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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 Apollo 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 contained herein
VOLUME II - User's Manual contains the information necessary for a

user to adequately understand and use the SEPS Computer
Program
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1.0 INTRODUCTION



1.0 INTRODUCTION

This document contains information pertaining to the Program Manual,
Programmer Guide, and Program Utilization of the Shuttle Electrical
Power System (SEPS) computer program. The main objective of this manual
is to provide the information necessary to interpret and use the routines
comprising the SEPS program.

The subroutine descriptions are divided into four categories; control,
Phase I, Phase II, and analysis routines. The subroutine descriptions
include the name, -purpose, method (if applicable), variable definitions
and logic flow.

The SEPS User's Manual provides the information necessary for a
user to adequately understand and use the SEPS computer program.



2.0 PROGRAM
DESCRIPTION



2.0 PROGRAM DESCRIPTION

2.1 PURPOSE

The TRW Shuttle EPS Analysis Computer Program (SEPS) was developed
for use as a premission evaluation tool. The purposes of the program
are to (a) predict EPS performance and EPS consumables usage when the
system is operated and perturbed in accordance with premission flight
plans, and (b) perform parametric and special case studies on the Shuttle
EPS.

2.2 SEPS PHASE I
2.2.1 Discussion

The SEPS Computer Program Phase I, using a mission event timeline,
develops an electrical load profile and provides subsystem and mission analyses
of the power and energy demands for Shuttle missions. The analysis is
based on a 28 VDC load bus voltage. The.program utilizes a data base
which describes all Shuttle electrical power cdnsuming 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 consisting of event time point data and a Tisting
of the activated components. The interface tape is utilized as the input
driver for the Phase I COMUSE analyses and Phase II. The Phase I COMUSE
analyses are discussed in more detail in the User's Manual, Section 2.1
(Formatted Printout Description).

The Phase I output and Phase I COMUSE output analyses have been adjusted
to include an assumed 4% average line loss and an inverter efficiency of 80%.
These data have been hard coded into the program and would require a change in
Subroutine JVSEPS to revise these assumptions. The respective words are RESLOS
for the line loss factor and PFEFF for the inverter efficiency. The 1ine loss
factor and inverter efficiency are not used in the Phase II analyses.

WRECEDING PAGE BLANK NOT FIEMED
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2.3 PHASE II
2.3.1 Discussion

The SEPS Phase II program integrates the various math models that
define the operating characteristics of the power sources, distribution
and equipment of the Shuttle electrical power system. This provides the
capability of simulating the total electrical power system with which
system design and design/mission requirements compatibility can be analyzed
and parametric studies performed. Another capability of SEPS Phase II is
the fuel cell cryogenic requirements which result from the mission profile
electrical power demand and operating procedures.

The SEPS Phase IT program utilizes the Phase I interface tape to
provide the electrical Toad profile and active components. The user also
has the capability to change or modify the configuration or input data
through the use of an input card alter deck.

2.3.2 Math Models

" In order to accomplish the SEPS Phase II capabilities several math
models were required. A description of the math models, their intended
use, and primary subroutine follows.

EPS Distribution Circuit Math Model - This model is a representation
of the Shuttle dc elecirical power distribution and control system.
Using a node analysis technique and the load profile contained on the
Phase I interface tape, the distribution circuit model will determine
the system bus voltages and currents and the Toad voltages and currents.
The primary subroutine is DCSOLV.

Fuel Cell Math Model -~ This model is a representation of the Shuttle 7
KW average, 12 KW peak fuel cells. The fuel cell model is called by the
distribution circuit model to provide source voltage as a function of
source current. The fuel cell model also provides the cryocgenic use

rates to the cryogenics model. The primary subroutines are FUELIV and
FUCLTM.



Inverter System Math Model - The inverter model is a simplified
representation of the Shuttle 9 inverter/3 phasé ac system. This model
will calculate the inverter no load and Toad Tosses and reflect the ac
inverter loads to the dc distribution system. The primary subroutine is
ACINVT.

Constraints Model - The constraints model will provide for automatic
program checking and flagging of distribution, power source, and reactant
storage system constraint violations. As actual performance, test and
Timit data becomes available, the constraints model can be updated. The
primary subroutine is REDLIN.

2.3.3 Phase I'/Phase II Interface

2.3.3.1 Discussion

The SEPS Phase I/Phase II interface has been designed to allow
maximum utilization of analysis subroutines, output subroutines, and
user interface through program option and control cards. Section 2.3.3.2
flow charts the Phase I/Phase II program. The flow chart shows a com-
monality in program output and the use of the same analysis subroutines for
both Phase 1 and Phase II. The user through program option and control
cards can either allow or suppress virtually any portion of the combined
Phase I/Phase II program outputs. The output interface tape of Phase I
is the input driver for Phase II. Modifications to the interface tape
data can be inserted by the user through an input card deck.



2.3.3.2 Functional Flow Diagram
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2.3.3.2 Functional Flow Diagram (Continued)
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2.4 EXTERNAL PROGRAM INTERFACES

.To facilitate the SEPS program in meeting its defined requirements,
the following interfacing programs have been developed:

1.

8.

CIFLIS

This program is used to 1ist a given number of files from a
card ijmage tape.

CMPDAT

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

CREDJR

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

FILDUP
This program is used to duplicate card image files.

JYMMPS

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

NEWHLP

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

STLPLT

Generates CALCOMP plots from the unformatted interface output
tapes.

WLCCIT

This program is used to create or alter a card image tape file,
as a by-product the file is listed and each entry is numbered.
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3.0 SUBROUTINE DESCRIPTION

3.1 CONTROL SUBROUTINE

3.1.1 Subroutine: JVSEPS

PURPOSE :
METHOD:

. VARIABLES:

This.routine controls the SEPS program execution.
This routine controls the following functions:

1. Determines total area of random access available
Reads the option-units cards

Reads the abort time

= W M

If applicahle, calls for the mission phase definition
cards to be read

5. If applicable, calls for the compacted component
dictionary to be read for use in a Phase II only run
utilizing an interface tape

6. Controls the execution of

a. Phase I
b. Phase I COMUSE
c. Phase II
d. Phase II COMUSE
The variables used in this subroutine are listed in the

ccmmon blocks of the functional flowchart, Figure 3.1.1.
See Appendix for definition of all variables.



INCLUDE STRAGA
INCLUDE STRAGI
INTEGER QOASG
DIMENSION IFLAG{40)
DIMENSION TITLT(2.20)
DIMENSION TITLOC(3,40)
OIMENSION NTAPEL20)
DIMENSION ALPHA(23)

v
| DIMENSTON ALPHAT(20) |

"WRITE RESTART TAPE
"PRINT EACH INPUT 2

r

+

DATA TITLT 7
"COMPONENTS “."PROCEDURES  “.“"ACTIVITIES . "TIMELINE .
“FIXED DATA "."RESTART OQUT “,"RESTART IN “,"INTERFACE 1 *,
“PLOT 1 *+* INTERFACE 2 . PLOT 2 . "DICTIONARY *,
CIRCULT DEF ", ny o &
" “a “_" e w
v
OATA TITLO /
“EXECUTE PHASE 1 ", "EXECUTE PHASE 2 Y. "PLAOT ON PRINTER 1

", "USE

e

3 PT LOAD DATA", "

LI
[

"s "CONSTRAINT ANAL 2

“."PHASE 2 COMUSE

H H
LI I

<

[

"MISSION PHASE AN 2

“ECHO COMPDNENTS
“"ECHD TIMELINE

"MISSIBN PHASE AN 1"."SUPPRESS CMP CHNG "."SUPPRESS LDAD/BUS *.
“SUPPRESS SUBSYSTEM"/

" "o

", "SUPPRESS ANL PRT 1", "PHASE | COMUSE
*. "ECHO PROCEDURES "+ "ECHO ACTIVITIES
", "SUP COMUSE CMP ANL"."AT MP LIST ACY CMP"

" "
*

wooas .-
*

[]
[

.
*
(]
-

v
DATA ALPHA / -
“A ", "B ".rC "o tD ", "ot " E .
“F "G I sl R | e "K . s
“H .'l‘.N “l" “l "0 ‘II"P "."Q “I“R .'.
"S “. T "."U ", "y "W "L "X " Y “e
Olz li/
o
DATA NTAPE /20:6H /
DATA PWRTQOT /-10./
CONT, ON PG 2 JYSEPS
PG | OF . 7
FIGURE 3.1.1. FUNCTIONAL FLOWCHART OF SUBROUTINE: JVSEPS
ORIGINAL PAGE IS
OF POOR QUALITY
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http:TITLO(3.40
http:TITLT(2.20

[ R T T I T T A T AN I O A A N N BN N B B |

I

COMMON /TOTPWR/ PWRTOT
EQUIVALENCE CIFLAGCLY. IFLGOL)
EQUIVALENCE C(TDELT2.TDELTA)

v
. | CALL RINITCIADRUM.NWDS) |
—
2
NWL =NWDS
1DA=TADRUM

v
READCIUS. 10003 IFLAG.TDELT!.TDELT2.NPRT.JPRINT,
CIGNITCI)L IFILEEL). [=1.20)

1000 l

|FORMAT(4011.20X.2F5.0.15-4X-Il/20(2I2J]
=

| ALPHATC13=6H |

GO TO 19

| JUsTUNITCID |

[ ALPHATC1)=ALPHACTUY |

| conT INUE

CONT. ON PG 3 JVYSEPS
PG 2 OF 7

.FIGURE 3.1.1 FUNCTIONAL FLOWCHART OF SUBROUTINE: JVSEPS (CONTINUED)

- pACED
B;;Péﬁi
o oon g

1


http:IFORMAT(4011.2OX.2F5.0.15.4X
http:I).I=I.20

|

WRITE(IUB,. 20003 (I.IFLAG(LY, (TITLOCJ.1).Jd=1.32,1=1.40).
TOELT]1.TDELTZ2.NPRT.JPRINT.
(I ALPHATCD) L TUNETCE)LIFILECT 3, CTITLTCI 1D d=1.2).1=1.20)

2000 l

FORMAT( 1M1 /740(10X. "IFLAG" 12.3X, 12, 1X.3A6/)/10X, "TDELTI "wF10,4/
10X, "TDELTA".3X,F10.4/10X.“NPRT ", 3X. [10/10X, "JPRINT", 3%, 110/
1HL/77/77200 10X 1S5, 2K AL 22X "UNIT 5, IS5, 53X "FILE '.I35,3X.2A67)/)

IFCLIFILEC 7].6T.Ql‘,,,—

—-—?"'-”

| CALL RSTART |
—

hvA
FREAD(IUS. 1010.END=20) TABORT |

1010 <
[ FORMATC10X.F10.0) |

2
CONT [NUE

IFCIFLG25+IFLG37.GT. 8)
T

v
| CALL MHANDL |
p—

v

v
CONT, ON PG 4 JYSEPS
PG 3 OF 7

FIGURE 3.7.1. FUNCTIONAL FLOWCHART OF SUBROUTINE: JVSEPS (CONTINUED)

ORIGINAL PAGE I§

OF POOR QUALITY 12


http:FORMAT(IHI/40(I0X."IFLAG".12.3X
http:I).J=1.3).1=1.40

IFCIFLGO1.GT, @)

OASGUIUNETC1) I, NE, 0. AND.QQASGUIUNITC12)).

T

ALY
P WRITECIUG.5010) |

FIQRASGLIUNITC 1J).NE.OQ

T

v
| WRITECIUB.5600) IUNITC 1) |

v
CONT. ON PG 5 JVSEPS
PG 4 OF 7

FIGURE 3.1.7. FUNCTIONAL FLOWCHART OF SUBROUTINE: JVSEPS (CONTINUED)

o 8
OF POOB'gﬂHXerm 13



IF{OQASGCIUNIT(123).,NE.O)

IF{QQASGCIUNITC IJ3.NE.O3

[ CALL PHASELC1.NWL. DA} |

ICALL UNLDAD(IUNIT(12].EFILE(12)JI
; |

CONT. ON PG B JVSEPS
PGS OF 7

FIGURE 3.7.1. FUNCTIONAL FLOWCHART OF SUBROUTINE: JVSEPS (CONTINUED)

{

14



IFCIFLGO1.GT. 0)

[FCIFLG20.6GT. Q)

-
hvd
| CALL COMUSECIUNITC10). [FILE(10))
: &
A4
v
CONT. ON PG 7 JYSEPS

P66 0OF 7

- FIGURE 3.1.1. FUNCTIONAL FLOWCHART OF SUBROUTINE: JVSEPS (CONTINUED)

ALITY 15



EEH A3 !
2000

LEQRMAT(SX."UNIT “".12." WAS INCORRECTLY OR NOT ASSIGNED lJ

5010 l

FORMATISX, "EXECUTE PHASE 2 - CARD TIMELINE ONLY - NO INTERFACE TAPl

ES ALLOWED')

END

JVSEPS
PG 7___FINA

FIGURE 3.7.7. FUNCTIONAL FLOWCHART OF SUBROUTINE: JVSEPS (CONTINUED)

16



3.2 PHASE T SUBROUTINES

3.2.1

Subroutine: PHASEI

PURPOSE:
METHOD:

VARIABLES:

To control the creation of a load profile

This routine controls the following functions

1. Creates a component dictionary

2. Creates a procedure dictionary

3. Creates an activity dictionary

4, Reads a timeline consisting of activities, procedures,
components, switches, and cyclic elements and -converts

it to a component event timeline

5. Compacts out the unused components in the component
dictionary

6. Analyzes the component event timeline
The variables used in this subroutine are 1isted in the

common blocks of the functional flowchart, Figure 3.2.1.
See Appendix for definition of all variables.

17



SUBRQUTINE PHASE!{ THDR. MwL. IDA)
INCLUDE STRAGA

INCLUBE STRAGI
INTEGER QQASG
[U=JUNITC 12
REWIND U

[v)
[EALL QQFITLCIUNITC 1), IFILEC 1J-1.1STAT)
1

£

3
IF(ISTAT.GT. 0

CONT. ON PG 2 PHASE |
PG_1 OF 7

FIGURE 3.2.1 FUNCTIONAL FLOWCHART OF SUBROUTINE PHASE I
ORIGINAY; PAG
OF POOR GUATITY

18


http:ISTAT.GT

[ Tu=IUNITC 23 |

REWIND U

\/

| CALL QOFILCIUNITC 2). IFILEC 2)-1.1STAT) |

L 4
F
IFCISTAT.GT. 0)
T
A4

{ WRITECIUS,56800) [UNITC 2), IFILEC 2), [STAT |

v
CONT. ON PG 3 PHASE |
PG 2 OF 7

FIGURE 3.2.1.. FUNCTIONAL FLOWCHART OF SUBROUTINE PHASE I (CONTINUED)

ORIGINAL, PAGE IS
OF POOR QUALITY]

19



[[€ALL AREADCIPOC. IPN, NWL. [DA. 1U.2.750) |
1

L4
s
IU=TUNITC 3)
REWIND IU
v
[CALL QOF ILCIUNITC 3). [FILEC 3]-1-ISTATJJ
L
=

| CALL AREADCIADC. IAN.NWL, IDA. [U. 1,250 |
- £
v

CONT. ON PG 4 - PHASE ]
PG 3 QF 7

FIGURE 3.2.1. FUNCTIONAL FLOWCHART OF SUBROUTINE PHASE I (CONTINUED)

20



CALL P3SUPIL

IU=TUNITC 4)
REWIND [u
@
[CALL QAFILCIUNITC 4). IFILEC 4)~14 ISTATY
L

=

IFCISTAT.GT,.0)

[ CALL TREADCIU. [DA,NWL3 |

[ CALL COMPCTCIUNIT(12)) |

[ TUSIUNITC 8) |

CONT. ON PG 5 PHASE |
PG_4 OF 7

FIGURE 3.2.7. FUNCTIONAL FLOWCHART OF SUBROUTINE PHASE I (CONTINUED)

21



- B

CONT., ON PG & PHASE 1
PG 5 OF i

FIGURE 3.2.1. FUNCTIONAL FLOWCHART OF SUBROUTINE PHASE I (CONTINUED)

ORICINAL pAGE H

OF POOR QU
22



[ AL TPOUTYT |

-

T. ONPG 7 PHASE]
con PG & OF 7

FIGURE 3.2.1. FUNCTIONAL FLOWCHART OF SUBROUTINE PHASE I (CONTINUED)

23



5000
1FURHAT(5X-"UNIT v 13." CAN NOT BE POSITIONED TO FILE ", [3.3X,[3)

2010 l

lFURHAT(SX."UNIT ".12." WAS NOT ASSIGNED RUN ABGRTED")I

PHASE |
PG 7 FINAI

FIGURE 3.2.71. FUNCTIONAL FLOWCHART OF SUBROUTINE PHASE I (CONTINUED)

ORIGINAL PAGE IS

OF POOR QUALITY| o



3.2.2 Subroutine: ACYCLE

PURPOSE:

METHOD:

VARIABLES:

NOTE:

This routine converts an Activity into Procedures and
Components.

This routine interrogates the Activity dictionary and
calls the appropriate subroutines to correctiy handle
Procedures and Components. If the Activity cannot be
found, the following diagnostic is generated.

REQUESTED ACTIVITY NNNNNNNNNN IS NOT IN THE DICTIONARY

The variables used in this subroutine are listed in the
common blocks of the functional flowchart, Figure 3.2.2.
See Appendix for definition of all variables.

Subroutine ACYCLE is essentjally identical to Subroutine

AHANDL. The requirement for these subroutines is dictated
by the program logic.

25



SUBRBUTINE ACYCLEIN.TT)

INCILUDE STRAGA

DIMENSION [TADAT(3)

COMMON /UNITS/ TUS. IUB. IU7. TUB, TU3. [U10, TULI

COMMON /BNE/ TYPA.TYPY,NUMA,MO,STRTA, STOPA.UFA, PERA, PONA
EQUIVALENCE (TYPA,FADAT(13)

DATA NWAD 79/

1IFQUND=0
&> 2
IFOUND=1
CALL RREADCIADCC1.2). IADAT.NWAD, ISTAT) |
L =
F
IFCISTAT.EQ. 1)
CONT. ON PG 2 ACYCLE

PG 1 QF 2

FIGURE 3.2.2. FUNCTIONAL FLOWCHART OF SUBROUTINE ACYCLE

 pAGE B
ORIGINAL ° ) vl
oF POOR QUALEE


http:IF(IABS(NJ.NE
http:ACYCLE(N.TT

=7

CALL PCYCLE(N.NUMA.STRTA.STGPA.UFA.TT)J
o =
=

IFCTYPALEQ. 1HC)

CALL CCYCLE(N.O0.0..0..0..NUMA.MD.STRTA.STOPA,. UFA,
1)

T >
oned -

1___#21\2 .

[wRITatzug.soeoJ N |

2000 <

FORMATCSX. "REQUESTED ACTIVITY ", I110." {5 NOT [N THE DICTIONARY ")

CONT INUE
RETURN

END
ACYCLE
<]

FINA

FIGURE 3.2.2. FUNCTIONAL FLOWCHART OF SUBROUTINE ACYCLE (CONTINUED)

27



3.2.3 Subroutine: AHANDL

PURPOSE: This routine converts an Activity into Procedures,
Components and Switches.

METHOD: This routine interrogates the Activity dictionary and
calls the appropriate subroutines to correctly handle
Procedures, Components, and Switches. If the Activity
cannot be found, the following diagnostic is generated.

REQUESTED ACTIVITY NNMNNNNNNN IS NOT IN THE DICTIONARY
VARIABLES: The variables used in this subroutine are listed in the

common blocks of the functional flowchart, Figure 3.2.3.
See Appendix for definition of all variables.

PRECEDING PAGE BLANK NOT EILNEQD
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SUBROUT [NE AHANDL(N.TT)
INCLUDE STRAGA
DIMENSION [ADAT(9)

COMMON /UNITS/ IUS. TUE, 1U7.1U8. 1US, IUID. IUL1

COMMON /ONE/ TYPALTYPY.,NUMALMD. STRTA.STOPA. UFA.PERA.PONA
EQUIVALENCE (TYPA,IADAT(1))
DATA NWAD /397

IFOUND=0

IFCIABS(NI.NE.IADCET. 1))

CONT. ON PG 2

AHANDL
PG 1 OF 4

FIGURE 3.2.3. FUNCTIONAL FLOWCHART OF SUBROUTINE AHANDL

ORIGINAL PAGE IS
-OF POOR QUALITY] ”


http:IFIF(TYP.NE

-

CALL CYCLECTYPA, -NUMA,MO.PERA,PONA, TT+STOPA. 0]
1

M

=

N\

CONT INUE

\J

{CALL CYCLECTYPA.~NUMA.MD, PERA.PONA,TT. 0)
L
4

M

!

CONT., ON PG 3 AHANDL
PG 2 QF 4

FIGURE 3.2.3. FUNCTIONAL FLOWCHART OF SUBROUTINE AHANDL (CONTINUED)

DRIGINAL PAGE IS 31
OF POOR. OTTATITY



CONT INUE

>

T7)

=

CONT. ON PG 4 AHANDL
PG_3 _ 0QF 4

FIGURE 3.2.3. FUNCTIONAL FLOWCHART OF SUBROUTINE AHANDL (CONTINUED)

ORIGINAT} PAGH I3
OF POOR QUALITY) *


http:IFCUND.GT
http:IFCTA.EO

A4

Leh_10_ 30

AS

[ WRITECIUB.9000) N |

9000 <
IFGRHATESX.“REOUESTED ACTIVITY ", 110.," IS NOT IN THE DICTIQNARY ")

AHANDL
) FINA

FIGURE 3.2.3. FUNCTIONAL FLOWCHART OF SUBROUTINE AHANDL (CONTIHUED)

33



3.2.4 Subroutine: AREAD

PURPQSE: This routine reads the Activity/Procedure definition
cards and creates the Activity/Procedure dictionary.

METHOD: This routine is called twice; once to create the Activity
dictionary and once to create the Procedure dictionary.

Each card as it is read in is tested to determine if it

is a File Title card, a Card Type 1 {an Activity/Procedure
title card), or a Card Type 2 (an Activity/Procedure
definition card). As each Card Type 2 is read, it is
retated to its card type 1 and stored in a Sequentialiy/
indexed file and its Tocation in the file is stored in

the dictionary.

The following dizgnostics are provided:

PROCEDURE
NO MORE DRUM SPACE AVAILABLE - THE LAST CARD PROCESSED WAS AA

INCORRECT TYPE AANNNNNNN NOT A{ACTIVITY

ID NNNNNNN NUMBER NNNNNNNNNM RUN ABORTED

ACTIVITY
READ ERROR ON CARD Eﬂﬂﬂﬂﬂﬂﬂﬂ{pROCEDURE

VARIABLES: Calling Arguments:

IDICT ~ where the dictionary is to be stored
ICD - number of entries in IDICT

NWL - words of drum remaining

IDA - drum address

U - unit definitions' are to be read form
ITY - entry type 1 - procedure 2 - activity
IDEM IDICT dimension

The remaining variables listed in this subroutine are
listed in the common blocks of the functional flowchart,
Figure 3.2.4, See Appendix for definition of all variables.

= Firyvmy
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SUBROUTINE AREADCIDICT. IDC.NwWL. IDA. IU.ITY, IDEM)
INCLUDE STRAGI
INTEGER STRT1.STRT2.STRTL3.STOP1.STOP2.STOP3
DIMENSION IDICT(IDEM. 2]
DIMENSION [DAT(9)
DIMENSION ISWT(10)
DIMENSION ITYP(S.2)
COMMON IDF, IDY, 1D.MD.STRT.STOP.UF,PER.PON
k)

EQUIVALENCECIDATC1). IDF)
DATA NWAD 79/

b3
DATA [TYP/
2HAP, 2HPA, 2HAC, 2HCA,. 2HAS. 2HSABHACTIVILBHTY «2HA
ZHPP, 2HPP, 2HPC . 2HCP . 2HPS, 2HSP . BHPROCED, BHURE L 2HP /

CONTI[NUE

READCIU. 1000.END=100,ERR=90) [T.IDY.ID.MU. ISTRT, ISTOP.UFS.

