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FOREWORD

This volume of Convair Report No, GDC-~-DCE 69-046 constitutes a portion
of the final report for tne "Study of Integral Launch and Reentry Vehicles."
The study was conductéd by Convair, a division of General Dynamics Cor-
poration, for National Aeronautics and Space Administration George C.
Marshall Space Flight Center under Contract NAS 9-9207 Modification 2,

The final report is published in ten volumes:

Volume I
Volume I *
Volume I1I
Volume IV
Volume V.
Volume VI
Volume VII
Volume VIII
Volume IX

Volume X

Condensed Summary

Final Vehicle Conf1gurat10ns

Initial Vehicle Spectrum ahd Par ametmc Excursions
Technical Apalysis and Performance

Subsystems and Weight Analysis

Propulsicn Analysis and Tradeoffs

Integrated Electronics |

Mission/Payload and Safety/Abort Anélyses

Ground Turnaround Operations and Facility
Requirements

Program Development Cost Analyms, and 'I‘echnology
Requirements

Convair gratefully aoknowlﬁdges the cooperation of the many agencies and
companies that provided techunical assisiance during this study:

NASA-MSFC

NASA-MSC
NASA-ERC
NASA-LaRC

Aerojef-General Corporation
Rocketdyne
Pratt and Whitney |

Pan American World Airways

The study was managed and supervised by Glenn Karel, Study Manager,
C. P. Plummer, Principal Configuration Designer, z‘-i:;ld Carl E, Crone,
Principal Program Analyst (all of Convair) under the'direction of

Charles M, Akridge and Alfred J. Finzel, NASA study co-managers.
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Volume III

ABSTRACT

A study was made to obtain a conceptual definition of reusable space
shuttle systems having multimission capability. The systems as defined
can deliver 50,000~pound payloads having a diameter of 15 feet and a
length of 60 feet to a 55-degree inclined orbit at an altitude of 270 n, mi,
The following t7pes of missions can be accommodated by the space shuttle
system: logistics; propellant delivery; propulsive stage delivery; sateltite
delivery, retrievai, and maintenance; short-duration missions, and
rescue missions,

Two types of reusable space shuttle systems were defined: a two-element
system consisting of a boost and an orbital element and a three-~element
system consisting of two boost elements and an orbital element., The ve-
hicles lift off vertically using high pressure oxygen/hydrogen rocket
engines, land horizontally on conventional xunways, and are fully reusablz,
The boost elements, after staging, perform an aerodynamic entry and fly
back to the launch site using conventional airbreathing engines, Radiative
thermal protection systems were defined to provide for reusability. De-
velopment programs, technology programs, schedules, and costs have
been defined for planning purposes.

During the study, special emphagis was given to the foliowing areas:
System Development Approaches, Ground Turnaround Operations, Mis-
sion Interfaces and Cargo Accommodations/Handling, Propulsion System
Parameters, and Integrated Electronics Systems.
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SUMMARY

The vehicle configurations are summarized in the figure below. The three-
element systems have elements of identical size and shape. The two-
element vehicles are optimized for minimum weight and have larger booster
elements. Section 2 contains a description of each vehicle,

| 50,000-LB. PAYLOADS 25,000-1.B. p..\\-x,mns-l
THREE- SEQ. BURN SIM, BURN THREE - TWO-STAGE
ELEMENT (FR-3) (FR-2) ELEMENT | SEQ. BURN

(FR-1) (FR-1-25K) | (FR-3-25K)

L'"TOFF WT. (10° LB,)  4.53 4,00 3,53 3,86 2,81 2.76
THRUST/ENG. (10° LB,)  1.070 0,710 0,497 0,681 0.670 0,488
COMMON AERO SHAPE YES NO NO NO YES NO
CROSS-FEED YES NO YES NO YES NO

Performance trade studies were conducted using the two-element, sequen-
tial-burn vehicle (second from left in the figure) as a baseline. The results,
discussed in Section 3, indicate that the vehicle will stage at approximately
11, 000 ft/sec., The booster e'ement has a thru.t-to-weight ratio of 1,45
and the orbiter 1,30 for optimum performance. Orbiter engine failure con-
siderations, however, indicate that the thrust-to-weight ratio should be in-
creased to approximately 1,60 to achieve a once-around abort capability.
Development costs make it attractive to use a common rocket engine for
both stages of the two-element system. The program costs follow the weight
trends. The nonrecurring costs follow the total dry system weight trends,
and the recurring costs follow the gross weight trends (see Section 3,1.3).



AR T N

Volume 111

Section 4 provides a summary of the FR-1 (three-element with crossfeed) developed
during the study period. As shown in the vehicle spectrum, this vehicle has a higher
gross weight than any of the two-element configurations; however, it has the basic ad-
vantage of a common stage shape, which can substantially reduce development costs,
A sensitivity comparison shows the three-element (FR-1) gross liftcff weight more
sensitive to orbiter weight and AV maneuver requirements when compared with a two-
element vehicle,

In Section 5, vehicles with and without propellant crossfeed are compared. It was deter-
mined that for a given vehicle configuration, (such as "common' elements) the use of
crossfeed reduces launch weight six to nine percent, However, if the vehicles are op-
timized for either crossfeed or no crossfeed, differences in weight are minor.

Section 8 contains a preliminary comparison of fixed and deployable-wing space shuttle
configurations. It was concluded that the weight difference was small. The fixed wing
is inherently simpler in concept; however, the fixed wing needs to satisfy subsonic,
transonic, and hypersonic entry flight conditions, including entry heating. Deployable
wings eliminate entry wing problems at some expense in sfructural complexity. The
deployable-wing cross-range capability is also greater,

Section 7 contains studies of space shuttle configurations with the gross liftoff weight

fixed at 3.0 and 3,5M pounds. It was necessary {o relax the basic study ground rules
(contingency) to meet the 50, 000-pound payload requirement.

xvi
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Volume il

SECTION 1
INTRODUCTION

This volume contains the initial definition of the vehicle spectrum defined by NASA and
evaluated by Convair in this study. This spectrum is shown in Figure 1-1 and includes
the following concepts.

The term "element' is used to denote a complete "flyable' entity, All configurations
studied have either tv.0 or three elements, The two booster elements of the three-
element FR-1 are simultaneously staged from the orbiter element,

50,000-LB PAYLOADS ~wmtea- 25, 000-LB PAYLOADS =

400

300+

200

100

(N

(FR-2) (3-A)
TWO-ELEMENT SYSTEMS

-5
K)

M
1-2

A

O

Figure 1-1. Vehicle Spectrum
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a. ‘Two-element systems:
1. 50,000 pound payload vehicies:
a) Parallel staged, sequential burn concept (Vehicle FR-3)
b) Tandem staged concept (Vehicle 3A)
¢) Parallel staged, simultaneous burn (with crossfeed) concept (Vehicle FR-2)
2. 25,000 pound payluad vehicles:
a) Parallel staged, sequential burn concept (Vehicle FR-3-25K)
b. Three-element systems:
1. 50,000 pound payload vehicle (with crossfeed) (Vehicle FR-1=-25K),
2, 25,000 pound payload vehicle (with crossfeed) (Vehicie FR=1-25K),

All of the vehicles were sized to satisfy the following requirements (see Figure 1-2),

a. A 550-degree, 270-n.mi. orbit; launch from ETR.

b. An on-orbit AV capability of 1800 fps using the main propulsion system suitably
throttled.

¢. An orbital and entry attitude control subsystem AV of 200 {ps.

d. A 3/4 of 1 percent contingency on the ideal AV to orbit inciuding backpressure
losses,

e. A 10 percent contingency on dry weight across the board.

f. An orbit staytime of 7 days maximum.
g. A 3g axial load limit,
h, Payl.ad size: 15 feet diameter and 60 feet long (50,000 1b),

15 feet diameter and 15 feet long (25,000 1b),

A typical two-stage flight profile is summarized in Figure 1-3., A major problem in
examining the large number of vehicle configurations listed was to derive meaningful
and consistent supporting data on the characteristics of each stage. The approach used
to solve this problem was to establish a baseline stage configuration compatible with
the besic requirements. This baseline stage was then sized and modified as required
for each of the abeve arrangements. The baseline stage Is described in Section 2,

A flow diagram of the initial vehicle design process is shown in Figure 1-4. An initial

vehicle is synthesized to the given groundrules using innbuts to the synthesis program
(Volume IV) based on preliminary design layouts and experience. The results of this

1-2
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ALTITUDE (n.mi.,)

300 ON ORBIT ACTIVITY
N V
CIRCULARIZE
200 |-
TRANSFER TO MISSION ORPIT (0.75 HR)
CIRCULARIZE
o PHASING ENTRY (1.0 HR)
100} ORBIT |
{/TRANSFER TO PHASING ORBIT (0.75 HR)
ASCENT (0.1 HR)
0 Vv

7 DAYS

$

Figure 1-2, Mission Profile

synthesis, based on a selected geometry, are packaged in terms of preliminary weight
bogies, initial trajectory, and a vehicle layout with preliminary dimensional data.

This package is analyzed by the various technical groups as indicated on the schematic.
The results of these investigations result in inputs to a new iteration from which the
"final'' vehicle layouts are made, Sensitivies and vehicle mass properties are then
generated. This is a very simplified flow diagram, there being in fact many internal
iterations; the entire loop must be traversed mor~ than once or twice, depending ca

the degree of iteration closure in performance, loads, weights, and vehicle balance
required.

By agreement with MSFC a two-element and a three-element system without propellant
crossfeed and with a 50, 000 pound payload capability were selected for a more detailed
definition, These systems are described in Volume II.
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Figure 1-3. Two-Stage Flight Profile
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SECTION 2
VEHICLE DESIGN AND DESCRIPTION

This section contains a general description of the baseline element configuration.
Paragraphs 2.1 through 2.7 then describe the two- and three-element arrangements
shown in Figure 1-1,

All vehicies have the following common characteristics: high performance, bell
type, LOz/ LH2 engines, flyback air-breathing propulsion systems, and vertical
takeoff and horizontal landing (VTOHL).

Vehicle staging arrangements and operations were investigated for all candidate
systems. The aerodynamic configuration was optimized considering the overall
flight regime and performance requirements.

Figure 2-1 shows the general arrangement of the baseline element with stowable
wings. The cross-section has a flat bottom and semicircular upper surface. The
flat bottom improves hypersonic lift/drag ratio and provides convenient stowage
for the wings. The sides are sloped slightly, both to improve the hypersonic lift/
drag ratio and to reduce entry heating. The semicircular upper surface is com-
patible with circular propellant tanks. The nose of the body is parabolic in both
the side and plan view. The Vee tail is attached high up on the af{ body for sub-
sonic stability and to provide adequate hypersonic directional stability.

The element showr was modified as required for specific applications. Overall size
varied as a result of propellant requirements. The payload bay and subsystems
require modification when used as a boost element. Specific arrangements of booster
and orbiter elements are described further in subsequent paragraphs.

2.1 SEQUENTIAL BURN 50K POUND PAYLOAD, VEHICLE FR-3

The two-stage sequential buru baseline vehicle is shown in Figure 2-2 in the mated
(launch) configuration. The booster and orbiter stages are shown separately in
Figures 2-3 and 2-14,

The vehicle shapes are derived from the baseline configuration. All stages have
variable geometry stowable wings. The vehicle size was based on a series of runs
made on the Convair weight/volume/performance synthesis program as were all the
vehicles in the spectrum. The objective was to treat all the vehicles on the same
basis and to the same ground rules so that the comparisons would be valid.
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Baseline Element

Figure 2-1,
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The staging velocity for Vehicle FR-3 was selected from the following synthesis
results:

Staging Velocity Gross Liftoff Weight Total System Dry Weight
(fps) (Ib) (1b)
10,642 3,996,000 712,830
11,089 4,007,000 711,420
11,617 4,030, 000 711,011

The design point was selected at 11, 089 fps ~ a compromise between gross liftoff
weight and total hardware weight.

The koost trajectory adopted was one where the second stage was injected at an
altitude of 260, 000 {eet (43 n.mi.), representing the perigee of an elliptical orbit
whose apogee was at 100 nautical miles. Thus, the vehicle has approximately 100 fps
excess velocity above the circular velocity requirement at the 260, 000 foot altitude
initial boost burnout injectioen point. After approximately 45 minutes of coast time
the orbit is circularized at 100 a, mi. by reigniting a single main engine and provid-
ing a circularizing "kiek” of approximately 105 fps,

A staging dynamie prea: u¥e ¢ 50 paf waa adopted for all vehicles in the spectrum.
This was shown at the tig o be the minimuim system gross liftoff weight value for
the FR-1 series of vebie/es. Hibsequent work reported in Volume II, Section 4
indicates that a somewkat lower staging dynamic pressure, in the order of 40 psf,
would minimize GLOW but the differences are not great,

The synthesis summary run is ahown in Table 2-1, (Only the summary run is shown
here.) In Paragraph 6.7 of this volume a more compiete weight, dimension, and
trajectory printout is given for an updated version of the two-stage sequential burn
50K pound payload vehicle,

The booster is about four times the weight of the orbiter and about three times the
volume, Typical planform loadings are 61 psf for the booster and 59 psf for the
orbiter elements, The rocket engines have common thrust chamber and primary
nozzles, The nozzles are compromised to give the orliter vehicle the additional
expansion ratio. The booster expansion ratio is 35/80 (two position) and the orbiter
is 1560, Four flyback engines are used in the booster and two in the orbiter.



Table 2-1. FR-3 Two-Stage Sequential, 50K Pound Payload Vehicle Syntheais Summary

WE IGHT
FUEL
OXIDIZEHR
PROPELLANT
FLYBACK FUEL
PAYL.OAD
STRUCTURE

TOTAL

IN ORARLT

RETURN CONDITION
ENTRY

LANDING

VOLUME
FUFL
OXILYZER
PROPELLANT
PAYLOAD
OTHER
TOTAL

GEOMETRY
LENGTH
BODY WEITED AREA
HODY PLANFURM aAREA
ENTRY PLANFORM LOADING

PROPULSION
THRUST=T0=nE IGHT
NG, OF ENGINES
THRUST PER ENGINE (SL)
THRUST PER ENGINE (VaC)

R00SYER ORALTER

ELEMENT
Asz2ass 44903
225R2AA8 454319
2611146 519221
45921 2992
50000
513042 198380
319052% 816641
0 30215
579393 293714
0 253591
513996 269297
87740 13134
J3.460 672A8
121200 1986)
10638
71533 437713
192733 74272
23%9,7 176,64
281464 ,.5 13315,5
9174,6 4299,6
6],.1 59.0
1.73110

8

69749) UPRATED

Volume I

vEnICLE

711422
4007407

1.39€3R

O/F = 6,4 707103 NOMINAL

SPECIFIC IwMPULSE (SL) 395,0 35740 O/F = 7,0 3950
SPECIFIC I#PULSE (VAC) 451,7 456,5 Y S S |
TRAJECTORY
MASS RaTT1O 2«T0102 e+:AT000
MAXIMUM DYNAMLL PRESSUKF 669,27
STAGING NYWAMIC PRESSURF S0
STAGING VELOCITY (RFLATIVE) 1108%
STAGING AL ITUUE 18R3%)
STAGINGL FLIGHT PATH ANGLFE (RELATIVF) 1860
INJECTION VELOCITY (INERTIAL) 25897
INJECTIUN aLT}TULE 259988
INJECTION FLIGHT PATH AMNGLE (INERTIAL} «001
INJECTIUN INCLINATION . 84."5
FLYRACK RANuE ?R3,7
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2.2 TANDEM 850K POUND PAYLOAD, VEHICLE 3A

The tandem two-~stage baseline vehicle, sized to a staging velocity of 10,977 ft/sec,
i shown in Figure 2-5. The staging velocity was selected on the basis of the follow-
ing synthesis results:

Staging Velocity Gross Liftoff Weight Total System Dry Weight
(fps) (Ib) (Ib)
10,474 3,877,000 689,810
10,987 3,860,000 684, 140
11,485 3,870,000 682,250

Vehicle sizing is based on the synthesis run summary shown in Table 2-2, Since the
overall vehicle is performance optimized, the first stage is larger than the orbital
stage (booster weight/orbiter weight = 3.56). As a result, the sizes of the major
structural components (tanke, wings, ete.) are not similar. Commonality of the
rocket engines was obtained by using the same basic engine on both stages with dif-
ferent expansion ratio nozzles. A weight summary is shown in Table 2-3.

The truss ac apter shown in Figure 2-; was selected as & baseline due to its inherent
simplicity and reliability. Stage separation is accomplished by releasing four ex-
plosive bolts attaching the truss adapter to the orbiter base. The truss is permanently
attached to the booster in this concept and is recovered with it,

The two-stage tandem concept is well over 400 feet high in the launch configuration.
Because of this, the configuration was not considered acceptable by NASA and was
discontimied on 19 August 1969,

2.3 SIMULTANEOUS BURN 50K POUND PAYLOAD, VEHICLE FR-2

The simultaneous burn two-stage ILRV baseline is shown in Figure 2-6 in the launch

configuration. The booster and orbiter stages are shown separately in Figures 2-7
and 2-‘8.

The relative staging velocity of 11,050 ft/sec was selected on the basis of synthesis
runs with the following results:

Staging Velocity Gross Liftoff Weight Total System Dry Weight
(Eps) (b) (Ib)
10, 546 3,581,000 596,080
11,046 3,533,000 588,510
11,533 3,513, 000 582,890

2-8




PAYLOAD
{15 X 60 LONG)

27,59
(LOWER SURFACE)

ALTERNATE
LENGTH = 10,0 (TWO POSITION NOZZLE)

_—— d

-
Pl
’

' OXIDIZER!

—

& --GROUND LINE

176,3— & . GROUND LINE oo

¢ GIMBAL |

23?.6

426, 0

ALL DIMENSIONS IN FEET
UNLESS OTHERWISE INDICATED

Figure 2-5. Vehicle 3A (Tandem;

111 sumjop



Volume ITT

Table 2-2. 3A Two-Stage Tandem Vehicle Synthesis Summary

300STER ORBITER VEHICLE
ELEMENT
KETGHT
FUFL 334675 674560
OXID1ZFR 2141922 472192
PROPELLANY 2476597 539648
FLYBACK FUEL 42653 3076
PAYL_OAD 50000
STRUCTURE 478657 205439 684137
TOTAL 3014544 845626 3860170
IN ORRJIT G 310700
RETURN CONDITIOWN S37934R 302049
ENTRY 0 . 260792
LANDING 479607 256350
« Ot UME
o FUEL 82794 13765
‘¢ OXID17FR 31717 6992
= PROPELLANT 114512 enT57
‘ PAYLOAN 10628
OTHER 73321 45272
TOTAL 187833 Te667
GEOMETRY
: LENGTH 23746 176,.,3
; RODY WETTE') AREA 26471645 136p0.2
i BODY PLAMFUORM aREA 0185 4391.5
i ENTRY PLANFORM LOAYING 58+ 59,4
PROPUHLSTON
THRUST=TO=UEIGHHT leblGiP0 1439176
MOe NF EMGINFS ]
THRUST PER EMGTHE (SL) 671556(UPRATED) ]
THRJUST PER ENGTINE (VAC) O/F =6,4) 680810(0/F = 7,0)
SPECIFIC I'PuLsE (sL) 34540 357.4 39%.0
SPECIFTC IHPULSE (vAC) 4517 56,5 45147
: TRAJECTORY
MASS RATIO 2472175 279000
‘ MAXIMIb PYHAMTIC P~TSSURE 75580
STASING DYMAMIEN PRTSLIRE 50
5 STAGING VELOCITY (<ELATIVE) JO9RT
i STaGInG ALTITUNE 187914
‘ STAGING FLIGHT Pat~ ANGLFE (RELAYIVE) 2+1062
INJECTION VELOCITY (INFRTIAL) _ 25897
INJECTION ALTITUNE 260004
INJECTION FLTIGAHT PaTH aNGLE (IMERTTAL) =000
INJECTION INCLIMANION 94490
LYBACK HANGE 2HP 5
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Table 2-3. 3A Two-Stage Tandem Summary Weight

Volume M

SPACECRAFT SUNMARY WEIGHT STATEMENT
TONFF o AAT| BY DATE
3A Two Stage Tandem
tYEM OR MODULE SPACECRAFT
£ooe SYSTEM . ) ] T u v
1.0 | AERODYNAMIC SURFACES 62366 29¢24
2.0 | BoDY STRUCTURE 21919 (=]
3.0 | INDUCED ENVIR PROT RZIEL o8
4.0 | INCH RECOV & DKG 28489 26375
s.c | uAiN PROPULSTON 120127 3543
6.0 | ORIENT CONTROL SEP & ULL Jof ISR
7.0 PRIME POWER SCURCE /g_._az.
8.0 | POWER CONY & DISTR ipnal EYEY
9.0 | GUIDANCE & NAVIGATION 2RO 379
10.0 } INSTRUMENTATION FEL] 275
11.0 | COMMUNICATION 220 40
12.0 | ENVIRONMENTAL CONTROL 230 [T
13.0 |} (RESERVED)
14.0 | PERSONNEL PROVISIONS
15.0 | CREW STA CONTRL & PAN 220
16.0 | RANGE SAFETY & ABORT —_— o
SUBTOTALS (DRY WEIGHT) 478698 | —_lzosdde
17.0 | PERSONNEL 202 LRC
18,0 | carco %2209
19.0 | ORDNANCE
20.0 | BALLAST
21.0 { RESID PROP & SERV ITENS 529
M
SUBTOTALS (INERT WEIGHY) L6177 i
22.0 | RES PROP & SERV ITEMS :
23.0 | INFLIGHT LOSSES Y IAS. y7i-1-1
24.0 | THRUST DECAY PROPELLANT
25,0 | FULL THRUST PROPELLANY law7¢=97 57375
26.0 | THRUST PROP BUILDUP
27.0 ] PRE-IGNI1.2Y LOSSYS
TOTALS (GROSS WEIGHT) (LB) Sol4s4d 8426
DESIGN ENVELOPE VOLUME 5 Y v
PRESSUR1ZED VOLUME (Frdy
DESIGN ENVEL SURF AREA (FT4) 247216 /3600
PRESSURIZED SURF AREA (FT)
DESIGN 9. MAX (LB/FT?) 53
DESIGN £« MAX Py A
DESIGN POWER, MAX (KW}
DESIGN NO. MEN/DAYS .
| DESIGNATIONS: NOTES & 3KEICHESH
CODE, SYSTEM: REF. MIL-M-33310A O% Sp-8004 Thrust decay propellants are included
ITEM OR MODULE in residual weights.
A = Booster Tanks are over=-sized to account for
: thrust build-up and pre-ignition losses,
D
E
F
SPACECRAFT
: u_uwannen tavnen = Opbitex
U UNMANNED LAUNCH

usc Form 1523 (Ju) 69}
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Here the minimum weights at staging were not reached since a constraint of 11, 000
fps was held for aerodynamic heating reasons, as explained later in Paragraph 3.6,
Future iterations could, however, allow an increase in staging velocity with some
minor thermal protection subsystem modifications.

