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FOREWORD

This document is Volume I of MIMOSA Pl'anni_n~g Methodology, which constitutes part
of the final report on the Study of Mission Modes and'Systenf_is Analysis for Lunar
Exploration (MIMOSA). This study was conducted by the LMSC MIMOSA team for
the George C. Marshall Space Flight Center under contract NAS 8-20262. The
entire final r eport covers work performed from 3 January 1966 to 3 February 1967

and comprises the following parts:

¢ MIMOSA Summary Digest
e MIMOSA Summary Technical Report
e MIMOSA Technical Report.: | _
'Volume I — Lunar Explofation Equipmént and Mode Definition
" Volume II — Candidate Lunar Exploration Programs
Volume III — Recommended Lunar Exploration Plan
e MIMOSA Planning Methodology:
Volume I — Planners' Handbook
"Volume II — Exploration Equipment Data Book

Volume I — Scientific Programs

iii
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INTRODUCTION

The objectives of the MIMOSA study were twofold — to produce a methodology for
generating lunar exploration programs and to generate a recommended lunar explor-

ation plan, using the developed methodology.

The MIMOSA study was divided into the following three phases:

® Phase I — compilation and generation of data for the later phases (these data
are contained in the Exploration Equipment Data Book.)

® Phase II — development of the planning methodology that includes a com-
puter program for the mechanization of data handling, generation of a broad
spectrum of candidate programs, and comparative analysis to answer
certain planning questions

® Phase III — formulation of a recommended plan of lunar exploration,
generation of three selected lunar exploration programs for implementing

the plan, and intensive design effort for the equipment used in these three

programs

Generation of the recommended lunar exploration plan is described in the MIMOSA

Technical Report. The methodology is presented in these volumes under MIMOSA
Planning Methodology.

This volume contains instructions to the planner for operating the MIMOSA Planning
Methodology; it covers (1) lunar program analysis approach, (2) planning question
determination, (3) scientific program formulation, (4) exploration equipment and
equipment evolution definition, (5) mission formulation, (6) mode formulation,

(7) mission-mode comparison, (8) exploration program generation, (9) program

data summary, and (10) MIMOSA computer program input instructions.

Xv
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Chapter 1
LUNAR PROGRAM ANALYSIS APPROACH

As part of the MIMOSA study contract, Lockheed Missiles & Space Company developed
a systematic procedure for analyzing alternate approaches to lunar exploration. This
procedure provides a tool for program planners to answer questions concerning scien-
tific requirements, equipment options, operational concepts, and resource restraints.
This chapter ouﬂines the significant steps of the procedure and describes the organiz~

étion of the remainder of this handbook.
1.1 GENERAL PLANNING PROCEDURE

Figure 1-1 indicates the MIMOSA procedure for lunar progrém analysis. As the

figure shows, the procedure consists of the following eight major steps:

® Determine planning questions. Before proceeding with a lunar program

analysis, a planner must know his objectives. These objectives are
expressed in the form of specific questions to which well—Substahtiated
answers are sought. The answers are obtained from a study of the-charac-
teristics of one or more candidate lunar programs. The preciseness with
which the questions can be asked will determine how quickly alternate pro-
grams with the desired characteristics can be formulated. |

® Formulate scientific programs. The goals and requirements of the scientific

community are expressed in the form of one or more scientific programs.

A scientific program consists primarily of a list of experiments to be con-
ducted at certain locations, at specific frequencies,and with certain priorities
for performing those experiments.

® Define exploration equipment and its evolution with time. The exploration

equipment to perform the lunar program must be identified (with the specific
planning question in mind) and described. Exploration equipment includes

transportation equipment (launch vehicles and spacecraft), mission equipment

1-1
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(shelters, roving vehicles, flying vehicles, base support equipment, etc.),
and major science equipment (telescopes, large drills, laboratories, etc.).
The desired evolution from one equipment concept to another must exhibit a
smooth development of capability. An evolution is established by consider-
ing the size and scope of the scientific program and by following certain plan-
ning assumptions (é. g., launch constraints, funding rates, timing of major
events).

Formulate missions. With the knowledge of the equipment evolution, planners

can allocate the experiments in the scientific program into "missions" of
generally increasing Scope. '

Determine exploration modes. Planners can group the candidate equipment

concepts that aré to perform each mission into an exploration "mode." The
equipment concepts in a mode must be compatible from both the design and
operations points of view. '

Match missions and modes. Requirements of a mission are then compared

with the mission-support capability of the mode. This mission-mode com-
parison can then be verified in detail by a specially developed computer pro-
gram using the mission, mode, equipment, and experiment data stored in

the computer'memory; The computer points out any areas of incompatibility
between mission requirements and mode capabilities calling for data revision.
Additional iterations can be made depending on the accuracy of matching de-
sired, It is this matching process that demonstrates the capability of an
equipment evolution to perform a scientific program.

Generate exploration programs. When all of the missions for a candidate

exploration program have been matched satisfactorily with an exploration
concept mode, the mission~-mode combinations are scheduled and costed.
The MIMOSA computer program again performs the tedious calculations.
Each scheduled set of mission-mode combinations constitutes a lunar pro-
gram. Any change in the combinations used, or in the schedule of the
missions, results in another program.

Summarize program data. Planners answer planning questions by studying

the characteristics of alternate lunar programs that are generated. To do
this, the large amount of detailed program data that such tools as the

MIMOSA computer program provide must be summarized.
1-3
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1.2 PLANNER'S HANDBOOK ORGANIZATION

The general MIMOSA approach forms the basis for organization of the subsequent

sections of the Planner's Handbook. Figure 1-1 indicates this organization.

Chapters 2, 3, and 4 discuss the preliminary steps necessary for planning exploration
programs. Chapter 2 provides guidance to planners for formulating questions and
determ'ining an approach for answering these questions. Chapter 3 deals with the
formulation of scientific programs from an analysis of general scientific requirements.

Chapter 4 discusses the definition of exploration equipment and equipment evolutions.

Chapters 5, 6, 7, and 8 present steps for formulating candidate exploration programs,
Chapter 5 discusses mission generation. Chapter 6 describes the technique for mode
formulation. The procedure for comparing mission requirements and mode capabilities
using the MIMOSA computer program is presented in Chapter 7. Chapter 8 outlines

the method for generating exploration programs from selected mission-mode

combinations.

Chapter 9 suggests a format for summarizing the data generated in the formulation

of a lunar program.

" Finally, Chapter 10 presents a complete set of instructions for using the MIMOSA
computer program, '

1-4
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Chapter 2
PLANNING-QUESTION DETERMINATION

Successful use of the MIMOSA lunar program analysis procedure depends on proper
formulation of planning questions. The type of question and the conciseness with
which it is phrased are both important. Some types of questions require more labor
than others to achieve a useful answer, and a vaguely worded question often results

in wasted effort.

Planning questions can be grouped into four categories depending on whether they are |
related to science, equipment, operations, or resource allocation. Each of the four

categories is discussed briefly in this chapter.
2.1 SCIENCE QUESTIONS

Typical science questions involve the effects on program costs or equipment evolutions
of any changes in size and scope of scientific effort. The level of scientific activity,
the emphasis on particular science areas, and the degree of experiment mechanization

are typical topics of interest.

To answer such questions, planners derive alternative scientific programs that exhibit
variations of the characteristic under study. One or more equipment evolutions are
then matched to the missions obtained from these alternative scientic programs. The
resulting sets of mission-mode combinations are then costed as separate candidate
lunar programs. The answer to the question comes from the study of these candidate

lunar programs.
2.2 EQUIPMENT QUESTIONS

Typical equipment questions concern the effects of introducing alternative equipment

concepts for lunar exploration. Topics of interest include comparison of equipment
2-1
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performance and efficiency, the advantages and disadvantages of a particular concept,

and the effect of delaying equipment development.

Equipment questions are usually answered by the generation of several candidate lunar
programs. These programs are then compared for cost and scientific achievement.

Chapter 8 discusses techniques for efficiently generating such programs.
2.3 OPERATIONAL QUESTIONS

Typical operational questions iﬁvolve the advisability of performing various lunar oper-
ations or the evaluation of alternative operation procedures. Sample topics from
which questions could be formulated include different traversing techniques (flying or .
roving, long traverses or short traverses, caching or resupply), alternative tech-
niques for hardware and crew delivery, and possible methods to reduce nonscientific
time. In each case, the answers are found by deriving a sufficient number of lunar
programs to exhibit the characteristics and potentialities of the various proposed

operations,

The present MIMOSA planning technique was not derived to evaluate alternative
approaches to details in the plan of a particular mission. For example, a question as
to whether a particular experiment should be performed on the second or third day

of a specific mission is beyond the scope of the MIMOSA analysis procedure. Only
the influence of operations on overall program parameters (such as cost, schedule,

or total scientific achievement) can be evaluated.
2.4 RESOURCE-ALLOCATION QUESTION
The allocation of resources to a lunar program is of fundamental importance in program

planning. Typical questions involve total funding limits, rate of hardware procurement,

launch rates, and schedule changes.

2-2
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For the most part, questions on resource restraint variations are handled by separate
cost calculation runs using the MIMOSA computer program. As shown in Chapter 10

of this handbook, extensive variations in input cost and schedule data for the computer

are possible.

2-3
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Chapter 3 : '

SCIENTIFIC-PROGRAM FORMULATION

A scientific program is an 6rdered set of experiments and loci of investigation that are
selected to satisfy specific scientific godls. Planners may select an existing scientific
program* or formulate one of their own. The only stipulation is that program require-
ments be specified in the standard MIMOSA format. To formulate a new program,

planners may utilize the logic developed within the MIMOSA methodology; the following
steps are required to formulate a program: '

® Identify basic goals.
e Identify major science disciplines to pursue' the basic goals.

Construct a matrix of scientific investigations relevent to each basic goal

and scientific discipline. ,

Select scientific experiments appropriate to each investigation.
Specify major scientific equipment.

Delineate the lunar sufface exploration p:ittern.

Distribute experiments in accordance with the exploration pattern.

Complete a scientific-program specification.

A brief discussion of each of the foregoing steps is presented in this chapter.

3.1 IDENTIFICATION OF SCIENTIFIC GOALS

The first step in formulating a scientific program is to identify the goals to be achieved.

Planners may have their own specific objectives, or they may rely on the desires of

the scientific community.

*Seven typical scientific programs representing widely different levels of scientific
activity are provided as part of the MIMOSA tool. They are documented in MIMOSA
Planning Methodology, Vol. III, i

LOCKHEED MISSILES & SPACE COMPANY
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Basic goals for lunar exploration can be expressed in the form of a set of 15 questions
promulgated by the Space Science Board of fhe National Academy of Sciences during
their Summer 1965 Conference at Woods Hole, Massachusetts. These questions are
confined to the Moon as an object of inquiry. In the MIMOSA contraced study, ten
additional questions were formulated. These questions extend the scope of inquiry to
include use of the Moon as a base for pursuit of extralunar goals such as planetary
astronomy, stellar astronomy, and space physics. They are drawn primarily from
the Space Science Board proceedings related to aspects of the national space program

other than lunar exploration. Table 3-1 is a complete list of the 25 questions.
3.2 IDENTIFICATION OF MAJOR DISCIPLINES

The second step in formulating scientific programs is to identify the science disci-
plines involved in pursuit of the basic goals. Working groups at the NASA Conference
on Lunar Exploration and Science at Falmouth, Massachusetts, following the 1965
Woods Hole Conference, established eight major scientific disciplines concerned

with exploring the Moon. Later, two additional disciplines, providing for engineering
assessment of the lunar environment and for exploitation of the Moon for purposes of

applied science, were recognized. The ten suggested major disciplines are as follows:

Lunar Atmosphere Studies
Geodesy/Cartography
Geology

Geochemistry

Geophysics

Particles and Fields
Bioscience

Astronomy

Mission Support

Applied Science

LOCKHEED MISSILES & SPACE COMPANY
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Table 3-1
BASIC SCIENTIFIC QUESTIONS

stion
Qu‘;o'v Question
1 Is the internal structure of the Moon radially symmetrical like the Earth, and if so, is it differentjated ?

Specifically, does it have a core, and does it have a crust?

2 What is the geometric shape of the Moon ? How does the shape depart from fluid equilibrium? Is there a
fundamental difference in morphology and history between the sub-Earth and averted faces of the Moon ?
3 What is the present internal energy regime of the Moon? Specifically, what is the present heat flow at the
lunar surface, and what are the sources of this heat? Is the Moon seismically active, and is there active
volcanism ? Does the Moon have an internally produced magnetic field ?
4 What is the average composition of the rocks at the surface of the Moon, and how does the composition
vary from place to place ? Are volcanic rocks present on the surface of the Moon ?
5 What are the principal processes responsible for the present relief of the lunar surface ?
6 What is the present tectonic pattzrn on the Moon and distribution of tectonic activity ?
7 What are the dominant processes of erosion, transport, and deposition of material on the lunar surface ?
8 What volatile substances are present on or near the surface of the Moon or in a transitory lunar atmosphere?
9 1s there evidence for organic or proto-organic materials on or near the lunar surface ? Are living organ-
isms present beneath the surface ?
10 What is the age of the Moon? What is the range of the age of stratigraphic units on the lunar surface, and
what is the age of the oldest exposed material ? Is a primordial surface exposed ?
11 What is the history of dynamical interaction between the Earth and the Moon ?
12 What is the thermal history of the Moon? What has been the distribution of tectonic and possible volcanic
activity in time ?
13 What has been the flux of solid objects stricking the lunar surface in the past, and how has it varied with
time ?
14 What has been the flux of cosmic radiation and high-energy solar radiation over the history of the Moon?
15 What past magnetic fields may be recorded in the rocks at the Moon's surface?
16 What are the long-term effects of reduced gravity on various life forms. including man?
17 What lunar resources are available for exploitation?
18 What lunar environmental factors are most significant to the design of proposed lunar exploration
equipment ?
19 Are the basic postulates of general relativity valid?
20 What is the total inventory of stars and interstellar matter in a representative volume of our galaxy?
21 What processes account for the phenomena observed in the Sun. e.g.. sunspots. flares. plages, faculae,
and prominences ?
22 What are the structures. composition. and energy regimes of planetary atmospheres other than that
of Earth?
23 What are the structures and compositions of comets ?
24 What are the precise locations of discrete x-ray sources, and what is the distribution of faint x-ray
sources ?
’ 25 What is the distribution of very-long wavelength radio stars?

*Questions 1 to 15. inclusive, are taken directly from proceedings of the 1965 Woods Hole conference and are
concerned with the Moon per se. The remaining questions were stated or implied at the Woods Hole and Fal-
mouth Conferences and are motivated by the potentialities of the Moon as a base for pursuit of astronomical
and other extralunar scientific goals.
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3.3 SCIENTIFIC-INVESTIGATION MATRIX

The third step in formulating scientific programs is to derive a scientific investigation
matrix of goals versus disciplines. The 25 questions (Table 3-1) and the 10 major
disciplines represent the coordinates of such a two-dimensional matrix. Each com-
bination of a basic scientific question with a major discipline represents an element

of the matrix.

Within each matrix element, a group of investigations is then identified that is relevant
to the basic question and the major discipline forming the element. The total array

of investigations identified in all of the matrix elements is the scientific-investigation
matrix. The scientific-investigation matrix provides a generalized outline of the con-
tents of a broad spectrum of candidate scientific programs. Table 3-2 is an example
of a portion of a scientific-investigation matrix. Not all of the major disciplines con-
tribute to every basic question. For example, with reference to question 1, there are
no entries in Table 3-2 under Lunar Atmosphere, Bioscience, Mission Support, or

Applied Science.
3.4 SELECTION OF SCIENTIFIC EXPERIMENTS

The fourth step in scientific program formulation is to select one or more experiments
to accorhplish each investigation in the scientific-investigation matrix. For the pur-
poses of the MIMOSA analysis procedure, the principal source of experiment defin-
itions is the catalog of lunar scientific experiments compiled by North American
Aviation, Inc.* The NAA catalog comprises about 350 distinct experiments classified
in accordance with the 10 major scientific disciplines listed in paragraph 3. 2.
Classification of the experiments in this manner speeds selection of experiments

appropriate to the investigations in the scientific-investigation matrix.

Experiment selection is not a completely automatic operation. Scientific-program

planners must apply selective judgement in choosing the appropriate experiménts

*North American Aviation, Inc., "'Scientific Mission Support for Extended Lunar
Exploration," NAA SID Report 66-957, NASA Contract NAS-8-20258 (in preparation).
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Table 3-2

ELEMENTS OF AN INVESTIGATION MATRIX FOR A TYPICAL SPACE SCIENCE
BOARD QUESTION

Question 1
Discipline
Is the internal structure of the Moon radially symmetrical like the Earth, and
if so, is it differentiated? Does it have a core and a Crust?
Lunar
Atmosphere
Geodesy/ (a) Establish a selenocentric coordinate system.
Cartography (b) Establish a topographic map of the lunar surface.
(c) Determine a reference figure.
(d) Determine the gross elastic parameters of the Moon.
(¢) Determine the mass and moment of inertia.
(f) Determine degree of isostatic compensation.
(8) Determine symmetry of density distribution.
Geology (a) Determine stratigraphic sequence of surface deposits and structure of exposed rocks.

(b) Establish stratigraphic succession in lunar craters and rilles.
(¢) Determine petrologic variations in oldest rocks exposed on highlands and in maria
basement rocks.

(d) Determine composition of volcanic ejecta and plutonic xenoliths.

Geochemistry (a) Determine the state of compositional, structural, and age differentiation of the
lunar crust.

(b) Evaluate with respect to genetic environment outcropping or shallowly buried
xenoliths formed at depths beyond reach of the drill.

(¢) Determine and evaluate regional patterns of radiometric rock ages.

(d) Obtain data on composition of exposed basement rocks.

Geophysics (a) Determine the near surface structure (0-5 km) of selected geologic terrains by
surface traverses.
(b) Determine the structure of selected geologic terrain at intermediate depths (5-100 km).
(¢) Determine deep structure (100 km to the center of the Moon).
(d Determine the vertical deflection of gravity over the lunar surface.
(¢) Determine rock properties by in situ measurements in drill holes and from drill hole cores.

Particles and (a) Obtain structure and variations in lunar magnetic field and solar wind to determine whether

Fields the lunar magnetic field is intrinsic or due to solar wind accretion.

Bioscience

Astronomy () Determine lunar body motions with respect to inertial space.

Mission

support

Applied
Science
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implied by their investigation matrix. For example, experiments concerning ocean-
ology and meteorology appear in the NAA catalog. These experiments find no place
in a matrix defined by the 25 Space Science Board questions. Moreover, a study of
the NAA catalog reveals numerous redundant experiments. Hence, the quality of the
experiment-selection process depends on the degree of understanding of the basic
principles and objectives of the investigations to be performed. Table 3-3 presents
examples of experiments pertinent to a few of the scientific-investigation matrix
elements in Table 3-2.

3.5 SPECIFICATION OF MAJOR SCIENTIFIC EQUIPMENT

The next step is to identify those items of scientific equipment that are sufficiently
large to require special launch packaging considerations. These items are called
major scientific equipment. Table 3-4 lists the major scientific equipment presently
contained in the MIMOSA Equipment Data Book. Each new item of major scientific
equipment must be assigned a MIMOSA data sheet number and treated in the same

manner as other exploration equipment.
3.6 LUNAR-SURFACE EXPLORATION PATTERNS

Objects of scientific interest are distributed widely over the lunar surface. There
are two approaches to the exploration of this wide distribution on lunar surface. The
locale approach is to visit isolated points on the lunar surface with limited (e.g.,

10- to 200-km radius) surface-traverse capability in the neighborhood of each landing
site. The path approach connects points of interest on the lunar surface by extensive
(e.g., up to 1,500 km) paths along which exploration traverses are performed.
Exploration patterné are a combination of these two approaches. Figure 3-1 shows

a typical surface exploration pattern for a MIMOSA scientific program.

The pattern that best meets exploration requirements should be derived. Later
mission-mode matching will result in some modifications to the pattern. Locations
of scientific activity, path lengths, and experiments required at all specific locations

are then specified.

3-6

LOCKHEED MISSILES & SPACE COMPANY



LMSC-A847943
Vol. I

Table 3-3

SELECTED EXPERIMENTS

Question 1

Is the internal structure of the Moon radically symmetrical
Discipline like the Earth, and if so, is it differentiated? Does it have

a core and a crust?

Geodesy/ (a) Establish a selenodetic coordinate system:

Cartography 12020606* — Selenodetic mapping with lunar orbiter
90050201 — Earth/Moon laser corner
reflectors -

(b) Establish a topographic map of the lunar surface:
11010101 — Selenodetic astronomy on the lunar surface
12010202 — Selenodetic surveying on the lunar surface
40060565 — High-resolution radar
80120501 — Sterophotogrammetry

(c) Determine a lunar reference figure

ete.

Geology (a) Determine the stratigraphic sequence of surfacé deposits:
21040101 — Geologic mapping with unmanned orbiters
21040102 — Photogeologic mapping with manned orbiters
21010203 — Fine structure mapping

ete.

*Each experiment in the NAA catalog is identified by an eight-digit number.
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Table 3-4
MAJOR SCIENTIFIC EQUIPMENT
Data Sheet No. | Equipment Mass (kg)
3213-01 300-meter core drill 9,243
3242-02 1-meter optical telescope 1,300
3242-03 1.3-meter optical telescope 5,025
3242-04 2-meter optical telescope 13,950
3242-05 Solar Observatory 35,410
3243-01 Stellar observatory 23,750
3231-01 X-ray telescope 1,620
3224-01 . Mills Cross radio telescope 12,528
3223-01 Radio telescope dishes 22,250
3132-02 Geochemical laboratory 1,130

3.7 DISTRIBUTION OF SCIENTIFIC EXPERIMENTS

The next step in scientific-program formulation is to distribute the scientific experi-
ments making up the investigation matrix over the selected exploration pattern. To
speed this effort and to greatly reduce the labor required later for mission definition,
many of the scientific experiments can be assembled into groups called experiment
packages. Each package is characterized by a commonality of experiment requirements.

The variety of possible experiment packages reflects the variety of situations that
govern the distribution of experiments. Some experiment packages are designed for
assignment to areas of suspected volcanic activity. Other packages may be composed
of experiments requiring a standard number of repetitions along traverses. Still an-
other package may comprise a group of experiments associated with logging a drill
hole. There are a.few experiments with chronological requirements, such as particle
and field measurements to be correlated with the 11-yr cycle of solar activity. These

may also be grouped into packages.
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When the experiments and experiment packages with special requirements have been
distributed to the appropriate locales and paths, there remains a number of experi-
ments that can be performed with equal validity almost anywhere on the Moon. These
experiments serve as "fillers" to round out the scope and the scientific "balance" of

missions and to use mission support capability inherent in the selected equipment mode
that might otherwise be wasted.

3.8 SCIENTIFIC PROGRAM SPECIFICATION

The final step is to prepare a scientific-program specification in standard MIMOSA
format that comprises all of the material defining the scientific program in the form
required by mission planners for mission-mode matching. The scientific-program

specification consists of the following:

® One or more lunar maps representing the lunar-surface exploration
pattern

® A list of locales and paths in the preferred order of accomplishment

® A list of required major scientific equipment

e A tabulation of experiments and experiment packages with instructions
as to their distribution relative to the lunar-surface exploration pattern,
and a specification of the required number of experiment replications
in each instance of use

® Any explanatory notes concerning special requirements of experiments,
such as deployment of explosives, use of photosurvey orbiters, and

alternative distributions of experiments.

A typical page from a scientific-program specification is given in Table 3-5 as an
illustration of the kind of material submitted by the scientific-program planner to the

scientific-mission planner.

When one scientific program has been specified fully, other scientific programs can

usually be generated merely by varying the magnitude of the'following key factors:

e The number of lunar locales to be visited and the extent of surface

paths to be traversed
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Table 3-5
"FILLER" EXPERIMENTS FOR LOCALES*
Replic.] Approx.
Fxperiment Name Locales per Manhours | Mass Comments
1D No. Required | Locale per (kg)
Locale
68040102| Evidence of Existing Life 2 1 10.0 57 One locale of each type
80010302 Enginecring Properties of Lunar Surface 5 1 21.0 2
80010303| Enginecring Properties of Lunar Subsurface 5 1 10.0 6
80010305| Lunar Soil Shielding 5 1 23.0 10
80010321] Electrical Parameters, Surface and Sub- 2 1 24.0 35 One Type I and one
surface Type 11
80010322| Lunar Strata E-M Properties 3 1 15.0 3
80020101 | Surface Dust Environment 3 1 4.0 One Type I and one
Type I
80020302 ] Lunar RF Noise 2 1 11.0 70
80020501 Lunar Atmospheric Contamination — Rocket 2 1 1.0 5 First locale and before
sixth locale
80110101 | Gas Requirements for Drill 1 1 0.1 1 Before drilling
t 80110401 | Geological Chemical Sampling 3 2 8.0 20 | One setup
80120301 | Explosive Energy Coupling 2 1 16.0 10 Before crust-upper
mantle surveys
80130101 | Biocontamination of Lunar Soil 2 1 2.0 15
80300201 | Genetic Effects — Animals 1 1 53.0 100 Mass override required
80320301 | RF Ground-Wave Propagation 3 1 57.0 8
80320401 | RF Subsurface Propagation 2 1 45.0 10
80340101 | Dust Removal Technique 2 1 2.0 10
80360201 [ Dangerous Terrain Warning 4 2 3.0 20 TwoType land two Type I
80370102 | Visual Techniques — Land Navigation 2 1 6.0 1
80050201 | Laser-Beam Corner Reflectors 3 1 0.5 30 Place at locales 18, 5,
and 3
99999909 |Early ESS 4 1 22.0 150
99999917 | Particle Experiment II 1 5.0 29 | 1971-73 or 1977-79
99999920 | Particle Experiment V 1 1 5.0 134 1971-73 or 1977-78

*These experiments are to be done at the Program C locales as early as possible.

except as noted.
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The number and size of major scientific equipment

The number of experiments to be performed for each investigation

in the scientific-investigation matrix

The number of replications df each experiment at each locale and along
each path
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Chapter 4
EXPLORATION EQUI PMENT AND EQUI PMENT-EVOLUTION DEFINITION

This chapter defines. lunar exploration equipment, describes the equipment data re-
quired for MI MOSA exploration program analysis, and discusses how equipment

concepts are linked together in an orderly evolution.
4.1 EQUIPMENT DESCRIPTION

Exploration equipment includes all major pieces of hardware used to conduct a
lunar program. Major categories of exploration equipment are transportation sys-
tems (both launch vehicles and flight systems) and mission equipment (lunar or-

biters, surface equipment, and scientific equipment).

Table 4-1 lists the various types of exploration equipment thatare presently defined
in the MIMOSA Exploration Equipment Data Book ( MIMOSA Planning Methodology —
Vol. II). Each type of equipment is subdivided into groups that embody those con-
cepts with similar performance or design characteristics. . The group identification
number plays a key role in the MIMOSA computer program. Many of the group

identification numbers trigger special computer calculation subroutines.
4.1.1 Transportation Systems

For purposes of MIMOSA, launch vehicles and spacecraft are called "flight systems. "
Generally, over one-half the equipment on any launch consists of flight systems. It
has been found useful to consider all flight systems on a launch as a single entity. This

entity is called a 'transportation system, "

Transportation systems play a vital role in the MIMOSA analysis. They are the
means by which the individual launches of a mode can be identified and the per-

formance capability of the launches can be described. As Table 4-1 indicates,
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Table 4-1

EXPLORATION EQUIPMENT

Equipment Type Data Book Group ID No.

Transportation Systems

Personnel Transport
Logistic Transport
Orbiter Transport
Probe Transport

Test Launch Transport
Launch Vehicles
Spacecraft

Mission Equipment

Lunar Probes (Unmanned)
Lunar Orbiters

Personnel Shelters

Lunar Roving Vehicles (LRV)
Roving Vehicle Trailers
Lunar Flying Vehicles (LFV)
Lunar Surface Support

Major Scientific Equipment

1111 to 1124
1132 to 1148
1151 to 1152
1161

1171 to 1172
1211 to 1271
1311 to 1454

2111 to 2132
2211 to 2222
2321 to 2327
2411 to 2423
2431 to 2433
2512 to 2522
2711 to 2722
3111 to 3243
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the MIMOSA Data Book includes five types of transportation systems: personnel,

logistics, orbiter, probe, and test.
4.1.2 Mission Equipmeht

The major items of mission support hardware used on or near the lunar surface are
called "mission equipment. " Mission‘equipment includes probes, orbiters, surface
personnel shelters, roving vehicles (LRV), trailers for roving vehicles, flying-
vehicles (LFV), resupply systems for expendables and for LFV propellant, fuel-
regeneration systems, nuclear power supplies, and "major" scientific equipment.

A piece of scientific equipment is called "major" if it exerts a pronounced influence
on mission-support capability of a mode or if it requires peculiar packaging

considerations.

Data on mission equipment are used directly by the MIMOSA computer program in
comparing mode capabilities with mission requirements. As a result, there are
special data input requirements for nearly every type of mission equipment. These

are summarized in the following paragraphs.
4,2 COMPUTER INPUT PREPARATION FOR EXPLORATION EQUIPMENT

The detailed MIMOSA analysis, which utilizes a special computer program, requires
specific information about each type of equipment. . This information falls into the
general categories of mission-support performance and resource planning (schedules
and costs). All systems must have a suitable name and identification number for
input to the computer. The remaining information for each type of equipment varies.
This is because each type requires different parameters to describe its performance.

Table 4-2 lists 33 items of required data. They are as follows:
4,2.1 Transportation Systems

(1) Payload delivery capability. Total delivered payload to the lunar surface

(or orbit) in kilograms. This is not input directly to the computer, but is
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EXPLORATION EQUIPMENT COMPUTER INPUTS

Required Information
System .
Resource Planning (All
Performance Systems)
Transportation (1) Payload delivery capability (kg) (26) Nonrecurring system
System (2) Return to Earth payload (kg) cost (3M)
(27) Nonrecurring facili-
All Mission (3) Crew levels (No. of men) ties cost ($M)
Equipment (4) Operations expendables (kg/day)(a) (28). Recurring hardware
(5) Experiment power expendable rate procurement cost ($M)
(kg/kw-hr) (29) Recurring operations
(6) Spacesuit expendable rate (kg/ mhr)(b) support cost (M)
(a) (30) Procurement cost
(7) Unusable expendables (kg) reduction with
(8) Activate and deactivate time quantity (percent of
— Shirtsieeve (mhr){?) first cost)
— Spacesuit (mhr)(2) (31) Research and develop-
Camianfifs . ment flight test sched-
(9) Non-scientific operat1on(s) ule (6-mo increments)
— Shirtsleeve (mhr/day){2
_ - a (32) Subsystem SOTA
Spacesuit (mhr/day)¥ ) advances:
Shelter Only (10) Maximum staytime (days)(a) — Nonrecurring costs
($M)
LRV/Trailer (11) Mobility expendable rate (kg/km)(®) — Required delivery
Only (a) date before system
(12) Expendables per stop (kg) development (6-mo
(13) Time per stop increments)
— Shirtsleeve (mh{g(a) (33) Spares procurement
— Spacesuit (mhr) ) ~ rate
(14) Nom. single-excursion time (days)(a)
(15) Nom. single-excursion range (km)(2)
(16) Average speed (km/hr)(2)
(17) Max. )payload—carrying capability
(kg)®
(18) Driving in shirtsleeves or spacesuit(a)
LFV Only (19) Time and expendables per stop(®)
(20) Max. excursion time (hrs)(2)
(21) Range vs. number of stops (km)
(22) Specific impulse (m/s)
(23) Flying vehicle inert mass (kg)(@)
(24) Flying in shirtsleeves or spacesuit(®)
Major Scientific | (25) Identification of related experiment
Equipment Only

(a) At each crew level in item (3).
(b) In excess of shirtsleeve expendable usage.
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used to calculate the maximum mass permitted for scientific equipment
by a mode (paragraph 6.1).

Return to Earth payload. Maximum payload, in excess of the flight crew,

that can be returned to Earth. This is not input directly, but is used to

- calculate the total sample return capability of each mode (paragraph 6. 1).

4.2.2 All Mission Equipment

(3

4)

6)

(6)

Q)

(8)

Crew levels. Various crew levels (i.e., number of men) for which the
system is intended to be compatible. For LRV Trailers, the crew levels

associated with the companion LRV are used.

"Operations expendables. Total expendables in kilograms/day used at each

of the crew levels in foregoing item (3) to maintain and operate the system
without driving or providing power for scientific experiments. It includes
power supply expendables, life support and environmental control expen-
dables, water, and atmospheric losses. All expendables are counted
(whether dumped overboard or not) except those that are required for
spacesuit operation.

Experiment power expendable rate. Expendable rate, in kilogram/kilowatt-

hour used to provide power for experiments supported by the system.

Spacesuit expendable rate. Additional expendables in kilograms/manhour,

required for spacesuit operations over and above the normal shirtsleeve
requirements for oxygen usage rate, water for cooling, replacement
batteries, and rate of usage of lithium hydroxide cartridges. If the normal
operation of the system is in spacesuit, the total spacesuit expendable rate

is used.

Unusable expendables. Total expendables in kilograms that are supplied
with the system but are not available for use. Included are boiloff (both
before and during the mission), ullage, refueling losses, and reserves.

Activate and deactivate time. Total manhours for both activation and

deactivation of the system for each crew level in foregoing item (3).
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The manhours for both spacesuit and shirtsleeve operations are specified.
Deployment times, which cover offloading and preliminary work before the
system is ready for setting up and activation, are not included. Deployment
times are specified at the mode level (see paragraph 6. 1).

(9) Nonscientific operations. Total manhours per day for system maintenance,

repairs, stationkeeping, airlock operations, and time required by the crew
for resting, eating, and personal hygiene. The time is specified for both
spacesuit and shirtsleeve requirements.

4.2.3 Shelter Only

(10) Maximum staytime. Maximum number of days that a shelter can Support

each crew level specified in item (3) while depleting its load of expendables
as described in items (4), (5), (6), and (7).

4.2.4 LRV/Trailer Only

(11) Mobility expendable rate. Expendables in kilograms/kilometer that are

required to power the mobility subsystem of an LRV or LRV plus trailer.
Expendables for startup or for powering other subsystems, such as environ-
mental control or astrionics, are not included. These expendables are
included in item (4).

(12) Expendables per stop. Total expendables in kilograms/cycle that are

used by a roving vehicle for activation and deactivation at each local stop.
Expendables for the crew, and for normal operations occurring during
this period, are not included. These are covered by item (4).

(13) Time per stop. Spacesuit and shirtsleeve manhours required for the

activation and deactivation of a roving vehicle at each local stop for the
crew levels given in item (3).

(14) Nominal single-excursion time. Nominal time, in days, that a roving

vehicle with a given load of expendables on board can support for each

crew level specified in item (3).
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Nominal single-excursion range. Nominal range in kilometers that a

roving vehicle, with a rated load of expendables on board, can travel

(one way) at its most efficient expendables consumption rate. Separate
values must be given for each crew level specified in item (3). Normal--
ly, the nominal range is given in conjunction with nominal excursion time.

Average speed. Average roving vehicle speed in kilometers/hour. The

input value is used by the computer to determine driving time.

Maximum payload-carrying ability. Total cargo and minor scientific

equipment in kilograms that can be carried by the vehicle. The crew
and its equipment are not included.

Driving in shirtsleeve or spacesuit. Specification as to whether normal

operations during travel on the vehicle require spacesuit or not.

4.2.5 LFV Only

(19)

(20)

(21)

(22)

(23)

(24)

Time and expendables per stop. Same as items (12) and (13) as applied

to flying vehicles.

Maximum single excursion time, Duration in hours that a given crew

level can operate a flying vehicle without expendables resupply from
another system. The expendables do not include propellant.

Range vs. number of stops. Tradeoff of kilometer range vs. number

of stops (i.e., landings and takeoffs) for a single traverse by LFV.

Specific impulse, LFV propellant capability in terms of specific impulse

in meters/second.

Flying vehicle inert mass. Mass of an LFV concept in kilograms derived

from the sum of the total nonexpendables in the concept design plus the
unusable LFV propellant. This does not include the crew members,
their spacesuits and backpacks, usable LFV propellant, and all other
expendables.

Flying in shirtsleeves or spacesuit. Specification as to whether all -

operations on the LFV require spacesuits or not.
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4.2.6 Major Scientific Equipment Only

(25)

Identification of related experiment. List of all the experiments that

are performed either partly or wholly by a given item of major scientific
equipment. Eight-digit North American Aviation study experiment identi-

fiers* are used.

4.2.7 All Systems

(26)

(27)

(28)

(29)

(30)

Nonrecurring system cost. Nonrecurring funding in millions of dollars

versus 6-mo intervals required for system R&D. The delivery date of
the first flight-qualified system to the payload integrator is considered
as the end of the R&D phase.

Nonrecurring facilities cost, Nonrecurring funding in millions of dollars

versus 6-mo intervals for facilities construction during the system
R&D phase.

Recurring hardware procurement cost. Required funding in millions of

dollars versus 6-mo intervals for recurring hardware procurement
costs of the first production unit, The required time interval runs from
manufacturing go-ahead to delivery of the first unit to a payload in-

tegrator.

Recurring operations support cost. Required funding in millions of
dollars versus 6-mo intervals for recurring operations support of the
first production unit., Each 6-mo interval is measured from the delivery
date of the first unit to a payload integrator.

Procurement cost reduction with quantity. Factors for determining

system cost reduction associated with the "learning curve. " The curve
is generated by grouping the expected total number of articles to be
procured into no more than ten groups and assigning to each group

a decreasing percentage of first-article cost.

*North American Aviation, Inc., '"Scientific Mission Support for Extended Lunar Explor-
ation," NAA SID Report 66-957, NASA Contract NAS-8-20258 (in preparation)
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(31) Research and development flight test schedule. The number of R&D test

flights versus 6-mo intervals measured from the delivery data of the first

flight-qualified system to the payload integrator. The launch vehicle used
for each test flight is also identified.

