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ABSTRACT

The Shuttle Electric Power System Analysis Computer Program (SEPS) was
developed by TRW under JSC/TRW Task 542 for the Consumables Analysis Section
of the Mission Planning and Analysis Division. The SEPS program has two
major uses; first, to perform detailed load analysis including predicting
energy demands and consumables requirements when the Shuttle electric power
system is operated and perturbed in accordance with premission flight plans:
and second, to perform parametric and special case studies on the Shuttle
electric power system. As an additional feature, the SEPS program can be and
has been used to analyze the ASTP Apollo electric power system. No program
changes are required to use the SEPS program for analysis of the ASTP Apclio
electric power system.

The SEPS Computer Program is written in FORTRAN V for use on the UNIVAC
1108 under the EXEC II operating system.

Documentation of the SEPS program is divided into two separate volumes:
VOLUME I - PROGRAM MANUAL

Contains descriptions of each major subroutine of the
SEPS program including functional flow diagrams.

VOLUME II - USER'S MANUAL

Contained herein.
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1.0 INTRODUCTION



1.0 INTRODUCTION

This User's Manual defines how to use the SEPS Program.

Figure i-1 depicts the functional flow diagram of the SEPS Program.
SEPS consists of two major parts referred to as Phase I and Phase II.
Phase I converts a mission event timeline into an electrical load profile
and Phase II provides distribution circuit and power source operating
points as a function of electrical loading and equipment parameters.

Section 2 defines SEPS Phase I data base requirements and formats,
pracedure and activity definitions, and mission timeiine input formats.

Section 3 defines SEPS Phase II distribution circuit input and fixed
data requirements.

Section 4 defines run procedures and deck setups for Phase I, Phase II,
and combined Phase I/Phase II runs.
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2.0 SEPS PHASE I



2.0 SEPS PHASE 1

2.1 DISCUSSION

The SEPS Computer Program Phase I converts a mission event timeline to
an electrical load profile and provides subsystem and mission analyses of the
power and energy demands for Shuttie missions. The analysis is based on a 28
VDC Toad bus voltage. The program utilizes a data base which describes
all Shuttle electrical power consuming equipment in terms of power requirements
and relating all the equipment to subsystems. This data combined with a desired
mission event timeline provides the basis for the output interface tape consist-
ing of event time point data and a 1isting of the activated components. The
interface tape is utiiized as the input driver for the Phase I COMUSE analyses
and Phase II. The Phase I COMUSE analyses include the end of mission component,
subsystem, and mission phase loads and energy summaries. The Phase I COMUSE
analyses are discussed in Section 2.4 (FORMATTED PRINTOUT DESCRIPTION). Phase II
utilization of the interface tape is discussed in Section 3.0 (PHASE I/PHASE II
INTERFACE).

2.2 DATA BASE
2.2.1 Component Data

Data utilized to construct the component dictionary for the SEPS data base
was obtained from the Master Electrical Equipment List furnished by Rockwell
through JSC. The following characteristics of each component were used:

1. 1Ib# - Ist two digits : Subsystem ID
2nd two digits : Rockwell ID
3rd two digits : Component Mode

2. Component Title
3. AC or DC designation (if available)
4, Power value

These were combined with a load assignment. Then, to make the date .complete,
a power factor was assigned. These all combined make up the data for the
component portion of the data base. Refer to Table 2-1 for the punched card
format of this data.

PRECEDING PAGE BLA_NK NU.E m 5



TABLE 2-1, COMPONENT DEFINITION CARD

COMPOMENT DEFINITION CARD (1 PER COMPONENT)

THE FORMAT OF THE COMPONENT CARDS IS AS FOLLOWS.

COLUMN TYPE DEFINITION
1 ALPHA 'C' INDICATES THE COMPONENT DEFINITION CARD
2 INTEGER MODE
3 BLANK NOT USED
4-9 INTEGER COMPONENT ID NUMBER
10-11 INTEGER LOAD NUMBER
12-13 BLANK NOT USED
14-43 ALPHA COMPONENT TITLE
44 BLANK NOT USED
45-49 REAL _ POWER FACTOR <1.
50-56 REAL POWER CONSUMED @ 24. VDC
57-63 REAL POWER CONSUMED @ 28, VDC
64-70 REAL POWER CONSUMED @ 32. VDC

71-80 NOT USED



The SEPS computer program has the capability to handle a maximum of
50 DC (or DC equivalent) load assignments and 9 inverters. The Toad
numbers of 1 through 50 have been reserved for DC or DC equivalent Toads.
Load numbers 52 - 54 have been reserved for 3¢ AC Toads. Load numbers
61-69 have been reserved for 1¢ AC Toads.

The SEPS AC load number grouping is as follows:

Load Number Type of Load Bus Assignments

52 3 ¢ AC AC #1
61 14 AC AC #1
62 16 AC AC #1
63 14 AC AC #1
53 3 4 AC AC #2
64 16 AC AC #2
65 14 AC AC #2
66 14 AC AC #2
54 3 4 AC AC #3
67 1 ¢ AC AC #3
68 16 AC AC #3
69 1 ¢ AC AC #3

The DC equivalent Toad for the AC components are specified by the assign-
ment of a particular load number and branch location in the circuit definition.
The circuit definition description is contained in Section 3.2.7.



2.2.2 Procedure Data

Procedures are collections of components grouped together for a specific
function. For example, those components having to do with G&N at lift-off would
be included in the same procedure.

The data required for a procedure is organized in the following manner.
The procedure is assigned a unique number and title. The numbers are similar

for procedures with similar functions; e.g.:
P110 G&N Baseline A (LO to LAND)
P111 G&N Baseline B (LO to LAND)
P120 NASA Comm
P121 NASA Comm
P125 USAF Comm

The corresponding component data follows the procedure number and title
card, This data includes:

1. "Call" designation - e.g., "CP" - Component called from a procedure
2. Component Number

3. Start Time: component "start" time can be "delta"-ed to start
either before* or after** the component is actually callad from
timeline.

4. Stop Time: same "delta" situation exists for stop time as for
start time. Stop time cannot be 00000.

5. Use Factor: component is "ON" % of designated time period
6. Component Title

7. Procedure ID: solely convenience feature to designate which
procedure a component belongs to when in card form.

Refer to Table 2-2 for procedure card format.

*NOTE 1: Signified by - sign preceding time delta on card
*NOTE 2: Signified by + sign preceding time delta on card



TABLE 2-2. PROCEDURE/ACTIVITY ELEMENT DEFINITION CARDS (2 PER ELEMENT)
THE FORMATS OF THE PROCEDURE/ACTIVITY CARDS ARE AS FOLLOWS

CARD 1

COLUMN TYPE DEFINITION

1 ALPHA A INDICATES ACTIVITY DEFINITION
P INDICATES PROCEDURE DEFIMITION

2 BLANK MUST BE BLANK

4-10 INTEGER P/A ELEMENT NUMBER

12-47 ALPHA TITLE (UP TO 36 CHARACTERS)

CARD 2

1-2 ALPHA CP - COMPONENT CALLED FROM A PROCEDURE
CA - COMPONENT CALLED FROM AN ACTIVITY
PA -~ PROCEDURE CALLED FROM AM ACTIVITY
SP - SWITCH CALLED FROM PROCEDURE
SA - SWITCH CALLED FROM ACTIVITY

3 Y -~ (if cyclic card)

4-10 INTEGER COMPONENT MUMBER IF COLUMN 1 = C
PROCEDURE NUMBER IF COLUMN 1 = P
IF COLUMNS 9 AND 10 = 00 THEN ALL
COMPONENTS WHOSE FIRST 5 DIGITS AGREE
WITH COLUMNS 4-8 WILL BE READ INM

11 MODE
12-17 INTEGER START TIME IN HHHMM (PLUS OR MINUS)*

*NOTE: This designation explained in
more detail in formal write-up
section on Procedure/Activity Cards.



ot

TABLE 2-2. PROCEDURE/ACTIVITY ELEMENT DEFINiTIUN CARDS (CONTINUED)
THE FORMATS OF THE PROCEDURE/ACTIVITY CARDS ARE AS FOLLOWS

CARD 2 {CONTINUED)

COLUMN

18-23
24-28
29-34
35-40

41-80

TYPE DEFINITION
INTERGER STOP TIME IN HHHMM (PLUS OR MINUS)*
REAL USE FACTOR (GE 0. AND LE 100.)
R PERIOD .
R DECIMAL FRACTION OF ON TIMg  Applicable only to

cyclic data cards

GROUPS OF FQUR COLUMNS (LLLV)**
FOR SWITCH. IF NOT SWITCH, TITLE
IN THIS SPACE

*NOTE: Stop time not used if this is cyclic card.

**NOTE: LLL provide spaces for branch where switch
is located. V is 1 if switch closed, O if
switch open.



2.2.3 Activity Data

Activities are collections of procedures and/or components grouped
together by "mission phase" considerations., That is, procedures and
components grouped together which must be on at a particular time for a
specified duration to accomplish a mission objective. E.g.:

A 1000 Prelaunch to Landing -~ contains all those components and
procedures which must be on fer entire mission; provides base Toad.

The Activity data is organized by:
1. Unique number and titie

2. Corresponding procedure and component data as in procedure
definition.

Refer to Table 2-2 for activity card format.
2.2.4 Switch Data

Phase I has the capability of controlling Phase II electrical power
analysis on different circuit configurations obtained through opening or
closing switches in the different branches. For example, all loads can
be fed by two fuel cells by closing some switches and opening others. The
effect of this action on the fuel cell loading can then be analyzed in
Phase II.

The following data is required:
1. Card Type - "S" for switch

2. Start Time - when the switch condition should change if not when
switch card is "turned on".

3. Stop Time - when the switch condition will change to its opposite
state.

4, Switch Location - branch number.
5. Switch Value - 0 for open, 1 for closed.

Refer to Table 2-2 for switch card format.

11



2.2.5 Cyclic Data

Certain components will actually cycle on and off during a Shuttle
mission. Phase I analysis has the capability of simulating this activity
through the program. The following data appears on the cyclic cards:

1. Cyclic Identifier - "Y"

2. Type of cyclic action

3. + for begin cyclic action

4. - for end cyclic action

5. Mode

6. Time

7. Period of cycle

8. Decimal fraction of period component is active
8. Title

The cyclic card format is shown in Table 2-2.
2.3 TIMELINE
2.3.1 Source

Data utilized to create the timeline is gathered from two main sources.
First, JSC Mission description documentation provides the bulk of the timeline
information. From this source it is possible to obtain mission events and
durations. Also, timelines for burns and attitude changes are incorporated
into the SEPS timeline information to provide more detailed usage data for
specific spbsystems and components. Second, data from JSC subsystem groups
are utilized to construct specific requirements portions of the timeline,
E.g., the correct heater and communications equipment usage is obtained by
using data from this source.

2.3.2 Construction

As stated above, data from JSC documentation are utilized in forming a
chronological sequence of mission events. The SEPS data base activities,

12



procedures, and components are turned "on" and "off" at the appropriate
time according to the sequence. A "plus" sign signifies turn on of the
desired entity and a "minus” sign signifies turn off.

The following data appears in the timeline:

1. Timeline entity identifier - tells whether an activity, procedure,
or component is affected.

2. "+" or "-": turn on or off, respectively.

3. Entity Number: number of activity, procedure or component
affected.

4. Time: MET at which operation occurs,
5. Title: Names activity, procedure o; component affected.
Refer to Tables 2-3 and 2~4 for the card formats.

2.3.3 Utilization

Timeline events as constructed are further grouped to be used in larger
time blocks. A1l turn on/off times are "deltaed to some base time value
determined from the mission descriptions. E.g.,

1. LO to Sortie - all operations referenced to zero

2. Sortie to End Sortie - all operations referenced to 51 hours (time
at which sortie begins as determined from Mission 2A description).

"3, End Sortie to Touchdown - all operations referenced to 149 hours
(time at which sortie ops end for Mission 2A).