PERS.PONS., ISWT
1000 l

| FORMATCAZ. AL, 17, 11, 2A6,AS. 246, 10A4) |

IWRITE(IUS.ZUODJ IT. [OY.ID.MD, ISTRT. ISTOP.UFS, PERS. PONS, JSWT

CONT, ON PG 2 AREAD
| PG 1

QF

FIGURE 3.2.4., FUNCTIONAL FLOWCHART OF SUBROUTINE AREAD
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http:IFLG32.GT
http:FCITY.EO

FOITY.EQ.2,AND. IFLG33.6T.0

[ WRITE([UB.2000) [T.IDY.ID.MD. ISTRT. ISTOP.UFS.PERS.PONS, ISWT

20400 f

FORMATISX» A2, AL IXL I7. X0 1. 501X, AB). 1X, 10AS)

IFCIT.EG.2H 3]

E
TFCIT.NE. ITW

T

Av.4
LEO 10 20
=

(6o 10 10>

() ,
CONT INUE

CONT. ON PG 3 AREAD
PG_2 OF 8

FIGURE 3.2.4. FUNCTIONAL FLOWCHART OF SUBROUTINE AREAD (CONTINUED)

ORIGINAL PAGH 1§
OF POOR QUALITY 37


http:IFORMAT(5X.A2.AI.IX.IT.IX

FIGURE 3.2.4.

IFCIT.EQ.ITYP(1.ETY))

[FUIT.EQ.ITYP{2,1TY))

IFCIT.EQ. ITYP({4.1TY))

CONT. ON PG 4 AREAD
PG 3 OF 8

FUNCTIONAL FLOWCHART OF SUBROUTINE AREAD (CONTINUED)
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http:IF(IT.EO

IFCIT.EQ.ITYP(S.1TY))

[B0_T10 30

IFCIT.EQ. ITYP(B.ITY))

[ WRITECIUS.5010) IT.10. ITYP(7,1TY). ITYP(8, ITY) |

S010 l

[ FORMAT(SX. " INCORRECT TYPE ".A2.17." NOT A “,AG.A3) |

M

ti:ﬂﬁ:gaz

| CONT INUE

DECCDE(&. 1010, ISTRT) STRT1
DECODE{6:,1010., [STOP) STAOP|

D1 0 Y.

FORMAT(IG)

STRT2=1FIX(STRT1/100)
STRT3=STRT1-(STRT2x100)
SIRT=FLOAT(STRT2I+FLOATISTRT31/60.

v
CONT. ON PG 5 AREAD
PG 4 _QF 8

FIGURE 3.2.4. FUNCTIONAL FLOWCHART OF SUBROUTINE AREAD {CONTINUED)
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I

STOP2=1FIX(STOP1/100)
STOP3=STOP1-(STOP2x100)
STOP=FLOAT(STOP2)}+FLOAT(STOP3)/60.

IF{IDF.EQ.2HS )

| DECODE(5.1020.UFS) UF

FORMAT(FS. 1)

)
UF=UF/100.
DECODE(G. 1 025.PERS) PER
DECODE(6. 1025.PONS) PON

FORMAT(FG. Q)

v
IDC=1IDC+1
IDICTCIDC, 1)=1AID
IDICTCIDC.21=1DA

Sz
| CALL RWRITECIDA. IDAT.NWAD. ISTAT) |
!

= 1!

CONT. ON PG G AREAD
PG S OF 8

FIGURE 3.2.4. FUNCTIONAL FLOWCHART OF SUBROUTINE AREAD (CONTINUED)



A4

AS

[ TDA=TDA+NWAD |

| MWL =NWL-NwAD }

IFCNWL.GE.NWAD)

[ WRITECIUB.S000) IT, 1D, IDC |

50080

FORMAT(S%. "NO MORE DRUM SPACE AVAILABLE - THE LAST CARD PROCESSED
WAS ".AZ." ID “.{7." NUMBER ", 110." RUN ABORTED ™)

CONTINUE

(DD?{;L!D) - - - ©8
 DECODE (4. 1030. ISWT{1)} IS.1v |

1030 w
]FBRMAT(I3.11J

v
€ONT. ON PG 7 AREAD
PG & OF 8

FIGURE 3.2.4. FUNCTIONAL FLOWCHART OF SUBROUTINE AREAD (CONTINUED)
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http:IFORMATCI3.11

IFUIS.LT. 1)

IDICTCIDC. 13=1A1D
IDICTCIDC. 2)=1DA
ID=1S
UF=FLOAT(IV)=*100.

&
{ CALL RWRTTECIDA. IDAT.NWAD. ISTAT) |
L —

{ 1DA=1DA+NWAD |

{ NWL=NWL-NWAD |

CONT, ON PG B AREAD
PG_7 _0OF g

FIGURE 3.2.4. FUNCTIONAL FLOWCHART OF SUBROUTINE AREAD (CONTINUED)
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A7

LGO TO 70

AB

{ WRITE(IUB.S5000) IT.1D.IDC

8 - - =D 7p

CONT [NUE

90

¥,

[WRITEC1UB.5020) IT,10.ITYP(7.1TY), [TYP(8,1TY) |

5020 l

lFORHAT(SX."READ ERROR ON CARD ".A2.17.5X.AG,AB) I

| CONTINUE

END

AREAD
P A

FIGURE 3.2.4. FUNCTIONAL FLOWCHART OF SUBROUTINE AREAD {CONTINUED)
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3.2.5 Subroutine: CCYCLE

PURPOSE: This routine creates the component portion of the event
timeline.
METHOD: For each component the following are determined:

1. Location in the component dictionary

2. Shows the component as "active" and to be included in
the compacted dictionary

3. Determines the event on and off time
4, Stores the event in the timeline array
5. Writes the event on drum

VARIABLES: The variables used in this subroutine are listed in the
common biocks of the functional flowchart, Figure 3.2.5.
See Appendix for definition of all variables.

NOTE: Subroutine CCYCLE is essentjally identical to Subroutine

CHANDL. The requirement for these subroutines is dictated
by the program logic.
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SUBROUTINE CCYCLEIN.NA.SA.EA.UA.NP.MP.SP.EP.UP.TT]
INCLUDE STRAGA
COMMON /UNITS/ IUS. IU6. TU7. U8, [U9, TULD, TULL

COMMON /TLINF/ 10UT, IOUTH, IGRM, [END. IF L. IDAJNWL.ITL
DIMENSION ITL(5000,2)

DIMENSION TTL{5000,2)

EEU}VALENCE[ITL(I.{)-TTL([.1))

CONT. ON PG 2

CCYCLE
PG 1 _OF

FIGURE 3.2.5. FUNCTIONAL FLOWCHART OF SUBROUTINE CCYCLE


http:CCYCLE(N.NA.SA.EA.UA.NP.MP,SP.EP.UP.TT

IFCIB.GT. 13

| WRITE{IUB. 30003 NP.NA.N.TT |

3000 l

[ FORMAT(SX, "COMPONENT . 110." 1S NOT IN THE DICTIONARY".2115.F10.4) |

M

-
CONT INUE

{CALL TIMSET(N,TV,SA.EA.SP.EP.S.E)
|
4

v
I0UT=I0UT+]
TTLCIOUT, 11=5
ITLCIOUT, 2)=1DA
NS=1

| NS=NS*N ;IABSKN ) |

CONT. ON PG 3 CCYCLE
PG 2 QOF 3

FIGURE 3.2.5. FUNCTIONAL FLOWCHART OF SUBROUTINE CCYCLE {CONTINUED)

O
“~FO0R Quarry 47



IFENAONE. §)

IF{NP.NE. 0}

[ nS=NS=NP/1ABS(NP) |

[ NuM=NS*ICDCC 1. 1) |

v
[[CALL DRMRITONWL. IDA. NUM.MP.UP,N.NA, TT. TDRM, THC) |
‘ —
CONT. ON PG 4 CCYCLE

PG 3 QF 2

FIGURE 3.2.5. FUNCTIONAL FLOWCHART OF SUBROUTINE CCYCLE (CONTINUED)
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A4

LGB 106 30

AS

[10UT=10UT+1 |
v

TILOIOQUT,. 1)=E
!TL(IOUT.2%=IDA
« 1]

NUM=-1COC{
v
ICALL DRMRITINWL, IDA.NUM.MP.UP N, NALTT, IDRM. IHC2
. —
40 v,
CONT INUE
CONT. ON PG 3 CCYCLE

PG. 4 OF 5

FIGURE 3.2.5. FUNCTIONAL FLOWCHART OF SUBROUTINE CEYCLE (CONTINUED)

ORIGINAL PAGE' T
OF POOR QUALITH

= 49



| WRITE(IUS.9010) TT.I0UT ]

9010

FORMATISX. "NG MORE DRUM SPACE AVAILABLE - THE LAST TIME PROCESSED
WAS “.F10.445%,13)

CONT INUE

END

CCYCLE
p £

FIGURE 3.2.5. FUNCTIONAL FLOWCHART OF SUBROUTINE CCYCLE (CONTINUEQ)

50



3.2.6 Subroutine: CHANDL

PURPQSE: This routine creates the component portion of the event
timeline.

METHOD: For each component the following are determined:
1. Location in the component dictionary

2. Shows the component as "active" and to be included in
the compacted dictionary

3. Determines the event on and off time
4. Stores the event in the timeline array
5. Writes the event on drum
VARIABLES: The variables used in this subroutine are listed in the

common blocks of the functional fiowchart, Figure 3.2.6.
See Appendix for definition of all variables.
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SUBROUTINE CHANDLIN.NA.SA.EA.UA.NP.MP,SP.EP.UP.TT)
INCLUDE STRAGA

COMMON /UNITS/ 1U3. IUG. [U7. 1UB. TU9, TU10, [U11

COMMON /TLINF/ [0UT. IOUTH, IDRM. TEND. [FIL, IDA.NWL, [TL
COMMON /FCYCL/ KF

COMMON /ZALTERN/ ICDCB(750), [CDCA(S00,.3). IACT
BIMENSION [TL(S000C,2)

DIMENSION TTL(5000.2)

v
EQUIVALENCECITLE1, 1), TTL(1, 1))

?:TA (TTLCT.13.1=1.35000) s5000%32339999993./
=1

CONT. ON PG 2 CHANDL
eG_1 _OF

FIGURE 3.2.6. FUNCTIONAL FLOWCHART OF SUBROUTINE CHANDL

. pAGE: 5]
oAl
%%}?003 QUALITR
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http:CNANDL(N.NA.SA.EA.UA.NP.MP.SP.EP.UP

I

[tALL LFINDCIABSINP).ICDCC(1. 1), ICN. IB. TA. 1. IERR]
L
™

IFCIERR.LT. 1]

LGe 10 20

IFL18.6T7.1)

~

<

~

AV
[ WRITEC1UG,9000) NP.NAJN,TT

9000 w7
rFURHAT(SX-"COﬂPDNENT ".110." IS NOT IN THE DICTIONARY‘.ZIIS.F10.43]

M

| CGNT INUE

{ 1coCBC1)=1CDCBCII+1
)

[CALL TIMSET(N.TT.SA,EA.SP.EP.S.E)

' t

v
10UT=10UT+1 .
TILCIOUT. 13=8

v
CONT, ON PG 3 CHANDL
PG_2 _OF S

FIGURE 3.2.6. FUNCTIONAL FLOWCHART OF SUBROUTINE CHANDL (CONTINUED)
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http:WICLTIUTG.90

|

ITLOIOUT,. 23=1DA
N5=1

IF(N (NE.O)

{ NS=NS*N /IABS(N ) |

TF(NA.NE. §)

T

2z
I NS=NS*NA/TABS{NA) |
1<}

F
IF(NP-EE;Ei’,,,—

T

lNS=NS*NPYIABS(NP)|

[ NUM=NS=*ICDC(E. 1) ]

<
{ CALL DRMRIT(NWL. IDA,NUM.MP.UP,N.NA, TT, [DRM, IHC)
L

o

CONT. ON PG 4 CHANDL
PG 3 OF )

FIGURE 3.2.6. FUNCTIONAL FLOWCHART OF SUBROUTINE CHANDL (CONT;NUED)
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IFCIOUT.GE. IQUTHM=KF )

[ CALL RFILCTTY |

T

[ louT=10UT+1 |

TILCIOUT, 1)=E
ITLCIOUT. 2)=[DA
NUM=-1CDCC!. )
v
[ CALL DRMRIT(NWL. IDA.NUM.MP,UP. N, NA. TT, IDRM. 1HC) |
L Df
CONT., ©ON PG 5 CHANDL

PG 4 QF o)

FIGURE 3.2.6. FUNCTIONAL FLOWCHART OF SUBROUTINE CHANDL (CONTINUED)
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CONTINUE

[ WRITECIUE,8010) TT.10UT |

2010

FORMAT{5X, "NO MORE DRUM SPACE AVAILABLE - THE LAST TIME PROCESSED

CONTINUE
RETURN

WAS ".F10.4.5X%X. 15}
g As
-

CRANDL
£ E

FIGURE 3.2.6. FUNCTIONAL FLOWCHART OF SUBROUTINE CHANDL (CONTINUED)

NG
RICINAT PACE
56


http:F1O.4.5X

3.2.7 Subroutine: COMPLCT

PURPOSE:

METHOD:

VARIABLES:

To eliminate unused components from the component
dictionary

Only components found to be “"active are stored in

the compacted dictionary. If requested, the compacted
dictionary is written to an auxiliary unit for use in
a later execution.

The variables used in this subroutine are listed in the

common blocks of the functional flowchart, Figure
3.2.7. See Appendix for definition of all variabies.
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SUBROUTINE COMPCT(IU)

INCLUDE STRAGA

INTEGER QOASG

DIMENSION 1DAT(50)

COMMON /ALTERN/ [CDCB(750), ICDCALS00.3), IACT
COMMON /BSLOCA/ IDUMB(750). [IDUMS(750)

COMMON /BSLOC # IBUSC(S003, [SYSC(500)

[ IACT=IACT+1 |
v

ICOCACIACT.1)=1CDC
ICDCALIACT.23=ICDC
{
(

(I.1)
(r.23
ICDCACIACT,.3)=1

IBUSCCIACT)=1DUMBL( 1)
ISYSCC{IACT }=IDUMSCT)

CONT. OGN PG 2 caMpPCT
PG 1 QF

FIGURE 3.2.7. FUNCTIONAL FLOWCHART OF SUBROUTINE COMPCT
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E
IF(GQASG(W

7

hvJ
{Ga 10 20
<

s

AvA
CALL RREADCICDC(1.2). [DAT.50. ISTAT) |
‘ =

IFCARASGCIUVI.EQ. Q)

| END FICE v |

CONT. ON PG 3 EOMPCT
PG 2 OF

FIGURE 3.2.7. FUNCTIONAL FLOWCHART OF SUBROUTINE COMPCT {CONTINUED)
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IF{QQASGCIUI.EQ. D)

REWIND [U

END

COMPCT
[ FINA

FIGURE 3.2.7. FUNCTIONAL FLOWCHART OF SUBROUTINE COMPCT (CONTINUED)

ORIGINAL PAGE IS
OF POOR’ QUALITY]
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3.2.8. Subroutine: CREAD

PURPQSE :
METHOD:

VARIABLES:

This routine creates the component dictionary.

The component definition is read. The component modes
are gathered together and written randomiy on drum.

The component dictionary consists of component ID number
and drum Jocation.

The variables used in this subroutine are listed in the

common blocks of the functional flowchart, Figure 3.2.8.
See Appendix for definition of all variables.
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SUBROUT INE CREAD{IDICT. IDC.NWL. IDA, [U)
INCLUDE STRAGI

BIMENSION IDICT(7S0.2)

DIMENSION [DAT(30)

DIMENSION NAM(S)

DIMENSION NAMS(B)

DIMENSION PWRE(43

DIMENSION PWR(4,10)

v
COMMON 1DS. [LNCP.NAMS, PFS, UF,PYR
COMMON /BSLOCA/ [BUSC(730).[SYSC(758)
EQUIVALENCE (IDATC172.IDS}
DATA NWAD /50/
BATA PWR /40=0,/ -
IDE=0
IFRST=0
iIEND=0

\/
CONTINUE

[ READCIU, 1000, END=50,ERR=40) IT,MD. ID. [LN.NAM,PF,PWRE, ICP |

1900 l

[ FORMATCAT. 11, 1X. 16,12, 2X, SA6. [X.FS. 0,4F7.0, 3) |

IFCIFLG31.67.03

{ WRITECIUG.2000) IT.MD. [D. [LN.NAM,PF,PWRE. ICP |

Kt
2800w
{ FORMAT(5X.Al.11,1X, [6. 12, 2X.SAB. IX.F5. 0. 4F7. 0. [3) |
v
4
CONT., ON PG 2 CREAD

PG_1__QOF [

FIGURE 3.2.8. FUNCTIONAL FLOWCHART OF SUBROUTINE CREAD
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http:IX.FS.0,AF7.0.13
http:IXFS.OAF7.0,.13

IFCIT.EQG.1H )

{FCIT.NE. IHC)

IFCIFRST,.LT.1)

IF(ID.EG. IDS)

€ONT. ON PG 3 CREAD
PG 2 OF 6

FIGURE 3.2.8. FUNCTIONAL FLOWCHART OF SUBROUTINE CREAD {CONTINUED)
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IFRST=1FRST+1
10S=1D

PWR(1.MD+])=PWRE(1)
PWR(2,MD+1)=PYRE(2)
PWR(3,MO+1)=PWRE(3]
PWR{4,MD+1)=PWRE(4}

IFCIFRST,.GT,2)

| IFRST=IFRST+1 |

)
FLNCP=ILN*1000+ICP
IBUSCCIDC+13=ILN
ISYSCLIDC+1)=ID/10000
NAMS(1)=NAM(1)
NAMS(2)}=NAM(2)
NAMS{3Y=NAM( 31
NAMS(42)=NAM(4)
NAMS[SI=NAM(S)

v
NAMS(6I=6H
PFS=PF

G e T
t&; A2 A2 R -

{ CONT INUE

IDC=IDC+!
IDICTCIDC, 1)=IDS
IDICTCIDC, 2)=1DA
UF=1.

CONT. ON PG 4 CREAD
PG 3 OF 3

FIGURE 3.2.8. FUNCTIONAL FLOWCHART OF SUBROUTINE CREAD (CONTINUED)

ORIGINAT; PAGE
OF POOR QUALIT{?



[CALL RWRITECIDA. IDAT.NWAD, ISTAT)
. L >4

| 10A=1DA+NWAD |

{ NWL=NWL-NWAD |

¥
CONT INUE
IFRST=1

CONT. ON PG 5 CREAD
PG 4 OF €

FIGURE 3.2.8, FUNCTIONAL FLOWCHART OF SUBROUTINE CREAD (CONTINUED)
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IF (NWL. GE .NWAD)

{ WRITECIU6.50003 IT.ID.I0C

S000

FORMAT(SX, "NO MORE ORUM SPACE AVAILABLE - THE LAST CARD PROCESSED
WAS ".AZ," ID ".17." NUMBER ".110," RUN ABGRTED ")

'

[ WRITEC(1U6.5010) IT. 1D |

S01¢
IFURHAT(SX."INCURRECT TYPE "+ A2.[7." NOT A COMPONENT")

EaTa T

40

CONT INUE

| WRITEC1UB.5020) 17.1D

5020
| FORMAT(5X, “READ ERROR ON CARD ".A2, [7.5X. "COMPONENT")
v
CONT. ON PG 6 CREAD

PG S QF 2

FIGURE 3.2.8. FUNCTIONAL FLOWCHART OF SUBROUTINE CREAD (CONTINUED)
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CREAD
=)

FIGURE 3.2.8. FUNCTIONAL FLOWCHART OF SUBROUTINE CREAD (CONTINUED)
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3.2.9 Subroutine: CTAPE

PURPOSE:
METHOD:

VARIABLES:

To write the Phase I interface tape.

The changes of component loads and switch positions

from the previous time are determined. Only the changes
are written on the interface tape. The first record
contains zero values for all switch positions. The
first record is used for initialization.

The variables used in this subroutine are 1isted in the

common blocks of the functional flowchart, Figure 2.3.9.
See Appendix for definition of all variables.
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SUBROUTINE CTAPE(CTIME. TOELT.CLOAD. [CN, [U.PF. ISC?
DIMENSIGN CLOAD( 500.3)

DIMENSION PLOADC 500.3)

DIMENSION TLOAOC S500.3)

DIMENSION TAPEL( S06.3)

DIMENSION NTAPEC 500)

DIMENSION ISC(100)

DIMENSION ISPC1003

v
DIMENSION IST(100
DIMENSION ITAPS(]
DIMENSION NTAPS(1
DIMENSION PF{12)
DATA PLOAD /1508«
DATA TLOAD /135Q0+
DATA ISP /100=0/
DATA IST 7100=0/

k-
DATA IFLAG /0/
PTIME=CTIME

}
00)
003
0
G

-/
vy

IFCIFLAG.GT. 0}

INTAPE(I]=II
<_00 ]!!f!:]lz>h——— > 2

TAPEL(I.JI=PLOAD(].J
PLOAD(I.JI=CLOAD(I.Jd

l

CONT. ON PG 2 CTAPE
PG 1 _QF 5

)
3

FIGURE 3.2.9. FUNCTIONAL FLOWCHART OF SUBROUTINE CTAPE

PRECEDING PAGE BLANK NOT FILMEQ
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CONT INUE

e ma wr e mr = ve o = o = =

NTAPS([}=1
ITAPS(1)=ISP(1]
ISP{I3=1SCCI}

| T T O I I

(ABSITLOAD(I1.2)-PLOADCI,22).L7..000

CONT. ON PG 3 CTAPE
PG 2 OF 5

FIGURE 3.2.9. FUNCTIONAL FLOWCHART OF SUBROUTINE CTAPE (CONTINUED)
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[ NTAPECNW)=T |

- e em = e o m E = A e o = e =

TAPEL(NW.J)=PLOADCI,J}
TLOADC L. JI=PLOADCT. J)

................ y
iCBNTINUE |¥
EEH Al
1)

3
- e e o o e w m mr m= m o= - N/

AR

[ PLOADCT. JI=CLBADCI.J) |

___________ 2 ~_-_ =B g4p <
CONT INUE

NTAPSC1)=100
ITAPS(11)=0

<

[ 2 O IO O R S I |

NWS=NWS+1
CONT. ON PG 4 CTAPE
BG. .3 OF o]

FIGURE 3.2.9. FUNCTIONAL FLOWCHART OF SUBROUTINE CTAPE (CONTINUED)
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I

NTAPS{NWS)=1
ITAPSINWSI=ISPC(])
ISTCI)={sP(I)

L ISPCI)=1SCI) |

3 - - -vg
I CONT INUE I

J .
CONT. ON PG 5 CTAPE
PG4 OF 5

FIGURE 3.2.9. FUNCTIONAL FLOWCHART OF SUBROUTINE CTAPE (CONTINUED)
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=

WRITECIU) CTIME.PF.NW. (NTAPECIL). (TAPEL{I.J).J=1.3).1=1.NW3.
NWS, (NTAPSCI). ITAPS(I). [=1.NWS)

100 ”

RETURN

CTAPE
P 3

FIGURE 3.2.9. FUNCTIONAL FLOWCHART OF SUBROUTINE CTAPE (CONTINUED)
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3.2.10 Subroutine: CYCLE

PURPOSE:
METHOD:

VARIABLES:

To control all cyclic elements.

When a cyclic element is encountered it is stored in the
cyclic definition table. Periodically this routine is
called to update the cyclic's condition by calling either
AHANDL, PHANDL, or CHANDL depending upon the type of
cyclic element.

