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ABSTRACT

A computer program is presented which employs analytical and
empirical sizing techniques for combining spacecraft subsystem para-
metric information to rapidly evaluate the preliminary design concept
of an advanced unmanned spacecraft suitable for planetary exploration.
The sizing technique is limited to the orbiting and flyby spacecraft
only, The simulation incorporates two program listings for two hypo-
thetical modularized spacecraft compatible with the Saturn V launch
vehicles and compiles the generating data of various design parameters
of nine major subsystems at the subsystem level to be synthesized for
parametric trade~off studies.

Numerical examples are provided for a solar-powered spacecraft
designed to provide the capability of accomplishing Venus orbiter/lander
missions' and a radioisotope thermoelectric generator-powered counterpart
designed for similar missions to Jupiter.
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IN-AERQ-3-69
PRELYMINARY DESIGN PROGRAM FOR ADVANCED PLANETARY SPACECRAFT
I, INTRODUCTION

A computer program for use in evaluating, by means of analytical
sizing technique, the preliminary design comcept of an advanced unmanned
spacecraft suitable for planetary exploration in the near future is pre-
sented, The computer simulation, written in FORTRAN II, uses analytical
and empirical techniques for combining spacecraft subsystem parametric
information to rapidly size the unmanned spacecrafi system with respect
to weight and power for such missions to the target planets from Mercury
to Jupiter, Accordingly, the simulation incorporates iwo programs used
in determining subsystem/system weights for two spacecraft configurations
for missions to Venus and Jupiter, respectively, Additional programg to
size the spacecraft for unmanned exploration of other target planets can
be implemented in Tthe digital computer,

The sizing technigue, limited to the orbiting and flyby spacecraft
only, has been established from the analytical and historical data on
existing and proposed programs of urmanned planetary spacecraft. Using
available computerized options, the computer program compiles the state-
of-the-art data of various design parameters at the subsystem level to be
synthesized for parametric trade-off studies for this type of spacecraft
concept, or an "optimum' weight breakdown of the -spacecraft configuration,
which indicates a summation of the subsystem weights to give the system
weight., The program thus establishes relationships between spacecraft
performance parameters and subsystem desigih characteristics of weight and
power. Requirements have been established for each subsystem and system
design parvameter that influences weight and power, subject to science
payload requirements, ;

The nine subsystems considered for the spacecraft are structire,
propulsion, guidance, control and navigation, instrumentation (tele-
communications), electric power, electric networks, temperature control,
attitude control propulsion and science. Thus, the spacecraft design
process is one of integrating the subsystems ana subsystem functions into
a total system concept of the orbiter/lander configuration for accomplish-
ing a specified mission with a given science payload and, if applicable,
an allotment of capsule {lander} to a particular planet, The selection
of those sciencs/capsule payloads reflects a capability of the program
to optimige the design potential of a spacecraft configuration as a
starting point within a constraint of the given launch vehicle shroud
diameter by maximizing the subsystem weights., Results from further wminor



PR . . i .
modifications in the {)rogram may readily demonstrate the adaptability of

a specific spacecraftldesign to several different launch vehicles and
planetary missions unfer application of mission/systems requirements and
constraints, The desjgn parameters (mission and system) critical to the
spacecraft sizing tha% is considered in the analysis include post-injec-
tion velocity allocatlon (midcourse trajectory corrections, orbit inser-
tion, gravity losses i1d orbit trim), spacecraft stage diameter or length,
science payload, capsifle weight allocation, engine-thrust level, engine-
specific impulse, den%ities of selected propellants, and mission duration,
To illustrate thef use of the program for one purpose of subsystem
interrelation and desfgn complexity inherent in a planetary vehicle, a
preliminary design st¥dy has been made, using two alternate programs, of
two hypothetical modularized spacecraft compatible with the Saturn V
launch vehicles in aclomplishing unmanned scientific missions to Venus
and Jupiter, Two detgiled conceptual spacecraft designs have been
derived: a solar-powered version and a radioisotope thermoelectric
generator-powered versfion (Figure 1). The solar-powered spacecraft is
designed to provide the capability of accomplishing Venus orbiter/lander
missions. 1Its electrical power is provided by 16 solar panels with
9.29 square meters of folar cell area, capable of generating some 900 watts
of usable power at Vehus. This configuration contains a liquid bipropellant
system in two storagejtanks, The counterpart version uses the electrical
power of four RTG's with each rated at about 250 watts totacoemplish
Jupiter orbiter/lander missions, Four main propellant storage tanks are
integrated in this version. Adaptation to either version appears pos-
sible with minor changes to other spacecraft equipment.

Scaling weight equations derived from analytical and empirical
techniques have been computer-mechanized so that a wide range of variables
for all subsystems could be examined in the form of weight breakdown,
subject to the input parameters. In addition, the sizing technique is
applied at the assembly level to improve accuracy. Table 1 shows the sub-
system/assembly levels at which the technique is applied. The acceptance
of any combination of main on-board engines and any spacecraft stage
diameter constrained by the launch vehicle shroud diameter and the
capability to design single- or multi-stage configurations consider some
program objectives and the priority of each subsystem in terms of avail-
able weight and volume. The input parameters required for the applica-
tion of the sizing technique reflect scientific objectives (science payload)
and mission/system requirements (capsule data, launch vehicle, subsystem
constraints, mission duration and velocity requirements)., Spacecraft
sizing results are sensitive to variations in most of the input parameters.

A computexr program showing two listings for the solar-powered space-
craft and its REG-powered counterpart is described. The program, originally
reported im Reference 1, has been gredtly modified te facilitate treatment
of analytical and empirical techniques for relating spacecraft subsystem
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TABLE 1. UNMANNED SPACECRAFT BREAKDOWN STRUCTURE
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weights and electrical power requirements to mission and system param-
eters. An added feature imparts a sense switch procedure for two
involved options, NCODE = 2 and NCODE = 3, in which a restraint is
imposed upon main propellant tank radius, Numerical examples for two
representative spacecraft -designs are included to indicate, in part, L.
the use of the program and the results obtainable. Studies of flight
capsule (lander) sizing and performance and mission aﬁalysis are beyond
the scope of the computer program. )

IT. SPACECRAFT OBJECTIVES AND DEFINITION

The objectives of the advanced unmanned planetary program currently
being conceived are to provide a capability for scientific exploration
of several planets within our solar system with instrumented, unmanned
spacecraft designed to place meaningful experimental packages in orbits
about the planets, to place experimental packages on the surfaces of the
planets, to conduct observations of planetary phenomena with these pack-
ages for specified periods of time and to transmit the results of those
observations to earth for retrieval, reduction and dissemination. The
use of such spacecraft -- orbiters and landers -- to search out life on
those planets would continue to extend the United States!’ capabilities
in what would probably be the most challenging, open-ended arena for
expansion of science and technology in the decade ahead, °

The unmanned orbiting/landing spacecraft is defined as a concept
that uses the spacecraft on~board propulsion and guidance systems for
normal functions, such as midcourse corrections, planetary braking and
orbit maneuvers, to inject scientific payloads to the planmets. To
illustrate the use of the spacecraft, the orbiter and lander would work
as a team to verify individual conclusions. The orbiter's mission would
include, for example, (1) measurements of gravitational field, magnetic
field, cosmic and solar radiation, atmospheric composition changes; (2)
observation of seasonal and diurnal variations, wave of darkening,
circulation patterns and topography; (3) mapping of visible and infrared
light; and (4) detection of storms and area weather, During the descent,
the lander would perform experiments of atmospheric pressure, density,
temperature profile, and composition and surface imaging. On the sur-
face, the survivable lander would measure surface characteristics and
changes, measure local meteorology, and search for biological activity.
In addition, the lander would carry cameras which would provide coverage
of the planet but less extensive because of the difficulty in returning
images from the distance of the planet. The orbiter would assist in
this mission by serving as a data-relay communications link,



For the missions to the selected planets, Venus and Jupiter, the
preliminary spacecraft sizing study has been performed to parametrically
determine the spacecraft weights, particularly at subsystem level, of
advanced Voyager-type spacecraft. Subsystem weights are then summed up
to give the system weight. Flight hardware consists of the single
Saturn V launch vehicle designated to carry two identical planetary
vehicles, each one being contained in a separate shroud section. The
planetary vehicle consists of a flight spacecraft (orbitexr) and a flight
capsule (lander). The flight capsule comprises a capsule bus and 2 sur-
face laboratory, and is joined to the flight spacecraft by means of mating
flanges. The spacecraft fits within a cylindrical envelope in the launch
vehicle; spacecraft support is provided by the shroud through an inter-
mediate adapter.

The advanced planetary spacecraft, a simple modular design contrived
to perform all necessary spacecraft mission functions, consists of an
equipment module and & propulsion module., An encapsulated lander rests
on the equipment module, while the propulsion module fastens to the
planetary vehicle adapter that mounts to the Saturn V launch vehicle
shroud. The adapter remains with the shroud after the planetary vehicle
is injected into the transplanet trajectory. The equipment module con-
tains all spacecraft electronic equipment (such as supporting electronics)
contained in some 16 thermally controlled equipment bays, for a portion of
various science instruments, telecommunications, guidance and control and
electric power. Envirommental control is provided by radiator plates and
thermally’ controlled louvers. The main engine, which is used for all
maneuvers of midcourse corrections, planetary orbit insertion and orbit
trim, occupies the certral core of the propulsion module., This lower
cylindrical housing also contains both the propellant and the pressurant-
storage and feed systems., For the RTG-powered configuration, four radio-
isotope thermoelectric generators surround the nozzle end of the main
engine, A monopropellant propulsion system, normally used for midcourse
corrections or insertion into a degraded orbit, is not reflected in either
one of the two representative spacecraft.

The base of the spacecraft is a round frame which also serves as the
mounting structure for the hinges of the solar array foldout assemblies
for the solar-powered spacecraft. Other major spacecraft equipments
mounted to the propulsion modulé are several communication antennas, a
cold-gas nitrogen system for attitude control mounted on the edge of the
solar-array structure for pitch, roll and yaw control, and a planetw-scan
platform mounted near the periphery of the module for science viewing of
the planet, A 7.5-foot parabolic high-gain antenna gimbaled onr two axes
1s used for high-data-rate communication to earth, A backup medium gain
antenna is also imstalled in the event of failure of the high-gain antenna.
It is mounted to be earth-pointing at the time of planet encounter. Low-
gain antennas provide communication capability during both near-earth and
maneuver operations, A Sun-Canopus reference system is typically used for



spacecraft three-axis attitude control. The central. or roll axis is sun-
pointing and accounts for two axes of control, Rotation about the roll
axis, to permit Canopus--acquisition, accounts for the third control axis-.
During maneuvers, gyro inertial control is used.

III. SUBSYSTEMS

Functional requirements and 1mp1ementat10ns of the specific space-
craft subsystems are discussed in some detail, More elaborate informa-
tion on any subsystem may be .found in existing literature, The analytical/
empirical relationships for the subsystems and assemblies have been
developed and are provided in the program listings. Since the component
weights are often subject to change, the coefficients of the scaling equa-
tions should be periodically updated. No generalization can be made with
respect to the critical parameter(s) for spacecraft sizing. Since each
miseion has inherent characteristics that affect its sensitivity to the
individual input parameters, each spacecraft must be sized for each given
mission to establlsh the  impact of the 1nput parameters.

- A, Structure

1, BRasic Shell

The spacecraft structure provides for the overall mounting of
equipment and serves as the load-carrying medium between the flight
capsule and the launch vehicle shroud, It is desirable for the space-
craft design to have a good modularity, contain larger propellant tanks,
and be able to carry the structural loads of a larger capsule. The
structure should be designed for such possible growth in capsule weight,
but should retain the virtues of the design pushed towards minimum
weight. The spacecraft structural arrangement is designed in two sec-
tions: the equipment and the propulsion modules,

Thé equipment module is a semi-monocoque cylinder with the equip-
ment bays. Primary loads are carried by 16 equally spaced stringers which
are increased in depth as they pass between the equipment bays to serve as
a mounting structure for the equipment tray fittings and thermal radiator
plates. The stringers are attached "to the interface rings with bath-tub
fittings. Equipment bay support rings serve as load transfer members,
stabilizing rings and access panel mounting frames. Structural access
panels provided above and below the equipment bays in the circular por-
tion of the structure extend from the equipment support rings to the
flight capsule interface ring and the propulsion module interface ring.
The electronic equipment is located in 15 of the 16 structurally inte-
grated bays with the equipment intermally mounted on the stringers. The



thermal radiating panel is used for the primary shear structure through
the equipment bays, Panel stabilization is obtained by the attached
electronic module trays.

The propulsion module is a semi-monocoque ring-stiffened aluminum
shell, It joins together, by means of a frame-stringer splice, either
the radioisotope-generator submodule or the solar array submodule. Also
connected to the propulsion module is a system of 16 equally spaced
tabular members extending radially outward and downward at an angle from
the equipment/propulsion module interface. These tubes, together with
the basic shell and either the RTG system or solar array structure, form
a truss-~like support structure for transmitting planetary vehicle iner-
tial loads to the booster shroud during powered flight,

The main propulsion engine is supported longitudinally and
laterally at the fore end by a thrust-cone/truss structure and laterally
by truss members at the aft engine skirt, The thrust-cobe/truss struc-
ture is a sheetstringer cone which attaches to the engine case forward
interface at 64& places, The loads are fed into 16 truss members which
attach to the equipment/propulsion-module interface ting at mid-joint
point., The thrust-cone structure uses & ring to react the kick loads
and ensure the engine case a uniformly distributed load. The eight truss
members at the aft skirt transfer the load tangentially to the engine
case, This is accomplished through the use of an interface ring to
react the radial component of the load. The members are attached using
spherical ball rod end fittings which allow for misalignment at ingtal-
lation and engine case expansion at firing. The propulsion module alsc
houses and supports two or four bipropellant tanks, helium pressuriza-
tion spheres and all associlated plumbing and havdware,

The structural members of the basic shell are stringers, fittings,
rings, longerons, frames, plates, stiffeners, panel skins, truss, ribs
and attachments for both modules of equipment and propulsion. Some
structural members are reflected in the components of rings, frames,
stringers, longerons and skins; therefore, the weights are calculated
by the following scaling equations:

For the fourwpropellént-tank configuration:

i

RI = 0.0413640 n{wg}o's G

i

TR = 0.00928041 D(WP)O‘S G

STRI = 0,23904 DX + 1.016)G

XLON = 0.358706 D(WMX + 1.016)6G.



For the two-propellant-tank configuration:

RI

Il

0.0413640 D(Wp)o‘s G

FR = 0.00928041 D(WP)0’5 G

1

STRI = 0.31638 D(RX + 1.016)G

XLON

|

0.66791 D(MMX + 1.016)G

SKI

1

2,42559 p(EMX + 1.016)G,
where

RI = weight of rings (kgm)

FR = weight of frames (kgm)

STRT

weight of stringers (kgm)

¥LON = weight of longerons (kgm)
SKI = weight of skins (kgm)

D = diameter of spacecraft stage- (m)

Wp = weight of bipropellants in the tanks (kgm)

G =*JG§ + G = acceleration parameter = (g)

HMX = length of propulsion module section (m).

2. Systems Supports (Beams)

The propulsion module structure is supported by the beams formed
through the juncture of the support struts, the array radials and the
inner shell longeroms. The weight for the beams is calculated by

BEAM (kgm) = '0,03844742 D(wp)o-S G.



3. Micronpteoroid Protection

The balic method of providing protection against meteoroid
penetration is jo provide armor-type shielding., The hypervelocity impact
prediction equd jion used to calculate the maximum thickness of a target
is given by .

/o el v

_ z2fa 1/3 _1/a
T E ¢ ep! T mp iIn |1 +

where

E and F constants

\
Pr i} target density (g/m®3)

pp [ Particle demsity (g/m3)
m, | mass of particle (m)

.velocity relative to the target (m/s)

Hy, S Brinell hardness of target (g/m%).

The analyfsis defines a meteoroid flux for a given portion of
space, i,e,, the éxpected number of meteoroids of mass m or greater pass-
ing through a unii area of the particular region of space in unit time.
This flux @ is exjiressed as

&
-By_- number of particles of mass m or greater
g =am- "= =
m= sec

. where

¢ and B = constants.

If the flux is multiplied by the spacecraft exposed area and the space-
craft flight time in the particular region, the number of expected
impacts, I, on the spacecraft of particles having mass m or greater is-

T = AT,

10



where

A

spacecraft exposed area (m2)

T = staytime (sec).