These can easily be made for any Shuttle mission and can be used to
analyze many different options. Refer to Table 2-5 for an example. A program,
JVMMPS, to be described later, organizes these blocks to form a proper time
sequenced timeline.

2.4 FORMATTED PRINTOUT DESCRIPTION

The formatted printouts available from SEPS Phase I are discussed in
subsequent paragraphs and examples of each type of printed output are provided,

13



7l

TRBLE 2-3. TIMELINE CARD FORMAT

1

THE FORMAT OF THE TIMELINE CARDS IS AS FOLLOWS

COLUMN PURPOSE

1 T INDICATES THIS IS A TIMELINE CARD
A/P/C/S INDICATES WHICH TYPE OF OPERATION TO PERFORM
3-9 + BEGIN OPERATION

- END OPERATION
ACTIVITY/PROCEDURE/COMPONENT/SWITCH NUMBER

10 MODE

11-19 TIME IN HHHHHMMSS (PLUS OR MINUS)
20 SPECIAL OPERATION FLAG *

21-33 BLANK

34-69 TITLE

A TIMELINE CARD INITIATES ITS OPERATION AT ITS “START" TIME AND CONTINUES
UNTIL ITS “"STOP" TIME AT WHICH TIME THE ACTIVE COMPONENTS ARE TURNED "“OFF".

*NOTE: If it is desired to turn a component or procedure off in an
different way than it was turned on, Column 20 must contain
a non zero integer.



Gl

TABLE 2-4, CYCLIC TIMELINE CARDS
THE FORMAT OF CYCLIC TIMELINE CARDS IS AS FOLLOWS

COLUMN PURPOSE
1 Y INDICATES THIS IS A CYCLIC CARD
A/P/C INDICATES WHAT TYPE OF CYCLIC ACTION
3-9 + BEGIN CYCLIC FUNCTION

- END CYCLIC FUNCTION
ACTIVITY/PROCEDURE/COMPONENT MNUMBER

10 MODE
11-19 TIME (HHHHHMMSS)
20 SPECIAL OPERATION FLAG ™
21-25 PERIOD OF THE CYCLE GIVEMN IN DECIMAL HOURS
26-30 DECIMAL FRACTION OF THE PERIOD THE ACTION IS TO BE TAKEN
31-33 BLANK
34-69 TITLE

A CYCLIC CARD BEGINS ACTION AT ITS "“START" TIME AND CONTINUES UNTIL THE CYCLIC COMPONENTS
ARE TURNED "“OFF", SEE DISCUSSION OF TIMELINE OPERATIONS.

*NOTE: Only if Col. 20 > 0, can components concerned be turned off outside of the
procedure/activity through which they are turned on,
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TP~
TP+
TP+
TP+
TP+
TP~
TP+

TABLE 2-5.

217
114
114
114
114
820
217

EXAMPLE OF MISSION PHASE ACTIVITY

0000000
0140000
03380000
0620000
0860000
0980000
0980000

MISSION 2A OPTION 1 (DT 51)

RCS 01 TO ENTRY
STARTRACKER ALIGH W RCS
STARTRACKER ALIGN W RCS
STARTRACKER ALIGH W RCS
STARTRACKER ALIGN W RCS
PAYLOAD OBSERVATION

RCS OI TO ENTRY

(OFF)
(ON)
(ON)
(ON)
(ON)
(OFF)
(ON)



Any of the formatted printouts can be selected or omitted for printing at the
option of the user. The first six tables are outputs available from SEPS

Phase I,

the remaining tables are outputs from COMUSE which is driven by the

interface tape.

PRINTED QUTPUT

QUTPUT PROVIDED AT EACH LOAD CHANGE

1.

Load Summary (Table 2-6) - The Load Summary output occurs whenever

a compenent has cycled ON or cycled OFF. It prints the power level
of each subsystem after the component has cycled and the power output
required from each fuel cell. The following defines the various
sections of the Load Summary output:

a) The cycled component (equipment) listed with its power
definition

b) Subsystems that presently require power
¢) Ac and dc total load requirements

d} Fuel cell power required

QUTPUT PROVIDED AT THE END OF EACH MISSION PHASE

1.

Active Components at End of Mission Phase (Table 2-7) - This output
lists the components that are active at the end of the mission phase,
It provides a vehicie electrical component configuration check for
verification of subsystems and program status.

QUTPUT PROVIDED EVERY 24 HOURS OF MISSION TIME

10

Power vs Time Graph (Table 2-8) - The graph is printed every 24 hours

of elapsed mission time and provides a plot of the electrical power
required during that time period. This graph gives a pictorial view
of the power levels and what timas the peaks and valleys occur,

17



8L

AT Tin
COMPONENT NO..
~

Zz1501

. Y 221502
q ¢ 221503
21|ot
z21z01

TABLE 2-6.

LOAD SUMMARY TABLE

3249800 PUIHT 1307 THE FOLLOM LG (UMPOMENTS WAVE CHANGED CUNUITHOM

COMPORENT NAME

TAWK HTIRS~FygD
TAHE HTRSaF.D
TANK HTRS~F&D
SmgAND FH XM

S=HAND FM S1GHAL PRODC

HEQUIKED QUTPUT AT TiHL

5YSTCH
SYSTEH
p JSYsIEH
SYSIEH
SYSTEN
SYSTER

¢ {IUIAL AC LOAD
TOTAL wC LOAD
d  {roTaL FUEL CLLL REQUIREMENT

-

HOOA J0

AWV IVNIDIYQ-

N

RIFIVOD

-

1
a
q
2zl
32
52

Fi1l.4560
+0000
«0000
«0000
+ 0000
00040

32.9800

SYSTEM 2
SYSTEH &
SYSTgH |5
sYSTgh 22
SYSTgH 40
S5YSTgH 0
231723862
A LTLELY)
aZi3,.He22p

COLDPLATE HO

300 SwiTCHED
130n; SwiTCHED
23p0k SwiTCHED

4101 Sw] TCHED

6101 SwyTCHED

Fel

siH. 8000 HYSTEH
G54,7640 SYSTEH
«00n0 SYSTEH
242296 SYSTEH
231701999 SYSTEH
000D SYSTEH

oFF
oFF
of F
ok
oh

16
v
S0

-—-0 0o

LOAD 'VALUE

0000
000D
«000U
&0+0000
440000

=221%00
=221500
=241500
driaig
21201

cooo u}

PROCEDQRE CALLED

Az, 9000
32,9800
az2,v600
32,9833
32,%833
——— rrm——

]
TIME CALLED

ACTIVITY. PROCEDURE OR COMPONENT CALLED

1D17.00146
170345199
00D
403+78H3
27,0480
+0aogQ

SYSTEM
SYLTEM
SYSTEM
SYSTEHM
SYSTEH
S5YSTEH

20
3
51

51247200
0000
+0000

25+ 2000
20000
«0000
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RIITVOD 9004 J0

§1 HOVd TVNIOTHO

COHPONENT WO,

1nid}
wio2
lalG)
10332
udsd
1aai )
10k
10w03
JI0s0%
10005
10elé
11a01
tia02
1ioud
206014
20802
20701
20001
21431
21202
21303
21304
21401
22301
12302
2240}
12402
22541
22502
23401
44802
Jpio2
3401
31501
J1401
3110l
702
Jjoo2
a1
AR T4
32901
Jioo2
3dial
12102
32202
32402
Jij02
33301
31302
31301
FRRIL]
FRET: 1
31i0&
3iyar
31308
33401
31402

TABLE 2-7. ACTIVE COMPONENTS AT THE END OF MISSION PHASE

LOAD YALUES
190400000 \‘m.uonnn

[LIY)
[L.11)
3TAR
STAN
STAR
BT
»00(
LM
ulpy
sipy
BURY

l’ﬂ*ﬁOHﬂﬂ NAME

TRACKERS
TRACRERS
THACKERY
Hate SENHUR
HaTE SCHSOR
Ry1t SENSOR
Ry SCHSOM
R,7E SEMSON
RATE SENSQR

Mol
"e
(41
rEG
PLG
PG

OMS [V LREVER UNIT
UHS TV DRIVER UNIT
OHS Tvg OHIVER UNIT
AUDIO CENTER
AULED CENTER

Slun

PATLOAD JATA INTERLEAVEW

AL PHUCESSOH

S=HBAHD HULTIPLEXER
S*BAND HULTIPLEXER

S=pAnD ACur {TDRS) WEC 2
S=BAND XCUR {TORS) XMEIT 2
vHF ¢5=pAUD XFER RF SuS
HASA

vsd
usy
voi1c
voi&

APgHo REC

XPOND XMIT HASA

t PRUCESSOR
E PROCESSOR

plGl coMs PRUCESSOR
D1G1 CoHH PRUCESSOR

vsy
usa

2 DH 3 AXIS ATT UIR IHD

ary

DECOPER
DECODER

thD OMS/RCS

CAUT +» wiHKING UNIY
PERF noN ELECT UNIT

HISS

10y T1RERS

K15510n THRERS

LVEN

¥ TlHERS

CRT DISPLAY UKLTS
CRT DISPLAY UNITS

KEYE

DARDS

KEfuOARDS
vISPLAY PRUCLSSORS
DISPLAY PROLESSOHS

PISPLAY CPLR DR UNITS

ROT

CONTRL, ENCDR/CPLR UNJT

FL1T
FLT
FLY
FLT
FiL.T
FLT
FLT
FLT
FL1
FLT

HAKD CONIR

DECK
DECK
DECK
DECK
BELK
DECK
BECK
BECK
DECK
DECK

FLODD
tLO0D
$LOUY
FLOUD
FLUGD
FLUUD
FLOOD
FLOVUD
FiLOo0u
FLOOD

LiGHTS
LiGHTS
L1GHTS
LIGHTS
LIGHTS
LIGHTS
LIGHTS
LIGHTS
LTS

LTS

T L n.
LoADING~—— %wm

Q0
s10)
#0ql
&0ot
yool
1l
slpd
*igd
slod
sln2
ol
g}
21p2
3lod
5ip2
7202
2é20)
1d1pl
Zaigl
2a1p2
2uip2
28102
2810l
262t
262pl
Zuipl
2éin?
24101
2alol
Zsipi
28102
big)
5304
24303
2%ipl
LENY
a3g)
70!
4101}
gl
ol
ol
2531
1301
27ipl
&lol
FLITY
410
Sigl
sipl
7ipl
8ig!
vint
430l
4301
4301
riol

100,08400 Labs0000p
100.,06000 15+00000
10000030 1%.00000
}0B,00000 k00000
|h0.000c0 $,20000
100400008 20000
100.00000 B 20000
00, 00000 #20000
$00.00000 $.+20000
100, 00080 $.20000
)00.00006 ¥,00000
{00.000006 ?.00000
10000000 ¥,00000
1e0,00000 20.00000
j00.c0000 20,00000
16U, 00000 $3,00000
jo0.0a000 29.00000
j100.0000C 40000
100.00000 + 40000
100, Qoo }5.00000
jo00.00000 220.00000
100.00000 8.40000
180,00000 7400000
100, 00000 21.00000
j0e.aclo0 S.ooacg
10C. 00000 S.00008
180.00008 w0,08000
160,00000 %0,00000
160.00000 1200000
100.00000 y2.00000
10000000 25.00000
100,00000 4.00000
100,00000 30.00000
ta0.00t00 j V00000
{a0.00008 S.00000
100.00000, 5.00000
1a0.n0o0000 1.50000
108.00000 40.00000
1063400000 40.00000
160,00000 15.00000
100,00000 15,00000
100.00000 120000080
100.00000 120.00000
100,00000 20.,00000
180.00000 I.54400
1090, 00008 25.00000
100.00000 150000
100.,00000 1.50000
16000000 le50800
100,00000 1450000
100.00000 150000
$00,c0000 l.50000
100,0000D 50040
10000000 l.50000
§60,00000 +20000
109,00050 « 10000