(32) Subsystem state-of-the-art (SOTA) advances. Subsystem nonrecurring

R&D costs, as well as cost of subsystem facilities, by 6-mo time intervals
from start of funding to delivery date of the first flight-qualified subsystem
to the system integrator. These costs are figures exactly as in items (26)
and (27) except at a subsystem level. '

(33) Spares procurement rate. Rate at which costs for equipment spares or

backups are accumulated expressed as the number of mission articles pro-
cured before a backup is procured. One backup is automatically costed

when an equipment item is used the first time.
4.3 EQUIPMENT-EVOLUTION REQUIREMENTS

Equipment evolution, as defined in the MIMOSA study, means growth of mission-
support capability from some low-performance capability level (such as Apollo) to
some higher level (such as 6- to 12-man permanent bases). An equipment evolution
should meet six requirements other than growth from small to large performance.

These are as follows:

e Endpoint Capability. An equipment evolution must have some final attainment.

This point is usually the first selected feature of an equipment evolution. It

is expressed in terms of some level of transportation system uprating or some
level of crew support. Having decided upon an endpoint cababilify, it is then
possible to analyze alternate paths to that capability.

e Compatibility. At any point in equipment evolution, systems should be com-

patible with regard to crew support level, staytime, landed mass capability,
sample return capability, dormant lunar storage time, and Earth support
requirement. It makes little sense, for example, to transport low-performance

surface mission equipment with high-performance transportation equipment.
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® Irreversibility. An equipment evolution should not regress. Once a level of

attainment is achieved, it must not be discarded to make room for less capable
systems. To do so would raise doubts as to the necessity of the higher capa-
bility systems.

¢ Maximum Usage of Developed Systems. All systems in an equipment evolu-

tion should have maximum utility and growth potential.

® Flexibility. An equipment evolution, which does not take into account the
possible effects of feedback from eérly missions or changes in national goals
is extremely vulnerable. Each step in the evolution must not preclude changes
in scope and level of effort or the exploitation of possible state-of-the-art
advances.

e Integration With Existing Plans. Equipment evolutions should evolve smoothly

from current planning. Evolutions formulated on an abrupt change of existing

plans or operations may not be accepted readily.
4.4 SAMPLE EQUIPMENT EVOLUTIONS

Figure 4-1 shows sample equipment evolutions. It illustrates four different ways to
evolve from Apollo to a large mission support endpoint capability. It steps first from
Apollo to S/AA. The S/AA involves two-man, 2-wk missions with limited mobility and
no Saturn V uprating. The second step is to a modest (approximately 125%) uprating of
Saturn V to the level where three-man crews can be delivered and supported on the
lunar surface for up to 180 days. The third step (the endpoint capability) involves sub-
stantial uprating of Saturn V to deliver and return six men with direct launches and to

support those men for periods up to 2 yr.
Equipment Evolution 2 goes directly to the endpoint capability from S/AA. Evolution 3
bypasses both intermediate steps of Evolution 1 and jumps directly from Apollo to the

endpoint capability. Evolution 4 bypasses the first step of Evolution 1 and goes directly
from Apollo to the 1259 Saturn V.
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Chapter 5
MISSION FORMU LATION

A mission is defined as a set of experiments performed at a definable location on or
about the Moon and accomplished in a finite length of time. A miséion constitutes a
portion of a total scientific program. The mission may require manned effort on the -
lunar surface or in lunar orbit, or it may require no manned effort at all; all activity
may be clustered at one point, or it may be spread over extensive traverses. This
chapter presents the process of mission sizing and traverse formulation, descfibes a

sample mission, and discusses the computer input for missions.
5.1 MISSION SIZING

The crux of mission planning is sizing the mission. Some missions are immediately
delineated 'by virtue of their isolated location. Others are defined uniquely becaﬁse of
some specific required activity such as optical or radio astronbmy. Whatevéi' its major
characteristics, a mission must eventually be accomplished by some grouping of mis-
sion equipment. Mission planners must have intimate knowledge of the mission equip-
ment, and must make educated guesses as to how much scientific mass and manhours
can be assigned to any specific step in equipment evolution in a given location at a given

time.

To size missions, the following instructions should be observed. The entire scientific
program is laid out (preferably on a map) to show exactly where each experiment is to
be performed and how much scientific equipment mass is associated with each experi-
ment. This layout is scanned to find for likely personnel and logistics landing sites.
The most obvious sites are points where experiments are concentrated or where large
- individual mass or labor is required. These sites are then used aé Y'eentroids' of

experiment arrays. The mass and manhours of experiments are summed within the
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arrays and are compared with the capabilities of the mission equipment in the desired
equipment evolution. If a vast disparity exists (i.e., a large overrun or underrun in
one or more parameters) the number of mission experiments are trimmed or added to,
whichever is appropriate. Numerous trades can be made at this point since many
experiménts can be performed at several sites and may be moved from one mission to

another. '"Filler" experiments (paragraph 3.7) can be added or removed.
5.2 TRAVERSE FORMULATION

A traverse is a scientific excursion on or over the lunar surface for the purpose of
obtaining measurements, observing scientific phenomena, or accomplishing other
mission-related activities. The traversing equipment has a s¢ientific—manhour capa-
bility as well as a cargo-carrying capability. These parameters, combined with the

excursion length, generally govern the number and types of traverses.

For traverse formulation, a vehicle must be identified. To define the traverse, the
scientific map of the mission must be examined. Starting at the most distant experi-
ment location on one side of the personnel landing site for the mission and working

' toWard the landing site, the minor scientific mass of all the experimentsvmust be sum-
med. This process stops when the sum reaches 80 percent of the cargo-caryying
capability of the traversing vehicle or when the landing site is reached. This defines

’ 'a tentative traverse. If the sum of cargo-mass requirement reaches the vehicle limit
béfore the landing site or a significant supply point is reached, then the remaining
experiments should be performed on another traverse. If the sum of the cargo-mass
requirement does not achieve the vehicle limit before the landing site or supply point
is reached, then the possibility arises for enlarging the scope of the traverse by incor-

porating other traverse of the mission.
The range of a traverse is the distance traveled from a starting point (usually the land-
ing site or supply point) to an ending point, (usually the same landing site or another

supply point). With this range determined, the traverse staytime may be estimated

from the range-staytime tradeoff curves found in the MIMOSA Equipment Data Book
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for the traversing vehicle. This staytime must be multiplied by the vehicle crew level

to obtain the gross manhour availability of the equipment. Then this availability is
multiplied by some factor (20 percent has proved useful with the current estimates of
man's capabilities in a spacesuit and reflects a realistic estimate of nonscientific time
see Table 7-1 in Chapter 7) to estimate the scientific manhour capability of the travers-
ing vehicle. The scientific manhour capability is then compared with the sum of the
experiment scientific manhours. If the scientific manhour requirement is less than

the vehicle capability, then the tentative traverse may be submitted to the computer.

If the scientific manhour requirement exceeds the vehicle capability, then the list of
experiments must be adjusted either by cutting the number of experiments or by cut-

ing replications of experiments.
5.3 SAMPLE MISSION

Figure 5-1 shows a typical mission used during the MIMOSA study.* It is mission 28
of 32 required to accomplish a large scientific program. This scientific program
requires traversing 20 paths on the Moon. The path shown in the inset of Fig. 5-1

involves explosives emplacement, hole drilling, general surveying, and mapping.

Actually, each particular branch of this path could have been a mission. For the
branch labeled traverse R-01, the total scientific manhours required by the experiments
is 601 (394 +207), and the total minor scientific equipment mass is 13,265 kg. During
the early 1980's, the allowable step in the equipment evolution being analyzed has a
capability of about 1,600 scientific manhours per mission and 46, 650-kg reserves for
minor scientific equipment. Thus, incorporation of more branches (traverse R-02 and
traverse R-03) produces a better balance between mission requirements and equipment

capability.

* Apart from the number of experiments to be performed, the mission data given in
tabular form on the figure are derived from the computer output. The degree of
accuracy indicated is not required for the initial planning exercise.

5-3

LOCKHEED MISSILES & SPACE COMPANY .



LMSC-AB847943

uorssIy ordwiexy T-¢ 810

S

oSl | 0S€ 006 (WX ) HLONIT 3S¥3AVYL
14" 9 18  J(¥H-MM) A9¥3IN3 LWD3 1S A03y
166 | €6£9 | [ZIL (9%) SSYWN 094D 1IS 003y

92G°Zl| 0009 | S9Z°tl (9%) SSYN LWD3 12§ 403y
€l GE £0Z |SUNOH NV 3AF3ISIHINS 1S a0y
08¢ L9 ¥6€ | SYNOH NVN LINSIIVdS 19S aD3Y
Lz 8 Le SINIWIY¥3dX3 40 ON

€0-4 | 20-d | 10-8 | 3Sd3AViL

ONIONYT TINNOSHId &

ONIANVT SULSI901 O
ONITdAVYS SY9 O NOILVLS JIILN3IIS GIIVIdNI d

NOIS01dX3- V19010394 3INOHA039 G3DV1dW3 IL0ONIY X

310H H1d3Q ¥ILINGKX)
LSIY3LNI 40 INIOd @

4€861 - 820N NOISSIN

5-4

LOCKHEED MISSILES & SPACE COMPANY



LMSC-A847943
Vol. 1

The vehicle expected to perform the traverses in the sample mission could carry an
estimated 7,660 kg of cargo. If that value had been exceeded on any of the traverses,
then some traverse rearrangement would be needed. If, for example, the cargo for
traverse R-03 had been greater than 7, 660 kg, perhaps a traverse could be added
(R-04) that would go from the central point down to the 300-m drill site and back.

Traverse R-03 cargo could then be reduced by whatever cargo was carried on R-04.
5.4 COMPUTER INPUT PREPARATION

After a mission has been defined to the planners' sat.isfaction, its pertinent character-
istics data are input to the computer. Paragraph 10.5.1 of this handbook presents the

detailed instruction for the following inputs.

Whether the mission is to be matched to a mode or not, all experiment and equipment
data should be input to the computer for cost purposes. For example, two flying
vehicles were used to implant remote geophones in traverse R-03 of the example mis-
sion. The capability of the unmanned flying vehicle was completely defined'by the
MIMOSA Data Book. In simple cases like these, there is no need for computer veri-
fication. In this mission, the probe experiments were grouped with R-03, and the

flying vehicles were added to the cargo of the roving vehicle.

Data on a mission are input to the computer by preparing four types of cards. The
first card type (No. 3-01) assigns a unique number to the mission and names the physi-
cal location on or about the Moon where the mission is to be performed. It is assigns
a nominal mission start date and establishes any minimum time intervale that must

elapse between that start date and the end of any earlier mission.

The second type of card (3-02) identifies each base experiment to be performed on the
mission. Each card of this type specifies the number of times an experiment must be
setup (Phase 1), operated (Phase 2), analyzed (Phase 3), and taken down (Phase 4).
Input by experiment phase accommodates the many alternate ways in which different

experiments can be performed. If the experiment uses major scientific equipment or
5-5
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shares equipment with other experiments on the mission, or if there is a desire to
modify the given minor scientific experiment mass, then an opportunity is provided
on this same card to override the experiment mass value used to calculate the launch
mass for the mission. In a like fashion, the nonrecurring and recurring costs of the
experiment may be overridden with new numbers if different scientific equipment is

being used or if there is conflict with the experiment input cost data.

The next card type (3-03) identifies each traverse, the traverse range, the number of
major stops and, if a flying traverse, the total velocity increinent expended. Mission
planners establish each of these items. They may wish to increase the straight line
range by a suitable percentage (e.g. 10 percent) to account for any rough terrain.

They determine the total velocity increment for a flying traverse by summing the range
requirements for each separate flight of the traverse and obtaining the resulting

velocity increment from the flying vehicle MIMOSA data sheet.

The last card type (3-04) identifies each experiment performed on a traverse. Repli-
cations of the experiment are given in the same manner (i.e., four phases: setup,
operate, analysis, and take down) as with the 3-02 card. This card just as with the
3-02 card, provides an opportunity to override launch mass, nonrecurring cost, and
recurring cost of the experiment. In addition, the value used by the computer to cal-
culate the traversing vehicle cargo mass requirement can be overridden. The pro-
vision is used frequently as a means of achieving.a realistic cargo total. Often it
takes two or more traverses to transport the mass for one experiment to some specific
location. This subdivision of cargo mass can be input to the computer by showing
cargo overrides for that experiment on all the subject traverses. The cargo override
can be used to account for the mass of a surface-to-surface probe that is used to
emplace an experiment at a remote location. If an experiment is performed while

on a traverse but the experiment mass is not actually delivered by the traversing

vehicle, then the cargo mass for the experiment can be overridden to zero.

The computer takes all of this input data, stores it, and prints out what it has stored.

Figure 5-2 shows two of 14 printed pages for the example mission 28. The figure
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shows the first page of printout for the mission plus one of five pages of printout on
traverse R-01. The first page is nearly blank because base experiments, which would

be printed here, are not required on thisl mission.
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Chapter 6
MODE FORMULATION

A mode is a physically compatible group of equipment and associated operations that
can perform a mission. The concept of a mode permits identification of a complex
set of equipment and operations with one identification number; this is useful for com-
puter manipulation. The description of a mode takes into account those special opera-
tions and costs that cannot be accounted for by individual equipment items alone. The
principal drawback to the mode concept is that, if two modes are identical except for
one item of data, they still must be given different mode numbers and be treated as

completely different entities.

This chapter describes the requirements for mode formulation, presents a sample
mode, lists the required computer input for modes, and discusses the application of
several types of special modes. These special types are "working" modes, ''zero

launch' modes, and "emergency' modes.
6.1 MODE REQUIREMENTS

A mode provides mission-support capability through (1) appropriate mission equip-
ment, (2) sample return capability, (3) manhours for scientific operations, and

(4) mass margin. Mass margin is the difference between mass delivery capability of
the transportation system and mass of the mission equipment (which includes major

science equipment) making up the mode.

To formulate a mode, the following steps are necessary:

(1) Assemble the transportation equipment, mission-support equipment (such as
shelters and rovers), and major items of scientific equipment (such as
laboratories and telescopes) that are required to perform a mission (leaving

it up to the computer to provide verification of performance).
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LOCKHEED MISSILES & SPACE COMPANY



LMSC-A847943
Vol. 1

(2) Identify the launch that will carry each piece of equipment.

(3) Ensure that each launch is feasible (i.e., that mass delivery capability,
payload envelope, or earth-support capability limits are not exceeded).

(4) Calculate the mass margin and Earth-return mass capability of the mode.
This is done by summing the mass margins and mass return capabilities
of each launch in thé mode.

(5) Identify the mass and manhours for all special operations associated with the
mode. These operations include deployment, refueling, resupply, and
crew-rotation time (including on site training and orientation).

(6) Identify mode-level nonrecurring and recurring costs for payload integra-
tion, mission control, tracking, data acquisition, and data analysis. (In
the MIMOSA contract study, launch and crew recovery costs were assigned
to the individual transportation systems and were not considered at the

mode level.)
6.2 SAMPLE MODE

Figure 6-1 shows a typical MIMOSA mode data sheet. The mode shown (503-30114-01)
was matched against the sample mission displayed in Fig. 5-1. There are four
launches in the mode, three that carry mission equipment and one that delivers three
personnel to the lunar surface. Each launch has been loaded with specific systems
and with sufficient structure to support those systems during flight and to assist in
their deployment at the landing site. All launches show a mass margin available for

minor scientific equipment and mission-extension expendables.
6.3 COMPUTER INPUT PREPARATION

A mode is input to the computer by extracting certain information from the mode data
sheet and other information from prograin ground rules, and then preparing nine types
of data cards. Table 6-1 itemizes each input and shows where it is obtained. Para-
graph 10.5.2 of this handbook presents the detailed instructions for filling out each
type of card. | '
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MIMOSA DATA SHEET No. -503-30114 -01 Page 1of 1
) ' . ' Date Rev.
MOBILE BASE - THREE MAN Jun Of
GENERAL: Personnel ,..Deliveryf- Concept Direct
: Togistics Delivery Concept Dircct
isurtoce Crcw -Level -
‘Total Crew Level 2
Moximum Stuytime (Duys) 0
Sample Return Capubility (XKg) L0
Concurrent Shelters (Yes or No) No
Number of Puyldad Launches |
OPERATIONS: ‘Pime for Base Deployment (Days) 6
Shirtsleeve Manhours for Special Ops. 2
Spacesuit Manhours for Special Ops. 3
PAYLOAD LAUNCH Mass Margin for Launch #1 1k 588 a
IDENTIFICATION: #2 ~16,132 #
#3 15,520 M
#4 _1,hi00 e
SYSTEMS
N Delivery FExpenaabl.e:
DFSCRIPI'ION' Datu Men Prior To For &peciul
Luunch # System Book ## Supported Launch (6 Mos.) Ops. (Ke)
1 Trunsport’  1lh7-01 - - - -
300-m arill 3213-02 0 5 o
Probe’ .. 2132-02 .0 2 G
Probe .  2132-02 0 2 g
7 Trunsport J11h7-01 = ) - -
- Trailer 2433-04 3 2 2
LFV - 2521-02 3 2 [¢]
3 Transport Til7-01 - , = -
LRV 2423-01 2 2
1 Trunsport 1125-01 3 : - -
RECURRING COST:
Time l'or Reéurr’ing » n . 1 - 1. o
Activities (6 Mos.) 1 < 3 ' ) 61T & 9 10 Potul
Operations : 8.0 12._8‘ 16.6 13.1 [11.2] 6.5 58,0
Luunches Jv vy

LOYILE- ]

Fig. 6-1 Sample Mode Data Sheet
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Table 6-1
MODE COMPUTER INPUT

Also Used For
Card Where "Working" | Emergency
Type Input Item Obtained " Mode Mode
® Mode identification number Data sheet v Vv
® Active-mode crew level Data sheet N
® Total-mode crew level Data sheet v v
® Mode staytime Data sheet - v
® Sample return capability Data sheet
® Minimum decimal fraction of
1 available mode manhours that Program analysis
must be used during any given ground rules
mission
| ® Launch lead time for minor
Y . Data sheet
scientific equipment
e Flag for concurrent shelters Data sheet v
® Number of payload launches in Data sheet J
the mode
® Total time for base deployment Data sheet v
® Shirtsleeve and spacesuit man-
2 hours for special operations Data sheet v
® Lifetime and replacement mass Program analysis J
of spacesuits and backpacks ground rules
3 | Nonrecurring R&D costs Data sheet v
4 | Nonrecurring cost of facilities Data sheet v
5 | Recurring hardware procurement Data sheet v
6 | Recurring operations support Data sheet - Vv
e Launch identifier Data sheet v v
7 |® Related launch identifier Data sheet
e Timing between related launches Data sheet
® Launch mass margin Data sheet
e Launch identifier Data sheet v v
e System on that launch Data sheet * v
° quber of men supported by Data sheet J v
8 this system
° Launch. lead time of this system Data sheet J
(6-mo increments)
° Expenc%ables reqqmed for special Data sheet . J
operations for this system
e Identifier of crew rescue emer- Program analysis
gency mode ground rules
9 | e Identifier of logistics emergency Program analysis
mode

*Transportation systems not required.
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The first card type assigns an identification number to the mode and inputs certain
general data. Two types of crew level are specified. The "active-mode crew level"
is the number of men actually perforihing the mission experiments at any given time.
If one or more additional men are in some other location (such as lunar orbit) through-

out the mission, these men plus the "active' crew form the total mode crew level.

Mode staytime is generally determined from the nominal maximum staytime of the

principal crew system (such as shelter or rover) supporting the "active crew level."

The second card type inputs operations data including total time for deployment, man-
hours for any special operations, and spacesuit and backpack replacement require-
ments. The total time for base deployment is the number of days required to complete
deployment whether the crew spends full time at that job or not. The computer bases
its calculations on the assumption that the full active crew level is at the base during

this time.

The third, fourth, fifth, and sixth card types input costs for nonrecurring R&D, non-
recurring facilities construction, recurring procurement, and recurring operations,
respectively. The MIMOSA contract study calculated only recurring operations costs
at the mode level: hence, the standard mode data sheet format allows for only this

cost.

The seventh éard type identifies the various launches of the mode. Each launch re-
quires a separate card. The card inputs any schedule dependency between that

launch and any previous launch. It also inputs the launch mass margin.
The eighth card type identifies the equipment on each launch. A séparate card is
required for each transportation system (paragraph 4.1.1) or piece of mission

equipment (paragraph 4.1.2).

The ninth card type is used only if an emergency mode is being considered as backup

to the regular mode. Emergency modes are discussed in paragraph 6.6.
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The computer takes all input data, stores it in predetermined locations on magnetic
tape, and prints out what it has stored. Figure 6-2 shows a typical printout of
mode 503-30114-01 as an example. ' '

6.4 '"WORKING'" MODES

The mission-mode match routine of the computer program requires only part of the
total mode input. For éxample, the computer works only with mission support equip-
ment; it ignores transportation systems. In the match routine, the computer also
disregards cost and schedule data. Therefore, it is often desirable, particularly in
the early stages of mission—niqde matching, to worry only about those items essential
to proper performance of.vthé computer. This can be done by using '"working modes."
Table 6-1 identifies those items that must be input for working modes. Note that for

card type 8, transportation systems may be omitted.
6.5 "ZERO-LAUNCH" MODES

Occasions arise when it is desirable to use a set of equipment in a mode for mission-
mode matching, while ignoring several items of that equipment set in later cost cal-
culations. For example, a mission may be accompiished by a mode in which some
items of equipment are being re-used from a previous mission. Under these condi-
tions it is desirable to match the equipment to the mission, but not calculate the cost
of that equipment again. The compufer has been programmed to handle such cases

provided the equipments are grouped into a 'zero-launch' mode.

Construct a zero-launch mode for computer input in much the same manner as a regular

mode except for three things:

(1) Begin the mode identifier with the number 9.

(2) Group all systems that are not to be costed into one "launch" that is
called launch 0 (zero).

(3) Arrange the input cards so that launch 0 is the last one in the sequence

of launches.
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6.6 EMERGENCY MODES

It may be desirable to buy special modes that can be used as an emergency backup to

a regular mode. The MIMOSA computer program costing routine has been set up to
handle this possibility. As presently programmed, two types of emergency modes

can be considered: (1) crew rescue and (2) emergency logistics. Each type of mode
is limited to one launch and is procured only once whether actually used or not per
program. The computer program requires input of the mode costs and the list of
systems on the one launch. Table 6-1 indicates the required data inputs for emergency

modes.

6-9

LOCKHEED MISSILES & SPACE COMPANY



LMSC-A847943
Vol. 1

Chapter 7
MISSION-MODE COMPARISON

The object for comparing mission requirements and mode capabilities is to demon-
strate the ability of an equipment evolution to perform a scientific program. This
chapter explains the operations required for comparing mission modes using the
MIMOSA computer program. These operations include a preliminary hand analysis
and computer input preparation. A sample match is presented for indicating certain

problems that might be encountered by planners.
7.1 HAND ANALYSIS

After the mission has been formulated tentatively (paragraph 5.1) and a mode has
been selected for matching, the following simple hand analysis can save considerable

computer time:

(1) Calculate the available manhours by multiplying the maximum mode
staytime by the active (or surface) mode crew level.

. (2) Calculate the approximate scientific manhour capability by multiplying
the available manhours by the appropriate factor from Table 7-1.

. (3) Total the scientific manhours associated with the mission by summing
all experiment phase 2 (operate) manhours.

(4) Check to see that this sum is less than 75 percent of the approximate
mode scientific manhours capability. (The 75 peréent commitment
represents an adequate "fit" at this point in the analysis; other factors
might tend to increase the requiment as the computer checks in depth,
or the percentage requirement may be changed arbitrarily).

(5) Sum the mass of minor scientific equipment for the experiments
making up the mission.

(6) Make sure this required equipment mass is less than the total mode

mass margin.
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After the foregoing six steps have been completed, the mission and mode are input
to the computer (paragraphs 5.4 and 6. 3).

Table 7-1

SCIENTIFIC/TOTAL-MANHOURS RATIOS

_ _ Ratio of Scientific to Total Manhours
Mode Crew Level Fixed-Base Mode Mobile-Base Mode
) 0.25 0.20
3 ' ‘ : 0.33 0.25
' 0.33 ) 0.25

7.2 COMPUTER INPUT PREPARATION

After the mission and mode are input to the computer, control cards must be gen-
erated that cause the computer to perform the necessary calculations. Only three
types of control card are required for a mission-mode match. Paragraph 10.9 gives

detailed instructions for preparing these cards.

The first card is required at the beginning of each computer run. Punching a zero
in the first column of this card results in the standard printout for match calculations.
Punching the number 1 in the first column results in a detailed diagnostic printout of

each computer calculation.

The second type of card is required for each mission-mode match being attempted.
This card calls out the mission number and mode identification number. Space is

also provided on this card to input a multiplication factor to automatically increase

the shirtsleeve and spacesuit manhour numbers called for in the experiment data cards.
This factor can be used to account for performance degradation in spacesuits and
under reduced gravity. It should be noted that the experiment times called out in

the North American Aviation data cards are based on man's capability in shirtsleeves,

at normal gravity, in Earth environment.
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The third card type, also required for évery mission-mode match, identifies all
flying and roving vehicles performing traverses and establishes the traverses that
each vehicle performs. If the vehicle performing the traverse is a rover and trailer

combination, special care is required for computer input.
7.3 SAMPLE MISSION-MODE COMPARISON

Figure 7-1 shows the computer printout resulting from an example mission-mode
match involving mission 28 (Fig. 5-1) and mode 503-30114-01 (Fig. 6-1). Most com-
puter runs point out definite deficiencies in the mission-mode match. The example
shown here illustrates typical printouts caused by sloppy input and demonstrates

proper corrective action. The following paragraphs discuss these printouts in detail.
7.3.1 Computer Printout

The computer printout for mission-mode matching (Fig. 7-1) contains one or two
pages of comments followed by various calculation summaries. The comments are
verbal messages describing faults or other items of interest concerning the match.
The comments shown in the example printout aré typical of the many possible
messages. Pages 7-6 and 7-7 of the numerical summaries present results of the
most important calculations. The calculated mission requirements and the input
mode capabilities are displayed side-by-side. The ratios of the two values for
various parameters are also shown. A perfect mission-mode match occurs if all

these ratios are unity.

Pages 7-8 and 7-9 present the traverse calculations traverse by traverse. Page

7-10 presents traverse calculations vehicle by vehicle (in this case, only one vehicle).

Pages 7-11, 7-12, and 7-13 summarize mission requirements traverse by traverse.
These calculations are particularly helpful in '"trouble-shooting' mission-mode
faults. Page 7-14 summarizes mission requirements at the base. In the example

shown here, there were no base experiments.

LOCKHEED MISSILES & SPACE COMPANY



LMSC-A847943

Vol. I

T "ON U9JBJN 9PON-UOISSI — Jnojulid domdwo) ojdwexy -2  Siq

SINIWIYINOIY NOTSSIW 133W 01 ANIIJIJJINSNI SI 3QOW .40 AL17118YdYI N¥NL3Y HLuY3

.o BTOIH3A ASUId 3HL HLIM LNJINT
ALTAILIY 3SVE *13A377

JIIIHIA LSHId 3HL HLIA 1ndNT
ALIAILDV 3Svy *13A37

32IHIA 1SHId 3HL HLIM I1NdNI
ALIAILOV 3SvE *13A37

.E:MJU~IU>.»mx~u JHL HLIMA tnaNT
ALIAILDV 3SvA *13aA27

*¥1VQ HINNYT 300W 3HL HI Q3HILNNOIN3I
V1VQ 3IONVWHO4¥3Id 3HL ONISN 30V N3IJE IAVH SNOTLVINITIYD
M3¥3 3Q0W IHL L¥ODANS NVI 3TITHIA ONIAGH 3NO NYHL 280W T

*VLiVa HONNVT 300W 3HL NI Q3WILNNOINI
ViVQ 3INVWHOJYId JHL ONISN 30YW NITIG 3AVH SNOTLVINDITYI ™~
M4) A0W IHL 1HO0HANS NVI 3T1DIHIA ONIAOGH 3NO NYHL uOoW

B - 77T ewAVA HONNY 300W 3HL NITA3UILNNOINSTT T
VLiVQ AONVWHO4¥Id 3HL ONISN IAVW NIFE 3AvVH SNOILYINITVD
M3 3IA0W JHL LHOLANS NVI TIIIHIA ONIAOH 3NO NYHL 0w

*YAVa HONNVI 2a0W 3H1 NI Q3M3L'IN0JN3A
ViV0 IONVHYOIYId 3L ONISN 30VW N33d IAVH SNOILVINIIV)
M3 300N 3HL LHOHANS NYD FIITHIA ONIAOY 3INO MYHL TYOW ™~

_ SHAIVA©NIVH ONV SLINSIIVES VHLIXA 40 SSYK Snd SSYW NANL3IY HLIMVI ONMV ININDIND3
JI4IAN3IOE 0L 3NA H0=€€hZ AYT JO ALIISIVAYD SA330Xx3 €0~-4 3SHIAVYL YOd4 QIAHINOIY 09UV

STATANIIOS 0L 3NU w0-CChZ AT 40 ALTAIAVAYD SOIIIXI  £0-¥ ISYIAVHL ¥O4 QININDIY 00UV

SSVW NUNL3d HLYVI QHY L1H3NdTNO3

39VAREVO YUY S1INSIAY THL HO 3u3H WOUHA s AYOAVAN=AVAAVRK

SAHIVAAIVE OGNV SLINSAIVADS YHLXF 40 SSVW SNId SSYW NHNLIY HLHVI OMY | H3NdTN03

JI4ILN3IJS OL 3NU n0-€CHE AYT 40 ALINIAVAYD SO33IX3 T0-d ASHIAVHL ¥Od4 QIMNINAIY 09UV

JI4ILN31JS 0L 3NJ h0-CEhe A¥T 40 AL1N18VdYI $SOA33IX3 T0-H 3ISHIAVHL 404 O3HINOHH 09HYD

.30 ALITIEVAYD 09UVD S50333X3

SSYW NaNL3IY HLHYI ONV IN3INCTNO3

©h0=-CERS AN
T0=¥ 3ISHIAVYHL HO4 LMINJINOI uaumbzumum 40 SSYW VY101

39vA4VO YV SLINS3Y 3HL NO JH3IH WOUI ¢ AVQAVYW=AVNAVW

J9VAYVYO 3uV SLINS3Y IHL NO IUHH WOUS s AVOAAVN=AVNAVEK

9VAUYD IUY SL1INSIY 3HL NO JuAH WO +AVAAYN-AVOAYW 10-h110€~€05

mhzuzzou : 300nW

esees MOy 3AOW~NOISSIW SIHL LNOAY ONIMOTINAH 3HL IAITIIN NOA GINdOM

T =NOISSIW SIHL 9NILNNOD NOILVI0T SIHL iV SIWIT 30 "43aWnN~

Gehegegl HiVd  =NOTI1Y)07 MOISSIW _

TO XIN NOISSIW LY WVH90Ud Unumhzuuum

SINIWKOD HILVKH ICOW=NOISSIW

LOCKHEED MISSILES & SPACE COMPANY



LMSC-A847943

Vol. I

(*uo)) 1-L '811

_ R e i — e et e e+ e o
VIVO IN3WIYIIX3 NI LON 26°66°66°6°6 LNIWIH3IAXI
T Tm T ’ T Yi¥O INIWINIAXS NI 10M 26°66°66°6°6 LHIWIHIAXI
e et et e o e et £ e et £ et e e e oo e e L VLVG _INIWIEIAXI NT _L0M_26°66°66°6°6 ININTHANXR _ __
YivQ INIWIY3DY3 NI L1OM 26°66°66°6°6 LNINTHIAXI

7-5

LOCKHEED MISSILES & SPACE COMPANY



LMSC-A847943

(*3u0)p) 1-2 “Sx

0° 350 AsvA Hod
0 SISHUIAVML ONTAQYH ¥OH
o SR O e e — o . _.__.S3S¥3AVHL ONTIATd HOd .
000* <0 (g (O%) GIYINDIN SIATVANIdX I ATdINSTY W101 s
o A 0°00h ©(*313 +39Y7N ¢4407109) INAYSANN.
02 SNOTLYY3dO WID3JS Hod 03ASN
AeCHOn  (STIV130 ¥O4 S39vd INIMOTI04 33S) SISUIAVHL ONIMND C3SN
BRI L *02SL . 8°Gh0S (9% SITIIHIA_ONIADF ANV ONIAQH AH ORSN SINOWANAJIYI YL0L e
0°9 (*9437 «39v7IN ¢ 4407100) IUVSANA
0° SNOTLV2340 TWIJ3A4S MO4 NISN
e Bt S3ASHIAVHL NO 3ISN LINSIOVAIS MOJ LHAOWY VMAX3
T9MLLL 3ISVA LY 35N LINS3IIVAS HO4 LrnOWy VHLX3
0 SENININIIXT ISYA NO HIMod U4 03ISN
o o h*L6€T  SOOIN3Ad ASUIAVHL=NON TV ONINNG LHODANS WIALSAS »0d4 73asm
0 S3SYIAVYL TV ONINNG 1HOMAINS W3ILSAS 047 03SN
rarren *0 0-1812 (9%) 3SY8 IML LV 0ISN S319yaHAJIXI W10L
99y * TeBENG g+922L o (9%) GIZITILN SAIWYONIIXI WIoL
T+865T I5vA 1Y = STITINITISNON
heh622 S3ASYIAVHL 1Y NO = JT4TINITISHOM
. Y A 71 L R (00°T=¥3IdILINW LNINI) ASYE LV = ITATINIIOS
2+s6t (00*TSUIIVHILINW LNANI) SISYIAVYL W NO = DIIJTINTIIS
SeLCLh SHNOHNVIH IATIISLNIHS WVLO0L
ge061 ASYA 1Y = DT ATINITISHNON
2+cor SISHIAVHL TV NO = IT4TIMITISMON
2.1 - 1 Y A, (00°2=y31dILINW INdMI) 3ISVH LY - DTJTINIIOS L
‘8°9L9 (00°2=HIINJILINW LNGNT) SISYIAVYL T1I¥ NO - IISTENTIIS
0LTLY SUNOHNYW LINS3IVHS WLO0L
966° “08n9 TTEVREN9 B T S T ) 03217110 SHNONNYAW W10L -
i 0°+9 (SAVO) LINTWAOTHIN 804 3nIg
ge8g (SAVO) SITLIAILOV 3SYA ¥O4 INIL
- e O ... (SAVO) S3SH3AVML OMTATS W HOJ INTL
6°hh (SAVQ) SISHMIAVHL ONTAOH TV HO3 3WIL
966° *06 969 (SAVQ) IWTLAYLS V104
oILvy INWA 0211 IwH3d aNIWA 03LVINIIVI o TN

*HILNDWOD IHL AR QIWHOAYIH NOILVINITIWI JAOW=-MOISSIW 3IHL SIZIHVWWNS Mn73F HNTLSIT 3HL

T =NOISSIW SIHL ONILNNOD “MO11vI07T SIHL L1V SINIL 40 H3IAWNN
. . L R Gehegegl Hivd ~NOILVYIO0T NOISSIW
*06 =(SAVQ) 3WILAVIS 300W XVA vAL6T =3LYC LYVLS NOTSSIW JUNIWON
€. SSINIWIYIIX3 ONIWHOIYIJ

€ _=1vioL T3A3ITY M3IY) 92 _ Y3IAWNN _NOISSTW 10 Xt NOTSSIW

TU=HTTOC-C0G HIAWAN *0°1 3GOW LY WYN90Md DTATINATIS

¥ 39vd. . - NOILYTINDTIVD HOLVW JAOW=NOISSIW 40 AUVWWNS

7-6

LOCKHEED MISSILES & SPACE COMPANY



LMSC-A847943

Vol. I

K3

(*u0p) 1-L 814

B u
[
1
e e e+ et s e e+ e e+ em oot e e e ~
T o 00641 i . CSANIAINIGXTI ISHIAWHL wWos T T
0 SLNININALXT 3SvE HO4
opgese .. ._noeLy () _Q3ZITLLN SSYW NNp3d padva aveor
0°0GT go3y ST SHIVANIVR UYAS 40 SSYW
] 0°59T an3y °§ . S1INSAOVIS IHVdS 30 SSVW
6°68L1¢C ) "7 INIWJINGI JI4TINITIS MONTA d0 SSVW
ni9* *0h9Lh 6*h0T2C . (ON) 03ZTTIN WNIOHYW SSYW WLO0|
Qoo T T Y O T T (O 3T AdNS s ANV IR0 RA T A ST Lo T
voo* *0£0T o (9%) G3ZITI1N INVIIIHOMS AdT W101
olivy 3NTVA TALLIWY3E™ "7 77 3NVA A3QYINDWYY T e e WY o
i __S¥3LNdWOD 3HL AR G3IWHOINId NOILVINIWD "00W-NOISSIW FHL SIZTMYWHNS MO ONTISIT ML L
T <~NOISSIW SIHL ONILNNOD NOILWIONT SIHL 1V SIATL A0 HIAWNN
e SeheG el WLV ~nOT1v¥IOD NOISSIW )

T T TTTTI0SHTT0CSR0G THIMWAN +QT FQow T T T T T

U7 %06 T =(SAVA) IWITIAVLS 300W XYW T T T
€ SSLIN3IWIUIIXI ONIWHO4YId
£ =7viol T3A3T MIND

R YAL6T 23LYA 1HVLS "'NOTSSTW IYNIWON™

82 _¥3UNNN NOISSIW TO XIW NOISSIW ——
T T T T TRYROOMd OTATINITOS T T

¥ 3ovd NOTANTINDWD HOLYW 300W-NOISSIW 40 AUVHARS

LOCKHEED MISSILES & SPACE COMPANY



LMSC-A847943

Vol. I

(*quoD) 1-1 811

e et e e J0 0 0 . (9M) O3LLIWHID ANVITIdOHd WNWIXYN .
0 0 0 (9%) NIUIAOI LRVHIIH0Hd A4 o
0° 0° 0° (9%) AdY 30 SSYW 1YINY

_ ) 0 0 0 (S/W) 3SINANI IT4133dS )
0° 0° 0° (S/n) AJY 40 QIWINDIN A vi39 ~ T '

