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PREFACE

P

This report docurrients the results o£ a study conducted by the McDonnell
Douglas Astronautics Company (MDAC) from 1 June 1976 to 31 March 1977
for the NASA George C. Marshall Space Flight Center (MSFC) related to
integrated payload and rriission planning for Space Transportation System.
(STS) payloads. This Phase I7.T effort is a continuation o£ the Shuttle payload
planning studies initiated by NASA/MSFC in October 1974.

An executive snm,-nary o£ this phase is reported in IVII7C-6740, Final detailed
technical results of this study p;nase are reported in the following volumes
^^ MDC G6741:

Volume r	 - Integrated Payload and Mission Planning Process
Evaluation

Volume LT.	 -- Logic/Methodo^iogy for Preliminary Grouping of
Spacelab and Mixed Cargo Payloads 	 .

Volume ZIT -- Ground Data Management Analysis and Onboard
Versus Ground Real-Tune Mission^Operations

Volume IV - Optimum LTtilizatian of Sp^.celab Racks and Pallets

This . YT^lume II presents the results of an analysis to develop logic and
methe.dology for the prelir^n.inary grouping o£ Spacelab and mixed -cargo pay-
loads, in a form that can be readily coded 'into a computer program by NASA.
The appendix to this volume contains Logic diagrams that should be an aid
in .the codixtg process.

I
7;



' ^	 rN7coONN^&L !7®LGL.ftS

^^^ _

Requests for additional infoxxnation should be directed to the following
personnel:

• Mr. R. E. Valentixke, Study COR
NASA George C. Marshall Space Flight Centex
Huntsville, Alaban^.a 35812
Telephone: 205-453--3437

• Mr. R. P, Dawson, Study . Managex
McDonnell Douglas Astronautics Company
Huntington Beach, California X2647
Telephone: 71^k--896-3205

• Mr. R. D. Nichols, Field Office Representative
McDonnell Douglas Astronautics Company
Huntsville, Alabama 3 5 S 12
Telephone: 205 - $ 810 611



ACKNOWLEDGEMENTS

The authors of this Volume wish to ackn.awledge the ncianagezxiexxt
and technical as.sistazice given by the following NASA ^ersannel
throughout the caurse of this study:

R. E. Valentine
J. M. Schwartz

^^.

ly^/G170NNELL LIOlJGLAS f 

r	

r

	 v

•	 F1C1

.W^. 3



CONTENTS

SUMMARY xiii

Section 1	 INTRODUCTION I

1, 1 Objective Z
I, 2 General Approach and Scope Z
1. 3 Logic Flow Requirerrients 5
1.4 Compatibility Criteria 6
I, 5 Criterion Modeling—General 6
1, 6 Packing Levels 8
1. 7 Criterion Modeling—Packing

Alternatives 8
I. 8 Payload and Flight Configuration IO

Section. Z	 LOGIC DEVELOPMENT 11

Z. 1 Basic Program Flow I1
Z.2 In.teractiveness Specificatio3n. IZ
Z, 3 Launch Interval Restxiction.s I2
Z. 4 Group Payloads and Load Onto

Flight Configurations 13
z. 5 End Options 19
Z, 6 Automated Payload (APL) 19

Section 3	 PAYLOAD ORDERING AND OIITPUT
MANIFESTS Z 1

Section d	 LOGIC AND METHODOLOGY COMPUTER
C ODTNG	 Z 3

Section 5	 CONCLUSIONS	 25

Appendix I AUTOMATED FLOWCHARTS 	 29

^^ECE^iNG .k ACrE LLAN^ NOT î'^L%+^_r , i ; c #
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SUMMARY

The purpose of this task was to develop the Logic and methodology fax- a
preliminary grouping of Spacelab and mixed - cargo payloads in a form that
can be readily coded into a coxnputex program by NASA. The logic developed
for this preliminary cargo grouping analysis is summarized below. Principal
input data include the NASA Payload Model, payload descriptive data, Orbiter
and Spacelab capabilities, and NASA guidelines and constraints (see Figure I--1}.
The first step in the process is a launch interval selection in which the time
interval for payload grouping is identified, This tirz^.e interval is normally for
a specific flight year, however, the program can accept additional increments
of time {quarter years.}, if required. Logic flow steps axe then taken to group
payloads -and define flight coxa.£igurations based on criteria that includes
dedication {by NASA Office or technclogy}, volume, area, orbital parazxieters,

28153

Figure.l-.•l, logic for Preliminary Cargo Gratt^pirlg AnaiYsis
xiii
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pointing, g-1eve1, mass, center of gravity, energy, power, and crew time.
After all possible Spacelab payloads have been loaded, the next logic step of
the program will permit the accommodation of automated payloads on pallets
if all evaluation criteria can still be ^-nat (i. e. , space, weight, power, etc. }.
The program has interactive capability -the capability for zeal-time operation
at remote locations by cognizant engineers. The output . of this progratxi will
include information on payload groupings, Spacelab configuration, the number
of STS flight required, weight summaries, and the extent of resource usage.
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Section 1
INTftaDUCTZ^N

The Space Transportation System (STS) currently under development by NASA
will begin a new era Qf space. activity that will involve a significant increase
i.n the numbex and type of space payloads and missions. To satisfy the needs
of the vaxious payload users, and in order to utilize the STS in the mast
effective way, additional emphasis is being given by NASA to the unique plan-
ning and program integ^. ation activities necessary to fully exploit STS capa-
bilities.. This planning and 'integration process becomes extremely impoxtant
when considering the high rate of projected STS traffic, the frequent xequire--
rrsent for payload sharing of STS flights, the varied states of payload develop--
m.ent, and file diz£erent operational. aspects o£ each payload.

These payload planning and integration activities include pxelirninaxy engineer-
ing analyses to detexnzine corripatible cargo grouping arrangements and Spacelab
configurations. To augment this activity, NASA initiated an effort to define
an automated program for this purpose. MDAC t s support o£ this effort was to
develop the logic and methodology for a preliminary engineering grouping
analysis of Spacelab and mixed cargo payloads. This engineering grouping
analysis, which is required prior to performing more detailed system engineer-
ing analysis,. will aid in the selection of the most desirable Spacelab payload
groupings and Spacelab configurations.

This report documents the results of the MDAC analyses to develop the Logic
and methodology for a prelimi:naxy cargo grouping program.. Section 1 Areseats
introductory infoxxxxation and fundamental .m.ethodology development. Iu
Section 2, the general n^.ethoclology is expanded and the logic flow is developed.
T.n. Section 3, the payload ordering and output manifests are expanded. Section 4
presents logic and methodology cazxa.pute^ coding. Conclusiaris are presented
in Section 5. Appendix I contains logic. #low diagrams which should be of us e
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1. 1 OBJECTIVE
The objective of this e#oxt was to develop the logic and methodology for the
preliminary grouping of Spacelab and mixed cargo payloads in a form that
can be readily coded into a computer by NASA. Task objectives, approach
and general guidelines, and assumptions are suxx^marized on Figure 1--1.

1.2 GENERAL APPROACH AND SCOPE

The overall approach taken was to forxnuiate the general methodology,
identify the evaluation parameters, develop the logic flow, determine an input
data base format, document the results, and coordinate with NASA pra-
gramnzers during l`ASA coding operations, The logic and methodology were
to be developed in a form that could be readily convertible by NASA to Fortran
statements for use with any of the latest high-speed digital computers. Pri--
xs^.ary emphasis was directed to Spacelab payloads; automated payloads .were
given secondary consideration, .There are eight basic Spacelab configurations
covered depending upon core Length and rack and pallet combinations. Flight
durations up to 30 days are accomrxa.odated, however, detailed experixn.ent
tine line requirements are not considered. The program developed was to
have interactive capability, that is, the capability far real-time operations
at remote la cations by cognizant engineers. The program was developed so
that fully dedicated payloads or partially dedicated payloads canbe programmed.
The ,program also has the capability to measure resource usage {such as
weight, power, etc.) and maintain a reserve allowance.

Major assumptions and capabilities affecting logic development are summarized
an Figure l-2. Efforts were made to maintain a degree of detail that is as
simple as possible, yet provides meaningful results, The most significant
assumption was that no time line considerations =were to be considered, This
decision was .made because the inclusion of time line evaluation would add
significant complexity to the logic, beyond the scope desired fox this- task.

This task represents the initial step in the ;planning and integration process
to determine payload grouping and canfiguratioi.^. The logic and methodology
.must then be coded into a computer program by NASA and used to actually
conduct prelirx^inary grouping analyses and payload groupings. Fallowing
this, additional analysis steps are required to determine final payload .groupings

`	 Z
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aBJECTIVI;S:

DEVELOP THE LOG lC AND METHODOLOGY FOR THE PRELIMINARY GROUP ING OF

SPACELAB AND MIKED CARGO PAYLOADS iN A FORM THAT CAN READILY BE

CODED INTO A COMPUTER PROGRAM BY NASA

APPROACH:

I} FORMULATE GENERAL METHODOLOGY AND iD=lVT[FY EVALUATION PARAMETERS

2) DEVELOP LOGIC FLOW AND INPUT DATA EASE FORMAT

3} PREPARE DOCUMENTATION AND PROVIDE COORD INATION W[TH NASA

PROGRAMMERS DURING COD ING

GUIDELINES AND ASSUMPTIONS:

I) EIGHT BASK SPACELAB CONFIGURATIONS

2} MAJOR STS RE5OURCE USAGETO BE DEFINED WITH ALLOWANCES FOR RESERVES.

