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FOREWORD

These reports document the eighth baseline version (SA8) of the Scheduling
Algorithm for Mission Planning and Logistics Evaluation (SAMPLE). Volume
[ is the Users' Guide for SAMPLE, Volume II documents the Mission Payloads
(MPLS) subsystem, the primary computational portion of SAMPLE, and Volume
II1 discusses the GREEDY algorithm, the technique used to solve a set
covering problem and determine a traffic model.
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ETR launch
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Payload

Payload
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Payload
type

RCS fuel

Traffic
mode 1

TSV

Up/down
payload

WTR launch

DEFINITIONS
Definition

A launch performed from the Eastern Test Range

A collection of payloads that meet certain system con-
straints (e.g., Shuttle weight-to-orbit capability)

A traffic model to which Shuttle resources are assigned

The maximum value of two ratios found by comparing 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 type
efther accompany the Shuttle to orbit (deployment), from
orbit (retrieval), or both (in the case of attached and
service payloads).

The Mission Payloads Subsystem

The fuel required 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 calculations found by subtracting
the total Shuttle weight at insertion from its 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

A subset of the list of feasible combinations such
that there are no redundant loads which can cover all
the payloads. (The same payload is not assigned to
two or more distinct flights.)

Third stage vehicle

A payload that is deployed and retrieved in the same
year

A launch performed from the Western Test Range
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THE PAYLOAD DISCIPLINE CODES

Exper iment
Astronomy

Earth and Ocean Physics; same as EP
Command and Navigation
Space Technology

Life Sciences

Earth Observation
Planetary

(undefined)

Space Processing
Physics

Lunar

Office of Applications
Atmospheric

Solar Physics

High Energy Astropysics
Earth and Ocean Physics
Non-NASA
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1. INTRODUCTION

The Scheduling Algorithm for Mission Planning and Logistics Evaluation
(SAMPLE) 1s an interactive computer program for automatically generating
traffic models for the Space Transportation System (STS). The SAMPLE is
composed of three major subsystems: the Mission Payloads (MPLS) program
and the Set Covering Program (SCP). The MPLS program determines a set of
payload combinations which satisfy various STS constraints, such as: the
max imum weight-to-orbit capability, cargo bay capacity, Reaction Control
System (RCS§ and Orbital Maneuvering System (OMS) fuel capacities, etc.
The SCP forms a subset (traffic model) of the feasible payload combina-
tions from MPLS such that a minimum number of Shuttle flights will trans-
port all the specified payloads without redundancies.

The SAMPLE was written in FORTRAN V and was designed to execute on the
UNIVAC 1100 series computers using the EXEC 8 operating system. The pro-
gram was written to be used primarily in a demand (interactive) mode, but
it may also be run in the batch mode.

1-1
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This document describes the Mission Payloads Subsystem (MPLS) program and
includes a general and technical program description as well as subroutine
documentation and program functional flow.

The MPLS, a subsystem of the Scheduling Algorithm for Mission Planning and
Logistics Evaluation (SAMPLE), was designed to generate a list of feasible
combinations (LFC) from a payload model for a given calendar year., The
Set Covering Algorithm (SCA), another subsystem of SAMPLE, uses the LFC to
determine an optimum traffic model.

This technique used by the MPLS to determine the validity of a combination
is based on payload sequence dependent and independent constraint tests.
The independent constraints are performed first to eliminate those mis-
sions which fail due to simple 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 the MPLS began to evolve in 1973, the logic has been modified wher-
ever necessary to incorporate new requirements and capability. The changes
significantly decrease program run time and increase the number of feasi-
ble solutions found.

T T e 7
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2. PROGRAM DESCRIPTION

2.1 GENERAL DESCRIPTION

The MPLS generates and evaluates payload combinations from an input pay-
load model for a specific year. The feasibility of each combination is
evaluated by flight sequence tests, both dependent and independent. The
flight sequence is a series of maneuvers designed to achieve the orbital
requirements of each payload in the combination; its validity is contingent
upon the accumulative 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 System (RCS) fuel, third stage vehicle
(TSV) cargo capacity, and imiscellaneous constraints. Each constraint is
a gross check of a combination against performance limits of the Orbiter.

2.1.1.1 Payload Redundancy

Each payload combination is examined for redundant payloads, rejecting

those combinations with duplicate payload names. Payloads are exempted
from this test with the use of the flag IRPT (see Payload Model data).

2.1.1.2 Mission Type

Each combination's mission type is compared to an internal list, rejecting
those that do not match. This test is optional.

2.1.1.3 Discipline Mix

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

2.1.1.4 MWeight

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 pay-
load weight is composed of the individual payloads (with TSV's it in-
c1gdedzdflown on the mission. A combination that exceeds the limit is
rejected.

2-1
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2.1.1.5 Length

The total length of the payloads at launch and landing is compared to a U
T1imit 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 Capacity

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 Miscellaneous Constraints

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

2.1.2 Flight Sequence Dependent Tests

The flight sequence dependent tests are controlled by subroutine SDTL.
These tests consider the &V fuel usage by using a form of the ideal
rocket equation as well as payload weight and length as a function of
its center-of-gravity (CG). The fuel requirements of the TSV are not
known initially, so the Orbiter and TSV are considered separately. The
total TSV configuration is then used as an Orbiter payload.

2.1.2.1 Orbiter Requirements

The Orbiter has been designed to satisfy the requirements of nominal (low
altitude) payloads; high altitude payloads are serviced by the use of a
TSV. The TSV {s considered to be an Orbiter payload deployed at the first
orbit or at an altitude of 150 miles (whichever {s less) and retrieved at
20 miles above the last Orbiter orbit. The Orbiter requirements are deter-
mined by computing the orbit-to-orbit 4V's, the TSV requirements, and the
AV fuel used for deorbit. The fuel requirements may exceed the maximum
Orbital Maneuvering System (OMS) main tank fuel capacity, so the OMS capa-
bility may be extended by the use of up to three OMS kits. The maximum
number of allowable OMS kits can be specified by the user. The use of OMS
kits reduces the cargo bay capacity, as the dry weight of the kits at land-
ing must be included with payload down weight, assuming that all OMS fuel
is exhausted. Furthermore, the OMS kits physically intrude into the cargo
bay envelope.

|
1_
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2.1.2.2 TSV Requirements

A combination requires a TSV if at least one payload has a desired orbit
of 700 miles or mre. The type of TSVs avajlable 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.

2.2 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
rnumeration technigque 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 zigorithm 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 Empirical Equation

The deorbit is simuiated by using an empirical formula which computes
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 Orbiter and TSV by a form of the
ideal rocket equations, incorporating 4V requirements.

The MPLS assumes a 20 ft/sec AV from the OMS 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 built-in prograr penalties:

a. An (OMS fuel reserve of 1660 1b is carried from insertion to landing.
This reserve requires an additional 295 1b of fuel for a mission re-
quiring a total AV of 1600 ft/sec.

2-3
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b. A3 RCS fuel reserve of 3400 1b is carried from insertion to landing.
This reserve requires an additional 580 1b of fuel for a mission
requiring a total &V of 1600 ft/sec.

2.2.2 Method of Solution

The Orbiter/TSV mission is composed of three distinct segments:

a. g‘\se%‘i’on of the Orbiter irto initial parking orbit and deployment of
e

b. Orbiter/TSV maneuvers performed in earth orbit
c. Orbiter reentry

The function of the trajectory calculations in the MPLS s to compute the
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 {s computed using an empirical equation (ref. 1).
The specific algorithms for computing the &V are:

a. Segment 1 - Entry point DVIPK of subroutine DLTAV is used to compute
the & required to transfer from insertion ellipse to the initial cir-
cular parking orbit., The following heuristic is used

Avs 3,35(H - 100) + 200 (fps)
where H is the parking orbit altitude

b. Segment 2 - Functions DLTAV and entry point DVEL compute the AV be-
tween two circular parking orbits. Computations are performed with
conic equations.

C. Segment 3 - Entry point DVOORB of subroutine OLTAV computes the de-
orbit A&V as a function of the altitude and inclination of the last
parking oru't.

Th: follow'ng heuristics are used depending on the last parking ordit alti-
tude

&Y = 1,25H + 132 H > 145
s _,638H + 222 110 < H < 145
s 291 H < 100

vhere H is the circula parking orbit altitude prior to deorbit.

The mass and length history computation requires discrete weight, length,
and velocity changes at each maneuver. The basic approach considers the
total payload down (deorbit) and then computes the fuel requirement back-
wards to insertion. The equation used is the ideal rocket equation

av/ql
Wg = Wg‘e P

2-4
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where
Wg = Weight at the start of the maneuver
Wg = Weight at the end of the manuever

Acceleration due to gravity

(Y]
n

The specific impulse for the QOrbiter OMS engines
The total weight at landing is

—
v
o
"

W = Wy + Wpes + Woms + WkiTs + PLp
where

Wy = Vehicle dry weight

Wpes = Weight of the RCS fuel reserve

Woms = Weight of the OMS reserve fuel
WKITS = OMS kit dry weight
PLp = Weight of the payload(s) carried down

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

WryeL = W1 - Wy - Wyp - WiRes

where ;
Wyp = Weight of the Orbiter payloads at insertion, including the TSV, ‘

its fuel, and payloads ,
Wircs = Total weight of the RCS fuel used g
W; = Weight of the vehicle at insertion %

Assuming that the OMS fuel is within the maximum 58350 (integral OMS tank
+ 3 kits) 1b allowed, the total weight 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 23340 1b (Table I) and the additional fuel used to
carry the dry kit is computed as

Tov/glgp - 1
WRY = WkITs e P a

and

Wyp = WkITS + WpRy

T
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_ the equation used to compute CG is

where Tpy = total Orbiter delta velocity required. The down weight is
then adjusted as

v

n
WDOWN * WKITS + WpRy * 12-:1 WpLD;

where wpw1 = the weight of the ith payload

The length history is maintained by the summation of the discrete length .
changes for each payload activity. The length of any OMS kits will re- i
duce the length available for the payloads. -

Both the total insertion weight of the Orbiter and the total length re-
quirements for the payloads must be reverified. The total insertion
weight is compared to the total weight-to-orbit capability of the Orbiter.
The insertion weight-to-orbit is computed empirically as a function of the
initial payload orbit inclination.

When all other constraints have been met, then it is necessary to determine
if the cargo CG is acceptable. This test is optional. The basic form of

WM d+C) +ep d+ A4 +Cy
S
Ws ‘

Li;;

Wi = Weight of the 'ith payload in the cargo bay

c6

where

d = Distance from the front wall to the first payload

24 = Total length of the payloads and reserved gaps between payloads
C; = the CG of the ith payload in the cargo bay

The CG is tested against the cargo minimum and maximum length constraints

to determine mission feasibility. Logic exists within the CG processor
for rearranging the payloads in an attempt to satisfy CG constraints.




TABLE I.- SHUTTLE CHARACTERISTICS

ORY
LENGTH WEIGHT
DESCRIPTION (FT) (LB)
MAIN OMS TANK
1 OMS KIT 9.42 4100
2 OMS KITS 9.42 5000
3 OMS KITS 9.42 6100
RCS MAIN TANK
RCS TANK 2

RCS SPILLOVER

RESERVE OMS (DISPERSIONS + RESIDUALS)
AT LANDING

OMS RENDEZVOUS UNIQUE FOR
REQUIREMENTS EACH PAYLOAD
RCS RENDEZVOUS
REQUIREMENTS 1800
ORBITER DATA
LENGTH
(FT)

CARGO BAY (CAPABILITY) 60

0V102 DRY WEIGHT

0V099 DRY WEIGHT

0V103 DRY WEIGHT
SPECIFIC IMPULSE

MINIMJM OMS LOAD FOR
ABORT:

ETR LAUNCH
WTR LAUNCH

2-7

PROPELL

ANT

CAPACITY AV

(LB) (FT/SEC)

23340
12500
25000
37500
3974
3400
2000

1660

20

20

WEIGHT
(L8)

65000 (MAXIMUM UP)
32000 (MAXIMUM DOWN)

178860
173500
175000
313.2 SEC

13500
18700
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3. PROGRAM USAGE

3.1 INPUT DESCRIPTION

Input to the MPLS is a subset of the input required for the SAMPLE.
Information in this section supplements Volume I, SAMPLE User's Guide,

as applied to the MPLS. Details of the TSV and payload data sets are
provided. A1l input 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 request, identifies the payload model;
the input format of the payload model is described in detail in table II.
The remaining inputs specify user options. The user options are input,
starting in column 1, as responses to prompts. Each prompt may be ex-
plained in detail by entering a zero and a carriage return. A sample job
stream is given in section 5.4.

3.2 OQUTPUT DESCRIPTION

3.2.1 Normal Output

The output of the MPLS can be classified as input data and trajectory
data. The initial output consists of approximately three pages of
information pertaining to the payload model and is optional. The next
set of output pertains to the relationship of the payloads to their
mission type, discipline mix code, the TSV, and the number of flights
per year.

The trajectory section prints the following parameters for feasible
combinations:

Flight number

Launch site
Payload identification number/name

Orbiter sequence

Inclination

Total weight up/down
Up/down length

TSV name

TSV sequence 3

, Altitude

3-1
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Payload type
Orbiter and TSV AV U

Number of OMS kits

Load factor

Payload margin

Percentage used of the first OMS kit
The total number of combinations generated is 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
I1I.

3.2.2 Abr.ormal Output

Subroutine ERRPRT is referenced by the following diagnostic messages.

Diagnostic Message Subroutine

DOWN WEIGHT CONSTRAINT VIOLATED ERRPRT

MISSION TYPE NOT ALLOWED ERRPRT )
NO FEASIBLE SEQUENCE FOUND ERRPRT

NO TUGS SATISFY LENGTH AND WEIGHT CONSTRAINTS ERRPRT

NUMBER OF PAYLOADS ON A TUG GREATER THAN 3 ERRPRT

PAYLOAD jiii 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 ERRPRT
TOTAL LENGTH GREATER THAN BAY LENGTH, DOWN TOTAL

LENGTH = rrrrr.rr ERRPRT

TOTAL LENGTH GREATER THAN BAY LENGTH, UP TOTAL

LENGTH = rrrrr.rr ERRPRT

UP WEIGHT CONSTRAINT VIOLATED ERRPRT

INCLINATION RANGE GREATER THAN .5 ERRPRT
3-2
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3.3 PROGRAM UNITS

English units of measure are used for the MPLS., Units given for altitudes,
inclinations, AV, specific impulse, weight, and length are nautical miles

(n.mi.), degrees (deg), feet/second (ft/s), seconds (sec), pounds (1b),
and feet (ft).




TABLE II.- 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 Symbo1 Type Units Format Column Description
1 1 N I - Free - Number of unique
stages in the
mode]
2-L (L<15) 1 TISP R sec F10.0 1-10 Specific impulse
of the stage
2 TTSWT R 1b F10.0 11-20 Total weight of the
stage
3 FUEL R 1b F10.0 21-30 Total fuel available
for the stage
4 TSVLN R ft F10.0 31-40 Length of the stage
L+l 1 NTSVS I - Free - Number of IUS
vehicles to be used : '
(NTSVS<10) 31
1
L+2 1 N I - Free - Number of stages on :

the IUS (1<N<S)
2 NUNQS(NSTVSp1)

-
’

Free - First stage identi-
fied by the first
set of cards

3 NUNQS(NSTVS32) I - Free - Second stage number
N+l  NUNQS(NSTVSIN) I - Free - Last stage number ]
N+2  YRAVAL I - Free - A two-digit number
which represents the
year of availability
of this vehicle
1
3-4 |




TABLE II.- CONTINUED

L. The second set of cards pertains to the LUS vehicles. The order in which the
data are input is the order each LUS is considered. For simplicity, the next
card in the sequence is denoted as "k".