At liftoff both orbiter and booster engines are operating; therefore, the bases of the
two stages are aligned to minimize plume impingement. The engines of the orbiter
are being fed with propellants from the booster tanks so that at staging the tanks of
the booster are empty while the tanks of the orbiter are full. After staging, the
booster separates from the orbiter, which then accelerates to orbital velocity using
propellants from its own tanks. As in all the other vehicles in the spectrum, both
stages are equipped with subsonic wings, turbofan engines, and landing gear to per-
mit conventional airplane-type landing.

Since the overall vehicle was performance optimized, the booster is much larger
than the orbital stage (booster weight/orbiter weight = 3.5). As a result, the size
of the major structural components (tanks, wings, etc.) are not similar.

Commonality of all rocket engines was obtained by using the same engine on both
stages. A two-position nozzle is used to increase expansion ratio and minimize
performance losses.

Table 2-4 shows the synthesis summary for the FR-2 vehicle. A summary weight
statement is shown in Table 2-5,

This vehicle employed an 8-2 system, that is, eight engines in the booster and two
in the orbiter. This led to a deficiency of thrust in the orbiter element for the
once-around abort case. Therefore, a 7-2 arrangement was run as summarized in
Table 2-6. The indications are that this is probably still marginal and that, had
crossfeed been pursued, a 6-2 arrangement or a 9-3 arrangement would have been
logical candidates for future examination. '

2.4 SEQUENTIAL BURN 25K POUND PAYLOAD, VEHICLE FR-3-256K

The two-element sequential burn baseline vehicle is shown in Figure 2-9 in the launch
configuration. The booster and orbiter stages are shown separately in Figures 2-10
and 2«11, This !5 the only two-element candidate with a 25K pound payload. The pay-
load is shown in the 15-foot-diameter by 30-foot-long payload bay of the orbiter. The
booster vshicle is still large in dimensions. The Saturn V is shown for comparison.
While a nose-to-nose arrangement of booster and orbiter is shown here, alternate
arrangements have been investigated, as indicated in Figure 2-12, for the 50K pound
payload vehicle.

2-15
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Table 2-4. FR-2 Two-Stage Simultaneous Burn Vehicle Synthesis
Summary (Eight Engine Booster)

IETGHT
FUEL
OXIDIZER
PROPELLANT
FLYBACK FLUEL
PAYLOAD
STRUCTURE

TOTAL

IN ORRBIT

RETURN cANDITINY
ENTRY

LANDING

‘D UME
FUEL
OXIDIZFR
PROPELLANT
PAYLOAN
NTHER
TOTAL

IEOME TRY
LENGTH
RODY WETTEDH ARFA
BODY PLANFORM sHEA

FNTRY PLANEORM LDADING

‘RECULSION
I1HRUSTeTO=UETGHT
NOs OF ENGINES
THRUST PER EMNGIVIE
THRUST PER EMGINE

(SL)
{VAC)

SPECIFIC I1PULSE (5L}
SPECIFIC I'PULSE (vAQ)

‘RAJECTORY
MASS RATIO

MAXIMUM (1Y
STAGING NY
STAGING VE
STAGING AL

STAGING FLIGHT PAl« ANGLE (QELATIVE)

INJECTION
IMJECTION
INJECTION
INJECTION
‘LYBACK RAMGE

NAMTC PRISSURE
LAMIC PRESSUKRE
LOCTTY (SELATIVE)Y
TITUNE

VELOCTITY (IMERTIAL)
alLTIrune

FLIGAHT PATH ANGLF (INERTTIAL)

INCLTHMATTON

BOUSTER ORBITER
ELEMENT
309300 63230
1979517 442610
2288R17 8§N5840
36204 286814
50000
401104 187408
2742726 720008
¢ 288541
453914 280870
0 242517
402009 238328
T6R68 127958
29321 6553
106189 19260
10638
68307 42760
174496 72658
€3].9 173.1
23532.2 13121.9
8586.3 4237.1
Ste]l 57.2
125928
& 2
494600 UPRATED
O/F = 6.4 497417
393.2 381,0
454, 0 457,5
2e¢T3BY
25897
260040
« 000
546490
285.9
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Table 2-5. Two-Stage Simultaneous Burn (Eight Engine
Booster) Summary Weight

SPACECRAFT SUMMARY WEIGHT STATEMENT
CONFIGURATION BY DATE
2-Stage Simultaneous(8 Eng. Boosfer)
CODE SYSTEM : = ”5" 1] lDD:LE - - .sm cml!’
1.0 | AERODYNAMIC SURFACES S 585 RABSN
2.0 | BODY _STRUCTURE /6 L2333
3.0_| [NDUCED ENVIR PROT Bgoze B I02
4.0, L LNCH RECOV & DKG 237/ 082/
s.0 | MAIN PROPULSION (26497 $3038
8.0 | ORIENT CONTROL SEF & ULL 7295/ RIZr)
7.0 | PRIME POWER SOURCE 80 24473
8.0 | POWER CONV & DISTR 343/ 2984
9.0 ] QUIDANCE & NAVIGATION 220 30
10.0 | INSTRUMENTATION 2:4 RIS
11.0 | COMMUNICATION ZR0 240
12.0 | ENVIRONMENTAL CONTROL 230 5.
13.0 | (RESERVED)
14.0 | PERSONNEL PROVISIONS
15.0 | CREW STA CONTRL & PAN 230 275
16.0 | RANGE SAFEYY & ABORT '
SUBTOTALS (DAY WEIGHT) T (B7407
17,0 ] PERSONNEL Q20 220
18.0 | canco Sopoo
19.0 | oRoNANCE
20,0 | BALLAST
21.0 | RESID PROP & SERV ITEMS 5295
SUBTOTALS ( INERT WEIGHT) L6425 sd2y
22.0 | RES PROP & SERV ITRMS
23.0 | INFLIGHT LOSSES o [o8
34.0 | THRUST DECAY PROPELLANT
25.0 | FULL THRUST PROPELLANT - 537567
26.0 | THRUST PROP BUILDUP
27.0 | PRE-IGNITION LOSSES
LTOTALS (GROSS WEIGHT) {L8) 2008
DESIGN ENVELOPE VOLUME (vrYy N7/ 96 226S
PRESSUNI ZED VOLUME (#1d)
DESIGN ENVEL SURF AREA _  (FTéy | 23522 L2
PRESSURIZED SURF AREA (rrdy !
DESIGN 9, WAX (LB/FT%) £90 20
DESIGN ¢, MAX 4 s
DESION POWER, MAX (KXW}
DES]GN NO. MEN/DAYS o/ 2
H NOTLS & SMETCHES,
CODE, SYSVEM: REF. MIL:M-38310A OR Sp-8004 Turust decay propellants are included
Ly O SosuLs in residual weights,
A - Booster Tanks are over-sized to account for
: m=4 thrust build=up and pre-ignition lo~<ses,
D
]
7
SPACECRAYT
[ wwep oy = Orbiter
U UNMANNZD LAUNCH .

#3C ¥ara 1323 (Jul @8%)
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Table 2-6. FR-2 Two-Stage Simultaneous Burn Vehicle Synthesis

Summary (Seven Engine Boouster)

Voiume M

B800STER ORBITER VEWICLE
ELEMENT
WEIGHTY
FUEL 309794 6365)
OXTDTZ2ER 1982681 445560
PROPELLANT 2292474 509211
FLYbACK FUEL 35497 2863
PAYLDAU 50000
STRUCTURE 3560134 172121 532255
CONT INGENCY ar1s513 17212
OTHER 16436 44500
TOTAL 274245% 795928 3538383
IN Ok T 201164
RETURN CONyUITION 449982 283146
ENIRY 0 244474
LAMU TN 296526 240261
VOLUME
FUfFi 76987 12818
Oty 2w 29368 €597
PROFELLANT 1063598 19412
PAYLOAU 10638
OTrL R 6he9b 43014
TOTAL 176761 T3064
GEOME TIRY
LEMNOTR 232,0 173.5
AONY we TTELI) AWEA 235%6,0 1317046
RODY PLANFURY AREAR 8595,1 4252,.8
FNTIY wLANF UMM LUANING 5046 5745
PROPUL STV € = 35/100 € = 35/150
TRHNHUST=1wwE [GnT 139478 1,39196
NOe OF ENGLnED L4

551300 UPRATED
O/F - 6.4 555076 NOMINAL

THRUST PER EnGINE (SL)
THRUST PER ENGINE (VAL)

SPECIFIC [MBULAE (SL) 390.5 37747 O/F = 7.0 389.6
SPECIFIC LvpubsE (VAL) 453,5 455,0 454.8
Taa ECTYuRY
MASYS RalIQ 273195 254000
MAXImii® DYAMEC PRESSURE $599,5
STaLING DYNAMIC PRESSURF %0
STAGING veELOCITY (wELATIVE) 11027
STauihoe #LI1Vvutk 187989
STatsINy FLIGR) Patwm ANGLE (RELATIVE) 24513
INJPCT1un VELUCEITY (INERTIAL) 25897
tNJE LT iu ALTETULE 25997%
InJeCTIUN FLiOMT PaTH ANGLE (INERTTAL) =000
TnuB(TIun ENCLINATION S409)
FLYBACR RanuE 20%,9
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ALL DIMENSIONS IN FEET
UNLESS OTHERWISE NOTED

TOTAL
3 STAGES
274.5
SII 81.5 SIC 136.0
i
55% _
ORBITER STA 142.2 STA 227.4
CG ORBITER BOOSTER

Figure 2-9. Vehicle FR-3-25K
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STA 0

e

25K POUND PAYLOAD
15 DIAMETER BY 30 LENGTH
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ENGINE GROUND
CLEARANCE

ALL DIMENSIONS IN FEET
UNLESS OTHERWISE NOTED

STA 142.2

Figure 2-11. Orbiter — Vehicle FR-3-25K
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Figure 2-12. Vehicle CG Relationship
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Volume III

The major factors that must be considered are:
a. Booster/orbiter cg and geometric relation.
b. Engine thrust vector/gimbaling angle.

c. Stage separation.

The interrelationship of these influential design factors determines the magnitude of
drag forces, stabiliiy, control, aerodynamic heating, and structural design. Figure
2-12 illustrates three different geometric relationships of the booster/orbiter vehicles
relative to their longitudinal axes.

Location A in Figure 2-12 is considered the maximum that the orbiter should be for-
ward, and although it requires the minimum of thrust vector angle it also requires
the maximum structural support length when mounted on a launch pad. Location C is
the maximum aft position of the orbiter considering booster engine burn. The range
of these extreme locations is 43 feet. The combined cg of each of the three concepts
is approximately 5 feet below the booster cg W/L, and varies longitudinally according
to the orbiter vehicle's location. This is approximately 6 feet forward for the A
location, 2 feet for B location, and 2 feet aft for the C location.

Considering booster thrust line performance relative to all three locations, although
location A requires the minimum gimbal angle, between location A and B the resultant
cg's are within 10 minutes of arc. This points to the fact that longitudinal location of
the orbiter is not sensitive regarding engine thrust line performance.

The staging velocity was selected from a series of synthesis runs, namely:

Staging Velocity Gross Liftoff We ght Total System Drag Weight
(fps) (Ib) (Ib)
10, 369 2,765, 000 531,210
10, 862 2,788,000 532,424
11, 343 2,823,000 535,700

The selected run was at 10, 369 fps staging velocity, with the indication that it might
be slightly lower.

The synthesis summary printout for the system is shown in Table 2-7. The vehicle
summary weight statement is shown in Table 2-8,



Volume ITI

Table 2-7, Two-Stage, Sequential Burn, 25K Pound
Payload Vehicle Synthesis Summary

HOOSTER ORBITER VEHICLE
ELEHMENT
WEYTGHT
FUFL 238800 4518AR
OXIDIZER 1528321 316317 -
PROPELLANT . 1767121 361505
FLYBACK FUEL 33332 1930
PAYLOAD 25000
STRUCTURE 396301 134909 531210
TOYAL 2211192 554297 276%48A8
IN ORHIT 0 195765
RETURN CONDITION 444077 190019
ENTRY 0 184056
L ANDING ' 397218 160823
! VOLUMF
FUFL 593R3 11233
OXIDYZER 22645 4684
PROPELLANT B2028 15917
PAYLOAD 5319
OTHER #2604 2335n
TOTAL 1646313 44596
GEQMETRY
LENGTH 22744 142,.2
BODY WETTEL AREA 22636,8 A982.3
BONY PLAMFORM AREA “259,7 2821.3
ENTRY FLANFOHM LOADING 52,2 58,1
PROPULSION
THRUST=TN=wEIuHT . 1.760120 1.39244
NOe OF ENGINES A 2
THRUST PER ENGINE (SL) 481348 UPRATED
THRUST PER ENGINE (VaC) O/F = 6.4 488136 NOMINAL
SPECIFIC IMPULSE (SL) 39440 35644 0/F = 7,0 39440
SPECIFIC IMPULSE (VvAC) 45,7 455,5 45047
TRAJECTORY
MASS HaTtO0 2.R3148 2eTT00ND
MAXIMUNM DYNAMIL PHRESSURS 624,84
STAGING NYNAMIC PRFSSURE 50
STAGING VELOCITY (RELATIVF) 10369
- STAGTING alLTI1TUDE 154686
STAGING FLIGHT PaTr AMNGLE (RELATIVF) 2. 731
INJECTIUN VELOCTTY (INERTIAL) 25897
INJECTION ALTITULE 260003
INJECTION FLIOMT PaTH ANGLF (INERTTAL) ‘ =,001
INJECTLEIN INCLINATION 54.96
FLYHACK RANGF 26T.1

‘:{.‘ N
A
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Table 2-8. FR-3-25K Two-~Stage, Sequential Burn
25K Pound Payload Summary Weight

Volume I

SPACECRAFT SUMNARY WEIGHT STATEMENT
€D TWo Stage, Sequential Burni® GATE
25K Fr_’a._\Ll_g_a}d
CODE SYSTEM {TEM OR MODULE SPACECRAFT
A [ i F ] [V
1.0 | AERODYNANIC SURFACES 61/2.5 17987
2.0 ] BODY STRUCTURE /EE4SE o T332
3.0 INDUCED ENVIR PROT éegi?
4.0 ] LNCH RECOV & DKG 32833 2438
5.0 | MAIN PROPULSION [0} 395 RZ42E9
6.0 | ORTENT CONTROL SEP & ULL 24486 8326
7.0 | PRIME POKER SOURCE 29z 2560
8.0 | POWER CONV & DISTR F26 X
9.0 | GUIDANCE & NAVIGATION 230 F/0
10.0 | INSTRUMENTATION I20 275 _
11.0 | COMMUNICATION AR 242
12.0 | ENVIRONMENTAL CONTROL F30 A
13.0 | ( RESERVED)
14.0 | PERSONNEL PROVISIONS
15.0 CREW STA CONTRL & PAN 220 LTS
16.0 ] RANGE SAFETY & ABORY .
SUBTOTALS (IAY WEIGHT) 596,302 #2907
17.0 ] PERSONNEL 890 Fxo
18.0 | CARGO Sas
19.0 ORDNANCE
20,0 | BALLAST
21.0 | RESID PROP & SERV ITRMS e 2770
SUBTOTALS ¢ INERT WEIGHT) (o 28690
27.0 ]| RES PROP & SERV ITEMS
23,0 | INFLIGHT LOSSES 337¥s 7734
24.0 | THRUST DECAY PROPELLANT
25.0 | FULL THRUST PROPELLANT 126 72 382964
26,0 | THRUST PROP BUILDUP
27.0 § PRE- IGNITION LOSSES
i— R [
TOTALS (GROSS WEICHT) (LB) 2241192 ﬁ_ﬁ:‘d??
DESIGN_ENVELOPE VOLUE (rrd) /64633 L )
PRESSURIZED VOLUME (FTH
[DESIGN ENVEL SURF AREA (FT2) | o203
PRESSURIZED SURF AREA (FT4)
DESIGN q, MAX (LB/FT?) 625 4
DESIGN . MAX al A
DESIGN POWER, MAX (KW}
DESIGN NO. MEN/DAYS 2/ /=
T NOTES & SKETCHES,
CODE, SYSTEW: REF. MIL-M-I8310R OR SP-6004 Thrust decay propellants are included
ITEN OR MODULE . ) .
in residual weights.
A =~ Booster .
- i Tanks-are over-sized to account for
c thrust build-up and pre~ignition losses.
)
E
F
SPACECRAFT
M__uanNED tavwen - Orbiter
U__UNMANNED LAUNCH_

NsC Ferm 1323 (Ju) 0%)
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2.5 STAGING CONCEPTS

This section documents the alternate staging concepts considered for the two-element
integral launch and reentry vehicle (ILRV) baselines. Tandem, simultancous burn,
and sequential burn arrangements were investigated to establish staging techniques for
each baseline vehicle. (Three-element staging is discussed in Section 10 of Volume V).

2.5.1 TANDEM VEHICLE. It appears that the lower ballisiic coefficient of the empty
booster will cause the two stages to separate without auxiliary thrust devices. It may
be desirable to deflect the control surfaces of the booster to increase drag and reduce
the time required for separation prior to orbiter ignition. Also, the negative accel-
eration experienced by the orbiter during coast muy require special propellant feed
provisions to ensure main engine start.

2.5.2 SIMULTANEOUS BURN VEHICLES. Four candidate separation concepts are
described in subsequent paragraphs. (See Figure 2-13.)

a, Longitudinal separation.
b. Pure lateral separation.
c¢. lateral-rotational separation.

d. '"Lofting" separation.

2.5.2.1 Longitudinal Separation. One element drops or eliminates thrust and drops
back on a rail or guide through the plume, Problems in addition to plume force/
heating are large overturning moments due to plume impingement on the aft-located
element that must be reacted through the rail or guide (beefy structure) and the for-
ward elements control system. These problems, in addition to the inherent problems
of passing a manned-reusable vehicle through the plume, make this a very poor candi-
date. A more attractive method appears to be a passive stuging approach using the
higher ballistic coefficient of the orbiter element at utaging. Both elements eliminate
thrust and use aerodynamics to drag one (the lighter or empty booster) back on a rail
or guide., This maneuver requires moderate g (50 to 100 psf) to accomplish staging in a
reasonzble time. The larger, lighter vehicle having less mass and iarger cross-
section will have considerably larger drag acceleration to accomplish separation,
Advantages are:

a, Can burn to depletion {no planned residuals).
b, Passive system (slide off rail once released).

c. Reliabie,
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Volume Il

Disadvantages are:

a.

b.

C.

dI

Orbiter engines must be shut down and restarted. (Simultaneous burn vehicle only.)

Both elements are noncontrolled during separation and must recover aerodynamic-
ally from disturbance. (Actually a very minor problem.)

Orbiter restart must be accomplished under negative g (although small negative g
due to its very high mass,

A moderate to high q is required for this concept. Since the orbiter engines must
be restartable for many in-orbit tasks, this is a very attractive candidate.

2.5.2.,2 Pure Lateral Separation. (See Figure 2-13(2).) Both elements:

a.

b.

C.

d.

Trim thrust to approximately same longitudinal g.

Disengage engine thrust vector control (TVC) system and trim thrust slightly
inboard of worse center of mass dispersion to ensure slight outward moment.

Rotate~translate outward until sufficient clearance is obtained, then reactivate
controel,

Fly to adequate separation before cutting off booster engines, etc.

Advantages are:

a,

b.

Large vehicle separation can be obtained.

Engine cutoff not required.

Disadvantages are:

a.
b,

C.

d.

Low ¢ is required so as not to provide reconnecting disturbance thrusts, <20 psf.
An aft bumper or bumper-alignment mechanism is required,

Booster must be provided with run-time propellants plus adequate pad (a serious
performance loss).

Non-workable if engine untoff required (fire).

With the advancage/disadvantage ratio shown above, this appears to be a moderately
poor candidate.
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2,5.2,3 Lateral-Rotational Separation. (See Figure 2-13(3).) Both elements:

a. Trim thrust to same g (approximately).
b, Disengage TVC and trim thrust considerably inboard to ensure good rotation,

c. Rotate until desired angle is obtained (moderate angle of attack) and initial
disengagement.

d. Rotate-translate (using aerodynamics) until adequate clearance is obtained, then
reactivate control,

e. Fly to adequate separation before cutting off booster engli.es, etc.

Advantages are:

. a. Large vehicle separation can be obtained.
"‘f; b. Engine cutoff not required.
" c. High or low q can be accomnmodated (high q being preferred),

d. Can accommodate high q, engine cutoff case.
Disadvantages are:

K a. An aft hinge is required.

b. Booster must be provided with run-ti: e propellants plus adequate pad (a severe
performance loss).

¢. Engine~out problem severe.

This modification to the pure-lateral separation scheme is moderately attractive and
can be considered a candidate.

2,5.2.4 Loftlg_g Separation, At booster cutoff and with orbiter at thrust, the orbiter
rotates nose-down to slight negative angle of attack (positive for booster), disconnects
forward attach point with hard nose-up orbiter TVC, pivots on aft hinge to desired
disconnect argle, and booster flies off aerodynamically. (See Figure 2-13(4),)

Advantages are:

a, No booster engine run required.
b. Partially extendable to abort condition (not max q).

e

Sz
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Volume II1

Disadvantages are:

a. Moderate (not large) separation clearance.
b. Requires thrust on orbiter element.

c, Large thrust vector deflections required by orbiter and orbiter engine~out problem
severe,

d, Large rotational accelerations required by orbiter and booster.
e. Non-workable without orbiter thrust,

With the advantages/disadvantages ratio shown above, this is a moderately poor candi-
date system,

In summary, the passive longitudinal system and the lateral-rotational system are
the prime candidates with the longitudinal system appearing to be the most attractive.

2.5.3 SEQUINTIAL BURN. When the orbiter is moved aft (to align the bases of both
vehicles), the concepts discussed above are applicable.

It would appear that the sequential burn configuration with noncoplanar bases may be
subjected to heavy buffet loading and some heating downsiream of a relatively sharp
discontinuity, the base of the orbiter. This would requ’ce further investigation,

The longitudinal passive technique discussed in Paragraph 2.5.2,1 would work well

in ¢his situation. Since the orbiter engine is not started until after separation, dis-

advantagss (a) and (¢) would be the normal mode and should not be consjdered in this
case,

The lofting separation concept is also workable, with extendable links or actuators to
force a large angle of attack on the booster, which can then fly away aerodynamically.

Staging the sequential burn vehicle is discussed further in Paragraph 6.5 of Volume II.
2.6 256K POUND PAYLOAD, VEHICLE FR-1-25K

This vehicle is shown in Figure 2-14, The orbiter slement is shown in plan and side
view. The booster element is identical except that the space occupied by the 15-foot-
diameter by 30-foot-long payload bay in the orbiter is occupied by extensions of the
main propellant tanks as shown. The shorter payload bay requires that the main
landing gear attach in the hydrogen tank region; however, with this requirement met,
a very efficient tankage arrangement results,
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T'he main tanks are integral (nulled waffle pattern) with external frames and stringers.
These members transmit the main bending and axial loads. The payload bay and
intertank section is basically a skin/stringer assembly of conventional design. Poly-
urethane or open face honeycomb insulation is used inside the hydrogen tank. The
major structure is of 2021 or 2219 aluminum alloy protected by a thermal protection
system of dynaflex and microquartz insulation with external shingle-type cover skin
primarily L605 alloy on the lower surface and 811 titanium on the upper surface,

The liquid-oxygen tank is placed forward to increase the forward cg location during
boost and to reduce gimhal requirements. All the tanks have 1.414 to 1 end closures.
The thrust structure consists of paired parallel beams supported by a cylindrical
thrust skirt, which is a simple extension of the main hydrogen tank.

