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FOREWORD

This report contains the final results of the studies conducted under
Contract NAS2-3918, Technological Requirements Common to Manned
Planetary Missions. This report consists of five volumes. The first volume
(SD 67-621-1) summarizes the study results. The detailed descriptions of
the study are presented in the following volumes:

Appendix A - Mission Requirements (SD 67-621-2)

Appendix B - Environments (SD 67-621-3)

Appendix C - Subsystem Synthesis and (SD 67-621-4)
Parametric Analysis

Appendix D - System Synthesis and (SD 67-621-5)

Parametric Analysis

- iii -

SD 67-621-%



CONTENTS

SYSTEM SYNTHESIS AND PARAMETRIC ANALYSIS .

CONFIGURATION DESIGN . . . . . . .
Earth Reentry Module Design . . . . . .
Planetary Excursion Module Design
Mission Modules .

Aerobraking Spacecraft Design

WEIGHT SCALING EQUATIONS .
Earth Reentry Module Weight Scaling Equatlons
Mission Module Weight Scaling Equations . .
Planetary Excursion Module Weight Scaling Equatlons .
Propulsion Stage Weight Scaling Equations
Aerobraking Module Weight Scaling Equations .

WEIGHT SYNTHESIS METHODOLOGY

WEIGHT SYNTHESIS PARAMETRIC ANALYSIS
Earth Reentry Module
Mission Module .
Planetary Excursion Module
Propulsion Module . . . .
Aerobraker '

MISSION/SYSTEM DESIGN
Study Approach
Circular Planetary Parklng Orb1ts
Elliptical Planetary Parking Orbits
Conclusions . .

REFERENCES

gy SD 67-621-5

73

77
77
82
88
95
95

131
131
133
155
212

214



ILLUSTRATIONS

Figure
1 Configuration Matrix
2 Biconic 14-Man ERM
3 Biconic 20-Man ERM
4 10-Man Ballistic PEM .
5 10-Man Ballistic Mars Excursmn Module, B1con1c
Aft Body . .
6 10-Man Lifting Body Mars Excur sion Module .
7 16-Man Lifting Body Mars Excursion Module .
8 3-Man Retro PEM - Ceres and Vesta
9 10-Man Retro PEM - Ceres and Vesta
10 3-Man Retro PEM - Ganymede
11 10-Man Retro PEM - Ganymede . . .
12 Venus Excursion Module Mass Characteristics
13 Mission Module Concept Summary
14 14-Man Cryogenic Mars Aerobraklng Spacecraft
Concept . .
15 Planetary Mission Welght Synthe sis Program Loglc
16 Apollo Earth Reentry Module Mass
17 Biconic Earth Reentry Module Mass .
18 Conic Earth Reentry Module Mass
19 Reentry Module Mass Comparison
20 Mission Module Mass (750 Cubic Feet per Man,
3 Floors)
21 Mission Module Mass (750 Cub1c Feet per Man,
4 Floors)
22 Mission Module Mass (400 Cub1c Feet per Man,
3 Floors)
23 Mission Module Mass (1200 Cub1c Feet per Man,
4 Floors)
24 Mission Module Mass (1200 Cub1c Feet per Man,
5 Floors) .
25 Mercury Planetary Excurs1on Module Mass
26 Mars Planetary Excursion Module Mass
(Apollo Shape)
27 Mars Planetary Excursion Module Mass
(Aeronutronic Shape)
'_"’f",".‘:"‘e“m
LR HPEEN .m}

—

£

ei, - Vii -
' SD 67-621-5

Page

O N W

11

19
23

27
31
35
38
41

45
75
78
79
80
81
83
84
85
86

87
89

90

91



Figure Page

28 Ceres Planetary Excursion Module Mass . . . . 92
29 Vesta Planetary Excursion Module Mass . . . . 93
30 Ganymede Planetary Excursion Module Mass . . . 94
31 Propulsion Module Mass (Igp = 387 Seconds,

AV = 0.061 to 2.0 km/s, Maximum

Payload = 100,000 kg). . o 96
32 Propulsion Module Mass (Isp = 387 Seconds,

AV = 2 to 5 km/s, Maximum Payload = 100,000 kg) . 97
33 Propulsion Module Mass (Isp = 387 Seconds,

AV = 2.0 to 5.0 km/s, Maximum Pay-

load = 100, 000 kg) . . . . . . . . 98
34 Propulsion Module Mass (Igp = 387 Seconds,

AV = 2.0 to 5.0 km/s, Maximum Pay-

load = 100, 000 kg) . . . . . 99
35 Propulsion Module Mass (Isp = 450 Seconds,

AV = 0.061 to 2.0 km/s, Maximum

Payload = 100, 000 kg) . . . . . 100
36 Propulsion Module Mass (ISp = 450 Seconds,

AV = 2.0 to 5.0 km/s, Maximum

Payload = 100, 000 kg) . . . . . 101
37 Propulsion Module Mass (Igp = 450 Seconds,

AV = 2.0 to 5.0 km/s, Maximum

Payload = 4,000,000 kg) . . . . . 102
38 Propulsion Module Mass (Isp = 450 Seconds,

AV = 2.0 to 5.0 km/s, Maximum

Payload = 100, 000 kg) . . . . . 103
39 Propulsion Module Mass (Igp = 450 Seconds,

AV = 2.0 to 5.0 km/s, Maximum

Payload = 4, 000, 000 kg) . . . . . 104
40 Propulsion Module Mass (Igp = 450 Seconds,

AV = 2.0 to 5.0 km/s, Maximum

Payload = 100, 000 kg) . . . . ; 105
41 Propulsion Module Mass (Isp = 450 Seconds,

AV = 2.0 to 5.0 km/s, Maximum

Payload = 4,000,000 kg) . . . . . 106
42 Propulsion Module Mass (Igp = 800 Seconds,

AV = 2.0 to 5.0 km/s, Maximum

Payload = 100, 000 kg). . ) ) ; 107
43 Propulsion Module Mass (Isp = 820 Seconds,