Card Word Symbo1 Type Units Format Column Description
k 1 N1 I - Free - Number of LUS
vehicles to be
input
k+l 1 TUGLN R ft F10.3 1-10 Length of the LUS
2 TUGWT R 1b F10.3 11-20 Weight of the LUS
to 3 TUGCAP R 1 F10.3 21-30 Capacity of the LUS
4 TUGISP R sec F10.3 31-40 Specific impulse of
the LUS
k+N1 5 TUGTYP I - 12 44-45 The LUS type

=], expendable
=3, reusable

6 YRAVAL I - 12 47-48 First year available
for the LUS
- k+N1+1 1 NUMPL I - Free - Number of payloads
field in the model
2 MKS I - Free - A flag specifying

the internal units
of the payload model 3
=1, the units are
in mks
=2, the units are
in fps

3-5




TABLE II.- CONTINUED

The rest of the cards are identified in sets of three and identify individual

payload characteristics. .
Card Word Symbo1 Type Units Format Column Description
1 1 NUMB A - 2A6 4.-15 Payload alphanumeric
identification
label
2 NDISP A - 2A6 16-27 Payload discipline
3 NAME A - 6A6 28-63 Payload description |
4  LEN R ft F5.0 64-68 Total payload |

length, including ) |
%hg pallet and/or ;
a

5 WT R b F6.0 69-74 Total weight of the i
payload at lift- |
off, including the
pallet and/or 1lab,
if applicable

6 WTl R b F6.0 75-80 Total weight of the
payload at landing,
including the pallet
and/or lab, if appli-

cable
2 1 DIAM R ft Fa.1 4-7 Diameter of the :
payload i
2 HA R n.mi. F9.0 8-16 Desired circular altitude
3 INCL R deg F5.1 17-21 Desired inclination
4 C3 R ft2/s? F5.0 22-26 C3 energy, this
, number will be
multiplied by
100,000
5 PMT N I2 27-28 Payload mission
type flag

=], attached
=2, servicing
=3, deploy

=4, retrieved
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Card

Word

6

7

Symbo)
FLTPYR

IRPT

TABLE II.- CONTINUED

Format Column

Description

Type Units
I - 1323
1 - 13
3-7

29-67

58-70

Flight frequency
for 1979 to 1991.
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 entered as
XYZ, where

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

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

X is ignored if
the mission type is
1 or 2, or if the
payload is always

W e AR e A B e o

e e B a2 kSR ¢

deployed or retrieved.§

In these situations,
X is set to zero

(or blank).

If X is nonzero, Y

is the number of deploy

ments (Y<9) and Z

is the number of
retrievals. If X is
zero, YZ is the num-
ber of deploys, re-
trieves, sorties, or
services.

A flag which
indicates the
repeat conditions
of a payload

!

|




Card
8
9
10
11
3 1

Word

Symbo1

PLDUR
OPTIME

IFREQ

MODE

RCS

TABLE I1.- CONTINUED
Type Units

Format Column

Description

F3.1
F3.1

F6.1

71-73
74-76

17-79

80

=) Payloads to be
repeated in a
given year can-
not be flown on
the same flight.

=] Payloads flown
can be receated
in a given year
on the same
flight.

Desired time on-orbit

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

Number of hrs/day
the payload is oper-
ated while onboard
the orbiter

Preferred delivery
mode (attached
payloads only)

=1 lab

=2 pallet

a3 lab and pallet

Reaction tiatrol
System (Rus) fuel
requirements based
on individual
payload
requirements

T T g
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TAGLE I1.- CONCLUDED
<> Card ord Symbo1 Type Units Format Column Description

N

OXEPS R F6.1 10-15 Electrical Power
System (EPS) 02
requirements based
on individual
payload demands

3 HEPS R 1 F5.1 16-20 EPS Hy requirements
based on indi-
vidual payload
demands

4 CGPOS R ft F4.1 21-24 Distance of the
payload center of
gravity from the
front end of the
payload

5 FTSV R - 18 25 A flag when set

nonzero forces the
use of a TSV

. g
.-
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4.1
The

4. EXECUTION CHARACTERISTICS

RESTRICTIONS
MPLS has the following limitations which apply to the analysis of any

year under {nvestigation:

a.
b.

C.

d.

The maximum number df payloads allowed on a flight is six.
The maximum number of single payloads which may be investigated is 200,

A 1imit of 6200 feasible missions is allowed for a specific number of
payloads in a combination.

The maximum amount of data which may be written onto a mass storage
file before the program terminates is S0 positions (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

VALIDITY

Validation of the MPLS has been accomplished primarily by the comparison
of results obtained from other programs and by hand calculations. Refer-
ence 2 gives a detailed explanation of the validation performed.
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5. REFERENCE INFORMATION

‘; 5.1 OETAILED FLOWCHART

Figure 5-1 {1lustrates the subprogram jinteraction for the MPLS.
5-2 {1lustrates the flow of the MPLS executive logic.

5-1

Figure
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Figure 5-1.- MPLS subprogram interaction.
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DETERMINE WHICH TSV'S ARE
AVAILABLE FOR THE SPECIFIC
YEAR UNDER ANALYSIS

RESET THE
REAL-TIME
CLOCK

!

/ CALL PLIST \
GENERATE A
WORKING LIST
OF PAYLOADS

DETERMINE WHICH
PAYLOADS NEED
A TSV

$)

\

/ CALL COMB \

GENERATE
PAYLOAD
COMBINATIONS

FlNl?HED - C >

NO

SORT THE
COMBINATION IN
SCENDING ALT,

&)

Figure 5-2.- MPLS functional flow.
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/CALL CPTEST\

PERFORM ALL
CONSTRAINT
TESTS

STORE THE PAYLOAD
NAME OF ANY SINGLE
PAYLOAD COMBINATION
WHICH WAS
INFEASIBLE

/ CALL LOADS \
STORE ANY
RESIDUAL
MISSION DATA

[CALL TIME \

DETERMINE THE
ELAPSED TIME

Figure 5-2.- Continued.
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DISPLAY STATISTICS AS TO THE NUMBER OF COMBINATIONS,
THE FEASIBLE AND INFEASIBLE COMBINATIONS FOUND, THE
ELAPSED TIME REQUIRED, AND THE TIME PER GENERATED SOLUTION

:

/ _CALL RESET \
RESET THE REAL-
TIME CLOCK
/ CALL FEACOM \
GENERATE A LIST OF
FEASIBLE MISSIONS
/  CALL TIME \\
DETERMINE THE
ELAPSED TIME

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

Y

( RETURN )

Figure 5-2.- Concluded.
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5.2 VARIABLES IN LABELED COMMON

0 COMMON block name: C1

Description: Labeled COMMON C1 transmits the payload model data to var-
ious subprograms of MPLS.

Storage required: 8201

Location Name Dimension Type Description
1-400 NUMB 200x2 A Hollerith payload identification
names
401-800 NDISP 200x2 A Hollerith payload disciplines
801-2000 NAME 200x6 A Hollerith array describing
the payload
2001-2200 LEN 200 R Array containing the total
payload length including the
pallet and/or lab
2201-2400 T 200 R Array containing the total weight
of the payload at lift-off
2401-2600 WT1 200 R Array containing the total weight
of payload at landing
2601-2800 DIAM 200 R Payload diameter
2801-3000 HA 200 R Desired circular altitude
3001-3200 INCL 200 R Desired orbital inclination
3201-3400 3 200 R C3 energy
3401-3600 PMT 200 I Payload mission type flag:
=] attached
=2 servicing
=3 deploy
=4 retrieve
3601-6200 FLTPYR  200x13 I Array of the flight frequencies;

each of the 13 words represents
the data for an entire year
starting at 1979. 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 entered as
XYZ where




Location Name Dimension Type
6201-6400 IRPT 200 I
6401-6600 PLDUR 200 R
6601-6800 OPTIME 200 R
6801-7000 IFREQ 200 I
7001-7200 MODE 200 I
7201-7400 RCS 200 R
7401-7600 OXEPS 200 R
7601-7800 HEPS 200 R

5-7

N oo

Description

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

X =2 The up and down trips
for this payload cannot
be combined on a flight.
X is ignored if the mission type
is always deployed or always re-
trieved. In these situations, X is
set to zero.
If X is nonzero, Y is the number
of deployments (Y<9) and Z is the
number of retrievals, If X is
zero, YZ is the number of de-
ploys, 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.

=] Payloads to be repeated in a
given year can be flown on the
same flight.

Desired time on orbit

Nominal duration of payload opera-
tion per day of time onboard the
orbiter

Number of times per day the pay-
load is operated while onboard
the orbiter

Preferred delivery mode for
attached payloads:

1, lab

2, pallet

3, Tab and pallet

RCS fuel requirements based on in-
dividual payload requirements

tPS 0o requirements based on indi-
vidua? payload demands

EPS H, requirements based on indi-
vidua% payload demands

Bt U K BAA R (R
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Location Name Dimension Type
7801-8000 CGPOS 200 R
8001-8200 FTSV 200 I
8201 NUMPL 1 [

5-8

Description

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

payload

A flag when set nonzero forces
the use of a TSV

Number of payloads in the
model

»y
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e COMMON block name: (2

Description: Labeled COMMON C2 transmits the EPS data to various
subprograms of MPLS.

Storage required: 46

Location Name Dimension Type Description

1 EPSWT 1 R The total EPS weight carried to
insertion

2 TEPSRV 1 R The total EPS required for pay-

loads retrieved by the TSV and
loaded onto the orbiter

3 TEPSOP 1 R The total EPS required for pay-
load deployed by the TSV

4 W 1 R The weight of the orbiter
excluding fuel, payloads, and
consumables

5-13 DVORB 9 R The AV requirements for each ma-

neuver in the mission

14-22 DWORB 9 R The discrete weight changes
corresponding to DVORB

23-31 ORBMR e R A1 array which is computed as
' eV/6 sp where AV corresponds

to DVORB and the terms g°lgp de-
note the gravity term and spe-
cific impuise

32 NORBP3 1 I The number of orbiter payloacs
plus 3

34 EPSKIT 1 I The number of EPS kits used

35 EPSDRY 1 R The total EPS dry tank weight

36 EDRY 1 R The weight of one dry EPS kit

37 EO2RZ 1 R The EPS 0y deadweight require-
ments

38 EH2RZ 1 R The EPS Hy deadweight require-
ments

39 EPNKT 1 I The number of EPS kits initially

loaded and not charged to the
cargo payload weight

5-9




Location Name Dimension Type
40 EPCRW 1 R
41 WT02 1 R
42 WTH2 1 R
43 02SL 1 R
44 H2SL 1 R
45 EPS02 1 R
46 EPSH2 1 R
5-10

bk K SRS

Description

The crew and deadweight require-
ments not chargeable to the
orbiter's payload weight

The weight of one EPS 0 kit,
not including the tank

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

The 0y, crew, and deadweight re-
quirements not charged to the pay-
load weight

The Hy deadweight requirements
not cgarged to the payload weight

The 0, EPS deadweight require-
ments charged to the payload
weight

The Hp EPS deadweight require-
ments charged to the payload
weight
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o COMMON block name: C3

(: Description: Labeled COMMON C3 transmits a debug print flag to various
MPLS routines and loading information to the CG routines.

Storage required: 11

Location Name Dimension Type Description
1 IPRNT 1 1 A flag when set nonzero causes

debug information to be printed
from MPLS routines

2-7 ISORB 6 I An array which contains the
orbiter payload sequence being
flown. This array is used
as an index into ICORB.

8-10 I1STUG 6 1 An array which contains the §
TSV payload sequence being
flown. This array is used
as an index into ICTUG.

11 INCG 1 1 CG TEST FLAG:
INCG = 0: Do not test
: X cargo cg.
\ ( = 1: Test cargo cg.

5-11
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e COMMON block name: (4
Description: Labeled COMMON C4 conveys detailed information about .
a specific permuted f1ight sequence of a payload combination
to various MPLS routines.

Storage required: 110

Location  Name  Dimension  Type Description

IEND 1 I
2 ITUG 1 I
3 ITER 1 I
4 TINCI 1 I
5 IFLAG 1 I
6 OVTF1 1 R
7 JEND 1 I
8 JTUG 1 I
9 WEDGE 1 R
10 YALT 1 R
11 EOMR3 1 R
12 WRCS 1 R :
13 EoDV3 1 R
14 DVTI1 1 R
15 RODV2 1 R
16 ROMR2 1 R
17 RODV3 1 R |
18 ROMR3 1 R ]
19 ovTI2 1 R
20 POINC] 1 R ‘
21 POINC2 1 R
22 DVTF2 1 R

5-12 |




Location  Name Dimension  Type Description

23 GMSMAX 1 R

24 JFLAG 1 R ,
25-33  ROVORS 9 R 3
35-43 DVORB 9 R {
45-53 ORBMR 9 R |
55-63 DWTUG 9 R ‘
65-74 TUGMR 10 R ‘
75-8  OVTUG 10 R
85-93 DWORB 9 R 1
9 YINC 1 R
97 ITRY 1 1
9% XINC 1 R

99 XALT 1 R

100 XL 1 R

101 TALTI 1 R

102 ™ 1 R

103 1t 1 R

104 ™ 1 R

105 CTUG 1 R

106 TINCF 1 R

107 TALTF 1 R

108 TSVRCS 1 R

5-13
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o COMMON block name: C5

Description: Labelad COMMON C5 transmits a working 1ist of the
payload model data to various subprograms of MPLS,

Storage required: 903

Location Name Dimension Type Description

i-100 PAYNO 100 1 List of payloads which fly
during the year under analysis

101-300 PLREP 200 1 Informatfon for duplicate

payloads where even indices
indicate the number of duplicates
of the payload number identified
by the odd indices

301 NUMRPT 1 1 Total number of repeated payloads
found for the year under analysis

302 NPLNYR 1 1 Number of payloads which fly
during the year under analysis

303-502 IDOWN 200 1 Identification of payloads

which are both deployed and
retrieved in the same year

503 NUPON 1 1 Number of up/down payloads
found
504-703 IREP 200 I A working storage area used

to keep track of the repeated
payloads as they are output

704-803 PMT1 100 1 Payload mission types defined
as:
= 1 attached
= 2 servicing
3 deploy
4 retrieve
-3 an up/down payload; deployed
-4 an up/down payload; retrieved

804-903 NEEDTG 100 1 Array used to indicate whether
a payload in the PAYNO 1list
requires a TSV as:
= 0, no TSV required
= 1, a TSV is required

5-14




o . COMMON block name: (6

]
.

< Description: Labeled COMMON C6 transmits the TSV data from the payload
model to various subprograms of MPLS.

Storage required: 106

Location Name Dimension Type Description

1-15 TUGLN 15 R Array containing the lengths of
the TSV's

16-30 TUGWT 15 R Array containing the dry weight
of each TSV

31-45 TUGISP 15 R Specific impulse of each of the
TSV's main engines

46-60 TUGCAP 15 R Maximum amount of propellant for
cach TSV

61-75 YRAVAL 15 1 First year available for each of
the TSV's

76-90 STAGE3 15 I Array used to identify which
TSV's are available for the year

1 under analysis; a nonzero work in

the array specifies that the ith
TSV is available

91-105 TUGTYP 15 I The TSV type
= 1, expendable LUS
= 2. expendable LUS
| = 3, reusable LUS

106 NTUGN 1 I The number of TSV's used for the
analysis
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e COMMON block name: C7

Description:

Labeled COMMON C7 transmits data pertaining to the feasible

missions. Other parameters identifying the payload se-
quence and the number of single mission payloads that
have been rejected are also transmitted.

Storage required: 111

Location Name Dimension
1 NCC 1

2 M 1

3-8 -~ IA 6

9 NFS 1
10-109 NFLS 100
110 NOPL 1

111 KOPT 1

Type
I

I

Description
Number or combinations generated

Number of payloads in the IA
array

Initial payload sequence, used to
index into the PAYNO array

Number of single payload missions
rejected

An array containing the names of
the single payload missions
rejected

An option which causes repeated
payloads to be flown on the same
mission; ignored if zero

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

4
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e COMMON block name: C8

{ Description: Labeled COMMON C8 transmits information pertaining to the
orbiter/TSV payloads carried up and down.

Storzge required: 50

Location Name Dimension Type Description

1 OPWU 1 R Orbiter payload weight carried to
insertion

2 TPWU 1 R TSV payload weight carried to
insertion

3 OPWD 1 R Orbiter payload weight at landing

4 TPWD 1 R TSV payload weight at landing

5 oPLU 1 R Orbiter payload length at launch

6 TPLU 1 R TSV payload length at launch

7 OPLD 1 R Orbiter payload length at landing

8 TPLD 1 R TSV payload length at landing

9 NORBPL 1 I Number of payloads on the orbiter

10 NTUGPL 1 I Number of payloads on the TSV

11-16 ICORB 6 1 Identification number for each
orbiter paylocad

17-22 ICTUG 6 I Identification number for each
TSV payload

23-28 1EORB 6 1 An array containing the numerical
mission type for each orbiter
payload

29-34 IETUG 6 I An array containing the numerical
mission type for each TSV payload

35 IREUSE 1 1 A flag set to indicate that
dedicated TSV's are required

36 NREUSE 1 1 Number of reusable TSV's that are
available

37 NTUGS 1 I Number of TSV's which meet the re-

quirements of the mission

ra—
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5-18

Description

Indices of available TSV's which
meet the requirements of the

Total RCS fuel used in pounds
Total orbiter and TSV payload

weight at launch, not including
the OMS kits or TSV dry weight

Location  Name  Dimension  Type
38-47 LTUGS 10 I
mission
48 RCSWT 1 R
49 TOTPLU 1 R
50 TOTPLD R

Total orbiter and TSV payload
weight at landing, not including
the OMS kits or TSV dry weight

i Lol ki -
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e C(OMMON block name: (9

o~

Description: Labeled COMMON C9 transmits the majority 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 cof feasible missions found
for the year under analysis

3-47 NMCLD 45 I Cumulative total of occurrences
for each mission type over all
years processed

48 MLIST 1 1 A flag, when set nonzero, com-
pares the payload combinations to
the allowable mission types.
Unmatched 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 associated
with feasible combinations

51 cosTop 1 I Not used

52 STATOP 1 1 A flag, when set nonzero, causes
the mission type occurrence sta-
tistics for feasible combinations
to be generated

X ] MIXDIS 1 I 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
SCA occurrence table to be
printed




e COMMON block name: Cl0
Description: Labeled COMMON C10 transmits the orbiter/TSV data to )
various routines after it has been evaluated by subroutine.
SOTL.