The orbiter payload bay area is shown. Stowed beneath this are the secondary fuel
and oxidizer tanks used for the on-orbit maneuver and retro p-opellants. These are
heavily insulated tanks that contain propellants for up to seven days in space. The
payload bay doors run the full 30-foot length and provide a 1-foot clearance at each
end also. The doors are on top of the orbiter body, symmetrical about the vehicle
centerline. A swing nose payload access method was discarded primarily because of
orbital attitude control problems with the door open.

The wing pivot bulkhead and carryover structure runs around the payload bay section
in the orbiter and between the main tanks in the booster. The wings are protected by
segmented doors in the stowed position. The wings are not deployed until subsonic
flight is achieved. The deployment mechanism is similar to that of the F-111, namely,
screwjacks driven by hydraulic motors.

Two bell nozzle engines with two position nozzles of expansion ratio 35/130 are in-
corporated in each of the configuration elements (six total). The extensions are re~
tracted at entry, and the nozzies are gimballed upward to protect themn from heating.
The orbiter and booster nominal cg location is at 55% of the length from the ncse to
the elevon trailing edge.

In general the FR-1-25K vehicle is an extension of the initial point design (IPD) vehicle
presented to NASA in April 1969 except that the payload bay size and AV requirements
have increased. Four flyback turbofan engines are proposed instead of two to enhance
engineout performance. These are currently parametric extensions of the GE T34

Step III. Future work on this cenfiguration would evaluate the penalty of installing
off-the~-shelf engines. Figure 2-15 shows the 25K pound payload vehicle FR-1-25K
launch configuration and overall dimensions,

The synthesis summary for this vehicle is shown in Table 2~9. The summary weight
statement is shown in Table 2-10.
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Table 2-8. FR-1-25K Pound Payload Vehicle
Synthesis Summary

HOOSTER ORRITER VEHICLE
ELEMENT
WEIGHT )
FUFL 107842 72612 -
OXIDIZER _ 690189 508204
PROPFLLANT 798031 580896
FLYBACK FUEL 12226 2423
PAYLOAD 25000
STRUCTURE 176456 17604n $29031
TOTAL 993525 HZ23524 2810574
IN ORMHIT 0 246400
RETURN CONDITION 195484 237913
ENTRY . 0 205551
LANDING 177392 201958
VOLUME
FUEL 267948 18044
OXILTZER - 10223 7526
PROPFLLANT 37021 25579
PAYLOAU 5319
OTHER 29522 15659
TOTAL 66544 66548
GEOMETRY
LENGTH 162,1 162,.1
BOOY WETTEL ANEA 11730.7 11731,.1
BODY PLANFUORM AHEA 3684 ,6 3684,7
ENTRY PLANFORM LOADING 51.5 55.8
PROPULSION
THRUST=TN=WE [GHT . 162800 1.39183
NO. 0OF ENGINES 2
THRUST PER ENGINE (SL) 652000 UPRATED
THRUST PER ENGINE (VAC) O/F = 6,4 67035] NOMINAL
SPECIFIC IMPULSE (SL) 390.3 38,6 0/F=7,0 390,3
SPECIFIC IMPULSE (VAC) 457.5 453,7 45745
TRAJECTORY
MASS RATIO 3.34086 231418
MAXTMUM DYNAMIC PRESSURE 606,5
STAGING DYNAMIC PRESSURE 50
STAGTING VELOCITY (RFLATIVE} 7882
STAGING AL TITUuE 169657
STAGING FLIGHT PATH ANGLE (RELATIVE) ' 9.265
INJECTION VELOCITY (INERTIAL) 25897
INJECTIUN ALTITUDE . 259967
INJECTION FLLIGAT PAaTH AWNGLE (INFRTIAL) =000
INJECTIUM INCLINATION 554,01
FLYBACK RANGE 221,0
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Table 2-10. FR-1-25K Vehicle Summary Weight

SPACECRAFT SUMMARY WE{GHT STATEMENT
CONFIGURATON By DATE
FR-1-25K
" |TEM GR MODULE SPACECRAFT
¢ode JYSTEE 1 * T 3 . m
1.0 AERODYNAMIC SURFACES 22485 e
2,0 | BoLy STRUCTURE 643/ S57539
3.0 | INDUCED ENVIR PROT 32770 3sz55
4.0 | LncH RECOV & DKG a4 FREL
5.0 [ MAIN PROPULSION i‘iﬁ& S72€e7
6.0 | ORIENT CONTROL SEP & ULL £3;9 696/
7.0 | PRIME POWER SOURCE 292 675
8.0 | POWER CONV & DISTR /731 /23}
9.0 | curpAnce & wnavigaTION 220 EYY-)
10.0 | INSTRUMENTATION 220 375
11.0 | COMMUNICATION 220 24
12.0 ]| ENVIRONMENTAL CONTROL 330 &/l
13.0 | { RESERVED)
14.0 | PERSONNEL PROVISIONS
15.06 | CREW STA CONTRL & PAN 2320 298
16.0 { RANGE SAFETY & ABORT
SUBTOTALS (ORY. WEIGHT) (7659 (76090
17.0 | PERSONNEL P00 220
18.0 | carco 25080
19,0 | ORDNANCE
0.0 BALLAST
21.0 | RESID PROP & SERV ITEMS S66/ - TG
S - —
SUBTOTALS (INERT WEIGHT) 656 | EXTED
22.0 | RES PROP & SERV_ITEMS
23.0 | INFLIGHT LOSSES L RA3T 7362
24,0 | THRUST DYCAY PROPELLANT
25,0 | FULL THRUST PROPELLANT SR T ] o
26.0 J THRUST PROP BUILDUP
27.0 | PRE-IGNITION LOSSES
TOTALS (GROSS WEIGHT) (LB) 292538 833524
DESIGN ENVELOPE VOLUME (rrdy | 6554 S
PRESSUR1ZED VOLUME (F1dy
DESIGN ENVEL SURF AREA TGN WPEY 2731
PRESSURIZED SURF AREA (FT4y
DESIGN q. MAX (LB'FT®) 607 607
DESIGN g, MAX wf o
DESIGN POWER, MAX (KW)
DESIGN NO. MEN/DAYS . o < ‘7
1GNAT | ONS: MOTES & SMeTCHES:
CODB, SVSTEM: REF. MIL-J- 393104 On sp-e00d Thrust decay propellants are included
ITEM OR MODULE . . .
- Booster in residual weights.
B Tanks are over-sized to account for
C thrust build-up and pre-ignition losses,
b
€
F
SPACECRAFT
MANNED - Orbiter
. U UNMANNED LAUNTH

ust Form 1523 (Jul 89)
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2.7 50K POUND PAYLOAD, VEHICLE FR-1

The configuration inboard is shown in Figure 2-16. The synthesis summary is shown
in Table 2-11 for the vehicle as presented in August. As in all the vehicles in the
spectrum the boost phase mixture ratio was selected at 6.4 to allow use of the 14%
uprating. The orbit phase was made at the nomir 1l mixture ratio of 7.0, the same
as for all the other vehicies. The 50X FR-1 vehicle is described in more detail in
Section 4 of this report for an updated version that included structural weight cha:..ges
and the incorporation of off-the-shelf flyback engines.

RS
v

A

\
-

!

|

\ T
|

/‘I

|

#
4

Ny

- BOOSTER TANK
50K PAYLOAD X
S sy DA
) A} ORBITER
- 223. FOOT OVERALL LENGTH -

Figure 2-16. FR-1 Element
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Table 2-11, FR-1 Vehicle 50K Pound Payload
Synthesis Summary
BOOSTER ORBITER VEHICLE
ELEMENRT
WEIGHT
FUEL 177339 115124
OXTLIZER 1134948 B05896
PROPELLANT 1312307 921024
FLYHBACK FUEL 18797 3963
PAYLOAL 50000
STRUCTURE 202944 279367 805255
TOTAL 1604332 1317681 4326345
IN ORBLY 0 40285]
RETURN CONDITION 2920046 AR9132
ENTRY 0 335723
LANDING 263835 330281
VOL UME,
FUFL 40065 24609
- OXI0TZER 16810 11932
PROPELLANT 5687S 36542
 PAYLOAD 10638
OTHER 596881 69585
TOTAL 116787 116764
GEQME TRY
LENGTH 202,48 202.8
BODY WETTEU ARFA 10002,4 18003,0
BODY PLANFORM AREA 5813,0 £813,.2
ENTRY PLANFORM LOARING 48,7 57.8
PROPULSION
THRUS Y =TO=wE 16T . 1.62695 139196
NOo. OF ENGINES 2 2
THRUST PER ENGINE (SL) 1, 050, 809 UPRATED
THRUST PER ENGINE (VAC) O/F =6,4 1071904 NOMINAL
SPECIFIC IMPULSE (SL) 391.7 383.0 g/p = 7.9 3917
SPECIF1C IMPULSE (VAC) 455,8 451,7 "7 55,8
TRAJECTORY
MASS “aT10 3427007 2.38015
MAXIMUM DYNAMIC PRESSURE 606,8
STAGING UYNAMIC PRESSURF 50
STAGING VELOCITY (RELATIVE) 8273
STAGING ALYITULE 172179
STAGING FLIGHI PATH ANGLE (RELATIVE) T.952
INJECTION VELOCITY (INERTIAL) . 25897
INJECTION ALTITUDE 259986
INJECTION FLIGRT 2aTH ANGLE (INERTTAL) + 000
INJECTION INCLINATION 54099
FLYBACK RANGE 228,2
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SECTION 3 ;
TWO-ELEMENT PARAMETRIC DESIGN ANALYSIS :

3.1 PERFORMANCE

Parametric synthesis runs were made on the 60K payload two-stage sequential burn
vehicle to investigate the effects of staging velocity, thrust-to-weight at liftoff and
thrust-to-weight of the orbiter at staging on the vehicle weights, and the impact on
engine thrust requirements and numbers of engines. The staging velocity was also
tempered by aerodynamic heating considerations as discussed in Section 3.6. The
mixture ratio was held at 7. 0 and nominal thrust was used in both booster and orbiter
elements for this siudy, Uprating of liftoff thrust was not employed.

Figure 3-1 shows the weight relationships to staging velocity. Note that the gross
liftoff weight at all thrust-to-weight levels tends to be minimum at approximately
10,500 fps staging velocity. The total system dry weight has reached a minimum at
approximately 12,000 fps. The scale on the ordinates relative to the total amounts is

0, 77
" o5 1,38/2,05
| 1 /W) g/ F/W)
(F/W) o/ (F/W) 3 |
e o 1.38/1.85
4,7 =2
5 N 1,38/2. 05 % "
” \\< 1,38/1,85 A g \ S(LSS/L ®
o : . . Q&
g 45 \\ — ‘cla 0. m \ \ \ \_\
=% | A
N BN —— e ~—
4 3% \ 1, 38/1. 65 1, 48/10 65 1 48/1 65 \
. " /__; 0. 691" * {>\ a——
1,48/1,30 1..48/1.33 T ———
4.1 J
9 10 11 12 0. 67 9 10 11 12
Vstg'(l' 000 fps) vstgu, 000 fps)

Figure 3-1, Weight versus Staging Velocity
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a coarse one and the differences in dry weight are not as severe as the visual indication
from the plot. As the figure indicates, weight will be reduced with increasing thrust-
to-weight at liftoff and weights increase with increasing thrust-to-weight at orbiter
ignition (over the range investigated),

A minimum thrust-to-weight at liftoff of 1, 16 with one engine out was established as

a system ground rule to ensure safe liftoff without excessive drift in this condition,

The thrust-to-weight in the orbiter is fixed by the '"once around' abort philosophy
whereby the orbiter, in case of engine out, proceeds to low orbit using the mission
maneuver propellants to overcome the performance loss of the engine out. The top half
of Figure 3-2 shows the effects, which indicate that a thrust to weight (F/W) of about
0.825 (min,) is needed.

2rv

| j
— |- NOMINAL MANEUVER AV

— Q
Vgrg = 8000 FPS

|
11,000 FPS
12, 000 FPS

1,65
(TWO ENGINE)

I
I
I
8

ORBITER AV LOSSES (1, 000 fps)
[

¢
0, 825 N
(ONE ENGINE) T —
I |
ol—1 |
0, 7 1.0 1.3 1,6 1,9
INITIAL THRUST/WEIGHT OF ORBITER
0. 74 . :
‘ Voragg = 11,000 FPS
5 0,73
B
?"‘ = 0, 72.__—_CURRENT H"ONCE
a f AROUND" MINIMUM LIFTOFF F/W = 1,38
[~} | =
E ” 0. T——F/Wpormpn = 1.65 \‘
(=]
RS 0,70 i
8
ne
g 069 ~—T—"" LIFTOFF F/W = 1,48
E L./ |
0, 68 '
|
i
0. 671 1,2 1.4 1.6 1,8 2,0 2,2

INITIAL THRUST/WEIGHT OF ORBITER

Figure 3-2, Two-Stage Parameter Study — Effect of Orbiter

Initial Thrust/Weight Ratlo
3=2
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For a two-engine orbiter this results in a 1, 65 F/W at ignition of both engines,
(These are initial estimates which are currently being revised for the NASA and the
USAFT missions, Indications are that the requirements -ill be more severe than
anticipated here, and that it may be necessary to go to three-engine orbiters to main-
tain a higher F/W orbiter with one engine out, and thus reduce the effect of mis-
aligniment AV losses. )

Figure 3-2 (bottom) shows that there is a minimum dry weight associated with the
orbiter F/W at ignition and that the safety aspects of once-around abort with a return
to the launch site involve a weight penalty. The crossrange associated with this abort
philosophy is about 800 n,mi, for the 55~-deg orbit and ETR launch site.

The data was converted to numbers of engines versus staging velocity and plotted as
shown in Figure 3-3, The approximate temperature limit at 11, 000 fps staging

BOOSTER 8LLTi LIMIT
UPPER SURFACE 7 (F/W) o/ F /W)
‘é .1,48/1.30 (APPROX OPTIMUM PERFORMANCE)
161

1,48/1,66 }ORBITER ONCE-AROUND

14 1.38/1, 65 ) ABORT LIMITS

12
1.38/2,05
10 _.o.

ENGINE NUMBER INVESTIGATION REGION mo o0

6 7
CURRENT DESIGNS
A
4 1 ] L -l

8 9 10 11 12

STAGING VELOCITY
(1, 000 fps)

Figure 3-3. vstg va, F/W vs, Number of Engines

velocity is shown, Selected curves te show ine trend with F/W are also shown, The
orbiter once-around abort limits as presently used are indicated, Note that increasing
the number of engines at a fixed orbiter F/W and constant staging velocity increases
the liftoff F/W of the booster, The number of engines investigated at this point was
held between eight and ten., The minimum-weight solution tends to increase the num-
ber of engines, as shown on Figure 3-4.
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4, Gol \
4,50
N\ ( ORBITER F/W = 2,05
4,40
_ ORBITER F/W0 = 1,65
(MINIMUM FOR ENGINE OUT)
4,30 h
4,20 g
INC, NO,
———* ENGINES
4,10 INE
k sy R t-
1.30 1,40 1,50 1.6

BOOSTER THRUST/WEIGHT RATIO

Figure 3-4, Liftoff Weight vs. Booster Thrust/Weight
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One method of obtaining a high booster F/W with fewer engines is to increase the

F/W of the orbiter (bigger engine). However, as shown in Figure 3-5 (an extension

of Figure 3-2), increasing orbiter F/W above 1,30 increases gross liftoff weight (GLOW)
as the orbiter engine weight effects overcome the reduction in AV misalignment loss
effects to the right of this minimum,

To summarize, the maximum thrust of the common engine is limited by orbiter per-
formance considerations (Figure 3-5); therefore, increasing the number of engines
on the booster is the best way to increase the F/W and reduce GLOW, “See Figure
3-6. It should be noted, however, that increasing the number of booster engines
beyond eight reduces reliability (Ref, Section 3.1, 2, 3).

3.1.1 ENGINE SIZES, ARRANGEMENTS, AND NUMBERS

3.1.1,1 Engine Size Required, The variation in engine size when 8, 9, and 10 en-
gines are used on the booster is summarized in Table 3-1.

Tabie 3-1. Engine Size

Number of Thrust/ Nozzle Exit Engine Dia (ft)
Engines (F/W)g/ (F/W)g Eng Dia (ft) (Power Pack)
8 1.38 / 2.05 775,000 7.08 10.1
9 1.38 / 1.85 675, 000 6, 40 9.5
10 1..8 / 1.65 602,000 6. 06 9.0

3.1.:.2 Engine Space Available. The engine space available on the baseline booster
is limited by the besic shape of the vehicle and the arrangement or pattern used in
grouping the engines., The basic shape assumed in this investigation was based on
early FR~1 (T-14) lines. The engine arrangements are discussed below:

a. Eight-Engine Arrangement, The optimum pattern for eight engines iz shown in
Figure 3-7, It maximizes the engine space avcilable when eight identical
engines are used and results in a reasonable thrust vector/vehicle cg relation-

ship.

b. Nine-Engine Arrangement. Figure 3-8 shows four candidate engine arrange-
ments, The packaging efficiency of each arrangement was evaluated by com-
paring the ratio of maximum engine diameter to vehicle diameter (De/Dv), As
shown, arrangement D has the highest ratio and allows the maximum engine
diameter for a given vehicle size, This pattern also has a favorable thrust
vector/cg relationship,

3=5
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V_ = 10,500 FPS

0.73F S

0.72¢

0, 7L}

0,70}

0,69t

0,68}

n 1 [l 1 I |
0. 67 1.2 1.4 1.6 1.8 2,0
F/W ORBITER
VS = 10,500 FPS
4,7¢
F/W_ = 1,325

4,6% _ B
— F - X
T 4,5} /Wg = .38
g
2
5 4,4% .
,é 4,31 F/W_ =1.48
= SN~ — B *
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o’ \_—-_’/‘

4 1 3 i § 1 1

71,0 1,2 1.4 1.6 1,8 2,0
F/W ORBITER

Figure 3-6. Effect of Orbiter F/W on Total System Dry Weight and GLOW
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WEIGHT GROSS LIFTOFF (millions of 1b)

4, 6¢ ——
vq = 10,500 FPS
4,5
ORBITER F/W = 1,65
|~
4. 4
4,3
4,2
8 9 10 11 12 ;ﬁv
NUMBER OF ENGINES ON BOOSTER B

Figure 3-6, Liftoff Weight vs. Number of Engines

c. Ten-Engine Arrangement. Figure 3-9 shows four candidate engine arrangemeauts,
The De/Dv ratio favors arrangement D; however, when compared to arrangement
B, the small space advantage may not outweigh the incunting and boattail advan-
tages of B. All arrangements except A have a favorable thrust line, with C the
best for side/side stage mounting as it has the lowest thrust line (nearest the
vehicle base), This will minimize the engine bulkhead cant angle required to
align the booster thrust line through the combined center of mass of both stages.

3.1.1.3 Comparison of Space Available and Required. Engine space available and
space required is compared in Table 3-2. The comparison is based on best pattern

3=17
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D /D =0,33
e Vv

Figure 3-7, Eight-Engine Arrangement

and Baseline Booster, L= 245, 0 ft, D, = 32. 2 ft, At an expansion ratio € = 35,
power pack diameter is critical, At € = 80, nozzle diameter is critical,

Table 3-2, Clearance Comparison

Diameter Required Clearance
Number Dia, No Gimbal  Gimbal 7 Deg No Gimbal Gimbal 7 Deg
Engines Avail, €=35 /€e=80 €=35/€=80 ¢€=235/c=80 €=35/= 80

8 10,70 10.1/11.0 10.1/13.0 +0.6/~-0,3 +0.6/~1.3
9 9,50 9,5/10. 25 9.5/12.25 +0/=0.75 +0.0/-2.75
10 9,20 9,.0/9,75 9,0/11.75 +0, 2/-0,55 +0, 2/-2, 55

DT e ——— e P s

|
L I——— no clearance
clear +.

a, Expansion. Engines with nozzle expansions of 35 have clearance regardless of
the number used (up to 10), and permit 7. 0-deg gimbaling, Expansion ratios of
35/80 (two-position) will not stay within the base outlinc of the vehicle; however,
this protrusion is small when 7, 0-deg gimbal clearance is not required between
engines,

Note: All Dimensions in Feet

3-8
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D /D =0,281 D /D =0,283
e v e V

© ®

D /D =0.283 D /D =0,294
e \'4 e v

Figure 3-8. Nine-Engine Arrangement
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D /D =0.260 D /I» =0,280
e v e Vv

D /D =0,280 -
e/ v De/Dv 0.286

Figure 3~9, Ten-Engine Arrangement
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b, Number of Engines, Eight-engine arrangements have the best clearance when
compared at a fixed expansion, with gimbaling requirement. Nine-engine
arrangements are acceptable with € = 35 but will have large protrusions outside
the base outline at € = 80 with 7. 0 deg gimbaling. The ten-engine arrangement
is better with regard to space than nine, but rot as good as eight,

3.1.1.4 fummary, Increasing the number of booster engines from eight to ten is
desirable from a performance standpoint (see Figure 3-10) and is acceptable from a
design standpoint if the engine expansion is limited to 35 to 1 (S. L. ),

However, if two-position (35/80) nozzles are used, the protrusion beyond the base
outline will be greather with nine or ten engines than with eight. The larger-expan-
sion nozzle will also make gimbaling all engines (or thrust modulation) more attrac-
tive for thrust vector control (TVC), because individual engine gimbaling (for checkout)
now determines engine spacing (not so with € = 35),

3.1.2 SAFETY AND RELIABILITY

3.1.2.1 Gross Failure and Mission Termination Analysis, Section 8, ''Safety
Analysis, "' of Convair Report GDC-DCB692-027 presents information on safety and
reliability for a fully reusable launch vehicle concept, The objectives of the analysis
were:

a. Investigate safety in the operation,

b, Establish abort philosophies and mission termination procedures, subsystem
design requirements, and requirements for redundancy.