L ) ) 0 . 0° o ) 1M0ddNS W31SAS MOJ SIIAYANIAXI sve
0°02GL 0°025L 0°026L (9%) 0ILLIWNId STTIOVANTAXI WANIXVA
2+0£92 6%2€S  L*0BNT {9%) OANINOIW SITGVONIAXF ISHIAVHL
0* a° 0* 11NS39vds

e e s+ o L SO s . EURERE S - S

0° 0* 0° 3SVE 1Y GWINGId SUNOH=NYw DT AT LNMITISNON ™~ o

B S 6°959 29 0°2¢ 111539vdS
L*6hG c€on2 8°s1t i : IAIIISLUTHS
L°L021 Ge0¢ 9°l61 35v0 1V Q3IYINOIY SHNOH-NVAN dI4TLHNITIS

- - T = ﬁ.@: T n.sﬁ : Fl:—d T . : T hmijU(l.ﬁ - T e
C*6L0T 9°292 6*256 INIAISLHING

- . heLeTT 0°¢cL2 2°L66 ASUIAVHL NO SHNOH=NYW IT4ILNIIDISMON )
0°81¢ 8+94 0+21¢ LINSAIVAS

_— . . _B°09  _9°¢ . €906 o L . 3MAmsayms

geaLe he0g 8420t ISUIAVYL NO SHNOHNV¥ JI4TINITIS
. 0°099L 0°0992 0°099L (9%) ALTIIIAVAYD TTIITHIA WNWIXYR
S*GhoR Gr2L€9 6°922¢1 (9%) QININDIAY SSYW 0UHYD V101

_ - L 0°01 0° ~ovor (9%) SINIWTIV 4TI MIVAMIVA 40 SSYW
0° 0° 0* () SANIWIDIYIAIY LINSTOVdS 40 SSVid
0°€61T 0°GhT 0°25h (9%) QIMTADIMN SSyW MUNLIH HLIHVI

e L G 2hB9 61229 649421 (9N) INIWIINOI II4IINIIOG MOMIN 30 SS¥A
0*01 - ctoﬁ, 0°0T €d01S 40 HITWAN

o e ) ‘0c004 T 000t 7 Tocoon T T (SAVQ) ALINIAVAYD 3VITHIA WAWIXVA .
6°02 S*h he6l (SAVO) IWIL NOTSHNDOXI CIWINAIY
i BN 0°000Z - 0°000L  0°000L ‘ (W) ALTIIAVAYD 2IDTHAA WNAWIXVA
0°0STT  * 0°0G¢ 64006 (WYY 39HYYH ASHIAYML

0= 0= 0- ASYIAYHL ONIMNG ASYY 1y m3wd T T T
< < € T3IADT RIND FIDTIHIA

_ z . e 03UINDTYH #3IWD WNNIMIN .
H0-ECHE  HO=EEHZ  HO-CCHE Y3T4I1MAAT_31ITHIA
£0-4  20-¥ 10-Y .. Y3IJTINTOL 3SHIAVML

*YILNAWOD FHL A8 Q3WHOJHId SMOILVINDTVYDI 3ASHUIAVYL 3HL SIZIUYWWANS M073D ONILSIT ML

*06  =(SAYQ) 3WILAVLS 3Q0OW X¥w o V9L6T =31YQ LH¥YLS NOISSIW TYNIWON
€ =SINIWINIAGXI ONIWHOSYId :
€..=wioL CNBAEAI MAND . 82 _HINWAN_NOISSIW YIw NOISSTHW

LY AYM90Mg IT4IINITIS

" 10=HTT0€-£06 d3IGWAN *@°1 300w

. ¢  39vd NOILYINDTVI HOLVW 3QOW=-NOISSIN 40 AHVAWNS

LOCKHEED MISSILES & SPACE COMPANY '



LMSC-A847943

Vol. I

(*quop) 1-2 814

SV e e s e+ cemisemme v s s s s s b imimmeem e ser & ¢ e Smmeiraseeam e s o e b e

*0 0L YNO3 30 0L Q3IYIOISNOD IV 3ISUIAVHL IHL NO QININDGIY SINAVAHIAXI IHL
ONY 0431TIHS ™V SV ONTIIV IIITHIA ONIAOY HO ¢¥3ILTIHS 3ML (SNIVOV (Q3ONYHD 3uY ISIHL *(VLIVO LINANI MI HOHNI NV
S31VOIONI S3TBVON3IdY3 ¥3HLO ANV 40 INIWIHINOIY FHL) SHUNOHNVW LINSIIVAS ¥OF 39 GINOHS ISHIAVML ¥ NO OIyInesd
S378VON3dX3 QILVINIIVI ANV ¢0 SIVND3 JTIIHIA ONIAOY UO ONIATS vV Y03 U31LIWHId SITIVONIIXI NAWIXVW 3pl NIH® == JION

o e Te€81 9+82 hegLT SUNOHNYW LINSIIVdS HOF VHLIX3I
e e e e e e e e O e 2 401G Moy oo e
0158 0*6G2 0°999 AMTTIAYHL HO4
o heChob 2°snt 9*62 A9YINT ANIATHIAXA
L*2G9 T°0hT = L°909 3SN ATIVA NO 03S¥Q 1M0ddNS TTITIHIA
(93) NROMIVIHY 39vSN SITRVANIIX3
T T TTTTTT0R02GLTTTUNC02GLTT 0 URSLT T T (9 AALLIWNSG SIAvONTIX T WANIXYH T T T
2°0£92 6°2¢S Le0BHT S(9%) QININOTY SIIVANIAY3 ISHIAVYYL
- ’ o T e e h0=-€€HhE  hO-CChZ  H0-CChH2 YITATANIAT 3IDTHIA ’
€0-Y4 20=-Y 10=4 UITSTINIAL FSHIAVYY
_—— . o . o e e e . - o1 ovg
NO Q3dIN03Y SASYIAVYL 3IHL ¥OJ SNOILVINIIVI S3NBVQAN3IX3 3JHL 40 SIIVLIIA SIAZIHVAWNS ONTLSTT ONIMOTII04 ML
T T TTTTTTTITR0RTT 2SAVAY SWITAVLS 300W xyw T T T o VAL6T =31YQ LHVLS NOTSSTW TYNTWON
€ =SININIYILXI ONIWHO4Y¥Id :
e & =vA0L RELER R ) 82 Y3UWNN NOISSIW ’ 10 XTw NOTSSTH 3
T0=HTT0C-C0S H38WAN *Q°T 3004 o o ’ i ’ LY HVHOOMA DTJATLINIINS -
7 ] +  Hovd NOIAVINDIIVI HOLVW 3QOW=NOISSIW dJO0 ANVAWNS

7-9

LOCKHEED MISSILES & SPACE COMPANY



LMSC-A847943

Vol. I

_*VAVQ LNJNI 3HL NI HOH¥I NV_SI 3HIHL ¢1ON dI

LVYHL AY Q3Y¥INO3Y SINGVANIAX3 3HL 40 Ty N3HL

(*3u0)) 1-2 "S1a

. HOYy3 | ¥ _*0 YNDH3I QINOHS SITBVANIIXI AddNSIH 40 SSYW FML QMY CWINO3Y
S378VON3dX3 w101 3HL OGNV ¢¥3ILI3IHS ¥V Sy ONILOV IIDTHIA ONIAOHM MO ¢H3ILNIHS 3IHL A8 G3I1TddNS 3dv IT1ITHIA

40 VNOI IIIHIA Vv NO G3LLIWHIH SITWVANIIXI WAWIXYW 3FHL 4T -= 3ILION

0°
0°

“0s

SNOILVINIIVI 1INVII3d0¥d ONV S3IT8vaNIdX3 40 SI1VL3a

*06 =(SAVA) IWILAVLIS 300N Xvw

€ =SINIWIYIAXI ONIWHOINId

€ _=L0L _OT3A3T MM
T0=h1TOE=C0S HIBANN *0°1 300N

S 39vd

82,

0°004h
ol
0°06€
o.

0°9LLY

£e8.01
S*66CT

0°

TotozsL”

8°€h0S

h0~-cEhe

JHL 40 AHVWAWNS 3ATDIHIA AP FVIIH3A ¥ ST ONIMOTN0L IHY

H3dWNKN NOISSIN

T(9M)

(9)) G3¥IND3Y INYTIAMOHd ATddNSIN 40 SSYW
(9%) 0311IWH3d ANYII3dO¥d 40 SSYW WOWIXVA

(9%) QIWINHIY LNVIVIAOHA 40 SSYW Ivi01

(*213 +39VIINn 44407708 ITAYSNNN
SNOILYHILO WIDAJS 404 (3Sn
SHNOHNYW LINS3IDvdS MOd4 vyiX3

) SdOLS HO4

ANTIJAVYHL MOS

A9H3NI (MIVIHIALXT

3SN ATIVO NO O35YT 1M0ddNS ITIIHIA
(9%) NMOOMYIHA IOVYSN SITAVANILXI

Q3YINO3Y SITIAVANIAX3 AddNSIN 40 SSYW
Q3LLIWM3d SITVAYCNIIXI 40 SSVN WAWIXVA
G34TNO3Y S37AVON3HX3 IVL0L

(ON)

H3ITITINIAT ITDIHIA
*T 39vd NO GILHOdIY SISUIAYHL IHL HO3

VRL6T =31Va 1MVIS NOTSSIW TYNIWON

10, XTy HPISSTW
LY WYNGOMA ITATENITHE

NOTLYIANIIYD HOLYW 300W=NOISSIW 40 AYVWWNS . -

7-10

LOCKHEED MISSILES & SPACE COMPANY



LMSC-A847943

Vol. I

q*

0*
o
0°
0°
0°
0*
G*
0*
0°
0*
0°
0°
0*
0*
0°
0°
0°
0*
0°
o*
0°
o°
0°*
0*
0*
0°*
o*

(*3u0)) 1-2 "8I

HOLZT 77T ZORBECTT T 02 TTTUTA08 T T 94902 0T HES T TSI 0028 TTTRN6 T T TN RIE T T T T g WL oL
SL 0°GL 0°Gh £°9 tegq G*R 8¢ Qe 9e6h °c 6L 66°66°6°6
e TS .| 0°00T T O TTTTTOCEST T TRy TR LT T o 218 'S LY A L
9y 0°98¢ geo0ge 6°¢ 2°GT LehT f4G1 21T 0° *9h £€°66°66°6°6
12 0°12 0° L*h h*9g CARRS 0° Ge1 he9e ‘16 2ChHH6°6H
1 0°T : ‘0 0° ne C oot o - 0° T oo ST T IGTH0LOHH
n 0°h 0° 0* 0° 0* 0* 0 0° 1 THh*C0*S0°T*h
¢ ¢ 0° he v 0 0 0 ne i hG H0*G0°0°h
he TS TTTT@ TR T T Tgey TOGTT T pt@ T QR T 00 T T e T T T T 21066066606 -
19 0 o 0-L 12 221 L2 21 2+2 0°11 ‘1 9L 6hHBAR"6"H
011 0 X} 0°0T 0e2e 0°02 0°¢ ¢ 0° 0°02 ne¢ °1 2Uh0 TN 12
ot e g T ael T ges 0- Cpen e Chen o e T ep et pedneznepen
0s1 0061 ) 0* 0 0° ne2e 0° 0° 0 022 Y 01°66°66°6%6
0009 G°00u9 0° 0* 0° 0°07 0* 0° 0° 0°01 °T HI*H0 IO T h )
o R e L TR cgeT el o 2e De 0 ge el s gesnegaegegsim e =
he 0° a 0 He g2 2°S g2 2t 0° [ 1 21'66°66°6°5
nh 0 g 0°1 0°2 0° hey v heh 0° ne °1 Lo*coczac ez
0009 7 0*00097 T T Cge 7T e R (171} G o 0* 00T "7 T T HICHGTOCTH i
4 o*0g 0° 01 G*h 0* 0 o° S h a* 1 20t hntInc e g
8 L°T v*oe 9°1 nege 0°09 0* 0° eege n*99 1 1€ 66°66°6°4
e 0062 T T T 00 T o uew T T 00 T 90 T 02 Tgen ne ne TTUTTTer T ogaszoerptecr T T
d  0°0Gl 0°s T 0°2 he L u*e heL 0* ne A 10°10° TN 1°T
g o¢*ost 0 U 6 0%*22 0 0* 0 n*22 1 01°66°66°6°6 o
g 0° ) 01 0°2 0 |/t 0°* 8 h 0* 0 ‘T 7 uncgntz0cte2
g o0°*0tI o*0t 0+2e 0-22 0y 0 0° 0°2e o*h 'Y FARKTIAR (IR &
H_0°19 ) 0L =2 oL 9°61 62 0°2 hen 9°LT 7 AC AL 6R*H"S
Ord - IIC.Dn ..'It.l!ll.l.o...lll.:cl,l.l a. oo T Oo ..I:Ilﬂ. TmmT—— Qo ST N- - ...l:((....Oo n.vr.v- e oﬂ - - AD-NC.JQ-D-J T T me T e
4  0*he 0 21 0°6 9°87 0°6 91 0° 0°h *¢ 21'6h*H6°6A
93 340 9% 300D (M) SSVAW  (HH=MN)  ISHS nsds~ ~ ISHS nsds ISHS T NSdS N
09NHYD SSVW NHNL3Y  AQUANI (====V10l====) (===35YQ LV==a) (===3ISYIAVYL==) 21743 REQRGLY
3I2IH3A LIN3WdINO2 HL1¥V3  IN3wdIn®3 CININUVU3IY SUNOHMNVN 2 3SwHd  LNIAINAX?D
10-d 3SYIAVHL NO O3AYOAHId IYIM SINIWIYIHYI ONIYOTINS 3L
SINIWIHIAXI ISYIAVHL ONTATS ON IV ININL
*NOISSIW SIHL ¥0d4 SINIWININOIY WyHOOMd JIJTINIIIS IHL SIZIVIWWNS MnT3N ONILSIT L
T ~HOISSIW SIHL SNILNNQD NOTLVI0T SIHL LV S3INIL 40 H3IAWNN
SiheGeCI  HIVd =NOTLVIDT NOISSIW
TOUTTe06 T Z(SAVA) IWTLAVLS 3Q0W XVWTTT T 7T T C o VaL6T =31YA 1HVLS NOTSSIW VNTAON
€ =SSIN3WINAdX3 ONIWHOJYH3Id .
€ =wlot FAAITVMIYD . 8Z  HIUWNN -NOISSIW T0 XIw NNISSTW o -

10=HTT0C-C0S HIANAN =0°1 300w~ TLV WY90Md JTJILINIIOS

9 3H9vd NOILYINITIYY HOILYW 3ITOW-NOISSIW 20 AUWHHAS

7-11

LOCKHEED MISSILES & SPACE COMPANY



LMSC-A847943

(*3uo0)) 1-2 "81a

Tk
T T geees 00009 T TTTTTTTOVGHRTTTT hewBe 6°L2 o*ce gy 2*9 T geg fe9y T ;z SOl ~ -
..... 0°Ge 0% _ . .8 _ __0°ST___ 1*e. S°1 k) S A ZUN he . 0 he9T Lot .. .5E%66°66°6°6
0425 -0 9 0404 he 0°L1 8°02 0°LT ne 0* w02 2 n$*66°66°6°6
0°9y 0° 8 0406 ST h'6 heg g°s h*g 9°¢ 0° g1 £C*66°66°6°6
- ey .0 8 0 Q082 _ 0 0O 0°" 06  0° . 0° __ *6C _ 6S°T0°C0°T°n _ e -
ot 0° d 0 T 0. 0° 0° 0* v 0° 0* °1 1S°H0 LN h*h
0*h 0° 9 0° 0° 0° Qe 0° 0* C 0 0* 1 Theg0°S0*T*h
S°¢e 0% . .8 0 % Lo o0 0 O U R L Lo LT L hSth0°a0°0°h ,
0°0009 0°0009 0° 0° 0° 00T 0° 0* 0° 0°0T °1 HT*H0*T0°T*h
.. 9 300D 9% 3003 (%) SSVW (¥H=MN) ISHS _ NSdS__ "ISHS  NSdS _ ISHS  nSdS_ e
094v) SSVw NYNL3Y  A9U3INI (====TW10lwwe=) (===35VY9 LV-==) (===3SYH3AVYHL=~) J1743Y HIAKWNN
372IH3A ANINGINDZ HL¥Y  IN3WJIND3 Q3ININOIY SHYNOHNVYW 2 ISYHd  INIWINIIX?
’ o e ormm o T 20-3 3ISHIAVHL NO O3WHO4HId IN3IM SINIWIYIAXI ONIMOTTI04 IHL ;
_ i B __*NOISSIW SIHL ¥O0d SINIWININD3Y WyHOOHd 141INIIIS JHL SIZINIWNNS MOIIN ONTLST 3L
T ~NOISSIW SIHL ONILNNOD NOILVIO0T SIHL 1Y SINIL 40 MIGWNM
- - GeheGeCl  HLVA =MOILYIOT MOTSSIW .

*06 "=(SAVU) 3IWILAVLIS 3IAOW XVW
€  =SIN3WIN3dX3 ONIWHO4HId

£ =A0L . T3A3Y MWD _
10-k1T0C-£0S Y3OWAN *Q*1 3004

k. 39V

VeL6T =34YCQ LY¥VLIS MOTSSIW YNIWOM

_82, HIGWNN NOISSIW_ 10 XIi NOTSSTW

LY WnoOMd IT4T (NATHS

NOILYINITIVI HOLVW 3QOW~NOISSIW J0 AUYWWNS

LOCKHEED MISSILES & SPACE COMPANY



LMSC-A847943

Vol. I

e e 4 2

(*juop) 1-1 *Sid

o S°2hy9 JRETLTAS 0°€6TT  B°6HS2  S°019 0°9.6 L°6hS 0°959 8°09 0°BIC SIWVL0L )
0°SL 0° | 0°0¢ 24 o°¢ 9-¢¢ o°¢ g 0° [r2¢ 2 GC*66°66°6°6
0°LS 0 g 0+02t 21 0°1S h°*29 0°15 21 0° 2°19 9 hC*66°66°6°6
i Qtem R O! a ..Q.OVQ.CN c\b.:...|.| .i!.lN.Qn!.il! ..I.TK-NiHl||I. @hdﬂlnlliv.\vﬁ 41..(..0. ﬂ.—\!.)‘,:x:.Q-,!s,.(ll\n’.-.@ﬂ||||.!|:ﬂn.:¢\a.mi.mmimnd.@.l|:w: N -
0°1e 0 g 0° v*g 0°¢e 0°9h 0°¢c2 0* 0* 0°94 *STY 2L 66°66°6°6
o't 0° ) 0° 0 0° 0° 0° 0* 0* 0° 1 1G°h0°L0°h*h
- © oeh G q 0+ T e T S TR P TS0 -9 O SRS
S*¢ [V d ] (R he (1R ne 0* (VI 0°* [thd ‘1 HG*ho*qn(H
0 80 W 0 Qe 9°g LA 9°q h*8 o° nee 2 C1°66°66°6°6
0°19 0T e T T T gy 1°2 3L -1 F-2 ST A 22 nerr ‘1 9C A6 H6°66
0°01Y o° d 0°01 0°22 0°22 | 0°h 0° 0° 0°22 ] 1 2Ieh0°10°1°2
. 061 06l 0° 0* 0 0°hy 0* o° 0 0°hT T a0*e0cT0tEtH
0°¢l 0°¢CT [N 0 T T [/ K1 S 1L | L | ‘001 °T HO*HOTO T
0°2Y 0°2h 0° 0° 0° 0401 0° 0° 0° 0°01 *1 60°h0°T0*1*h
0°0%Y 0°089 0- 0° 0* 0°01 o* 0° n* 0°07 ‘1 VI*HOCTIN T
0°0uLT TTutooeTTT T ot o I N | R 11 S | L N 0° 0°01 T 11°h0°70°1"h
0°0012 0°00T12 0 ue 0° 0407 0* 0° 0° 0°07 ‘1 ZU°H0TOT 0
R 0°0Us2 0°00%2 0° 0* 0° 0°01 G* 0°. 0- 0°01 1 CETThOe TN TN N
0° Td o TR e T e T gt T ogeg T T oge2 T T g o Toe1 T T 2lteeee6ecn T T
0° g  0° q 01 02 0* ey 0° gt o° 0° °1 Lnego ezt
0°Syl & 0°¢C  ___0° 0° 0 o0 0 0 ... 0° 0 1 h3°L0°20°2%h
0°681 © (°¢ 0° U 0 g+ 7o To* 0 ne 1 HAL0°ZN 2% h
0 4 0h2 o T*h 082 6°25 0°82 0°2h 0 0°01 0T 21°66°66°6°6
o° v o0 v 0°002 0012 o0°gT2 0°04T 0°€12 0°0LT 0° n* °1 80°co 2o 12
- O. - m .05.O,QGO.I:.»..:':\IZO.».}iiA - Co AR N Q- T ,4Oocﬂ,,|:{. vCo T Oo :.}Il.D- N .!l..!..C.O.—-.. e -.ﬂ e 3ﬂ-33-d3.a.3| oo
6* g L1 0*0¢ 9°7 0°Ge 0°99 0* 0* 0°ge 9°99 1 1£°66°66°6°6
0* 8 0062 0°00§ 0°00h 0°002 9004 0*002 9°00h 0° 0° *00T _ 20°20°In*z*T
0° 8  0°0s§1 0°s 1° 0°2 heL v*e heL 0° 0* °Y T0°T0°1I0°1°1
OX 3000 9% 300D (9N) SSVA  (dH=MM)  ISHS NSds ISHS nsds ISHS nsds
T 09UYD T T TSSYW T T NHNLIY TTAOUANT T T (—=me W0 eaml) T (emeASYE LV=mn) U (===3SUIAVYL-SY TTTIINGIET T yaauan T e
31IH3A LNININOF HL¥V3I  LN3WdINO3 03YINO3IY SHNOHNUYW 2 3ASyHd  LNINTHILXD
: €0= ISUIAVYHL NO Q3WHOIMIA IVIM SINIWIHIdXI OINIMOII0S 3H]
) *NOISSIW SIHL ¥03 SLNIWIYINOIY WvHOO0Hd ITJIINIIDS FHL SIZTHIWWNS 40737 ONTLSTT TNl i
T =HOISSIW SIHL 9WILNNOD MOILVIOT SIHL LV SINIL 40 HIAWAN
GihiGegTl  HIVA =MOT1VDI0T NOISSIW
’ *06 =(SAVA) 3WILAVLS 3JGOW XYW~ YALeT =3LYO 1HVLS MOTSSIK IWMTIWON
€ =SINIWIYIAXT ONIW0IMIAd
A . € =mwiol TAAIT #FHI e YIUWNH NOISSIW 0 XTIkt MNISSTH

e

TO0-4T1T0C=€0S YIUANN

QeI 3104 LY WVHOOMA DTATINIATIS

g 39vd NOLILYINITIYD HILVW 3Q0OW=NOISSIW 40 AYV“WNS

7-13

LOCKHEED MISSILES & SPACE COMPANY



LMSC-A847943

Vol. I

(*3u0)p) 1-4 *Sig

—— - . - e L L . . .

. i e e e e .. e e e e e . "

e e - et e e+ et e ot e e e e — ,

o o i ’ SINIWTYIX3 ISVA ON Iy IJYIML ’

—— — *NOISSIA SIHL ¥O4 SLNIWIHINOIM WVHOOHd DTATINITIS ML S3ZIV3WWAS_MNI3R OMYASIA AL
T -NOISSIW SIHL ONILNNOD NOTLVIOT SIHL LY SaWTy 40 yIgwnM

) - SheGr Tl HLIVA ~NO11YdNT NOISSTA e

"0 06 7 T2(SAVO) 3IWILAVLS 3IAOW XYW
€  =SININIYIIXI ONIWHOINID
€ _=avioL

10-4,TT0§-E06 H3IHWAN *0°1 30w

6...39vd

MBAIIMAN_ . 8e

VAL6T =3LY0 LYVLIS NOTSSIW TYMIWON

10 XIWw NOISSIW __ . .

YIEWNN, NOISSIH 3 .
LY WYH90NNA DT AT IHATIS

. NOTLYTINITW) HILVW 3A0A=NOISSIW 40 ANYWANS o .. .

7-14

LOCKHEED MISSILES & SPACE COMPANY



LMSC-A847943
Vol. I

7.3.2 The Mayday Message

The Mayday message tells the mission planner that the computer has been instructed
to use an experiment, system, or mode identifier that is not in its data storage.
Under such conditions, the computer is programmed to seek out some other identifier
for the missing experiment, system, or mode so as to terminate the run and insert
the substitute set of input values into any subsequent computations. At the same time,
the computer prints the Mayday message and identifies the mission experiment,

system, or mode.

Usually such trouble is traced to a keypunch error in data input. Such is the case for
the example in Fig. 7-1. The computer has announced itself incapable of finding a
record of experiment 9.9.99.99.92 (see printout page following Mayday message).

It then selected experiment 0.1.03.01.59 and substituted data from this experiment
in the places required for 9.9.99.99.92. This substitute experiment appears in the
R-02 traverse list (page 7-12, Fig. 7-1). A check of the list of experirhents intended
for traverse R-02 revealed that 9.9.99.99.92 should really have been 9.9.99.99. 32,

an experiment that is in the computer data storage.

Mayday messages are simple to diagnose. The important point is that all resulting
calculations are subject to doubt. In this case, the computer insérted data for
experiment 0.1.03.01.59 instead of 9.9.99.99.92 in traverse R-02 and continued
computing. The resulting computation errors in this instance were small. The
solution to this error is to correct the experiment identification on the appropriate

mission input card.
7.3.3 Excessive Cargo Message
The next three comments (page 7-4, Fig. 7-1) say the cargo capability of LRV

2433-04 on traverse R-01 is excessive. These comments are printed out after

successive computation subroutines are completed. An examination of the cargo
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figures on page 7-8 shows that the required cargo exceeds the permitted cargo by
almost 6,000 kg, with the bulk of the excess coming from minor scientific equip-
ment. The breakdown of the vehicle cargo mass (page 7-11) lists two 6,000-kg masses
as required. A check of the experiment layout for this mission revealed that the

6, 000-kg mass required for experiment 4. 1.01.04.14 (see page 7-11) was never
intended to be transported as cargo and that the cargo override had been forgotten.

The solution to this problem is to input a cargo override of 0.0 kg for this experi-

ment on the appropriate computer input card for mission 28.
7.3.4 Decimal Point Errors

Two printout comments (page 7-4 ) indicate excessive cargo on traverse R-03.
Referring to page 7-8 for a clue to the excessive cargo, it can be seen that the Earth-
return mass for traverse R-03 is quite high (1,193 kg) in comparison with the other
traverses. SeVeral'lafge Earth-return masses are noted in the experiment summary
on page 7-13. The largest one (500 kg) is associated with experiment 1.2.0.1.02.02.
The same experiment on traverse R-01 (page 7—11) requires only 5 kg of Earth-return
mass, a discrepancy of two ordersof magnitude between the two entries. Furthermore,
the Phase 2 replicafions show the same discrepancy ratio. Checking the mission in- _
put card for the experiment showéd that the decimal point was omitted in the input of
replications for operation (Phase 2) of the experiment on traverse R-03. When this
happened, the computer adjusted the input number to the far left of the field that

was available for that number (three spaces). So, instead of an input of 1.0, the
computer read 100.0. The solution to the problem is to punch in the decimal point

as required.

7.3.5 Routine Statements

Whenever a mode is used that has a rover and a trailer (but no shelter), the computer
recognizes two possibilities for supporting the crew — the rover alone or the rover-

plus-trailer combination. The performance data on the rover -plus-trailer combina-

tion is input to the computer under the trailer identification number (see paragraph
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10.6 and 10.9). If there is any activity at a central landing point, the computer must
decide which of the two entities is supporting the crew. To overcome this problem,
the computer is programmed to accept the first trailer or rover identifier that it
encounters in the mode input, and use the data from that system for any base-type
calculations, and print out what it has done on the comments page output. It repeats
the written notice during subsequent subroutines as it has done in the example in

Fig. 7-1. No corrective action is required in these cases.
7.3.6 Excessive Earth-Return Mass Statement

Whenever there is insufficient capability in a mode for returning required mass to
Earth, a statement is printed out as shown at the bottom of the comments page of
Fig. 7-1. The example mission requires 1,790 kg; the mode supplies only 50 kg
(see page 7-7). Some of the required mass is attributable to the missing decimal
point discussed in paragraph 7.3.4. An examination of each element of Earth-return

mass shows no other mistakes in information content.

The personnel transportation system (1124-01) of the mode is capable of transportating
six men, but is being used at a three-man level; this allows an additional 426 kg of
Earth-return capability. Furthermore, the available mass margin of that system can
be traded off for an additional 310 kg of Earth-return capability. Thus, the maximum
Earth-return mass can be as high as 786 kg (310+426+50).

These augmentations are not usually input with the mode data, since other mode usage
may not require the maximum Earth-return capability. In any event, the required
Earth-return payload for this example exceeds capability, and experiment redefini-

tion or system redesign is in order.
7.3.7 Other Messages

If the mode staytime is exceeded, or more expendables are required, messages are
printed in the comments section. In any case, it is advisable to check into every

comment printed.
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7.3.8 Second Iteration

All the foregoing changes in input were made t;) the sample mission-mode comparison.
The comparison was rerun and the resulting computer printout is presented in

Fig. 7-2. All problem messages, except Earth-return mass, have disappeared.

The correction of mission input has reduced the amount of required Earth-return
mass to 1,295 kg. The possible'augmentation (paragraph 7.3.6) permits a total of
786 kg. Thus, the actual ratio is 1,295/786 = 1.65. However, because the accuracy
of the Earth-return requirement given with the experiments was questionable, no

further input changes were undertaken.
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Chapter 8
EXPLORATION PROGRAM GENERATION

KX

A candidate lunar exploration program results from scheduling a specific set of mission-
mode combinations. Each such scheduled set exhibits unique values for various param-
eters. These parameters include total cost, annual costs, launch rate, and equipment
start dates. In the MIMOSA analysis procedure, the planner establishes a tentative
mission schedule, and the MIMOSA computer program adjusts that schedule to fit

given launch rates and calculates the resulting values for the various lunar program
parameters. This chapter discusses the two special aspects of lunar program genera-

tion — mission scheduling and computer usage.
8.1 MISSION SCHEDU LING

In lunar program generation, the program planner establishes the schedule of missions
by specifying the particular 6-mo time period of each mission start. The mission
start date is input with the original mission data, but this date can be altered easily on

any subsequent computer run.

Generally, study ground rules will dictate the mission start dates for any particular
program. Most often, these rules involve financial constraints imposed in the form
of launch-rate limits and maximum funding levels. Sometimes specific dates are
dictated for new R&D, or a requirement is established as to the timing for introduction
of new hardware. Integration with current or projected NASA plans will also affect

scheduling.
8.2 COMPUTER USAGE

The MIMOSA computer program performs nearly all the cost and funding calculations

for a candidate lunar program. If the data for all missions and modes are input
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properly (paragraph 5.4 and 6.3), only four types of control cards are needed to
initiate the costing routine. Parégraph 10. 10 presents detailed instructions for

preparing these cards.

A first card is required for each c'andidate program. This card identifies the pro-
gram (i.e., titles the printout), establishes the maximum Saturn launch rate before
funds must be expended to improve facilities, and sets "flags" for the computer as
to whether certain cost calculation options are desired. There are three permitted
options: to consider emergency modes (paragraph 6.6), to procure backup or spare

equipment (item 33, Table 4-2), and to exceed a predetermined Saturn launch rate.
A second type of card is required to input the necessary Saturn launch-rate limit.

The third type of card inputs the mission-mode combinations to be costed. The com-
binations can be input in any order except where the start of one mission depends on
completion of another mission. Space is provided with each input to override any

start date previously given for a mission.

The fourth set of cards inputs the cost for facility launch-rate improvements. The

effects of up to ten incremental step-ups in launch rate may be costed.

Figure 8-1 displays a portion of the computer printout for an example exploration
program. This program performs a scientific effort of about 54,000 scientific man-
hours. The program has three major steps in its post-Apollo equipment evolution.
The first step involves use of a LM shelter and a personnel taxi for 14-day missions.
The second step, beginning in 1976, calls for a Saturn uprating to 125 percent of
present payload for three-man LOR delivery, a cryogenic logistics vehicle for direct
cargo delivery, and use of a three-man rover and trailer. The third step, beginning
in 1981, involves a 175 percent Saturn for eventual six-man direct delivery. Mission

28 is the same example mission described in paragraphs 5.3 and 7.3.

8-2
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The cost printout has five major parts: a comments page, a breakdown of costs by
equipment item and by mode, a schedule and funding summary given by 6-mo incre-
ments, a funding summary by fiscal year, a launch rate distribution table, and a
usage and funding summary for each item of equipment. The computer provides
almost 50 pages of printout; only 7 sample pages are shown in the figure. The re-
mainder consists of cost and procurement histories of each mode and system used

in the program in a format similar to Page 8-1, Fig. 8-1.
The annual funding summary shows a peak post-Apollo funding requirement of over
$2.3 billion in FY 1980. This peak, which could be smoothed by adjustment of

mission start dates, is caused by combined costs for nonrecurring R&D and recurring

equipment procurement at the time of the second Saturn uprating.
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Chapter 9
" PROGRAM DATA SUMMARY

In the MIMOSA analysis procedure, a lunar exploration planning question is answered
by studying one or more associated candidate lunar programs. To do this efficiently
requires means of collecting and displaying the pertinent calculated data. This
chapter suggests a standard format for data display in the form of an Exploration

Program Summary.

The experience gained from the MIMOSA contract study resulted in a special summary
format for presenting program data considered of greatest value to planners. A
sample of this format is given in Appendix A. The format consists of the following

seven parts:

® General Description — gives a brief description of the exploration

program and defines the assumptions and guidelines used for program
generation

® Scientific Program Description — gives a general verbal explanation of

the science program objectives

® Lunar Surface Exploration Pattern — displays locales and paths for a

program on a lunar map

® Cost and Schedule Summary — summarizes the major program cost and

schedule data. The Saturn launch rate appears above a bar chart showing
the timing of the major steps in the equipment evolution. Numbers inside
each bar indicate the number of missions performed each year. In the
middle of the summary is a graphical display of nonrecurring and total
costs by fiscal year. A table at the bottom shows the breakdown of the
required annual funding.

® Post-Apollo Mission Summary — identifies and tabulates data on each

mission in the program. The mission summary lists mission dates, -
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mission locations, mode used, number of launches, staytime, total and
scientific manhours, total cargo and scientific mass, mass reserve,
and total traverse range. Total cargo mass refers to the total useful
landed mass (mission equipment + scientific equipment). The mass
reserve represents the unused mass delivery potential of the mode

(i. e., landed payload capability less total cargo) and indicates the
"overkill" of the mission by mode. Large values occur in the example
in Appendix A because a fixed scientific program size was established
before any missions and modes were matched. The resulting missions
did not fully tax the mode capabilities. In practice, the scientific re-
quirements would be tailored to produce more efficient usage of the
mode capability. The traverse range given in the mission summary

is the actual distance traveled in the performance of the mission, and
this often exceeds scientific requirements

Equipment Usage and Cost Summary — records the major items of ex-

ploration equipment used in a program, details the quantities procured, '
and displays the resulting cost breakdown for each item. The identifi-
cation numbers given for individual exploration'equipment allow easy
reference to the MIMOSA Data Book for detailed descriptions and per-
formance data

Scientific Program Operation Summary — displays cumulative scientific

manhours and mass for a program and relates these to cumulative cost

as a function of calendar time
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. Chapter 10
MIMOSA COMPUTER PROGRAM INPUT INSTRUCTIONS

The MIMOSA Program will require the routine handling of large amounts of technical
and resource data. A computer program has been devised to assist the data organizing
task and to perferm certain calculations. Both of these tasks would require many

manhours of tedious labor if done by hand.

A computer performs only the instructions it is given and acts only on the data it is
presented. ‘The purpose of this chapter is to present the steps that must be followed

to provide the computer with the proper data and instructions.
10.1 GENERAL COMPUTER INFORMATION

The MIMOSA computer program has been written in FORTRAN IV for the Univac 1107
and is compatible with the faster Univac 1108. The program consists of three major

routines as shown in Table 10-1.

The logic instructions to run the program are stored on reels of magnetic tape. The
instructions for the first and third routines are written on one reel. The Mission/Mode
Comparison Routine is written on another reel. A list of all the instructions on these
tapes is held by NASA/MSFC. Flow diagrams of the program logic for routines 2

and 3, are presented as separate Appendixes (K and L) to this volume.

All input data used by the three routines are stored on two additional reels of magnetic
tape. The input data for a given lunar exploration program are grouped into six cate-

gories on the two tapes in the order shown in Table 10-2.

10-1

LOCKHEED MISSILES & SPACE COMPANY



Table 10-1

LMSC-A847943
Vol. I

MIMOSA COMPUTER PROGRAM ROUTINES

Agﬁ:ﬁ:k Estimated Run Time .
Routine .
Functions Number of (min)
No. Name Instruction 1107 1108
Cards
Generates memory
tapes from card
inputs 15 min to | 3 min to
Input and perform perform
1 Update Updates tapes 7,000 any any
Copies all or part function function
of any data record
Compares mode
capabilities with
Mission/ mission require- 12 min 2-1/2 min
2 Mode 9. 000 for ~ 30 for ~ 30
Comparison ments (~45 tests) ) com- com-
Indicates possible parisons parisons
problems in match-
ing mode to mission
Establishes lunar
program schedule
Determines systems
q ‘octed 12 min 2-1/2 min
5 | Integration used vs. projec 8 000 for ~ 30 | for ~ 30
and Cost time ’ mission mission
Calculates non- programs | programs
recurring and
recurring costs vs.
projected time
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Table 10-2
DATA FILES USED BY MIMOSA COMPUTER PROGRAM

Max. No. of
Reel File Order Entries Per
File
Mission/Mode Missions 50
Tape Exploration Concept Modes 100
Emergency Modes 25
System/Experiment Systems ‘ 200
T
ape Subsystem State-of-the-Art Advances 50
Experiments 500

A new Mission/Mode Tape is normally generated for each different lunar exploration
program investigated because of the limited number of missions permitted on a tape.
However, a common System/Experiment Tape can usually be maintained for all

programs.
10.1.1 Man/Computer Interface

Figure 10-1 presents the man/computer interface associated with the MIMOSA com-
puter program. The program planner must perform the following three principal

tasks:

® Select the magnetic tapes to be used
® Prepare control cards (for program control)

® Prepare data cards

The computer assigns tape and drum units based on instructions in the control cards.
It then reads in the appropriate program tape and initiates the Complex Utility Routine

(CUR) built into the computer by Univac.
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As shown in Fig. 10-1, the computer program is written so that the Integration and
Cost routine may be used back-to-back with the Input and Update Routine. Any other

combination of routines requires. submittal of separate sets of control cards.
10.1.2 Tape Handling Philosophy

All computer instructions and input data required by the MIMOSA computer program
are stored on reels of magnetic tape. Figure 10-1 lists the total assembly of tapes
that may be utilized by the computer. Only Tapes 3, 4, and 5 (Latest Mission/Mode,
Latest System/Txperiment, and Program CUR) are required for operation of the

Mission/Mode Comparison and the Integration and Cost Routines.