Storage required: 25

Location Name Dimension Type Description

1 PCaLT 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

4 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 propellant

needed to form the sequence

7 TTWU 1 R Total TSV weight at launch
8 TWD 1 R TSV weight at landing
9 L 1 R TSV length at launch
10 TLD 1 R TSV 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 pay-
loads in the combination
18-20 IFSTUG 3 I Final sequence of the TSV
payloads
21 IFTUG 1 I 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 N
4
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Location Name Dimension Type Description
U 24 ROALT 1 R Altitude of the TSV being
; retrieved

o 25 ROINC 1 R Inclination of the orbit in which
S the TSV is to be retrieved
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¢ COMMON block name:

Cll

COMMON Cll Transmits the resultant output of subroutines

SDTL and OMSCK to various other modules for output.

Description:
Storage required: 17
Location Name Dimension Type
1 PLPOMS 1 R
) 2 WT20RB 1 R
|
? 3 TOTWU 1 R
|
i 4 TOTWD 1 R
i 5 PWMARU 1 R
) 6 PWMARD 1 R
} 7 PWMARG 1 R
’ 8 TOTLU 1 R
9 TOTLD 1 R
10 CLMAX 1 R
11 TOTLMX 1 R
12 PLMARG 1 R
13 OMSTNK 1 R
14 OMSKIT 1 R

Description

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

Maximum payload weight the Shut-
tle can carry to the initial
parking orbit

Total cargo weight at launch; in-
cludes payloads, OMS kits, etc.

Total cargo weight at Tanding; in-
cludes payloads, OMS kits, etc.

Additional payload weight the
orbiter can carry up

Additional payload weight the
orbiter can carry down

Additional payload weight the
orbiter can carry

Total length of the cargo at
launch

Total length of the cargo at
landing

Maximum length used by any permu-
tation of the sequence

Greatest length referenced,
either TOTLU, TOTLD, or CLMAX

Additional payload cargoe length
the orbiter can use for this
flight

Total weight of the OMS fuel used
by the orbiter '

Weight of the OMS fuel carried in
the kits

S
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Location Name Dimension Type
15 WTKITS 1 R
16 XLKITS 1 R
17 NOKITS 1 R
§5-23

Description
Weight of the dry OMS kits used

Length of the stacked OMS kits
used

Number of OMS kits used

Makentis




e COMMON block name: (12

Description: Labeled COMMON C12 transmits the mission type code re- ~
lated data to various subroutines.
Storage required: 55 .
Location Name Dimension Type Description
1-9 MSSTYP 9 1 Symbols for the nine mission
types considered
10-54 MSCLCD 45 I List of the allowable mission
types for all combinations
85 NMTYP 1 1 Number of allowable mission types
in MSCLCD

5-24
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e COMMON block name: C(Cl13

Description: Labeled COMMON C13 transmits IUS TSV data from the pay-
load model to various subprograms of MPLS.

Storage required: 181

Location Name Dimension Type Lescription

1-15 T 15 R An array containing the total
weight of the I[US'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 15x5 I An array which contains the stage

numbers used for an IUS. This
array is used to index into TISP,
FUEL, TSVLN, and TTSWWT.

151 NTSVS 1 I The number of IUS vehicles to be
used (NTSVS < 10)

152-166 TSVLN 15 R The length of each stage
167-181 TLS 15 R The total length of each IUS
being used
5-25




o COMMON block name: C(Cl4

Description: Labeled COMMON Cl4 transmits information pertaining to
the payload combination to various subroutines in MPLS.

Storage required: 30

Location Name Dimension Type Description
1-6 18 6 1 Payload sequence as formed from

the ICTUG and ICORB array in
1abeled COMMON C8

7-12 IC 6 1 Payload identification numbers in
the combination; the indices are
pointers into each array of COM-
MCN C1

13-18 10 6 I Discipline mix code; the numbers
are pointers into the DISPNM
array of COMMON C30

19-24 IE 6 1 Payload mission type; the array
is stored as a function of the IC
array pointing into the PMT1
array of COMMON C5

25-30 16 6 A Alphanumeric payload mission
type; the array is stored as a
function of the absolute value of
the IE arra, as it points into
the MSSTYP array cf COMMON Cl12

5-26
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o COMMON block name: (15

(. Description: Labeled COMMON C15 retains two words used to identify the
launch window and whether the WTR is available.

Storage required: 2

Location Name Dimension Type Description
1 NWTR 1 I A flag which indicates, if

nonzero, that the WIR 1is avail-
able; otherwise, an ETR launch is
assumed

NYAV 1 I An integer used to denote the

year of availability for WIR
launches

§-27
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e COMMON block name: Cl7

Description: Labeled COMMON C17 transmits information to the statisti-
cal subprograms,

Storage required: 1440

Location Name Dimension Type Description
1-675 MCT 45x15 1 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 45 I An array of accumulative mission ]

class codes

1396-1440 JORD 45 1 A working array used to store the
: particular class code for the
year under investigation

5-28
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‘ ¢ COMMON block name: (25
5{; Description: Labeled COMMON C25 retains the majority of the system con-
straints used by the program.

: Storage required: 20
Location Mame Dimension Type Description
1 UPLBS 1 R Maximum payload chargeable weight

) : with which the orbiter can launch

2 DNLBS 1 R Maximum payload chargeable weight

with which the orbiter can land

3 SBOWT 1 R Orbiter dry weight

4 OMSINT 1 R Weight of the OMS fuel in the
main tank

5 SPI 1 R Specific impulse of the orbiter's
OMS engines

6 BAYLN 1 R Length of the orbiter cargo bay

7-9 FIXIT 3 R Length of the stacked OMS kits;

(' the first word represents one
kit, the second is the
accumulative length of two kits,
and the third is the accumulative
length of three kits

10-12 WIKIT 3 R Weight of the stacked OMS
kits; the accumulative weights
of one, two, and three kits

13 RESOMS 1 R Amount of reserve OMS fuel
carried for contingencies
14 REDZDV 1 R The AV required for rendezvous
maneuvers
15 RCSROZ 1 R Weight of the RCS fuel used for
each rendezvous
16 GRAV 1 R Acceleration due to gravity
17 CORB 1 R Acceleration of gravity times
the specific impulse of the OMS
engines
£ 18 RCSCAP 1 R Total fuel capacity of the RCS
i system
5-29
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Location Name Dimension Type Description
19 RESRCS 1 R Reserve RCS fuel
20 MAXKTS 1 I MAX number of OMS kits allowed
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e COMMON block name: (30
Description: Labeled COMMON C30 transmits information pertaining to
the gay1oad type and discipline to various statistics
routines.

Storage required: 223

Location Name Dimension Type Description

1-20 DISPNM 20 A A list of two-character
alphanumeric discipline names
allowed

21-120 MIXLST 100 I The allowed discipline mix codes
as pertain to the payload
sequence

121-.220 MIXCNT 100 I Cumulative count of the payload

discipline mix codes

221 MIXCHK 1 I A flag, when set nonzero, causes
the discipline mix constraint to
be applied to a payload sequence

222 MNIX 1 I Current number of mission types

223 NODIS 1 I Number of discipline mix combina-
tions considered
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e COMMON block name: (33
Description: Labeled COMMON C33 retains information pertaining to the
number of combinations generated.
Storage required: 7
Location Name Dimension Type Description
1-6 KCOMB 6 I An array which indicates the
starting numbers of the mission
payload sets
7

NUM 1 [ The maximum number of payloads
generated in a combination
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e COMMON block name: C34
Description: Labeled COMMON C34 transmits information within the combi-
nation generator routines to track the data as it is
generated.

Storage required: 12403

Location Name Dimension Type Description

1-6200 SETIN 6200 I Reference set of payload combina-
tions generated

6201-12400 NXCOMB 6200 I Current set of payload combina-
tion generated

12401 M2 1 I Number of combinations in SETIN

12402 K 1 1 Index of the current payload com-
bination being generated

12403 LAST 1 I First nonzero combination in
SETIN, set to 1
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e COMMON block name: (39
Description: Labeled COMMON C39 transmits the optional print e
information.
Storage required: 15
Location Name Dimension Type Description
1 MKS 1 I A flag specifying the printed
output units
=], the units are mks
=2, the units are fps
2-14 LFRK 13 I Used to print error statistics
15 NPLDS 1 I

TR T o)

e AN .
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5.3 SUBPROGRAM DOCUMENTATION

Individual subprogram documentation is given in alphabetical order on the

following pages.

able from the MSC*LOCALIB on EXEC 8. Their documentation is found in ref-

erence 3.

™

Functions RANDOM and ZOR and subroutine EXP are avail- i

O U - ST

A Do,

ke, o E e pa
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SUBROUTINE ALLOCT

IDENTIFICATION

Name (Title)

Author, Date

Machine Identification
Source Language

ALLOCT (Mission Allocation Routine)
J. Williams, August 1975

UNIVAC 1110

FORTRAN V

PURPOSE

Subroutine ALLOCT generates a list of random numbers in ascending order
for a specific interval defined in COMMON.
USAGE

e Calling Sequence
CALL ALLOCAT (M, LIST, IOPT)

Arguments:
Parameter
name In/Qut Dimension Type Description
M Qut 1 1 Number of words stored in
LIST
LIST Qut 1 I A list of random numbers
generated in ascending
order for a particular
interval
10PT In 1 1 An initialization flag
used as

=], initialization

=2, causes a list of ran-
dom numbers to be
generated as a func-
tion of the intervals
specified in COMMON
€33

e Labeled COMMON used: C33

METHOD

Subroutine ALLOCT is used to generate a list 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.
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RESTRICTIONS
'2’ e Operational

Function ZOR and subroutine SORTX are required.

ROUTINES CALLED
SORTX

CALLED BY
FEACOM

,.
o«
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SUBROUTINE ANTONC

IDENTIFICATION

Name (Title) - ANTONC

Author, Date - E. Dupnick, January 1975
Machine Identification - UNIVAC 1110

Source Language - FORTRAN V

PURPOSE

Subroutine ANTONC converts an alphanumeric payload discipline code
to an equivalent numeric code.

USAGE

¢ C(Calling Sequence
CALL ANTONC

o Labeled COMMON used: Cl, C33

RESTRICTIONS

The first two characters of the NUMB parameter of the payload model
are assumed to be a discipline code for each payload. Twenty distinct
codes can be stored as scanned from the payload model. More than 20
codes causes the folowing message to be printed:

WARNING: MORE THAN 20 PAYLOAD DISCIPLINES HAVE BEEN IDENTIFIED

ROUTINES CALLED

CALLED BY
MAIN
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SUBROUTINE CGIN
- >
-
IDENTIFICATION
Name (Title) - CGIN (CG Initialization Routing)
Author, Date - J. Williams, April 1976
Machine Identification - UNIVAC 1110
Source Language - FORTRAN V
PURPOSE
SUBROUTINE CGIN provides an interface between subroutine SDTL and the CG
model.
USAGE
e Calling Sequence .
CALL CGIN (LMODE, KTUGS, $)
Arguments:
Parameter
name In/Qut Dimerision Type Description
LMODE In I J A dummy flag which is set
{ ) to unity to ensure a
proper routine interface
) from SOTL
KTUGS In 1 I Not used
SN - - The statement in the call-
ing program to which con-
trol is transferred if an
error occurs
e Labeled COMMON used: C1, C3, C6, C7, C8, Cl0, Cl1, Cl2, C25
METHOD
Subroutine CGIN is used to initialize the arguments for a call to
subroutine CGTEST., If it has been determined by CGTEST that the mission ;
failed, then an error return is made. 1
1
ROUTINES CALLED ;
i
CGTEST 3
i
1 i
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CALLED BY

STOL

. -
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SUBROUTINE CGLOAD

IDENTIFICAT'N

Name (Title) - 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

PURPOSE

Subroutine CGLOAD creates the initial loading sequence of payloads in the
Shuttle cargo bay prior to the mission events.

USAGE

e Calling Sequence
ﬁg%E)CGLOAD (NPLDS, ITNL, ISEQ, NTUGPL, ITUG, IPMT, PLOWT, NOMSKT,

Arguments:
Parameter
name In/Out Dimension Type Description
NPLDS In 1 i The number of payloads
involved in the candidate
mission
ITNL In 1 1 =0, no roundtrip payloads
in ISEQ requiring a tunnel
=n (#), payload number n
in ISEQ requires a tunnel
ISEQ In - Dimensioned I The identification
in calling numbers of the payloads
program involved in the mission
(in the order flown)
NTUGPL 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 payloads
program requiring a third stage
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Parameter
name In/Out Dimension Type Description |
IPMT In Dimens ioned A Array containing payload )
in calling mission types for the
program payloads in ISEQ:
A = attached, S = service,
D = deploy, R = retrieve
PLOWT In Dimensioned R The weights of the pay-
in calling loads in 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 I The sequence of payloads
fn calling as loaded (front to
program back of the cargo bay)

¢ Labeled COMMON used: None

METHOD

Subroutine CGLOAD examines all payloads on the candidate mission with re-
gard 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 exceptions 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 ?roup loaded in back of the other. In the case of the
third stage, it is loaded to the rear of the bay with its payloads stacked
immediately in front in the reverse order of deployment. A flag is set in
the eighth word of the arrray NSEQ if OMS kits are present. These

kits will be loaded against the rear wall of the cargo bay.

Example:
Flight sequence: (1) deploy third stage (TS) with payloads A and 8

(B to be deployed first), (2) retrieve C, (3) round trip D, (4) deploy
E, and (5) deploy F.

Weights - D - 1500 1b
E- 7001
F- 6001

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

¢ Operational

Subroutine ISORT is required.