ZIJU'I"I' CYCLE

ALT)VE
ACTIVE
ALTIVE
ACTIVE
ACTIVE
ACTIVE
ACTIVE
ACTIVE
ACTIVE
ACTIVE
ACTIVE
ACTIVE
ACTIVE
ACTIVE
ACTIVE
ACTIVE
ACTIVE
ACTIVE
ALTIVE
ACTIVE
ACTIVE
ACTIVE
ACTIVE
ACTIVE
ACTIVE
ACTIVE
ACTIVE
ACTIVE
ACTIVE
ACTIVE
ACTIVE
ACTIVE
ACTIVE
ACYLIVE
ACTIVE
ACTLIVE
ACTIVE
ACTIVE
ACTIVE
ACTIVE
ACTIVE
ALTIYE
ACTIVE
ACTIVE
ACTIVE
ALTIVE
ACTIVE
ACTIVE
ACTIVE
ACTIVE
ACTIYE
ACTIVE
ACTIVE
ACTIVE
ACTIVE
ACTIVE
ACTIVE

COMPONENT
COMPONENT
COMPFONMENT
CUNPOMENT
COMPONENT
CONPONENE
COHFOKRENT
COHPOKENT
CORPONENRT
COMPONENT
COMPONENT
CORPOKENT
CONPOKENRT
CORPONENY
CONPONENT
CORPONENT
COHPONENT
CONPONENRY
CONFOMENT
COHNPONENT
CORPFOMENT
CONPORENT
COMPONENT
CORPONENT
COMPONEHT
COHPOKENT
CONPONENT
COMPONENY
COMPOHENRT
CONPONENT
COMPONENT
CORPONENT
CORPONEKT
COHPONENT
COHPONENT
CORPONENT
CONPONENT
COHPONENRT
COHPOHENT
COMPONENT
CONPONENT
CONPONENMY
CONPONENT
COMPONENT
CONPONENT
CORFOMENT
COHPOKENT
COMPONENT
COHPONENT
COHPONENT
COHPONENT
CORPOKENT
COMPORENT
COMPONENT
COMPONENT
COKPONENT
COMPONENT
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OUTPUT PROVIDED AT THE END OF THE MISSION

1. Active Components Upon Completion of Mission (Table 2-9) - This
output 1ists those components that are still active at the end of
the mission., This provides a check on the timeline sequence used
to verify that the Shuttle is in the proper deactivated configuration,

2. Active Component Listing (Table 2-10) - This output 1ists all
components by subsystem and the number of times each component is
activated.

3. "Subsystem/Mission Phase Analysis (Table 2-11) - This output compares
each subsystem power demand to total vehicle power usage during each
mission phase. The subsystems are listed with average power,
maximum power and percent of total power.

4, Component Usage Listed by Decreasing Percent of Energy Used {Table 2-12)

This output provides a power summary for all components, ranking them
in decreasing order based on amount of energy consumed during the
mission. ’

5. Subsystem Usage Summary (Table 2-13) - This output Tists all electrical
components by subsystem with a power summary (power required, use
factor, time activated, energy required) of each component.

6. Subsystem Summary by Mission Phase (Table 2-14) - The summary lists
each subsystem with its energy demand for all mission phases.

7. Component/Time Input Listing - SEPS provides echo capability of the
inputs provided to the program.

2.5 PLOT TAPE

Phase I of the SEPS Program provides a plot tape of time (MET) versus
various load parameters defined at 28 volts d-c. Tabie 2-15 defines the
parameters included on the plot tape and their relative word location within
each record.

21
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TABLE 2-9. ACTIVE COMPONENTS UPON COMPLETION OF MISSION

CUMPLREWNTS MHICH HaVe 07 BEEn DE~ACYIVATED AT HISSIuN END

200201 HAIN Enulnt HEATERS 13y SWITCH CONPITJUN P
200402 MALN EHGINE HEaTERS §31 SeiTCH COnDITIUN d
200203 MALN ENGINE HELATEKRS t3) SWITCH cOnpiT LN P
211001 TYHERMAL CONINWpL HIRS 12)  SHITCH cOWbIT VN 4
211u02 VTHEHMAL CONTHOL HTRS {2} SWIgCH CONDIT)Unm é
220701  CAT HED WIRS 5 uN 1361 SwltCh CONDITUN i
220702 CAT WwED HIRS 5 QN 116y SHITOH CUNDITIUN '
220703 CAT BLD HIRS 6 ON (§6) SHLTCH CONDIT|UN i
220801 CAT BEU HTKS 8 ON 2%y SalTCh CONDIT|UN )
220802 (AT dokD HTHRY 8 ON L24) Salr1CH cONDITIUN i
220003 CAT BLD HTH> 8 ol 124) Sei7CH CONDIT|UN 3
221101 TANK HTub AFT 19) SAETCH cOnaT i P
221402 TANKR HTHS AFY {49 SKIvCH CONDIT|UN 4
221103  FANK ATRS AFT (4) SHITCH COMOIT(YUN £
221404 TANK HTRS ALT 14 ShHITCH CORDITIUN <
HOi301  AUX MOTUN PuMps i} ON} Yot4)  SwlTCH CONDIT§UN |
501302 AUX MOTOK PuMp$ {y oNy (43 SWIICH COMDITLUN 1
b0)all wATEh HOILEK HTIRS (4} SWITCh CONDITIUN H]
L0laed2 WATEN BOILER wTRS {493 SHITCH CONDITION 4
S0ta03 waATER dUJLEH HTRS [4%) S¥ITCH CONLITIUN i
L1404 AATEH BOILEK HTRS (%) SwiTCH cOnDITUN V]
40010y AFT AVIONICS HWIR (bt SelyCw CcONDLITIRON . . 2
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TABLE 2-10. COMPONENT ACTIVATION LIST

CUKPONENE ACTIVATION LISY

COMPONENT NG, COMPONENT NAME NUMBER OF CALLS FROM TIMEL INE
HH?I lnu[ ToTAL ACT)VATION COUNT H
tCige  1nu 107aL ACYIVATION COUNT | -
10183 Inv YoYak ACTIVAYIUN COUNT il
10301 STAH THKACKERS ToTak ACTIVATION CUUNT 1
ILICZ  STak THACKEHS ToTalk ACTVTIVATION cOQUT 1] .
{303 STaR THACKEKS ToTal ACTIVATION COUNT i
10ap ogY KATE SENSUK PKG ToTal TIvaTlOn ¢OUX] 2
1CeL2 gonv HATE SENSDh PG 1gt:L :gT{v:T}un éuun? 2 '
10603 HODY RATE SENSUK PKG ToTak ACTIVATION CUUNT F]
10604 EUDY RATE SLHSOK PKa ToTAL ACTIVATIONW COUNT 1
1Dacs  BQDY RATE SENSOH PKG ToTAL ACTIVATION COUNT 1
1Os6Us  ApUY HATE SENSUH PKG ToTal ACTIVATJUN COUNT l
1ball?  LODY RATE SLNSOR PKG ToTAbk ACTIVATION COUNT 11
1008 HBODY RATE SENSOR PKG ToTal ACTIVATION LOUNT B}
1G9 BODY RATE SENSOR PRG ToTal ACPFIVATION COUNY )
JUB0|  ACCEL PKG-NUORMAL LATENAL ToVal. ACTiVATION COUNT i
J0B0U2 ACCEL PKG-NORMAL LATERAL TaYak AcCTIVATIUN COUNT )
U803 ACCEL PKG-NORHAL LATERAL ToTal ACTIVATION COUNT i
U604 ACCEL PKGa-NOHMAL LATERAL TaTal ACYIVATION COUNT }
10605 ACCEL PKGaNOKHAL LATERAL ToOTAL AcVIVATION COUNT 1
006 ACCEL PKG=NOHMAL LATERAL JoTab ACT[VAT{OGN COUNT ]
10807  ACCEL PKGLMNORHMAL LATERAL ToTal ACTIVATION (OUNT 1
10808 ACCEL PKG=-NORMAL LATERAL ToTal AcTivaTION CODUNT 1
10009  ACCEL PKG-NOHRHAL LATERAL ToTaAL ACTIVATION COUNT I
10610 ACCEL PKG-NORHAL LATHRAL ToTal ACTIVATION COUNT 1
§10u]1  ACCEL PxG=MDHMAL LATELRAL TatTab ACTIVATION COUNT !
16812  ACCEL PRG-NDHHAL LATERAL TaTal ACTIVATION COUNT 1
10901 ANGLE OF ATTACK PROHE ToTAL ACTIVATION GOUNT t
10902 ANGLE OF alTaCK PROGE ToTabk ACTIVATION CUUNT ]
10903 ANGLE U ATTACK PROBE ToTalk AcTIVATION COUNT ]
11001  OM53 TvYC DRIVER UNIT ToTalk ACTIVATION cOUNT ! .
11002 OHS TvC DRIVER UHIT Total AcCTLIVATION COUNT 10
11003 OMS TVC DRIVER UNLT ToTalk AcYIVATION COUNT l
FE10L  APS pRIVERZHONITOR ToTab ACTIVATION COUN? |
15102  APS DRIVER/HONITOR ToTal ACTIVATION COUNT (1] NEVER ACTIVATED
11103  APS DRIVER/HONITOR ToTal ACTIVATION COUNT il
10104 APS ORIVER/HONITOR ToYal AcTYIVATION COUNT il
11301 Tyc MONIToOR ToTal AcTIVATION COUNT 1z
11302 TvC HONWLITOR ToTal ACFIVATION COUNT 11
1140t MPS TVC DRIVER UNIT TaTab ACTIVATION cCOUNT 1
14402 HPS TVC DRIVER UNLY ToTal AcTIVATION COUNT 1
11403 HpS TVC DRIVER Unpl ToTal ACTIVAT]ON COUNT t
bla0l Sge TyC DRIVER UniTY ToTaL ACTIVATiON CDUNT I
11502 3R8 TVC DRIVER UNET ToTal ACTIVATION COUNT 1
11507 ALRQ SURFS DRIVER UnIT TOTAL AcTIVAYTION COUNT 2
11602 AgRD SURFS DHRIVER UNIT ToTal ACTIVATION COUNT 2
11603 AprRO SUHFS DRIVER UNIY ToTAL ACTIVATION COUNT 2
1160y AgRD SUIFS oHIVER UNIY YoTak ACTIVATION CUOUNT H
1183 pRUP OPTI1cAL UNIT ToTAL ACTIVAT|ON COUNT )] NEVER ACTIVATED
12001 PITOT STatic PRUAE ToTaL ACTIVATION COUNT t !

.
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RITIVOD M00d I0



144

SyaTen

- b e —

22
30
3
40

SySTel UrSCRIPTIun

GUILANCE»

COMHBUNICATIDNS
DISPLAY AND CUNTHOLS

OPLrATfUNAL FLIGHT

UATA PROCESSING

PAYLUAU MANAGLLRENT
ORbT MawbUVERINW SYSYEH
REACT(UN CONTnUL SYSTEM
PONEH GENEKATION SYSTEM

PouWEN HEACT STOR anp plSI

RLHUE ZNOUS+DOCK LN
FROM 19,2084 HUUNS WET T
AVERAGE KW
NAVIGATJONy ANG COBTRUL su? 105
RFELL!
1250624
FNSTRUMENTATINN ¢ 34000
ELECTRICAL FURER DIST Abd CulTHOL 42113
2¢43.00
2J060%
LY
18072
«30022
' wO9180
ENVnUNHENTAL LONTHOL AND LIFE 5UP le20v8)
TOTAL KPH RLWULIRED FOR N{S5IUN PHASE 5
TOTAL KWH ACCURULATED TU HISSION TIHE 2%.00200

TABLE 2-11.

