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Term

ETR launch

Feasible

combination

Flight

schedule

I,oad factor

Mission
type

MPLS
OMS fuel

Payload

Payload
margin

. Payload
type

RCS fuel

DEFINITIONS

Definition

A launch performed from the Eastern Test Range

A collection of payloads that meet certain system
constraints (e.g., Shuttle weight-to-orbit
capabiiity)

A traffic model to which Shuttle respurces are
assigned "

The maximum value of two ratios found by comparing
the actual weight-to-orbit of a mission to its
theoretical capability and the total cargo weight
at landing versus the maximum allowed

The Orbiter assignment for a payload. The payloads
either accompany the Shuttle to orbit (deployment),
from orblt (retrieval), or both (in the case of

attached and service payloads).
The Mission Payloads Subsystem
The fuel reqﬁired for the Orbital Maneuvering System

One or more integrated experiment packages and
associated third stage(s), if any, or simply a third
stage itself ;

The minimum value of two caleculations found by sub-
tracting the total Shuttle weight at insertion from
1ts theoretical weight-to-orbit capability, and the
total cargo weight at landing subtracted from the

‘maximum allowed

The mission type for a'payload

The fuel required for the Reaction Control System

vil



Term Definition

Traffié A subset of the list of feasible combilnations such

model that there are no redundant loads which can cover
all the payloads. (The same payload is not assigned
to two or more distinet flights.)

TSV Third stage vehicle
Up/down A payload that is deployed and retrieved in the
payload same year

WTR launch A launch performed from the Western Test Range

viii



1. INTRODUCTION

This document describes the rMission Payloads Subsystem (MPL3)
program and inciudes a gengral and techoloul program descriplion

as well as subroutine documentation and program functional flow.

fne MPLS, a subsystem of the Scheduling Algorithm for Mission
Planning and Logisties Evaluation (SAMPLE), was designed to
generate a llst of feasible combinations (LFC) from a payload
model for a given calendar year. The Set Covering Algorithm
KSCA), another subsystem of SAMPLE, uses the LFC to determine an
optimum traffic model; The Operations Simulation and Hesources
_wcheduling Subsystem (0SARS), the . last subsystem, was designed
to determine traffic model feasibility for available resources;
however, as of thls writing a proper SCA/ODARS 1nterface has not
been established. '

The technique used by the MPLS to determine the validity of a
combination is based .on payload sequence dependent and
independent constraint tests. The independent constralnts are
performed first to eliminate those missions which fail due to
simﬂle parameters tests; the dependent constraints are tested to
determine the feasibility of the combination with respect to
delta velocity (AV) requirements. The specific order of the
tests tends to minimize the computer time required to examine
the data. '

/Since theé MPLS began to evolve in 1973, the loglc has been
modified wherever necessary to incorporate new requlrements and
capabillty. The changes significantly decrease program run time
and increase the number of feasible solutions found.



2. PROGRAM DESCRIPTION

2.1 GENERAL DESCRIPTION

‘The MPLS generates and evaluates payload_combiﬁations from an
input payload model .for a specific year. The feasibility of
each combination is evaluated by [light sequence tests, both
debendent and independent. The fligﬁt seqhence is a series of
maneuvers designed to achieve the orbital requirements of each
payload in the combination; its validity is contingent upon the
‘acecumulative impact of the payload characteristics compared to
the system constraints, A combination is infeasible when a
constraint or. set of constraints.have been-violated.

2.%1.1 FLIGHT SEQUENCE INDEPENDENT TESTS

The flight sequence independent tests are controlled by
subroutine CPTEST. Tests are made for payload redundancy,
mission type, discipline mix, weight, length,'Reaction Control
Systeﬁ (RCS) fuel, third stage vehicle (TSV) cargo capacity,

and miscellaneous constraints. Each constraint is a gross check
of a combinatien against~perfoymance limits of the Orbiter.

2.1.1.1 Payload Redundancy

Eacn payload combination is examined for redundant payloads,
rejecting those combinapibns with dublicate paylcad names.

2.1.1.2 Mission Txgg'

Each combination™s mission type is compared to an internal 1list,

rejebting those that do not match. This test is optional.

DRKHNAE
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2.1.1.3 Discipline Mix

The combinations discipline mix is compared to an allowable
list, rejecting those that do not match. This test is optional.

2.1.1.4 Weight

The total chargeable weight in the Orbiter's cargo bay is compared
to a limit of 65,000 1b at launch and 32,000 1b at landing. The
chargeable payload weight is composed of the individual payloads,
Electrical Power System (EPS) kits, payload adapters, and the TSV
used on the mission. A combination that exceeds the limit is
rejected.

2.1.5 Length

The total length of %he paylcads at launch and landing 1s compared
to a limit of 60 feet. A combination that exceeds the limits is

rejected.
2.1.1.6 RCS Fuel

The RCS fuel is a function of the number of rendezvous. If more
than 9000 1b of fuel is required, the combination is rejected.

,2.1.1.7 TSV Cargo Capacilty

The total payload plus TSV length and weight at launch and landing
are compared against system limits., If a TSV cannot be found
which meets the combination's requirements, it is rejected.

2.1.1.8 Miscellanecus Constraints

The total number of payloads on a TSV must be less than four.
Only one dedicated TSV payload is permitted per combination.

2.L1.2 FLIGHT SEQUENCE DEPENDENT TESTS

The filight sequence dependent tests.are controlled by subroutine
SEQTST. These tests consider the AV fuel usage by using a form
of the ideal rocket equation as well as payload weight and



length as a function of its centew-obf-gravity (CG). The fuel
requifements of the TSV are not known‘initﬁally, so the Orbifter
and TSV are considered separately. The total TSV couflguration 1s
then used as an Orbiter Payload.

2.1.2.1 Orbiter Requirements

The Orbiter has been designed to satisfy the requirements of nom-
inal (low altitude) payloads; high altitude payloads are serviced
by the use of a TSV. The T3V is considered to be an Orbiter pay-
load deployed at the first orbilt or at an altitude of 150 miles
(whichever is less) and retrieved at 20 miles above the last
Orbiter orbit. The Orbiter requlirements are determined by com-
puting the orblt-to-orbit AV's, the TSV requirements, and the AV
fuel used for deorbit. The fuel requirements may exceed the max-
imum Orbital Maneuvering System (OMS) main tank fuel capacity, so
the OMS capability may be extended by the use of up to three OMS
kits. The use of OMS kits reduces the cargo bay capacity, as the
dry welght of the kits at landing must be included with payload
down weight, assuming that all OMS fuel is exhausted. Further-
more, the OMS kits physically intrude into the cargo bay envelope.

2.1.2.2 TSV Requirements

A combination reqguires a TSV if at least one payload has & desired
orbit of 700 miles or more. The type of TSVs available are:

a. Expendable - Used to deploy a payload but not retrieved

b Reusable - Used to deploy a payload and retrieved

In making an assignment,-the first TSV meeting all requirements

is used, then the TSV requirements are included in the Orbiter's
payload sequence. If the Orbiter's capability is exceeded, the
next TSV is examined. If all available TSVs fail to meet the
requirements of the payload sequence, the combination is rejected.

2-3



9.2 TECHNICAL DESCRIPTION

2.2.1 ANALYSIS

The solutions generated by the MPLS tend to compute the minimum

AV for a particular mission without regard to payload type; the
marginal cases may be rejected as only the initial sequence is
examined. (An exhaustive numeration technique has been inhibited
in the current program version.) The AV computations are performed
by the following techniques.

2.2.1.1 Hohmann Transfers

The Hohmann transfer algorithm is used to compute the AV required
to change orbits in all instances except deorbit. The initial
(insertion) transfer is made from an elliptical orbit:; the other

transfers are made to and from circular orbits.

2.2.1.2 Empilrical Equation

The deorbit is simulated by using an empirical formula which com-
putes the deorbit AV from the inclination and altitude of the last
parking orbit so as to satisfy reentry conditions.

Fuel usage is computed for both the Orbilter and TSV by a form of
the ideal rocket eguations, incorporating AV requirements.

The MPLS assumes a 20.ft/sec AV for any rendezvous maneuver; hence,
the best possible phasing required to accomplish the rendezvous is
considered. This optimistic philosophy may be Justified because
of the bullt-in program penalties:

a. An OMS fuel reserve of 450 1b is carried from insertion to
landing. This reserve requires an additional 80 1b of fuel
for a mission requiring a total AV of 1600 ft/sec.

b. An RCS fuel reserve of 3400 1b is carried from insertion to
landing. This reserve requires an additional 580 1b of fuel
for a mission requilring a total AV of 1600 ft/sec.

2-4



The deorbit AV 1s alsbd the AV that would be required for an abort.
That 1s, if an abort were to .occur from the first parking orbit,

a deorbit burn would be made. An examination of the AV required
for a deorbit and a Hohmann transfer indicates a higher AV require-
ment for the Hohmann transfer. This implies that an abort from any
point 1in the orbit is always considered. Also, the launch sites
used have a minimum abort fuel requirement which is always carried.
In other words, the minimum fuel carried to orbit is sufficient

for an abort.

2.2.2 METHOD OF SOLUTION
Thé‘Orbiten/TSV mlssion 1s composed of three distinct segments:

a. Insertion of the Orbiter into initial parking orbit and
deployment of the TSV

b. Orblter/TSV maneuvers. performed in earth orbit

¢. Orbiter reentry

The funection of the trajectory calculations in the MPLS is to com-
pute thg AV requirements for each segment. In general, the AV is
computed using a Hohmann transfer algorithm at the insertion to
parking orbit and maneuver phase; the reentry AV is cémpﬁted using
an empirlcal equation (ref. 1). The specific algorithms for com-
puting the AV are:

a. JSegment 1 - Entry point DVIPK of subroutlne DLTAV is used to
compute the AV required to transfer from insertion ellipse to
the .initlal circular parking orbit.

b. Segment 2 - Functions DLTAV and entry point DVEL compute the
AV between two circular parking orbits.

c. Segment 3 - Entry point DVDORB of subroutine DLTAV computes
the deorbit AV as a function of the altitude and inclination
of the last parking orbit.

-5



The mass and length history computation require discrete weight,
length, and velocity changes at each maneuver. The basic approach
considers the total payload down (deorbit) and then computes the
fuel requirement backwards to insertioﬁ; The equation used is the

ideal rocket equation

W, = W_ - eAV/(gISp)
S B
where
WS = Weight at the start of the maneuver
WE = Weight at the end of the manuever
g = Acceleration due to gravity
Isp = The specific impulse for the Orbiter OMS engines

‘"The total weight at landing is

= +
Wy o= Wy b Voo F Woue + Wypng F Wogy T Wppg t Flp

where

wv = Vehicle dry welght

Wees © Weight of the RCS fuel reserve
WOMS = Weiéht of the OMS reserve fuel
wKITS = OMS kit dry weight

WCRW, = EPS deadweight and crew requirements not chafged to the
payload welght -

wEPS = EPS kit -dry weight

PLD = Weight of the payload carried down

Once the weight of the vehicle i1s determined at insertion, the
total weight of the OMS fuel is computed as

2-6



*Wgyer T W1 = Wy = Wyp = Wppes T Wogy
where-
wUP = Welght of the Orbiter payloads at insertion, including
the TSV, its fuel, and payloads
WTRCS = Tota;'Weight of the RCS fuel used

Wy

n

Welght of the vehicle at insertion.

Assuming that the OMS fuel 1s within the maximum 59750 1b allowed,
the total weiéh? of the vehicle must be readjusted to allow for
OMS. kits, if they'are'required. A kit is needed if the OMS fuel
required exceeds 23900 1b, (table 2.2.2-T) and the additional
fuel used to carry the dry kit is computed as

Ter e
(e DV/gISp _.1)

Wory = Wk1ms
h
and
Wop = Wkrrs * WpRy
where T,, = total Orbiter delta feldcity required. The down

weight is then adjusted as

W

Wooww = VW

n
k11s * Wpry ¥ D, wPLDi
i=1'

where wPLD = the weight of the ith payload
. i

The length history is maintained by the summation of the

discrete length changes for each payload activity. - The length

of any OMS kits will reduce the length available for the

payloads.

2-7



poth the total insertion weight of the Orbiter and the total

length requirements ror the payloads must
total insertion weight 1s compared to the
capability of the Orbiter. The insertion
computed empirically as a function of the
inclination,.

When all other constraints have been met,
determine 1if the cargo CG is acceptable.
equation used to compute CG is

be reverified. The
total weight-to-orbit
welght=-to-orbit is
initial payload orbit

Then it is necessary to
The basic form of the

CG = N
2, Wy
L=1
where
W:,L = Weight of the ith payload in the cargo bay
d = Distance from the front wall to the first payload
Ri = Total length of the payloads and reserved gaps between
payloads
Ci = The CG of the ith paylcad in the cargo bay

The CG is tested against the cargo minimum and maximum length

constraints to determine mission feasibility.
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TABLE 2.2.2-1I.

Description

ok am . = S S A

Main OMS tank
1 OMS kit

i A

2 0OMS kits
3 OMS kits :
RCS main tank

RCS tank 2
RCS spillpver
Reserve OMS at
landing

RCS rendezvous
requirements

TSV RCS rendezvous
requlirements
Spacecraft

Dry weight

Cargb bay

Length

(ft)

4,75
8.6

vlewl

60

SHUTTLE CHARACTERISTICS

Weight Capacity
(1b) (lb)
23,900
2350 11,950
3505 23,900
4715 35,85b
3,400
3,600
2,000
450
Unidue
_for each
payload
1800
163,300
;65,000

AV

(ft/sec)

20

20



3. PROGRAM USAGE

3.1 INPUT DESCRIPTION

Input to theé MPLS is a subset of the input required for the

" SAMPLE. Information in this section supplements the SAMPLE
‘Users Guide (ref. 2).as applied to the MPLS. Details of the TSV
and payload data séts are provided. All inpui is represented as
data card images, regardless of whether they originate on cards
or line images from a demand terminal.

The first user input, an executive reguest, identifies the
payload model; the inpuﬁ format of the paylocad model is
‘desceribed in detail in table -3.1-I. The remaining inputs
specify user options, The user options are input, starting -in
column 1, as responseé to prompts. Each prompt may be exblained
in detail by eptéring a zerc and 5 éarriage return. A sample
Job stream is given in section 5.4. '

3.2 OQUTPUT DSSCRIPTIbN
3.2.1 NORMAL QUTPUT

The output orl the‘MPLS can be classified as input data and trajec-
tory data. The initial oulput consists.of approximately three ‘
pages of information pertaining to -the payload model and is
optional. The next sét of output pértains to the relationship of
the payloads to their mission type, discipline mix ccde, the TSV,
and the numper of flights per year.

The trajectoryﬁsection prints the -following parameters for
feasiblé combinations:

¢ Flight number
® Launch site
@ Payload identification number/name

@ Orbiter sequence



e Inclination
e Total weight up/down
e Up/down Iength

‘o TSV name

e TSV sequence

e Altitude

e Payload type

[ beiter‘and TSV AV

o Number of OMS kits

@ Load factor

® Payload margin

¢ Percentage used of the first OMS kit

The total number of combinations generated 1is printed at the end
of the trajectory section, as well as the number of feasible and
infeasible.combinations. The Feasible Mission File is also

output; refer to table 3.2.1-1.

3.2.2 ABNORMAL OUTPUT

The folloﬁing is a 1ist of diagnostic messages and subprogram

references.