3}	 INTERACTIVE OPERATIONAL CAPABILITY TO BE INCLUDED

Figure 1-9. Preliminary 1=ngineering Analysis of ^pacela6 and Mixed Cargn Payloads — i_ogie and
Mathodalogy (Task 2.1 C)

22692

1} SPACELAB PAYLOADS GIVEN PR f MA RY CON S I DI+RAT i ON S

2} AUTOMA`^ED PAYLOAQ S G IVEN SECONDARY CONSIDERATION

31 EIGHT BASIC SPACELAB CONFIGURATIONS

4} ACCOMMODATE FLl GHT DURAT) ON S FROM 7 TD 30 D/;YS

^} NO TIME LINE CONSIDERATIONS

6? INTERACTIVE CAPABILITY INCLUDED

l) ^^A.iOR ItESOt]RCE USAGE DEFINITION

Figure 7-2. Major Assumptions and Capabilities A{`fecting Lngic Development

nrtnorvnrstx. ^ouG^.?s^_



and configurations based on a mare detailed engineering compatibility
analysis. An intial step fox this detailed engineering cycle is shown in the
lavcrer block on Figure 1--3, Systems Engineering Analysis Logic and
Methodology, in which the logic and methodology would be developed far a
more detailed analysis of payload and cargo compatibility. once completed
and coded into a computer program, it would be used in the overall cargo
grouping analysis to determine £in.al payload grauping and configuration.

An expansion of the approach taken is contained in the following sections.
These sections treat the problem of how the general logic and methodology
was determined for the preliminary grouping analysis. A methodology was
developed which generates the logic £low structure up to the point of satisfying
problem. peculiar constraints, fn general, these constraints dictate logic
flow configuration requirerx^ents. Included are the determination a£ compati --
bility criteria that axe needed to generate a logic £low structure, and additional
diagran^.s which, when. coded, implement the grauping process.

zz7^s

INPUT DATA
rn^s-++ x+i+vn+++

BASE
CARGQ GROUPING

LOCI CIMETI{ODOLOGY

# PAYLOAD
COMPUTER

MODEL
PROGRAM PRELIMINARY

• PAYLOAD
DEVELOPMENT GROUPING

ENGINEERING
DESCRIPTIVE ANALYSIS
DATA

+ORBITER!

SPACELAB
DETAILED

CAPAB ILiTIES
cOMPA7iu ILITY

AND COMPUTER ENGINEERING
CONSTRAINTS PROGRAM ANALYSES...

• NASA
DEVELOPMENT

GUIDELINES
SYSTEMS

AND

REQUIREMENTS
ENGINEERING
ANALYSIS LOGIC

AND METHODOLOGY

PRELIMINARY

PAYLOAD

GROUPINGS

FINAL

PAYLOAD

cRauPlNC AND
CONFIGURATION

1Figure '1 -3. ls^tetfaca^ of Prali^inary Cargo Grnulning and L}e#ailad Coreipatilaility Analyses
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n+ra^ounrgc.t vourcas

w.^_......a



t

'.
M

I	 t	 I	 I	 I	 k	 i	 t	 :^

In Section 2, the actual determination of the logic flow structure fox the
Preliminary Grouping of Spacelab and Mixed Cargo Payloads program is
sum.i^zarized. The payloads to be Loaded, £light configurations, compatibility
criteria, and problem. peculiar constraints are identified, and a logic £low
structure is generated.

L. 3 LOGIC FLOW REQUIREIvIE1VT5
In order to determine the logic flow, the following requirements were 	 ^^ ^

considered:
A, Method far the determination of reasonable logic flows,
B. Method far the evaluation of Lagic flows,
C. Allowances £ar problem peculiar constraints {i. e. , unique

constraints impas ed by a particular problem).

In order to achieve these ends, the basic segments of Logic flow via Logic
components are defined as: .

e	 Payloads
^+	 Sets (Groups of Payloads )
o	 Criteria
r	 Flight Canfiguxations

Far a complete grouping process, all payloads must be evaluated against all
criteria. This is equivalent to arranging the criteria in a linear (series,
string) fashion and successively passing the elements through the string, Zn
order to maintain the detail of the preliminary grouping process to its intended
purpose, requirement jA), preceding, is limited to a specific set of criteria
which are discussed later.

The determination of a method for evaluating logic flaw necessitates logic
flow criteria. One set cf criteria that was desirable to satisfy was that the
logic flow be workable, flexible, -.and- fast.. In this context, workable means
that the Lagic flow performs in a teas onable manner, is not too complex, and
solves the problem to the intended level of detail. The logic flow ^.ust be
flexible since the input items rn.ay not be ex^:tirely defined and since it may be
desired to modify the criteria set as more information becomes available.
Since the logic flow will eventually he developed into a i'ortran coded caxn.-
puter program, the logic rr^ust be developed so that the resulting computer
program tivill provide rapid calculations.

	

.	 ^
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I.4 COMPATIBILITY CRITERIA
The compatibility criteria axe determined from an evaluation of the character- 	 Y
istics of the paylaads to be loaded and of the flight configuration character
istics, The number and type of characteristics used for the criteria 	

_a

determination defines the level of cozxa.patibility sought in the problem 	 ""
s olutia:,,,	 _.

The previously identified requirement that the flow be fast may be satisfied 	 . , ^,.,.
by minirnizing the number of decisions (i. e. , criteria test of items }, One 	 „.
method which may be used to rxainimize the number of criteria tests is to
order (group} the criteria with the most restrictive criteria first. This pro
cedure reduces the number of payloads that successive criteria must test
and hence red^..ces the number of decisions. Two pQS Bible methods fox the	 j
determination of restrictiveness axe:	 ^	 {

•	 Direct Evaluation	 - '
•	 Incompatibility 2vlatxix	 ^ -

	

i 	 I

In the direct evaluation,. a criterion is chosen and each payload is tested
against the criterion. The number of payloads which pass the test is an 	 -
indication of restrictiveness. The more restrictive the criterion, the 	 - -
greater the number of payloads which are rejec^ed. 	 _

	

".	 I

To determine restrictiveness, a quantitative evaluation may be performed as

	

--	 i

above or qualitatively ordering of the criteria from a reasonableness stand-
-	 ;

point znay be performed, 	 ^
__,

To accommodate these requirements, the following constraint was imposed 	 ` "
on the methodology process;	 "^	

^"
•	 Criteria in the logic flaw axe ordered according to restrictiveness 	 ^•-	 j

with the most restrictive criteria. first.	 ---

I. 5 CRITERION MODELING -- GENERAL
The determination of pertineint corr^.patibility criteria and their levels of
restrictiveness may be facilitated by:

i-Y

•	 Grouping criteria to develop trends . and differences.
•	 Modeling criteria for more effective testing.	 ^^ `..

6
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The criteria were .rt^odeled to achieve the grouping referred to above.
Modeling a criterion xnay be a straightforward process or very caxnplex. In
general,• the more complicated that the model is, the more yes-no decisia^is

""	 that are required to test a payload against the criteria.

The model which was used for the majority of the quantitative criteria is the
simple additive model, given in the fallowing example.

Example:
Criterion -- Mass (quantity)
Model Type --Additive (add the mass ^quantity^ of the payload which

is currently loaded to the mass ^quantity^ of the payloads already
loaded)

Decision Test -- Does the total mass (quantity) exceed the available level3

;.n place of the quantity mass, other additive criteria. examples axe energy,
crew tit'ne, etc. A second model type - which was used is that of parameter
n^.atching.

Example:
Criterion -- Discipline (parameter)
Model Type — Parameter matching
Decisioxa• Test -- Is the discipli^^.e (parameter) of the payload currently

being leaded the same as the discipline (pararr^eter) specified?

1_n place of the parameter discipline, other examples are g-level, painting,
etc. The last type of model which was used is that of rearrangement.

Example:
Criterion — CG .

Model Type -- Rearrangement (rearrange elements on the container
according to a subcritexion)	 -

Subcriterion. —Mass
Decision Test —Once rearxangexxxent has been performed, has the

CG (criterion) test been satisfied?

Note that the actual specification of the physical reaxr.angexnent has not been
given. This specificatioxa, depends ox^ the criterion type specified in Section 2.

7
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Time line rearrangements would requixe complexity beyond Ehe scope of this
study and therefoxe were not considered. However, in some cases, ti^x^.e 	 --^
duration factors were considered.

If a criterion decision test is not satisfied, then the payload is rejected. It
was assumed, for the grouping pxoblem, that all payloads must be loaded.
The rejection option was then defined as: 	 ^

Rejection -- Due to incompatibility, the payload {PL} cannot be loaded 	
_

on any used flight configuration {FC) (a FC which contains	 .,^„ 
i

previously Loaded PLs}. An unused {empty) FC was then defined 	 -	 a

and the PL was Loaded onto it. 	 - -
Tolerance levels were considered as part of the criterion modeling process, 	 -
that is, some criteria m.ay have tolerance levels specified in addition to 	 ;
normal maximum levels.