HISSIUN PrASE o

AVEHAGE PO
PEAK POnEH

Tine OF PLAX POwgR

L14]

9413277 Kn
I10+54945 KW

25,0300 HOURS MNEY

23+9782) HOURS

PERCENY

Fe74533%0
6364501
1404927399
37228547
webUG2810
26462934108
«OI49762
Be70040212
2+0135%968
Helbd2022
14555021
18+7217014

52+8915Y4 KWW
196415137 KWH

SUBSYSTEM/MISSION PHASE ANALYSIS

MAK | NUM
K

+B9580
i+00700
Leb69338
«J40CO
+ 90550
2443200
+ Q400D
« 79492
WA7024
«38022
«04140
2140860

TINE OF
HAXIHUH

24+43313)
24430450
Th+43133)
25.00000
FEXLEREE!
2444333
25.00000
FATLERR R
23.%783)
25.00000
25,00000
25.0004Q0



G¢

¢ URPONENT
NUHBER
! soti02
2 50130}
3 HOAapg
8 400101
5 70102
] 7plo}
7 400401
8 4010m
1 ] 21304
10 l10laz
1t lolot
{12 30050)
13 300501
1% 3n7o
1% 7ol
16 401003
17 7o2p2
[ ] To2ony
1t 32102
10 32101
2} 4013p2
22 4o(agi
23 401203
24 MO0l Zp2
25 HOl201
26  X01104
27T 401103
28 4002p1
29 40503
30 405%p2
3l 40501
32 604023
33 k0402
34 40401
A5 Hp3ip2
3 31902
37 d|1%01
38 42871
1% 2i0%02
40 2lovol
41 401501
42 Totaz
[} ToHp!y
44 200203
45 200202

TABLE 2-12.

COMPONENT USALE LISYED BY DECREASING PERCEHY OF PONER USCD

COMPONENT QESCHRIPTION
AUX HOTOR PUHPS 14 ON}
AUK HOTQOR PUMPS (1 on}

CABIN HEATER

CABIN FpHS

BASIC CoNPUTER (48K}
BASIC CoHPUYER [48K)
FREON PuMPS
FOOD HGHT
S~BAND XCUR
| KU

Iy

FcP PUHPS
FCP PUNPS .
HIHS 02

H1RS 02

FOOD MGHT

GN*C [f0 UNITS

GN*C 170 UNITS
DISPLAY PROCESSORS
DISFLAY PROCESSOAS
AVIONICS BAY FANS AFY
AVIONICS BAY FANS AF?
AVIONICS BAY FANS Fuwp
AVIONICS BaY FaANS FyD
AYIONICS BAY FaANS FWD
WASTE*POT WATER
WASTE*POT WATER

WATER PUHPS

LOAD CONTR ASSYwAFT
LOAD CONTR ASSY=AFT
LOAD CUNTR ASSY=aAFT
LOAD CONTR ASSY-FwD
LOAD CONTR ASSY-FwOD
LOAD CONTR ASSY~FuD
PCH HASTER UNIT

CRT DISPLAY UNITS

CRT DISPLAY UNITS

AFT AVIONICS HIA
THERHAL CONTROL HTRS
THERHAL CONTRO{ HTRS
INSTRUMENTATION

AUX HEHOQRY (14K)

AUX HEHQRY 116K}

HAIN ENGINE HEATERS
HAIN ENGINE HEATERS

{TORS ) anyV 2

CORPONENTY REF

PORER
|'A?T§*

?ID .00
Y7000
100000
I1%.00
400.00
Y0o.po
202,00
1500480
22000
185,00
185.00
160400
18000
500100
S00+00
100«n0
i25,00
§25+00
120.00
120400
80s00
000
64.70
4470
E4e70
440s00
46000
53«00
75sp0
75.00
75.00
15.00
’s.oq
7500
40.00
40400
0400
400+c0
40000
400+00
50400
S0.p00
5000
Joo.q00
30000

N0

R
i

J
52
17
45
52
Ja
28

&

yq
1]
ia

2

I
52
7
25
27
5
513
22
54
5]
52
8
Zé
54

3

F

t
30
24
24

~N
-

[

AVERAGE ToTal

LGAD USE FACTOR OH TINME

(PERCENT}  (HOURS)
99.999¢ BO,5458
29,999y BY: 5455
29,5999 32,0040
L4Fs9998 | aT7.0i4T
L XS AN 147249187
99,9999 1o7¢7147
1499992 1&Ta%147
joa.0000 JDs5640
[AFLAAR) 145758}
99999 J6T7.7147
PReTIT (679147
949999 16709167
FP49999 1479 LM7
IC0000 §4799)47
Ane0000 J4709187
14949998 147210080
PROPPT [ h7aFLMT
TYsTIY 16709147
291999% 1670047
94999 jiT.017
PHPe9PEB (67,9147
R AR AAL NS YT AR AN Y
J4TITTR0 147,987
JUTe9T0 6749147
R AT TN AL )
79152} 6 391592
19¢5315 4 31745922
1499998 146709147
FTe999% |47 P)AT
99,9999 14T, Y¥)47
9949977 14700547
[ LIPS 1L TS Py NN
LAXLALA NS YIRS
FP0979Y JAWTaV T
749909 1479147
P09 1670147
249999 J4Te714T7
1000000 23s2011
10C«n00D 23,0%07
$10020000 2)0%07
F5+9999 L aT7a¥1 A7
LIZRAA L NN YT AL AN Y,
[ LA L EENTY I YY)
j0GrQQa0 23.0%07
1an.Q000 230707

NG N == e e g

CoHP  CENERGY
REauiIRED

83859080405
WH685900D70S
sh2084726%056
+B03uBoNS 05
w7 k57505
sh7)60575%05
s5D878404°0D5
45250154405
2 IH7HS23I%05
3108454005
11106454%0*05
oJoZ24941405
3In22498) %05
025507483 +p5
03518744305
125044154405
s2gv29554+g5
sip¥RYSSH* QS
TYEAE22 RT1
edp|HY9TR0S
«201479704%05
+20 149970405
slé2VizB7*+pS
slh294287405
s14294207405
slyidbaET g5
s 14484:69+05
¢13349358+05
0 12593732+05
+12593732+D5
+12593732405
+12593732+05
21259373205
+ 2593732405
«Ipo74989+05
2 J00THYRT+05
W loBTHYBROS
«92004200%0%
W92362%0240%
2 92362%02¢%04
+0385021%04
3821 FERAL L]
«8395021 90y
s 6P2724T 7004
v&2272V7744

COMPONENT USAGE LISTED BY DECREASING PERCENT OF ENERGY USED

PERCENT OF
TOTaL HISSION

(NATT HOURS) ENERGY REQUIRLD

5¢2375D7%
5¢237507%
NeT4%739y
Yo iiBhsn
440500711
%4105007 )
3«047%270
2eTeNT 14}
241994342
1e873)578
joBTI 578
11822532
1¢822832]
115187748
105187748
JeS51 14450
122458472
fr24bd4TY2
le2150247
02180217
112}50212
f22150242
v Y82448)
192440
+902648)
187344172
8734042
R IERITR
759308
2 75%388)
1159388
+ 757384
27573883
7593803
24075308
075508
14075108
13231 F]
1554%182
+5647302
»5042507
t50462509
5062509
e%127037
417703

ACCUNYLATED
PERCENY

Be2375074
10247560582
1SeHIHT650
2024945} 0
29397229
2843,979)Y
Iv83TT247
3942024340
MY TRIIR TSI
302750271
LIS RT AN ER
H1+9707705
4)e7922482
434320294
44283000100
4003422827
$%402%0Y0)
508715544
£2+00058782
53430359172
Ba4S5 24210
BRe722d42)
Sée7 a0
STebG89179
S0+4015858
SPaS54995)
4094284040
dle2323840
ble¥927440
G2o75213¢1%
6)e5115)0Y
4%4270%07%
4540302954
W5¢708%48))
abrl971939
b7 4007048
67+4)22)50
841710140
e8sT187521
4%:285490)
IS ERANRIT Y]
TO«e2YR204)
TRe8p44LY]
7He2221480
Tleditd2gs
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TABLE 2-15. SEPS PHASE 1 PLOT TAPE

WORD
LOCATION PURPOSE

1 Time

2 Total dc¢ load

3 Total fuel cell load includes Tosses
4 Fuel cell 1 load

5 Fuel cell 2 Toad

6 Fuel cell 3 load

7-106 Subsystem Toad
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2.6 PHASE I INTERFACE TAPE

Phase I of the SEPS Program provides as an output an interface tape which
contains event time point data including time, loads, power factors, and
circuit switch positions to drive Phase II through a defined mission timeline.
Associated with this interface tape, a compacted component dictionary built in
Phase I is required and it can be stored on the interface tape or on another tape
The storage location of the compacted dictionary and the interface tape is
controlled by user and is defined to the program through the "units" card.
Explanation of card usage is in Section 4,
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3.0 SEPS PHASE 11



3.0 SEPS PHASE II
3.1 DISCUSSION

The SEPS Phase II program integrates a collection of math models that
define the operating characteristics of the power sources, distribution, and
equipment of the input electrical power system. This provides the capability
of simulating the total electrical power system with which system design and
design/mission requirements compatiblity can be analyzed and parametric
studies performed by making variable data and timeline changes. The program,
using an input circuit definition of the electrical power system, solves the
electrical circuit at each defined time point to a defined load configuration.
The derived information is then provided as output data.

The Phase II outputs available to the user are:

1. FORMATTED PRINTOUT - dc DISTRIBUTION NETWORK, SOURCE, AND
INVERTER STATUS printout occurs whenever Phase II is run.

2. CRYOGEN USAGE - printout occurs whenever Phase II is run.

3. INTERFACE TAPE - Similar to Phase I interface tape and is available
at user option.

4, COMUSE - Requires interface tape and is available at‘user option.

5. CONSTRAINT VIOLATIONS - User Option

The inputs for Phase II operation can be grouped in the following categories:
1. CIRCUIT DEFINITION DATA

2. VARIABLE DATA

3. CARD TIMELINE DATA

4, PROGRAM OPTION CARD DATA

5. INTERFACE TAPE DATA

Each input is described in detail in Section 3.2. See Figure 3-1 for
Input/Output Flow Diagram.

PRECEDING PAGE Brang NOT FILMED
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INPUT/OUTPUT FLOW DIAGRAM OF SEPS PHASE II

FIGURE 3-1
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Phase II can be operated in three different modes dependent upon what
type of timeline is used. The three modes are:
1. Card deck timeline mode - Would be used to perform simple parametric

studies of the electrical power system. A sample listing of input
deck is shown in Appendix D,

2. Interface tape timeline mode - Would be used to perform mission
analysis. A sample listing of input deck is shown in Appendix E.

3. Interface tape with timeline adjustments mode - Would be used to
perform system contingency operation analysis and equipment design/
mission requirements capability. A sample listing of input deck is
shown in Appendix F.

3.2 PHASE IT INPUT DATA

3.2.1 Circuit Definition

A description of the dc distribution circuit and a definition of an
associated inverter system is provided as input to Phase II. The dc
distribution circuit is defined in terms of branches and the elements contained
in each branch (such as sources, loads, diodes, etc.). The inverter system is
defined in relation to the dc circuit and in terms of the number of inverters,
the number of associated dc lcads, the number of ac buses, which inverter is
connected to which ac bus and where the input inverter dc load is to be applied
within the dc circuit.

3.2.1.1 Circuit Elements

The elements that are used to make up the circuit description are
categerized by sources and loads. A maximum of twelve sources in a circuit
description can be handled by Phase II. The type sources that can be used 1in
the circuit description are:

1. Fuel Cell - maximum of 5
2. Battery - maximum of 6 (2 types of I-V curves allowed)
3. Other - maximum of 12, these are simulated by an input I-V curve for

each source (such as a transformer rectifier). Maximum of 2 input I-V
curves. for "other" sources (Type 3 or Type 4).

33



The types of 1oad components that can be used in simulating the electrical
circuit are:

1. dc equipment loads - includes constant power, gonstant resistance and
three point load data.

2. ac jnverter and ac equipment Toads - in the circuit analysis, these
loads are converted to the amount of dc power required for ac
operation including efficiency losses (cannot be combined with other
loads in the same branch).

3. Remote Power Controller (RPC) - inciudes a voltage drop, forward
resistance, reverse resistance and no-load resistance.

