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MAPSYS is a set of programs developed for use on the
JSC Univac 1100 series computers and designed to automate
the collection and processing of data into the wmass
properties section of the shuttle operational data book.

The primary prbgram of this set is MPES which uses data
processed by other programs in MAPSYS. This data as well as
manually derived data is used to generate a set of output
reports which describe the mass properties ot the shuttle

System. MPES also maintains data bases which are used to

model mass properties of. parts of the shuttle systen.

Data tapes containing detailed mass properties for
shuttle subsystems from three subcontractors will be
processed on a reqular basis. Tape pre-processors will
reformat this data to a standard format and output the new
format to other tapes for use by the tape compare progranm
CMPARE. There are 3 basic capabilities built in this CMPARE
progyram. Its main purpose is to generate reports showing
the differences hetween two standard formatted tapes from
the same subcontractor. This will automate the tracking of
changes between one data tape and another generated at
different times. CMPARE also calculates mass properties
totals and subtotals for the various subSyStemS. These
totals and subtoials will be used as card input data to MPES
for these subsystems. The user may wish to change data on
one of these'tapes to reflect changes or to grdup subsystenms
differently. Thus, CMPARE has an edit feature which will

create a new standard format tape reflecting these changes.




The mass properties of some fluids in the shuttle
system are modeled in MPES by polynominal eguations which
give the values as a function of the weight of the fluid.
The coefficients for these equations are calculated by a
curve fit progranm. The input to this program may be manual
or it may be calculated automatically'by the program ONEGSM
wvhich models tank mass properties. ONEGSHM calculates slosh
inertias for these tanks and has Qescriptiie data about the

- tanks as input as well as a criteria for point selection for

feeding the curve fit program. ONEGSM also has the
capability to translate and rotate a tank into a different

coordinate system.

A tape from the SLAHTS system describing loose
equipment for various shuttle missions will be periodically
processed by the program UPTEL. This program will also
maintain a location data base as directed by card inmput. Tt
will use these data to calculate the total loose equipment
mass properties for given missions and events and output
this to a tape for input to MPES. UPTEL also generates
reports of these mass properties and listings of the data
base. Changes in the data may be made with an edit feature.

Other input to MPES is pade manually according to the
information received from other sources. The utility
program MPSUM will do some mass properties calculation for
adding the properties of a number of items together and for
translating and rotating these items to a desired coordinate
system. This program will be available on a DEMAND remote
terminal.



The tape compare program (CMPARE) will process mass
property detail data from magnetic tapes maintained by the
various prime contractors after first being preprocessed to
conform to a standard tape record format used by this

' %

progranm. :

CMPARE will be a batch program, utilizing a magnetic
tape data base, to list, compare, and/or edit mass property
detail data records. The sums of ma$s properties will also
be calculated and output to the prinier. The CMPARE prograum
and preprocessor will operate on the ONIVAC 1100 systen.

2.1 CHMPARE SYSTEM CAPABILITIES AND DATA STRUCTURE

The CMPARE program will operate under any of the
control options listed below.

e List the contents of a data tape.

e Compare two data tapes from the same contractor and
print their differences and Mass Properties.

e Edit a data tape by card updates.

e Any combination of the above.

The listing of the contents of any standard formatted
data tape can be accomplished by plébing a PRINT control
card with the device code into the input data deck. The
device code will indicate the device assiyned to the tape by
the control cards. '



Two data tapes can be compared and the resulting
differences output on.the printer by iaserting a COMPARE
control card irto the input data deck. This card reguires
two operational parameters. The first parameter beinyg the
device code for the CURRENT mass property data tape which
will be compared to the MASTER mass property data tape
specified by the second parameter device code. Also, the
mass property sums of the CURRENT data tape are printed.

Data records are structured by function codes and then
drawing numbers. Therefore, all prébrocessed data tapes
will be sorted with function codes and drauing numbers in
ascending order. These two fields (detail ID) will uniquely
identify each detail record. Similarly, the edit input
cards must also be sorted in ascending order by function
code then drawing number.

A data tape can be edited by first inserting an EDIT
control card followed by the delete, add, and/or change
cartds. In this case, an output device code is also
required. The card formats for deletions, additions, and
changes are outlined later in this document.

The use of program control cards makes it possible to
do any combination of processing with relative ease. For
example, a tape could be updated, compared to MASTER, and
then listed. Also, a tape could be listed, updated,
compared to MASTER, and then updated again. It is possible
to edit a tape vwith no updates being made, then compare the
tvo units to obtain mass property sums vwith no differences
printed.
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The procedure necessary to list a data tape requires
only one program control card. The list function is
performed by first reading the selected tapes identification
label and printing that information on the printer. Next,
each data record is read and output to the printer untii an
end of file is encountered. Any tape or disk file in the
standard data format can be listed.

Figﬁre 2.1 gives detailed tabe compare program control
card formats.




PRINT CARD FORMAT

Column Format Data
1-5 AS 'PRINT' - INDICATES PRINT TAPE
6 1X Blank
7 A1 DEVICE CODE
COMPARE CARD FORMAT
Column Eormat ? Data
1-7 A7 *COMPARE* - INDICATES COMPARE TAPES
8 1X Blank ,
9 A DEVICE CODE FOR CURRENT TAPE
10 A1 ',' - DEVICE CODE SEPARATOR
1 A1 DEVICE CODE FOR MASTER TAPE
‘ EDIT CARD FORMAT
Column Eormat Data
1-4 Al *EDIT' - INDICATES EDIT CURRENT TAPE
5 1X Blank
6 A1 DEVICE CODE FOR CURRENT TAPE
7 A1 ',' - DEVICE CODE SEPARATOR
8 A1’ DEVICE CODE FOR NEW MASTER TAPE
SOURCE CARD FORMAT
Column Format - Data
1-6 A6 YSOURCE' - INDICATES SOURCE OF VENDOR TKPE
This must be the first card of the
data deck.
XX Blank
8~9 A2 ~ VENDOR CODE, MM, RI, MC

Figure 2.1  Tape Compare Formats



PE]

The procedure necessary to compare two data tapes also
requires one program control card. However, a "SOURCE"™ card
must be read before a “"COMPARE" card. The compare function
is performed by reading data records from both tapes. The
CURRENT data tape record is compared to the MASTER data tape
record. Differences between the tapes are printed as well
as the mass properties subtotals of the CUBRENT tape.

The procedure necessary to edit a data tape requires
one program control card followed by, the data change cards.
Tthe format for these cards are shown in figure 2.2. To
delete a single record from a data tape it is necessary to
specify on a single delete card the function code and
draving number to be deleted. As previously mentioned the
edit input cards must be sorted in aécending order by
function code then drawing number. All edits other than
deletes require'two data change cards.

It is possible to delete all drawing numbers pertaining
to a particular function code by leavinyg the drawing nunber
field blank on the delete card. It is also possible to
delete all records pertaining to a particular function code
level and all levels below that level by placing blanks in
the function code levels to be deleted on the delete card.

The addition of data records is accomplished by
specifying the function code and drawing nusber plus all the
detail items to be included on the add cards. If the
specified function code is larger than any found on the data
tape the record will be included at the end of new MASTER
data tape.
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DATA CHANGE CARD FORMATS

CARD NO 1
Data
ADD, DELETE, OR CHANGE CODE='A?",
tpr, Q!

FUNCTION CODE

ASSEMBLY DRAWING NUMBER
ABBREVIATED DESCRIPTION
Blank

CARD NUMBER="1w

CARD NO 2 .
Data
WEIGHT
X .- CENTER OF GRAVITY COORDINATE
Y - CENTER OF GRAVITY COORDINATE
2 - CENTER OF GRAVITY COORDINATE
XX INERTIAS ‘
IYY INERTIAS
122 INERTIAS _
Ys - C.G. FOR SYMMETRIC PAIR (This
is the positive side if this is

a symmetric pair)

bBlank

CARD NUMBER=m2"

" END OF DATA CARD

Data
'*%*1'=END OF DATA
CABD NUMBER='1?

Figure 2.2 Data Change Formats




It is possible to make
exist on tape by specifying
number plus only the detail
change cards. Blank fields
cards are still required.

The general deck setup

changes to records that already
the function code and drawiag |
items to be changed on the
will not be changed but two

is shown in figure 2.3.




