAVI (-,An I, Ql 

2 3 

5823346.0 5053036.0 

0.981 1.130 

5710110.0 5710110.6 

466.700 466.700 

0.0 957032.0 

770310.0 3467687.0* 

0.1323 0.6863 

1.0000 G.7837. 

212.502 499.109 

91Z6.133 2595'.066 

a.Zuo 0.187 

2755b2.5 319656.9 

108.8 -fd2.b 

12260.9 29b66.8 

UfLYBACK RANGE(NM) 215.Z 
FLYBACK PROP(LBS) 193095.7 

ATTEMPTS 10 CONVERGE= 3
 



SUMMARY WEIGHT STATEMENT (NOMINAL MISSION) 


ORBITER WEIGHT BREAKDOWN
 
DRY WEIGHT 
"pEWSONEL 
RESIDUALS 
RESERVES 
IN-FLIGHT LOSSES 
ACPS PROPELLANT 
OMS PROPELLANT 
PAYLA 
BALLAST FOR CG CONTROL 
OMS INSTALLATION KITS 
PAYLUAD MODS 

865186.0O 
3000.000 
2070.OCG 
3300.000 
12644.000 
21784.000 
107222.500 
521094.00 

0.0 
0.0 
0.0 

TOTAL END BOOST (ORBITER ONLY) 1536300.00 

OMS BURNED DURING ASCENi 
ACPS BURNED DURING ASCENT 

0.0 
0.8 

EXTERNAL MAIN lANK 
TANK DRY WEIGHT 
KES-IDS 

PROPELLANT BIAS 
PRESSURANT 
TANK AND LINES 
ENGINES 

FLIGHT PERFORMANCE RESERVE 
UB-WffED-FR Pi-E-U-A-NTf -TANK) 

C 
1 
( 
t 

2640.000 
21471.000 

3146.000 ) 
2524.000 1 

11453.000 ) 
'3'*a.G0 ) 

24937.000 
0.0 

TOTAL END BOOST (EXIERNAL lANK) 
USAHLE PRUPELLANI (EXIERNAL TANK) 

'9048.OLQ 
b067696.00 

FLYBACK PROPELLANT (FIRSi STAbE) 193095.750 

SOLID ROCKET MOTOR (FIRST SIAbE) 
SRM CASE WEIGHT(2) 
ZKM 'lKUtlIUKt & RLVY WtlbHI 
SRM INERT kTAGING WEIGHT 

907t5aO.OO 
1076520.00 

0.U 
I07o52.O0 

USABLE-S PRUR-O?-ECI- "-45-00.00 

TOTAL GROSS LIFI-OFF WEIGHT (GLOW) 1.6917712.0 

CASE 31
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POUNDS
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POUNDS
 
POUNDS
 
POUNDS
 
POUNDS
 
POUNDS
 
POUNDS
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POUNDS
 

POUNDS
 
POUNDS
 

POUNDS
 
POUNDS
 
POUNDS
 
POUNDS
 
POUNDS
 
POUNDS
 
POUNDS
 
POUNDS
 

POUNDS
 
POUNDS
 

POUNDS
 

POUNDS
 
POUNDS
 
P11UNDS 
POUNDS
 

POUNDS
 

POUNDS
 



PROPELLANT SUMMARY FOR THE ABORT MODES FOR 


ASCENI TRAJECTORY SHAPED TO THE NOMINAL MISSION MODE UP 10 212.502 


UN i N--I- T--'- A-BO-Rl MODE =1B POUNDS
 

EXCESS ON-ORBIT PROPELLANT IN THE ABORT MODE -22702.500 POUNDS
 

UNBURNED MAIN PROPELLANT IN THE RTLS MODE = 1086.750 POUNDS 

EXCESS ON-ORBIT PROPELLANT IN THE RTLS MODE = 0.0 POUNDS 

MINUS SIGN INDICATES PROPELLANT SHORTAGE IN BURN MODE INDICATED
 

SHUIILt 5Y1t M Ntil PAYLUAD WiitiUI OHS KITS = 521U94.000 POUNDS 

MAIN PROPELLANT BURNED TO AOA/RTLS ABORT I1ME= 2600GO0.0 POUNDS
 

SHUTTLE GROSS LIFT-OFF WEIGHT (GLOW) = 1691112.0 POUNDS 

PKUPtLLANI tRUS5 FEED ROM FtR1l SECOND SIAbE=
- 1829690.00 POUNDS 

SECOND STAGE PROPELLANT CAPACITY - CROSS FEED 4238006.00= POUNDS 

CASE 31
 

SECONDS
 

http:4238006.00
http:1829690.00


VEHICLE CHARACTERISTICS (NOMINAL MISSION) CASE 3Z
 

-STAGE 1 2 3 

-GKOSS STAGE WEIGHT,(LB) 11540464.0 6Z99194.0 54313Z1.0 

GROSS STAGE THRUSI/WFIGHT 1.300 0.985 1.143 

CTHRUSI CTU-L,(LB) 22802560.0 6208210.0 6208210.0 

i SP-VACU-M f{ SEC 374.122 466.700 466.700 

SIRUCTUREi(LBI 1090057.0 0.0 1038091.0 

Pk-LELLm!T FLB) 9926581.0 866413.0 3765389.0 

fPLRF.- PRAC C,NU) 0.5659 0.1379 0.6933 

-POPELLANTfRAC.,(NUB) 0.9011 1.O000 0.7839 

-bPiwOUt Tl1EAvSEC) 145.202 210.489 497.677 

SBURNOUT VEL-CITY(IFT/SEC) 7073.633 8770.648 2595-4.086 

BURNOUT G IAMA,(DEGREES) 16.946 &.94- 0.187 

- SRN U'T ALI'TUDEIFIIT) 165000.7 283603.5 319b55.5 

BURNOUT RANGE,ENM) 34.8 102.2 767.9 

IDEAL-VLLO'tIY,(FI/SE-C) 9731.0 11958.. 29'103.8 

-tiJECGIONW*LOCITY,( FI/SEC) 0.0 FLYBACK RANGE(NM ) 255.7 

-T]N--JECT-OI--PUPECI T--B) 0.0 FLiBACK PROP (LBS) 2 4Q25.2 

UN ORB-I DELIA-V,(FTF/SLC) 1061.5 

U N UtBi! -- RUPELLAI,T LB 112659.8 
ON ORBt ISPSEC) 466.7 

-!HEA" 2--- 9 CH RAIE= 0.00117 ATTEMPTS I0 CONVERGE= 3 

PXYLOAD4 I(LEO 515181.0 



SUMMARY WEIGHT STATEMEN) (NOMINAL MISSIO) 


ORBITER WEIGHT BREAKDOWN
 
DRY WEIGHT 938763.000 

P'ERSONNEL 3000 .000 

RESIDUALS 2010.0 0 

RESERVES 3300.000 

IN-FLIGHT LOSSES 13814.000 

ACPS PROPELLANT 23800.000 
OtiS PROPELLANT 112659.612 
PAYLOAD 515181.000 
BALLAST FOR CG CONTROL 0.0 
DMS INSIALLATION KITS 0.0 

PAYLOAD MODS 0.0 

TOtAL END BOOSTi (ORBi]ER ONLY) 1612587.00 

OMS BURNED DURING ASCENT 0.0 
ACPS BURNED DURING ASCENI 0.0 


EXiERNAL MAIN TANK 
TANK DRY WEIGHT 2640.000 
RE-S -- U-S 23458.000 

PROPELLANT BIAS 1 3437.000 ) 
PRESSURANI 4 2754.000 ) 
IANK AND LINES 1 12513.000 ) 
ENGINES £ 4150.000 ) 