'	 1. b PACKING LEVELS
Packing problems may in general be divided into levels. Exat^.ples far loading

'	 payloads onto the Spa.celab. are: .	-

•	 On.e packing Ieve1 - PL loaded onto FC 	 -
•	 Two packing Levels - PL loaded onto pallets and/or xnoduies 	 - -

(P/M), P/M loaded onto FC	 -
• Three packing levels - PL loaded onto P/M, P/M grouped 	 _,-

into pairs, and P/M pairs Loaded onto FC

The packing process with three packing levels was not as flexible as that with
lesser levels since it was more difficult to pack pairs than single P/M,
Further, although it is felt that same added PL grouping control was achieved
by utilizing more than one packing level, the single packing level, {i. e. , PLs
dixectly onto FCs) was chaosen due to the more general simplicity of the 	 -
logic and the corresponding reduction of computation time and coxx^.putex file 	 -
storage requixexnents in the computer program.	 __,

1. 7 CRITERION MODELING —PACKING ALTERNATIVES
The process for evaluating criteria restrictiveness through criterion xriodeling
has been defined in Subsection 1. 5. Rejection of PL by a criterion, i. e. , the
PL fails the. decision test, is one possibility and is the default option. In the
preliminary grouping of payloads, rejection would mean that a particular PL
would not be loaded onto a particular FC.

g
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'^ ^	 Packing alternatives are also options encountered in the loading process given^;
a	 ,
d.

in the following Examples.
r ^-;

- ^	 Exazrxple s

<-	 Rearrangexxxent -^- FC CG out of CG envelope, therefore rearrange pallet
r .	 and module locations (i. e. , select new FC).

_.	 Replacement — Surx^ of pallet weight exceeds maxixx^um, therefore rerx^ove
^^ !	 a pallet and substitute another pallet,

Adaptability —Sum of cxew time requirement exceeds available,
therefore add another crewman.

In addition, another packing alternative was identified.

Exarrzple:
y --	 Intervention (Interactive Capability) — Suxn of PL energy exceeds

maximum. by Z percent; human decision allows this PL
_;	 grouping regardless of energy overrun.

.^ f	 Precise definitions of the packing alternatives must be developed, e. g. , if
PLs are to be rearranged on a pallet or in a module, what is the specific

j	 plan of action for the rearrangement?

^'
A basic ordering for the packing alternatives associated with a criterion may

^- ^	 be determined and depends on the criterion. For exarnpJ.e, for the criterian
of FC CG outside of CG envelope, replacement of a pallet from, one FC to

_z
another FC n3.ay be n:kore difficult than pallet rearrangement within an FC
once other criteria have been satisfied.

'H 	 i

Other constraints are now identified wliich reduce the complexity of the logic
flow.

`^	 s	 Consider only the following packing alternative, and defirse
restrictiveness order far packing alternatives {Least restrictive

^°	 first) as follows:
.A.. Adaptability

;^^	 B. Rearrangement
,;,,	 C. Replacement

^:a

^^^ ^	 ^
ry7cnoNN^r r_ nouG

f
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D. Intervention (interactive capability)
E. Rejection	 `

In general, it is easier to adapt and rearrange than it is to replace if a
compatibility criterion is not satisfied, Since replacement is really a special. 	 _
case of rearrangern.ent, replacement was eliminated for the sake of simplicity. 	 A

The above listing was used to order the criteria. This ordering is
accomplished using the following constraint;

•	 Critexia restrictiveness is detc:rnzined from the applicable
criterion packing alternatives. 	 Y

1. 8 PAYLOAD AND FLIGHT CONFIGURATION
Some PLs are more demanding on FC resources than others and would 	 "
therefore be rriore difficult to Load once other PLs have been Loaded. it was
therefore desirable to facilitate the packing process by ordering and Loading
the most demanding PLs first. Demanding depends on the particular PLs,
FCs, and criteria.

To order the PLs to be sent through the Logic of the grouping prates s, a PL
.

	

	 resource table was defined. The resource table elements are the percentages
of the FC resources used by the PLs, The percentages for each PL are added
across the row with. an optional weighting factor for each resource. Ina 	 "
sense, the PL with the largest total is most demanding, i, e. , the most diffi-
cult to load, and is loaded first. By arranging the totals in decending order,
the PL ordering is defined, The PL Resource Table, in Appendix I, will be
used in Section Z far ordering PLs,

The 'FCs fox the general packing problem. may also be classified according to
type, and all PLs may not be compatible with all types of FCs. The FC types
may also be ordered according to criteria.

There are special considerations which affect the PL ordering and FC type 	 "
selection. Two examples are sets of PLs that should always fly together and 	 -
FC that have dedication requirements, 'These are discussed in more detail	 _
in Section z.
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Section 2
LOGIC DEVELOPMENT

	

^'	 The fundamental methodology development. has been presented in Section 1,
f

	

`'	 Tn Section ^, the general methodology has been expanded, leading to the actual

	

--^	 logic flow diagrams. The results of the Logic development are presented in

	

..:.,	 Appendix I for convc :fence of handling during the coding process, The input

	

_$	 data requirements and the actual Logic diagrams are presented in Appendix I.
7n the following Sections, ail Tables and Figures referred to are contained
in Appendix I. Table and Figure numbers axe not consecutive as they

	

W '	 correspond to block numbers within the flow diagrams.

	

"-	 2. I BASIC PROGRAM FLOW

	

•^ -	 The logic developncxent, as discussed in Section 1, is based on one level
-	 loading, i. e. , loading of Spacelab PLs directly onto FCs with no iaaterm.ediate

	

_	 consideration of non^FC related pallets or racks. The basic ar main logic
flaw control is depicted in Figure. 1.0. The basic input data bases are included
in the iagic blacks which are open--ended on the left-hand side. Additional
operational data files are indicated in blocks 1. $, I. 9, and I. 10. These

	

`^ ^	 blocks or data files are established once and subsequently updated or modified
only as new data or experience warrant. Program initiation begins in

	

{ ;;	 block I, 12. The remaining blocks of Figure I. 0 refer to subsequent logic

	

-	 diagrams where the actual or detailed logic #low is presented, The remaining

	

.•	 discussion consideres each logic diagram. in the order that the computerized
a, flow would occur.

	

t '	 The PL model and the PL data base input data parameters are listed in
Tables 1. I anal 1.2 respectively. The basic Spacelab FC data. base and the
Orbiter capabilities and constraints are listed i_n_ Tables .1, 3 and . 1, 4,

	

T ^	 respectively: Table 1. 5, basic data base file, contains parameters which
do not naturally- belong in the previous data base files. The criterion character--

	

-	 istics are shown. in Table 1. 8. The criteria are listed, not in any particular

	

_	 ^
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e
order, showing the packing alternatives and nature of adaptability, if any..
The ordered criteria (the order in which they will be evaluated for each PL)

^3

are listed in Table 1. 9, Finally, the criterion rriodel definition for each
criterion is shown in Table 1, Z 0,

Z, 2 ^ITERACTIVENESS SPECT.FICATrON e

The interactiveness specification logic flow shown in ^`'igure Z, 0, data base
changes in Figure Z, Z, FC dedication options in Figure Z, 3, and tolerance
parameter interactive options in Figure 4. 0, are executed at l:his point, .All

	 ... a

other interactive options occur at appropriate places in subsequent Logic flow
with so^.ne flags being set in Figure Z, 0, The subsequent interactive options
are clearly called out as they occur and will be discussed at that tune.

With interactive capability, the user will be able to make changes to this data
base on any given run, as desired. A major feature of the interactive control
is the dedication option. The user can specify one or more flights to be
dedicated to either one o.r a combination of two prograrxi offices. In addition,
for each flight with two-office dedication, resource percentage splits can be
specified (e. g. , split loading by weight, Office of Applications b0%, ESA 40%).
Also, the amount (%) of reserves for selected resources can be specified.
The final interactive option is that of repacking at the end of the logic £low.
The user will be able to observe the resource usage tables and attempt to
xnove any selected PL from one FC to another.

2. 3 LAUNCi^ ^FTERVAL RESTRICTIONS
Following the initial interactive options, control is returned to Figure I. 0
and the launch interval restriction logic, Figure 3, 0, is called. This logic
sizx^ply selects all of the PLs out of the total PL Model for the desired PL
grouping year currently being considered. These PLs are then stored in a
separate file for further manipulation.

The basic process is to select the PLs out of the PL model for a specified
year and group them into FCs. However, additional flexibility is provided

12
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j	 as the user may specify any nurrzber a£ quaxEer years to be included in addition
'^ ^	 to the specified beginning yeax. Two grouping options are then available:

1, Group all PLs far the interval year {1} + N quarter--years,
^- ^	 2, For the specified interval (yeax (1) + N quaxtex-years), group the

PLs by quarter-year segments within that interval.

2, 4 GROUP PAYLOADS AND LOAD ONTO FLIGHT CONFIGURATIONS
The heart of the grouping logic begins with Figure 7. 0, group PLs and load
onto FCs, Throughout the 7 series of logic flow diagrarrjs, control is trans-
ferred to various segments of the logic fax evaluation of the PL criteria with
each attempt to load a PL onto a FC.