ROUTINES CALLED
CGMOV, ISORT

CALLED BY
CGTEST
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SUBROUTINE CGMOV

IDENTIFICATION

Name (Title)

Author, Date

Machine Identification
Source Language

CGMOV (Shift Payloads in Array)
E. H. Perrenot, February 1976
UNIVAC 1110

FORTRAN V

PURPOSE

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

USAGE

e Callirg Sequence
CALL CGMOV (IBUF, IDIM, I, J, K)

Arguments:
Parameter
name In/Out Dimension Type Description
IBUF In/Qut Dimensioned I Array
in calling
program
IDIM In 1 I Dimension of IBUF
I In 1 I The word in IBUF where the
shift is to begin
J In 1 1 The number of places
(words) to shift the array
K In 1 I < 0, shift to the left; O,

To the right
e Labeled COMMON used: None

Method

Subroutine CGMOV uses another array to store words from IBUF instead of ac-
tually shifting them in IBUF itself. It tests for zeroed words and does
not include them in 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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ROUTINES CALLED

R T

, CALLED BY
| : CGLOAD, CGNSRT, CGTEST

s Bl

TR o)
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SUBROUTINE CGMPLD

IDENTIFICATION

Name (Title)

CGMPLD (Multipayload Center-of-Gravity
Computation) '

Author, Date E. H. Perrenot, February 1976

Machine Identification UNIVAC 1110

Source Language - FORTRAN V

PURPOSE

Subroutine CGMPLD computes the CG for a group of payloads in 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/Qut Dimension Type Description
IPLD In/Out Dimensioned I Array containing identifi-
in calling cation numbers of payloads
program
PLOWT In Dimens ioned R The weights of the
in calling payloads in the payload
program model plus adapter
weights, if required
PLDLEN In Dimens ioned R Array of payload lengths,
in calling corresponding to PLOWT
program
PLDCG In Dimensioned R Array of payload CG's
in calling corresponding to PLDOWT
program
TUGWT In 1 R The dry weight of third
stage,if used
TUGLEN In 1 R The length of the third
stage
F In 1 R Weight of the fuel on

board the third stage
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Parameter
name In/Qut Dimension

OMSWT In 1

Description

Total weight of OMS kits,
if used

—
=
E

i e

OMSLEN In 1 R Length of OMS kits

D In 1 R The distance (in feet)
from the front of the
cargo bay to the first pay-
load in the cargo bay, a
function of CG constraints
in previous mission phases
(events)

ol e o

—

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

bay created by previous
payload deployments

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

WTXLEN Out 1 R For all payloads in
the cargo bay, a summation
of the following (for
each payload): the
sum of payload CG and :
total distance from i
the front of the bay ‘
multiplied by payload
weight, used in computing
CG of retrieval payloads
loaded in the rear
of the cargo bay

CG Out 1 R The CG for the group
of payloads in IPLD,
expressed in feet from
the front of the cargo
bay

e Labeled COMMON used: None

P
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METHOD
¢ Model

Subroutine CGMPLD calculates 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

CG equation:

n
Wi(d + Cy) + Zz Wi(d + Ly + Ci)
'i=
G =

where

W; = Weight of ith payload in the cargo bay

d = Distance from the front wall to the first payload

Cj The CG of ith payload in the cargo bay

L; Total length of the payloads and reserved gaps between payloads

ROUTINES CALLED

CALLED BY

CGTEST
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SUBROUTINE CGNSRT

IDENTIFICATION
Name (Title)

gGN§RT (Inserts Payload into Gap in Cargo
ay

Author, Date E. H. Perrenot, February 1976

Machine Identification UNIVAC 1110

Source Language - FORTRAN V

PURPOSE

o a0 8 A i £

Subroutine CGNSRT checks the cargo bay for an available area in which
to insert a retrieval payload after it has been determined by subroutine i
CGTEST that the payload will not fit in the front or rear of the bay. ‘

USAGE
e Calling Sequence

CALL CGNSRT (NP, ITNL, PLEN, TOTLEN, PWT, TWT, NSEQ, NSEQXT, MIND1,
MAXD1, NPINB, $a, $b)

Arguments:
Parameter
name In/Out Dimension Type Description

NP In 1 [ Identification number
of payload to be inserted

ITNL In 1 1 =0, no roundtrip payloads
in ISEQ requiring a tunnel
an (>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

PWT In 1 R Weight of the payload

TWT In/Qut 1 R Total weight of the
payloads in the cargo
bay

NSEQ In/Qut Dimensioned I The sequence of payloads

in calling in the cargo bay (front
program to back
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Parameter

name In/Out Dimension Type Description

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

created by previous
payload deployments

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

MAXD1 In/Out 1 R The maximum distance from
the front of the cargo bay
to the first payload

NPINB In/Qut 1 R The number of payloads in
the cargo bay

$a Returns to a statement
numbered a in the calling
program if the payload can-
not be loaded

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

¢ Labeled COMMON used: None

METHOD

Subroutine CGNSRT searches the array of available space (in the form of
“gaps" in the payload 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 payload number will replace

the flag (-5) in the array NSEQ and the length of the payload is considered
to be, for CG purposes, that 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 addition. 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 payloads in the bay.

RESTRICTIONS

e Operational
Subroutine CGMOV is required.
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ROUTINES CALLED

{ CGMOV

CALLED BY
CGTEST
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SUBROUTINE CGTEST

IDENTIFICATION

Name (Title)

Author, Date

Machine Identification
Source Language

CGTEST (Center-of-Gravity Test)
E. H. Perrenot, October 1976
UNIVAC 1110

FORTRAN V

PURPOSE

Subroutine CGTEST checks a given combination of payloads to assure that
center-of-gravity requirements are satisfied.

USAGE

e Calling Sequence
CALL CGTEST (ARM, WT, N, IFLAG)

Arguments:
Parameter 4
name In/Qut Dimension Type Description
ARM Out Dimensioned R Distance in feet from the
in calling front wall of the cargo J
program bay to the CG of the ith
payload (payload group if
configuration is side-by-
side), i=1 through 6,
front to rear
WT In Dimensioned R Weight of the ith payload
in calling (payload group), front
program to rear
N In 1 I Number of payloads

(payload groups) in
the cargo bay

IFLAG Cut 1 I CG status flag:

-1 indicates the CG of
the payload combi-
nation is to the
front of the most
forward allowable CG
(Fails);

0 indicates that the
combination meets CG
requirements




i

-

PN,
Parameter
name In/Out Dimension Type Description
1 indicates the CG of
the payload combi-
nation is to the rear
of the allowable CG
envelope (fafls)
METHOD

Subroutine CGTEST determines whether a given payload combination in a spe-
cific configuration meets CG requirements within the Shuttle cargo bay.

First, the CG of the group of payloads in the bay is computed in the fol-
lowing manner:

n

> AW

& A
G =

where

A; = ARM; (see calling arguments)

Wi = WT; (see calling arguments)

n = Number of payloads in the cargo bay

Subroutine CONSTR is then referenced to determine if the computed CG is
within the allowable CG envelope. (An empty cargo bay automatically meets
CG requirements.)

o Labeled COMMON used: C3

ASSUMPTIONS

1. Payloads are initially loaded with increasing weight toward rear of
cargo bay.

2. OMS kits are placed at rear of cargo bay.
3. A lab payload is loaded in front of any other payload(s).
4, Attached payloads are loaded in front of deploy payloads.

5. Center-of-gravity distances are measured from front of payload.
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ROUTINES CALLED

CGLOAD, CGMOV, CGMPLD, CGNSRT, CONSTR J
CALLED BY

CGIN
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TEST COMPUTED |
CG AGAINST CON-
STRAINTS

SET FLAG INDICATING
WHETHER COMBINATION
PASSES CG

EMPTY BAY
PASSES CG
REQUIREMENTS
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SUBROUTINE COMB

IDENTIFICATION

Name (Title)

Author, Date

Machine Identification
Source Language

COMB (Combination Generator)
J. M. Willfams, August 1975
UNIVAC 1110

FORTRAN V

PURPOSE

Subroutine COMB generates the possible combinations for MPLS; the feasiole
combinations are kept and used to generate the remaining combinations.
USAGE

e Calling Sequence
° CALL COMB (SN, NPLNYR, MAXPL, IPASS, IMM, K1, 1J)

Arguments:
Parameter
name In/Out Dimension Type Description
SN In - - Statement number in the
~ calling program to which

control is transferred
when all the combinations
have been generated

NPLNYR In 1 [ Number of single mission
payloads

MAXPL In 1 1 Maximum number of payloads
allowed on a combination

IPASS In/Out 1 ) A flag, when set to zero,
causes the single mission
payloads to be generated;
if nonzero, the remaining |
combinations will be |
generated

I Out 1 I Number of payloads in the i
current combinations

Kl In/Out 1 1 Index number of the cur-

rent combination; if the
combination is rejected, :
this number is decremented j
byl i
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Parameter
name In/Out Dimension Type Description
1J Out 6 [ The payload combination,

The array s used as &
pointer into COMMON Cl.
The 1J array s stored in
the IC array of COMMON Cl4

e Labeled COMMON used: (7, C34

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 the previous set. This
scheme allows only those combinations to be generated as a result of suc-
cessful feasible combinations. For example:

Initial single
payloads Doudbles Triples

12+ 235
13

14

15+

23

24+

25

34+

35%

45*

B W

*Indicates a rejected combination of payloads.

RESTRICTIONS

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

ROUTINES CALLED

REDUNT

CALLED BY
MPLS
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SUBROUTINE CONSTR

IDENTIFICATION

CONSTR (Center-of-Gravity Constraint)
E. H. Perrenot, February 1976

UNIVAC 1110

FORTRAN V

Name (Title)

Author, Date

Machine Identification
Source Language

PURPOSE

Subroutine CONSTR supplies minimum and maximum allowable centers of grav-
ity for a given total payload weight.

USAGE

e C(Calling Sequence
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 Qut 1 R Minimum CG constraint (in
feet from the front of the
/ cargo bay)
CMAX " out 1 R Maximum CG constraint
METHOD

CONSTR constructs a table of weights from 500 to 65,000 1b in 1500-1b
increments. A payload combination weight is then checked against this
table and the two weight values, which are found on either side of the ref-
erence weight, are used to locate the minimum and maximum CG constraints
for each weight. The minimum and maximum CG constraints are then calcu-
lated for the reference weight by linear interpolation.
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ROUTINES CALLED

None

CALLED BY

CGTEST, READIN
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Reserved page
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SUBROUTINE CPRNT

IDENTIFICATION

CPRNT (Detailed Print Routine)
J. Williams, March 1976
UNIVAC 1110

FORTRAN V

Name (Title)
Author, Date
Machine Identification

Source Language

PURPOSE

Subroutine CPRNT is a special purpose print routine used to display
detailed information pertaining to feasible combinations.

USAGE

e Calling Sequence
CALL CPRNT

o Labeled COMMON used: C2, C8, C10, Cll, C25
METHOD
Subroutine CPRNT displays information pertaining to the EPS, the missions

AV requirements, and discrete weight changes.

ROUTINES CALLED

None

CALLED BY
DISPLY
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SUBROUTINE CPTEST

IDENTIFICATION

Name (Title) - CPTEST (Combination Preliminary Testing
Routine)

Author, Date - J. Williams, July 1975

UNIVAC 1110
FORTRAN V

Machine Identification
Source Language

PURPOSE

Subroutine CPTEST performs the flight sequence independent tests for a
given payload combination.

USAGE

e Calling Sequence
CALL CPTEST ($N, IYEAR)

Arguments:
Parameter
name In/Qut Dimension Type Description
N - - - The statement in the call-
ing program to which con-
trol is transferred if an
error is indicated
IYEAR In - I The year that the combina-
tion of payloads is to be
flown
e Labeled COMMON used: Cl1, C2, C5, C6, C7, C8, C9, Cl0, Cl2, Cl4, C25,
€30, c39
METHOD

Subroutine CPTEST performs flight sequence independent tests and
initializes parameters for use in statistical analysis and flight depen-
dent 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. Orbiter conformity constraint tests are made to determine if each
combination is within orbiter limits. The orbiter limits are a
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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 SOTL 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 types and discipline mix.

RESTRICTIONS

3 Operational

K6 = 1 - Mission Type
= 2 - Total Wt up
Total Wt down
Need Dedicated Tug
NTUGS 73
No Tugs meet Wt & length
Total length up
Total length down
9 - Discipline Mix
10 - Seq. Test
11 - RCS Capacity
12 - Redundant Payload
13 - INCL Range > .5°

O~ W
[ I B I |

ROUTINES CALLED
DECOMP, ERRPRT, FEASBL, FLYIT, MIXTST, SDTL STATS

CALLED BY
MPLS

5-63

i e, o T 20

v vy




RECRE Rt il " St LR A L R b BT S TR S S IR ikl

SUBROUTINE DECOMP

IDENTIFICATION
Name (Title) - DECOMP (Decompose)
SYNTEZ (Compose)
Author, Date - J. Williams, August 1975
Machine Identification - UNIVAC 1110 ]
Source Language - FORTRAN V
1
PURPOSE i

Subroutine DECOMP is used to separate each digit of a multidigit integer
number into a list of single digit integer words; entry point SYNTEZ is
used to generate a single integer word from an input list.

USAGE

e Calling Sequence
CALL DECOMP (N, M, NOYES, NARRAY)
CALL SYNTEZ (N, M, NOYES, NARRAY)

Arguments:
Parameter
name In/Qut Dimension Type Description
N In/Qut 1 I Number of words in NARRAY
M In 1 I Number of digits each word
(NARRAY) will occupy in
NOYES
NOYES In/Qut 1 I An integer formed from
the integer 1ist NARRAY
NARRAY In/Out 6 I A 1ist of integers which
range in value from 1 to
9
METHOU

Subroutine DECOMP uses the MOD function to separate each integer digit
from the word NOYES. Entry point SYNTEZ forms the integer word from a
Tist by first sorting the integers into descending order.

RESTRICTIONS

o Operational
The largest integer that can be decoded is nine digits.
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i ROUTINES CALLED
3 SORT

CALLED BY
y CPTEST, INLIST, MIXTST, PRTLST

L4 L4
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SUBROUTINE DISPLY

IDENTIFICATION

Name (Title)

Author, Date

Machine Identification
Source Language

DISPLY (Display Routine)
J. Williams, August 1975
UNIVAC 1110

FORTRAN V

PURPOSE

Subroutine DISPLY prints the payload characteristics and associated infor-
mation for a feasible mission.

USAGE

Calling Sequence

CALL DISPLY (MM, M, IC, IB, NAMEl, LAUNCH,

* NTUGPL, TUG, ITUG, NOKITS, PWMARG, PCTUSE, FLOAD,
* POINC, POALT, ALT, XINC, TOTLU, TOTLD, TOTWU,

* TOTWD, TUGDV, ORBDV, NOYES, IDENT)

Arguments:
Parameter

name In/Out 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 rep-
resent the combination

I8 In 6 I Payload numbers ordered
with respect to TSV and
orbiter events

NAME1 In 6 I Numerical mission type

LAUNCH In 1 I An integer set to 1 or 2
to indicate an ETR or WTR
launch

NTUGPL In 1 I Number of TSV payloads

TUG In 1 I TSV number used in this
mission

ITUG In 6 I Payload numbers of the TSV

: payloads
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Parameter
{ name In/Qut Dimension Type Description
Y
NOKITS In 1 I Number of OMS kits used
PWMARG In 1 R Additional payload weight
the orbiter could carry on
this flight
PCTUSE In 1 R Percentage of the first
OMS kit used
FLOAD In 1 R Load factor
POINC In 1 R Inclination of the first
orbit
POALT In 1 R Altitude of the first
orbit
ALT In 1 R Altitude of each payload
in the combination
XINC In 1 R Inclination of each pay-
load in the combination
TOTLU In 1 R Total payload length at
{ launch |
TOTLD In 1 R Total payload length at ]
landing ~
TOTWU In 1 R Total payload weight at
launch
TOTWD In 1 R Total payload weight at
landing
TUGDV In 1 R Total TSV av }
ORBOV In 1 R Total orbiter AV 4
NOYES In 1 1 Not used j
IDENT In 12 A A list of two-word payload )
names in the combination ]
METHOD |
Subroutine DISPLY prints a table of data related to each feasible combina-
] tion; the subroutine contains no special computations. :
4 i
4
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RESTRICTIONS

e Operational

ROUTINES CALLED

CPRNT

CALLED BY

FEASBL, FLTSUM, FNDFLT
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IDENTIFICATION

Name (Title)

Author, Date
Machine Identification
Source Language

PURPOSE

FUNCTION DLTAV and its three entry points are used to compute the AV re-

DLTAV computes the AV between orbits for the ith |
DOVEL computes the AV between orbits for two payloads by 1
OVIPK computes the AV from

quirements for the MPLS.
and jth payloads.
specifying their altitudes and inclinations.
insertion to the first parking orbit and DVDORB computes the deorbit AV to

FUNCTION OLTAV

DLTAV (AV function 1)
DVEL (AV function 2)

DVIPK (&V from insertion to the parking orbit)
DVDORB (deorbit AV to landing)

J. Williams, August 1975
UNIVAC 1110
FORTRAN V

landing.

USAGE
e Calling Sequence

X = DLTAV (I,J)
X = DVEL (E,8,C,D)
X = DVIPK (HH)
X = DVDORB (H,XIN)

Description
Index of the ith payload

Index of the jth payload
Orbital altitude of the

Orbital altitude of the

Inclination of the ith

Arguments:
Parameter
name In/Out Dimension
I ' In 1
J In 1
E In 1
ith payload
8 In 1
I jth payload
j c In 1
| payload
i
5-69




t 0 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 Labeled COMMON used: C(Cl

METHOD
Function DLTAV and its three entry points calculate the AV requirements
for the MPLS., The iunctions use a Hohmann transfer algorithm at the inser-
tion and orbital phases of the mission; the deorbit AV is computed using
an empirical equation.
1. ENTRY DVIPK
a = (rp, *+ryy)/2
where
a = Semimajor axis
ro; * Perigee radius at insertion

raj * Apogee radius at insertion

where |
W = Gravitational constant

Vp1 = Perigee velocity of the insertion orbit

a = (rpi + rte)/Z
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where
a1 = The semimajor axis of the transfer ellipse

Tte * The apogee radius of the transfer ellipse

where V, = The apogee velocity of the transfer ellipse

Ve = ‘f§7§::

where V. = The circular velocity of the transfer ellipse

and bvy = ‘[szp - Vpo) * (Vg - Vp)

where AVy = The delta velocity required to transfer from insertion to the

initial parking orbit
2. Function DLTAV and entry point DVEL

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. DVEL permits direct
‘entry of orbital altitudes and inclinations; the transfer goes from

the £ to 8 altitude.