FLIGHT PERFORMANCE RESERVE 27246.000 
U'-ROE-PR--LLAN1 (MAIN lANK) 0.0 

TOTAL END BOOST (EXIERNAL TANK) 53344.000 

USABLE PROPELLANT (EXIERNAL lANK) 6565367.00 


FLYBACK PROPELLANT (FIRST STAGE) 224025.17 


SOLID ROCKET MOTOR (FIRSI SiAGE-) 90±117.O 

SRM CASE WEIGHT(2) 109005.00 

SKM SIRULIURt: . RCVY WE16HI 0.0 

SRM INERT STAGING WEIGHT 1090051.00 


S-KABL-E--SKM-PCOPELLAT 79V5066.O0 


tfT Al" t,'iifltr t tl.r { . + r r .,Tr *r , 

CASE 32
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POUNDS
 

POUNDS
 
POUNDS
 
POUNDS
 
POUNDS
 
POUmDS
 
POUNDS
 
POUNDS
 
POUNDS
 

POUNDS
 
POUNDS
 

POUNDS
 

POUNDS
 
POUNDS
 
POUNDS
 
POUNDS
 

POUNDS
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32 PROPELLANT SUMMARY FOR THE 
ABORT MODES FOR CASE 


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

UBOR-NED-MAIN PROPELLANT INlt AB R MODE = 0.0 POUNDS 

EXCESS ON-ORBIT PROPELLANT IN THE ABOkT MODE = -72984.562 POUNDS 

UNBURNED MAIN PROPELLANT IN THE RTLS MODE = 6693.OSQ_ POUNDS 

EXCESS ON-ORBIT PROPELLANT IN THE RTLS MUDE 0.0 POUNDS
 

MINUS SIGN INDICATES PROPELLANT SHORTAGE IN BURN MODE INDICATED
 

ko 

bt UIILt b¥bILM NEI PAYLUAD WI-OUT 0MS KITS = 515181.000 POUNDS 

MAIN PROPELLANT BURNED TO ADA/RTLS ABORT TIME= 2800000.00, POUNDS
 

SHUITLE GROSS LiFT-OFF WEIGHT IGLOW) = 17540464.0 POUNDS 

eRUPELLANI (ROSS -LED FRUM FIRSI - SECOND S1AGE= 1931527.0O POUNDS 

SECOND STAGE PROPELLANT CAPACITY - CROSS FEED = 4633f60.0Q POUNDS 

http:4633f60.0Q
http:1931527.0O
http:2800000.00


Satelite Sysiems D[ision Rockwell 
Space Systems Group International 

B.5 LIFTOFF THRUST-TO-WEIGHT
 

The liftoff 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 volumetricenvelope. 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 3.5-I.- Comparison of Liftoff
 

T1W of 1.25 with Reference HLLV
 

THRUST/WEIGHT
 
1.3 (REF) 1.25 

GLOW (LBxl06) 
PAYLOAD (LBxIO3 ) 

15.731 
509.7 

15.697 
503.9 

GLOW/PAYLOAD 30.87 31.15 
STAGING VELOCITY (Fr/SEC) 6978 7000 
.FIRST STAGE PROPELLANT - LOADED (LBxIO6 ) - 9.607. 9.679 
SECOND-STAGE PROPELLANT - LOADED (LBxlO6 ) 3.481 3.410 

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

B-98
 

SSD 79-Q010-4
 



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

DATE - 01/17/79 TIME - 21:31:36
 

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 A1RBREATHER FLYBACK AND LANDING CAPABILITY 

FLYBACK PROPELLANT HAS A SPECIFIC FUEL CONSUMPTION OF 3500 SEC 

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

FIRST STAGE HAS LOX/RP/LH2 TRIPROPELLANT SYSTEM 

WITH H2 COOLED HIGH PC ENGINES (VACUUM ISP = 352.3 SEC) 

SECOND STAGE USES LOX/LH2 PROPELLANT WITH VACUUM ISP 466.7 SEC 

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

270 N. MILES AND AN INERTIAL INCLINAlION OF 31.6 DEGREES
 

ASCENT SHAPED TO THE NOMINAL ASCENT MISSION
 

MECO CONDITIONS ARE TO A THEORETICAL ORBIT OF £69.22 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 REQMT OF 220 FEET/SECOND 

THE VEHICLE SIZED FOR A THRUST/WEIGHT RATIO AT LIFT-OFF OF 1.25 



MAXIMUM AXIAL LOAD FACTOR DURING ASCENT IS 3.0 G'S 

TRAJECTORY HAS A MAXIMUM AERO 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 OF 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 

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

o SECOND *STAGE EPL THRUST LEVEL FOR ABORT IS 112 % FULL POWER
 

SECOND STAGE OVERALL BOOSTER MASS FRACTION = 0.8329 

SECOND STAGE WEIGHT BREAKDOWN .
 

RESIDUAL WEIGHT = 2070 POUNDS 

RESERVES WEIGHT = 3300 POUNDS 

FPR WEIGHT = 20141 POUNDS 

RCS WEIGHT = 17594 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 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,(LB) 19620768.0 4750000.0 4750000.0 

ISP VACUUM, (SEC) 371.672 466.700 466.700 

STRUCTURE,( LB) 1040199.7 0.0 789453.0 

PROPELLANT, (LBI 9678653.0 2584.0 3407204.0 

PERF. FRAC.,CNU) 0.6166 0.0005 0.7107 

PROPELLANT FRAC.,(NUB) 0.9030 1.0000 0.8119 

BURNOUT TIME,(SEC) 165.421 165.675 502.543 
I. 

8BURNOUT VELOCITY,(FT/SEC) 8267.918 8274.047 25954.113 

BURNOUT GAMMA,(DEGREES) 13.522 13.477 0.187 

BURNOUT ALTITUDE,(FT) 180447.9 180938.1 319657.8 

BURNOUT RANGE, (NM) 49.5 49.8 798.1 

IDEAL VELOCITY,(FT/SEC) 11149.8 11157.9 29780.8 

INJECTION VELOCITY, (FT/SEC) 0.0 FLYBACK RANGL(NM) 204.1 
INJECTION PROPELLANTdLB) 0.0 FLYBACK PROP(LBS) 180942.2 

ON ORBIT DELTA-V,(FT/SEC) 1082.7 
ON ORBIT PROPELLANT,(LB) 93697.7 
ON ORBIT ISP,(SEC) 466.7 

THETA = 29.10 PITCH RATE = 0.00205 ATTEMPTS TO CONVERGE= 3 

PAYLOAD, ( LB) 503900.0 



SUMMARY WEIGHT STATEMENT (NOMINAL MISSION) 


ORBITER WEIGHT BREAKDOWN
 
DRY WEIGHT 713154.000 

PERSONNEL 3000.000 

RESIDUALS 2070.000 
RESERVES 3300.000 
IN-FLIGHT LOSSES 10212.000 
ACPS PROPELLANT 17594.000 
OMS PROPELLANT 93697.687 
PAYLOAD 503900.000 
BALLAST FOR CG CONTROL 0.0 
OMS INSTALLATION KITS 0.0 
PAYLOAD MODS 0.0 

TOTAL END BOOST (ORBITER ONLY) 1346927.00 

OMS BURNED DURING ASCENT 0.0 
ACPS BURNED DURING ASCENT 0.0 

EXTERNAL MAIN TANK
 
TANK DRY WEIGHT 2640.000 

RESIDUALS 17342.000 

PROPELLANT BIAS C 2540.000 ) 

PRESSURANT t 2040.000 ) 
TANK AND LINES C 9250.000 ) 
ENGINES C 3512.000 ) 