Tapes 1 or 2 (Old Mission/Mode or Old System/Experiment tapes) are needed only

if any part of the data on one of these tapes is to be transferred to another tape.

This occurs when updating or copying all or part of a data file. For example, if it

is desired to update a mission contained on an existing Mission/Mode Tape, the
existing tape becomes the Old Mission/Mode Tape. All mission and mode data con-
tained on the Old Mission/Mode Tape are read into the computer, the revision is made,
and the updated files are written onto the Latest Mission/Mode Tape. The planner
ends up with two tape reels of mission/mode data. The old tape can be a backup to

the latest tape, or the old tape can be reused if a mistake occurs in the updating

operation.

The List Tape (tape 6) is used to store the computer output for subsequent printout.
The Univac 1108 uses on-line printers so that a list tape is only needed if more than
one copy of the output is desired. '

10.1.3 Sequence Numbers

Another key concept in the operation of the MIMOSA program is the use of sequence

numbers. Sequence numbers are punched into columns 77— 80 of nearly every input
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data card.* The computer program requires sequence numbers for the following

reasons:

(1) The Univac 1107/1108 cannot read any card properly unless it knows
in advance the format in which every item is written on that card. It must
know whether it is going to read letters or numbers and, if numbers,
whether they are in decimal or exponential form. Sequence numbers pro-
vide a reference for the computer and allow the computer program to
determine the proper format for each control card or data card.

(2) The data files for modes, emergency modes, systems, subsystem state-
of-the-art (SOTA) advances, and experiments are fixed in length. This
means that the precise location on tape or drum storage is known for every
possible bit of data allowed in each of these files. Sequence numbers are

used to assure that each data bit is placed in its proper location.

The sequence number on an input card takes the form:

ABCD
where A = data category number (i.e., 2 = control, 3 = mission, 4 = mode,
5 = system, 6 = subsystem SOTA advance, 7 = emergency mode)
BC = subfile number ‘
D = number to indicate location of the data on the input card in relation

to the rest of the data for the subfile

A subfile is a set of related information in a data file. For example, in the system
file, separate subfiles are maintained such as general data, nonrecurring R&D cost,
nonrecurring cost of facilities, recurring procurement cost, recurring operations

costs, expendables usage, and manhours usage.

*Some cards for the mission data file are excepted; SKIP and LAST cards are used
instead. (See paragraph 10.1.4.) Cards for the experiment data file are excepted
because only two cards are input for each experiment.
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D numbers run consecutively up to the last card for the subfile. For the last card,
an "L" is punched instead of a number. This special signal alerts the computer of
subfile completion. It should be emphasized that sequence numbers require special
attention. Mistakes in sequencing cause the computer to lose its way. If a mistake
is encounfered, the computer has been programmed to print a diagnostic message -
and to skip to the next meaningful set of cards; if this is not possible, abort of the

computer run follows immediately.
10.1.4 SKIP, LAST, and STOP Cards

Other special sequence cards are required for the proper assimilation of data by the
computer. These cards have only the letters SKIP, LAST, or STOP, punched in

columns 77— 80.

SKIP and LAST cards have a major influence on mission data input. A mission data
file is variable in length. This means that each element of data is packed on the
computer memory tape or drum with no gaps. Because some missions are small
and others large, the precise address of any particular bit of data is unknown.

The computer, therefore, needs a guide to help it find the limits of any mission

subfile; the SKIP card is used for this purpose.

The data for any mission is arranged in the following order (see also paragraph
10.5. 1):

(1) General mission data (one card — fixed amount of data)

(2 Expei‘iments to be performed at base (one card per experiment)

(3) General data for first traverse (one card — fixed amount of data)

(4) Experiments to be performed on first traverse (one card per experiment)
(5) General data for second traverse (one card — fixed amount of data)

(6) Experiments to be performed on second traverse (one card per experiment).

The sequence can continue for up to 24 fraverses.
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Obviously, the computer must be told when the subfile on a new traverse is being
started. The SKIP card alerts the computer that '"data on a new traverse follows."

It must precede each general data card for a new traverse.

The LAST card signals the computer that data input on each mission has been

completed and to prepare for data on a new mission. LAST cards also signal the
end of data input for each mode, emergency mode, system, and subsystem SOTA
advance (Note: experiments are excepted since each has a fixed number of input

cards).

A STOP card signals the computer that data input has ended for each input category.
Thus, a STOP card is used (in place of the LAST card) when data on the final mission,
mode, system, etc., in the file is input. The STOP card has the same message for
every file (including experiments). In addition, STOP cards are placed at the end of
the set of control cards for the Mission/Mode Comparison Routine and the Integration

and Cost Routine.

Any combination of two or more SKIP, LAST, and STOP cards back-to-back will
abort a computer run. These cards, along with the sequence numbers on the data
cards, guide the computer through the input data, and, incidently, serve as important

aids in rapidly stacking cards for computer input.
10.2 STACKING CARDS FOR COMPUTER RUNS

For any single run, only one of the following computer routine combinations may be

employed:

Input and Update Routine only
Mission/Mode Comparison Routine only

Integration and Cost Routine only

Input and Update Routine followed by Integration and Cost Routine-

Separate runs must be made to obtain other combinations.

10-8

LOCKHEED MISSILES & SPACE COMPANY



, LMSC-A847943
A Vol. 1

The Input and Update Routine operates on the Mission/Mode data tape and the
System/Experiment data tape. The routine can only do one of two things to Egé_h
tape on any single run: generate a new tape from cards, or revise an existing tape.
Hence, if any one of the three data files on either tape is to be generated from cards;

all three data files must be generated from cards.

Figures 10-2 through 10-5 display the card stacking required for each of the above
computer routine combinations. Note that card stacking can be done on a building-
block concept. The procedure for stacking each block of cards can be found in the

subsections indicated.
10.3 GENERAL INPUT INSTRUCTIONS

At the beginning of a computer run with the Univac 1107/1108, cards are required

that perform three functions:

® Ensure proper cost accounting for use of the computer
® Establish that tapes are properly assigned

® Begin the program

Table 10-3 presents the cards required by Lockheed Computer Operations. Similar
cards will probably be required by other organizations operating this program.

Cards 5 through 12 should be standard on all machines.
10.3.1 Tape Assignment

Because all data and instructions for the MIMOSA Program are on tape, it is essential
that there be proper identification of tape usage. For Lockheed submittals, three

cards (No. 1, 5, and 11 in Table 10-3) are devoted to tape assignment.

Possible confusion on tape usage occurs because the three principal tape handlers
(the tape library, the computer itself, and the computer operator) identify tapes by
different methods:

e The libraries at most computer centers store tapes according to a specific

inhouse numbering system. Each reel of tape has its own number.
10-9
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Table 10-3
GENERAL INPUT INSTRUCTION CARDS
Numb N Card Punch (Column) Funct
umber ame - i
123 [«]5]6]7 [8 o [10]11 (22 cton
. Operations Standard form request for computer run
Request (Lockheed only)
2 Run Card See Note A Establishes max computer run time allowed
and max number of output pages
(Lockheed only)
Sets up machine to write Fortran output ,
3 g:;?;ts?ape Z D|S T.] P| R on magnetic tape. (This card used only ;
when output tape is desired.) ’
4 LID Card Lockheed Identification Card Standard LMSC cost accounting card
. Tape setup assignment, and check to
Tape
5 Asgignment g (B¢ |H A IS |G ensure proper tape use. See Section 10.1.2
for additional instructions.
6 Execute CUR ; L XtQ|T C U [R Initiates Complex Utility Routine in
machine.
CUR Tape
7 |Read-in ' I IN D Reads in MIMOSA CUR tape
8 Tape Rewind T IR |1 D Rewinds and interlocks CUR tape
] Sets up printout of subroutines on the
9 Table of T |6 |C i i th
Contents CUR tape which gives the date that sub-
routine became effective.
Initiates start of Input and Update Routine
n or Integration and Cost Routine (used
10a |Subroutine 7 X l@]|T M1 |M|pls {a er (
Execution 8 onlyif one or both of these routines are
desired).
Initiates start of Mission-Mode. Com-
Subroutine 7 i Routi : .
10b Execution 8 X T M INIPIRI|D |G parison Routine (used only if this
Routine is desired).
i Control L Establishes for the program which tapes
Card 1-01 are to be used and purpose of each tape.
" Control Se6 Tablo 10-6 Establishes for program logic which
Card 1-02 : MIMOSA ROUTINE is desired.

NOTE A: The first fourteen columns of this card are punched standard by Lockheed Computer Operators.
The following is punched beginning in Column 15:

, XXX  YYY
where
XXX = run time in minutes (e.g., 005, 010)
YYY = max page count (e.g., 050, 100, 400)

For most computer submittals, XXX = 005 and YYY = 400 will suffice.
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® The Univac 1107 and 1108 identify tapes being used on any given run with a
two-digit numbering system. For example, a tape 16 must be read, a tape
17 is needed for additional data, a tape 25 must be written on, etc.

® The computer operator handles tapes only by letter (tapes A, B, C, etc.).

Fortunétely, Univac has established an equivalence between the letters used by the
computer operator and the two-digit numbers internal to the machine. Table 10-4

shows the letter and number designations that apply to the MIMOSA tapes.

Table 10-4
MIMOSA TAPE ASSIGNMENTS
Letter Code Equivalent
Tape Name Assigned Tape Unit No.
Old Mission/Mode Tape B 16
Old System/Experiment Tape C 17
Latest Mission/Mode Tape E 25
Latest System/Experiment Tape F 26
Program CUR Tape D 18

It is necessary to ensure that the proper reel of tape coming from the library is
assigned the right letter code by the operator. For example, a reel of tape containing
mission and mode data must be assigned as either B or E. At Lockheed the letter
code to be assigned to each tape requested from the library for a given run is desig-
nated on the Operation Request Card (card 1, Table 10-3). The same designa-

tion is punched into the Tape Assignment Card (card 5, Table 10-3). If the assign-

ments on the two cards do not agree, the computer operator aborts the run.

Beginning in Column 15 of the Tape Assignment Card, the tapes to be used are assigned

letter codes in the following format:
Column 15

B = XXXX, C = YYYY, E = ZZZ, etc.
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with no spaces permitted. The letters XXXX, YYYY, etc., represent the numbers
given the tape reels by the library. If it is not desired to use an Old Mission/Mode

Tape or an Old System/Experiment Tape, they are not mentioned on this card.

It is also necessary on another card to tell the computer which Mission/Mode and
System/Experiment tapes it will be operating on. This is done with Control Card
1-01 (card 11, Table 10-3). Table 10-5 gives the required punch inputs for this card

depending on the tapes desired.

Table 10-5
INSTRUCTIONS FOR FILLING OUT CONTROL CARD 1-01

If it is desired
to use any of
these tapes —

Old Latest Old Latest
Mission/Mode | Mission/Mode | System/Exper. | System/Exper.

Punch these

corresponding

numbers - 16 25 17 26
Into these

columns - 1, 2 3, 4 5, 6 7, 8

For example, the Mission/Mode Comparison Routine uses only the Latest Mission/
Mode and Latest System/Experiment tapes. Control Card 1-01 for this routine

would be punched as follows:

Column 1 2 3 4 5 6 7 8

Punch 2 5 2 6
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10.3.2 Selection of Routine

Control Card 1-02 instructs the machine to call in the MIMOSA program routine
that is desired. As discussed in subsection 10.2, only four possibilities are per-

mitted for any one run. These are shown in Table 10-6.

Table 10-6
INSTRUCTIONS FOR FILLING OUT CONTROL CARD 1-02

Required Input on Control Card 1-02 (Column)

Computer Routine Desired
123456789 10 11 12 13 14 15 16 17 18 19

Input and Update UPDATE

Mission/Mode Comparison C@MP A R

Integration and Cost I NTE G
Input and Update followed UPDATE | INTE G

by Integration and Cost

10.4 INPUT AND UPDATE CONTROL CARD

The Input and Update Routine of the MIMOSA Program is used to input and revise
the great amount of technical data used by the other two computer routines. Seven

options are available. These are summarized in Table 10-7.

A Control Card 2-01 is used to specify the options to be performed by the computer.
Table 10-8 gives the instructions for filling out this card. Three key rules must be
followed:

1. If one of the options is required for one data file (see Table 10-2) on a
data tape, that option or some other option must be specified for the other
two files on that tape. For example, if it is desired to UPDATE Systems
only, then the Copy option must be used for Subsystem SOTA Advances and

for Experiments.
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Table 10-7

OPTIONS FOR INPUT AND UPDATE ROUTINE

Name Code Name Purpose

Generate GENER Generate a data file on tape from card input

Update UPDATE Update or modify a data file from card input

Delete DELETE Remove a set of data records from an existing data file

Insert INSERT Insert (i.e., add) a new set of data records to an
existing file

Copy COPY Copy a complete data file on a category from an Old
tape onto a Lates tape without modification or change

‘ of order.

Copsel COPSEL Copy a selected subset of data records from an Old
tape onto a Latest tape without modification, but in
any desired order, to form a new data file.

List LIST Obtain a printout of the contents of the Old Data file
for any category

Table 10-8
INSTRUCTIONS FOR FILLING OUT CONTROL CARD 2-01
Begin Update If Print of Tape
. Option Code File Before Update
Tape File Name (Table 10-7) is Desired, Write
in Column .. ' LIST in Columns ...
Mission/Mode | Missions 1 43—46
Modes 7 47-50
Emergency Modes 13 51— 54
System/ Systems 25 59—-62
Experiment Subsystem 31 63—66
Experiments 37 67—170

IMPORTANT: Be sure to input sequence number "201L" in Columns 77—80.,
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2, If the generate option (code name GENER) is used for one file on a data
tape, the generate option must be used for all three files on that
tape. This means that the Old tapes (Tapes 1 and 2 in Fig. 10-1) are
not used, and that the Latest tapes (Tapes 3 and/or 4) are generated
directly from cards. ‘ ‘

3. If it is desired to LIST the file that exiSts for one of the filés on the Old
tape, then one of the other options (except GENER) must be exercised for
all the files on that tape. The most common option is td COPY the files

from the Old tape on to a Latest tape.
10.5 MISSION-MODE TAPE GENERATION

The Mission/Mode Tape contains three data files: missions, modes, and emergency
modes. To generate one of these data files from cards requires generation of all

three data files. Figure 10-6 shows how the cards are stacked.
10.5.1 Mission Input

Table 10-9 summarizes the input cards that must be filled out for each mission used
in the computer program. Figure 10-7 shows how these cards would be stacked for

three example missions.

The following five important rules must be observed in setting up the cards:

e If there are no base experiments on the mission, 3-02 control cards should
be omitted.

® A SKIP card must precede every 3-03 card.

® At least one 3-04 card must follow each 3-03 card.

® A LAST card must follow the final data card for each mission except the
last mission. A STOP card must follow the data on the last mission. If the
mission is to have no experiments, the LAST or STOP card may follow the
3-01 card.

@ The experiments intended for a particular traverse must follow the 3-03

card for that traverse.

10-19

LOCKHEED MISSILES & SPACE COMPANY



LMSC-A847943

Vol. I

ode], 9pON-UOISSIJA JO UOI}BISUSY) — O€)S pae) aandwo) 9-01 “S1g

0
1°G°01 HAVIOVIVd) l
LNdNI NOISSIW 0
00 114
— \ S V1vVa NOISSIW
8 88 rV
Z°S°0l HAVYOVIVd) il ¢ o
LNdNT 3GOW \_dO1Ls

3114 V1vVa 3AOW

—#

s’

Y Q =

N\ =
(€°5°01 HAVIOVYIVd) {
1NdNI 3GOW 0 0 (_ 4OLS
AJN3IOYIW3 :
. I114 Viva
. IQOW >uzmo~_m<<mu
LN =

\ dOlS

10-20

LOCKHEED MISSILES & SPACE COMPANY



LMSC-A847943

Vol. I

S[1] ®B)E( UOISSTIIA JO UOTIBISUSL) — 3OBIS pae) xomdwo)d -0 “Sig

110€ | NOISSIw

SISYIAVEL OML SN1d SINIWI¥3dX3
35V4 ¥O4 SINIWINIXA 35va 304 SAYVD 20-€
~NOISSIW {$¥13 '
Lr—

|

180¢ 10-4 3S¥IAVAL [

10-4 ISYIAVEL NO SINIWI
-33dX3 YO4 SQIVD ¥0-€

1
T~

T

4Is

- T - T 1£0¢ 10-3 3S¥IAVIL _
, 10-¥ IS¥IAVEL NO SINIWI _
-¥3dX3 ¥O4 SA¥VD ¥0-¢€
AINO T
3§v8 YOI SINIWINIJXI T
~NOISSIN ANOD3IS = -
15V1 _‘
- - 1106 Z NOISSIW
SINIWINIAX3
I5v4 YO4 SQUVD 20-¢€
I 2
AINO 3ISHIAVEL —

NO SINIWI¥3dX3
~ NOISSIW QAIHL 1sv1 _

110g € NOISSIW

dINs

10-¥ ISUIAVIL

10-¥ ISYIAVYL NO SINIWI —

-33dX3 ¥O4 SQ¥VOI ¥0-€

10-21

LOCKHEED MISSILES & SPACE COMPANY



LMSC-A847943

Vol. I
Table 10-9
MISSION INPUT CARDS
Card . Sequence No.
ID Card Name Mg:;réxsum (Columns) Comments
No. 77]78]79] 80
3-01 Mission Input — 1 310 |1 |L Use one card per mission.
General
3-02 Mission Input — 100 * Use one card per base
Base Experiments experiment; 100 experi~
ments permitted. Omit
cards if no base experi-
ments are desired.
3-03 Mission Input — 24 3(0 |3 [L Use one card per traverse.
Traverse Data Input flying traverses
first. This card must
always be preceded by a
card with SKIP written in
columns 77-80
3-04 Mission Input — 50 * At least one card, but no
Traverse more than 50 cards, must
Experiment follow each 3-03 card.
*Sequence number is not needed.
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Examination of the instructions for the 3-2 and 3-04 cards shows much commonality
between the two required inputs. If care is taken, the same card can be prepared

for an experiment whether that experiment is used at base or on a traverse.

Appendix B presents the detailed instructions for filling out each mission input card.
This appendix was written by a computer reading punched cards. This computer-

generated documentation will be relatively easy to maintain and to keep up-to-date.
10.5.2 Mode Input

Table 10-10 summarizes the input cards that must be filled out for each exploration
concept mode used in the MIMOSA program. All cards must be input in the order
shown. With the exception of Card No. 4-20, at least one of each card type must be
filled out for every mode. Card 4-20 may be omitted if an emergency mode identifi-

cation is not desired.

Instructions for filling out each card type are given in Appendix C. A LAST card
(see paragraph 10.1.4) must be placed at the end of the set of cards for each mode

except the last mode. A STOP card is placed at the end of the last mode to be input.
10.5.3 Emergency Mode Input

The use of the emergency mode concept is an optional feature of the MIMOSA
Program. This concept allows a crew rescue emergency mode and a logistic
emergency mode to be identified (see Card No. 4-20) for each exploration concept
mode. When each exploration concept mode is used the first time in a lunar program,
the equipment association with each of its emergency modes is procured once. The
purpose of the emergency-mode input is to give the required costs and to identify

those systems that must be procured.
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Card Card Name Maximum Sequence No. (Columns)
ID No, Cards 771 78 | 79 80
4-01 Mode Input — General 1 4 0 1 L
4-02 Mode Input — Operations 1 4 0 2 L
4-03 Mode Nonrecurring R&D Cost Curve 3 4 0 3 *
4-04 Mode Cost of Facilities Curve 3 4 0 4 *
4-05 Mode Recurring Hardware Cost Curve 3 4 0 5 *
4-06 Mode Operations Support Cost Curve 3 4 0 6 *
4 -07 Mode Input — Launch Identification 8 4 0 7 *
4-10 Mode Input — Systems on Each Launch 120 4 1 ** *
4-20 Mode Input — Emergency Modes 1 4 2 0 L

*Column 80 = 1, 2,

... L, depending on number of cards needed.
is always used on the last card of a series.)

**Column 79 on Card No. 4-10 is the launch identification number.

(The letter "L"

Table 10-11 summarizes the input cards that must be filled out for each emergency

mode. All cards must be input in the order shown.

Appendix D gives instructions for filling out each card type. A LAST card must be

placed at the end of the set of cards for each emergency mode except the last mode.

A STOP card is placed at the end of all emergency modes to be input.

Emergency modes may be ignored in the cost of any lunar exploration program by

proper input of one of the control cards (see paragraph 10.10, Card No. 2-21) of the

LOCKHEED MISSILES & SPACE COMPANY
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Integrating and Cost Routine. If it is desired to ignore emergency modes, the
following should be done:
(1) Input a card with:
e DUMMY in columns 1—5
® 701L in columns 77 — 80
(2) Place a STOP card behind the dummy card to signal the end of

emergency mode input.

Table 10-11

EMERGENCY MODE INPUT CARDS

Card Card Name Maximum | Sequence No. (Columns)
ID No. Cards 77 781 79 80
7-01 Emergency Mode Input — General 1 7 0 1 L
7-03 .| Emergency Mode Nonrecurring R&D 3 7 0 3 *

Cost Curve

7-04 Emergency Mode Cost of Facilities 3 7 0 4 *
Curve
7-05 Emergency Mode Recurring Hardware 3 7 0 5 *

Cost Curve

7-06 Emergency Mode Operations Support 3 7 0 6 *

Cost Curve

7-11 Emergency Mode Input — Systems 15 7 1 1 *
Procured
*1, 2, ... L, depending on number of cards needed. (The letter "L" is always used

on the last card of a series.)

10-25

LOCKHEED MISSILES & SPACE COMPANY




LMSC-A847943
Vol. 1

10.6 SYSTEM/EXPERIMENT TAPE GENERATION

The System/Experiment Tape contains three data files: system, subsystem state-of-
the-art advances*, and experiments. To generate one of these data files from cards
requires generation of all three data files. Figure 10-8 shows how the cards are
stacked.

10.6.1 System Input

The data on exploration equipment (i.e., systems) used for lunar programs are
placed first on the System/Experiment Tape. Table 10-12 summarizes the input
cards required for each system. Ten of the 16 card types listed are required input
for all systems. For certain groups of systems, one or two additional cards must
be input. For example, the input for a lunar flying vehicle (LFV) requires cards
5-01 through 5-10 plus 5-13 and 5-14.

Instructions for filling out each card type are given in Appendix E. A LAST card
must be placed at the end of the set of cards for each system except the last system.

A STOP card is placed at the end of all systems to be input.

Three points require special attention:

(1) Certain system identification numbers trigger subroutines in the computer

program. The following identifiers must be used:

11XX-XX = Transportation systems
121X-XX = Non-Saturn launch vehicles
1213-XX = Saturn IB launch vehicle

= Saturn V launch vehicle

122X-XX

*SOTA advances refer to large development programs required to advance technology
to ensure the feasibility of a particular subsystem. For the Data Book, they may be
treated in the same manner as systems.
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123X-XX thru 127X-XX = Saturn V upratings
222X-XX = Manned orbiters ‘
232X-XX = Personnel shelters
24XX-XX = Roving vehicle of any type
243X-XX = Roving vehicle trailer
25XX-XX = Flying vehicle
2711-XX = Fuel resupply for flying vehicles
2712-XX = Expendables resupply
2713-XX = Fuel regeneration systems
3XXX~XX = Major scientific equipment
Table 10-12
SYSTEM INPUT CARDS
Card l ) Sequence No.
Maximum Where Columns Comments
ID Card Name Cards Applicable ( )
No. 77{78]79(80
5-01 | System Input — 1 All 51 0] 1|L
General systems
5-02 | System Input — Sub 3 51 0 2] *
System SOTA ID
5-03 | System Cost Curve 3 5| 0] 3] * Nonrecurring R&D
5-04 | System Cost Curve 3 5| 0} 4] * Nonrecurring Cost
of Facilities
5-05 | System Cost Curve 3 5] 0] 51* Recurring hardware
procurement
5-06 | System.Cost Curve 3 5] 0] 6] * Recurring operations
support
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Table 10-12 (Cont.)
Card . Sequence No.
Maximum Where
I\IID Card Name Cards Applicable (Columns) Comments
o 77[78]79 |80
5-07 | Percent Cost 2 All 51 0] 7| * Learning curve
Reduction systems
5-08 | R&D Flight Table 2 5] 0 8]* Development flightg
5-09 | System 5 51 0] 9l * One card for each
Expendables crew level
5-10 | System Manhour 5 All 5111 0|* One card for each
Requirement, systems crew level
Nonscientific
Operations
5-11 ) System Input — 1 Shelter 511} 1] L
Personnel Shelter only
Only
5-12 | System Input — LRV 5 LRV only 51 1] 2|* One card for each
Only crew level
5-13 | System Input — 5 LFV only 51 1f 3 * One card for each
LFV Only crew level
5-14 | System Input — 2 LFV 51 1] 4} *
LFV Stops vs.
Range/Table
5-15 | System Input — 5 Major 5 11 51 *
Major Science scien.
Equipment Only eqpmt. only
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Table 10-12 (Cont.)
Card . Sequence No.
Maximum Where
Columns
ID Card Name Cards | Applicable ( ) Comments

No. 77[78]79]80
5-16 |System Input — 1 Trans. 5] 1] 6] L | Identifies flight

Transportation system systems

System Only only

*1, 2, ... L, depending on the number of cards needed. (The letter "L" is always

used on the last card of the series.)

(2) When a trailer is combined with a rover in a tandem rover-trailer configura-
tion, that combination exhibits different performance characteristics than
either the rover or trailer acting by itself. To ensure proper performance
data input, each trailer concept can be input into the computer by use of one
of several identification numbers. The first four digits of the identification
number establish the trailer concept and the last two digits establish how the
trailer is to be used in the mode. Thus, 2436-01 stands for Trailer 2436 ‘
used by itself, 2436-02 stands for Trailer 2436 used in combination with
LRV "A",  2436-03 stands for use in combination with LRV "B'" | etc. The
performance data input with each identifier is the performance of the trailer
or the particular trailer-rover combination. This is different for each
identifier. However, the same cost data can be input for all variations of
a given trailer concept if it is assumed that the cost of a particular trailer
concept is independent of the manner in which it is used.

(3) Unmanned systems are treated as manned systems with a crew level of zero.
If a system can operate both manned and unmanned, inputs for expendables
(Card 5-09), nonscientific manhour requirements (Card 5-10), LRV-only
data (Card 5-12), and LFV-only data (Card 5-13) may be made for zero as

well as other crew levels.
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10.6.2 Subsystem State-of-the-Art Advance Input

The ability to display and separately cost advances in the state-of-the-art (SOTA) of
subsystem concepts is another feature of the MIMOSA computer program. Use of
this feature results in the tabulation of nonrecurring R&D and cost of facilities

expenditures vs. projected time for each advance required in a given lunar program.

The subsystem SOTA advances required to achieve a given system are listed for that
system using the 5-02 card (see Table 10-12). Table 10-13 summarizes the cards

that must be filled out for each SOTA advance that is identified. Instructions for filling
out these cards are given in Appendix F. A LAST card must be placed at the end of the
set of cards for each subsystem advance except the last subsystem. A STOP card is

placed at the end of all subsystems to be input.

If no subsystem SOTA advance is called out in the entire system file, the following

should be done:

(1) Input a card with:
e DUMMY in columns 1—5
® sequence number 601L in columns 77 — 80

(2) Follow the dummy card with a STOP card to signal the end of the subsystem

file.
Table 10-13
SUBSYSTEM SOTA ADVANCE INPUT CARDS

Card Maxi- | Sequence No.
IEID Card Name g};;réls (Columns)

°- 77|78 |79] 80
6-01 | Subsystem Input — General 1 6 {0 |1 ]| L
6-02 | Subsystem Cost Curve — Nonrecurring 3 610 |2]*
6-03 | Subsystem Cost Curve — Nonrecurring Cost of Facil- 3 6 {0 |31*

ities

*1, 2,..., L, depending on number of cards needed. (The letter "L is always used on
the last card of a series.)
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10.6.3 Experiment Input

The format for input of data on scientific program experiménts was derived by North
American Aviation under NASA contract NAS-8-20258 (Scientific Mission Support for
Extended Lunar Exploration). North American chose six types of data cards with which
to describe an ekperiment for computer handling. Lockheed selected two of these six
for use in MIMOSA.

Type 1 Card — Experiment Summary
Type 3 Card — Experiment -Operations

A single Type 1 card presents summary information on an experiment. This informa-

tion includes the experiment name, equipment mass, development time, and cost.

A single Type 3 card presents the number of manhours estimated to perform an experi-

ment. The performance of an experiment is broken up into four phases:

Phase 1 — Setup
Phase 2 — Operate
Phase 3 — Analysis
Phase 4 — Takedown

Shirtsleeve and spacesuit manhours at base or on traverse (as needed) are given for
each phase. The manhours, however, are for performance of an experiment in a
shirtsleeve environment on Earth. They have to be multiplied by a special factor to
compensate for lunar gravity and (where applicable) for spacesuit use. The factors
are input with one of the control cards for the Mission/Mode Comparison Routine

(see paragraph 10.9).

North American also adopted special formats for presentation of numbers on a data
card. Two of these formats applicable to MIMOSA are shown in Table 10-14.
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‘ Table 10-14
FORMATS USED FOR NUMBERS ON EXPERIMENT INPUT CARDS

Format Type Format Meaning
1 A BOC A.B x IOC
ABS5C A.Bx10°
2 A B A % 10B

Appendix G presents the instructions for preparing the two cards for each experiment.
It is essential that both cards be i_nput for every experiment. No LAST card is required

after each experiment; however, a STOP must follow the final Type 3 card.
10.7 MISSION INPUT REVISION

The discussion in paragraphs 10.5 and 10.6 has centered on making original data inputs
to the computer. The next two sections discuss how to revise the data on an existing

tape.

The space reserved on the magnetic tape or computer drum for data concerning any
specific mission varies with the quantity of that data. The data is packed in much the
same way as taking several shopping lists and attaching them end-to-end. This
"variable length" format is required because up to 15,779 data cells would have to be
set aside for a single mission, and to fix this length for 50 missions would saturate

the computer core storage.

"Variable length' format places a severe restriction on updating. No experiment or

traverse can be added or removed from any given mission. To do so would require

moving all following data to new locations on the tape. This is a most complicated

maneuver.
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Another restriction must be born in mind when using the updating procedure. It is not

possible to correct or update the identifier of a mission or of an experiment called out

for that mission. This is because of several checks built into the logic to assure proper

card sequencing. In order to correct any one identifier, a whole new mission, with

a different mission identifier, must be added to the tape file,

There are four updating options possible for missions:

Change existing data (except identifiers)
Delete whole missions

Add whole missions

Copy a selected subset of missions onto a new tape in any order

10.7.1 Procedure for Changing Existing Data (Except Identifiers)

@

(b)

()

(d)

(e)

Write UPDATE into columns 1 — 6 of the 2-01 card (see paragfaph 10.4).

Do this only once for a single computer run.

For each mission to be revised, supply a card that contains the following:

® The mission identifier in columns 1 — 8, exactly as it appears in
columns 1 — 8 of the 3-01 card

e The sequence number 202L in columns 77 — 80

Supply the 3-01 card. This may be the original or a card with revised data

in columns 9 — 50.

Follow the 3-01 card with any 3-02 card correcting the data for any base

'experimeht. Update any experiinents in the order in which they appear on

the tape file. Only revisions in columns 28 — 75 are permitted.
After the last revised 3-02 card, or after the 3-01 card if no base experi-
ments are to be revised, place a SKIP, LAST, or STOP card for whichever

inessage applies:

'SKIP = revisions for traverse data follow

LAST = .revisions for additional missions follow

STOP = no more mission update follows
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(f) Follow a SKIP card with the 3-03 card for any traverse in which data revisions
are desired. This may be the original 3-03 card for that traverse or a
card with revised data in columns 31 — 60. Correct the traverses in the
order in which they appear on the mission tape file.
(g8) Follow the 3-03 card by any 3-04 card correcting the data for any experi-
ment on the indicated traverse. Update any experiments in the order in
which they appear on the traverse file. Only revisions in columns 28 — 74
are permitted. ,
(h) After the last 3-04 card for the traverse, place a SKIP, LAST, or STOP
card for whichever message applies.

SKIP = revisions for another traverse of the same mission follows
LLAST = revisions for another mission follows
STOP = no more mission update follows

10.7.2 Procedure for Deleting Whole Missions

(a) Write DELETE into columns 1 — 6 of the 2-01 card for the computer run
(see paragraph 10. 4).

(o) Supply cards for each mission to be deleted. Fill out this card as instructed
in paragraph 10.7.1 above.

(c¢) Place a STOP card after the last card from 2(b).

10.7.3 Procedure for Adding Whole Missions

(a) Write INSERT into columns 1 — 6 of the 2-01 card for the computer run (see
paragraph 10. 4).

(b) Assemble the cards for the additional missions in the manner used to generate
a mission file (see paragraph 10.5.1).

(¢) Make sure a LAST card is at the end of the data for each mission except the

final mission. Place a STOP card at the end of the final mission.
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10.7.4 Procedure for Copying a Selected Subset of Missions onto Another Tape

(a) Write COPSEL into columns 1 — 6 of the 2-01 card for the computér run
(see paragraph 10.4).

(b) Prepare cards for each mission desired on the new tape. Prepare the card
as instructed in paragraph 10.7, 3 (b) above.)

(c) Place these cards in the order desired for the missions on the new tape.
Place a STOP card at the end of the stack.

10.8 MODE, SYSTEM, SUBéYSTEM, AND EXPERIMENT INPUT REVISION

The Space permitted on magnetic tape and in the computer memory for the data file
for each mode, emergency mode, system, subsystem, SOTA advance, and experiment
is fixed. Each file can be thought of as a box into which data of any amount can be
placed up to the limit of the box. Fixed record length permits the insertion, deletion,

or correction of any item of data.

Each item of data is presented to the machine in the form of "words." These wbrds
can take on two formats: alphabetic (called ""A") or numeric with a variable decimal
point position (called "F'). A-format is used for identifiers and text that is read by
the machine exactly as presented. F-format presents numbers in a manner that

permits flexible use of the decimal point. Tables H-1 through H-5 in Appendix H

identify the format relating to each input item. Different techniques are required by
the Univac 1107 and 1108 to handle A-format and F-format data. . This constraint of

the computer forces the use of a special updating procedure.

Three types of cards are used to update the fixed length data records. These cards are
summarized in Table 10-15. The first card (Card 2-02) locates the identifier of the
specific data record to be changed. The second card (Card 2-03) updates A-format
information. The third card (Card 2-04) allows F-format revisions. See Appendix H

for instructions on preparing these cards.
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Table 10-15 _
FIXED RECORD UPDATE INPUT CARDS
D Maxi- Sequence No.
No Card Name mum (Columns) Card Function
' Cards 77]78] 79 ] 80
2-02 Computer Control 1 2102 L To locate tape data
‘ record
2-03 A-Format Changes Any 21013 1(|L To make A-format
update
2-04%* F-Format Changes Any 21014 1|L To make F-format
update

*The first 2-04 card of any sequence must be preceded by a SKIP card.

~After a tape record file has been generated, there are five options that can be used to

modify that file:

Change an existing record (except identifiers)
Delete an entire data record
Add an entire data record

Copy an entire record file onto another tape

Copy a selected subset of records onto another tape in any order

Any changes to file records must be made for each file in the order in which that file

appears on the tapes (i.e., Tape 1: modes, emergency modes; Tape 2: systems, sub-

system, experiments). If one option is selected for one file on a tape, an option must
be selected for all other file on that tape. If no changes to the other files are desired,
then the COPY option should be used.

10.8.1 Procedure for Changing an Existing Record

To change an existing record (including the adding or deleting of data bits but not

including changes in identifier number), perform the following steps.
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Write UPDATE in the appropriate colﬁmns of the 2-01 card (see paragraph

10.4) for the data file to be changed. Do this only once for a single computer

run.

Prepare a 2-02 card giving‘the identifier of each specific data record within

the file that is to be revised. Directions for filling out the 2-02 card are

presented in Appendix H.

Prepare a 2-03 card for each A-format change to be made in the data record.

Directions for filling out the 2-03 card are presented in Appendix H.

After the last 2-03 card, or after the 2-02 card if no A-format changes are

desired, place a SKIP, LAST, or STOP card for whichever message applies:

SKIP = F-format changes for this data record follow

LAST = No more changes for this data record are desired; ché.nges to
another data record within the data file follow.

STOP = No more changes in this file are desired.

Follow a SKIP card with 2-04 cards for all of the F-format changes desired.

After the last 2-04 card, place a LAST or STOP card for whichever of the

messages in (d) applies.

See Fig. 10-9 as an aid in stacking cards,

10.8.2 Procedure for Deleting Entire Data Records

(a)

(b)

()

Write DELETE in the appropriate columns of the 2-01 card (see paragraph
10. 4) for the data file in which deletions are desired.

Prepare 2-02 cards for each data record to be deleted. Directions for
filling out a 2-02 card are presented in Appendix H.

Place a STOP card after the last 2-02 card.