Diagnostic Message Subroutine -
= # STORINé ERROR - LOAD5S

‘DOWN WEIGHT COWSTHAINT VIOLATED ERRPRT
MISSION TYPE NO& ALLOWED ERRPRT

T "
_ An error caused by storing data beyond the assigned storage
area; this error will terminate program execution.
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NO FEASIBLE SEQUENCE FOUND. ERRPRT

NO TUGs SATISFY LENGTH AND WEIGHT CONSTRAINTS ERRPRT
NUMBER OF PAYLOADS ON A TUG GREATER THAN 3 ERRPRT
PAYLOAD iiii CAN ONLY BE ON A DEDICATED TUG ERRPRT

PAYLOAD DISCIPLINE MIX TYPE NOT ALLOWED iiiiii ERRPRT

THE RCSWT IS GREATER THAN THE CAPACITY

fOR THIS CASE L. ERRPRT
TOTAL LENGTH GREATER THAN BAY LENGTH, DOWN

TOTAL .LENGTH = rrrrr.rr : ERRPRT
TOTAL LENGTH GREATER THAN BAY LENGTH, up

TOTAL LENGTH = rrrrr.rr EERRPRT
UP WEIGHT CONSTRAINT VIQLATED ERRPRT

3.3 PROGRAM UNITS

English units of measure are -used for the MPLS. Units given for
altitudes, inclinations, AV, specifiec impulse, weight, and
length are nautical miles (n. mi.}, degrees (deg), feet/second
(ft/sec), seconds (sec), poundg (1lb) and feet (ft).

v
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TABLE 3.1-I.- PAYLOAD MODEL CARDS

The first set of.cards in the payload model identifies the solid-propellant Interim Upper Stage (IUS) data.
The second set of cards pertains to the Liquid-Propellant Upper Stage (LUS) data, and the remaining cards

identify individual payload characteristics.

Card Word
1 1
2-L 1
(L<15)

2

3

4
L+ 1
L+2 1

2

3

N+1

N+2

Symbo1

- TISP

TTSVWT

.FUEL

TSVLN
NTSVS

N
NUNQS(NSTVS11)

NUNQS(NSTVS, 2)

1
NUNQS(NSTVS
YRAVAL

1)

Type Units Format Column_

I - Free -

R sec " F10.0 1-10
R 1h - F10.0 11-20
R 1b F10.0 21-30
R ft F10.0 31-40
I - Free -

1 - Free -

I Free -
I. - Free -

I - Free

I - Free -

Description

Number of unique stages in the model
Specific impulse of the stage

Total weight of the stage

Total fuel available for the stage
Length of the stage

Number of IUS vehicles to be used
(NTSVS<10)

Number of stages on the IUS (IgﬂgS)

First stage identified by the first set
of cards

Second stage number

Last stage number

A two-digit number which represents the
year of availability of this vehicle



G-¢

The second set of cards pertains to the LUS vehicles.
each LUS 1is considered,

Card Word
K 1
k+1 1 .

2
to 3
4
k+N1 5
6
KtNT+1 1
2

Symbol
N1

TUGLN

TUGHT
TUGCAP
TUGISP
TUGTYP

YRAVAL
NUMPL

S

TABLE 3.1-I.- CONTINUED

Type Units Format  Column
I - Free -
R ft F10.3  1-10
R 1b F1G¢.3 11=20
R ib F10.3 21-30
R sec F10.3 31-40
1 - 12 44-45
I - 12 47-48
I - Free -
field
I - Free -

The order in which the data are input is the order
For simplicity, the next card in the sequence is denoted as "k".

Description
Number of LUS vehicles to be input
Length _of the LUS
Weight of the LUS
Capacity of the LUS
Specific impuise of the LUS
The LUS type
=1, expendable
=3, reusable
First year available for the LUS
Number of payloads in the model
A flag specifying the internal units of
the payload model

=1, the units are in mks
=2, the units are in fps
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The rest of the cards are identified in

1

Card

Hord

1

Symbo1

NUMB

NDISP
NAME
LEN

WT

WT1

DIAM
HA
INCL
C3

TABLE 3.1-I.- CONTINUED

sets ofr three, and identify 1ndiv1dua1 payload characteristics.

Type Units

A -

A -
A -

R- . ft

R 1b

R 1b

R ft

R. n.mi.
- R deg

R

12/ sec

Format Column
. 2A6 -4-15
. 2A6 16-27
6A6 28-63 -
- FB.0 64-68.
F6.0 69~74
F6.0 75-80 .
F4.1 4-7
F9.0 8-16
F5.1 17-21
F5.0 22-26

Description

- Payload alphanumerfc identification

Tabel
Payload discipline

Payload description

. Total- payload length, including the

pallet and/or 1ab

- Total weight of the payload at 1ift-off,

including the pailet and/or lab, if
applicable

Total weight of the payload at landing,
including the pallet and/or lab, if
applicable

Diameter of the payload

Desired circular altitude

Desired inclination,

€3 energy, this number will be multiplied'
by 100,000. -



L=E

Card

Word

2

5

6

7

Symbol
PMT

FLTPYR

IRPT

TABLE 3.71-I.- CONTINUED

Type Units Format Column
I - 12 27-28
I - 1323 29-67
1 - I3 68-70

Description

Payload mission type flag
=1, attached

=2, servicing

=3, deploy

=4, retrieved

Flight frequency for 1979 to 19%91. Each
word contains a flag and denotes the
number of times a payload goes up and/or
down in a given year. The word is entere
as XYZ, where

X=1 The up and down trips for this pay-
load can be combined on a flight

X=2 The up and down trips for this pay-
1oad cannot be combined on a flight

X is ignored if the mission type is 1 or

2, or if the payload is always deployed °

or retrieved. In these situations, X

is set to zero (or blank)

If X is nonzero, Y is the number of deplo,

ments (Y<9) and Z is the number of

retrievals

If X is zero, YZ is the number of deploys

retrieves, sorties, or services

A flag which indicates the repeat

conditions of a payload

=0 Payloads to be repeated in a given
year cannot be flown on the same
flight

=1 Payloads flown can be repeated in a
given year on the same flight



8-t

Card

Word

10

11

Symbel
PLDUR

OPTIME

IFREQ

MODE

* RCS

OXEPS
HEPS

CGPOS

FTSV

TABLE 3.1-I.- CONCLUDED

Type Units Format  Column
R hrs. F3.1 71-73
R hys F3.1 74-76
L - ;3 77-79
L - IT. '80
R }b F6.1 4-9
R. b - F6.1 10-15
R 1b F5.1 16-20
R ft F4.1 21-24
R - n 25

Description

Desired time on-orbit

Nominal duration of payload operation/
day of time onboard the orbiter

Number of times/day the payload is
operated while onboard the orbiter

Preferred delivery mode {attached pay-
Toads only)

=1 lab

=2 pallet

=3 1lab and pallet

Reaction Control System (RCS) fuel
requirements based on individual pay-
load requirements

Electrical Power System (EPS) 0, require-.

-ments based on individual payload demands-

EPS H2 requirements based on individual
payload demands

Distance of the payload center of gravity
from the front end of the payload

A flag when set nonzero forces the use of
a TSV :



TABLE 3.1-II. ~ THE PAYLOAD DISCIPLINE CODES

Symbol Experiment

AS Astronomy

() Earth and Ocean Physics; same as EP
CN ) Communication and Navigation
ST Space Technology

LS Life Sciences

EO Earth Observation

PL Planetary

SP Space Processing

PH ' Physics

LU Lunar

DA - Office of Applications

AP Atmospheric

30 Solgr Physics

HE ‘ High Energy Astrophysiecs

EP ) Earth and Ocean Physies

NN Non-NASA/non-DOD
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TABLE 3.2.1-I. - DESCRIPTION OF THE FEASIBLE MISSION FILE

[The Feasible Mission File contains fixed length records,
each 83 words, and is unformatted. ]

Sequeﬁoe .

) no. Symbol Dimension Type Description

1 MM 1 I Flight number

2 M 1 : I Number of payloads on this
flight

3 IC. 6 I Payload numbers

4 IB 6 . T Optimal payload sequence

5 NAME 1 & A Alphanumeric mission type

6 ) LAUNCH 1 I An integer set to 1 or 2 to
indicate ETR or WTR

T NTUGPL 1 . I Number of TSV payloads

8 IFTUG 1 I TSV number used for this

. mission

g ICTUG 6 I TSV .payload numbers

10 NOKITS 1 : I Number .of OMS kits used

11 PWMARG 1 R Additional payload weight
the Shuttle could carry on
this flight

12 . PCTUSE 1 R Percentage of the first OMS
kit used

13 FLOAD 1 R Load factor

14 ) POINC 1 R Inclination of the first orbit

15 POALT - 1 R Altitude of the first orbit

16 ALT 6 R Orbital altitude of each
payload

17 XINC 6 R Orbital inelination of each
payload
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TABLE 3.2.1~I. - DESCRIPTION OF THE FEASIBLE MISSION FILE

(Continued)
Sequence .
no. = Symbol Dimension Type Description
18 TOTLU 1 R Total length up
19 TOTLD 1 R Total length down
20 TOTWU 1 R Total weight up
21. "TOTWD . 1 R Total weight down
22 TUGDV 1 R Total TSV AV used
23 ORBDV 1 R Total Shuttle AV used
24 IG 6 A Array of alphabetic mission
types
25 ICC 12 I Cost coefficients
26 IDENT 12 A A list of two-~word payload

names; 12 character identi-
fication for the payloads
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4. EXECUTION CBARACTERISTICS

4,1 RESTRICTIONS

"The MPLS has the following limitations which apply to the
analysis of any year under ilnvestigation:

A. : The maximum number of payloads allowed: on a flight
is s=six. .

b. The maximum number of single payloads which may be
investigated is 100.

¢. A limit of 6200 feasible missions are allowed for a specific
number of payloads in a combination. ‘

-d. The maximum amount of data which may be written onto a
mass storage file before the program terminates is 50 posi-
tions ( 3200 tracks).

€. The numbers of payloads per combination is restricted to
three when both the mission.type and discipline constraints
are activated.

Further restrictions are specified in the subprogram
documentation.

4.2 yABIDITi

Validation of the MPLS has been éccomplished primarily by the
comparison of results obtained from other programs and by hand
calculations."Heférence 3 gives a detailed explanation of the
validgtion”pérforme&.

4.1



5. REFERENCE INFORMATION

5.1 DETAILED PFLOWCHART

FPigure 5.1-1 illustrates the subprogram interaction for the
MPLS. PFigure 5.1-2 illustrates the flow of the MPLS executive

logic.

5-1
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DETERMINE WHICH
TSYs ARE AVAILABLE-
FOR THE SPECIFIC .
YEAR UNDER

ANALYSIS

/ CALL RESET \

RESET THE
REAL TIME
CLOCK ,

&
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/ CALL PLIST

GENERATE A
WORKING LIST
OF PAYLOADS /

.

J

J

© /CALL PLONTG
DETERMINE
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NEED' A TSV

-
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|

/ CALL COMB

GENERATE PAY-
LOAD COMBI-
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FINISHED
?

ASCENDING
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http:FigreS.12

/ CALL CPTEST \

PERFORM ALL,
CONSTRAINT *
TESTS

WAS
HE COMBI-
NATION FEAS
BLE?

STORE THE PAYLOAD
NAME GF ANY SIN-
GLE PAYLOAD COM-
BINATION WHICH
WAS INFEASIBLE

’i Y
/CALL LOADS \

STORE ANY
RESTDUAL MIS-
SION DATA

Y

/ CALL TIME \

DETERMINE THE
ELAPSED TIME

DISPLAY STATISTICS AS TO THE NUMBER
OF COMBINATIONS, THE FEASIBLE AND
INFEASIBLE COMBINATIONS FOUND, THE
ELAPSED TIME REQUIRED AND THE TIME
PER GENERATED SOLUTION.

1
L

Figure 5.1-2.- MPLS functional flow (continued).
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RESET THE REAL
TIME CLOCK

CALL FEACGM

MISSIONS

CALL TIME

DETERMINE THE
ELAPSED TIME

Y

DISPLAY THE NUMBER OF MISIIONS
THAT FEACOM REDUCED THE FEASIBLE
MISSIONS TO AND THE TOTAL ELAPSED
TIME IN FEACOM. ALSO, DISPLAY THE
INFEASIBLE PAYLOAD LIST

RETURN '

Figure 5.1-2.- 'MPLS functional flow (concluded).



5.2 LABELED .COMMON

Table 5.2-I provides descriptlions for all variables in labeled
COMMON .
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e COMMON block name:

TABLE 5.2-1. -

Descrip*ion:

Storage reqguired:

Loca*ion

Name
1-400 NUMB
401-800 NDISP
801-2000  NAME
2001-2200 LEN
2201-2400 WT
2401-2600 WT?
2601-2800 DIAM
2801-3000 HA
3001=3200 INCIL
32013400 C3
3401-3600 PMT
3601-6200 FLTPYR

el

g201

" VARIABLES 1IN

LABELED COMMON

Labeled COMMON C1 transmits *“he pdyload model
data *o various subprograms of MPLS.

Dimension  Type Description

200x2 A Hollerith payload iden‘*i-
fication names

200%2 A Hollerith payload
disciplines

200x6 A Hollerith array describing
*he payload

200 R Array containing the fo*al
payload, length including
*he pallet and/or lab.

206 R Array containing *he *o‘tal
weight of the payload at*
1ift-off

- 200 R Array containing the *o%al
weight of the payload at*
Tanding

200 R Payload diameter

200 R Desired circular altitude

200 . R Desired orbital inclination

200 R 03 energy

200 T Payload mission type flag:
=1 attached
=72 servicing
=3 deploy
=l petrieve

200x1l3 ; Array of the flight fre-

quencies; each of the 13
words represents the data
for an entire year starting
at 1979. Each word con-
tains a flag and denotes



TABLE 5.2-I. — VARIABLES IN LABELED COMMON (Continued).

Location

6201-6400

6401-6600
£601-6800

Nameé

IRPT

PLDUR
OPTIME

the number of times a

payload goes up and/or
down in a given year.

The word is entered

X =1 The up and down
trips for this
payload can be
combined on a

X = 2 _The up. and down
trips for this
payload cannot
be combined on
a fiight.

X is dignored if the

mission type is always

retrieved. In these

"situations X is setg

If X 4is nonzero, Y

is the number of de-
ployments (¥<9) and

Z' 1s the number of
retrievals. If X is
zero, YZ d1s the number

- of deploys, retrieves,

sorties, or services.

A flag which indicates
the repeat conditions

repeated -in a given
year cannot be
flown on the same

repeated in a given
year can be flown
on the same flight

Desired time on-orbit

Dimension Type Description
as XYZ where
flight.

deployed or always
to zero.

200 I
of a payload
=0 Payloads to be

flight

=1 Payloads to be

200 R

200 R

5-8

Nominal duration of
payload oeperation per
day of time onboard
the Orbiter.



TABLE 5.2.I. -~ VARIABLES IN LABELED COMMON (Concluded)

Location

6801-7000

7001-7200

7zqim7uoo'

 7401-7600
7601-7800

7801-8000

8001-8200

8201

Name

IFREQ

MODE

RCS

OXEPS

HEPS

CGPOS

" FTSV

NUMPL,

Dimension

Type

Dimension

200

200

200

200

200

200

200

5-9 |

I

Number of times per
day the payload is
operated while on-
board the Orbiter

Preferred delivery
mode for attached
payloads

=1, lab
=2, pallet
=3, lab and pallet

RCS fuel requirements
based on .individual
payload requirements

EPS 0., requirements
based on Individual
payload demands

EPS H, requirements

‘based”on individual

payload demands

Distance of payload
center of gravity
from the front end
of the payload

A flag when set non—E
zerq forces the use
of a TSV

- Number of payloads

in the model



e COMMON block name:

Description:

c2

subprograms of MPLS.