FLIGHT PERFORMANCE RESERVE 20141.000 

UNBURNED PROPELLANT (MAIN TANK) 0.0 


TOTAL END BOOST (EXTERNAL TANK) 40123.000 

USABLE PROPELLANT (EXTERNAL TANK) 5093422.00 


FLYBACK PROPELLANT (FIRS] STAGE) 180942.250 

SOLID ROCKET MOTOR (FIRST STAGE) 9035259.00 

SRM CASE WEIGHT(2) 1040199.75 

SRM STRUCTURE & RCVY WEIGHT 0.0 

SRM INERT STAGING WEIGHI 1040199.75 


USABLE SRM PROPELLANT 7995060.00 


TflTAI C Rec I Tc_Tcc t.lU rrCT ' .ti I 

CASE 25
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POUNDS
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ORBITER ABORT DATA 
VEHICLE CHARACTERIS1ICS 

STAGE 1 

GROSS STAGE WEIGHTT,(LB) 4794255.0 

GROSS STAGE THRUST/WEIGHT 0.832 

THRUST ACTUAL,(LB) 3990000.0 

ISP VACUUM, (SEC) 466.700 

STRUCTURE, (LB) 0.0 

PROPELLANTy (LB) 1000047.9 

PERF. FRAC.,(NU) 0.2086 

PROPELLANT FRAC.,(NUB) 1.0000 

BURNOUT TIME, (SEC) 282.647 

t BURNOUT VELOCITYCFT/SEC) 10859.383 

BURNOUT GAMMA,(DEGREES) 4.174 

BURNOUT ALTI1UDE,(FT) 335653.9 

BURNOUT RANGE,INM) 202.6 

IDEAL VELOCITY,(FT/SEC) 14670.7 

ON-ORBIT PROPELLANT USED, (LB) 43890.0 
OMS-ORBIT 93697.7 OMS-ASCENI 0.0 
ON ORBIT PROPELLANT AVAIL,(L6) 93697.7
 
DELTA ON ORBIT PROPELLANI,(LB) 49807.7
 

ON-ORBIT MISSION PROP REQOD,(LB) 25520.6
 

THETA= 39.55 PITCH RATE= 0.00236 


CASE 25
 

2 

3794207.0 

1.005
 

38150C0.0
 

466.700
 

779453.0
 

2451088.0
 

0.6460 

0.7587
 

582.496
 

25586.543
 

0.650
 

362187.6
 

951.8
 

30264.1
 

ATTEMPTS TO CONVERGE= 0
 



SUMMARY WEIGHT STATEMENT (ABORT MODE) 


ORBITER WEIGHT BREAKDOWN
 
DRY WEIGHT 
PERSONNEL 
RESIDUALS 
RESERVES 
IN-FLIGHT LOSSES 
ACPS PROPELLANT 
OMS PROPELLANT 
PAYLOAD 
BALLAST FOR CG CONTROL 
OMS INSTALLATION KITS 

1 

713154.000 
3000.000 
2070.000 
3300.000 
10212.000 
7594.000 

49807.687 
503900.000 

0.0 
0.0 

PAYLOAD MODS 0.0 

TOTAL END BOOST (ORBITER ONLY) 1293037.00 

OMS BURNED DURING ASCENT 
ACPS BURNED DURING ASCENT 

43890.000 
10000.000 

EXTERNAL MAIN TANK 
TANK DRY WEIGHT 
RESIDUALS 

PROPELLANT BIAS 
PRESSURANT 
TANK AND LINES 
ENGINES 

FLIGHT PERFORMANCE RESERVE 

C 
C 
C 
C 

2640.000 
17342.000 

2540.000 ) 
2040.000 ) 
9250.000 ) 
3512.000 ) 

20141.000 
UNBURNED PROPELLANT (MAIN TANK) 0.0 


TOTAL END BOOS1 (EXTERNAL TANK) 40123.000 


USABLE PROPELLANT (EXTERNAL TANK) 5093422.00 


FLYBACK PROPELLANT (FIRST STAGE) 180942.250 


SOLID ROCKET MOIOR (FIRST STAGE) 9035259.00 

SRM CASE WEIGHT(2) 1040199.75 

SRM STRUCTURE & RCVY WEIGHT 0.0 

SRM INERT SIAGING WE16Ht 1040199.75 


USABLE SRM PROPELLANT 7995060.00 


InIAI RnSS I TFT-iFF WFTN1 UII rlbfi 1A AQAA' rf 

CASE 25
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VEHICLE CHARACTERIS'ICS (RTLS MODE) 


STAGE 


GROSS STAGE WEIGHT, (LB) 

GROSS STAGE THRUST/WEIGHT 


THRUST ACTUALs (LB) 


ISP VACUUM, (SEC) 

STRUCTURE,(LB) 


PROPELLANT, (LB) 

PERF. FRAC.,(NU) 


PROPELLANT FRAC., (NUB) 

BURNOUT T1ME,(SEC) 

b BURNOUT VELOCITY,(FT/SEC)
Ln 

BURNOUT GAMMA,(DEGREES) 


BURNOUT ALTITUDEd(FT) 


BURNOUT RANGE,(NM) 


IDEAL VLLOCITY,(FT/SEC) 


3. 2 3 4 


4794255.0 4690199.0 4690199.0 3025143.0 


0.796 0.813 0.856 1.319 


3815000.0 3815000.0 4015000.0 3990000.0 


466.700 466.700 466.592 466.700 


0.0 0.0 0.0 0.0 


104055.4 	 0.0 1665056.0 482000.2 


0.0217 0.0 0.3550 0.1593 


1.0000 0.0 1.0000 1.0000 


178.403 178.403 371.903 428.281 


8184.465 8184.465 2421.007 702.479 


12.836 12.836 -12.228 -57.180 


204908.4 204895.1 291505.2 258602.7 


63.8 63.8 188.7 189.4 


11224.3 11224.3 17807.4 20413.5 


CASE 25
 

5
 

2543142.0
 

1.500
 

3815000.0
 

466.700
 

770399.0
 

757731.1
 

0.2980
 

0.4959
 

519.492
 

3304.023
 

175.809
 

229997.7
 

149.3
 

25725.3
 

THETA=156.66 PITCH RATE= 0.00228 ATTEMPTS TO CUNVERGE= 4 

UNBURNED MAIN PROPELLANT,(LB) 511152.9 

PAYLOAD ,(LB) 503858 .i 



SUMMARY WEIGHT STATEMENT 

ORBITER WEIGHT BREAKDOWN
 
DRY WEIGHT 

PERSONNEL 

RESIDUALS 

RESERVES 

IN-FLIGHT LOSSES 

ACPS PROPELLANT 

UMS PROPELLANT 

PAYLOAD 

BALLAST FOR CG CONTROL 

OMS INSTALLATION KITS 

PAYLOAD MODS 


TOTAL END BOOST (ORBITER ONLY) 


OMS BURNED DURING ASCENT 

ACPS BURNED UURING ASCENT 

EXTERNAL MAIN TANK 
TANK DRY WEIGHT 

RESIDUALS
PROPELLANT BIAS 


PRESSURANT 


TANK AND LINES 

ENGINES 


FLIGHT PERFORMANCE RESERVE 

UNBURNED PROPELLANT (MAIN TANK) 


TOTAL END BOOST (EXTERNAL TANK) 


USABLE PROPELLANT (EXTERNAL TANK) 

FLYBACK PROPELLANT (FIRST STAGE) 

SOLID ROCKET MOTOR (FIRST STAGE) 
SRM CASE WEIGHT(2) 
SRM STRUCTURE & RCVY WEIGHT 
SRM INERT STAGING WEIGHT 

USABLE SRM PROPELLANT 


TnTA I rpn z IT -T i ir-. .f T ('T I ifl u 

(RTLS MODE) 