CMPARE 1 1

DEQK SETUP FOR PROGRAM PAGE NO. e OF .
(Back of dsch)
(.
L/ 7/8 BOF
EXECUTION OF ( DATA DECK (See Figure 2.4)
PROGRAM , : :
( '1/8 XQT CMPARE
. 7/8W 1Da
g ﬂEL X
r‘:
IN X
LOAD PCF (TRW X
( ERS
~{ 7/8 xqr CUR

|/ 7/8 ASG J,XK,L;M,N,0 (Dedicated FASTRAN Files)

/’7/8 ASG D = SAVE | (Output Tepe)

ABSSTGN
TO
UNITS 7/8 ASG B = Vxxxxx (Input Tape, Current)

(7/8 ASG C = Vxxxxx (Toput Tape, Master)

L'(?/B ASG X = Vxxxxx (4PCF Tape) |

( 7/8 RUN

(Front of deck)

Pigure 2.3 CMPARE Deck Setup
' .8




DECK SETUP FOR PROGRAM .o T ARt DATA DECK

. v . . (Back of deck)

PAGE NO. ...l__,OF

1

ym_—

. . (COMPARE B,C . (Compare B to C)

6RINT A (List A on Printer)

(* . 80
! (End Data Card) .. 1

( 80
: : : Add Data Cards

, : 80
(c z
— Change Data Cards

80
- _ ‘ (D 1 Delete Data Cards

/ﬁ‘n’rr A,B (Update A onto B)

(‘SOURCE ID (Identify Vendor)

(Front of dack)

Figure 2.4 CMPARE Data Deck
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Examples of the output reports are given in the figuros
listed below:

Figure:
2.3 CMPARE data deck
2.5 List of input tape ‘
2.6 List of current records not found on Master Tape
2.7 List of mass properties subtotals

2.8 List of total summary
The error messages that are used are:

e Card error

e Vendor code error

e Please input source control card
e Source does not nmatch

e« Card not found

e Card already exists

The logical units 12 through 18 (J through 0) are
internally dedicated units assigned to fastran files which
should not be used as input or output logical devices in

your job stream.
2.2 MARTIN MARIETTA TAPE PREPROCESSORS

The Martin Marietta Tape cannot be prepared for the
"CMPARE program with a single pass through the preprocessor
proqrah. Hardware limitations of the computer complex
require two passes in order to properly reformat the tape.
The first pfeprocessor Martin Matiétta 1 is run on the
UNIVAC 1110 system. This program does all of the

2=-14



reformatting of the original data and gets it in the correct
format for later use in the programs. The second phase of
the preprocessor ETFIX, is required to prepare the"output
from the first phase preprocessing to go from the UNIVAC
1100 to the UNIVAC 1108 computer. ‘

2.2.1 Martin-Marietta Pre-Processor

This program will read a tape produced by Martin
Marietta and write the data in a standard format. This
output tape will be used by the tape compare program of the
Mass Properties Automgteq Systen.

The radii of gyration will be converted to moments of
inertia using the classical equation and added to the
moments for final output. All other detail data will be
simply reformatted into the standard data format.

One input data card is required to show the device code
for input, device code for output, fuuction level code, and
the tape title as indicated in figure 2.9. The device code
refers to an alpha character indicating a tape unit or
fastran logical number. The function code is subdivided
into 3 levels. The function level code indicates the level
desired. The program is run on the UNIVAC 1110 EXEC 8. The
output is binary and is used for input to the ETFIX
subroutine run on the UNIVAC 1108 EXEC 2 system. The deck

setup is shown in figure 2.10.




-

*INPUT DATA CARD

Format Data
A bevice code for input tape
A1l t,' - device code separator
A1 Device code tor output tape
12 Function level code
A24 Tape Title
blank

Figure 2.9 Input Data Card Format for
Martin Marietta Preprocessor
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DECK SETUP FOR PROGRAM Martin Marietta Preprocessor PAGE NO. _}_OF:‘L“

. . " (Back of deck)

yd

(

!l

' - A(?/BFIN )

( INPUT DATA CARD

(7/8 XQT

( Program Source Deck

( FOR, IS.

( 7/8 COPY,G INPUT 1

ﬂ/s ASG INPUT,T, INPUT
(7/8 AST,T 2.,8C
" (7/8 ASG 1.F///1c00

' {7/8 ASG,T 12.,F

N ‘(7/8RUN

FIGURE 2.10 Deck Set Up for Martin Marietta Preprocessor 1

{Front of deck)

p-17 .
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Suwr

H 3

2.2.2 ETFIX

This program is a conversion routine to allow the user
to go from the UNIVAC 1110 to the UNIVAC 1108. This proyram
is used directly as an input to the CMPARE program. The
input data card format is shown ip'fidure 2.11. The deck

~setup is shown in figures 2.12, 13.

2-18
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ETFIX - INPUT DATA CARD FORMAT

Column Format Data
1 A1 C Device code for input tape
2 1X t,' - device code separator
3 A1 \ Device code for output tape
4 77% blank

Figure 2.%1 ETFIX Input.Data Card Fornat



DECK SETUP FOR PROGRAM _TARTIN CMPARE

PAGE NO. 1. OF
(Back of deck)

2

S———————

) : . rggURCE MM

- EXECUTION OF .
. PROGRAM ——— ((7/8 XQT CMPARE

‘/;,c (DATA CARD)

(//8 XQT ETFIX (Data Conversion Routine)

r/;/BN HDG

REL X

_LOAD PCF f;& %

(fRW X

ERS

(2/8 XQT GUR

l 17/8 AsG J,K,L,M,N,0 (Dedicated FASTRAN Files)

ASSIGN '635 ASG D = SAVE (Output Tape)
TO
UNITS

6/8 ASG C = Vxxxxx (Input Tape, Master)

6/8 ASG B = Vxxxxx (Input Tape, from Exec 8)

‘7/8 ASG X = Vxxxxx (PCF Tape)

o r/;/s RUN

(Front of dack)

'Figure 2.12 Martin CMPARE Deck Setup
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DECK SETUP FOR PROGRAM .MARTIN CMPARE

PAGE NO. .2 OF._.2

(Back of deck)

(

(

(7/8 EOF

éRINT D (List Current Tape)

ﬂOMPARE D, C (List sums and differences).

(Front of dack)

Figure 2.13 Martin CMPARE Deck Setup’ (Continued)
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2.3 MARSHALL SPACEFLIGHT CENTER PREPROCESSOR

This preprocessor accepts the tape furnished by
Marshall Spaceflight Center and reformats it to the standard
format required by the CMPARE Program.

Two basic reports are generated by the program. The
first report i1s a listing of all 6f the accepted records
which have been put in the standard format. These records
are sorted and are not necessarily in the same order as is
on the input tape. The second report consists of those

records that were rejected by the proyram for any reason.

An item can be rejected for one' of two reasons: (1) it
has the same function code and drawimy number as another
record (these must be unique in every detail) and (2) tihe
weight of an item is too large to be in the standard F7.1
format of the standard tape format.

The card format is shown in figure 2.14. The deck
setup to run the program is shown in figure 2.15.
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1-6 A6
7 I1
8-31 A24

B‘i

- e Figure 2.14

‘Desgription
MMYJMC This identifies the
tape as beiny yenerated at
Johnson Space Center "J" and
as a Marshall supplied tape
"HC"; The MMY is the date
where MM = Month and Y = Last
digit of the year

The éqpé edit indicator.
(Blank if this is the first

version.)

Tape Title

uétshall‘Data Card Format



DECK SETUP FOR PROGRAM _Marshall Preprocessor PAGE NO. ~_OF .

SO

. . ) (Back of deck)

LY . . - —
.
. - . .
.
"

(7/8 EOF

(QGSJMC TEST OF MARSHALL (Data Card)

r/;B XQT MAR
(,IN H

'ﬁwa .
(7/8 XQT CUR .

|/7/8 ASG H = $SORT$

'/7/8 ASG B = SAVE ' (Output Data Tape)

(7/8 KEA A = Vxxxxx (Output Data Tape)

(718 ASG X = Vxxxxx (Program Tape)

7/8 RUN

) . {Front of dock) ' ' )

Figure 2.15 Marhsall Preprocessor Deck Set UP

”
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2.4 ROCKWELL PREPROCESSOR

This program accepts a print tape from North Awmerican
Rockwell with data on the orbiter vehicle. The data is
reformatted to the standard tape format required for use in

the Tape Compare program. ' ;

The program is designed to run on the UNIVAC 1108 EXEC
2 system. The deck setup is shown in figure 2.16. One
input data card is required to indicate I/0 devices for each
of the devices. The title of the tape is ianput on one data
card. Figure 2.17 describes the formats for these data

cards.

2-25



DECX SETUP FOR PROGRAM Rockwell Preprocessor

PAGE KO.. L OF..L.
(Back of deck)

(
g

[
(

(7/8 XQT ROCK 4

‘ (REL X
o wr
(o
( ERS
/ 7/8 XQT CUR
(7/8 ASG X = PCF Tape

(/77/8 ASG B

( 7/8 KEA ASG A = Vxxxxx (Input Tape)

{/r7/8 RUN

SAVE (Output Tape)

(Front of dock) s

FIGURE 2.16 Deck Set Up for Rockwell preprocessor

s
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Format Description
Al Device code for input tape
Al '*,' - Device rcode separator
A1l Device code for output tape
UA6 Tape title
blank

=y

Figyure 2.17 1Input Data Card Format for
Rockvell Preprocessor
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3.0 CURVE_EFIT_PROGRAM

1]

The Curve Fit Program accepts the x and y Cartisian
coordinate values of points on a curve and calculates the
coefficients for an equation that represents that curve.
This program is designed to run om a UNIVAC 1108 EXEC 2
operating system. All of the calculations are done in
double precision arithmetic. The input is limited to 200
pairs of points. '

The program will calculate and output to the line
printer and by option to the card punch, the coefficients
for the polynomial that best represents the input data. The
calculation is made for all degrees of polynomials from m to
n. If m = n, then only one degree of polynomial will be
calculated, namely m.

The option to have the coefficients output on cards
allovws the user to directly input the coefficient cards into
the MAPSYS program after changing only one card per equation
(the name of the polynomial).