The variables used in this subroutine are Tisted in the

common blocks of the functional flowchart, Figure 3.2.10.
See Appendix for definition of all variables.
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DIMENSION
DIMENSION
DIMENSION

SUBROUTINE CYCLE(T.N.MD.PER.PON. TT.KIND)

150100)
NS{100)
M50100

DIMENSION
DIMENSION
DIMENSION
DIMENSION

COMMON /TLINF / [QUT.IQUTM

COMMON /CYCLIC/ NS,MS, 7S.PERS,.PONS. TTS, |
COMMON /UNITS/ 1US. TUB. [U7.1U8. [US. U110, U1l
COMMON /FCYCL/ KF

DATA 1 /07

DATA NS /100+9999999/

EQUIVALENCE (NS(13.NSTORC1.12)

IF(N.LT.0)

IF(KIND.GT. 0)

TS(1)=7
MS(1)=MD
NS(IJ=N
CONT. ON PG 2 CYCLE
BG_1 OF &

_FIGURE 3.2.10. FUNCTIONAL FLOWCHART OF SUBROUTINE CYCLE
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FIGURE 3.2.10.

|

PERSC1)=PER
PONS{I)=PGN
TTSC1)=TT

CONT INUE

IFCIABSINI.NE.NS(J)]

IF(TSCJINE.T)

/

CONT. ON PG 3 CYCLE
PG 2 QF 5

FUNCTIONAL FLOWCHART OF SUBROUTINE CYCLE (CONTINUED)
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IFCN.LT. 0)

L c PLACE ERROR MESSAGE HERE |

M

A4 2

[ CONT INUE

{ L=TABS{N)+M |

[ CALL AHANDL(L.TTS(K)) |

CONT. ON PG 4 CYCLE
PG 3 O0OF (5]

FIGURE 3.2.70. FUNCTIONAL FLOWCHART OF SUBROUTINE CYCLE (CONTINUED)
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IFCTS(KILERQ. LHP)

[ CALL PHANDL (L. NSCKJ).0..0..0..TTS(K))
L
= =

IFCTS(KI.EQ. IHC)

CALL CHANDLCL,0.0..0..0..NSCK).M5(K).0..0..0.,
TTSIK))

£

CONT. ON PG 3 CYCLE
PG 4 QF B

FIGURE 3.2,.10. FUNCTIONAL FLOWCHART OF SUBROUTINE CYCLE (CONTINUED)
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IFOTTS(RKI+. 00001.LT.TT)

TTSKI=TT

IFCKIND.GT. 0)

CONT. ON PG 8 CYCLE
PG _5__OF 6

FIGURE 3.2.10, FUNCTICNAL FLOWCHART OF SUBROUTINE CYCLE (CONTINUED)
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A7

CALL PHANDLCL.NS(K}.0..0..0.,TTS(K))
. 5]

[FCTS(RILEQ. IHC)

CALL CHANDL{t.,0,0..,0.,0..NS(KJ,MS(K).0..0..0.,
TTS(K))

= =

{ NS{K)=9999339 |

v
[ CALL ORDER(NSTOR. I,100.6) |
L

o

CYCLE

FIGURE 3.2.10. FUNCTIONAL FLOWCHART OF SUBROUTINE CYCLE (CONTINUED)

ORIGINAL PAGE 12}
OF POOR QU
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3.2.11. Subroutine: NHANDL

PURPOSE: Create the Mission Phase Definition Dictionary

METHOD: Read the Mission Phase Definition cards and store
them in an array for later use.

VARIABLES: The variables used in this subroutine are listed in the
common blocks of the functional flowchart, Figure 3.2.11.
See Appendix for definition of all variables.

PRECEDING PAGE BLANK NOR FILMED}

83



SUBROUT INE MHANDL

INCLUDE STRAGA

COMMON /UNITS/ [US. [uB. 1U7. 108,108, 1U10. TUl1
COMMON /MTRANT/ TIMEM{50)

DIMENSION TITL(B)

DATA TITLM /300+6H /

DATA TH 7S50#9933339399.~/

MM=0 )

[ READCIUS. 1000, END=40.ERR=30) TYPE.OT. TIME.TITL |

10080 l

[FORMAT(A2.3X,F5.0,F10.0,6A6) |

IFCTYPE.NE. 2HMM)

¥,
MM=MM+ 1

TM(MMYI=TIME
TIMEMI{MM)=DT
TITLMOL.MM)=T]
TITLM(2.MM)=T]
TITLM{3.MM)=T1
TITLM(4.MM)=T1T
TITLM{S.MMI=TITL
TITLM(G.MMI=TITL

CONT. ON PG 2 MHANDL
PG __OF

FIGURE 3.2.17. FUNCTIONAL FLOWCHART OF SUBROUTINE MHANDL
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http:jMAT(A2.3X

[ ¥RITEC [US.5000) TYPE |

5000
{ FORMAT(SX. "INCORRECT TYPE FOR A M CARD ".A2) |

M

30

CONT INUE

¥,

[ WRITECIUB.50103 |

5010
LfURHAT(SX-“ERRGR ATTEMPTING TO READ AN M CARD“f1

M

40

CONT [NUE

\/

CONT. ©N PG 3 MHANDL
PG 2 OF 3

FIGURE 3.2.11. FUNCTIONAL FLOWCHART OF SUBROUTINE MHANDL (CONTINUED)
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[T T T T T O T T R O

MM=MM+ 1
THEMMI=TMIMM-1)
TIMEMIMMI=0,
TITLMCOL, M) =6H
TITLMCOZ, MM Y=6HF INAL
TITLEM(3.MMI=BHMISSIO
TITLM(4,MMI=6HN PHAS
TITLM(S, MM)=6HE

v
TITLM(E, MM)=6H
WRITE(IUB, 2000)

2000 l

[ FORMAT(1H1/5X. "MISSION PHASE DEFINITION CARDS"/) |

______________ <

=1 .MM

[WRITECIUS.2010) THCI). (TITLMCJ, 1D.J=1.6) |

2010 ©
[ FORMAT(SX.F15.5.5X.6A6) |

§
CONTINUE

7

RETURN

MHANDL
P

FIGURE 3.2.11. FUNCTIONAL FLOWCHART OF SUBROUTINE MHANDL (CONTINUED)

AL PAGE Ig

OF POOR QuALITY 86



3.2.12 Subroutine: PCYCLE

PURPOSE:
METHOD:

VARIABLES:

NOTE:

This routine converts Procedures into Components.

This routine interrogates the Procedure dictionary and
calls the appropriate subroutine to correctly handle
Components. If the Procedure cannot be found, the
following diagnostic is generated.

REQUESTED PROCEDURE NNNNNNNNNN IS NOT IN THE DICTIONARY
The variables used in this subroutine are listed in the
common blocks of the functional flowchart, Figure 3.2.12.
See Appendix for definition of all variables.

Subroutine PCYCLE is essentially identical to Subroutine

PHANDL. The requirement for these subroutines is dictated
by the program logic.
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SUBROUTINE PCYCLEIN.NALS.E.U.TT)

INCLUDE STRAGA

DIMENSION [PDAT(9)

COMMON 7UNITS/ TUS. [UB. TU7. TU8, TU9. [U10. TU11

COMMON /TWD/ TYPP.TYPY.NUMP.MP,STRTP,STOPP,UFP.PERP,PONP
EQUIVALENCE (TYPP,IPDAT(11)

DATA NWPD /39/

IFOUND=0

IFCIABS{NAX.NE. IPDCCT.13)

CONT. ON PG 2 PCYCLE
PG | QF

FIGURE 3.2.12. FUNCTIONAL FLOWCHART OF SUBROUTINE PCYCLE
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http:IFCTYPP.EQ
http:IF(IABS(NAX.NE
http:PCYCLE(N.NASS,E,U.TT

=7

[ CALL CCYCLE(N/NA.S.E,U.NUMP.MP,STRTP. STOPP,UFP. TT)

o 1%
u;j Al
I - - = 20 ¥,

[FCIFDUND.GT.0)

GO_T0 30

| WRITECIUG.S000) NA

9000
IFGRMAT[SX.“REQUESTED PROCEDURE ".110," IS NOT IN THE DICTIGNARY ")J

CONT INUE
RETURN

PCYCLE
P 3

FIGURE 3.2,12. FUNCTIONAL FLOWCHART OF SUBROUTINE PCYCLE (CONTINUED)
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3.2.13 Subroutine: PHANBL

PURPOSE:

METHOD:

VARIABLES:

This routine converts a Procedure into Components and
switches.

This routine interrogates the Procedure dictionary and
calls the appropriate subroutines to correctly handle
Components and Switches. If the Procedure cannot be
found, the following diagnostic is generated.

REQUESTED PROCEDURE NNNNNNNNNN IS NOT IN THE DICTIONARY
The variables used in this subroutine are i1isted in the

common blocks of the functional flowchart, Figure 3.2.13.
See Appendix for definition of all variables,
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SUBROUTINE PHANDLIN«NASE. U TT)

INCLUDE STRAGA

DIMENSION [PDAT(9)

COMMON /UNITS/ IUS. [US, TU7. 1UB. TUS. TUl0, TUl

COMMON /TWQ/ TYPP, TYPY.NUMP.MP,STRTP.STOPP.UFP. PERP, PONP
EQUIVALENCE (TYPP. IPDATC1)]

BDATA NWPD /39/

IFOUND=0

e |

CONT., ON PG 2 PHANDL..
BG 1. _OF

FIGURE 3.2.13. FUNCTIONAL FLOWCHART OF SUBROUTINE PHANDL
%

ORIGINAL PAGE i3]
OF POOR QU
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http:IF(IABSoNA).NE
http:PHANOL(N.NA.S.E.U.TT

e

Al

{ NAD=NA=* (N/ABSIN)) |

=1

STOP=TT+E

L§1=TT+§+sr0Pp ]
v

CONT. ©ON PG 3 PHANDL
PG 2 OF 5

FIGURE 3.2.73. FUNCTIONAL FLOWCHART OF SUBROUTINE PHANDL (CONTINUED)
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=

-

CONT. ON PG 4 PHANDL
PG_23 OQF S

FIGURE 3.2.13. FUNCTIONAL FLOWCHART OF SUBROUTINE PHANDL (CONTINUED)

OF Poog Qgﬁg g4



IFCTYPP.EQ. IHC)

= =y
[F(TYPP.EQ. 1HS)
rtALL SHANDL (N, NALSHE U NUMP,STRTP.STOPP UFP, TT3
e &
A4
B
CONTINUE

IF(IFOUND.GT. 6)

GO 10 30

| WRITECTUS.S000) NA |

9000 l

FORMAT(SX, "REQUESTED PROGCEDURE “.110." IS NOT IN THE DICTIONARY ")W

:CUNT[NUE

CONT., ON PG 5 PHANDOL
PG 4 OF S

FIGURE 3.2.13. FUNCTIONAL FLOWCHART FOR SUBROUTINE PHANDL {CONTINUED)

ORIGINAD PAGH 1§
OF POOR QUALITH
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http:IFCTYPP.EO
http:CHANDLEN.NA.S.E.U,NUMP.P.STRP.STOPP.UFP.TT

FHANDL
£G S ___FINAL

FIGURE 3.2.13. FUNCTIONAL FLOWCHART OF SUBROUTINE PHANDL (CONTINUED)
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3.2.14 Subroutine: PLTNOW

PURPOSE: Write the plot of total source power versus time,
as determined in Phase I, on the printer.

METHOD: Create headings necessary for the plot and write the
plot on the printer.

VARIABLES: The variables used in this subroutine are listed in the

common blocks of the functional flowchart, Figure 3.2.14.
See Appendix for definition of all variables.
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rtt B

SUBROUTINE PLTNOWILPAG, U, TEND)
DIMENSION LPAGC111.512)

- e e W Am ey = s = o m w

-
<D0 1t:;€;=1-14j
B T <oo 10g=1-517
[LPAGCT.J)=6H ]

................ 10

CONT INUE

<03 20 J=1.51 >

- e iy AE wm am e A A e = = = um

IFELPAG{IS.JI.NE, IH®)

CONT. ON PG 2 PLTNOW
PG {1 OF

FIGURE 3.2.14. FUNCTIONAL FLOWCHART OF SUBROUTINE PLTNOW

(ﬁzﬂ}nﬁﬁﬂ:'PE&E@‘na
OF I?OOR QU

98



=

[LPAGCIS 11)=1H+

IFCLPAGC13,213.NE. 1H%3

CONT. ON PG 3 PLTNOW
PG 2 @F o)

FIGURE 3.2.74, FUNCTIONAL FLOWCHART OF SUBROUTINE PLTNOW (CONTINUED)
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A2

[ LPAGT1S.51)=1H+ ]

A3
[ypasclz. 1J=1H3J
o
LPAG(12,11)=1H2
LPAGC 12,21 3=1H1
LPAG(12.31)=1H1
LPAG{12,41)=1H
LPAGL12.51)=1H
LPAG(13, 1)=1HS
LPAGC13.113=1HO
LPAGC13.21)=1HS
%
LPAG{13,31)=1H0
LPAG(13,41)=1HS
LPAGL13.51)=1H0
LPAG, §.21)=|HP
LPAGL 7.21)=1HO
LPAGL 8.21)=1HW
LPAGE 9,21)=1KE
LPAG(I5.21)=]1HR
)
LPAGL 7.22)=1HC(
LPAG( 8.22)=IHK
LPAG( 9,22)=1HY
LPAG(10.22)=1H2}

CONT INUE

CONT. ON PG 4 PLTNOW
PG .3 OF 2

FIGURE 3.2.14, FUNCTIONAL FLOWCHART OF SUBROUTINE PLTNOW (CONTINUED)

AT; PAGE 1
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[ IO T N N N A I NN T NN S B |

______________ Al

CONT INUE l

| WRITE(IU. 1000) LPAG |

1000
[ FORMATCIHL/S1C111A1/)) |
)

TO=TEND-24.
T1=TEND-20.
T2=TEND-186,
T3=TEND-12.
T4=TEND- 8,
TS=TEND- 4.
TE=TEND.
IDAY=TEND/24.

v
| MRITECIU.1010) 70.T1.72.73,T4.75.T6. [DAY |

1410 l

lFﬁRHAT(?(!ZX.F4.D)// 25X, "MISSION TIME (HRS) FOR MISSION DAY“.I33I

v
| WRITECIU, 1020)

FORMAT(1H1)
v

COMT, ON PG 5 PLTNOW
PG_4 OF 2

FIGURE 3.2.14. FUNCTIONAL FLOWCHART OF SUBROUTINE PLTNOW (CONTINUED)
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| LPAG(1.J)=6H |

0 J

CONT INUE

¥

RETURN

PLTNOW
P EIN

FIGURE 3.2.14. FUNCTIONAL FLOWCHART OF SUBROUTINE PLTNOW (CONTINUED)

-paoB B
ORIGINAD: 225 g
OF POOR QUAL 102



3.2.15 Subroutine: PRTPLT

PURPOSE: Create a plot of total source power vérsus time, as
determined in Phase I.

METHOD: Determine the scaling necessary for this point. Store
the point in the plot array. If the time elapsed has
exceeded 24 hours, call PLTNOW to print the plot.

VARIABLES: The variables used in this subroutine are listed in

the common blocks of the functional flowchart, Figure 3.2.15.
See Appendix for definition of all variables.
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SUBROUTINE PRTPLTLT.P, IU.K)
DIMENSION LPAGECI11.351)
DATA [FRST /0G/

DATA IYS /1/

DATA LPAGE /3661+8H /

IF(K.GT.0)

IFCIFRST.GT. Q)

G0 10 190

} IFRST=1FRST+1 |

| TEND=24. » (IF IX(T/24.)+1) |

CONT INUE

FIY=S1-TFIX{(P/500.)+.5) |

CONT. ON PG 2 PRTPLT
PG.1_OF 3

FIGURE 3.2.15. FUNCTIONAL FLOWCHART OF SUBROUTINE PRTPLT
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| LPAGECIX+14, 1YS)=1Hx |

CONT. ON PG 3 PRTPLT
PG 2 QF 3

FIGURE 3.2.15. FUNCTIONAL FLOWCHART OF SUBROUTINE PRTPLT (CONTINUED)
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[LPAGECIX+14. 1Y J=1He |

oA

| TEND=TEND+24. |

5
[LPAGEC1S. IY)=1Hx |

M

PRTPLT
P F INA

FIGURE 3.2.15. FUNCTIONAL FLOWCHART OF SUBROUTINE PRTPLT (CONTINUED)
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3.2.16 Subroutine: RCYCLE

PURPOSE:
METHOD:

VARIABLES:

To control all cyclic elements.

Periodically this routine is called to update the
cyclic's condition by calling either AHANDL, PHANDL,
or CHANDL depending upon the type of cyclic element.

The variables used in this subroutine are listed in the

common blocks of the functional flowchart, Figure 3.2.16.
See Appendix for definition of all variables
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SUBROUTINE RCYCLE(T.N.TT)

DIMENSION TS(100)

DIMENSION NS(190)

DIMENSION M5(100)

DIMENSION PERS(100)

DIMENSION PONS{100]

DEMENSION TTS(100)

COMMON /CYCLIC/ NS, M5, TS, PERS,PONS.TTS, ]

Vs
COMMON sUNITS/ [US. IUB. IU7. U8, U3, TUL0. [UlL
M=1
100NE=0
kvl
- - - B2
[
IFCTABSINILNELNS(J))
IF(TS(JI.NE. T2
CONT., ON PG 2 RCYCLE

PG 1 OF

FIGURE 3.2.16. FUNCTIONAL FLOWCHART OF SUBROUTINE RCYCLE
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http:RCYCLE(T.N.TT

]

0

kv
LGO T8 30

1

2

CONT INUE

{c PLACE ERROR MESSAGE HERE |

2]

fl

I - - -

CALL PCYCLECL.NSCK).0..0..0..TTS(KJ) |
1 o

T. P 3 RCYCLE
con on PG PG 2 OF 2

FIGURE 3.2,16. FUNCTIONAL FLOWCHART OF SUBROUTINE RCYCLE {CONTINUED)
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IF(TS{KI.EQ. 1HC)

CALL CCYCLEC(L.0.0..0,.0,.NS(K},M5(K).0,,0,.0..
TTS(K3)

=

CONT. ON PG 4 RCYCLE "

FIGURE 3.2.16. FUNCTIONAL FLOWCHART OF SUBROUTINE RCYCLE (CONTINUEL

-}
. YBG‘E‘
Y ;_;;okﬂﬂ
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CALL CCYCLE(L.0.0..0.,0.,NS(K).,M5(K].0..0..0..
TTSCKI)

: >

v

CONT. ON PG 5 RCYCLE
PG 4 OF 2

FIGURE 3.2.16. FUNCTIONAL FLOWCHART OF SUBROUTINE RCYCLE (CONTINUED)
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=5

[TTS(K]=TTS(K3+(PER5(K)-PERS(K)*PDNS(K))

INUE

CONT

END

RCYCLE
BG 5 FINAL

FIGURE 3.2.16. FUNCTIONAL FLOWCHART OF SUBROUTINE RCYCLE (CONTINUED)

ORIGINAL PAGE I3
OF POOR QUALITY
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3.2.17 Subroutine: RFIL

PURPOSE:

METHOD:

VARIABLES:

To handle the situation created when the event array
overloads.

If necessary, all cyclic elements status are brought up
to the present time. The event array is ordered on
time. The number of points to be written to the event
timeline unit (0} is determined. The points are written
to the tape and removed from the event array.

The variables used in this subroutine are Tisted in the

common blocks of the functional flowchart, Figure 3.2.17.
See Appendix for definition of all variables.
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SUBROUTINE RFIL(TIM)
DIMENSION ITL(S000.2)
DIMENSION NS(100)
DIMENSION MS{100)
DIMENSION PERS(100}
DIMENSION PONS(1001
DIMENSION T(5000.2)
DIMENSION TSE100)

-COMMON /TLINF/ 10UT. I0UTHM, IDRM. IEND. IFIL. IDAJNWL. ITL

v
DIMENSION TTSC100)
EQUIVALENCE (T{1.13.,1TL(L,1])
COMMON sCYCLICs NS.MS.TS.PERS.PONS, TTS.NT

COMMGN /UNITS/ IUS. Iue. 1U7.1U8, 1Ug. [Ul0. TUL1

IFENT.LT. 1)

)

CONT INUE

CONT INUE

{ CALL RORDER(T.5000.5000.2) |
1 =)
v

CONT. ON PG 2 RFIL

g6 1 oOF 3

FIGURE 3.2.17. FUNCTIONAL FLOWCHART OF SUBROUTINE RFIL



IMAX=3000

[1F1L=fF1L+1J

[ WRITECIUG.1000) IFIL.IMAX. [OUT.NT

1600 l

EORHAT(SX-"RFIL FILE ".I3." IMAX ™.15." IOUT ".153.," CYCLIC ".
3

CONT, ON PG 3 RFIL
e E

FIGURE 3.2.17. FUNCTIONAL FLOWCHART OF SUBROUTINE RFIL (CONTINUED)
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=)

|HRITE(18J ITECL L) ITLCIL2)

CGNTINUE

{TCI.1) ~999559999.

- - -t
CBNT[NUE

[CALL RBRDER(T 5000.5000. 2]

6
[QUT=T0UT-EMAX
[0UTM=4000

RF IL
P A

FIGURE 3.2.17. FUNCTIONAL FLOWCHART OF SUBROUTINE RFIL (CQNTINUED)
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3.2.18 Subroutine: SHANDL

PURPOSE:

METHOD:

VARIABLES:

This routine creates the switch portion of the event
timeline.

For each switch the following are determined:

1. Determines the event on and off time

2. Stores the event in the timeline arrvay

3. Writes the event on drum

The variables used in this subroutine are listed in the

common blocks of the functional flowchart, Figure 3.2.18.
See Appendix for definition of all variables.
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SUBROUTINE SHANDL(N,NA.SA.EA,UA.NP,SP.EP,UP,.TT)
INCLUDE STRAGA

COMMON /UNITS/ [US. [UB. IU7.1U8. 119, 1U10, IUI1

COMMON /TLINF/ [0OUT. IQUTH, IORM,. FEND, [FIL. IOALNWL. TTL
DIMENSION ITL{3000.,23

DIMENSION TTL(35000.2)

EQUIVALENCE CITLC1.1J.TTLCI.1))

IF(IOUT.GE. IOUTH)

[CACL RFILCTT) |

e —

CALL TIMSET(N.TT.SA.EA.SP,EP.S.E) |
L
£y

v
[QUT=10UT+1
TTLOIQUT. 1)3=5
ITLCIOUT,. 2)=1DA
uPs=0.

CONT, ON PG 2 SHANDL
PG 1 QF

FIGURE 3.2.18. FUNCTIONAL FLOWCHART OF SUBROUTINE SHANDL

ORIGINAT, Ppqp g

OF Pog
B QUALITY 11


http:SHANOL(N.NA.SA.EA.UA.NP.SP.EP.UP

AD

[Ns=ngN /IABS(N )

IFC(NA.NE. 03

CONT. ON PG 3 SHANDL
PG 2 _QF 2

FIGURE 3.2.18. FUNCTIONAL FLOWCHART OF SUBROUTINE SHANDL (CONTINUED)
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: &

IFCIDRM.GT. D)

IFCE.LT.-100.)

IF(IGUT.GE. I0UTM)

[cALL RFILOTTY |

e —|

| 10UT=10UT+1 |

| TTLCIOUT. 1)=E |

CONT., ON PG 4 SHANDL
PG 3 OQOF 5

FIGURE 3.2.18. FUNCTIONAL FLOWCHART OF SUBROUTINE SHANDL (CONTINUED)

ORIGINAL, PAGE I8
OF POOR QUALITY!
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[TTLCTOUT, 2)=1DA

r Dy
10 -,
CONT INUE
| WRITE(IUG,3000) TT.10UT |
CONT. ON PG S SHANDL,
PG4 OF 5

FIGURE 3.2.78. FUNCTIONAL FLOWCHART OF SUBROUTINE SHANDL (CONTINUED)
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9000 l

FORMAT(SX. "NO MORE DRUM SPACE AVAILABLE - THE LAST TIME PROCESSED
WAS ".F10.4.5X%. 13)

() ¥
CONT INUE

v

RETURN

END

SHANDL
P FINA

FIGURE 3.2.18. FUNCTIONAL FLOWCHART OF SUBROUTINE SHANDL (CONTINUED)

ORIGINAT! PAGE TR
OF POOR QUALITY
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3.2.19 Subroutine: TPOUTY

PURPOSE:

METHOD:

VARIABLES:

Analyze the event timeline and provide the interface
tape, plots, and all formatted printouts from Phase I.