713154.000 

3000.000 

2070.000 

3300.000 

10212.000 

6844.000 


0.0 

503858.125 


0.0 

0.0 

0.0 


1242438.00 

93697.687 

10750.000 

2640.000 

17342.000
2540.000 ) 


( 2040.000 ) 


C 9250.000 ) 

C 3512.000 ) 


11837.000 

511152.875 


542971.875 


4590573.00 


180942.250 


9035259.00 

1040199.75 


0.0 

1040199.75 


7995060.00 


1S AQAA Ct fl 

CASE 25 
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POUNDS
 
POUNDS
 
POUNDS
 
POUNDS
 
POUNDS
 
POUNDS
 
POUNDS
 
POUNDS
 
POUNDS
 
POUNDS
 

POUNDS 

POUNDS
 
POUNDS 

POUNDS
 
POUNDS
POUNDS
 
POUNDS
 

POUNDS
 
POUNDS
 
POUNDS
 
POUNDS
 

POUNDS
 

POUNDS
 

POUNDS
 

POUNDS
 
POUNDS
 
POUNDS
 
POUNDS
 

POUNDS
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PROPELLANT SUMMARY FOR THE ABORT MODES FOR CASE 25
 

ASCENT TRAJECTORY SHAPED TO THE NOMINAL MISSION MODE UP TO 165.675 SECONDS
 

UNBURNED MAIN PROPELLANT IN THE ABORT MODE = 0.0 POUNDS 

EXCESS ON-ORBIT PROPELLANT IN THE ABORT MODE = 24287.062 POUNDS 

UNBURNED MAIN PROPELLANT IN THE RTLS MODE 511152.875 POUNDS
 

EXCESS ON-ORBIT PROPELLANt IN THE RTLS MODE 0.0 POUNDS 

MINUS SIGN INDICATES PROPELLANT SHORTAGE IN BURN MODE INDICATED 
H 
0 

SHUTTLE SYSTEM NET PAYLOAD WITHOUT OMS KITS 503900.000 POUNDS 

MAIN PROPELLANT BURNED TO AOA/RTLS ABORT TIME= 1686177.00 POUNDS 

SHUTTLE GROSS LIFT-OFF WEIGHT (GLOW) - 15696635.0 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
http:1686177.00
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B.6 ALTERNATE FIRST STAGE PROPELLANTS
 

A performance comparison was made of the reference configuration using
 
LOX/RP with alternate propellant systems of LOX/CH4 (Methane) and LOX/Lu 2 .
 
The comparative vehicle characteristics are-tabulated in the attached computer
 
data sheets and selected parameters are compared in Table B.6-1. Although the
 
LOX/Lu2 configuration affords significant gains in payload capability, the
 
considerably higher cost of LOX/LH2 and the larger vehicle volume requirements
 
result in a less cost effective configuration than the-baseline. The increase
 
in performance (-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 system.
 

Table B.6-1. Alternate Propellant Concepts
 

VEHICLE FIRST STAGE PROPELLANT
 
WEIGHT (KGxlO1) LOX/RP LOX/CH4 LOX/LH 2 

GLOW 77.135 7.151 7.532 

BLOW 4.831 4.849 5.109 

JXpi 4.359 4.372 4.385 

ULOW 2.177 2.196 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
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GENERAL ASCENT TRAJECTORY AND SIZING PROGRAM BY R.L.POWELL 

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

SATELLITE POWER SYSTEM (SPS) CONCEPT DEFINITION STUDY
 

TWO-STAGE VERTICAL lAKE-OFF HORIZONTAL LANDING HLLV CONCEPT
 

BOTH STAGES HAVE FLYBACK CAPABILITY TO LAUNCH SITE CKSC) 

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/METHANE/LH2 TRIPROPELLANT SYSTEM 

WITH H2 COOLED HIGH PC ENGINES (VACUUM ISP = 3361.3SEC) 

SECOND STAGE USES LOX/LH2 PROPELLANT WITH VACUUM ISP 466.7 SEC 

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

270 N. 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 VLLOCITY REQUIREMENT OF 1110 FEeL/SECOND
 

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

THE VEHICLE SIZED FOR A THRUSI/WEIGHT RAIO AT LIFE-OFF OF 1.30
 



MAXIMUM AXIAL LOAD FACTOR DURING ASCENT IS 3.0 G'S 

TRAJEC7ORY HAS A MAXIMUM AERO 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 OF 15% IS ASSUMMED FOR BOTH STAGES
 

FIRST SIAGE BURNS 7995060 POUNDS OF ASCENT PROPELLANT
 

SECOND STAGE (ORBITERI ENGINES BURN 5092633 LBS OF PROPELLANT
 

SECOND STAGE DRY WEIGHT WITHOUT PAYLOAD EQUALS 719503.LBS
 

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

SECOND STAGE EPL THRUST LEVEL FOR ABORT IS 112 % FULL POWER
 

SECOND STAGE OVERALL BOOSTER MASS FRACTION = 0.8489 W/O MARGIN
 

SECOND STAGE WEIGHT 	BREAKDOWN
 

RESIDUAL WEIGHT = 2070 POUNDS
 

RESERVES WEIGHT = 3300 POUNDS
 

RCS PROP WEIGHT = 17787 POUNDS
 

FPR WEIGHT = 20362 POUNDS
 

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

ADVANCED TECHNOLOGY WILL BE CUMPAIABLE WITH THE YEARS 1990 & ON 
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VEHICLE CHARACTERISTICS (NOMINAL MISSION) CASE 26
 

STAGE 

GROSS STAGE WEIGHT,(LB') 

GROSS STAGE THRUST/WEIGHT 


THRUST ACTUAL,(LB) 


ISP VACUUM, (SEC) 


STRUCTURE,(LB) 


PROPELLANT,(LB) 


PERF. FRAC.,(NU) 

PROPELLANT FRAC., (NUB) 

BURNOUT TIME,(SEC) 


BURNOUT VLLOCITY,(FT/SEC) 


BURNOUT GAMMA,(DEGREES) 


BURNOUT ALTITUDEt(FT) 


BURNOUT RANGE,(NM) 


IDEAL VELOCIIY,(FT/SEC) 


INJECTION VELOCITY, (FI/SEC) 

INJECTION PROPELLAN1,(LB) 


ON ORBIT DELTA-V,(FT/SEC) 

ON ORBIT PROPELLANT,(LB) 

ON ORBIl 1SP,(SEC) 


1 


15765263.0 


1.300 


20494800.0 


378.691 


1051005.0 


9639680.0 


0.6115 


0.9017 


161.591 


8472.344 


13.737 


185572.9 


51.7 


11213.8 


0.0 

0.0 


1083.8
 
97008.6
 

466.7
 

2 


4882263.0 


0.973 


4750000.0 


466.760 

0.0 


105380.0 


0.0216 


1.0000 


171.945 


8715.793 


12.388 


205651.7 


63.6 


11541.4 


3
 

4776883.0
 

0.994
 

4750000.0
 

466.700
 

797077.0
 

3342640.0
 

0.6998
 

0.8075 

501.922
 

25954.094
 

0.187
 

31965-.5
 

814.8
 

29607.5
 

FLYBACK RANGh(NM) 

FLYBACK PROP(LBS) 


218.8
 
192314.9
 

THETA= 27.73 PITCH RATL= 0.00190 ATTEMPTS TO CONVERGE= 3 

PAYLOAD ,(LB) 540157.0 



2 SUMMARY WEIGHT STATEMENT 

ORBITER WEIGHT BREAKDOWN
 
DRY WEIGHT 

PERSONNEL 

RESIDUALS 

RESERVES 

IN-FLIGHT LOSSES 

ACPS PROPELLANT 

OMS PROPELLANT 

PAYLOAD 

BALLAST FOR CG CONTROL 

OMS INSTALLATION KITS 

PAYLOAD MODS 


TOTAL END BOOST (ORBITER ONLY) 