-	 The first step in Figuxe 7, ^ is to transfer control to Figure 7. 3 where the
_-	 PLs of interest (Reference Figure 3. 0) are ordered. They are first ordered

by calculating the percent o£ total resource available in the FC that is required
by the PL. A m.atri.x file is built, doing this far each additive criterion fox
each PL, The matrix rows for each PL are then sursxmed using input rn.ultiply-
ing or weighting £actors fax each criterion as shown in Table 7. 3, 9, The
PLs are then ordered in descending order according to the summed totals.
Next, the list is sorted £or each office-dedicated flight. Each office--
dedicated group is moved to the tap of the list so that they wi11 be selected

--	 for loading fluxing the early execution of the logic. Control is now transferred
to Figuxe 7, 4 for special PL grouping designations. Here one or more sets

-_ of PLs can be designated to always fly together. Since loading a set o£ PLs
onto a FC may pxesent special loading problems, these designated sets are
nZOVed to the top a£ the oxdered PL list so that they will be loaded first,

Actual loading of PLs onto FCs now begins, First, the specially designated
^'	 gxoups of PLs that must fly together are loaded. After these special sets

"	 have been loaded, selections a£ PLs £xosn the oxdered PL list wi11 continue.
L a	 If dedicated flights are required, these PLs wi^.l be the next PLs on the list.

It should be noted that these is a test (Figure 7. 0, Blacks 7.4 and 7.4. 1) to
ti determine whexk all.. of the dedicated flights have beer satisfied, Vahen this

is determined to be the case, the dedication criterion is removed from the
ordered criterion list far the duration of the run.. This makes. is possible to

c. a

attempt to load the remaining multiuser PLs ants the dedicated FCs if

^.^

Kh
	 ^	 Z3
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available resources permit, In this nnanner, each remaining PL in the list
is successively selected for loading onto a FC.

The first criterion to be tested for each PL is the Instrument Pointing System
SIPS) requirement. This is done by transferring from Figure 7. 0 to Fig-
ure 25. 0, and returning, The IPS criteria is checked first because it has an
'mpact an subsequent criteria that will be evaluated,

2_, 4. 1 FC Selection and Criteria Evaluation
Transfer of control is made from Figure 7, 0, Block 7. 7, to Figure 7, 7 for
FC selection and criteria evaluation. First, the PLs are tested for special
grouping requirements. If there is a requirement, the FC is established for
the first PL of the set and all subsequent PLs of that set are loaded onto the
same FC, If the PLs are not of a special set, then the test is made to deter-
mine if a specific FC type (FCT) is designated for that PL, If so, the logic
increments through the FC manifest and selects the first FC of the desired
type. If the PL cannot be loaded on that FC, the incrementing continues
until the next FC of the desired type is selected. If the FC list is exhausted,
then a new FC of the desired type is established. If no FCT dedication .
requirements exist, the logic simpl y increments through the FC manifest
until the PL is Loaded, 'The criteria tests begin in Figure 7. 7, Block 7. 7. 8,
where control is transferred to Figure 7. 7. 8. The logic begins incrementing
through the criterion list (Table ^.. 9), checking for possible packing
alternatives,

2.4.2 Dedication Criterion
Since the pointing and IPS criteria have already been checked, the first cri-
terion selected from the list is dedication. This is a parameter match model
FC Office designation to PL Office designation. The parameter match model
is in Figure 7. 2l, Tf the parax^.eter match is rriade, the test is satisfied,
After the last PL with a FC dedication is selected from the ordered PL list,
the criterion dedication is deleted fronn the criterion list for the duration of
the run. As previously indicated, this is done to permit the remaining multi-
user PLs to be loaded on the dedicated FCs as available resources allow.

'^ 4
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2.4.3 Mass Criterion
This criterion is additive, so control is transferred to Figure 7.20. The

j`
criterion here is: After adding the weight of PL (WPL) to the FC, does the

'	 total PL (chargeable) weight (WPLT) exceed the FC Spacelab PL weight
available (SPLAY)? Additional weight checks are made for individual pallets

^ -	 and racks in the pallet and/ar rack volume-area check.

1_ .

2.4.4 Orbit Parameters
The acceptability of PL orbit parameters far a given FC is evaluated in the

'.	 logic flow captained in Figures 23.0, 23.5, 2.3.7, and 23. 10. This, flow also
provides consideration of mission duration extensions.

-	 2.4.5 Volume Area Loading Check
^	 The initial panet and rack volume-area loading check is controlled in

Figure 24. 0. Since this logic is more complex than the other criteria tests,
the first step is an interactive stop, allowing the user to instruct the PL to

.	 be loaded and bypass the logic. If he types in LOG1C, than the logic flow
_ continues as follows. if the PL involves rack loading, this is accomplished

in Figure 24.2 and is checked on the basis of total volume. Dedicated. racks
for specified PLs can be accommodated. The pallet loading becomes more

^,	 complex. The pallet loading is three dimensional in that both above and
=	 below mid.-deck loading is considered. Since viewing and/or gimbaling PLs

are probably the most restrictive to load from a volume-area consideration,^...

;.:	 a preliminary test is made for the viewing PLs. The viewing requirement is

r identified in. Figure 24. 4. If the requirement exists, control is transferred
j	 to Figure 24. R for preliminary checks. This logic first checks to see if the

PL can he ix^,ounted above mid-deck and remain within the upper PL envelope
{ .	 constraint in the cargo bay. The result of this test is simply that a flag is

set indicating wheth^:r the PL must be mounted above mid--deck or below
",	 mid deck on thy; pallet floor structure.
j.

Next, ixx Figure 24. 9. i, the PL area is checked against the available area
and the PL weight is checked against the available weight. One, two, or three

_	 pallet train requirements are considered by the control passing through
^^	 Figures Z4. ll, 24. 12, and 24. 13, as indicated.

T5
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To this point, the Logic has tested area (in the launch stowed condition), 	 ..
weight, and cargo bay envelope. This- could be whether the PL has viewing	 .
and/or gimbal requirerxaents or not. Next, if the PL has viewing and gixr^.bal
requirements, control is transferred to Figure 24. 10. Tn this logic, the PL
height is considered to be the PL extended or deployed height ^PLHEX) as
apposed to the PL launch configuration height (PLH). Tn Figure 24. 10, soxxxe
basic computations are made concerning viewing and/or gimbal type PL
heights for the appropriate viewing and/or gimbal angle. These values axe 	 „^,,,
retained. for subsequent tests at a more detailed level.

Returning to Figure 24..4, Block 24. 4. 7, if the PL has no viewing and/or
gimbal requirement, control is transferred to Figure 24. 5 far below mid-

-	 deck loading checks. These preliminary tests are for total area, height, and
weight, considering one, two, or three pallet train requirements as before.
Tf the PL cannot be loaded below xnid-deck, simil^.r checks are made in
Figure 24. $for ab^sve Enid -deck loading.

Once a pallet of a FC has been loaded to the point that the loaded area exceeds
the available area minus some input factor, control will be transferred from
Figure 24. 9. 1 to Figure 24. 2Q for a detailed area placement check. 	 _

The basic principle for the more detailed pallet loading evaluation is to
section off the below and above mid-deck areas- into rectangular sections as
shown in Table 24. 20. The intent is to end up with reasonably good confidence
that the PLs grouped on a given pallet can in fact be accommodated when	 ^ _
actual layouts are made in the next level of compatibility analysis. Tf
desired, this detailed. pallet PL placement logic can be included in the initial 	 -^
program coding or it could be added at a later date to facilitate early oper- 	 _.
ation of the program.	 _

`	 As seen in Table 24, z0, there are 12 sections below and 2a sections above
mid-deck for a single pallet.. These numbers are doubled and tripled for two
and. three pallet trains, respectively. Tn Figure 24. 2a, the appropriate
number of sections are established according to the current pallet canfigur--
ation being considered. Next, the below nzid--decT^ PLs for the current pallet

^	 16
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configuration are selected and ordered according to the fraction of the
available area that the PLs require. Thus, the largest PL^will be placed
first, the smallest last. The same procedure is accomplished for the above
mid-deck PLs.

•--	 Next, ;n Figure 24. 2i and 24.22, the below mid-deck PLs are placed on the
pallet. The procedure consists of selecting the next PL from the newly
ordered list. A spacing factor is applied to the PL width and length to allow.	 _....

for some spacing between adjacent PLs after loading. Using these scaled
PL lengths and widths, the number of sections required by the PL is de€fined.
The first section on the pallet is zxow selected (section 1. 1). if this section
is available on the pallet and more sections are required lengthwise, then
the next section lengthwise is selected. This procedure is followed until the

a
PL length can be loaded or a conflict with an unavailable section is met.

__:	 The same procedure is followed widthwise. If the PL can be loaded, the
I

selected sections are deleted from the available section list for the current 	 d
pallet. This includes above mid-deck sections if the PL height extends above 	 ^
the mid--deck level. This. is L•he reason below mid-deck PLs are placed first.
I€ an unavailable section conflict is identi€led, the logic will continue to
select the next section until an available section is found. The procedure 	 ,
then continues, attempting to place the PL. if the PL cannot be placed below 	 ^
mid-deck, it is added to the above mid-deck list for possible placement there.

When all of the below mid-deck PLs have been placed or changed to the above
znid--deck list, a similar procedure for placing PLs above mid-deck is
followed. At this point, if it is determined that some PLs cannot be placed
at all, the logic will interactively ask the user if he wishes to override the
logic and load the PL anyway.