AV = 2.0 to 5.0 km/s, Maximum

Payload = 100, 000 kg). . . . . 108
44 Propulsion Module Mass (Igp = 820 Seconds,

AV = 2.0 to 8.0 km/s, Maximum

Payload = 4,000,000 kg) . . . . . . . 109

- viii -

SD 67-621-5




Figure

45

‘ 46

47"

49

50
51

52

54
55
56
57
58
59
60
61

62

Propulsion Module Mass (Isp = 820 Seconds,

AV = 2,0 to 8.0 km/s, Maximum

Payload = 100,000 kg) . . . .
Propulsion Module Mass (ISP = 820 Seconds,

AV = 2.0 to 8.0 km/s, Maximum

Payload = 4, 000, 000 kg) . .
Propulsion Module Mass (Isp = 820 Seconds,

AV = 2.0 to 8.0 km/s, Maximum

Payload = 100, 000 kg) .
Propulsion Module Mass (Igp = 820 Seconds,

AV = 2.0 to 8.0 km/s, Maximum

Payload = 4, 000, 000 kg) . .
Propulsion Module Mass (Igp = 900 Seconds,

AV = 2.0 to 8.0 km/s, Maximum

Payload = 4,000, 000 kg) . . . .
Propulsion Module Mass (Isp = 2000 Seconds,

T/We = 8.0, Maximum Payload = 1000, 000 kg)
Propulsion Module Mass (Igp = 2500 Seconds,

T/We = 3.0 Maximum Payload = 100, 000 kg).
Propulsion Module Mass (Igp = 2500 Seconds,

T/We = 3.0, Maximum Payload = 6,000, 000 kg) .
Propulsion Module Mass (IS = 2500 Seconds,

T/We = 8.0, Maximum Payload = 100, 000 kg)
Propulsion Module Mass (Igp = 2500 Seconds,

T/We = 12,0, Maximum Payload = 100, 000 kg)
Propulsion Module Mass (Igp = 2500 Seconds,

T/We = 8.0, Maximum Payload = 100, 000 kg)
Propulsion Module Mass (Isp = 2500 Seconds,

T/We = 8.0, Maximum Payload = 100, 000 kg)
Propulsion Module Mass (Igp = 3000 Seconds,

T/We = 8.0, Maximum Payload = 100, 000 kg)
Mars Aerobraker (Apollo ERM, No MEM,

Isp = 387 Seconds) . . .
Mars Aerobraker (Apollo ERM Apollo MEM,

= 387 Seconds)

Mars Aerobraker (Apollo ERM Aeronutronic MEM,

Isp = 387 Seconds) . .
Mars Aerobraker (Apollo ERM No MEM,
Isp = 450 Seconds) . . . .
Aerobraker Mass (Apollo ERM, Apollo MEM,
Isp = 450 Seconds) )

- ix -
SD 67-621-5

Page

110

111

112

113

114
115
116
117
118
119
120
121
122
123
124
125
126

127



Figure
63

64
65

66
67
68
69
70
71
72
73
74
75
76
7
78
79
80
81
82
83
84

85

86

Mars Aerobraker (Apollo ERM, Aeronutronic MEM,
p = 450 Seconds) . . .

Trans-Earth Mass Requirements .

Planetary Excursion Module Mass (Mercury and
Ganymede) . .

Planetary Excursion Module Mass (Ceres and Vesta)

Planetary Excursion Module Mass (Mars)

Propulsion Module Mass Requirements (Specific
Impulse = 450 Seconds) . . .

Nuclear Propulsion Module Mass Requ1rements
(8-Man Crew)

Gaseous-Core Nuclear Propuls1on Module Mass
Requirements (8-Man Crew) .

Nuclear Propulsion Module Mass Requ1rements
(Common Manned Modules, 8-Man Crew).

Nuclear Propulsion Module Mass Requirements
(8- to 20-Man Crew) . .

Propulsion Module Mass Requ1rements (Common
Propulsion Modules, 8-Man Crew)

Nuclear Propulsion Module Mass Requirements
(Common Manned and Propulsion Modules)

Mercury Planetary Excursion Module Mass (E111pt1ca1

Parking Orbits) .
Mars Planetary Excursion Module Mass (Elliptical
Parking Orbits) ;
Ganymede Planetary Excursion Module Mass
(Elliptical Parking Orbits) . .
Chemical Propulsion Module Mass Requirements
(0 - 400, 000 kg) .
Chemical Propulsion Module Mass Requ1rements
(0 - 800,000 kg) . . .
Chemical Propulsion Module Mass Requirements
(0 - 1,600,000 kg) . . .
Nuclear Propulsion Module Mass Requlrements
(0 - 200, 000 kg)
Nuclear Propulsion Module Mass Requ1rements
(0 - 400, 000 kg) .
Nuclear Propulsion Module Mass Requ1rements
(100,000 - 500,000 kg) . . .
Nuclear Propulsion Module Mass Requ1rements
(0 - 1,000,000 kg) . . .
Nuclear Propulsion Module Mass Requ1rements
(0 - 1,000,000 kg) .

Nuclear Propulsion Module Mass Requ1rements
(0 - 4,000,000 kg) .

- X -
SD 67-621-5

Page
128
135
136
137
137
140
141
145
149
151
153
154
156
157
157
159
161
163
167
169
171
173
175

177




Figure

87

88

89

90

91

92

93

94

95

96

97

98

99

100

Nuclear Propulsion Module Mass Requirements
(0 - 10,000,000 kg). . . .

Mass in Earth Orbit Requirements (Chemical
Propulsion Modules) . . .

Mass in Earth Orbit Requirements, Nuclear
Propulsion Modules (200,000 - 1,000,000 kg) .

Mass in Earth Orbit Requirements, Nuclear
Propulsion Modules (200, 000 - 1, 800,000 kg) .

Mass in Earth Orbit Requirements, Nuclear
Propulsion Modules (0 - 6,000, 000 kg)

Mass in Earth Orbit Requirements, Nuclear
Propulsion Modules (0 - 7,000,000 kg) .

POE Propulsion Module Mass Requirements (20-Man
Module With 8-Man Crew) .