The event timeline is read to determine the change of
status for switches and components. If the change of
status effects a component certain checks are made to
insure the component is operating at its highest use
factor. Changes in status happening within an input
delta time of each other are grouped together and printed
and piotted as if they occurred at the same time.

The variables used in this subroutine are listed in the

common blocks of the functional flowchart, Figure 3.2.19.
See Appendix for definition of all variables.
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SUBRGUTINE TPOUTJ
INCLUDE STRAGH
INTESER CDAT(50)
INTEGER TDATLB)
INTEGER TDATA(8)
INTEGER QRASG
DIMENSION PWR(3)

DIMENSION TRILDC S500.3)

v

DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSIGN
DIMENSTON
DIHMENSION

TRILDE(3)
TRILDP(3)
BUS{24)
PFB(12]
ACLBOAD(12)
1$(100)
TLOADC1003

DIMENSION ITLINE(S080.3)

v
DIMENSION CDCY (500.4)
DIMENSION ICDRCT(500.41}
DIMENSION NAMIB)
DIMENSION PWRM(4.10)
DIMENSION SUBS5YS(100)
BIMENSION TLCCE22)
DIMENSION JLOCAC12)
COMMON /THREE/ 1D. [LNCP.NAM.PF.USF,PWRM

v
COMMON /FOUR 7 NUM .MD .uST .JAC L IPC .ISF .TC .TYP
COMMON /FIVE 7/ NUMAJMDA.USTA, TACA. IPCA.ISFA.TCA. TYPA
COMMON /MISPHS/ STORMP
COMMON /ACPOWF/ PFEFF,.RESLOS
| COMMON /ALTERN/ ICBCB(750). ICOCCS500.3). ICN
COMMON /BSLOC/ [BUSC(3092, 1SYSC(500)
COMMON /PHASL/ IDUMC3S03). TM(S0).MM. TITLM{G.350). TDELTL. TABORT
EQUIVALENCE (CDCT(1,1).ICDCT{1.13)

2
EQUIVALENCE (CDAT(1).1D)
EQUIVALENCE (TDAT(]3.NUM)
EQUIVALENCE {TDATAC1J.NUMA)
EQUIVALENCE ( IU.IUNITC 8))
EQUIVALENCE C(IUP. TUNIT( 9113
DATA PFEFF / 1.2/
DATA RESLOS 7/ 1.04/
DATA NWAD /50/

v
ON PG 2

CONT. TPOUTJ

PG 1 OF

FIGURE 3.2l19. FUNCTIONAL FLOWCHART OF SUBROUTINE TPOUTJ

ORIGINAL PAGE Iy
OF POOR QUALITY
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http:CDATII).ID
http:PWRM(4.10

DATA NWTD /B/
DATA IFLAGE r0/

DATA JLOCA / 52.61.62.83.53.64.65.66.54.67.68.69 /

v
DATA TLOC ~ 1y 2. 3, 4, 3. B+ 7+ B, 9415.16.20.21,22,23,30.31,32,
40,50.51.52 /
v

[DATA CITLINECI.1).1=1.3000) /3000+9399399959/ |

T
[cAaLL zerocicocT(1.1).1CN) |
L

—
: v
{ CALL ZEROC CDCTC(1,2).ECN) |
: £
v
{ CALL ZEROCICDCTC1.3).1CND |
: =
—
{ CALL ZERG(ICDCT{1,4), ICN) |
: —tof
—
REWIND 18
READC1R.END=650) TLT.ITC
IEND=0
IL=1
MP=1
DTIME=TLT
1=1
F
IF(IFLG3E;&1;11—’—,—A,
T

Lvd
[ WRITECIUB. 1000) OTIME. I |

=1

opes)
1 4
iCﬂNTINUE l

CONT. ON PG 3 TPOUTJ
PG 2 QF 32

FIGURE 3.2.19. FUNCTIONAL FLOWCHART OF SUBROUTINE TPOUTJ (CONTINUED)
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http:40.50.51.52
http:52.61.82.63,53.84.65,G6.54.67.68.G9

[[CALL RREADCITC. TDAT.NWTD. [STAT) |
1
£

IF(TYP.EQ. IHS)

—{o

[CALL RREAD{ ICDC(L.2).COAT.NWAD, ISTAT)
i -
CONT. ON PG 4 wPOUTd
PG _3_0OF 32

FIGURE 3.2.19. FUNCTIONAL FLOWCHART OF SUBROUTINE TPOUTJ {CONTINUED)

();31(‘IXE P00R Qﬂm
Q@
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30
IFCISTAT.EQ. 1)

| CALL ZEROCICDCT(1.3), [CN)
o o

IFLAGC=1

PWRC1J=PWRM(1.MD+1!)
PWR(2)=PWRM(2.MD+1)
PWR(3)=PWRM(3.,MD+1}
UF=usT

CONT. ON PG S TPOUT.]
PG 4 _ OF 32

FIGURE 3.2.19, FUNCTIONAL FLOWCHART OF SUBROUTINE TPOUTJ (CONTINUED)
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R

A2

[ELOAD=PWR(21*UF |
©

TRILOECTI=PYR(1IxUF
TRILDE(2)=PHR(2J+UF
TRILOE(3I=PWR(31*UF
PLOAD=CDCT{L. 2)

TRILOP{1I=TRILD(L, 13
TRILOP(2)=TRILD(L.2)
TRILOP(3)=TRILD(L.3}

[F(PLOAD.GE.ELOAD}

| PLOAD=ELOAD |

TRILDP(1)=TRILDE{])
TRILOP(2)=TRILDE(2}
TRILOPE3I=TRILDEC3]

3

ICDCT{L.3)=1

ICDCTCL. 1)=ICDCTCL.1)+1
ICDCTC(L.4)=ICDCT{L.,4)+1
ITLINECIL. 1 )=NuUMH
ITLINECIL.2)=ITC
ITLINECIL.3)=0

CONT, ON PG 6 TPGUTJ
PG 5 QF 32

FIGURE 3.2.19. FUNCTIONAL FLOWCHART OF SUBROUTINE TPOUTJ (CONTINUED)
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IFLGD=1
PLOAD=0.

TRILDP(1)=0.
TRILDP(23=0.
TRILDP(3)=0.

&

[[CALL RREADCITLINE(J.2).TDATA.NWTD. [STAT] |
; T =

!

CONT. ON PG 7 TPOUTS
PG 6__ OF 32

FIGURE 3.2.19. FUNCTIONAL FLOWCHART OF SUBROUTINE TPOUTJ ({CONTINUED)
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IFCISTAT.EQ. 13

| PWRCII=PWRM( 1, MDA+1) |

PWR{2Z}=PWRM(2,MDA+1)
PWR(3)=PWRM(3,MDA+11}
ELBAD=PWR( 2]} +UF

TRILDEC1)=PWR{1)*UF
TRILDE(2)=PWR{2J)*UF
TRILDE(3I=PWR(3I*UF

CONT. ON PG 8 TPOUTJ
PG 7 OF 32

FIGURE 3.2.19, FUNCTIONAL FLOWCHART OF SUBROUTINE TPOUTJ (CONTINUED)
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FIGURE 3.2.18.

[F (PLOAD.GE.ELDAD)

| PLOAD=ELOAD |

TRILDP(1JI=TRILDE(!
TRILOP(2)=TRILDE(2
TRILOP(3I=TRILDE(3

St Nt St

[ITLiNEJ.3]=l |

CONT., ON PG 3 TPOUTJ
BG 8 QF 32

FUNCTIONAL FLOWCHART OF SUBROUTINE TPOUTJ (CONTINUED)
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IF{IFLGD.GT. 0)

[ NRITECTU6,5000) NuM, IAC. IPC

5000
[ FORMAT(SX. "xx=xx COMPONENT “.3110." TURNED OFF INCORRECTLY ") |

CONT. ON PG 10C TPOUTJ
PG .9 OF 32

FIGURE 3.2.19. FUNCTTONAL FLOWCHART OF SUBROUTINE TPOUTJ (CONTINUED)
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IFCIFLAG.LT.22

(G0 T8 100

| PLOAD=CDCT (L, 2)

TRILDPL1=TRILD(L. 1)
TRILDP(23=TRILOCL.2)
TRILDP(3)=TRILD(L. 3}

100 >

CONT INUE

COCT(L, 2)=PLOAD
TRILDIL, 13=TRILDP(1)
TRILO(L, 2)=TRILDP(2)
TRILD(L.3)=TRILDP(3)
IFLAG=D

IF(IFLG38.6GT.0)

CONT. ON PG 11 TPAUTJ
P

FIGURE 3.2.79. FUNCTIONAL FLOWCHART OF SUBROUTINE TPQUTJ (CONTINUED)
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AB

WRITECIUB, 1010} ID.NAM, ILNCP,ICDCT(L.13.
CDCT(L, 2).1AC. [PC.TC

IFCICDCT(L.3).EQ.2)

WRITE(IUG.1020) 1D.NAM. [LNCP. ICDCT(L.1)}.
COCT(L.2). [AC. IPC.TC

I —

BO

2)
| ConT INUE

[c IFINUM.GT. 100) PLACE ERROR MESSAGE HERE |

CONT. ON PG 12 TPOUTJ
PGl OF 32

FIGURE 3.2.79. FUNCTIONAL FLOWCHART OF SUBROUTINE TPOUTJ (CONTINUED)

c&urﬂ}ﬁﬂl}ﬁui .
OF POOR Qug7 g
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| CONT INUE

vz
IFLAGC=0

CONT. ON PG I3 TPOUTJ
PG 12 OF 32

FIGURE 3.2.19. FUNCTIONAL FLOWCHART OF SUBROUTINE TPOUTJ (CONTINUED)
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[ AcLeancdi=o. |

[ A A |

________________ S50

CONT INUE

TLOADCJ)=0,
SUBSYS(J3=0.

| T O T N T A |

et

[ 1BUS=1BUSC(J) |

L,
K=1SYSC(J)
PCOCT=CDCTLJ, 23

CONT. ON PG 14 TPOUTY
PG 13 QF 32

FIGURE 3.2,79. FUNCTIONAL FLOWCHART OF SUBROUTINE TPOUTJ ({CONTINUED)

ORIGINATL PAGE I8
OF POOR QUALITY]
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B4

{ PCDCT=CDCT(J. 2)+PFEFF |

B3

[SUBSYS(KJ=SUBSYSEKJ+PCDCT*RESLOS]
3
[TLUAD[IBUSJ=TLOAD(IBUS)+CDCT(J.2J*RESLB§J

- e me e e T o w =k wm am W w e m —

CONT. ON PG 15 TPOUTJ
PG 14 QF 32

FIGURE 3.2.19. FUNCTIONAL FLOWCHART OF SUBROUTINE TPOUTJ (CONTINUED)
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es ]

[ CALL MRE%RT[HP)‘]

i
87
F
IFCIRLGas. LT 1 ==
T

LGO TO 530 >
IF{MPF.LT. 1) £
) T

[WRITE(IUS. 12603 |

MPF=MPF + |
v/

[ WRITECTUB. 1120) 1COC(J. 1), NAM. [LNCP,PWR.COCT(J,2) |

13--_>5 >,

CONT. ON PG 16 - TPQUTJ
PG 13 OF 32

FIGURE 3.2.19. FUNCTIONAL FLOWCHART OF SUBROUTINE TPOUTJ (CONTINUED)
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IF(MPF,6T,.0)

| TLOAG(12)=TLOAD(52)+TLOAD(E1)+TLOAD(62)+TLOAD(63] |

v
TLOAD(15)=TLOAD{S3)+TLGAD(B41+TLAADIBS )+TLOAD(B6}
TLOAD(20)=TLOAD(S4)+TLOAD(E7 )+ TLOAG(S8)+TLRBAD(B9?

[ S I I T I

[BUS{J+4)=TLOADCJ) |

- e wm m m e W A o w m e e o o ow

) .
CONT INUE

W

CONT. ON PG 17 TPGUTJ
PG_16 OF 32

FIGURE 3.2.79. FUNCTIONAL FLOWCHART OF SUBRCUTINE TPOUTJ (CONTINUED)
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IF(J.GT. S.AND.J.LT.14]

T

IF(J.BT.13.AND. J.LT.18)
T

IF(J.GT.17.AND. J.LY.22]

T

. A
@ (B3]

CONT. ON PG 18 TPOUTJ
PG_17 OF 32

FIGURE 3.2.19. FUNCTIONAL FLOWCHART OF SUBROUTINE TPOUTJ (CONTINUED)

ORIGINAL PAGE IS
OF POOR QUALITY] - 140



fHes

¥,

IF(J. 6T, 24.AND.J.LT.27)

T

IF(J.GT.26.AND. J.LT.29]
T

[F{J.GT.28.AND. J.1LT.31)
T

v,

F
[
T

K=22

d

T. N PG 19 TPOUTJ
con ¢ PG 18 OF 32

FIGURE 3.2.19. FUNCTIONAL FLOWCHART OF SUBROUTINE TPOUTJ (CONTINUED)
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LI 2 O I I R I B

co

| BUSTKI=BUS(K}+TLOADCJ) |

17 - - - bsg
CONT INUE

BUS( 23)=BUS{ S)+BUS( 8)+BUS( 9)+BUS(20)

BUS( 33=BUS( 6)+BUS(10)+BUS(1]3+BUS(21)

BUST 4)=BUS( 7)+BUS{12)+BUS{13)+BUS(22)+BUS(23)
FC1=BUS(2)

FC2=BUS(3)

FC3=BUS(4)

CRYD=FC1+FC2+FC3

SLOAD=0.

- e A= my e Em e mm me omm m e o W e owe

70_J=1.

- e e o e o e o e e e o —a m = e

JJ=JLOCAC(J)
PFB(JI=TLOAD(JJI/SORTITLOAG(JJ I+ TLOADCJIJ Y+ACLOADLJ I *ACLOAD(J))
PFSLJI=SIGNLPFB(J ). ACLOADLJ D)

CONT. ON PG 20 TPOUTJ
PG 19 OF 32

FIGURE 3.2.719. FUNCTIONAL FLOWCHART OF SUBROUTINE TPOUTJ (CONTINUED)

(RER;INEQI;IHQ
OF POOR QUA(;%g
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Cl

| CALL PRTPLT(DTIME,CRYD. [UG. 0) |
ot &
s

IF(QOASG( [U).EQ, D)

[ CALL CTAPE{DTIME.TDELT1. TRILD. ICN. IU.PFB, 15) |
L
5 4

IF{QQASG(IUP}.EQ, 0)

__.q

IWRlTEtth.ist)]

CONT, ON PG 21 ;PUUTJ
F

FIGURE 3.2.19. FUNCTIONAL FLOWCHART OF SUBROUTINE TPOUTJ (CONTINUED)
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http:IFCOOASG(IUP.EQ

IFCIFLG39+IFLG40.LT.2)

TIFCIFLG39.6T. 0)

G0 TO 600

[

[WRITECTUE. 1210) (J. TLOAD(J).J=1.30) |

%
[ WRITECIUB. 1220) (J.BUS(J).J=1,24) |

J1=ILOC(J)
J2=110C{J+1)

v

CONT. ON PG 22 TPOUTJ
PG 21 QF 22

FIGURE 3.2.79. FUNCTIONAL FLOWCHART OF SUBROUTINE TPOUTJ {CONTINUED)

144



I

J3=110C(J+2)
J4=1L0C(J+3)

v
WRITECIUB. 12253 J1.SUBSYS(J1).42,SUBSYS(J2),J3,.SUBSYS(J3],
J4.5UB5YS5(J4)
21 - - - P gg |
CONT [NUE

JI1=ILOCC(21)
J2=1L0C(22)
WRITEC(IUG.1223) J1,3SUBSYS(J13,J2,SUBSYS(JZ]

) v

J=1
WRITECIUG. 1230) J,TLOADCS23,ACLOAD{1),TLOADCL7).PFB(1)

J=2

gRéTE(lUG-IZBGJ J. TLBAD{S33., ACLBAD(23, TLOAD{20).PFB{2)
HﬁlTE(IUS-!230] J, TLOADES4) . ACLOAD(3), TLOADI131.PFB(3)
WRITECIUG. 1235) TLOAD(G2).TLOAD(GE3).TLOADLG4)
WRITECTUG. 1240) SLOAD

2
§ WRITE(1UB. 1250) FCI1,FC2,FC3.CRYO |

CONT. ON PG 23 ;PGUTJ

FIGURE 3.2.19. FUNCTIONAL FLOWCHART OF SUBROUTINE TPOUTJ (CONTINUED)

ORIGINATY PAGEH
OF POOR QUALITH
145



Ce

CONT. ON PG 24 TPOUTJ
PG 23 OF 32

FIGURE 3.2.79. FUNCTIONAL FLOWCHART OF SUBROUTINE TPOUTJ (CONTINUED)
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IF{IL.GE.3000]

| CALL PACKCIL, [TLINE) |

=t

[ READC 184 END=650) TLT, ITC |

IFCTLT,.GT. 1999999, 1

IFCTLT.GT.TABORT)

CONT, ON PG 25 TPOUTJ
PG 24 QF 32

FIGURE 3.2,19. FUNCTINAL FLOWCHART OF SUBROUTINE TPOUTJ (CONTINUED)
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IFCIFLGD3.6T.0)

{ CALL PRTPLT(DTIME.CRYO. [UG. 1) |
1
- =t

IFCGQASE( TU).EQ.0)

[ CALL CTAPECTABORT. TDELT1.TRILD, ICN. 1U,PFB.15) |
1
=

o0 730 J=1.JCN > - - - 28

CONT, ON PG 26 TPOUTJ
PG 25 OF 32

FIGURE 3.2.19. FUNCTIONAL FLOWCHART OF SUBROUTINE TPOUTJ (CONTINUED)

A
(HT1¥]QR‘Q[D£§%;§S
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IFCJPLC.LT. 1)

CONT. ON P& 27 TPOUTY
PG_26 OF 32

FIGURE 3.2.79. FUNCTIONAL FLOWCHART OF SUBROUTINE TPOUTJ (CONTINUED)
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07

WRITECIUS, 14000
| |
<TI0 750 ﬁzl'lcm >~ - - -~ 28

[ CALL RREADCICDC(J.2).COAT.NWAD. ISTAT) |
1
£4

| WRITE{IUS, 1420) ]

[ LINE=LINE+1 |

IFCLINE.LT.S0)

gaT

CONT. ON PG 28

PG_27 OF 32

FIGURE 3.2.19., FUNCTIONAL FLOWCHART OF SUBROUTINE TPOUTJ (CONTINUED)
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b8

{6070 750

[HRITE([JS.I400} ]
K

7 - - - P gcq
CONT INUE

IF(QQASGC [UJ.NE.0)

[eo_Ip 800

[END FILE 1U |

REWIND U

CoNT. DN PG 29 ;PUUTJ ¢

FIGURE 3.2.19. FUNCTIONAL FLOWCHART OF SUBROUTINE TPOUTJ (CONTINUED)

1S
ORIGINAL PAGE
OF POOR QUALIM
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El

LGa 16 820

E2

[END FILE IUP |

REWING IUP

820 v,

CONT INUE

[wRITEtIJs.12601|

fc FORMATS ]

1000 l

FORMATCIHL/ /773X "AT TIME " F10,4." POINT “.14.
* THE FOLLOWING COMPONENTS HAVE CHANGED CONDITION"//)

1018 «
‘FGRHAT[SX.I[O.IX.SAS.IX.[10." SWITCHED ON ",IS.F15.4-2110.F10.4JI

1020 v
| FORMAT(SX, 110, IX.6AG. 1%, [10," SWITCHED OFF “,1S5,F15.4.2110.F10.4) |

1030 ©
[FORMATUSX. "sx*x* SWITCH ", 15,40X," SWITCHED OFF *.15) |

1040 <«
rFGRHAT(SX-“***** SHITCH . 015.40¢, " SWITCHED ON "-ISJI
v
CONT., ON PG 30 TPOUTJ

PG 29 OF 32
FUNCTIONAL FLOWCHART OF SUBROUTINE TPOUTJ (CONTINUED)

FIGURE 3.2.19.
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1108 l

FORMATC(//5X."AT TIME ".F10.4." THE FOLLOWING COMPONENTS ARE OPERAT

I{NG"//)
1110 l

FORMAT(3X. "COMPONENT ", {10." PRESENT LOAD ".F10.4." SWITCH CONDITI
ON . I3) '

1120 <
[FGRMAT(SX.IIO.ZX.6A8.2X.lS.éX.2F15.5.5X.’ACTIVE COHPONENT")J

1200 <
IFORHAT[//SX."REQUIRED OQUTPUT AT TIME "-F10.4//}|

1219 =
[ FORMAT(4(S5X. "LOAD ".12.F20.4)) |

1220w
{ FORMAT(4(5X. BUS “.12.F20.4)) |

1225
{ FORMAT(4(5X. "SYSTEM ", [3.F15.4)) |

1230 =

FORMAT(SX. " INVERTER BUS".13.," REAL POWER".F10.4. " WATTS REACTIVE P
OWER".F10.4." WATTS DC EQUIVALENT".F10.4." WATTS POWER FACTOR",
F10.4)

v
CONT., ON PG 31 TPOUTJ
PG 30 OF 32

FIGURE 3.2.719. FUNCTIONAL FLOWCHART OF SUBROUTINE TPOUTJ (CONTINUED)
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1235 l

r?URMATESX."GENERATOR BUS LOADS "-3F20.4JJ

12490 l

IFURHAT(SX-“TOTAL OC SYSTEM LOAD #xxxx ", F20.4." ®xexx")

12590 l

FORMATISX. "FUEL CELL I POWER ™".F28.4/
SX."FUEL CELL 2 POWER ".F20.4/
SX."FUEL CELL 3 POWER ".F20.4/

SX. “TOTAL FUEL CELL POWER ",F20.4)

J2680 ¥
| FORMAT(1H1) |

1300 w

FORMATCIHL////7/75X, "COMPONENTS WHICH HAVE NOT BEEN DE-ACTIVATED AT
MISSIGN END"/)

1310 o
LFORHAT(SX-!7-2X.6A8-2X."SHITCH CONDITION .19

1400 vy
{ FORMAT(1H1/////5X. "COMPONENT ACTIVATION LIST"/) |

1410
lFURHAT(SX-I7.2X.6A6-2X'“TBTAL ACTIVATION COUNT ".[5][

1420 l

[ FORMATC 11+, 84X, "NEVER ACTIVATED") |
v

CONT. ON PG 32 TPOQUTJ
PG _31 OF 32

FIGURE 3.2.19. FUNCTIONAL FLOWCHART OF SUBROUTINE TPOUTJ (CONTINUED)
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TPOUTJ
P FINA

FIGURE 3.2.19. FUNCTIONAL FLOWCHART OF SUBROUTINE TPOUTJ (CONTINUED)

RIGINAL PAGE 13
OF POOR QUALITY
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3.2.20 Subroutine: TREAD

PURPOSE: Read the input timeline and control the creation of
the event timeline.

METHOD: This routine reads an input timeline card, determines
its type, and calls the correct routine to handle the
type.