10. 8.3 Procedure for Adding Entire Data Records

(a)

(b)

Write INSERT in the appropriate columns of the 2-01 card (see paragraph
10.4) for the data file to which records are to be added.
Assemble cards for each new data record in the same manner as when

generating a data tape (see 10.5.2, 10.5.3, and 10.6).
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10.8.4 Procedure for Copying an Entire Record File

To copy an entire record file onto another tape, write COPY in the appropriate columns
of the 2-01 card (see paragraph 10.4) for the data category. No other cards are

needed,

10.8.5 Procedure for Copying a Selected Subset of Records onto Another Tape in any
Order ' ‘

(a) Write COPSEL in the appropriate columns of the 2-01 card (see paragraph
10. 4) for the data file for which the data records are to be transferred.

(b) Prepare 2-02 cards for each data record desired on the new tape. Directions
for filling out a 2-02 card are presented in Appendix H.

(c) Arrange the 2-02 cards into the order desired for the data records on the
new tape. . |

(d) Place a STOP card after the last 2-02 card.

iO. 9 MISSION- MODE COMPARISON CONTROL CARDS

Operation of the Mission/Mode Comparison Routine requires a set of control cards.
Table 10-16 summarizes the types of cards required. Only one 2-10 card is required
for each computer run. At least one each of the 2-11 and 2-12 cards are needed for
every compariéon of mission and mode. Figure 10-10 shows how to stack the éards

for a run. Instructions for preparing the 2-11 and 2-12 cards are given in Appendix [.

’fhe number punched in column 1 of the 2-10 card determines the output format for the
run. If a zero is punched, the computer prints the standard output of 6 — 8 pages for
each comparison (see Fig. 7-1). If a number 1 is punched in column 1, a detailed
diagnostic printout of the calculation process will be generated. The detailed printout

is only valuable in troubleshooting the program logic.
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Table 10-16
MISSION-MODE COMPARISON CONTROL CARDS
Card Maxi- | Sequence No.
ID Card Name mum (Columns) Comments
No. Cards 77178 179180
2-11 | Printout Option 1 -1-1-1- 0 in column 1 yields standard
printout; 1 in column 1 yields
diagnostic printout.
2-11 | Mission/Mode 1 2}11]1]L] Any number or comparisons can
Identification be run at one time.
2-12 | Traverse-Vehicle 3 211112 |+* At least one 2-12 card must
Identification follow each 2-11 card.

*1, 2, or L, depending on maximum number of cards needed. (The letter L is always
used on the last card of a series.)

The 2-11 card specifies which mission and mode are to be matched. Provision also is
made for multiplying the shirtsleeve and spacesuit manhours stored with the experi-
ment data (see paragraph 10.6. 3) by special factors. These factors alter the man-

hour numbers to account for effects of reduced gravity and spacesuit mobility problems.

The 2412 card identifies the roving and flying system configurations used during the
mission and establishes the traverses performed by each. For traverses performed
by a rover-alone, the rover identifier is input on the control card. For traverses
performed by a rover-trailer combination, the trailer identifier (i.e., the spécial 6-
digit Data Boé)k number that identifies a trailer concept used with a particular rover)
is input on the control card. In addition, a space is provided on the control card to
input the identifier of the particular performance data from the trailer input (which is
the performance of the rover-trailer combination) and to ignore the rover performance

data (see paragraph 10.6.1).
10.10 INTEGRATION AND COST CONTROL CARDS

Operation of the Integration and Cost Routine requires three types of control cards.

Table 10-17 summarizes these cards. The 2-20 card inputs the title for the lunar
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program printout, establishes the maximum number of Saturn launches, N, per-
mitted by existing facilities during each calendar year, and allows exercising of
various cost options. Two 2-21 cards input a table of maximum permitted launches
during each year. The 2-22 card establishes exactly which mission/mode combinations
will constitute the lunar program. The 2-23 card allows input of the cost curves for

a change of facilities that will allow an increase in annual launch rate from N to some

value M, from M to P, and soon. Up to 10 possible launch-rate increments may

be input.
Table 10-17
INTEGRATION AND COST CONTROL CARDS
Card Maxi- Segment No.
ID Card Name mum (Columns) Comments
No. Cards
77178179180
2-20 Integration and Cost .One card per run
Control — General 1 2120} L
2-21 Launch Rate Limit vs. 212|111 Two cards re-
Calendar Year 2 21211 |L | quired each run
2-22 Mission/Mode Combinations 17 2122 |* 50 mission/mode
combinations may
be used per lunar
program
2-23 Launch Rate Improvement Two sets of curves
Cost Curve 20 2 [ kx| ok ok required per step
in launch rate
improvement
*1, 2,..., L depending on maximum number of cards des1red (The letter "L" is

always used on the last card of a series.)
**Columns 78 and 79 of Card 2-23 take the form "XX"
where XX 23 for nonrecurring R&D of first step in launch rate
24 for nonrecurring Cost of Facilities of first step in launch rate
25 for nonrecurring R&D of second step in launch rate
26 for nonrecurring Cost of Facilities of second step in launch rate

nonon

41 for nonrecurring R&D of tenth step in launch rate
42 for nonrecurring Cost of Facilities of tenth step in launch rate

no

10-43

LOCKHEED MISSILES & SPACE COMPANY



LMSC-A847943
Vol. I

The cards are input in the order shown in Fig. 10-11. Care must be taken in assem-~
bling the 2-22 cards so that missions that are dependent on each other are called out in
proper order. A STOP card at the end of the stack signals completion of the card in-

put. Instructions for filling out the cards are given in Appendfx J.
10.11 COMPUTER INPUT CHECKLISTS

Despite the care taken in preparing input cards, errors still occur. The use of

checklists may help to avoid these errors.
10.11.1 Mission Input Checklist

The following checklist should be used before submitting cards for generation of each

mission tape:

(1) List each mission ID number exactly as it appears in columns 1 — 8 of the
301L card.

(2) Check that the mission start date on each 301L card begins in column 31.

(3) Check that the '"related mission" number in columns 39 — 40 of the 301L is
exactly as it appears in columns 7 — 8 of the related mission's 301L card.

(4) Check that a SKIP card precedes each 303L card used to call out a traverse

. for the mission.
(5) Check that the traverse ID for each 303L card begins in column 13.
(6) Check that a LAST card appears after the end of the data cards for each

mission, except that after the final mission a STOP card appears.
10.11.2 Mode Input Checklist

The following checklist should be used before submitting cards for generation of each

new mode tape:

(1) Check that the mode ID appears in columns 1 — 12 of each 401L card.
(2) Check that the number given in column 75 of the 401L card equals the num-
ber of 407X cards.
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(3)

(4)

(5)

(6)
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Check that all systems required for the mode as given in the 41XX cards are
included in the Latest System/Experiment Tape. Any missing systems must
be added to that tape.

Check that the number in column 15 of each 41XX cards also appears in
column 79 of that same card.

Check that the sequence numbers in columns 77 — 80 of each card are in
proper order. '

Check that a LAST card appears after the end of the data cards for each

mode, except that a STOP card appears after the final mode.

10.11.3 Mission-Mode Match Checklist

The following checklist should be used beforev submitting control cards for each mission-

mode match computer run:

(1)

(2)
(3)

(4)
(®)

(6)
(7)

(8)

Check that the mission ID number appears in columns 13 — 20 of each 211L
card.

Check that the data for the mission appear on the Latest Mission/Mode tape.
Check that the mode ID number appears in columns 25 — 36 of the appropriate
211L card. 4
Check that the mode appears on the Latest Mission/Mode Tape.

Check that the shirtsleeve and spacesuit manhour multipliers appear in
columns 50 — 55 and 60 — 65, respectively, on the 211L card.

Check that the mode ID number on each 212X card exactly matches the
mode ID number on the 211L card. ‘

Check that the traverse ID numbers given on the 212X card start in

columns 31, 37, 43, 49, 55, and 61.

Check that each traverée called out on the 212X cards appears on the

mission tape (and vice versa).
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10.11.4 Exploration Program Cost Checklist

The following checklist should be used before submitting control cards for each explora-

tion program cost run on the computer.

(1)
2)
(3)

(4)
(o)

Check that only mission ID numbers appear in columns 1 — 8, 26 — 33, and

51 — 58 of the 222X cards. ‘

Check that only the accompanying mode ID numbers appear in columns 9 — 20,
34 — 45, and 59 — 70 of the 222X cards.

Check that the data for each mission appears on the Latest Mission/Mode
Tape.

Check that each mode appears on the Latest Mission/Mode Tape.

Check that the sequence numbers on the 222X cards are in the proper

order.
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Appendix A
EXAMPLE LUNAR PROGRAM SUMMARY

(Ref. Chapter 9) ' .
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Appendix B

DETAILED INSTRUCTIONS FOR PREPARING
MISSION INPUT CARDS

(Ref. Paragraph 10.5.1)
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CARD T.D. 3-01 PAGE 1 OF 2

MISSION TMPUT - GENERAL

THIS CARD IS USED 7O IDENTIFY EACH MISSION AND TO RELATE THE MISSICN
TO OTHERS TN THE LUNAR PROGRAM,

1-2% MISSION INEMTIFIER. INPUT AM IDENTIFIER THAT UNIQUELY LARELS
THIS MISSION WITHIN THE FIRST EIGHT COLUMNS, THE FOLLOWING

INPUT FORMAT WILL REST MATCH THE COMDUTFR INTERMAL LOGIC
AND QUTOPYT PRINT ROUTINE,

1-3 SCIENTIFIC.PROGRAM IDENTIFIER. USE ANY COMBINATION
0OF LETTERS AND NUMBERS TO LABEL THE SCIENTIFIC PRN-

GRAM UNDER. CONSIDERATION, START THE INPUT IN COL-
UMN 1., '

5-6 MISSICN MIX INDENTIFIFR, INENTIFY THE GROUP NF MIS-

SIONS REING NERJVED TN ACCOMPLISH THE SCIENTIFIC
PRNOGRAM GIVEM ARQOVE,

7-8 NUMRER 0OF THIS MISSICN "IN THE SEQUENCE OF MISSIONS,

Q-26 LNCATION OF THIS MISSION ON 0OR ABNUT THE MOOM, SPEC-

[FY THE ACTUHAL LOCATION,

27-22 NUMRER OF TIMES THIS LOCATION WILL HAVE 8EFN VISITED

COUNTING THIS “ISSIOCN.

31-35 NOMINAL MISSION START DATE, INPUT THE CALFENDAR YEAR T2 BE

1SEN AS THE NCHMINAL STAPT DATE FOR THE MISSTON, ALSO
INDICATE WITH AN A 0OR 8 WHETHER THE START DATE IS IN
THF FIRST CR SECOND HALF OF THF YEAR, €0R EXAYPLE,

19734 = FIRST HALF 0OF 1973
' 19738 = SECOMD HALF 0F 1273 _
THIS DATE [S 'MSEN 3Y THE COAMDIJTER AS THE STARTING POINT

IN ITS ITERATIANS TN FIND THE MOST DESIRARLE STARY DATE,

39-40  RELATED MISSION NUMAER,  TNPUT HERE THE MISSION SEQUENMCE

MJMBER (SEE 7-9° ABNVE) 0OF THE MISSION 1PN WHICH THE STARf
OF THIS MISSTON NECENDS, FNR EXAMPLE, [F THIS IS MISSION
7 ANMD IT CANNOT START UMTIL #ISSINN 5 IS COMPLETED, THE

NUMRER 5 IS INPUT HERE, IF THERE IS NO RFLATEDR MISSINAN,
LFAVE THESE SPACES 8LANK,

MOTE- 8F SHRE TO DOHT THE N|JM3IFE2 NF Tuc DCLATCW MISSINN IN
CULUMNS 3%-40 JUST AS [T APDEARS [N COLUMNS 7-¢ NF
THE INENMTIFIER FOR THAT MISSION,




CA®D [.D. 3-01 ~ PAGE 2 OF 2

MISSION INPUT — GENERAL (CONTINUED)

41-50 MINIMUYM NJYBER OF &~MNONTH OFRINNDS THAT MUST FLADSE BETWEEN
THE LAST LAUNCH OF THE RELATED MISSION GIVEN IN 35-40 AND -
THE FIRST LAUNCH NF THE MISSION BEING IDENTIFIED WITH THIS

CArRD, INPUT O (ZEROY FOR 0-6 MONTHS, 1 FOR 7-12 MONTHS,
ETC., THE INPUT NUMBER MAY PE PLACED ANYWHERE INM THE SPACE
PRAVINEN, - BRE SHRE TN SHNW THE LACATION 0OF THE DECIMAL PAINT,

IF COLUMNS 39-40 ARE ALANK, LEAVE THIS INPUT BLANK,

77-80 SEQUENCE MNUMBER, INPUT THE FOLLOWING NUMBER- =~ 301L




CARD 1.D, 3-02 PAGE 1 DOF 4

MISSTON INPUT - BASF EXPERIMENT

THIS. CARD TS USED TO IDENTIFY THOSE EXPERIMENTS FOR A MISSION WHICH
ARE 'NOT DONE NN A TRAVERSE, THIS CARD SHAULN ALSO RE FILLED NUT FnR

PROBE AND ORBITER MISSINNS, !SFE AS MANY CARDS AS THERE ARE NON-TRAV-
ERSE EXPERIMENTS. UP TO 100 CARDS MAXIMUM MAY BE.USFN ON ANY ONE
MISSION. ‘' IF ALL EXPERIMENTS ARE DONE ON TRAVERSE, ‘DO NOT. INPYT THIS

CARD,

16-27 EXPERIMENT IDENTIFIER, ~INPUT HERE THE NUMBER WHICH UNTQUELY
INDENTIFIES AN EXPERIMENT., IF POSSIBLE, USE THE NUMBER
PROVINED RY THE NORTH AMERICAN AVIATION STUDY 0OF LUNAR

MISSIONS. EXPAND THEIR 2-DIGIT NUMRER INTO FIVE SECTIONS
WITH DECIMAL PNINTS AS FOLLOWS,
XeXoXXeXXoXX

REGIN THIS 12-PLACE NUMRER 1N COLUMN 164

28 PHASE 1 CODE, IMPUT HERE A CNDE LFETTER TO NESIGNATE THE

UNITS OF THE NUYMRER THAT FOLLOWS FOR THE FREQUENCY 0OF
PHASE 1 (SETUP) NF THE GIVEN EXPERIMENT., USE ONE OF THESF
LETTERS- :

REPL TCATIONS PER MISSION
REPLICATIONS PER HMONTH

A
D

20-32 FREAUENCY OF OHASE 1. INPUT HERE THE NUMBER NF TIMES THE
GIVEN EXPERIMENT MIST BE SET UP, 8E SURE TO IJSE A MUMRER
CONSISTENT WITH THE CODE [N COLUMN 22, SEE NOTE = NN

pAGE If r]c 4.

33 PHASE 2 CONE, INPUT HERE A £(CDE LETTER TN DESIGNATE THE

UNITS OF THE NUMBER THAT FOLLOWS FQOR THE FREQUENCY OF
PHASE 2 ([OPERATIOMY OF THE GIVEN EXPERIMENT, USE ONE 0OF

THE LETTERS INEMTIFTIEN IMN 28 ARCVE,

34-37 - FREQUENCY NE PHASE 2. INPUT HERE THE MMBER NF TIMES THE
' GIVEN FXOERIMENT IS PERFORMED, AL SIRE TO SE A NUMAER

CONSISTENT WITH THF CODE IN COLUMN 33, SFF MOTE % NN
PAGE 4 OF 4,

39 PHESE 3 CONE. INPUT HERE A CODE LETTEA T2 DESIGNATE THS
| UNTTS OF THE NUMBER THAT FOLLNWS FOR THE FRENUENCY 1F
DHASE 3 (ANALYSIS) OF THE GIVEN EXPERIMENT, USE ONE OF

THE LETTERS IDENTIFTIEN IM 29 ABRVE,

3942 FRENUEXNLY OF DHASFE 3, [NDGT HERT THE NUMRFR NF TIMES THAT

NATA OR SAMDILES TAKEMN NDURINA THIS EXPRITMENT ARE ANMALYZED,
RE SURE TO YSE A NUMPER CONSISTFNT WITH THE CONE IN CAL-
MM 38, SEE NOTE % QM PAGE 4 OF 4,




CARD 1.D. 3-02 _ PAGE 2 OF 4

MISSION INPUT = BASE EXPFRIMENTS (CONTINUED)

43 PHASE 4 CODE. INPUT HERE A CODF LETTER Tn DESIGNATFE THE
UNITS OF THE NUMBRER THATY FOLLOWS FOR THE FRENUENCY 0NF
PHASF 4 [TAXE DOWN) OF THE GIVEN FXDEQIWCNT. UJSE ONE OF
THE LETTERS IDENTIFIED IN 28 ABDVE,

44-47  FREQUENCY QOF PHASE 4. INPUT HERE THE NUMBER (F TIMES THAT
THE EXPERIMENT EQUIPMENT MUST RE TAKEN DOWN. BF SURE TQ.
_USE A _NUMRFR CONSISTENT WITH THE CODE N COLUMN 43, SEE

NOTE * NN PAGE 4 OF 4,

4R LAUNCH PAY{NAD MASS CONDFE USF OME OF THE FOLLOWING CODES TN
DESIGNATE THE INPUT DESIRED FOR CALCULATION 0OF EOQUIPHMENT
MASS LANMDED CON THE MOON FOR THIS EXPERIMENT-

INPUT MEAMING

m——

"LEAVE BL ANK THIS EXPERIMENT USES MINOR SCIENTIFiC
EQUIPMENT. USE THE NUMBER GIVEN WITH
THE EXPERIMENT :

A THIS EXPERTIMENT USES MAJNR SCIENTIFIC
EQUIPHMENT, USE THE NUMRER IN THE FOLLOW-
ING 6 _COLUMNS INSTEAD 0OF THAT GIVEN WITH
THE EXPERIMENT, ' '

EQUIPMENT. HFMEVEp USE THE NUMB%? IV
THE FOLLOWING 6 COLUMNS INSTEAN OF THAT

GIVEN WITH THE EXPERIMENT

4S-54 VAIUNCH PAYLOAD MASS QVFRRIDE, ITMPUT AS =OLLOWS DEPEMAOTNG DN

INPUT IN COULUMN 48 (SEE MOTEX OM PAGE 4 NF &4 ) -

INPUT _IN 49 INPUT HERFE

NOME NONE

A MASS OVEGLRINE, TN KG, IN PLACE NF
MASS GIVEAN WITH THE EXDERIMENT

A MASS OVERRINE, IN XA, IN PLACE NE
MASS GIVEM WITH THE EXDERTMENT




MISSION INPUY

CARD T.D. 3-02 T PAGE 3 OF &

— BASE EXPERTMENTS (CONTINUED) -

55

NMOMRECUPRING COST CONDFE., USE ONF 0O0F THE £ONES [N 42 ARDVE

TN INDICATE THE INPUT THAT IS DESIRED FOR THE NONRECHURRTNG
COST OF THE SCIENTIFIC EQUIPMENT ASSOCTATED WITH THIS EX-

PERIMENT.

56-61

NOMRECURRING COST OVERRIDE. INPUT AS FNOLLOWS. DEPENDING DN

THE INPUT TN COLUMN 55 {SEE NOTE = PAGE 4 DF 4) -

INPUT IN 55 ’ INPUT HERE.

NONE

NONE

A

NONRECURRING €OST, IN MILLIONS., FNR

MINDR SCIENTIFIC EQUIPMENT ONLY.
THIS COST IS T BE USED IN PLACE OF

.~ THE COST GIVEN WITH THE EXPERIMENT,

NONPECURRING COST, IN MILLTONS, TO
BF _USED IN OLACF OF THE COST GIVEN

WITH THE EXPERIMENT,

62

RECURRING -COST CnNNE. USE OME GF THE LETTER CADES GIVEN IN
48 ABOVE TO INDICATE THE [INPYUT THAT IS DESIRED FOR RECUR-
RIMG HARDWARE PROCUREMENT OF THE SCIEMTIFIC FOU[OMENT AS—

63-6%

SOCIATED WITH THIS EXPERIMENT,

RFCHRRIMG COST AVERRINE. INPUT AS FCLL2WS NEPENDING NN THE

INPIIT IN COLUMN 62 (SFE NQTE * PAGRE 4 0OF &) -

INOUT IN 62 TMPUT HERE

NONE

[ad}

NGN

PECURRING £AST, IN MILLIONS, EOR
MINOR SCIENTIFIC EQUIPMEMT ONLY.
CTHIS CNST IS TN BE USED IN DLACE OF

THE C2ST GIVEN WITH THE EXPERTMENT,

PECURRING £AST, [N MILLIANS, TN RE

USED N PLACE OF THE CNST GIVEN
WITH THE EXPERIMENT,




_ CARD I,D. 3-02 PAGE 4 OF &

MISSION INPUT - BASE EXPERIMENTS (CONTINUED)

66-75 MINTMUM. TIME FOR ALL MANNED REPLICATIONS. INPUT THE TIME,
IN DAYS, THAT IS REQUIRED FOR THE CREW TN CNMPLETE THE

GIVEN EXPFRIMENT., COUNT THE ENTIRE SPAN FRAOM START TN
FINISH EVEN THOUGH LITTLE OR NO WORK MAY BE DONE ON SOME

OF THE NAYS IN THE SPAN, JF THE EXPERIMENT [§ PERFORMED
WITHAUT CREW HELP, LEAVE THIS SPACE OSLANK, SEE NOTE *
RELOW. :

NOTE #* - PLACF THE INPUT NUMRER ANYWHERE IN THE SPACE b?DVIDED. BE

SURE T0Q SHOW THFE INCATION OF THE DECIMAL POINT,

IMPORTANT - RECHECK THE INPUT QF THIS CARD, TF THE CONE LETTER A

TS USED IN COLUMNS 42, 55, OR 62, [T MUST APPEAR IN ALL
THREE COLUMNS,




CARD T.D. 3-03

MISSION INPUT -~ TRAVERSF DATA

THIS CARD 1S HSED TO INPHTY CFRTAIN DATA ASSAOCIATED NITH FACH TRAVERSF

TO BE ACCOMPLISHED DURING THE MISSION, FILL OUT ONE CARD FOR EACH
TRAVERSFE. ‘

13-16 . TRAVERSE IDENTIFIER, INPUT A SEQUENCE INENTIFIER FCR THE
- TRAVERSE. THE FOeM

R-XX  OR  F-XX
1S SUGGESTED WHERE -
| ~ ROVING TRAVERSE

R =
F = FLYING TRAVERSE
XX =

NUMBERS IM SEQUFNCE F3R EACH TYPE
OF TRAVERSE -

BE SURE TO START THE INPUT IN COLUMN 13.

31-40 TRAVFRSE RANGE. INPUT THF TOTAL DISTANCE TRAVELED, IN KILO-

METERS, FROM START 7O FINISH 0OF THE TRAVERSE, SEE NNTE =
RELOW '

41-50 NUMBER 0OF STOPS, INbUT THE NUMRER ' QF MAJOR STOPS ({1 HOUR (P
LONGER FNR AN LRV OR ANY LFV LANDING) THAT NCCUR IN THE
TRAVERSE, DO NOT COUNT THE FINAL STOP MADE AT THE END OF

THE TRAVERSE. SEE MOTE * RELOW,

51-60 LFY VELOCITY INCREMEMT, IF THIS TS A FLYING TRAVERSE, INPUT

THE TOTAL DELTA Vv, IN METERS .PFR SECNNN, FXPENDEN BY AN
LFV IN ACCOMOLISHING THE TRAVERSE, COUNT ALL VELOCITY
INCREMENTS REQUIRED INCLUDING TAKEQFF, LANDING, FLIGHT,

GRAVITY LOSSES, AMND RESERVE (IF ANY)., SEE NCTE * RELOW,

IF _THIS CARD 1S FDR-A ROVING TRAVYERSE, LEAVE THIS SPACE

RLANK,

77-80 SEOQUENCE NUMBER, INPUT THE FOLLOWING MUMSER-~ 3031

NOTE * — of ACF THE MUMRER AMYWHERE M THE SPACE PRNVINEN, BE SHR=

TQ SHOW THE LDCATION OF THE QORECIMAL OQINT,




CARD I.D. 3-04 PAGE 1 DF 4

MISSION INPUT —-TRAVERgE'EXPERIMFNTS

THIS CARD IS USED TO IDENTHFY THOSE EXPERIMENTS PERFORMED ON EACH
TRAVERSE INFNTIFIEND ARY A CARD 1.D. NO., 3-03, YSE AS MANY CARDS AS

THERE ARE EXPERIMENTS FOR FACH TRAVERSE THAT IS IDENTIFIED. UP Tn
50 CARDS MAY 3F INPUT FOR ANY ONE TRAVERSE. -

16-27 = EXPERIMENT IDENTIFIER, [INPUT HERE THE NUMBER WHICH UNIQUELY
INFNTIFJFS AN EXPERIMENT, IF POSSIBLE, WSE THE NUMBER
‘PROVIDED BY THE NORTH AMERICAN AVIATINON STUNDY CF LUNAR
MISSINNS., EXPAND THEIR 8-DIGIT NUMBER INTO FIVE SECTIONS
WITH DECIMAL POINTS AS FOLLOWS,

C XeXaXXeXXeXX
BEGIN THIS 12-PLACE NUMBRER IN COLUMN 16,

28 "PHASE 1 C2DE., INPUT HERE A CODE LETTER 7O DESIGNATE THE
UNITS OF THE NUMBER THAT FOLLOWS FOR THE FREQUENCY OF
_PHASE 1 (SFTUP) 0OF THE GIVEN EXPERIMENT, USE ONE 0OF THESE

LETTERS- o
A = REPLICATIONS PER TRAVERSE
B = REPLICATINNS PER KILNMETER
C = REPLICATIONS PER STOP

_29-32 FREQUENCY OF PHASFE "1, INPUT HERE THE NUMBER QF TIMES THFE

AIVEN EXPERIMENT MUST BE SET UP, RE SURE T2 USE A NUMB3E®
CONSISTENT WITH THE CODE.IN COLUMN 29. SEE NOTE % ON
PAGE 4 0OF 4.

33 PHASE 2 CODE. INDUT HERE A CODE LETTER TN DESIGNATE THE
' UNTTS OF THE NUMBSR THAT FQLLOWS FOR THE EREQUENCY OF

PHASE 2 (QPERATION) OF THE GIVEMN EXPERIMENT, USE NNE OF
THE LETTERS INENTIFIED IN .22 AROVE, :

34-37 FREQUFNCY 0F PHASE 2, INPUT HERE THE NUMARER 0OF TIMES THE
GIVEN EXPERIMENT IS PERFCRMEN, 8F SURE TO USE A NUMBER
CONSISTENT WITH _THE CONE [N _CCOLYMN 33, SFE NOTF * QN
DAGE 4 NF 4, '

iR OHASE 3 CNNE, INPNT HFRE A CONE | EFTTER TO NESIGNATE THF
UNITS OF THE NUMRZR THAT FOLLOWS £00 THE ERECUENCY OF
PHASE 3 (AMALYSTIS) OF THE GIVEN EXPERIMEMT. USE ONE CF
THE | FTTEPS INENTFETEN TN 28 ARNVE,




CARD I.D. 3-04 PAGE 2 OF &

MISSION INPUT - TRAVERSE EXPERIMENTS (CONTINUED)

36-42

FREQUENCY OF PHASE 3, INPUT HFERFE THE NUMBER OF TIMES THAT

NDATA DR SAMPLES TAKEMN DURING THIS EXPERIMENT ARE ANALYZED.
8E SURE TO USE A NUJMBER CONSISTENT WITH THE CONDE IN COL-
UMN 38, SEE NOTE * ON PAGE 4 QOF 4.

43

PHASE 4 COODE, INDUTlHERE A CODE LETTER TO DESIGNATE THE
UNITS 0OF THE NUMRER THAT FOLLNWS FGR THE FREQUENCY OF

PHASE 4 (TAKE DNWN) OF THE GIVEN EXPERIMENT, USE ONF OF
THE LETTERS IDENTIFIED IN 28 ABOVE,

G447

FREQUENCY OF PHASE &, INPUT HERE THE NUMBER OF TIMES THAT
THE EXPERIMENT EQUIPMENT MUST BE. TAXEN DOWN. ~BE SURE TO

4R

YSE A NUMBRER CONSISTENT WITH THE CONF IN COLUMN 43, SEE.
NOTE * ON PAGE 4 OF 4. : :

LAUNCH PAYLDAD MASS CADE  USE NNE OF THE EQLLONWING CODES TO

" DESIGNATE THE INPUT DESIRED FNR CALCULATION 0OF EQUIPMENT
MASS LANDED ON THE MOON FNR THIS EXPERIMENT-

INPUT B MEANING

LEAVE RLANK THIS EXPERIMFENT USES MINOR SCIENTIFIC

EQUIPMENT., USE THE NUMBER GIVEN WITH
THE FEXPERIMENT

A ) THIS EXPERIMEMT USES MAJOR SCIENTIFIC.

EQUIPMENT, USE THE NUMBER [N THE FOLLOMW-
S ING 6 COLUMNS TMSTEAD OF THAT GIVEM WITH

THE EXPERTIMENT,

8 THIS EXPERIMENT USES HAINOR SCIFENTIFILC
: " FQUIPMENT, HQOWFVER, (JSE THE NIJMRER [N
THE FOLLOWING 6 COLUMNS INSTEAD 0OF THAT
GIVEN ‘WITH THE FXPER[MVENT

NOTE- TF_ THE MASS 2F ANY QCTFNTIFIC.EQUIPMEMT JSED DM THIS

TRAVERSE HAS ALREADY BEEN ACCOUNTEN FO% [N THE RASE
EXPERI/IMENT TNPUYT (CACD [.D. 3-02), RS SURE TO [NDUT A

2R R {(AS APDPRNDOJATE) . IF NOT, THE COMPUTER WILL
COUNT THE ZNUTIPMENT YASS TWlCF. -




CARD 1.D. 3-04 . PAGE 3 QOF 4

MISSION INPUT - TRAVERSE EXPERIMENTS (CONTINUED)

49-54 -LAUNCH PAYLOAD MASS OVERRIDE. [INPUT AS FOLLOWS DEDENDING~ON
INOUT TN COLUMN 42 (SFE NDTF® ON PAGR 4 OF 4 YV -

INPYT IN 48 INPUT HERE

NONE : MOME

A MASS OVERRIDE, IN KG, IN PLACE OF
MASS GIVEN WITH THE EXPERIMENT

2] : MASS_DVERRINE, IM KG, IN PLACFE CF
MASS GIVEN WITH THE EXPERIMENT

55 NONQECYRRING COST CODE., USE OME OF THE CODES TN 42 ABOVE
TN INDICATE THE INMPUT THAT IS NDESIRED FOR THE NONRECURRING
COST QF_THE SCIENTIFIC EQUIPMENT ASSOCIATED WITH THIS EX-

PERIMENT.

56-61 _ NONRECURRING COST NVERRINE, INPUT AS FOLLOWS DEPENDING ON
THE INPJT IN COLUMN 55 {SEE NOTE % OM PAGE 4 OF 4) -

INPYT IN 55 - INPUT HERE
NONE NONE
A | NONRECURRING C3ST, IN MILLIONS, FOR N

MINOR SCIENTIFIC EQUIPMENT ONLY.,
THIS COST _IS_TN RS YSFN IN PLACE NF )
THE CNST GIVEN WITH THE EXDPERIMENT,

g NOMRECUREING CNST, [N MILLIANS, TN
BE USED IN PLACE OF THE COST GIVEN
CWITH THE EXPERIMENT,

62 RECURRING COST CNNE, USF NNE NF THE LETTER CANES GIVEN [N
48 AR0NE TN _(MNDICATS THFE [NMPYT THAT [S NESTREND FAR RECUR-
RING HARDWARE PROCYUREMENT 0F THE SCIUENTI=IC EQUIPMENT AS-
SOCIATEN MITH THIS EXPERTIMENT,

B-11



CARD [.D. 3-04 PAGE & OF 4

MISSION INPUT = TRAVERSE EXPERIMENT (CONTINMUED)

63-6%  RECURRING COST OVERRINE. [INPUT AS FOLLOWS DEPENDING ON THE
INPUT IN COLUMN 62 (SEE NNTE % ON PAGE 4 OF 4) -

INPUT IN 62 CINPUT HERE
NONE NONE
A RECURRING COST, IN MILLIINS, FOR

MINOR SCIENTIFIC EQUIPMENT CONLY.
"THIS €0OST IS 7O BE USEND IN PLACE OF
THE COST GIVEN WITH THE EXPERIMENT.

B RECURRING COST, INM MILLIONS, TO BE
USEN IN PLACE OF THE COST GIVEN

WITH THE EXPERIMENT,

.69 LRV OR LFV CARGD MASS CONE, USE CNE 0OF THE CODES IN 49 ABCVE
' TO DESIGNATE THE INPUT DRESIRED FOR CALCULATION OF EQUIPMENT
MASS TO RE CARRTIEND ON THE LRBRY OR LFY FOR THIS EXPERIMENT.,

NOTE- IF TW] EXPERIMENTS ON THE TRAVERSE USE COMMON EQUITP-
: MENT, BE SURE TQ JNPHJT A 0NDR B (AS APORAPRIATEY ON

AT LEAST ONE 2F THE EXPERIMENTS., OTHERWISE, THE
COMPUTER MAY CALCULATE MORT CARGO MASS THAN IS DESIRED,

70-75 LRV NR LFV CARGQO MASS OVERRIBE. INPUT AS FIOLLOWS DEPENDING
ON THE INPUT IN COLYUMN 6¢ (SEE NOTE % BRELOW) -

INPUT IN 69 INPUT HERE
NONE ' NQNE
A | MASS NVERRINE, IN KG, IN PLACE OF

MASS GIVEN WITH THE EXDPFERIMENT

3. : MASS NVERRINE, IN XG, IN PLACS NF
MASS GIVEM WITH THE FXDOERIMENT

THE CAMOPUTER WILL CALCULATE THE CARRO CARRIED BY THE LRV
OR_LFV ON THIS PARTTICULAR TRAVERSE 3ASEDN ON THE [NPUT HERE,

HENCE, CASFE SHOULD 2E TAKEN WITH THIS INPUYT,

MOTE % — PLACE THS [NPUT NUMBER ANYWHERE IN THE S$PACE PRIVINEN., AE

SURE TO SHOW THE LOCATINN OF THE NEGIMAL POINT.

-‘I’MPORTANT - .RECHECK THE INPUT OF THIS CARND, JIF THE CODE LFTTER A
' IS USED IN CALYMNS 42, 55, 62, 2R 6%, IT MUST ADDEAD
IN-ALL FOUR COLUYMNS, ‘
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CARD I.D. 4-01

MODE TNPUT - GF NFPAL

THIS CARD IS USEN TN SUPPLY GENERAL INPUT DATA ON FACH MODE.

1-12

MODE IDENTIFIER, USE THE NUMRER SHCWN IN THE MIMDSA DATA-
BOOK, INCLUDE ALL DASHES. START THE IDENTIFIER IN COLUMN 1.

16-20

ACTIVE MODE CREW LEVEL. INPUT HERE THE NUMBER OF MEN WHO WILL
ACTIVELY PERFORM THE MISSINON EXPERIMENTS, FOR LUNAR SURFACE
MISSIONS, COUNT ONLY THOSE MEN LANDED. SEE NOTE * RFLﬂH.

21-25

TOTAL MODE CREW LEVEL. INPUT THE TOTAL CREW LFVCL SENT. TO THE
MOON. SEE NOTE * BFLOW. '

26-35

MODE STAY TIME, INPUT, IN DAYS, fHEAMAXIMUM TIME FOR ACCOM-
PLISHING SCIENTIFIC EXPERIMENTS PERMITTED RY THE MODE, FOR

LUNAR SURFACE MISSIONS, THIS WILL BE THE TIME PERMITTED ON THE
SURRACE., SEF NOTE * RELOW.

3645

"SAVPLE RETURN CAPABILITY. [INPUT. THE MAXIMUM MASS, IN KILOGRAMS,

"THAT CAN BE RETURNED TO EARTH BY THE MJDE TRANSPORTATION SYS-
TEM, SEE NOTE %= BELOW, : '

- 46-=55

MIMIMUM DECIMAL FRACTION 10 CHECK FOR EXCESSIVE CAPARILITY. IN-
PUT THE NFCIMAL FRACTION OF THE MADE STAYTIME THAT MUST RE

USEN, AS A MINIMUH4, DURING THE MISSION., THE COMPUTER WILL
THEN CALCULATE THE STAYTIME REQUIRED FOR THE MISSION AND
THEN CHECK T0 SFE IF IT IS LFESS THAN. THIS FRACTION 72F THE

MONDE STAYTIME CAPRPABILITY. IF THE REOUIREMENT CALCULATEN IS
TOO LOW, A SPECIAL MESSAGE WILL 3E PRINTED 0UT.
' SUGGESTED INPUT = 0.75

56-65

SEE NOTE * RELOW,

LAUNCH LEAN TIME FOAR- MIMNOR SCIENTIFIC EQUIPMENT, TNPUT NUMBER

NF &6-MONTH PEPINNS PRINR TN THE FIRST LAUNCH OF THE MODE THAT
ALL MINOR SCIENTIFIC EQUIPMENT MYST BE DELIVERED FOR PAYLNAD
INTEGRATIOM, INPYT 1 FQOR 0—-6 MONTHS, 2 FOR 7-12 MONTHS,

£TC. SEE NOTE * QFLNY,
SUGGESTED INPYT = 2,9

72

FLAG FNR CNNCURRENT SHELTERS, NPT AS FOLLOUS.
0 (DR LFAVE RLANK) NO CONCURRSZNT SHELTERS
1 : TWY QR MORE CONCHYRRENT SHELTERS

75

NUMRER OF OAYLOANS LAUNCHES [N THE MONZ, [F MORE THAN 2, YN ap

T77-80

TN TRNMIRLE, THYE COMPYUTER WILL ACCEDRT Yo 71O 2,

SEQUENCE NUMBER. INPUT THE FOLLOWING NUMBER- 401t

NGYE * - DLACFE THE INPUT NUMAER ANYWHERE [N THE SPACE ppnvrnpn IR

TO SHOW THE LOCATION 0F THE DECIMAL PNINT,




. CARD) I,n. 4-02

MODE INPUT — QPERATIONS

"THIS CARD TS USEN TO INPUT CERTAIN UD?RATIOMAL DATA NN EACH MODE.