In order to execute the program the following cards are

needed.
Cacd_No. 1
COLS FORMAT DEFINITION
1 c - Coﬁmeht
2-80 . Identification
3-1



i

COLS

10-12

13-15

COLS

1-12

13-24

FORMAT

13

11

13

13

FORMAT
Fl12.4

_F12.4

DEFINITION

Maximum degree of polynomial to bhe
calculated (must not exceed 19).

Punch option.

Blank = No punch

p = Coefficients will be
output to card punch.

Default = Blank ‘

Blank

Number of pairs of points that will

be input

Blank

Minimum degree of polynomial to be

calculated.

If Min = Max, only one value will be
calculated.

If blank default is Min = 2.

carnd_No. 3 _and Apove

" DEFINITION ‘
Value of the independent variable.
Value of the dependent variable.




Multiple executions are possible with this proyram by
repeating the data cards. The deck set up shown for two
executions is shown in figure 3.1.



e R M T T R0y

DECK SETUP FOR PROGRAM .. _.- lultiple Bxecutions o 0o oo

-

- : " (Back of deck)
; -t i ‘ . L /f
/L 7/8 EOF
: [ o (zer0, & of Run Mark)
] | ' |  Point Set Deck (125 Cards)
Do 7th Degree
; — . Pit and Punch 7P 125 7
i Coefficient o '
2 . Cards ' .
¢ TEST CASE 2, PUNCH CARDS (Comment)
g .
r Point Set Deck (160 Cards)
Do FIT For S5th ~
" thru 10th. (LO 160 5
" Degree
5 Polynomial (/ .
_

| © TEST CASE 1 {Gomment) »

6/8 XQT FIT
I | =®ELX
Program
From TRW X
Tape
7/8 XQT CUR

7/8 ASG X = Vxxxxx.(Program Tape)

7/8 RUN

(Front of deck)

Pigure 3.1 Deck Set Up For Multiple Executions of FIT.
3-4
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MPSUM is a utilitj program which adds the mass
pEOpétties of separate items into a single line of mass
properties. It also will translate and rotate each itea to
a coamon coordinate system. It is designed for use oun a
DEMAND remote terminal but a batch version also exists. The
terminal version uses prompts stating what data is to be
entered. One prompt will ask for an index which will
indicate if translation/rotations are to be read or if the
previous data is to be reentered because of errors. All
data input is free form with fields separated by commas and
of variable length. Table 4.1 has a list of proampts and the
order of entering data.

Table 4.2 has the card formats for the batch version.
A deck setup will be shown in figure 4.1.



TABLE 4.1 - MPSUM PROMPTS

- ENTER THE NUMBER OF ITEMS

ENTER MASS PROPERTIES FOR ITEM 1

ENTER 1

ENTER X,

Enter an integer from 1 to 99,
Enter a 0 to terminate execution.

b

Enter 10 numbers separated by commas.
Weight, X C.G., Y C.G., % C.G., IXX, IYY, IZZ,
pYX, pPXz, PYZ. '

TO TRANSLATE/ROTATE, 2 TO DELETE LAST LINE
Enter a carriage return to skip the next prompt.
Enter a 1 to get next pronpt.

Enter a 2 to get the previous prompt in case: of

an error.
Y, Z TRANSLATIONS AND ROTATIONS
Enter 6 numbers separated by commas.

X translation, Y translation, Z translation,
X rotation, Y rotation, Z rotation.

All prompts except the first will be repeated until

number of items in the first one are entered. Then the

- totals will be printed and the first prompt repeated.

vk Sk -, ekt bk e e s ) e o

the
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TABLE 4.2 - MPSUM CARD FORMAT

- Column Eormat contents

1-2 - I2 Number of items to be sumamed 1-99
- . 0 to terminate program

- CARD_2
1-10 F10.1 Weight
< 11-20 X C.G.
21-30 Y c.G.
- 31-40 Z C.G.
41-50 IXX
- 51-60 IYY
61-70 | 122
N 71-80 PXY
. .. cARD 3 ;
1-10 , PXZ
- 11-20 "PYZ
21-390 X translation (in)
- 31-40 ' Y translation
41-50 ‘ 2 translation
- 51-60 . X rotation (deg.)
61-70 Y rotation
- 71-80 Z rotation

. CARD_4_AND_ABOVE

> g G S S oy W s D s S TP e W W S

Like cards 2 and 3 for all items, then repeat card 1.

of
»
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DECK SETUP FOR PROGRAM __MESUM PAGE NO. - OF..

. ‘ . / 7/8 EOF

( 0 (ZERO, End Of Run Mark)

(Back of deck)

0. 0. 0. 0. 0. 30. 0. O.

Rotate 1 . (/ -
Ttem 300 10000. 800. 0, L0OO. 5000, 2500, 1000. Q.
About X / |
Axis 1

L . " .

' Tnput Cards (2%J)
2nd )
Tixecubion /

J
lst Execution !;Input Cards (2 For Each Item)

Suns N

Items I N (Number of Items)
( 7/8 XQT -MPSUM
r" " REL X

Capy - ( IN X

Program
"~ From ‘
. Tape TRW X
= | ( (/8 XQT CUR

7/8 ASG X = Vxxxxx (Program Tape)

R ( 7/8 RUN

(Front of deck)

Figure 4.1 Deck Set Up for MPSUM Multiple Execution
bl |
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5.0 ONE-G_SLOSH

The One-G Slosh Model is divided into two séctions, the

cylindrical tank, and the oxygen tank. Each ot these tanks
will have a separate proyram deck to produce the required
data from the tank.

The decks are set up to be run on a'Univac 1108 EXEC 2
system. Fach of the decks will generate a line printer
output and (optionally) a punched card output. The punched
cards will be the‘qoegficients that go into the MAPSYS.

coefficient progranm.
5.1 CYLINDRICAL TANK
The cylindrical tank program will calculate and output
to the line printer and the card punch the followiny
variables in the format listed.

The line printer output is:

e 'Total Weight in Tank in Pounds' F10.2. This value
is the weight of the liquid and gas in the tank.

e 'Ligquid Height in Tank in Inches' F9.3. This value
is the height of the liquid from the bottom of the
tank.

e 'Liguid Weight in Tank in Pounds' F10.2. This value

is the weight of the liquid in the tank.

5-1



'Gas Weight in Tank in Pounds' F10.2. This value is
the weight of the gas in the tank.

*Volume Liquid in Tank in Cubic Feet! F10.2. This
value is the volume of the liquid in the tank.

'*VYolume Gas in Tank in Cubic Feet! F10.2. This
value is the volume of the gas in the tank.

*Centroid Liquid Reference System in Inches' F10.3.
This value is the centroid of the liquid portion of
the tank with respect to the reference systenm.

'Centroid Gas Reference System in Inches*' F10.3.
This value is the centorid of the gas portion of the
tank with respect to the reference system.

'*Liguid Slosh Inertia.in Slug-Feet2' F12.3. This
value is the slosh inertia of the liquid portion of
the tank.

The punched card output is:

Card 1
ID identifies the coefficients

Card 2
$CO0S. This card will he discarded.

Card 3 and up
These cards contain the coefticients for the curves
for each of the mass properties which will be input




to MAPSYS from the One G Slosh model. These can be
up to 20 coefficients for each mass property.

e Card 14
“ $END. This card will be discarded.

e Cards 15 up are repeats of Cards 1-14.

In order to get the outputs just listed, the following-
inputs must be made by card. A sample deck set-up is
presented to show where these input cards fit in the program

deck.
Card YNo._1
COLS FORMAT VARIABLE DEFINITIONS
1-10 F10.3 Al Radius of cylindrical
section in inches
1-20 F10.3 A2 Length in cylindrical
section in inches
21-30 F10.3 A3 "Depth of head in inches
31-40 F10.3 A4 Do Not Use
ot 41-50 | P10.3 AS Reference system x
coordinate

|
\‘ .
l 51-60 10.3 A6 . Not Used

5-3

ay

i



b

61-70

71-80

11-20

21-30

31-40

41-50

51-60

61-70

71-80

F10.3

F10.6

FORMAT

F10.3

F10.3

F10.3

F10.3

F10.3

F10.3

F10.3

G i e

A7

A8

cacd_No, 2

VARIABLE

AS
A10

AN

A12

A13

Al

A15

A16

Density of Liquid
hydrogen in 1lb-Ft3

Density of Gaseous

~ hydrogen in lb-Ft3

b

DEPINITION
Not Used
Not Used
Increment to be added
to previous liguid

height

Degrees to be rotated
about x axis

Degrees to be rotated
about y axis

Degrees to be rotated

about z axis

Translation on x axis
in inches

Translation oa y axis




in inches

Cacd No._ 3
COLS | FORMAT . VARIABLE DEFINITION
1-10 F10.3 A7 Translation on z axis
in inches
11-20 F10.3 A18 Not Used
21-30 F1Q.3 A19 ) Not Used
31-40 F10.3 A20 Not Used
41-50 F10.3 A2 Not Used
51-60 F10.3 A22 Not Used
6170 F10.3 323  Not Used
71-80 F10.3 A24 Height of tank ia
inches
Card No. 4
coLs FORMAT N  DEFINITION
-3 | FIT This card is an indication that

the point selectiou/curve fit routine



is to he called. ITi omitted, the
- program will terminate after

generating the normal line priﬁtec
- . oOutput,

§

Card No. 5 and_ Above

T e o S e W e W S Sl e D S e S S M

e Lt Sl S L Sl e s R R Ll S

COLS FORMAT DEFINITION
1-2 I2 Index of variable to be curve fit.
‘ The liquid properties are:
1 = X CeGe 2 = Yy CeGe 3 = Z Ceg.
] . 4 = Ixx 5 = Iyy = Jzz
g 7 = Pxy 8 = Pxz = Pyz
:
; The yas properties are:
21 = X Caga 22 = y Cuge 23 = 2 Cuga
24 = Ixx 25 = 1yy 26 = 12z
! 27 = Pxy 28 = Pxz 29 = pPyz
% 0 = Terwmination of program
3 At C or blank. C means this is a

- continuation of the same segment of
curve fit but with a different
- point density.