VARIABLES: The variables used in this subroutine are listed in the
common blocks of the functional flowchart, Figure 3.2.20.
See Appendix for definition of all variables.
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SUBROBUTINE TRzADCIU. IDALNWL)
INCLUDE STRAGA

INCLUBE STRAGI

INTEGER DDAT(1000)

DIMENSICON T{8)

DIMENSION NSC100)

DIMENSION MS(100)

DIMENSION PERS(100)

W

DIMENSION PONS(100)
DIMENSION TSC100)
DIMENSION TTSC1003

COMMON /FCYCL/ KF
COMMON /DRMFLG/ ISF
DATA I0UTM /4000/

COMMON /TLINF/ I0OUT, [GUTM, IDRM. TEND, IFIL.LOC.NWR
COMMON /CYCLIC/ NS.MS.TS.PERS.PONS, TTS.NT

el

DATA IOUT 70/

DATA TSTR /0.7

EQUIVALENCE (IUR. IUNIT( 8))
REWIND 18

LOC=1DA

NWR=NWL

IDRM=0

IEND=0

CONT INUE

$EAD(IU-1000.END=500-ERR=400) I7T.TYPE.NUMBER.MD.H. M. 5. [SF.PRI.PO1,

1080 <

IFURMAT(ZAI.l?.Il.AS-ZAZ.Al-ZAS.BX.SAEJ

v

A4
CONT. ON PG 2

TREAD
PG 1

QF

9

FIGURE 3.2.20. FUNCTIONAL FLOWCHART OF SUBROUTINE TREAD
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IF(TYPE.EQ.IH )

| WRITECIUS, 3000) T

3000
FORMATC( /DX, "#2x%%" ,5X,BAG,SX, "xxxxx"/}

IFCIFLG34.GT.0)

WRITEC{IUB.2000) IT.TYPE.NUMBER.MD.H.M. S, ISF.PRI.,

POL.T
2000 r

IFGRMAT(SX.2A[.I7'[1-A5v2h2.Al-2h5.3X-GAB)

IF{TYPE.EG.1H 3

[DECODE(S. 1630.H) HR

<
DECODE(6,1020. M} RM
DECOCE(G.1020.5) SC

J,

CONT. ON PG 3 TREAD
BG 2 OF 2

FIGURE 3.2.20. FUNCTIONAL FLOWCHART OF SUBROUTINE TREAD (CONTINUED)
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|

DECGDE(6.,1030.PR]) PER
DECODE(6.,1030,P01) PON

1620 v
[ FORMAT(F2.0.4%) |

1030
[ FORMAT(FS. 0.1x3 ]

v
[ TTIME=HR+RM/60. +SC/3600. |

IFCTTIME.GT. TABORT)

CONT. OGN PG 4 TREAD
BG 3 QF 9

FIGURE 3.2.20. FUNCTIONAL FLOWCHART OF SUBROUTINE TREAD (CONTINUED)

N
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http:IFORMATr2.0.4X

=
1 !
CONT INUE

[TSTR=T§TR+5.]

[F(TSTR.GT.TTINME)

IF(NT.LT. 1)

=]1.NI - = - B5

[CALL RCYCLE(TS(1J.NS(1).TSTR) ]
j’ &
CONT. ON PG S TREAD
PG 4 QF 9

FIGURE 3.2.20., FUNCTIONAL FLOWCHART OF SUBROUTINE TREAD (CONTINUED)

ORIGINAT; PAG
OF POOR QUAL?TIi?
161



CONT INUE

[ €ALL AHANDL(NUMBER.TTIME) |
L.
l =]
CONT. ON PG & TREAD
PGS _OF 9

FIGURE 3.2.20. FUNCTIONAL FLOWCHART OF SUBROUTINE TREAD (CONTINUED)
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AB

| N=TABS{NUMBER) |

IF(TYPE.EQ. IHP)

ICALL PHANDL (NUMBER.MN. 0..0..0..TTIME]
1 N
= S

F
[F(TYPE.—EE'/IEC,)/
T
hvd
[CALL CHANDLCNUMBER. 0. 0..0..0..N.MD. 0.+ 0., 0., TTIME) |
| I ﬂ
F
IF(TYPE-W
T
hv4
[CACL SHANDLCNUMBER, 0. 0.+ 0..0..N.0..0.. U, TTIMED |
L —i

CONT. ON PG 7 TREAD
PG & OF

FIGURE 3.2.20, FUNCTIONAL FLOWCHART OF SUBROUTINE TREAD (CONTINUED)
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http:IFCTYPE.EO

IFCTYPE.EQ. IHP)

IFCTYPE.EQ. IHC)

IFCTYPE.EQ. IHS]

| \RITE (1UB.9000) TYPE. NUMBER |

3000 i

| FORMAT(SX. SHCARD. A2, [7.31H IS NOT A TIME-LINE DEFINITION.) |

" CONT INUE

CONT. ON PG 8 TREAD
BG. 7 QF 9

FIGURE 3.2.20. FUNCTIONAL FLOWCHART OF SUBROUTINE TREAD (CONTINUED)
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http:I(TYPE.EQ

WRITE (1UG,90G30) TYPE, NUMBER]

90540
LFORHAT(5X.4OHERROR ATTEMPTING TO READ TIME LINE CARD . AZ2,17)

§ CALL RFthTTIMEJW

{END FILE 18 |

IF (IFL.G04 .LE. 0)

[ WRITE (IUR) ICDCEL.2) |

{ IPLC = 1€DCC1.2) |

200

CONT INUE

| CALL. RREAD({IPLC.ODAT. 1000, [STAT)

}

CONT. OGN PG 3 TREAD
PG 8 _QF g

=

FIGURE 3.2.20. FUNCTIONAL FLOWCHART OF SUBROUTINE TREAD (CONTINUED)
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IECISTAT (EQ. 13

GO TQ 210

[ WRITECTUR) DDAT |

{ IPLC = IPLC + 1000 |

IF (IPLL .LE. LGC)

JENOFILE IUR |

TREAD
PG_9  FINAL

FIGURE 3.2.20. FUNCTIONAL FLOWCHART OF SUBROUTINE TREAD (CONTINUED)

1-Bkkﬂa‘ﬁa
ORIGIBY: pgTd
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3.3.
3.3.1

PHASE2

This routine controls the simulation of the Shuttle
vehicle's electrical power system.

Using a user supplied time step this rouiine controls

the following functions to simulate the vehicle from

some input simulation start time to some input simulation
abort time.

Reads initialization data and solves the initialization
calculations

Determines the source I-V characteristics

Solves the distribution system to find node
voltages and branch currents

Checks for constraint violations
Provides the required outputs

Repeats Steps 2 through 5 until the end of the
simulation

PHASE II SUBROUTINES
Subroutine:
PURPOSE:
METHOD:
1.
2.
3.
4!
5l
6.
VARIABLES:

The variables used in this subroutine are listed in the
common blocks of the functional flowchart, Figure 3.3.1.
See Appendix for definition of all variables.
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[ SUBROUTINE PHASER
<

C ALL COMMUNICATION IS TO TAKE PLACE THROUGH PDP ELEMENTS
C STRAG1  ALL ORIVER RELATED ELEMENTS
C STRAGZ  ALL OC SYSTEM RELATED ELEMENTS
c STRAG3  ALL AC SYSTEH RELATED ELEMENTS
c STRAGA  ALL BATTERY RELATED ELEMENTS
[ STRAGS  ALL FUFL CELL RELATED ELEMENTS
C STRAGE  ALL TR UNIT RELATED ELEMENTS
c PROGRAM FLOW
<
c INITAL - READ OPTION CARD, FIXED DATA. INITIALIZE ALL SOURCES
c READ DOWN THE TIMELINE. DETERMINE INITIAL LOADING
c CIRSDOL - CIRCUIT SOLUTIBN DRIVER
C CALLS A, ACINVT - SOLVES AC INVERTERS APPLIES AS LOA
€ 70 DC CIRCUIT
c B. DCSOLV - SOLVES OC CIRCUIT
c C. TRAPLY - APPLIES TR UNIT AS LOAD TO AC CIRC
C D. ACSOLYV - SOLVES AC CIRCUIT
v
C REDLIN - POWER MANAGEMENT
c INCRA - CONTROLS TIMESTEP IF REQUIRED READS TIMELINE INPUT
c CALLS A. TLREAD - READS CARD TIMELINE
C CHARGE - DETERMINES WHICH. IF ANY. 10 AH BATTERY IS CONNECTED
€ 70 THE BATTERY CHARGER AND UPDATES THAT BATTERYS STA
C QCLTMP - UPDATES BATTERY STATUS
c BATTIV - CALCULATES COGRRECT BATTERY OPERATING IV CURVE
c FUCLTM - UPDATES FUEL CELL STATUS
&
c FUCLIV - CALCULATES FUEL CELL OPERATING IV CURVE
C TRUNIT - CALCULATES TRANSFORMER-RECTIFIER UNIT OPERATING IV C
v
INCLUDE STRAGI
INCLUDE STRAG2
INCLUDE STRABZ
INCLUDE STRAG4
INCLUDE STRAGS
INCLUDE STRAGS
INTEGER QBASG
DIMENSION SSOC(8)
&
COMMON /PRINT/ 1CARD, ITAPE, [PRNT
COMMON /TOTPWR/ PWRTOT
COMMON /ACPOWF/ PFEFF.RESLOS
v
CONT. ON PG 2 PHASEZ
PG 1 OF 8
FIGURE 3.3.1 FUNCTIONAL FLOWCHART OF SUBROUTINE PHASEZ?
ORJ,
AL pa,
oF GE Is
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|

DATA PWRIQT /0./
DATA PFEFF /1.7
DATA RESLOS / 1./

kv
[ CALL INITAL |

CONT. ON PG 3 PHASEZ2
PG 2 OF 8

FIGURE 3.3.1. FUNCTIONAL FLOWCHART OF SUBROUTINE PHASE2 (CONTINUED).
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Al

{ CALL PLOTwﬁW
C—

F{SMET+{NPRT+TOELTA).GT.MET

110 d

{ CALL PRTOUT ]

SMET=MET

CONT. ON PG 4 PHASEZ
PG 3 QOF 8

FIGURE 3.3.1. FUNCTIONAL FLOWCHART OF SUBROUTINE PHASE2 {CONTINUED)
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¥,

ICARD=0
1TAPE=0
IPRNT=0

IFCTABORT.GT. 9)

(o

[ IB=NSOUR(I. 1) |

P
{ IREL=NSOUR(1.3) |

CONT. OGN PG 5 PHASEZ2
BG 4 QF 8

FIGURE 3.3.7. FUNCTIONAL FLOWCHART OF SUBROUTINE PHASE2 (CONTINUED)
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c GO IQ {300,350.400), ITYP |

IFCISOLVC.LT. 1)

CALL FUCLIV(SC(I-I.I)-IREL.IJ!
[N
=

IsoLve=1

Vs

() 3 490 CraG]

asg ¥,

CONT INUE

¥,

CONT, ON PG © PHASE2
PG S5 OF 8

FIGURE 3.3.1. FUNCTIONAL FLOWCHART OF SUBROUTINE PHASE2 {CONTINUED)
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IFCICHRGLIREL).GT. 03

CALL CHARGECIREL.I} |
e ———

&
IFCSCIBY.LT. 1)

[caC acLimPCIREL. 1) |
(>

el i

fca BaTTIvesCel.1.13.25, [REL. 13 |
L

>
<

ISOLVC=1

SSOCCIRELJ=SOCCIREL)

(e am ]

CONT. ON PG 7 PHASE2
PG_E QF 8

FIGURE 3.3.1. FUNCTIONAL FLOWCHART OF SUBROUTINE PHASEZ2 (CONTINUED)

g B
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AS

4
CONTINUE

[eaLL TrRUNIT ]

EERTR
EEdE = ]

CONT, ON PG B PHASE?2
P 7 _OF 8

FIGURE 3.3.7. FUNCTIONAL FLOWCHART OF SUBROUTINE PHASEZ (CONTINUED)
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A8

[END FILE [u9 |

¥

REWIND 1uS

.

RETURN

PHASE 2
P £

FIGURE 3.3.T. FUNCTIONAL FLOWCHART OF SUBROUTINE PHASE2 (CONTINUED)

175



3.3.2 Subroutine: ACINVT

PURPOSE:
METHOD:

VARIABLES:

To simulate the operation of the onboard dc-ac inverters

The ac load and power factor for each inverter is
calculated. These values are used to calculate the
equivalent dc load and inverter efficiency. If the
inverter is not carrying an ac Toad or the ac Toad it is
carrying is less than the input dc no-load value, the
inverter is set to dc no-Toad value.

The variables used in this subroutine are listed in the

common blocks of the functional flowchart, Figure 3.3.2
See Appendix for definition of all variables.
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SUBRAGUTINE ACINVT
INCLUDE STRAGI

INCLUDE STRAG2

COMMON /INVEFF/ ACEFF(3)
DIMENSION ACIN (3]
DIMENSION ACINL (3]
DIMENSION ACINR {3)
OIMENSION ACPF (3]

v
DIMENSION ACPFAC(3]
DIMENSION ACVA (3]
OIMENSION CAPINV(3)
DIMENSION EFFT (2)
DIMENSION EFFV (9,3}
DIMENSION PF (33
DIMENSION PFV {32
DIMENSION PRS {8l

)
DIMENSIOGN VA €3)
DIMENSION VARAC (3]
DIMENSION VAV (9.32
BDATA CAPINY 7 3222350, /
BATA DCINNL 7 112, 7/
DATA PFY / 7. .9 1./

v
DATA VAV /

300.. 460.. 625.. 795.,1000..,1200..,1400,.1600.,1900.,
300., 470.. 690,. 200.,1070..1290..1500.,1635..1810..
350., 520.. 700.. 800.. S910..1160..1500..1630., 1300,/

v
DATA EFFYV /
.615. .666. .698. .721. .732. .736. .734. .726. .702.

.662, .712, .746., .762. .784. .760. .7%4, .747. .730.
.700, .730, .756, .767. .770. .768. .750., .743. .720/

v

C IF INVERTERS ARE DISCONNECTED RETURN
c SAVE INITIAL LOAD VALUES )

='-N NY - - - B2
{ IB=INVLCOCI. 1) |
v

CONT. ON PG 2 ACINVT
PG 1 OQF [

FIGURE 3.3.2, FUNCTIONAL FLOWCHART OF SUBROUTINE ACINVT
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PFACCI =1,

[prcta:aasEPFACtIJJ}

VALII=ACPOWC1)/PF(I)]
VART=VA([)*VACT)-ACPOWCIJ+ACPOW( )

IF(VAWT.LT.I.E-10)

[Vaw1=1.E-107

v
| VARACCI)=SIGNCSART(VAWTI.PFACCI)) |

28

CONT INUE

S

C CONNECT THE AC LOAD 70 THE APPROPRIATE INVERTER
c COMBINE LOADS ON INVERTERS

CONT. ON PG 4 ACINVT
PG 2 QF &

FIGURE 3.3.2. FUNCTIONAL FLOWCHART OF SUBROUTINE ACINVT (CONTINUED)
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hv4
[IL=1CRET(1B.4) |

—3
PRS{1J=PREIL)
PRCILI=0,

IFCSCIBI.GT. 02

ic

CONT. ON PG 3 ACINVT
PG 2 OF ©

FIGURE 3,3.2, FUNCTIONAL FLOWCHART OF SUBROUTINE ACINVT (CONTINUED)
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IFCINVLCACJI.NE, I)

GO TG 25

[ IL=INVLCA(J) ]

o
ACINLCI)=ACINL(I)+ACPOWCIL ]
ACINRCI)=ACINRCII+VARACLIL)]

3 - - -p>2

\/

INVOL(1)=0
ACVACT }=SQRTCACINLCUI)~ACINLCII+ACINRCEI=ACINRC 33

ACPF(I1}=ACINL (13)/ACVACI)
ACPFACCI1)=SIGNCACPF (1), ACINRCI))
v
ic CHECK FOR BVERLOAD |

IFCACVACTIL LT.CAPINYC(I)]

{ WRITECIUB.5000) [.ACVACT).CAPINV(I) |

2000 l

FORMAT(3X, "+=exx INVERTER", [2.," HAS BEEN OVERLOAGED TRYING TO CARR
Y "WF10.4." WATTS (CAPACITY IS “.F10.4," WATTS) 13

v
CONT. ON PG 5 ACINVT
PG 4 _OF &

FIGURE 3.3.2. FUNCTIONAL FLOWCHART OF SUBROUTINE ACINVT (CONTINUED)
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INVOLE D=1

[ €ALL INTERPCACVACI).EFFTC1), VAVE1.J).EFFV(1.,J).9] |

; o
2
| CALL INTERPCACVACIJ.EFFT(2).VAV(1.J+1).EFFV(1,d+13.9) |
: i
v
{ CALL INTERP(ACPF (1), ACEFF(1).PFV(J).EFFT,2) |

: —
&
[ ACINCII=ACINLCII/ACEFFCI) |

[WRITEEIUG-SUIG) [+ACVACT ) ACPFACTI}.ACINCI)

l

CONT., ON PG B ACINVT
P2 OF &

FIGURE 3.3.2. FUNCTIONAL FLOWCHART OF SUBROUTINE ACINVT (CONTINUED)

(HiR}EvAdg
(HPI%RJR q;?M§E=IB
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http:IFCMPRNT2.GT

EEE Al i
Q2010

FORMAT(SX. INVERTER".I2.' ACVA ... ACPFAC ... ACIN ... ",3F18.4)

£

IFCACINCI) . LT.OCINNL]

{ ACINC1J=DCINNL |

3 “-‘bé Y,
CONTINUE

| c CALCULATE THE DC LOAD

- o e e b = e e oam wm = o o e o =

IB=INVLCDC(I. 1)
IL=ICRCT(1B.4)
TA=INVLCO(I.2)
PROILI=S{IBI=ACINCIA)

[ SN O T O T A T N TN O O N O N B B A

ACINVT
p F

FIGURE 3.3.2, FUNCTIONAL FLOWCHART OF SUBROUTINE ACINVT (CONTINUED)
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3.3.3 Subroutine: BATTIV

PURPQSE: To create the I-V curves used in the onboard battery
simulations.

METHOD: After determining the type of battery to be simulated,
an jnterpolation is made into a set of current-voltage
curves as a function of temperature to determine the
battery I-V curves at its operating temperature.

VARIABLES: The variables used in this subroutine are listed in the
common blocks of the functional flowchart, Figure 3.3.3.
See Appendix for definition of all variables.
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SUBRQUTINE BATTIV(BBIV.IDIM. I, [SRC)
INCLUDE STRAG!

INCLUDE STRAGZ2

INCLUDE STRAG4

DIMENSION BBIV(IDIM, 2)

DIMENSIGN VP1(10).VP2(10)

T
Ceexr DETERMINES SWITCH CONDITION [.E. (CLOSED-GO THRU SOLUTIONS)
c (OPEN - ZERO OUT BATTERY I-v CUR

=
[ 1B8=NSBURCISRC. 1] |

IFC(S{IB)Y.GT. 02

L v am ey o oy o e o om ows we w E w

[ T O O S O |

20

CONTINUE

fC DETERMINE THE DESIRED BATTERY GROUP |

CONT. ON PG 2 BATTIV
P ] OF o]

FIGURE 3.3.3. FUNCTIONAL FLOWCHART OF SUBROUTINE BATTIV
&

DRIGINAL PAGE IS
OF POOR QUALITY

18A


http:881V(J.lI)=O.O0

FIND THE BOUNDS ON THE BATTERY TEMPERATURE
ITA - THE LOWER TEMPERATURE
ITB - THE HIGHER TEMPERATURE

[nlnlw]

CONT, ON PG 3 BATTlY
PG 2 _OF S

FIGURE 3.3.3. FUNCTIONAL FLOWCHART OF SUBROUTINE BATTIV (CONTINUED)
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AQ

[(eA 10 50

IF(MPRNT4.GT. 0}

[WRITE(IUG.9010) 1.S0CC1). TBCI1. [TA, ITB,NGRP

9010 r

| FORMAT(SX, "BATTERY", 12, SOC T8 ITA I1TB NGRP ...".2F10.4.313) |

v
[CALL INTRPJ(VP1.SOCTT).NOSOCC{ 1. NGRP). 11.SOCAC1,2, ITA.NGRP), NSOCA) |

j —

&=
T
I CALL INTRPJ(VPZ.S0C(IJ.NOSOCCC1.NGRPI.11.50CACT,2Z, [TB.NGRP},NSOCA) _l
S
—

TAI=ITCITA.NGRP)
TBI=IT(ITB,NGRP}

K

Lc CALCULATE THE BATTERY CELL VOLTAGE |
K
CONT. ON PG 4 - BATTIV -
PG 3 0F 5

FIGURE 3.3.3. FUNCTIONAL FLOWCHART OF SUBROUTINE BATTIV (CONTINUED)

ORIGINAL PAGE 18

OF POOR QUALITY
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IF  ITB.EG.ITA )

LGo_3ig 52

[ N

VAL = (((TB(1)-TBI)/(TAI-TBI}) = (VPI{J)I-VP2(J]I3} + VvP2(J) }
v

Lco_T0 5S4 ==

¥,

CONTINUE

¥,

VAL=VP2{J 3

icC CALCULATE THE BATTERY VOLTAGE

.. v,

CONTiINUE

[BBIV(J.1)=XNC(I]*VAL |

[F(MPRNT4.GT.0)

WRITE{IUG,S8020) J,VP1(JI.VPZ2(JI. VAL.XNC(]).,
SOCACJS, 1+ ITALNGRP),CECI)

2020 Jj

FORMAT( 15X, "POINT" I3, VP1 VP2 VAL XNC CURRENT CC ".3F10.4.
15.2F10.4)
v

CONT. ON PG 5 BATTIV
PG 4 OF 5]

N

FIGURE 3.3.3. FUNCTIONAL FLOWCHART OF SUBROUTINE BATTIV (CONTINUED)
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http:F(MPRNT4.GT

= CALCULATE THE BATTERY CURRENT

W
{ BBIV(J.2)=CCCI)*SOCA(J. 1. ITA,NGRP) |

3 - - - gy "
CONT INUE
[ BBIVINSBCA+1.1)= 0. |
X
[ CALL INTERP(0..BBIVINSOCA+1,2),BBIV(1+1),BBIV(1,2).NSOCA) |
: =
)
[ NSCCISRC)=NSOCA+1 |
BATT1V
PG5 FINAL

FIGURE 3.3.3, FUNCTIONAL FLOWCHART OF SUBROUTINE BATTIV (CONTINUED)

190



3.3.4 Subroutine: CHARGE

PURPOSE :
METHOD:

VARIABLES:

To simulate the operation of the battery charger.

A charge curve is calculated based on depth-of-discharge
and time since the Tast discharge. The curve is rate of
charge versus time on charge. When the battery state-of-
charge reaches 100 percent, the battery is removed from
the charger.

The variables used in this subroutine are listed in the

common blocks of the functional flowchart, Figqure 3.3.4.
See Appendix for definition of all variables.
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SUBROUTINE CHARGECI!.IACT)

INCLUDE STRAG1

INCLUDE STRAG2 "

INCLUDE STRAG4

DIMENSIBN AA(3,2.43.BB(3.2.4).CCC(3.2
DIMENSION CCHRG(S, 2.3).NOMCHG(S5.2). 10

@
OATA NOMCHG
/38.39,38.96,33.5.32,7.30.7.0..1.2.2.2:2,3.2.4/

=
DATA AA
70.+2.8:11.2:2.3..6+0,+0.44.6+15..2.3+.8,0..0.,6.3,17.3.2.3.1.06.,
0..0.:7.8.21.,2.3:1.21. 0.7
Lva
DATA BB

/70,.5.2:,20.:2.3-1.36,.77+0..6.1.20,+2.3,1.51+1.34.0..6,5.20.,2.3.
1.84,1.52,0.,7.3.20..2.3.2.08, 2./

v
DATA CCC/0..6.75.10.+.33:.53..57
OATA EE /0..9..16.,.01.7..12.5/
DATA FF /0..3.9.9..0..1.4.4.0 /
DATA ION/3=0/

2
ic SET BATTERY CHARGER LOAD T@ ZERD |
v
[ PRCICHRBP )=CHRGLD |
T
lc 1S THIS BATTERY ALREADY ON CHARGE |

IFCIONCIEY.GT. 02

[c SET RCUTING FLAGS SAVE DISTRIBUTION SWITCH POSITION |

[ 18=NSBURCTACT. 1) |

v
CONT. ON PG 2 CHARGE
PG 1 OF

FIGURE 3.3.4, FUNCTIONAL FLOWCHART OF SUBROUTINE CHARGE

ORiainrar,
OF p AU
" Foog; giAe p s
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I1SSCL
S(1IB)=
1

3=5(IBJ
IONCTT)=1

v
(c UPDATE THIS BATTERYS STATUS |

v
[ CALL QCLTMPCT1.1ACT) |

{c DETERMINE CHARGE CURVE COEFFICIENTS

v
AHD=CCCT1J)-AHTUIL)
M=[FIX{AHD/2)+FIXTAHD/6)+]

CONT. ON PG 3 CHARGE
PG 2 QOF o]

FIGURE 3.3.4, FUNCTIONAL FLOWCHART OF SUBROUTINE CHARGE (CONTINUED)
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AD

| TDCI1)=MET-24. |

Al

ICALL INTERP((MET—TD([l)]-A.AAEI-1.M].AA([.2.MJ-3JJ
= 2
=

ICALL 1NTERP[(HET—TD(Il)].B.BB(l-I.MJ.BB(I.Z.H]-3}J

1%
%
[CALL INTERPC(MET-TDCI1)).E.EEC1.1).EE(1.2).3) ]
1 i3
v
[CALL INTERP((10.-AR(113).C.CCCC1.1).CCC01.2).3) |
L =
A,
[ CALL INTERPCC10.~AH(T1)).F,FF(1.1).FF(1,2).3) |

o
&

A=AMAX1(A,0.)