4, Diode - includes a voltage drop, forward resistance and reverse
resistance.

5. Battery charger - Load required to recharge battery, value changes
to zero charge load when SOC reaches 100%. {cannot be combined with
other loads in the same branch)

6. Line Toss - Tine resistance between two ncdes.

A total of fifty DC LOADS can be used in developing the input circuit
description. A LOAD can be any combination of the components Tisted above
with the exception of the two (2 and 5) so stated above.

3.2.1.2 Distribution Circuit Description

The distribution circuit is defined in terms of branches and nodes.
This information is provided as an input to the computer program. For
Phase II, a branch is dafined as an electrical circuit path thaf contains
an element (source, loads, 1ine resistance, etc.,) and a switch. A node is a
junction point of two or more branches.

3.2.1.3 Simple Circuit

Figure 3-2 is a typical circuit that contains most of the elements available
for program circuit analysis. Some general rules that must be followed in
describing the circuit in branches and nodes are:

1. Lloads used for the charger and those used for inverter dc loads
cannot be used for any other Joads.

2. Branch switches and Tead resistances will have the same number as the
branch in which they are located.
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FIGURE 3-2. SIMPLE CIRCUIT
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3. Each branch will contain a switch and a Tead resistance and the value
of the resistance must be greater than .0005 ohms except when the branch
contains a load.
A load cannot be included in a branch that contains a source.
. Al1 real (R) data values must have a decimal point.

Maximum of 30 nodes (including ground or reference node)

4

5

6

7. Maximum of 9 inverters
8. Maximum of 100 branches

9. Maximum of 12 sources

0. Maximum of 50 loads

"11. Maximum of 100 diodes inciuding RPC's

12. The Branches which contain a source, the current flow must be defined
from the Tower voltage to the higher voltage node,

13. Branches which contain a diode or a RPC, the current flow definition
must be in the positive direction of diode or RPC flow.

14. Data on each card should start in column 2.
15. Sources are to be numbered consecutively with a maximum number of 12.

Figure 3-3 shows the typical circuit with the circuit defined in terms of
branches, nodes and elements required for coding into the SEPS program.

3.2.1.4 Civcuit Input Data

The data describing the circuit is read from a card image tape file or.
from a card deck input to the data tape through program WLCCIT in forming a
new file on the data tape. To develop the tape file, the format used to input
the circuit description is a Free Field Format, i.e., each value is to be
separated by a comma, all data must be listed in proper sequence on each card,
and all data must be present even if the value is zero or blank. The end of
each card is used as a comma. Figure 3-4 shows the required card deck set up
and Figure 3-5 states what data information is to be included on each card.
Figure 3-6 is a listing of the card deck used to describe the simple circuit
“in Figure 3-3.
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BRANCH/NODE/ELEMENT CONFIGURATION OF SIMPLE CIRCUIT
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ﬁEND CARD

BRANCH
DEFINITIONS

UNDERVOLTAGE

LIMITS
CARD 3
INVERTER-AC
SIDE

CARD 2
INVERTER-DC SIDE

CARD 1
CKT. SIZE
"t TITLE CARD

FIGURE 3-4. - CIRCUIT DEFINITION DECK SETUP
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FIGURE 3-5.
CARD DATA (FREE FIELD FORMAT)*

VARIABLE
CARD TYPE CARD INFORMATION
TITLE CARD NAME GIVEN TO CIRCUIT
CARD 1 I 1. No. of Nodes (including ground or reference node)
(maximum of 30)
I 2. No. of Reference Nodé
I 3. No. of Inverters {maximum of 9)
I 4. HNo. of the Load reserved for the battery charger,
If battery charger not used, insert zero as load
number,
CARD 2 I 1. Quantity of D-C Loads used for Inverter lLoads
{minimum of 1)
I 2. Branch Nos. containing the d~c Loads (each branch
number seperated by a comma)}
I 3. Inverter numbers associated with the above dc LOAD
(1isted in corresponding sequence as branches)
CARD 3 I 1. Quantity of A-C Load Buses supplied by inverters
(minimum of 1)
I 2. Inverter No. (relative no.) connected to AC Bus T
I 3. Inverter No. {relative no.) connected to AC Bus 2
I 4, Inverter No. (relative no.) connected to AC Bus 3
UNDERVOLTAGE
LIMITS R. 1. One under voltage limit for each node {number of
nodes taken from card 1}. If no under voltage limit
appliies, use =10, for the limit. Separate each
value by a comma, Use as many cards as necessary.
BRANCH
DEFINITIONS I 1. Branch number (maximum and largest allowable is 100)
(one card per I 2. Node number from which current flows
branch, each ° n
card containing I 3. Node number into which current flows
Ezgcl?ggngETEEe I 4. Source number (maximum and largest allowable is 12)
right.) I 5. Source type {Type 1 = Fuel cell, Type 2 = Battery,

Type 3 = OTHER 1, Type 4 = OTHER 2)

I 6. Relative source number (relative to type, such as
fuel cell 1, 2 and 3) (maximum of 5 fuel eells and
up to 6 batteries)
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FIGURE 3-5. (CONTINUED)
CARD DATA (FREE FIELD FORMAT)*

VARIABLE
CARD TYPE
BRANCH
DEFINITIONS I
(CONTINUED) ;
R
R
R
R
R
R
I
END CARD

*Start each card in column 2

9.
10.
11.
12.
13.

14,
15,

CARD INFORMATION

Load number {maximum and largest allowable is 50)

ReT?tive diode number (maximum and largest allowable
100

Lead resistance of branch (minimum value of .0005)
Diode or RPC voltage drop

Diode or RPC forward resistance

Diode or RPC back resistance

RPC no Toad resistance value at 28 volts which is
to be used to calculate RPC no load power loss

Branch current Timit

Switch position of branch switch (initial condition)
(closed = 1, open = 0)

This card is used to end the circuit definition.
Place a -« 10 followed by 14 commas on the card.
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FIGURE 3-6.

INPUT CARD LISTING - EXAMPLE (CONTINUED)
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3.2.2 Variable Data

Input variables for Phase Il are provided to extend the flexibility of
the program for conducting electrical power system parametric studies and to
eliminate many program modifications that would occur due to the evolution of
vehicle and hardware design, Table 3-1 lists all Phase II variables with
maximum dimension, input method, units, and definition.

The two methods of inputing the variable data into Phase II are by data
tape and card deck. The method used by each variable is defined in Table 3-1.
The values of the variables that are 1isted on the data tape will be overriden
by card deck input. The only card deck modifications that can be made to the
Phase I interface tape are the changing of a component power Tevel at data
initialization and changing a switch position during the timeline.

Figure 3-7 shows the card deck setup for inputing the initialization
data. Figure 3-8 shows the individual card readout for the initialization
input data for the circuit described in Figure 3-3. When the Phase I
interface tape is used, the card deck input LOAD VARIABLES in Table 3-1 are
not required since Toad values would be obtained from the interface tape
timeline.

Changing the variable values through the card deck timeline input is
discussed in Section 3.3.

3.3 CARD TIMELINE DATA INPUT

The card timeline provides a means of access to the Phase II program
during a timeline run to inject changes at desired time point.

The type of change inputs available to the user are:
1. Load values

. Switch ﬁosition (changes circuit configuration)

2

3. State-of-charge on battery

4. Operating temperature of fuel cell
5

. Temperature of battery

45
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TABLE 3-1. INPUT DATA VARIABLES FOR PHASE II

INPUT METHOD

LABEL MAX DATA CARD* UNITS
DIM TAPE DECK DEFINITIONS
LOAD VARIABLES
ACPOW{I) (9) X ID&CTL WATTS Ac load for inverter AC BUS (I), Yariable
not used when Phase II is driven by an
interface tape
PFAC(I) (9) X ID&CTL AC load power factor for AC BUS (I) corres-
ponding to loads in ACPOW(I). Not used
. with interface tape
PP{I) (50) X ID&CTL WATTS Constant power load for LOAD (I), Variable
not used when PHASE II is driven by an
interface tape
PR(TI) (50) X ID&CTL WATTS Constant resistive power load for LOAD (I),
) PP(1) and/or PR(I) may be used to represent
I LOAD (I), Variable not used when PHASE II is
driven by an interface load
CHRGLD i X ID&CTL WATTS DC power required by battery charger when
charging batteries
*1D = INITIALIZATION DATA

]

CTL

CARD TIMELINE
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TABLE 3-1.

2 of 10

INPUT DATA VARIABLES FOR PHASE II (Cont'd)

INPUT METHOD

LABEL MAX DATA | CARD* UNITS
DIM TAPE | DECK DEFINITIONS
LLOAD VARIABLES

CVAL(I) (25) X ID Component power value to be used in PHASE II
calculations in }ieu of the component loads in
TPLOAD, NOTE: LOC 1-5 for F/C 1-5 noncyclic
loads and LOC 6-10 for F/C 1-5 cyclic ioads

NCNT(I) (25) X ID Component numbers associated with the component

) loads in CVAL

NCTP({I) (25) X ID For each LOAD in CVAL, defines if the load is
constant power (>0) or constant resistance (=0)

NCNTC X ID Number of Toads defined in CVAL

CAPINV (9) X ID VOLT- Inverter (I} maximum overload limit

AMP
*ID = INITIALIZATION DATA

CTL

+ CARD TIMELINE
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TABLE 3-1.

INPYT METHOD

INPUT DATA VARIABLES FOR PHASE II (Cont’d)

LABEL MAX DATA CARD* UNITS
DIM TAPE DECK DEFINITIONS
FUEL CELL VARIABLES
FCTA{1,J) (9,7) X D Array containing fuel cell I-V curves as a
function of temperature

I = No, of points

J =1 1is current vatue (amps)

J = 2 thru 7 voltage level at each tempera-

ture of FCTN
FCTN(I) (6) X 1D Temperatures associated with the I-V curves
of FCTA
FCT(I) (5) X ID&CTL Operating temperature of fuel cell (I)
NFCTA X ID No. of current points used in FCTA
H2T X ID LBS Initial quantity of hydrogen avaijable
02T X ID LBS Initial ‘quantity of oxygen available
HUR X ID LBS/ Hydrogen use rate based on amp-hour require-
AMP-HR ments
OUR X ID LBS/ Oxygen use rate based on amp-hour requirements
AMP~HR
HR X 1D LBS/ Hydrogen purge rate
HR
OR X ID LBS/ Oxygen purge rate
HR
*ID = INITIALIZATION DATA
CTL = CARD TIMELINE
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TABLE 3-1.