Storage required:

Location Name

1 EPSWT
2 TEPSRV
3 TEPSDP
b W

5-13 DVQORB
1422 DWORB
23-31 ORBMR
32 NORBPF3
34 EPSKIT
35 EPSDRY

46

Dimension Type

Labeled COMMON C2 transmité ﬁhe EPS data to various

Description

1

R

5-10

‘The total EPS weight

carried to insertion

The total EPS required for
payloads retrieved by the
TSV and loaded onto the
Orbiter

The total EPS required for
payload deployed by th
TSV '

The weight of the Orbiter
excluding fuel, payloads,
and consumables

The AV requirements for
each maneuver in the
mission

‘The discrete weight changes

corresponding to DVORB

An array which 1s computed’

as eAV/G'Isp where AV

corresponds to DVORB and
the terms g-ISb denote

the gravity term and
specific impulse

The number of Orbiter
paylcad plus 3

The number of EPS kits used

The total EPS dry tank
welght



Location Name
36 EDRY
37 EQ2R7Z
38 . EH2RYZ
39 EPNKT
40 EPCRW
41 WTO2
42 WTH2
43 02SL
b4y -H23L
45 EPS02
hp EPSH?2

Dimension Type
1 R.
1 R
1 R
1 I
1 R
1 R
1 R
1 R
1 R
1 R
1 R

5-11

Description

The weight of one dry

EPS kit

The EPS-O2 deadweight -
requirements ’

The EPS H,.deadweight
requirements

The number orf EPS kits
initially loaded and
not charged to the
cargo payload weight

The crew and deadweight
requirements not
chargeable to the
Orbiter's payload weight

The welght of one EPS
Op kit, not including
the tank

The weight of one EPS
H, kit, not including
the tank

The 02 c¢rew and dead-

weight requirements not
charged to the payload
weight

The H2,deadweight

requirements not charged
to the payload weight

The 02 EPS deadweight

requirements charged
to the payload weight

The H2 EPS deadweight

reguirements charged
to the payload weight



¢ COMMON block name: C3
Degcription: Labeled COMMON C3 transmits a debug print flag
. to various MPLS routines and loading information
- the CG routines. ’

Storage required: 10

Location Name Dimenslon Type Description

1 IPRNT . 1 I A flag when set nonzero
' causes debug information
to be printed from MPLS
routines

2=7 . IJSORB 6 T An array which contains the
- orbiter payload sequence

being flown. This array is

used as an index into ICORB.

8-10 IJSTUG 3 I An array which contains the
TSV payload seguence being
flown. 'This array 1s used
as an index into ICTUG.
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¢ COMMON block name: C(C5
Description: Labeled -COMMON C5 transmits a working list of
- ) the payload model data to. various subprograms
of MPLS. ’

torage‘peduiredr 504 .

Location Name Dimension Type Description
1-100 PAYNO 100 I List of payloads which fiy
during the year under
' analysis
101-200 PLREP 100 I Information for duplicate

payloads where even in-
dices indicate the number -
of duplicates of the pay-
load number identified by
the odd indices

201 - NUMRPT 1 I Total number of repeated
- : payloads found for the
year under analysis

202 ’ NPLNYR 1 I Number of payloads which

fly during the year under
analysis
203-302  IDOWN 100 I Identification of pay-

loads which are both de-
ployed and retrieved in
the same year

303 NUPDN 1 I Number of up/down pay-
loads found

304-403 IREP 100 I A working storage area used
to keep. track of the re-
peated payloads as they are
output

4o4-503 PMT1 100 T . Payload mission types de-
fined as

attached

servicing

deploy

retrieve

= J WA IN,Y Y
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Location

504-603

Name

NEEDTG

Dimension

Type

Description

100

5-14

= -3 An up/down payload;
deployed

= =4 An up/down payload;
retrieved

Array used %to indicate
whether a payload in the
PAYNO list requires a T3V
as:

0 , no TSV required

1 , a TSV is required

ot



e -COMMON block name:

Description:

Storage required:

.Labeled COMMON C6 transmits the TSV data from

the payload model to various subprograms of
MPLS.

Array containing the
lengths of the T8Vs

Array containing the

weight of each TSV

Specific impulse of
each of the TSV's main

Maximum amount of pro-
pellant for each TSV

First year available for

Array used to identify
which TSVs are available

the year under anal-

ysis; a nonzero word in

array specifies that
ith TSV is available

expendable LUS
expendable TUS
reusable LUS

number of TSV's used

Location Name Dimension Tvpe Description
1~15 TUGLN 15 R
16-30 TUGWT 15 R
dry
31-45 TUGISP 15. R
engines
L6-60 TUGCAP 15 R
61~75 YRAVAL 15 I :
each of the T8Vs
76-90 STAGE3 15 I
for
the
the
91-105 TUGTYP 15 I The TSV type
=4,
=3’
106 NTUGN 1 I The
for

5-15
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o COMMON block name: GC7

E,Descriptionk Label COMMON C7 transﬁits'datalpertainihg to

the feasible missions.

Other parameters iden-

tifying the payload sequence and the number of
single mission payloads that have been rejected

are also transmitted.

.Storage required: 111

5-16.

‘Number of combinations

Number of payloads- in

Initial. payload sequence,
used to index into the

Number of single pajloéd

An array containing the
names of the single pay-
load missions rejected

An o6ption which causes

repeated payloads to be

flown. oR ‘the same mission;

A flag, set nonzero, -used
to inhibit permutations of
a payload sequence

Location " Name Dimensjon Type Description
1 NCC 1 I
. generated
2 M 1 I

the IA array
3-8 . IA. 6 I

PAYNO array.
9 ) NFS A I

. missions rejected.

10-109 NFLS 100 1
110 | NOPL 1 I

igqqred if zero
111 KOPT 1 I



e COMMON block name: C8

Description: Labeled COMMON C8. transmits information per-

r

Location

Storage required:

Name
1 OPWU
2 TPﬁU
3 OPWD
Y TPWD
5 OPLU
6 TPLU
7 .OPLD
8’ TPLD
9 NORBPL
10 NTUGPL
11-16 ICORB
17-22 ICTUG
23-28 IEORB

taining to the Orbiter/TSV payloads carried up

5-17

Orbiter payload weight
carried to insertion

TSV payload weight carried
Orbiter payload weight at
TSV‘payioad-weight at
Orbiter pgyload lehéth at
TSV payload length at
Orbiter payload length
ISV payload length at
Number of pa&loads on the
Number of payloa@s on the
Identification number ;or.

each Orbiter payload

Identification number for

and down.
50
Dimension Type Description
1 R
1 R
to insertion
R
landing
R
landing
1 R
launch .
1 R
launch
1 R
at landing
1 R
landing
1 I
Orbiter
1 I
TSV
I
6 I
each TSV payloeoad
6 I

An array containing the
numerical mission type for
each Orbiter payload



Location Name
29-34 IETUG
35 IREUSE
36 NREUSE
37 NTUGS
38-47 LTUGS
48 " RCSWT
49 TOTPLU
50

TOTPLD

Dimension

6

10

Type
I

5-18

Description

An array containing the
numerical mission type for
each TSV payload )

A flag .set to indicafte that
dedicated TSVs are required.

Number of reusable TSVs
that are available

Number of TSVs which meet
the requirements of the

~mission

Indices of available TSVs
which meet the reguirements
oﬁ the mission

Total RCS fuel used in

. pounds

Total Orbiter and TSV pay-
load weight at launch, not

" including the OMS kits or

TSV dry weight

* Total Orbiter and TSV pay-

load weight at landing,
not including the OMS kits

. or TSV dry weight



e COMMON block name: C9

Description: Labeled COMMON C9 transmits the major&ty of user
options to the MPLS

Storage required: 54

Location -Name Dimension Type Description

1 YFAIL 1 I A diagnostic message flag,
when set nonzero, causes
the reason a mission is
infeasible to be printed

2 MM 1 I Number of feasible missions
found for the year under
analysis

3-47 NMCLD 45 I Cumulative total of occur-

. _rences for each mission
type over all years
processed

48 MLIST 1 . I °~ A flag, when sef nonzero,
- compares the payvload com-
binations to the allow-
able mission types. Un-
matched combinations are
declared infeasible.

49 NN 1 I Number of mission type
parameters in NMCLD

50 - FEASOP 1 I A flag, when set nonzero,
. causes the printout of data
assocliated with feasible
combinations

51 COSTOP 1 I Not used

52 STATOP 1 I . A flag, when set nonzero,
causes the mission type
ocecurrence statistics for
feasible combinations to
be generated
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Location Name Dimension Type Description

53 MIXDIS 1 T A flag, when set nonzero,
' causes the statistics of
the mission types to be
printed

54 NOTAB 1 I A; flag, when set nonzero,

.causes the SCA occurrence
table to be printed
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‘e COMMON block name: C10
Description: Labeled COMMON C10 transmits the Orbiter/TSV
data to various routines after it has been
evaluated by subroutine SEQTST.

Storage required: 25

Location Name Dimension Type Description

1 POALT 1 R Altitude of the initial
parking orbit

2 POINC 1 R Inclination of the
initial parking orbit

3 ORBDV 1 R Orbiter total AV for
the mission

H "TUGDV 1 R TSV total AV for the
mission

5 OMSWT 1 R Weight of the Orbiter

propellant needed to
form the sequence

6 TUGOMS 1 R Weight of the TSV pro-
pellant needed to form
the sequence

T TTWU 1 R Total TSV weight at
launch

8 TWD 1 R TSV weight at landing

9 TLU 1 R TSV length at launch

10 TLD 1 R T3V length at landing

11 XLMAX 1 R Length of the cargo
bay used for the Orbiter
payloads )

12=17 IFSORB 6 R Final sequence of the

Orbiter payloads in the
.combination

18-20 IFSTUG 3 I Final sequence of the
TSV payloads
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Location Name Dimension Type _ Description

21 IFTUG 1 g .Index of the TSV used to
fly this mission

22 DOALT 1 R - Altitude of the orbit at
which the TSV is deployed

23 DOINC - 1 R Inclination of the orbit

. in which the TSV is

deployed

2y - ROALT 1 R Altitude of the TSV being

retrieved
25 ROINC q R Ineclination of the orbit

in which the TSV is to be
retrieved

ORIGINAL Pag: ;
OF POOR. QUAL 7y
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COMMON bloeck name: - C11

Description:

modules for output.

Storage }equjredJ

Location Name

1

10

1

?LPOMS
WT20RB
TOTWU
TOTHD

PWMARU

PWMARD

" PWMARG
TOTLU
TOTLD
CLMAX

TOTLMX

COMMON C11 transmits the resultant output of
subroutines SEQTST and OMSCK to various other

Theoretical maximum weight
the Shuttle can carry to
the initial parking  orbit

Maximum payvlcocad weight

"the Shuttle can carry to

the initial parking orbit

Total cargo we{ght at
launch; includes payloads

Total cargo weight at

landing; inecludes payloads,

~ Additional payload weight

the Orbiter can carry up
Additional payload weight
the Orbiter can carry
Additional payload weight
the Orbiter can carry
Total length of the cargo
Total length of the cargo
at landing :

Maximum length used by any
permutation of the sequence

17
Dimension Tvpe . Description
1 R
1 R
1 R
OMS kits, etc.
1 R
OMS kits, etc.
1 R
1 R
down
1 R
1 R
at launch
1 R
1 R .
1 R

5;é3

Greatest length referenced,
either TOTLU, TOTLD, or
CLMAX



Location = Name
12 . PLMARd
13 OMSTNK
Ry OMSKIT
15 WTKITS
16 XLKITS
17 - NOKITS

Additional payload cargo
length the Orbiter can use

Total weiéht of the 0OMS
fuel used by the Orbiter

Weight of the OMS fuel
carried in the kits

Weight of the dry OMS

Length of the- stacked OMS

Dimeﬁsion Type Description
1 R
for this flight
1 R
1 R
T R
kits used
1 R
kits uvsed
1 R

Number of OM3 kits used

H



e COMMON block name: (Ci12

Description:

Labeled COMMON C12 transmits the mission type
code related data to various subroutines.

Storage required: 55

Location Name
1=9 MSSTYP
10-54 MSCLCD
55 NMTYP

Symbols for the nine
mission types considered

List of the allowable
mission types for all

Dimension Tvype Description
g I
45 I

combinations
1 I

5-25

Number of allowable
mission types in MSCLCD’



¢ COMMON block name: C13

Description: . Labeled COMMON Cl13 transmits IUS TSV data from
the payload model to various subprograms of MPLS.

Storage required: 181

Location Name Dimension Type Description.

1-15 TTWT 15 R An array containing the
total weight of the IUS's
being used

16-30 TISP 15 R The specific impulse of
each stage

31-45 NTSVA 15 I The number of stages used

) on each IUS vehicle

46-60 FUEL 15 R The total fuel available
for each stage

61-75 . TTSVWT 15 R The total weight of each
stage

76~-150 NUNQS 15%5 I An array which contains
. the stage numbers used for
an IUS. This array is used
to index into TISP, FUEL,
TSVLN, and TTSVWT.

151 NTSVS 1 I The number of IUS vehicles
to be used (NTSVS<1Q)

152-166 TSVLN 15 R The length of each stage

167-181 TLS 15 R The total length of each

1US being used
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e COMMON block name: C14
Description: Labeled COMMON C1l transmits information pertain-
ing to the payload combination %o various sub- ;

routines in MPLS.

Storage required: 30

Location Name Dimension Tvpe Description

1-6 IB 6 I Payload sequence as
) formed from the ICTUG
and ICORB array in
labeled COMMON C8

T-12 IC 6 I Payload identification
numbers in the combina-
tion; the indices are
‘pointers into each array
of COMMON -C1 )

1318 iD 6 I Discipline mix code; the
numbers are pointers into
the DISPNM array of
COMMON C30

19-24 IE 6 I - Payload mission type; the
' array is stored as a func-
tion of the IC array point-
ing into.the PMT1 array of
COMMON C5

25-30 IG 6 A . Alphanumeric payload mis-

: sion type; the array is
stored as a function of the
absolute value of the IE
array as it points into the
MSSTYP array of COMMON C12



e COMMON bloek name: C15
Description: Labeled COMMON C15 retainé two words used to
identify the launch window and whether the WTR 1is
available.
Storage required: 2
Location Name Dimension Tvpe Description
1 NWTR 1 I A flag which indjcates,
if nonzero, that the WTR
is available; otherwise
an ETR launch is assumed
2 NYAV 1 I An integer used to denote

the year of availability
for WTR launches
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e COMMON block name: C17

Description: Labéled COMMON C17 transmits information to the
statistical subprograms.

Storage required: 1440

Location Name Dimension Type Description

1-675 MCT 45%15 I An array which contains the
unique mission type codes
for all years investigated

676-1350 MCTNO 45x15 I The accumulative mission
class codes for all years
under investigation

1351-1395 LOC 15 I An array of accumulative
mission class codes

1396-1440 JORD i5 I A working array used to
store the particular class
code for the year under
investigation

5-29



@ .COMMON block name: C25

Description: Labeled COMMON C25 retains the majority of the
system constants used by the program.