POI Propulsion Module Mass Requ1rements (20- Man
Module With 8-Man Crew) . .

EOE Propulsion Module Mass Requlrements (20-Man
Module With 8-Man Crew)

Venus and Mars Mass in Earth Orb1t (20 Man Module
With 8-Man Crew) .

Mercury, Ganymede and Juplter Mass in Ea.rth
Orbit (20-Man Module With 8-Man Crew) .

Fixed Propulsion Module Mass Requirements
(1988 Mars Opposition). . .

Fixed Propulsion Module Mass Requirements
(1999 Mars Opposition) . . .

Fixed Propulsion Module Mass Requlrements
(1988 Venus Inferior Conjunction)

- Xi -

SD 67-621-5

Page

179
183
185
187
189
191
193
195
197
199
2A01
209
210

211



Table

00 ~J O o W =

[ e e
W N — O 0

—
'

15
16
17

18

19
20
21

TABLES

Module Volumes

Earth Reentry Module Subsystems Summary
Conic Configuration Scaling Equations
Biconic Configuration Scaling Equations
Apollo Configuration Scaling Equations
Mission Module Subsystems Summary
Mission Module Life Support Subsystems .
PEM Ascent Stage Common Systems ,
PEM Descent Stage Common Systems
PEM Life Support Subsystems

Structural Weight - Ascent and Descent
Propulsion Modules Summary

Aerobraker Module Summary

Mission Opportunities for Solid Core Nuclear

Propulsion Module Mass Requirements Analyses.

Flyby Mass Requirements (Eight-Man Crew)

Jupiter Out-of-the-Ecliptic Mission

Mars Mission Using Gaseous-Core Nuclear
Propulsion Modules

" Chemical Propulsion Mass Requ1rements (Jup1ter

Mission).
Candidate Common Propu1s1on Modules
Propulsion Module Selection Criteria

Applicability of Common Propulsion Modules .

- xiii -

SD 67-621-5

Page

44
50
51
52
53
54
55
60
61
62
64
65
71

142
142
144

144

166
203
204
214



SYSTEM SYNTHESIS AND PARAMETRIC ANALYSIS

Parametric designs have been made of the modules that form the
systems (vehicles) to accomplish the designated missions. Conceptual design
drawings have been made as necessary to allow formulation of weight-scaling
equations based on realistic configurations. These equations are used in the
Weight Synthesis Computer Program to examine the sensitivity of these
vehicles to variations in design approach and uncertainties in design require-
ments. Conceptual designs will be discussed first, followed by the resulting
weight-scaling equations, weight synthesis methodology, and parametric
analysis,

CONFIGURATION DESIGN

This section summarizes the conceptual design activity performed
during the study. The scope of this activity encompasses the development of
two Earth reentry modules, six planetary excursion modules, two mission
modules, and one aerobraking spacecraft.

Since a basic objective of this phase of the study was the generation of
scaling equations for the various spacecraft modules for a broad spectrum of
planetary missions, the preparation of conceptual point designs to serve as
an anchor point for the scaling equations was considered to be essential,

The point designs serve as a check on the weight synthesis. Specifically, the
designs would illustrate the packaging requirements and constraints of the
various modules, the on-board propellants and propulsion systems, and
would delineate general structural requirements and staging concepts.
Analyses of the ''first cut' concepts generally show that a disparity exists
between the concept as it is designed, and the original synthesized weight
statement upon which the concept was generated. Normally, refinement of
the synthesized preliminary weights would be accomplished by a design iter-
ation to narrow the spread between the two., However, for the purposes of
this study, this procedure is not necessary. Sufficient accuracy of the
weights can be achieved without revising the drawings. Therefore, the draw-
ings discussed in this section are to be considered only as a guide to the
formulation of weight scaling equations and not as optimum designs,

One of the initial planning tasks performed at the beginning of the study

was the preparation of a matrix of all of the spacecraft modules and crew
sizes that were of potential interest to the study. In an attempt to reduce the
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number of concepts to be configured during the study, a summary of previous
SD studies was conducted to identify existing module concepts that would be
directly applicable. Earth reentry module (ERM) concepts for three-, six-,
and eight-man crews in the Apollo and biconic shapes were available from
previous SD studies of Mars flyby and aerobraking spacecraft. Apollo-
shaped ERM's for larger crew sizes were obtained from in-house studies

of advanced Apollo mission studies. Planetary excursion modules (PEM)
had been designed for Mars for smaller crew sizes (three or four) for other
studies, as had mission modules (MM) for crew sizes up to eight. Previous
SD studies of a broad spectrum of aerobraking spacecraft were adequate

for the crew sizes of three, six, and eight for cryogenic storable propellants
and nuclear propulsion systems. Subsequent to a detailed review of the
available concepts, it was possible to identify the desired new point designs
which would be appropriate to generate in this study.

The matrix of modules and crew sizes is shown on Figure 1. The
items designated "E'" are applicable existing designs that were considered
suitable for this study. The items designated '""N'' are the point designs
which were developed in the course of this study.

EARTH REENTRY MODULE DESIGN

Biconic ERM's were developed for crews of 14 and 20 and are shown
respectively in Figures 2 and 3 . The basic biconic shape used for these
design features is a right-elliptical cone afterbody and an elliptical fore cone
as developed by Lockheed. The crewman used for the internal arrangement
is a 90-percentile astronaut in an inflated pressure suit. The l4-man
vehicle (Figure 2 )has an overall length of 6.65 meters (262 inches), an
overall height of 3.27 meters (129 inches), and a gross moldline volume of
29.74 cubic meters (1050 cubic feet). A 14-man crew is accommodated on
four levels of seating, with numbers of 3, 3, 4, and 4 in successive levels
from the uppermost level down. The crew ingress/egress hatch is located in
the upper surface above the second level of crew, Although no attempt was
made to provide internal equipment arrangements, past studies have shown
that there is generally sufficient volume available, in vehicles with more than
three crew members, after the crew seating arrangement has been developed
to accommodate the on-board subsystems and position them to provide a
satisfactory vehicle, center-of-gravity location.