The analysis shows that intact abort following subsystem failure can be accomplished;
vehicles can be returned to the launch site with the orbiter executing a "once around
the earth' maneuver and return to the launch site, and with the boosters depleting
propellant, separating, and flying back to the launch site in a normal ranner,

It was determined that mission losses (incompleted missions) do not represent a large
operational cost factor. However, vehicle losses are a major cost factor and fail-safe
capability is required, Rocket engines, propellant feed and gimbaling are major con-
tributing factors in defining a safe vehicle. The analysis also considered the use of
L02/ LH, propellant combinations and indicated what design actions are required to
minimize fire and explosion by the use of pressurization and purge of critical compart-
ments with an inert gas.
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Figure 3-10, GLOW vs, Number of Engines (F/Wy, = 1. 38)
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Abort procedures following failures occurring in each trajectory phase were defined
and design recommendations for improved safety were made,

3.1.2.2 Safety Considerations in Selection of Number of Rocket Engines for the
Two-Stage (FR-3) System. An analysis was conducted to determine the effect on
crew and passenger safety and mission success for a range of booster engines (6-12)
and for one and two orbiter engines installed in the vehicles,

The analysis was based on;
a, Data and information from Convair Report GDC-DCB69-027, Section 8, ''Safety
Analysis'", where

1. A mission success goal of =~ 0, 97 (mission losses = 30/1000 flights) was
established, and

2. A vehicle intact abort success goal ~ 0.9994 was established (vehicle losses
= 0, 6/1000 flights) for mechanical failures.

b. Engine reliability = 0. 997.

¢. Liftoff to staging burn time = 0, 066 hr.

d. Liftoff thrust to weight (F/W) = 1, 16 required for intact abort,

e. Liftoff F/W~ 1,16 with n~1 engines operating (one engine out) is provided.
f, Orbiter can accomplish intact abort with n-1 engines operating,

3.1.2.3 Summary, Results of the analysis are summarized below and in Table 3-3,
As the number of booster engines used increases from 6 to 12:

a. Total mission losses increase from 30 to 38.

b, Total vehicle losses increase from 0. 6 to~ 0.7.
As the number of orbiter engines used increases from one to two:

a. Total mission losses increase from 28.7 to 30.

b. Total vehicle losses decrease from 1.9 to 0. 6.

For a basic goal for vehicle losses < 0. 6 total, a minimum of two orbiter engines
are required.

3-13
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Table 3-3, Variation of Losses With Engine Quantity

Number Mission Losses/1000 Flights Vehicle Losses/1000 Flights
of Total, All Due To Total, All All Causes Except

Engines Causes Engines Only Causes Fire & Explosion
=

% 6 30 (8) 0.6 (0. 025)

Q

R 12 38 (16) 0.7 (0.11)

o 1 28. 7 (1. 3) 1.9 (1.3)

X

:g 2 30 (2.6) 0.6 (0. 0018)

3.1.2.4 Conclusions and Recommendations, The conclusions and recommendations
are;
a. Booster Engines
1. The number of booster engines should be greater than six and less than 12,
2. Thrust to weight at liftoff with one engine out 21.16.
3. Results with these recommendations incorporated:
Vehicle losses* =~ 0, 03/1000 to 0.1/1000
Mission losses* ~ 8 to 16/1000
b. Orbiter Engines
1. A minimum of two orbiter engines should be used,

2, Thrust to weight

F/Wseq. burn = 1+ 2 (at staging)
F/Wp ar. burn = 1+ 8 (at staging)
3. Results

Vehicle losses* ~ 0, 002/1000
Mission losses* ~3/1000

c. Commonality of Engines. It is suggested that ny be determined from sizing nqo

= 2 to achieve commonality or, if penalties are too great, select n, = 2 for
orbiter and optimize o, for booster with uncommon engines,

*Due to engines only,
3=14
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3.1.3 PARAMETRIC COST STUDY. A parametric cost study was performed for the
50K 1b two-stage sequential burn (FR-3) configuration, The purpose of the study was
to determine the effects on system cost of booster ¥/W, orbiter F/W, number of
booster rocket engines, and staging velocity. The number of orbiter rocket engines
was fixed at two.

The relationships developed for the above variables are shown in Figures 3-11 and
3-12, In Figure 3-11 the costs are shown broken down into recurring costs and non-

1.9 2,8
F/W é* F/W
1.38/2.0 |2
®
1.8+ 7~ 1.325/2.05 = 2.7 1.38/2.0\
1.38/1.85 § 1. 325/2. 05
'O 1.38/1.85
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[a
S
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€3]
[0 1

| | |
249 9 10 11 12

¢ OCITY (1,000 fps
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»
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Figure 3-11. Two-Stage Vehicle Program Cost Trends
(100 Launches Per Year for 10 Years)

recurring costs, Nonrecurring costs are made up entirely of development costs, but
do not include the cost of flight test hardware that is passed on to the operational pro-
gram, Recurring costs include the investment in operational hardware, spares, pro-
pellants, and operations costs, The nonrecurring cost plot shows that with the F/W
of both the booster and orbiter set at fixed vaiues the development cost can be re-
duced by increasing the staging velocity. Also shown is a decrease in development
cost associated with increasing F/W of the booster and/or decreasing F/W of the
orbiter when the staging velocity is set at a fixed value, The recurring cost plot
shows relative insensitivity to both F/W and staging velocity, although there appears
to be a bucket in the recurring costs curve at about 10,500 fps to 11,000 fps.

In Figure 3~12 the nonrecurring and recurring costs have been combined and plotted
to show total program cost versus the same parameters, Constant number of

3-15
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engine lines have also been identified. Due to the relative insensitivity of recurring
costs, the trends in total program cost tend to parallel those of the nonrecurring
costs, In determining the relative advantage of varying F/W, Vstaging and nunber
of booster engines, the impact of a constraint on any one of these variables on the
others must be understood. For instance, there is no cost advantage to increasing
the staging velocity unless there is a real constraint against going to a F/W relation-
ship that lies further toward the lower left corner cf the plot. Likewise, depending
on the relationship of one constraint to another, different conclusions can be drawn
about numbers of engines and staging velocity. If the configuration were constrained
to no more than eight engines, from a total program cost point of view staging velocity
would not matter, If, however, there is a constraint of nine engines maximum and
there is also a constraint of 1, 38/1.85 on the F/W relationship, then staging velocity
should be 11, 000 fps to achieve minimum total program cost. The plot shows a
general tendency toward decreasing costs with increasing numbers of engines, but
this trend can be counteracted if the F/W relationship is allowed to vary, As can be
seen from the plot, nine engines with F/W set at 1. 38/1, 85 is cheaper on a total
program basis than 10 engines with F/W set at 1, 325/2, 05.

The point shown at the upper portion of the graph at about 11,500 fps illustrates the
effect on cost of optimizing the vehicle primarily on performance and not constraining
the configuration to use the same rocket engine in both booster and orbiter, As can
be seen, this results ir significantly higher total program costs,

3.1.4 TWO-STAGE SEQUENTIAL BURN 50K LB PAYLOAD PARAMETRIC STUDY
CONCLUSIONS, The following general trends were observed:

a, The optimized vehicles will stage in the neighborhood of 11, 000 to 12, 000 fps,

b. Temperature .imits currently set at 11,000 fps could probably be extended to
12,000 fps without significant penalty,

c. A F/W of about 1.45 in the booster and 1. 30 in the orbiter is optimum for per~
formance, but the common engine requirement makes this unachievable, The
F/W of the orbiter must be higher than optimum in order to achieve the staging
velocity required within the 8- to 10~-engine limits which seem to be practical
for the booster, Part of the increase in I'/W of the orbiter is desirable, how-
ever, to achieve the once-around abort requirement.

d. Vehicle safety or mission success increases slightly by going from 12 to 6 engines
in the two-stage sequential system, (Catastrophic failures were not considered
as a percentage of all engine failures in this work, however, and for these
effects Convair Report GDC-DCB69-032 should be consulted. )

e, Development costs make it desirable to use a common rocket engine with a
single development program for both stages of the two-stage system,

3=17
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f. Program costs follow the weight trends versus staging velocity, Nonrecurring
costs follow the total dry systera weight trends; recurring costs, for the selected
conditions, follow the gross weight trends, Costs reduce with numbers of en-
gines and with the thrust-to-weight ratios which give lowest weights, Staging
velocity and number of engines are interrelated, with 10 engines showing the
least cost.

g. The parametric study was for nominal engine thrusts. Uprated liftoff thrust at
a mixture ratio of O/F = 6. 4 would reduce the number of booster engines and
improve the total system,

3.2 TWO-STAGE THRUST VECTOR CONTROL GIMBAL ANGLE REQUIREMENTS

Simulated flights using 99 percentile winds have demonstrated the need for engine
gimbaling. Figure 3-13 presents the gimbal requirements for each configuration.
These requirements are dictatec by 1) one engine out, 2) center of gravity offset, and
3) maximum aq conditions, A unique feature which heavily influences the gimbal
angle requirement is that all of the vehicles under consideration are aerodynamically
stable throughout the boost phase of flight. With an aerodynamically stable vehicle,
maximum aq loads can be relieved by limiting the gimbal angle, For the limited
gimbal angle conditions at maximum @q, the vehicle "weathercocks' (rotates into
the wind) to reduce the angle of attack, thereby reducing the airloads on the vehicle,
Gimbal angle requirements were established by limiting the attitude error (command
attitude minus actual attitude) to less than three degrees. The gimbal angle limiting
is unconventional when compared to the :ontrol systems on operational unstable
boost vehicles; for these vehicles, a gimbal angle limit can produce a catastrophic
failure and load relief can only be provided by sophisticated control system elec-
tronics.

3.3 TWO-ELEMENT VEHICLE LOADS

Net loads were determined for four two-element vehicle configurations. These con-
figurations were nose-to-nose sequential burn, tail-to-taii sequential burn, simul-
taneous burn, and tandem,

The net loads presented herein are net body shears, bending moments and axial loads
for various ground, flight and landing conditions, All loads shown in this section are
limit, Nect loads were determii.ed by means of computer programs which handle air-
loads and mass distributions, cruise and booster thrust vectors, concentrated loads,
and translational and rotational inertia loads. Rigid-body analysis was used and the
vehicles are in quasi-static equilibrium in all cases. Details relative to airloads,
mass distributions, and net loads are given in the following paragraphs,

3.3.1 AIRLOADS. Vehicle airloads were obtained for conditions of maximum boost
dynamic pressure, subsonic cruise gust, landing, and launch pad ground winds. The
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o 6 oie
Cant | Gimbal 6 & 5 Engine
Configuration Angle | Angle Liftoff | Max q | Burnout Out
Two-Stage Seq-Burn 8 +5 -3.8 4 3.5 4.5
Two-Stage Sim-Burn 5 +5 -3.5 4,7 4.8 4.7
Fixed-Wing Two-Stage 8 7.5 -3.8 7.5 3.5 4.5
foy-Burn (see Section
6 of this report)

All units in degrees.
*Gimbal angle is the engine rotation about the cant angle.
Figure 3-13. Gimbal Angle* Requirements for Two-Stage
Space Shuttie Configuration

surface winds were assumed to act normal to the longitudinal axis of the vehicle on
the launch pad and to be from the most critical direction, The winds were 99 per-
centile surface wind speed envelopes for the Eastern Test Range, Maximum boost
dynamic pressure loads were obtained by a three-degree-of-freedom simulation.

The vehicle was flown through 99 percentile Marshall synthetic winds for the most
critical direction with the peak gust occurring 2t maximum dynamic pressure. Sub-
sonic cruise gust loads were for a 50 ft/sec sharp-edge gust as specified in MIL-
SPEC-8861. Airloads on the wing, fin, and body were determined. The landing loads
are for a 12 ft/sec touchdown sink speed and a rigid body analysis, Both two-point
and three-point touchdown attitude conditions were considered.
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All air loads are for a rigid body., Maximum dynamic pressure loads were computed
for an elastic body and the elastic body amplification factor was found equal to 1, 026.
The first bending frequency for this class of vehicles was found to be between 3. 0 and
3.5 cps.

3.3.2 MASS DISTRIBUTIONS. Mass distributions used in the calculation of net loads
were those for the dry weight and the propellant weight corresponding to each of the
conditions analyzed. Summaries of the total weights used with these mass distri-
butions are given in Section 2,

3.3.3 BODY NET LOADS. Net loads for the body were determined for various ground
and flight conditions, These include ground winds, max aq, booSter burnout, sub-
sonic gust, and landing. Plots of net axial loads, shears and bending moments for
those conditions are shown in Figures 3~14 through 3-33 for the orbiter and the booster
of each configuration. Subsonic gust and two-point landing loads shown in Figures
3-30 through 3-33 are typical of all configurations, In order to visualize the effects

of configuration on loads, plots of net axial loads and net bending moments for maxi-
mum ¢ and booster burnout conditions are presented in Figures 3-34 through 3-41

for orbiter and booster elements. Furthermore, peak compression load intensities
were also plotted for the nose-to-nose and tail-to-tail sequential burn configurations
to enable identification of critical load conditions, These plots, which include the
effects of internal pressure in the orbiter's integral tanks, are shown in Figures 3~42
through 3-45.

3.4 VEHICLE MASS PROPERTIES

Tables 3-4, 3-5, and 3-6 are mass property summaries for the FR-3 two-element, se-
quential burn, (3A) two-element tandem, and FR-1 50K 1b payload, The two-element
simultaneous burn mass properties data was not calculated separately, because of

its similarity to the (3A) configuration. Load data, balance, and inertias for the
FR-3-25K were therefore obtained by using FR~3 data with appropriate modification,

In like manner, FR-1-25K mass properties were obtained when needed by ratioing
FR~1 data.

Shown in the FR-3 and (3A) mass property summaries are preliminary weights, not
current weights, The FR-1 summary reflects current weight status. Current
weight summaries for the five configurations — FR-3, (3A), FR-3-25K, FR-1-25K
and FR~1 — are shown in Section 2. These weights were obtained through use of the
space shuttle synthesis program, with program inputs censtantly modified to reflect
the developing designs, load data, etc.

3.5 TWO-STAGE VEHICLE AERODYNAMICS

Certain studies, such as tail sizing versus vehicle length and side slope, are appli-
cable to both the booster and the orbiter vehicles, These are covered in Section
3.5,1, The studies specifically for the two-stage booster are covered in Section 3,5,2,
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Table 3-4.

Mass Properties Summary FR-3 Two-Stage, Parallel, Sequential Burn

2
Millions of slug - ft

Condition Weight X-C.G. 2-C.G.
1b Sta.(ft) |': 1 WL (it I.. - Ro I __ - Pitch I - Yaw P
(1b) (iv) (i) XX il Ty ’z Xz
Gross - Liftoff 4,267,617 88.6 36.1 39.4 12.854 344.773 334.682 -2.071
Booster
Liftoft 3.403, 092 91.5 37.3 99.5 10.929 284.979 284. 949 -2.000
Max. oq (61 sec) £.363.942 104.0 42.4 99.3 7.280 224.602 224.584 -1.350
Burnout 367.3335 139.0 36.7 97.1 4.964 118. 927 119.024 0.461
Entry 534.056 136.35 55.7 7.1 4.873 112468 112,606 0. 046
Flyback (Initial) 334. 056 135.3 55.2 97.1 8.011 111. 792 115. 067 0.344
Landing 483,919 147.1 60.0 96.6 8.101 89.880 93. 056 1.030
Booster Propellants 2,833,537 85.9 35.1 00.0 10.598 i15.509 115.509 0
Max. gq Propellants 1,796, 387 93.0 50.3 00.0 2.201 77.167 77.167 0
Flyback Propellant 50,137 23.0 9.4 00.0 0.0901 0.037 0.057 0
Orbiter
Liiictt 864,525 77.2 $1.7 99.0 1.725 49.764 19.702 -0.081
Burnmnut 311,884 99.6 53.8 97.3 1.430 24.503 24.487 0.306
Entry (Paylcad in.} 259.809 102.5 55.4 98 2 i.330 22.381 22,348 0.26!
Flyback (Initial) 259, 509 101.2 54.7 95.2 2.060 22.041 22,738 0.375
Landing 256,695 102.5 35.4 97.9 2,137 21.569 22 187 0. 361
Payload 30. 000 93.0 36.3 i03.0 0.044 0.48x 0 488 0
Orbiter Propellants 532, 641 64.4 34.5  100.0 0.247 17.633 17.653 0
Fivback Propellants 3.1l 35.0 18.9 95.0 0 0.003 0.003 0

1 swniop
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Table 3-5. Mass Properties Summary — (3A) Two-Stage, Tandem
. . 2
‘| WEIGHT X —CG Z -CG Millions of slug - ft
CONDITION (1b) Sta-(ft) % Length [WL (I | L - Roll [ I,y -Pitch| L, -Yaw | Py
GROSS LIFTOFF 4,192,476 234.3 54.5 99.5  9.496 1220.333  1219.783 0.483
BOOSTER
1.iftoff 3,267, 047 278.6 38.7 99. 6 7.297 259, 612 259. 333 6. 322
Max oq 2,230,245 292.3 44.3 99 4 6.608 196. 090 195.820 0.913
Burnout 582,655 327.2 58.5 97.6  4.369 96. 302 96. 107 2.420
Entry 549, 934 326.7 58.3 97.3  4.273 93. 868 93.752 2.550
Flyback (Initial) 519,934 325. 4 57.7 97.3  7.504 93.432 96.547 2.830
Landing 199,908 329.8 59.5 98.3  7.343 90. 118 93. 327 2.050
Booster Propellants 2,684,392 268. 4 34.6  100.0  5.286 110.839 110. 839 0
Max oq Propellants 1,847,590 280.0 39.3  100.0  2.163 69.901 69.901 0
Flyback Propellants. 50, 026 284.0 40.9 85.0  0.024 0.021 0.065 0
CRBITER |
Liftoff 925, 429 77.8 40.5 99.3  2.198 56.778 56.508 0. 147
Buraout 323,771 101.4 52. 8 98. 0 1. 397 26.741 26.496 0.617
Entry (Payload in) 269,404 106.7 55.5 99. 6 1.320 24,511 24,326 0.333
Flyback (Initial) 269,404 105.2 54.7 99.0 2,299 24,080 24.873 0.477
Landing 267, 178 106.3 55.3 99.0  2.302 23.555 24,340 0.368
Payload 50, 000 95.0 49.4  105.0  0.044 0.488 0.488 0
Orbiter Propellants 601,658 65.1 33.9  100.0  0.775 21.425 £1.426 0
Flyback Propellants 3,226 35.0 18.2 82.0  0.001 0. 002 0.005 0
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Table 3-6. Mass Properties Summary — FR-1

— 2
CONDITION WEIGHT X —CG Z —CG Mllhon.s of slug - ft
- (ib) Sta-(ft) % Length | WL (ft) |Ixy - Roll le - Pitch | Izz - Yaw Py,
GROSS LIFTOFF 4,843,694 82.4 39.8 99.4 12,943 290,422 289.767 -3.317
BOOSTER
Liftoff 1,719,637 82,2 39.7 99.4 4,342 $7.577 97.635 -0.618
Max oq 1,098,848 23.8 45.3 99.1 3.604 71.762 71.830 -0.260
Burnout 329, 052 115.5 55.8 97.0 2.357 37. 160 37.288 0. 399
Entry 319, 044" 115.3 55.7 96.9 2.351 36.005 36.129 0.423
Flyback (Initial) 319, 044 114.5 55.3 97.1 3.855 34.604 36.022 0.523
Landing 298,117 118.6 57.3 a7.3 3.778 32.327 33.606 0. 170
z Booster Propellants 1, 390,586 74.7 36.1 100.0 1.155 45,056 45.056 0
9 Max aq Propellants 767,603 84.5 40.8 100.0 1.157 27.486 27.486 0
Flyback Propellants 20,927 54.9 26.5 88.0 0.001 0.030 0.030 H
ORBITER
Liftoff 1,404,421 83.0 40.1 99.5 3.506 94.229 94.212 -0.273
Burnout 418,027 113.9 55.0 98.2 2.896 40,508 40.520 0.418
Entry {Payload in.) 352,221 117.0 56.5 99.0 2.489 36.254 36.191 0.124
Flyback (initial) 352,221 116.1 56.1 99.1 3.958 34.887 36. 096 0.240
Landing 298, 044 117.0 56.5 98.9 3.440 29.624 30,571 0.140
Payload 50, 000 109.5 50.5 105.0 0.044 . 0.488 0.488 0
Orbiter Propellants 986, 395 70.8 34.2 100.0 0.694 38.786 38.786 0
Flyback Propellants 4,197 26.5 88.0 0 0. 007 0. 007 0

III swnjoA
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3.5.1 GENERAL

3.5,1.1 Longitudinal Stability and Control

a, Hypersonic. When using the ruddervators (combined rudders and elevator sur-
faces) for pitch control, hypersonic aerodynamic prediction (HAP) runs were made
to determine the effect of deflecting the ruddervator up out of the flow. The effect
of moving the ruddervator hinge line forward to obtain additional hypersonic pitch
control is shown in Figure 3-46,

b. Transonic, Longitudinal stability at a Cn value ot 0,10 for the basic FR-1 shape
jas determined by tests conducted at the Cornell Laboratory) through the Mach
number range of 0.7 to 1,3 is shown in Figure 3-47, As shown, the stability in-
creases markedly through the transonic range. The working plots have indicated
that transonic trim occurs at low CN values.,

c. Subsonic, Static longitudinal stability as determined by tests in the Convair low
speed wind tunnel is shown in Figure 3-48 for the case of eliminating the boattail
and showing the effect of fore-aft wing position. As shown, the vehicle is neu-~
trally stable for a 0,55L cg position with the wing MAC at 0.54L. Somewhat
greater sweep and/or aft movement of the wing pivot is required for stability.

3.5.1.2 Lateral Directional Stability and Control

a. Hypersonic, Cp, versus o is shown in Figure 3-49 for two ruddervator positions
— zero and 10° down, As shown, the deflected ruddervator case provides for a
comfortable stability level at L/ Dpax

Hypersonic voll control using ruddervators only was investigated using a handling
qualities program. Figure 3-50 presents roll and yaw angle versus time for
ruddervator deflection of 5.7 deg (each). Because of the very high moment of
inertia about the yaw axis compared with that about the roll axis, the yaw intro-
duced by using the ruddervators for roll control is very small, Figure 3-50 is
for q = 30 psf, and Figure 3-51 is for a q = 260 psf, At the higher q, it is seen
that the yaw is again very small, and decreases past a time of 16 seconds. This
data indicates the feasibility of using the ruddervator for roll control through

the speed regime where the wings are retracted, A yaw disturbance (due to gust,
etc, ) is counteracted by the positive Cnﬁ for the vehicle,

b. Transonic. The stability level through the transonic speed regime is seen in
Figure 3-47 to increase substantially, as found in tests conducted at Cornell,
over the hypersonic case, At Mach 0,95, the stability level is somewhat lower
than for the subsonic case with the wing deployed as determined by tests con-
ducted at Princeton (Reference 3-1),
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c. Subsonic. Direction stability data from the Convair low speed tests was used
to obtain C,,, versus center of gravity position, As shown in Figure 3~52, the
stability drops to zero at a cg position of 0, 641L.

3.5.1.3 Cruise, The Breguet expression for range was used to develop the fuel
fraction versus subsonic L/D for a range of 300 n. mi. and an SFC (specific fuel con-
sumption) of 0.5, using a turbofan engine, for cruise speeds of from 200 knots to
320 kmots., This is shown in Figure 3-53. For a representative case of a vehicle
having a wing loading of 70 psf and cruising at L/Dy,,, (7.0 at a C, of 0,5 for a
cruise speed at 256 knots true) at 15, 000-ft altitude, the fuel fraction is 0, 079.