1-12 MOCDE TNENTIFIER, USF THE NUMRER SHOWN IN THE MIMNSA NATA

BOOK. INCLUDE ALL DNASHFS. START THE IDENTIFIER IN COLUMN 1.

- 19=-24 TOTAL TIME FOR RASE DEPLOYMENT, INPUT THF TIME, N DAYS,
: REQUIREN FOR BASE DFEPLOYMENT B8Y THE CREW, DO NOT COUNT

TIMF REQUIRED FOR DFPLOYMENT REFORE THE CREW ARRIVES,

USE INTEGER NDAYS, NAT FRACTINNS, IFf MOARE THAN 1 HOUR.

OF DEPLOYMENT ACTIVITY TS NEEDED IN A DAY, COUNT THE
ENTIRE DAY. SEE NOTE * BELOW. >

25-30 SHIRTSLEFVE MAN~HOURS FOR SPECIAL OPERATINNS. COUNT ALL MAN-
: HOURS IN SHIRTSLEEVE ENVIRONMENT FOR DEPLOYMENT NE ALL
SYSTEMS AMD FOR ANY OTHFR SPFCTAL DPERATIONS. SEE NOTE *

BELOW.

31-36 SPACESUTIT MAN-HNIIRS FNR SPFCTAL CPERATIANS, SEE NOTE * BFLOW.

_37-42  MAN-HQURS 0F SPACESUIT LIFFTIME,  INPUT THE ESTIMATED NUM-
RER NE MAN-HOURS NF SPACESUIT USE REFQRFE. RED| ACEMENT OF

THE SUIT IS CNNSIDERED YO BE REQUIREN, SEE NDTE * RELCOW.
SUGGESTED IN2UT (MAN-HQURS) = 240.0 (HARD SUIT)

43-4% MAN=-HOHRS NF BACKPACK LIFETIME. INPUT ESTIMATED LIFETIME
DF NON=-EXPENDABLE E€LFMENTS OF THE SPACESUIT BACKPACK,
SFEF NATE_* RE{DM.

"SUGGESTED INPUT (MAN=-HOURS) = 100.0-

49-54 MASS 0OF SUIT RFPIACEMEMT, [NPYT MASS, [N XKILNGRAMS, 0OF

REPLACEMENT SPACESUIT. MASS TMCLUDES ALL GARMENTS, RBOQOCTS,
AMND HELMFT, SEE NDTE * AE10YW,
SUGGESTED IN2UT (KG) = 23,0 {HARD SUIT)

55-60 MASS NF BACKPACK REDLACFMENT, INOYT MASS, IN KILOGRAMS, OCF
RACKPACK PFEDVACEMENT, COUNT ALY MASS [TEMS EXCFEOT EXPENN-

ARLFS, SEFE MOTE *x RELQOW,
SUGGESTEN INPYT ({KK) =  10.0

77-20 SEQUENCE NUMBER, INSERT THE FOLLOWING NUM3ER- 402L

NOTE % - DLACE [NPUT NUMBER ANYWHERE [8 THE SPACE ORMAVINED, Af
SUPE TA SHOW THE LACATION OF THE DECTMAL POINT.




CARD T.D. NOS;”4—O3, 4-04,4 4-05y 4-06" PAGE 1 OF 2

COST CURVE - GENERAL

THIS STANDARD CARD IS USED TO INPUT ALL NONRECURRING AND RECURRING CDSTS
REOQUIRED FNR THE COMPUTER PROGRAM, THE IDENTIFIER (SPACES 1-12) AND
SEQUENCE NUMRBER (SPACES 77-80) ESTARLISH EXACTLY WHICH COST CURVE IS

BEING GIVENM, EACH COST CURVE WILL 8E GIVEN BY A SET OF THESE CARDS,
EACH SET MAY CONTAIN UP TO THREE CARDS. AS FACH CARD PERMITS ENTRY OF
COSTS FOR _FIVE 6-MONTH TIME PERINDS, USE OF THREE CARDS ALLOWS TNPUT 0F

COSTS FCR UP TO 7,5 YEARS. IF IT IS NOT NDESIRED T3 INPUT A COST
CURVE, FILL OUT COLUMNS 1-12 AND 77-80 OMLY. '

. AT LEAST 0OME OF THESE CARDS MUST SE fNPUT FCR EVERY COST CATEGORY RE-
QUIRED FOR FACH MODE.

1-12  MODE IDENTIFIER. USE THE NUMBER SHOWN [N THE ¥IM0OSA DATA
. ROCK, INCLUDE ALL DASHES. START THE IDENTIFIER IN COLUMN 1.

- _21-25 ZERO POINT, INSERT HERE THE NUMRER OF 6-MONTH TIME PERIODS THAT
' OCCUR FROM- THE FIRST NON-ZERZ ENTRY IN THE COST CURVE UP
TO AND INCLUDING THE 6-MONTH TIME PERION OF A SPECIFIC

NEADLTINE DATE. THE FOLLOWING DFADLINES SHOULD BE USEN -

COST INPUT ' NEANL INE
MODE NONRECURRING DATE NE FIRST LAUNCH
MONE RECURRING DATE OF FIRST LAUNCH

NOTE- THIS ZERD POINT ENTRY NEED OMLY BE PUT ON FIRST CARD OF
__THF SFT THAT WILL DECRIAF FACH COST CURVE. _THE TNPYT

NUMRER MAY BE PUT ANYWHERE IN THE FIVE SPACES PROVIDED,
SHOW A DECIMAL POINT WITH EACH ENTRY.

26-35 ° COST ENTRY, IN MILLINNS OF DOLLARS, FOR 6~MONTH FUNDING PERIND,
THE TINPUT NIMBER MAY BE PUT ANYWHERS WITHIN THE 10 SPACES oRnN-

VINEN, SHOW LQCAT[ON'OF NECIMAL 9NTINT,

36-45 SAME AS AB0VE,

. T46-55  SAME AS AROVE.

56-65 __SAME_AS ARNVE.

66-75 ~ SAME AS ARQVE.




CARD I.D. NOS. 4-03, 4-04, 4-05, 4-06 PAGE 2 OF 2

COST _CURVF = CFMFRAL (CONTINYED)

77-20  SEOUENCE NUMBER, [INPUT NUMBER AS SHOWN BELOW. NOTE.THAT THE
SYMROL_* HAS SPECTAL SIGNIFICAMCE,

| COST CURVE INPUT

NONRECURRING R AND D COST - MOPE LEVEL  403%

NONRECURRING CNST 0OF FACILITIES — MODE LEVEL : 404%

RECURRING HARDWARE PROCUREMENT COST - MAONE LEVEL 405%

RECURRING OPERATIONS SUPPORT COST - MODE LEVEL N 406%

¥ = LAST DIGIT NF SEQUENCE NUMBER, USE AS FDLLOMS*
I = IF LASY CARD TN SEQUENCE NF ANY SI7E

1 - IF FIRST CARD IN SEQUENCE OF 2 OR 3.CARDS
2 - 1F SECOMD CARD TN SFQUENCE OF 3 CARDS




MODE INPUT - PAYLOAD LAUNCH TIDENTIFICATION

THIS CARD IS USEN TN INPUT CFRYAIN GENERAL DATA NN EACH PAYLDAD

LAUNCH

EIGHT PAYLDADS PER MODE,

INPUT,

CF A “ONDE, THE CNMPYTER MEMORY ALLNCATION IS LIMITED 7O
THUSy P TO EIGHT OF THESE CARDS MAY BE

1-12

MONE IDENTIFIER, 'SE THE NUMBER SHOWN IN THE MIMOSA DATA’

BOCK. INCLUDE ALL DASHES. START THE IDENTIFIER [N COLUMN 1.

1¢

25

PAYLOAD LAUNCH IDENTIFIER. INPUT THE NUMBER NF THIS LAUNCH

IN- THE SFQUENCE 0OF LAUNCHES -IN.-THE MCDE.

PAYLOAD LAUNCH anNTIFIER OF'RELATED LAUNCH, INPUT THE _

LAUNCH INENTIFIER OF -THE NEAREST PREVINUS LAUNCH UPNON
WHICH THE CURRENT LAUMCH DEPENDS. F0OR EXAPLE, LAUNCH
2 WILL USUALLY DEPEND yPON COMPLETION NF LAUNCH 1, DR

A CREW ROTATION LAUNCH MAY DEPEND ON COMPLETINON OF A

PREVINUS CREW DELIVERY, IF NO LAUMCH DEPENDENCY EXISTS, .

ILEAVE SPACE RLANK,

31-40

MINIMUM NUMBRER OF 6-MNONTH TIME PERIODS THAT MYST ELAPSE

RETWEEN THF TwO LAUNCHFES GIVEN ABOVE., JF LESS THAM STX

MONTHS TS ACCEPTARLE, INPUT 0. SFE NOTE * BELOW. IF
COLUMN 25 IS BLANK, LEAVE THIS SPACE RLANK,

41-50

MAXI"UM NUMBER OF 6-MANTH TIME DFRIODS THAT MAY ELAPSE REC

TWEEN THE TWD LAUNCHES GIVEN AROVE, [F.LESS THAN 6-MDNTHS

IS REQUIRED, INMPUT O, SFE NOTE *x BELOW. IfF COLUYN 25 TS

51-60

BLAMK, LEAVE THIS SDACE RLANK,

MASS MARGIN AVATLARLE, :INDUT THE MASS YARGIN, TN XILTNGRAYS,

THAT IS AVAILASLE wiTH THIS LAUNCH FOR EARRYING YINIR

SCIENTIFIC EOUIPMENT, EXTRA EXPENDABLES, AND SPACESUIT
AND 3JACKDPACK REPLACEMENTS, THF ™MASS MARGIN WILL GEMFR-

ALLY BE FQUND RY SUBTRACTINMG THE MASS OF ALL SYSTEMS AND
ARRIVING AT THE FINAL DESTINATION CF THE LAYNCH (EXCEPT
TOANSO?2NRTATION EMJTOMENT 1ISFN [N THE CUTANIIND TR[P) EROH

CREYN

THE DAYLNAD DELIVERY CAPAZILITY OF THE TIANSPORTATION

77-20

IMOYT 497X WHERE
1y 2, ST 110 TN THE LAST LAYNCH
L FND THE | AST LAYUNCH

SFQUFRMNCE NuMRER,
X

it n

NDUT NHMIER ANYWHERE [N THE -S2ACE PRAOVINDED, AE
N SHOW THE LDCATIOH OF THEZ DDOIMAL POINT.

- it




CARD I.D. NO. 4-10 PAGE 1 DF 2

_MODE _INPUT - SYSTEMS 0N FACH PAYL DAN

THIS CARD IS USED TN [NENTIFY EACH SYSTEM MAKING UP EACH PAYLOAD

LAUNCH. THE COMPUTER -MEMORY ALLNCATION ALLNWS FOR UP TO 15 SYSTEMS.
.ON EACH LAUNCH. THUS, UP TO 15 OF THESE CARDS CAN BE USED T0Q FORM
A _SET FOR A GIVEM LAIINCH. UP TO 9 { AUNCHES (HENCE, 8 SFTS 2F CARDS)

APE ALLQOWEN PER MONDE. THHS, FOR THE MAXIMUM CASE, 120 0OF THESE CARDS
WOULD BE NEEDED,

FOR THE GIVEN Y0ODE, FILL NUT AS MANY CARDS TO FORM A SET AS THERE
ARE SYSTEMS N THE LAUMCH. FORM AS MANY SETS AS THERE ARE L AUNCHES
IN THE MODE, 8E SURFE ALl SYSTEMS ARE INCLUDED EXCEPT THASE

SYSTEMS MAKING 1P THE TRANSPORTATION SYSTEM, WHEN THE TRANSPORTATION
SYSTEM IS SPECIFIED, THE COMPUTER WILL AUTOMATICALLY FIND THE LIST
DF RFOUIRED FJ IGHT SYSTEMS ANND | AUNCH VFHICIE, THFSE SYSTEMS ARE

CNOUNTED TOWARD THE 15 MAXTIMUM,

1-12 MODE IDENTIFIER. USE THE NUMRER SHOWN IN THE MIMOSA DATA
' " BONK. TNCLUDE ALL DASHES, START THE IDENTIFISR TN COLUMN 1.

15 PAYLNAD LAUNCH INENTIFIER, " INPYT THE NUMRER NF THIS LAUNCH
I[N THE SEQUENCE OF LAUNCHES TN THE MNODE,

22-27 SYSTEM IDENTIFIFR, USE THE NUMBFR SHOWN IN THE MIMOSA DATA
RONK, USE ONLY THE SIX NIGITS., DO NOT INCLUNE THE DASH
SEPARATING THE NDIGTITS, START THE NUYMRER TN CN{UMN-22,

31-40 NUMQER 0OF MEN SUPPORTEN BY THIS SYSTEM. FOR TRANSPARTATINN

SYSTEMS, LEAVE THIS SPACE R’LAMK,. SEE MOTE * RELOW, :

41-50 LAUNCH LEAD TIME FOR SYSTEM, [NMPUT NUMAER OF 6-MONTH DER[ANS
PRECENING THFE | AUNCH NATC WHEN NP TYFRY QF THE FLIGHT -

QUALIFIFED SYSTEM IS REANYIRED. INPUT 1 F£0OR 0-6 MONTHS,
2 FOR 7=-12 MONTHS, ETC. SEF NOTE # RELNW, FNR TRANSPIR-
TATINON SYSTEMS, | FAVE THIS SOPACE R| AMY,

51-60 EXPENNDAJLES RENMI[RED FOR SPECTAL NPERATINNS, IN2UIT THE
MASS _FN2 FEXOENNARLES, [N KILORRAMS, RACQIIREN FAD AMY

PECTAL NPFRATIONS. THESE SOECTAL OPERATIANS [NCLUDE
NEDLOYMEMT, CREW AR [VAL ANMD DEPARTURE, AND SUCH 0OTHER
DPERATIONS AS 2EAUISEN,  COUNMT AL(_SXOEMIARLES NEENEN

WHETHER THEY ARE DUHMPED NYEIADARN OR NOT, SEE MOTE *
SFLOW. FOR TRANMSPORTATION SYSTEMS, LEAVE THIS SPACE
nyEANK,




CARD 1.D. NO. 4-10 , - PAGE 2 0OF 2

MODE INPUT = SYSTEMS ON FACH PAYLOAD (CONT)

« INPUT 41A8 WHERE
PAYLOAD LAUNCH IDENTIFIER
NUMBER 0OF THE CARD IN THE SET FQR THIS

77-20 SEQUFNCE NUMAE

D > W

"LANCH. FGP MUMBERS 10-15, USE ONLY LAST
DIGIT. 8F SURE TO INPUT THE LETTER L

IN COLUMN @0 ON THE LAST CARD NF THE SET,

_NDTE ¥ - PLACE THFE NUMRER ANYUHFRF IN THFE SPACE PROVIDEDN, EE SURF

TO SHOW THE LOFATIWN OF THE DECIMAL POINT,




CARD 1.0,

MO

4-20

MODE _[NPUT — EMERGENCY MODES

THIS CARD 1S USED TO INDENTIFY THE EMERGENCY MNDES ASSOCIATED WITH

AN EXPLORATION CONCEPT MNDE,

ONLY OME. CARD IS REQUIRED.,

MODE IDENTIFIER,

USE THE NUMBER SHDWM IN THE MIMOSA DATA

RODK, INCILUDFE ALl _NASHES,

START THE IDENTIFIER JN COLUMN 1,

IDENTIFfER FOR CREW RESCUE EMFRGENCY MODE., START THE NUMRER
IF N RESCUE MODE IS NFEDED, LEAVE THE

TN CCLUMN 25.

42-60

SPACE BLANK,

_IDENTIFIER FNR L0GISTICS EMERGENCY MODE, STARTY THFE NUMRER

IN COLUMN 49,
SPACE BLANK,

IF NO RFSCUE MODE IS MEEDED, LEAVFE THE

77-80

* SFQUENCE NUMRER,

INPUT

420L




LMSC-A 847943
Vol. 1

Appendix D

DETAILED INSTRUCTIONS FOR PREPARING
EMERGENCY MODE INPUT CARDS

(Ref. Paragraph 10.5.3)

LOCKHEED MISSILES & SPACE COMPANY



s

EMERGENCY MNNE INPHT - GEMNERAL

THIS CARD IS HSED TO SUPPLY GENFRAL INOYT NATA ON EACH EMERGENCY MODE,

1-12 EMEERENCY MONE INENTICEIFR,  START THE IDENTIEIER IN COLUMN 1,

77-20 SEDUENCE NIIMBRER, INPUT THE FOLLOWING NUMBER - 701L




CARD TI.0. NOS., 7-03, 7-04, 7-05, 7-06 PAGE 1 OF 2

CNST CURVE - GEMNERAL

THIS STAMDARD CARD IS USCN TO - INPUT ALL NOMNRECURRING AND RECURRING COSTS
REQUIRED FN2 THE COMPYTER PROGRAM, THE IDENTIFIRER (SPACES 1-12) AMD
SEQUENCE N!MRER (SPACES 77-20) ESTABLISH E£XACTLY WHICH COST CURVE 1S
RFIMG GIVFEMN, EACH COST CURVE WILL RE GIVEM RY A SET 0OF THESE CARDS,
EACH SET MAY CONTAIN UP TO THREE CARDS., AS FACH CARD PERMITS ENMTRY 0F
COSTS FOR FIVE 6-MNNTH TIME PERINDS, USE NF THREE CARNDS ALLOWS INPUT NF

COSYS FOR P TO 7.5 YEARS,

AT LEAST ONE DF THESE CARDS MUST RE INPUT EQOR EVERY COST CATEGORY RE-
QUIRED FDR EACH MONDE., IF IT IS NOT DESIREN TO INPUT A COST CURVE,
FILL OUT COLUMNS 1-12 AND 77-90 ONLY.,

1-12 MANE INENTIFIER.  USE THE MUMBER INPUT WITH THE 7-01 CARD,

21-25 7EPD POINT, INSERT HERE THE NUMRER DF 6-MCNTH TIME DERIONS THAT
NCCUR FONM THE FIRST MON=7ERQ ENTRY M THE CAST CURVE yp
TO AND INCLUDING THE 6-YGNTH TIME PERIOD OF A SPECIFIC
DEADLINE DATE. THE FOLLOWING DFADLINES SHOULD RPE USED -

CAST INDYT NEADLINE
MAONE NONRFECURRINMG NATE 9F FIRST LAUNCH
MONE RECYPRING DATE OF #[RST LAUNCH

NOTE- THIS ZER2 POINT ENTRY NEED ONLY RE 2UT ON FIPST CAaRD NF:
THE SET THAT WILL NESCRIGF FACH CAST CURVE., THE [MPUT
NIJMBER MAY RS PUT ANYWHERE [N THE FIVE SOACES P2OVINEN,
SHOW A DFCIMAL POINT WITH EACH ENT2Y,

26-35  COST ENTRY, IN MILLIONS OF DCLLARS, FOO A-40ONTH FUND NS DERLQD,
THE [NOUT NMUMBER 4AY RE OUT AMYWHERS WITHIN THE |9 SPACES PPN-
VINEN, SHOW LQCATIAN NS NECTUAL 9QINT,

36-45 SAME AS ARNDVE,

46-55  SAME AS A3NVF,

56-65 SAMFE AS AQQvFE,

66-75 SAME AS ARNVE,




caed 1.0, 7-03, =04, 7-05, AND 7-06 PAGE 2 NE 2

CNST CURVF - GENERAL (COANTINUED)

77-20 SEQUENCFE NUMBER, TNPHY MUYMBER AS SHOWN BSLOW, NOTE THAT THF
SYMARNL * HAS SPFCIAL SIGNIFICANCE, '

COST CURVE | INPUT
NNANRECHRRING R AND D CAST - MRNDE (FVEL _ MOEL
NONRECURRING FACILITIES COST - MODE LEVEL 704%
RECURRING HARDNWARE PROCUREMENT COST - MODE LEVEL 705%
RECURRIMG_OPERATIONS SUPPORT €NST - MODE LEVEL 706%

% = LAST DIGIT OF SFOUENCF NUMRER, USE AS FOLLOWS-
' L - IF LAST CARD IN SFEOUENCE OF ANY SIZE
1 - 1F FIRST CARD IN_SFOUENCF QF 2 NR 3 CARDS

2 ~ IF SECOND CARD IN SEQUENCE 0OF 3 CARDS




CarPD 1.0, 7-07

EMERGENCY MONE [NPUT - PAYLOAD LAUNCH [NENTLFICATION

THIS CARD IS YSEN TC INPUT CERTAIM GENERAL DATA ON THE PAYLTAD LAUNCH

OF THE EYERGEMCY MNDE.

1-12 MONE INENTIFIER, USE THE NUMBERP INOUT WITH THE 7-01 CARD,

1¢ . PAYLDAD LAUNCH INENTISIER., INPUT THE NUMBER 1.

17-80 SEQUEMCE NUMBER, INPUT THE FOLLOWING NUMBER - 707L.




CARD T.D. 7-11

EMERGENCY MODE INPUTv—~SYSTEMS ON_THE PAYLOQAD

- THIS CARD IS USED TC INENTIFY EACH SYSTEM MAKING UP THE PAYLDAD -

LAUNCH, THE COMPUTER MEMQORY ALLDCATION'ALLONS FOR UP T0O 15 SYSTEMS
ON THE- LAUNCH. THUS, 4P TO 15 OF THESE CARO§ CAN BE USFD.

FOR THE GIVEN 4MODE, FILL OUT AS. MANY C\RPS TO FORM A SFT AS THERE
ARE SYSTEMS ON THE LAUNCH, BE SURE ALL SYSTEMS ARE 'INCLUDED EXCEPT THOSE
SYSTEMS MAKING 'O THE TRANSPNRTATINN SYSTEM, WHEN THE TRANSPORTATION

- SYSTEM 1S SPECIFIED, THE COMPUTER WILL AUTOMATICALLY FIND THE LIST
OF REQUIREN FLIGHT SYSTEMS AND LAUNCH VEHICLE. THESE SYSTEMS MUST BE
COUNTED. TOWARND THE 15 MAXIMUM, : ' :

1-12 Mone.!nFNTrFiph; USE.IHE‘NUMQER INPUT WITH THE 7-01 CARD,.

15 PAYLOAD LAUNCH IDENTIFIER. INPUT THE NUMBER 1.

22-27 ‘ISYSTEM IDENTIFIER. USE THE NUMBER SHONN IN THE MIMOSA DATA
BOOK. USE ONLY THE SIX DIGITS.. DO NOT INCLUDE .THE DASH

SEPARATING THE DIGITS, START THE MUMBER IN COLUMN 22,

31-40 NUMBER OF MEN SUPPORTED BY THIS SYSTEM. FOR TRANQPOQTATI”N
SYSTEMS, LFAVE THIS SPACE BLANK. SEE NOTE ¥ BELOW.

41-50 LAUNCH LEAD TIME FOR SYSTEM. INPUT NUMBER OF 6-MONTH °FQI”DS
' PRECENING THE LAUNCH DATE WHEN NFLJVERY NF THE FLIGHT- '

OUALTIFIED SYSTEM IS REOQUIREN. INPUT 1 FOR 0-6 MONTHS,
2 FOR 7<12 MONTHS, FTC, SEE NOTE % BELD2W., FCOR TRANMSPOR-
TATION SYSTEMS, LEAVE THIS SPACE BLANK, '

T7-80 SEQUENCE NUMBFER, INPUT THE FOLLOWING NUMARER ~ 711X WHERE
X ly 2, ETC UP TO THE LAST SYSTFM

[ ]]

L FOR THFE LAST SYSTEM

NOTE * - PLACFE THE NUMBER ANYWHFRE IN THFE SPACE PROVINDEN. RE SURE

TN _SHOW THE LOCATION OF THE DECIMAL PNINT,
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SYSTEM NPT - GENERAL_ ' .

OME OF THESF CAPDS MUST BE*SUPPLIEN FOR EVERY SYSTEM,

_1-6 SX&IEE_IDEHILELERL__USE_THE NUMRER SHOUN [N THE MIMNOSA DATA

RONK, USE ONLY THE SIX NIGITS., NGO NOT INCLYUDE THE DASH
SEPARATIMG THE DIGITS, :

7-30  SYSTEM NAME. MNAMF MUST NOT EXCEED 24 UNITS COUNTING ALL LETTERS,
NUMREDS, SPACES, AND PUMCTUATION. ©OLACE THE NAME IN THE CENTER
NE_THE 24 SPACES PRAOVIDED.,

31-40 PROCURFMENT QUANTITY UNIT, PLACE HERE THE NUMBER OF THE SYSTEMS
THAT C AN RE PROCUIREND BEFPRE A RBACKNP SYSTEM MUST. BE PROCUSED, .
THE COMPUTER WILL THEN SHOW PROCUREMENT OF BACKUP SYSTEMS WHEN
MJLTIPLES NF THIS NUMRER ARE COUNTEN NURING THE PROGRAM
ANALYSIS, SEE NOTE * BELNW.
SUGGESTED INPUT = 10.90

41-50 MAXIMII4 MASS OERMITTED FNR _ALL EXPENDABLES, INSERT MAXIMUM MASS,
IN KILORRAMS, PERMITTED FOR ALL EXPEMDABLES BY THE CONCEPT
NESIGN. THIS INCLUDES LS AND ECS EXPENDARLES, FUEL FQP
PAWER, WATFR, LFVY REACTION COMTROL GAS, FTC. DO NOT INCLUDE
LFVY PROPELLANT,., SEE NOTE * BELNW. '

NOTE - LEAVE THIS SPACE ALANK E0OP ALL TRANSPORTATION EQUID-
MENT, FQOR LRV TRAILERS, [NPUT THE SUM (OF THE
EXPENDARLES IN THF TRAILFER AND IN THE APPROPRIATE
tRY, :

51-60 MAXIMUM MASS OF USABLE LFV PROPELLAMT, INSERT THE MAXI“UM
MASS, IN KIILNGRAMS, PEIMITTEN FAR USARIE LTV PRPOPELLANT RY
THE TAaMK STZES IN THE CONCEPT NESIGM,., SEE MOTE * RELCW.

MOTE ~ LEAVE THIS SPACFE BLANK FAR ALL _SYSTEMS EXCEPT LEV

COMCEPTS AND THOSE SYSTEMS CARRYING REFUZL OROPELLANMT,

77-920 _ SEOUSMCE NUMREP .  JNSERT THE FOLINWING NUMRER- 5011

NOTE # = PIACE THE TNPUT MUMRER AMYWHERE [N _THE 10 SPACES PROVINEN,
BE SURE TO SHOW THUE LOCATION NF THE DECIMAL POINT,




SYSTEM INPUT - IDENTIFICATION 0OF REQUIRED STATE-OF-THE-ART ADVANCFS

THIS CA20 TS HSFD TN TNENTICY WHICH OF THE SUBSYST?% CONCEPTS YUSED Uﬁ THE

SYSTEM WILL REQUIRE AN ADVANCE IM THE STATF-CE-THE-ART (SOTA). AT LEAST
ONE CARD MUST ARF INPUT FNOR FACH SYSTFM, [F NO SNTA ADVANCF IS REQUIRED,
SPACES 13-72 Aac _LEFT BLANK., FOR EACH SOTA ADYANCFE GIVEN, ATHER INOUT

CARDS, DEfAILIMG TNON- QCFUQRI“P COSTS ASSNCIATED WITH THAT SOTA ADVANCE
MUST RE SUPOLTIED, :

1-6 SYSTEM IDENTIFIER, USE THE NUMAER SHNWN IN THE MIMOSA DATA
BOOK, USE ONLY THE SIX DIGITS. NO NOT INCLUDE THE DASH
SFDAQATING THE DIGITS. ' )

13-18 SURSYSTEM IDENTIFIER, SUPPLY THE I.D. NUMRER USED T0 IDFENTIFY
THFE SURSYSTEM CONCFPT, HSFE THE NYMBER SUPPLIED TN THE NATA

BOOK,. ALWAYS PUT FIRST DIGIT OF [.ND,. NIJMBRER AT FAR L(EFT NF THE
6 SPACES PROVIDED, USE NONLY THE SIX DIGITS SUPPLIER. NN
NOT INCLUDE THE DASH SEPARATING THE DIGITS,

10-24  FIRST ITEY DELTIVERY DATE, [INSERT THE NUM3ER OF 6-MONTH TIME
PERINDS PPECFNINA RENUIRED SYSTEM DELIVERY THAT THE NMEW SIIR-

SYSTEM SOTA ADVANCE MUST RE COMPLSTEN, - DLACE THE INOUT NUMRES
ANYWHERE [N THE 6 SPACES PROVINED, SHOW A DECIMAL ONINT AFTEPR
THE LAST DIGIT (F THE NUMARER, ‘

" REPEAT THIS PRDCESS FOR EACH INENTIFIARLE STATE-OF-THE-ART ADVANCE., 1ISF
P TN 3 CARDS (NR 15 SURSYSTEM ENTOIES), FILL.DUT EACH SURSEDIENT NATAH

SET AS FOLLOWS-

" 25-30  SA%E AS 13-1° ARIVE

31-36  SAMF AS 19-24 ApAvE

37-42 SAME AS 13-18 A3NVE

43-49  SAME AS 10-24 APOYE

49-54 SAME AS 13-18 4AzNv=s

55-60  SAME AS 10-24 ABAVE

61-6%6 SAME AS 13-12 &POVE

67-72 SavE AS 17-24 ARNVE

77-20  SEOUENMCET NUMARER, TMSEAT AME AF THE FILLOWING NUMARERS

50 2L IF THIS IS THE LAST €ARD 27 .4 SET 2F 1, 2, 72 3
L £ A0NS
5021 [F THIS [S THE FIRST £320 OF A SET OF | 72 2
CAPDS
5022 [F THIS IS THE SECAND CARD OF A 3-CAFH SFT

E-3



+

CARD I.0. NOS. 5-03, 5-04, 5-05, 5-06 OAGE 1 NF 2

SYSTFM CNST CURVE

THIS STANDARD CARD IS USED,TO INPUT ALL NONRFCURRING AND RECURRINA COSTS
REQUIRED FNR THE COMPUTER PRAGRAM, THFE INENTIFIER (SPACFES 1-6)  AND .

" SFOUENCE N'MRER {SPACES 77-20) FSTABLISH FXACTLY WHICH CNST CURVE TS
BEIMG GIVEN, FACH COST CURVE WILL RE GIVEN RY A SET 0OF THESE CARDS,
EACH SET MAY CONTAIM YO TN THRPEF CARNDS, AS _FACH CARD PERMITS FNTRY OF
COSTS FOR FIVE 6=-MONTH TIME PFRINNS, USE OF THREE CARDS ALLOWS [MPUT OF
CNSTS FOR 1P TN 7,5 YEARS, '

AT LFAST ONE 0F THFSE CARDS MUST RE TMPIJT FOR EVERY CNST CATEGNRY RE-
CQUIRED FNR EACH SYSTEM, IF IT IS NCT DESIRED T2 INPUT A COST CURVE,
INPUT COLUMNS 1-6 AND 77-20 ONLY,

1-6 SYSTEM INENTIFIER, USE THE NUMBER SHOWN IN THE MIMOSA DATA
RONK, USE DMLY THE SIX DIGITS, N0 NOT INCLUDE THE NASH
SEPARATIMG THE DIGITS. '

21-25 ZFERO POINT, INSFRT HFRF THE NUMRFR 0OF 6-MONTH TIME PERINNS THAT
OCCUR FROM THE FIRST NON=ZERN EMTRY IN THE COST CURVE UP
T2 AND INCLUDNDING THE 6-MONTH TIME PERIOND OF A SPECIFIC
DEADLINE _NATE, THE FOLLOWING DEADLINES SHOULD RE USEN -

COST INPYT NEADLINE

SYSTEM NONRECURPING NEL IVERY DATE OF FIRST FLIGHT QUAL-|
' IFTEN SYSTEM TO PAYLOAD [NTERRATAR
o SYSTEM RECURRING ~INELIVERY NATE OF SYSTEM TG PAYLNAD |
INTEGRATOR '
—ry e — - el

NOTE- THIS ZFRNO POINT ENTRY NFED ANLY 8F PUT CN FIRST C£ARD NF
THE SET_THAT WILL DECRIRE EACH CAST _CHRVE. THE INPYT

NUUMRER MAY 3E PUT ANYWHERE [N THE S[VE SPACES PROVINEN,
SHOW A DEFIMAL POINT WITH EACH ENT2Y, _

26-35 COST ENTRY, IN MILLIONS OF NOLLARPS, FAOR 6-MDMTH FUMDING PERIOD,
THE [NOUT NUMAEP MAY BE PIIT ANYWHFRE WITHIN THE 10 SPAMES PRO-
__VIDEN, SHOW LACATINN_0OF DECIMAL _POINT,

36-45 SAME AG A3NVE,

46-55 SAVE AS A3NVE,
56 =568 SR E A A M o e e e e e

66-75  SAME AS ARDVE,

E-4



CARD [.D. NOS. 5-03, 5-04, 5-05, 5-06 PAGE 2 OF 2

SYSTEM COSY CURVE (CCNTINUED)

77-20 SEQUENCE NUMRER, INDPUT NUMAFL AC SHOWN BELOW. NOTE THAT THF

SyManlL = HAS SPECTAL SIGNIFICANCE,

COST CURVE INPUT
MONRECHREING 2 AND D CAOST - SYSTEM LEVEL 503
NONRECURPING FACTLITYES COST —~ SYSTFEM LEVELl 504
PECURRING HARNDWARE PROCUREMENT COST - SYSTEM LEVEL 505%
RECURRING OPERATIONS SUPPORT =~ SYSTEM LEVEL 506%

* = LAST DIGIT OF SEQUENCE NUMRER, USE AS FOLLOWS-
L - IF LAST CARD IN SEQUENCE NOF ANY SIZE
1 - IF €IRST CARD [N SEQUENCE OF 2 NR 3 CARDS

2 - 1F SECOND CARD TN SEQUENCE OF 3 CARDS




CARD 1.D. NO 5-07 PAGE 1 DF 2

TARLF OF HARDWARE COST BFEOUCTION FOR ADDITIONAL COPIES

THIS CARD IS USEND TO INPUTHAN APPROXTMATION 0F THE COST REDUCTION TN .
HARDWARE PPOCIIREMENT THAT OCCURS WITH THE PROCYUSEMENT QF VAR TAUS NUMREP
OF CAPIES. THE TOTAL MNUMRER 0NF COPIES EXPECTED TO BE PROCURED ARF
DIVIDFD INTA NO MORE THAN 10 GROUPS, THE CNST OF EVERY ARTICLF [N EACH
RONL 1S THEN GIVEN AS A DECIMAL FSACTION QF THE FIRST ARTICLE PRACHRT-

MENT casT.

THE _COMPUTER, AETER JNENTIEYING A SYSTEY OESIRED FOR A MISSIOM, DETCeo-
MINES HNW MANY COPTES NF THAT SYSTEM HAVE 3ESN PROCURED, [T THEN CON-
SULTS THIS. €AST RENUCTINN TARLE AND DETERMINES THE APPROORIATE (CAST &F-
DUCTISN FACTN®, [T THEN MULTIPLIFS EACH EMTRY NF THE COST CURVE ¥R

RECURRING SYSTEM HARDWARE PRACUREMENT COSTS BY THE REDUCTINN FACTOR,.

IT 1S POSSIALE TO FNTEP THE OECTMAL FRACTION €0ST OF 5 GROUPS NN ONE
CARD., THUS, NO MORE THAN TWf CARDS ARE NESNED, IN ANY EVENT, AT LEAST
OME CAPD MUST AE INOPUT FOR EACH SYSTEM, '

1-6 SYSTEM INENTIFIER, USE THE NyMasgr SHOWM IN THE MIMOSA DATA
nONK, _NSFE ANLY THE STX NIGITS. NN _MAT INCLUDE THE NASH
SEPARATING THF NDIGITS,

13-1° THE NUMBER 0F THE LAST ARTICLE IN THE GROYP, IF THIS IS THF
FIRST RAUP, IT MUST CONTAIN THE NUMBER (OF ARTICLES THAY COST
THE SAME AS THE FIRST ARTICLE. FNR  EXAMPLE, IF THE FIRST FNUR
ARTICLES COST THFE SAME, THE NUMACR 4, WNULN BE ENTEREN HERF,
PLACE THF MNUMRER ANYWHERE IN THE & SPACES PROVIDED, RE SHRF
TO FNTER THE NECIMAL PNINT, '

19-24  DECT#AL FRACTINN OF FIAST ARTICLE COST FAR EACH MEMRER OF THE
AROVE 6RAUP,  IF THIS IS THE FIRST AROUD, THE NUMBFR 1,0 WAULD
aE ENTFRED MERE,  OIACE THE MUMAEe ANVWHERE N THE 6 SPACES
PROVINED, RF SURE TO EMTER THE NECIMAL POINT,

_25-30. THE NHMARER 0OF THE | AST AQTTCLE‘TN THE MEXT GRAID, DL ACTE THE
NIJMRER ANYWHERE [N THF 6 SDACES PROVINED, BE SURE TN EMTFR
THE NECI“AL POINT,

31-36  DECIMAL SRACTICN OF FIRST ASTICLE PROCHREMENT COST FOR EACH MEW-
RER NF THE ASNVE GROUP, PLACE THE NUYBER ANYWHERE [N THE 6
SPACES PROVINEN, _BE SURE TQ ENTER THE DECIMAL POINT

37-42 SFEE 25-30 A20QVE.

43-4°  SEE 31-36 ARNVE,




CARD t.HD, NO. 5-07 PAGE 2 OF 2

TABLE OF HARDWARE COST REDUCTION (CONTINUED)

49-54 SEE 25-30 ABOVE.

55-60 SEE 31-36 AROVE.

61-66 SEE_25-30 ARDVE,

67-72 SEE 31-36 ABOVF.

77-20 SEQUENCE NUMBER, INPUT NUMBERS AS SHOWN BELOW FOR EACH SYSTEM,

5071 IF THIS TS FIRST CF TWO CARDS.

507L IF THIS IS THE ONLY CARD OR IF THIS IS SECOND CAFD
‘OF A PALR.