Storage requiredi‘ 19

OF POOR QUALITY -

Maximum payload chargeable
weight with which the

Maximum payload chargeable
weight with which the

- Height of the OMS fuel in

Specific impulse of the
Orbiter s OMS engines

Length of the Orbiter cargo

Length of the stacked OMS
kits; the first word repre-
sents one kit; the second
i5 the accumulative length
of two kits and the third
the accumulative length of

Weight of the stacked OMS
kits; the accumulative
weights of one, two and

Ameunt of reserve OMS fuel
carried for .contingencies
The AV required for ren-

Weight of the RCS fuel used
for each rendezvous

Leocation Name Dimension Type Description
1 UPLBS 1 R
Orbiter can launch
2 -DNLBS 1 R
Orbiter can land
3 ' SBOWT 1 R Orbiter dry weight
L - OMSINT 1 R
. the main tank
h SPI 1 R
6 BAYLN 1 R
. bay
7 FTKIT 3 R
three kits
8 WTKIT 3 R
three kits
9 . RESOMS 1 R
10 REDZDV 1 R
’ dezvous maneuvers
11 RCSRDZ 1 R
ORIGINAL PAGE 1S , 5-30



Location Name
12 GRAV
13 CORB
14 RCSCAP
15 RESRCS

Description

Dimension Tvpe

1

1

R
R
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Acceleration due to gravity
Acceleration of gravity
times the specific impulse
of the OMS engines

Total fuel capacity of the
RCS system

Reserve RCS fuel



o COMMON block name: C30.

Description:

Labeled COMMON C30 transmits information per-
taining to the payload type and discipline to
various statistics routines.

Storage required: 223

Location

1-20
21-120
- 121.220
221

.e22

223

Name

DISPNM

MIXLST

MIXCNT

MIXCHK

NMIX

NODIS

A list of two-character
alphanumeric discipline

The allowed discipline
mix codes as pertain
to the payload sequence

-Cumulative count of the-

payload discipline mix

'A flag, when set nonzero,

causes the discipline mix
constraint to be applied
to a payload sequence

Current number of mission

Dimén;ion Type Deseription
20 A

names allowed
100 I

\

100 I

codes
1 I
1 I

types
1 I
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e COMMON Blpck name: €33

Description: Labeled COMMON C33 retains information pertain-
’ ing to the number of combinations. generated.

- Storage required: 7

Location Name Dimension Type  Description

1-6 T KCOMB 6 : I An'array which indicates
: : the starting numbers of
the missign payload sets

7 NUM -1 I. The maximum number of pay-

loads generated in a
combination
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e COMMON block name: (34

Description: Labeled COMMON C34 transmits information
within the combination generator routines to
track the data as it is generated.

k

Storage required: 12403

Location Name Dimension Type ° Dbscrjption

1-6200 SETIN 6200 I Reference set of payload
combinations generated

6201-12400 NXCOMB 6200 I Current set of payload
combination generated

12401 M2 1 I ‘Number of combinations
in SETIN

12402 . K . 1 C I Index of the current pay-
load combination being
generated '

12403 ' LAST 1 1 First nonzero combination

in SETIN, set to 1
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o -COMMON block name; C39

¥
4y

Description: Tabeled COMMON €39 transmits the optiocnal print
’ information.

Storage required: 1

Location  Name Dimension ‘Type Description

1 MKS 1 I A flag specifying the
printed oufput units

=1, the units are mks
=2, the units are fps
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5.3 SUBPROGRAM DOCUMENTATION

Individual subprogram documentation -is,given in alphabetical
order on the following pages. tunctions RANDOM and ZOR are
available from the MSC=LOCALIB on EXEC 8. Their documentation

is found in reference 4.
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Subroutine ADAPTR

Identification
- Name/Title —~ ADAPTR (payload adapter routine)
Author/Date - J. Williams, April 1976

Machine Identificatlion - UNIVAC 1110

Source Language FORTRAN V

}

PurEose

Subroutine ADAPTR computes the payload adapter weight as a func-
tlon of payload weight.

Usage
e Calling Sequence

CALL ADAPTR (WT, WT1)

Calling arguments:

Parameter
Name In/0ut Dimension Type Description
WT In/0Out 1 R The payload weight
. carried to earth parking

orhit

WT1 In/Qut 1 R The payload weight at
landing

Method

Subroutine ADAPTR uses a linear interpolation technique to compute
the payload adapter weight as a funetion of payload weight. This
computation 'is ignored if WT1 is nonzero when ADAPTGR 1s entered.
The payload weight at landing is initialized as WT, and WT is
augmented by the adapter weight.
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Subroutine ALLOCT

Identification

Name/Title

Author/Date

Machine Identification -

Source Language

Purpose

- J-

FORTRAN V

Williams,

UNIVAC 1110

ALLOCT (mission allocation routine)

Aug. 1975

Subroutine ALLOCT generates a list of random numbers in ascendlng
order for a specific interval defined in common.

Usage

) 'Calljng Sequence

CALL ALLOCT (M, LIST, IOPT)

Calling arguments:

Parameters

Name In/0Out Dimension Type
M Out 1 I
LIST Qut 1 T
I0PT In 1 I

5-39

Description

Number of words stored
jn LIST

A 1list of random numbers
generated in ascending
order for a particular
interval

An initialization flag

used as

1 idnitialization

2 causes a list of
random numbers to be
generated as a func-
tion of the inter-
vals specified in
COMMON C33



¢ Data In/Out

Labeled COMMON-(refer to the labeled COMMON description

seation)

Block Name Input Cutput

C33 . ' 17 . 1-6
Method

Subroutine ALLOCT is used to generate a 1ist of random numbers
within an interval. The routine solves the problem of reducing
the number of feasible missions found by the MPLS for use by the
SCA. The list is then sorted into ascending order and checked
for redundant numbers.

Restrictions
® Operational

Function ZOR and subroutine SORTX are required.
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Subroutine CGIN

Identification
Name/Tile . - CGIN (CG initialization routine)
Author/Date - J. Williams, April 1976

Machine Identification UNIVAC 1110

FORTRAN V

Source Language

Purpose

Subroutine CGIN provides an interface between subroutine SEQTST
and the CG model.

Usage
¢ Calling Sequence

CALL CGIN (LMODE, KTUGS, $)

Parameter
Name In/0ut Dimension Type Description

LMODE In 1 J A dummy flag which is set
to unity to insure a
proper routine interface
from SEQTST

‘KTUGS In 1 I Not used

$N - - - The statement in the

calling program to which
control is transferred
if an error occurs

¢ Data In/Out

Labeled COMMON (Refer to the labeled COMMON description

section):

Block Name In Qut
Cl 2001-2400, 7801-8000

C3 All
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Block Name in Oout

cé 1-30
c7 2-8
c8 11-22
C10 5-21
C11 15
C12 1-9
g25 y
Method

Subroutine CGIN 1s used to initialize the arguments for a call
to subroutine CGTEST. If 1t has been determined by CGTEST that
the mission failed, then an error return is made.
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Subroutine CGLOAD

Identification

CGLOAD (initial loading of payloads in
cargo bay for CG model)

Author, Date - E. H. Perrenot, February 1976
Machine Identification UNIVAC 1110
Source Language FORTRAN V

Name, Title

Purpose

Subroutine CGLOAD creates the initial loadlng sequence of pay-
loads in the shuttle cargo bay prior to the mission events.

Usage
¢ Calling Seguence

CALL CGLOAD (NPLDS, ITNL, ISEQ, NTUGPL, ITUG, IPMT, PLDWT,
NOMSKT, NSEQ)

Arguments:
Parameter
name In/Out Dimenslon Type Description
NPLDS In 1 I The number of paylocads -
involved in the
candidate mission
ITNL In 1 I =0, no round-trip
’ payloads in ISEQ
regulring a tunnel;
=n (#0), payload
number n in ISEQR
requires a tunnel
ISEQ In Dimensioned I The identification
in calling numbers of the pay-
program \ loads involved 1in the

mission (in the
order flown)

5-143



Parameter
name In/Out Dimenslon Typ Description

NTUGPIL: - In 1 I The number of payloads
in ISEQ that require a
third stage

ITUG In Dimensioned I The identification
in calling numbers of the pay-
program loads reguiring a third
stage
IPMT In Dimensioned A Array containing pay-
in calliing load mission types for
program the payloads in ISEQ:
A attached, S = servicey

I n

D deploy, R = petrieve
PLDWT In Dimensioned R The weights of the pay- r
' in calling loads 1in the payload
program model plus adapter
weights, if required
NOMSKT " In 1 I The number of OMS kits
on board for this
mission
NSEQ Out Dimensioned 1 The sequence of payloads
) in calling as loaded (front to back
program of the cargo bay)
Method

Subroutine CGLOAD examines all payloads on the candidate mission
with regard to payload mission Type. If the payload is to be
retrieved, whether by the shuttle or by a third stage, it is not
considered for loading. All payloads are ordered in the cargo
bay from front to rear by increasing weight. The exceptlions are
. that a third stage and its payloads are loaded in the rear and
that other payloads are grouped into deploys and round trips,
the heavier group loaded in back of the other. In the case of
the third stage, it is loaded to the rear of the bay with 1its
payloads stacked immediately in front in the reverse order of
deployment. A flag is set in the eighth word of the array NSEQ
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if OMS kits are present. These kits will be, loaded against the
rear wall of the cargo bay. ‘ ‘

Examplé:
Filight sequence: (1) deploy third stage (TS) with payloads A
and B (B to be deployed first), (2) retrieve C, (3) round trip
D, (4) deploy E, and (5) deploy F.
Weights - D -~ 1,500 1b
E - 700 1b,
P - 600 1b

Order in cargo bay, front to rear:
¥, E, D, B, A, TS

Restrictions

e Operational
Subroutine ISCRT is reguired.
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Subroutine CGMOV

Tdentification

Name, Title

Author, Date

Machine Identification
Source Language

CGMOV (shift payloads in payload array)
E. H. Perrenot, February 1976

UNIVAC 1110

FORTRAN V

I

Purpose

Subroutine CGMOV shifts elements in an array when an element is
being inserted in the array.

Usage
e Calling Sequence

CALL CGMOV (IBUF, IDIM, I, J, K)

Arguments:
Parameter
name In/Out Dimension Type Description
IBUF In/Out Dimensioned I Array
. in calling
program

TDIM In 1 I Dimension of IBUF

I In 1 I. The word in IBUF where
the shift is to begin

J In 1 I The number of places
{(words) to shift the
array

K In 1 I < 0, shift to the left;

0, to the right

PRECEDING PAGE BLANK NOT FILMED

5-47



Methed

Subroutine CGMOV uses another array to store words from IBUF
instead of actually shifting them in IBUF itself. It tests for
reroed words and does not 1nclude them 1n the shift. Thus, if
the calling arguments specify a two—word shift to the right, the
first word indicated in IBUF is indeed moved two words to the
right, but the shifting process will be terminated if two zeroed

words are encountered.
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Subroutine CGMPLD

Tdentificatlon

Name, Title - CGMPLD (multipayload center-of-gravity
computation)

Author, Date - ' - E. H. Perrenot, February 1976

Machine Identification - UNIVAC 1110

Source Language _ - BFORTRAN V

Purpose

Subroutine CGMPLD computes the center of gravity for a group of

payloads 1in the shuttle cargo bay.

Usage
e (Calling Sequence

CALL CGMPLD (IPLD, PLDWT, PLDLEN, PLDCG, TUGWT, TUGLEN, F,
OMSWT, OMSLEN, D, NSEQXT, TWT, WTXLEN, CG) '

Arguments:

Parameter
name In/Out Dimension

IPLD © In/0ut Dimensioned
in calling
program

PLDWT Iin Dimensioned
in calling
program

PLDLEN in - Dimensioned
in calling
program

PLDCG In Dimensioned
in calling
program
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Type
I

Description

Array containing identi-
fication numbers of
payvloads

The welghts of the pay-
loads in the payload
model plus adapter
weights, if required

Array of payload lengths,
corresponding to PLDWT

Array of payload centers

of gravity, corresponding
to PLDWT |



Parameter

name In/Out Dimension

TUGWT In 1

TUGLEN In 1

B In i

OMSWT In 1

OMSLEN In i

D In 1

NSEQXT In/Cut Pimensioned
in ealling
program

TWT out i

WTXLEN out 1
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Type

R

R

Description

The dry weight of tThird
stage, 1if used

The length of the third
stage

Weight of the fuel on
board the third stage

Total weight of OMS
kits, 1if used

Length of OMS kits

The distance (in feet)
from the front of the
cargo bay to the first
payload in the cargo
bay, a function of
center-of-gravity con-
straints in previous
mission phases (events)

Array containing the
amocunt of avallable
space in the cargo bay
created by previous
payload deployments

Total welght of pay-
loads in the cargo bay
(plus third stage and
fuel, if applicable)

For all paylocads in the
cargo bay, a summation
of the following (for
each payload): the sum
of payload center of
gravity and total dis-
tance from the front of

‘the bay multiplied by

payload weight, used in
computing center-of-
gravity of retrieval
payloads loaded in the
rear of the cargo bay.



Parameter

name In/0ut Dimenslion Type Description

CG Out i R The center of gravity
for the group of pay-
loads in IPLD; expressedk
in feet from the front
of the cargo bay

Method

e Model

Subroutine CGMPLD ca;culates the distance from the front of
the cargo bay to the front of each payload in the bay. This

distance includes the sum of the lengths of payloads in front

of it as well as the extra space left by deployed payloads.

This length is used in the basic center-of-gravity equation:

where: CG

n

wl(d + sl) + :E: Wy @.+ Ly + Si)

CG

center of gravity,

dry weight of ith payload in the cargo bay,

distance to the first payload in the cargo bay
(calling argument D),

center of gravity of ith paylocad in the cargo bay,

total length of payloads and available space in
front of the ith payload in the cargo bay (Ll = 0).
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Subroutine CGENSRT

Tdentification

Name, Title CGNSRT (inserts payload into gap in

_ cargo bay)
Author, Date - E. H. Perrenot, February 1976
Machine Identification -~ UNIVAC 1110
FORTRAN V

Source Language

Purpose

Subroutine CGGNSRT checks the cargo bay for an avallable area in

which to insert a retrieval payload after 1t has been determined
by subroutine CGTEST that the payload will not fit in the front

or rear of the bay.

Usage
® Calling Sequence
CALL CGNSRT (NP, ITNL, PLEN, TOTLEN, PWT, TWT, NSEQ, NSEQXT,

MIND1, MAXD1, NPINB, $a, $b)

Argumenﬁs:
Parameter’
name In/Out Dimension Type Description
NP In 1 T Identification number
of payload to be
inserted
ITNL In 1 I =0, no round-trip pay-
loads in ISEQ requiring
a tunnel;
=n (>0), payload number}
n in ISEQ requires a
tunnel.
PLEN In/Out 1 - R Length of the payload
TOTLEN In/Out 1 R ~ Total length of the
payloads in the cargo
bay
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Parameter

name In/0Out Dimension Type Description
PWT In 1 . R - .Weight of the payload
TWT In/0Out 1 R Total weight of the
T ) payloads in the cargo
bay

NSEQ In/Out Dimensioned I The sequence of pay-
in calling loads in the cargo bay
program (front to back)

NSEQXT In/Out Dimensioned I Array containing the
in calling amount of available
program space in the cargo bay

created by previous
payload deployments

MIND1 In/Out 1 R The minimum distance
from the front of the
cargo bay to the first
paylecad

MAXD1 In/Out i R The ‘maximum distance
from the front of the
cargo bay to the first
payload .