3.5.1.4 Tall Sizing, A study was conducted to determine the effect of vehicle length
on the tail size required to yield identical yaw acceleration, The resulting variation
of tail area versus length is shown in Figure 3-54. The effect of changing the body
sidewall angle on tail size required to maintain an identical level of yaw acceleration
is shown in Figure 3-55, There is question regarding the influence of the shadowing
effect of the vehicle forebody on the effectiveness of the tail, Two assumptions are
shown: for the tail geometry fully shadowed by the forebody, and completely un-
shadowed. As shown, the required tail size is affected very little for the sidewall
range of zero to about 15 deg, but as the sidewall angle increases, the required tail
size is affected substantially by this shadowing effect,

3.5.1.5 Boost Drag. Drag characteristics for boost performance of the two-element
vehicles, including a tandem arrangement the drag of which is of interest for general
application, is shown in Figure 3-56, Three configurations are shown: simultaneous
burn, sequential burn, and tandem, Data obtained from Cornell tests of a basic FR-1
shape at transonic speeds was adjusted for the effect of rocket engine operation,

3.5.1.6 Time to Ground. The time required to touchdown from what is usually con-

sidered the end of "entry'' of the entry computer runs was approximated and is shown

in Figure 3-57, where altitude, velocity, Mach number, and CL are plotted versus
time, These plots are based on the assumptions that Newtonian aerodynamics apply
down to Mach 1, 0, the wing 1s extended from Mach 1, 0 down to Mach 0, 6, and that
the aerodynamic characteristics in this Mach range are lirear with Mach number,
Subsonic aerodynamics are used from Mach 0, 6 to touchdown, with the vehicle

flying at L/Dy, ...

3.5.2 TWO-STAGE BOOSTER

3.5.2.1 Longitudinal Stability and Control

a. Hypersonic. Longitudinal characteristics for the booster, which incorporates
lower horizontal surfaces, are shown in Figure 3-58. The effects of deflecting
the ruddervators down 10 deg and up out of the flow are shown in this figure,

3-63

e UL b
ST AR ey

LN



L e . e o o b

0.016

0.014

0,012

0,010

0,008

0. 006

0. 004

Cn B (per deg.)

0, 002

~0. 002

- 0. 004

-0. 006

-0, 008

Volume II1

A |
GD LOW SPCED ’
WIND TUNNEL MODEL
a= 0 DEG
Sv/S= 0,28
0.5 0.6

C,.G. POSITION (£)

Figure 3-52. Directional Stability vs cg Position

3-64

0.7




e de

O E e by A e m e

L

-a;,,a._,;. T I

e e

Fa

R S W

! .

¥

FUEL WT,/WT. AT START OF CRUISE

0.18

RANGE = 300 N, ML,
SFC = 0,5 LB/LB-HR

0.16

0.14

0,12 |

0.10

0, 08

0, 06

0,04

0. 02

Volume III

6

SUBSONIC L/D

Figure 3-53, Fuel Fraction vs, L/D

3-65




1800

Volume III

1700

1600

1500

1400

1300

1200

Spaqp, (TOTAL) FOR SAME §

1100

1000

-40

~-20 0 20
LENGTH ADDITION

40

Figure 3-54. Effect of Length of Tail Area Required

SIDEWALL ANGLE (deg, )

Figure 3-56. Effect of Sidewall Angle on Tail Area Required

3-66

1700 ¢ . —
SHADOWED BY FOREBODYj
1600 e ———
=N P ﬁ"\#
® 1500
=
o
(7 2]
& 1400
2 NO SHADOWING,
= BY FOREBODY
< 1300
o
< 200
1
E a = 15 DEG
w1100 -
\
1000 L
0 10 15 20 25




Volume III

0.18™ Yr— ! Y T Y T | R |
REF, AREA = BOOSTER REF AREA
(PLAN AREA)
0.16 4
0,14
)
0,.2 AN \
0.10 \
0. 08 =
0. 06 e ——
\.
0,04
0. 02 =
0 S———
0 0.2 0.4 0,6 0.8 1.0 1.2 1.4 1.6 1.8 2,0 2.2 2.4

M
Figure 3-56. Drag Data for Boost

An axis line for a cg position of 0,583L is shown, corresponding to the current
cg position for the vehicle at entry. As shown, the vehicle can be trimmed to
an o of about 33 deg using the ruddervator alone. Higher values could be ob-
tained using a hingle line farther forward than the 0. 65 chord position currently
shown. Also, some negative incidence would help, and would also relieve the
subsonic trim situation. (The hypersonic directio:al stability is good at high
angles of attack, and remains acceptable at the lower angles if longitudinal
trimming is accomplished using ruddervators rather than the elevens,) Using
10 deg of down ruddervator, the vehicle can be trimmed down to an alpha of
about 25 deg, which is as low as need be provided for in the two-stage booster,
As speed is reduced below hypersonic, the transonic data indicates that the
vehicle will trim at the lower angles of attack(a).

Transonic, (See remarks in Section 3.5.1)
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c. Subsonic. The effect of adding a horizontal surface to the subsonic longitudinal
characteristics of the basic vehicle v.as approximated by using the data obtained
in the Princeton tests of Reference 3~1. It was assumed that the effectiveness
of the horizontal surface is the same as that of a horizontal surface used in these
tests which incorporated considerably greater leading edge sweep (75 deg com-
pared to 45 deg) on the basis of equal horizontal area. The actual area of the
horizontals is about double that of the tests, and the dC.,/dCy, is adjusted
accordingly. The value taken as representative of the effect of adding the hori-
zontals is 0. 040 dC,/dCp.

3.5.2.2 Lateral/Directional Stability and Control

a. Hypersoniz, See remarks in Section 3,5.1,
b. Transonic. See remarks in Section 3.5.1.

c. Subsonic, See remarks in Section 3.5, 1.

3.5.2.3 Tail Sizing. The center of gravity for the two-element booster vehicle is sub-
stantially farther aft than for the other vehicles being examined. The landing cg is
substantially farther aft than the entry cg, requiring that the longitudinal and lateral/
directional characteristics be examined throughout the hypersonic, transonic, and
subsonic speed regimes. This examination has revealed that the critical condition

is that of static longitudinal stability for landing. In this case, it is more desirable
to add lower horizontal area than to add area to the Vee tail. Figure 3-59 presents
the required tail size as a function of cg position to satisfy the landing stability re-
quirement. The dashed line indicates how the cg is affected by adding weight to the
tail in the form of tail size increase, For the current case, it is seen that a tail

size of 1,76 times the original area is required to provide landing stability and elimi-
nate ballast. This added tail weight amounts to about 7,000 pounds.

3.5.2.4 Entry. Entry trajectory computer runs for booster entry following staging
were made to provide data for aerodynamic heating analysis and for footprint and
load factor study. The angle of zitack used was 40 deg, and bank angles of 0 deg
(Run 304), 30 deg (Run 305), 45 deg (Run 306, and 60 deg (Run 307) were run with
these initial conditions at staging:

C1, = 0.645

Cp =0.643

C;, = 0.01612
o

W/S = 64 psf

Alt, = 187,290 ft

3=70
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Vyel = 10,754 fps
rel = 2.89 deg
Latitude = 29.8 deg N
Long. =79,2 deg W

Heading (E of S) = 146, 2 deg

Figure 3-60 presents the footprint resulting from these runs, Figure 3-61 rhows the
maximum values of the resultant load factor experienced during the entry, a.d it is
seen that the limit value of 4,0 ir never exceeded.
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Figure 3-60, Booster Entry Feotprint
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Figure 3-61, Booster Entry Load Factor
To further explore emrv heating, the following runs were made for various staging

dynamic pressures ard for various velocities at a common dynamic pressure of 50
psf. Initial condit{ions were the same as above except as noted:

Run No, 321 322 323 325 326 327
Altitude, ft 185395 174641 167104 179604 191329 189526
Vryels IPS 10509 10569 10612 9450 11715 11328
Crel’ deg 2.217 1,207 0.509 3.91 1.74 1.19
q, psf 50 75 100 50 50 50

3.6 AERODYNAMIC HEATING

The aerodynamic heat transfer studies performed had two objectives: one was to es-
tablish the variation of lower surface peak temperature with entry angle (y); the other
was to establish the peak temperature of the first element of the two-element sequen-
tial burn concept as a functior. of staging velocity and staging dynamic pressure (qy).

Results of the first objectivz led to seleuting an entry angle of -1,0 deg instead

3=-73
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of the -2.0 deg used previously because of a reduction in peak lower surface
temperature with a reduction in entry angle. Results of the second objective sup-
ported the selection of a staging velocity of 11, 000 fps at a dynamic pressure (qp)
of 50 1bf/ft2,

3.6.1 METHOD OF ANALYSIS, Figure 2-16 shows the FR-1 configuration analyzed,
Figure 3-62 presents the lower surface angle as a function of centerline distance,
The aerodynamic heating prediction procedure used was tangent wedge dissociated
flow field properties, Eckert's reference enthalpy method for laminar boundary
layers, adiabatic wall reference enthalpy method for turbulent boundary layers
(i;w), and gradual transition starting at a shock layer Reynolds number of 1 X 10
and ending at 2 X 108, These methods are described in Reference 3-2. Figure 3-63
presents the corrections applied to the tangent wedge heat transfer rates to account
for the angle-of-attack-induced flow divergence on the lower surface. The transi-
tional boundary iayer Reynolds number ratio of 2,0 was chosen based upon the data
presented in Reference 3-3. Nose stagnation temperatures were calculated using
the Detra, Kemp and Riddell (Reference 3-4) laminar stagnation heating equation.
All surface radiation equilibrium temperature and insulation (radiative) sizing cal-
culations were dore with the Convair 3020 aerodynamic/structural heating program
(Reference 3-2). The emissivity chosen was 0, 90 except for the nose and leading
edges, which were assumed to have emissivities of 0,8 and 0, 85, respectively.

The insulation thermal protection subsystem (TPS) thermodynamic model is shovn in
Figure 3-64.

Trajectories were calculated using the nominal hypersonic aerodynamic characteris-
tics presented in Section 3.5. These aerodynamic characteristics were derived for
a preliminary FR-1 design and show a maximum hypersonic L/D of 2. 03. The tra~
jectory analysis program uses empirical relations to adjust these nominal aero-
dynamic characteristics to account for the change in viscous effects along the tra-
jectory,

3.6.2 ENTRY ANGLE STUDY, The configuration selected for the entry angle study
was the orbital element of the FR-1, shown in Figure 2-16. This configuration was
representative of all the orbital elements of the Integral Launch and Reentry Vehicle
(ILRV) concepts being studied, and hence the temperature trends established apply
to all concepts,

The trajectories used in the analyses for the FR~1 orbiter were numbered 113, 110,
120, and 114. Entry was from the 270-n, mi, , 55~degree orbit, and all trajectories
gave a nominal 800-n, mi, lateral range. The planform loading of the orbital ele-
ment was 53.1 1b/ft2, In respective trajectory number order the entry angles
were -1, 0, -1,5, -2, 0 and -2, 0 deg at 400, 000 feet. Respective angles of attack
were 40, 40, 35, and 30 deg. Respective bank angles were 25, 30, 20 and 0 deg.
Entry velocities at 400, 000 feet were 24, 690, 24,450, 24,130, and 24,130 fps,
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Figure 3-63. Heat Transfer Correction Due to Three-Dimensional
Flow Effect on Lower Surface Centerline

Relative velocity relationships as well as altitude and relative velocity histories of
the FR-1 orbiter during entry for different trajectories are presented in Figures
3-65 through 3-72, Some variation in pull-out altitudes and velocities readily can be
noted.

Hot-wall heat transfer rate histories to the vehicle two-foot diameter nose and one-
foot diameter fin leading edge are shown in Figure 3-73 for the -1, 0 degree entry
angle {rajectory.

Radiation equilibrium temperature histories for the nose, lower surface, upper sur-
face, and fin leading edge and outhoard surface are plotted in Figures 3-74 ihrough
3-80, The effect of the change in entvy angle from -1, 0 to -2, 0 deg on the peak
temperatures can be seen. In addition, the effect of the local body angle and the
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Figure 3-66, FR-1 ILRV Orbiter — Trajectory 113 — Altitude

and Relative Velocity vs, Time
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Figure 3-70. FR-1 ILRV Orbiter — Trajectory 120 — Altitude

and Relative Velocity vs. Time
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distance aft of the nose, X, is observed, Table 3-7 lists the maximum radiation
equilibrium temperatures of the nose and lower surface for the trajectories analyzed,
The entry angle effect on the peak lower surface temperatures has been plotted in
Figure 3-81, This variation led to the selection of the -1. 0 degree entry angle,
Figure 3-82 also indicates vehicle surface materials as well as the peak temperature
distribution for Trajectory 113 (~1. 0 deg entry angle).

Insulation thickness requirernents were based on limiting the structural temperature
to 660°R (200°F) b2fore or ar a time 60 seconds after landing. The structural temp-~
erature at X = 10 feet was the value of the honeycomb inner faceplate, and at X = 60
and X = 165 feet was the value of the 0,1-inch aluminum tank wall, Figure 3-64,
Figure 3-81 shows the lower surface average insulation thickness as a function of
entry angle,

‘The results shown on Figure 3~81 all pointed toward the selection of a ~1. 0 deg
entry angle. Hence, the remainder of the study was conducted at this entry angle,

3.6.3 STAGING CONDITION STUDY. An aerothermodynamic analysis was performed

on the first element of the two-element sequential burnvehicle configuration (FR-3) shown
in Figure 2-3, Figures 3-83 through 3-88 present the recovery trajectories for

staging velocities of 9,450, 10,510, and 11,720 fps at a dynamic pressure of 50 psi,
Similar trajectories were obtained for a staging velocity at 10,510 fps and dynamic
pressures of 75 and 100 psf. Temperature/radiation equilibrium histories were cal-
culated at various locations on the vehicle lower surface, upper surface, and fin out-
bcard surface for the five trajectories. Figure 3-89 presents the lower surface con-
tour, The peak temperature results are plotted on Figure 3-90 as a function of
staging dynamic pressure {ga) and staging velocity. Also shown on vhe curve of
temperature versus qp is the variation in gross liftoff weight (GLOW) with g, for a
thrust-to-weight ratio of 1, 392. The lower surface temperature was at a minimum
at qa = 75 psf while the GIB.OW was a minimum at g5 = 50 psf. Since the temperature
was only approximately 50 R less at q, = 75 psf than at 50 psf, the staging

qp was selected at 50 psf to minimize the GLOW, The surface temperatures in-
creased with staging velocity at the qa of 50 psf. A temperature limit of i,260°R
(800°F) on the upper surface (811 titanium) limited the staging velocity to i1, 000 fps,
Also, the lower surface temperature was below the temperature limit ¢ 2, 260°R
(1,800°F) for L605 cover panels (heat shields).

‘The variation of GLOW with staging velocity has been shown in Section 2 for the in-
dividual two-stage vehicles and parametrically ir this section,

The resulting staging condition was then determined to be at a staging velocity of
11,000 fps and a staging dynamic pressure of 50 psf, Figure 3-91 presents the peak
temperature distribution for a staging velocity of 10,510 fps and g4 = 50 psf. This
is representative of the selected staging condition and results in 811 titanium upper
surface an1 L605 lower surface cover panels for the outer skin, Sizing of an
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Tabie 3-7. ILRV Orbiter Maximum Radiation Equilibrium
Temperatures for the Nose and Lower Surface
Trajectory (800 n. mi. Lateral Range)
Distance 113 110 120 114 105
Aft of a = 40° 40° 35° 30° 20°
Nose. y= -25° -30° -20° 0° 0°
X (i) y=-1.0° -1.5° -2.0° -2.0° -1.5°
Temperatures In Degrees Fahrenheit
k) 2125 2355 2610 2680 2610
10 1910 21290 2360 2422 2400
20 1720 1920 2140 2190 2125
30 1620 1810 v 2010 2280 2200
40 1560 1740 2340 2560 2410
60 1665 1780 2530 2540 2280
100 1790 2110 2400 2370 20560
165 1750 2070 2335 2310 1995
Nose 3204 3489 3788 3876 3908
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Figure 3-81. FR-1 ILRV Orbiter — Temperature and Insulation

Thickness vs. Entry Angle — Lower Surface
»

insulation system composed of the cover panels and a Microquartz blanket indicated
that 0.7 inch of insulation at X = 10 fect, and approximately 0, 125 inch in the pro-
pellant tank area on the lower surface would maintain a 660°R (200°F) peak struc-~
tural temperature. The upper surface would require 0, 15 inch at X = 10 feet and no
insulation in the propellant tank areas to maintain 660°R (200°F) or lower structural
temperature peak,

3.7 PROPULSION

All propulsion data used in the two-stage vehicle studies is contained in Volume VI,
which gives detail performance, configuration, and weight data for the high chamber
pressure bell engine, All vehicles studied were assumed to have an increased thrust
rating at liftoff, The basis for the 1iftoff rating is the actual maximum thrust capability
for the engine, which has a design mixture ratio (MR) band of 5.0 t¢ 7.0 with maximum
thrust at MR = 6.4. This is discussed in detail in S8ection 2.5 of Reference 3-5.

In base~area-limited configurations, area ratios used were the maximum that would
fit into available space, with a minimum of one-~foot clearance between nozzle exits.
Where space available was sufficient, 8 maximum area ratio of 150 was used,
Resulting I, values are given in the synthesis summary for each vehicle.
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Figure 3-85, Two-Element ILRV, Firat Element — Trajectory

321 ~ Altitude versus Relative Velocity
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3.8 TWO-STAGE VEHICLE STRUCTURE

For the purpose of this Initial study, thermostructural concepts for the two-stage
vehicles were selected on the basis of previous work accomplished ot Convafr, These
concepts utilize nonintegral propellant tankage for the boost element,

The concept selected as most appropriate for the orbital element (shown in Figure 3-92)
features a fully thermally protected primary structure insulated to a peak structural
temperature of 200°F, The body structure Is essentially a "cylindrical’ semi~-
monocoque of aluminum ailoy into which the propellant tanks are integrated in a manner
similar to that proven on expendable vehicles, The liquid hydrogen tank uses an in-
ternal insulation system to minimize bolloff and to prevent cryopumping. The body
primary structure is isolated from the aerothermal environment by a system of large,
slip-jointed cover panels overlaying fibrous insulation, Typical cover panel materials
are coated tantalum on the nose cap and leading edges, L6065 cobalt alloy on the wind-
ward surface, and titanium on the sides and upper surface, The deployakle wing is
housed inside the thermal protection subsystem during entry and is protected to a

peak temperature of 200°F, The wing structure utilizes a two-gpar torsion/bending
hox with stringer-stiffened wide column skins, A similar structure is also used for

the stabilizer which Is protected by an insulation/cover panel thermal protection sys-
tem, The elevons feature a thermally protected box structure,

The more moderate temperatures applicable to the boost element permit a lighter and
simplified thermostructural concept, This is fllustrated in Figure 3-93, The primary
structure of the body is a hot load-carrying structure insulated by cover panels and
insulation on the nose ard lower surface only, The lower-surface cover panels are
type 718 Nickel alloy, A semi-monocoque, corrugation-stiffened, frame-supported
shell structure of titanfum alloy is proposed. Propellant tanks are nonintegral, ring-
stiffened shells of 718 Nickel alloy, Support from the primary structure is accom-
plished by a system of straps and links which transmit inertia loads and accommaodate
thermal displacements, The deployable wing i8 stowed above the lower-surface
thermal protection subsystem during entry and is protected to a peak structural
temperature of 800°F, The wing employs a two-spar torsion/hending box, as in the
orbiter, The structural material is titanium, In addition to the lower-surface ther-
mal protection subsystem, insulation is required inside the hot structure for the
personnel compartment and for critical subsystems, etc, ‘The stabllizers use hot
structures, Thermostructural design criteria are shown in Table 3-8,
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3.9 VEHICLE SPECTRUM COM PARIBON
Figure )-94 compares the six baseline vehicles defined in Bection 2, As noted, the
three-clement systoms have elements of identical size and shape, The two-slemant
vehicles are optimized for minimum weight and have largsr booster aloments, The
FR-} and FR~2 vehicles use propellant crosafeed,

Figure 3-908 summarizes the ve'idcle weighis and lista engine quantities, thrust,
volumes and vehicle length,

Figure 3-96 shwws comparative sizes of contemporary vehicles, Baturn V for on-pad
compz:ison and CSA and 707 airplanes for ground movement facility studies,
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Table 3-8, Thermostructural Design Criteria

Maximum Launch Winds:

99% Probability

Meximum Longitudinal Accelerutions: 4g Limit

Fuctors of Safoty

Aorodynamic & Assoclated Inertin lLoads - 1,40
Thrust & Associated Inortia Loads ~ 1,28
Porsonnel Compartment Pressuroes = 2,00
Reusablo Propollant Tank Precssures = 1,50

Matorisl Temperature Constraints

Titunium
inconel 718
Rone' 41
1,600

™ Ni=-C
Columbium

Tantalum

[P -

Normal Entry Tomperature Range (*F)

- to KOO

800 to 1,200
1,200 to 1,400
1,400 to 1,800
1,800 to 2,200
2,200 to 2,H00
2,500 to 3,100
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5¢,8000-1.8. PAYLOADS
S, BU'RN
(FR-2)

rﬂllll -

ELEMENT

SEQ. BIRN
(FR-3)
(FR-1)

LIFTOFF WT. /10° LB,) 4.53

THRUST/ENG. (10° LB,) 1.070 0,710 0.497
COMMON AEL'O SHAPE YES NO NO
CROSS-FEED YES NO YES

3.86
0.68]
NO

’ﬂ. 25,000-LB. PAYLOADS

THREE- TWO-STAGE
ELEMENT | S¥Q. BURN
(FR-1-25K) | (FR-3-25K)

2.81 2.76
0.670 0.488
YES NO
YES NO

Figure 3-%4. Vehicle Spectrum Comparison
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T 50,000-LB PAYLOAD —afe—25,000-1.B PAYLOD—-‘-
5
4.53
TOTAL
oy 4.00
= 4 s 53 3.86 DRY WT. | ORBITER
. 278K | 98K - (ORBITER)| WEIGHT
= i
-5‘2 3 167K 205K 2.81 2.76 1[
g 134K |
= 2 --176K % i
S TOTAL
i DRY WT. | BOOSTER
1 (BOOSTERS)| WRIGHT
oL 526K I 513K | 401K 478K 353K 396K I
3-ELEMENT SEQ. BURN SIM. BURN TANDEM 3-ELEMENT SEQ. BURN
ENGINES 2-2-2 8-2 8-2 8-2 2-2-2 8-2
VAC. THRUST
* . 6.7 0.447 0.681 0.67 0,488
EnG. q01y %7 ! >
VOLUMES
174/72.7 188/76.7 66.5 165/44.6
(103 153y 117 183/74.3
VEHICLE
203 240/174 232,/173 238/176 162 227/142
LENGTH (ft) /

Figure 3-95, Summary of Vehicle Characteristics
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SECTION 4
FR-1 BASELINE

This section documents the 50K pound payload (FR-1) baseline vehicle developed to-
ward the end of the study. This is an updated version of the FR-1 vehicle shown in
Paragraph 2.7 and incorporates off-the-shelf flyback engines.,

4,1 BASELINE ELEMENT CONFIGURATION

Layout of the final FR-1 configuration is shown in Figure 4~1. Orbiter and booster
elements are identical in size and shape. Each is powered by two LOy/Hg rocket
engines for liftoff, with three fanjet engines for flyback in the booster and two land-
ing engines in the orbiter. The overall vehicle length to the fin tips is 225 feet. The
fuselage is 35 feet wide and 30 feet high, with a 12-degree side slope angle. The
exposed wing area of 1760 square feet is 28% of the planform area.