One feature is, that for a gimbaling PL, the area is increased to equal the
projected area assumming the PL gimbals around the full circumference.
For viewing PLs, no PLs will be loaded in an adjacent section if the new PL
height would protrude above the upper edge of the viewing PL, even if in a
gimbaled position. Again, these calculations consider the PL heights to be
in the extended or deployed position. This is the viewing conflict test in
Figure 24.28.

i7
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2. 4. b Power	 ` '
The paver criterion is evaluated in Figure 7.2.2. Using the operating power,
duration o£ each operation, frequency of operation, and mission duration, the. 	 _ -
total power consumption £ar each PC is calculated. Then for each FC, a power
information manifest is maintained. A sample is shown in Table 7. Z. 2.

^.

2. 4. 7 Pointing —Reaction Control System (RGS) Fuel 	
_ _

This criterion is modeled in Figure 7. l$. The additional fuel is added, based 	 ^	 z,".
on input ds.ta contained with the PL being evaluated.

2.4. $ G»Level	 - -
The g-levzl criterion is modeled in Figure 27. D. This xnodel establishes the 	 _
duration that different g-levels ar e required for each Znission. This is done
fox the purpose of output information as opposed to a criterion test.

2.4.9 Continuous Thermal Heat Rejectioxi
This criterion is an additive zxxodel using Figure 7.21. It is a gross check 	 " `
of the accumulated average heat rejection requirement.

2. 4. 10 CG Criterion	 _
The CG criterion is a tolerance range test with the rearrangement alternative.
This logic is contained ire Figures 7. l7 and 7. 17..1. Only longitudinal CG is
considered. The flew initiates in Figure 7. I7. The new FC CG is calculated
in Figure 7. 17. 1 and xetuxned to Figure 7. 17. Here, the CG out-of-tolerance
range test is made. An acceptance is indicated even if the CG is out of
tolerance by l^% or less in order to account far uncertainties in current
CG data.

2. 4. l 1 Energy
This criterion is an additive model. using Figure 7. 7$. The total energy 	 ,
required by each PL is summed and checked against the available energy.

2. 4. 12 Crew Attendance Time
This criterion is modeled in Figure 7. 19. The model. accumulates the total 	 J
crew attendance time required for each PL and determines if additional
5pacelab crewmen beyond the baseline of two are required. ^ so, the 	 `
additional weight provisions are added.

^ g	 ---
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u .	 2. 5 END OPTIONS
After the last PL is loaded, the logic executes several end options. First,
in Figure 13.4, an additional appartunity is made for the user to interactively
add mission dependent equipment (MDE) to the loaded FCs. Then, if the
tolerance option flag is set, the logic in Figure l3. 1 will determine fraxxz the
resouxce usage table the percentage: of each ^esouxce used for each FC. Tt
then establishes an. incompleted. FC loading manifest, This inforxx^ation can
be displayed and used in the next option. The next option is that of inter-»
actively repacking or rearrangexn.ent of PLs in a FC or from one FC to

...	 another. This logic is in Figure 1.3.2.

2. 6 AUTO1vTATED PAY? rJAD- (APL)
If resources allow and all PLs have been loaded, then an attempt is nrzade to

^-^
load APLs onto pallets. The APLs are deployed at the beginning of the
Spacelab zxaission. The loading attempt is made at the completion of the
loading of the FGs. The FC resources which are used as loading criteria
are listed in Table z6. 1 and the logic flow is illustrated in Figure 26. 0.

^'	 Two possible situations in which APLs nay be assigned to a FC are (1) the
pallets on a FC do not deplete file FC resources, and (2) an FC occurs in the

^-

	

	 output xan.anifest in which another pallet could be added, changing the type of
the original FC. The logic flow for loading APLs handles both of these r:as.es.

^ +.3

t
I
C
r

^

^9
^^^/^

. nrcoorvw^LG rsou^^..as^_

.^...



4

r5 ectl.On

PAYLOAD ORDERII^TG AND OUTPUT 1v1ANIFESTS

As part of the process, the payloads which axe to be sent through logic are
ordered. To this end, ele^ne^.t resource tables are employed which allow
payload ordering on the basis of the percentages of FC resources used. The
ordered payload manifests are used as PL loading input and the result is an
output manifest. The PL resource table - consists of that part of a manifest
which contains the percentages of available resources used for additive
criteria. The percentages are summed across the rows to obtain percentage
totals.

A sample input ordered payload mod^I is given in Table 7. 3.9. The ordered
PL. manifest, Table 7. 4, is then constructed. Table 8 illustxates a sample
FC output manifest fora 5 fffo tolerance level. The associated weight summary
is given in Table 9. The FC ordering is shown in Table 10.

PRECF^^NG PAGE BLANK id4^` F^T,^Pf.3
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Section 4

-	 LOGIC A•ND METHODOLOGY COMPUTER CODrNG
`a

^^	 The- computer program which implements the logic and methodology for the
^^	 grouping of Spacelab payloads consists of Fortran coding and a set of computer 	 ^.

-	 files (Table 11).
4.

-	 As an example of the implementation of the criterion decision process via
the program and :files, consider the criterion energy. From the ordered
criteria file, Table 1. 9, it is seen that the criterion CG has just been satisfied
and the program goes on to the next criterion. The ordered criterion index
is incremented, Figure 7. 7. $, and the criterion energy is selected.

"^	 As stated, the criterion index in the criterion model definition file,
Table 1. l0, is incremented until ENERGY is located. The inforxxzation pro--
vided here includes the fact that the criterion is represented by an additive

- •	 model and 25 6/a (example) tolerance. The additive model subroutine,
^,	 ADDITIVE, which contains the criterion model procedure and decision test

is then called as in Figure 7. Z0. For this example, the element quantity,

w:.
QUANT, is equal to ENERGY. This logic block in Figure 7. 24 fits into the
criterion decision test block of Figure 7. 7. $.

` ^'	 Another criterion model type which is considered is that of parameter match-
ing. In this case, the check under parazxxeter match in the criterion mad el
definition foie (Table 1. l0) instructs the program to call subroutine PARA-
MATCH as in Figure '7. 2l.

^,
The criterion files may be expanded in scope to provide for moxe detailed

t;
models.

The input data base requirements are sumnzariz.ed in Table l^.
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Section 5

	

,^'	 CONCLUSIONS

The logic and xnethadology for a preliminary grouping of Spacelab and mixed
cargo payloads has been developed in a form that can be readily coded into a
computer program by NASA. Principal input data include the NASA Payload
Mcde3., payload descriptive data, Orbiter and Spacelab capabilities, and NASA
guidelines and constraints. The first step in the process is a launch interval.

	

:^	 selection. in which the tirrae interval for payload grouping is identified. This
time interval. is normally for a specific flight year, however, the program

	

?y	 can accept additional increments of tune (quarter years), if required.
I..ogic flow steps are then taken to group payloads and define flight configur-
ations based on criteria that includes dedication (by NASA Office or technology),

i

volume, area, orbital parameters, pointing, g-Ievel, mass, CG, energy,

	

{^	 power, and crew time. After aII possible Spacelab payloads have been
t

	

-	 loaded, the next Iogic step of the prograrr,^ will permit the accommodation of

	

^.	 automated payloads on pallets if all evaluation criteria can still be nnet

	

_^_	 (i. e. , space, weight, power, etc. ). The program has interactive capability,

	

^-,	 the capability for real-time operation at remote locations by cognizant

:^
engineers. The output of this program will include information on payload
groupings, Spacelab configuration, the number of STS flights required,
weight summaries, and the extent of resource usage.

	

"*'	 The process which generates the logic and methodology for the grouping
I

	--^	 analysis has been developed for use in the preliminary grouping of Spacelab

	

^-^	 payloads. This process manifests itself in a set of Iogic diagrams. Cam--

	

,^	 puter diagrams within the process will be coded to implement the grouping

^, process. The process allows flexibility. If additional criteria axe
desirable they may be added along with packing altexna^ives, packing levels,
tolerance levels, and a.daptabilities. Also, one can subtract criteria, change

^,

	

.	 criteria characteristics (tolerances, alternatives), and change the data base.
^,

^^

	

^"_	 ^ -y; ^''tF^fi',^G PAG>iJ $L^iNK ^G'.C' Fir ^' '

	

^-,	
1	

2a^•

	

i	 J►YGDONN^'tL DDUGL.45^

r/...	 Y



APPENDLY Z

AUTOMATED FLOWCHARTS
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Appendix I

AT3TOMATED FLOWCHARTS

This appendix contains the logic diagrams which have been automated by the
use of MDAC computer program MACFLO. Each, logic diagram block is
indexed with a nurrxber. When transfers in the logic are made from one
diagram to another, the indexing allows one to locate the go-to-point with a
minimum of effort. It is intended that these diagrarn.s will aid the coding
process.
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a

RPL Automated payload

C combination

CG center of gravity

FC flight configuration

FC^m FC type R, number m

.G^, greater than or equal

.GT. greater than

HR apogee altitude

{{P peri Glee altitude

I{I i nc1 i nati an

LCG 1anc^itudinal CG

LL• less than ar equal

LT less than

t1 module

{1i mass of P/t+} number i

{qi J mass of P/I9i ^

1^°j mass of P/ti i ^ wit}t na PL

i1^^ ^ mass of P{. Y. on P/{^li 3
{qp mission duration

tIDE mission dependent equipment

t9AX maximum

fiIf~I mini mum

{aota nominal

Otis orbital maneuvering system
P Pa11et
PL payload.