CARD 1.D. N, 5-08 PAGE 1 DOF 2

R AND N FLIGHT TARLEF

THIS CARD IS USFED TQO IDENTHFY THOSE NON=-MISSION LAUNCHES REQUIRED TN
COMPLETE THE ® AND D OF A GIVEN SYSTE“, THE NUMBER OF FLIAHTS PER
6-MONTH TIME PERINND {S RECNRNED, 1P TN TWO CARDS ARE PERMITTFD PFR SYS-
TEM, AS THEPE [S SPACE NN A CARD FOR DATA ON FIVE &£-¥MONTH TIME PER-
[0NS, NATA FN2 5 YEAPS CAMN ARE IMPUT INTQ THE COMPYUTER, FILL 0OUT DATA
ON DONLY THOSE 6-MNNTH TIME PFRIQNS IN WHICH FLIGHTS ARE REQUIZFD, EX(CEOT
WHERE A 6-MONTH PERTIND WITH ND FLIGHTS IS IN SETWEEN TWN PERINDS THAT
HAVE Fl IGHTS. IN THAT CASE, THE INPUT SPACES NAN_THE CARD FNR THAT 6-
MONTH PERIQD,MUST BF LFFT RLANK, '

IF NOQ R AND N TEST FLIGHTS ARE REQUIREN FOR THE SYSTEM CAONCEOT REIMG
INPUT, FILL IN SPACES 1-6 AND 77-20 OMLY.

1-6 -SYSTEM IDENTIFTER. USF THE NUMBFR SHOWN IN THE MIMOSA DATA
ROOK, USF ONLY THE SIX DIGITS. NN NOT INCLUDFE THE DASH
SEPARATING THE DIGLTS,

7-12 ZERN PNINT, INPUT HERE. THE NIUMBER NOF 6-MONTH TIME PERIODS AFTEF.
THE START NF _FLIGHT TESTING THAT NCCUR AEFARE THE FIBST FILIGHT.
OUALIFIEDN SYSTEM IS DELIVERED TN THE PAYLOAD INTEGRATOR, StEE
NOTE * BE{nw,

13~18 NUMRER OF R AND D TEST FLIGHTS IN THE FIRST 0OR THE SIXTH 6-MOMTH
: COTIME PEQTQAD (NEPENNDTING 0N WHETHER THIS [S THE E£70ST OR SEAOMD
£ARD OF THE T¥D INPYT CARNDS OFRMITTEN), SEEC NNTE * acpau,

19-24  TRANSPARTATINN SYSTEM USEN FNO THE LAUNCHES IN THFE AIVEN 6-40ONTH
- TIME 9FR1NN, NAOTE THAT THIS JMPLIES OMLY ANE TRANSONETATINY

SYSTEM CANFEPT 1S USEN PER A-MCNTH OERIMND. [F TWO OR MORE

DIEFERENT TRAMSPARTATION SYSTEMS ARE 1JSED, SCHENYLE THE

L ANMCHES NF THESE SYSTEMS INTN NIFFELEMT A=MANTH DERINNS,

INPUT THE SYSTSHM IDENTIFIER REQUIREND, START THE NUMAFR TN

THE LLEFT NF THE SDACE PROYVINED,

25-30 NUMRER 0OF FLIGHTS IN SURSEQUENT 6-MONTH TIME OERTCD, SEE MOTE %
RELNW.

31-36 SEC 12-24 ARDVFE,

3742 SEF _25-30_APNOyC,

43-4# SEE 1°-2% A4BNVE,

NOQTE % = PLACE THE [NOUT MIMREDR ANYMHESE TN THRE SO4CE _PRAVINEN,
RE SHRE TN SHNW THE LOCATION OF THE DECIMAL POINMT,




‘CARD [.N. MO 5-08 . PAGE 2 OF 2

R AND D FLIGHT TABRLE {(CONTINUED)

49-54

SEE 25-30 ARNVE,

55-60

61-¢€6

vgég 12-24 AROVE.

SFF 25-30 ABOVE,

67-72

SEE 1¢-24 ABOQVE.

“77-80

SEQUEMCE NUMBER,

INPUT THE NUMBER 50R1 ONLY IF THIS IS

THE FIRST OF TWO CARDS., IN ALL OTHER CASES, INPUT THE

NIIMARER  S08L.




CARD T.D. NO. 5-0¢ PAGE 1 OF

SYSTEM FXPENDABLES

2

THIS CARD [S USEN TO IDENTIEY THE RATF NF USAGE THAT IS ESTIMATED

FNR A

GIVEN SYSTEM WITH A SPECIFIC CREW LFVEL., RECAUSE A SYSTEM CONCEPT MAY
HAVE TO NPERATE AT VARINUS CRFW LEVELS, SEVERAL OF THESE CA2NS MAY RE
_NEEDED,. SPACE [S PROVINED [N THE COMPUTER TQ PRESENT DATA ON FIVE NIF-
FFRFNT CRFY LEVELS. THE CARDS MUST RF FILLED OUT IN THE DESCENDING QRODFS
OF CREW STZF. '
FOR TRANSPORTATINN SYSTEMS AND FLIGHT SYSTEMS (NDT LFV CONCEPTS),
FILL IM SPACES 1-6 AND 77-20 NNLY,

1-6 SYSTEM IDENTIFIFR. USE THE NUMBER SHOWN IN THE MIMASA DATA

RODK, HSE OMLY THE STIX ”lﬂlTQ.' DO _NOT INCLUDE THE DASH
SFPAPATING THE DIGITS. :

.13-15 CRFW LEVFL FOR WHICH THE DATA NN THIS CARD APPLIES, SFE _NOTE *

RELCW, START FIRST CARD WITH LARGEST CREW SIZE,
NOTF -~ FOR LRV TRATLERS, INPUT THE CREW LEVELS AQSQFIATC
WITH THE ADPQHPOIATE LRV AS INDICATED IN THE MIMO

n
SA

DATA BOOK,

_16-25 - TOTAL_EXPENDARLES, IN_KILOGRAMS, EXCENNED PER DAY AT _THE A

ROVE

CRFY LEVEL., THIS RATE INCLUDES ALL POWFR SYSTEM FUEL{_L
ECS FXPENDABLES, WATER, ATMOSPHERE LNSS, ETC. COUNT ALL
PENDASLES WHETHER NUMDEDN QVERRNARD AR NNT EXCEPT THANSE R

S AND
EX-
EQUIRFI

FOR SPACESUIT OPERATIOM, SEE NOTF % RELOW,

_26-35 TOTAL_EKgiﬂgﬁﬁLgil_lN"ﬁlLﬂﬁpAMS PER KW-HR, THAT MUST RE_USED OVEF.

AMD AROVE NORMAL NONSCIENTIFIC SYSTEYM QPERATION TO POWER
AN EXPFRIMENT SUUPPN2TEN 8Y THE SYSTFEM, FNR MAJOR SCIENT
FOUIDMAENT, INPUT ANILY THE KG/KY=YR SII0DYL TFDN BY THE FQUIP

IFIC

MENT

COMCFPT ITSFELF, IF POWER IS SUPPLIEN TO THE EQUIPMENT FROM

A RASF oOWEP SYPPLY, SHFLTER, LBV, 2R LFV, THEM LEAVE TH
IMOT SOACE BLANXK, SEF NQOTE * REI0O4W, i

IS

36-45 TNTAL EXPENDABLES, IN KILOGRAMS OER KILOMETER, QFQUIRED TO

PRO-

VIDE MO8TLITY FNR A [UNAP POVIMG VEHICLE., 1 FAVE THIS SPACE

RLANK FGR ALL NTHER- SYSTEMS, FOR TRATLERS (WHEN USED
WITH THE LRV), COUNT THE SUM OF ROTH THE LRV AND THE TRA
USAGE PATE, IS INPUT IS NESIREN, SEE NOTE * BELOW.

ILER

46-55 TOTAL EXPFENDABLES, IN KILOGRAMS PER STNP, REQUIRED FOR ANY

LCTI-

VATION NP NEACTIVATION AF & £0VING AR FLYING VEHICLE. NN NOT

COUNT SPACESUTT EXOENPAELES. LEAVE THIS SPACE BLANK FO2

Sys--

TEMS OTHER THAN LRV AND LFV CONCEPTS, [F INPUT IS DESIRED,

e, SEE NGQTYE 2 _BELOW.

NOTE & - TUE [NMPUT MUYMARED MAY AC DL ACEDN ANYWHERE IN THE SPACE PROVIDED

RF _SURE TA_SHOW_THE LOCATION OF THE NECIMAL_POIMNT,

E-10-



CARD 1.D. ND, 5-0°¢ PAGE 2 nF 2

SYSTEM FXPFNNDARLES {(CONTIMNUEZD)

TOTAL EXPOMDARLFS, IN KILOGRAMS PER SPACESUIT MAN~-HTUT, THAT
FXCEED THE CXPENMNARLES PER SHIBTSLEEYE MAR—HI®, 15 SYSTEM 18

NOERATED SOLELY 2Y SPACESUIT, IT IS SUGGESTED THAT THE ToTAL
SPACFSUTT EXPENDARLE PATE RF INPUYT, SEE NOTE * RELOW.

66-75

TOTAL EXPENDARLES, IN KILOGRAMS, THAT ARE MOT USARLE Y THE
SYSTEM. THROUGHINT ITS USF.. THIS INCLUNES UNUSARLE RNILAFF
NYRING THE MISSTION AND PRE-MTISSINN STORAGE, ULLANRE, FPEFUHELINA

LNSSES, RESERVES, ETC, DJ MOT COUMT USASLE LSV PROPELLANT,
FN2 LRV TRATLFRS (WHEM PSEN WITH THE LRV) COUNT ROTH TRATLES
ANT LRV AGTILNFE, TF IMPYT TS NESTRED, SEF NOTE * RELOW,

77-00

SEQUEMCE MHUMBFR, INDUT THE MUMBRER 502 IF THIS IS LAST
caen IN ANY SFQUENCE, INPUT  50¢1, 5022, 5093, 50C4, AS

ADPPROPRIATE, TF THIS IS FIPST THROUGH SOURTH CARD 0F A
SEQUENCE,

MOTE %

THE INPUT MUMRER MAY RE O ACED ANMYWHERE [N THE SPACE PROVIDED

RE SUBRE TN SHNW THE LOCATINN QF THE DEC{MAL PAINT.

E-11



CARD I.D. MO. 5-10 PAGE 1 CF 2

SYSTFM MAS:HQUR RFOUIPEMENTS FOR NDMQQLENIIFIFVOPFRATIQNS

THIS CARD 1S USED T0 IDENTTEY THE NONSCIENTIFIC SPACESUIT AND SHIRTSLECV
MAN-HOURS REQUIRED TO SUPPORT EACH SYSTEM CONCEPT FOR A GIVEN CREW LEVEL
BRECAUSE A SYSTEM CONGCEPT MAY HAVE TO NPERATE AT VAPIDUS CREY LEVELS,

_SEVERAL NF THESE CARDS MAY BF NFEDED. SPACE IS PROVIDED IN THE CAMPUTEPR
TN PPESENT DATA ON FIVE DIFFERENMT CREW LEVFLS. THE CREW LEVELS USED MUS
RE THE SAME AS THASE INENTIFIEND ON THE SYSTEM EXPENDABLE CARD (CARD 1.0,
5-05)., FURTHERMNRE, THE CRFW LEVELS MUST BE IN THE SAMF DESCEMDING
NRDER.,

FOR TRANSPPORTATION SYSTEMS _ ANMD FLTIGHT SYSTEMS, INPUT COLUMNS 1-6
AND 77-80 ONLY.

1-6 __ SYSTEM INEMTJIEIER, YSE THE NUMBER SHOWN [N_THE MIMDSA DATA
ROOK, USE ONLY THE SIX DIGITS. " DO NOT INCLUDE THE DASH
SEPARATING THE DIGITS. o o

13-15 CREW LEVEL FOR WHICH THE DATA ON THIS CARD APPLIES. SEF NOTE %
RELOW,

16-25 SHIRTSLEEVE MAM-HQOURS FOR ACTIVATION AND DEACTIVATION OF SYSTEM
CONCFEPT AT THE ARQOVE CREW LEVEL. THIS IS MEANT TO INCLUDE ALL
NPERATIOMS TO ACTIVATE ANND NEACTIVATFE CONCEPT, BUT 1S NQT MEAN
TO INCLUDE DEPLOYMENT, -SEE NNTE % BELOYW, '

26=35_ SPACESUIT MAN-HOUPRS FOR ACTIVATION ANMD DEACTIVATINN A4S DESCRINRED
ABOVE. SEE MOTE * BELOW. o

36-45  SHIRTSLEFEVE MAN-HOURS PFR DAY FNR NONSCIENTIFIC OPERATIONS, B
THIS INCLUDES MAN-HOURS PER DAY FNOR MAINTENANCE, REPAIRS, STA-
TION-KEEPING, AIRLOCK OPERATINNS, AND PERSONAL DOPERATINNS, SEE
NATE % Q| NW, .

46-55 SPACESUIT MAN-HOURS PER DAY FOR NONSCIENTIFIC QPERATINONS AS
DESCRIRED_ARAQVE, SEE NOTE * RFELOM,

56-65 SHIRTSLFFVE MAN=-HOURS PER STCP ON A TRAVERSE FOR NONSCIEMNTIFIC
OPEDATINNMS . THIS TMCLUDES NPFRATIAONS £ VEHICLE SHUTDNWM,
CHECKDUWUT, AND RESTART AT EACH STQOO°, IT DOFS NOT COUNT ACTIVA-
TION AND DEACTIVATION AT THE RFEGINNING ANN THE END 2F THE
TRAVFRSE, _FOR_ALL _SYSTEMS QTHER THAN LRY AND L FY CAONCFOTS,
LEAVF THIS SPACE LANK, TIF IMPUT IS DESIREN, SEE NJTE % REg 0w

_66=75 ___-SPACESUIT_MAN-HNIRS PER STOP ON A TRAVEPSE AS DESCRIBEN &SNVE,
IF INPUT IS NESTREN, SEF NOTE & azinw, ‘

_NDTE % = THE INOUT MUMRER MAY 38 PLACFER AMYWHERE M, THE SOLCE PROVIRED.
RE SURE 70 SHNW LOCATION 2F THT DECIYMAL POIMT,

E-12



CARD I.De ND, 5-10 PAGE 2 QOF 2

SYSTEM MAN-HOUR REQUIPEMENTS {CONTINUED)

77-20

SEQUENCE NUMREPR, INPJT THE NUMRER  510L IF THIS CARD IS FOO2 &

TRANSOORTATION SYSTFM, FLIGHT SYSTEM, 0OR UNMANNED SYSTEM, 0OR

IF THIS IS THE LAST CARD IN ANY SEOUENCF,. INPUT 5101,
5102, 5103, 0OR 5104, AS APPPODRIATE, IF THIS 1S THE
FIRST THROUGH THE FOURTH CASD NF A SENUENCE.

E-13



CAPD T.0, Nﬂ;‘S;ll

SYSTEM .INPHT - PERISOMNFL SHILTER OMLY

THIS CARD IS HSFED TQ RELATE SHFLTFR STAYTIME T ALTFANATE SUELTer rory
L;VFL_S. THE CQ;’:-_.‘ﬁL';':VCLS IS&eN “.!_]SLC}_C__‘"TH,C QAI“'S__I.“Q THOSFE HSun 15 £ 7 ng

§-00 AND 5-19, FOT OATA [NRYT 0% SYSTEMS ATHES THAN. SHELT T ¢, 157 7
THIS CARD, ‘ ‘ ‘

1-6 SYSTEM [DEMTIFIER. MNSE THE NMRE2 SHOWN TN THE “[#0Cr RpATL
PONK .. LSFEF OMLY THE SIX NIGITS. DO:NAT INCLUNE THE NASH

SEDARATING THE DIGITS,

7-12  MAXIMUM CRFEW | FVE}, TMNOUT THE | ARGEST RCy STI7E YSFENH FO2 TMDNT

CARDS 5-0% (SYSTFEY FEXPEMDABLES) AND 5-10 (SYSTEM MaM-pHOUR PT-
DUIREMENTS), SER NOTE *x RELNUW, ’

13-18  MAXIMUY ALLOWABLE STAYTIME, IN DAYS, AT THE GIVEN CREW LEVFL.
: THIS STAYTIME INPYUT IGNORES THE ©O0SSIRILITY THAT PART OF THE

CRFW MAY SPENND SNMF TIME AWAY FROM THE SHELTER, SEE NOTE %
RELMYW. ' ' '

19-24 NEXT LARGEST CREW LFEVEL ChNSIDEQFD IN CLARDS 5-09 AND 5-10. SEE

NOTE * RELNW,

25-30 SET 13-19 ARQOVE.

31-36 SEE 19-24 ABOVE,

37-42 SEEF 13-1% ABNVE,

L3- 49 SEFE _1@-24 ARNVE,

49-54 SEE 13-13 ARDVE,

55-60 SEF 12-24 AROVE.

61-66 SEE 13-192 ARNOVF,

77-R0 SEDUENMCE NIYMARER, TNPUT THE FOLLOWING NUMBER - 5110

MOTE % — THC JNOUT NUMBEER MAY 2F DL ACEDN AMYWHTAFE [N THE SPACE PRAVINEN,

1
BE SI1RE TN SHIW LOCATION N THE DZCIMAL OQINT,

E-14



CARD [.D. NO, 5-12 PAGE 1 NF 2

SYSTEM INPHYT - LRV ONLY

THIS CARN 1S USEN TH SHPPLY CERTAIN INPYT DATA FAR LRY CONCEPTS WHICH
MAY BF SENSITIVE TQ CREW LEVFL. [T IS OERMITTED TN [NPUT FIVE CASAS ENR
FIVE DIFFERENT CRFW LEVFLS. THE CREW LEVELS UYSED HFRPF MUST BE THE SAME
AS THNSE USEN IN CARDS 5-09 AND 5-10,° IN ADDITION, THEY MUST 8F [N THF
SAME NESCFMNING IRNER IN SIZF.

FCR _THE PUYRPASES AF THIS CARN, A TRATLER, WHEM USED WITH AN PV, WILL

RFQUIRF INPUT HERE OF VALUES FOR THE TW0O ACTING AS A SINGLE UNIT,
FOR DATA INPUT 3N SYSTEMS OTHER THAN LRV CONCFPTS, IGNORF THIS CARD,

1-6 SYSTEM INENTIFIER,., USE THE NUMRER SHAOWMN [N THE MIMNSA DATA
ANNK, USE NNLY THE SIX DIGITS, DC NOT IMCLUDE THE DASH
SEPARATING THE NIGITS.

11-20 CREW LFVEL, 0N THE FIRST CARPD, [NPUT THE LAPGEST CRFW SIZE USEN

T TTEDR INPIT CARDS 509 (SYSTEM EXPENDARLES) AND 510 (SYSTEW T T
MAN-HODUR REQUIREMENTS)., THE INPYT ON SUSSENUSNT CARNS M SEO-
IFS MUIST COVYER THE QOTHER CREW LEVELS 1M 5-05 AND 5-10 1M THE
SAME DESCFNDING NRANFER,  SEE NOTE #* RFELNW, T

21-30  NOMINAL SINGLE EXCUOSICN STAYTIME, [M NAYS, PERMITTED E0OR THE
GIVEN CREW LEVEL. ALL INDIVIDUAL TRAVFRSES WITH WHICH THTS
CONCEPT [S CMYPARED SHAULN HAYE TOTAL TRAVERSE TIMES OF a20UT

THE VALUFR [NDPYT HERS, S=ZF MATE * AELNNW,

31-40  NOYINAL SIMGLE EXCUSSINN RANGE, IM KILNMETERS, DFOMITTEN £nN2 THE
GIVEN CPFW LEVEL, THIS IS THE MAMINAL RANGE FOR AMY T2AVERSE

QITHWUT VEHICLES REFUFLIMNG SFFE NNTE %= 8F[ (W,

41-50 AVEPAGE VEMICLFE SPEEN, TN KILNYETERS NER HNR,  TRAVFUSE PANGE

WILL 8C NIVINED 8Y THIS [MPUT TN ESTIYATE THE HONHRS REQUIRED
FOQ TRAVELIMA, SEF NOTF *x afpnu,

51-560 MAX MU DAY OAN (1R CASAA) AASS CADARILITY, In KILOSRAUS,
THIS [S THE “axpy4 ASS FOR DAV NAN, SHCH AC SCIENTIFRIC
ENU[OMENT, DEOMITTENR AY THE VEHICLE DESIGN FIR THE GIVEN
CRFW LFVFL. SSE NMOTE % 3ELNW,

72 COACCQTT tIC4ARS € 44, 14T 0 {70 17 LEAVE THE CDACES D stk
[F SPACTALIT Z(T=utanLan

-Jr‘_r" I,IC:’\ :\||“f\|“ T\A\/’. 1\xf~ I_\fnngr ’
(NN 1T TEauILING TS ATNE [N SuluToTEyES,

MATE % o Tud TAHDHT Mitasd Y AT DL ACEN MY [Y T=s Al oo Wi Ta
0C gyRE T CuUA | ACAT N NF THE NS0 91T,

E-15



cARD 1,N, MO, 5-12 DARE 2 e 2

SYSTEM INDUT = LRV DMLY {GAONTINUED)

77-2() SEMIENCE MYMAEL . TROUT OMT OF THE FOLLAWING Mipsn o,
5121 1F THIS IS THE OMLY CARN RENYTIDEN An [E T30 1€
1LAST £APD i 4 SroJeg,
5121 1F THIS IS FIaST CARD NF A& SERIES,
5122 1€ THIS IS SECOMN rARD NF a4 Scprceg,
5123 . 1F THIS IS THIRD CARND NF A SER[ES,
5124 1F THIS 1S FOURTH CARD NF A SERIES,

ral
-4
|

E-16



raen Y-'r"‘. MY C-"'l.q

&t
SYSTEM IMPUT = LFV CMLY

THIS CARN IS USED TO SuUPPLY CERTAIN INPUT DATA FOR LfV CONCEPTS WHICH
MAY RE SEMSITIVE TN CRFW LEVEL, 1T 1S PFRMITTSH TO INPUT FIVE. CARNDS FENR

FIVE DIFFERENT CREW LEVELS. THE CREW LEVELS USEDN HERE MUST RE THE SAWE
AS THOSE USEN IN CARDS 5-0% AND 5-10. IN ADDITION, THEY MUST BE [M THE
_SAME DESCENDING CRDER IN SIZE,

FOR.DATA INPUT ON SYSTEMS OTHER THAN LEV CONCEPTS, IGNORE THIS CARD,

1-6  SYSTEM 'IDENTIFIER, USE THE NUMBER SHOWN IN THE MIMOSA DATA
BOOK. USE ONLY THE SIX DIGITS. DO NOT INCLUDE THE DASH
SEPARATING THE DIGITS,

'11-20  CREW LEVEL. ON THE FIRST CARD, INOUT THE LARGEST CREW SIZE THAT
WAS USED FOR IMPYT CARDS 5-0C (SYSTEM EXPENNABLES) AND 5-10

(SYSTEM MAN-HOUR REOQUIRFMENTS) ., THE INPUT ON SURSEQUEMT CARDS
IN A SERIES MUST COVER THE OTHER CREW LEVELS IN 5-0% AND 5-10
IN THE SAME NESCENNING NRNFR, SEE NOTE * BELOW,

21-30 MAXTMUM SINGLE EXCURSION TIME, TN HOURS, PERMITTED FOR GIVEN
CREW LEVEL., ALL INDIVINUAL TRAVERSES WITH WHICH THIS CONCEPT

IS C2MPARED MUST HAVE TOTAL TRAVERSE TIMFES LESS THAN THE VALUE
INPUT HFERF, SEF NOTE * BELDYW,

31-40 SDFCI#IC IMPINL.SE, IN METERS PER SECOND, FAOR THE LFV PROPYUYLSIONM
SURSYSTEM, I+ VALUES ARE NNT AVAILARLE FOR THE (CONCEPT DE-
SIGN, HSE A NOMINAL VACUYM TSP FOR THFE DESIRrﬂ PoﬂﬁcLLAATS.

SEFE NMOTE & RELOW,

41-50 INERT MASS 0OF LFV IN KILNGRAMS, THE TNERT 4ASS [S GIVEM AS

THE SUUM OF THE TATAL NONEXPENDASLES IN THE CONMCEPT NESIGH
PLYS THE UNUSARLE LFY DRAPELLANT, 7T DOES NOT INCLUNE THE

CREW, THEIR SOACESHTTS ANMD BACK2ANKS, USASLE LFV DRAPELLANT,
AND ALL COTHER EXDPEMOARLES. SES NOTE * BELOW. i ‘

72 SOACESHIT 1JSAGE FLAG. _INPUT O (7FP7) NR LEAVE THE SPACE RLANK

TF SPACESUTT FXPEMDARLES ARE USED DUYRING TRAVELING, [NOUT ]
{(ONE)Y IF TRAVELING IS DIONE IN SHIRTSLEEVES,

77-80-  SEOUENCE NUMBER. [NDUT ONE AF THE FALLAWING.
513L IF T4IS IS THE QNLY CARD EQUIRED OR [F THIS IS THE
LAST CARD NOF A SEPIZS

5131 IF THIS [S THE FIRST CAGN NE a SERIES,
5122 IF THIS IS THE SEICTND CARD 0F A SE2TEg,
5123 [F THIS TS Tu< TJI“G CASD D# A S=O0TES,

5134 1F THIS IS THE F2URTH Card 0OF 4 SERLES.

NOTE & -~ THE TMDPT MITMARAFR MAY AE DLACED ANYHHCARE [A THE SDACE PEAYVIREN,
RE SHRE T7 SHOW LOCATION NF THE DECI@AL POINT,

E-17



CARD 1.D. N2, 5-14

SYSTEM INPYT - LFV STOPS VS RANGE TABLE.

THIS CARD TS USFOD TO SPECIFY THE RELATINNSHIP RETWEEN THE MAXIMUM SINGLE
EXCURSION RANGE NF AN LFV ON A TRAVERSE AND THE NUMRER QF STOPS ON THAT

TRAVERSF, TWE CARD OROVINDES FOR IMOYUT AF FIVF DANEREND PAIRS. UP TQ TN
CARDS MAY RE YSED,

FOR SYSTEYS ATHER THAN LFV CONGEPTS, IGNORE THIS CARD.

1*6. SYSTEM INDENTIFIER, USEVTHE NUMRER SHOWN IN THE MIMOSA DATA
BNOK., USE ONLY THE SIX DIGITS. ODO NOT INCLUDE THE DASH
SEPARATING THE DIGITS.

13-1%8 NUMRER -OF STOPS. SPECIFY A VALUE FOR NUMBER OF STOPS BY THE LFV
IN ONE TRAVERSE, NO NOT COUNT THE START OR THE .FINISH POINT OF

THE POSSTI®LE TRAVERSE, PRFGIN WITH THFE NUMARER 7ZERQ AND ON
SUCCEEDING ENTRIFES, INPUT 1, 2, 3, ETC. IN INCREASIMG 0ORDEZ2.
SEE NOTE # RFILOW,

19-24 MAXTMUM SINGLE EXCURSTON RANGE OF THE LFV, fN»KILOMETERS, FOR'THF
' NUMRFR OF STOPS JUST GIVEN., GENERALLY, THIS WILL BE THF

RANGE ACHIFVED WITH ZERO PAYLOAD, SEE NOTE * BELOW.

25-30 SES 13-18 ABOVFE,

31-36 SFE 19-24 ABNVE,

37-42 SFE 13-12 ABQVF,

43-418 SEE 1°-24 ABOVE,

45-54 SEF 13-17 ABOCVE,.

55-60 SET 19-24 ARNQVE,

61-66 SEE 13-1° ARQVE,

6772 SEE 19-24 ARNVYE,

77-20 SENYUFMLE NUMRER,  [NPUYT THF MUYRER  §14L TN ALL CASES EXCE:PT
[F THIS IS THE FIRST OF TWO CARNDS. IN THAT CASE, [INPUT Tue
MHMeER 5141, ,

NDTE % - THE [NPUT HUYAES MiY BE DLACEN AMYWHEAE [N TAS SPALE DANVINED,
| RE SURE T SUOW LACATIAN 28 THE DECTMAL D2[NT,

E-18



_SYSTEM INPUT - MAJOR SCIFENTIFIC EOQNIPMENT ONLY

THIS CARD [S NSED TN _TNENTIFY THASE EXPTRIMENTS DERFARMEN RY A MAJOR
SCIENTIFIC FOUIPMENT SYSTEM, UP TP FIVFE EXPERIMENT IDSENTIFIE2S (AN AF
INPUT N ONE CARD, 1P TO FIVE CARNS MAY BE USED. NOT ALL 0OF THE 25
PASSIALE EXPERIMENTS NIFN RZ PEOENODMEN (N AMY ONE M[SSTOM,

FOR SYSTEMS OTHER THAN MAJNR SCIERTIFIC FQUIPHMANT, IGNORE THIC CA2D,

i-6 SYSTEM INENTIFIRR, USE THE MUMBER SHOWN TN THE ATMNSA DATA
RNNK, HSE ONLY THE SIX DIGITS. D0 NAT INCLUNE THE NASH
SEPARATING THE DIGITS. ' -

7-18__ EXPERIMENT IDFENTJIFIEP, INPUT THF FXPERJMENT [NEMTIETRE NC AN
EXPERIMENT PERFARMEN WITH THE USE OF THE GIVEN MAJOR SCI=ENTICIC
EQUIPMENT CONCEPT, USE THE NUMRZR DROVINDED 3Y THE NOFTHY AvER -
[CAN AVIATINN STHUDY 0OF LNNAR MISSINNS. EXPAND THZIR S£=DIGIT
NIMRFER INTO FIVE SECTINNS WITH NECIMAL  POINTS AS ENLLOHS.

: - XoXeXXaXXaXX :
REGIN THIS 12-PLACE NUMBRER AT THE LEFT OF THE SPACFE PROVINEN,

1¢-30 SEE 6-13 ABOVE,

31-42 . SEF 6-12 ABDVE.

43-54  SEE §-12 ASOVE,

55-66 SEE 6-12 AQOVE,

77-80 SEQUENMCE NUMBER, INPIT ONE NF THE FOLLOWING, .
5150 IF THIS IS THE NONLY CARPD REQUIRED TR IF THIS IS THF
LAST NF A SFRIES, '
5151 IF THIS IS THE FIRST OF A SERIES,
5152 [F THIS IS THE SECAOND NF 4 SERIES,
5153 _1F THIS IS THE THIRN NOF A SERIFS,
5154 [F THIS IS THE FOURTH OF A SERIES.

E-19



CAPD 1.D. NO. 5-16

SYSTEM INPUT - TRANSPORTATION SYSTEMS ONLY

- THIS CARD 1S YSEN TO [NEMTIFY THE FLIGHT SYSTEMS MAKING UP THE TRANS-

PORTATION SYSTFM, IT ALSO INDICATES THE LAUMCH LEAD TIME REQUTIRED
FOR THE DELIVERY NF FACH FLIGHT SYSTEM,

ONE OF THESE CARNS MUST BE INOUT WITH CACH TRANSPORTATION SYSTEM,

SYSTFM IDENTIFIER.- ITNPUT THE TRANSPORTATION SYSTEM IDENT-

1-6
IFICATINN NUMRER SUPPLIED IN THE MIMOSA DATA RONK, USE
ONLY THE SIX DIGITS. DO NOT IJSE THE DASH SEPARATING THE
NIGITS.
11-16  FLIGHT SYSTEM INENTIFIER, INPUT THE SYSTEM INENTIFIER FOR
A FLIGHT SYSTEW LSEN TO MAKE P THE TRANSPORTATION SYSTEH,
INPIT THE NUMRER SUPPLIED ., IN THE MIMOSA NATA BODK. USE
ONLY THE SIX NIGITS. DN NOT YSE THE DASH SEOARATING THE
NIGITS.
17-20  LAUNCY. LFAD TIME FOR THF GIVFN FLIGHT SYSTEM. INPUT THE
NIJMARER DE &6-MONTH TTUE PERINNS PRECENING THE L AUNCH NATE
WHEN DELIVERY NF THE FLIGHT-QJALIFIED SYSTEM [S REQUIREN,
. INPUT 1 FOR 0=-6 MONTHS, 2  FOR 7-12 MONTHS, ETC. PLAGE
THE NUMRER ANYWHERE IN THE FOUR SPACES PRAVIDED, BE SUFF
TO SHAW LNCATION NF THE NFECIMAL OQINT,
21-26 SFE 11-16 ARNVE, -
27-30 SEF 17-20 ARDVE, L
31-36 SEF 11-16 &ENVE,
37-40 SEE 17-20 ARAVE,
41-46 SEF 11-16 ABNVE,
47-50 SEE 17-20 ABNVE,
51-56 SSFE 11-15 AROVE, -
57-60___SES 17-20 ARNVF, ~
61-66 SEE 11-16 ARNPVE,
67-70 SEE 17-20 AROVE,
77-20 SequieMr e NyMace,  INOHT THE SOLLOYING MUMAER- 5160
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CARD 1.D. 6-01 .

SUBSYSTEM SOTA ADVANCE - GENERAL

ONE 0OF THESE CARDS TS REQYIREN FOR EVERY SURSYSTEM SOTA ADVANCE,

1-6 SIRSYSTEM INENTIFIER, START IDENTIFIER IN COLUMN 1,

7-30  SURSYSTFEM NAME FIRST LINE,

CENTER THE NAME WITHIN THE SPACE
PRAVIDEN,

THIS INOUT WILL APPFAR ON FIRST LINT 0OF PRINTOYT,

31-54 SUBSYSTEM NAME SECOND LINE.

CENTER THE REST 0OF THE NAME
WITHIN THE SPACE DRNOVINED.

THIS INPUT WILL APPEAR ON SECOND
LINE 0OF ORINTOUT. .

77-920 SEQUENCE MUMREPR, TNPUT THE FOLLOWING NUMRER - 601L




CARD I.D. 6-02 AND 6-03

COST_CURVE - GENERAL

THIS STANDARN CARD IS USEN TO INPUT ALL NONRECYRRING CNSTS REQUIREN FAR

THE COMPUTER PRNGRAM, THE IDENTIFIER (SPACES 1-6) AND SEQUENCE NUMBER
{SPACES 77-80) ESTABLISH EXACTLY WHICH CNDST CURVE IS BEING GIVEN,
EACH COST CHRVE WILL RE GIVEN 2Y A SEY OF THESE CARDS, EACH SET MAY

CONTAIN UP TO THREE CARDS, AS EACH CARD PERMITS ENTRY OF COSTS FOR
FIVE 6-MONTH TIME PERINDS,.  USE (QF THREE CARDS ALLOWS INPUT 0OF COSTS

FOR U2 10O 7,5 YFARS,

AT LEAST OME OF THESE CARDS MUST BRF INPUT FOR EVERY COST CATEGORY RE-
QUIPEN FOR _FACH SUARSYSTEM SOTA ANVANCE. TF IT IS NOT DESIRED TO INPUT

A CDST CURVE, FILL OUT COLUMNS 1-12 AND 77-20 ONLY.

1-6 SURSYSTEM IDENTIFIER. USE THE NUMBER INPUT WITH THE 6-01 CARD.

21-25 JERO POINT. INSERT HERE THE NUMBER QOF 6-MONTH TIME PERIODS

THAT DCCUR FROM START OF FUNDING UP T0O AND INCLUDING THE
6-MONTH TIME PERIOD OF THE DELIVERY DATE 0OF FIRST FLIGHT
OUYALIFIFN SURSYSTEM TN SYSTFM TMTEGRATOR,

NOTE- THIS ZERD POINT ENTRY NEED OMLY BE PUT ON FIRST CARD OF
THE SET THAY WILL DESCRIRE FACH COAST CURVE, THE TMPUT

NUMBER MAY BE PUT ANYWHERE [N THE FIVE SPACES PROVIDED,
SHOW A NECTMAL POINT WITH EACH ENTRY,

26-35 COST ENTRY, IN MILLIONS OF DNLLARS, FOR 6-MONTH FUNDING PERIOD.
THE INPUT NUMBER MAY BE PUT ANYWHERE WITHIN THE 10 SPACES
PROVINEN, SHOW LOCATION QF NECIMAL PLINT.

36-45 SAME AS ABNVE,

46-55 SAME AS ABNOVE,

56-65 SAME AS AROVE.

66-75 SAME AS A20VE,

77-20 SENUENCE NUMBFR, INPHT NNMRCER AS SHOWN RELNW. NOTE THAT THE
SyM20 ¥ HAS SPECIAL SIGMNIFICAMCE,

COST CURVE IMOoyT
NONRECURRING R AN D £CST - SUBSYSTEY LEVEL 602*
NOMRECHRRING FACTILIYTES COST - SUASYSTEM LFEVEL 503=

£ = LAST DIGIT NF SEQUENCE MUNMRT2,  1SE AS EQLLOWS-
.= 18 LAST CARD IN SEONSNCE 0OF ANY S17E

1 = IF FIRST CARD IN SEQUENCE OF 2 0OR
2 = IF SECOMD CARN IM SEQUENCE OF 3 CA
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CARD 1.0, NO. 8-01 ‘ PAGE 1 CF 2

EXPERIMENT INPUT - TYPE 1 _CARD

THIS CARD IS YSED TO INPUT SUMMARY DATA FNR EACH EXPERIMENT,

1 CARN TYPE, TINPUT NUMBER 1.

)
!

11 EXPERTMENT NUMBER, INPUT AN EIGHT DIGIT NUMBER WHICH UNIQUELY -

IDENTIFTES THIS EXPERIMENT,

12-31 ABARREVIATED TITLE 0OF EXPERIMENT.