The wing is located in the extended position by matching the 1/4 chord of the exposed
mean average chord (MAC) with the 55% balance point of the fuselage planform. The
exposed area for the two fins is 1809 square feet. The fins are located with the lower
surfaces at a 45-degree angle above the horizontal. They are placed high on the aft
fuselage while retaining clearance from the adjacent vehicle. Front and rear fin
spars are located to attach directly to the heavy thrust structure. A more efficient
internal arrangement has been accomplished in the orbital vehicle by using the space
below the 15- by 60-foot payload for stowage of 7500 cu ft of main hydrogen fuel. This
reduces the length of the main hydrogen tank, thereby reducing vehicle length. This
area is replaced in the booster by a large LOy/Hy tank with a common bulkhead,
(This tank also includes the 7500 cu ft of hydrogen carried in the orbiter bay.) This
arrangement provides maximum commonaiity between orbiter and bhooster by merely
replacing the orbiter payload bay doors with frames and skin on the booster. Two
super -insulated maneuvering oxygen tanks are located in the aft bay, forward of

the wing pivot bulkhead and isolated from the hydrogen tanks by the lower payload

bay structure.

Location of major components and compartments is identical for the orbital and
booster elements.

a. The nose from station 0 to station 14 contains space for two side-by-side pilots,
and navigation/communication equipment.

b. Stations 14 to 21 contain subsystem components such as fuel cells, hydraulic power
units, reservoirs, accumulators, and environmental control subsystem components,
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¢. The engine compartment between stations 21 and 38.3 provides space for stowage
of the three fanjet flyback engines. They are extended to the flying position by a
simple double acting system (similar to a wing-fold mechanism). Doors will be
closed after the engines are extended to retain a clean aerodynamic surface.

d. The main LOg tank is located between stations 38.3 and 72 and forms an integral
part of the structure.

e. The compartment between stations 72 and 134 contains the payload in the orbiter
and additional propellants in the booster as discussed previously. This compart-
ment also contains the wing pivot bulkhead and the landing gear attachment and
stowage space. These items will be located outside the lower circular frames and
skin thereby providing good structural continuity through this compartment.

f. The main hydrogen tank is located between stations 134 and 184 and forms an
integral part of the structure.

g+ The thrust structure extends from the hydrogen tank aft to station 190.5 and pro-
vides support for the two rocket engines., This structure also supports the fin
spars, the vehicle separation mechanism, and the pad support fittings.

4,2 ELEMENT ARRANGEMENT

Figure 4-2 shows the 50K pound payload (FR-1) vehicle in the launch configuration.
Separate views also show the orbiter element and the booster element before mating.
Basic technical data is also listed on the drawing. The vehicle lines drawing is docu-
mented in Figure 4-3.

4.3 (FR-1) SYNTHESIS

The latest synthesis program output for the 50K pound payload FR-1 system is shown
in summary in Table 4-1, This vehicle includes updated wing structural considera-
tions resulting in higher weight than the FR-1 in Paragraph 2.7, and it also includes
off-the-shelf flyback engines; namely, Rolls Royce RB-211 type turbofans in the 50K
pound sea-level static-thrust category. The synthesis runs represent an iteration with
the layouts of Figures 4-1 and 4-2 so that the dimensions will not match precisely as
is usual during this interim design development phase. Table 4~-2 shows the summary
weilght statement for this vehicle. Sensitivity of the 50K pound payload FR~1 vehicle
is shown below. The two-stage sensitivities are also shown for comparison.

FR-1 Two-Stage
A Gross Liftoff Weight
A Pounds Inert in Orbiter 31.8 Ib/lb 26.6 Ib/Ib
A
Gross Liftoff Weight 9.0 1b/Ib 4.82 Ib/1b

A Pounds Inert in Each Booster

4-3
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AGross Liftoff We

AV Maneuver or Resefve

AGross Liftoff Weight

MBP
vac

4-4

FR-1
600 1b/fps

42, 700 1b/sec

of ISP
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Table 4-1. FR-1 Synthesis Summary
ROOSTER ORBITER
ELFMENT
WEIGHT
FUFL . 187917 123259
OXIDIZER 120266% 8463056
PROPELLANT 1390586 986398
FLYRACK FUEL 20027 4177
PAYLOAD o 50000
STRUCTURE 270187 270113
CONTINGENCY 27020 27011
OTHER' _ 10507 86725
TOTAL 1719637 1404421
IN ORRIT o 424546
RETURN CONDITION 329083 409961
ENTRY 319313 353695
LANDING 298123 348042
VOLUMF
FUFL 46695 26640
OX1DIZER 17013 12779
PROPELLANT 46508 39419
PAYLOAD . 10638
OTHER %9373 73839
TOTAL 123881 123896
GEOMETRY _
LENGTH 2068 . 2068
BODY WETTED AREA 18727,3 18728.9
BODY PLANFORM AREA 6047,1 60476
ENTRY PLANFORM LOADING 52.8 S8.5
PROPUL STON
THRUST«TO=WEIGHT 1463542
NO. OF ENGINES 2 2
THRUST PER ENGINE (SL} 1124400 UPRATED
THRUST PER ENGINE (VAC) O/F = 6.4 1148411
SPFCIFIC IMPULSE (SL) 391.3 383.0
SPECIFIC IMPULSE (VAC) 455.6 451.7
TRAUECTORY
MASS RATIO 2.30745
MAXTMUM DYNAMIC PRESSURE
STAGING DYNAMIC PRESSURE
STBG!NG VELOCITY (RELATIVE)
STAG!NG ALTITURE
STAGING FLIGHT PATH ANGLE (RELATIVE) ,
INJECTION VELOCITY (INERTIAL) 25897
INJECTION ALTITUDE 260008
INJECTION FLIGHT PATH ANGLE (INERTIAL) «000
INJECTION INCLINATION 54,92
FLYBACK RANGE P24,9

4-7
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Table 4-2. FR-1 Vehicle Summary Weight

Volume III

SPACECRAFT SUMMARY WEIGHT STATEMENT
CONFIGURATION (13 UATL
FR~1
H ITEN OR KOOULE SPACECRAFT
CODE SYSTEN 'Y 5 T > 3 3 . m
1.0 | AERODYNAMIC SURFACES 44396 #83cg
2.0 | BODY STRUCTURE 4 24623
3.0 _1 INDUCED ENVIR PROT 522832 2638]
4.0 | LNCH _RECOV & DKG Vardia 4 e oo o A
5.0 | MAIN PROPULSION Boézy 59893
6.0 | ORIENT CONTROL SEP & VULL 9257 756
7.0 | PRIME POWER SOURCE 63 2032
8.0 | POWER CONV & DISTR 742 s
9.0 | GUIDANCE & NAVIGATION 2. /1]
10.0 ] INSTRUMENTATION 220 Evi
11.0 | COMMUNICATION 2 22
12.0 | ENVIRONMENTAL CONTROL 330 876
13.0 | ( RESERVED) T
14.0 | PERSONNEL PROVISIONS
15.0 | CREW STA CONTRL & PAN 220 275
16.0 | RANGE SAFETY A ABORT s
[SUBTOTALS (DRY WEIGHT) /7 297/33
17,0 | PERSONNEL 222, =L
18.0 | CARGO So000
19.0 | ORDNANCE
20.0 | BALLAST
21.0 | RESID PROP & SERV ITEMS P Pitd 80
SUBTOTALS (INERT WEIGHT) Pz 3
32.0 ] RES FROP b SERV ITEMS
23.0 | INFLIGHT LOSSES 2119 L5447
24.0 ] THRUST DECAY PROPELLANT
28.0 § FULL_THRUST PROPELLANT 3 [2.338%,
26,0 { THRUST PROP BUILDUP
27.0 ] PRE-IGNITION LOSSES
T0TALS {GROSS WEIGHY) (LB) 172(2637 24,
DES1GN ENVELOPE VOLUME ey 3881 FE]
PAESSURIZED VOLUME (red)
DESIGN ENVEL SURF AREA {FT4) /8727 }1B729
PRESSURIZED SURF AREA (FTd)
DRSIGN q. MAX (LB/FT*) 612
DESIGN €. MAX P +
DESIGN FOWER, MAX (XW,
DESIGN NO. MEN/DAYS 2
. H ‘ NOTES & SKETCHES:
CODE, SYSTEM: REF. WIL-M- 383704 OR Sr.sood Thrust decay propellarts are included
":" 3';;?‘;1‘“ in residual weights.
o Tanks are over-sized to account for
r thrust build-up and pre-ignition iosses,
o
E
r
SPACECRAFT
3 _wwop ey - Orbiter
U UNMANNED LAUNCH

e e e A T - e o

usC Fors 1323 (jul 89)
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SECTION 5
CROSSFEED VERSUS NO CROSSFEED

5.1 VEHICLE CONSIDERATIONS

With many of the parallel staged vehicle configurations being considered for space
shuttle, it is possible and from some standpoints desirable to burn all engines of both
booster and orbiter at launch. Operation of all engines at full thrust throughout boost
phase is possible if crossfeed plumbing is provided to permit operation of the orbiter
engines on propellants supplied from the booster. If all engines operate at full thrust
during boost phase, the following advantages are obtained:

a.

do

Since the orbiter engines provide part of the required thrust, the thrust required
by the booster is reduced, reducing either the size or number of booster engines.
The reduction in engine weight improves vehicle performance. Depending on the
specific vehicle configuration, use of a higher expansion ratio or a reduction in
size of aerodynamic fairings required for nozzle protection may be possible,
further improving performance.

Loads on the connections between elements are reduced, since the orbiter, instead
of being carried up inert to the maximum hoost phase acceleration (generally 3g),
is being accelerated by its own engines (generally at about 1.5g). This could re-
duce interconnection loads by up to 50 percent, depending on design criteria for
orbiter engine-out, This reduction in weight could improve vehicle performance.

All main engines operate from launch, eliminating the requirement for in-flight
start of the orbiter engines. This is somewhat more important for space shuttle
than for past rocket vehicles because of intact abort requirement (no separate es-
cape system for crew or passengers). Complete failure of the orbiter engines to
operate results in the loss of vehicle and crew.

Balance of booster vehicles is improved because of the reduction in engine weight,

Addition of subsystems required for propellant crossfeed capability in the spacs shuttle
produces a number of disadvantages:

a,.

Hardware to interconnect the main propellant systems of the booster and orbiter
must be added, At the minimum, a main propellant crossfeed incorporating a re-
tracting, non-spilling disconnect 10 to 20 inches in diameter is required for each
propellant. For additional safety, valves to back up the disconnect, recirculation
systems, and purge systems may be required.

Heat shield doors — for some vehicle designs, the crossfeed plumbing must pene~
trate the heat shield, requiring door: and related opening/closing mechanisms,
Failure of a door could result in loss of a vehicle.
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c. Additional staging functions — at staging, orbiter propellant flow must be phased
from booster tanks to ovbiter tanks, crossfeed lines disconnected and retracted,
and heat shield doors closed. Timing of these functions is critical and may im-
pose some performance penalties.

d. Increased development requirements — coraponent development programs are re-
quired for crossfeed hardware. An all-up system static firing test stand coupling
the orbiter and the booster may be required.

e. Feed system transients — pressure transients at hooster engine shutdown and at
staging may affect operation of the orbiter engine,

Because of the significant disadvantages associated with crossfeed, a study was made
to determine the performance of comparable vehicles with and without crossfeed.

5.2 PERFORMANCE COMPARISON

The crossfeed comparison study was made on three-element vehicles, Those with
crossfeed were designated FR-1, and those without crossfeed were designated FR-4,
The procedure used for the study was to synthesize vehicles with and without cross-
feed for identical missions, as defined in Table 5-1, on the Convair space shuttle
synthesis program, incorporating a fixed weight penalty for the crossfeed plumbing,
residuals, and heat shield doors. Estimated weight penalties generated by NASA
MSFC and Convair were considered. Iaitially, the weight penalites used were based
on a 4-4-4 configuration using 500, 000-pound thrust Bell engines for both the FR-1
and FR-4 configurations. Performance data generated is shown in Table 5-2 and
Figure 5-1. Two major conclusions were drawn from these data.

a. For a given configuration (for example, a 5-3-5 engine arrangement) use of
crossfeed reduces launch weight between 8 and 11 percent.

b. There are different optimum eugine arrangements for FR-1 and FR-4, and use
of these optimum configurations minimizes performance differences. FR-1 and
FR-4 vehicle perfe:mance was found to be a strong function of initial orbiter
F/W ratio. For equal volume vehicles with common orbiter and booster engines,
orbiter F/W is uniquely determined by the engine arrangement (i.e., relative
number of engines in orbiter and boosters). For the FR-4, orbiter thrust/weight
is substantially higher with a given engine arrangement than FR-1. For vehicles
of equal weiglit with a 5-3-5 engine arrangement, FR-4 orbiter thrust is 30 per-
cent of launch thrust (3/5+5), while for FR-1 it is only 23 percent (3/5+5+3).
Consequently, initial orbiter F/W is about 30 percent higher. To equalize or-
biter F/W ratios, the number of orbiter engines divided by the total number of
engines operating at liftoff should be approximately the same.

Because of the importance of the engine arrangement in a proper evaluation of cross-
feed, the weight penalties for crossfeed were reassessed with more nearly optimum
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Table 5-1., Mission Requirements for Crossfeed Study

Payload 50, 000 pounds
Launch Site ETR

Orbit 55~degree inclination
On-orbit AV 1800 fps

ACS AV 200 fps

Launch Thrust/Weight Ratio 1.47

Maximum F/W Ratio 3

Staging Dynamic Pressure 50 psf

Injection Altitude 45 n.mi,

engine arrangements, Propellant feed system designs were developed for the 6-3-6
FR-4 and the 5-3-5 FR-~1 vehicles described in Table 5-2, These designs are shown
in Figures 5-2 and 5-3. Two crossfeed arrangements are shown, one with "full”
manifolding that allows flow of propellant completely across the vehicle from one
booster to the other, and one with "partial" manifolding that provides the minimum
connections required for feediny the orbiter engines. The latter arrangement has the
same operational disadvantages as the no-crossfeed case in that booster-engine-out
results in a buildup of cg asymmetry because of unequal booster propellant con-
sumption,

The propellant system weight differences between the no crossfeed 6-3-6 arrangement
and the two crossfeed arrangements were then determined. These differences are
summarized in Table 5-3. Orbiter feed system weights are substantially increased
because of added disconnects, shutoff valves, T PS doors, and residuals in the added
ducting, Booster feed system weights are almost unchanged with full manifoiding and
reduced 1000 pounds with partial manifolding. The reason for this reduction is not
obvious on inspection of the feed system layout. However, when it is considered that
each FR-4 booster has six engines of 631, 000-pound thrust, while the FR-1 has only
five engines of 543, 000-pound thrust, each with required plumbing and residuals, the
reasons become apparent,

Figure 5-4 was then developed, using the crossfeed weight penalties given in Table

9-3. Gross liftoff weight (GLOW) for FR~4 no crossfeed vehicles and FR-1 cross-

feed vehicles with full and partial manifolds are shown as a function of orbiter F/W
ratio. Engine arrangements that result in the parametric F/W values are indicated.
Evaluation of the abort capabilities of these configurations with orbiter engine-out, dis-
cugsed in Paragraph 3.2.2 of Volume IV, shows that the 5-3-5 FR-1 is the lightest sat-
isfactory configuration. The 8-3-8 FR-4 configuration is satisfactory, since orbiter
engine loss affects only the orbiter solo phase, and not the boost phase of flight.

5-3
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Table 5-2. Crossfeed Comparison, 50K Pound Payload Vehicle, Various Engine Arrangements

Cros:feed Crossfeed Crossfeed Crossfeed
NASA awT(l)  Gbc awt(?) Nasa awr(l)) cpc awt()

No Crossfeed No Crossfeed No Crossfeed

b-g

Engine Arrangement 5-3-5 6-3-6 5-2-5 5-3-5 5-3-5 5-4-5 5-4-5
Liftoff Weight — b 5, 389, 086 5, 154,182 4,991, 800 5, 020, 753 4,889, 577 5,231, 583 5, 098, 682
Booster Sea Level 792, 496 631, 436 734, 185 557, 256 542, 696 550, 960 536, 964
Thrust/Engine — 1b
Orbiter Vacuum 934, 898 744, 898 866, 109 666, 079 648, 676 658, 553 . 641, 824
Thrust/Engine — lb
Orbiter ISP' -/453.0 -/453.0 /453 378.5/456 378.5/456 378.5/456 378.5/456
S5.L./VAC
Booster Igp, 384,0/446.0 384.0/446.0 384/446.5 381.5/451.5 381.5/451.5 381.5/451.5 381.5/451.5
8,L./VAC
Booster Engine Weight — Ib 41, 328 40, 087 38, 460 30, 720 29,979 30,400 29, 687
Orbiter Engine Weight — 1b 25, 653 20,725 15,912 18,887 18,451 24,919 24,334
Orbiter F/W @ Staging 1.975 1.651 1.3272 1.5 1.5 1.88583 1.88795
Liftoff Weight Change — 1b REFERENCE -234,904 398, 000 -368, 333 -499, 509 -157, 000 -209,404
(1) Added weights for crossfeed are as follows:
NASA Convair

Orbiter 6412 2845

Booster (2) 6652 7028
(2) This orbiter F/W ratio is below the minimum required for "once around” abort in event of one

orbiter engine failure (1.54 minimum with a total of 2 engines).

Note: Liftoff F/W for all vehicles is 1,47.
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Figure 5-1. Launch Weight Comparisions for FR-1 and FR-4 Vehicles
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16,0
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22,7 — g
\ : ] 27,8

NOTE: FUEL DUCTING
IDENTICAL TO
THAT SHOWN IN
FIGURE 5-3,

+ SEE NOTES ON
THAT FIGURE,

Figure 5-2. FR-1 Propellant Feed Duct Routing, Partial Manifolding
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NOTE: 1. NUMBERS REFER TO LINE DIAMETER SIZED FOR
MAXIMUM FLOW ACCELERATION OF 0,004

LB/SEC?-LB. PER ENGINE,

2. ALL DIMENSIONS IN INCHES,
FR-1

5-3-5 CONFIGURATION WITH
CROSSFEED AND FULL MANIFOLDING

EOGSTER FUEL
LINES (TYP,)

] 28.8

-
T
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Figure 5-3. Propellan: Feed Duct Routing, FR-1 and FR-4 Vehicles
5-1




Volume 111

Table 5-3. Propellant Feed System Weight Differences 5-3-5 FR-1
Compared With 6-3-6 FR-4, 50, 000-Pound Payload

FULL MANIFOLDING LO,y SYSTEM LHo SYSTEM TOTAL
(pounds) (pounds) (pounds)

Orbiter 6980 1148 8128

Booster (each) 510 -437 73

PARTIAL MANIFOLDING
Orbiter 5820 1148 6968

Booster (each) -560 ~-437 -997

NOTE: Plus weight values mean crossfeed system
weights heavier, and minus values mean
crossfeed system weight lighter.

5.3 SUMMARY

The following conclusions may be drawn from the data presented in Figure 5-4.

a.

For a given vehicle configuration, use of crossfeed reduces vehicle launch weight
6 to 9 percent, This can be seen by comparing 5-3-5 configurations weighing
approximately 5.39 million pounds without and 4.9 to 5.02 million pounds with
crossfeed, For a "common' element vehicle, therefore, performance im-
provement is substantial,

For vehicles optimized for either crossfeed or no crossfeed differences in launch
weight are minor, the exact differences depending on relative detail weight
differences, pro and con, for crossfeed. This can be seen by comparing the
8-3-8 configuration at 4,82 million pounds and the 5-3-5 FR-1 at 4.9 to 5,02
million pounds.

PP i eI . ¢ tmwe
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GROSS LIFTOFF WEIGHT (millions of 1b)
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Figure 5-4, Launch Weight Comparison for FR-1 and FR-4 Vehicles

III SWNJoA



Volume III

SiCTION 6

FIXED-WING AND DEPLOYABLE-WING VERSIONS
OF
THE TWO-STAGE SEQUENTIAL-BURN SPACE SHUTTLE

6.1 FIXED-WING-CONFIGURATION DESIGN

A preliminary design study was made to evaluate a fixed-wing ILRV configuration, The
fixed-wing configuration for the study was a conversion of the current FR-3 deployable-
wing design, Figures 6-1, 6-2, and 6-3 show the FR~3 orbiter, booster, and launch
configuration respectively.

As the fixed-wing design was to be a conversion of the existing FR-3 deployable-wing
design and is inherently less complex, a list was made of the differences between
them. The list is shown in Table 6-1. This list was used to ensure that the synthesis
program inputs were changed to reflect the differences between the designs.

Initial configurations based on the FR-3 deployable-wing design were made and used
as a model for studying the aerodynamics, dynamics, loads, thermodynamics, and
structural aspects of a fixed-wing design. Some of the decisions made during the
initial design phase were to use a wing area equal to the current deployable-wing de-
sign. The wing was subject to geometric growth as the design was iterated on

the synthesis program as was done for the depl.yable-wing design. The wing shape
is the same as an MSC fixed-wing design. A launch configuration similar to the FR-3
design was used throughout the study. This configuration was a nose-to-nose arrange-
ment and is shown on the fixed-wing design, Figure £-4. This arrangement (as
stated before) is similar to the FR-3 design; consequently, comparison between the
two are on the same basis. As launch shear winds are assumed to b2 from any direc-
tion, the positicning of wings to reduce maximum aq loads was not considered. The
bottom-to-bottom arrangem nt gives 2 more cymmetrical body cross-section and
reduccs the discontinuities Letween the boost and orbit elements. Flat mating sur-
faces appear to simplify structural attachment. A single vertical tail proportioned
from the MSC design was used.