Pft^ pallets and/or modules

PO pa11Pt only
PPDf3 PL planning data base

{tCS reaction control system

..,

.u,

^c^^^^^ ^^,a^.
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TABLE 1.1

'	 PAYLOAD MODEL RE UIREt^ENTS^..___^

The fallowing information should be identified far each Payload.

i

^	 -

^^	 A. Spacelab Payloads

1. Identifying descriptor number (ID)

2. Alphanumeric Name

i	 3. Launch years)

` -	 ^. rJumber of f' i ghts for each year.
5. Payl aad Discipline

^^	 6. NASA Office or other organization of responsibili ty

B. Automated payloads. (APL)

	

, 	̂ 1. Identifying descrip4or number (ID)

	

':	 2. Alphanumeric Name

_.	 3. Responsible Organization.

3'^
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TABLE 1.2

PAYLOAD DATA BASE

A. Spaceiab Payloads

1. Identifying descriptor number

Z. Ai phanumeric foams

3. Launch years}

^. I^um6er of flights for each year
	 ^.

5. Payload discipline

6. tJASA Office or other organization of responsibility

7. For each payload or experiment segments of a Payload that are

to be mounted in raclts or pallets spearateiy, identify the

following data,

7.i Payload loading requirement, Pallet (P}, Pallet only (PO),

Pallet-Module combination (C}, Module Pack (R),

7.2 Pressurized mounting requirement eyes or no}.

7.2.1 PL width (PLw}

7.2.2 PL Voiume (PLV}

7,2.3 Launch and entry weight (>ttPL}

7.3 Unpressurixed mounting requirement (yes or no)

7.3.1 Overall dimensions (length, width, height}, (PLL, FL>^i, PLK).

7.3.2 Inputs to volume -^ area test

a. P(I) dumber of pallets in train, I ^ l a 2 or 3,

b. P(X) Pallet index

c. PL Area (pLA}

d. AMDAD^I - available mid deck area underneath

e. A^fOAUP - available mid-deck area up (tap side)

f . TPLwT -^ Total PL weight 1 o ailed on pal 1 et*

g. Pail et weight carrying capabilities,

TI^tAItJ COtdF.	 wITIiOUT IGLOO	 WITEI IGLOO

P(z) = i	 wT^P(r}]	 wTCP(z)I^

P(I) = 2	 wT^P(I)^	 wT^P(I)I]

p(T} = 3	 wT^P(I}^	 wT^P(Iz]

h, TMDADPJ - Total mid-deck area loaded underneath*

i. TP1DAUs' -^ Tot^i mid-deck area loaded above*

*Calculated

3^

A<C^ONWAf^I. Q^SIQLl^H	 .

^.1



f

ae	 AP - Loading area factor

k.	 PLK - PL height {launch condition)

1.	 PLHLX - PL height extended

m,	 HL - sleight of mid-deck above floor panel.

n,	 HU - sleight from upper surface of mid-deck to top

of pall et.
o,	 WM^ - width of mid-deck

p,	 R - Radius of PL envelope

q .	 P^I^ - 1{alf Gimbal Angle
r.	 PLS - Payload shape, cylindrical or rectangular

s ,	 PLU - Cy1 Z ndri cal PL di ame'^er
t.	 PLL - PL Length

u.	 PLW - PL width

v.	 MDADN - Unloaded mid-deck area underneath*

w.	 ^1OAUP = Unloaded mid-deck area above*

7.3.3 Launch and entry weight {WPL}

7.4 Crew requirements

7,4.1 Total crew a'btendance time required for PL, TA

7.4.2 1-tours per day per crewman available, H.

7.4.3 Weight per crewman, WC.

7.4.4 Weight provisions per crewman per day, WP

{nominal 7 day missionQ

7.4.5 Weight Provisions per crewman per day, WPC

{far missions extended past 7 days)

7,5 Total energy usage, iC4J
7.5 Average continuous power usage, W

7q7 Average continuous Meat dissipated by PL, W

7.n PLG -level constraint {yes or no) if yes, enter 7.8.1 ^ 7.8.2 data

7.8.1 Operating g--level constraint

7.8.2 Total operating duration for g-level

7.4 PL Mission duration requirement

Y

^.,,

*Calculated
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7,10 Orbit: parameters	 _ .

7.10.1 Any orbit acceptable (yes or nn^. If no then no
input data in 7'.10.2

7.1 0.2 PL apogee .and perigee al titude (PdP9I^ and inclination
{neg^ (nominal, maximum and minimum}

PLHAt^iltd, PLHAP^OM, PLHRt^iAX

PLHPMItl, PL^IP^dO^i, PLHPt^9AX

FLltii^IPl, PLIt^NOM, PLlt^tiAX	 ^.

7.11 List of p10E needed for PL	 _

g . Automated Payloads (APL)	 _

1^ Identifying descriptor number^ (IO)

2, Alphanumeric name	 ^

3. Responsible arganiaation (information only

4. Launch and entry ^eigt~t 	 j

5, Depl®yment orbit ^...rameters, PL apogee and perigee al tituds

(t^tl^ and inclination (Oeg) {Plominal, maximum and minir^um}.

PLHAMIi^, PLHAt^Org , PLHAt^IAX

PLHP^;It^, PLHPI^^:^t, PLHPh^AX 	 - -

PLINMIN, FLINi^01.1, PLINhiAX

6. PL length

--

9
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1.0 Bas

1.1

1.2

l .3

l.4

1.5

l.fi

l.7

l.8

TABLE l.3

BASIC SPACELAB FLICP^iT CONFIGURATION DATA P3ASE

is Spacelab flight configuration list

CORE PLUS EXPERIt^fEhlT Pk1ODULE

FORE 1^ODULE PLUS 9 P^IETER PALLET

6 METER PALLET PLUS '9 tiETER PALLET

THREE IfdDEPEIdDENTLY riOUNTED 3 EXETER PALLETS

CORE tiODULE PLUS fi t^IETI=R PALLET

CORE A1^D EXPERIMENT t9OOULE PLUS 6 fiETER PALLET

CORE AI^iD EXPERI1^EtJT I .10DULE PLUS 3 ^t^IETER PALLET

T4dO 6 METER PALLETS

2.0 mass Properties

	

.	 2.1 P3asic Confi gurat^ on i^iei ght

2.1.1 Total

2.1.2 individual module freight (includes airlock, tunnel, basic

structure,. module}, and individual pallet weight.

2.1.3 Singe and double rack Payload freight carrying constraint.

2.1.4 Pallet t;eignt carrying constraint

2.1.5 Launch and landing tr^ight limits

2.1.6 Launch and. landing CG constraints

Table of CG location constraint vs Spacelab Payload

chargeable ^•rei ght) .

2.1.7 4leight available far Spacelab Payload

	

..	 chargeable v;eight items.

3	 o ume a d mau t'n area ava i lable.O V 1	 n	 n a g	 i

	

_	 3.1 Single rack volume and Sti^idth.

3.2 Double rack volume

3.3 Pallet mounting area

3.4 Distance from front of bay to front end of Eiodules and Pa]lets.

4.0 .P=ar each configuration,

	

"'	 4.1 Energy available

	

w ^	 4.2 Continuous average heat re;jectian ca}^abil ity

	

^-	 4.3 Conti ntious average potirer oval 1 abl e

^^;

5. a Spacel a6 P^1DE 7 i st	 as

f
f/̂

',
,̂̂
x̂
/
{JJ

16fC8fOAJMStL you®L..^1.^ *^^^^1^[.//

1

i

--^



_.. ^	 I

TABLE 1.4

ORQITER CAPAQILITIES AND COIQSTRAINTS DATA RASE

d
U^eight and CG of APP5

t^ei g ht nf:

OM5 orbiter fuel requirement (nominal and extended missions}

RC5 orbiter fuel requirement {nominal and extended missions)

OVA equipment above Orbiter baseline

EPS kits

Second Orbiter remote manipulator system

Second orbiter TDR55 antenna

Extra hardt^^are and consumable required for missions longer

than seven days

Orbiter heat rejection subsystem components-not included in

Orbiter baseline

Orbiter payload attachment fittings in excess of four

Adapter I^ardware for attaching the EVA airlock to the tunnel

and Orbiter cargo bay.

^s

^.^,. _.



i
	 i _	 f

TABLE 1.5

BASIC DATA BA5E FILE

1. Launch year for desired grouping.

2. l^lei ght per extended mission day to k^e added to FC

Spacelab PL total -excluding crew provisions (b1QitB}
	 ^.

3. Any other data item that does not naturally fall in

the other data base files.

37
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Table 1.8
CRITERION CHARACTERISTICS

Criterion
Packing

Alte:rnatiyeta}
Natur e o^

Adaptability Tolerance}

D edicatiaxi A

Iola s s A

C. G, -- Longitudinal A, C^c} 20°0

Orbit
Altitude A
7xiclination A

Volume--Area
Gross Check A l Q°jo

D etailed ^d} A

Energy A ^ ^ ''

Continuous Power A

Pointi.ra.g
RCS Fuel A
IPS A

g--Level A

Corlti.azuous Thermal A
Rejection

Cxew Attendance Add
Tixx^e c r e'Wrrian,

Time A, D E^'cend Q%

W eight A, D Mis sion

^a} A - Rejection
C -- Reaxxangement
D -Adaptability

fib} Pexcentag.es axe samples chosen fox illustration p.urpos es only.
^c} C. G. is the only cxzterion ^vvith the xearrange-xx^.ent alternative.
^d} As illustrated later this model is xno^re complex, and is therefore tested

only after a FC has reached a specified level of loading.

i	 38
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Table 1. 9
' ORDERED CRITERIA {LOGIC FLO^rV STRUC'1'URE)
LOADING PAYLOADS ON'T'O FLIGHT CONFIGURATIONS

Alternatives	 Criterion

A	 Pointing -IPS {a}

Dedication

Mas s

Orbit

Voltxm.e -Area Check

Continuous Power

Pointing -RCS Fuel.

g --Level

Continuous Therrx}.al Rejection

A, C	 C. G. -Longitudinal.