4-6 I3 Point density. Every nth point will
‘ be used until maximum wéight'for
) _ this density is reached. (The One G
Slosh progyram calculates values
every one inch of liguid height.

5-6




All of these values are not needed
for the curve fit routine and this
point density will allow a selective
redyction of points.)

7-9 . 13 Deyree of polynomial to be calculated.
This is necessary only on the last
card in a data set.

10-21 F12.1 Maximum weight for this density.

22-76 9A6. Comment which will appear in the
curve fit program if this is the
last card in a data set.

The curve fit routine has the capability of breaking:a
curve into several sections. This may be necessary if the
curve has some irregular smooth shape. The curve fit
routine is limited to 200 pairs of points, therefore, since
the One G Slosh model calculates values for every ome inch
change in ligquid height some point reduction is necessary.

A segment of a curve may be further subdivided by choosing
different point densities depending on the curves behavior.
If a curve is relatively smooth, fewer points will be needed
for the curve fit. The weights for the beginniny and ending
points for the different densities are input on card No. 5.

The punched output from this program will be used in
the MAPSYS coefficient program.




5.2 OXYGEN TANK

The oxygen tank .program will calculate and output to
the line printer and the card punch the tfollowing variables

in the format listed. .
The linc printer output is:

e 'Total Weight in Tank in Pounds* F10.2. This value
is the weight of the liguid and gas in the tank.

e 'Liquid Height in Tank in Inches' F9.3. This value
is the height of the liquid from the bottom of the
tank.

- e 'Liquid Wweight in Tank in Pounds®' F10.2, This value
is the weight ot the liquid in the tank.

» 'Gas Weight in Tank in Pounds' F10.2. This value is
- the weight of the gas in the tank.

- e *Volume Liquid in Tank in Cubic Feet' F10.2. This
; value is the volume of the liguid in the tank.

e ‘'VYolume Gas in Tank in Cubic Feet' F10.2. This

value is the volume of the gas in the tank.

e 'Centroid Ligyuid Reference System in Inches' F10.3.
This value is the centroid of the liguid portion of
the tank with respect to the reference systen.

<
1
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e ‘'Centroid Gas Reference System in Inches' F10.3.
This value is the centorid of the gas portion of the
tank with respect to the reference syston.

o *Liquid Slosh Inertia in Slug-Peet2' F12.3. This
value is the slosh inertia of the liquid portion of
the tank.

e 'Fineness Ratio'. This value is the finemess ratio
as derived from the hand calculations.

The punched card output is:

e Card 1
ID identifies the coefficients

e (Card 2
$C0S. ° This card will be discarded.

e (Card 3 and up
These cards contain the coefficients for the curves
for each of the mass properties which will be input
to MAPSYS from the One G Slosh model. There can be
up to 20 coefficients for each mass property.

L] .Card 14
$END, This card will be discarded.

e Cards 15 up are repeats of Cards 1-14.

In order to get the outputs just listed, the following
inputs must be made by card. A deck set-up will be

SRR R eV ST S IRIC ISP CEIC 3P SN R R LD e SR L o P R e L S T DS A S AP PP I Ao S A



presented
deck.

21-30

31-40

41-50

51-60

61-70

71-80

to show where these input cards fit in the program

FORMAT

F10.3

F10,3

F10.3

F10.3

F10.3

F10.3

F10.3

F10.6

Card_No. 1
VARIABLE ' DEPINITIONS
A1 Radius of cylindrical
section in inches
A2 Length in cylindrical
section in inches
A3 Depth of head in inches
Al Not Used
AS Reference systesm x
coordinate
Ab Not Used
A7 Density of Ligquid
oxygen 1in 1lb-Ft3
A8 Density of Gaseous

oxygen in 1lb-Ft3

f el mammememl e Y g Ll Tz e



COLS

1-10

11-20

21-30

31-40

41-50

51-60

61-70

71-80

FORMAT

F10.3

F10.3

F10.3

F10.3

F10.3

F10.3

F10.3

F10.3

Card No._ 2

VARIABLE

A9

A10

Al

Al12

A13

Aty

A15

Al6

DEFINITION

«1 height of the disc
used in the disc inertia
calculation in the mid-
dle section

Not Used
Increment to be added
to previous ligquid

height

Degrees to be rotated

about x axis

Degrees to be rotated
about y axis

Degrees to be rotated
about z axis

Translation on x axis
in inches

Translation on y axis

in inches
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COLS

1-10

11-20

21-30

31-40

41-50

51-60

61-70

71-80

COLS

FORMAT

F10.3

F10.3

F10.3

F10.3

F10.3

F10.3

F10.3

F10.3

FORMAT

D Gt W e G D A S e

VARIABLE DEFINITION

A17 Translation on z axis
in inches

A18 Not Used
A19 0 Not Used
A20 Not Used
A21 Not Used
A22 ‘ Not Used
A23 Not Used
A24 Height of tank'in
inches
Card_No. 4
DEFPINITION

FIT This card is an indication that
the point selection/curve fit routine
is to be called. If omitted, the
program will terminate after
generating the normal line printer
output,



COLS FORMAT DEFINITION

1-2 I2 Index of variable to be. curve fit,.
The liquid properties are: '

= X Cege 2 = Y Cege 3 = 2 CoGe
= Ixx 5 = Iyy 6 = Izz
= PXy “ 8 = Pxz = Pyz
The gas properties are:
21 = X €Cug. 22 = ¥y Cege 23 = 2 Cuy.
24 = Ixx 25 = 1lyy 26 = Izz2
27 = Pxy 28 = Pxz 29 = Pyz
0 = Termination of progran
3 Al ’ C or blank. ¢ means this is a

continuation of the same¢ segment of
curve fit but with a different
point density.

u4-6 I3 Point density. Every nth poaint will
be used until maximum weight for
this density is reached. (The Cne G
Slosh program caiculates values
every one inch of liquid height;
Ail of these values are not needed
for the curve fit routine and this
.point density will allow a selective
reduction of points.)

e g e b s de it wh S R T
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7-9 I3 . Degree of polynomial to be calculated.
This is necessary only on the last
card in a data set.

10-21 F12.1 Maximum weight for this density.

22-76 936 Comnment which will appear in the
curve fit program if this is the
last card in a data set.

The curve fit roﬁtine has the capability of breaking a
curve into several sections. This may be necessary if the
curve has some irreqular smooth shape. The curve fit
routine is limited to 200 pairs of points, therefore, since
the One G Slosh model calculates values every one inch
change in liquid height some point reduction 1s necessary.

A segment of a curve may be further subdivided by choosing
different point densities depending on the curves behavior.
If a curve is relatively smooth, fewer points will be needed
for the curve fit. The weights for the beginning and ending
points for the different densities are input on card No. 5.

The punched output from this progra: will be used in
the MAPSYS coefficient program.



DECK SETUP FOR PROGRAM .CONEGSM . PAGE NO.L_oOFL1__

(Bock of deck)

*e

(7/8 FIN

( 7/8 XQT PUNCH (Fit and Punch Coefficients®

| 0 (Zero) (End of Point Selection)

"I‘hese cards are used ( . . s
only if the data is |( Point Selection Cards)

. to be punched -on
cards. bt FIT (Start Point Selection)

(CARD3 U

oo : (CARD 2
| (CARD 1 ' '

‘ { 7/8 XQT ONEGSM

( REL X B |
( IN X
f/ TR‘W X
\ (7/8 XQT CUR

( 7/8 ASG X = Vxxxxx (Program Tape)

R {f 7/8 RUN

(Front of deck)

AR A SLL TR DS

Figure No.g,1 = - Deck Setup for the One G slosh Model
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MPES is the main program in the:Shuttle Mass Properties
Automated System. This program uses data from different
sources to produce a number of reports on the mass
properties of a given Shuttle configuration at a given time.
These reports are listed in Table 6.7.

The tollowing sections describe.in detail the input
data to MPES. There are four basic input data sets, three
of vwhich are normally stored on tapes and the fourth is
stored on cards and updated as necessary.

6.1 COEFFICIENTS DATA BASE

The coefficients data base is used to model 0OMS, ET,
and SRB consumables by the use of polynominal eguations.
The ceoefficients for these polynominals are generated by
curve fit programs and are input to MPES on cards. The
coefficients are output by MPES and saved on a tape which
can be updated by cards when the key card "COEFFICIENTS"
follows the RUNID card. When it is necessary to change the
values of the coefficients, it is done by the use of a
NAMELIST input. The format for these cards is shown in
Table 6.1. A sample deck setup is‘showu in figure 6.1. The
name of the polynominal or the variable to be changed'must
be on the update cards. A list of all names and their
descriptions is shown in Table 6.2.