As can be seen from Figure 6-4, the plan and end view shows a complex arrangement of
wing and tail surfaces in the launch configuration. The effects of shock flow, particu-

larly during transonic boost flight, and shock impingement, during entry for the
separate booster and orbiter elements, are difficult to evaluate, and considerable
wind-tunnel testing is needed to bring their effects into an evaluation. These effects
were not considered in this study.
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Table 6-1, Fixed~ and Deployable-Wing Variations

Volume III

FIXED WING DEPLOYABLE
WING
ORBITER BOOSTER | ORBITER | BCGSTER

BODY
GEOMETRY
WING PIVOT FRAME
MAIN LANDING GEAR
INSTALLATION
WING DOORS

WING
GEOMETRY
PIVOT
ACTUATOR ATTACHMENTS
LEADING EDGE
TRAILING EDGE
FLAPS
SPOILERS
WING TIPS

CARRY THROUGH STRUCTURE

STRUCTURAL BOX

HORIZONTAL TAIL
GEOMETRY

VERTICAL TAIL
GEOMETRY

ACTUATION
DOORS
WINGS

LANDING GEAR
GEOMETRY

THERMAL PROTECTION SYSTEM

COVER PANELS
INSULATION

BOOST DRAG
LOADS

X = VARIATION

X -
X X
X X
X X
X X
X X
X X
X X
X X
X X
X X
X X
X X
X X
X X
X X
X X
X X
X X
X X
X X
X X




9-9

ORBITER ELEMENT

165
183.7 124
241.4 .28, 7
192

52

33.8

] e
24.9 T = LT
L . ¥ O FE LT |
e S R T
v 1 T l . _1‘14\\‘
=T i
e i / R P < 68
BOOSTER ELEMENT
SCALE FEET
01020304050 - 37,8
256

Figure 6-4. Fixed-Wing, Two—Element, Sequential-Burn Configuration
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Figure 6-5 shows typical cross-sections of a deployable-wing and fixed-wing design.
For the fixed-wing orbiter-element design a 9-inch slice (to eliminate wing storage
volume) was taken from the lower surface to yield an improved volume utilization
factor on the synthesis program,

6.2 AERODYNAMICS

The aerodynamic characteristics of the fixed-wing FR-3 configuration for both the
launch and entry phases of flight were analyzed. Figures 6-6 through 6-9 present the
results of these analyses.

The launch configuration aerodynamics are presented in Figure 6-6. Axial force,
normal force gradient, and center-of-pressure location are presented over the launch
Mach number range. Also shown for comparison are the launch characteristics of
the FR-3 (deployable-wing) configuration. The data was derived from recent tests

of 3- and 2-body launch configurations conducted by Convair in the Cornell Aeronauti-
cal Laboratory 8-foot transonic wind tunnel. The contributions of the wings were
derived using the methods of Reference 6-~1., The data of Figure 6-6 indicates the
wing contributions add substantial launch drag, double the normal force gradient and,
for the nose-to-nose launch configuration, decrease the longitudinal stability (although
the total moment at a given: angle of attack and Mach number is increased).

Figures 6-7 and 6--8 present the fixed-wing orbiter hypersonic entry aerodynamics,
for angles of attack from 20 to 60 degrees. Also shown for comparison are the
characteristics of the deployable~wing orbiter. These characteristics were analyzed
by using the Convair Hypersonic Aerodynamics Prediction program, which is based on
modified Newtonian aerodynamic theory. The trim capability of the fixed-wing con-
figuration at a 60~-degree angle of attack is shown; approximately 58% of the total
horizontal stabilizing area must be removed from the flow (6, = -60 degrees) to trim
with the center cf gravity at 55.5% of body length, with additional control area required
tc trim at more forward cg locations. (The hoiizontal stabilizer surface area was
sized to produce subsonic stability comparable to the deployable-wing configuration., )
Figure 6-8 presents the lift/drag ratio and the static direction stability of the fixed-
wing orbiter, It is indicated that the configuration is directionally unstable, even at

a 60-degree angle of attack, with the single vertical surface (which has effectively no
contribution except at low angles of attack), The increase in directional stability due
to an incorporation of vee tails is indicated, although at lower angles of attack the
interference between the wing and the tail would reduce the tail effectiveness,

An entry trajectory for the fixed-wing orbiter was generated using a three~degree-
of-freedom-trajectory computer prcgram. Figure 6-9 presents the altitude time
history of the entry, starting from 400, 000 feet with velocity of 25,315 fps and a
~1.5-degree flight path angle. With a 60-degree angle of attack and 45 degrees of
bank, a cross-range of approximately 175 nautical miles is achieved. A maximum
resultant load factor of 2, 18g is produced at 185,000 feet. Also shown is a typical

6=-7
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DEPLOYABLE WING FIXED WING

HEIGHT OF BODY DETERMINED
BY TANK RADIUS PLUS SOME
STRUCTURE DEPTH BELOW TANK

WING, PIVOT, & LANDING 0.75-FOOT REDUCTION

IN HEIGHT
GEAR INSTALLATION
WING CARRY THROUGH STRUCTURE

IS BELOW PAYLOAD BAY (NO STRUCTURAL
DEPTH RESTRICTIONS IN THIS AREA)

Figure 6~5. Typical Orbiter Cross-Section

CL max entry for the deployable-wing orbiter, which with 35 degrees of final bank
achieves approximately 750 nautical miles of lateral crossrange,

6.3 DYNAMICS AND LOADS

Loads at maximum dynamic pressure flight condition were determined by flying the
vehicle through 99 percentile Marshall synthesis wind profiles with the maximum wind
and gus* nccurring at the maximum dynamic pressure condition. The trajectory was
determined using a three-degree-of-freedom simulation with a control system. The
fixed-wing FR-3 configuration requires a cant angle of & degrees and a gimbal angle
of +7.5 degrees about the cant angle, The maximum dynamic pressure was 600 psf,
and the maximum angle of attack at the maximum dynamic pressure was 10 degrees.
No attempt was made to reduce the maximum dynamic pressure by accepting perform-
ance losses. Both nose-to-nose and tail-to-tail configurations were analyzed.

The results of the loads analysis are presented in Figures 6-10 through 6~13. These
curves indicate that the maximum «q loads of the fixed-wing configuration imposes

a penalty on the booster body in both the nose-to-nose and the tail-to-tail arrange-
ments and also on the orbiter of the nose-to-nose arrangement. The next critical
loads are the booster burnout condition as shown by the curves. For the orbiter
vehicle in the tail-to-tail arrangement, the booster burnout condition remains the
critical one, although the maximum aq loads for the fixed-wing configuration are
substantially higher than those for the stowed deployable-wing configuration.
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Figure 6-6, Two-Element Vehicle Launch Configuration Aerodynamics
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6.4 AERODYNAMIC HEATING

Figures 6-14 through 6-17 show aerodynamic heating data computed during the study.
The following comments note some of the differences between the fixed- and deployable-
wing configurations,

a. During laminar heating the average temperature difference is approximately
250°R, This can be attributed to the decreased M/ C1,8 resulting from increased
area, and Cj due to increased angle of attack. Increased angle of attack results
in decreased iateral range during entry, and decreased temperature.

b. A 67% decrease in body insulation mass was calculated. However, the lateral
range was 800 n. mi. for the deployable wing versus 200 n, mi. for the fixed wing.
This difference would decrease for the same lateral range to approximately zero,

¢. Fixed wing results in interference heating and reduced radiation heat transfer
near the wing/body junction. Interference heating film coefficient ratios of 4.0
are reasonable,

d. Fixed wing at angle of attack of 60 degrees does not lend itself to state-of-the~-art
heat transfer prediction methods, At other anglas of attack, fixed wing requires
more experimental investigation than deployabie wing.

6.5 SYNTHESIS SUMMARY

Tables 6-2 through 6-5 show the synthesis and weight summaries for both the current
fixed-wing and FR-3 deployable-wing designs.

6.6 CONCLUSIONS

From the weights point of view there is very little difference between a fixed-wing
and deployable-wing design.

The fixed-wing design is inherently simpler in concept, but surface exposed to
complex flow conditions is increased.

Wings are inherently subject to deflections due to loads and flow interactions,
requiring a thermal protection subsystem that will be subject to these conditions,

The effects of exposed wings on transonic flow with the possibility of flutter need to
be evaluated by considerable wind-tunnel testing.

Fixed-wing design needs to satfsfy both subsonic, transonic, and hvpersonic aero-
dynamic requirements, some of which are in conflict with each other. Deployable
wings decouple these requirements but at some expenee in complexity.

6-17



PEAK RADIATION EQUILIBRIUM TEMPERATURE, TEQ (°F)

Volume III

TEMPERATURE LIMIT OF TD NiCr
o f A ? F

2500}

2000#

LOWER SUURFACE /

2000 e

EMISSIVITY (€)= 0,85

1500F

ADIABATIC WALL REFEl‘iENCE ENTHALPY METHOD
GRADUAL TRANSITION FROM 106 TO 2 x.106

M/8 =58,0 LB/ FTz, M/CLS = H0,.8 LB/F’I‘2
ENTRY A:NGLE = -1,5 DéGREES AT 400.300 FT
QREF = 7'7.5 BTU/SEC-FTz, T, . =3710°R

EQ
1,0-FT-RADIUS SPHERE

1000 _\

1500

PEAK RADIATIUM EQUILIBRIUM TEMPERATURE, TE Q (°R)

1000

500}

\UPPER SURFACE

500}

<

0 50 100 150 200

CENTER LINE DISTANCE, X (feet)

Figure 6~14, Orbiter Fixed-Wing Body-Surface Peak-Temperature Distribution
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Figure 6-16, Orditer Fixed-Wing Lower Surface Heating -

Cronsrange capuability is restricted in the fixed wing relative to the deployable

wing configuration,

6.7 UPDATING OF THE FR=3 60K POUND PAYLOAD TWO-ELEMENT SEQUENTIAL-

BURN VEHICLE SYSTEM

It will be noted that the summary run oa the two-element sequentini-burn veblcle in
Paragraph 6,5 shows a slightly highor GLOW (4, 067M 1b) than the preseniation ver-
sion shows In Paragraph 2.1 (4, 007M 1b), This is due to nominal iteration changes
in the program, since the design development of the vehicles is a changing iterative
process with calendar time,

The Fli=i configuration in Section 4 incorporated two features resulting in higher
welght than the presentation vehicle, These were }) an increase in wing welight due
to scaling factors, and 2) an increase in flyback and landing turbofan engine weights
due to the cont saving device of using off-the~shelf engines currently available. For
comparison purposes these changes wore made to the two-stage segmented-burn 50K
pound payload vehicle alwo, The results are generally applicable to all of the other
vehicles in the spectrum,
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Table 6-6 shows the summary run for the increased wing weights, The gross liftoff
weight hias increased to 4, 12M 1b, Table 6-7 shows the added effect of off-the-shelf
flyback engines,

The orbiter element of the two-stage sequential-burn vehicle has three Pratt & Whitney
TF 33-P-5 turbofan engines, Versions of the TF-33 engine are used on the C-135,

the 707, and the DC-8. The TF-33-P-5 has a maximum sea level static thrust of

18, 000 pounds and an S, F, C, at maximum power of 0,54 Ib/hr/lb, Ity bare weight and
dimensions are: weight, 4170 pounds; diameter, 53 inches; length, 137 inches,

An alternate airbreathing engine con{iguration is two General Electric TF 39-F10
turbofan engines, The TF39-F10 engine is a study version of the TF39-1 and was
estimated to require approximately $55 million and 38 months to develop through MQT,
The TF39-F10 has a maximum sea level static thrust of 26,000 pounds and an S, F.C,
ar maximum power of 0, 365 lIb/hr/lb, Its bare weight and dimensions are: weight,
5445 pounds; diameter, 70 inches; and length, 159 inches, Using this configuration
would result in a decrease in airbreathing engine system and fuel weight ot approxi-
mately 2550 pounds,

The gross liftoff weight is now 4, 27M pounds, including the updated wing and engine,

6.8 REFERENCES

6-1 D, E. Haak, USAF Stability Control DATCOM, Flight Control Division, AFFDL,
WPAFB, August 1968,
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Table 6-2. Two-Element Sequential Fixed-Wing Configuration
(Single Talil) Synthesis Summary

Volume III

BO0STER ORBITER VEWICLF
ELEMENT
WEIGMT
FUEL 355208 47989
OXID1ZER 2273314 ATS920
PROPELLANT 2628819 543904
FLYBACK FUEL 432%0 Joss
PAYLOAD 50000
STRUCTURE 445398 105111 630%0%
CONTINGENCY 40839 18811
OTHER 20598 472%)
TOTAL 3186302 847838 £334340
IN ORBITY o628
RETURN CONODITION 457787 299864
ENTRY 0 258962
LANDING 404824 294548
VOLUME
FUEL . 85337 18199
OX101ZER 3ien2 T04T
PROPELLANY 182019 21246
PAYLOAD 10438
OTHER TaR66 5133
TOTAL 196A88 83223
GEQMETAY
LENGTH 261,46 18,7
80DY WETTED AREA 29504,3 16498,0
f00Y PLANFORM AREA 9308,9 4760,2
ENTRY PLANFORM LOADING 37.9 84,3
PROPULSION
THRUST=TOuaE JGHT 1.67938 1.)92%8
NO, OF ENGINES (] 2
THRUST PER ENGINE (5L) 702233 UPRATED
THAUST PER ENOINE (VAC) O/F « 6,4 T119L0 JOMINAL
SPECIFIC IMPULSE (SL) 398,0 387.¢4 0/F w 7.0 399U
SD!CHIC ImPULSE (VAQ) 491,7 45¢6.% 451,7
THAJECTORY
MASS RATIO 2.7677) 2.87000
MARIMUM DYNAMIC PHESSURE 1994
STAGING OYNAMIC PRESSURE %0
STAGING VELOCLITY (RELATIVD) 10092
STAGING ALTITVLE 187287
STAGING FLIONT PATW ANGLE (RELATIVE) 2.092
INJECTION VELOCITY (INERTIAL) 2%0%7
INJECTION ALTETUVE 26000)
INJECTION FLEIGHTY PATHM ANGLE (INERTYTIAL) =,000
INJECTION ENCLINATION 54,99
rLYBACK RANGE 277,08
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Table 6-3, Two-Element Sequential Fixed Ving Configuration
(Single Tail) Summary Weight

Volume HI

SPACECRAFT SUMMARY WE|GHT STATEMENT

HOTLIS & SKETCHES.

OoD%, SYSTEM: REF, WIL-M-3A310A OR $P-6004

I TR OIJIGI.ILI

A - Booster

in residual weights.

- |NIoin

SPACECRAYT
pr———

—— R

. WL_WANNED lAuwcy - Orbiter

(:?:'St;;;é"?ﬁ' uer !4?1 H‘m_f‘d_ng v i
:unfipuration (Single Tull)
| TEN QN MOOULK SPACECRAFT
G008 it Y ¥ g [ 7 v M
P 6 | ABRODYNAMIC SURPACEM Al 78 Jdeg3é
1o ) oDy STRUCTURR R 288F -3
o | ispuces ENVi# PEOY 1707 - 37542 o
40 1iscy agcov s prg | 2880 L2237
S 0| MAIN PROPUL K TON T 38267
a0 | ORIENT CONTROL SEP &  ULL / (RUS56
1.0 | FRIME PORER SOURCE P 1 2F/
A0 | POWER CONV & DIATR 2924 2238
9.0 | AUIDANCE & NAVIGATION L2020 220
10,0 § INSTRUMENTAT I ON 222 227
15.0 | COMMUNICATION 222 222
12.0 | ENVIRONMENTAL CONTROL A3p
13.0 | ( RESEAVED)
14.0 | PERSONNEL PROVIS[ONS
15.0 | CREW STA CONTRL & PAN 220 K725
16.C | RANGE SATETY & ABORT 3
SUSTOTALS (ORY WEIGHT) Y9353 &zﬂ&ﬂ:
17.0 | PERSONNEL P O 228
i8.0 { CARGO 5000
19.0_| oRDNANCE
0.0 | maLLasy
21.0 | mzsio PROF & sSERV ITEME 0&
SUBTOTALS ( INERT WE{QNT) /, w9
23.0 RES PROP b SERV ITEMS
23.0 ] INFLIGHT LoSSEXS #3667 2/455
24.0 | THRUST DRCAY PROPELLANT
25.3 | PULL THRUST PROPELLANT [ 26285,9 52222
28.0 | THRUST PRCP BUILDUP
27.0 § PRR-JGNITION LOSSES
TOTALS {anoss lElﬂHl! sLl) -] 8
DESIGN ENVELOPE VOLUME (rrdy | r9ga8 23323
PRESSURIZED VOLUME (rrdy
[DESIGN ENVEL SURF AREA trth | 25504 15 478
PRESSURIZED SURF AREA (FT3)
DESIGN 4. MAX (L&/FT) 599 599
DESIGN K. MAX ol rd
DESIGN POWER, MAX {KW)
DESIGN NO. MEN/DAY3 2/-/ 2/

Thrust decay propellants are included

Tanks are over-sized to account for
thrust build-up and pre«ignition losses.

5 Fere 1523 (Jui W)
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Table 6-4, Two-Element Sequential Variable Geometry Wing Synthesis Summar-

WEIGHT
FUEL
OX10%ZER
PROPFLLANT
FLYBACK FUEL
PAYLOAD
STRUCTURE
CONT INGENCY
OTHER
TOTAL

IN ORBIT

RETURN CONDITION
ENTRY

LANDING

VOLUME
FUEL
OXIDIZER
PROPELLANT
PAYLOAD
OTHER
TOTAL

GEOMETRY
LENGTH
BODY WETTED AREA
BONY PLANFORM AHREA
ENTRY PLANFORM LOADING

PROPULSION
THRUST=TQO=WEIGHT
NO. CF ENGINES
THRUST PER ENGINE (SL)
THRUST PER ENGINE (VAC)
SPECIFIC IMPULSE (SL)
SPECIFIC IMPULSE (VAC!

TRAJECTORY
MASS RATIO
MAXIMUM DYNAMIC PRESSURE
STAGING DYNAMIC PRESSURE
STAGING VELOCITY (RELATIVE)
STAGING ALTITUDE
STAGING FLIGHMT PATH ANGLE (RELATIVE)
INJECTION VELOCITY (INERTIAL)
INJECTION ALTITUDE
INVECTION FLIGHT PATH ANGLE (INERTIAL)
INJECTION INCLINATION
FLYRBACK RANGE

BOOSTER ORBITER
ELEMENTY
357849 66067
2290236 462468
2648088 528534
462466 3048
S0000
456540 184665
60654 18467
20742 47169
3232287 831883
3o0802%
584205 299279
0 258393
518108 254040
88995 13423
33933 6848
122928 20271
10638
75389 469%9
198317 77868
242,0 177.2
25627,.8 13741.,9
9351,0 4437,3
60.‘ 5802
172434
8 2

707476 UPRATED

o/ =6,4 7172286
357.4
4586,5

39S5,0
451,7

2.70082

25897
260002
=5000
54,96
£83,6
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VEWI Ve

641205

4064171

1439261

NOMINAL
O/F = 7-0 395.0
451,7

2.87000
668,7
50
11086
188347
1.864



Table 6-5

FR-3 Two-Element, Sequential Burn,

50K Pound Payload Weight Summary

Volume III

SPACECRAFT SUMMARY WEIGHT STATEMENT
TRETRTION T pR g Two_gtage 8y DATE
Sequential, 50K Pavyload
)TEM OR MODULE SPACECRAFT
CooE SYSTeu T T 2 E F W U
1.0 | AERODYNAMIC SUKFACES 6356 / 27797
3.0 | BODY STRUCTURE 239538 64267
3.0 | INDUCED ENVIR PROT - XEL Hize )
4.0 | LNCH RECOV & DKC 30707 LS
5.0 | MAIN PROPULSION /89s532] Z8/83
6.0 | ORIENT CONTROL SEPF & ULL 29642 P& ool
7.0 | PRINE PONER SOURCE 1048 /824
8.0 | POWER CONV & DISTR #2392 2072
9.0 | GUIDANCE & NAVIGATION 230 /0
10.0 | INSTRUMENTATION 220 375
11.0 | communICcATION 220 242
12.0 | ENVIRONMENTAL CONTROL 230 6/6
13.0 [ (RESERVED)
14.0 PERSONMNEL PROVISIONS
15.0 | CREW STA CONTRL & PAN &l aZs
16.0 | RANGE SAFETY & ABORT g
SUBTOTALS (ORY WEIGHT) 5147 194 FEETE]
17.0 | PERSONNEL 200 730
18.0 | cARoO So¢ 20
19.0 | ORDNANCE
20,0 | BALLAST
21.0 | RESID PROP & SERV ITEMS / 06
SUBTOTALS (INERT WEIQHT) 32339 SHPB
22.0 | AES PROP & SERV ITENS
23.0 ] INFLIGHT LOSSES L VL]
24.0 | THRUST DRECAY PROPELLANT
15.0 | FULL THRUST PROPELLANT 2648085 56233
6.0 ] THRUST PROP BUILDUP
27.0 ¥ PRE-1GNITION LOSSES
TOTALS (GRCSS WEiGHT) (LB) 3223229 883|883
DESIGN ENVELOPE VOLUME oy Lyopas 7 77
PRESSURIZED VOLUME (rrd)
DESIGN ENVEL SURF AREA (FTd) 35438 /
PRESSURIZED SURF AREA {FT4)
DESIGN q. MAX (LB/FT“) 462 669
DESION €. MAX £ 4L
DRSIGN POWER, MAX (KW)
DESIGN NO., MEN/DAYS z‘a/ z‘7
S <
mm: HOTES & SHNE' CHES:
OODE, SYSTEM: REF. MIL-M-JA310A OR SP-6004 .
TTES Oh WODULE ?hrus?decay'propenantsare1nc1uded
n - Booster in residual weights.
B Tanks are over-sized to account for
< thrust build-up and pre-ignition losses.
D
e
4
|__SPACECRAFT .
- r
U UMMAMNED LAUNCH

W3S Form 1323 (Jul 69)
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Table 6-6. FR-3 Two-Element Sequential Burn, 50K Pound Payload Synthesis Summary

WEIGHT
FUFL
OXIDIZER
PROPFLLANY
FLYRACK FUEL
PAYLOAD
STRUCTURE
CONTINGENCY
OTHER
TOTAL

IN ORRTY
RFETURN CONDITION

ENTRY
LANDTING

VOLUMF
FUFL _
OXTINIZER
PROPELILANTY
PayLOAD
OTHER
TOTAL

GEOMETRY
LENGTH
BODY WETTED AREA
RONY PLANFORM AREA
ENTRY PLANFORM LOADING

PROPULSION
THRUST=TO=WEIGHT
Nn, OF ENGINES
THRUST PER ~““3INE (5L)
THRUST PER ENGINE (VAC)
SPFCIFIC IMPULSE (SL)
SPFCIFIC TMPULSE (VAC)

TRAJECTORY
MASS RATIO
MAXIMUM DYNAMIC PRESSURE
STAGING NYNAMIC PRESSURE
STAGING VELOCTITY (RELATIVE)
STAGING ALTITUDE
STYAGING FLIGHT PAaTH ANGLE (RELATIVE)
INJECTION VELOCITY (INERTIAL)
INJECTION ALTITUDE
INJECTION FLIGHT PATH ANGLE (INERTIAL)
INJECTION INCLINATION
FLYBACK RANGE
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ROOSTER
FLEMENT

363009
2323255
26R6264

a7186

4720%2
54595
21009

3282005

595749
0
528458

90277
36422
124700

76410
201109

243,1
25867,8
943R,5
61D

8
TiTole

395.0
AS1.7

»83,5

ORBITER

66766
447359
534128
3082
50000
187170
18717
47662
840756

311389
302511
261190
256808

13597

6921
20517
10638
47397
T8552

1777
13822.3
44632
58.5

1472915
2

726858
35T«4
4565

2.70061

258%7
260004
050
54.96

VEHICLE

660121

4122761

1,39133

398,n
451.7

2.,87000
6£67.8
50
11088
18843R
18564



Table 6-1.