The expected number of penetrations ¥ of spacecraft exposed area, A,
during time, T, is determined by :

- ~-3p

2/ 3
EoPp

o eEl® o3/ v2
]

N = QAT

E p;,/:a In
L

FHT

The parameter N is used as a basic measure of the meteoroid hazard to
spacecraft,

The typical structural design philosophy considers the use of
existing structure, augmented as necessary by a bumper to form a split-
skin design. A separate split-skin assembly, which also supports the
thermal insulation blanket, encloses the aft end of the spacecraft, Pro-
tection is afforded to the upper portion of the main engine by the equip-
ment modules -and & split-skin formed by the outer panels of the spacecraft
and the support cone for the engine. Protection from frental impact is
provided by the biological barrier. The aft bumper consists of an alumi-
num target sheet and an aluminum outer sheet separated by polystyrene
foam. The pressure vessels and main engine are protected from radial
impact by a split-skin design that uses the shear panels as the main
target wall, The outer wall- is the aluminum sheet stiffened by circum-
ferential beading, The electrical components in the equipment module
are protected by magnesium alloy, This protection consists of the outer
thermal panel and the equipment tray.

Tn. the program, the equation for the weight of micrometeoroid

protection shielding appears as

XMP (kgm) = 22,0905 D(HME + 1.016).

11



4. Supports (Antennas, Planetary Scan Platform With or Without
Solar Array)

The weight of supports includes the external structure which
supports the high-gain antenna, auxiliary antennas, the planetary scan
platform, solar panels and other equipment items.

5. Separation Mechanism

Separation mechanisms are used to release and separate space~
craft from the launch vehicle and to perform the functions of deployment,
articulation and actuation of the high-gain antenna and the planetary-
scan platform, as well as deployment of all medium-gain and low-gain
antennas, the auxiliary solar panels, and the gimbal actuators for thrust
vector control.

B. Propulsion

1. Engine

) The computer program accepts any candidate spacecraft propulsion
subsystem engine which can occupy the central core of the spacecraft,
provided it is designed to furmish all thrust forces for all maneuvers
of midcourse corrections, arrival-time biasing, orbit insertion and orbit
trim. The propulsion subsystem uses a liquid bipropellant concept in the
program. The pressure-fed engime should have multiple restart capability,
should produce some variable thrust, and should be operable on any storable
propellant combination, The backup engines, which could impart some veloc-
ity increment for midcourse corrections and orbit trims, are not considered
in the program. A number of main engines in the propulsion module is
dictated during the computer simulation by either the minimum thrust-to-
weight ratio or the maximum propellant-burn time, whichever is critical,.
Should one engine ever be added, attributable to the burn time constraint,

" the program prints out a statement to the effect. QOtherwise, the minimum
T/W ratio may be assumed to influence the number of the engines in the
module. The program assumes four engines as a maximum number and prints
out "stage impractical".should the fifth engine be-ddded.

2, Qxidizer and Fuel Systems

To be able to perform all missions, the propulsion subsystem
should have a propellant capacity that can accommodate the most severe
mission requirements with a spacecraft that takes advantage of the maxi-
mum growth potential, The propulsion subsystem functionally is a regu-
lated gas (helium), pressure-fed, liquid bipropellant system with a main
gimbaled engine. .Propellants are contained in either two or four spherical
tanks fabricated of 6Al-4V titanium alloy unless a diameter of either or

12



both tanks interferes in such a'way that the in-between section will be
cylindrical with the hemispherical bulkheads. The tanks contain elasto-
meric bladders., Values are provided to regulate gas and liquid flows and
to isolate the system as required, Liquid check valves and trimming
orifices are incorporated in outlet lines to prevent propellant migration
and to minimize unsymmetrical propellant depletion. To size the propul-
sion module, the propellant consumption depends upon the required velocity
increment for the mission and the net injection weight of the spacecraft.
Unless the propellant weight required in the stage ‘is small enough to
allow spherical tank design, the radii of the propellant tanks are deter=-
mined by the clearance equations: | '

1

[BN X (RN - R2 - 0.254) + 0.31751

RL = (RN + R2)
or
g2 « RN X (RN - RL - 0,254) + 0,3175]
(RN + RL) >
where

Rl = radius of oxidizer tank (m)

R2 ‘= radius of fuel tank (m)

RN = 1/2 stage diameter (m),

[NOTE: The above equations maintain a clearance of 0.1270 meter between
the tanks and the shroud.]

and

P

Rl (or R2) = CK,

where

CK = maximum radius determined by diameter of stage and
clearance,

The length of the propulsion module section is always equal to
0.1016 m unless the section length is controlled by an input of minimum
section length or the mixture ratio. The densities of oxidizer and fuel

and the mixture ratio dictate the length of the cylindrical section of
the propellant tanks, ’

13



Tank weights are calculated by dividing each tank into three
sections (two sections if the tank is a sphere): upper bulkhead,
cylinder and lower bulkhead, A tank wall thickness is then calculated
for each section, according to the maximum ullage pressure and allowable
strength of the material, The tank weight is taken as a sum of the
section's surface area-thickness product times the density of the tank
material (6Al - 4V titanium)., A minimum thickness of 0.00254 meter is
assumed. The weight for total fuel or oxidizer system is the tank weight
multiplied by a factor of 2.8 for the four-propellant tank configuration
and by a factor of 1.4 for the two-propellant-tank version.

3. Supports (Engine and Tanks)

The engine support structure for a multiple engine stage is
independent of the stage diameter since the engines will be hung on the
shroud around the perimeter of the stage. The weight of such supports
is determined by total thrust from a number of engines.

The weight of the propellant tank supports is‘varying directly .
with the propellant loading and the acceleration parameter and is deter-
mined by

SUPT (kgm) = 0.000611 (W ) (E).

4. Pressurization System

The pressurization system for the propulsion subsystem is a2 pre-
pressurized, gas-pressure-regulated device employing helium as the pres-
surant to control the gas pressure in the gas space of the propellant
tanks. The system maintains the gas space, called ullage, at a pre-
selected pressure history bounded by propellant and tank structural
requirements. During operation of the system, helium passes through a
pressure regulator and displaces propellant from the propellant tank by
the deformation of some rubbeti bladder. '

Pressurant requirements are calculated, according to the equa-
tion:

. N
press R T. P,
N T - _1‘

Pe
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where

= weight of pressurant gas (kgm)

press .

Pp = helium tank working pressurer(N/mg)

Vip . = helium tank volume (m=)

R = pressurant gas constant (m kgf/kgm °K)‘

T, = initial temperature k°K)

‘k = ratio of specific heats of pressurant gas (~)
P, = ipitial storage pressure of pressurant (N/m%)
Pf = final storage pressure of pressurant (N/m%),

The k .term includes some percentage of leakage factor and some
percent increase to account for actual variations from the isothermal
process, The tank weight is determined by

Wpress tank Wpre'ss [1'5(R) (Tméx)(pla)mat(SF)]

where

Wpress tank weight of pressurant gas tank (kgm)

T oo = maximum anticipated temperature (°K)

Prat = density of ténk material (kgm/m®)

O ac = ultimate tensile strength of material (kgf/m®)
(SF) = design safety factor (-).

) For the four-propellant tank configuration, the equations used
in the program are

W = 6,10472293 x 10" S(UP) (V1-+ V2)
press

= 7.,959931242 W
oY

Wpress tank ess
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and, for the two-propellant tank configuration,

= -6
press 3.052361465 x 107 C(UP) (V1 + V2)

= 7.959931242 w
pr

W
press tank ess

where
UP = ullage pressure (N/m%)
V1 = total volume of oxidizer tanks (m3)
V2 = total volume of fuel tanks (m3).

The total weight of the pressurization system is given by

z

. = : +
Whellum Wpress + Wpress tank wpress tank supports

+ Wpress tank plumbing,

5. Telemetry Sensors

The telemetry sensors are used primarily to verify propulsion
system performance and to diagnose malfunctions or failures should they
occur, A history of events, pressures, temperatures and valve positions
is necessary for in-cruise and post-maneuver evaluation of system statu:
or operations. These analyses will provide a basis for improving space-
craft performance on subsequent maneuvers or launch operations. The
items include pressure transducers, temperature sensors, cable and
miscellaneous bracketry,

C. Equipment and Instrumentation

1. Structure

The equipment module structure houses and supports the elec~
tronic equipment, including the functions of the flight capsule load
transfer, thermal control and environmental protection for the propul-
gion system, and electronic equipment, The structure consists of two
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support rings, longeron caps and longeron webs, excluding beaded skin,
and is calculated by

EM (kgm) = 2.441184 (D) (C).

‘2. Guidance, Control and Navigation

The guidance, control and navigation system comprises the
following subsystems: sensors (part of attitude control), computer/
sequencer, control computer (part of attitude control), servo actuators
and high-gain antenna actuation. The system provides three-axis attitude
stabilization to the spacecraft during all mission phases of cruise,
maneuver, guidance correction and orbital.

The attitude control subsystem acquires and stabilizes the space-
craft to the external attitude references from any initial attitude and
rates up to a specified number of degrees per second. It then maintains
the spacecraft attitude relative to these references to less than some
degree during the heliocentric and planet orbital phases. It also
maneuvers the spacecraft, by sequential rotations, to any arbitrary
spatial attitude necessary to perform velocity change or capsule separa-
tion maneuvers, The attitude control subsystem includes the sensors

(for pitch, yaw and roll), the attitude control propulsion subsystem, and
the control power.

The optical senmsor designs consist of (1) the Canopus sensor for
sensing the position of the star Canopus and providing error signals for
roll control (2) the limb and terminator crossing detectors for providing
output signals indicative of the crossing of the planet limb and terminator
.for the purpose of sequencing the scientific experiments, (3) the fine sun
sensor for providing two-axis output signals of the proper polarity and
magnitude to enable pointing of the negative roll axis of the spacecraft
to the sun, (4) the switching sensor, combined with the fine sun sensor,
for generating a signal to transfer attitude control of the spacecraft
from the coarse sensor to the fine sensor after it is illuminated, and
(5) the coarse sun sensor for providing analog signals that locate the
sun over a 4m-steradian field of view.

The computer and sequence subsystem provides discrete commands
and serial data for the control of spacecraft operations and scientific
instruments throughout the planetary mission. It contains a cycled,
special-purpose digital computer that stores the mission sequence of com-
mands in a magnetic core memory. It can be updated by ground command to
provide flexibility to handle anomalies or to change mission plans., The
computer and sequencer contains the oscillator/register (master clock)
for controlling all timed events, which include some functions such as
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limb sensing, incremental velocity accumulation, planetary science
sequencing, maneuver attitude verification, antenna control, earth-
occultation sensing, maneuver turns, start and stop propulsion engine,
time basing and power interruption. This subsystem consists of the
master sequencer, the time-to-go and AV registers, the gimbal sequencer,
the planetary scan platform control logic, and the telemetry registers.

The control computer subsystem consists of three single-degree-~
of~freedom rate-integrating gyroscopes which provide angular rate or
position signals in the spacecraft pitch, roll and yaw axes, a single
force balance linear accelerometer for measurement of incremental
acceleration along the thrust axis, and electronic circuitry which
processes output signals from the sensors and the gyroscopes for rate
nulling, sun acquisition, Canopus acquisition, cruise mode, maneuvers,
inertial attitude hold and thrust vector control,. ’

Servo actuators (thrust vector control actuators) provide
linear force output for gimbaling the main engine during midcourse tra-
jectory corrections, orbit ingertion, -and orbit trim maneuvers through
commands received from the guidance, control and navigation subsystem.

The articulation equipment is used for deployment, articulation,
and actuation of the high gain antenna and the planetary scan platform.
These mechanisms rotate the high-gain antenna from the stowed to the
deployed position and point the antenna toward earth during the cruise
and planetary orbital phases of the unmanned mission. They also have
the planetary scan platform articulated about three orthogonal axes
after deployment, with two axes used to erect a perpendicular to the
orbit plane and a third axis used to track the planet in the orbit plane,

3. 1Instrumentation

The radio subsystem, operating at S-band, is a major element
capable of providing a highly reliable spacecraft command reception of
the uplink data and command information from the Deep Space Instrumenta-
tion Facility (DSIF), converting scientific and engineering data into
formats suitable for transmission to the DSTF, transmitting scientific
and engineering data at transmission rates and signal levels sufficient
for proper detection and discrimination by the DSIF during all phases
of the mission, and providing turn-around ranging when required. The
subsystem comprises amplifiers, transponders, subcarrier modulators,
analog and digital multiplexers, amnalog-to~digital converters, formatting
and error-correction coding circuitry, hybrid couplers, and transfer
switches.
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The telemetry subsystem provides a capability of acquiring,
conditioning and formatting engineering, capsule, and science data from
all spacecraft subsystems and generating, modulating, and mixing sub-
carriers for transmission of these data to earth via the radio subsystem.
The subsystem design incorporates time and frequency multiplexing, biphase
modulation, biorthogonal blocking encoding of science data and synchroniza-
tion techniques. The subsystem typically consists of analog-to-digital
converters, analog and digital multiplexers, a.c./d.c._power supplies,
signal conditioners, clock countdown circuits, programmers, biphase modu-
lators, summing circuits, buffers, synchronization generators, and
biorthogonal block encoders.

The data (storage) system records in a digital form spacecraft
engineering and cruise science data and high rate planetary science data
acquired from the science subsystem and the flight capsule data received
via the relay link for delayed playback and transmission at communication-
link compatible rates. The amount of necessary storage is dependent upon
the particular mission, The subsystem is composed of some 6-8 magnetic

tape recorders/reproducers and their associated control and power supply
electronics,

The antenna subsystem provides at least five antennas to accom-
plish mission requirements. A 7.5-foot diameter parabolic high gain
antenna provides a capability for transmitting the required science data
rates when the spacecraft is operating in the stabilized mode. Medium
gain antenna, which is neither steered nor deployed, functions as a bachkup
to the high-gain antenna and would support the required science data rates
for a2 number of days in planetary orbit., During maneuvers, communications
are established through the low gain (maneuver) antenna. During early
phases of the mission, normal communications are through another low-gain
-antenna (broad coverage) which has the fixed omnidirectional toroidal
pattern. This antenna provides the greatest amgular coverage and is used
as the command antenna during emergency conditions, Fixed low-gain relay
antenna is provided for the relay link from the capsule from separatiom
through the post-landing period, In addition to the $-band antemnas, the
subsystem consists of VHF antennas, coaxial switches, diplexer, struc-
tures and transmission lines associated with each antenna,

The command subsystem receives the composite output of the §-band
radic subsystem, extracts the command and synchronization information,
decodes the command words and routes them to the spacecraft subsystems and
the capsule through isolated switches, The subsystem contains bit synchro-
nizers, detector selectors, input/output decoders, program control,
demodulators and power supply,
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The measurement subsystem accepts the output from the selected
measuring points, either from transducers or discrete events, and condi-
tions the signals, if necessary, for input to the telemetry subsystem.
Transducers are used for the measurements of temperature, pressure, strain
and displacement,

4, Electric Power

Spacecraft configuration and mission requirements dictate the
basic electric power subsystem design. Average coast transit phases to
the selected target planets, Venus and Jupiter, and planetary time power
requirements establish an exigency for photovoltaic energy sources and
radioisotope thermoelectric generators (RIG's) for electric power genera-
tion. Batteries are used as a secondary power source to provide the
necessary transient peak requirements,

The functional requirements for the electric power subsystem are

(1) to provide and distribute electrical power on the flight spacecraft
and to the flight capsule until separation, (2) to provide a secondary ,
electrical power in the form of storage battery power and provide power
from solar array or RTG's for recharge, and (3) to provide power control
for regulation of solar emergy, RTG's and battery power. In addition,
the subsystem normally has battery chargers, AC to DC converters, DC to
AC inverters, reference frequency sources, transducer power supplies and
required control and protective circuitry,

From a power requirement standpoint, photovoltaic energy sources
have been the most commonly used type of spacecraft electrical power
generation. During the coast phases of transit to the Venus planet, the
solar cells collect radiant solar energy and convert it into electrical
energy when the spacecraft is sun-oriented and the solar array is illumin-
ated. This electrical energy is supplied in adequate quantity and quality
to the spacecraft loads and is, in part, stored for use during planetary
vehicle maneuvers when the solar energy is not available. Power is
supplied from-a set of storage batteries when the spacecraft is occulted
from the sun,

As a solar-powered spacecraft moves toward the sun, its power
output increases. The solar energy available at Venus would be about
2700. thermal watts per square meter compared to 1400 at the Earth's mean
distance. In the vicinity of Venus, the increased solar flux raises the
steady-state solar array temperature above that on a Mars mission. The
albedo .causes a still further transient rise of the array temperature
shortly after periapsis passage of the aphrodiocentric orbit., As a result
of the higher solar intensity, solar array area requirements thus could
be reduced below the requirements for the Mars mission. In addition, this
intensity creates potential problems in selecting array area material. An
array output in terms of watts depends upon a total projected solar array
area (fixed and deployable).
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Electrical power for the Jupiter mission must be provided by some
nuclear source since solar thermal energy intensity in the Jovian vicinity
is quite low due to its great distance from the sun. This low level and
the length of the mission negate any practical consideration of using any
form of solar energy collection system currently envisioned. The power
requirements for the Jupiter mission are more severe than those for the
Venus mission, The photovoltaic system capacity installed for the Mars
mission would be about 2.3 times that required at the Earth, and the
area required at Jupiter would be 27 times that required at the Earth.
Therefore, since an external emergy source is not required, the radio-
isotope thermoelectric generators are chosen from the stable of alterna-
tive emergy sources, including several nuclear electric power system
concepts, te provide power for the Jupiter mission application and to
potentially overcome the limitations of the photovoltaic systems.