The 20-man vehicle (Figure 3 ) has an overall length of 7.49 meters
(295 inches) an overall height of 3.7 meters (145.5 inches) and a gross mold-
line volume of 42, 48 meters (1500 cubic feet). The 20-man crew is accom-
modated in 5 levels of 3, 3, 4, 5, and 5, respectively, from the uppermost
level. The ingress/egress hatch is positioned in the upper surface over the
middle level of crew.

These two concepts complete the family of point designs needed
for the Earth reentry modules.

-2 -
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PLANETARY EXCURSION MODULE DESIGN

Ballistic Mars Excursion Module (MEM)

Two point designs for ballistic MEM's were designated on the module
concept summary as being of interest. These vehicles were to be sized for
crews of 10 and 16. Subsequent to the conceptual design of the 10-man vehicle,
which is described in the following paragraph, the requirement to examine
the l6-man vehicle was deleted from the study. This decision was a direct
consequence of the size trend indicated by the 10-man point design.

Two conceptual designs for the 10-man vehicle have been prepared, the
second concept being a variation of the Apollo shape to provide higher volu-
metric efficiency for larger crew sizes. The first concept shown in
Figure 4 , is basically a modified Apollo shape and is based upon recent
SD studies of manned planetary excursion modules of three- to four-man
crew for Mars. As a direct consequence of the revision of the estimates of
the density of the Martian atmosphere, the shape of the ballistic vehicles has
been altered from that of the basic Apollo, which has an aft body cone angle
of 64 degrees. To provide the significant increase in base area for a lower
W/CpA and without an excessive increase in surface area of the aft body cone,
the aft body angle was increased to 90 degrees. The basic vehicle has an
overall height of 7.92 meters (312 inches) and a base diameter of 13. 56
meters (534 inches). The gross weight is estimated to be 5, 300 kilograms
(117, 000 pounds). The general arrangement consists of a single-level crew
compartment that serves as the mission module for the stay time on the
surface of the planet. A single propulsion system using OF,/MMH propellants
is used for terminal retro and landing and eventual ascent.! Four sections of
the heat shield are hinged and deployed to serve as landing shoes. At initia-
tion of ascent, the center cone of the vehicle separates and pulls out of the
peripherical structure which contains the landing gear.

At the completion of this first concept, shown in Figure 4 , it was
apparent that the concept was extremely inefficient from staging considerations
because the entire living quarters were being returned as part of the ascent
stage. The alternate design made to improve the staging efficiency is shown
in Figure 5 . In the alternate concept, the crew compartment is essentially
of a high-density loading configuration, with the crew accommodated in three
levels of seats for landing and return only. The two upper crew members have
multiposition seats to permit visual assessment of the terrain for final touch-
down. The other crew seats are fixed in a single position to accommodate
entry deceleration and ascent acceleration''g' loadings. The primary portion
of the living quarters and laboratory space is located in the lower landing stage.
Access to this pressurized section isthrough crew compartment floor hatches and
descent through a passage-way between the fuel tanks. A totalof 29.4 M3 (1040 £t3)

1FLOX/CH4 is also considered to be an attractive space storable propellant., Because of similarities in bulk
density and specific impulse, the configurations shown are appropriate for this propellant.

-4 -
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is available in the one pressurizable compartment located between the aft

pair of landing gear heat shield segments. Three other equivalent sized com-
partments are available, spaced between the sections of the heat shield which
are deployed as landing gear pads. Access to two of these compartments, on
an 'if required' basis, has been provided by elliptical pressurized tunnels
which extend from the primary section. These passageways have an internal
height of 1.42 meters (56 inches), which would Permit a crew member to

walk in a slightly stooped attitude. The height of the tunnel is limited by the
space available between the outside structure of the vehicle and the landing
gear. An airlock has been provided to facilitate ingress and egress to the
planet surface from the living quarters compartment. A weight iteration on
this concept resulted in a decrease in estimated gross weight and the attendant
base diameter as a result of the more efficient ascent staging brought about
by minimizing the size of the ascent crew compartment., The modified aft
body shape, consisting of two different conic angles, has been evaluated from
aerodynamic considerations and is considered to be satisfactory, provided
that drogue chutes are used to provide stability after entry and prior to ignition
of the terminal retro and landing propulsion system. Because of the low den-
sity of the Martian atmosphere, parachutes were not considered for descent
and landing.

Lifting Body Mars Excursion Module

Two lifting-body PEM concepts —a 10-man and a 16-man vehicle — were
identified on the point design module matrix, (Figure 1 ), as being necessary.
The basic body of these vehicles is a scaled half-conic shape known as D-9,
which was developed by Aeronutronics under NASA contract in 1963. This
vehicle has subsequently been used as a baseline lifting body configurations in
all studies conducted by SD. Two different versions of the basic D9 shape
exist, one which assumes a canted angle landing attitude, and the other which
lands in a vertical tail-sitting attitude. This latter mode and configuration was
used in the point designs that will be described in the following paragraphs.
The original lifting body configuration was predicated upon a more dense
Martian atmosphere than is currently being used as a model. Consequently,
additional planform area must be provided to comply with the lower W/CLA
required to perform a lifting entry into the VM Martian atmosphere currently
used as a design ground rule. In the two concepts prepared for this current
study, the wing area is obtained by providing two surfaces that are hinged to
fold out along the side of the body. This approach was used to provide wings
that would have a simple deployment scheme and would have a minimum of
effect on stowage and integration of the lifting body vehicle in the aerobraking
spacecraft concepts subsequently developed for this study. The projected
planform of the basic body of the vehicle and the desire to provide a swept

- 13 -
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leading edge for the deployed wings does not permit obtaining a total wing area
equal to that of the basic body, but generally only about an increase of 55 per-
cent, depending upon the specific vehicle. In all cases, the outer tip of the
deployed wings is folded down to provide increased lateral stability and to
improve the overall aerodynamic characteristics of the vehicle. During entry,
vehicle control will be provided by movable aft body mounted surfaces and a
reaction control system mounted on the aft surface.