NPINB In/Out 1 T . The number of payloads
in the cargo bay

$a Returns to a_statement
numbered a in the
calling program if the
payload cannot be
loaded

$b Returns to a statement
numbered b in the
calling program if 1t
can be loaded

Method

Subroutine CGNSRT searches the array of available space (in the
form of "gaps™ in the- paylcad bay) from the rear of the cargo
bay to the front to determine if the candidate retrieval payload
will fit in such a location. If such a space is found, the
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payload number will replace the flag (-5) in the .array NSEQ and P
the length .of the payload is considered to be, for center-of-
gravity  purposes, tﬁat of the gap in the cargo bay that it
occupies. This is necessary because the other payloads in the
bay cannot be moved about and "squeezed" against the new addi-
tion. Actually, the payload is loaded in the forwardmost part

of the gap it occupies. When the payload is loaded, the total
payload length and weight in the cargo bay is updated, as well
"as the number of payioads in the,bay.

Restrictions

e Operational
Subroutine CGMOV is required.
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Subroutine CGTEST

Identification

Name, Title - CGTEST (main routine for the center-of-
gravity model)

Author, Date - E. H. Perrenot, February 1976

Machine Identification - UNIVAC 1110

Source Language " — FORTRAN V

Purpose

Subroutine CGTEST is the driver for the center-of-gravity model.
It tests the payloads in the shuttle cargo bay against computed
center-of-gravity constraints for all events in a given mission.

Usage

¢ Calling Sequence
CALL CGTEST (NPLDS, ISEQR, ITNL, NTUGPL, ITYPE, ITUG, TUGLEN,
TUGWT, TUGF, IPMT, PLDCG, PLDWT, PLDLEN, NOMSKT, OMSLEN,
OMSWT, IFLAG)

Arguments:
Parameter
Name In/Qut Dimension Type Description
NPLDS In 1 1 The number of payloads
involved in the candi-
date combination
ISEQ In Dimensioned I Array containing the
in calling ldentification numbers
program of the payloads in the
combination (in the
order flown)
ITNL In . 1 I =0, no round-trip pay-
loads in ISEQ requiring
a tunnel;

=n (>0), paylcad number
n in ISEQ requires a
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Parameter .
name In/Out Dimension Type Description

" NTUGPL n 1 I The number of payloads
: in ISEQ that require a
third stage

ITYPE In 1 I The type number of the
’ third stage
ITOG In DBimensioned I The identification num-
. in calling bers of the payloads
program requiring a third stage

TUGLEN In 1 R Length of the third
stage, 1f used

TUGWT In 1 R  Dry weight of the third
stage ‘-

TUGE In 1 ‘R Weight of fuel onboard
the third stage

IPMT ) In Dimensioned A Array contalning pay-

. . in calling load mission types for
program the payloads in ISEQ:
A = attached,
S = service,
D = deploy,
R = retrieve
PLDCG In .’ Dimensioned R The centers of gravity
’ in calling of the payloads in the
program payload model
PLDWT In Dimensioned R Array of payload
’ in calling weights plus adapter
program welghts, i1f required,
corresponding to PLDCG

PLDLEN In Dimensioned R Array of payload length

. in calling corresponding to PLDCG
program .

NOMSKT In 1 I The number of OMS kits
onboard for this
mission

OMSLEN In 1 R Length of OMS kits, if
used
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Parameter

name In/0Out Dimension Type Description
OMSWT In 1 " R Total weight of OMS kits
IFLAG out 1 I 0, combination passed;

>
= (0, failed loading:

- n, failed in mission

event n

¢ Data In/Out: (refer to the labeled COMMON description):
Block Name Input Qutput
C3 1
Me thod
& Model

Subroutine CGTEST tests the payloads in the cargo bay against
center-of-gravity constraints for all events in the mission,
starting with initial loading. The events are determined by
the payloads in ISEQ and their respective payload mission
types in IPMT. Fifsf, initial loading is accomplished with
a call to subroutine CGLOAD. Then, for the initial loading
and for each combination of payloads in the bay following an
event, the center of gravity for the group of payloads is
determined by subroutine CGMPLD. Two centers of gravity are
actually determined, a minimum and maximum with respect to
allowable loading in the cargo bay for the event. These
centers of gravity are tested against the center-of-gravity
constraints as a function of total payload weight in the bay

. for that event. If neither the minimum nor maximum centers

of gravity fall within the allowable constraints, then the
mission fails in that event and the calling program is noti-
fied by the value in argument IFLAG.
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CGTEST also makes provision for the retrieval of a reusable
third stage and attached payloads. Reflerence H outlines the

center-of-gravity process in detail. '

Restrictions

e Operational
Subroutines CGLOAD, CGMPLD, CONSTR, CGMOV, and CGNSRT are

requiréd.
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Identification

Name/Title .
Author/Date' -
Machine Identification -~

Sou}ce Language -

Purpose

Subroutine COMB generates
feasible combinations are
combinations.

Usage

¢ Calling Sequence

Subroutine COMB

COMB (combination generator)

J. M. Williams,

UNIVAC 1110

FORTRAN V

August 1975

the possible combinations for MPLS; the
kept and used to generate the remaining

CALL COMB ($N, NPLNYR, MAXPL, IPASS, IMM, K1, IJ)

Calling arguments: . .

Parameter

Name In/Out Dimension Type
$N In - _
NPLNYR In 1 I
MAXPL In 1 I
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Deseription

Statement number in the
calling program to which
control is transferred
when all the combinations
have been generated

Number of single mission
payloads

Maximum number of pay-
loads allowed on a com-
bination



Parameter
Name In/Qut Dimension Type Description

IPASS In/out 1 I A flag, when set to zero,
causes the single mission
payloads 1o be goneratod;
if nonzero, the remaining
combinations wil be gen-
erated

IMM Out 1 I Number of payloads in
“he current combinations

K1 In/out 1 I Index number of the cur-
rent combination; 1f the
combination is rejected,
this number ig decre-
mented by 1

IJ Out 6 I ' The payload combination.
The array Ts used as a
pointer into COMMON C1.
The. IJ array is stored
in the IC array of
COMMON C14

e Data In/QOut

Labeled COMMON (refer to the labeled COMMON description
section):

Block Name ) Input Dutput

CT ) 110

C34 All
Method

Subroutine COMB generates the combination of payloads for MPLS
evaluation by using the results of previous combinations. The
combinations are generated in sets; each set is generated from
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the previous set. This scheme allows only those combinations to
be generated as 'a result of successful feasible combinations.
For example: )

Initial single
payvloads Doubles Triples

1 12% 235

AV}

13%
14
15%
23
24*.

Uy o W

25

3h*
35%
Y5

¥Indicates a rejected combination of payloads.

Restrictions

e Operational

A maximum of 4000 combinations may be generated for each
set with M payloads.

Subroutine REDUNT is required.
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Subroutine CONSTR

Identification

Name, Title CONSTR (center-of-gravity constraint)
Author, Date - E. H. Perrenot, February 1976
Machine TIdentification - UNIVAC 1110

' FORTRAN V

Source Language

Purpose

Subroutine CONSTR supplies minimum and maximum allowable centers
of gravity for a given total payload welght.

Usage
e Calling Seqguence

CALL CONSTR (TWT, CMIN, CMAX)

Arguments:
Parameter
name In/Out Dimension  Type Description

TWT In 1 R Total weight of payloads
in the cargo bay (plus
third stage and fuel, if
applicable)

CMIN Out 1 R Minimum center-of-gravity
constraint (in feet from
the front of the cargo
bay)

CMAX Qut 1 R Maximum center—of-gravity'i
constraint

Met hod

¢ Model

Subroutine CONSTR performs a table lookup on cargo center-of-
gravity limits (in feet from the front of the cargo bay) as a
function of total payload weight. The subroutine stores 1in
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DATA statements the minimum and maximum constraints for

various payload weights (500 1b to 65,000 1lb, a set of con-
straints for various payload weights (500 1b to 65,000 1b, a
set of constraints every 1,500 1lb). For a total payload
weight from 0 to 65,000 1lb, a linear interpolation is performed
to obtain the appropriate set of constraints. A representation
of these limits appears in figure 2 of reference 5.
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' Subroutine CPRNT

- Tdentification

Name/Title —~ CPRNT (detdiled print routine)
Author/Date - J. Williams, March 1976

Machine Idé@tification - UNIVAC 1110

" Source Language FORTRAN V

PUI’EO ElS

Subroutine CPRNT is a special purpose print routine used to
dlsplay detalled informatlion pertaining to feasible combinations.

Usage
@ Calling Seguence
CALL CPRNT
6 Data In/Out:

Labeled COMMON (refer to the lapeled COMMON description

section)g
Block name ‘ Input Output
c2 - ' A1l
o 3
Cl0
C1l1 3-1
C25 : 9,15
Method

Ssubroutine CPRNT displays information pertaining to the EPS, the
missions AV requirements, and discrete weight changes,



Subroutine;CPTEST

Identification

Name/Title - CPTEST {(combination preliminary testing
. ' routine): . T

Author/Date -~ J. Williams, July 1975

UNIVAC 1110

Machine Identification '

Source Language FORTRAN V

Purpose
Subroutine CPTEST performs the fliéht sequence Independent tests

for a given payload combination.
Usage
e Calling sequence
CALL CPTEST ($N, IYEAR)

Calling arguments:

Parameter
Name In/0ut Dimension Type Description
3N - - - The statement in the
calling program to which
control is transferred
if an error is indicated
IYEAR In 1 I The year that the com-
bination of payloads is
to be flown
PRECEDING p AGE



@ Data In/Out

Labeled COMMON (refer to the labeled COMMON description

section):
'Block Name Input Output
1 2001-2600, 2801-6400 1-3, 34-35
c2 3644 N5_46
C5 A1l
Cco All
C7 2~110 ‘ 1
c8 _ 11-34 A1
o) 1,3-48,50,53 | 3-47
C10 12-17
c12 (Not required)
C14 ’ All
c17 - (Not required)
C25 All
€30 221

Method

. Subroutine CPTEST performs flight sequence independent tests and
jnitializes parameters for use in statistical analysis and flight
dependent. tests. The method is as follows:

1. Payload combination conformity constraint tests are made.
The first constraint test is a function of redundant payloads
on the same flight; the remaining conformity tests are a
function of mission type and the payload discipline mix.

2. Opbiter conformity constraint tests are made to determine
if each combination is within Orbiter limits. The Orbiter
1imits are a function of the cargo bay length, the maximum
weight allowed on the TSV, the number of TSV payloads, and
number of payloads which require a dedicated TSV.



3. Subroutine SEQTST is called to perform the flight sequence
dependent tests.

"4, Subroutines STATS and MIXTST are called to tabulate data
for statistical analysis of payload mission *ypes and
d1301p11ne mix.

Restrictions

e Operational

Subroutines FLYIT, STATIS, SYNTEZ, MIXTST, ERRPRT, SEQTST,
and FEASBL are required.
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Subroutine. DECOMP

Identification

Name/Title - DECOMP (decompose)
SYNTEZ (qompose) _

Author/Date -~ J. Williams, August 1975

UNIVAC 1110

Machine Identification

Language i - FORTRAN V

Purpose
Subroutine DECOMP is used to separate each digit of a multi-
digit integer number into a list of single digit integer words;

entry point SYNTEZ is used to generate a single integer word from
an input 1ist.

Usége

e Calling Sequence

CALL DECOMP (N, M, NOYES, NARRAY)
~ CALL SYNTEZ (N, M, NOYES, NARRAY)

Calling arguments:

) y )
Parameter

Name In/Out Dimension Type Description
N . In/out 1 I * Number of words in NARRAY
M In 1. I Number of digits each
word (NARRAY) will
occeupy in NOYES
NOYES In/ouf 1 I An integer formed from
’ the integer list NARRAY
NARRAY In/out 6 . I A list of integers which
- range in value from 1
to §

PRECEDING PAGE BLANK NOT FILMED,
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Method

/ Subroutine DECOMP uses the MOD function to separate each integer

digit from the word NOYES. Entry point SYNTEZ forms the .integer

I word from a list by first sorting the integers into descending
crder. )

Restn_i ctq‘.ons

¢ Operational
Subroutine SORT is required.

- The largest integer that can be deccoded is 9§ digits.
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Subroutine DISPLY

Identification
Name/Title ~ DISPLY (display routine)
Author/Date - J. Williams, August 1975

Machine Identification -~ UNIVAC 1110

. Source Language FORTRAN V

Purpose

Subroutine DISPLY prints the payload characteristics and
associated information for a feasible mission.

Usage

@ Calling Sequence
CALL DISPLY (MM, M IC, IB, NAME1, LAUNCH,
¥ NTUGPL, T0G, ITUG NOKITS PWMARG, PCTUSE FLOAD,
% POINC, POALT ALT, XINCI, TOTLU, TOTLD TOTWU
¥ TOTWD, TUGDV, ORBDV, NOYES IDENT)

Calling arguments:

Parameter

Name In/Qut Dimension Type - Description
MM . ., In 1 ’ I Flight number
M. In 1 _ I ° Numbers of payloads on
. the flight
ic. " In. 6 I° . Payload numbers which
- - represent the combination
IB In M I Payload numbers ordered
. ’ with respect to- TSV and
Orbiter events
NAME1 In 6 I Numerical mission type
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Parameter

Dimension-

5=76

An dinteger set to 1 or 2 to
indicate an ETR or WTR launch

Number of TSV payloads

TSV number used in this

ers of the

Number of OMS kits used

weight the Orbiter could

f the first

of the first

the first

each pay-
payload

of each

Total payload length at

Total payload length

Total payioad weight at

Name In/Out Type Description
LAUNCH In 1 T
NTUGPL In 1 I
TUG In 1 I
mission
iTUG In 6 I Payload numb
TSV payloads
NOKITS In 1 I
PWMARG In 1 R Additiecnal payload
. ecarry on this flight
PCTUSE In 1 R Percentage o
OMS kit used
FLOAD In 1 R Load factor
* POINC In 1 R .Inclination
’ orbit
POALT ‘In 1 R .Altitude of
. orbit
ALT In 1 R Altitude of
load in the
combination
XINC In 1 R .Inclination
payload in the com-
bination
TOTLU In 1 R
ilaunch
TOTLD In 1 R
at landing
TOTWU In 1 R
launch
TOTWD In 1 R

Total payload weight

at landing



Parameter ‘ - .
‘Name "In/Qut Dimension Type  Description

TUGDV =~ In 1 R Total TSV AV
ORBDYV - . In 1 R Total Orbiter AV
NOYES -.In 1 I (Not used)

IDENT In 12 A A list of two-word
) : . payload names in the
ceombination:

¢. Data In/Out:

Labeled COMMON (refer to the labeled COMMON description

section): - .
Block Name Input Qutput
C3 1
cl0o . 1

Method -

Subroutine DISPLY prints a table of data related to each feasible
combination; the subroutine contains no special computations.