Other types of MPES runs may follow a coefficient
update. All MPES executions will list the current values of

PAERDING PA '
TPRING PAGE Brang 6-1
OF Fiaeyy



all coefficients.

If.an update run is made, both the old

and new coefficient values will be listed.

TABLE 6.1
Column Format
1-12 A12
2-7 A6

7 A1

COEFFICIENTS CARD FORMAT

e B v s G st s a0

WCOEFFICIENTS" Key card. This
indicates coefficients cards are to
follow,.

Card No._ 2

$COEFS - signals start of NAMELISYQ
input. Note that all NAMELIST cards
must have a blank in column 1.

Card_No._J3_and_Above

Name of coefficent variable to be

changed.



"y e

s o ey v .

Al

contents
Double precision pumbers in E format
with up to 18 digits after decimal
ﬁoint. Followed by "DIXXX,".XXX 1s
the exponent of 10 ftor that nuamber.
Caution - If more coefficents were
present in the previous set of
coefficients than the new set, the
0ld values wmust be zeroed out. The
change program affects only those
coefficents that it has new values
for.

An array name need appear only once
followed by up to 20 numbers in the
above format (separated by commas).
A new “NAME=" will signal that othe:
array elements will not be updated.

"$END" marks the end of a NAMELIST
coefficient update.



TABLE 6.2 COEFFLCIENTS NAMES

N All SKRB's have the following formats:

. WSXXXKN®
. wvhere "S" denotes SRB
L. XXX is X, ¥, 7z, 1X, 1Y, 12, PXY, PXZ, or PY%

(The mass property concerned)
. . K is "Cc" if this is the actual coefficient
array.
K is "y" if this is the minimum weight that
this polynomial will be used for.
- N 1s an index trom 1 to 5.

- 45 polynomials and their 45 minimum weights are thus
defined. Note that the minimum weights for polyromial
- "N®" pust be in decending order, i.e.,
SXWIDSXW2>SXW3. .. >SXW5

These polynomials must describe the Right SRB. The
- Left SRB is identical except for some of the sigas.

v e e s S s P i o S e

- FLH2X1 - X C.6. for weight < breaking weight
(BW) .
- BLH2X2 - X C.G. for wvweight > BW.

ELH2Y1 - Iyy, 1zz for weight < BN.

. ELH2Y2 - Iyy and Izz when weight > BMW.
- BLO2X1 - X when weight < line weight in
- pounds. “



A S HEEE

ELO2X2
ELOZ2X3
ELDO2Y1

ELO2Y2

ELO2Y3

AGAS
FXGAS

OMSFX

OMSFY

OMSFZ

OMSFIX
OMSFIY
OMSFIZ
OMSFXY
OMSFXZ
OMSFYZ
OM500X
OMS00Y
OM5007Z
OMSOIX
OMSOILY
OMSO0IZ

DMSOXY

Oxygen tank X when weigut < BY¥.
Oxygen tank X when weight » 3W.
Oxygen tank Iyy and lzz when weilght
< BW pounds (line weight).
Oxygen tank Iyy and Izz when
weight < BW.
Oxygen tank Iyy and Izz when
weight > BW.
02 gas X C.G.
HZ2 gas X C.G.

OMS _Polynemidls

e

These polynomials describe the raigh.

tank. The left tank is identical
except for some signs.

X

Y.

Ze

Ixx.
Iyy.
Izz.
Pxy.
PXZ.
Pyz.

Ixx.
Iyy.
Izz.
PXYe.



L]
&

:(

OMS0XZ - Px2z.
OHSOYZ - Pyz.

:

Payload_Bay_OMS_Coefficients

o e e s e T i ol e S G G L St R S M s S P s o S

Fuel
FPLX
FPLY
FPLZ
FPLIX
FPLIY
FPLYZ
FPLPXY
FPLPXZ
FPLPYZ

0PLIZ

0PLPXY
OPLPXZ
OPLPYZ

el e e,
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DECK SEVUP FOR PROGRAM .Coefficients Update PAGE Ko L_oF 1

{Bock of dack)

/7/8 EOF (Or other MPES run setup)

( o
L (Coef‘ficieni 1.1pﬁxs.hﬂ» At
(‘ﬁcom‘s
(:OEFFIC LENTS
A(RUNID (Current ID)
f[:r,/s XQT MPES
( TRI X
( . \
| N X A )
( TRW X

(7 /8 XQT CUR

({ 7/8S ASG [ = NEWCOF (New coefficieuni tapn

(7/8 ASC H = Vxxxxx (Coefficient tapa}

/ 7/8 ASG X = Vxxxxx (PCF tape)

( 7/8 RUN

{ Front of deck)

Tigure (.1  Coefficient Update deek setup.

BT
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6.2 BASIC DATR S5bET

The basic data set is the main set of mass properties
for all of the items which comprise the basic Shuttle systen
configureation. Each of the items is identified with a

unique item number.

Item numbers 1, 11, 21, «s., 91 are reserved for basic
"modules". If, for example, item 1 was external tanks,
items 2 through 9 would be items that 4are associated with
the ET*s. MPFES will calculate subtotals for theze 10
modules which will include the nine (it nine are nsed) items
associated with 1t. All i1tems assigned to a module must bhe

in that modules coordinate system.

Items 1 - 99 have fixed assignments and all others have
default assignments that may be changed when the item cards
are read. Items 100 - 199 are reserved for consumzbles and
MPES will not include these in the "DRYY subtotals. The
iterm assignments and the module coordinate systems are:

Item numbers 1-10 are in module 1 Orbiter (0)

11-20 are in module 2 External Tank
(ET)

21-30 are in module 3 ET

31-40 are in module 4 ET

41-50 are in module 5 0

51-60 are in module 6 0

61-70 are in module 7 0

71-80 are in aodule 8 d

81-90 are in module 3 9

91-99 are in module 10 0



etc.,

for the basic mass properties module.

The lovwest item numbeir in each partition (1, 11, 21,

hereafter called the head entry) is always the entry

The remaining entries

in the partition can be used for different items im the

basic module.

Item Number

S s I W g S . S e

112
113-118
132
133
134
135
144
145
146
147
148
149
150
151
152

Shuttle

- e e > w— e

Orbiter
Orbiter
Orbiter
Orbiter
Orbiter
Orbiter
Orbiter
"Misc™

Orbiter
Orbiter
Orbiter
Orbiter
Oorbiter
Orbiter
Orbiter
Orbiter
Orbiter
Orbiter
Orbiter
Orbiter
Orbiter

Shuttle Consumable Assignment
Item Numbers 100 through 199

- —— -~ ) o <

Ammonia Tank 1
Ammonia Tank 2
Waste Water 1
Waste Water 2
Waste Water 3
Potable Water 1
Potakle wWater 2

iteas - Helium Tanks

OMS Fuel Right

OMS Oxidizer Right

OMS Fuel Left

0MS Oxidizer Left

0OMS Fuel Payload Bay
OMS Oxidizer Payload Bay
RCS Fuel Forward

RCS Oxidizer Forward
RCS Fuel Right Pod

RCS Oxidizer Right Pod
RCS Fuel Left Pod

RCS Oxidizer Left Pod
Main Fuel




Iten Nupber

153
154

155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171

172

173

174

175

176

Orbiter Main Oxidizer
Orbiter Hain Helium - also a "Misc"
item

Gaseous Nitrogen (GN2}

Gaseous Oxygen (GO2)

APU Hydrozine Tank
APU Hydrozine Tank
APU Hydrozine Tamnk

-d ODN e

Liquid Oxygen Tank

Liquid Oxygen Tank 2

Liquid Hydrogen Tank 1

Liquid Hydrogen Tank 2

Hydraulic Water Pot 1

External Tank LH2

External Tank LOX

Hydraulic Water Pot 2

Hydraulic Water Pot 3

SRB Left

SRB Right

Oorbiter OMS Fuel Right Trapped
Outside Tank

Orbiter OMS Oxidizer Right Trapped
OQutside Taak

Orbiter OMS Fuel Left .Trapped
Outside Tank

Orbiter OMS Oxidizer Left Trapped
Outside Tank

Orbiter OMS Fuel Payload Bay
Trapped Outside Tank

Orbiter Oxidizer Payload Bay



Item Nymber © Shuttle Consumable

- e G B e . S G . D G Y T G S G o W - S

Trapped Outside Tank

177 Orbiter RCS Fuel Fwd Trapped
Outside Tank

178 orbiter FCS Oxidizer Pwd Trapped
Outside Tank

179 orbiter RCS Fuel Right Pod
Trapped Outside Tank

180 Orbiter RCS Oxidizer Right Pod
Trapped Outside Tank

181 Orbiter RCS:Fuel Left Pod
Trapped ouiside Tank

182 Orbiter RCS Oxidizer Left Pod
Trapped Outside Tank

All Others Not used

The fluids tall into two‘categonies:

o Those whose c.g.'s do nct move as they are coasumed,.

wvhich are point masses. The c.g.'s and associated
dispersions in the basic input are used throughout
the run and local inertias are set to zero.

e Those whose c.g.'s move as they are consumed. These
use the current weight to determine the c.g.'s and
inertias by using polynominals to calculate the
appropriate values. Initial dispersions are used
throughout the run.