2= (rgy + rgp)/2
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where

ra * The apogee radius of the initial orbit (E)

ras ® The apogee radius of the final orbit (B)

Ai = 11-1’2
where

The inclination of the initial orbit

i
i2
If the altitude of the initial orbit is greater than the final orbit, then

The inclination of the final orbit

Aiy = Ai
and Aip = 0
where
Ai, = The change in inclination at the first impulse point
Aip = The change in inclination at the second impulse point

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

Aig = 0
and Aip = Ai
Then Vc1 = u/ral
and Ve1 = ;—;Ef

§-72

3
%
|




where
Ve ® The circular velocity at the first impulse point

vel = The elliptical velocity at the first impulse point

1
&
b
¥
¥
L3
L
"\,
-
&
A

The delta velocity of the first impulse is computed as

1)) ‘;

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

v u ]
2 ‘;;;’

u ral

Vo, = ;
. e? 2 rag i

where

el el o

vc2 = The circular velocity of the second impulse point

e e

Ve2 = The elliptical velocity of the second impulse point

The total velocity change required for the transfer is computed as

i,\| 2 .
2 -
2 P
AV = 8V + f (Vgy - Vgp)© + Vg, Ve, sin(-zl

i 3. Entry DVDORB computes the AV required for the deorbit mansuver. The
- AV is computed as a function of inclination and altitude.

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

[ U

{ AVy = -0.05-H + 256.0
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For altitudes greater than 140 but less than 457 n.mi.
AVy = 1.4:H + 52,0 ~

For altitudes greatar than 457 n.mi.
AVy = 1.443H + 32.0
If the ‘uclination of the last orbit is greater than or equal to 28.59,

the AV as computed is output. Assuming the inclination is less than
28,59, then

€1 -
AV = AV) + 2Vesin e
2C,
where
C1 = 28.5°
Cp = 57.29578, a conversion factor used to convert degrees to radians

The circular velocity at the altitude of ti.e last orbit

-l
(]
1]

The V. parameter is computed as

He
ch—_
R+ H‘C3

where

1.40765392E16, gravitational constant in ft3/sec?
The radius of the earth

e
R

C3
RESTRICTIONS

6076.11548, a conversion factor used to convert n.mi. to feet

e Analytical
1. Al orbital AV's are computed for circular orbits

2. A1l plane change maneuvers are performed at the higher altitude
orbit
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ROUTINES CALLED

& None

|
!
CALLED BY i

ORBITR, PLONTG, TSV
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SUBROUTINE ERRPRT

IDENTIFICATION

Name (Title)

Author, Date

Machine Identification
Source Language

ERRPRT (Errci Printing Routine)
J. Williams, August 1975
UNIVAC 1110

FORTRAN V

PURPOSE

Subroutine ERRPRT is used to display the diagnostic messages associated
with infeasible missions generated by MPLS.

USAGE

e (Calling Sequence

CALL ERRPRT (KERR,MIXCOD)

Arguments:
Parameter
name In/Qut Dimension Type Description
KERR In 1 I The error number %o indi-
cate the type of constraint
that was vioiated
MIXCOD In 1 [ The discipline mix codc
e Labeled COMMON used: C1, C7, C8, Cl1l, Cl4
Block name Input Qutput
Cl 3201-3400
c7 2
c8 10,17-22,49-50
cll Not used
Cl4 7-18,25-30
METHOD

Subroutine ERRPRT is a logic routine that prints a diagnostic as a func-
tion of an error number. Refer to section 3.2.2 for the diagnostic
messages.
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‘
RESTRICTIONS j
@ o Operational }
Only 12 diagnostic messages are available. 3
' ]
ROUTINES CALLED i
None j
|

CALLED BY

CPTEST A

i A s 7

:
?‘«.
k
1
y
.4
:
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SUBROUTINE FEACOM

IDENTIFICATION

Name (Title)

Author, Date

Machine Identification
Source Language

FEACOM (Feasible Combination Routine)
J. M, Williams, August 1975

UNIVAC 1110

FORTRAN V

PURPOSE

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

e Calling Sequence

CALL FEACOM (MM, FEASOP, NP)

ARGUMENTS:
Parameter
name In/Out Dimension Type Description R |
M 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 mis-
sions kept
FEASOP - 1 I Not used |
NP - 1 I Not used

e Labeled COMMON used: (33

METHOD

Subroutine FEACOM generates a reduced list of missions from the feasible
missfon 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 in-
terval. The intervals used to select the mission numbers are obtained

from COMMON C33,in the array KCOMB.
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§ RESTRICTIONS
{, e Operational
! FEACOM will limit the number of feasible missions to 2000.

ROUTINES CALLED
ALLOCT

CALLED BY
TABLE

2 i

L A it
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SUBROUTINE FEASBL

IDENTIFICATION

Name (Title) FEASBL (Feasible Mission Output Routine)
Author, Date - J. Williams, August 1975

Machine Identification - 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

e Calling Sequence
CALL FEASBL (INCR, ICNT, IYEAR, IEE)

Arguments:
Parameter

name In/Out Dimension Type Description

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

ICNT In 1 1 A flag used to indicate if
repeated payloads are not
on this mission; ignored
if zero

IYEAR In 1 I The year that the combina-
tion of payloads is to be
flown

1EE In 1 1 The payload mission types
for the combination of
nayloads

e Labeled COMMON used: Cl1, CS5, C7, C8, C9, Cl0, Cll, Cl12, Cl4, C1S,
€25, €33, C39

METHOD

Subroutine FEASBL is used to set up data related to a feasible mission for
purposes of output. The following procedure is used for any feasible
combinations.

i et
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RESTRICTIONS

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 refei'enced to inftfalize the cost array.

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

4, The combination is scrutinized for repeated payloads.

o Operational

ROUTINES CALLED
DISPLY, FPTOMK, ICHARG

A e

CALLED BY |
CPTEST '
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SUBROUTINE FLYIT 1
|
|
|

IDENTIFICATION
Name (Title) - FLYIT (Compatible fayloads Routine)
4 Author, Date « J. Williams, August 1975
Machine Idertification - UNIVAC 1110
T Source Language - FORTRAN V
PURPOSE }
Subroutine FLYIT determines if repeated payloads can fly on the same mis-
sion,
USAGE

e Calling Sequence
CALL FLYIT (ICNT, ICMi, ICM2, SN, IYEAR, ICM3)

Arguments:
Parameter

name In/Out Dimension Type Description

ICNT In 1 I Number of unique repeated
payloads found .

ICM] In 6 1 Index of the payload found

1CM2 In 6 1 Number of payloads which
have been duplicated for
each duplicated payload

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

TYEAR In 1 I A two-digit number which
represents the year under
analysis

ICM3 In 6x6 1 An array of payload mis-

sion types. Each row in the
matrix represents a set of
mission types for a specif-
ic redundant payload

o Labeled COMMON used: Cl, C5
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METHOD

Subroutine FLYIT compares the compatibility of all redundant payloads in
a combination to the mission flight parameter, FLTPYP, of the payload
model. The foilowing procedure is used for any specific payload:

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

2. If the number of payloads of the same name exceeds three, the combina-
tion is rejected.

3. If the number of redundant payloads of the same name exceeds that
allcsed by the paylcad model, the combination is rejected.

4, 1f both up and down payloads of the same name are on the combinations,
the flag parameter must be checked to determine if the flight 1s allowed.

ROUTINES CALLED

None

CALLED 8Y
CPTEST




SUBROUTINE FPTOMK

IDENTIFICATION

Name (Title) - FPTOMK (Foot-Pound-Second System to Meter-
K1logram-Second System)

Author, Date - H. Chang. March 1976

Machine Identification - UNIVAC 1110

Source Language - FORTRAN V

PURPQSE

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

USAGE
e Calling Sequence
CALL FPTOMK (POALT, ALT, TOTLN, TOTLN1, TOTWTU, TOTWTD, PLMARG, CURDV,
TOTOV)
Arguments:
Parameter
name In/0ut Dimension Type Description
POALT In/Out 1 R Altitude of the initial
parking orbit
ALT In/0ut 6 R Orbital altitude of each
payload
TOTLN In/Out 1 R Total length up
TOTLN] In/Qut 1 R Total length down
TOTWTU In/Qut 1 R Total weight up
TOTWTD In/Out 1 R Total weight down
PLMARG In/Out 1 R Additional payload weight
the Shuttle can carry on
this flight
CURDV In/Out 1 R Total Shuttle AV used
TOTOV In/Qut 1 R Totai TSV AV used
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METHOD
SUBROUTINE FPTOMK changes the value of those variables in the calling argu-

ments from the foot-pound-second system to the meter-kilogram-second
system by multiplying by conversion constants.

ROUTINES CALLED

None

CALLED BY
FEASBL
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FUNCTION ICHARG

IDENTIFICATION

Name (Title)

Author, Date

Machine ldentification
Source Language

ICHARG (Cost Coefficient Routine)

J. Williams, August 1975

UNIVAC 1110 :

FORTRAN V i
|
{

PURPOSE
Function ICHARG computes a selected cost coefficient for a specific feas-
ible payload combination.

USAGE

e Calling Sequence

J(I) = ICHARG (I, FLOAD)

Arguments:
Parameter
name In/Out Dimension Type Description
[ In 1 [ Index of the cost coeffi-
cient being computed
FLOAD In 1 R Load factor, the ratio of

the total orbiter weight up
to its capability, or the
down weight to its capa-

- bility

o Labeled COMMON used: Cl0, Cl1, C25

METHOD

Function ICHARG computes 8 of 12 integer cost coefficients of a mission

for use in the SCA. The technique used allows the initialization or compu-
tation of a coefficient based on the input argument I. The function has
the following meanings for I:

Value of I Set value of each flight equal to
1 Unity
2: Maximum of weight load factor up or down
3: On-orbit OMS propellant required
4: Minimum of unused weight capability up or down
5: Maximum of length load factor up or down
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6: Cargo weight up
7: Cargo length up
z 8: Maximum of weight load factor up or down,
. or length load factor up or down
9: Product of priority of constituent payloads
10: Sum of sharability of constituent payloads 3
11: Charge factor (unavailable)
12: Unallocated i
i
Values for I = 9, 10 are computed in routine TABLE. ;
;]
P
i
|
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SUBROUTINE ISORT ,
IDENTIFICATION
Name (Title) - ISORT (Sort Array and Rearrange Additional Array(s))
Author, Date - E. H. Perrenot, November 1975
f Machine Identification - UNIVAC 1110
\ Source Language - FORTRAN V
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/Qut N R Array to be sorted .-
In 1 1 The number of words in
- array A (and 8, C, and/or
D, if used)
]
C In/Out N R Arrays to be rearranged
1]
K In 1 I 0 = sort A only
1 = rearrange B
2 = rearrange B and C
3 = rearrange B, C, and D

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 reorder array A. If
the options for K 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 ascending or descending order. If a switch is
made, the same respective elements in B, C, and/or D are switched.
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SUBROUTINE IUSDV

IDENTIFICATION
Name (Title)

Author, Date
Machine Identification
Source Language

UNIVAC 1110
FORTRAN V

PURPOSE

Subroutine IUSDV is used to compute the AV for a specific IUS which was

predefined by entry point INSTG.

USAGE

e Calling Sequence
CALL IUSDV (L, WT, TOV, V)
CALL INSTG (IOUT)

Arguments:
Parameter

name In/Qut Dimension

L In 1

WT In 1

TOV Qut 1

'} Qut Dimensioned
in calling
program

IouT Out 1

o Data In/Out

IUSDV (ISU AV Routine)
INSTG (Initialize IUS Vehicles)
J. Williams, April 1976

Iype

R

it Ptabt dnirs AL I A A A

{-ux.. .
N

Description

The index of the [US being
used

The payload weight carried ;
on the IUS

The total IUS AV required
An array of AV's computed
for each stage of the IUS

The number of IUS vehicles
which may be used

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

Block name Input
() 91-105

C13 1-166
5-90

Output

1-46,61-75
167-181




P s

METHOD

Entry point INSTG computes the weight and length of an IUS vehicle defined

by the payload model; refer to table II. The computation is performed by
? gummation of all IUS stage weights and lengths defined for a specific
us.

Subroutine IUSDV uses the total loaded weight of the IUS to compute the AV
requirements for each stage. The equation used to compute the AV require-
ment is a form of the ideal rocket equation and is

where

g = Acceleration due to gravity

iﬁp = The specific impulse for the orbiter OMS engines
= Natural logarithm

W1 = Vehicle weight before the burn

Wg = Vehicle weight after the burn

The fuel requirement for each stage is known; therefore, the problem
solution is simplified.
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IDENTIFICATION

Name (Title)
Author, Date

Machine ldentification

Source Language

PURPOQSE

SUBROUTINE IUSOPT

IUSOPT (IUS Option Routine)
J. Williams, April 1976

UNIVAC 1110
FORTRAN V

Subroutine IUSOPT determines feasibility of a mission for a specific IUS
vehicle, given the weight of the payload to be carried.

USAGE

e Calling Sequence

CALL IUSOPT (HAl, HA2, XINC1, XINC2, PYLOWT, TW, ISN, TL, TUGDV, $)

Arguments:

Parameter

name In/Out Dimension
HAl In 1
RAC In 1
XINC1 In 1
XINC2 In 1
PYLOWT In 1
TW Out 1
ISN In 1
TL Out 1
TUGDV Qut 1

5-92

Type

R

Description

The altitude of the circular
orbit at which the IUS and

its payloads are deployed
from the Shuttle

The altitude of the payload
final circular orbit. If
HAl < 0 then HA2 is the C3
energy required rather than
altitude

The inclination of the I[US
deployment orbit

The desired inclination
Weight of the payload
Weight of the IUS

Index of the IUS used
Length of the IUS

AV required by the IUS
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! $N - A statement number in the

g calling program to which
ﬁ control is transferred

} when an error occurs

e Data In/Out i

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

Block name Input Qutput ;

c3 1

c13 1-15,167-181 g
METHOD "

Subroutine IUSOPT verifies whether a paylnad(s) can be flown on a specific
IUS. The logic optionally allows the use or C3 energy cases or permits the
user to specify altitudes and inclinations. The method is as follows:

1. Subroutine IUSDV is called to compute the IUS AV available.
2. The Hohmann transfer AV is computed.

3. The AV from each stage of the IUS is summed until it exceeds the transfer
? AV, or until there are no more stages. If the IUS stage AV is less than
} ( the transfer AV, the case fails.

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

5. 1f the remaining IUS stages are within 10 ft/sec of the transfer AV, the
case is converged. If not, the initial plane change is modified and the
program transfers to step 2. The problem is considered infeasible if
200 iterations have been exceeded.

The basic form of the Hohmann equations used is given in the documentation
of FUNCTION DLTAV,

RESTRICTIONS

e Operational

Subroutine IUSDV is required.
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SUBROUTINE LIQUID

IDENTIFICATION

Name (Title)

Author, Date

Machine Identification
Source Language

LIQUID

Frank Roth and Jack Williams, June 1976
UNIVAC 1110 EXEC 8

FORTRAN V

PURPOSE
The purpose of LIQUID is to compute the AV and delta weight (DW) associated

with the liquid IUS's which are needed for the Sequence Dependent Test Logic
(SDTL) subroutine.

USAGE

¢ Calling Sequence

CALL LIQUID ($N)

Argument:
Parameter
name In/Out Dimension Description
$N - - The statement in the calling program

to which control is transferred if the
IUS does not meet its weight and/or
AV requirements

e Data In/Out

Labeled COMMON (Refer to labeled COMMON description section):
Block name n OQut

c2 2-3,40 4-32
6 1-60,9

c8 1-4

C10 1-6
€25 3,9

2,7,11-25
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METHOD

( The AV's and DW's for the 1iquid stage are calculated. They are added to
their respective totals and tested to determine if they are within restric-
tions. If requirements are met, the exit is made via the normal return.
If not, the error exit ($N) 1is taken. T
RESTRICTIONS

¢ Operational

Subroutine EXP is required.
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SUBROUTINE LORBWT

IDENTIFICATION

Name (Title)

Author, D:te

Machine [Jentification
Source Language

LORBWT

Frank Roth and Jack Williams, June 1976
UNIVAC 1110 EXEC 8

FORTRAN V

PURPOSE
The purpose of LORBWT is to compute the launch and deorbit weights
of the orbiter,
USAGE
* o Calling Sequence
CALL LORBWT ($N1, $N2)

Arguments:
Parameter

name In/Out Dimension Type Description

$N1 - - - The statement number in the
calling program to which
control will pass if the
weight is excessive

$N2 - - - The statement number in the

' calling program to which
control will pass i¥ AV
requirements are not met

e Data In/Out

Labeled COMMON (Refer to labeled COMMON description section):

Block name In Out
c2 2-3,40 4-32
c3 1 2-10
cé 1-60,91-105
cs8 1-47°
c10 1-6 2,7,11.25
Cll 7,12
€25 3,9,10-13
5-96




METHOD
fﬁ: The weight of the vehicle, including payloads but not fuei, and the AV re-

quired to change orbits, based on each payload are calculated. The weight

of OMS fuel is computed and tested against orbiter capacity. I[f this test

is passed, the number of OMS kits required is computed. A new AV {is calcu-
lated and the {teration is continued until enough fuel can be carried to
produce the required AV, If more than three kits are required, the program
exits through RETURN2 and control goes to $N2 in the calling program. RETURN]
is taken when the weight 1imit is exc¢ eded. Control goes to $N1 {n the call-
ing program. The normal return is talen when Loth criteria are met.