WEIGHT

FUFL
OxJD1ZER
PROPELLANT
FLYBACK FUEL
PAYLOAD
STRUCTURE
CONT INGENCY
OTHER

TOTAL

IN ORRIT

RETURN CONDITION
ENTRY

LANDING

VOLUME

FUEL
OXIDIZFR
PROPELL.ANT
PAYLOAD
OTHER
TOTAL

GEOMETRY

LENGTH

BoDY WEYYED AREA

80DY PLANFORM AREA
ENTRY PLANFORM LOAUING

PROPUI STON

THRUST=TO=WEIGHT

No, OF ENGINES

SL THRUST/ENG NUM/UR
VAC THRUST/ENG NOM/UR
St 1SP NOM/UR

VAC 13P NOM/UR

TRAJECTORY

MaSS RATIO

MaX IMUM DYNAMIC PRESSURE
STAGING DYNAMIC PRESSURE

BOOSYER
ELEVYENT

375913
2405846
2781759

57678

475689
54859
19877

338976}

606009
0
531362

93647
35640
129086

76935
208021

265,8
26457,2
96513,6
6ie1

A
643268/ 742777
147908/ 85261%

383,6/392,9
44h,0/65),0

287000

STAGING VELOCITY (RELATIVE)

STAGING ALTITULE

STAGING FLIGHT PATH ANGLE

(RELATIVE)

INJECTION VELOCLTY (INERTIAL)

INJECTION ALTITUULE

INJECTION FLIGNT PATHM ANGLE (INERTIAL)

IMJECTION INCLINATION

FLYBACK RANGE

et P ————— o 4 ——

263,8
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ORBITER

69678
4R926823
859181

3382

50000
197552

10755

49722
879562

325325
316054
272879
26822%

14375

T245
21621
10638
49344
81603

180,0
]‘17709
578,13
3,6

1.73877

4
698662/
764678/
357,07/
456,07/

2,T0452

25897
260004

: 000
B4+96

Volume III

FR-3 Two-Element Sequential Burn, 50K Pound Payload Synthesis Summary

VEHICLE

673140

4269324

1,39164

5146 45/59‘22%‘
5¥03265,6820922
383,6/392,9
$46,0/651,0

676,04
80
11066
188163
1940
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BECTION 7
FIXED GROSS LIFTOFF WEIGHT VEHICLES

This section summarizes the FR~-3 and FR~-4 point design vehicles sized to fixed gross
lifteff weights of 3, 0 and 3.5 million pounds.

FR~3 is a two-element sequential~-burn vehicle and FR~4 {# a three-element configura~-
tion, (Two-stage sequential-burn with the booster being made up of two identical
elements arranged on either side of a central orbiter element,) The vehicles 4o not
use crossfeed,

The ground rules established for this vehicle investigation are summarized below:

a, Investigate a 3.0 million pound liftoff weight version of both the FR-3 and FR~-4,
These were to incorporate the 15~-foot~diameter by 60~frot-long payload bays,

b, Investigate a 3,5 million pound liftoff weight version of both the ¥R-3 and FR~-4,
These were to incorporate the basic 15~-foot-diameter by 60~foot-long payload
bay with a 22-foot-diameter by 30-foot-long bay superimposed on it.

¢, 400K pound thrust bell nozzle, high P, engines, sea leve! nominal viere to he
incorporated, Only nominal 100% thrust ratings with a mixture vatio of 6,5 to 1
were to be used in all stages,

d, Elimination of go-around i{n the orbiter was permitted, (In this case XJ-99
engines were used to permit holding a 3~degree glide path on the approach, )

e, Reduction of on-orbit AV was allowed within the limits of the mission require-
ment, (In this respect the nominal 1800 fps in the main maneuver propellant
system was reduced to 1480 fps, being made up as follows for the 270 n, mi,
orbit mission: circularize at 100 n, mi, , 110 fps; tranafer to 270 n, mi, , 300 fps
plus 300 fps; retro 450 fps; reserve 320 fps, )

f. Orbiter burn was required at liftoff, 100% thrust throttled back to 10% thrust
during the remainder of the orbiter flight prior to staging,

g. The basic design should have a crossrange capability (inherent in its shape) of
1500 n, mi, with actual TP8 for 800 n, mi. The effect of added TP8 weirht for
1500 n, mi, crossrange was to be shown,

Tel



Velume 1

7.1 3.0M POUND GLOW VEHICLES (15-FOOT-DIAMETER BY 60-FOOT-LONG
PAYLOAD BAY)

Exploratory data was examined, and it was apparent that to arrive at a system with
positive payload some concession must be made in the ground rules., The alternatives
seemed to he:

. Design to less demanding orbit.

a
b, Reduce payload bay length,

&

. Revert to uprated thrust,

d, Eliminate contingency,

‘The decision was made for this immediate study to eliminate the contingency, This
was done on all the point designs, for comparison purposes, To keep the record clear,
the effects of the contingency are shown alac,

7.1.1 FR-3 POINT DESIGN, This point design is shown in Figure 7-1, The arrange-
ment is tail- to- lali alignment to permit orbiter burn {f necessary, The arrangemont
also reduces loads on the booster, The vehicles are similar to those previously pre~
sented in the two-element sequential~burn studies, Table 7-1 gives the point design
synthesis outputs for the FR~3 syatem, Table 7-2 {4 a weight summary for this
system,

7.1.2 FR=4 POINT DESIGN, ‘This FR~4 point design is shown in Figure 7-2, The
lines are similar to the previously developed series of fully reusable veh!cles at
Convalir, The synthesis run is summarized in Table 7«3 and welights are summarized
in Table 7-4, This final summary is slightly higher in gross Liftoff welght than the
vehicle used in previous parametric studies, but the differonce is small (3,02M ver-
sus 2,99M),

7.2 3,6M POUND GLOW VEHICLES

The 3.6M Ib GLOW vehicles are summarized in the following paragraphs,

7.2,1 FR-3 POINT DEBSIGN, To Incorporate the payload hay into the vehicle, a
certain amount of reconfiguring was required, The orbiter vehicle was the only one
affected, the hooster being simllar to that used throughout, Some advantage was taken
of the reduced 1500 n,. mi. maximum crossrange shape requirement (versus 2000 n, mi,
previousiy used) to Llunt the ncse and improve volume-to-wetted-area ratios, The
large payload hay area and the smaller payload weights allow a decrease in planform
area, since the entry planform loading imits are not approached in these configura-
tions, Bince thess configurations took cognizance of the amaller gross liftoff weight
factors, the volumes have been adequately checked out, and further tteration should

12
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Table 7-1, IM-Pound GLOW FR-3 Design Point Synthesis Summary
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Table 7-2.

FR-3 Weight Summary
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Table 7-3, 3M-Pound GLOW FR-4 Design Point Synthests Summary

wEtGNT

PROPELLANT, ABCENY

AGNSTEN
ZLEMENY

%8n2e8

PROSELLANTY ORBLIT manguUVER

PROPRLLANT TOTAL
FLYBACR FUEL
paYLOAD

STRUCYuNE

CONY INGENCY

OTmMLR

TOTA;

In Ot

REyuRN COMCLTION
ENTRY

LAND I NG

VAL UME

Furp
onjordEs
PROPELLANTY
PavLOMU
OTwER
TOTAY

GENmFTRY

LENGTH
AONY WETTEC AmWEA
HONY PLANFONM AWEA

ENTHyY FLANPUNER LOADING

PRAMPULSTINN

T T = Nanf |OnT

NDo OF ENGIWES

L TRRUSTZENG NOWm/UR
VAL TRRUST/ENG NUM/HIA
Si 18P NOM/uw

VAC 198 NOW/UW

TRaJECTIORY

HASS WATID

MARTMUM NYAAMIC PRESSURE
STAGING NYNAMIC PRESSURE

Sl

214800
0

10401
122909

248008
219225
218537
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YY1 K]
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RETL]
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]

9%/ 39999,
Y ALIY YIS
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Table 7-4. FR-4 Weight Summary

Volume III

SPACECRAFT SUMMARY WEIGHYT STATEMENT
NASA'FEK-4, Point De sign 6=3-6 |" i
Epo . A . ¢
|TEM OR MODULE SPACECRAFTY
cops SYSTEM X ? 3 D 3 ¥ ¥ 0
i.0 | AERODYNAMIC SURFACES 22/32| 32132 26:726
. 2.0_| BoDY STRUCTURE vaEA Sic¥S
3.0 1 INDUCED ENVIR PROT F3720] ax92p 33075
4.0 | 1NCH RECOY & DXG 7822 A28 BlA3
$.0 | MAIN PROPULSTON 6x922| £2922 d3Z77
6.0 | ORIENT CONTROL SEP & ULL 2766 | A186
7.0 | PRIME POVER SQURCL w47 Y27 Jid o) 7
8.0 | POVER CONV & DISTR 2 A T 202
4.0 | GUIDANCE & NAVIGATION 200 282
10,0 ] INSTRUMENTAT [ON 220 200 280
11.0 | COMMUNICATION 208 200 A
12,0 | ENVIRONMEMTAL CONTROL 302 200 L560
13.¢ { RESERVEL)
14.0 | PERSONNEL PROVISIONS
15.0 | CREW STA CONTRL & PAN 200 260 250
16.0 | RANGE SAFETY & ABORT il B
[SUBTOTALS (ORY WEIGHT) 2:980412 19800 261870
17.0 | PERSONNEL 722 200 3L
18,0 | CARGO lEcoa
19.0 | orRoNANCE
30,0 | BALLAST
210 | RESID PROP & SERV ITEMS 9 202
SUBTOTALS (EWERT WEHGHT) ) [ loduy 3095/
22.0 | aRS PROP & SERV 1TZMS
23.0 | iNFLIGHT LoSSES 33788] px284 $3¢%
34.0 | THRUST DECAY PROPELLANT
35,0 | FULL THRUST PROPELLANT PRpz8819 80208 28,78
6.0 | THRUST PROP BUILDUP
7.0 ) PRE- IONITION LOSSES
TOTALS (ORDSS WEIQGHT) (LB} (X2 727411 229434
DESIGN ENVELOPE VOLUME (rrd) § 745 745y 545
| PRESSURIZED voLuuE ()
DESIGN ENVEL SURP AREA (T4 17348 | 13398 PE Tl
PRESSURIZED SURF AREA (rrd)
DESIGN a. MAX (LB/FTY) Z 1341 Z3¢
DESIGN 4. MAX
DESIGN POWER, WAX (E¥)
DESIGN NO. MEN/DAYS —
H NOTL® & IKETCHES:
CODE, SYSTREM: REF. MIL-u-30)10A OR $P-$004 TARUST DELAY PROPELLANTS ARE XNCLDED
1734 OR uOOULE IN RESIDUAL WRISHTS .
A = Booster
L8~ Boosral TRANKS ARE OVER-SILED To AccaunT
£ FOR TARUSTY RQuitD-uP ApnD
: PRE- L GNIT/aN LOSSES .
¥
BPACECRAFY
- Orbiter
U UNMANNED LAUNCH

MEC Form 1573 (iul 88)
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not reduce the system capability on that score, Figure 7-3 shows the orbiter config-
uration, and Table 7~5 shows the synthesis summary, Table 7-6 is the weight sum-
mary,

7.2.2 FR~4 POINT DESIGN. Tne new orbiter configuration was used here also. It
is similar to that of Figure 7-3, Table 7-7 shows the synthesis summary of this
FR-4 system, and Table 7-8 is its weight summary,

7.3 COMPARISON OF FR-3 AND FR-4 VEHICLES

A comparison of the vehicles defined in Sections 7.1 and 7.2 is summarized in the
table below. The FR-3 has approximately twice the pasload capability of the FR-4 for
both the 3,0 and 3,5M-1b configurations.

Note also that the 17 percent increase in GLOW did not result in a similar payload in-
crease, This was due to the larger payload bay requirement (22-ft diameter) for the
3,5M-1b vehicle,

3,0M~-1b GLOW 3.5M-1b GLOW
FR-3 FR~4 FR-3 FR-4

Payload (lb) 32,000 15,000 35,000 17,300
Total Weight — Booster 2,429,886 1,229,094 2,787,324 1,396,323
Element (1b)

Propellant — Booster 1,968,076 980,288 2,281,676 1,131,186
(1b)

Total Weight — Orbiter 590,637 571,145 714,499 707,454
(1b)

Propellant — Orbiter 388,923 381,982 474,331 482,172
(1b)

7-9
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Table 7-5. 3.,5M-Pound GLOW FR-3 Design Synthesis Summary

A0OSTER
ELEMENT

WEIGHT

PROPELLANTs ASCENT 2281676

PROPELLANTs ORRIT MANEUVER

PROPE|LANTY TOTAL 228l167e

FLYBACK FUEL 43487

PAYLOAD

STRUCTURE 4308239

COMTINGENCY 7300

OTHER 19022

TOTAL P78732¢

IN ORRIT

RFTURN COMDITION 50564R

ENTRY 0

LANDING 439040
VOLUMF

FUFL 75693

OXIDIZER 29302

PRPNPELLANT 104998

PAYLOAD

OTHER 62543

TOTAL !6753n
GEUMETFY

LENGTH 228.7

BnNY WETTED AREA 22902.5

ANRY PLANFORM nREA 3560k

ENTRY PLANFORM LDADING 5843
PROP!) 10N

THRUST=TO=WE IGHT

NA, OF ENGINES 13

S| THRUST/ZENG NUM/ZUR
VAC THRUST/ENG NOMZUR

4o0u277 400027
4618867 sblafis

St ISP NOM/UR 389,3/389,2

VAL ISP NOM/UR 4463,5/669,58
TRAJEFTORY

MASS RATIOD 2.87000

FLYBACK RANGE

MaXTIMiiM DYNAMIC PRESSURE

STAGING DYNAMIC PRESSURE

STaGING VELOCITY (HELATIVE)

STAGING ALTITURE

STAGING FLIGHT PATH ANGLE (RELATIVE}
IMJECTION VELOCITY (IMEHTIAL)

IMJECTION ALTITUDE

INGECTION FLIGHT PATH ANGLE (INESTIAL)
IMJECTION INCLINATION

25%8.2
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ORBITER

449694
2Ao37
474331
0
35000
192HR3
0

12286
714499

26RB&T
260920
228795

b

14897
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20669
16720
52111
R9S01

168.2
143583,.0
469K R
ab,7

198029
3
238388/
471639/
232,07/
459,n/

2.65805
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+000
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Table 7-6. 3.5M-Pound FR-3 Weight Summary

SPACECRAFT SUMWARY WEIGHT STATEMENT

CONFIGURRTION 1*R-3 Point Design oY OATE

22 Ft B = i

c00E SYSTEM r . H:l pL] IDO:LE - - .SMGEOMF;
1.0 | AERODYNAMIC SURFACES So780 23727
2.0 | BoDY STRUCTURE L2877 L4803
3.0 | INDUCED ENVIR PROT g4 S9s56
4.0 | Lncu rECOV & DKG 2352
$.0 | MAIN PROPULSION L2 25078
6.0 ] ORIENT CONTROL SEP & ULL 45349 841
7.0 | PRIME POWER SOURCE 89 PV i d
8.0 | POWER CONV & DISTR Aeal [Z2L7.
9.0 | GUIDANCE & NAVIGATION 2L LB 2
10.0 | INSTRUMENTATION LLeo A52
11,0 ) COMMUNICATION X K20
12,0 | ENVIRONMENTAL CONTROL 320 569

13.0 { RESERVED)
14.0 PERSONNEL PROVISIONS

15,0 | CREW STA CONTRI, & PAN 200 250
16.0 | RANGE SAFETY & ABORT

SUBTOTALS (DRY WEIGHT) 438439 L2

17.0 | PERSONNEL 2z0
1.0 | caroo F5000
19.0 | oRDNANCE

20.0 | BALLAST

11.0 | RESID PROP & SERV ITEMS 1778 -4
SUBTOTALS (ENERT WE(GHT) &o9 9800
22.0 | RES PROP M SERV 1TEMS

13.5 | INFLIGHT LOSSES 4&900 7486
24.0 | THRUST DECAY PROPELLANT

15.0_] PULL *HRUST PROPELLANT 280620 47433/

16,0 § THRUST PROP BUILDUP
27.0 § PRE-IGNITION LOSSES

TOTALS (GROSS WEIGHT) (LB) U4
DES1GN ENVELOPE VOLUME o5 67538 afso]

PRESSUR1ZED VOLUME (rr)

[ PES1GN ENVEL SuRr AREA () Yozgna 24353
PRESSURI ZED SURF AREA (FTT)

DESIGN q., MAX (LB/FT4) Z&6 Z
DESIGN &, MAX

DESIGN POWER, MAX (KW}
PR —
DESICN NO. MEN/DAYS

H NOTEN & 3KETCHES,

CODE, SYSTEM: REF. MIL-M-38310A OR $P-6004 THRUST DECAy PROPELLANTS FARE TNCLUDED

ITEn OR W“er IV RESIDUML W EIONTS,
A = 008

2 TANKS ARK OvaR- SI28D To FCCOUNT
= FoR TNREST BWed-uP MND
: PRE - FaniTied Los3 RS,
SPACECRAFT
[ wewsp pgey - Orbiter
U UNMANNED LAUNCH ﬂ

NiC Form 1323 (jul &)
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Table 7-7. 3.5M=Pound GLOW FR-4 Design Point Synthesis Summary

wEIGHT
PROPELLAVTs ASCZENI

BOOSIER
ELEMENT

1131186

PROPEL_ANTs O43]IT HANEUVER

PROPELLANTs TUTAL
FLYBACK FUEL
PAYLOA)

STRUC T JRE
CONTINZENCY

OTHER

TOTAL

IN ORaT

RETURN COHLITION
ENTRY

LANDINS

vOLUME
FUEL
OXIDIZER
PRUPELLANT
PAYLOA)
OTHER
TOTAL

GEOMETRY
LEN3TA
BOLY wEITEL AREA
HODY P_AVFURM AREA

ENTRY 3 ANFOIORVY LOAYING

SROPULSION
THRJISTald=maiE ] 347
NDs UF ENGI'ES

SL VTHRIST/ZENG NOM/ IR
VAC THRJUST/ZEMG NOMZUR

SL ISP VOM/UR
VAC 182 NOm/uUR

TRAJECTORY
MASS RATIO

MARXRI MUV DYNAMIC PRESSUME
STAGING DYMAMIC P4ESSURE

1131186
23025

2308488

0
10625
1396323

265136
255411
231519

37249
16525
51773

33786
85560

1828
leviz2a.?
5339}
oleH

6

3999317 39993)
w6)1775/7 46178
383.3/385,3
4439744945

2+82184

STAGING VELOCITY (<ELATIVE)

STAGING ALTITUDE

STASINS FLIGHT Pal+4 ANGLE

(RELATIVE)

INVECTION VILOCTITY (INERT]IAL)

INJECTION aLTITuuE

INJECTION FLISHT PaTh aNOLE (IVERTIaAL)

INJECTION INCLIMATION

FLYBACK Kay3E

26740
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ORBITER

459243
22929
AB21T2
0
17300
1964399

0
13583
To7454

252v32
242828
212622

)

15103

5908
21010
16720
5282%
90556

168,90
1466543
473546
4649

197953
3
238331/
4715267
232.0/
459.0/

280707

25497
260057
o104
56,97

VENICLE

656171

a5yclov

1ed7)]e

a799170/7 4799175
59641297/ 5541297
389,3/389,3

51849

lu24p
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Table 7-8. 3.5M-Pound FR-4 Weight Summary

SPACECRAFT SUMMARY WEIGHT STATEMENT

WASK'FR-4, Design Point6-3-6 [* oATE

LI g .

CODE System r . "g‘ ar ¥ n-E - - ISNGEGIAF;
1.0 | AERODYNAMIC SURFACES JI3781 | Ia 30687
2.0 | ooy sTRucTURR Z88¢3 . 208k 66,97
3.0 ) INDUCED ENVIR PROT ChlkiBW v k] v oLl
4.0 }LNCH RECOV & DRG IS5l 355 eSS,
5.0 | MAIN PROPULSION E4752) 64932, Fs450
6.0 | ORIENT CONTROL SEP & ULL 4586 275y
7.0 | PRIME POWER SOURCE Hé) ] LE3Y
8.0 | POWER CONV & DISTR 26,8 LB
9.0 | GUIDANCE & NAVIGATION 220 | 282
10.0 | INSTRUMENTAT ION 228

11.0 | COMMUNICATION 200 28
12.0 | ENVIRONMENTAL CONTROL Ery; 200 )

13.0 | (RESERVED)
14.0 § PERSONNEL PROVISIONS

15.0 | CREW STA CONTRL & PAN 200 250
16,0 | RANGE SAFETY & ABORT d
SUBTOTAL3 (ORY WE1GKT) 3308R7| 230882 194398
17.0 | PERSONNEL P00 9 —t D
18.0 ] cAroo 12300

19.0 1 ORDMANCE
20.0 | BALLAST

21.0 | RESID PROP & SERV ITEMS = 5
SUBTOTALS ( INERT WEIGHT) ) e 236 /f
12.0 | RES PROP & SERV 1TEMS

23.0 ] INFLIGHT LOSSRS 2273
24.0 | THRUST DECAY PROPELLANT

25.0 | FULL THRUST PROPELLANT 821

26.0 | THRUST PROP BUILIUP
17.0 J PRE-IGNITION LOSSES

TOTALS (GNOSS WEIGHT) (iB) 3% T2 Zo745%
DESICN ENVELOPE VOLUME (rr) | B8ssed 2055
FRESSURIZED VOLUME )

DESION ENVEL SURF AREA 7 Jvgaal jen3 (4465
PRESSURIZED SURF AREA (FT¢) e o

DESION q, MAX (LB/FT?) __519 £19 S(2

DESIGN &, MAX

DESIGN POWER, MAX (KW)
DESIGN NO. MEN/DAYS

M NOTES & SKETCMES:

CoDE, SYSTEM: REF. NIL.M-38310A OR 3p-6004 THRUST DECAY PROPELLANTS ARE INCLLUDED

ITEM OR MODULR IN RESIDUmML WEIGHTS.
A = Booster

TRANKLS PRE OVER-3128D0 To ARctouwnr
FO®R THRus7T Bunp-ur AwnND
PrE- TeNi7/od Lo3SES.

i

SPACECRAFT

P —
L wyowp javvcy = Orbiter
U UNMANNED LAUNCH

e ———— T S —

u3C Form 1323 (Jul 89)
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