The following fluid items use curves:

132 oMs Fuel R

R OIS



133 oMS Oxidizer R

134 - o#s Fuel L

135 ~ Oms Oxidizer L

144 OMS Fuel Payload Bay

145 oMS Oxidizer Payload Bay
165 . ET Fuel

166 ET oxidizer

169 SRBL

170 SRBR

Sequence numbers 200-300 can be used for entries
which are not basic module and not fluids. Segueunce
nugber assignment in this grouping is unmrestricted
with one exception: sequence numbers 253-254 are
reserved for TEL suamaries. :

All inputs assigned to a module must be in the sanme
coordinate system. ‘

The names of the modules used in the report are
taken from Columns 4 through 8 of the Card 1 for the
head entry for each module.

Sequence numbers 100 to 300 must be linked to the
module in which theyiate summed. Many sequence
numbers default to particular modules or the user
can do his linking by puttingy a module number in
Column 4-9 (right justified) of the Card 2 for
entries. ‘
Sequence numbers 100-199 are assumed to be fluids
anﬁ are included in the wet module total. Segquence
numbers 1-99 and 200-300 are included in the dry
total.

6-12
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6.2.1 Basic Data Set Maintasance

Normally the basic data sets are stored on d'tdpo.
This tape is originally created uith.dn initialization run.
The deck setup for thils type of run is shown in figures 6.2
and 6.3. This particular example has three sets being
copied to tape at once. Each set will exist as a separtate
file which must be uniquely identified by the RUNID card
with that set. '

When MPES rcads this tape on subsequent runs it must
match the RUNID card with an identitied file ID on the tape

in order to use it.

After a tape has been created new data sets may be
appended to it (and a nev tape written) by using the deck
setup in figures 6.4 and 6.5. This example will append two
sets to the original tape and output z nevw tape with all the
sets.

The input card formats for initialization and appendinyg
data sets is shown in Table 6.3.

Once a data set is saved on a tape, it may be updated
(and a new tape created) by the use cof a deck setup as in
figures 6.5, 6. The cards vwhich update this data must be in
the forsit shown in Table 6.4. The set to be updated must
be identified by the correct RUNID.

Once ali basic data sets nesded for a calculating

execution have been created on a tape and uniguely
identified, they may be read by using the correct RUNID with

6~-13



of

a set of EVENT cards. MPES will search the tape until it

finds a data set with the same D and print this entire data

set before processing any events. This allows the user to
verify that the data is correct.

When updating, a data set edits must be made in the
following order:

Deletes, Adds, and Changes. 'A delete is accomplished
by inputting a word with nothing but the i1tem number and
card number. Adds are items in the normal format shown in
Table 6.3, Update cards are in the format shown in Table
6.4. FEach of these cards has the word "UP" on them and a
flag in columns 10-15 indicating which fields are to be
updated.

6-14
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o/
DECK SETUP FOR PROGRAM MPES Tnitilization Run

(Back of deck)

PAGE NO. _l.OF

2

’ : / BASIC Data iet 2

.(RUNID vor Set 2
(SAVE .

(BASIC Data Set on Cards

( FIRST

(RUN]ID For this Basic¢c Date Set

(7/8 XQT MPES

(TRIX'
(INX - B
(ERS
(o

( 7/8 XQT CUR

*

( 7/8 ASG H = COEFFS (Coefficient tape)

- (7/8 ASG G = OUTPUT (Output tape)

; [7,/8 ASG X = Vxxxxx (PCT Tape)

( 7/8 RUN

*x
.

(Front of deck)
Figure §,.2 Initilization Ruh_Deck Setup

6-15 : 4
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DECK SETUP FOR PROGRAM MPEg Initilizabion Run PAGE KO. _2_OF.2

(Back of deck)

| (

(
(

e
/ 7/8 EOF
( ow
( SAVE
( WASTC Date Set 3
. ( RUNTD lor Set 3. .
[ SAVE

Figure 6.3 Initilization Run Deck Setup (Continued)

(F :nt of dokck) ’

4
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DECK SETUP FOR PROGRAM MPES- Appending Data Sets  page wo. L OF.2_

(Back of dack)

-

( s

( SAVE

(BASIC Data GSet

(;Amus

J/ RUNTD

(7/8 XQT MPES
( TRT ¥
(o
| ﬂ:BS ST
I/TRWX

(7/8 XQT CUR

K[/B ASG H = Vxxxxx {Coefficient Tape)

o

(’7/8 ASG G = OQUTPUT (Cutput Tape)

(7/8 ASG F = Vxxxxx (Input Tape)

(7/8 ASG X = Vxxxxx (PCF Tape)

( 7/8 RUN

Figure ' 5.4 Appending Data Sete Deck Setup

(Front of deck)

H=17



. ¢ /
DECK SETUP FOR PROGRAM MEES- Appending Data Sets PAGE NO. 2_OF..2_

(Back of deck)

v

(
(
(

CBASIC Data Set

(Front of deck)

Figui'e . 6.5 Appending Data Set.r&);zck Setup (Continued)

ﬁéla
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DECK SETUP FOR PROGRAM __MEES - Data Updates PAGE NO. ——OF

Y

(Back of deck)

2

/

v B Y ( 222

ﬂYY

=

(1iee

(RUNID )

Lﬂla XQT MPES .
ﬂm X

(oo

(ERS

- (mw X
6/8 XQT CUR

(/;/8 ASG H = Vxxxxx (Coefficients Tape)

ﬂ/s ASG G = OUTPUT (Output Tape)

(:/8 ASG E = Vxxxxx (Input Tape)

o

<r/%/8 ASG X = Vxxxxx (PCF Tape)

r/;/S RUN

(Front of deck)

Figure 6.6 Data Updates Deck Setup

©6-19



DECX SETUP FOR PROGRAM _MPES - Data Updates PAGE NO. 2_OF 2
. . . (Back of deck)

(S AVE

ﬂelete, Add, Change Cards

(g;N ID for Second Update

(SAVE
(oo

P . ij (Update Cards) ’ Update indicated fields

(v

lBasic‘ Data Deck (For Items to be Added)

(Front of dack)

.

Figure 6.7 Data Updates Deck Setup (Continued)

4
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TABLE 6.3 - BASIC DATA SET CARD FORMATS

The basic mass property data for each item required in

the data base is entered.initially on one to four cards.

The format for each of these cards and a description of the

data elements are desgribed below.

o — v

26-35

36-45

46-55

56-65

66-75
76

80

e et ot

F10.0

F10.0

P10.0

F10.0

F10.0
F10.0

CARD_1

s i e o e e e iy S ey

Sequence Number

Alpha/numeric characters describing
the item.

Weight. If the weigat is in kilo-
grams, then column 76 must contain
an M.

X relative to module coordinate
system.

Y relative to module coordinate
system.

Z relative to module coordinate
system. |

Ixx moment of inertia about x axis.

Iyy moment of inertia about y axis.

Blank or M. If M the input data is
assumed to be metric and is con-
verted to English units.

1 indicates card no. 1.

6-21




o

1-3
16-25
26-35
36-45
46-55
56-65
66-75
76

80

Format

F10.0
F10.0
F10.0
F10.0
F10.0
F10.0

- v b e d €

Sequence Number.

Module Number.

Izz moment of inertia about z axis.
Pxy product of inertia about xy plane.
Pxz product of inertia about xz plane.
Pyz product of inertia about yz plane.
Dispersion of weight.

Dispersion of X.

Blank or M.

2 indicates card no. 2.

—— -

T e e e 570 s S o s

Sequence Number.
bispersion of Y.
Dispersion of Z.
Dispersion of Ixx.
Dispersion of Iyy.
Dispersion of Izz.
Dispersion of Pxy.
Blank or M.

3 indicates card no. 3.

6-22



Format

P10.0
F10.0

Sequence Number.
Dispersion of Pxz.
Dispersion of Pyz.

Blank or M.

4 indicates card no.

by

4.



11

12

13

14

15

16-25
- 26-35
36-45
~ 46-55
56-65
- 66~75
76

TABLE 6.4 - UPDATE CARD NG, 1

F10.0
P10.0
P10.0
F10.0
Fi10.0
F10.Q

up.
Segquenc
Update
weigh
Update
X bar
Update
Y bar
Update
Z bar
Update
IXY.
Update
Iyy.
Updated
Updated
Updated
Updated
Updated
Updated
Blank o
1.

e Number.
colunns 16-25
t.

columns 26-35

columns 36-45

columns 46-55

columns 56-6S

columns 66-~75

veight.
X

Y.

Ze

Ixx.
Iyy.

r M.

if

if

if

if

if

if

column

column

coluan

column

column

column

i e s



-, i

11

12

13

14
15

16~25
26=3h
36-45
46-55
56=65
66-175
76

80

——— - i s o

Fig.0
»Tu.0
F10.0
0.0
F10.0
F10.0

— - ——— >

UPDATE CARD_NO. 2

e S P i S S Yy S S T D A A SR . s

Sequence Number.