RESTRiCTIONS
e Operational
Subroutines OMSCK and EXP are required.

5-97

4

s SO .
adicemnd _ P o ) i 7 -

s e+ i Bl i e ot .




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 payload disci-
plines; entry point MXSTAT {is used to display the frequenCy of occurrence of
each discipline mix,

USAGE

o (Calling Sequence

CALL MIXTST (SN, KK, MIXCOD)

CALL MXSTAT
Arguments
Parameter
name In/Qut Dimension Type Description
SN - - - The statement number in the
calling program to which
control is passed if an
error occurs
KK In 1 1 A flag, when set nonzero
causes the discipline mix
to be checked against a
1ist in COMMON
MIXC0D In 1 I The discipline mix to be

verified or stored
e Data In/Out
Labeled COMMON (refer to the labeled COMMON description section):

Block name Input Output
c30 1.221 21-220
5-98
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METHOD

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

RESTRICTIONS

e Operational

Subroutine DECOMP is required.
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IDENTIFICATION

Name (Title)

Author, Date

Machine Identification
Source Language

PURPOSE

SUBROUTINE MPLS

MPLS (The MPLS Executive Routine)
J. Williams, August 1975 |
UNIVAC 1110 £
FORTRAN V

Subroutine MPLS 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

e Calling Sequence

CALL MPLS (IYEAR, MAXLP)

A n . e sl el

Arguments:
Parameter -
name In/Out Dimension Type Description .
IYEAR In 1 1 The last two digits of the |
year under analysis !
MAXLP In 1 I The maximum number of pay-
: loads allowed on a combi- ;
nation ;

e Data In/Out

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

R1ock Name

cl
(8
6
c7
9
clo
Cll
Cl15

Input Qutput

3401-3600
1-100,202
61-90
1-109
2
Not used)
Not used) i
2 |
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| METHOD

; 'ai» Subroutine MPLS is the executive for the MPLS. It uses the following
| procedure:

t : 1. The number of TSV's 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.

the list require TSV's.
4, Subroutine COMB is called to generate a unique payload combination.

§. Subroutine SORTL is referenced to arrange the payload combination

} ; 3. Subroutine PLONTG is referenced to determine which payloads in
:
]
E in ordar of ascending altitude.

6. A call to subroutine CPTEST is made to perform the sequence dependent
) and independent test.

e s iml e

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

e

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

Subroutines STATS and MIXTST are called to output tables related to
the discipline mix and mission types. !

e xm o tesdllmn . .

RESTRICTIONS
e Opcrational

Subroutines PLIST, PLONTG, COMB, SORTL, CPTEST, TIME, FEACOM, STATS, 3
and MIXTST are referenced. ’
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SUBROUTINE OMSCK

IDENTIFICATION

Name (Title)

Author, Date

Machine Identification
Source Language

OMSCK (Checks Required Number of OMS Kits)
J. Eggleston, August 1976

UNIVAC 1110 EXEC 8

FORTRAN V

| PURPOSE
The purpose of OMSCK is to determine the number of OMS fuel kits required
to execute a particular mission and their associated weight,
USAGE
¢ Calling Sequence

CALL OMSCK (POINC, ORBDV, OMSWT, NOMSKT)

PP T L T QTR N U . . T e Ty i B o oot BNt oeririndd - 4 SARNE R SRR biindicibailiiis

Arguments:
E Pa;:ﬁ:ter In/Qut Dimension Type Description

POINC In 1 R Parking orbit inclinaticn

ORBOV In 1 R Total orbiter AV for the missice
| OMSNWT Out 1 R Total weight of OMS fuei required
' NOMSKT Qut 1 I Number of OMS fuel kits required

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

Block name Input Qutput
c32 1-19
METHOD

The number of OMS fuel kits required is initially set to four. The

weight of the OMS fuel needed and the number of kits are calculated as

a function of the initial parking orbit and total AV. Both are returned

as output, , ]
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RESTRICTIONS

:i e Operational

Subroutine EXP is required.
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OMSCK

NUMBER OF OMS
KITS REQUIRED
=4

Y

COMPUTE THE ABORT WEIGHT AS A
FUNCTION OF PARKING ORBIT
INCLINATION

ABRTWT = 18700 IF POINC 2 56°
ABRTWT = 13500 IF POINC < 56°

I

COMPUTE THE
WEIGHT OF OMS
FUEL 70 BE
CARRIED IN KITS

l

COMPUTE THE NUM-
BER OF OMS KITS
NEEDED BASED ON
THE WEIGHT OF OMS
FUEL OR THE ABORT
WEIGHT, WHICHEVER
IS LARGER

RETURN
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IDENTIFICATION

Name (Title)
Author, Date

Machine Identification

Source Language

PURPOSE

The purpose of ORBITR is

USAGE

o Calling Sequence

SUBROUTINE ORBITR

Baiuia™ rACe dhhtin -

ORBITR (Orbit Calculations)
F. Roth and J. Williams, June 1976

UNIVAC 1110 EXEC 8
FORTRAN V

to compute the AV requirements for deorbit.

CALL ORBITR (TFLAG, OFLAG, IPM, §)

Arguments:
Parameter
name In/Out
{ TFLAG In
OFLAG In
IPM In
$ -

e Data In/Out

Dimension Type
1 Logical
1 Logical
1 I

Description

.TRUE. There are TSV
payloads
.FALSE. No TSV payloads

.TRUE. There are orbiter
payloads
.FALSE. No orbiter payloads

Payload permutation

Statement to which control
is transferred if paylcad
length exceeds XLMAX

Labeled COMMON (Refer to labled COMMON description section):

5-105




Block name

cl

c2
c3
c8
10
c25

METHOD

In Qut ;
2001-2600 S
2801-3600
7201-7800
2-3,40 4-32
1 2-10
1-47
1-6 2,7,11-25
3,9,10-13

The deorbit weight is computed by starting with the final down weight and
computing the weight of expendables used to perform the most recently enacted
maneuver. Stepping back through each maneuver to launch, the total launch
weight is calculated along with the AV requirements. Fuel load is altered as
required and the process repeated until fuel requirements are met or the

orbiter 1imits exceeded.

RESTRICTIONS

e Operational

Subroutines PERM, DLTAV, and WINCL are required.
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( ORBITR ?

NORBP1 = NORBPL +1
NORBP3 = NORBPL + 3

FLAC .FALSE.

.FALSE,
XL = 0
001 =2, NORBP1 -
J  =I1SORB(l- D
L =KSORB W)
K =1ABS (IEORBUY
DWO = OXEP(L) + HEPS(L) + RCS(L)

65 4 32 Y1 [ OWoRB(M = DWO + WT(L) - WT (L) -
| DWORB(I) = DWO + WT 1(L)
g ~WT (L-RCSRDZ | |
DWORB(N = DWO - WT 1(L) —-
Y [ oworath = owo + With l j
b
XL = XL + LEN(L) |
XLMAX = AMAX1(XL, XLMAX) :
h--—— '
L
]
.
!
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1,KORBP1,

Y -

L—---

,z‘-.
L.

DVORB(2) = DVEL
(POALT, XALT,
POING, XINC)

+ RDVORB(2)

K=L
J =ISORB(I - 1)
L = ICORBW)

+ RDVORB(I)

DVORS(1) = DLTAV(K, L)

P

2

4

]
YINC =INCL(L)
YALT = HA(L)
DOINC + AMAX1
(28.5, YINC)

\

ORBMR(l) = EXP

(DVORB(1)/CORB)
FOR 1 =2, NORBP1
>y

DVORB(1) = DVIPK
(POALT)
ORBMR(1) = EXP
(DVORB(1)/CORB)

{

&
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ROINC = YINC

ROALT = YALT + 20

RODV2 = OVEL (YALT, ROALT, YINC, YINC) + REDZDV
ROMR2 = EXP (RODOV2/CORB)

RODV3 = DVDORB (QOALT, YINC)

ROMR3 = EXP (RODV3/CORB)

L e

EODV:5> = DVDORB (YALT, YINC)
EOMR3 = EXP (EODY3 /CORB)

)\ ,
NTUGPL -
\;ﬁ

DVORB (NCRBP 3) = EODY 3
OMBMR (NGRBP3) = EOMR 3
POALT = YALT

h
C RETURN )
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SUBROUTINE PERM

IDENTIFICATION

Name (Title) - PERM (Permutation Generator)
Author, Date - J. Williams, August 1975
Machine Identiffcation - UNIVAC 1110

Source Language - FORTRAN V

PURPOSE

Subroutine PERM generates a permutation of a set of N variables taken
N at a time, One permutation is generated for each call.

USAGE
e Calling Sequence
CALL PERM (N, IEND, IPERM, ICNT)

Arguments:
Parameter
name In/Qut Dimension Type Description
N In 1 1 Number of variables in the X
permutation
1END In/0ut 1 I An initialization flag
s 0, initialize the permu-
tation generator
#0, generate the next
permutation
1PERM Out Dimensioned 1 A list which contains the
in calling new permutation
program
ICNT Qut Dimensioned 1 An array of counters used
in calling to generate a permutation
program
METHOD

Each permutation is formed by 3 cyclic permutation of all or part of
a previous permutation. The logic is structured such that a single
call to PERM generates a permutation.
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: SUBROUTINE PLOSCN

IDENTIFICATION

Name (Title) - PLDSCN (Scans Payloads in Combination)
Author, Date - €. H. Perrenot, October 1976

Machine Identificatior - UNIVAC 1110

Source Language - FORTRAN V

PURPOSE

Subroutine PLDSCN scans payloads within a combination in the order
of their operations and groups them into mission events.

'{ USAGE
o Calling Sequence
)
CALL PLDSCN (NPL, IPTR, TDO, EVNT, NEVAT)
Arguments:
# Narameter
if (_' naiie In/Qut Dimens:on Type Description
' NPL In 1 1 Number of payloads in the
combination
IPTR In Dimensioned I Array containing pointers to
in calling payload data in array TDO (re-
program flects payload sequence within
the combination)
T00 In 6x5 R Array of payload data
| EVNT Out 6x4 R Array of data concerning events
rf NEVNT Out 1 ) Number of events
METHOD

Subroutine PLDSCN groups payloads in a combination into events. It
accomplishes this task by examining payload characteristics such as
altitude and need for a third stage. In defining events, the following
guidelines are used:

1. A1l payloads requiring a third stage and preceding the first non-third-
stage payload are deployed at an altitude of 160 n. mi, if the first
non-fhird—stage payload requires an altitude of greater than 160

n, mi,
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2.

If third-stage payloads precede a non-third-stage payload with an
altitude of less than 160 n. mi,, they are deployed at the altitude
of the non-third-stage payload.

Excepting the above cases, no third-stage payload(s) ever comprises
an event by itself; it is deployed at the altitude of the preceding
non-third-stage payload.
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PLOSCN

DOES
FIRST PAYLOAD
NEED A THIRD
STﬁGE

SET ALTITUDE 0O
160 n. mi,

NO

00ES
PAYLOAD REQUIKE YES
A THIRD STAGE
?

SET ALTITUDE AND
INCLINATION TO
THOSE OF THE
PAYLOAD

PREVIOU N
PAYLOAD REQUIRE 0 ot T\
A THIRD STAGE
?

YES

1S
THIS THE YES
FIRST PAYLOAD
?

Lt e K e, ke 8 DL

NO

ALTITUDE
EQUAL PREVIOUS NG A

ALTITUDE
?
YES

ADD & WEIGHT OF
PAYLOAD 70 EVENT
A WEIGHT

B N

.
B T O TR

[PFORTNENE S R
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3

LAST
PAYLOAD
N COM _,BINATIO

s

DEFINE EVENT;
REINITIALIZE
EVENT PARAMETERS

@_No

PAYLOADS
PROCESSED
?

@ NO

ALL

PAYLOADS

NEED A THIRD

STAGE
?

SET LAUNCH
INCLINATION AT 28.5
FOR ALL EVENTS

NO

C RETURN )
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SUBROUTINE PLIST

IDENTIFICATION

Name (Title)

Author, Date

Machine Identification
Source Language

PLIST (Payload List Routine)
J. Williams, August 1975
UNIVAC 1110

FORTRAN V

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

USAGE

e (Cailing Sequence

CALL PLIST (IYEAR)

Argument :
Parameter
name In/Out Dimension Type Description
IYEAR In 1 I The last two digits of the

year under analysis
e Data In/Out
Labeled COMMON (refer ta the labelad COMMON description section):

Block name Input Output
Cl 3401-6200,8201
c5 1-363
c9 50

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 additicn, 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 which is described in detail in section 5.2.

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

Y jaa
L

IDENTIFICATION

Name (Title)

Author, Date

Machine Identification
Source Language

PLONTG (Payload on TSV Routine)
J. Williams, August 1975
UNIVAC 1110

FORTRAN V

PURPOSE
Subroutine PLONTG determines the TSV requirements for payloads to be
flown in a particular year.
USAGE
e (Calling Sequence
CALL PLONTG
e Data In/Out
Labeled COMMON (refer to labeled COMMON description section):

Block name Input Output

Cl1 2001-2600,2801-3400,
8001-8200 :

c5 1-100,202,264-363 364-463
c8 = 1,3,5,7
c9 50
Cl0 1-3,4
cll 7
C25 10-11,13,15

METHOD

Subroutine PLONTG is used to determine which payloads in the working
1ist 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.

1f all the conditions are met, then a 1 is stored in the NEEDTG array.
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RESTRICTIONS

e Operational

Functions DVIPK, DVEL, OVDORB, and subroutine OMSCK are required.
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SUBROUTINE REDUNT

IDENTIFICATION

Name (Title)

Author, Date

Machine Identification
Source Language

REDUNT (Redundancy Check Routine)
J. Williams, August 1975

UNIVAC 1110

FORTRAN V

PURPOSE

Subroutine REDUNT is used to eliminate payload combinations that have
an infeasible subset.

USAGE
e Calling Sequence

CALL REDUNT ($N)

Argument :
Paraméter
name In/Out Dimension Type Description
SN - - - The statement number in the

calling program to which
control is transferred if
an error occurs

e Data In/Out
Labeled COMMON (Refer to the labeled COMMON description section):

Block name Input Qutput
c34 AN
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 payload from the
combination and compares it to a previous generated set, for example:

5-118




-

Candidate Temporary Feasible missions
combination set previous set
ABCDE ABCE ABCD
ABCE
ACDE
ACOF
ADFG
BCDE

Since the combination was generated by adding the 1asf payload, €, 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 SDTL

v
IDENTIFICATION
Name (Title) SOTL (Sequence Dependent Test Logic) !
Author, Date Frank Roth and Jack Williams, June 1976

UNIVAC 1110 EXEC 8
FORTRAN V

Machine Identification
Source Language

PURPOSE
The purpose of SDTL is to perform the sequence-dependent test logic
for choosing payload permutations and third stage vehicles. It is

an executive routine that calls other modeling routines such as LORBWT,
CGIN, and TSV as they are needed.

USAGE
e Calling Sequence

CALL SOTL (S$N)

Argument:

Parameter .
name In/Out Dimension Type Description
N - - - The statement in the calling

program to which control is
transferred if the combina-
tion is infeasible

e Data In/Out

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

Block name Input Qutput
c3 1 2-10
c6 1-60,91-105
c8 1-47
C10 1-6 2,7,11-25
C25 3,9,10-13
METHOD

Subroutine SDTL verifies that a payload combination is feasible, It examines
each permutation within the combination until it finds one that will fly with “s
an available third stage vehicle (TSV). If no suitable TSV can be found, the -
next permutation is obtained and the process repeated. If the payload cannot
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fly on any available TSV, control goes to $N. If constraints allow the pay-
B load to fly, the normal exit is taken from the subroutine. The various con-
L. straints are tested by the modeling routines.

RESTRICTIONS

¢ Operational
Subroutines LORBWT, CGIN, and TSV are required.
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®

< SOTL ’
1

Al)=0.;1=1,107
ISORB (1) = 1
ISTUG(1)= 1
TTWus=0

TLU= 0

TLP=(Q

TWO =0

TFLAG = .FALSE.
OFLAG = .FALSE.

¢o

TFLAG = ,TRUE.