OMS BURNED DURING ASCENi 
ACPS BURNED DURING ASCENT 


EXTERNAL MAIN TANK 
TANK DRY WEIGHT 

RESIDUALS 


PROPELLANT BIAS 

PRESSURANT 

TANK AND LINES 

ENGINES 


FLIGHT PERFORMANCE RESERVE 

UNBURNED PROPELLANT (MAIN TANK) 


TOTAL END BOOST (EXTERNAL TANK) 


USABLE PROPELLANT (EXTERNAL TANK) 


FLYBACK PROPELLANT (FIRST STAGE) 


SOLID ROCKET MOTOR (FIRST STAGE) 
SRM CASE WEIGHT(2) 
SRM STRUCTURE & RCVY WEIGHT 
SRM INERT STAGING WEIGHT 

USABLE SRM PROPELLANT 


- - - To'TAl tC I c cjn c oT rul-ro Iir,Iu 

(NOMINAL MISSION) 

719503.000 

3000.000 

2070.000 

3300.000 

10324.000 

17787.000 

97008.562 

540157.000 


0.0 

0.0 

0.0 


1393149.00 


0.0 

0.0 


2640.000 
17523.000 

( 
f 
( 
( 

2560.000 ) 
2061.000 ) 
9352.000 ) 
3550.000 ) 

20930.000 
0.0 

41093.000 

5092633.00 

192314.875 


9046065.00 

1051005.00 


0.0 

1051005.00 


7995060.00 


CLiL,% 

CASE 
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POUNDS
 
POUNDS
 
POUNDS
 
POUNDS
 
POUNDS
 
POUNDS
 
POUNDS
 
POUNDS
 

POUNDS
 

POUNDS
 
POUNDS
 

POUNDS
 
POUNDS
 
POUNDS
 
POUNDS
 
POUNDS
 
POUNDS
 
POUNDS
 
POUNDS
 

POUNDS
 

POUNDS
 

POUNDS
 

POUNDS
 
POUNDS
 
POUNDS
 
POUNDS
 

POUNDS
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PROPELLANT SUMMARY FOR THE AbORT MODES FOR CASE 26 

ASCENT TRAJECTORY SHAPED TO THE NOMINAL MISSION MODE UP TO 171.945 SECONDS
 

UNBURNED MAIN PROPELLANT IN THE ABORT MODE 

EXCESS ON-ORBIT PROPELLANT IN THE ABORT MODE = 

UNBURNED MAIN PROPELLANT IN THE RTLS MODE = 

EXCESS ON-ORBIT PROPELLANi IN THE RTLS MODE = 

MINUS SIGN INDICATES PROPELLANT SHORTAGE IN BURN 
H 

SHUTILE SYSTEM NET PAYLOAD WITHOUT OMS KIIS = 

MAIN PROPELLANI BURNED 10 AOA/RTLS ABORT TIME= 


SHUTTLE GROSS LIFT-OFF WEIGHT (GLOW) = 

PROPELLANT CROSS FEED FROM FIRST - SECOND STAGE= 

SECOND STAGE PROPELLANT CAPACITY - CROSS FEED = 

0.0 

30091.312 

349875.625 

0.0 

MODE INDICATED 

540157.000 


17SCO0O.00 


15765263.0 


1644620.00 

3<46013.00 


POUNDS
 

POUNDS 

POUNDS 

POUNDS
 

POUNDS
 

POUNDS
 

POUNDS 

POUNDS
 

POUNDS
 

http:3<46013.00
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GENERAL ASCENT TRAJECTORY AND SIZING PROGRAM BY R.L.POWELL 

DATE - 01/19/79 TIME - 17:56t54
 

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/LHZ TRIPROPELLANT SYSTEM
 

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

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

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

270 N. 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 ICOASTS TO APOGEE OF 160 N.MILES) 

ON-OkM ELrTAtLO RQUI-REMENT OF 1110 FEET/SECOND 

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

THE VEHICLE SIZED FOR A THRUST/WEIGHT RATIO AT LIFT-OFF OF 1.30 



MAXIMUM AXIAL LOAD FACTOR DURING ASCENT IS 3.0 GSs 

TRAJECTORY HAS A MAXIMUM AERO 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 OF 15t IS 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 715166 LBS
 

SECOND STAGE THRUST LEVEL @ STAGING EQUALS 4750000 LBS
 

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

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

SECOND STAGE OVERALL BOOSTER MASS FRACTION = 0.8489 W/O MARGIN 

SECOND STAGE WEIGHT BREAKDOWN : 

RESIDUAL WEIGHT = 2070 POUNDS
 

RESERVES WEIGHT = 3300 POUNDS
 

FPR WEIGHT = 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 


GROSS STAGE WEIGHTP(LB) 


GROSS STAGE THRUST/WEIGHT 


THRUST ACTUAL(LB) 


ISP VACUUM*(SEC) 


STRUCTURE,(LB) 


PROPELLANT,(LB) 


PERF. FRAC.t(NU) 


PROPELLANT FRACw, (NUB) 


BURNOUT TIMEISEC) 


T 	BURNOUT VELOCITY, IFT/SEC) 

BURNOUT GAMMAt(DEGREES) 

BURNOUT ALTITUDE, (FT) 

BURNOUT RANGE(N4) 

IDEAL VELOCITY,(FT/SEC) 

INJECTION VELOCITY, IFT/SEC) 
-N-JETIO PROPELLXNT,(LB) 


ON ORBIT DELTA-V._(FT/SEC) 

ON ORBIT-ROPrECANT(LB) 

ON ORBIT ISPd{SEC) 


1 


16604204.0 


1.300 


21585424.0 


466.500 


1596503.0 


9667757.0 


0.5822 


0.8583 


164.350 


9592.059 


11.793 


195481.4 


65.2 


12154.0 


0.0 

0.0 


1086.9
 
108 9.7
 

466.7
 

2 


5021797.0 


0.946 


4750000.0 


466.700 


0.0 


127303.0 


0.0254 


1.0000 


176.858 


9888*.875 


10.415 


218899.2 


82.0 


12539.5 


3
 

4894494.0
 

0.970
 

4750000.0
 

466.700
 

791663.0
 

3293366.0
 

0.6729
 

0*8062
 

501.196
 

25954.094
 

0.187
 

319657.2
 

864.2
 

29318.1
 

FLYBACK RANGE(NM) 

FLYBACK PROP(LBS) 


271.6
 
318146.2
 

T-E-TA--=-2.21- PITCH RATE=0 183 ATTEMPTS TO CONVERGE= 3 
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SUMMARY WEIGHT STATEMENT (NOMINAL MISSION) 


ORBITER WEIGHT BREAKDOWN
 
DRY WEIGHT 715166.000 

PERSONNEL 3000o000 

RESIDUALS 2070.000 

RESERVES 3300.000 

IF L fIGT LOSSES 10243.000 

ACPS PROPELLANT 17648 .000 

OMS PROPELLANT 108996.687 

PAYOD 700468.000 

BALLAST FOR CG CONTROL 0.0 

OMS INSTALLATION KITS 0.0 

PAYLOAD MODS 0.0 


TOTAL END BOOST (ORBITER ONLY) 1560891.00 


OHS BURNED DURING ASCENT 0.0 

ACPS BURNED DURING ASCENT 0.0 


EXTERNAL MAIN TANK 
TANK DRY WEIGHT 2640.000 
E-SIDUALS 17394.000 

H PROPELLANT BIAS C 2548.000 ) 
PRESSURANT ( 2045.000 ) 