C=B=C

GG=(2*(CCLI1I~-AHDI+F)/(C+. 41}

|C

v
SET UP THE CHARGE CURVE ]

m
-

ET+E/60.

ET+F

ET+GG

00, *DCHRG(4.,1,I1)

TR O I LR L [}
OWw>r—-IIX I

Nt Nt e o ) A s

BCHRG(4.,
DCHRG(S,

.
(SR

——
. .
ob ob

Km0

[C

DETERMINE BATTERY OPERATING POINTS

CSUIACTI=A

CONT, ©ON PG 4 CHARGE

EG 3 OF 2

FUNCTIONAL FLOWCHART OF SUBROUTINE CHARGE (CONTINUED)

FIGURE 3.3.4.
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|

[CALL INTERP(CSCIACTI,ESUTACT I NOMCHGC 1. 22, NOMCHG( 1, 13.5)

* =|
1S0LVE=1
fc DETERMINE SOC.AH.OPERATING PGINTS FCR BATTERY ON CHARGE |
A2
4
CONT INUE
[CALL INTERP(MET . XMET1.OCHRG(1.1.{1).DCHRG(1.2.113.5) |
I 1
¥
[CALL INTERP(MET-DT.XMET2,DCHRG(1. [+ 11).DCHRG(1,2.11).5) |
[
=

&
| CSCIACT)=(XMET1+XMET23/2.0
=

LCALL INTERPCCSCIALTI.ESITACT ) NOMCHG{1,+2). NOMCHG( 1, 13,33

[8

o
3
[CALL oCLTMPCII.1ACT) |
| c CHECK FER FULL CHARGE |
TF(SOCCI13.LT.99.999933)
[secciii=100. |
CONT. ON PG S5 ° CHARGE

PG 4 OF o)

FIGURE 3.3.4. FUNCTIONAL FLOWCHART OF SUBROUTINE CHARGE (CONTINUED)
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http:XMETI.OCHRG(I.1.II).DCHRG(I.2.II

|

ICHRG(I1)=0
PROICHRBP)=0,
1S0LvVC=1

CHARGE
P FINA

FIGURE 3.3.4. FUNCTIONAL FLOWCHART OF SUBROUTINE CHARGE (CONTINUED)

ORIGINAL PAGE IS
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3.3.5 Subroutine: DCSOLY

PURPOSE :

METHOD:

VARIABLES:

To determine the operating characteristics of the
EPDC.

Utilizing a user provided distribution circuit this
routine calculates the nodal eguations of the circuit
and solves these equations by means of the Gauss-Jordan
method. This process is done iteratively until the
change-in node voltages are less than some input value.

The variables used in this subroutine are listed in the

common blocks of the functional flowchart, Figure 3.3.5.
See Appendix for definition of all variables.
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SUBROUTINE DCSCLYV
INCLUDE STRAGI1
INCLUDE STRAGZ
DIMENSION AM(12)
DIMENSION AV(12)
DIMENSION Bv(12)
DIMENSION [1(12)
DIMENSION STAM(12)

v

DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION

vo(12)
vsS(12)
vsS0[12)
B(30)
0030.30)
W(302
Y(30.30)

BATA CST1 / 1.E-23/

- <
DATA CST2 /-1.E1

DATA CST2 /7 1.E
DATA CST4 7 1.E
DATA ES /12#28./
DATA NOR 71/
DATA MPRINT /07
DATA NITER /307
1TER=0

&

Lc COMPUTE OPEN CIRCUIT VOLTAGES |

o/
10/
7/

ICALL INTERP{D..V0O(1),.5C(1.2.13.5C(1.1,F).NSC(I))
= —

;

CONT. ON PG 2 pCcsoLy
PG 1

OF

27

FIGURE 3.3.5. FUNCTIONAL FLOWCHART OF SUBROUTINE DCSOLV
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| C

CONTINUE

[]
=
)
¢
I
v
I

CONT. ON PG 3 DCSoLV
PG 2 OF 27

FIGURE 3.3.5. FUNCTIONAL FLOWCHART OF SUBROUTINE DCSOLV (CONTINUED)
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A2

lNl=ICRCT£IB.]J]

N2=TCRCT(]B.2)

VLOEI=SOIBI*(VINI)-VIN2)-CRCT(IB.1)-CBCIB)=(R(IBJ+CRCT(IB.5)))
ZX=1.E+20

ZY=1.E+20

VL(EI=10.

&

F
IF(IFLG?E;EiLEifﬂ,—’

T

v
[ CALL INTERPCVLCI).PPCI3}.RLOADC I, [).RLOADEL.31),3) |

CONT. ON PG 4 DCSOLY
PG 3 _OF 27

FIGURE 3.3.5. FUNCTIONAL FLOWCHART OF SUBROUTINE DCSOLV (CONTINUED)

A
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A3

| Zx=784./PRE1)

IFCABS(PP(])).GT..0000%3

fZy=tvLiD=vL1)/PPCT) ]

[Ze1BI=1. /(1. /2x+1.72Y) |

[0 T O TR T A N O T O I B 2O

CONT, ON PG S pcsoLy
BG 4 QF 27

FIGURE 3.3.5. FUNCTIONAL FLOWCHART OF SUBROUTINE DCSOLV (CONTINUED)
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http:FCPRINT.GT
http:Zf1B)=.IC

AB

| NRITECIUB.5000) ITER

[F{MPRINT.GT, 0]

{ WRITE(IUS.5002) Z |

=

5000 v
{ FORMAT(1H1//5X. "I TERATION". 15//) |

5001
[ FGRMAT(5X, “LOAD VOLTAGES"7(5%, [0F 11 413 |

5002 v

[ FORMAT(SX, "LOAD EQUIVALENT RESISTENCES"/(5X,10F11.43) j
v

[ C FIND THE BOUNDING INTERVAL ON THE SOURCE CURVE |
v

=N - - - >3

{ IB=NSOUR(1.1) |

CONT. ON PG 6 DCcsaLy
PG S DF 27

FIGURE 3.3.5, FUNCTIONAL FLOWCHART OF SUBROUTINE DCSOLV {CONTINUED)

AGE 1S
(ﬁxﬂ}ﬁghﬂjggjﬁlﬁﬂﬁn
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http:WRTEI.02

IF{IB.GT.NCRT)

IFCITER.EQ. 9)

IFCESCII.LT.AVCIDD

CONT. ON PG 7 pcsoLy
PG 6 OF 27

FIGURE 3.3.5. FUNCTIONAL FLOWCHART OF SUBROUTINE DCSOLV (CONTINUED)
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=i

Leo Ta 5010

CONT [NUE

Y4

NPT=NSC(T)

i

DO 6500 J=1.NPT

N/

P . . T S N e

FOLCSCI)-CST1).LE.SCLJ.2.11)

[ T O T T S T T O O I B I I

<D0 :l' NPT - - - B8
11¢1)=¢

CONT. ON PG B orsoLy
PG 7 QF 27

FIGURE 3.3.5, FUNCTIONAL FLOWCHART OF SUBROUTINE DCSOLV (CONTINUED)
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IF(ES(I).GE.SC(J.1.121)

=

AVCIY=SC(d-1.1.13
AC=SC{J-1.2.1)
BV(IJ)=SC{J. 1.1

3
AH(IJ=(AV(I]—Bﬁg}]B/(AC—SC[J.Z-1))
) .

VSOCLI=AV(Il-A =AC

CONT. ONPG 9 DCSOLY

-~

/

FIGURE 3.3.5. FUNCTIONAL FLOWCHART OF SUBROUTINE DCSOLV (CONTINUED)

PG_8__OF 27
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http:AC=SC(J-I,2.1I

60 TQ 1108

.

1000 <

LAMEIJ=:1.E+12 |

1100 <

CONF INUE

[ STAMCII=R(IB)+CRCT(18,5)-AMC1] |

EEH B4
3 - - =7

00
CONT INUE

CONT. ON PG 10 DCsoLy
PG 9_OF 27

FIGURE 3.3.5, FUNCTIONAL FLOWCHART OF SUBROUTINE DCSOLV (CONTINUED)
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IF(MPRINT.GT. 0}

WRITECIUG. 3010 (1. AV(ID.8BV(ID. 11
STAM{1).vSOCI1).vO(I),CSOTI.ESLT).,

S810 I$_

FORMATEOX, " SOURCE", 4X, "AV", 88X, "BV".7X, "POINT",BX, "AM ', 7X. "STAM".
T VS0 7K "VO" . 8K, "ESTL BX "ESY /U7X, [ 2. 2%, 2F10. 4. 4X. 13, 3%,
6F10.4/))

)

{c SET UP THE B AND Y MATRIXES FOR SOLUTION |

TTRETRID R B 0

< 0 _1370 !=|.N!;RT >~ - - - P13

N1=ICRCT(1.1)
N2=ICRCT(I.2)

CONT. ON PG 11 BCSaLyY
PG_10 OF 27

FIGURE 3.3.5. FUNCTIONAL FLOWCHART OF SUBROUTINE DCSOLV (CONTINUED)
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http:7X."VSO".TX."VO".8X."CS".SX."ES"/7X.12.2X2FI0.4.4X.13.3X
http:AV".8X.BV".7X

IFCN2.LT.N12

[ YON2.N1I=YIN2.NDD+SCUI)* (1. /ZC1)) |

i —

1

) \/
CONTINUE

[13=1cnért:.3)|

CONT. O©ON PG 12 OCsaLv
PG 11 QF 27

FIGURE 3.3.5. FUNCTIONAL FLOWCHART OF SUBROUTINE DCSOLV (CONTINUED)
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http:IF(NI.LT.N2

[FINLLLT.N2)

Y{Nt.,N2)= N2I+S(TI/STAMCT3)

IFIN2.LT.NIJ

[ YIN2.NID=YIN2,NI)+S(11/STAMC I3 |

[BINI)I=BINII+ST1I*VSBLTI3)/STAMI13)

¢
| BIN2)=8(N2)-S(1)=VSO(I3)/STAM(13) |

v
CONT. ON PG 13 OCsoLyY
BG 12 OF 27

FIGURE 3.3.5. FUNCTIONAL FLOWCHART OF SUBROUTINE DCSOLV (CONTINUED)
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JFCCRCT(I.43.6T.CST1)

IFCCRCTCIL1).LT.CSTL)

LGD. 70 1370

[ BINI)=B{N13-SC(I)*{CRCT(1.1)/Z(1)) |
>

§ BIN2)=B(N2)+S(1)*(CRCT(1.13/2(11) |

CONT. ON PG 14

DCsoLy
PG_13 QF 27

FIGURE 3.3.5. FUNCTIONAL FLOWCHART OF SUBROUTINE DCSOLV {CONTINUED)

GBI
GEII-QPJ"‘!?EL *
m?OOB Qumﬂ 210



QUI+JI=Y(1.Jd)
Q{J.13=YCI.J)

- 1Ft1.EOuIJ/F
- T
- <+ f
- hvi
- [aCi. 13=0¢1, -0(1.J) |
z s
.................. 1500
CONT. ON PG 15 DCSOLY

PG 14 OF 27

FIGURE 3.3.5. FUNCTIONAL FLOWCHART OF SUBROUTINE DCSOLV (CONTINUED)
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RN

IF(MPRINT.LT. 1)

60 70 1560

_______________ [

o NN

WRITECIUG.35020) (QL{1.J).I=1.NNODE)]
WRITECIUB. 50213 W(J2

5020 v
{ FORMAT(SX. "0" . 4X. 10F 10.4) |

$021 v
[ FORMAT("+", 114X, W",4X.F10.4//) |

1560
CONT INUE

ic ZERD THE REFERENCE NODE |
v

<;D£LJ£HHL{?U;&EEEE_)* - - - 16

GCNOR. [)=0.
GLI.NOR)=0.

l

CONT, ON PG I8 gesoLy
PG_15 QF 27

FIGURE 3.3.5. FUNCTIONAL FLOWCHART OF SUBROUTINE DCSOLV (CONTINUED)

o 15
x5 BAS
et
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15--—D1_'~

CONTINUE

WINOR)=0,
ITER=ITER*]
&4

{C

SOLVE THE MATRIX USING A MODIFIED GAUSS-JORDAN ELIMINATION HETHDdW

v
[CALL LSYSLC 0. W, NNODE) |
e ———

IF(MPRINT.GT. 0]

[WRITEC1US,5032) v |

CONT. ON PG 17 DCSOLY
PG 16 OF 27

FIGURE 3.3.5. FUNCTIONAL FLOWCHART OF SUBROUTINE DCSOLV (CONTINUED)

213


http:IFCMPRINT.GT

[ 2 T I T O B B I |

EEH c2 !
2030

LEQRMAT(SX."REFERENCE NGDE'.IS//JJ

S031_v
[FORMAT(5X, "NODE VALUES PRESENT [TERATION"/(SX.10F10.4)) |

5032 <
rFORMATCSX."NODE VALUES LAST ITERATIGN"/(SX.10F10.431J

DEL=W(I)-V({I[)
TDEL=TOEL+0EL »DEL
ViTl)=w{l}

IFCIB.GT.NCRT)

[ N1=ICRCT(1B. 1) |

CONT. ON PG 18 DCSGLY
BG_ 17 OF 27

FIGURE 3.3.5. FUNCTIONAL FLOWCHART OF SUBROUTINE DCSOLV (CONTINUED)
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l

NZ2=ICRCT(IB.2) -
CSC11=SCIB)=(VSDLII+V(N1I-V(N2)-CRCT{1IB.1231/5TAMCI)

&
i C DETERMINE THE SOURCE OPERATING VOLTAGE |

v
| ESCI2=VSOU1)+CSII)*AM(I)

IFCAMCTYLLT.CST2)

[ ESC1)=vSO(1) |

fVSC1)=VIN2)-VIND) |

c3
i7 - - -T™gge

_CGNTINUE

=N - - - ©19

[ 18=LOADSC 1) |

IF(IB.Gt;Efili,—,,,

T

(6o T 1810 {3

<}

hv
[N1=1CRCTCIB, 1) |
v

v
CONT. ON PG 19 DCsoLy
PG 18 QF 27

FIGURE 3.3.5. FUNCTIONAL FLOWCHART OF SUBROUTINE DCSOLV ({CONTINUED)
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http:CS(I).AM

| I T T YO TR T O O IO IO IR

N2=1CRCT(IB.2)
CB(IB)=S(IR)*(V(N])-VIN2I-CRCT(IB. 13}/ZCIB}
CLel3=CB(1IB)

| CONT [NUE

T

P . T T e

IB=NSQUR(T.11
WRITEC(IUB,5040) I.CS(1}.ESCIJ.VSILI).S0IB)

5040 v
[FORMAT(SX.”T CS ES VS S ", 12.3F16.4,5) |

- wm E wr wm wm E r ew wm we o = o aw ms

CONYINUE

[ WRITEC(iUS.5041) TDEL.DELTA |

5041 l

{ FORMAT(/5X. "TDEL DELTA".5X.2F15.5//) |

v ‘
[wa[rec[us.soso) EI.VLc!}.CL(:3.1=1.NLDSJ]

l

CONT. ON PG 20 oCsoLy
PG_19_QF 27

FIGURE 3.3.5. FUNCTIONAL FLOWCHART OF SUBROUTINE DCSOLV (CONTINUED)
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http:VSCI).St

o050 l

[FGRMArtsx."LDAD VL CL ".[5.2F10.4)

€5
1

CONT INUE

c TEST FOR REVERSE BIAS ON THE BRANCHES CONTAINING DIGDES]

{N1=ICRCTCI. 1) |

N2=[CRCT(!I.,2)
CBCII=SC1)={VIN1I-V(N2)-CRCTCI.1)3/2(1)

CONT. ON PG 21 gcsoLv
PG _20 OF 27

FIGURE 3.3.5. FUNCTIONAL FLOWCHART OF SUBROUTINE DCSOLV (CONTINUED)
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fCRCT(1.53=CRCT(1.3) ]

v
{ IERRD=1ERRO+1 |

' \J
ONT INUE

:c

._——

CoNT. ON PG 22 gCDUL'

FIGURE 3.3.5. FUNCTIONAL FLOWCHART OF SUBROUTINE DCSOLV (CONTINUED)
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cs

[CRCT(I,5)=CRCTC1.2) |

)
- [ IERRD=1ERRD+1 |

| CONT INUE

WRITECIUB.S055) T.NI.N2.VIN13I,V(N2}.CRCT(I].2),
CRCT(I.,3).CRCTCI.S)

2055 tt

[ FORMAT(SX. "BN N1 N2 V(N1) V(N2) R-F R-B R-ACT".315.5F15.4) |

[ conT iNUE

IFCIERRD.GT. 02

Dt

[ coNT INUE

I TEST FOR SOURCE OPERATING PGINT ACCURACY |
v

<DETRE ELREE > - - - =24

CONT. ON PG 23 DCSoLyY
PG _22 QF 27

FIGURE 3.3.5. FUNCTIONAL FLOWCHART OF SUBROUTINE DCSOLY (CONTINUED)
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[ 18=NSOURCI. 1) |

IF(IB.GT,NCRT)

IF(SC{IB).ER.D)

(VSCTI.LT.VOCT ). ANG.AMCID. LT.-1.EIL

CONT. ON PG 24 OCSOLY
PG 23 :0F 27

FIGURE 3.3.5. FUNCTIONAL FLOWCHART OF SUBROUTINE DCSOLV (CONTINUED)
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(ES(I).GE.BVI{I).AND.ESCI).LE.AV(I

{Gn_ 10 1300

22 - .Eéﬂh?%fi'

|c TEST FOR SOLUTION ACCURACY |

[N1=1CRCTCIL 1D |

CONT. ON PG 25 ocsoLy
BG_24_QF 27

FIGURE 3.3.5. FUNCTIONAL FLOWCHART OF SUBROUTINE DCSOLV (CONTINUED)
\
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N2=ICRCT(I.2)
CBLI}=SCI)=(VINII-VIN2I-CRCT(1,1))/2(1)

v

IF(IB.GT.NCRT)

LGO 10 3000

{N1=ICRCT(IB, 1)
<

N2=ICRCTC(1B.2)
CL{13=CBLIB)
VLII)=SUIB)# (VINIY-V(N2I-CRCT(IB, 1J-CBUIB)*(RCIBI+CRCT(IB.5]1))

_______________ 3000

CONT INUE

CONT. ON PG 2B DCsSOLY
PG 25 QF 27

FIGURE 3.3.5. FUNCTIONAL FLOWCHART OF SUBROUTINE DCSOLVY (CONTINUED)
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! MPRINT=2

[WRITEC1UB.5060) ITER.(I.S(1).{=1,NCRT)

5060 l

FORMATLSY, "CIRCUIT IS UNSBOLVED AFTER ", [2," ATTEMPTED SOLUTIONS®"//
SX. "PRESENT SWITCH CONFIGURATION"/4(20(12,1X,11.1X)/)) »

L)
[WRITEC1UB, 50700 ((K,(SC(I.J,K),J=1.2).[=1.25),K=1.NSCS) ]

5070 l

LEGRHAT(SX."SGURCE ".12." VOLTAGE ".F10.4." CURRENT "-F10.4J‘
<

CONT, ON PG 27 0CsoLY
PG 26 OF 27

FIGURE 3.3.5. FUNCTIONAL FLOWCHART OF SUBROUTINE DCSOLV {CONTINUED)
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http:CONFIGURATION"I4(20t12.1X,.II.1X

4200

CONT INUE
IABORT=1
RETURN

DCSOLY
PG 27 FINA

FIGURE 3.3.5. FUNCTIONAL FLOWCHART OF SUBROUTINE DCSOLV (CONTINUED)
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3.3.6 Subroutine: FUCLIV

PURPOSE: To create the I-V curves used in simulating the onboard
fuel cells

METHOD: An interpolation is made into a set of current-voltage
curves as a function of temperature to determine the fuel
cell I-V curve at its operating temperature. The curve
is further degraded by the parasitic load to be carried
by the fuel cell.

VARIABLES: The variables used in this subroutine are listed in
the common blocks of the functional flowchart, Figure 3.3.6.
See Appendix for definition of all variables.
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SUBROUTINE FUCLIVIFCCV.,J.1ACT]
INCLUDE STRAGI
INCLUDE STRAG2
INCLUDE STRAGS

Eed
E THIS SUBROUTINE CA%ggL?TES THE FUEL CELL I/V CURVES
U
Cc DAT TIME THE FUEL HAS BEEN OPERATING
C FCT FUEL CELL OPERATING TEMPERATURE
c IHTR HEATER FLAG g - OFF. 1 - ON
c J FUEL CELL NUMBER
c FCwP1-2 FUEL CELL PARASITIC LOADS
C NPRINT{E6]) PRINT FLAG
<
C GPER FUEL CELL SWITCH FLAG 0 - OFF., 1 - ON
C QUTPUT
C FCCV FUEL CELL OPERATING CURVE

i
[DIMENSION FCCV(25.2) |
©

(€ SET FLAGS |

v
ISOLVC = 1
IB=NSOUR{ [ACT. 1)

I[F(SCIBIY.GT.0)

Ic SET THE FUEL CELL OPERATING CURVE TQ ZERD |

<Demgﬂ40> - - - B2
| FCovik. D=0, |

l

CONT. ON PG 2 FUCLLIY
PG_)_ gF

FIGURE 3.3.6. FUNCTIONAL FLOWCHART OF SUBROUTINE FUCLIV
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| I O I I I I |

[ FCCVEK. 2)=0. |

I
o4
_______________ v
K=l.NFLTA
LFCCV(K.ZJ=FCTA(K.1]}
CONT, ON PG 3 FUCLIV
PG 2 OF 4

FIGURE 3.3.6. FUNCTIONAL FLOWCHART OF SUBROUTINE FUCLIV (CONTINUED)

ax%‘g’“ o
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[ I I A |

[ RESTJ)=784. /(FCWPI+FCWP2+KHTR(J]) |
@
fc DEGRADE THE FUEL CELL OPERATING CURVE |
________________ v

{ FCCVIK. 2}=FCCV(K. 2)-(FCCV(K. 1)/RES(J)) |

---------------- 50

NSCCJ)I=NFCTA+]
FCLV(10.1)=0.
FCCV(10.2)=504.

o
[CALL INTERP(0..VOPFC.FCCV(1,23.FCCV(1.13.3) |
t £
> 4
CONT. ON PG 4 FUCLIV
PG 3 _DF 4

FIGURE 3.3.6. FUNCTIONAL FLOWCHART OF SUBROUTINE FUCLIV (CONTINUED)
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|FccerJ.lJ=voppc|
v

| Fecvedd. 2)=0. |

IFCMPRNT4,6T. 03

Y
[WRITECIUB. 90103 (J.(FCCV(I.K).K=1,2),1=1,25) |

9010 I=

IFORHATESX."FUEL CELL".12.," VOLTAGE".F10.4.," CURRENT".F10.4)

FUCL1v
PG 4 FINAl

FIGURE 3.3.6. FUNCTIONAL FLOWCHART OF SUBROUTINE FUCLIV (CONTINUED)
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3.3.7 Subroutine: FUCLTM

PURPQSE:

METHOD:

VARIABLES:

To determine the change in fuel cell temperature and
certain gross cyrogenic quantities.

Based on the current fuel cell operating temperature

and steady state temperatures versus curreni curves an
ideal operating current is determined. The difference
between the ideal current and the operating current is
used to determine the change in fuel cell temperature.