Updated
Update
Izz
Update
Pxy
lpdate
Pyy
Update
Pyz
Update
Update
Updated
Updated
Updated
Updated
Updated
Updated
Blank o

2.

6-25

module

colunns

columns

columns

columas

columns

columns
Izz,
PLye
Pxz.

Pz,

number (if required).
16-25 if

26-35

36-45

Go-55

56-65
66~75

if

it

1t

if
if

column

coluamn

column

colamn

column
colunn

dispersion for weight.
f

dispersion for X.

r 4.

10=1 -

1M=1 -

12=1 -

14=1.
15=1.



-«

Diear

roo
S N i

%
*
< 3

&
]

— - ot w1 N Y.

16-25 F10.0
26-35 Fi0.0

=]
$3
]
io
Hlal
is
1

et

Sequence Number.

Updete columns 16-25 1f column 10=1.
Update columns 26~35 if column 11=1.
Update columns 36-45 if column 12=1.
Update columas 46-55 if column 13=1,
Update columns 56-85% if coluwmn 14=1.
Update ceolumns 66-75 if column 15=1.
Updated dispersion ior ¥.

Updated dispersion for Z.

Updated dispersien for Ixx.

Updated dispersion for Iyy?

Updated dispersion for Izz.

Updated dispersion for Fxyj.

Blank.

3.

UPDATE_CARD_NO, U4

uP.

Sequence Number.

Update columns f6~25% if colunn 10=1.
Update columns Zé-Ib if column 11=1.
Updated dispersion for Pxz.

Updated dispersion fo. Pyz.

Blark or M,

4.



6.3 THE TEL DATR BASE

The TEL data base tape contains nass properiies
information on loose equipment. The data base is generated
and maintained by the program UPTEL. The data will
originate from the SLAHTS system. |

To read a new Loose Eguipmen£ item from the tape, a "IV
is put in column five of the Event Option Card, which is
discussed below. HPES will read data from the tape into
item numbers 153 and 154. One item will be payload
attributablie and the other operational equipment. When
included on sunpmaly event cards, (discussed below), these
items will be included in the summary for that particular
event, |

6.4 EVYENT DESCRIPPION CARDS

Mass properties data for items cemprising a given
st » *\e configuration will exist orn the data bhases already
di: “ussed. The actual calculations by MPES of the total and
subtotal mass properties as well &s other cptional
calculatious are made as dictated by 2 seguence of event
desctiption card sets. The types of cards and their formats
are described in Table 6.5. A description card set consists
of an event option card, an event title card, consunable
cards (maxipum of 5) ani sum cards (maiimvm Of 5}«

Three cards are reguired for every event, the remaining
cards are optional. These are: the Event Uphiun card, the
Event Title card, and at least enpe Sum card. Thers are two
types of sum cards; i.e., "s¥ cards and ®A" cards. Both
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cards result in tho same proyram calculations. The
difference heing, ar iten entera’ on o~n A7 j3vwd - pusan ap
asterisk to be printed with the name oif Lhae L%2@ on the
Transferable Equipment Report. This is used to indicate
vhen an item is entered for the first time. The %S% card
will not print the asterisk. "C", cousumable, cards can be
used to change the weights of consumables. This is
necessary to model engine burns where propellent is used, or
to model fluid transfers from one tank to another.

T£ a "P#* or "L" is in column three of the Event Option
card then ®XX" cards, degeribed below, may be includad in an
evant, These ¥XX¥ gards causé a deplevion table to be
generated containing the Shuttlets mass properties for
various weights of pr?pellants. The possible combinations
of propellant depletions are:

s Any comhination of UMS amd w’a.

» Any combination of SRB's and Ei'sz.

This table will also be copied to tape unit %¥% if
there is a "L™ in column threc of :the EBvent Option cavd.

A print option card is used imwediately before the
first event of a series of svents. Its format is belov.
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‘The Print Option Card

Ve
Colupn Description
- 1-6 OPTION. Signals that this card is an
option card controlling the print
e output; ‘
12 1 or 2. A 1 causes the mass properties
" by module to be primnted ir the out-
put coordinate system requested on
- the header card. & 2 ravses the
mass property report described for
- 1 to be printed in ad@iticn & the
mass properties report contalning
- rodules in the input coordinate
system (instead of in place of the
- regular report).
18 Blank or 1. 1 causes the dispersionu
“ by modules to pe inciuded in the
report.
e
Using multiple executions MPES can creat:2 and/or update
- any number of Basic Data Sets and then zyecvte calcelations
for events using the updated tape. A TCHANGE® card nefore
~ the Event cards indicates that the new tape is tc be used
for hasic data., The RUNID card is the key foy linking a set
- of Event cards to the correct Basic Data Set. Examrples of
nultiple executions are in figures 6-8 through 12. Control
- card formats are in Table 6.6.
4
L.
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. DECK SETUP FOR PROGRAM _MEES Multiple Execution PAGT RO, L or. 5

{Back of dech)

* 7
- SAVE

(UP u.date cards

(o
ﬁAPE

; "/RUNI D

? {g/s XQT MPES

% : (/ TRI X

% ; (/- IN X

(=

7/8 XQT CUR

(/‘7./8 ASG H = Vxxxxx (coeffirients tane)

(7/8 ASG G = QUTPUT {cutput tape)

ﬁ/S ASG E = Vxxxxx (input tape)

4

L (g/s ASG X = Vxxxxx {PCF tape)

Ci7/a RUN : B

(Front of dech)
FIGURE 6.8 MPES Multiple Execution Deck Set Up
R

-




DECK SETUP FOR PROGRAM MPES Multiple Execution PAGE KO. 2.0F.2

{Back of deck)

. * . {/7/8 EOF

N

{EVENT Card Deck

-

{/;HANGE
J/ RUNID
{/;/8 XQT MPES

F

EVENT Card Deck

- rapE '
(omes |
( RUNID '

Vs
(7/8 XQT MPES

'{/;XIT

o
. ﬂ? (update cazrda)
i " o r/;UNID | -

| { Front of dack)

.

© 631

Figure 6.9 MPES Multiple FExecution Deck Se. Up (Continued)



DECK SETUP FOR PROGRA! MBES Multiple Execution”  page 1o, 3_oF 5 ..

{Back of dach)

réLNID

r/éAVE

( _BASTC-Datte Set

{ﬁmsr

RUNID

7/8 XQT MPES

/TRWX -
(7/8 XQT CUR

‘ (9[88 ASG H = COEFFS (coefficients)

(Q/SS ASG G = 102 (output tape)

——r

(;/8 S ASG F = 10 (input tape)
s (?/8ASG<X = Vxxxxx (PCF tape)
. . Y

(7/8 RUN o | "R

L}

(Front of deck) SR
FIGURE 6,10 MPES Multiple EXecution Deck Set Up (Continued)
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DECK SETUP FOR PROGRAM _ MEES Hultiple Execution pacE o, F_or 2

(save

(UP update cards

\(UP

{Bock of declk)

{/8 XQT MPES '

XIT
(SAVE
BASIC Data Seb S
( ARDS ‘ '

s

f CHANGE

@NID

(7/8 XQT MPES

/ D | ' -

(N |
/Iwg _,

( .BASIC Deta Set = ) T IR .

(Front of deck) L
FIGURE 6,11 MPES Multiple Exé&cution Deck Set up (Continued)
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e/
LECK SETUP FOR PROGIAM MPES Multiple Execution PAGE NO. .0_CF.2
(Back of ach)
(f;s EOY
' EVENT Cards
TAPE

jﬁﬁNID

(g/g XQT MPES

( EVENT Cards

{/TAPB
r/bnANGE '
(/kUNID
(;/s XQT MPES
(ﬁxxT
/SAVE

ﬂIP update cards
‘/UP : | '
{/RUNID o '
| (Fvont of dozl) - ;

FIGURE 6.12 MPES Multiple Exectrtfon Deck Set Up (Continued)
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TABLE 6.5 - EVENT DESCRIPTION SETS

CARD_1_-_Evept Optiopn_Card

]
o
et

Description
Dutput coordinate system. T is the

Eor

\ ' tank coordinate system. O is the
orbiter coordinate systen.

Blank or "P®" or “L", A ®pW% or "L®
causes depletion tables to be
printed for the OMS, ET's, and
SKRB propellants if the proper XX
cards are input. (See section
3.2.%¢) WL" causes the depletion
table generated above to be
written to tape unit N.

Not used.

Blank or "T". A "T" causes the next
loose equipment entry to be read
from the TEL tape into items 153
and 154,

Blank or "A"., ®A" causes this event
to be included in The Abbreviated
Report. ,

Mission Title. This title need not
not be given on each set of cards.
The list title given will be used
until a new title is read.
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Format Description
Event Title. Printed left justified
beneath mission title. The first
12 characters are used for event
names on TEL and Pluid Budget
Report.
Consumable Cards (C)
Format Rescription
"C." Identifies the card as a
consumable card. (Maximum of S
per event)

Free field Consumable sequence number, either
200 or 300 series items, followed
by the delta weight.

Sum Cards (S or &)
(Maximum of 5 per event)
Format Description
"S or A." Identifies this card as a
sum card.