A, D	 Energy

Crew Attendance Time -Time
- Weight

{a} Since IPS Model modifies PL characteristics ^; ►hich other criteria check,
IPS criterion is first {see Table 3}

39
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\.

^^-.—

3 Table ]..10n
CRITERION MODEL DEFINITION

e

r Alt exnatives
a Model Type Other Than
hCriterion Parameter Reject (A) Maximum
n
N^ Index Cxiterion Additive Match Other and Nature Talexance^-

^^

^' I Dedication 3

2 Mass ^
3 C.G. Rearrangement 20°0

^ Orbit Altitude Orlait
inclira.ation Paraxxzete.r

Test

Valurx^.e Axea
g 5 Gross Check 3 Arrangement 10°fa

b ^	 Detailed
7 Enexgy 3 25%

$ Continuous Power 3

Pointing
9 RCS Fuel Added Weight

IO IPS IPS Model

I I g -.Level g -L eve].

l2 Continuous Thermal `^^ R e j ectian
^-.-

C r ew Attendant e
Tizxa.e

l3 Time .^ Attendaxa.ce 0%
l4 Weight	 ^ Tzrrie -Weight r_-__._

^,, '

Percentages axe samples chosen .for illustxative purposes onl^r.

• 	 I 	 ^	 ^	 ^-

^	 ^	
^	 i 	 s	 i 	 1	 S
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Table 2.30 ^.

DEDICATION' S7PLIT BY RESOURCE PERCEIVTA GE WITHIN OFFICE

Ofi^.ce i t (X%} / O^£^.ce 3^ (Yj%) i
Where j ^ Resource Critexia

j = 7. Weight	 j

2 Volume	 ^ i

3 ^;nergy

4 Orbit
3

5 Dasciplin.e	 ^

b Others	 'I

^°^o ^- Y°fo = 100°0	 ^
{

/^	

^Fi

^ucaawfusrz.r. ,^rsue^z.x'_ s^



Table 2. 3. 7
DEDICATION SPLIT BY OFFICES

Office (i. I ) /Office {i^)

Where ^. =NASA Office An
B
C
D

n (Defa^^.t)

M^.Iti^.s er
ESA
Na^.e

42

ne^c^vnfnratc.rt,. n,orJS^ao'
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Table 7.3. 9
SAMPLE PAYLOAD RESOURCE TABLE7^

Additive Criteria - Percentage Usage
of Available (No Tolerance) With Factors-"Unoxdered

Payloads Energy x EF Mas s x MF	 Cxewtixnex CF	 Etc. Total

1 20 .xEF=.24 20xMF=22	 5xCF=5 5l

2 90xEF - 108 IOxMF = ll	 l0a^CF = 10 129

3 50 x EF = b0 50 x MF = 55	 50 x CF = 50 lb5

4 40xEF = 48 l0a^MF = 11	 5x.CF = 5 b4

..^..	 ^

Sarr^.ple Factors: EF = 1.2
MF = 1. I
'CF ^ I.0

Table 7.4
SAMPLE ORDERED PAYLOAD MANIFEST

Total^fa Payload

165 3

]. 2 9 2

b 4 ,i

5 l ^.

MTable should include all additive criteria.
Nate: Nuxr^bers axe samples chosen far illustrative purposes only.

^,	 ^3

MCCQlY1VELL i70iJCt/15



^^-r--
3

a

afl

-	 ^	 y	 j 	 ^	 r

L[6 .	 ..	
...	 -

g	 ^

TlIDLE y.22

SAl^PLF P01^lE;f^	 I^iFf}R^^I1TIOi'i	 11Ri'^IFi=ST

OPERATit^O FREr^l1FrlCY OF MI5SIr7f^
FC	 FC OPFltATIf^G 1)URATIOl^ OPERATIOP! DURATION TOTRL P011F(t

I^lDFX	 1'Yl^i=	 PL	 ID f^Ati^lGP.	 {Kti^! iiP./4PERIlTIOP!) {Tltgi;S /nAY) DRYS Kl^!-HR

1	 2	 aA- 1 0.05 1 2 7 0.70

OA-3 0.02 .5 2 7 0.14

OA-5 0.0^ .2 4 7 0.45

(}!^- 7 0.05 1.5 1 7 0.52

OA- 10 r}. Ol z 2 7 0.28

OA-12 0.02 i 3 7 0.42

OR-15 0.10 1 2 7 1.4

3.91	 Kt^!-KR



Launch Interval: l j 85 - 1 / 8b
Tolerance Level; 5%(a}
Number PL:	 l 0
Numhex APL;	 3

3
n
0
a
x
rr
a
0
e
r
A
N

Table 8
SAMPLE OUTPUT MANIFEST

Total Nuxnbex of FC t s = 3	 Date:	 b j20/7$
Number of
	

Time:	 10:20
Operauox: X. Smith

.^

`^
^

^
^
^
H

^
^
^

ago ^

^
o
^
^

o
z
^

,^
^

O

^

';
^
.̂...
^

s

U
`--	 .-,

^ b
^^
p,'^

Percentage of Available ResouxcEs
Used fox Additive Criteria{d}

Therrrial
U U ^ ê ^ ^, ^ ^ L} ^ ,^ w Crew-- Rejec-
W W APL a p U A ^ a MDE ^ ^ Energy time Lion Power Etc.

1 3 .- KSC NASA 5 7 10.5 19.5 - -- 105 30 25 95
(40	 }

2 6 2 VAFB ^ 7 7 23.1 22,5 - OMS 90 b0 50 $0
(82 ^

3 2 ]., 3 K,SC
^--)

-- 6 ? 9, 0 23.0 Man. {e} EPS ^0 I05 20 30 ,

Note: All. numbers are samples chosen. fax illustra^Eive purposes only
(a} I05°jo rxla^ixnuzn (of nominal}
(b} Appendix I
(c} LCG: Forward end of orbiter cargo bay is located at lOm.
(d} Table should include all. addi^Eive criteria fax Level. ZI.
(e} Man, -- Manipulator



a

Table 9

SAMPLE F'C WEZGHT SUMMARY

Launch Interval:	 Z / 85 - 1 / 86
	

Date:	 6/20 /'76
Tolerance Level: 5°^n

	 Time:	 I0:20
Operator: X. Smith

VI].7.tS: ^€g.

Mission SL	 PL
^ Independent (E.^periments
'^ Arbiter SL Mission and Crew -

Support Independent MDE APL not included) APL Total

W L R L R L R L R L R L R

1 I, 204 800 4, 700 4, 7D0 1, 200 I, 200 3, 400 3, 400 0 0 I0, 500 I0, l00

2 I, Ooo 700 ^, zoo 5, zoo I, o0o I, a0o I3, OOO 12, 90o z, 900 0 23, la0 I9, $00

3 1, 000 940 4, 000 4, 000 I, 000 I, 000 I, 200 I, I00 1, 800 0 9, 000 7, 000

n.ples chosen for illustrative pu.rpos es only.

y	 1	 ^



^	 I	 i	 I	 I	 I	 I

TABLE ^0

COt^FIGURATI0N5

0

SPACELAB	 CONFIGURATiOP^

	

CONFIGUP.ATION	 ORDERING FOR

	TYPES	 GROUPING PROCE55

2

^	 E _ -	 I^	 T

	

___..^	
$

	

_	 6

Z	 ^	 _ _	
ri	

5
J j

3

3	 ^^^	 4

-.	 .J	 .^

^'	 - - ^^	 L^^

^.1 L -r-

------ J . i

`^	 ^

6	 ^ -	 - - f-

	

.	 ._..J

^	 r
7	 - - --rte--

-,	
.^̂.

8	 ^ L^ ^ ^1=J,^

47
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Table ^. l
COMPUTER FILES

File
Source

{Figure]
Source
(Table]

.,-^-

PL Model ^- - ^

PL Data Base 1. d

Orbxtex Data Base I• ^

Space^.ab Data Base I.0

Oxderc:d Criterion ^ 1- 9
Criterion Model ]] esi^zition I • ^ l • i d
Payload Resource Table 7.3 7.3.9

_	 Ordered Element List 7.3 7.3Q 9

Ordered FC List r la

Output ?vlanifest 1. ^ $,	 9

incomplete Container Manifest m 13.1

Redistribution Ma.nifestT 13.2

Volume - Ax ea Loading 2^• Q
Automated PL Model ^^ • Q
Automated PL Data Base

+

•

2b.0

p

•

b

^

TOpti.onal Files

''	 i'	 - MCbONNGL^ nOUG[.A

._.11 ` __



4

^a	 j

.^ .

., Table 12
'	 INPUT DATA BASE REQUIREMENTS

PL Data Base FC Data Base

T Amo urxt a^

j

Axr^o us.►t a^
Resource	 Parameter Resoi^^ce

-	 Criterion R equix Ed	 R equix ed iz 3ailable

Dedication 3 ',;
Mass ,/ 3 	

."...