The basic elements of an RTG consist of an isotope fuel heat
source, a thermoelectric converter (thermopile), which transforms a per-
centage of the thermal energy to electrical enmergy and a radiator which
rejects the unused thermal energy. The RTIG is characterized by power
densities, hot and cold junction temperatures, and the application of
thermocouples. The relatively constant output of the RTIG's over the
mission time, along with the substantial reduction in battery capacity,
could result in reduced power conditioning complexity.

The energy storage medium used in the program is the nickel-
cadmium battery. The battery requirements depend upon power peaks and
solar occultation for the Venus mission; for the Jupiter mission, the
amount of battery capacity is greatly reduced since the RTG's operate
independently of solar occultation. The batteries are used principally
for high-peak momentary.loads, but may also be used on a duty-cycle
basis in the event of failure of one or more RTG's, -

The power control unit regulates solar array, radioisotope
thermoelectric generators and battery power within the power system.
Along with the inverter, converter, and shunt element assembly, the unit
consists of the boost regulator, -the redundant sequential shunt regulator,
the synchronizer, power switching logic, battery charge control logic,
command capability and telemetry monitors,

5. Electric Networks

The networks' objective for the electrical interconnections is
to provide for the reliable transfer of electrical energy between the
various elements of the flight spacecraft and the launch vehicle and
capsule throughout ground test, and launch and spacecraft flight opera-
tions. The networks for the spacecraft consist of two main ring harness
assemblies of many individual cables, some separate system intercomnnecting
cables not part of the main harness, individual bay harnesses for each of
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the fifteen electronic assemblies, and in-flight discomnecting cables to
the launch vehicle and flight capsule, and do not contain the harnesses
for the pyrotechnic subsystem. The harnesses, in general, are composed
of one or more cables of insulated and twisted wires, either shielded or
unshielded, bundled together and terminated at the ends by connectors.

The pyrotechnic subsystem consists of the spacecraft electro-
explosive devices and the networks required for controlling, initiating
and accomplishing nonrepetitive events by explosive actuation. It per-
forms the planetary vehicle functions of separation from the launch
vehicle, control of the propulsion subsystem during midcourse corrections
-and orbit insertion, and control of deployment devices for antennas and
magnetometers. The items are composed of parallel redundant separation
switches, a pyrotechnic controller, electro-explosive devices, pin pullexs,
igniters, valves, harnesses, electrical connections, and firing circuits.

D, Temperature Control

. Spacecraft temperature control is implemented through thermostatic-
ally controlled heaters, thermal louvers, surface coatings and multi-
layer thermal insulation., All spacecraft equipments are maintained within
specified temperature limits by heat dissipated by the electronics. In
the equipment bays, the thermal louvers are regulated to be fully open at
a radiation plate temperature of approximately 70°Fand to close at a tem-
perature of approximately 40°F. The temperature of external equipment is
controlled by the use of surface coatings or by electrical heating. The
heaters are also used for contingency heating of certain select equipments.
The subsystem covers internal electronic equipment, guidance, control and
navigation equipment bays, the propulsion subsystem, and external equipment

E. Attitude Control Propulsion

The primary functional requirement of the attitude control propulsion
subsystem (or reactiom control subsystem) is, as a mass expulsion system,
to provide control torques to the spacecraft in response to processed
information from the attitude control system. To achieve three-axis
stabilization, the subsystem must be capable of imparting a control
torque about either of the three spacecraft-centered axes. This torque
is accomplished by the simultaneous expulsion of mass from two opposing
thruster assemblies. Simultaneous operation of two opposing assemblies
is required to assure a pure moment about any one axis, and two assembly
pairs are required for each axis to provide control capability for perform-
ing the functions of pitch, roll or yaw. The subsystem also provides
torques for roll contrel during operation of the main engine,
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The selected propellant, gaseous nitrogen, is stored in four spheri-
cal tanks Fabricated from BAl-4V titanium alloy. The other equipment, or
fixed hardware components, is composed of filters, regulators, valves,

nozzles, temperature sensors, pressure transducers, heaters, tubing and
fittings,

The total weight of propellant, tanks and fixed hardware for the
attitude control propulsion subsystem without mounting structure ox micro-
meteorcid shield is represented by the following equation:

ACS = W + HDW .
TANNZ ACS

The weight of nitrogen propellant required is given by

L+ 8
W, = 2(3./7..0) [ :] >
N2 R E R I B TS )

where
Wﬁz = weight of nitrogen propellant required (kgm)
1z = total impulse required (kgf. sec)

Igp = specific impulse (kgf. sec/kgm)

8, = contingency factor for Igp degradation (=)
L initial propellant tank pressure (kfg/m%)

P¢ = final propellant tank pressure (kg£/m=)
T; = initial propellant temperature (°K)

Tg = final propellant temperature {"K).
For durations as long as 1500 days, some operational redundancy is neces-
sary in order to increase the probability of mission success, Therefore,

the term "2" is added to the Wyp equation on an assumption that twice the
ncminal supply of propellant will be carried.
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The weight of a spherical propellant tank with a wall thickness
that'is small compared to the tank radius is given by the following
equation: )

= (o0
WTANN2 1'5(WN2)(R)<Tmax)(p/ )mat(SF)’
where
W = weight of nitrogen propellant tank (kgm)
TANN2
R = nitrogen gas constant (m . kef/kgm °K)
Tax = Maximum anticipated temperature (°K)
Qn;t = density of tank material (kgm/m3)
Ooar = ultimate tensile strength of material (kgf/m%)
(8F) = design safety factor (-).
Thus,
Wy = 0,04135338 I
W =1.32 W
TANN2 N2
HDT»:\TACS = 34,

F. Science

The flight spacecraft is designed to accommodate and provide sup-
port for a science payload that is capable of accomplishing the specified
science mission, Although there is no such science subsystem, integra-
tion of the scientific experiments requires consideration of scientific
tasks, equipment, and spacecraft subsystem interfaces. The experiments
may be contained in the planetary-scan platform or mounted on the equip-
ment module or on booms deployed from that module, depending on provisior
of flexibility in orientation.

A spectrum of possible scientific experiments for any spacecraft
mission is so wide that it is not intended to recommend any particular
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experiment in order to derive estimates of the engineering requirements
and constraints that may be imposed by the science payload on other
spacecraft subsystems. For a typical spacecraft, boom-mounted experi-
ments may include photo-imaging, infrared radiometer, broadband infrared
spectrometer, high resolution infrared spectrometer, ultraviolet spectrom-
eter, gamma ray, polarimeter and meteoroid flash director; and body-
mounted experiments may comprise celestial X-ray, micrometeor impact

detectors, solar X-rays, cosmic ray, solar occultation, solar plasma and
atmospheric mass spectrometer,

For the computer program, input may be generalized by specifying
an approximate realistic value of science payload (instruments and scan
platform) motivated by the degree of confidence, or, alternatively,
parametric curves for some spacecraft subsystems may be generated

internally by specifying various acceptable input values of science
payload,

G. Residuals

The residuals consist of propellants (unuszble prcpellant, random
outage and fuel bias), pressurants (storage bottles and propellant tanks)
and attitude contrecl system fluids, The equations used in the program
are as follows: )

WPFIX = 0.0048WP + 0.04953(P1X + P2X)

PRESS = 6.10472293 X 10~S(UP) (VL + V2)

ACSF = 0,0832 ACS,

where
WPFIX = weight of unusable propellants (kgm)
WP = weight of propellant loading (kgm)
P1X = density of oxidizer (gm/em®)
P2X = density of fuel (gm/cm3)
PRESS = weight of pressurant gas (kgm)

ACSF = weight of fluid in attitude control propulsion
subsystem (kgm).
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\ IV. NUMERICAL APPLICATION

Two nuterical examples considered here for two hypothetical configurs
tions carry.)iyg two and four propellant tanks, respectively, illustrate
the impact <t a number of propellant tanks and the electric power. For
use in the pjograms (Tables 2 and 2a), the input parameters for the
Venus and Juiiter missions are as follows:

Flisht capsule weight = 2267,960 kgm.
Scidqice payload = 204,117 kgm.
Adapier weight = 113,3981 kgm.

Electiic power; -
Tynus mission: No RTG system
Jupiter mission: RTG system = 226.7962 kgm,

Proptgsion subsys tem:
AV = 2050 m/s
Thi-ust = 46706,3270 N -
IS% = 305 sec
Eniine weight = 185.973 kem
MR{= 1.6
0x;dizer density = 1.440 gm/cm®
Fugl density = 0.872 gm/ cm®
Ullﬁge pressure = 1620267.942 N/m=.

Maximumhstage diameter = 3.556 m.

1 3
Minimum stage length for propulsion module = 1,27 m,

v

Maximum radius for propellant tanks = 0.6731 m,
Mission duraﬁion = 1000 days,
Acceleration:

5 g's longitudinally

2 g's laterally.

Tables 4a and 4b show the weight statements for the Jupiter space-
craft and 5a and 5b for the Venus counterpart,
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Table 2:" Program Listing for Four-Propellant-Tank Spacecraft Design
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= 99 XLl = C+0
| = 160 X2 = CuU -
T s 101 SAUSPHS6+233184#R1+%2
= 1a2 SAFGPHa g+ ZRITBwPRE 2
= 103 SAOCYL=0+0
s 10% SAFCYL=0+0
= 105 GO T§ 91
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s__106 11Q CAPS = Q.

i = 137 ECAPS = 4535.59237 o

i = 108 H = kM

§ . 109 GO T3 106

4 ® 110 113 £ 3 2084
@ 111 CO = Q«2%%

3 = 112 H s hM

i = 113 CAPS = CeoQ B

g = 11 DCAPS = 453,539237
8 115 G TO Ba

_® 116 107  H 3 1.Ci6
= 117 GO 10 icé
b 118 108 H a Q+25%

- 119 106 CH = 0+254
s 120 2% GO TO (312,313),K3
s 121 312 CALL J°FLD (RIS RZJWFUsCAPUsHICIsC2r AL 12 BLEs VI VEs KR P I PEX]
1 122 Pz 2

= 123 GG 19 318
= 124 313 C1 = 1.
= 135 (of- N
= 126 XLl = 0.C
= 127 XLZ & Ce0
o 128 RN = D/2s
= 123 CK = [C=0e32811/4+«
= 130 IF([H-O-IUié]-E-ICp(] She242210
= 131 2% K1 = [(F=0.10183/2
s 132 V1 = 418879#R1#23
= 133 V2 = VE*V1 -

= 134 R2 3 [0e23a73242%V2)#x+333
. 135 IFIR1=R2] 28:29,29
= 136 23 R2 = [H=0+413163/2
= 137 V2 = 4¢18875%RZvw3
L 138 Vi = V2/VYR
2 133 Rl = (023373752 +v1)»¥~333
x 140 2% SAOSPH=46+2331845R1 a2
= 151 SAFSPRzS« P31 EheREn w2
o 142 SABCYL=D+0
= 143 SAFCYL=(0 0
= 144 P 3 1.0
= 145 R = [RN®* [RN=RI=0+254]+0+ 31751 7 [RN+RTJ
s 146 IF[RE“RX] S517+517+210
L] 147 210 [FIOMAX=29.4] 518,255,518
= 148 517 [F[R2=FMAX]. 81,591,518
= 149 518 RIsGMAX
x 150 R2aFMAX
s 151 VAR «333335FP [ wRinks
= 152 VBa[H=-Cs1016=2.3R1]) #R1#u24P]
B 153 V1aVA+VB -
" 154 ¥L1aH«0e1016=2+0R]
» 195 V2zVRay1l
3 155 VAs1.33333F 1202023
. 157 VYBsvVZ2=VA
n 158 XL2zVB/ [PIsR2»%2]
= 159 Page .
ol 160 RX=XL2+0e¢1016+20R2

29


http:CNN*RNkl-025410.d1/5I/[-N+.1q

—— m——

L

21t

= 161 [F{rx«-] S18,91,2
= 162 TTTR% ﬁLE‘h*~-1016*“*‘12 T "
z 163 YEaXL2#P [ xZn %2
3 LY Y EECE
= 16% visVa/VR 3
= ARG TTTTTTTTTUTYARLS333333«5 1510037 :
= 167 VaEYimVA
= 158 XL IEvE7PTRR1ww2Y 7
2 169 oY TE S51
T TIVE &8s, Ri = J»3254
= 171 GR1 = T»25%
= 178 P % owb T
* 173 20 R2 = [Sh*{RA-R1=C2541+0+3175) 7 [RANRY]
= 175 Vi 2 e 8B795R T w+34F IR w e a[H~Ze# KT O ITTET
= 175 VP 2 4213875 e 3+P e 30a a2 [He2eaRBa001018]
TTETTTLTE TRAX 5 Vas i1 : T
= 177 TF [ABSIYRA=VRI=0201] 23240530 %
= _”1'—78 v [FTvRX =741 532 T 47 [
= 179 42 Ri = ?1 + D31 :
= 'TS?.i T G? TJ C. - = 3
= 183 43 Rl = R1=CRY i
R VA %7 ORI S 0TR TR 4
= 183 G2 T3 £C
SRR TFIRISCKT 8L, 6TFED
= 185 50 R1 = CK
g TERETTTUTTTTULETE g U T
3 187 B2 = (RAX[R4~R1=0¢254]+2031781/ (RAN+R1)
= 18% e e R §-6 Y -y i PR ST SR -2 NS RIS i LR 4 E- M
= 189 V2 = VReV]
= 158G YCE™F [W2wh i BR7ERR2 I/ P TaRdewd]
= 191 IFIXLET 76,76+51
"= 13928 76 RZ = I0v2¥dy 25 eVaT w333
L] 193 XLe= O+0
z 19% GO TG 91
= 1585 60 IF (R2-CRI91s91,51 .
= 156 81 RZ™= CK
= 137 Cix Gof
] 198 BRI 8  TRNS [V wR =S s 854  Fov 31757 / TRN+R2]
= 199 VZ 3 421887552 %3+P1aRZea2a [HoZ2eRE-00+1018]
= 200 Vi V2/7VH
= 2 ’XLl i EVI-%-iS&?B*?l*-S};{PI*Ri**E?
= ééa TFiRCIT 75775791 - i
x 203 7B R1 = (0.23873242uvi]nued33
* 204 XLi{s O+
2 2048 91 WO 5 Ped [PLX»V14PEX*Y2]1 /105
= 2ub 418 HERGUUSEETT IS S SYE RS
» 207 109 HMX = H9
= POK e s R ¥4 1
= 208 111 HMX = R
= 21i¢ TIZ B = +ChIHALSRC*aPJ s % e5#0
- 211 FR = «0092834l45#aPLAneB4G
= 212 RIFR = Ri + FR
= 213 STRI = a23904*3*EH'X41v 161 %G
= 214 XLON & +SB7CE+D»{HN%+1+018] %G
= STLE = STRI + XLOW
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= __2ls BSMIST = 17«145731336

a g7 BEAM =z +0 3&#4732*D'1Fubio5iu T

= 2148 IFLX3TR)S25,525%s526

= 219 B25 SUP T+ 007 36 waPL¥G

= 225 G3 Ts 527

= 2217 826 §UPTeAP 3. .CI06E11 Tt e e

= @222 57  IF[P-1.) 33,33,32

= 223 327 SATEPHRg 23 BueRan T T TTo TRt

= 22a SATCYLZ[HewzZwR1mCa 10 61240283184 »R1#C 146283184 %R1xL1
L] 225 CAFSPHe5 233184 %R+ 8"

@ 226 SAFCYL® (HeoZ4R2=0s 105161 46+2583184#R2#C2+6+2831842RZeX | 2
s PAT 33T TYLI33T T JPerR1/108%4 758384

= pa3 TKICYLIUP¥R1/54123544G 2 )
=" B339 7 T T TYROTSPEOPSRLVIdR247583T.E T T - |
=. 233 TKFS3T=UP e i2/108247438C 44

s TRl YR CYCEJR.SEssEf ayENEsvETTT T 0 T T T

= 232_ I_f(FT\J'J =3P % \:./1\.82‘&;0“&.,-4

s 233 TF(TRIEIT = C0P54] 40326751401 T - O
] 234 #CO_ TLISBT=5 30258

= 235 421 IF[TLACYL=2+C0254] 43l2,4532423 o
= 236 402  TADCYL=UeQ 284

= 237 403 TFETRITIPEICO258] wobs a8, 405

= 238 4C4  TKITOPaCeSIZESY

x 239 403 TIF(TKFECT-L 0085641 856, 0C77857 7T T

3 250 806 TKFadT=CeGlgS4 :
= "é41'7757_'"TF[T&FCYL-SZGU?S#T’ﬂ€§7¥69;469 s

=’ 242 408  TAFCYL=Ge0CxSY

=

T 2483 409 IFETLFTIP= uoC§55H] 41,211,411

244 410 TKFT3P=Q0+0CE5S

TRR5 &1l wTANI= k428-7848*[S§?§$H:[T<5_31+TKUTHP]+SA4CYLITKUCYLJ

246 WTANF 26428 . 78485 [SAFSPHe [TKFRIT+TKFTaP) +SAFCYL#TKFCYL]
TTRRY T T T RS T WEWATARY T T
248 FS = 2eReiTANF .
243 PRESS £ UPs (ViI+VET #5108 72233 =06
. 2350 WwPGT 3 7+9539312424PRESES
251 WPGTSUP % WG12 & WFaT
252 WPGTPLUM a +C85s4PGT
TS T UUURELTE RPGT F WPGTSLI T A TRPGTPCUN
254% IF(XSTR}523,323,524
F-451] D24 SJPFL 3 2UQCZ/F4wT
256 G To 61
T3 257 823 SUFE = SUCTI37ESERCEDS
258 SUPELl = «GCC22CBCSsTeD !
259 TFSUPE=S L PELY 13/ 61,6T

260 13 SYPEsSUPE]

26l 61 vi=vl

.IIIIII.UIIIIHUIlﬂ'lﬂﬂﬂl&llﬂ

262 v22y2

263 XHP = 22«CSohaCwTRX+]«018]

26% EM = 2ebb)1R440xG !