13 Sequence numbers which are to be
sunmed. Three digit, right
justified.

Iy

Ranges are designated in the following
manner: b003-010. a
b017-021-025 is not allowed.
b017-014 is not allowed.



9-12
etc.

11-20
21-30
31-u40

Ib

\

Same as 5-8 : : .

Propellant Depletion Cards (XX)

I3

P10.0
F10.0
F10.0

A T St o,

*XX." TIdentifies this card as a
depletion card.

Sequence number of propellant to be
depleted.

Consumable starting Weight.

Consumable decrement weight.

Stop weiéht.
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TABLE 6,6 - CONTROL CARDS FOR CREATING/UPDATING

1-5

1-5
7-24

BASIC DATA SETS

IT. This card is used to end the
updating of addition of a new basic
data tb a tape.

FIRST. This card is used to initially ~
create a MAPSYS input data tape and
a coefficients data tape. Used on
an Initialization run only.

SAVE. This card is used to save a
file of basic data on the output.

RUNID.

Identification of Run. This card
identifies the mission number
associated with the Basic Data
Set or event cards that follow the
RUNID card. Used in all types of
jobs as the first card in a data
Set.

TAPE. This card is used to signal
that data is to be read from an
input tape for updating or cal-
culations.

END. This card signals the end of
initially creating an update data
tape. Used with Initialization
run only.
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Identification

CHANGE. This card will switch the

output unit for a multiple execution
job so that the newly created out-
put tape. Used on multiple execution
Types 2 and 4 and Types 3 and 4.

The change card is an optional card.
The chaunge card is read only in as
standard run job; i.e., if either
Type 1 or Type 2 was executed first
and Type 3 followed, the change

card is used. If Type 3 is a one-
time execution, no change is
required.

CARDS. This card is used to append

new files to an ocutput tape.
Previous files will be copied
first, and then the new files will
be added.
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TABLE 6.7 - MPES REPORTS

This report lists the mass properties totals and

e~ subtotals by module for both the iomglete vehicle {WET) and
; for the vehicle without fluids (DR%). It also lists the
SN principal axis and principal moments for the complete

3 vehicle as vell as the wet and dry uncertainties. This
: - report is printed in English and metric units.

- Fluids item numbers 100-199 which are included in an
event have their curr%ntxweights listed along with their
- names, Trapped fluids (items 171-182) are added to their
associated tanks. This report is printed in Eaglish and

- metric units. A maximum of 45 consumables are allowved in
this. report (57 items total).

: All fluids changed by "C" cards are listed with the

- change to their weight. The previous, present and next

event weights for the total vehicle are also listed.
Basic_Data_Itens_in_Sum_(each_event)
All items included in an event along with their mass

- = properties and dispersions are listed. This is a useful
5 debugging aid to see which itcas are included and whether
- their properties are correct.
.
? o 6-40
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The mass properties of the vehicle are listed as

propellents are depleted.as dictated, by "XX" cards.

This is

useful when relatively large burns will effect the mass

properties significantly between events.
option be written to tape.

This report may by
English and metric versions of

the report are generated. Up to 50 lines can be generated

in this report..

S e fhe e e G et W S WD S ) e e S i U Wl S . D D S e

¢

If any items with item numpbers 200-299 are included in

an event, their names and mass properties along with the

event title will be included in this report.

This i

S5 a

summary of all these items as they are added or dropped

between events for ease of tracking.

printed in English and metric units.-

This report is also

This report gives the remaining weights of 20 different

fluid types for cach event.

item numbers included in each follows:

MTSC

OMS FU.
OMS 0X.
RCS FWD
RCS AFT

Item Number lncluded

113-131,
132, 134,
133, 135,
146, 147,

148-151,

154

144, 171, 173, 175
145, 172, 174, 176
177, 178 -

179-182

A list of the 20 types with the




WATER POT 11, 12,

WATER WASTE 108-112
WATER HYD | 164, 167, 168

GN2 , 155 ‘

G602 156

102 160, 161

LH2 162, 163

NH3 101, 102

APU N2HU4 157-159

orbiter Fuel _ , 152 o !
Orbiter 0OX 153

ET LH2 ' 165

ET LO2 166

SRB LEFT 169

SRB RIGHT 170

This report is printed in English and metric units.

This report contains the event descfiption and a line
of total mass properties for all events that have an "A" in
the 6th column of the Event Option card. This allovs the
user to obtain a single report vwith the totalé of
significant events without the bulk of the detailed reports.
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7.0 UPTEL_USERS_GUIDE

The UPTEL program is used to p:écess data tapes fronm
SLAHTS describing the distribution of loose equipment into a
data tape for input into MPES with loose equipment mass
properties for different times in a mission. To do this in
an orderly manner UPTEL will maintain three data bases on

two magnetic tapes.

The original SLAHTS data tape will contain distribution
information for the launch, orbit and return phases of a
mission. It will also have 100 blank records for keeping

the LOCATION data base. This information is not available

from SLAHTS and must be added initially from cards. The
original SLAHTS tape will have only one "orbit" phase.
UPTEL wiil have the capability to add additional om-orbit
phases with cards as well as editing existing SLAHTS data.
An execution of UPTEL will create new edited data tapes
vhich may be used for subsequent executions of UPTEL.

The MPES tape will pot exist on an initial execution.
An option on the "TEL"™ czrd will indicate that there is no
MPES tape. Otherwise, all Files on the MPES tape will be
copied to the new MPES tape except for the one with the same
RUNID which will be written as it is calculated by UPTEL.
The RUNID on the "UPTEL" card must match exactly the RUNID
used in MPES. ‘

The Control Card Deck setup is shown in figure 7.1 and
the UPTEL deck setup is shown in figure 7.2. Figures 7.3, 4
are the card formats.




: . |
g DECK SETUP FOR PROGRAM _ o= Convrol Cerds PAGE NO. —_OF
3 "

(Back of deck)

AL .

g; | (’}/8 EOF
; (QAOP
. 7 .- ‘ (UPTEL Data Deck
\ ‘ ' { 7/8 XQT UPTEL

? , (,;EL X

é ' : (,IN X

%‘ fIERW X

g (7/8 XQT- CUR

?i ,r/' 7/8 ASG D=SAVE (New MPES Tape)

f {/;/8 ASG C=Vxxxxx (0Old MPES Tape, Optional)

| ( 7/8 ASG B= NEW (Updated ﬁ;§se Equipmént Tape)
; . k ( 7/8 ASG A= Vxxxxx (Loose Equipment Taﬁe)

z “ " “(f~7/8 ASG X=Vxxxxx (Progrem Tepe)

; r,>7/8 RUN

(Front of dack)

FIGURE 7.1 UPTEL Control Card Deck Set Up
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DECK SETUP FOR PROGRAM o ' PAGE NO. ——OF e

(
N
(

f/, STOP (Last Data Set Mark)

(Back of deck)

(On-orbit date sets

NEW (Create New On Orbit File)

One Date Set {/é » | ,
L_______l/ On-Orbit 1 ChangelDeck »(Cha.nge On Orbit 1 File)
(.«

(Update deck for launch-orbit-return

(TEL NEW (Start TEL Updates and Create New MPES Tape)

"———/Other Update Cards

Location /C NAME X Y Z
Updates

L(Loc (start Location Updates) -

(/ UPTEL TEST RUNID (Lead Card with Runid)

( 7/8 Control Cards
(Front of deck) : x

FIGURE 7.2 UPTEL Deck Set -Up
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Column Pormat Conteats

1-5 AS HUPTEL"™ marks start of deck
7-26 A18 Run ID for MAPSYS
1-3 A3 ~ "LOC" marks location update deck
- 1-3 A3 ' ®TEL" marks start of TEL updates
7-9 A3 - "NEW® indicates that there is no MPES
~ ltape input '
1-4 Al ns" marks end of data set upaates
- 1-4 Al #sToP" marks end of run
1-3 A3 "NEW" indicates that all following

additional om-orbit changes are to
be applied to the old Launch-Orbit-
Return data set rather than to the
old edited on-orbit data sets.
This option must be used to create
édditional on-orbit changes to an

N original SPIMS data tape

Location Update Card

1 A1l WA®, uwCw, or "D" for add, change or
delete

- 2-7 A6 Stovage location

8-10 3x ~ Filler )
N 11-20 | F10.2 X c. g. coordinate

21-30 P10.2 Y c. g. coordinate

o~ 31-40 P10.2 Z c¢. g. coordinate
o~ ' Figure 7.3 UPTEL Card Formats




Coluan Format Contents

1 Al . 'A",'"C", or "D add, change or delete
2 A1 w2n for header
3-14 : Al I%tem number
15-44 . A30 : Drawing number
45-64 A20 ' part number
65-70 F6.2 ' Current weight
71-72 I2 Operational quantity
73-74 12 - Payload quantity

Detail Update Catds

1 Al . WAn, nC®, or “D" add, change or delete
2 A1 "3" = Launch-Orbit-Return update
"y = Additional Qn-Orbit update
3-14 ' AN Itea number '
15-16 I2 _ Sequential detail record number
17-22 A6 Stowage location
23-24 I2 Quantity stowed here
25 At Time Code: L = Lauach
0 = Orbit
R = Return

NOTE: Unneeded fields are ignored. Blank Fields for change
cards are not changed. '

Pigu:e 7.4  UPTEL Card Pormats