Restrictions

® Operational

Subroutine CPRNT is required.
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Function DLTAV

Identification

Namé/Title ’ - DLTAV (DELTA velocity function 1)
DEL (DELTA velocity function 2)
DVIPK (AV from insertion to the parking
orbit)
DVDORB (deorbit AV to landlng)

Author/Date - J. Williams, August 1975
Machine Identification -~ UNIVAC 1110

Source Language - FORTRAN V

Purpose

Function DLTAV and its:-three entry points are used to tcompute the
AV requirements for the MPLS. DLTAV computes the AV between orbits
for. the ith and jth payloads. DEL-computes the AV between orbits
for two payloads by specifying their altitudes and inclinations.
DVIPK computes the AV from insertion to the first parklng orbit ‘and
DVDORB computes the deorbit AV to landlng

~ Usage

® Calling Sequence

DLTAV (I,J)
DEL (E,B,C,D,)
DVIPK {(HH)’
DVDORB (H,XIN)

P e
oo

Calling arguments: -

Parameter . ) .
Name - In/Qut Dimension Type . Description
I ’ . In 1 oI Index of the ith payload
dJ In 1 I Index of the jth payload
E In i R Orbital altitude of the
' ith payload
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B In 1 R Orbital altitude of the
jth payload

C In 1 R Inclination of the ith
a payload

D In 1 R Inclination of the jth
payload

HH In 1 R Altitude of the first

‘ parking orbit
H In 1 R Altitude of the last
' parking orbit before

landing

XIN In 1 R Inclination of the last
parking orbit before
landing

e Data In/Qut:

Labeled COMMON (refer to the labeled COMMON description

section):
Block Name Input Output
C1 2801 - 3200

Method

Function DLTAV and its three entry points calculate the AV require-
ments for the MPLS. The functions use a Hohmann transfer algorithm
at the insertion and orbital phases of the mission; the deorbit AV

is computed using an empirical equation.

t. ENTRY DVIPK

a = J/r + r
( Py ai)/e

where

a =. semimajor axis

rp = perigee radius at insertion
i

Ty = apogee radius at insertion
i
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Vo= 2
Py ar
i
where.
H = gravitational constant
Vp = perigee velocity of the insertion orbit
Py I N
a. = Jr + r
1 ( P1 t'e)/z
where
47 = thé semimajor axis of the transfer ellipse
r. = the apogee radius of the transfer ellipse
" e . - N

[N

where Vp = the perigeé velocity of the transfer ellipse

X T
v';%/___f_i__
. a ay Ty

e
where Va = the apogee velocity of* the transfer ellipse

V. = Vu/Rg

e

where ‘VC = the circular velocilty of the transfer ellipse

and

évi = |Vp -V

_[+|VC—V

pl a

where AV, = the delta veloecity required to transfer from insertion
to the initial parking corbit
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2. Function DLTAV and entry point DEL

These two functions perform identical tasks and differ only in
their calling arguments. Function DLTAV computes the AV to
transfer from the ith payload orbit to the jth payload

orbit. DEL permits direct entry of orbital altitudes and
inclinations; the transfer goes from the E to B altitude.

a= /1 +
( & @2)/2

where

H
]

the apogee radius of the initial orbit (E)

+3
"

the apogee radius of the final orbit (B)

a = the semimajor axis of. the transfer ellipse

where

iq = the inclination of the initial orbit

"the inclination of the final orbit

ip

If the altitude of the initial orbit is greater than the final
orbit, then

and

AL, =0
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where

the change in'ineclination at the first impulse point

i%
. .a

Al the change in ineclination at the second impulse point

b .

If the altitude of the initial orbit is less thaﬁ or equal to the
final orbit, then '

A1a= 0
and
u Alb = Al
. Then
v = n/r
Cl al
anﬁ
/u T
a
Ve B ar -
1 a,:L
where
Vé = the circular velocity at the first impulse point
1
Ve = the elliptical velocity at the first impulse point
1
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The delta velocity of the first impulse is computed as

: : I
1
AT, = \/'v ~V_ \2 4 vV [sin (i)]
1 (cl el) e 2

€1 ©q

The circular and elliptical velocity of the second impulse point is
computed .as

where

<
3]

the

<
1]

the

The total

3. Entry
The AV is

vV = J]-l___
¢ T
T r
v o= 1
e a r
2 a2

circular velocity of the second impulse point

elliptical velocity of the second impulse point

velocity change required for the transfer is computed as

. - . 12
1
AV = AV +\[v - 2 (2)
1 ( ¢, Ve2) + MVC Veg{éln

2 2

DVDORB computes the AV required for the deorbit maneuver.
computed as a function of inclination and altitude,

For altitudes (H) at the last orbit less than 140 n. mi.

AVl = -.05 « H + 256.0
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http:computed.as

For altitudes greater than 140 but less than 457 n. mi.
Avq = 1.4 - H + 52.0
For altitudes greater than 457 n. mi

AV, = 1.443 ., H + 32.0

1

If the inclination of the last orbit is greater than or equal to
28.59, the AV as computed is output. Assuming the inclination is
less than 28.5- degrees, then

) Cl ~- i
AV = AV, + 2V_ s8in ————-—)
1 cC 202

where

Cq = 28.5 degrees

Cpr = 57.29578, a conversion factor used to convert degrees to
radians

V., = the circular velocity at the altitude of the last orbit

The Vc parameter is computed as

:—-ﬁ-—-
_ e
vc - J; + H-C

3

Wwhere

1.40765392E16, gravitational constant in ft3/sec?

u, =
R = the radius of the earth
C? = 6076.11548, a conversion factor used to convert

nautical miles to feet
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_Restrictions

.o ‘Analytical
1. All.orbital AV’'s are computed for circular orbits

2. All plane gchange mgneuvers‘afé performed at the higher
altitude orbit
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Subroutine EPSV1

Identification
Name/Tile ] ~ EP3SV1 (EPS model)
Author/Date - J. Williams, April 1976

Machine Identification UNIVAC 1110

Source Language - FORTRAN V

Purpose

Subroutine EP3V1 computes the EPS requirements for MPLS.

Usage
e Calling Sequence

Call EPSV1 (KMODE, LMOD)

Calling arguments:

Parameter .
Name In/0ut Dimension Type Description
KMODE In 1 I A flag used to compute
the initial EPS require-
ments for a mission
LMOD In 1 I An input parameter set to

' zero if the payload 1s a
TSV retrieve or deploy

¢ Data In/Out

Labeled COMMON (refer to the labeled COMMON description

section):

Block Name Input Output
C1 74017800

Cz All
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Block Name Input Output

cs 1-100

CT7 2-8

c8 1,3

c10 : (not used)
Method

Subroutine EPSV1 computes the EPS requirements of a mission for
MPLS. At launch, the orbiter is loaded with all the initial EPS
requirements which includes crew/deadwelght and payload require-
ments. The first two EPS kits are charged to the weight of the
spacecraft. Thé use of more than two kits is charged to the
payload weight carried up. The use of more than seven kits is
charged against the payload bay length at the rate of four feet
per pair (the assumption is that two kits are loaded side by side).p
EPSV1 computes the total EPS used, the payload chargeable EPS
‘weight and kit length, as well as the EPS required for a SV
deploy or retrieve. :
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'Subroutirne ERRPRT

Jdentification
Name/Title - ERRPRT (error printing routine)
.Author/Date - J. williams, Aug. 1975

Machine Identification UNIVAC 1110

Source Language FORTRAN V

Puppose
Subroutine ERRPRT is used to displa& the diagnostic messages
associated with infeasible missions generated by MPLS.
Usage
[ Calling'Sequence
CALL ERRPRT (KERR, MIXCOD)

Calling argumenté:

‘Parameter . :
Name In/0Out Dimension Type Description
KERR In 1‘ I The error numbér to indi-"
cate the type of constraint
that was violated
MIXCOD In i I . The discipline mix code

"o Dgta In/Qut-

Labeled ‘COMMON (refer to the labeled COMMON description

sec}ion):

Blogk Name - ' ' ;ﬁggg Qutput

ct 3201-3400 3
CT 2 '
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c8 . 10,17-22,49-50

C11 Not used
C1Y 7-18,25-30
Method

Subroutine ERRPRT is a logic routine that prints a diagnostic as a
function of an error number. Refer to section 3.2.2 for the
diagnostic messages.

Restrictions

o Operational

Only 11 diagnostic messages are avallable.
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Subroutine FEACOM

Identification
Name/Title ~ FEACOM (feasible combination routine)
Author/Date - J. M. Williams, Aug. 1975

Machine Identification UNIVAC 1110

Source Language FORTRAN V

Purgose_

Subroutine FEACOM generates a data-file of feasible missions by
randomly selecting missions from the feasible mission file. The
reduced data is used by the SCA .to form traffic models,

Usage
° Cailing Sequence
CALL FEACOM (MM, FEASOP, NP)

Calling arguments:

Parameter )
Name In/0ut Dimension Type Description

MM In/Out 1 I The number of feasible
missions; MM is the number
generated by the MPLS when
input; when output it rep-
resents the number of
missions kept.

FEASCP - 1 I Not used

NP - 1 I. - Not used

. 5-91



e . Data In/Out

‘Labeled COMMON (refer to the labeled COMMON deserition

section):
Block Name Input . Output
c33 A1

Method

Subroutine FEACOM generates a reduced list of missions from the
feasible mission file for use in the SCA. The missions to be
retained are selected by subroutine ALLOCT, which generates a list
of missions for a specific interval. Subroutine LOAD1 is called
with each mission number to retrieve it f{rom mass storage in order
to restore that mission on unit 2. The intervals used to select
the mission numbers are obtained from COMMON €33, in the array
KCOMB.

Restrictions

e Operational
Subroutines ALLOCT and LOAD1 are required.

FEACOM will limit the number of feasible missions to 500.
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Subroutine FEASBL

Identification

Name/Title

FEASBL (feasible mission oufput routine)

Author/Date

J. Williams, August 1975
Machine Identifiecation - UNIVAC 1110

Source Language ° FORTRAN V

Purpose

Subroutine FEASBL is used to output data related to a feasible
mission both on mass storage and the printer.

Usage -

& (Calling Sequence
‘CALL FEASBL (INCR, ICNT, IYEAR, IEE)
Calling arguments:

Pdnametér
Name In/0Qut Dimension Type Description

INCR In/Qut- 1 I A flag used to count
the number of mis-
gions written to a
mass storage file,
set to zero before
each call.

ICNT In 1 I A flag used to in-
dicate if repeated
payloads are not on
‘this -mission; ignored
if zero.

IYEAR In 1 1 ‘The year that the combi-
' nation of payloads is to
be flown.

IEE In
6 I The payload mission

types for the combi-
nation of payloads.
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¢ Data In/Out

‘Labeled éOMMON:(refeP_to the labeled COMMON description

. section):

Block Name

CT

c5.
7
8 -
C9
C10
cit
cia
ciy
Cl1l5
Cc25
C33
‘€39

Method

Input
1-400,2801-3200

101-201

1-2

2, 50
1-4.
o-l4, T2, 14

AlX

Output

ALl

Subrdutine EEASBﬁ is used to set up data related to a feasible

mission for purpocses of output..

fior any feasible: combinations.

The following procedurs is used

1. The load factor for the Orbiter-is computed as the maximum
" of the ratio of total weight up versus the weight to orbit
capability and the total weight down versus the maximum

down weight allowed.

2. Function ICHARG is referenced to initialize the cost array.

3. The up/down payloads are coded for print.

4. The combination is scrutinized for repeated payloads.
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Restrictions

e Operational
Subroutines LOAD5, FPTOMK, and DISPLY.are required.
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Subroutine FLYIT

Identification

Name/Title

Author/Date - J. Williams,

Machine Identification UNIVAC 1110

Source Language FORTRAN V

Purpocse

FLYIT (compatible payloads routine)

August 1975

Subroutine FLYIT determines if repeated payloads can fly on the

same mission.

Usage

e Calling Sequence

CALL FLYIT (ICNT, ICM1, ICM2, $N,

Calling arguments:

IYEAR, ICM3)

Description

Parameter

Name In/Qut Dimension Type
ICNT In 1 I
ICM1 In - b I
ICM2 In 6 - I
SN - -
IYEAR " In 1 I

PRECEDING PAGE BLANK NOT FILMED

5-97

Number of unique repeated
paylocads found

Index of the payload found

Number of payloads which
have been duplicated for
each duplicated payload

The statement number to
which control is passed
if an error occurs

A two-digit number which
represents the year under
analysis



Parameter

Name In/Out = Dimension  Iype Description
. ICM3 In " Bxb I ' ! An array.of payload mis-
: sion types. Each row in
the matrix represents a
set of mission types for
a specific redundant
-payload..
@ Data In/Out

Meth

Subr

payl
of t
gpec

1.

,abeled COMMON (refer to the labeled COMMON description
section):

Block Name Input Qutput
ct - 3601f6200

c5 . 1-100
od

outine FLYIT compares the compatibility of all redundant
oads in a combination to the mission flight parameter, FLTPYP,
he payload model. The following procedure is used for any
ific payload:

The flight frequency parameter is decoded into a flag and
two parameters which represent the number of up/doWn pay- -
loads flown this year. The flag is used to indicate
whether up/down payloads can fly together.

If the ﬁumbeb of payloads of the same name exceed three, the
combination is rejected. -

TFf the number of redundant payloads of the same name exceed
that allowed by the payload model, the combination is
rejected.

If both up and down payloads of the same name are on the
combinations, the flag parameter must be checked to determine

.if the flight is. allowed.
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Subroutine FPTOMK

Identification

1

Name/Tit1le FPTOMK (foot-pound-second system to

meter-kilogram-second system)
Author/Date - H. Chang, March 1976
Machine Identification UNIVAC 1110
Source Language FORTRAN V

Purpose

Subroutine FPTOMK transforms the measurement of output data of
MPLS from the English to the metric system.

Usage

¢ (Calling Sequence
CALL FPTOMK(POALT,ALT,TOTLN,TOTLN1,TOTWTU, TOTWTD, PLMARG,
CURDY, TOTDV) |
Calling arguments:

Parameter

name In/0Out Dimension Type Description

POALT In/Out 1 R Altitude of the ini-
tial parking orbit

ALT In/Out 6 R Orbital altitude of
each payload

TOTLN In/0Out 1 R Total length up

TOTLN1 In/0Out 1 R Total length down

TOTWTU In/Out 1 R Total weight up

TOTWTD In/Out 1 R Total welght down

PL.MARG In/Out 1 R Additional payload

weight the Shuttle
can carry on this
flight

5-99



Parameter

name In/Out
CURDV In/0Out
TOTLV In/0Out
Method

Dimension

1

" Type - Description
R Total Shuttle AV
used ’
- R . Total TSV AV used

Subroutine FPTOMK changes the value of Those varlables in the

calling arguments from the foot-pound-sec system to the meter-

kilogram-sec system by multiplying by conversion constants.
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Function ICHARG

Identification

Name/Title

Kutﬁor/bate - J.

Machine Identification

Scource Lanpguage

Purpose

Williams,
UNIVAC 1110

FORTRAN V

ICHARG (cost coefficieqt routine)

August - 1975

Functlon ICHARG computes a selected. cost coefficient for a specific

feasible payload combinatlon.

Usage -
& Calling Seguence
J(I) = ICHARG (I,

Caliing arguments:

FLOAD)

Index of the cost .coeffi-
cient being computed

the ratio of

Parameter

Name In/Out  Dimension Type Description
I In 1 I
FLOAD ° In 1 R Load factor,
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to its capability, or the
down weight to its capa-
bility. . ;



Data In/Out

]
Lgbeled COMMON (refer to the labeled COMMON description):
Block Name Input Qutput
C10 - 5
c11 . 7, 11-
ce5 6

Method

Function ICHARGE computes one of 12 integer cost- ooeff101ents of a
mission for use in the SCA. The technique used allows the
initialization or computation of a coefficient based on the input
argument I. The function has the following meanings for I:

T =

1

The
the

1, the function is set to unity

2, thé function is a three-digit integer, representing the per-

‘eentage of the load factor not used

3, the function represents the integer value of the OMS weight

4, the function represents the integer value of the payload
margin

5, the function is a three-digit integer representing the‘un-
used cargo bay length versus the .cargo bay length

6 to 12, the function is set to unlty (reserved for additional

capablllty)

1

function scales the parameters for options 2 and 5 by multiplying:
real number by 1000 because SCA assumes integer cost coefficlents.
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Subroutine ISORT

Identification

Name, Title ISORT (sort array and rearrange addi-

tional array({(s))
Author, Date - E. H. Perrenot, November 1975
Machine Identification - UNIVAC 1110 ‘
FORTRAN V

Source Language

Purpose

Subroutine ISORT sorts an array in either ascending or descending
order and rearranges up to three arrays in the same sequence.