265 ACSF = (0832 » ACS B
266 WPFIX 3 oCGa8aWPU+eT4353 (P1X+P2X]

267 RESID = WPFIX + PRESS + ACSHF

268 IFLI«2] 8Q,212:96

269 80 WSS = +Q007550% (66Co=D] #dP =G

270 GO TO 189
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TCSaTCS+2e v {2 #SAOSPHASARCYL + 2+ #5AFSpH4ZAFCYL] G+ 5045

* 271 9% o
T pyETTT TFLI=%Y 212,807 4C
= 273 212 w58 = C.0
TRTOEIETTIg TERG = B0
= 273 ET = 7
-2 TENGK R ENG T
s 277 ™ = 1
= 278 TFT%=2%1 Y4,;945303 - ~ 7
= 279 303 X = x-1.0
s TERUT 92 ERGH ™5 WeCENS
= 251 SUPE = Be2{E«0I2DENGG
= Z8g SUPET = “GOCB%53BEaCT
s 283 IF (SUPE«SPF1] 15sttalb

TTERET IS SUPERSLAEY T T g

238 16 SURE = X#SURE
256 TX = X*#0T -
287 X = K4le

S ¥- S § o ¢ - - EYY-F- S-S
289 221 PRINT 2

TTTREYTTTT T TS e 83 T TTm e
291 S SUPT=+Z0081 ] WU
3 F TF {TNCSDESEY 1351557135

293 135 TIMENZ = TIXE = 861564+09

-3
a
o

*
=
E ]
E-3
]

T TR T T e TTIMEN 242 d GG RTINZE 3200 T
= 295 w2 = [T » 03138338
B TLRSETTTT T T OTRTANKG BT Wi W ONR2 T
# 297 MOWALS = 15+42214058
= 295 RS T ATANNDFFCHACS
* 2992 SO0 BASSRIFR+STLO+BSMISE

. E 330 SUFF = 3%« ZCCBERRSE

Pox 301 SM w 12272741732

A 332 STRARSSF DO REAR I RHP 15U+ 5H
s 3G3 SUPET = SUPE + SUPT
= 30T T3 8 T6v64EE3ITT7Y
z 308 PRIPUSENGX+FS+I5+hEL+SUPET+TS
= e SENTE Fel7giSUF /e
= 357 COSE = 8+111381222s0%4+5

TETTTI0RT CONTCT {2 72208370730 %++5

= Ine ACT 2 B4546673588R4Ds245
* I RET ¥ LIV SRS IUEROIR S
- 31 GCeSEN+COSE+CONTCO+ACT+ART
FY 312 RAU™® S5+79T86({51
3 313 TEL # S+54D37831#Dseel
= 3% DATAS & 15742214053
= 315 ANTE 3 34.7(BQ877574Dx#45
z TIG TOF G+ 375055300+
= 337 SURE = 15.87573295
= 318 XINSTaRADSTEL A TASFANTEFCOMIBURE
= 319 BAT = 224796185
= 320 PRRC = FAVEETIREGE <
= 321 EPsRYG+BAT+FURT
= 32z INETH = 61 v IO097UGRGs %D
= 323 PYR = 726340539164 D%«S
) 324 ENTANETHAPYR
= 325 TCSa (558 (GTR+EM+GC+X INST+EP+EN+ACS+5CIEN]
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328 EQJIeEr S INST+EMLENSTES+ ALK+ L IEN

T aFFT 987 T IFLASSOVarvil -a81] 93,884 T T T

HOROH OB W OB OROH W OB OED K NH M N R RN
‘ .

327 CHUTIG 3«65 # (5TR + PROPL ¥ EQJIT T
.. 328 TDS=STRMPREPULEGUI+CINT I
SEETTTTTT YR SRES USEY
I3¢ e L BF AP Ll e s XMR]
331 P ST T E e
332 WPUT 2 dF w3 4N
333 TERLETTE+0R. T T T e
333 IPVAL=TSAL<CAPS
335 TPVAS TPVALSADAD
L 336 WBY = TIS » CAPS
337 ABE T2 TTPVAL < TAPSLaNE T T T
L3338 DY=3.80665.xISFALIG {£83T4nPUT /4887
339 TR TE Y aFge.a8) Lo

IFINCORE-R) 20922032203

341 TELA IR VaeTte] S350 T T oo
3W2 PUF IF{Ta=XT4] SRs98,9%

J3as 124 0 IFIDVI-0OVY 82.32.8%5

T3u5 a5 IFINCarE~e) 121,181,803 ° 77 7777 o
346 &Q3 [FONCOCE~6] 123050425604 )

K7 &0h b= HeliH

-t

388 _ b T3 6OR
349 T12% 7 TCAPS = CAPSDCARPE T T T
336- DCAPS = CoSDCAPS

Tamy T uﬂ T F4” o Tomommr T

3%2 1217 U0 T L315,3151.43

o e EN T F P N N

354 g8 T3 Rk
355 537 W 2 TWabn T "”
358 G T3 84

T a7 RE T TR INCODE -5 Yes, 1adi s i
358 H05 IF{NCODE«RY 12556064606 -

38T 806 i ox H=DR

340 DH x Qeflshn

36l G TY &68

362 126 CAPS = CAPS+OCAPS
383 el T8 8%

36% 125  GI T E3156,3173.43

365 I RPT W WPUSSARY

ﬂlﬁll'l'iﬂﬂ!ﬁﬁiﬁ'ﬂ#ﬂﬂﬂﬁ!”ul‘

366 DWPY = DNPLu.§

36T &0 TH %%

368 317  H a HeDH

369 IW = "UvIebH

378 G2 T8 84

X721 93 X = =143 i
372 BURKN 3 2+BCo80aAPU» L ISP/TY

¥ IR (BURNSBTHY TICU 3L 30t
374 301 PRINT 2487k

275 X 2 X4l
arse DM = 0254
377 G& T4 @92

378 _ 300 IFENCODE=4] 114,115,607

[ RE BN SE BN AR BN -1

. 373 807 TF INCODE=6] 1154602, 809

3390 &99)_ HWMY = M

RN

,v‘i 4 éwﬁ "

.

»

e
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= 381 GY T2 &3
= TUHEY T 116 TRVLETISFCAAS+APUT T T
= 383 FRINT 118, 44000V CAPS» W PUTHRESIDN TS TPVL
= T334 [FINCOCE=4Y 1165 110G 117
= 385 116 CAPS = CAPw+DCAPS
= 326 . TxTs X 3IGE i T
= 337 17 (TPYL=DVE] 1C6s106483
= 338 {i7 € UL
= 389 CCAPS = 433.83237
S T 399 X = X + 1«
L 391 1F [D=6+858] 8‘“83:83
- = 392 114 TFIXLIT 53,853,855
= 393 32 FRIANT 30)1:...;"'!“)“ﬁPgTJTISJCVIRIJRal\fl;Vc_JXLIJXLCJTN;BURN
= T F9RTTTTTTGRE TS S
s 395 33 PRINT 2eXaNaPMXsaPLTTISICVARLIR2sV1, V23 XL 12 XL 22 TWs BURN
N 398 34 [FINCer -3 51335125517
= 397 &1a FRINT 414
= 735877 FRINT 415,35, XV PsFs, 35750515 SUPESBEL JACS T CONT G RES L Al 2 WS
a 333 413 IF{NC2CE~-2) c34;b3:r05
z BOC ZCE T TH Fr+7.254 TR mT o s
= 501 X = X+1»
“a 552 SITYSTITE
= 403 2384 IF(H=12+7] Z06s83,33
S TTHCETTEGS T UIFONIS T dval T8ReR YT T T
s 405 99 Pyl = tye
T = THGE T CAFS=.ES-TIS T
E] 407 X = 20
. & 538 oJ T3 I3%
= 409 133 IF[MC2CEIS 305354551
s TETOTT BT RENTTT T
= 411 CALL HELP
S e TTRTETRAC T IFRYLICGTIONIT
= 413 70 CALL EXIT
o= 415 END

__COMMAN ALLBCATIGN

77776 STR 77774 3% 77772 RIFR 77770 STLO
. 77768 BSHISC 77764 BEAR T77TEE XPF 77760 SGPF
77756 S™ 77754 PR3IPU 77752 N 77751 ENGX
7787 FS 77755 0% 77755 SuPET 77741 AELC
77737 TS 77735 £5L! 77733 M 77731 GC
. 77727 SEN 77725 C3SE 77723 CONTCE 77721 ACT
77717 ART 77715 XINST 77713 RAD 77711 TEL
. T7ICT DATAS 777C5 ANTE 77703 o™ 77701 SURE
___ 77677 EF 77675 RIS 77673 BAT 77671 PsRC
- 776587 EN 77665 XNETW 77883 FYR 77661 TTS
77657 ACS 77655 aTANNZ 77653 HDOnACS 77651 SCIEN
Z 77647 CONTIG 77EES 155 776543 RESIO 77651 WPFIX
77637 PRESS 77635 ACSF 77633 TIS 77631 WPUT
- 77627 WF 77625 WG 77623 WNE 776281 TSAL
77617 CAPS 77615 TPVAL 77613 ADAP 77611 TPVA
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PROGRAM ALLBCATION

00020 1 00021 NCIDE 00C22 MCODE 0pl23 K
0002% K3 56625 IT ~ T T T 00028 R OoU30 P1
00032 P2 00034 XMR 00036 D Co040 DV1
00042 DV2 00GEL XTw~ ~ ~ 0CO&E6 T 00050 X1SP
00032 ENG 00054 UF 00056 TIAE 00060 G1
00062 ©2 D00&% FMAX 20066 BMAK Oc070 X8R
00072 BTM 00074 Dv3 00076 X Cp1Co G
001€CR PIX T 001CH PEY T Q01086 PT Co110 RT
00112 R2 _ __0C1l4 wry 00116 DWPU C;120 VR
Qo122 H 0C124 DR 0Cc126 V1~ U GptlF0 Ve
00132 P 00134 C1 00136 C2 0u140 XL1
00142 XL2 0G1&4 SARSPH ooiue SAFSPH 7~ 08150 SABLYL T
00152 SAFCYL 00154 DCAPS 00156 DD 0160 RN
00162 CK™ T 7T COUIBE Rx T T Q0Ted VA T ogIvo VR T T T
00172 HX _ 06174 DRy 0G176 VRX Up200 HMX
00202 RI 602CE FR TTQC2087STRI T T0g210 XLON “'
00212 SUPT 00214 TKAKBGBT 0C216 TKACYL o220 TKETOP
00222 TKFEHT ~ Go2Zs TkFCYL 00526 TKETBFE ~ "Tpe39 WYANG
00232 WTANF 00234 AreT 00236 WPGTSUP G240 WPGTPLUM
00242 SUPE OCAEE SUFEL ~ T 0GZ4s W8S T 7T T 0250 DENG
00252 DT 0C2%4 TX 70256 TIMENZ Cp260 WBEO
00262 WBF DO2EE Dy~ T QTEEETTW T 7T TOgeVe BURNT T
_boz7z TRVL . _ . . - .
_SUBPROGRAMS REQUIRED _ — A
SQRT_ GOFFLD ABS _ ALSG HELP EXIT
THE END
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= T §UBROUTIRE T FELFE C T T
2 2 ¢ SUIRSUTIRE RFELF kBN CALLED WILL PRINT JUT A R-AERD.x TYPE aE1GHT
= 3 T STATEMESN T FOR TR vEHTCLE
= 4 L WELE 1S BEST USED 174 aLGCE 3 2. aHEN QSED «ITH STHER CODES ThE
w TTTETRTT U EYTRLT ISTAPT T2 BE ExCESSIVELY UANG ANT CERFUSING —— T T T
= & CAAMAN STRL,ESsFIFR,STLMISHISCsBEAY, (MP s BUFF 2 SV PRIPLANIENSXIF S
I A if§i§LP?T3HEL:T9;EG;IJEF3GC:SEV;C3SE)ESKTC37ﬁtTTIRTTYTNZT?RI?FTEﬁ)
= 8 BnATASASNTE 0% SURE A EPRTS 0AT s PARTAENIXNETns PYRITUSFALS s ATANME #
I g 3hunACa:aLIET?CSVTTGTTUEBRESTU:ﬁPrLX:;RESb:ALaf;Jlb;ﬁPUI;hri%u;de,
= 10 ATSALSCAPS, TEVAL S ADAR TRVA
27T AT 300 TR IRHRAT ULHL. 34X0 3 AETGRT SURMARY 8,577 T
= 12 1001 FIRMAT{I6X,: ITEY s,s35%.3 EIGAT (K], BERAME]E,//1
= 13 1392 FIRVATISN, 3 STHRULOTURE To49xXsFlbsdd 777
= 14 1003 FEAMATI?%,3 SASIC SHUELL 5»38XaF1Ze%]
=TS TTOUE TFIRVATIONIGE ITLAES LG FRAMES 3aZ8%sF10esy 7 7T
= 14 10605 FIRMATISX, s STRINGERE LANGERANS £22142F 1094}
¥ 17 1006 FIRUATEIXs 5 "ISCELLANEDWTS 2s31asF1Csl T T o s 2 4o e
= 48 1007 FS3NATE?%s% 3YSTEN SUPPIRTS (3EA4E] £, 26XsF12e~]
r ~UiST{E0E FORMAT[7X,2 VICRIMCTEIRIIN PRITECTINN 3,24XsF124847 ° T T
= 20 1009 FORWAT[FRa5 SLPEORTIS {ANTESNNA AND SCaAN PLATFURMIS, 14XsF 12241
T S ToTE  FOREAT 7N, 5 SEFARATT SN FECHANTSR §, 25X 2P 12VH]
= 22 101l FRAMATISX:% PRIPULSION B, 48XsFlieksl
s TTTETTUICTE  FORMAT(7Xs3 ENGINE (MATN) T LE, IS 518, 2900144 E]
3 24 1013 FIRMATI?X.3 Fytkl SYSTE™ (2] s 36X2F 1zaal
3 UTUERTTIT1h T FIRAATLIASF MMTOTZER SYSTTH 2T B30 PT84
= 25 1015 FORMATI?X,5 SUPPYRTS [MAIN ENGINE AAs TANKS] Se17XeF12.41
s &7 TG14 FIRATEYYS S PRESSURTZATIIN BYSTER TS 385 FI2w4]
< 28 1017 FARMATI7X.s TELEMETRY SENSARS S32Xsri2et]
S TTTEGTTGTE T FORMAT ISR, § ERUIPRESNT AN TINSTRUMERTATIOR 5,295 F 14.3]
= 30 1019 FIRMATI?X:5 STRUCTURE 3,30XaF12.43 .
TTTTETTT020 TFORMAT U7X, 5 TGUIDANCE S CANTRIL ARD RAVIGATION S T7XaFLE+4]
2 A2 1021 FORMATIO9Y¥,s SENSORS S 37AFF108]
= S eT —FORMAT (955 COHPUTEPZSEGUENCER Fag6X Figvd]
z 45 1023 FORMATISX,& CUONTREL COrputlth S,28XaF 104}
= a5 10z4 EERMATTEY 3 SERVT ACTUETORS s 29XFF IS H]
= 446 1025 FARJATIEDN,s ARTICULATION EQPs $)27%sv1004] R
2 CTTTETTIDRET FORMAT LYY, 5 INSTRUFENTATION s J4X/FIEAT
= - 3% 1027 FORMATEDXss RADID %, 39%sF10+4] ’
3 T IO2E  FORMAT TV 5 TELEFETRY S 35KFF10vA]
2 kG 1029 FOHHATI9Xs% DATA SYSTEM 3,33x.FlG.81
=N T O30 FORIAT I¥E 78~ ANTERNKAS $, 36X F104%]
= 42 1031 FORMATISX,% COMVAND 3 37XaFLl0s41
= B3 I0IF T FORHAT (3% FFEASUREVENT Sy INGF LU «A]
* 84 1033 FORMAT(7Xs,s ELECTRIC POuLER Ha3BXeF 12441
1] S5 {034 FORFATIYR: 3 RTG SYSTEM Fa38XaF 1041
* 46 1035 FORMATIOX,s BATTERIES S,35XeF1lU«5) -
x W7 1035 FPURNMAT (9X5§ PORERTCORTREC ¥ 310G TF10-4] id
* 48 ¢ 1037 FORMATI?¥,»s ELECTRIC NETWORKS $232¥aF12+4)