INPUT METHOD

4 of 10

INPUT DATA VARIABLES FOR PHASE II (Cont'd)

LABEL

MAX DATA CARD* UNITS
DIM TAPE DECK DEFINITIONS
FUEL CELL VARIABLES
HPT X ID SEC Hydrogen purge time
0PT X ID SEC Oxygen purge time
PIH X ID HRS Interval between hydrogen purges
PI0 X ID HRS Interval between oxygen purges
TPH(I) (5) X D ﬁgi Time of last hydrogen purge for fuel cell (I)
TPO(I) (5) X ID mE$ Time of last oxygén purge for fuel cell (I)
WPR X ID LBS/
AMP-HR Fuel cell water production rate
HZU 1D LBS Unusable hydrogen quantity
ozu 1D LBS Unusable oxygen quantity
FCLIM(I) (3) D WATTS Fuel cell power limits, 1 = peak, 2 = average,
3 = minimum
TIMV(I} (3) X ID HRS Length of time that fuel cell power limits
apply, 1 = peak, 2 = average, 3 = minimum
TMAXFC X 1D HRS Maximum time step thru fuel cell thermal model
*ID = INITIALIZATION DATA

nun

CTL

CARD TIMELINE
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TABLE 3-1. INPUT DATA VARIABLES FOR PHASE II (Cont'd)

INPUT METHOD

LABEL MAX DATA CARD* UNITS
DIM TAPE DECK DEFINITIONS
FUEL CELL VARIABLES
FCWP1(I) (5) X ID WATTS Parasitic pump and togic loads for fuel cell
) (I) ~ constant power

FCWP2{I) (5) X 10 WATTS Parasitic heater c¢yclic lecad for fuel cell (I)
constant resistance

SSTVI(I,d} { (10,2) X D °F/ The T-I curve which the fuel cell follows as the

AMP fuel cell temperature reaches its steady state

value, J = 1 is Temp., J = 2 is current

FCLTL X ID °F Fuel cell lower temperature 1imit - heaters
turn "ON",

FCHOL X 1D °F Fuelnce]1 high temperature 1imit - heater turns
MOFF™,

FCHTL X 1D °F Fuel cell redline 1imit - diagnostic warning

BATTERY VARIABLES
CSUBO(I) (6) X 1D AMP- Battery amp~hour capacity for battery (I)
HRS )
soc(1) (6) X 1D& PER- Battery (I} initial state-of-charge
CTL CENT
*ID = INITIALIZATION DATA

niu

CTL

CARD TIMELINE
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TABLE 3-1. INPUT DATA VARIABLES FOR PHASE II (Cont'd)

INPUT_METHOD

LABEL MAX DATA CARD* UNITS
DIM TAPE DECK DEFINITIONS
BATTERY VARIABLES
TB(I) (6) X 1D& °F Battery (I) temperature
CTL
XNC(I) (6) X ID Number of cells in battery I
EFFAVR X I PER- Average amp-hour efficiency during charging
‘ CENT
SOCA(I,Jd,K)[(7,6,2) X ID Battery I-Y curves versus

temperature, and battery group.

I = No. of points,

Jd = 1 is current,

J = 2 to6 voltage at temperature of IT,

K = battery group 1 or 2 {1 = group of 3
common batteries) (2 = group of common
batteries). (per cell voltage)

IT(1,J) (5,2) X in Battery temperatures used in SOCA,
= temperature,
J = battery group
NSOCA X 1D No. of points used in SOCA for each IV curve
SOCUL X ID Minimum battery SOC limit
*ID = INITIALIZATION DATA

it

CTL

CARD TIMELINE
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TABLE 3-1. INPUT DATA VARIABLES FOR PHASE II (Cont'd)

INPUT METHOD

LABEL MAX DATA CARD* UNITS
DIM | TAPE DECK DEFINITIONS
DISTRIBUTION CIRCUIT VARIABLES
R(I) (100) X ID OHMS Branch (I) line resistance
S{1) (100) X 1D% Branch (I) switch position (1 = closed, 0 = Dpen)
CTL
ICRCT(I,d)| (100,4) b4 ID Branch (I) definition
I = Branch No.,
J = 1 is ncde number current out,
J = 2 is node number current ‘in,
J = 3 is source number,
J = 4 is Toad number
NCRT - X ID Maximum or highest branch number in ICRCT
CRCT(I,d) | (100,6) X ID Branch (I) diode or RPC definition
I = Branch No.,
J = 1 is diode voltage drop,
J = 2 is diode forward resistance,
J = 3 is reverse resistance,
J = 4 is RPC no load resistance,
J = 5 is forward or reverse resistance being used,
J = 6 is branch current limit
uv(1) (30) X iD YOLTS Undervoltage 1imit for node (I)
DELTA X 1D& VOLTS Tolerance on node voltage solutions {normally 10'5)
CTL
*ID = IMITIALIZATION DATA

CTL

CARD TIMELINE
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TABLE 3-1,

INPUT METHOD

8 of 10

INPUT DATA VARIABLES FOR PHASE II (Cont'd)

LABEL MAX DATA CARD* UNITS
DIM TAPE DECK DEFINITIONS
DISTRIBUTION CIRCUIT VARIABLES
INVLCA(I) (9) X é?f Invérter number connected to AC inverter bus (I)
X
NSC(I) (12) X ID Number of IV points in Source (I) used in the
circuit solution
POWER SOURCE VARIABLE (0Other than Batt & F/C)
T3SRCS(I,d) | (15,2) X ID& Type 3 source IV curve,
CTL I = Number of points,
J = 2 is current value,
Jd = 7 is voltage value
NT3S X 1D& Number of points used in T3SRCS
CTL
T4SRCS(1,d) | (15,2) X ID& Type 4 source I-V curve,
CTL I =" Number of points,
J = 2 is current values,
J = 1 is voltage values
NT4S X ID& Number of points used in T4SRCS
CTL
*ID = INITIALIZATION DATA

nn

CTL

CARD TIMELINE
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TABLE 3-1.

INPUT METHOD

INPUT DATA VARIABLES FOR PHASE II (Cont'd)

CTL

CARD TIMELINE

LABEL MAX DATA CARD* UNITS
DIM TAPE DECK DEFINITIONS
MISC. VARIABLES
MET 1D HRS Simulation start time
TDELTA ID& HRS Maximum simulator time increment
CTL
NPRT ID& Formatted printout interval as a multiple
CTL of TDELTA
JPRINT ID Flag to request initialization data to be
printed out. Value > 1
IPRNT CTL Flag to request a formatted printout at a
particular card timeline point, Set =1 to
request print
ISOLYC CTL Flag to request a circuit solution at a
particular card timeline point. Set =1 to
request solution
MPRNT] ID& Set > 0 to request tape timeline debug print
CTL
MPRNT2 ID& Set » 0 to request inverter debug print
CTL
*ID = INITIALIZATION DATA
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TABLE 3-1.

INPUT METHOD

10 of 10

INPUT DATA VARIABLES FOR PHASE II (Cont'd)

LABEL MAX DATA CARD* UNITS
DIM TAPE DECK DEFINITIONS
MISC. VARIABLES
MPRNT3 1D& Not Used
CTL
MPRNT4 1D& Set > 0 to request battery and fuel cell
CTL debug print
MPRNTS 1D& Not Used
CTL
MPRNTG ID& Not Used
CTL
TABORT CTL Set > 0 to abort simulation
TCHRG(I) (3) CTL Charge Flag to initiate charging of battery (I)
IRESET CTL A request to print SIMPAC data for simulation
initialization data points.
*10 = INITIALIZATION DATA

o1

CTL

CARD TIMELINE



INITIALIZATION ‘
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$CRDS
INITIALIZATION

DATA START
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FIGURE 3-7. INITIALIZATION DECK SETWP
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. Request additional printout for SIMPAC data and for debug
Abort run

Node voltage solution tolerance

(Vo TS T S = 1

. Battery charger load value and initiate charging

10. Change ac bus connections to inverters

11. Request circuit solution and formztted printout

12. Change ground reference node

13. Number of points in developing "OTHER" source I-V curve
14. "OTHER" source I-V curve points

15. Maximum time step increment

The variables that can be used in the card timeline are Tisted in
Table 3-1. The deck setup for card timeline input is shown in Figure 3-9.
Example card readout for timeline input is shown in Figure 3-10.

3.4 FORMATTED PRINTOUT DESCRIPTION

The formatted printouts available from SEPS Phase II are discussed in the
subsequent paragraphs of this section and examples of each type of printed
output are provided. The user can select or omit the Phase II printout by
proper selection of the options described on the option card (Section 4.1).

3.4,1 DC Distribution Network Status

Figure 3-11 depicts the formatted printout for the Distribution Network
parameters. The length of the printout will vary as a function of the number
of branches in the circuit.

3.4.2 Source Status and Cryogenic Usage

Figure 3-12 depicts the formatied printout for source .status, cryo status,
and inverter status. The width of the printout will vary as a function of
number of sources and inverters.
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IABORT = 1

TIME (N+1)

VARIABLE INPUT
()

TIME (N)

VARIABLE INPUT
(2)

TIME (2)
IN TIMELINE

VARIABLE INPUT
(1)

TIME (1)
IN TIMELINE

FIGURE 3-9. CARD TIMELINE DECK SETUP
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FIGURE 3-13. DC DISTRIBUTION NETWORK STATUS
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.FIGURE 3-12. .

SOURCE AND INVERTER STATUS, AND CRYOGEMIC USAGE. - -
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3.4.3 Constraint Analysis Printout

The Constraint violation printout as shown.in Figure 3-13 will be
provided at the end of the Phase II run if requested by the user.

3.4.4 Phase II COMUSE Printout

Phase II COMUSE Printout is the same as described for Phase I (Section
2.4) except that all power values are at the actual operating voltage rather
than 28 volts.

3.5 PLOT TAPES

Phase II provides three separate plot tapes, selected at the option of
the user (see 4.7 Program Option Cards), which can be used to plot selected
Electrical Power System parameters as a function of mission elapsed time.

) Table 3-2 defines the Shuttle plot parameters available while Table 3-3
defines the plot parameters available for ASTP CSM 117 and ASTP CSM 119.

3.6 PHASE I1 INTERFACE TAPE

Phase I1 of the SEPS program provides an interface tape, as an output,
which is exactly 1ike the Phase I interface tape (Section 2.6) except that
power values are at the load operating voltages rather than at 28 volts dc.
The Phase II interface tape is used as input to COMUSE to provide a load/sub-
system mission phase analysis.
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LOCATION

1
2-13
14-25
26-37
38

39
40

a1

42

43
a4
45

46

47

28

49

50
51-74

TABLE 3-2.

QUANTITY

1

12
12
12

1
1
1
1
1
1
1
1
1
1
1
1
1
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PLOT PARAMETERS

65

DEFINITION

Time

Source Voltages

Source Currents

Source Power

Total F/C Current
Total F/C Power
Accumulated F/C AMP-HR
Inverter No. 1 dc¢ Load
Inverter No. 2 dc lLoad
Inverter No. 3 dc Load
Total Inverter dc Load
Accumulated Source KWH
02 Consumed

H2 Consumed

02 Remaining

H2 Remaining

H20 Produced

Bus (Node) Voltages



TABLE 3-3. ASTP PLOT PARAMETERS

The following are the word Tocations and word content for the SEPS ASTP
PLOT TAPES generated for CSM 111 or CSM 119. The parameter values will be
provided at each SEPS time point which includes all Toad changes.

WORD NO. CSM 111 WORD CONTENT WORD NO, CSM 119 WORD CONTENT

1 Mission Time in Hours (GET) 1 Same as CSM 111

2 Total ac Power 2 Same as CSM 111

3 Total dc Power 3 Same as CSM 111

4-6 Power Out of Fuel Cells 1-3 4-5 Power Qut of Fuel Celis 1-2

7 Tota® Fuel Cell Power 6 Same as CSM 111

8-10 Fuel €ell 1-3 Current 7-8 Fuel Cell 1-2 Current

11-13 Fuel Cell 1-3 Voltage 9-10 Fuel Cell 1-2 Voltage

14-16 Battery A,B,C Current 1114 Battery A,B,C Descent Current
.17-19 Battery A,B,C Voltage 15-18 Battery A,B,C, Descent Voltage

20~-22 Battery A,B,C Ampere Hours 19-22 Battery A,B.C, Descent Ampere Hr
23-25 Fuel Cell 1-3 Temperature 23-24 Fuel Cell 1-2 Temperature

26 Total dc Energy Used 25 Same as CSM 111
27 Quantity HZ Remaining Tank 1 26
28 Quantity H2 Remaining Tank 2 27
29 Quantity 02 Remaining Tank 1 28
30 Quantity 02 Remaining Tank 2 29
31 Total Fuel Cell Current 30
32 Total Battery Current 31
33 Total Spacecraft Current 32
34 Percent 02 Remaining Tank 1 33
35 Percent 02 Remaining Tank 2 34
36 Percent H2 Remaining Tank 1 35
37 Percent HZ Remaining Tank 2 36
38 CM Main Bus A Voltage 37
39 CM Main Bus B Voltage 38
40-42 Fuel Cell (1-3) Internal 39-41
Resistance *
43,44 Main Bus A &B Power 42-43
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4.0 PHASE I/PHASE II RUN PROCEDURES

4,1 PROGRAM OPTION CARDS

There are two option cards and one abort card that are used to define
program operation. The first option card is used to request what type of
analysis is to be performed and the output data to be obtained. The options
are dependent on the "flags" set on this card. See Table 4-1 for option card
format.