=0 ]

#0
NORBPL OFLAG = .TRUE.
=ofe |

LTSV = .TRUE.
LORB = .TRUE.
WRCS = RCSWT
OMSMAX = 2.5 *
OMSINT

Y

#0

NORBPL

@

<0

YALT =150,
POALT = 150.
POINC =28.5
YINC =28.5

CALL WINCL (1)
TO INITIALIZE
TO GET THE

WEDGE ANGLE

®
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B ANGLE

”; CALL WINCL (2)
| TO GET WEDGE

CALL ORBITR

| #3 -
- {
‘ = EODV3

ORBMR (NORBPL + 3)

= EOMR3

o UGTYP D>—
. - Y K
A DVORB (NORBPL + 3) N

DVORB (NORBPL + 2) = RODV2
ORBMR (NORBPL + 2) = ROMR2
DVORB (NORBPL + 3)=RODV3
ORBMR (NORBPL + 3) = ROMR3

L

ITRY = .FALSE

&
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= FALSE.
TFLAG

& |
= .TRUE. .
LORB = .TRUE.
GO TO 10 LORB = FALSE.

- <NTUG JTUG

<0

2 NTUG >0

LTSV = .TRUE.
JIWG = 0

NTUGPL N

< NTUGPL

FALSE.

v
3
o]
@
v
-
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SUBROUTINE SOLID

IDENTIFICATION

Name (Titie) - SOLID

Author, Date - Frank Roth and Jack Williams, June 1976
Machine ldentification - UNIVAC 1110 EXEC 8

Source Language - FORTRAN V

il AN

PURPOSE

The purpose of subroutine SOLID is to compute that portion of the total AV ;
and total AV resulting from the use of a particular solid fuel TSV, f
USAGE

o Calling Sequence
CALL SOLID ($N)

Argument:
Parameter
name In/Out Dimension Type Description
SN - - - The statement in the calling

program to which control will
pass if this TSV cannot be used

e Data In/Out
Labeled COMMON (refer to the labeled COM-JN description sectiun):

Block name Input Qutput

Cl 2001-2600,2801-3600

7201-7800

C2 2-3,40 4-32

C3 1 2-10

c8 1.47

cl0 1-6 2,7,11-25
METHOD

The program ensures that all the payloads have the same altitude and inclina-
tion and are deploys. It computes tctal 1ength and weight up and down by
suming over all the payloads to determine ii the payloads can fly on this
TSV. If all criteria are passed, it computes the AV and AW for this rocket
for this portion of the orbit. If the TSV fails to meet cne of the criterta,
the subroutine exits to SN.

5-125




R - e - - = Sl e
. s r— e - Ll fica iR L it e _akieaeial et ‘

RESTRICTIONS

o Operational L )
Subroutine IUSOPT 1s required.
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“ ENSURE ALL PAY-

LOADS HAVE THE FALSE.

SAME INCLINATION |
AND ALTITUDE AND
ARE DEPLOYS

}L .TRUE.

! r‘ 3
'* J =1STUG(1) i
L =ICTUGW i

TALTI = C3(L) g

TINCI = INCL(L) :

] |

TL =TPLU |

ISLN = ITUG ;

o
. . 1

TWU = TW + TPWU ’ o
TLU =TL +TPLU 1
TWD = 0 o
DWORB (1)=- TWU - TEPSDP - TSVRCS ,
TTWU = TWU 3
‘ TUGOMS =0
TLD=0 1
TWD=0 |
RCSWT =WRCS
DWORB (NORBP2) = 0.
DVORB (NORBP2) = 0.
ORBMR (NORBP2)=1.
DVORB (NORBP3) = EODV3
ORBMR (NORBP3) = EOMR3
RDVORB (NORBP2) = 0.
DOALT =YALT
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SUBROUTINE SORT

IDENTIFICATION N

Name (Title)

Author, Date

Machine Identification
Source Language

SORT (Descending Sort Module)
J. Williams, August 1975
UNIVAC 1110

FORTRAN V

PURPOSE

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

USAGE
e Calling Sequence

CALL SORT (N, X, Y)

Arguments:
Parameter
name In/Qut Dimension Type Description
N In 1 I Number of variables to be
sorted
X In Dimens ioned I Listed of integers to be
in calling sorted
routine
Y Out Dimensioned I List of integers sorted in
in calling descending order
routine
METHOD

Subroutine SORT arranges a list in descending order by searching the 1list
to find the maximum number in the array; the tests are repeated N times.

5-128




i e SO TN T ek ek

T Ty i

SUBROUTINE SORTL

IDENTIFICATION

Name (Title) - SORTL (Ascending Order Sort)
Author, Date - J. Williams, August 1975
Machine Identification - UNIVAC 1110

Source Language - FORTRAN V

PURPOSE

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

i R
‘*.mwmw,w;mww\‘"”W“”h‘**”f““’v“*“’:’wimmm% it

USAGE

e

e Calling Sequence

CALL SORTL (M, IJ, HA, IA)

N g Y

Arguments:
Parameter
{, name In/Out Dimension Type Description
' M In 1 I Number of variables to be
sorted
1J In Dimensioned [ An array which is stored
in calling into IA
program
HA In/Out Dimensioned I An array sorted into
in calling ascending order
program 4
‘ IA Out Dimensioned I The IJ array arranged in §
in calling an order corresponding to 7
program the sorted HA array
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)

Author, Date

Machine Identification
Source Language

SORTX (Sort Ascending Order)
J. Williams, August 1975
UNIVAC 1110

FORTRAN V

PURPOSE
Subroutine SORTX sorts

]

1ist of M integers into ascending order.

USAGE

e Calling Sequence

CALL SORTX (M, IA)

Arguments:
Parameter
name In/Out Dimension Type Description
M In 1 I Number of variables to be
sorted
IA In/Out Dimensioned I Array to be sorted into
in calling ascending order
program
METHOD

Subroutine SORTX arranges the IA array into ascending order by incrementing
through the list 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)

Author, Date

Machine Identification
Source Language

STATS (Mission Type Status Routine)
J. Williams, August 1975

UNIVAC 111C

FORTRAN V

PURPOSE

Subroutine STATS uses the mission type 1list to reject payload combinations
as a function of the mission types.

USAGE
e Calling Sequence

CALL STATS ($N, 1B, M, INCR, MATCH, ISTART, IEND, IALT)

Arguments:
Parameter
name In/Out Dimension Type Description

SN In - 1 Statement number in the
calling program to which
control is transferred if
an error occurs

18 In 6 1 Mission type numbers of the
payload sequence being
evaluated

M In 1 I Number of elements in IB

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

MATCH Out 1 I A flag which denotes if non-
zero that the mission types
in IB correspond to the

, mission class codes in

COMMON Cl12

ISTART In 1 1 First nonzero word in the

mission type list
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Parameter .
name In/Out Dimension Type Description
1END In 1 I Last nonzero word in
the mission type list
IALT In 1 I Not used

e Data In/Qut
Labeled COMMON (refer to the labeled COMMON description section):

Block name Input Qutput
9 3-49
C12 1-54
METHOD

Subroutine STATS uses an internal allowable list of mission-type codes to
constrain candidate missions. If a candidate mission-type's code does not
correspond to the MSCLCD array in COMMON, it is rejected; otherwise, the
missior. is accepted.
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SUBROUTINE TSV

IDENTIFICATION

Name (Title) - TSV (Third Stage Vehicles)

Author, Date - F. Roth and J. Williams, June 1976
Machine Identification - UNIVAC 1110, EXEC 8

Source Language - FORTRAN V

PURPOSE

The purpose of TSV is to compute all the data for AV and AW which is inde-
- pendent of fuel consumption. TSV calls the appropriate subroutine (SOLID
or LIQUID) to compiete data requirements.

USAGE |
e Calling Sequence

CALL TSV (TFLAG, LTSV, $N)

Arguments:
Parameter
name In/Out Dimension Type Description
TFLAG In 1 Logical No longer used
LTSV In 1 Logical .TRUE. = There is a TSV for
this payload
LFALSE.= No TSV
SN - - - The statement in the calling

program to which control is
passed if an abnormal exit
is made from subroutine
SOLID or LIQUID

¢ Data In/Qut
Labeled COMMON (refer to the labeled COMMON description section):

Block name Input Qutput
Cl 2001-2600
2801-3600
7201-7800
c2 2,3,40 4-32
c3 1 2-10
C6 1-60,91-105
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Block name Input Qutput
. C10 1-6 2,7,11-25
| ; €32 1.3
’ H
, METHOD

If LTSV = _FALSE. the program returns with no action. If LTSV = ,TRUE.
the total down weight of the payloads is calculated and the AV computed
for the required altitude and inclination. Subroutine SOLID or LIQUID

is called to retrieve the associated AV and AW.

RESTRICTIONS

e Operational

Subroutines SOLID, LIQUID, PERM, and DLTAV are required.
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PAYLOAD
TYPE

L DWTUG() = WT1 ‘
DWTUG(D) = =WT 1 s

DWTUG() = WT1 - WT

e

JFLAG = ,TRUE,
J = ISTUG(D)
L = ICTUGW)
TALTI = HA(L)
TINCI = INCL(L)

POINC1 = AMAX1
(28.5, TINC)
POINC = POINC1
DOINC = POINC]
ROINC = POINC1

1

'

IREUSE

i

PPOALT, TALTI OVTIL =vE3 + 26G/KE + POAL T TN
POINC, TINCI) - VGG/(RE + POALT* T2NMD

5

&
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' Tk=tL
b g =1sTuem

D0t = 3NTUGPLI L = ICTUGW)
[ DVTUG(!) = DLTAV
i K,L
L---- -

=0
TALTF = HAWL)
TINCF = INCL)
DVTF1 = DVEL
(TALTF, ROALT,
TINCF, ROINC)
NORBPL Dl
=0

POINC TN _YES
= POINC
2
OVTI2 = DVEL (POALT, TALTF, POINC2,
TINCF)
DVTF2 = DVEL (TALTF, ROALT, TINCF,
POINC2)
JFLAG = .FALSE. !
®
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JTUG =JTUG + 1
ITUG + LTUGS
JTUG)

U,

TUGTYP (ITUG)

: CALL SOLID CALL LIQUID
oK ERROR ERROR| OK
g

NORMAL
RETURN

NORMAL
RETURN
y
NONSTANDARD
EXIT

5-137

o



L £ Sud b o L S e A S L S CREE il = - . E Zinciait vwfvvmw‘

SUBROUTINE WINCL

IDENTIFICATION <~

WINCL (Wedge Angle Inclination)
F. Roth and J. Williams, June 1976
UNIVAC 1110 EXEC 8

Name (Title)
Author, Date
Machine Identification

Source Language - FORTRAN V
PURPOSE
The purpose of WINCL is to compute the wedge angle between two orbital
planes.
USAGE
e Calling Sequence
CALL WINCL (IOPT)
Argument :
Parameter
name In/Out Dimension Type Description
10PT In 1 I Initialization flag
1 = initialize
2 = compute angle between
orbital planes
e Data In/Out
Block name In Out
Cl 2001-2600
2801-3600
7201-7800
C2 4,9
c3 1.8
c6 1-60
91-105
c8 9.26
Cl10 1,2
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METHOD

(’ Initially, the altitude and inclination of the first orbit are saved.
On succeeding passes, the angular difference between the previous and

current orbits is calculated. The total orbital change is restricted

so that the final orbit is not allowed to go below 28.5° inclination.

RESTRICTIONS

None.
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J = ISQRB(1)
K = ISTUG(D)

e —

POALT = 150. Y1l = INCL(L) M = ISORB(1)
POINC = 28.5 Y2 =AMAX1 L = |CORBM)
YINC =28.5 (28.5Y1) XALT = HA(L)
YALT =150, POINC = Y1 XINC = INCL(L)
L = ICTUG(K) POINC = AMAX1(28.5, XINC)
e NTUGPL i
POALT = AMINI ]

(150, XALT)

e Y j—-[ POALT = XALT
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L1 =ICTUG(K)
L =L1

= () fee—

L =1CORB(W)
i

NTUGPL

=0

Ll=L
]

# O
'

Y1 = INCL(L)

0 >INCL(L1)

Y1 =INCL(L) -
WEDGE

POINC = AMAX1
(28.5, Y1)

Y1 = POINC
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SUBROUTINE WTTEST

P T T

IDENTIFICATION

Name (Title)

Author, Date

Machine Identification
Source Language

WTTEST (Weight Test)

John Eggleston, August 1976
UNIVAC 1110

FORTRAN V

P P T T S

e

PURPOSE

Subroutine WTTEST checks a set of payloads to ensure that they do not
exceed the orbiter take-off and landing capabilities.

USAGE
¢ Calling Sequence

CALL WTTEST (NPL, NDWNPL, IFLY, NEPS, NCREW, LWTU, LWTD)

Arguments:
Parameter
name In/Qut Dimension Type Description
NPL In 1 I Number of payloads in the
combination
NOWNPL In 1 I Number of retrieve payloads in
the combination
IFLY In 6 I Payload ID's in a combination
NEPS In 1 I Number of EPS kits for this
combination
NCREW . In 1 1 Number of crewmen assigned to
the combination ;
LWTU Out 4 L 'Weight-up' pass/fail flag for i ;
0-3 OMS kits D
LWTD Out 4 L 'Weight-down' pass/fail flag i_?

for 0-3 OMS kits
e Data In/Out
Labeled COMMON (refer to the labeled COMMON description section):

LY
e A A i S b b
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B8lock name Input Cutput
Cl 2201-2600
C32 6-7
9-16
METHOD

WTTEST sums the weight of full EPS kits, crewpersons, and payloads at launch,
adds the weight of zero to three full OMS kits, and checks the launch weight
constraints, The same is done for landing, except the OMS and the EPS kits
are empty.

i
i
:
i

e £ okt ..

e e e S Sl
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C WTTfST )

COMPUTE TOTAL UP AND DOWN WEIGHTS OF THE
PAYLOADS INCLUDING CREW AND EPS KITS

NO

SET THE WEIGHT UP PASS FLAG
= .TRUE.

YES

= .FALSE.

SET THE WEIGHT UP PASS FLAG

SET THE WEIGHT DOWN PASS FLAG
= .TRUE.

= .FALSE.

SET THE WEIGHT DOWN PASS FLAG

\ 4

C RETURN )
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5.4 SAMPLE INPUT/QUTPUT

5.4.1 Sample Input

The job stream given below indicates the operations necessary to execute
the MPLS. To gain a clean understanding of the input, consult Volume 1-

Sample User's Guide.
Card image
@RUN JWLXIA ....
@USE SAMPLE., FM3-L71194*SAMPLE

@XQT SAMPLE.SAMPLE
2
@ADD SAMPLE.DATAIS
1
7
2

80

10
5
@FIN

5.4,2 Sample Qutput

The printed output generated by the input data described in section

5.4.1 follows.

5-145

et b g

Description

Run card

Specifies an internal file name
for an external file name

Starts execution

Selects the performance vehicle
Adds the payload model to the run
Selects the display option
Requests all displays

Allows the selection of an analysis
type

Selects the MPLS only option

Specifies the year of anaiyvsis
(1980)

No data base options
Terminate 1

Sian off the system




-

T P T T T T T

CRETIERTRERERIRLRRLLLAL  NISSION NMODEL DISPLAY XZEXIXXLXATXXXRAXRLXXLX

NO.