TR TR I0SE FORMATLEX, 3 NETWORKS F, 36X, F104]

50 1039 FORMATEON,s PYRGTECHNICS 3.32X:F10s&)
0% 7 25 MPERA KTR EM $2I5F12+4]
52 1041 FORMATI?X»s ATTITUDE CONTROL SYSTEM gs26XsFi2+4]

53 1042 FORMATIOXs® TANKS B249X2F1Cs4]
54 1043 FIRMATC9Xss HARDWARE $536%s2F10e4]
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TaLlCXaF1204)

.02 1044 FIRVMAT(7Xss SCIENCE (INSTRUMENTS AND SCAN PLATFOKM)
= TTUBE 00 FIRSATIER, S TINTIVMNLY iRV IR A7 LIR ST oRtT e e=E]
5 57, 1C%5. FISVATI1OXes T3TAL DORY SPACECRAFT S55%PXsFi3e4)
= 58 1Ca7 FIRATIRXTT RESIDCALT S,4945F 15«57
* 53 _ 1048 FARUATL7x,5 PRIPELLANTS %, 38XsF1248) - n
= 657 1849 TTFIREATIIXGS FPRESILRANTSG #138XsF12:8) -
= . &1_1¢50 CFERMAT(7X)5 ATTITULE CFNTREL SYSTEM FLUIDS S719XsF1244/69Xsmmmnvd
z &2 Av=S==E, 7Y
* &3 1451 FORFATIIOM,5 TETAL IL.ERT SPACECRAFY «s30Ks8[Sei)
a A% 1052 FORMATIOX s USASLE FPRIPELLANT TrEQXIEL15e 4]
s &5 1653 FIIMATL?Xs5 FUEL %,43XsF1@44] e -
= 56 "1554 Fﬁ? AT %5 PXICIZER Ss41XaFi13447°
= &7 _1CFS _FORMATI?TN, ¢ NITRUGEN 3:41X.F12. Sl LT bty ) ) _ o
= 7 &R TI0S6 T FIMATEIOK, s TUTAL BFACETRAFT AT LAU CR s,céxpﬁzs‘a3 T
= 63 1537 FIARMATIOX, 5 CAPSULE 2s8GsF1545/65Xsgmwmmm=nn 'S
=7 T YIRS UURIRYATILON s THTAL ALARNETARY VEHICUE AT LAGH CW”?:}“x;FIE'TT“
= 71, 1653 FIRMAT(SX, 5 ACAPTER 1s514rF18e4/63Ysgemmnmnsnancg]
* 727 1560 TFIRVATOICK, 2 TTAL PLANETARY VEHICLE 3 AJAPTER &,/ T9RIFYS 477y
3 73 _PRINT 1oeg
=7 7a TEIMNT 10y ) — - g
2 75 PRINT 1402,8TR
2 75 FRINY fC03yss™ - .
s 77 PRINT_LLGU4,RIFR
x 78T TTTTRRINT I00®,sTLY T 0T oo -
= 79 PRIAT 1006,33M18C
= TRITT FRINTTGO7;ERAN - " 77 7 T
z B4 PRINT 1008, xMP
a &2 PRINT IGUY,SUPF
3 33 PRINT 101058
% ih PRINT 101{;PRIFJ
= 85 PRINT 1012snsENGX
= 8% TUPRINT IguE,FE T T
.= 37 . PRINT 1014,35
= a8 PRINT 1016, 350PET™
i a BG PRINT 1016a2%EL
e 39 PRINT 1317, 75
poE__3 paINT. 1018,E0Ul
[ 92 _.—‘ TUPRINT IO, e T -
v s 93 . PRINT 1020,4C
- I FRINT IG215SEN
. 95 PRINT 1022,C3SE
= 9E PRINT G235,
z 97 PRINT 1024,ACT -
= 98 PRINT 1025, ART
= 99 PRINT 1026,XINST
ETS V4] PRINT Y027, RAD
= o1 PRINT 1028,TEL
= 162 PRINT TOZ9TTATAS
s 103 PRINT 1030,ANTC
+  10% PRINT 1031,CON
= 105 PRINT 1032,5URE
= 10& PRINT 1035, EP
* 187 PRIRT 1034,R7G . .
= 108 PHINT 1035,BAT
2 109 PRINT 1036,:PWRC

37


http:1016,.EL
http:45XFla.42
http:30X,Ff5.43
http:RESZ;LRAM.TS
http:1;3dXF12.43

a 1190 PRINT 1037,EN

2 {177 77 UUPRINTTIC3R,XAET.
= 112 PRINT 10333,FYR

= it T T PRINT O IO%C, TES T
3 114 BRINT 1541,AC08

= 11s © PRINT {342, aTANNE
=‘ 116 PRINT 1043,F040CS
= 117 T T TPRINT 10ha,sbIEN
= 113 PRINT 1043,CAONTIG
=TT T PRINT LGRE, TS T T T
= 120 PRINT 1C47,RESID
= T T1FiTTT T ERINT ICHSE, SPFIx
2 122 PIINT 1049,F7E3S
= 1213 FRINT {3Sc,alsF

= 124 PRINT 1351,71S

=7 1287777 TPRINT 18%2,.F0T
= 126 SRI"‘T 0531 wF

z 127 PRINT 10S4, 4%

a 128 PRINT 1255, a02

= 129 T PRINT 10564 TSAL

z 130 PRINT 1GE7,CaP3

E 13T PRINT LT85 TEVAL™
= 132 PRINT 13853,A0AP
A T 33T OTURRINT TGS, TPVA

x 134 RETWRN
#7435 TTERRTT T T o

COMMON ALLOCATION
| 77776 STR 77774 33 77772 RIFR 77770 STLA
T TT77766 BoMISC 7776y BEAY T T IPVEE T AMPT T T FF7EU SUPF i
77756 S 77754 PRIPY 77753 N 77751 ENGX
i 77757 FS 777%5 03 — J77%ITSSPET 77751 BLL
77737 75 77735 EgUI 77733 EM 77731 GC
B b - b 1 °f VAR & v 5~ SR of ¢ 11 "R b &~ ic I ot 4 £ ot B 77721 ACT .
77717 AST. 77715 XINST 77713 RAD 7771t TEL i
TTFFIOTORTAS T T 77705 ANTET T TTIIILY COMTT 77701 SURE = 3
77677 EP 77675 RTG 77673 BAT 77671 PaRC 1
| 77667 ERT /76ES XNETH 77665 PYR 77661 TCS :
77657 ACS 77655 ATARNZ 77653 HDAACS 77651 SCIEN ;
TTTTI7eR7 CONTIG  77BRS TOE T T T7EWIRESID T 776%1 WPFIX
77637 PRESS 77635 ACSF 77633 TI5 77631 WPUT
77627 WF 77635 Wg 77623 WNE 77621 TEAL
77617 CAPS 77615 TEvAL 77613 AJAP 77611 TPVA

PROGRAM ALLOCATION

00000 HELP
THE END
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SUBRIUTINE "SFFLE [R1TRES APL/ CHPL Rs Ca CaUXL G RCE VIV KPR PIKIFEN ™

= f
= 2 13
= 73 FRI-FE¥&E 1 "7~
= o1 b = 2+#R142.1015
= I | £ - T
2 5§ 2 F oz 2e#RB+Ce1016 R
73 V1 = 5 i8875aR1»+3 7T T
8

G WP R R (VIYPIREVENPERT /15T T

V2 = 4+18875eR2n03

x
.
a i¢ IFIkP=wPU3I%,13,13 e
a U1 TR WF s WP/ EExMRe1eI2FEXI /2 ) o
= 12 V3 = WPSRXVR/LIXMR+1e]sP1X] /20 e
=, 13 EXL = va=vi ! Trrh Tt ot o
z 1% EXZ = VFeyz
a 15777 T OURETE AT EXL /316155 R1Re) T et
= 16 XL2 = EX2/([3+14159«RE#s2] .
= 17 Cl = 0+
= 18 . C2 = Q«C _ _ _ e
- 19 TFIXL13727,8 ’
2 83 6 IFIXLE}Zs3,% ] :
= 217 XL1 2 .0 ° T T
E 22 Cl = 00 _
= 23 o T ] FOR'S - - T T T T
= 24 n G8 T3 &
= TESRTTTTOURLZ = Ce0 T T T T
= 26 £2 = Ce0
= 27 VF = 2
= 28 3 IFEXL1-%XL2111,11415
= TTEY 10 H E 2eER1wxUI+Ge1C16
* 3¢ _ . _.e@T¥ci2
a a1 i1 F = 2esR2¥x.E+45+1C16 7
= 32 12 vl = v2
2 33 vz = WF
= 34 30 TO 14
= 3% 13 XL1 = G0
= 36 -XLZ = 0.0 - .
T eTTTTRY CI 3G
= 38 C2 = Q0
-y 35 1% RETURN
= 40 END

“PROGRAN ALLICATION

00036 GFFLD DUMRY Ry DuMHAY RZ DoFAY H
DUMMY V1 OUMKY y2 00040 WP DUMMY P1X
"TDUFHY FZX OUR™Y APy OCOs2™VF DUFFY XFR
Q0044 VI 00045 EX1 00050¢ EX2 DyMMyY XL1i
DUMMY XL2 OuHKY C} pUMMY C2
THE END i
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© aRSSIGN BI=MTI. 7T C e
_ AREWIND MTi.
sFORTLOAD =BIU. —— 77777 =mommomm e
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R T

AJGG.
SASSIGN SaMTQ,S12CR.BT=MT;,LO=LP.
ARESIND MT1e« T .
ATORTRAN 5CaL%.

= I C K=AERD=X SSACECRAFT FRELUINMINARY UESI N FRASRAY

L) 4 CIMMIN BTR, A% RIFRISTLY 334 ISCLREAYM MP s SUFRF I SMIPREZPUINIENGX#F S,
= 3 T S SLeT Ta i L s T AL S E B SE NN CAS A ANT O ACT s ART X INSTSRAC, TEL
] & BUATAS s ANTE ) T oM SLRE S EP S SaLAR S BAT I PAR T IENSXNETAsPYRITCS» ACSs WTANNE s
z 5 FHDWACS 50T s CP T Lus TOELRESIC s aPF 10 2RESS) ACSF T IS APUTIWF T A7 ANE Y
= 6 4TSALICAPS) TEVALSADAPS TPVA
.z T TR AAMATEIF 1eau) T T T Tt T T N
x 8 2 FIRMAT L2~ “AXTILY BURN TIVE =2,FZelsish SECs EXCEERED)
a "§ T3 FORMATIF S ar pF1G et sFRed s FT1e2sF 1210 F s 12F s, FICTh FIOvEFTeSsF8VE ™
= 10 1sF7easFEe3,FR01//)
" L1777 TFORMAT(2X, s  oXIDIZER "$.5%ss FUFEL $s8ys5F MIXTURE $525%X023 FIRTHON S
= 12 113%s3 LLLASE 3s21XS ENGINE T,/,3Xs8 CENSITY $,1Xs% DENSITY 3,1%s8
F AT T2 RATIE si 1§ CAFSLLE 552%0% DVI $72x7¢ OVZ 53 TXs8 T/4 RATIT 55IXs
= 14 35 TIME $s4%0% PRESSURE 33425 ThRUST 2,3Xst ISP %53%s% aTs $,1X%sS
2 TUETTTT 7T T4 TMCOCE 50/51%08 (G /C0CRTIGM/CUSCRY S 10X 3T TRGT 22X TRAST M T
2 i6 S5/8] 511Xt [DAYS) $23%Xs3 [N/SSe™M) $,4Xs3 [N] $45Xs$ [5) $,2Xs% [K
= 7T 7T 83 s./0) oo - - T
o 18 5§ FORMATLEF 10 e3sF 542, F L0+ 2aF8e1aF7e1sF 5e3aF10o1sF14e3,F1244sF71sF9.
= 19 13, 187773
= 20 7- FARMATI37X,% TOTAL IXIDIZER FUEL OXICIZER FUEL s/2
= 21 1Xs5 NG STAGE STAGE  PRAPELLART IRERT DELTA TANK
= 22 2TANK TanK TANK BURN s/% ENGINES
T a TERFTT T 37Dl LEAGTH 7 WEIGRT "wETSHT 77TV T RATTIUS . RADIGS T VST
= 24 S UME VELUME xL1 XLE T/ TIME $,/,10%0% [M) $23X2% (M1 |
= 75 B B84 (5T 8, n%,8 (R3] 5s2Xs % [M/ST 322X7%F [PT $s5Xe% [RI$73X7%
= 26 & (CUMI 351458 [CLMI 3,3%Xs5 (M3 $12xs% [M] $:9Xs8 (S) $2/7/3
= 27 B TFORFAT(BF (G Ts4TST -
= 28 3 FORMAT (184 STAGE [MPRACTICAL) .
- SV N o LS o Y S ST IS SR T E P T A EEY B
- n 33 118 FORMAT[93H NG e STAGE STAGE DELTA PROPEL
s 31 ICART STAGE STARTINE/STH ERGT g
.= 32 2NGTH v CAPSULE AEIGHT RESIGUALS DRY WTe GROSS
= 33 ECAKYZA]
u 3% 414 FERMATELIX, 5 BASIC $»1Xs% XMETEURDID 342Xs$ FUEL $22%s% OXIDIZER $»
] 35 13X, TANK 6,3X53 ENGINE $2142% PREGSS._RIZATION %277
» -36 21Xs5 SHELL 3,1x,3 PROTECTISN $,1iXs% SYSTEM 3,2Xs$ SYSTEM $,2%»
a 37 3% SUPPCRTS CSUPPIRTS 378%7F SYSIEN ¥,8X7F ALS Z41Xs .
= 33 4 3 CONTINGENCY RESICJALS $s51XsS FUE, $,1XsS OXIDIZER €,/22X0% [KG
L 39 B) S$»4Xs% [LG] $,8X:% [KG] $s5Xs% [KG) 3+5%s% (RG] 528505 [RGI%7 7%
s 40 6s3 [KG) SsBxs% [KG] $24Xr% (KG1 $,8X,% [KG) $,3Xs3% [KG] S,3Xs$ ([KG
= 41 7Y $.771 .
= 42 415 FORMATIFBe3,PF110302F1Ce32FFe3,F1303,F11e3)FLl0+3F1243,F10e32F93/
= 43 177 .
» 44 930 FORMAT{1H1,40Xs53HPRELIMINARY DESIGN DATA FOR SPACECRAFT
= .45 1 7735%, 22HEUTPUT FORMAT NCOGE =,122F1Ge1215H G LUNGITUCINALSF |
- 46 210+121CH G LATERAL//]
= &7 10 READ I14HM,P1,P2:XMRJCsCAPSIOV]
» 48 READ 1,DV2,XTW, T+ XISPIENGSUP, TIME
" [E] READ 14Gl,GERTG,SCIENZ ATAP, FHAXS OMAY -
- 50 READ 8+XSTR,BTMsJoNCEDESMCEDESK
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= %1 5v2 4 DVl
z 52~ 777 TERTNT 9SGl WCARE 061 GE T T
= 53 PRING &
= a5 FRYNT TiPITEE PR, CAFS, DV 1. OvETKTH, TIHE TGP To XTSPSENGS ICUDE
= 53 [F{SCOLE=43 134%s31202635%
T = TETERYE [FISCIE =63 123,130,134 s T
J 57 125 PRINT 212 |
= T¥y T OTTUERTTE igE v T =
® 33 13a PRINT 7 {
= Tes’ 182 X = 2 v ———
= &1 GehIdT I3 w e Z+02 s3]
= TTRE T I Te FIELLT ) ) o -
H £3 PER = FEXLL0C t
s BRI T TEf=341613956534 o -
= S 1F [SEMSE 5.ITCH 33 388,369 !
Lot owss kR o A v s
& 67 G T8 3¢7
“a EETISE A3 =2 e i
= £3 257 G2 T® (310,3111.K3 ’
TR T TRITE URCRYT T o T .
= 71 R2 = FYAX
* 72 WP s EB3VRSERT
= 73 LaPu 2 4593.89257
= 74 G Tu &4 ”
™ 75 21} IFIFMANT S1G2510.511
= 78 ETO FMARERE VS -
- 77 Eid IFIOnAL] S12.512:5%0
s UTTFECT RS EMAXSEss . T T - !
= 79 ®5L YR = PIA/ DWFR#PZU]
I 5 TFIRLTTE=SY {07,108 7% y
- 21 7& IFINCOTE=47 10521124630
= B 606G IFINCARE=ET 15,801,601
= . 33, 601 K = kM
s TTBET EH & 1337 7 -
= RS LV s DV1elaC )
% B 50 DTE (ARG VITIRI N R SVIAT
® 87 Ri = [he0a10181/72.
" x WE VL% Ge/3V¥PIaRI#+3
= ‘83 ¥2 = VR#Vi
- T+ Re 3 (CVE387Iosdvyar+wed33 "
= g1 IF{R1~F2Y £10s611skil
3 i - -3 ¥ He #® RL
= a3 va = V1
= u5 Vi = YEFVR
= 83 R1-= (C«23%73252wVi]x%+333
= g6 611 F a2
x a7 CL = 1.
= EE] Ce = 1o
= 23 XL1 u C.0
= 160 XLE * LD
= {01 SANSPHeL +ZRIIRGMRI D
- 162 SAFGFHaGeoRI1BA#RZ#2Z
£ 1C3 SASCYL=0 0
= 1G% SAFGYL=0+0
. 105 G2 TO 91