TANK AND LINES 4 9279.000 3 

ENGINES C 3522.000 ) 


FLIGHT PERFORMANCE RESERVE 20202.000 

UNBURNiEIPW-P-ELLA-TMKA-I--T 0.0 


TOTAL END BOOST (EXTERNAL TANK) 40236.000 


(EXTERNAL TANK)
USABLE PROELAN - 5093361.00 


FLYBACK PROPELLANT (FIRST STAGE) 318146.187 


SOLID ROCKET MOTOR (FIRST STAGE) 9591563.00 
SRM CASE WEIGHT(2) 1596503.00 
S R-STR1ULCCVRY WL16HI U0*0 
SRM INERT STAGING WEIGHT 1596503.00 

OUS-B-CE--SRM-PRfP-El- T 7-995060.0 


TOTAL GROSS LIFT-OFF WEIGHT (GLOW) 16604204.0 


CASE 35
 

POUNDS
 
POUNDS
 
POUNDS
 
POUNDS
 
POUNDS
 
POUNDS
 
POUNDS
 
POUNDS
 
POUNDS
 
POUNDS
 
POUNDS
 

POUNDS
 

POUNDS
 
POUNDS
 

POUNDS
 
POUNDS
 
POUNDS
 
POUNDS
 
POUNDS
 
POUNDS
 
POUNDS
 
POUNDS
 

POUNDS
 

POUNDS
 

POUNDS
 

POUNDS
 
POUNDS
 
POUNDS 
POUNDS
 

POUNDS
 

POUNDS
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35 PROPELLANT SUMMARY FOR THE ABORT MODES FOR CASE 


ASCENT TRAJECTORY SHAPED TO THE NOMINAL MISSION MODE UP TO 176o858 SECONDS
 

UNBURR50AlE- -- RDPELLAN1 N T-A-BTRw T MODE = 

EXCESS ON-ORBIT PROPELLANT IN THE ABORT MODE = 

UNBURNED MAIN PROPELLANT IN THE RTLS MODE 

EXCESS ON-ORBIT PROPELLANT IN THE RTLS MODE = 

0.0 POUNDS 

40335.250 POUNDS 

-31336.000 POUNDS
 

0.0 POUNDS
 

MINUS SIGN INDICATES PROPELLANT SHORTAGE IN BURN MODE INDICATED
 

SHUT TSEYSTME 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
 

TPNnL--AT TrA- POUNDS
F2 OU--

SECOND STAGE PROPELLANT CAPACITY - CROSS FEED 342066,.00 POUNDS 

http:342066,.00
http:1800000.00
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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 vehicles (EOTV) capable of delivering payloads from LEO to
 
GEO of the order of 5x10 6 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. Maximum 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 NASA 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 maximum 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. However, 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 EOTV-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 insensitive 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
 
canbe many kilometers for smalldiameter thrusters. Further, the reduction
 
in the number of components associated-with large diameter thrusters implies
 
an increase-insystem reliability.
 

The grid sets are more subject to failure than other thruster components
 
because of bombardment by singly and doubly charged ions. It 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
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a function of beam current (operating temperature) is not known for the opera
tional time period under consideration. There is currently 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 environmental suitability. Argon is currently obtained as a by-product in
 
air reduction processes. The one billion kilograms of argon produced annually
 
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 EOTV
 

study:
 

* The LEO parking orbit is at 500 km altitude and 31.6 degree
 

inclination.
 

" Transfer time from LEO to GEO 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 steady state loss in thrust because of ion beam divergence is
 

five percent. XD = 0.95.
 

* The thrust vector steering loss is five percent. yS = 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 losses are
 
assumed as follows:
 

4% non-annealable 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 rower 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 velocity increment of 5688 m/s.
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" A propellant reserve of 0.75 percent is assumed effectively
 
increasing AV to 5730 m/s.
 

* Attitude hold only is employed during periods 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 energy.
 

0.2 ESTIMATING RELATIONSHIPS
 

The necessary formulas for estimating electric thruster system parameters
and payload masses are presented herein. An attempt is made to ensure that the
 
estimating relationships are self-consistent, realistic for the second decade,
 
and that power and energy are coiserved. Each formula is discussed, referenced
 
when required, and derived when presented for the first time, 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 down to 1000 K. For
 
each temperature selected, three maximized dependent variables are automatical
ly defined, i.e., total extraction voltage (VT), maximum thruster diameter (d),
 
and maximum beam current .(JB).
 

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 parameters considered
 
here, it is uniquely related to operating temperature. That is,
 

VT = 0.012307T 1.7 7 78  (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 EI was taken to be
 
200 for argon..
 

C.2.2 Net Accelerating Voltage - VN (Volts)
 

Once again referring to Figure C-1, VN, is the positive part of VT, re
sponsible for imparting the initial momentum to the ionized argon.
 

For convenience the ratio R is used to relate VN and VT, i.e.,
 

R = VN/VT (2) 

Thrusters have been operated with values of R ranging from 0.2 to 0.9.
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Figure C-i. Argon Ion Thruster Module
 
(not to scale), Modified from Reference 1
 

C.2.3 Propellant Utilization Efficiency - nu
 

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 electron volts.- Argon atoms that are initially excited
 
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, nu, on both thrust and specific impulse that can be determined by
 
measurement. The parameter nu 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 VN.
 
Second, assume that the fraction of doubly charged ions is small compared to
 
the fraction of singly charged ions. Then from conservation of momentum
 

k k
 
Z m. v Z mi v M p
 
i=l i~l 1 p 

where v = vj = vz =---=vk = ion speed, 

v = mean speed of all exhaust materials, 

and mp = mass of exhausted material (ions and neutrals). 

The propellant utilization efficiency is then defined by 

k
 
Z mi
 

0 8 
.	 u ... i= < 0.9 (3)

v 

where the limits onnqu apply to ionized argon.
 

C.2.4 	Specific Impulse - Is, (seconds)
 

Actual specific impulse can be defined by
 

tsp 	= 

where g = 9.807 m/s2 the mean acceleration of gravity. This can also be
 
expressed in terms of-electric parameters. If ions are accelerated through
 
a potential difference VN one can write (summing i from 1 to k)
 

2
E miviz v k m = Z qi VN (5)
 

2
 
where qi is the charge on each ion of mass m. Solving Eq. (5) for v


yields
 

2V Eq. (k
N 3. 2 N (q

v = km km = 2VN (q/m) 
- 2 

/u 	 = 
g2Isp.nu
 

and
 

Isp = u/g) VN(q/m) (6)
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The ratio of charge to mass for argon is
 

q/m = 2.4162X106 C/kg, (7)
 

and
 

n= 0.82.
 

After substituting the numerical values from Eq. (7) into Eq. (6) one obtains
 

Isp = 223.96 nu VN°'5 (8) 

= 183.65 VN0 5 seconds,
 

and conversely.
 

VN =N 1.994 Is 2/(0 u 2 X10 5 ) (9) 

= 2.9655 I 2 10-i volts.
 
sp
 

Specific impulse as a function of voltage ratio and grid temperature is depict
ed in Figure C-2.
 

Ideal or "electrical" specific impulse is obtained by setting 1u equal to
 
unity. The specific impulse used herein is as defined in Eq. (6). It is based
 
on conservation of.energy and momentum and yields either a maximum ion speed
 
(nu=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 losses (ys) 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 (Ap); 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 Db (cm)
 

An expression for the maximum useful beam diameter, Db, which is tantamount
 
to the maximum useful thruster diameter, d, was presented in Reference 2:
 

d = 1.5xl0-8 Isp2 m/u 2R (10)
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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 Eqs. (8) and (1), and using 0.82 for n1u yields
 

-
d = 8.9117x0 7 Isp2/, (11)
 

= 3.0051xl0- 2 VT (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 VT is shown as a solid line which is almost linear over the
 
range of VT (5100 to 8300 volts).
 