O M N ;M N s W M

[ Y I T T R R Y
O N N O N a2 W v - e

RLBRES

738>

SAYLOAD DISCIALING

]
AE
AE
A
AR

=

ZRZTXTREBBERIEE S ERRS

ADV RELATUTY
son

SWK RETRIEVE
ARPTE

SPACE TELE
ST RETRIEVE
ST REVISIT
GAMMA RAY OB
GRO RETRIEVE
GRO REVISIT
X=-RAY 03

XRO RETRIEVE
XRO REVISIT
EuvE

CRO

CRO RETRIEVE
CRO REVISIT
LSO

VL3I-A
VLil-8
GALILEO
SOLAR POLAR
VOIR
HALLEY-C FLY

PAYLOAD ID

NAME
ADUANCED RELATIVITY
SOLAR MAXIRUM MISSION
SOLAR MAXIMUM MISSION RETRIEVE
ACTIVE MAGNETOSPHERIC PART TRCR EX
SPACE TELESCOPE
SPACE TELESCOPE RETRIEVE
SPACE TELESCOPE REVISIT
GAMMA RAY OBSERUATORY
GAMMA RAY OBSERUATQORY RETRIEVE
GAMMA RAY REVISIT
X-RAY OBSERVATORY
X-RAY OBSERVATORY RETRIEVE
X=-RAY OBSERVATORY REVISIT
EXTREME ULTRAVIOLET EXPLORER
COSMIC RAY QBSERVATORY
COSMIC RAY OBSERVATORY RETRIEVE
COSMIC RAY QBSERVATORY REVISIT
LARGE SOLAR OBSERVATORY
ORIGIN OF PLASMAS IN EARTHS NEIGHBD
VERY LONG BASELINE INTERFEROMETER-A
VERY LONG DASELINE INTERFERCFETER-)
GALILEQ
SOLAR POLAR
VENUS ORBITING IMAGING RADAR
HALLEY COMET FLYBY
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SOLAR PROML
ASTERCID MDZ
MARS RET |
PARS RET 2
RARS RET 3
ERass

ERBSS RET
LTNG FMaPPER
REG HEo am
STORRS 0BS
$EOS

HALOGEN 0CC
COASTAL ZONE

GG O

ADV MBEAM AR
RURAL cOmm
ROBIL COMM
SERCH & RESC
LDEF

LDEF RETR
SLERV

s98T

25K4 PUR MOD
SCI AaPPL MO
MAR EXP Camm
MAT MODULES
LG SPACE STR

3232522380 BYER2EERNIE

283
2R RRR222222232R22B33XRRk22

1281)

SOLAR PROBE

ASTIROID RENDEZVOUS

NARS SAMPLE RETURN ¢

MARS SARPLE RETURN 2

MARS SAMPLE RETURN 23

EARTH RADIATION BUDGET SATELLITE Sv$
EARTH RADIATION BUDGET SAT, SYS RETR
LIGHTNING MAPPER

REGIONAL UATER QUALITY MONITOR
SEVERE STORMS OBSERVATION SYSTEM
SYNCHRONOUS ENVIRONMENT 0BS SATELLIT
HALLOGEN OCCULTATION

COASTAL ZONE MONITOR

wite vmiv

ADUANCED MULTIBEAM ARRAY

RURAL COMMUNICATIONS

MOBIL COMMUNICATIONS

SEARCH AND RESCUE

LONG DURATION EXPOSURE FACICLTY
LONG DURATION EXPOSURE FACILITY RETR
SHUTTLE LAUNCHED ENTRY RESEARCH VEMI
SPACE STRUCTURE SYSTEN TECHNOLOGY EX
28 XU POVER MODULE

SCIENCE AND APPLICATIONS MODULES
MATERIALS EXPERIMENT CARRIER
RATERIALS MODULES

LARGE SPACE STRUCTURES
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MO, DImt wEPS oxgrs HA SLDUR oPTIME €3
‘ 7. 9. e, 281, 1. 0. .0000
x‘. .. .Q t... 10 .‘ Cm.
3 18. e, 9. 380. 1. 0. .00
4 s. 9. 9. 160. 1, 9. .0000
] 14, 8. e a7e. 1. 0. .00
] 14. e. 9. ave., 1. 5. .0000
? 18. 8. 9. 270, 1. 9. . 0000
] 14, 0. 0. 1668. 1. 0. .0000
’ “Q .‘ .‘ 1“‘ 1' .‘ .“..
10 18. .. 0. 250, 1. 0. .000¢0
11 1§. .. 9. 160. 1. 0. .0000
18 1§. . 9. 160. 1. 0. .0000
13 15. B 8. 280. 1, 9. .0000
‘4 30 .o ‘t 1"0 10 ‘0 o““
15 18. 0. 9. 169. 1. 0. .00
16 15, e. e. 160, 1, 9. .0¢00
1? 15. 0. . 250. 1. 0. .00
18 18, 9. 8. 160. 1. . 0000
19 s. 0. . 160. i, 9. .0000
3. '0 .o 0 15.. 10 ‘0 o“”
al 'Q .. .l 15.. 10 °0 .““
12, 3. 2. 160. 1. 9. .009Q
a3 8. 9. . 160. 1. 0. .00
24 10. 9. e. 160. 1. 9. +0000
| 35 150 .o ‘o 16’. 10 .o n““
28 15. <. v oo o 2. 090
| 27 15. .. °. 160. i. 0. .0000
es 15. 9. 9. 168. 1. Q. .00
29 15. Q. . 160, 1. 0. .00
k. 15, Q. 2. 160. i. 9. 0090
31 10. 9. 9. 160. 1. 0. .0000
3R 14. Q. e. 160. 1. Q. .9000
: 33 5' .u ‘o 16'0 ‘lo 00 c“.e
V 34 50 Q. . 169. . e. n“..
1 5 5. ‘o . 16" 1- °- o“"
f % 10. 9. o. 169. 1. 0. . 0000
‘ 7 3. 9. . 160. 1. %. 0000
‘ 33 1S, Q. 9. 160. 1. 9. .20
N 10, 9. 9. 160. 1. 2. (0000
: 40 19. 0. 9. 160. 1. 9. 0000
41 4, | B 8. 169, 1. 0. . 0000
42 8. 9. e. 160. 1. 0. .0000
43 4. Q. 0. 169. 1. 0. . 0000
4“4 15. 9. e. ass. 1. 9. - 0000
, 45 15. 0. 0. 28s. 1. 0. .0000
46 8. 0. 9. 168. 1. 9. . 0000
47 15. 9. | 160. 1. 9. . 0000
4. 15' .0 .‘ 25‘. 1‘ .o ..“.
| 49 18, .. .. 250. 1. 0. .0000
59 15, 9. e, 25e. 1. .. .0009
St 15. 9. Q. 250. 1. Q. .000¢
S 16. 9. 9. g5e. i. 9. .9006¢
53 15. 9. e. a56e. 1. e. 0000
L 4021
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FLIGHTS PER YEAR

NO. 1981 1982 1983 1984 1988 1586 1587 1988 1989 1560 1991 1992 1983

00'00OO000000000000000000000000000000.00“.0.‘00000
0100000.0110000010000.00.000-0000001001.0.0.100.103
81.0.011000100100000000300000000000000001001000.111
.01010.01-0'1'11010'00.20%0.1110..0001.1.1.01..0102
0100010..1.010001000100200000001000100.0..01.0‘01.2
001000.100.00.0.100100‘20011000000100010.0.11000111
01.0001‘191000tOOOOO000:010000000000.000‘0‘.11101.2
..1.‘.1...0.00.00010000:00.00010010.0101000101101‘1
....0.11.0.0.1.'001000011000000110000000‘.011100110
-10.1...0..-0.00000000030000000000000.1..01.1.'1110
.“.Q.O.O.Q.O.O.O.OOOO130000.00000000.....111000000
..11..0.0.000000000.0100000000i000003001..110000000

...'............."....‘.‘.“.'..‘....“.......‘.‘0

1...34..:..7..9uuwnMﬁunuunnaaaﬁanaamunuusamaa«ﬂ«ﬁ«#«ﬂ««ﬂﬂm
[ o
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st NO.,PAYLOAD 1D,AMT
1 2 § J 811 4 621 $§ Q13
? $ R s N1l

DUPLICATED PAYLOADS
P:ILM.D 10, TIH(S DU?LXCATEDa

s:o,nnmmmc
1 57 asy o 38 ]
C“O 78 ¢ s82 o 952 ¢
FLT. MO, 1 LAUNCH SITE: ETR
PAYLOADS:  QOES

57
SEQUENCE §7-D
ALTITUDE 160.
INCLINATION 28.8
TOTAL LENGTH UPt 22, TOTAL UEIGHT UP: 13994.9

PAYLOAD MARGIN: 32000, LOAD FACTOR: .21529
SHUTTLE DELTAV:  SB1i.

FLT. NO. e LAUNCH SITE: ETR
PAYLOADS:  INTELSAT U

SHUTTLE SEQUENCE 58-D
ALTITUDE ‘&2

INCLINATION 28.5

TOTAL LENGTH UPt 32, TOTAL UEIGHT UPt 16342.9
PAYLOAD MARGIN: 32906, L0AD FACTOR: .25143
SMUTTLE DELTAV:  5B1.

FLT. N0. 3 LAUNCH SITE: ETR
PAYLOADS:  TDRSS/UESTAR ’
61001

SHUTTLE SEQUENCE 81-D

ALTITUDE 160.

INCLINATION 28.5

TOTAL LENGTH UP: 3S. TOTAL UEIGHT UPt 57533.9
PAYLOAD MARGIM: 7367. LOAD FACTOR: .B866G
SHUTTLE DELTAVt 581,

FLT. NO. 4 LAUNCH SITE: ETR
PAYLOADRS:  TDRSS/UESTAR

61962
SHUTTLE SEQUENCE 61-D
ALTITUDE 169.
INCLINATION 28.5
TOTAL LENGTH UP: 35, TOTAL WEIGHT UPt 57633.0
PAYLOAD MARGINS 7367. LOAD FACTOR: .88666
SHUTTLE DELTAU: 581,

8891)

Py
[ J
»
[
[
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1

e _anaie o i ARG

.M, 6 LAUNCH SITE) ETR

PAYLOADSt  RCA
9 s2-0
ALTITUDE 160,
INCLINATION 2.8
AL LENGTH UP: 18, TOTAL VEIGHT UPt 9375.0

RARGING 32000. LOAD FACTOR: .14433

SEQUENCE 63-D
ALTITUDE 160.
INCLINATION c8.5
YOTAL LENGTH UPt 21, TOTAL WEIGHT URt 9375.9
PAYLOAD MARGIN: 32000, LOAD FACTOR: .14423
SHUTTLE DELTAVT  S8i.

T. M. ? LAUNCH SITES ETR
PAYLOADS:  SBS

6300
SHUTTLE SEQUENCE 63-D
ALTITUDE i0e.
INCLINATION 28.5
TOTAL LENGTH UPt 21, TOTAL UEIGHT UP: 9375.¢@
PAYLOAD MARGIN: 32009, LOAD FACTOR: 14423
SHUTTLE DELTAUT 581,

FLT. NO. 8 LAUNCH SITE: ETR
PAYLOADS SYNC%: v

INCLINATION 28.5

TOTAL LENGTH UPt 12, TOTAL LEIGHT UP: 13844.2
PAYLOAD MARGINI J2000. LOAD FACTOR: .21299
SHUTTLE DELTAV:  SB81.

FLT. NO. 9 LAUNCH S1TE: ETR

PAYLOADS:  TELESAT
80001
49-D

SHUTTLE SEQUENCE

ALTITUDE 180,

INCLINATION a8.5

TOTAL LENGTH UPs 18, TOTAL UEIGHT UP! 8S521.0
PAYLOAD MARGINI 32000, LOAD FACTOR: ,13109
SNUTTLE DELTAV:  SA1.

95410
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FLT. NO. 1 LAUNCH SITE: ETR

PAYLOADS WS"

SWUTTLE SEQUENCE §7-D

ALTITUDE 160,

SNCLIMATION 8.5

TOTAL LENCTH UPt 22, TOTAL UEIGHT UPt 13094.0

PAYLOAD MARGINY' 32004, LOAD FACTOR: 21529
SMUTTLE DELTAU:  SB1.

FLT. M0, 3 LAUNCH SITE: ETR
PAYLOADS:  TDRSS/UESTAR
§1004

SWUTTLE 61-0
ALTITUDE 160.
INCLINATION

as8.§
TOTAL LENGTH UP: 38, TOTAL VEIGHT UP: 57633.0
PAYLOAD PARGING 7367. LOAD FACTOR: .B88666
SHUTTLE DELTAU:  SB1.

FLY. MO, 4 LAUNCH SITE: ETR

PAYLOADS ¢ TD?%IUCSTM

SHUTTLE SEQUENCE ei-v
ALTITUDE 160.
" INCLINATION - 28.§

TOTAL LENGTH UP: 3S. TOTAL WEIGKT UP! 57633.0
PAYLOAD MARGIN: 7367. LOAD FACTOR: .B88666
SMUTTLE DELTAV:  S8i&.

FLT. N0, 2 LAUNCH SITEt ETR

PAYLOADST PRA SL1 LMeP

S
SHUTTLE SEQUENCE 92-A
ALTITUDE 135,
INCLINATION §7.9

TOTAL LENGTH UPs €0, TOTAL LEMNGTH DOUM: 68.
TOTAL WEIGHT UP1 J5000.8 TOTAL UEICHT DOUN! 32000.9
PAYLOAD MARGIN! q. LOAD FACTOR: 1.00000
SHUTTLE DELTAV:  466.

FLT. 0. 20 LAUNCH SITE: ETR
PAYLOADSS  INTELSAT V L1 2 ]

SHUTTLE SEQUENCE $8-D €3-D
ALTITUDE 169, 166,
INCLINATION a28.5 28.9%
TOTAL LENGTH UP1  §3, TOTAL WEIGHT UP: 26718.90
17::?!).0‘0 MARGING J2800. LOAD FACTOR: .39568
PN

5-153

M

e e e



FLT. /0. 40 LAUNCH SI1TE! €T

PAYLOADS 9 TELESAT
- 83001 20004

SHUTTLE SEQUENCE ¢2-0 63-0 8¢-D

ALTITUDE 180, 168, 160.

INCLINATION .8 8.5

8.5 4]
M LENGTM UPt 87, TOTAL VEIGHT UP: 27271.0
PAYLOAD MARGING 32000. LOAD FACTOR: 41958

FLT. N0, 48 LAUNCH SITE: ETR

PAYLOADS:  SYNCOM 1V TELESAT INSAT-INDIA
64 20002 L]

SHUTTLE SEQUENCE €4-D 8e-0 82-0

ALTITUDE 169, 160, 164.

INCLINATION 8.5 28.5 28.§

TOTAL LENGTH UPt Si. TOTAL UEIGHT UP: 31740.2
PAYLOAD PARGING 32000, LOAD FACTOR: .4883%
SHUTTLE DELTAV: 581,

INPUT OPTION 1
STATISTICS FOR CURRENT FLIGHT SCMEDULE

AVERAGE NURBER OF PAYLOADS PER FLIGHT « 1.71

To?“L Ku.xa! I\f .IIA' "HO‘

TOTAL MUMBER OF INITIAL OWS (ITS REQUIRED o 9

TOTAL MUMBER OF SECOND AND THIRD OMS XI1TS REQUIRED o e

DO YOU UANT ANOTHER SCHEDULE 7
1t YES.
01 NO .
SELECT AN OPTION: ( S TO TERMINATE )
RUN FXNI“D NORMALLY
SBRKPT PRINT

EOF 11743 SCMIB?
o0

AL
({q )*n QI(A('
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EXRRREZRXLXXRIRXE  STATISTICAL ANALYSIS FOR 19.1 IIXSEXXTXRTXXAXXE
TOTAL MUMBER OF COMBINATIONS QGENERATED!
NUMBER OF FEASIBLE COMBINATIONS: 4l
NUNBER OF INFEASIBLE COMBINATIONS: 86

TOTAL ELAPSED TIME!: 854
(ALL TIRES ARE IN MILLISECONDS)
AVERAGE TIME PER FEASIBLE COMBINATION! 1?
AVERAGE TIME PER GENERATED COMBINATION! 6
) Yg? =3HT TO STORE THE FEASIBLE COMBINATION DATA?

{1t YES

ERROR STATISTICS

@ FAILED ¢ MISSION TYPE NOT ALLOWED

6 FAILED 1t UP UEIGHT CONSTRAINT

9 FAILED t DOWM UEIGHT CONSTRAINT

@ FAILED ¢ NEEDED DEDICATED TUG

9 FAILED s NUMBER OF TUG PAYLOALS > 3
® FAILED ! LENGTH & WEIGHT CONSTRAINT
36 FAILED t UP LENGTM > BAY LENGTH

@ FAILED t DOUN LENGTH ) BQY LENGTH

@ FAILED t DISCIPLINE M

@ FAILED : SEQUENCE DEPENDENT TESTS

@ PAILED 3 muD wkiuvml 2 umrmuiiy
44 FhILED ! REDUNDANT PAYLOAD

@ FAILED t INCLINATION RANGE > .5
SPECIFY UALUE INDEX OF FLIGHTS TO BE USED IN TRAFFIC MODEL SELECTION

1984 OCCURRENCE TABLE
PAYngD 1F£ASIBLE COMBINATIONS

1) 13 14 15 16 17 18 34 3\ 38 3?7 18

2) 59 2 13 19 20 21 2 =23

3) 61001 3

4) 61002 4

5) 62 5 14 19 24 25 26 27 34 3/ 39 40 4
42 43 44

6) 63001 6 15 24 29 36 40 45 47

7) 63662 7 20 28 30 39 41 48

8 64 8 16 21 25 28 31 32 34 36 37 38 39
42 43 45 45 48

9) 80081 9 17 26 31 3B 43 44 47

10) 80062 10 22 29 33 7 42 45 48

11) 82 11 18 23 27 30 32 33 3 41 43 44 48

"2y :7 48

g2
SPECIFY SQLUTION STRATEGY FOR TRAFFIC MODEL SOLUTION
TRAFF1C HODCL COHTﬁgNS THE FOLLOUING 7 MISSIONS

THE SELECTED TRAFFIC MODEL UﬂLUE 18
1222ng UISH TO SEE INFORNATION ON THESE HISSIONS?
3

49 8
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