= 183 _ 410 CAPS = Q3 )
= 167 T TLCAPE = k5T3.59237 Feer T s e " -
LI X2 N . B
2 1% Gd 15 168 T
= 113 112 T =z 254 ‘
s 111 LD = C.2B% .
= i1z Hos hM 4
5 113 CAPS = e - o - T/ .
= 1is CCAPS = 453.89237
s 115 Ho TS Fg T MTTomTmer meew sr mmmom n mmmmmommommmee
= 116 157 b = 1018 )
= 117 TEaTTs 1% T U TTTTIOOOT T -
= 1138 158 b = LeZ54 .
= 119 138 CH = D254 T T o rmmm e !
s 127 %4 GI TY [312,3133s<3 t
= o121 7 T31277 BALL 9FFLDT [R1GRE: APV DwPLIH CLPEE LT XL VD VES KA PING PEXT v
a 122 F oz 2
T2 TTIE3 GE TETITE - .
= 124 313 C1 & 1
= 125 ¢z <17 T T -
= 126 XLl = 0WC )
s 127 X2 = G630 -
= 123 RN = D/2. !
= 1239 CK = (C-C+3211/%
®_ 139 IF[[H=Ce1016]=2+%CK] 24,24,210
= 131 2% R1 = [(H-C. 118172, '
s 132 V1 = 4418875+R1##3 ;
* 33 TR T OVFRkRVLTT T T T - !
s 134 R2 2 [Ce23273242#V2]¥#+333 i
2 135 [FIR1-R2Y 2%.25,29
s 135 28 - R2 3 (H=0+10161/2+ i
- 137 VE 3 4e18875»R2%»3 H
_=__ 133 Vi 3 VEB/VR !
B 139 R1 = [0«238373242%V1)##¢333
= 140 29 SAOSPH=6+2231345R1 42
3 [ SAFSPH=8 233184 #Re w0
s 142 SAYCYL=0+(
s 153 SAFCYL=C0
. 144 P 2 1+C
» 145 RX % (RN#(Rn=R1=0+8541+0+31751/7 (RN+R1J
s 146 [F(R2=RX} 517s517,21C
s 147 210 IFOBAY=25+4) HI8, 25,518
= 148 517 IF[R2-FMAX] 91+91,518
s 143 518 R1z0MAX
» 150 RE=FMAX
* 151 VA1 +33333wPI#R1s23
= 152 VBa{H=0+1016=2e#R1I#R1ivs24P]
= 153 ViaVA+VE
«  15% XL1=H=Cs1016~2vuR1
s 155 VasvR#vV1
= 1556 VA3§«33333+P[#R2483 N
s 157 VBaVZ~VA
= 158 XL2=Va/ [PlsR2##2]) .
=« 159 Ps2s
a 150 HXsXLZ2+Q+1016+2¢5R2

[ ST e <o RS P R B TS P, o DR OO AT T A O b e Tt Sk NI 225 S0l RS L S B0 AP L st AL aa AR hod Db v afant s Camasal b
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= 1é1 IF{nx~F] 916,391,231
s 182 T TE18 KLZFR=Ce1016-2¢aRZ ToTtrm omTme
HEE 163 vBaXL2*PIstnonxg
| = 155 VEEVATVE T T v e e
| = 165 V1=V2/VR
'oe 1€6 VAS L« 333335 F [#R{w s
‘s 167 VB=V1=VA
.= 168 TOALIsVE/ (PIsklwesz]’ T T T
| = 189 63 T8 21
D= 178 #5777 RI = §.6254 oo -
[ 171 LR1 3 De254
oa FETT TR R 2T YT T T T s
= 173 2% R2 = [RN*[RA-R1=0s254)+4C+31751/ (RN+R1]
= 176 7 77 vL ® 4o {ESTOwR I 3kP 4RI N [H-R i #R100 1CLET
= _'175 Ve = "-l 18879*“2!*3+P1'n2'*:![ﬂ EiiRC-o 1C1&]
= 176 VR 2T vasvy T
_= 177 -1F EA3~1(VRX-VR]--O(‘1} 46:40130
= IR IR VHE-vRYT a4 g u Sk
] 179 42 Rl = R1 + [CR1
= 133 Tt oG TR T T -
, T 181 43 R1 = R1-DR}1
= 18277 777 TR1 = gJI%cRY -
s 183 GB TY9 20
TR T8% 45 IFIRT=-CAIEC/ 60450
vo3 185 0 S3 Rl = CK
s FET) L2 E Deg T T T T
io= 187 R2 = [RN#®[RA*R1-Ce254]+C+3175]/ (RNFR1]
I 188 7 7T V1A 4. 18879 R R s AdE AR TR EN [H -2 RO STOTEY
! = 189 Ve = VRavi
= 19C XLZ 3 [VZ2~4 . [BE879xRZ=#37 /7 [PI*R2#¥*]
= 191 IFIXL2) 76,7691
= 192 76 R2 = [Ce23&73258%VET+%«333
= 193 XL2= 0.0
s TT19% GO 1691
= 195 s5¢ IF [R2-CKJ91:91,81
1 T9s™ "1 R ® CK
2 197 Cls 0sC
a 198 R1 = [(RN#(RA-R2-0+204J+0+31751 7 [RN+Rz]
» 199 v = ‘N1387S*R2**3+PI*NE**2*EH"EG*“E 0.1Ci6]
s 260 VI = V2/VR
» 2C1 ¥l = [v1- 4-18?79in1**3]/[PI*RI'*EJ
s pfo¥- IFIRLIT 758775251
= 203 75 R1 = [0+23873242%V1)%#.333
= 20% XLI= 00
= 205 31 WPU = (PLXav1+P2Xwy21/1.05%
= 206 318 IFH=HFT 109.111,111
- 207 109 RMX = HY
a 208 GU TUO TI12
= 209 111 HMX s h
= 210 112 RT a "« 0a 136500 #WPU»#+5#G
= 211 FR = +00928C41#DaWPUr%e55G
s 212 RIFR = RI + FR
» 213 STRI = +3156383#D#{HMX+101612G
= 214 XLON 3 86791 #0% [RMX+1+0161 *G
a 215 SKI = 264255340 [HHX+1+G163 %G
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__IFEXST«]SE" B, TUREIAEN Lo

STLC = STRI + xLP\ + S«

aShi{sf = 1£.375733
SEAM = 3¢#47¥:*D!1Fuh'-5rg

[ Y DRSS S S

=
2
=
= 220 525 DUPT"""OT_é*hpb'u
R G T 557 —-
. 222 524 SJUPT=vPUS5x 00611 L '
= 2R3 3Be7 IFLP=1+] 33,33.32 T T
¥ P24 32 SASSPHZA022318¢ 4 wap :
= 223 T TSABCYL=[Hep s eCa 1 lA) %L RA3 8 R wWC 4B 2RI AT T -
= 226 GAFSPHe£e233184#R20wE ;
= T eeY T AFCY U e (HeZe 20 i T o T a4V ER 1 8L« IENCEYE T 283 { EGWRENKLE
s 828 33 . TRCOUT=UP#Ri/1C8247628C.s
= aéf'““ TKACYLU=UPs X1 /8018388352 T =
= 230 . TK3TOP=UPsX1 /168247568804 4
s Tg3i 7 CIKFUITEUPIRE/15KR 7880 T T
= 232 _ TKFCYL=JP»<2/54123344042
TTTTe33 TRFTCP=UFSHz71083% 785803~
= 23 IF(T9E6T=C.20254] 45Cs421s4C1
* 235 400 TKA8nTsC 60234 A
= 236 401 !F[TK”CYL-" S0254] 4C2440354C3
s T 237 ThgeT  TKeCYL=Ge8gEE4 T T Tt :
s 238 403 IF(TKOTAP=C.30254] 4L4s435,405 !
2 239 Gh&k  TKOTSR=O<05E8% i
* 240 405 IF[TRFERT=C00254] 4564 407,407 ’
Ta TTERYTR0E T TRFSOTECS$TESE d
252 &G7 IFCTKFCYL=Ce50254] 408+4394409 .
= 833 TREE T T TKFCYL=0.08784 T
. 244 409 IF{TCKFTOP=C.COPE4] 4i10s411s411
[} 245 R1C TRFTEP=0+0Cz04%
= S48 . 411 WTANGSLL2R 7243 [SADGPh# [TKISITH+TRET-PI +SASCYL « TKACYL)
s 247/ W ARF 288 2] 7RG S (AT SPR e {TRF EG T+ TKF ToPT+SAFCYLF TRFUYLT
= 243 0S = L+4#34TANG
2 TTTEEY T RS e I A RATANE
3 250 © PRESS = UP»(V1+V2]#641C472233E=C6/2
= 221 WPGT 3 J+355931242+PRESS
s 252 WPGTSUP = ,0l12 * wPGT
ey 253 WPATPLUM "2 «CAR#nPGT
» 254 REL = WLPGT + WPGTSLP + WPETPLUM
11 [FIXSTR]583,523,5235
N 256 524 SUPE = +0CC27%4»T
s AR GO T0 &1
= 258 523 SUPE = «QC21378+EAG8D#G ;
= 259 SUPEL = 0C(G22U805=T 0 :
+ 260 IF [SUPE=SUPEL) 13,61s61 .
= g6l 13 SUPESSUPEL p
= 262 61 viavi
% 263 VEELVH o
= 264 XMP=Q i
= 265 EN = 2-441184¢0ne
« 266 ACSF = +0832 % ACS i
2 267 WPFIX 3 »004B8wwPU+.049534 (P LX+PDX]
= P68 RESID = WPFIX + PRESS + ACSF
» 269 IFtI=21 BG,212:98
x__ 279 8C WSS = +0007555% (6+604~018WPU3
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271 Gy T8 19
272 T8¢ 7T TCe=TC P es [Cen3ADR H+5k4CYL+EolestH+oAFCYL]lC
273 IFCI-%1 212,823,235
378 T ETE T LGS = 1e0 TTTTTm s T o T
275 19 TENG = EXG
T BT TTTTTTTURTE T TmToTmn mmmmm e e
277 ENGX = EA\G
T 2‘}'8 - TR = T " =" m== - T T T T M T ST et r e T e T T
279 IFLX=2e] 9:,%4,303
280 7HLY T k= kel - - . Tttt T -sn =
231 32 EN3X = e2TNG
TTARAE T TG ORE TR AV EN YN IENGSs T T T T
233 SUPEl = «CCTE4R3ELLT
294 TTT TET[SUPE=S FEL] 15,16516 T T
233  1E UFE=SLFE1
285 & SUPE=X#SLPE, Tttt oTT s T o
237 T 2 Xe3T
293 X = £+
239 IFLX=6s) 9u,221,221
TTa9g U 291 BRIGTTY T T T T omm e e N

@92 TR T

39 TE R”3

SIP T 5R0611%AF %5

1

i
]

293 IF [ ~NCADE-2) 135,135,135

294 135 TIMERZ = TTYE » B&E164.03

295 IT = TIMENZ#2+6387303632E-03
- T TNEETIT # W E5Ta5337 7

297 PTANNZ 7 132 % aN?
TTE9RTTT T UUTTROSACS 3T A2E1N05E

299 ACSaaTANNZ+CAACS

3T 50T BSERTFF+5TLI+35F IS5

woale wiwowfwowlu owjuomn oW owleom el KR
.

_ 3c1 SJPF 3 S52.3445739%
i 302 T = 17 97751732 T T
303 STFv’:'ﬂluy.S‘.S4-E$S+af-'.t’«"‘-i-)l(f““.-—~i-.::L.rF’F+S"4
- ECE T SUPET =7S{0re "+ SUPT
3¢5 TS = 16+646839973
'; 3CE FROPUSENGXFFSFS5FncLISUPETHTS
: 3C7. SEN = 6eB1le794572a2845
T 308 COSE = Bv0HFSIIIFEINTHE
H 309 CONTCY a 1245750993320 ##e5
3 310 ACT = Z+56473I5KZB#CFeD
i 311 ART a 11¢533593Cku4xD¥es5
Jld GL=oENFCUSE* CONTCOFALT FATT
3132 RAD 3 29-02%9117
315 TEL = ZoD4S37831a0e
315 DATAS = 11.3398392
T = 318 ARTE = 27+76647021+0v%¢5
1 = 317 COM = 6437524531 240%4e5
r‘: 313 SURE =3 1537573255
J = 319. XINST=RAD+TEL+DATAS+ANTE+COH+SURE
ff- 320 SOLAR = 8C+7394419
d s 321 BAT = 159.6645142
i % 320 PWRC = 71.2146021
1 = 323 EP=SOLAR+BAT+P®RC
a 3254 ANETw = S5B.CI/I4653F 40 % %D
. 325 PYR = 7+536C63916#D%%e5
i
A : 1
!

~
)



B e L T T Y b dasm e we R amme

Wb e e g 4 4 e w ok B A b b e e

R N L RoRRA R ML AL 4 A e S e

ENERNETR+PYR

« 327 TCS = +0BCs (STR-ER+ BN {RST+EPHERVACSTECIERY
= 328 EQUI=EM+GC4 X INSTHEPSENS TCSHACS +SCIES )
.= 379 TINTIO 277088 ¥ ISTR ™+ "PrYPJ ¥ £5UNT 7

2 A3y TPS=STRPRIAPULEGU [+CENTIG

2 TTERY TYSeRITILEmEs ™" 77T T T e e
= 332 . AF=aPUSLlesxavRy -

= 333 nﬂ-».ﬂ'—’u' JF e s T o o m e
7 33#; PG TosRF ¢33 +2 %8

s 3358 TEAL =T IS al, T T

= 334 TEvaLaTHAL+TAPS

= 337 TAPVERSTRVAL +ATARRT T T T -

= 333 #B3 3 TIS &+ CAPS

= 339 ~8F = TPYAL - {:APQ—M 2 nom T

= 34 DY=B+ 80885 x ISP R ALNG T [+ 23 +4R) fs:;sd:

. e T4 TTR 2 T g {wBdesnm ST
= g [FONCALE-2] 2025203203

= 343 202 IFtTa=XTn] EF,93,53

= 3%y BOZ IFLTa=YTHI SPs98,92

a U345 U937 TIFTARSTOVeoyiT e« B 9T sy -
LI 3%& 128 IF(OVLI-DVI 22s82,85 .