C.2.6 Maximum Beam Current . JB (Amperes)
 

The accelerator system, consisting of-a screen grid and an accelerator
 
grid (Figure C-1), imposes a basic limitation on .the obtainable beam current
 
density because of-the "perveance" limit. The perveance limit in effect deter
mines the point where any increase in the total accelerating voltage, VT, results
 
in high -voltage breakdown.
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Figure C-3. Total extraction voltage versus selected
 
grid-set operating temperatures, based on Eq. (1), and
 
thrusterdiameter, based on Eq. (21).
 

Sovey (Reference 3) has determined an empirical relationship for argon
 
thrusters which yields the maximum practical ion current, JB, for dished grid
 
systems, operating near the minimum gap (0.06 ± 0.008 cm). This is given by
 

JB = 4.97 d2 VT a.sxlO-1 (12)
 

where JB = beam current (amps),
 

and d = maximum thruster diameter (cm). 

The maximum value for VT 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
 

14  

1 0
 JB = 2.5072 dzT 4 - (13)
 

C.2.7 Beam Electrical Power - PB (Watts)
 

The beam electrical power is given by
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PB = JBVTR (14)
 

= JBVN 

The beam power is controlled by the mass flow rate of argon entering the
 
thrust chamber. , The discharge power, Pd, 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.
 

. . ... - , .. . ... ...-... ..-. ......... ---.. .. .
. 
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 I 161 0 K 
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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 - ne
 

The electrical power efficiency, Tie, of a thruster module in achieving a
 
beam power, PB, is given by
 

(15)
r= P37+
B + 	PGS + PD PN
 

= 
where PGS Grid set loss*,
 

= 0.0025 JBVN, (an empirical value)
 

PD 	= Discharge power loss*,
 
= 200 JB,
 

and PN 	= Beam neutralization loss*,
 

= 300 Watts (assumed constant).
 

In terms of voltages and currents
 

RBN
 
= e 	 JBVN + 0.0025 JBVT + 200J 3 +300 (16) 

VNvN 
RVN 	 + 200R + 0.0025 VN + 300 R/JB 

200- +300 

VN EB 

(R+O.0025) - V-- PB1 


For the large, high power thrusters considered in this study the efficiency
 

may be approximated by
 

= VN/(VN+200)ne 


within 0.6% at the extremes. When the beam power is small (i.e., < 300 W)
 

Eqs;-(15) and (16) should be used.
 

A plot of thruster electric efficiency versus R is presented in Figure C-5
 

for six values of Isp. 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 0-5. 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, also 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 electrical efficiency, one can determine the required input
 
power per thruster, PTH, for operation at maximum beam power (i.e., maximum
 

thrust). This is given by
 

1 200 (17)
 
PTH BInE' B (+ VN ( 

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 = kq VN
 

=Mv =QVN
 

where M = total mass of k ions
 

Q = total charge of k ions.
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Figure C-6. Thruster electrical efficiency
 
as a function of extraction voltage ratio, R 

Power is the rate of change of energy with respect to time. Thus 

Power = Mv2 = Q VN (Watts) (18) 

But, differentiating Eq. (3) with respect to time yields 

SV/v ((19)
 

Now eliminating A from Eq. (18) by using Eq. (19) gives
 

+m v-v = JBVN (20)
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input power of 268.1 MW as a function of extraction
 
voltage ratio and grid-set temperature.
 

where the beam current 5B is used for Q. Now with the help of Eq. (3) and (4)
 
v and 7 can be eliminated to give
 

= JBVN 
= PB
 

The propellant flow rate is therefore
 

m,= 2J Vnu/(g I, (kg/s). (21)
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or for N thrusters each with beam power PB
 

m = 2 N PBu/(g Isp) (kg/s). (22) 

Clearly, the mechanical power, Pm, is equal to the electric power PE, and is
 

Pm= g2 isp2 /%u (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 = ; y =mpgIspY (24)
 

where y = YDYS 0.9025. 

As defined here y is the thrust utilization efficiency which accounts for
 

thrust losses caused by beam divergence (yDl) and the thrust vector steering
 

(yS). According to V. K. Rawlin of NASA, LRC, grid compensation techniques
 

should be able to maintain YD at 0.95 or more.
 

Equation (24) can be expressed in terms of beam power by employing
 

Equation (22).
 

F = 2NFjnuy/gIsp (25)
 

C.2.10 The Rocket Equation
 

Consider an EOTV with initial mass mi, final mass (at burnout) mf and a
 

required velocity increment AV.
 

The total propellant expended in time At is
 

mp = ApAt (26) 

Gravity losses for low thrust flights between LEO and GEO are assumed to
 

be small. The thrust acting on the EOTV is given by
 

F = (m.-) VspyV (27) 

where t = time, or thrust duration,
 

Vs = vehicle acceleration,
 

and = vehicle initial mass (t=0).
m i 


The acceleration of the spacecraft at any time, t, from Eq. (27) is
 

t =t;Ir1y(;=Mpt) (28) 
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= 
Now substituting W m.-m'p t, 

and dW mpdt,
 

in .Eq. (28) and integrating yields
 

AV 0 dt =1- M.-4 AtdW 
= f -afW (29) 

0m i 

AAV Av 
 gI spykn [m±/Qnmi )].
 

With the help of exponentials, Eq. (29) can be written
 

Av/gl sy 
mf = .i v /s.e , where (30) 

=.mp+mf , and (31)
m i 


m f( ev/gsp' l) .: p= ( , or 

mp = m,l-e.Av/isy) (32) 

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 LEO where the gravitational torques
 

are highest. Control requirements become quite small in GEO. In this analysis,
the average control thrust was taken to be 400 N, which is believed to be con
servative.
 

The control propellant mass was estimated by taking appropriate fractions
 

of the total propellant consumed during the daylight thrusting period. Thus,
 

for a 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 massi mpc is given by
, 
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S 4400 

17280 m At(days)X '0
 

p pagspy)
 

= 780,945 At(days)/Isp 

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 a junc
tion at the center labeled Po. We shall consider only this quadrant 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 Lw of the array, and then vertically along the
 
height, Lh. 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 £k to the kth thruster is
 

= d 1 + 1.5 (k-i) =ji (3 K-1) (34) 

Lw.
 

d 

Lb 0Nk fT 

Figure C-8. Schematic representing one quadrant 
of a rectangular array of thrusters 
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If there are Nh thrusters in each column the cumulative length of Nh wires
 
(one way) is given by the sum
 

Nh
 
=
Z k dNh (1 + 3 Nh)4
S~ dhl+N)/4 (35) 

k = 1
 

Since each thruster requires two wires the total vertical wire length per
 
column becomes
 

L = dNh (1 + 3 Nh)/2 (36) 

Since there are Nw columns, the total length of vertical wiring is
 

Lvt hNw (i + 3 Nh)/2 (37)
 

There is also a horizontal component of wire, the total length, Lht' of
 
which is given by a similar type formula,
 

(38)
ht = dNhNw (1 +.3 Nw ) /2 

If Equations (37) and (38) are added together the total required two-way 
wire length, Zt, is obtained by 

It= dNh w [l + 1.5 (Nh + NJ . (39) 

For a square array 

Nh = Nw = (40) 

- ] and Zt = dN 11 + 3 

where N is the number of thrusters.
 

Array conductor length as a function of extraction voltage ratio for
 
several operating temperatures is presented in Figure C-9 for an array input
 
power of 268.1 MW.
 