For purposes of the gross conceptual generation of 10- and 14-man
lifting body vehicles, the staging approach and general internal arrangement
of the vehicle is the same as the Aeronutronics final design, with appropriate
changes to accommodate the increased propellant weights and larger mission
quarters for the increase in numbers of crew. Each vehicle utilizes a four-
legged landing gear, which is stowed at the aft end of the body prior to
deployment.

10-Man Lifting Body MEM

The configuration of the 10-man vehicle is shown in Figure 6. This
vehicle has an overall length of 12, 3 meters (484 inches), a maximum body
width of 10, 81 meters (426 inches) and an estimated gross weight of
60, 500 kilograms (133, 400 pounds). The 10-man crew is accommodated in
a 5.03 meter (198 inch) -long nose section of the vehicle in a high-density,
pressurized compartment during entry, landing, and ascent. A two-man
seating arrangement accommodates four in the first row and six in the aft
row. The crew compartment section contains all of the flight control systems,
displays, and life support systems required for descent and ascent. In
addition, it contains the ascent reaction control system and a docking inter-
face and associated systems for docking with the orbiting spacecraft
subsequent to ascent from the surface. Access to the mission living quartesrs
is provided by an interconnecting tunnel extending from the pressure bulkhead
of the crew compartment to the mission quarters located in the aft end of the
vehicle. '

Propellants used for the vehicle are OF/MMH with 10, 600 kilograms
(23,400 pounds) provided for descentand 15,500 kilograms (34, 020 pounds) for
stage 1 ascent and 9, 200 kilograms (20, 250 pounds) for stage 2 ascent. The
propellant tanks for stage 1 ascent are jettisoned after propellant expenditure
during ascent. Separate throttleable plug nozzle rocket motors (which are

desirable on the basis of volumetric considerations) are used for descent
and ascent.

The maximum wing area that is available by folding the two wing sections
across the upper surface of the body is 48.3 M2 (520 ft2). The resultant total
planform area, including that of the body is (1438 square feet) which provides
a W/CLA of 730 kg/M2 (150 1b/ft2).

- 14 -
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16-Man Lifting Body MEM

The configuration for this vehicle is shown in Figure 7. The general
arrangement and concept design philosophy for the 16-man vehicle is the
same as previously discussed for the 10-man vehicle. This vehicle has an
overall length of 14. 8 meters (584 inches), a body width of 12. 8 meters
(504 inches), and a gross weight of 84, 700 kilograms (186, 700 pounds). The
16-man crew is accommodated during descent and ascent in a pressurized
nose compartment 3. 25 meters (128 inches) long, in a three-row seating
arrangement, with two-men abreast in the first row, and six men each in the
aft two rows. The propellants are OF2/MMH with 14, 850 kilograms
(32, 720 pounds) provided for descent, (47,750 pounds) in stage 1 ascent and
12, 850 kilograms (28, 350 pounds) in stage 2 ascent. The available area for
the folded wings results in a deployed wing area of 66,0 M2 (710 ft2), The
total resultant planform area at entry is 185, 1 M2 (1992 ft2) with a W/CA
of (150 1b/ft2),

The ground rule noted above regarding use of propulsive landing for all
PEM's also affects the lifting body PEM configurations, The wings shown on
the two configurations of Figures 6 and 7 will not be used. As in the case
of the Apollo-shaped PEM's, it was not necessary to modify the drawings;
weights were adjusted to compensate for the change in design.

Retrobraking Planetary Excursion Modules

This class of planetary excursion modules, which has been identified
for conceptual developement on the module summary matrix (Figure 1),
includes 3- and 10-man vehicles for nonatmospheric planetary bodies. The
specific planetary bodies for which the vehicles were configured are the
asteroids Ceres and Vesta, Jupiter's moon Ganymede, and Mercury. The
basic design philosophy used in the conceptual generation of these vehicles
reflects that philosophy currently utilized in the Lunar Module, which is
part of the Apollo program. Since these vehicles are operating on nonatmos-
pheric bodies*, aerodynamic considerations do not exercise any influence on
the general arrangement. All of the vehicles incorporate a high-density crew
compartment used for descent and ascent, with separate propulsion and pro-
pellant systems used for each. At this point, no attempt has been made to
force commonality on the designs, such as using a single stage on one vehicle
and subsequently using it as the ascent stage for another vehicle. All of the
vehicles utilize FLOX/MMH propellants, and have been configured for a
nominal 30-day mission stay time.

*Mercury is assumed to have no significant atmosphere for purposes of this study.
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3-Man Retro PEM (Ceres/Vesta)

A 3-man retro PEM for Ceres and Vesta is shown in Figure 8. This
vehicle has an estimated gross weight of 14, 000 kilograms (31, 000 pounds).
The general arrangement of the vehicle features a hexagonal-shaped descent
stage which incorporates the descent propellant tanks, propulsion system,
mission life support consumables, descent reaction control system (RCS)
and a four-legged landing gear system. Mounted on the upper surface of
the landing stage are the ascent vehicle and a cylindrical- shaped pressur-
ized structure that serves as the crew mission quarters,

The descent stage provides for 2,350 kilograms (5200 pounds) of FLOX/
MMH propellants contained in six spherical tanks with the other mission con-
sumables and RCS propellants contained in spherical and cylindrical tanks
integrated into suitable spaces in the landing stage. The four-legged landing
gear has been designed to fold in under the body to reduce the overall space
requirements when the vehicle is integrated into an overall spacecraft. A
throttleable throat-gimbaled, pressure-fed engine of 835-kilogram (1800-pound)
thrust is used for descent and terminal landing.

The ascent stage is a complete autonomous stage that accommodates
the 3-man crew in a standing position during descent and ascent. The pres-
surized compartment is essentially a cylindrical section 2.44 meters (96 inches)
in diameter and 1. 83 meters (72 inches) long with a gross volume of 6.3 m3
(222 ft3). Ascent propellants, weighing 406 kilograms (900 pounds), are
supported off of the basic cylindrical structure in spherical and cylindrical
tanks., A single pressure-fed engine of 384-kilogram (850-pound) thrust pro-
trudes through the floor of the crew compartment and is sealed from the
compartment by a tapered cylindrical can. A docking interface (and appro-
priate systems)is integrated into the upper surface of the crew compartment
to permit docking with the parent spacecraft after ascent. A separate ascent
reaction control system is provided for the ascent stage.