Usage
e Calling Sequence

CALL ISORT (A, N, B, C, D, K, SWITCH)

Arguments:

Parameter
name In/Out Dimension Type Description

A In/Out N R Array to be sorted

N In 1 I The number of words in
array A (and B, C, and/or
D, if used)

B

C In/Out N R Arrays to be rearvranged

D

K In 1 I 0 = sort A only;
1 = rearrange B;
2 = rearrange B and C
3 = rearrange B, C, and 7

SWITCH In 1 i > 0, sort will be in

ascending order;
< 0, in descending order
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Method ‘
Subroutine ISORT uses a binary search'technique to reprder array
A. If the options for XK are exercised, B, C, and/or D will be
rearranged in the same sequence as A. When a test is made .
between two elements of the A array to determine which is larger,
a switch is made depending upon whether the sort is in ascendiﬁg
or descending order. If a switch is made, the same respectlve

eleménts in B, C, and/or D are switched.

5-104,



Subroutine TUSDV

Identification
Name/Title - TUSDV (IUS AV routine)

INSTG (initialize IUS Vehicles)
Author/Date - J. Williams, April 22, 1976

Machine Identification UONIVAC 1110

FORTRAN V

Source Language

Purpose

Subroutine IUSDV is used to compute the AV for a specific IUS
which was predefined by entry point 'INSTG.

Usage
o Calling Seguence

CALL IUSDV (L, WT, TDV, V)
CALL INST¢ {(IOUT)

Calling arguments:

Parameter
Name In/0Out Dimension Type Description
L In 1 I - The index of the IUS
being used

WT In i R The payload weight

: carried on the TUS

DV Out 1 R The total IUS AV required

v Out Dimensioned R An .array of AV's computed '
in the for each stage of the IUS
calling
program

I0UT Out 1 I The number of IUS vehiclesf

which may be used
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™ Data~In/Ouﬁ

_‘Labeled COMMON (refer to the labeled COMMON description

section):
Block Name Tnput Output
c6 - : 91-105 ) 1-46, 61-75
€13 1-166 167-181
Method

Entry point INSTG computes the weight and length of an IUS vehicle
defined by the payload model; refer to table 3.1-I. The computa-
tion is performed by a summation of all TUS stage weights and
lengths defined for a specific IUs.

. Subroutine TUSDV uses the total loaded weight of the IUS to

compute the AV requirements for each stage. The equation used to
compute the AV requirement is a form of the ideal rocket eqguation

and is:

AV = g - Isp -« zn(WI/WF)

g — the acceleration due to gravity
Isp - the specific impulse of the stage
W - the vehicle weight before the burn
Wp - the Vehicle weight after thHe burn

The fuel requlrement for each stage is known, therefore the
problem scolution is simplified.

5-106



Subroutine TUSOPT

Identification
Name/Title - IUSOPT (IUS option routine)
Author/Date - J. Williams, April 1976

UNIVAC 1110

I

Machine Identification

Source Language FORTRAN V

Purpose

Subroutine IUSOPT determines feasibility of a mission for a
speclfic IUS vehicle, given the weight of the payload to be
carried.
Usage
e Calling Sequence
CALL TUSOPT (HAl, HA2, XINdl, XINC2, PYLDWT, TW, ISN, TL,
TUGDV, $)
Calling arguments:

Parameter
Name In/0Out Dimension Type Description

HAT In 1 R The altitude of the
circular orbhit at which
the IUS and its payloads
are deployed from the
shuttle. .

HAZ in 1 R The altitude of the pay-
. load final circular orbit,
If HA1l < 0 then HAZ? is the
C3 energy reguired rather
than altitude.

XINCL In 1 R The inclination of the
IUS deployment orbit

XINCZ2 In 1 R The desired inelination
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Parameter

Name In/Out\ Dimension  Type Descriptiﬁn
PYLDWT In 1 R 1 The weight of the paylcad
™ out 1 R The weight of the IUS
ISN In 1 I The index of the IUS used
TL out 1 R The length of the IUS
TUGDV - _Oqt- . 1 R The AV required by the TUS
$N - A statement number in the

calling program.to which
control is transferred
when an error OCCurs.

¢ Data In/Out

Labeled COMMON (refer to the labeled COMMON description

section): - o
Block Name + Input =~ ' Output
€3 ) 1
C13 - 1-15, 167-181
Method

Subroutine IUSOPT verifies whether a payload(s) can be Tlown on
a specific IUS. The logic optionally allows the use of 03 energy

cases or permits the user to specify:al%itudes and inclinations.
The method is as follows:

. Subroutine IUSDV is called to compute the IUSAV available.

2. The‘Hohmanﬁ transfer AV is computed.

3. The AV from each stage of the IUS is summed until it exXceeds
the transfer AV, or until there are no more stages. If the

IUS stage AV is less than the transfer AV, the case fails.

", Next, the transfer AV for the second burn is computed by
readjusting the plane change.

5., If the remaining IUS stages are within 10 ft/sec of the
transfér AV, the .case is converged. If not, the initial
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plane change is modified and the program transfers to step 2.
The problem is considered infeasible if 200 iterations have
been exceeded.

This basic form of the Hohmann equations used are given in the
documentation of subroutine DLTAV.

Regtrictions

e . Operational

Subroutine IUSDV is required.
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Subroutine LOADIT

fdentification
Name/Title -~ LOADt (unload and retrieve routine)
Author/Date - J. Williams, Aug. 1975

Machine Identification UNIVAC 1110

FORTRAN V

-Source Language

Purpose

Subroutine LOAD1 is used to retrieve a feasible mission record by
specifying a mission number; the data is used by subroutine FEACOM
to reduce the number of feasible missions.

Osage

¢ Calling Sequence
CALL LOAD?1 ($N, II, LIST)

Calling arguments:

Parameter
Name In/Out Dimension Type Description
$N - In - - The statement number in
: the calling program to
which control is passed
iff an error occurs
IT In 1 I The number of the flight
’ to be retrieved
LIST Qut Dimensioned 1I The output record
in the
calling
progranm



Method

Subroutine LOAD]1 is used to retrieve a record from a blocked record
containing 10 logical records. The record number to be retrieved
is compared to the first word of each logical record; if a match
was not found, another block record is retrieved ahd the process is
repeated. Once a record has been located, the data are stored in
the calling argument and return is made to the calling routine.
However, if the record does not exist, a nonstandard return is made
to the calling routine.

Restrictions
e Operational

Unit 1 must be assigned.
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Subroutine LOADS

Tdentification

Name/Title LOADS (output record blocking routine)

Author/Date J. Williams, August 1975

Machine Identification UNIVAC 1110

Source Language

FORTRAN V

Purpose

Subroutine LOAD5 stores 10 logical records into a buffer before
transferring the data to mass storage.

Usage

e Calling Sequence

CALL LOAD5 (MM, M, IC, IB, NAME1, LAUNCH, NTUGPL,
# IFTUG, ICTUG, NOKITS, PWMARG, PCTUSE,

# FLOAD, POALT, POINC, ALT, XINC1, TOTLU,

¥ TOTLD, TOTWU, TOTWD, TUGDV, ORBDV, IG,

® 1CC, IDENT, IOPT) :

Calling arguments:

Parameter
Name ~ In/0ut Dimension Type- Description

MM In 1 T Flight number

M In 1 I Number of payloads on the
Ilight

IcC In 6 "I Payload numbers comprising
the combination

IB In 6 I Final payload sequence

NAME 1 in 6 I Numerical mission type

LAUNCH In 1 I An integer set to 1 or 2 to

indicate ETR or WTR
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Parameter

5-114

Tvpe Degcription

Name In/Odt * Dimension
NTUGPL In 1 I
TUG In 1 I
1TUG In 6 I
NOKITS In 1 I
PWMARG In T R
PCTUSE In 1 R
FLOAD In 1 R
POINC In 1 R
POALT In 1 R
ALT In 1 R
XINC In 1 R
TOTLU In 1 R
TOTLD In 1 R
TOTWU In 1 R
TOTWD In. 1 R
TUGDV In 1 R
ORBDYV In R

Number of TSV payloads

TSV number used in this
mission

Payload numbers of the
TSV payloads

Number of OMS kits used
Additional payload
weight the Orbiter could
carry on this flight

Percentage of the first
OMS kit used

Load factor

Inclination of the first
orbit

Altitude of_the first orbit

Altitude of each payload
in the payload combination

Inclination of each payload
in the combination

Total payload length at
launch

Total payload length at
landing

Total payload weight at
launch

Total payload weight at
landing

Total TSV AV

Total Orbiter AV



Parameter’

Namé In/Out Dimension Type
IG- In & A
iCccC In 1 I

- IDENT In 12 A
IOPT In | I
Method

D@ggiipgigg

Array of alphabetic
mission types

Cost coefficients

List of two-word payload
names

A flag, when set nonzero,

causes the routine to stor
the internal buiffer'!'s con-
tents on mass storage ’

Subroutine LOADS stores the contents of each logical record it

receives into a buffer.

Once the buffer contains 10 logical

records, it is transferred to mass storage and the buffer is zero
filled. Since the total number of records will not always be a
multiple of 10, an option is avallable to transfer any remaining

information to mass storage.

The option is exercised only after

all the feasible missions have been generated, and immediately
before a call is made to subroutine FEACOM.

Restrictions

@& Operational

Unit 1 must be assigned.

5-115



Subroutine MIXTST

"Identification
Name/Title - MIXTST (discipline mix testing routine)
- MXSTAT (display discipline frequency
routine)
Author/Date -~ J. Williams, August 1975
Machine Identification - UNIVAC 1110
Source Language -~ FORTRAN V
Purpose

Subroutine MIXTST is used to generate a list of up to 100 payoad
disciplines; entry point MXSTAT is used to display the frequency of
occurrence of each discipline mix.

Usage
e Calling Sequence
CALL MIXTST ($N, KK, MIXCOD)
CALL MXSTAT
Calling arguments:

Parameter
Name In/Qut Dimension Type Description

$N - - : - The statement number in
the calling program to
which control is passed if
an error occurs

KK In 1 I A flag, when set nonzero
causes the discipline mix
to be checked against a
list in COMMON

MIXCOD In 1 - I The discipline mix to be
verified or stored

PRECEDING PAGE BLANK NOT FILMED}
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e Data In/Out

i

Labeled COMMON (refer to the labeled COMMON description
section):

Block Name TInput Qutputb
C30 1-221 21-220
Method

Subroutine MIXTST cumulates numeric payload discipline mix codes
(PDMC) for use by CPTEST as a constraint. The information per-
taining to the PDMC is displayed from MXSTAT from subroutine MPLS
after the analysis of a particular year has been completed.

Restrictions

e Operational

Subroutine DECOMP 1s required.
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Subroutine MPLS

Identification
Name/Title ~ MPLS (the MPLS executive routine)
Author/Date - J. Williams, August. 1975

Machine Identification - UNIVAC 1110

Source Language - FORTRAN V¥

Purpose

Subroutine MPLS3S is the executive routine to control the
initialization of payload data, to generate combinations
referencing the payload numbers, and to cause each combination to
be tested for feasibility. :
Usage

@ Calling Sequence

"CALL MPLS (IYEAR, MAXLP)

Calling arguments:

Parameter . '
Name InQut Dimension Tvpe Description
IYEAR  In 1 I The last two digits of
’ " the year under analysis
MAXLP In 1 I The maximum number of pay-
loads allowed on a
combination
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™ Déta In/0Out

Labeled COMMON (refer to the labeled COMMON description
section): .-

Block Name Input Qutput
C1 3401-3600
C5 1-100,202
cé 61-90 i
C7 1-109
Cc9 2
Cc10 (Not used)
-C11 (Not used)
C15 2
i
Method

Subroutine MPLS is the exe€cutive for the MPLS. It uses the
following procedure:

1. The number of TSVs which are available for use are determined
by examining their year of availability.

2. Subroutine PLIST is referenced to generate a working list of
payloads. .

3. Subroutine PLONTG is referenced to determine which payloads
in the list require TSVs.

4. Subroutine COMB is called to generate a unique payload
combination.

5. Subroutine SORTL is referenced to arrange the payload conm-
bination in order of ascending altitude.
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6: A call to subroutine CPTEST is made to perform the sequence
dependent and independent test.

7} Once all the combinations have been generated, subroutine
FEACOM is called. generate a Xist of missions.

8. If required, the number of feasible combinations is reducéd
to 500 or less. )

Subroutines STATIS and MXSTAT are called to output tables related
to the discipline mix and mission types.

Restrictions

® Operational

Subroutines RESET, PLIST, PLONTG, COMB, SORTL, CPTEST, LOADS,
TIME, FEACOM; STATIS, and MXSTAT are referenced.
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Subroutine OMSCK

Tdentification
Name/Title - OMSCK (OMS checking routine)
Author/Date - J. Williams, August 1975

Machine Identification UNIVAC 1110

i

Source Language FORTRAN V

Purpose
Subroutine OMSCK is used to determine the number and weight of the
OMS kits plus fuel for a flight sequence. Also, the total weight-

to-orbit capability is computed and compared to the total weight of
the vehicle at insertion.

Usage
e Calling Sequence:
CALL OMSCK
¢ Data In/0Out

Labeled COMMON (refer to the labeled COMMON description

section):
Block Name Input Qutput
c8 1, 3
10 2, 5, 7-10 5
Ci1 All
C25 1

Method

L,
~HiEm
e

Subroutine OMSCK computes various parameters associated with the
Orbiter OMS and OMS kits; the data are used to adjust the weights

< paGE BLANE NOT ¥
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and. length parameters required for the payload sequence. The
following procedure is used: :

1. The weight-to-orbit capability is calculated by an empirical
equation as a function of the orbital inclination.

2. The

minimum OMS weight, the abort weight, is initialized as

a function of the launch inclination for either ETR or WTR.

3. The weight of the OMS fuel carried in the kits is computed
as the difference between the OM3 required for the mission

and
4. The
oMS
5. The

the

the capacity of the main OMS tank.

number of OMS kits required is a function of any residual

fuel which cannot be carried in the main OMS tanks.

additional OMS fuel required to carry the dry weight of
kits from insertion to landing is computed and added

to the total OMS weight.

6. The

weight to orbit is recomputed as the minimum of the

weight=-to=orbit capability or 65,000 pounds.

7. The

up/down parameters for weight, length, and the paylocad

margin are computed.
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3

.Identification

Name/Title
Author/Dafe
Machine Identification

Source Language

Purpose

Subroutine PERM

PERM (permutation generator)

J. Williams,

UNIVAC 11170

FORTRAN V

August 1975

-Subroutine PERM generates a permutation of a set of N variables

taken N at a time.

Usage

e Calling Sequence

CALL PERM (N, IEND, IPERM, ICNT)

Calling arguments:

One permutation is generated for each call. .