%2 NUMBFR OF MEN. MINIMUY NUMBER OF CREW PERSONNEL REQUIRED 10
PERFORM THE CRITICAL OPERATIONS RELATED TQ THIS EXPERIMENT,

45-4° EQUIPMENT MASS. INPUT TOTAL MASS, IN KILOGRAMS, NOT INCLUDING
PACKAGING, STNRAGE, OR TRANSOPORTATION FACTORS. THE FOUR
NIGIT CONE USFS THE FIRST TWO NIGITS FOR THE SIGNIFICANT

FIGURES, AND THE LAST TWD DIGITS FOR THE EXPOMENY T3 THE
RASE 10. FNR NEGATIVE EXPONENTS AND 50 TO THE ARSOLUTE

VALUE,
: 1.
EXAMPLE - 2001 = 2.0 X (10) = 20KG
-1
2051 = 2.0 X (10) = 0.2K6G

49-52 EQUIPHMENT VOLUMF. INPYT TOTAL VOLUME, [N CIUBTIC METERS, OF DUTSTIDE
ENVELNPE NF EQUIPMENT PACKAGE, MOT INCLUDINMG SPECIAL
CONTAINER REQUIREMENTS. USE FOUR DIGIT CNDE AS PREVINUSLY

DESCRIRED.,

53-56 TOTAL FQUIPMENT ENERGY, ITNPUT, IN WATT-HRS, 9RNDUCT OF AVERAGE

PAOWER DEMAND AMD TOTAL NDERATING TIME, IJSE FNUR DIGIT
CODE AS PREVIOUSLY NESCRIAREDN, '

SPECTAL FUNCTIONS,

70  DEVELOPMENT TIME. [NOUT THE NUMBER 0OF YRARS REQUIRED 10O
NEVELNP THE NPERATIONAL PIECE OF EQUIPMENT WHICH IS
PACING FOR THE EXPFERIMENT,

T1-72 YEAD 3F EARLIEST AVATLABTLITY, LA&ST THN DIGITS OF CALEMNRR
YEA2 OACINA SOUIOMENT COULND RE AVATLARLE, [NCLUDING ©OAST

[F ALREANY AVAILASLE,




CARD I.D. NO. 8-01 PAGE 2 OF 2

73-74

EXCERIMENT INPUT = TYPE ] CARD (GONTINUED)

NONRECURRING CNST. A TWO=DIGIT CONE ENR COST _TO NEVELNP

FTEM{S) SUITARLE FOR SPACE USF, FIRST DIGIT IS SIGNIFICANT
- FIGURE, SECONN DIGIT IS FOR EXPONENT, :

"75<76

FIRST ITEM COST. & THN-DIGIT CONE FOP THE ESTIMATED CAST
OF THE FIRST ITEM INTENDED FNR OPERATIONAL USE. USE CODING

77-80

_PRNCEDURE AS PREVIONSLY DFESCRIAEN,

TOTAL EARTH RETURNED MASS. . INPUT MASS, IN KILOGRAMS, OF ALL

- SAMPLES, EMULSIONS,AND QTHER MATERTALS INCLUDING SUJITARLE
STORAGE CONTAINERS NOT INTEGRAL WITH THE SPACECRAFT, USE
FOUR-NISIT CNNDE PREVIOUSLY DESCRIRED,




CARD 1.D. NO. 8-02 ~ T PARE 1 OF 2
A .

EXPERIMENT [NPUT - TYPE 3 CARD

THIS CARN IS.USEN T INPUT LABCR QPERATfDN MANHOURS FOR FEACH EXPERIMEMT,

1 CARD TYPF, INPUT NUMBRER 3

4-11 EXPERTMFNT NUMBER, fNPUT AN EIGHT DIGIT NUMBER WHICH UNTQUELY

TDENTIFIES THIS EXPERIMENT, USE SAME NUMRER AS ON 2-01 CARD,

THE NEXT EIGHT INPUTS ARE FOR TRAVFRSE DPERATIONS CNLY.

12-15% SHIRTSLEEVE SETUP (PHASE 1). INPUT THE NUMBER OF MANHOURS .
TGO SETUP THE EXPERIMENT IN A SHIRTSLEEVE ENVIRONMENT,
. THE FNUR NDIGIT CNNF USES. THE FIRST TWO DIGITS FOR THF

"SIGNIFICANT FIGURES, AND THF LAST TWQ DIGITS ENOR THE
EXPONENT TN THE B8ASE 10. FOR NEGATIVE EXPONENTS ADD 50 TN
THE ABSOLUTE VALUE. '

w 1 o
2.0 X (10) = 20 MAN-HOURS
=1

EFXAMPLE - 2001

2051

2.0 X (10) = 0.2 MAN-HOURS

16-192 . SHIRTSLEEVE NPERATFE (2HASE 2], INDUT THE NUMARER CF MANHOURS

TO NDERATE THE EXPERIMENT IN A SHIPTSLEEVE ENVIROMMENT,
JSE THE FOUR DIGIT CODE DESCRIRFN ABDVE,

20-23 SHTRTSLEEVE ANALYSTS (PHASE 31, INPUT THE NUYIER A MANGATES™
TN ANALYZF THE EXPERIMENT IN A SYIRTSILESVE FNVIRONMEMT
JSE THE FOUR NIGIT CONF NDESCPIPFD ARNVE, ‘

24?27 SHIRTSLEEVE TEARDNUN (PHASE 4), INOHIT THE MUMBER NF MANHOUR S

TO TEARDNWN THE EXDEQTMENT I A SHIRTSLEEVE SNVIRONAENT
USF THE FOUR DIGIT CODE DESCRIRED ARNVE, .

28-31 SPACESUHIT SFTNO (9HASF 1), SAME A4S 12-15 ONLY IN S22CESUTT,

32-35 SOACESUIT NPERATE {PHASE 2). SAME AS 16-1% ONLY IN SPACSSUIT,

36-3G SOACES'IT AMALYSIS (OWASE 3). SAYE AS 20-23 ONLY IN SPACESHIT.

40-643  SPACESHLT TEADNOWN (PHASF 4), SAME AS 24-27 ANLY TN SPACESUIT,

n

s/

THE NEXT EI1GAT INPUHTS ARS FN2 3AQE NOERIATIANS DMLY,

44-47  SHIRTSLEEVE SETHD (OHASE 1). SAVE AS 12-15 NMLY AT 2ASE.

49-51  SHICTSLEFVE NPERATE (OHASE 2V, SAYZ AS 154-1° ONLY AT R2SE,

52-55 SHIRTSLEEVE ANALYSIS (PHASZ 3),  SAYE AS 20-23 ONLY AT QASC;

G-4



CARD 1.0, N3, 2-02 PAGE 2 OF 2

EXDERIMENT INPUT = TYPE 3 CARD (CONTINMED)

56-50  SHIRTSILEFVE TFARDNWN (PHASE 4), SAME AS 24-27 ONLY AT PASE,
60-63  SDACESUIT SETUP (PHASE 1). SAME AS 29-31 DNLY AT BASE,

64-67  SPACESUTT OPERATE (PHASE 2). SAME-AS 32-35 ONLY AT BASE.

68-7]1  SPACESUTIT ANALYSIS (PHESE 3). SAME AS 36-12 OMLY AT _24SE, i
72-75

SPACESUIT TEARNNOWN (PHASE 4), SAME AS 40-~43 ONLY AT RASE,
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COMPUTER. CONTRAOL P'TAbE RECORD INENTIFIER

THIS CARD IS USED RY THE COMPUTFR TD FIND A SPECIFIC DATA RECNERD
BY THFE INPUT AND UPDATE COMPUTER ROUTIME,

WHICH WILL BF

NPERATED UPAN

THE IDENTIFIFR NF THAT NATA RFCORD IS IMPUT HERE, THI

S MUST RE DONE

IN CRDER TN

I. UPNDATE THE EXISTING DATA RECORD
2., DELETFE THE ENTTIRE NATA RECAORD
3. COPY THFE ENTIRE DATA RECCRD ONTO ANOTHER TAPE
1-12 DATA RECNARD INENTIFIER, TINPUT THE IDENTIFIER FDQ THE SDCCIcIC

NATA RECORD REQYIREN,

INPUYT AS FOLLOWS-

NATA RFCORD CATEGORY. COLUMNS .
MISSTON | i-s
MODE . 1-12 i
Emegggycv-mobF 1-12 |
SYSTEM 1-6
T SURSVSTEM §.A.T R, EOVANCE - |
EXPER TMENT N 1-12 .
77-80  SEQNENCE NUMBER, INPYUT THE FOLLOWING MUMBER- 202(




CAPD Ion. \'O‘ 2—'03

CNMPUTER CONTROL - A-FORMAT CHANGES

THIS CARD IS USED TN REVISE AMY DATA FECDORA WARD THAT IS WRITTEN N

A-FORM

AT ONLY,

1-12

DATA RECNRD INENTIFIER. TNPUT IRENTIFIFR OF SPECIFIC DATA
RECORD FNR WHICH AM A-FORMAT CHANGE IS REOUIRED, SE SAME
INFENTIFIFR AS INPYUT ON 2-02 CAPD,

16-1°

NDATA ADDRESS., INPUT THE ADDRESS OF THE FIRST A-FORMAT NATA
WORD TO BE CHANGED, THIS ADRDRESS CAN BE FOUMD IN THE

ACCOMPANYING TABLE FOR THFE NESIRED DATA RECORD CATEGORY.
RE SURFE TO RIGHT=-ANJUST THE INPUT NUMBER., THAT 1S, AF
SUPE THAT THE | AST DIGIT OF THE TNPUT APPEARS IN COLUMN 18,

24

NUMBER NF COMSECUTIVE FNTRIES (ALL A-FORMAT) TO BE REVISEN START-
ING WITH THE ENTPY WHOSF ADDRESS APOCARS IM CNLLMNS 16-1F

ABOVFE. AONLY A MAXTMUV 0F @ CONSEGUTIVE ENTKIES CAN RE
CHANAGED WITH OMFE 2-03 CARD.

26-31 NEW A-FORMAT WORD DESIREN IN FIRST QATA ADDRPESS, [NDOT THE
WORD EXACTLY AS YOU WISH IT TO APPEAR, START THE [INPUT IN
COLUMN 26, R .
32-37 NEW A=-FORMAT WORD NESTIPED N THE MEXT DATA ADDRFSS. INOYT
THE «0PD EXACTLY AS YOI W[SH I7 TN APDPEAR, START THE
INOUT T0 THE LEFT Q& THE SPACE PROVIDED, - T
38-473 SEE A3NVE, e
44-4S  SEF ARNVE,
50-55 SEF ARNOQVE,
56-61 SEE _A3AQVE,
62-67 SEE A3QVE,
68-73 SEE AROVE.
77-20 SEQUSAMCE NUMRES, [NDPNT THE FALLGWING MNUM2C- 2931 - _




CARD T1.D. N, 2-04

CAMPUTER CONTROL_ - F-FORMAT CHANGES

4

THIS CARD 1S YSED T2 REVISE ANY NUMRER TN THFE DATA RECTRD THAT TS

WRITTEN IN F-FNRMAT (FLOATING DECTMAL PNINT).

DATA RECORD IDFENTIFIFR, INPHT INENTIFIER NF SPECIFIC NDATA

16-1%

QECNRN_FAR WHICH AN F-FORMAT CHANGE TS _REQUIRED, YSE SAME
IDENTIFIER AS INPUT 0ON 2-02 CARD, ) ,

DATA ADDRESS.  INPUT THFE ADDEESS OF THE FIRST F-FORMAT DATA

NUMBRER TN RE CHANGED, THIS ANDRESS CAN 3E FOUND IN THE
ACCOMPANYING TABLE FNOR THE DESTIRED DATA RECNRD CATEGORY,
Qr _SURE T RIGHY-ADJST THE INOUT NMIIMRER, THAT 1S, RE

24

SURE THAT THE LAST DIGIT OF THE [NPUT APPEARS IN COLUMN 1R,

NUMRFR OF CONSECUTIVE ENTRIES (ALL F-SNRMAT) TO BE REVISED

STARTING WITH THE ENTRY WHOSF ADDRESS APDEARS [N COLUMNS
16-18 AROVE, NNLY A MAXTMM OF 5 CONSECUTIVE ENTRIES CAN
NE_CHANGED SITH ONF 2-04 £4RD,

26-35

NEW F-FORMAT NUM3ER DESIRED IM FIRST DATA ADDRESS. [INPUT THE
NMAERQ TXACTLY AS YU WISH -IT 7O APDEAR, INPIT THE NUMBFR

ANYWHERF [N THE 10 SPACES PROVINEN, BE SURE TO SHOW LOCATINN
NE NECTHMAL POINT, A BLANK ENTRY IN THE 10 SPACES WILL RF

36-45

REAN AS A 7FROQ AY THF COYDUTER,

NEW C€-FNRYMAT NUMRER NDESIRED INM THE NEXT DATA ADDRESS. SAME
INDYUT RULES APOLY AS GIVEN IN 24-35 ARQVE,

46-55

SEE ARIDVE,

56-65

_66=15

SFE ABNOVE.

SEE _ASRDVE,

?7-50Q

SENUENCE NUMRER, INPUT fHE FOLLOWING NYMBER- 2041

H-4



‘Table H-1

LMSC-A847943
Vol. I

- LOCATION OF DATA ON MODE FIXED LENGTH RECORD

Address Variable Name Format| Original Input Card Name
3 Active Mode Crew Level F

4 Total Mode Crew Level F

5 Mode Staytime F

6 Sample Return Capability F Mode Input-General
7 Min. Decimal Fraction F

8 Deliv. Date-Minor Sci. Equip. F

9 Flag

10 No. of Payloads F

11 Total Time for Base Deploy. F

12 Deploy. mhr — Shirtsleeve F

13 Deploy. mhr — Spacesuit F

14 Mhr of Suit Lifetime F | Mod Input-Operations
15 Mhr of Backpack Lifetime F

16 Mass of Suit Replacement F

17 Mass of Backpack Replacement F

18—33 Nonrecur., Eng., Mfg., Test, Sup. F

34—49 Nonrecur., Facilities F Mode

50 —65 Recurring; Eng., Mfg., Test F Cost Curve

66—81 Recurring; Oper. Support F

82 1st Payload Launch ID F

83 Related Launch ID F

84 Min. 6-mo Periods F

85 Max. 6-mo Periods F

86 Mass Margin Ayailable F

87—-91 2nd Payload Mode Input Payload
92—-96 | 3rd Payload Launch Identification
97—101 | 4th Payload

102—-104 5th Payload

LOCKHEED MISSILES & SPACE COMPANY



Table H-1 (Cont.)

LMSC-A847943
Vol. I

Address

Variable Name

Format

Original Input Card Name

107-111
112116
117 —121

122
123
124
125
126—-129

178 —-181
182 —-185

238—241
242 -301
302 —361
362 —421
422 -481
482 —541
542 —601

602 —603

604 -605

6th Payload
7th Payload
8th Payload Launch ID

1st Payload, 1st System
System Iden.
No. Men Supported
Delivery Date
Expend -Special Oper.
1st Payload, 2nd System

1st Payload, 15th System
2nd Payload, 1st System

2nd Payload, 15th System
3rd Payload
4th Payload
5th Payload
6th Payload
7th Payload
8th Payload

Identifier for Crew Rescue
Emergency Mode

Identifier for Logistics
Emergency Mode

I T

Mode Input Payload

Launch Identification

Mode Input-Systems on
Each Launch

Mode Input-Emergency

LOCKHEED MISSILES & SPACE COMPANY



~ Table H-2

LMSC-A847943
Vol. I

LOCATION OF DATA FOR EMERGENCY MODE FIXED LENGTH RECORD

Addre sé

Variable Name ;‘ormat Original Input Card Name
11-26 Nonrecurring R&D F
27—42 Nonrecurring Cost of Facilities F Emergency Mode Cost
43—-58 Recurring Hardware Procurement F Cost Curve
59—174 Operations Support F
Only Payload, 1st System

75 System Identifier A
76 No. Men Supported F
77 Launch Lead Time F
78 . Expendables — Spec. Oper. F Systems on the Payload
79—82 Only Payload, 2nd System AFF,
131—134| Only Payload, 15th System AF,TF,

, F

LOCKHEED MISSILES & SPACE COMPANY



Table H-3

LMSC-A847943
Vol. I

LOCATION OF DATA FOR SYSTEM FIXED LENGTH RECORD

Oper. /Stop (Spacesuit)

Address Variable Name Format | Original Input Card Name
2-5- System Name A
6 Procurement Quantity Unit ¥ System Input-General -
7 Max. Mass for all Expend. F
8 Max. Mass for LFV Propellant F
9—38 '{Subsys. Ids., Deliv. Date —Pairs A,F |System Input-Subsystem
S.0.T.A. Iden.
39—54 Nonrecurring Cost F
55—70 Nonrecurring Facilities Cost F Cost System Curve
71—86 Recurring Cost F
.87—102 | Recurring Operations Support F
103—-122 | (Copies Nbrd., Dec. Frac.) — Pairs (F,F) | Table of Hardware Cost
Reduction for Add. Copies
123 Zero Pt. for Flight Table F R&D Flight Table
124—-143 | (No. Flights, Veh. Used) —Pairs (F, A)
144—150 | 1st Crew Level — Boiloff F
151—157 | 2nd Crew Level — Boiloff F System Expendables
158 —164 | 3rd Crew lLevel — Boiloff F
165—171 { 4th Crew Level — Boiloff F
172—-178 | 5th Crew level — Boiloff
179—-185 | 1st Crew Level — Non-Sci.
Oper. /Stop (Spacesuit) F
186—192 | 2nd Crew Level — Non-Sci.
Oper. /Stop (Spacesuit) F System Man-Hour Require-
ments for Nonscientific
193 —199 Operations
200—206
207—213 | 5th Crew lLevel — Non-Sci.

LOCKHEED MISSILES & SPACE COMPANY




Table H-3 (Cont.)

LMSC-A847943
Vol. 1

Address Variable Name Format | Original Input Card Name
214-223 | (Crew Level, Max. Staytimes)—Pairs |. (F,F) |System Input-Per. Shelter
‘ Only
224-229 | 1st Crew Level — Flag F
230-235 | 2nd Crew Level — Flag F
236-241 | 3rd Crew Level —Flag F System Input-LRV Only
242-247 | 4th Crew Level —Flag F ' ‘
248-253 | 5th Crew Level —Flag F
254-258 | 1st Crew Level —Flag F
259-263 | 2nd Crew Level —Flag F
' 264-268 | 3rd Crew Level —~Flag F System Input-LFV Only
269-273 | 4th Crew Level —Flag F
274-278 | 5th Crew Level — Flag F
279-298 | (No. Stops, Max. Single Excursion (F,F) |System Input-LFV Stops
Range)— Pairs vs. Range Table
299-348 | Experiment Iden. A System Input-Major
Scien. Equip. Only
349-360 | (Flight System, Lead Time)—Pairs (A,F) |System Input-Transporta-

tion System Only

LOCKHEED MISSILES & SPACE COMPANY




Table H-4

LMSC-A847943
Vol. I

LOCATION OF DATA FOR SUBSYSTEM SOTA
ADVANCE FIXED LENGTH RECORD

Address Variable Name Format | Original Input Card Name
2-5 Subsystem Name (1st line) A Subsystem SOTA

6-9 Subsystem Name (2nd line) A Advance-General

10-25 Nonrucurring R&D F Subsystem Cost Curve
26-41 Nonrecurring Cost of Facilities . F

Note: A total of 211 word locations have been set aside for subsystems, but only 41

are currently allocated.

H-10
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LMSC-A847943

Vol. I
Table H-5
LOCATION OF DATA FOR EXPERIMENT FIXED LENGTH RECORD

Address Variable Name Format |Original Input Card Name
3-6 Experiment Title A

7 Number Men Required A

8 Crew Skill A

9 Total Equipment Mass A

10 Total Equipment Volume A

11 Total Equipment Energy A

12 Peak Power A Experiment Input-Type 1

Card

13 Dev. Time A

14 Year of Earliest Availability A

15 Nonrecurrihg Cost A

16 Est. 1st Item Cost A

17 Total Earth Return Mass A

18 Setup Shirtsleeve Traverse A

19 Operate Shirtsleeve Traverse A

20 Analysis Shirtsleeve Traverse A

21 Take Down Shirtsleeve Traverse A

22 Setup Spacecuit Traverse A

23 Operate Spacesuit Traverse A

24 Analysis Spacesuit Traverse A

25 Take Down Spacesuit Traverse A Experiments Input-Type

3 Card

26 Setup Shirtsleeve Base A

27 Operate Shirtsleeve Base A

28 Analysis Shirtsleeve Base A

29 Take Down Shirtsleeve Base - A

30 Setup Spacesuit Base A

31 Operate Spacesuit Base A

32 Analysis Spacesuit Base A

33 Take Down Spacesuit Base A

H-11
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carn 1,n, 2-11

PROGRAM LEVFL IMPUT - MISSINN-MODE IDENTIFICATION

THIS CA®N IS USEN TO [MOUT THE REAUIPED INENTIFIERS FAR EACH MISSTON

AND MNADE MATCH THAT IS TO BE VERIFIED RY THE COMPUTER, THERF IS NN
LIMIT TO THE NUYMRER 0OF SUCH MATCHES THAT CAN 8F VERIFIZD IN ONE RUN,

1-12 EXPLORATINN PPOGRAM [DENTIFIER., START THE IDEMTIFIER IM
LOLMMN 1. ' '

13-20 MISSION INENTIFIER, INDUT At IDEMTIFIER IN THZ SIGHT COLUMNS
CSPECIFIEND THAT WILL UNIOuELY LAREL THE MISSIONM BEIMG CONSID-

EREN, THE FOLLOWING INPUT FORMAT WILL REST MATCH THE CNM-
PUTER INTERNAL LOGIC AND ‘QUTPUT PRINT ROUTINE.

13-15 SCIENTIFIC OROGRAM INDENTIFIER. USE ANY COMBINATION
OF LFYTERS AND NUMARERS T0O LABEL THE SCIENTIFIC

PROGRAM UNDER CONSINERATION. START THE TNPUT 1IN
COLUMN 13.- ' : ' ' '

17-12  MISSIOM _MIX_JTDPENTIETFR,  IDENTIFY THE GROIIP OF MTS-

SIONS BEINA DFRIVED TN ACCNMPLISH THE SCIENTIFIC
PROGRAM GIVEN ARCVE,

19-20 MUMBER OF THIS MISSION IN THE SEQUENCE OF MISSINMS.

25-36 ‘MANE [DNENTIFTFR, USF THE MUYMRFR SHOWN TN THE MIMOSA DATA QCQK.

START THFE NYMRER [N THE FIRST SPACE PROVIDEN,

50-55 SHIRTSLEEVE MAN-HOUR MULTIOLIER, THE MAN-HOUR NATA FOR

EXPERIMENTS GIVEN Y NNRPTH AMSRICAM DASS NOT ACCOUNT FOR
ANY DIFFERENCE IN SRAVITY RFETWEEN FARTH AND MOON. INPYUT HERF
THE FACTAR RY_WHICH EXPERIMENMT SYIRTSISEVE MAN-HNYSS WL

BRE MULTIPLIEN TN ACCOUNT FOR THIS DIFFERENCE, PLACE THE
MUMAER ANYWHFERE IN THE SPACE OROVINED, BF SUYRE Tg SHOW
LOCATION. OF DECIMAL _POINT.

60-65 SPACESHIT MAN—HAIR MYLTIPLTIER, THE MAM-HOUR DATA FOR EXPER-
IMENTS SIyeEN 2y MAOTH AMERTICAN JS FAR 1 5 SHIRTISFEVE FFFORT,

INPUT HERE THE FACTNR 8Y WHIGH EXDERTMENT SOACESUIT MAN-HOYRS
WILL 8E MULTIPLIED TO ACCOUNT FOR SPAGESYIT EFECRT AN THE
MONN, Ol ACE THE MUMBER ANYUHERE [N THE SPACE OSROVINLND, A%

SURE TN SHOW LNCATION 2F NECIYMAL PCINT. i

77-20 SENYENCE MMRER ,  [NDYT THE 0L THING NiMAF2 - 2114

I-2



caen 1.0, 2-12

PROGRAM LEVFEL INPUT - TRAVERSE-VFHICLE INENTIFICATION

THIS CARN IS USED TN INENTIFY THE TRAVFRSES PEPFORMED RY EACH FLYING
AND ROVING VEHICLFE TN THE #NDE INENTIFIED IN CARD [.D. 2-11. IMNPUT

OF_UP TO 24 TRAVERSES PER_VFHICLE 1S PFRMITTED, AS _THFERE IS SPACF

FOR IDFENTIFYING 6 TRAVFRSES PER CARD, A MAXIMUM NF 4 CARDS TS ALLOWED
PER VEHICLE. '

START WITH FLYING VEHICLES FIRST. IF THFEE ARE NO FLYING OR ROVING
VEHICLES USED [N THE MISSIAN, INPUT PNLY COLUMNS 1-12 AND 77-20.

1~12 MODE IDENTIFIER,., JSE THE NUMBER INPUT YN COLUMNS 25-36 0OF THE
2-11 £AaCn,

13~18 TRAVEQSE VFHICLE INENTIFIER, USF THE NUMBER SHOWN IN THE
MIMNSA DATA RONK, USE CANMLY THE SIX DIGITS. DO NNT INCLUDF
THE NASH SFEPARATING THFE DIGITS .

19-24 [F THE VERICLE. TN COLUMNS 13-18 IS A TRAILER USED IN

' COMATINATION WITH AN LRV, TNPUT THE LRV TNDENTIFIFR HERF,
USE THE MUMBER SHIWN IN THE MIMOSA NATA A80NK, YSE ONLY
THE SIX DIGITS., DO NOT INCLUDF THFE DASH SEPARATIMG THF
DIGITS,

.25-30 CREW LEVEL, INPUT THE NUMBER DOF CREWMEMNM PARTICISPATING IN THE
FOLLOWING LIST OF TRAVERSES.  SHOW LOCATION NF DECTIMAL
POINT,

31~34  TRAVZOSE INENTIFIF2, [NPUT [NFNTIF[FR  (F TRAVERSE DER-
FNRMEN 3Y ABRNVE VEHICLE AT THE SOECIFTEND CREW LEVEL,
THIS TDENTISIER SHOULD TAKE THE FNOAM
JE=XX DR R = XX
FLYING TRAVERSF
= ROVING TRAVERSE
= SEQUENCE NUMRER (01, 02, 03, FT1C.)_IN -
INCREASTING CRNER
MAKE SIRE THE INENMTIFIER GIVENM HERF CONFORMS TO NDATA INPUT
e MITH MISSICM, PARTICULAPLY. CARNDS 3-03_AND_3-04,

WHERE

X O T

X

7~40 SEF ABNVE,

27200 L JSEDQUSTNCE NUMRER . INPUT THE MJYMITH 212X | MMESS -

X = 1y 2e0eer L REDENDTNS GMY THE MyMRER NE
caens ysSen,  THE LETTZz L WIST 8F YSED
AN THE LAST 2212 CAaRD _EOZ EACH MISSION, |
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CARD I. D. 2-20

INTEGRATION AND COSTING - GEMNERAL INPUT

YHIS CARD IS USEN TO _SUPPLN GENERAL COMTROL INFORMATION FAR THF

INTEGRATIAON AMD CAOSTING RQUTINE NDF THE MIMASA COMPUTER ORNGRAM,

1-36 FXPLOARATINN PROGRAM NAME,  START INPUT TN COLUMN 1,

41-50 __NUMAED NF_SATUGN 5 |AUNCHES PESMITIER PER CALENDAR YEAP RY

EXISTING LAUNCH FACILITIES WITHOUT REOUYIRTING LAUNCH RATE
[MPAOYMEMT COSTING,  INPUT THE NYVARER ANYWHERF I[N THE 10
SOACES PROVINEN,.  BE SURE TO SHOW LOCATIAN OF THE DECIMAL

POIMT,
55 EMERGENCY _MNDNFE YSAGE FLAG.  INPUT AS FOLLNWS-
0 (OR BLANK) = EMERGENCY MODES ARE NOT TQ BF CONSIDERED
1 = EMERGENCY MONES ARE TO BE CONSINERED
60 BACK!UP SYSTEMS FLAG. _TNPUT AS SNLLOWS-

0 (02 SLANK) = RACKUP SYSTEMS ARF NAT TD RE PROCURFED
1 RAGCKI'D SYSTEMS ARE T BE DROCYREN -

fl

65  EXCERD LAUNCH RATE FLAG, INPUT AS FOLLOWS- ,
0_{0R _BLANK) = LAUNCH RATF VS, CALFNDAR YFAR (2-21 CARNS)

© MAY NOT BF EXCEENEDN
LAUNCH RATE VS, CALENDAR YEAR (2-21 CARDS)
MAY AF EXCFEDED

]

1

77-20 SENUEMCE NUVRER, INPUYT THE FOLLOWING MUIMBER- 220L




CAPD 1. D. 2-21 PAGE 1 OF 2

LAUNCH RATFE LIMIT VS CALENDAR YFEAR

LOCKHEED HAS NEVELAPEN TWN VERSIONS OF THE [NTEGRATION AND COST ROUTINF,
EACH VERSION ALLNWS CALCULATION GF CQSTS FNR 21 CONSECUTIVE CALENDAR
YEARS., ONF VERSION IS GOOD FNR 1967 THROUGH 1987, THE OTHER VERSTON
WORKS FOR 1620 THROUGH 1220, :

THIS CARD IS USEN TO TELL THE COMPUTER THE MAXIMUM NUMBER NF SATURM 5

LAUMCHES NESIREN IN FACH OF THE 21 YFAPS FAR WHICH COSTS ARE CALCHULATED,

THE YEAR THAT IS INTENREN FOR FACH INPUT VALUE IS DETERMINED RY THE

POSITION OF THE INPUT NUMIER ON THE CARD, THEREFDORE CARE MUST BE TAKEN

TO MAKE SURE THF INPUT ON THIS CAPN AND THE DESIRED VERSICN OF THE
“COST ROUTINMNE INSTRUCTIONS ARE COMPATIRLE.

DEPENDING 2N THE VERSION OF THE IMTEGRATION ANO £0ST ROUTINF TO A€ 1JSen,
INPUIT AS FOLLOWS, INSERT A NUMBER OMN THE CARD IN THE SPECIFIED CIOLUMNS
FOR THEEMAXIHHM MUMBER OF SATURN 5 {AND UPRATED SATURN 5) LAUNCHES

NESIREDN FNR THE CALFNDAR YFEAR GIVEM M THE TARLE DN THE FOLL2WING DAGE,

PLACE EACH NIJMBER ANYWHERFE [N THE 6-COLUMN SPACE PROVINEN, RE SURE 10
SHOW THE LNCATION NE THE DECIMAL POINT. D3 NOT INOUT THE NUMBER NF
THE YE&R (F,.N,, 1970) JITSELF, INOUT OMLY THF LAUNCH LIMIT,.

ROTH CARDS MUST BE FILLFD DUT. A BLANK TN ANY 6-COLUMN SPACE IS [M-
TERPRETED AS A 7F@0 RY THE COPUTFR,

TNSERT THE FOLLOWING SFOUFMCE NUMRERS TN COLUMNS 77-%0

caep 1 - 2211
CARD 2 - 221L

J-3



CARD I.n, 2-21

PAGE 2 OF 2

Lt AauMCH 2ATE § ITMIT VS _CALENDAR YFAR (CONTINYED)

POSITION 0OF LAUNCH RATE LIMIT VALUES ON EACH REQUIRED CARD

- ADDI JCARLE YFEARS-= A0P| JCARLE YFARS--
COLUMN 1667 - 1527 VERSION 1¢70 - 1220 VERSION
NUMBERS . _
OF _FIELD CARN 1 caen 2 CAQD 1 CARND 2 )
1 - 6 1667 ' 1e78 _le70 g 1631
T.— 12 1¢68 : 1¢7a 1971 1682
13 -19° 1367 1520 1272 12023
1o = 26 1270 158} 1673 1224
. 25 - 10 1671 ELY 1674 15295 B
31 - 35 1572 1?‘?3 1875 = 1686 e
37 - 42 1073 1584 1276 1e87
A3 = 489 1674 _ 1¢’5 1277 1887
4c - 54 1675 1226 1271 Jgec
55 = 60__ 1876 1¢ca7 “F 1¢79 1€20
61 - 565 167~ 1229

J-4



CADD Io D. 2"22

THIS CAPD 1S "S=N TN INPYT THFE REQUIPFND TNENTIFIERS

MISSION-MODE COMARINATINNS

FNR EACH MISSINN

MODE CNMBIMATINN T BF [NTEGRATEN ANND COSTED I[N ONE
MAY RE INPUT AT ONE
ARE 3 COMRINATINNS INPUT PER CARD, UP TN 17 CARDS MAY RE USED,

PROGRAM,

e T 50 COMRINATIQONS

EXOLARAT[ON
TIME, AS THERF
CNMR

M-

ATIONS MAY RE [NPYT IN

ANY NRDER PRNVINEN THE SCHEDULING QF OMF

MISS

Ton

DOFS NOT NDEPEND 0N THE SCHENULING 0OF ANDTHER MISSION (SEE 3-01 CAPD),

CAUTIOMN-- THWC INSTRUCTINN TAPES ARF-.AVATLABLE FOR CNST CALCULATIONS,

ONE WILL CALCULATE COSTS FROM 1G67A THRMIGH 12973,
CALCULATE COSTS FRNM 1670A THROUGH 1€903.

THE OTHER WILL

8E SURE T3 NOTE WHICH TAPE

YOU ARE USING AND MAKE SURF THAT NO MISSTON LAUNCHES ARE SCHEDULED

OUTSINE THE PERMITTEN RANGE NOF DATES,

IF LAUNCHES OCCUR NUTSINE THE

PERMITTED RANGE, THF COMPUTER RUN WILL 8F ARORTEN AYUTAMATICALLY.,

MISSINON IDEMTIFIER, INDUYT THE INDENTIFIER- OF A DESIRED

1-9
MISSION EXACTLY AS IT APPEARS [N COLS. 1-2 OF THE 3-01 CA%N,

©-20 _ MODE IDENTIFIE®, INDPUT THE MNONE WHICH 1S TN BE COSTED
WITH THE MISSTON NF -8, MAKE SUQE 1T IS INPUT EXACTLY &S
[T APDEARS IM CDLS. 1-12 0F THE 4-0] CARD,

21-25  MISSINN START DATE OVERRINE. [F YOI DESIRE TO CHANGE THE
MISSTIAN START DATE FOR THIS COSTING ROUTINE FROM WHAT
IS SHOWN [N CALS, 31-25 0OF THE 3-01 CARD, [NPIUT A NEW -
DATE WFRE, IF NO INDUT IS MADE THEN THF DATE SHAWN N )
THE 3-01 CAPD WILL RE YSED RY THE COMDUTER,

T26-33  SEF 1-" A30VE EXCEDT NEXT MISSION [N TUE O8nARAHM, -
34-45 SEE _=-20 ARDVE EXCEDPTYT NEXT MODE TM THE PROGZAM, i L
46-50 SEE 21-25 ARQYE,

51-59  SAME AS 26-32 ApNvVE, T
5¢-70  SAME AS 34-45 ARNVE, 3 )
71-75 SEE 21-25 AROVE,
T97-80 SEQUSNCE MIpMREG,  [MDAYT THE NIJUAED 2224 wHEZIT
A = NUM3ER 0F Tus CARN [x THT SET,  FAR CARDS
10=156, 'S& AnNLY THE LAST 9I5IT. 2% SUSS
TN TMDYT THE LETTES L [N COLUMN 20 OF
THE LAST CAPD M THE SET,
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LAUNCH PATE TMPRAOVEMEMT COST CURVE

TWO COST CURVES FNR EACILITY LAUNCH OATE [MORNVEMENT ARE [NPUT FNR EACH

INCRFMENTAL STEP TN LAUNCH RATE IMPOOVEMENT, EACH £OST CURVE MAY GOVER
A PERIND OF 42 TN 7.5 YEARS., FACH CASD HAS PROVISIONS FNR FIVE CNST
_EMTRIES OF 6 MIMTHS DUEATION EACH, THUS,A MAXIMUM OF 3 CARDS (15 FNTRJES

DR 7.5 YEARS) YAY RE IMPUT FOR LACH COST Cyrve, U2 T3 10 INCREMENTAL
STEPS IN LANNCH RATE [MPRAOVEMENT MAY PE [MPUT, HENCE, THIS SET MAY

COMDPRISE A MAXIMUM NE_AQ CARDS.,

_13-16__ ANMUAL LAUNCH PATE BEFCRE [MPRAVEMENT 1S MADE, SEE NOTE *
17-20__ ANMUAL LAUNCH RATE AFTER IMPROVEMENT IS MADE, SEE NQOTE #
BELOW, '
21-25 _ 7ERD POINT. INSEPT HERE THE NUMBER NF 6-MONTH TIME PERINDS
THAT ACCUR FROM STa2T OF FUNNING UP T0O AND INCLUDING THE
6-MONTH TIME PERIND WHEN THE LAUNCH FACILITY FIRST NPERATES
AT THE NEW LAUNCH RATE SHOWN TN COLUMNS 17-20 ABNVE. )
NOTE- THIS ZE20 POINT ENTRY MEED ONMLY RE PUYT ON THE FIRST
_ CARD OF THE SET THAT %{LIL DESCRIRE EACH COST CURVE, ~
SEE NNTE # RELOY,
26=35 - CNST ENTRY, IN MILLIONS OF DOLLARS, £02 6-MONTH FUNDING PERIOD,
SEE NOTE # RELOW.
36-45__ SAME AS_ARNVE, e
46-55  SAYE AS ABOVE,
56-65  SAME AS ABOVE.
66=75___ SAVE_AS_ARQVE, .
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4ot
LAUNCH RATE IMPROVEMENT COST CURVE (CONTINUED)

77-920  SEOUENCE NYMREDP,  [NOUT NUMBFR &S SHOWN BELOW,

MONRECURZING kR AND D COST OF 1ST STEP TN LAUNCH RATE 223X
NINRECURRING FACTLITIES COST 0OF 1ST STEP IN LAUNCH RATE 22

NONRECURRING R AND D COST NF 2ND STEP IN LAUNCH RATE 225X
NOMRECHRRING FACILITIES CNST 0F 2NN STEP IN LAUNCH RATE 226X

NONRECHRRING R AND D COST NF 10TH STEb IN LAUNCH RATE 241X
NONREC!RRING FACILITIES COST NF 10TH STEP IN L AUNCH PATE 242X

AST DIGIT NF SEOUENCE NUMBER, USE AS FOLLOWS-

WHERE X = L
L = TF LAST CARD IN SEQUENCE 0OF ANY ST7€E,
1
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- IF SECCND CAPD IN SEQUENCE OF 3 CARDS,

NOTE * - DLACE THE INPUT NUMBER ANYWHERF IN THE SPACE PROVIDED. AF
- SURE TD SHOW THE LOCATION OF THE NECIMAL POINT, :