A cylindrical pressurized compartment 2,44 meters (96 inches) in
diameter and 3.96 meters (156 inches) long is located adjacent to the aft face"
of the crew compartement to serve as the mission quarters. Access to this
compartment is through a pressurized door integrated into the aft bulkhead of
the crew compartment and through a short interconnecting tunnel between the
two compartments. Prior to ascent, the tunnel structure would be severed
at the crew compartment aft face. The mission quarters has a gross volume
of 14,9 m3 (532 £t3), which would be supplemented by the 6.3 m3 (222 £t3)
crew compartment to provide approximately 21.2 m> (750 ft3) gross. The
crew compartment could be used as a control center and possibly as sleeping
quarters during the stay time. Access to the target body surface is provided
through a cylindrical walk-in airlock integrated in the aft side of the mission
quarters. The lower end of the airlock would be opened and descent made by
a ladder to the surface.
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In the stowed configuration in the parent spacecraft, the 10-man
vehicle would require a clearance envelope of 6. 5 meters (260 inches) in
diameter and 8. 83 meters (348 inches) long.

3-Man Retro PEM (Ganymede)

A 3-man retrobraking planetary excursion module for Ganymede is
shown in Figure 10. This vehicle has an estimated gross weight of
17,300 kilograms (37, 900 pounds). The general arrangement is a logical
extension of the basic 3-man vehicle previously configured for Ceres and
Vesta, differing basically in the size of the descent and ascent rocket motors
and propellant quantities. The descent stage features a hexagonal shaped
segmented box structure which incorporates the descent propellant tanks,
propulsion system, mission life support consumables, descent attitude
control system, and a four legged landing gear system. Mounted on the
upper surface of the landing stage are the ascent stage and the cylindrically
shaped pressurized compartment which serves as the crew mission quarters.

The descent stage provides for 3, 740 kilograms (8, 250 pounds) of
FLOX/MMH propellants contained in six spherical tanks with the other mission
consumables and Attitude Control Subsystem (ACS) propellants contained in
cylindrical tanks integrated into available spaces in the landing stage. The
four legged landing gear has been designed to fold in under the body to reduce
the overall space requirements when the PEM is subsequently integrated into
a complete spacecraft. A throttleable throat-gimballed pressure-fed engine
of 2, 800 kilograms (6, 150 pounds) thrust is used for descent and terminal
landing.

The ascent stage is a complete autonomous stage that accommodates
the 3-man crew in a standing position during ascent and descent. The
pPressurized compartment is basically a cylindrical section 2.44 meters
(96 inches) in diameter and 1.83 meters (72 inches) in length, with a gross
volume of 6.3 cubic meters (222 cubic feet), Ascent propellants, weighing
3,010 kilograms (6, 650 pounds) are supported off of the basic cylindrical
structure in spherical and cylindrical tanks, A single pressure-fed engine
of 1, 340 kilograms (2, 950 pounds) thrust protrudes through the floor of the
crew compartment and is sealed from the compartment by a tapered cylin-
drical can. A docking interface and appropriate systems are integrated into
the upper surface of the crew compartment to permit docking after ascent.
A separate ascent attitude control system is provided for this stage.

The mission quarters for this vehicle is a cylindrical pressurized
compartment 2,44 meters (96 inches) in diameter and 3.96 (156 inches) meters
in length positioned adjacent to the aft face of the ascent stage crew compart-
ment. Pressure doors in both compartments and a short interconnecting
tunnel provides access between the two compartments. The mission quarters
has a gross volume of 14.93 cubic meters (532 cubic feet) which would be
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supplemented by the 6.3 cubic meters (222 cubic feet) crew compartment
volume to provide approximately 21,2 cubic meters (750 cubic feet) gross,
A cylindrical airlock has been externally mounted to the aft surface of the
mission quarters to provide access to the surface of the target body. The
lower end closure of airlock serves as a hatch for access to an externally
mounted ladder.

In the stowed configuration, this vehicle would require a clearance
envelope of 6.5 meters (256 inches) in diameter and a length of 5,72 meters
(225 inches) in the parent spacecraft.

10-Man Retro PEM (Ganymede)

The configuration for this vehicle is shown in Figure 11. It utilizes a
separate ascent and descent stage with the mission quarters compartment
integrated into the landing stage. This concept is basically identical to the
l0-man retro PEM previously developed for Ceres and Vesta. Since the
propulsion requirements are greater for Ganymede, larger rocket engines
and more propellant have been accommodated in the ascent and descent stages.

' The landing stage consists of a hexagonal shaped box structure with
internal sector beams to provide structural support for the six spherical
propellant tanks with a capacity of 7, 500 kilograms (16,500 pounds), the
descent attitude control propellants and the mission life support consumables,
and the four-legged deployable landing gear. A throat-gimballed throttleable
pressure-fed engine with a thrust level of 5,550 kilograms (12, 300 pounds)
is provided for descent retro-propulsion and terminal landing.

As previously discussed under the 10-man Ceres and Vesta retro PEM
configurations, the mission quarters compartment has been configured to be
a cylindrical section 6.1 meters (240 inches) in diameter with flat ends with
an internal clear ceiling height of 2,14 meters (84 inches), The gross mold
line pressurized volume of the compartment is 66 cubic meters (2, 340 cubic
feet), The compartment is positioned symmetrically on top of the descent
stage and is provided with an internal cylindrical airlock to facilitate access
to the target body surface by a ladder.