The second card is a "units" card. This card tells the program where
the data required for Phase I and Phase II analysis can be Jocated (i.e.,
circuit description, fixed data, etc.). The "units" card works in conjunction
with where the user has assigned the tapes and the card deck inputs. The
assignment location is based on the "1108 I/0 UNITS" definition. The "units"
card format is given in Table 4-2.

The abort card tells the program at what time to cease timeline analysis.
The abort card format is given in Table 4-3. 1If the abort card is not used,
the program will use an abort time of 500 hours.

Figure 4-1 shows a sample Tisting of the option card, units card, and
abort card.

4,2 PHASE I DECK SETUP

4,.2.1 Tape Assignments

The first cards to appear in the deck after the run card are those which
assign the tapes necessary for a Phase I execution to appropriate tape units.
Those tapes which must be assigned for Phase I are:

1. PCF Tape
2. SEPS Data Base Tape

3. Working-Tapes {or Fastrand) - unit "0" (not zero) must be assigned
and another for JYMMPS timeline

4. Tape fotr Dictionary and Interface

Other units can be assigned tapes to cbtain optional analysis. E.g., Unit
for Plot Tape - to obtain time versus power plot.
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TABLE 4-1
OPTION CARD fORMAT

CARD
coL PURPOSE
1 >0 Execute Phase [
= 0 or blank Do not execute Phase 1
2 >0 : Execute Phase II
= {0 or biank Do not execute Phase Il
3 > 0 Plot on Printer 1
= 0 or blank Do not plot on Printer 1
Not Used o
5 5> 0 Use 3 point Toad data:
= 0 or blank Do not use 3 point Toad data
6- 9 Not Used
10 > 0 Print each Phasell timepoint
= 0 or blank Do not print each Phase Il
11 -18 Not Used Timepoint
20 >0 Execute Phase II COMUSE
= 0 or blank Do not execute COMUSE
21 - 28 Not Used
29 > 0 Suppress analysis part 1
= 0 or blank Do not suppress analysis part 1
30 >0 Execute Phase I COMUSE
= 0 or blank Do not Execute Phase I COMUSE
31 >0 Print Out Input Components
= ( or blank No action taken
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TABLE 4-1 (CONTINUED)
OPTION CARD FORMAT

CARD
CoL_ PURPQSE
32 >0 Print out input procedures
= 0 or blank Mo action taken
33 > 0 Print out input activities
= 0 or blank No action taken
34 > 0 Print out input timeline
= 0 or blank No action taken
35 > 0 Suppress COMUSE component analysis
= 0 or blank Do not suppress COMUSE comp. analysis
36 >0 At the end of each mission phase
Provide a Listing of all active
components
= 0 or blank Ne action taken
37 >0 Mission Phase analysis
= 0 or blank No Mission Phase analysis
38 >0 Suppress cycled component 1isting
= 0 or blank Do not suppress cycled component
listing ,
39 > 0 Suppress print of compacted
dictionary
= 0 or blank Do not suppress compacted
dictionary printout
40 > 0 Suppress subsystem analysis at
each time point
= 0 or blank Do not suppress subsystem analysis
41 - 60 Not Used
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CARD
coL

61-65

66~70

71-75

76-79
80

TABLE 4-1 (CONTINUED)
OPTION CARD FORMAT

REAL NO.

REAL NO.

INTEGER

NOT USED
INTEGER

70

PURPOSE

Dead Band Width, Atl, for Phase I.
A1l Timeline events which occur
within the Interval from t to t +
Atl will be grouped together and be
made to occur at Time = t.

At2 - maximum allowable time step
Phase II. (HR)

Phase II print control - print out
will be provided at every atp
multiple of At2

Print Control Flag JPRINT
< 1 Not Operative
> 2 Print Initialization Data
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TABLE 4-2
UNITS CARD FORMAT

COLUMNS 1 THROUGH 48 CONTAIN CERTAIN PROVISIONS TO DEFINE THE UNIT AND FILE FOR 12 DATA FILES.

EACH DATA FILE REQUIRES FOUR COLUMNS.
TWO COLUMNS ARE FOR THE FILE NUMBER.

COLUMN
COLUMN
COLUMN
COLUMN
COLUMN
COLUMN
COLUMN
COLUMN
COLUMN
COLUMN
COLUMN
COLUMN
COLUMN
COLUMN
COLUMN
COLUMN

1-2
3-4
5-6
7-8
9-10
11-12
13-14
15-16
17-18
19-20
21-22
23-24
25-26
27-28
29-30
31-32

THE FIRST TWO ARE FOR THE UNIT NUMBER AND THE REMAINING

UNIT NUMBER FOR COMPONENTS

FILE NUMBER FOR COMPONENTS

UNIT NUMBER FOR PROCEDURES

FILE NUMBER FOR PROCEDURES

UNIT NUMBER FOR ACTIVITIES

FILE NUMBER FOR ACTIVITIES

UNIT NUMBER FOR TIMELINE

FILE NUMBER FOR TIMELINE

UNIT NUMBER FOR FIXED DATA

FILE NUMBER FOR FIXED DATA

NOT USED

NOT USED

NOT USED

NOT USED

UNIT NUMBER FOR INTERFACE PHASE I
FILE NUMBER FOR INTERFACE PHASE I
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TABLE 4-2 (CONTINUED)

UNITS CARD FORMAT

COLUMNS 1 THROUGH 48 CONTAIN CERTAIN PROVISIONS TO DEFINE THE UNIT AND FILE FOR 12 DATA FILES.
THE FIRST TWO ARE FOR THE UNIT NUMBER AND THE REMAINING

EACH DATA FILE REQUIRE FOUR COLUMNS.
TWO COLUMNS ARE FOR THE FILE NUMBER,

COLUMN
COLUMN
COLUMN
COLUMN
COLUMN
COLUMN
COLUMN
COLUMN
COL UMN
COLUMN
COLUMN
COLUMN
COLUMN
COLUMN
COLUMN
COLUMN

33-34
35-36
37-38
39-40
41-42
43-44
45-46
47-48
49-50
51-52
53-54
55~56
57-58
59~60
61-62
63-64

UNIT NUMBER
FILE NUMBER
UNIT NUMBER
FILE NUMBER
UNIT NUMBER
FILE NUMBER
UNIT NUMBER
FILE NUMBER
UNIT NUMBER
FILE NUMBER
UNIT NUMBER
FILE NUMBER
UNIT NUMBER

" FILE NUMBER

UNIT NUMBER
FILE NUMBER

FOR PLOT PHASE I

FOR PLOT PHASE I

FOR INTERFACE PHASE 11
FOR INTERFACE PHASE II
FOR PLOT PHASE II

FOR PLOT PHASE II

FOR DICTIONARY

FOR DICTIONARY

FOR CIRCUIT DEFINITION
FOR CIRGUIT DEFINITION
FOR CONSTRAINTS

FOR CONSTRAINTS

FOR SUBSYSTEM DEF

FOR SUBSYSTEM DEF

FOR MISSION PHASES

FOR MISSION PHASES



TABLE 4-3

ABORT CARD

The format of the ABORT card is as follows:

COLUMN PURPOSE
1-10 BLANK
11-20 ABORT TIME IN DECIMAL HOURS

The time given is that at which the processing of
timeline is to terminate. If this card is omitted,
the abort time is set to 500 hours.
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4.2.2 CUR

The execution of program CUR at the begiﬁning of a SEPS run serves to
load the PCF tape into core,

4.2,3 WLCCIT

The execution of program WLCCIT is not a prerequisite to a SEPS execution.
It is used only as a means of making changes to the SEPS data tape when
necessary or when creating a new data tape. The changes are made file by file
and in order as the files appear on the data tape. A new tape is made from
input card files. Refer to Appendix G for a detailed explanation of WLCCIT.

4.2.4 JVYMMPS

The execution of program JVMMPS creates a detailed mission timeline. It
takes designated files from the data tape which contain timeline blocks
(described in the timeline section) and puts them together in time sequence

to form a mission timeline for Phase I analysis by SEPS. Refer to Appendix G
for detailed explanation of JYMMPS.

4,2.5 SEPS

The first card following the "execute" card is an pption card. The
type of analysis performed and the output obtained depend on the "flags" set
on this card.

E.g., 1 in Col 1 - execute Phase I analysis
T in Col 30 - execute COMUSE

The option card format is presented in Table 4-1.
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The next card encountered is a "units" card. This card tells the program
which tape unit and which file contain the data required for Phase I analysis.
Units card format is given in Table 4-2.

The third card usually encountered is the mission abort card. It contains
a single time at which the analysis must cease.

Mission phase cards, if used, are next encountered. These phases
correspond to “phases" obtained from Mission documentation. They contain the
following information:

1. Card identifier - "MM"

2. Dead band width - if different from that on option card
3. Mission Phase End - in decimal hours

4. Mission Phase Title

The card format is given in Table 4-4. The data also can be inciuded on
the ‘data tape as a separate file. These data are then input through the "units®
card.

Appendices A, B, and C provide examples of Phase I run decks for 1) saving
no output tapes, 2) using WLCCIT, and 3) saving interface and plot output tapes.

4.3 DECK SETUP FOR PHASE TI RUN AND PHASE I/PHASE II RUNS

The deck setup shown in Figure 4-2 is used for ali Phase II runs. The
option and units cards direct the program in selecting the timeline mode (if
interface tape is used or not used). The following subsections discuss the
major building blocks of the deck setup and define what information is required
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TABLE 4-4
MISSION PHASE CARD(S)

3

THE FORMAT OF THE MISSION PHASE CARDS IS AS FOLLOWS

CARD COLUMN PURPOSE
1-2 MM DEFINE THIS CARD AS A MISSION PHASE CARD
3-5 - ‘ BLANK
6~10 DEAD BAND WIDTH, aty, PER THIS MISSION PHASE
IF VALUE = 0 USE aty FROM OPTION CARD.
11-20 MISSION PHASE END TIME IN DECIMAL HOURS.
21-56 MISSION PHASE TITLE

[LL

THE TIME IS GIVEN AT WHICH THIS MISSION PHASE IS TO END, THE CARDS MUST BE IN

ASCENDING TIME ORDER. THIS GROUP OF CARDS MUST BE TERMINATED BY A CARD WITH ‘EE’
IN CARD COLUMNS 1-2, THE PURPOSE OF THESE CARDS IS TO SEPARATE THE TIMELINE INTQ
DEFINED MISSION PHASES AND IS UTILIZED IN THE DEVELOPMENT OF THE COMUSE ANALYSIS,



SECTION 4.2.5

JVMMPS
OPERATION

SECTION 4.2.4

SECTION 4.2.3

CUR
SECTION 4.2.2

TAPE
ASSIGNMENT
CARDS

SECTION 4.2.1

RUM CARD

Is not required with
a Phase I Interface
Tape Timeline but can
be used.

TIMELINE
DATA CARDS

VARIABLE
DATA CARDS

UNITS
CARD

OPTION
CARD

XQT SEPS

|
il Cptional

WLCCIT
OPERATICN

Optional

OPERATION

FIGURE 4-2

COMPLETE DECK SETUP FOR PHASE I/PHASE II RUN
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EOF

Is not required with a

TIMELINE Phase I Interface Tape
DATA CARDS Timeline but can be used
VARIABLE
DATA CARDS
ABORT
SECTION 4.3.5 CARD
UNITS
CARD
OPTION
CARD
XQT SEPS
A WLCCIT 1 Optional - If any distribution circuit
SECTION 4.3.3 OPERATION 5 changes or additions are made
CUR
SECTION 4.3-2 1 gperaTION
TAPE
ASSIGNMENT
SECTION 4,3.1 CARDS
RUN CARD

FIGURE 4-2 {CONTINUED)

COMPLETE DECK SETUP FOR PHASE IT OR PHASE II
WITH PHASE T INTERFACE TAPE RUN
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in each block to conduct an interface tape timeline run or a card deck timeline

run. To

incorporate both the interface tape and card deck timeline inputs to

be used in one run the interface tape deck setup with appropriate information
is used with only the addition of the card deck timeline input.