= 3%7 A% TFENCOUE=S) 12141214603

= 24% 493 IF(NCODE-6) 123s60us60%

= TERETTEGR R ¢ RalH

s 359 B8 T8 Ag2

2 35} 123 CAPS T EASTSBIRAY

= 358 CCAPS = Q.Te0CAPS .

x 3537777 A Te 8y

= 356 121 G3TO 13145,;3151.43

= 3IDL TR wPw = FplR TRy

x 354, GO T3 &4

= 357 318 b = hiUH

= 358 3% T Ay

= 3549 B3 IFTRCAbE SR TRV SETERS

L 360 505 IF ENCODE =B8] 12546052606

B 281 EDE B ReLH

= 342 G = OeSa0n

E AT X GATTE G2

= 35% 128 CAPS = CARS+DCARS

= 354 BT HY

= 366 128 6O TY [316,2171443

x 357 THET whu 3 RPL=ERPT T

= 368 O DWPU » DUHP eSS

= 369 G¥ TE X%

= 370 317 o= HeDH

* 371 T =  UeiaDH

= 372 53 IC B4

= 373 =3 X" XL«

= a7h BuURN & FeBCH6SewPUnXTSP/TX

= 378 IFIBUAN-BTHY 300, 3002401

= 375 30% PRINT 2,BT»

= I X = Xhls

= 3738 DM s 0254

= 379 ad 79 ¥2 N

= 3840 300 IFENCOCE=41 11421152607

&



= 381 &37  IFENCODE=61 113,609,508
= T EERTTERE TTHMX e TR R
= 393 Ga T2 83
= TEERTT T TS IRVEE TS+ CARSTARgY T
= 335 PRINT 1185 4a0asDV,CAPS JPUTIRESID, T15.TPVL
= 38677 TTTTTIFL{NTUDESST T1A5TIBTTY
= 337 116 _CAP3 = CAPG+DCAPS
S P St <. e e e e _—
= 333 IFLTPYL=0YZ] 12 65126483 :
= 392 117 T D= J+bn Tt e T e e e e
= 37 CCAPS = 433.33237
= T3gERTT T T TETE iUk T T T s e -
= 3‘_93 . EFEu-é‘SiﬁSJ 8‘%353;’-3 H
= 39a T01s IFCALLY 53.83052 T s .
s 399 52 PRIMNT Efﬁiz)P1XJ*PuTJT[:JGVJQI:QEJV1 V2sXL1sXL2s Tas BURN }
= 394 G2 T3 Sy e e |
= 397 53 FRINT ?;X;,;PWX;ADquTIaJuVJnl RE:Vl VE;KLIJXL:JTwJpURV |
= O E9F TTERTTTTTIFINCACER ST W13 1ETTE
= 399 #12 PRI&T 414 g
= 4503 PRINT 418,353 XFFP.FS. L5, SUPRT2SUPESREL , ACS: CONTIGIRESTOF RFF R —
= 581 413 IFE\Cﬁ?E*:z 204 83,208 }
7 TELEFTTEGE T FT=ThRi0.E%4 T T T e e -
a 403 X = X+le
I BL% I TIICE
= 435 204 IF(n=12+7] 206483,383
a7 T TRGETTECE TTIFTOVIETTOVET R3S 59, RS
= 407 99 V1 = DVP
=T TRGET T T T T CAPSTEHRORT (Y
= 525 X oz 20
= 51D GT 15 135 -
= 431 %3 IF IMCODEIS3C, 536,531 -
= §ig BT =X
= 413 CALL HELP .
= 1% HE0 TTFIRITONTOY7C
3 415 70 CALL EXIT
i §16 END

CoMioN ALLOCATIGN

77776 8TR 7777% As 17772 RIFR F7770 STLD
77786 pHMISC 77764 BEAF 77762 XNP TFIEU SUPF
77756 &M 77754 PROPU TI?EI N - 77751 ENGX
777587 F% T774% 8§ 77783 SUPET 777%Y FEC
77737 18 77735 Equl 77733 Ent 79731 GO
7TEER 77728 LESE TYTEE CONTLE TFTEL ACT
77717 ART 77715 XINST 77713 RAD 77711 TEL
77707 DATAS 77 7U8 ARTE TTIUIIOH 777CY SUHE
77677 EP 77675 SOLAR T7673 BAT 77671 PaRC
77667 BN TT8ES UNETH 77663 PYHR 77661 TCS
77657 ALS. 77655 WTANNZ 77653 HDWACS 77651 SCIEN
) 77647 CINTIG 77845 TDS 77645 RESID Frod1 WPFIX
77637 PRESS 77639 ACSF 77633 Tis 774631 WPUT
77827 WF Tieon e 77683 WNS 77621 TEAL A
A

77617 CAPS 77618 TPyAL 77613 ADAP 77611 TPy



http:IFtr12.71

PREGRAM ALLOCATION

00020 1 30021 NCIDE 00022 MCUDE 0023 K

0002% k2 T o00Rs 1T 060Z6 HM™ ™7 77 TTOROBO P T

00032 P2 QU034 X¥R 30036 D Go04C DVi

00Q4%2 Dvp T 00044 XTa 00046 T ' Cp0B50 XIsp™ ™ © ° 7

00052 EnG Q0054 UP 00056 TIME Cp060 G1i

00062 G2 30064 RT3 00066 FMAX 7 U070 OFAX & 7 70

00072 XSTR 00074 BT 00G76 DV3 0100 X ‘
T 00162 & 0104 P1X 30106 P2X~  ~ T Qg1to PT T 0 T

00112 R1 ~ 00114 R 0C116 wPu 0pl20 DWPU

00122 VR 00124 H T D012€ DH " 0gl30 vy T T

00132 v2 00134 P 00136 Ci 0n140 C2

00142 XLt J0144 XLz 00146 SADSPH Col50 SAFSPM ~

00152 SARCYL 00155 SAFCYL 00134 DCAPS 0gle0 DD

00162 RN 0Cié4 Cu 00166 RX 77 T BG170 VAT T

00172 V3 03174 Hx 30176 DR1 Cp2C0 VRX

00202 HMX G204 Ri 1C2C6 FR Gp210 STRI

00212 XLoN 00214 841 26216 SUPT CG220 TKBBROBT

00222 TKOCYL Q0224 T<a3Tap 00226 TKRFsOT Ch230 TLKFCYL ™7~

00232 TKFTOP 00234 WTAND 00236 WTANF Co240 WPGT

00242 WPGTS.UP 00244 weaTPLUM  0L24% SUPE” ~ 6u250 SUPEYT ™ 7~

00252 4S5 00254 OENG 00256 DT Cn260 TX

CO262 TIMENE ~ 0C264 Anf 00266 WBF Cp270 By

00272 Tw 00274 BLEM noR76 TPVL

SUBPROGRAMS REQUIRED

SURT ~ OFFLD ABS ALOG CHELP  EXIT

THE END

&9



T T T T TTTBULROUTINE TRELP T
SUSRIUTINE ~ELP akih CALLED WILL PRINT SUT A R=-AERG-X TYPE WEIGHT

C

T TTTTSTATEMENT FeR TrE vERICLE

C_ FELP 1S BEST UBED AITH SCEDE = 2» wHiN JUSEC WITH STHER CEDES THE
TUTEUTPIT TS TAEY TR EXCESSIVELY LANG AND CSNFUSTNG
Co™MAN ST, 05,201 FR, STL T, ASMISC,BEAY S (MP s SUPF I S¥sPROPLANSENTXIFS,

108, SUPT T L, TS,20015 £, 505 SENS CI3E, C8NTER Y ACTSARTS RINSTI RACTTEL, "

BCATAS ANTE L S Ms SURESFEP STLARSBATSPaR- s ENI XNET A PYRSTCS, ACS, nTANNZ

ARDSACS, ST L TG, TS E S IN s aPF 144 o RESS» ACSF L TIS WPUT» WF s Wl wN2s ™ T

4TSALICAPS, TEVAL, ADAP» TEVA

1000 T FIRAT (IHL, 36%s% oE]0AT SUMMARY "5,/] o7 =

G A R U’N"‘
ni

-
e

-
s

12 1031 FORMATILGL,3 ITLY 5,85%:3 W~EIGHT (KI. SGRAMS]IT,//] )
T 137 {002 FURNMATISEX,5 STRUCTLPE 5s49x,Flashl A -
14 1603 FO9RMATL7X,5 3ASIC SHELL 3s38XsF1244)
"5 Teoa  FSAMATCIX, s RINGS AMD FRAMES $,283X,Fq064) — "

16 1005 FORVAT{9X,3 S3TRINGERS, LINGERONS AND SKINS $214XNsF10e4%]

T ACUe T FaRMAT IO FISCELLAREIUS £ 3 IKTF IOV L]

18 1027 F3IRMATL7X,3 SYSTEM 3UPPIRTS (BEAMS) ss26XsF12s4]
TTT9 LS8 TFARYATIZN TVILREMETEIRNIL PROTECTIOY, $28XsFIEVEFIT —T

20 1009 FJIRMAT[7Xss SUPPRRTS [ANTssSCAN PLAT.2AND SOLAR ARRW}S$,9IXsF12e4]
TTTELUTICTG FOERMATI7EGETSEPARATIEN TRECHANISM $23XIF 12407
22 1C11 FORMAT(SXss PROPULLSILN 3:48XsFl4ae4]

23 1012 FORURTTIZ?X, T ERGIRE IMATNT (3212751 5, 29XKsF 1He4]
24 1013 FIARMAT[7X,s FUEL SYSTE™ [1]1 $,34XsFlzel]

TTTESTTITIET FIRMATITX §TSXIOTZER SYSTES 1Y £, 30xiFLEVE]

26 1015 FIRMATI7X,s SUPPIRT3 {MAIN ENGIAE AN, TANKS] $s17XsF12.4)
27 L0TE  TFARMAT (7X, ¥ PRESIUSTZATIIN SYSTEH $JcBX:F1d-4]

28 1917 FORMATI7X,3 TELEMETRIY SENSORS $,32Xsrl2e4)

29 1018 FIRTPATISX:§ EGSIPRERT AND INSTRUFERTATISR FsZ29XsF 19 ]

30 1019 FIRMATI7X,s STRUCTURE $240XsF1244]

FJTUIC20 FORTATTTXG 5 CUTDARCE, CONTROLC AND NAVIGATISON 52 17X F1c+ 5]
32 1CZ1 FORMATI[9Xs3s SENS2RS $3,37XsF1Ce4]

uuuuulluuuununmuutinuuuuuuuuunun
.

TTTT33TI022 TFIRMAT[IX, 3 TIMPUTER/SETUENCER $U26X,F1CeR]
34 1023 FIRMATI9Xs3 CONTROL COMPJTER 3,28XsF10e4]
3571024 FORMATIOX, 3 SERVT ACTUATIRS €r5c9XsF ICe9]

36 1025 FORMATI9Xs3 ARTICULATION EGP« 3,27XaF10e4)
37 G286 FIRMATI7XGSTINSTROVERTATTIN 5 34XGF1TE%]

38 1C27 FIRMATIIX,3 RADIC 3:39XsF1Ce4)

35 10628 FTORFATEIXSE TECEVMETRY %, 30X0FIC+3]
40 1029 FORMATE9X,3 DATA SYSTEM 3a33XsF1Ce4]

'lﬂllﬂlllu‘“l

51 IT30 FORFMATIOX, 3 ANTENRAS F736XKsF 10T
42 1031 FORMATIOX,3 COMMAND 2537XsF1l0w4)

43 1032 FORMATISY,5 CBEASUREVENT 3, 33XaF10+%]
44 1033 FORMATI7Xs5 ELECTRIC PCWER $,35XsF1E.4]
45  103% TORMATIOX,3 SULAR ARRAY 3,33X5FICW3]
46 1035 FORMATI9X,s BATTERIES $,35XoF10e4]
47 1036 FORFATIIXsS FPOALR CORTROL 32 31XsFI0 L]
48 1037 FORMATI7Xs$ ELECTRIC NETAORKS $,32XrsF12s4]
49 . 10338 FORMATISX, s RETWORKS $4+36XsF10«4]
S0 1039 FORMATI9X,3 PYRITECHNICS $,32XsF10e4]
51 10%0 FORMATL/Xs5 TENPERATURE CONTROL SYSTEM $223KsF12e%)
52 1741 FORMAT(I7%23s ATTITUCE CONTROL SYSTEM s:?éX:Flankl
53 1042 FORMATI9X,s TANKS 3, 39X FICe4]
54 1043 FORMATI9Xs% HARDWARE 3,36XsF10+4)

50
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a 53 1544 FARMATI?NGS BCIENCE [INSTRUMENMTS ASD SCAN PLATFRRM] S210XsF12edd
= B8 L2RETTEINETIEA T CONTINGENTY 487G FUSTEZ IR ST IS IRTATE

= L0587 10%5  FORMATIIOK: % TITAL ZRY SPACECRAST $s3BXsFides)

= 858 {587 FASIPATISY, . RESIDUALS $49%,F1408)

= $9 1088 FUAFATL?X.T PROPELLALTS %2 08aF12.31

E} 62 TTCEY TEIRUATIIX. 7 PRESBLRANTI TISIRGEIRVEYT

= 61 1580 FORMATIVL S ATTITLLE CONTRIL SYSTEY fLUIDS Sr18%sFig-4/68Ksdnmmuns
= 62 frumwends sl — ™
= %3 1CHL SRMATLI6L s TOTAL INERT SPATELIAFT & F3URIF IS0l

= &% 1GEE  FORMATISX, : LSasLE FRIPELLANT *14”‘-‘Ur1 . 4] Lo T T
= .83 Lrﬁg__ggﬁfa’;?x;; Pty $,a$x;?12aw§

2 TTRETTICEET EARSATIIN® SMILIZER SaniR,Fi124iy T T

x 87  1LB5 FIRRAT(VX,3 uiTaﬁﬁts 514EX:F12-%!$’Y,$w*w~'---w~«s}

= H8 il & F“QVAT{”‘K:x: TTAL QFACECRA{‘T AT L»QL\{:H 5:4:&}(} sofi]

= A% 13D7 FORMATIEX,s CAPSULE $.8 )(:?1"'&-‘9.?'63551”"’"'“*"*‘*’3}

= 7o 1388 FIRNATILION S THT4L, PLANETARY VERIDLE AT LAGACY S5 10¥sF15+%] ™"
= i 10BY FIAMATIS. 3 ADASTER S481XsFlAshlBO%s gommmrmosmnaeg]

2 7ET VGRS EIRA an1 Xe® TETAL BLANETARY VEICLE W ADAPTER "85 1IR3 F (54777
= 73 PRINT 1000

= 74 FAINT zusi T o on o

s 75 PRINT 10C2,37R

* 78 PRINT 10€3,25 — 77w T

= 7 FRIGT 10Gs,x|FF .

3 78 FRINT 10085102

= _ 73 .. . PRINT 1006,B8MISC -
1 ED) FRINT 1GCV s agRT T 7T B

= BY PRINT f1Q0g,w0P

2 82 PRINT 1009, 5LPF - - .

z 83 FRINT 1010,5F

= £ FRINT 1T, FRYSg

- &% PRINT 1Q12 heBnBy

Py g8 PRINT 1015.88

. a7 PRINT 1014,48%

2 gEg PRINT"TEIS, sUPET™ ™ ™77

= 83 PRINT 1018,n6L

1 ke PRINT TUT7a7S

= a1 PRINT 1018,Equl

x 2 TPRIRT IGTS ey

* 93 PRINT 1020:6C8

* g% PRINT 1523 /5EN

= 5 PRINT 1022,(08E

El 1 PHRINT 1023, CONTCY

= 57 PRINT 40Pa.ACT

3 LT PRINT 1025/ ART

* 39 PRINT 1026 XINST

= 100G PRINTIGZF RAD

. 101 PRINT 1028,TEL

® 167 PRINT 1679, CATES ¥

* 103 PRINT 31030,ANTE

= 10% FRINT 1031,00H

s 10% PRINT 1032, 5URE

= 104 PRINT 1033,EF

* 107 PRINT 1034, 50LAR

= 108 PRINT 103%,3AT

. 109 PRINT 1034,PwRC

51
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= 110 PRINT 1837,EM
D) 111" FRINT 1338, %8ET-

=z 112 PRINT 1033,FYR

=~ 7113 PRINT “1C4C,TCS R

a 114 FRINT 1C41,A€5

= 115 7 T UTTUUTERIET ISR L TANGE T e

= 116 PRINT 1543,KR0wACS

a 117 FRINT 17%4,3CIFN o

= 113 PRINT 1245,200TIG

= 119 PRINT 12848,TCS b TrTeme e
= 123 PRINT 1CU7,RESIZ .