The ascent stage is located on top of the mission quarters, offset to
provide adequate down visibility to the operating crew for landing site assess-
ment prior to touchdown. The ascent propellants weighing 6, 050 kilograms
(13,300 pounds) are contained in spherical and cylindrical tanks which are
structurally supported off of the crew compartment. The 10-man crew is
accommodated in a standing position during descent and ascent in a 3. 06 meter
(120 inch) diameter cylindrical pressurized compartment 1,98 meters
(78 inches) long. A pressure-fed engine with a thrust level of 2, 670 kilograms
(5,900 pounds) protrudes in an enclosed well through the floor of the compart-
ment to provide a clear separation plane for the ascent stage. Separate
attitude control nozzles and propellant systems are provided for both the
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ascent and descent stages, Access to the mission quarters is provided by

a pressure-tight door in the aft face of the crew compartment and an adjacent
vertical passageway. The docking interface and associated systems have been
integrated into the forward facing surface of the crew compartment to reduce
overall stowed height and to provide easy direct visual assessment during the
docking maneuver,

In the stowed configuration in the parent spacecraft, the 10-man vehicle
would require a clearance envelope 7.27 meters (286 inches) in diameter and
9.06 meters (357 inches) in length,

Mercury Retro PEM

The Mercury PEM is identical in concept to the Ganymede configuration,
differing basically in the size of the descent and ascent rocket motors and
propellant quantities. Since the propulsion requirements for Mercury land-
ings are greater than the requirements for Ganymede landings, larger rocket
engines and more propellant will be required in the ascent and descent stages.
Detail configuration drawings were not generated for the Mercury PEM's
since it was determined that the configurations developed for Ceres, Vesta,
and Ganymede provided adequate data for the development of the PEM weight
scaling equations.

Venus Excursion Module

A gross analysis was conducted to establish the order of magnitude of
the required mass of a Venus excursion module (VEM). The configuration
assumed was an aerobraking vehicle with a propulsive terminal descent.
The manned module was assumed to be a 2970 kg (6500 1b) two-man module
with a minimum volume and a habitable lifetime of seven days or less. A
three stage launch vehicle was assumed with an equal distribution of the
total characteristic velocity requirement, a stage mass fraction of 0. 90 for
all stages, and N204/MMH propellant. Specific impulse values of 240 and
272 seconds were considered for the first stage with second and third stage
values of 318 and 320 seconds, respectively. The specific impulse values
were based on the NASA/MSFC low density atmospheric model. Based on
the above assumptions, the required VEM lift- off weight is shown in Figure 12
as a function of the total launch vehicle characteristic velocity requirement.
It has been estaimated that the ascent characteristic velocity requirement
will not be less than 10. 67 km/s (35, 000 ft/s) which would require a lift-off
weight of approximately 363, 000 kg (800, 000 1b) assuming the lower first
stage specific impulse. For comparison, the characteristic velocity require-
ment for direct ascent into a 300-nautical-mile Earth orbit for the Saturn IB
is 10.07 km/s (33,050 ft/s) using optimum steering after launch escape tower
jettison. A study reported in Reference 1 probably establishes the upper
limit on the characteristic velocity requirements. The characteristic velocity
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requirements were determined in the reference report for various initial
thrust to weight ratios and number of stages. The minimum characteristic
velocity requirement for a three stage vehicle was 12.10 km/s (39, 700 ft/s)
which, for the above assumptions, results in a lift-off weight of 840, 000 kg
(1, 850,000 1b). The characteristic velocity requirements presented in the
reference were based on a gravity turn steering mode which would result

in a higher characteristic velocity requirement than would result if a more
optimum steering mode were employed.

MISSION MODULES

Mission module configurations for crew sizes of 14 and 20 men have
been parametrically configured in Figure 13, The ground rules that were
established for the mission modules include the following:

1. Mission Hurations of 500, 1000, and 1500 days.

2. Partially closed ecological system.

3. Provisions for a "storm cellar" to provide radiation protection

during peaks of solar activity and serve as a basic command and

control center.

4. Provide sufficient volume for on-board personnel centrifuges for
periodic gravity conditioning,

The basic elements that were a factor in determining the volumes for
the six mission modules are the following:

1. Crew and crew support

2. Furniture, housekeeping

3. Food management

4. Water supply

5. Waste management

6. Temperature and humidity control
7. Atmosphere

8. Instrument controls

-39 .
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9. Storm cellar

10. Centrifuge

11. Free volume for crew

12. ‘Life support system gas storage

The scaling equations used to establish the specific volumes for these
items were obtained from Reference 2. Table 1 summarizes the volumes
calculated for the two different crew sizes and three mission durations.

It should be noted that a free volume per man of 600 cubic feet was used
during the generation of the conceptual designs. Subsequent to the genera-
tion of the conceptual designs, a nominal value of 750 ft3/man was established
as the nominal value.

Since the mission modules will be subsequently integrated into a
variety of retrobraking and aerobraking spacecraft concepts, it was decided
to configure two different types of mission modules, one with two floors
and one with three floors. Elliptical end bulkheads with an a/b ratio of 1.8
were used. The spacing between floors was set at 84 inches for head clear-
ance. This value is a standard value currently in use. During the sizing
operation, the diameters of the mission modules was allowed to be the
dependent variable. It is assumed that during the integration of the mission
modules into the spacecraft at a later date, the concepts that have been
generated will provide a spectrum from which a near-optimum choice can
be made, with a resultant minimum of iteration for fit with specific space-
craft. It is of significance to note (Figure 13) that, if a 10 meter diameter
constraint is imposed, the mission modules will satisfy such a constraint
for all crew sizes considered. Although this conclusion is shown for a free
volume per man of 600 ft3/man, it was subsequently determined that this

conclusion is valid even if the free volume per man is increased to
750 ft3 /man.

AEROBRAKING SPACECRAFT DESIGN

The first aerobraking spacecraft to be configured under this study is
shown in Figure 14. This vehicle is a 14-man spacecraft utilizing cryo-
genic propellants for the major portion of its propulsive requirements. The
basic vehicle is of biconic configuration with an overall length of 31,0 meters
(1222 inches) and a base diameter of 17.7 meters (696 inches) with an esti-
mated gross weight of 353, 360 kilograms (777, 000 pounds). The forward
conic section has an angle of 20 degrees, which is established by the lifting
body PEM integrated into the section. The aft body has an angle of 8 degrees,
established by aerodynamic requirements during the aerobraking maneuver.