Based on input purge times and rates, and input usage
rates, the amount of oxygen and hydrogen used and the
quantity of water produced is calculated.

The variables used in this subroutine are listed in the

common blocks of the functional flowchart, Figure 3.3.7.
See Appendix for definition of all variables.
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SUBROUTINE FUCLTM{J)
INCLUBE STRAGI1
INCLUDE STRAGS

T
C THIS SUBROUTINE PERFORMS THE FOLLOWING FUEL CELL CALCULATIONS
C HYDROGEN AND OXYGEN DEPLETION
C WATER PRODUCTION -
c HYDROGEN AND OXYGEN PURGES
c CRYOGENIC DEPLETION
c INPUT
C DTH TIME STEP
c FCCP OPERATING CURRENT QF FUEL CELL
v
C HR HYOROGGEN PURGE RATE
c HPT TIME REQUIRED FOR HYDROGEN PURGE
c HUR HYDRAGEN USAGE RATE
c J FUEL CELL NUMBER
C OR OXYGEN PURGE RATE
C OPT TIME REQUIRED FOR OXYGEN PURGE
c OUR BXYGEN USAGE RATE
C PIH INTERVAL BETWEEN HYDROGEN PURGES
)
C PiD INTERVAL BETWEEN OXYGEM FURGES
C TMAXFC MAX ALLOWABLE TIME FOR ONE PASS THRU FUCLTHM
c TPH TIME OF LAST HYDROGEN PURGE
c TPD TIME OF LAST OBXYGEN PURGE
c WPR WATER PROQUCTION RATE
C INPUT /0UTPUT
c H20T TOTAL AVAILABLE WATER
C R2T TOTAL AVA[LABLE HYDROGEN
C 227 TATAL AVAILABLE OXYGEN
c QuTPUT
c DAT TIME FUEL CELL HAS BEEN OPERATING
c H2 HYOROGEN DEPLETED THIS TIMESTEP
C g2 OXYGEN DEPLETED THIS TIMESTEP
C H20 WATER PRODUCED THIS TIMESTEF
c COMPUTE INTERNAL TIME VARIABLES
(72

KMAX=(DTM/TMAXFCI+].
DTFC=DTM/KMAX

|

CONT. ON PG 2 FUCLTM
PG | __OF

g

[GURE 3.3.7. FUNCTIONAL FLOWCHARY OF SUBROUTINE FUCLTM

1(‘59 R Qﬂw

232



I

K=l

IFLAGH=0
IFLAGO=0

C

DOES THE PRESENT TIME INITIATE A PURGE PERIOD OR 1S IT CONTAINED I
PURGE PERIOD

[F(DAT{JI.GE.TPH(JI+PIH]

CALCULATE THE OXYGEN AND HYDROGEN USED AND THE WATER PRODUCED

FIGURE 3.3.7.

[

| 62 =OUR*FCCP(J)*DTFC

v
H2 =HUR*FCCP(J)~DTFC
H20=WPR*FCCP{(J)*DTFC

v

CONT. ON PG 3 FUCLTM
BG. 2. QOF

233
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LGG Ta 80

TPH{JI=DAT(J)

02 =0UR+*FCCP(J)*DTFC

H2 ={HR*HPT/3600.)+{HUR*FCCP{JI+DTFC)
H20=WPR*FCLP(J )= (DTFC-HPT/3600. 2

TPAC(J I=DAT(J)

02 =C0R+0PT/3600. )+(OURXFCCP(JJ=DTFC}
H2 =HURxFCLCP{J)=DTFC
H20=WPR+FCCP{J)«DTFC

{6 Tn 80—

./
CONT INUE

TPH{J)=DAT(J )

TPE{J)=DAT(J)

02 ={0R*0OPT/3600. )+{QUR+FCCP(J)*DTFC)

HZ ={HR#HPT/3600. )+ (HURSFCCP(JI*DTFC]
H20=WPR*FCCP(J )= {DTFC-HPT/3600.)

g6

DELETE OXYGEN AND HYDROGEN CONSUMED AND ACCUMULATE WATER PRODUCEdW

Y,
02T=027-02

V
CONT. ON PG 4 FUCLTM
PG 3 0QF +]

FIGURE 3.3.7. FUNCTIONAL FLOWCHART OF SUBROUTINE FUCLTM (CONTINUED)

OF ROOR QUATTIY
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}

H2T=HZT_HZ
H20T=H20T +H20
w
lc IS THE SUPPLY OF OXYGEN DEPLETED

IFL027.6T7.06.)

IFCIFLAGO.EQ. 112

{co 18 20

IFLAGO=1

= PRINT WARNING DIAGNOSTIC |

v
| WRITECIUB.5001) DATCJ) |

CONT INUE

[c IS THE SUPPLY OF HYDROGEN DEPLETED

CONT, ON PG 5 FUCLTHM
PG 4 OF =)

FIGURE 3.3.7. FUNCTIONAL FLOWCHART OF SUBROUTINE FUCLTM (CONTINUED)
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http:IFCI-2T.GT

A4

[Go _Te 100

IF{IFLAGH.EQ. 1)

Jc PRINT WARNING DIAGNOSTIC |

@
[WRITE(1US.50602) DAT(J) |

| c 1S THE TIME FULLY INCREMENTED |

%
LDAT(J)=DAT[JJ+DTFC_]

IF (K. GE.KMAX)

CONT. OMN PG & FUCLTM
PG 5 OF 3

FIGURE 3.3.7. FUNCTIONAL FLOWCHART OF SUBROUTINE FUCLTM (CONTINUED)
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5001 ~
[FORMAT(34H ALL AVAILABLE 02 IS CONSUMED. AT .F8.3,6H HQURS) |

5002 v
|FL’3RMATE34H ALL AVAILABLE H2 IS CONSUMEO. AT .F8.3.6H HGURS)_]

END

DRIGINAL PAGE IS
OF POOR QUALITY]

FUCL TM
PG FINA

FIGURE 3.3.7. FUNCTIONAL FLOWCHART OF SUBROUTINE FUCLTM {CONTINUED)
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3.3.8 Subroutine: TINCRA

PURPOSE:

METHOD:

VARIABLES:

To control the sequential time dependent operation of
Phase II.

The present “time {(MET or GET) is incremented by the
input time step. Both the input card timeline and the
interface tape are checked to see if either or both
should be read. If both are to be read, the interface
tape is read first, then the card timeline.

The variables use& in this subroutine are Tisted in the
common blocks of the functional fiowchart, Figure 3.3.8.
See Appendix for definition of all variables.

PRECEDING PAGE BLANK NOT FILMED
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SUBROUTINE [NCRA
INCLUDE STRAGI
INCLUDE STRAG2
INCLUDE STRAG3
INCLUDE STRAGH
INCLUDE STRAGS
INCLUDE STRAGE
INTEGER 0Q0ASG

T

O[MENSION 5UBSYS(100)

DIMENSION TLOADC100)

DIMENSION PCDCT(S08)

DIMENSION TARR1I(4.3)

COMMDN /CHMPLOD/ PLOBADCS00).PFB({12), TPLOADBL3,5003.VLOAD(3)
COMMON /BSLOC / 1BUSC{300). ISYSC(S00)

COMMON #ALTERN/ ICDCBL{750). ICOC(500,3), ICN

COMMON /INVEFF/ ACEFF(3)

b
COMMON /TDTPWR/ PWRTQT
COMMON /PHAS1/ IDUM(3855), TABORT
DATA TLOAD /100%0./
OATA SUBSYS /100%0./
BATA NIF /0/
DATA [ARR! /52.61+62.63.53:64.+65,66,54.67.68.62/

v
L€ INCREMENT THE PRESENT TIME |

v
SMET=MET
MET=MET+TDELTA

%
[c CHECK FOR TIMELINE |

YTIME=0.

CONT, ON PG 2 INCRA
PG | OF 8

FIGURE 3.3.8. FUNCTIONAL FLOWCHART OF SUBROUTINE INCRA


http:52.61,G2.63.53,64.65,GG.54.G7.68.G6

IFCTREADT.GT.MET)

[Go 10 20

| YTINE=MET-TREADT |

[caLL TTREAD |

FCTREADC-.001.GT.MET-YTIME

G 1o 20

| YTIME=MET-TREADC |

[ CALL TCREAD |
——

20

CONTINUE

OT=TDELTA-YTIHME
MET=SMET+DT
0THM=0T

CONT. ON PG 3 INCRA
PG 2 OF g

FIGURE 3.3.8. FUNCTIONAL FLOWCHART OF SUBROUTINE INCRA (CONTINUED)
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[BUS=IBUSC(J)
ISYS=[5YSC(J}]
VALU=I.

CONT. ON PG 4 TNCRA
PG 3 0OF 8

FIGURE 3.3.8. FUNCTIONAL FLOWCHART OF SUBROUTINE INCRA (CONTINUED)
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I

A3

<D0 31 M= NINVLA > - - - ©5

IFCINVLCACMI.NE.R)

| Inv=invicacH) |

IFCINV.LT. L)

T

| VALU=ACEFF CINV)

- =9 S
[ IB=INVLCD(N. 1) |
v
CONT. ON PG S INCRA
PG 4 OF 8

FIGURE 3.3.8. FUNCTIONAL FLOWCHART OF SUBROUTINE INCRA (CONTINUED)
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| IL=ICRCT(IB.4) |

CONT. ON PG & INCRA
PG S _OF 8

FIGURE 3.3.8, FUNCTIONAL FLOWCHART OF SUBROUTINE INCRA (CONTINUED)
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=Ly

[CALL INTERP(VL{[BUS),PCDCT(J ). VLOAD. TPLBADC144J).3)
L
. |

IFCIFLGOS.LT. 13

PCOCT(JI=PLGAD(J I = (VLLIBUS)+VL{IBUS]/784.)

[ PCDCT(J)=PCOCTCI) /VALY |

@

TLOADCIBUS)=TLOAD{ [BUSY+PCDCT(J )
SUBSYS(ISYS)I=SUBSYS{[SYSI+PCDCTL{J]

CONT. ON PG 7 INCRA
PG & _OQF 3]

FIGURE 3.3.8. FUNCTIONAL FLOWCHART OF SUBROUTINE INCRA (CONTINUED)
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T EEEER)

[ I I B

B0

CALL CTAP2(SMET. TOELTA.PCDCTC13,ICN, [UB.
PFB.S}

=

[F{QRASG(IU8).EQ. 0

CALL CTAP2(MET.TDELTA.PCDCTC1), ICN. TUB.

o

PFB.5)
iCUNTINUE !

TLOADCJ )= 0
SUBSYSL{J )=

B T CDNTINUE

v
CONT, ON PG 8 INCRA
PG 7 QF 8

FIGURE 3.3.8. FUNCTIONAL FLOWCHART OF SUBROUTINE INCRA {CONTINUED)



IF{MET, BT, TABORT)

ORIGINAL PAGE T
OF POOR QUALITH

INCRA
PG_8 F INAY

FIGURE 3.3.8. FUNCTIONAL FLOWCHART OF SUBROUTINE INCRA (CONTINUED)
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3.3.9 Subroutine: INITAL

PURPOSE: To prepare PhaseZ for execution.

METHOD: A1l initialization procedures are followed and all
. necessary initial quantities are calculated.

VARIABLES: The variables used in this subroutine are listed in the

common blocks of the functicnal flowchart, Figure 3.3.9.
See Appendix for definition of all variables.

PRECEDING PAGE BLANK NOT FILMER
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SUBROUTINE INITAL
INCLUDE STRAG!
INCLUDE STRAG2
INCLUDE STRAG3
INCLUDE STRAG4
INCLUDE STRAGS
INCLUDE STRAGS
DIMENSION A(80)

v
OIMENSION TLOAD(100)
DIMENSION SUBSYS(108)
INTEGER GQASG
DATA S/100%1/

DATA IREADC /1.E6/
DATA TREADT /1.EB/
DATA NSC 712225/
DATA CHRGLD #30.7/

L)
DATA NFCTA/39/
DATA TLOAD /100#0,/
DATA SUBSYS /100+0./
DATA MET 7/ -999./

[
NAMELIST /CRDSF /
ACPOW, CSUBD.DELTALEFFAVR,.FCT.FCTA.FCTN,FCWP1,.FCWP2,
HPT.HR HUR.H2T. IT.NFCTA.NGSOCC, NSACA . NSC,
OPT.0OR.0UR. 02T,
PFAC.PIH.PI0Q.PP.PR.P1.P2.P3.P4,R.
S.50C.S5TVI. TB. TMAXFC, TPH, TPO. WPR. XNC, SOCA

2
NAMELIST /CRDSI /
ACPOW.DELTA.FCT.H2T, INVLCA.MET.021.PFAC,PP,PR.,S,50C. TB,
NSC.MPRINT.MPRNT 1, MPRNT2,MPRNT3, MPRNT 4, MPRNTS, MPRNTS

v
NAMEL IST /CRDST /
ACPOW,.DELTA.CHRGLD.FCT. [ ABORT. ICHRG, INVLCA. ISOLVC,
NOR.NPRT, PFAC.PP.PR.S,S0C. TB. TDELTA

w

WRITELIUB.30080)
IU7 =JUNITC 35)
IF7 =IFILE{ 5]
U =IUNIT(10]

v

CONT. ON PG 2 INITAL
PG 1 OF 18

FIGURE 3.3.9. FUNCTIONAL FLOWCHART OF SUBROUTINE INITAL
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|

IF8 =JFILEC1Q)
U9 =TuNIT(I1)
IFS =IFILECI1]
[U10=1UNIT(20)
v
IFI0=IFILE(20]
uii=ts

IFLG33=0

|c READ THE FIXED DATA
&

F
IF(QQAASG( iEZi;EE;Elﬂ_,_-f

T

(6516 10>+

<t

REWIND 1U7

[CALL BOFILC IU7. [F7-1.ISTAT) |

T

CONT, ON PG 3 INITAL
PG 2 OF 19

FIGURE 3.3.9. FUNCTIONAL FLOWCHART OF SUBROUTINE INITAL (CONTINUED)
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AD

[ WRITECIUB.S600) [U7.1F7.[STAT |

5000 f

‘FURMAT(SX."UNIT "+13." CAN NOT BE POQSITIONED TO FILE "-I3.5X.i5)l

v
[€aLL ForEAD |

CONT INUE

ngﬁo(lué.CRosglj

IFCJIPRINT.GT, Z)

[ WRITEC1US, CRDSF) |

{CALL CKTDEFCIUNIT(I31,IFILEC13)) |
|-

=
=

[TU=1uNITC 83 |

CONT. ON PG 4 INITAL

BG 3 OF 19

FIGURE 3.3.9. FUNCTIONAL FLOWCHART OF SUBROUTINE INITAL {CONTINUED)

ORIGINAT: PAgr
OF POOR Quar 7y
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[F{QOASG(TU).NE. D)

REWIND 11U

[jF:[F[LE: 8) |

[ CALL QOFILC Tu, IF-1.ISTAT)
1

o

IF{ISTAT.GT.0)

CONT INUE

CONT. ON PG 3 INITAL
PG 4 OF 10

FIGURE 3.3.9. FUNCTIONAL FLOWCHART OF SUBROUTINE INITAL (CONTINUED)
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I

C READ MISSION INITIALIZATION DATA

v
| READC JUS.CRDS1) |

IF{JPRINT.GT. 1)

[VRITEC(IUS, CROST) |

1c READ DOWN THE TIMELINE |

IFCQRASGLIULTI.NE. 0)

[ WRITECIUE.5010) 1U11

SO!Q_I

rFURNAT(SX."UNIT "2 12." WAS NOT ASSIGNED RUN hBURTED")1

[ REWIND Tull |

l

CONT. ON PG B ANTTAL
PGS _OF _ 19

FIGURE 3.3.9. FUNCTIONAL FLOWCHART OF SUBROUTINE INITAL {CONTINUED)

inlém AT PAGE 13
OF POOR QUALS
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| CONT INUE

READ( IUS.9020,END=B0) A
WRITE(IUS .390203) A
WRITE(IU11,3020) A
v
LGO 10 50 >

60

¥

END FILE Tull
REWIND IU11

I 'CONT [NUE

| READC1U11.9030.END=80) TREAUC |

IF(TREADC.GT,.MET)

[c0_T6 80

| READC 1U1 1. CROST, END=80)

GO 19 70

CONT., ON PG 7 INITAL
PG § OF 10

FIGURE 3.3.9. FUNCTIONAL FLOWCHART OF SUBROUTINE INITAL (CONTINUED)
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[ T I I I |

UG

- e B W wr wm am am W = a s = m owm

(QOASGLIUNITC B)),EQ. 0. AND. TREADT.LE.M

]CALL TTREAD !

IFCIFLGZS5.6GT. 03

i
[CALL MCOMPZ2CMET. TOUM . 1. TLOAD.SUBSYS, 02
L.
= —A

H21=H2T
021=027
PP{ ICHRBP}=0,
PRCICHRBP)Y=0.
DTM=0.
IsoLvC=1

CONT. ON PG 8 INTTAL
PG 7 _OF 1¢

FIGURE 3.3,9. FUNCTIONAL FLOWCHART OF SUBROUTINE INITAL (CONTINUED)

ORIGINAT; PAGE 1S
OF POOR QUALITY,
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A3

[Ga_T0 1900

=

REWIND fuS

CONT. ON PG 9 INITAL
PG 8 OF 10

FIGURE 3.3.9. FUNCTIONAL FLOWCHART OF SUBROUTINE INITAL (CONTINUED)

257



[CALL GOFIL( 1US. IF9-1.ISTAT) |
T 2 |

IF(ISTAT.GT. 0)

[REWIND 1U10 |

| CALL QQFIL{IU10.1F10-1, ISTATY |
L —5

CONT, ON PG 10 INITAL
PGS OF 10

FIGURE 3.3.9. FUNCTIONAL FLOWCHART OF SUBROUTINE INITAL (CONTINUED)

ORIGINAT} PAGE IS
OF POOR QUALITY]
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F
IF(ISTAt;El;Elf.,,.

T

AvJ
[ WRITECIUB,S000) 1U10.1F10, ISTAT |

0 .
CONT INUE
RETURN

9000
{ FORMATCIHL) |

2020 w
[ FORMAT(80AL) |

9030 v
[ FORMATEF10.0) |

7

INITAL
P FIN

FIGURE 3.3.9. FUNCTIONAL FLOWCHART OF SUBROUTINE INITAL (CONTINUED)
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3.3.10 Subroutine:

QCLTMP

PURPOSE: To update battery status

METHOD: Based upon time elapsed, operating temperature, and
operating current and voltage the following quantities
are calculated:

1.

Charge and discharge efficiency
Heat produced

Change in capacity

Temperature

New ampere-hour status

State-of-charge

VARIABLES: The variables used in this subroutine are listed in the
common blocks of the functional flowchart, Figure 3.3.70.
See Appendix for definition of all variables.

PRECEDING PAGE BLANE NOX EILMER
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SUBROUTINE QCLTMPCL. TACT)
INCLUDE STRAG!
INCLUBE STRAG2
INCLUDE STRAG4

)

lelwlzligsixlininlin

PRIMARY BATTERY SUBROUTINE CALCULATES A-H STATUS. SOC. DEGRATION
TURNS ON HEATERS. CALCULATES HEAT GENERATED. AND TAKES DEPLETED
BATTERIES OUT OF LINE

INPUT
s OPERATING CURRENT OF BATTERY
CsuBD BATTERY DESI[GN CAPACITY
DT TIMESTEP
EFF OISCHARGING BATTERY EFFICIENCY

T

Iz inizizixizininl

EFFAVR CHARGING BATTER EFFICIENCY
P1.,P2,P3.,P4 CONSTANTS FOR HEAT GENERATION EQUATION
QHI HEATER QUTPUT CAPABILITY (WATTS)
B BATTERY TEMPERATURE
vP OPERATING VOLTAGE OF BATTERY
TRFCCJ. ) TEMP VS TEMP RATE OF INCREASE
I=1 TEMP RATE FOR CURRENT CDX1
=2 TEMP RATE FOR CURRENT CDX2

2
I=3 TEMP RATE FOR CURRENT CDX3
I=4 TEMP [N DEGREES F
* J= PQINTS
QUTPUT
AMP HOUR STATUS OF BATTERY
cC AMP HOUR CAPACITY OF BATTERY
ale] HEAT PRODUCED (WATTS)
QH HEATER QUTPUT (WATTS)

—

soc PRESENT STATE-OF-CHARGE OF THE BATTERY

T0 TIME ON LAST MAJOR BATTERY DIiSCHARGE
%

DBIMENSION TRFC(8.4)

DATA €DX1,EDX2.C0X3 ~/15..25.8.36,7/

OO0 0000
>
I

ely]

2
DATA TRFC /7..6.6.5.4.3.8.1,5.-1,2.-5,.-8.4,
9.2.9,+8.1.6.8.95,.2.7,0,,-3.8,
12.6.12.5,12.,11.2.9.8,8,,5.9. 3.,
30..40..60..80.,100..120..,148,.160, 4
v
CONT, ON PG 2 QCLTHP

PG | OF &

FIGURE 3.3.10. FUNCTIONAL FLOWCHART OF SUBROUTINE QCLTMP
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!

IC TEST TO FIND [F THE BATTERIES ARE ON CHARGE QR DISCHARGE

IF{CSCIACT).GT. 0.2

IFCCSCIACTI.LT.-1.3

TOCIY=MET

DQ(I)=(P1*CSE]ACT)+P2J*T8([)+P3*CS(IACT]+P4l

m

40

CONT INUE

¥

EFF C1)=EFFAVR
DQCII=CSCIACT)I*ESCIACTI=(], -EFFAVR]
v
{c CALCULATE THE CHANGE IN A-H |

l

CONT. ON PG 3 QCLTHP
PG 2 OF =

FIGURE 3.3.10. FUNCTIONAL FLOWCHART OF SUBROUTINE QCLTMP (CONTINUED)



[bAH=CS(IACT)*EFF(I)rDT]

Lc CALC DESCENT BATT TEMP |

IFCABSCCS{IACT)), L T..0001]

CX1=COX1

CX2=COXx2
Ki=}
K2=2

J,

CONT. ON PG 4 GCLTMP
P33 OF g

FIGURE 3.3,10. FUNCTIONAL FLOWCHART OF SUBROUTINE QCLTMP (CONTINUED)
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CONTINUE

[CALL INTERP(TB(I).TRFI.TRFC(1.4), IRFC(1.K1).8) |

I &
v
{ CALL INTERPCTB( ). TRF2, TRFC(1.4), TRFC(1,K2),8) |
: >
s
TRF={-CS{IJ-CX2)*(TRF1-TRF2)/({CX1-CX2)+TRF2
TB{[)=TBCI)+TRF*DT
IFCTCHG.LE.O. )
ITB([)=TB(I)—TCHG*.!2*DT|
CONT. ONPG 5 QCLTMP

PG 4 _0OF 6

FIGURE 3.3.10. FUNCTIONAL FLOWCHART OF SUBROUTINE QCLTMP (CONTINUED)
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CONT INUE

B CALCULATE THE PRESENT A-H RATING

&
[AH(IJ=AH(!J+DAH|

)
(¢ CALCULATE THE BATTERIES PRESENT CAPACITY |

v
fcCCII=CcsuBDCI) |

[FCAHCT).BT.CCLL)

| AHCDI=CCTl) |

Z
fc CALCULATE THE PRESENT STATE-OF -CHARGE |

[sect1i=caHc1)/CCCId)=100. |

c WRITE THE ERROR MESSAGE IF NECESSARY |

v
{ IB=NSOUR{ IACT. 1) |

€EONT. ON PG B QCLTMP
P65 OF g

FIGURE 3.3.10. FUNCTIONAL FLOWCHART OF SUBROUTINE QCLTMP {CONTINUED)
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IF(SOC(I).GT.08.0)

| WRITEC IUB.5000) 1

3000 l

ngﬂA{gﬁoH #xxx:ERROR=«2+x SOC LESS THAN OR EQUAL ZERO FOR BATTERY

<

S(1BI1=0
1SOLvC=1

ORIGINAT} PAGH
OF POOR QUAIE‘IE

QCLTMP
PG 6. FINAl

FIGURE 3.3.10. FUNCTIONAL FLOWCHART OF SUBROUTINE QCLTMP {CONTINUED)
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3.3.11 Subroutine: REDLIN

PURPOSE: To detect and identify EPS values which violate established
Timits

METHOD: The subroutine consists of logic for tests on six individual
EPS parameters. The parameters are:

1. Node Voltage - tested for violation of under voltage Timit
2. Inverter Volt-amps - checked for overload

3. Branch Current - tested for current limit

4. Fuel Cell Power

a. Peak Power - tested for power level exceeding peak
power limit

b. Continuous Power - tested for power Tevel exceeding
tontinuous power iimit

c. Minimum Power - tested for power Tevel under minimum
power level

5. Cryogen Level
a. 02 - checked for depletion
b. Hp - checked for depletion
6. Battery State-of-Charge - checked for depletion
The tests are made by comparing an EPS parameter value to its
appropriate 1imit from the fixed datas tape. If the parameter
value violates the limit, a message is constructed which
contains the following data:
1. Time of Violation
2. Type of Violation
3. Value of Limit
4. Parameter Value
VARIABLES: The variables used in this subroutine are 1isted in the common

blocks of the functional flowchart, Figure 3.3.11. See Appendix
for definition of all variables.
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SUBRQUT INE REDLINCIU)
INCLUDE STRAG1
INCLUDE STRAG2
INCLUDE STRAG3
INCLUDE STRAG4
INCLUDE STRAGS
INCLUDE STRAGG
INCLUDE STRAG7

v
DIMENSJON KFLG(3.3)
DIMENSIGN SFCPI3.3)
DIMENSICN AVPWR(3.5)
DIMENSION ATIME(3.5)
DIMENSION VTIM(3.35)
DIMENSION I50C(S)
DATA KFLG /13+9 /
DATA 1S0C 7 B*0 /

CONT., ON PG 2 REDLIN
PG 1_QF 9

FIGURE 3.3.11. FUNCTIONAL FLOWCHART OF SUBROUTINE REDLIN
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[ T TN T T T N TN T O T I T RO T O I |

- e e wm am mm w ma e w

B .