Description

Parameter .
Name In/0Out Dimension Type

N " 1In I

IEND In/0ut T

IPERM Qut Dimensioned I
in the -
calling
program

ICNT Out Dimensioned I
in the
calling
program

5-125

Number of variables in

- the permutation

An initialization flag

=z 0, initialize the per-
nmutation generator

# 0, generate the next

permutation

A list which contains
the new permutation

An array of counters
used” to generate a
permutation



Method

Fach permutation is formed by a cyeclic permutation of all or part
of .a previous permutation. The logie is structured such that a
single call to PERM generates a permutation.
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- Subroutine PLIST

Identification

Name/Title - PLIST (payload list routine)
Author/Date - J. Williams, August 1975
Machine Identification - UNIVAC 1110

Source Language - FORTRAN V

Purpose

Subroutine PLIST searches the payload model and selects a list
which can be flown in a particular year.

Usage -
:.o Calling Sequence
CALL PLIST (IYEAR)

Calling arguments:

Parameter , . ) .
Name In/Qut Dimensicn Type Description
IYEAR In 1 I The last two digits of

the year under analysis

® Data In/Out

Labeled COMMON (refer to the labeled COMMON descrlptlon

section):

Block Name Input Outgut‘
c1 -3401-6200,8201

C5 1-363
C9 50
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Method

Subroutine PLIST forms. a working list of payloads from the payload
model by eliminating those payloads which do not fly in the year
under analysis. ’

In addition, payloads that are repeated or those which are up/down
payloads are identified. The technique used is based on the
definition of the variable FLTPYR whjch is described in detail in
the labeled COMMON destription sectlon.

A distinetion.is made between nominal payloads and up/down
payloads by using negative numbers to represent the mission type.
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Subroutine PLONTG

identificaticn
Name/Title ~ PLONTG (payload on TSV routine)
Author/Date - J. Williams, August 1975

Machine Identification UNIVAC 1110

Source Language FORTRAN V

Purpose
Subroutine PLONTG determines the TSV,requirements for payloads to
be flown in a particular year.

Usage

e (Calling Sequence
CALL PLONTG
@ Data In/Cut _
Labeled COMMON (refer to labeled COMMdN description section):

Block Name ';gggg ' Qutput
¢ 2001-2600,
.2801-3”00? 80018200
C5 1-100, 202, 264-363 364-463
c8 1, 3, 5, 7
cy 50
C10 1-3, 4
c11 7
€25 10~-11, 13, 15
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Method

Subroutine PLONTG is used to determine which payloads in .the
working list require a TSV. The following procedure is used to
determine if a TSV is required:

1. If the dedicated TSV velocity parameter associated with that
payload is nonzero, a TSV is required.

2. If the'payload's orbit exceeds 700 n. mi., a TSV is required.

3. If the payload when flown alone requires more than three OMS
kits or has a payload margin less than zero, a TSV-is
required.

If all the conditions are met, then a 1-is stored in the NEEDTG
array.

Restricticons
® Operational

Functions DVIPK, DVEL, DVDORB and subroutine OMSCK are
required.
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Subroutine REDUNT

Identification

Name/Title -‘REDUNT (redundancy checek routine)
Author/Date - - J. Williams, August 1975

Machine Identification - UNIVAC 1110

Source Language - FORTRAN V

Purpose

Subroutine REDUNT is used to eliminate payload coﬁbinations that
have an infeasible subset.
Usage
¢ Calling Sequence
CALL REDUNT ($N)
Calling arguments:

Parameter
Name In/Qut Dimension Type Description

$N - = - The statement number in
the calling program to
which control is trans- .
ferred if an error occurs

® Data In/Qut

- . Labeled COMMON (refer to the labeled COMMON description

section): :
Block Name . Ingﬁt Output
c3y All
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Method

Subroutine REDUNT evaluates a candidate.payload combination by
comparing -a subset of the combination to the previous generated
set in the feasible mission file. The technique eliminates the
second paylcad from the combination and compares it to a
.previously generated set, for example: .

Temporary Feasible missions
Candidate combination set previous set

ABCDE ABCE ABCD
' ABCE

ACDE

ACDF

ADFG

BCDE

Since the combination was generated by adding .the last payload, E,
then the subset ABCE must exist before the combination can be
successful. This method avoids complex testing of a combination
which has an infeasible subset.
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‘Subroutine SEQTST

‘"Identification ' o

Name/Title - SEQTST (payload sequence testing
: routine)} .

Author/Date - J. Williams, August 1975

Machine Identificatioﬁ - UNIVAC 1110

Source Language - FORTRAN V

Purpose

Subroutine SEQTST performs the fllght sequence dependent tests for
a given payload combination.

Usage
'@ Calling Sequence

CALL SEQTST ($N)

Calling arguments:

Parameter .
Name In/Out Dimension Type Description

$N - - - The statement in the
' calling program to
which control is trans-
ferred if the combination
is infeasible.
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¢ Data In/Out

Labeled COMMON (Befer to the labeled COMMON description

section):

Block Name

Cl

c2
C3
Cb
c7
c8
C10
€11
€25

Method

In

2001-2600, 2801-3600
7201-7800

2-3, Lo

1

1-60, 91-105
111

1-47

_1-6

T, 12
3; 9, 10"13

Qut

4-32

2-10 E

2, 7, 11-25

Subroutine SEQTST verifies whether or not a payload sequence is
feasible. The logic optionally allows one or all permutations of
a particular combination considering all available TS3Vs. The

method is as follows:

1. The combination is divided into those payloads which are
required on the TSV and the Orbiter.

2.. 1If payloads are to be carried in the Orbiter, then the AV’s

to each orbit and the

- bay length required are computed.

3. If payloads are to be carried on the TSV, then the TSV AV's

to each orbit and the

weight changes are computed. The

weight calculations are performed backwards from the last
maneuver to the first, yielding the total T3V weight required
for launch. The fuel required by the TSV is computed as

W =W

TOMS

oot ~ Ypsv ~ Yprps
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where

Wooms = Total TSV OMS fuel requirement
wTOT = Total TSV welght at launchA.
WTSV = Dry weilght af the TSV

wP-LDS = Welght of the fSV payloads

The weight change at each maneuver is cémputed as

We = W (eAV/g.Tisp -g

S E
where
Wy = Total weight at the end of the maneuver
é.‘ = Acceleration due to gravity
Tisp = T3V engihe'SASpecific impulse
AV- = T3V delta veloclty requirement

4. The deorbit and launch AV s must. be computed for the Orbiter.
The aV's are used to compute OMS fuel requirements based on
weight at landing and weight changes at each maneuver. The
total weight of the vehicle at launch is

W =W, + W + W + W + W + W + PL

L v RCS OoMS KITS = [ CRW EPS D

whére . '

Wy = Dry weight of the vehicle

Wo.g = Welght of the RCS fuel

WOMS = Weight of the OMS fuel

Wermpg = Dry‘wgight of the kits used

Wopy = BPS deadweight‘and crew requirements not charged to payload
welght . -

Woog = EPS kit dry weight '

PLD = Welght Qf the Orbiter paylcads carried up
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The weight change at -each maneuver is computed as

Wg = Wg (eAV/g'ISp __g

S"
_ wWwhere.
W, = Weiéht of the vehicle at the end of the maﬁeuver
AV = AV reqﬁired for the maneuver
g = pcceleration due to gravity
ISp = OMS engine's specific impulse

5. A normal program RETURN is made if parameters fall within the
Orbiter limits as they. are computed. If the constraints have
been violated, subroutine PERM will generate the next unique
permutation and program control is passed to step T or 3.

Once all the permutations have been attempted and the con-
straints are still violated, a nonstandard return 1s made to
the calling program. ’

Restrictions
-] Qperationél
- qubroutines PERM, TUSOPT, CGIN, and OMSCK and functions DVEL, E

DLTAV, DVIPK, .DVDORB are required.
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Subroutine SORT

Identifiication

Name/Title SORT. (descending sort module)

J. Williams, August 1975

Author/Date

Machine Identification UNIVAC-1110

Source Language FORTRAN v

Purpose

Subroutine SORT sorts a list of N integers into descending order.

Usape
.8 Calling Sequence
CALL SORT (N, X, Y)

Calliﬁg arguments:

Parameter

. Name In/0Qut Dimensions Type Description
N In T I Number of variables to
be sorted
X In Dimensioned I List of integers to
: in the be =sorted
calling )
routine
Y out Dimensioned I List of integers sorted
) in the in descending order
calling .
routine

Method

Subroutine SORT arranges a list in descending order by searching
the list to find the maximum number in the array; the tests are
repeated N times. '
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Identificaticn

Name/Title

Author/Date

Subroutine SORTL.

i

SORTL (ascending order sort)

- J. Wiliiams, August 1975

Machine Identification . - UNIVAC 1110

Sourée Langdage

Purpose

FORTRAN V

Subroutine SORTL sorts the HA array into ascending order and
rearranges the IA array accordingly. -

Usage .

@ Calling Sequence

CALL SORTL (M,

Callihg arguments:

Parameter

IJ, HA, IA)

Number of wvariables to

An array sorted into

Name In/Qut Dimension Type Description
M In 1 I
be sorted

IJ *In Dimensioned I in array which is
in the stored into IA
calling
program

HA In/Qut Dimensioned I
in the ascending order
calling .
program
Dimensioned I

IA Out

PRECIDING PAGE BLANEK NOT ¥

in the
calling
program

IL¥ED
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Method

Subroutine SORTL arranges the HA array into ascending order by
incrementing through the list to determine if-it was less than the
previous minimum value. If the ith word is greater than the
previous word, the word values are switched and a counter is
decremented. The procedure continues until all the words have.
been tested. Since each element of the IA array corresponds to
the HA array, it is arranged in an order corresponding to the
sorted HA array.
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Subroutine SORTX

Identification

. Name/Title SORTX (sort ascending order)

Author/Date - J. Williams, August 1975

Machine Identification - UNIVAC 1110

Source Language FORTRAN V-

"Purpose

Subroutine SORTX sorts a list of M integers into ascending order.

Usage

© Calliné Sequence.
CALL SORTX (M, IA&)

Calling arguments:

Parameter )
Name In/0Qut Dimension Tvpe Description
M - In 1 I Number of variableS‘to
.be sorted
IA In/Out Dimensioned I Array to be sorted
in the into ascending order
calling
program
Method

Subroutlne SORTX arranges the IA array into ascending order by
1ncrement1ng through the 1list to determine if it was less than the
previous minimum value. If the ith word was greater than the
previous word, the word values are switched and a counter is
decremented.  The procedure continues until all the words have
been- tested.
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Subroutine STATS

Identification
Name/Title - STATS (mission type status routine)
Author/Date - J. Williams, August 1975

Machine Identification

UNIVAGC 1110

Source Language FORTRAN V

Purpose
Subroutine STATS uses the mission type 1list to reject payload

combinations as a function of the mission types.
Usage
¢ Calling Sequence
CALL STATS ($N, IB, M, INCR, MATCH, ISTART, IEND, IALT)

Calling arguments:

Parameter
Name In/Out Dimenslion Type Description

$N In - I - Statement number in the
: calling program to which
control is transferred if
an error oceurs

" IB In 6 1 Mission type numbers of.
the payload sequence
being evaluated

M In 1 I Number of elements in IB

INCR In 1 I Number of missions
generated with the same
sequence; the repeated
missions stored

MATCH Out 1 I A flag which denotes if

. nonzero that the mission
types in IB correspond to
the mission c¢lass codes
in COMMON C12.
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Parameter .
Name In/0ut Dimension ~ Type Description

ISTART In 1 I Pirst nonzero word in the
mission type list

IEND In T I . Last nonzero word in the
: mission type 1list

. L
TALT In 1 I Not used

. Data In/Out

Labeled COMMON (refer to the labeled COMMON description

section):
Block Name . Input Output
C9 3-49
12 1-54
Method

Subroutine STATS uses an internal allowable list of mission-type
codes ‘to constrain candidate missions. If a candidate missions-
type's code doesn't correspond to the MSCLCD array in COMMON,
then it is rejected. Otherwise the mission is accepted:
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5.4 SAMPLE INPUT/QUTPUT

5.4.1 SAMPLE INPUT

The job’qtream given below indicates the -operations necessary to
execute the MPLS. To gain a clear understanding of the 1nput
consult the user’ s guide (reference 2).

Card Image. Description
@RUN JWLXIZA .... Run card
@USE SAMPLE., FM3-L71194¥SAMPLE. Specifies an internal file

name for an external
file name

@XQT SAMPLE.SAMPLE Starts execution
@ADD SAMPLE.DATAIS Adds the payload model
. to the run
1 Selects the display
option )
T ' Requests all displays
2 Allows the selection of

an analysis type

1 Selects the MPLS only

option
80 Specifies the year of
. analysis (1980)
8 No data base options
5 " Terminate
@FIN Sign off the system
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5.4.2 SAMPLE OUTPUT

The printed output generated by the input data described in
_Section 5.4.1 follows.
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j=3]

QAT SAMPLE

INPLT TUG CHARACTERISTICS AND MISSICN MODEL DATA:

(FOK EXAMPLE QADD SAMPLE.DATA99) .

SELECT AN OPTION:- { 3 TO TERMINATE ) .
e e e e e e e 3 k.  MISSION MODEEL DISPLAY  seaoksk koo d ok dofesd fok ok et sk

s e o 2 ool ok e o

NO. PAYLOAD DISCIPLINFE  -PAYLOAD IC NAME
1 ASTRONOMY AS-1A CDR A Low EARTH ORBIT EXPLORER
2 . .ASTRONOMY AS-02 CDR A SOLAR PHYSICS SATELLITE
kS PHYSICS PH-1A CDR . A EXPLORER-UP-PER ATMOSPHERE"
4 PHYSICS PH-1B CDR & EXPLORER-MEDIUM ALTITUDE
5 PHYSICS ™ PH-04% CDR A HELIO AND INTERSTEL. SPACECRAFT
PHYSICS PH-5V CDR A REVISIT
7 LUNAR LU-03 CDE . A LUNAR ROVER
A LIFE SCT. "LS-C1 LCR ‘A LTFE SCIENCE RESEARCH MODULE
o . EARTH 0BS. EO-5D LCC A SPECIAL PURPOSE SATELLITE-D
10 N NASA/DON NN-CI CDR A INTEL SAT.
11 N NASA/DOD NN-US CDR A FOREIGN COMMUNICATIONS
17 "N NASA/DOD  NN-09 CODR & FOREIGK SYN. MET. SATELLITE
13 N NASA/DOD NN~11 LCR A LOW OREIT EARTH RES.
14 ASTRONOMY AS-10K30 5 STELLAR )
15 PHYSICS PH-56D .S HIGH ENFRGY ASTROPHYSICS
NOC. HP DHPP DHPM Ha DHAP DHAM DELTAV -
N . NoMI. NDMII NtMIl N.MI- NIMIQ N!MIC
1 297. 0. D 267, C. 0. a.
2 270, g. 0. 270, . o C. 0.
3 847, 0. C. gy, Ne 0. 0.
4 4028, o. 0. 4n28,. G Q. a.
5 0. 0. C. 0. 0. 0. 2co0nd.
6 200 . . 0. C. 20d. a. 0. g.
7 - GG Di G. 0. D- DO ZDDGDO
8 300, C. G 3C3. 0, 0. } 0.
9 4no. G O 4G, Qo C. 0.
10 19323, . de Da 1Q323. 0. 0. Ge
11 193230 Go U- 1932311 U’t Cd D.
12 19323, 0. Qs 19323, O Q. 0.
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