Distributed Conductor Size, Mass, and Power Loss. Transmission of
 
electric power from the array input junction to 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 is desirable to have conductors that radiate heat efficient
ly, 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.
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for an array of thrusters, operating at the indicated
 
grid-set temperatures, as a function of extraction
 

voltage ratio, R.
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In a point design there are good reasons why cylindrical conductors might
 
be preferred. For example, the conductor area exposed to meteor 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 cm (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 also for insulation to help prevent plasma discharges. Kapton
 
has an emissivity, e, of -approximately 0.68 which is an improvement on aluminum
 
(0.05 	to 0.11).
 

The maximum allowable wire temperature from electric power loss heating
 
was assumed to be 373.16 K (100°C). A summary oftthe assumed conductor char
acteristics 	is given below:
 

T < 373.16 K maximum conductor temperature,
 

m = 20 n width of conductor,
 

A = 	mn = 0.05 m2 cross section,

n > 0.0381 cm (15 mils) in thickness,
 

p = 2.70 g/am 3 density, 

and for the electrical resistivity 

YE = 2.828x10- [1+0.0039 (T-293.16)) ohm-cm 

-= 3.7103x10 ohm-cm at 373.16 K 

The thermal power radiated is given by 

P,, 2Zm£a T4 + 22nsaTk, (41) 

T4 = 22s 	 (m + n) 

-
where a = 5.66961x10 12 W/cm2/K4, 
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The Stephan-Boltzman constant.
 

The thermal power radiated, PH,, is balanced by the electrical power Pt
 
lost, or dissipated, in the conductor. The power lost in a conductor of length
 
Z, with a voltage drop AV and current I is
 

Pt = AVI = I2(YEi/A) = 2012 (YEZ/m 2 ) (42) 

Equating the rhs's of Equations (41) and (42) yields
 

mn (m + n) = I2yE/(2ECT4) = 0.0525 m3 , (43)
 

and m = 9.5238 12YE/EaT4 ,
 

= 6.986xi05 12[1+O.0O39(T-293.16)]/T4 (44)
 

At the upper temperature limit (373.16 K)
 

ml - 4.72696xi0-4 12, CM3 (45)
 

- 2 ,
and m = 7.78982x10 I2/3 cm
 

The total conductor mass M., of length Zt, which includes a 10 percent penalty
 
for structural support is given by
 

Mc = 1.1 pAnt - 1.1 pmakft (46)
 

2
= 1.485x10-4 m %t,kg
 

the total power lost in the array wiring of length Zt is
 

5.656x10-5 [l+0.0039(T-293.16)]Z t
 
z
P)t = m t (47) 

= 7.42067x10% t12/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
 

Po = N(Pt + PTR) (48) 

= N 12YE/(mn) + JBVN/T1E] 

where P' = conductor panel loss per thruster,

0
 

N = number of thrusters,
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and- = tIN, average two-way conductor length from Junction box
 

to each thruster.
 

The net voltage drop, Vo, in the distributed wiring and thruster array
 
is assumed to be
 

Vo = l E /(mn ) + VN (49) 

w7here conservation of current requires that
 

I = JBhE (50)
 

Equation (48) can therefore be written
 

P = NI EVN + IyEk/(mn)] (51) 

The bussbar current for the entire array is therefore
 

Io= NJB/nE (52)
 

Application to Electric Thruster Arrays. It is desired that the voltage
 
VN at each thruster be fixed, for any given specific impulse, Isp. In order
 
to keep the voltage, VN, at each thruster identical it will -be assumed that
 
the thrusters are connected in parallel, each with a properly designed "fuse"
 
in case of a short circuit. The power losses, Pk in the distributed conductors
 
are assumed to be identical for each thruster. In order to make a fair compari
son of required wire mass and sizes the conductor width m is determined initial
ly from Equation (45) 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 VT, are at the highest values-to be considered
 
[see Eqs. (1) and (2)].
 

Equation (47) is then used to determine total conductor power loss. This
 
power loss PBt, is fixed thereafter in order to have a fair basis of comparison.
 
Thus, as R is increased, m can be determined from the relation
 

m - 8.6143x10-3 I £ , cm (53) 

which then leads to conductor mass.
 

Conductor masses are shown in Figure 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 PBt/Mc comparable to 1pid/Po where Mpld is the mass of the payload.
 
In other wotds up to a point it pays to increase the array conductor mass,
 
and thereby reduce the array electrical.power loss. This-increases thrust
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Figure C-10. Electrical conductor mass of length
 
Zt required to Seed 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
 

mass. Also, it enables operation at much lower.wire temperature which reduces
 

resistivity. Thus, from Eqs. (46) and (47), and the relation
 

t /c = pid 0 

it follows that
 

m = 0.78559 [1+0.0039 (T-293.16)1 i .Z (54) 

1[ pldj 

Thruster and Supporting Structure Mass.- Referring to Figure C-8, the
 

height of the array is Lh and the width Lw . In terms of thruster diameter, d,
 

the array height and width is-given by.
 

L = 1.5 Nh d,
 

and Lw =-1.5 Nw d.
 

Also N =NhN,
 

where Nh and Nw 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 th ' 120 NhNw dz , 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
 

M sth = 132 NhNw d2 , kg, (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, tD, about 30 minutes. There is ample time between
 

eclipses for the batteries to recharge. If Fc is the required control thrust
 

and EB is the watt-hours/kg capability of the batteries then the battery mass,
 

mB, is
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=C\ dg (57) 

= gFs EBE
=(>%uNB/gtsP)(
d 

B 'E 

gI pt dF
 

2yun EB
 

Adding ten percent for structure, yields
 

5.39385 1-PtdFc (58)
 

For the parametric study the following values were assumed:
 

F = 1000 N

C 

= 0.5 hours,
tD 


and EB = 200 Watt-hours/kg.

Equation-(58) can therefore be written
 
= 18.22 Ip /nE, kg (59)
 

or in terms of VN
 

m = 3346 x _N)0. (60)
 
V I 

-C.3 PARAMETRIC EOTV SIZING
 

Figures C12 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 to 1900 K All of the figures have captions that
 
should be self-explanatory.
 

The electric power was assumed to be constant at the thruster array junc
tion box. The total power available, after subtracting the various losses such
 
as 15 percent solar array degradation, and 6 percent line loss, etc., 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 mW.
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Figure C-12. Propellant expended by the electric
 
OTV in transporting payloads between LEO and GEO
 
for the indicated temperatures as a function of
 
extraction voltage ratio, R.
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Figure C-13- Final mass, mf, remaining upon 
arrival in GEO after expending a mass of 
propellant, mp as a function of R for the 
indicated grid-set temperatures. 
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Figure C-15. Propellant required to return the 
empty EOTV from GEO to LEO. (15% growth-margin 
included.) 
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Figure C-16. Mass of return propellant tanks and 
lines as a function of R.
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Figure C-19. Net accelerating voltage for the
 
indicated grid-set temperatures as a function
 
of the extraction voltage, ratio, R.
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Figure C-20. Estimated thrust duration versus 
total trip time for optimum thrust vector 
steering. 
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The various EOTV fixed masses (kg) were:
 

Solar Array 588,196 
cells/structure 299,756 
power conditioning 288,410 

Thruster Arrays (4) 2,256
 
beam/gimbals 2,256
 

Attitude Control System 1,000
 
system components 274
 

590,726 kg
 

An interesting result was deduced from the supporting calculations for 
Figtre C-17. The payloads delivered to GEO increase as the grid-set temperature 
decr'eases, down to about 1300 K. At 1150 K the payload falls below the 1300 K 
curv, as R approaches,0.2, because of excessive electrical conductor mass. 
At iogo K, and at R = 0.2, the payload drops almost two million kilograms more 
but pehking at R = 0.32. Presumably, as the temperature is lowered this peak 
would oNcur at increasing values of R. 
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