The aerobraking vehicle utilizes two of the modules that were developed
in the early phases of the study., The MEM selected for integration is the
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10-man lifting body vehicle shown in Figure 6 and previously discussed in
this report. The l4-man mission module shown is 14-man, 500-day concept
shown in Figure 13, This module is a two-floor level pressurized cylindri-
cal can 8. 47 meters (334 inches) in diameter, with an overall length of 9.43 m
(372 inches). An Apollo-shaped ERM with a 14-man crew capacity was
selected, although the 14-man biconic vehicle of Figure 2 would integrate
equally well. The criteria for ERM selection would be primarily Earth entry
speed.

In the conceptual development of ar aerobraking spacecraft, several
major design considerations must be concurreuntly exercised and evaluated to
configure a valid design. Included in these are c.g. /c.p. relationships,
structural and propulsion system staging approach during the mission, and
artificial gravity requirements.

For conceptual design purposes, it was assumed that the aerobraking
spacecraft could be separated on a telescoping rail system. Such an approach
could be utilized to provide a continuous artificial gravity environment during
the mission. The entire vehicle is rotated during those phases of the mission
during which the vehicle is not performing a propulsive or planetary aero-
braking maneuver. The most efficient spacecraft arrangement which satisfies
this requirement is one in which the mission module can be separated from
the rest of the vehicle resulting in a minimum extension of the two. Even
if an artifical gravity environment is not required, some separation (though
of a smaller distance) will probably still be required to provide for the
deployment of antennae, radiators, experiment equipments, etc.

The general arrangement of the aerobraking spacecraft features the
10-man MEM positioned in the upper half of the nose section of the spacecraft.
The lower section is occupied by 54,300 kilograms (119, 800 pounds) of LH/
LO2 stage 2 planet orbit escape propellant. Since the MEM weight is greater
than the propellant weight in the nose, the aerobraker center of gravity would
be offset in that direction and, consequently, that side of the vehicle would be
at a positive angle of attack during entry, The l14-man Apollo shaped ERM
is positioned midship, with the upper apex entry hatch and passageway nested
in the end of the mission module. During the mission when the spacecraft
mission module is extended from the spacecraft for artificial gravity spinning,
the ERM could remain attached to the mission module or remain attached to
the vehicle structure to maximize the mass at that end to reduce the separation
distance between the two extended sections.

The mission module is located along the centerline of the spacecraft at
the aft end of the aerobraker. In this position, the mission module is not
obstructed by any other major elements of the vehicle and can easily be extended
for artificial-gravity spinning.

The aft body structure features two fixed box sections that would contain
the telescoping rail system used to extend the mission module during the spin-
ning artificial-gravity mode. These two fixed sections also contain the two
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36,000 kilogram (80,000 pound) -thrust planet orbit escape rocket motors, the
trans-earth course correction propellant and the two 2700-kilogram (6000-
pound) -thrust rocket motors provided for that purpose. The remainder of
the aft body structure would be jettisoned after the planet orbit escape stage 1.
The two jettisonable sections contain the outboard course correction propel-
lants and propulsion systems, and the planet orbit escape stage 1 cryogenic
propellants.

Deployment of the MEM is accomplished by jettisoning the section of the
aerobraker nose structure that covers the MEM. Docking of the crew com-
partment of the MEM on return from the planet surface takes place at the
interface provided at the end of the crew transfer tunnel which connected the
mission module and PEM.

A mix of propellants is used for the cryogenic aerobraking concept. The
spinning, outbound course correction, and return course correction propel-
lants are all Aerozine 50/Np04 storables. The main propulsive requirements
of the vehicle — planet orbit circularization and the two stages of planet orbit
escape — utilize LH/LO) propellants. To provide an acceptable c. g./c.p.
relationship, the oxidizer tanks of the planet orbit escape stage 1 propellants
have been placed as far forward as possible in the structural sections allocated
for these propellants.

This aerobraking concept represents a 'first-cut' configuration. It is
recognized that certain improvements could be made to increase overall
packaging efficiency if the concept was iterated. However, from size con-
siderations, it is a valid general concept.
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WEIGHT SCALING EQUATIONS

Modular weight scaling equations have been incorporated in the
SD-developed Weight Synthesis Computer Program. The modules con-
sidered are the Earth reentry modules (ERM), mission modules (MM),
planetary excursion modules (PEM), and the propulsion modules (PM) and
aerobrakers. The methodology employed in the generation of the equations
was to combine the data furnished by NASA/MAD and available at NR/SD
and extrapolate these data to form the scaling equations.

The basic logic in forming weight scaling equations involves gener-
ating a weight statement of all applicable elements and systems as a function
of the primary parameters. These elements are then combined to form the
weight scaling equations. Assumptions required to form elements of the
equations are noted.

EARTH REENTRY MODULE WEIGHT SCALING EQUATIONS

Earth reentry module weight equations have been developed for three
configurations: biconic, segmented conic, and Apollo. The systems weight
data are based on the data contained in References 3 and 4 and the ERM
structural weight data contained in Reference 5. The referenced weight
scaling equations reflect the studies based on crew sizes from six to ten
men. The parametric considerations utilized in these equations are of
sufficient flexibility to make them adequate for crew sizes of three to
twenty men. The resultant scaling equations are summarized in Tables 2
through 5.

MISSION MODULE WEIGHT SCALING EQUATIONS
The mission module weight scaling equations are based on NASA/MAD

crew support and life support subsystem weight data contained in Reference 2
and NR/SD structure, electrical power, reaction control system, and fixed

subsystem weight data. A module subsystem summary is presented in Table 6.

The structural weight is based on a cylindrical shape with either flat or
elliptical bulkheads. The mission module sizing is based on volumetric
requirements of crew, subsystems, number of floors, and bulkhead aspect
ratio. Mission module life support subsystem weight, volume and power
are shown in Table 7. A ten-percent contingency weight is included in the
total module weight., The mission module scaling equations not shown in
either Table 6 or 7 are summarized in the following subsections.
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