4.3.1 Tape Assignments

The

first cards to appear in the deck after the run card are those which

assign the tapes necessary for a Phase II execution to appropriate units. The
tapes which must be assigned for PHase II without interface tape are:

1.

2,
3.
4.
5.
6.
7

PCF Tape
SEPS Data Base Tape

Working tape - unit "P" must be assigned tc a work tape for
Phase Il -

tapes which must be assigned for Phase II with interface tape are:
PCF Tape

SEPS Data Tape

Working Tape - unit "P"

Interface Tape with compacted dictionary

tapes which must be assigned for Phase I/Phase II run are:
PCF Tape

SEPS Data Tape

Working Tape unit "P" for Phase IT (could be Fastrand)
Interface tape and compacted dictionary for Phase I output
Working Tape - Unit "0" for Phase I (could be Fastrand)
JYVMPS (if used)

WLCCIT (if data changes are made to SEPS data tape)

Other units can be assigned tapes to obtain optional analysis:

1.
2.

3.

Phase II interface tape (required for Phase II COMUSE)
Plot tapes for Phase I and II

Constraints data storage
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Figure 4-3 shows an example listing of the tape assignment cards.
4.3.2 CUR

The execution of CUR serves to load the PCF tape into core. Figure 4-3
shows an example of the cards 1isting CUR.

4,3.3 WLCCIT

The execution of program WLCCIT is not a prerequisite to a SEPS
execution. It is used as a means of making changes or additions to the SEPS
data tape. The changes are made file by file and in order as the files appear
on the data tape. See Figure 4-4 for explanation of WLCCIT input cards.
Additional information concerning WLCCIT is contained in Appendix G.

4,.3.4 JVYMMPS

The execution of program JYMMPS creates a detaiied mission timeline.
It takes designated files from the data tape which contain timeline blocks
(described in the timeline section) and puts them together in time sequence
to form a mission timeline for Phase I analysis by SEPS. The cards for JVMMPS
would only be required if Phase I is run for developing an interface tape
timeline. Additional information concerning JVMMPS is contained in Appendix G.

4.3.5 SEPS

The first three cards following XQT SEPS are the options, units and
abort cards which are discussed in Section 4.1 and 4.2. Examples of the cards
used for a card timeline run are shown in Figure 4-1. The next group of
cards are for fixed data changes and data initialization. The data cards are
discussed in Section 3.2 and example listing of the cards are shown in
Figure 3~8. The final group of cards are the timeline cards. These cards are
discussed in Section 3.3 and example Tistings of the cards are shown in
Figure 3-10.
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FIGURE 4-4
BUILD NEW DATA FILE WITH CIRCUIT DESCRIPTION INPUT

~ v EOF
% DESCPT. ||
D.G |

rz”v XQT WLCCIT
A,B,C .

v XQT FILDUP

Card 1; Execute FILDUP

Card 2: Units Card A = Unit where data tape
is located

B = Unit where new change
tape is located

C = Is number of files to
be copied on new tape.
{new circuit will be
stored in next file)

Card 3: Execute WLCCIT

Card 4: Units Card D = Card reader input with
circuit description data
on cards

B = Unit where new change
tape is located

Card 5= N: Circuit Description
Cards Cards that define circuit

Card N + 1: End of File Card
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PROGRAM:
CIFLIS
PURPOSE:

Thié_program is used to 1ist a given number of files from a
card image tape.

USER GUIDE:

The input deck set-up consists of the execute card and a units card.
The units card utilizes free field format, the first variable is the
physical unit designation of where the tape is mounted and the second
variable tells how many files are to be printed.



PROGRAM:
CMPDAT
PURPOSE:

This program is used to give a component and/or mission phase
comparison of two interface tapes.

USER GUIDE:
The input deck set-up consists of the execute card, a units

card, and a time frame definition card. Both the units card and the
time frame definition card utilize fixed formats.
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COMPARISON PROGRAM INPUT (CMPDAT)

Unit Definition Card

COLUMNS

1-2

3-4

5-6

7-8
9-10
11-12
13-14
15-16
17-18
19-20
21-22
23-24
25-30
31-40
41-50
51-60
61-70
71

Time Frame Definition Card .

1-10
11-20
21-30
31-40
41-50
51-60

Unit
File
Unit
File
Unit
File
Unit
File
Unit
File
Unit
File

PURPOSE

Standard Interface
Comparison Interface
Component Dictionary
Compact Dictionary
Subsystem Names

Mission Phase Definitions

Blank

Standard Inverter Efficiency
Comparison Inverter Efficiency
Standard Line lLoss

Comparison Line Loss

Mission Phase Analysis Flag

Standard Analysis Start Time
Standard Analysis End Time
Standard Analysis Delta Shift
Comparison Analysis Start Time
Comparison Analysis End Time
Comparison Analysis Delta Time



PROGRAM:
CREDJR
PURPOSE:

This program is used to make changes to the component definition
card image tape file.

USER GUIDE:

The input deck set-up consists of the execute card, a unijts °
card, and a set of component change cards. The units card utilizes
free field format and contains, first the input physical unit designation
and secondly the output physical unit designation. The component
change cards utilize a fixed format, obviously the same format as the
component definition cards. The user inputs the component number,
mode, and the new information in its correct field location. Any
change to a field changes the complete field, iwe., it is not
column or character replacement.



PROGRAM:
FILDUP
PURPOSE:
This program is used to duplicate card image files.

USER GUIDE: -

§

The input deck set-up consists of the execute card and a set of
units cards. The units cards utilize free field format. The first
variable is the input physical unit designation, the second is the
output physical unit designation, and the third is the number of files
tobe duplicated.



PROGRAM:
JVMMPS
PURPOSE:

This program is used to concatenate several timeline files
together and to time order the resulting file.

USER GUIDE:

The input deck set-up consists of the execute card, a units card,
and a set of file definition cards. The units card utilizes free
field format and contains the physical unit designation of the output
unit. The file definition cards utilize a fixed format:

Column Purpose

1-2 Input physical unit designation
3-4 File number

5-9 Delta hours

J10-11 Delta minutes

12-13 Delta seconds

The delta. times are used to shift the file times into the required
time frame.
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PROGRAM:
NEWHLP
PURPOSE:

This program is used to construct a tape able to be plotted
showing user designated compcnent's time history of operation.

USER GUIDE:

The input deck set-up consists of the execute card, a units card,
and a set of component cards. The units card utilizes free field
format and consists of eight variables:

Physical unit designation of the compact component dictionary
File number

Physical unit designation of the timeline

File number -

Physical unit designation of the plot tape

Print flag

=0 Print time history of component operation

>0 Suppress print

7 Analysis start time

(= BN S BN LB

8 Analysis stop time

The component cards utilize free field format and contain the
component identification of the components to be analyzed.
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PROGRAM:
STLPLT
PURPOSE:

Generate CalComp plots Mission Phase I or Phase II Plot tapes.

G-8



NC
CARDS YTTILE i1 [ !
36 394041 4546 5051 6061 70
ITTLSL NVAR  NSTEP YO DY
N
YA EFE
1 SFT PER g ) Lt 7
PLOT PCR . ;
TIME IC IFRQ  XTITLE
SECMENT
|
e Woe 20 prme .
ir -
| | & i L I
/ 0 2 3 an 5 0
K w Cteer 20 e MREP T TSTARI  TEND BIAS 10 X0
70 v '
24\ 7 1314 .
l ,PTYPl \ STITIS
YTAPE\ NWORDS  1STRQ

1M
TFIL

STLPLT CARD DECK SETUP

DRIGIN
AR p
OF Poop QUﬁEng



0L-9

STLPLT CARD 1

CARD .
(One Card Per Execution)
CoL. JUSTIFICATION VARIABLE DESCRIPTION

1-2 r 1TAPE Input tape unit

3-4 r IFIL 'File no.

6-7 r ITIM Hord location of time

8-9 Blank

10-12 r NWORDS Number of words per logical record

13 r PTYPE Type of paper form plot is to aopear on
A- 10 inch by up to 41 inches of blank vellum
B~ 10 1inch by up to 41 inches of continuous grid
C- 7 inch by 10 inch of grid
D- 10 mnch by 15 inch of grid

IT no choice is made STLPLT assumes form Type B is
to be used. ‘

14-15 Btank

16-20 r TSFRQ Standard frequency of symbol appearance
ISFRQ>0  symbol appearance every ISFRGth point
ISFRQ=0 symbol frequency of appearance every

. 20™M point

ISFRQ<0  point plot is to be made

21-44 L Standard message to appear on all plots

STITLE
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STLPLT CARD 2

CARD 2 (One Card Per Time Segment)
toL JUSTIFICATION VARIABLE DESCRIPTION
1-10 NP dumber of plets this time segment
11-20 r 10PT Word location of the independent variable
21-30 NREP* Number of first repeated time segment to be
plottad
31-40 MREp* Numbar of last repeated time segment to be
ploited
41—50' TSTART Starting time of segment to be plotted
51-60 TEND Ending time of segment to bé plotted
61-70 BIAS X-axis bias factor
71-80 X0 Time to appear as start of the X-axis
* IF [this option is not used, this value may be omitted
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STLPLT CARD 3

CARD 3 {One Card Per Piot)

CoL JUSTIFICATION VARIABLE DESCRIPTION
1-10 NC Number of traces this plot
11-20 r DX X-axis scale delta factor per inch
21-80 L PTITLE Plot title
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Card 4

STLPLT CARD 4

{One Per Plot)
lon SUSTIFICATION VARIABLE DESCRIPTICH
1-5 IC Flag used, if va]éé is nonzero, teo override
internal X-axis title
6-10 IFRQ Symbol appearance fregquency this plot if this
value i5 zero standard frequency is used
11-70 XTITLE X-axis title, if IC has a nonzero value this

variable 1s used as the X-axis title
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CARD 5 . STLPLT CARD 5
{One Card Per Trace)
coL JUSTIFICATION VARIABLE DZSCRIPTION
4r o 1-36 L YTITLE Y-axis title this trace
37-38 Blank
39-40 r ITILSL Y-axis title and scale suppress
ITTLSL = 0 no suppress
= 1 suppress scale only
= 2 suppress both scale and title
41-45 r NVAR "Index of the variable to be plotted this trace
4@-50 r NSTER Step function flag for this trace
Value<0 1indicates continugus trace
Value>0 indicates step function trace
51-60 r Y0 Y-axis scale initial point
.+ 61-70 DY Y-axis delta factor per inch

. For any negative or zero values the program
will compute a Y-axis scale




PROGRAM:
WLCCIT
PURPOSE :

This program is used to create or alter a card image tape file, as
a by product the file is 1isted and each entry is numbered.
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Card 1:
Card 2:

Card 3

WLCCIT

r”[i":ENDEND

rf"b EOF

CHANGES

r”’CHANeEs

r”hA,BB

v XQT WLCCIT

Execution Card

Units Card Col. 1-2:
Col. 3:

Col. 4-5:

N-2: Changes « Card 3:

Card for Line
Change and/or
data insertion

Card for data
insertion only

G-16

Unit where old tape to

be changed is located or
card reader unit

Comma

Unit where new or changed
tape is located

Line # where change is
to be made and/or after
which new data is to be
inserted. (Line # not
required when making new
tape from cards)



Card 4 N-1: New or Changed Data

Card H : -ENDEND

WLCCIT is the machine equivalent to physically removing data cards
and replacing these cards with new data or simply adding new data.

Change Card E.g.'s:
To delete data:

Card 4: -~ 10, 15 :

To delete data and add data:
Card 4: - 10, 15

To add data:
Card 4: - 10,
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Starting with
Line 10, delete
all information
up to & including
Line 15

Followed by data
to be inserted.
Deletes lines

10 15 inclusive
and inserts new
data.

Followed by data
cards,

Inserts new data
after line addressed
on Card 1.