E O -5 U TTERINTICEE, SRF I T T T e e s

2 122 FRINT 1249,F3ESS

2 123 TTRRINT 155, ACSF T T T T e

x 124 FRINT 1251,TIS

= 125 FRINT 1252,.°0UT - b - e
= 126 PRINT 1583, aF
U V-0 AR =5 § 4 SR ol S

= 128 FRINT 1055, .02

= 122 FRIMT 1056, TSAL TR T s e
=z 130 PRINT 1C57,CAPS

= ich T OPRINT CICESS, TPyAL T - =

3 132 PRINT 1C59,A0AF

x 133 FRINTTITEO, TEVR

= 134 RETUGN

= T 13857777 "TTUEND -

COMHEN ALLCCATIIN

77770

77776 STR 77774 35 77772 RIFR STLOD
77766 BEFIST 7775 3TAT 77762 XoP 77760 SUPF
77756 5™ 77734 PRIFY 77753 N 77751 EnGX
TIPS U T T TTIIIAS s T 7773 SUFPET 77757 HEL
77737 1% 77735 E3L! 77733 EM 77731 G6C
77787 SER 17725 CFSGE 77723 CCNTCO 7771 ACT
77717 ART 77715 XINST 77713 RAD 77711 TEL
T DATRS T T TS AE T 77703 CIN 77701 SURE
77677 EP 77675 SoLAR 77673 BAT 77671 PwRC
77687 ER 7TE6S XNETH 77663 _PYR 77661 TCS
77657 ACS 77655 wTANNE 77653 HOWACS 7765t SCIEM
77647 CInTIG 77655 TCS 77653 RESID 77601 WFFIX
77637 PRESS 77635 ACSF 77633 TIS 77631 WPUT
77687 WF 77625 Ws 77623 WNE 77621 TSAL
77617 CAPS 77615 TRvAL 77613 ADAP 77611 TPVA
“PROGRAM ALLOCATION
000CO HELP
THE END
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. 1 TEUSRTITINE SFFLD TR 1 »REV AP BWPU o CTHCE X1 XLV I VErXPRYPIXSPER
g 2 1] -
= 7 37 IFER1=F2312,851 - T
= 4 1 .k =3 2e¥R1+Z.41216
= 0 TR T TR e A oot
= Y e o= 2e#RZ+C41016
P 7 '3’ vyl = 4e1887S+21#43 - e T
= 2 2 3 4513237223243 B
=TT FTTTTTT w8 VAP VRRP2L Y/ 1eE T T T T T T r e — T
= 10 IFLAr="PUY ;13,13 '
T TTITOY TR TR AR (AR D TR, - ]
= 12 . NT = APUSAYR/ZLIXMR1e]2P1X]
= 13T EXi = v3=y1 e T T
s 14 EX2 = vE=yg7 .
= 15T T TXLL 2 fx1/(5e14189nR1e0E] e
= 16 XL2 :_EXE/ [3414150+RE#»2)
2 W 2 o T+ FY
= .18 . L2= e :
a 19 I_FEXL1]7J7.|6
s 20 & [F4AL218,3,8
3 21 7 XL1 = CeC
% 22 Cl = Q¢G
= Z3 Vi = vi
= 24 69 TU ¢
TERTTTTERTTE T TTTRLETE oW T
2 26 . 'C2 s 00 .
=T 27 T wyFT=TvE T T T T
= 28 9 IFCXLL=XL2)1tls12s10
z 29 10777 H = Ze+HI+uL1+Cv1GT6
= 30 GO To 12
= 31 11 =2 23R+ Z+0+1076
5 32 12 vi = VG
= 33 Ve = VF
* 34 GO T2 14
= 35 13 XLI = C+O
= 36 XL2 = G0
[ 37 CL =G0
L] 38 C2g = 0.0
2 39 14 RETURN
= 4Q END
PROGRAM ALLBCATION
60036 DFFLD DuMFY R1 BUMFY R2 DgFRRY H
DUMHMY V1 - DUMPY v2 00040 WP DUMMY Pix
DUMAY Pax CUMFEY WPy UO0%E VF DUPAY XPR
00044 V3 00044 Exi 0GC50 EX2 DyMMY XL1
DUMMY XL2 OUFFY €1 CUHMMY C2
THE END -
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AaASSIGN RI=MT1.
AREE?'I:\!D MT1s )
AFORTLEAD =851Je

54



Svrnbol Format
HM Fl4, ¢
Pl Fl4. 4
Pz Fld4,4
XMR Fl4. 4
D Fl4. 4
CARS Fil4.4
Dvi Fil4. 4
Dv2 Fi4,. 4
XTW Fl4. 4
T Fl4,. 4
Xisp Fi4. 4
ENC: Fl4.4 "7
up Fl4. 4
TIME Fi4. 4
Gl Fl4 4
G2 Fi4.4

TABLE 3: PROGRAM INPUT

- CARD NO, 1
Units Explanation

gm/eu. cm

gm/cu. em
gmfeu.cm
m
kg

mfs

CARD NQ, 2 -

m/s
. or

kg

N
s
kg
N/sq.m

davys

CARD NO., 3

g

g

Minimum length allowable for
the stage of propulsion module

Density of the oxdizer

Density of the fuel

Mixture ratio (kg oxidizer/kg fuel)
Stage diameter

Capsule weight

Total velocity increment

For NCODE = 2, input = 0.

Minimum thrust-to-weight ratio
Main engine thruast

Main engine specific impulse
Main engine dry weight
Propellant tank ullage pressure

Mission duration

Axial acceleration

Lateral acceleration

33



TABLE 3 (Cont. )

Symbol Format Units Explanation

CARD NO. 3 {Cont. }

RTG Fl4.4 kg 'Welght of total system of radio-
isotope thermoelectric generators

SCIEN Fl4.4 kg Science payload

ADAP Fl4,. 4 kg Adapter weight

FMAX Fil4.4 m #*Maxirmum allowable radius

for fuel tank

QMAX Fl4.4 m ¥*Maximum allowable radius for
oxidizer tank

* If constant tank radius, input required valves 1n FMAX and QMAX , use
sense switch #3 option subroutine with lever down.

If not constant tank radius, input either zero or nonzero valnes in FMAX
and QMAX, with up lever of sense switch #3 option subroutine and program
will assume its.own hmits.

CARD NO., 4
XSTR Fl0.1 - Use XSTR = 1
BTM ‘F10.1 s Masximum allowable engine
burn time
1 15 - I=1:S5tage 13 storable with the
shroud ’
I=2: Stage is storable without o
the shroud /”
. P
I=3: Stage 18 cryogenic with .
the shroud
I=4: Stage is cryogenic without
the shroud
NCODE 15 NCODE = 1 : Program will design

a series of stages with a constant
capsule weight and a stage length
increment from HM to 12. 70m by
0. 254m lengths,



TABLE 3 {Cont. )

Symbol Format Umits Explanation
CARD NO. 4 (GCont. )

NCODE = 2 : Program will design
one stage to acheive DV1

"NCODE = 3 : Program will design

a two-stage vehicle--the first stage
to achieve DV2 and the second stage
to achieve DV1

NCODE = 4 : Program will design
a number of stages to a constant
velocity increment and increment
capsule weight in 453. 59237
kilogram steps

NCODE =5 : Program will vary
stage's capsule weight and increment
stage diameter, keeping velocity
increment and stage length constant.
D varies from D to 6. 604m by 0. 254m
steps

NCODE = 6 : Program will vary both
diameter and length to find the base-
line for a given capsule weight and
velocity increment

NCODE 15 A key code used to call subroutine
HELP which prints out weight
statement; use 1 if desired; 0 if not

K 15 E:xat code { 0 except on last data card,
then 1}
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TABLE 4a,

PROGRAM OUTPUT FOR FOUR-PROPELLANT-TANK SPACECRAFT DESIGN

(NCODE = 2)

— —- . o — . 4 —htin, = m—— [ S

- ik ——— - o o= -

_PRELIMINARY CESICN DATA ForR SPACECRAFT = . .

e W 1 omw A m iy

SLTPLT FoRPAT  ANCUDE = 2

5.0 G LANIITUSINAL

200 G LATERAL

SXTOTZER - 'FUEL ™ #IWTURE™ T T EMINTMUF UCCAGE - ot ERGETRES
. DENSITY DENSITY  RATIO  CAPSULE vy Dvg  T/e RATIO  TIHE PRESSURE TRLST 18P WTa bftel vl 3
CER/CU P CHY TR/ CUVEY] i3 T TRASTTT ORSRTTTT TOAYES TTERFSR VMY o TUEY TUTTIRGYT T T
— b ‘-...-..,.... —— —— o~ ) w
. Lok «B72 160 AFET96 R053.C  «0 +300 10080 162¢267 342  457CHe3R270 305.0 185.373 1
e TaTAL SXIDIZER FUEL  OXIQIZER  FUEL
NGO . ETAGE T STAGE "THRGPTLLANT TTTINERT DELTA TANT TTEARK TARK TANK - BEURN
. ENGINES  CIA:-  LENGTH  wEIGWT nEIGHT . v " RADIGS RADIUS  VBLUME  VOLUME ALL X2 T/w TIME
tH3 M T Tgegyn T TiKGs RV T £ ) A ¥} LTy k| st P 1~} MY 183
1y 3+8580 L+aE73 R TR ZEISL.TI0EDTT TTTVETSL v&731 T 27 7R Te277 .0 FLO00 T VTG0 74E TIEVS
___ . BASIC _ XMETEURCID FUEL 0AIUIZER TANK ENGINE  PRESSURTZATION
BHECL " PFROTECTION SYHTEY ™™ SY¥YSTEY ' T SUPPIRTS TUFPIRTS SYSTEM ACS CORTINGENCY RESTOUACS FUET TEITTZER™
LK 3} IKGI [£G2 143) [KGY (K63 (K@l £ 863} ka3 [RaE} £4cH] HES
{83316 T3+ 1794327 {75+387 T6+078 "T13+0%50 ZaCveET THUVHES " 180.C1% ~ 1747928 I879vEIF SICTSToe
\ e - 3

N



TABLE 4b. PROGRAM OUTPUT FOR FOUR-PROPELLANT-TANK SPACECRAFT DESIGN
(NCODE = 2 and MCODE = 1)

—— _AETGHT SUmMARY

- ITEM - WEIGFT [KILJGRAYS) i
STRUCTURE T T T T e e e I e FIEVOSTS .
BASIC SKELL . 12391670
RINGS AND FRAVCG . - . T 6775437 -
STRINGERS ALD LaI“GERYAS 38+9761
MISCELCANLESLS : T T T T T T T 7. {45E )
SYSTE!M SUPPIRTS [aCDAvg] S51e4669
MICRU-ETESRZIL PRSTECTI=N T AR §- 1c 75 %+ £ 2
SLPPIRTS [ASTENNA AMND SCAN PLATFASH) - A4.26072
SEPARATIZw MECRANISM ” . 129727~ 777 = T T e
PRIPLLSTIN . 811.C627
TOENSTINE {FALIN] T LT T T T T e e oy gmearerg
FuEL 8YsToM (2] 175+3263%
OXIDIZER SYSTEY (2} ’ o o 1793868 7 T T T T
SUPPIRTS [MAIN ENGINE ANG TANKS) 29+1281
PRESSURIZATION SysTEM oot CERt ey T T
TELEMETRY SENS3IRS 1begbb?
EsuiPNE.T A}5'1?§T§uvfﬁfifij' - e 11732237
STRUCTURE Y INEYE)
GJIOANCE, CANTREL aND SAVIGATIAN —GRiRaGI - —_
SENSBRS 13+5248
CIMPYUTER/SECUENCER - 77 77 7T T e em g S 505G
CINTR3L C\‘J\’EPUTEH 239904
" T SEAVE ALTJATARg ™~ TR ELT)
ARTICULLATIAN Ego: _B1e8436
INSTRUMENTATION o Tt T TE7525277 -
RaDIQ SE.7919
TELEMETRY : 104656 v T
CATA SYSTE“ 154221
TTANTENNASTT T 0 STHEGT
CIMMAND 12.5226
T MEASUHEMENT - T TTTTT T T e 158757
ELECTRIC PCaER 303+4533
RTG SYSTES e Tt T T EEESTIRD
BATTERIES 22680
T FOWER CONTRTL T v T 753891
_ELECTRIC “ETWORKS 129.7896
NETACRKS o e 11533500
PYRETECHNICS 143996
"TEMPERATURE CRATRIL SYSTEY - BoVERST
ATTITUDE CaNTRIL SvSTENM 14Q0-4251
TANRS 1250030
i HARCAARE 15+4221
"SCTENCE "(1WSTRUMENTS ALD SCANTEUATF ARGy T T 2041184
_CONTINGENCY ' 120.35193
TITAL DY SPACCCRAFT . 252040456
RESTDJALS I7 e 3223
_ PROPELLANTS 137+9637
T TPRESSURAITS T 2545703
ATTITUSE CSNTRAL SYSTEM FLGIDS 11456834
TATAL INERT SPACECRAFT 26953259
T UBASLE PREPECCART GIBT2Z68
FLEL 1879+4337
OXIDILER = ° ot 30070539
NITROCEM B 94,6992
TOTAL SPACECRAFT AT LAUNCH 767645538
"TTCAPSULE 2267+9619
T YOTAL PLANETARY VERICLE AT LAUNCH 95535157
ADAPTER 11343581
TOTAL PLANETARY VEWICLE + ADAPTER / 10C57.9138

59
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TABLE 5a, PROGRAM OUTPUT FOR TWO-PROPELLANT-TANK SPACECRAFT DESIGN
(WCODE = 2)

PRELIMINARY DESIGN DATA FOR SPACECRAFT i - -

e 2L TRUT F::RMAT_ NCODE = 2 5:C @ LONGITUQ;NAL 2+0 G LATEIR_AL
TTTEXIDTZER T FUELCT MIXTURE T - MIRTPOM ULCLAGE TTTTTTT TR T O UUTENGINE T ==
DENSETY DENSITY RATIOD CAPSULE Dvi Dy T/6 RATIO TIME PRESSURE THRUST 1sp WT MCODE
{GMY/CUSCMY [GH/CUCMT T OIRGYT TTTIMZSYTT [MFSITTTT T T CTIDAYS) INZSGe™MI™ —— “[N3 B & 2% “tKgl oot T T
let4¢ 872 1460 2267496 205040 0 «0CC 100040 16202674942 467C5643270 30540 1854973 1
TATAL UXIDIZER FUEL OUXIDYZER FUEL
NO STAGE STAGE PRAPFLLAKT INERT DELTA TANK TANK TANK TANK™ © . BuRN o
ENGINES DA LENGTH wEAGHT wE]GHT vV RADIUS RAD YUY yOLUME VAL UME a1l XL 2 T/W TiHE
) £y [41)) (3] [x2] [1/5] M m [CUe] [CUW&3 ir) ™7 s
1+ 3.8560 149930 4750411 246046 2050+ 6731 “a8731 T 198949 Z.,05338 +5003  +5452 4.977 29841
.. BASIC  XMETEOROID FLEL OxIDIZER TANK ENGINE PRESSURIZATION ) .
SHELL PROTECTION SYSTCM SYSTEM " SUPPIRTS ° SUPPIRTS ™ " SYSTEM T ACS T TCONTINGENCY RESIDUALS FUEL OXIDIZER- — —-
L I LG (£G) [KG) (kG | [KG) I ch] (KG3 (KG) (K3 [KG1 (KG)
et .
TR BYEEE T T T T IO0U TTT125.975 ¢ 1224986 "T15v3TB~""T3+0%0 T783538 TTTIHOVARSTTITCSVIA% 0 T 1684537 179CS4T 2854489 - o e

A a = - ——
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TABLE 5b,

PROGRAM QUTPUT FOR TWO-PROPELLANT-TANK SPACECRAFT DESIGN

(NCODE = 2 and MCODE = 1)
L o #EISRT SJUMMARY _ =
LT WETGHT [KILOGRAMS) X
STRUCTURE e J95+0799 -
SASIC ShELL - 27R8:5275
TTTTTRINGS AND FRarcs - - T LTS AY) -
STRINGERS, LINJTIING ANT SKINS 156+ 4802 .
T T MISCELLANESDS “ e - T Y- Vi A )
SYSTEN SUPFSRTS [REAY3] SGs2351
T MICRIPETESRSIL PQ“*"TYH. T - s8]
SJPPIRTS [ANTe,SCAt LAT#+»AND STLAR ARRe] S2e3446
SEPARATION MECHANS™ et T TIgVerET
PNOPuLS["\ N 6545414
NG INE MAINT oY T - oot {85vy723 o
FJUEL SYSTE- [11 12542743
TOUTTTORIOTZERTSYSTEY (1 YT T T v TT T o e e 1amTESS
SUPPAIRTS [MAIN ENSINE AN TANKS) 2843676
"PIESSLRIZATIA SyzTeM TT{74e893¢6 ——— .
TZLEMETRY SENSZRS - - 166463
EQUIPMERT AND INSTIUVENTATISN AR I 9 Y- £ S
STRUCTURE . 4627478
GUIDALCE, CONTRIL AT ™ AVISATTSY EYvHGED
SENSARS i2«8518
T CUMPLTER/SENLENTES ToTrTe {5 EEE9
CONTRZL CZHPuTES £3«7133
TSERVE ACTLATR3 ) oo R TP €4 Y-S -
ARTICLLATION Eg= 218436
TINSTRUVENTATIONT 131+G933
RADTS 29+5299
T T TELEFETRY TR - TOVEESS
CATA SYSTE™ 11+3398
ANTENLAS e T T TTTREY5607
CAMMALD 12+C220
TTTTTTREASGREPERT T T TSVETST
ELECTRIL PALER 3116180
- SACAR ARRAY © T T B0+ 7395
BATTERIES 15945645
TTTTTTPAWER TENTRRL T T T oot 7T+ E1%0
ELECTRIC NETA®RKS 1239572
e TAORKS TO09-5574
PYRITECANICS 1443995
TTTEFPERATURE Co\TR-L SYSTEv T B&+E 103
ATTITUDE Cﬂ\TPuL aYaTEV 1404251
TTUTTTTTANRS T T TTTomTmTTT T o 1Z25+0C3C -
HARCwARE 1S5+4221
- SCIENCE CINSTRUPE 75 ANT BCAN BLATFIRTT 204e1166
"CINTENGENCY 109-1449
) TOTAL DORY SPACEZCRAFT 2292-0430
RESIDUALS 168+5373
PROPELLANTS 13648593
PRESSURANTS 19°559%56
ATTITUDE CINTRAL SYSTEM FLUIDS 116834
TATAL INZRT SPACECRAFT 246G+5803
T USABLE FREPELLAYT LWATS IR P S
FUEL 17905433
BXIDIZER ZEEG e R5697
NITROGEN Fsep932
TOTAL SPACECRAFT AT LAUNCH 7210+6921
CAFSULCE - Z2R7+ 9619
TOTAL PLANETARY VEHATLLE AT LAGICH = SE7E+E5%0
___ADAPTER o ~ 113+3981
_____TOTAL PLANCTARY VEAICLE + ADAPTER 9592.0521
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