._ ,	
Orbit

.	 AJ.titude 3
Inclixa:ation `^ {.. ,

	 Volume-Ax ea
-	 Gxoss 3

Detailed
.^	 En er g^ J '^

Pov^rer 3 J
Painting

RCS Fuel 3 ^
IPS 3 '

r g-Level J_ J
^-	 Continuous Thermal 3 3

Rejection
Cxew Attendance 1,

Time 3 3
Weight 3 	 ^

` ^	 MCnb/11MELL bbL•GL,a

	

'	 !

	

^.	 r



3	 2,4 2,8	 2 4 12 2,16

--

2,20

^

2,3 2,7

^

2,11 , 2,15 2,19

j	 2,2

^_..

2,fi ^ 2,i0

^...

2,14 2,1$

2,1 2,5 2,9 2,13 2,17

a

^,,.
ADOVE M1D-DECK

TABLE 24.20	 '

PALLET SECTiOt^ LAYOUT

f

LS

^^

1,4 1,8 €	 1,12

1,3 1,7 1,11

1, 2 1,6 1,10

1,1 1,5 1,9

8EL0ti^^ i^ID^DECK

r

.^^___ __



J
^^ g

Weight	 ^/

Oxlait

Length	 ^/

C.G. C . G.
C alculata.an
(Lazxgitud7,n^.1)

-	 Table zb.I
CRITERIA FOR AUTOMATED PAYLOADS

Model Type

Parameter
Criterion	 ^Additi^sre	 Match	 Other

Table'2b. Z
FC-PALLET ADDITION TABLE

FC Type T	 Gan Add Pa3.let? 	 FC Changed to Type T

'	 I	 I	 7
z	 a	 -
3 	 0	 -^

4	 I	 8

5	 I	 2

b	 o	 --

7	 1	 6

8	 I	 3

Note that FC Type T^ I contains na pallets.

51
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Table 27. 2. ^.
SAMPLE LIST FOR CONTAINER {INITIALIZED TO ZERO)

^'

c
gz

c
Dx

1 10 '7 g 0

2 1Dr6g 0

3 10-5g 0

^ 10-4g 8 hotxxs

5 10-fig IO hours

6 10^^g 100 hours

7 ID^Ig 0

52
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1.0.f

1.0

PI A L AS

FLDW

IttITIAL BLOCKS
THAI! 1 . f f RAE

PAE—PAOGAAth

IHiTIATIDu
ACTIVITY

i

f.2

I.1	 DETAILED

	

AND pAyLOAp	 AHD p AYLDAD DATA
J'tD p EL	 ^BA5E,5EE

	AND 	 TABLE 1.2

AMD I.I O

CAITEAIA IiDDEL
D£FIHITIDN,
SEE TABLE 1.f0

f.3

BASIC SFACELAB
FLIGHT
CDlIFI & l1AAFIDH

DATA BASE

l.q

DAEITEA
CAPABILITIES
AF[D

CONSTRAINTS

1.5

ElASIC DATR

lfASE FILE

1.9

ORDERED
CAITEe^ Ili,

5EE TAlSLE
1.9

1.8

CAITEAEDN
CHAAACTEALSTICS,
5EE TABLE f.8

ir^1^^ ^AG^T^

^^' }'Ot]^. ^LIAI^T'^

- ^,_..

AINCd70N1YRLL A4[lQLA



_	 ,;

Xirl:^;s. 3,U

.LO
1.i2

1.11
FERIA 190DEL	

CDI9PUTEA	 PRDGRAH	 j

lTABLEF, I.IO	
FILE5	 I^dITIATFDN	 ;!

W

z.o	 _

IIiTEAACTIVENE55
SPECIFiCATFON,
GD TD FIGURE
2.0 AND RETURN

i

T.0	 D.03.0 ^,+

LAUftCH iNTEA4AL 	
GROUP PAYLDADS	 ACCDMiTODE	 3,p

RESTRIGTIDNS,	
AND LDAD DP1T0	 AUT071ATED

s	 FLIGHT	 PAYLOADS GD	
'^^IUTPUT

GD TD FIGURE	
CONFIGURATIONS	 '

3.0 AND RETURN	 TD F[GUAE 2b,0
GD TD FIGURE T.0 ^

_	 --- -	 -	 ^



z.a

I AITERACT 1YE?IE5S

SPE:CIFICATIIIP!
FR pH FIGURE 1.0

z.l

pATa BASE Np
FCLE
CHANGES?

YES

2.z

66 TU p RTR 9A5E
IHTEAACTT'!E
R pUTINE f FIGURE
2.z AND RETURN

z.3.a
2.3

SET DEIIFLAG
FE	 YES	 nl, G p TD
pEpICA7lUN5	

FIGURE 2.3.0
aPTIDN?	 RNp AETURW

Na

2.i.I
z.^.z

INTERACTIVE
pEDICATipN YE5	 5ET tpEpICATE)

I

REJECTIDY! FLAG,
P

D^lEIa41IDE ( DEDICATE) = 1
n£

DESIRED?

MO

2.8	 '
2.4	 z.10

INTERACTI^lEKE55 YE5	 5ET	 GD TQ
RT ENp DF	 PRCDPT a	 F1GU^
PRCKI^IG?	 ^ 1	 I	 ^	 BLaC^

HO ^

^^,^ RG^TA^ PAG^^

^^ PooR r^u^^

MCiPORf11lELL i^OlfGLfE^



^I"''^' "^.;i

z ^	
z.^+.o

TpLERANCE	
SET TpLFLAG

PARAMETER	
YE5	 ^ I, G p Tp

pPTIpH7	
FlGtIRE 'I.Q

AN p RETURx
NO

3.a

T pEpfLAG

G p TO
GURE 2.3.0

p RErE1RN

z.5.1	 z.s.z

TCATEI	
INTERACTIVE
PACKING RE.fECT YES	

5ET (ACCEPT)

E) a 1

	

	 pYEA RIPE	
FIiG, ACCEPT

pESIRE67

xG

z.a	 z.r

TpLERANCE YE5	 5ET
CHECK	 TpLOPT =

p PTI pN4	 1

xp

. _ ---^---°^----^--^-	 ti

2.19

G p Tp
P =

	

	 FFGURE 1.U,

9Lp CK 3.fl

_,^

:4

,_}^

nr^
^"

e_a f

3

~~

_1

e.: ^ ^!

Y

A^^

^^^

M

^_

—	 --



i	 r

z.x z.2.!

EfAfn 3a5E 15	 [3ASIC FC	 YES
1N f Ef^ p°TIYE ri^T	 IN ORTA

RtIflTlilF bA5E OK?

N{1

^.x.z

I[IIiIIT	 FC	 INpEx

f)E=	 FC	 T p	 BE

L1€L^TE p ,	 FCI A I

W[[ERE X =	 !	 - 8

7,7.3
2.2,4 YE5

IILLETE THIS

€ C FAUM FC
LAST FC TQ N f}

IIVUEX	 LLST
Rfi

€[lA	 TNIS	 A!!N
pELECEU?

_

z.z_s ^

CRITERIc^.^t	 YE5
LIST
QK?

1

k^
i

2.2.6 '

INPUT	 CRIiFA1BN {

IMOE% @F J
CRITERInH 7i' eE 11^

pELEiEO

2.2.7

2.2.8 YE5

DELETE TRES
LdST

CAlTERE@N F Ft:i
CR[TERI4N l

CRlTEAEL^N	 IitC=_x
E!E

LIST FeA	 7Ftl5
{)ELETE:[1?

AUN

i<	
;q:.

^a^naum ^^^ ^
^	 r.^_ .

1l4CDOIYlVIELL l]OUGLAS	
►^a.wv+^c^^^"°

^' '_'"'^~-- - - • w:si'`'-
_—y.—'"T-̂ +y

rT.
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7.2.9

CHANGE OF a
flAra Bn5E

PARnrIETER

YatUE?

EyFc

iD*! yE5

z.x.I3

RETURN TO
FIGUR,

2.fl,3tkCK

2.3

ir''^Liti^fli ^ . `^

FIGURE 2.2

TERIG!!

7^ i:E

2.2.8 YES

F5
Fatty	

LAST

I ft;`^z
CRIIE?R1QN TO Na

THIS

	

	
BE

DELETED?

7.2.10

ENAUT PL, PCl,

E1R FC

fALPHRNUMEREC

f0ENF1FfERSI

2.2.11

INPUT
PARA^nETEA NAI7E
AND VALUE,

NAME = vALUE

2.2,t2 IVES

tAST	 NO

AARAMETER?

^-
55	 .,	 ^ r^ . T.!r g'



z.3.4 2.3.I 2.3.7
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CRIiERf4N LiSi

7.6,1
	

T i YES

IET (GROU°7
	

HAVE ALL
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ŵ._.

ii	 ^' f	 ^^	 -	 - -



^^,^'.Iuli^AI

car ^UOx

FOLDOUT FF

MCOONNECI

i



r	 k	 ^	 L

	

f

f'I^[TfiF 7.

1.7.1]

INCREMENT

CRITERIDN

INOE2,	 CI	 `

1.7.5.1 CI	 •	 l

I.S
► f RCENT OF	 FC	 RESOURCE

LOP	 InIS
REGUIRfO	 DY PL	 FOR	 Tn11 T,7.^ T.3.7	 ND T.].D
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