FIGURE 3.3.11.

IFCINVOLLTI.LT. 1D

ITYPEY=2

[ WRITECIUY MET.ITYPEV.I.CAPINVIIJ. AC/ACI) |

e ——

Q 7
CONTINUE I

=1.NCRT

- o o m ome e

{ CBAV=ABS(CB(1)) |

{ WRITECIU) MET. ITYPEV.[.CRCT(1.61.C3AY |

........ 300 L7

CONT INUE )
<PETE00 ELRSEE > - - - =9

CONT., ON PG 3 REDL IN
PG 2 OF

9

FUNCTTIONAL FLOWCHART OF SUBROUTINE REDLIN (CONTINUED)
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|

JB=NSQURC(I.1)
JT=NSOUR(I,2]
JR=NSOURC(1.3)

IF(JB.GT.NCRT]

{60 10 1000 >+
F
IF(JT.6T.2)
T

Y

-
)

CONT INUE

| FCPWR=ES(1)+CS{1)*S(JB) |

CONT. ON PG 4 REDL IN
PG 3 QF 9

FIGURE 3.3.11. FUNCTIONAL FLOWCHART OF SUBROUTINE REDLIN (CONTINUED)

pAGR IS
(ﬁxﬂ}%§§g?CﬂJAljﬂﬁﬂ .
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F ac

CONT INUE

e 7

420 >,

CONT INUE

KFLG(J.JdRI=1
VTIM(J,JRI=MET
AVPWR(J.JR)=0.
ATIME(J.JRI=0.
SFCP{J,JRI=FCPWR

CONT, ON PG 5 REDLIN
PG4 OF 9

FIGURE 3.3.17. FUNCTIONAL FLOWCHART OF SUBROUTINE REDLIN (CONTINUED)
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AVPWR{Js JRI=AVPWR(J . JRI+SFCP(J . JRI#DT
ATIMECJ.JRI=ATIME(J. JRI+DT

[KFLGCJ.JRI=0 |

IF(J.GT. 1]

CGNT, ON PG 6 REDLIN _

-

FIGURE 3.3.11. FUNCTIONAL FLOWCHART OF SUBROUTINE REDLIN (CONTINUED)

Orign,
(Rpl%lag{giégﬁ?ls
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I

[ ANP=AYPYR(J.JRI/ATIMECJ. JR) |

(ANP. LT, FCLIMCJ).OR.KFLG(J.JR].GT,

LGO_T0 450 >

ITYPEV=J+3

fWRITECIU) VTIMCJ.JRI. ITYPEV,JR.FCLIM{JJ.ANP |

450 .

|5Fcch.J§J=Fcpr]

CONT. ON PG 7 REDL IN
PG 5 OF 9

FIGURE 3.3.11. FUNCTIONAL FLOWCHART OF SUBROUTINE REDLIN (CONTINUED)
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ITYPEV=7 '
WRITECIU) MET. ITYPEV. [FLAGO.02U. 027

CONT. ON PG 8 REDLIN
PG Z OF 9

FIGURE 3.3.11. FUNCTIONAL FLOWCHART OF SUBROUTINE REDLIN {CONTINUED)
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F
T

IFLAGH=1
ITYPEV=8

WRITECTUY MET. ITYPEV. IFLAGH,.H2U, H2T

5

CONTINUE

CONT. OGN PG 9 REDLIN
PG 8 _QOF 9

FIGURE 3.3.17. FUNCTIONAL FLOW CHART OF SUBROUTINE REDLIN (CONTINUED)

1 EﬁEﬁéﬁa
AL P T
O ook, QUAE

277


http:IFLAG-.GT

ISOC(JRI=1

¥

ITYPEV=3
WRITECIUY MET. ITYPEV, JR.SOCUL.SBC(JIR]

CONTINUE

\/

RETURN

END

REDLIN
£

FIGURE 3.3.71. FUNCTIONAL FLOWCHART OF SUBROUTINE REDLIN (CONTINUED)
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3.4 ANALYSIS SUBROUTINES
3.4.1 Subroutine: COMQSE

PURPOSE: To provide a component analysis

METHOD: Using the component dictionary, compacted dictionary, and
interface tape the following quantities are determined
for:

1. Mission Phase:

Subsystem Analysis
Average kilowatts (KW)
Percent of fotal KW
Maximum KW
Time of maximum

Phase Analysis
Total kilowatt hours (XWH) required
Accumulated KWH
Average KW for mission phase
Maximum KW
Time of maximum (KW}

2. Component

Average use factor

Total on time

Component energy required (WH)

Percent of total mission energy required

3. Subsystem

By component
Average use factor
Total on time
Component energy required (WH)
Percent of subsystem energy required

VARIABLES: The variables used in this subroutine are Tlisted in the
common blocks of the functional flowchart, Figure 3.4.7.
See Appendix for definition of all variables.
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SUBROUTINE COMUSE{IU. IF?
INCLUDE STRAGA

INCLUDE STRAGH

INTEGER QQASG

DIMENSION TLOAD( 730)
DIMENSION PLOADC 7303
DIMENSION 1PLODL 7502
DIMENSION tNUM ( 7503

v

DIMENSION TIMONC 750)
DIMENSIGN AUF  { 7503}
DIMENSION POWERL 7501
DIMENSION PFAC ( 750)
DIMENSION NAME ( 750.8)
DIMENSION 1DUM (1003
DIMENSIGN SUBT(100)
DIMENSION ICDAT{50)

el
DIMENSION NAM(S)
DIMENSIGN PWRM(4.10]
DIMENSION D1(4)
DIMENSION D2(4)
DIMENSION D3(4)
DIMENSION TALL € 750.13)
DIMENSION ALL ( 750.133
DIMENSIGN JS{7303

v
DIMENSION PSI750) -
COMMON /S1X/ ID. ILNCP.NAM.PF,UF .PWRM
COMMON /ACPOWF/ PFEFF.RESLOS
COMMON /ALTERN/ [CDCB(750). ICDCA(S00.3). TACT
EQUIVALENCE (D, ICDATC1))
EQUIVALENCE (IPLOD(13}.PLOADC1])
EQUIVALENCE (TALLCl.1J.ALLCL.1D
DATA NWCD /50/ -

v
DATA TLOAD / 750+0./
DATA TIMON 7 750=0./
DATA NAME /4500=6H /
DATA SUBT /100=0./

CONT. ON PG 2 COMUSE
P31 QOF 12

FIGURE 3.4.1. FUNCTIONAL FLOWCHART OF SUBROUTINE COMUSE
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http:PWRM(4.10

F
IF(ca«sstigi;EE;El,ﬂ,,f

T

Ly

[ CALL QOFILLIU. IF-1,ISTAT) |
L

£

T

F(QQASGLIUY . EQ. 0, AND, ISTAT.GT. 0

2000 'r

IFDRHAT(SX."UNIT “+13." CAN NOT BE POSITIONED TO FILE "-I3-5X.15]‘J

-
[ 1€DCACTACT+1.3)=750 |
v

0 [=1.ICN - - ~ >3

| CALL RREADCICDC(I.2). ICDAT.NWCD. ISTAT)
L
=

CONT. ON PG 3 COMUSE
PG 2 QF 12

FIGURE 3.4.1. FUNCTIONAL FLOWCHART OF SUBROUTINE COMUSE (CONTINUED)
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IFCISTAT.EQ. 1)

[GO 1g 10

{ LNUM{I)=1LNCP/1000

NAME(I. 1)=NAMCL1]]
NAME{I.21=NAM(2)
NAME(I.33=NAM(3)
NAME(].4)=NAM(C4)
NAME(1.5)=NAM(3)
NAME(L.BI=NAM(E) '
POWERC I )=PWRM(2.13}

IF(LNUM{1].6T.50)

2 - - - g

READCIU.END=200,.ERR=30 ) T1.D1.D2.03.,NLs(JSCI3:+D+PSCI)DsI=1.NL),
NS, (J. [DUM(J 3, I=1.NS)

CONT, ON PG 4 COMUSE
. F3 3 OF 12

FIGURE 3.4.1. FUNCTIONAL FLOWCHART OF SUBROUTINE COMUSE (CONTINUED)
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http:TI.OI.D2.D3.NL.(IS(I).D.PS(I).D.I=I.NL

|

J=dJS01)
K=ICDCA(J. 31}
PLOAD(KI=PS{I)

[ CALL MCOMUS(T1.1.PLOAD. LNUM.PFAC)

1

< i

AQ P

[ CONT INUE

W

READ( [U.END=50 .ERR=30 1} T2,D1.02+03.NL.(JSCI}+D.PSLI). O TI=1.NL].
NS. (J. JDUMEJ I, I=1.NS)

J=Js(1)
K=1CDEA(J,. 3}
PLOAD(K)I=PS(1)

CEE R

EONT, ON PG S COMUSE
PG 4 QF 12

FIGURE 3.4.1. FUNCTIONAL FLOWCHART OF SUBROUTINE COMUSE (CONTINUED)
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http:IF(IFLG37.GT
http:T2.DI.D2,03.NL.CJS(I)D.PS(I).D.I=I.NL

Al

[ CALL MCGMUS(T2,2.PLOAD. LNUM, PFAC)
{
£ A2
TON=T2-T1

< D08 40 =1.ICN>— - - - ©B

>

IFCABS(PLOADCT 2. LT, , 0001,

[ TIMONCI)=TIMONCI)+TON |

TF(LNUM{I).GT.30)

CONT, ON PG & COMUSE
P3 5 QF 12

FIGURE 3.4.1. FUNCTIONAL FLOWCHART OF SUBROUTINE COMUSE (CONTINUED)

ORIGINAL PAGE IS
OF POOR QUALITY]
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A3

LIEOAD(I]=TLOAD[IJ+(PLOAD(I)*TON*RESL051J

A Y
[ CALL MCOMUS(T2,3.PLOAD, LNUM.PFAC) |

= —

F
IFCIFLG37.6T.0)

T

[ cacu ;EOMSH1

CONT., ON PG 7 CAMUSE
- PG & ___QF 12

FIGURE 3.4.1. FUNCTIONAL FLOWCHART OF SUBROUTINE COMUSE (CONTINUED)
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| SO N D R R D DA R B AR S N R R DR A

FIGURE 3.4.7.

[cAaLL PRTTL(I.LINE.O)]

g::::::::a

TLD=0.
TT=T1-70

v

L6010 &0

[ TLO=TLD+TLOADC )

IC=1€DC{1,1)/1
I=SUBT(

0000
SUBT(CIC I

CI+TLOADCI)

CONT INUE

¥,
7 =1. ICN - - - 8

CONT. ON PG 8 COMUSE
PG 7 OF 12

FUNCTIONAL FLOWCHART OF SUBROUTINE COMUSE (CONTINUED)
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=7

LGa 10 76 ==

=

{ PLOADCI)=(TLOADC1)/TLD)*100. |

v
[AUF[I]=(TLOAD[IJ/(POWER(iJ*TlMDN(IJ)]*lOB./RESLOS

v

WRITECIUG, 1000) [, ICDCUI.13.{NAMECI.JJ.Jd=1,B).PONERCI).LNUMLCL),
AUFET), TIMONCT). TLOADCT).PLOADBCI]

1000 l

FORMATCZ2X. 13, 1X  I7. 1X.BABL IX, F10.2.1X. 12, 1X. 2F 10,4, IX,E15.8. 1%,
F12.7.1X.F12.7)

v
[LINE=LINE+1 |

[FCLINE.GT.50}

[CALL PRTTLCILLINE.B) |
S ——

oy

7 - - =Py o
CONT INUE

| WRITECIUG. 1010) TLD.TT

10i0 l

FORMAT( /10X, "TOTAL ENERGY CONSUMED BY ALL COMPONENTS ".E15.8.
" WATT HOURS TOTAL MISSION TIME ".E15.8.
" HOURS ")
v
g I=1. N - - = =9
CONT. ON PG 9 COMUSE
P53 8 OQF 12

-~

FIGURE 3.4.1. FUNCTIONAL FLOWCHART OF SUBROUTINE COMUSE (CONTINUED)

ORIGINAE. PAGE IS
OF POOR -QUALITY
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http:lX.FIO.2.IX

|

FALLCIL1)=IPLODCT
TALLCI, 2)=NAMEC(I
TALL (L. 3)=NAMEC]
TALL (L. 4)=NAME(]
IALLEI.53=NAME(%

I

I

TALL{I,.82Y=NAME(
TALL{T, 73=NAME(
ALL{1.8)=POWER(
%

ENUMETY
TIMONCI 2
TLOADC T )
=1CDCCE. 1)
AUFCI)

8 - - - gg
CONT INUE

[cacL ORDER(IALL. ICN. 750.13) |
=]

3

1}
21
3)
4)
3)
8)

)

>

-

~

~

—
v bt o
[
W=— ol
(WY N VRN )
N o i

fca PRTTL(Z.L[NE 0 ]

APCENT g.

i

e 10

| APCENT=APCENT+ALLCI. 1) |
v

CONT., ON PG 10

FIGURE 3.4.7.
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COMUSE
PG .9 OF 12

FUNCTIONAL FLOWCHART OF SUBRQUTINE COMUSE (CONTINUED)




| I T T O O O B

WRITECIUB. 1000) [d.TALLCE.12
TALLCI.S). ALLET. 133, ALLCE. 10

(TALLCI ) d=2,7)ALL( T, 8],
ALLET 11X ALLCT. 1), APCENT

)l
)
v

[ LINE=LINE+1 |

IFILINE.GT.S50)

| CALL PRTTL(2.LINE.O) |

Pt

s T
9 - - -3y |
CONT INUE

LY
{ WRITECIUS, 1010} TLD.TT |

- e e e e = e e o m e o e e =

€&
< DG 1400 J=1.ICN >

IOUMP=TALLCI. 1)
TALL(T. 1)=TALLCIL12)
IALLCI. 12)=1DUNMP

| CONT INUE

{ CALL ORDERCIALL.ICN. 750.13) |
[
el

| 1cs=1¢0C{1.1)/10000 |

| CALL PRTTL(3.LINE,ICS) |

<o 140€I’=1.ICN>- - - - 12

CONT. ON PG 11 COMUSE
Bs 10 _OF 12

FIGURE 3.4.1. FUNCTIONAL FLOWCHART OF SUBROUTINE COMUSE (CONTINUED)
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http:IF(LINE.GT.5O

[ 1C=1COCCI.13/10000

IFCIC.NE.ICS)

l (] v,

CONT INUE

PLOADET)=CALLCI. 11)/SUBTCICI)I*100.
L=b+1
¥

WRITE(IUG, 1000) L. ETALLCLJ)sJd=1.9) ALLCI, 132 CALL(I.J)d=10.11D,

PLOADCI)

E)
| LINE=LINE+1 |

IFCLINE.GT.350)

! CALL PRTTL{3.LINE,{CS) j

e ———
120 v
CONTINUE

WRITE(IUG. 1010) SUBTCICSI.TT
ICS=1IC
L=0

v

CONT. ON PG 12 COMUSE

Pe 11 OF 12

FIGURE 3.4.1. FUNCTIONAL FLOWCHART OF SUBROUTINE COMUSE (CONTINUED)

ORIGINAL PAGE IS

OF POOR
QUALITY 290


http:OORQULI.T.50
http:1O.01CSICSUBT(ICS).TT

[ CALL PRTTL(3.LINE. ICS) |

| WRITECIUB. 1010) SUBTLICS).TT

\ 2

' 7
CONT INUE

[ CALL PRTTOT(SUBT.TLD) |

COMUSE
Pg E

FIGHRE 3.4.1. FUNCTIONAL FLOWCHART OF SUBROUTINE COMUSE (CONTINUED)

291



APPENDIX



APPENDIX



PDP
ELEMENT

COMMON
BLOCK

VARIABLE
NAME

STRAG1T

CONTRL

o7

1FLGOT

IFLGO2

IFLGO3

IFLGO4
IFLGO5

TFLGOG
IFLGO7

IFLGO8
IFLGOS
IFLGTO

IFLGI
IFLGI2
TFLGT3
IFLG14
IFLGTS
IFLG16
IFLG17

L

J

K

SEPS DATA VARIABLES

DEFINITION

Actual time interval between
successive time steps in decimal
hours

Option Flag

> 0 - Execute Phase I

0 or biank - Do not axecute
Phase 1

> 0 -« Execute Phase II
0 or blank - Do not execute
Phase II

v

0 - Plot on Printer 1
0 or blank - Do not plot on
Printer 1

Not Used

> 0 - Use 3 point load data

= 0 or blank - Do not use 3 point
load data

Not Used

Not Used

Not Used

Not Used

> 0 - Print each Phase II timepoint

= 0 or blank - Do not print each
Phase II timepoint

Not Used

Not Used

Not Used

Not Used

Not Used

Not Used

Not Used



SEPS DATA VARIABLES

PDP COMMON  VARIABLE

ELEMENT  BLOCK NAME I 4 K DEFINITION
STRAGT CONTRL  IFLG18 Not Used
IFLG19 Not Used
IFLG20 > 0 - Execute Phase II COMUSE
= ( or blank - Do not execute
COMUSE
IFLG21 Not Used
IFLG22 ‘ Not Used
IFLG23 Not Used
IFLG24 Not Used
IFLGZ5 Not Used
IFLG26 Not Used
IFLG27 Not Used
IFLG28 " Not Used
IFLG29 > 0 - Suppress analysis part 1

= 0 or blank - Do not suppress
analysis part 1

IFLG30 > 0 - Execute Phase I COMUSE
= 0 or blank - Do not execute
Phase I COMUSE

analysis
or blank - Do not suppress
COMUSE component
analysis

TFLG31 > 0 - Print out input components
= 0 or blank - No action taken
IFLG32 > 0 - Print out input procedures
= 0 or blank - No action taken
IFLG33 > 0 ~ Print out input activities
= 0 or blank - No action taken
IFLG34 > 0 - Print out input timeline
= 0 or blank - No action taken
TFLG35 > 0 - Suppress COMUSE component
0

A-2



PDP
ELEMENT

COMMON
BLOCK

VARIABLE
NAME

SEPS DATA VARIABLES

STRAG1

CONTRL

IFLG36

IFLG37

1FLG38

1FLG39

IFLG40

IABORT
IFILE

20

L

4 K

A-3

DEFINITION

v

phase provide a

0 - At the end of each mission

listing of

all active components

v

0 or blank - No action taken

0 ~ Mission phase analysis
0 or blank - No mission phase

analysis

v

0 - Suppress cycled

component

component

Tisting
= 0 or blank - Do not suppress
cycled
1isting

> 0 - Suppress print of compacted

dictionary

0 or blank - Do not suppress

compacted dictionary
printout

> 0 - Suppress subsystem analysis
at each time point

0 or hlank -~ Do not

SUppress

subsystem analysis

Set > 0 to abort simulation

I=1 File containing
I=2  File containing
I=3  File containing
I=4 File containing
I=5 File containing
I=6 Not Used

I=7 Not Used

I=8 File containing
I=9  File containing

I=10 File containing

components
procedure
activities
timelines

fixed data

Phase I interfaces
Phase I plot

Phase II interface



SEPS DATA VARIABLES

PP COMMON VARIABLE
ELEMENT BLOCK  NAME I J  K_ DEFINITION

STRAG] CONTRL IFILE I=11 File containing Phase II plot

1=12 File containing compacted
dictionary

I=13 File containing circuit
definition

I=14 File containing constraint
violations

I=15 File containing subsystem
names

1=16 File containing mission phase
I=17 Not Used

I=18 Not Used

1=19 Not Used

I=20 Not Used

ISOLVC Flag to request a circuit solution

at a particular card timeline point,
Set = 1 to request solution

TUNIT 20
I

1 Unit containing components
I=2 Unit containing procedures
I=3 Unit containing activities
I=4 Unit containing timeline
I=65 Unit containing fixed data
I=6 Not Used

I=7 Not Used

I=8 Unit containing Phase I
interface

I

9 Unit containing Phase I plot

A-4



PDP
ELEMENT

COMMON
BLOCK

VARIABLE

NAME

SEPS DATA VARIABLES

STRAGIT

CONTRL

DEBUG

TUNIT

JPRINT

NPRT

MET
TDELTA
TREADC
TREADT
MPRNT
MPRNT1
MPRNT2

A-5

DEFINITION

i=10 Unit containing
interface

1=11 Unit containing
plot

I=12 Upit containing
dictionary

=13 Unit containing
definition

I=14 Unit containing
violations

I=15 Unit containing
names

Phase 11

Phase II

compacted

circuit

constraint

subsystem

I=16 Unit containing mission

phases
I=17 Not Used
I=18 Not Used
I=19 Not Used
I=29 Not Used

Flag to request initialization
data to be printed cut. Value >1

Formatted printout interval as a

multiple of TDELTA

Simulation start time

Maximum simulator time increment

Next time to read card input

Next time to read tape input

Debug print control
Debug print control

Debug print control



SEPS DATA VARIABLES

PDP COMMON  VARIABLE
ELEMENT  BLOCK NAME I J K DEFINITION
STRAG1 DEBUG MPRNT3 Not Used
MPRNT4 Debug print control
MPRNTS Not Used
MPRNT6E Not Used
CMPCNT  CVAL 25 Component power value to be used in
Phase Il calcutlations in Tieu 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 loads
CMPCNT  NCNY 25 Component numbers associated with
the component Toads in CVAL
NCNTC Number of loads defined in CVYAL
NCTP 25 For each LOAD in CVAL, defines if
the load is constant power (>0) or
constant resistance (=0)
UNITS U5 Internal unit designation
U6 Internal unit designation
U7 Internal unit designation
Ius Internal unit designation
Iug Internal unit designation
1U10 Internal unit designation
U1 Internal unit designation
CONSTR  ACVA 9 AC volt-ampere Toad on inverter
CAPINY 9 Inverter (I) maximum overload 1imit
FCLIM 3 Fuel cell power limits, 1 = peak,
2 = average, 3 = minimum
H2U Unusable hydrogen quantity
02U Unusable oxygen quantity



PDP
ELEMENT

COMMON
BLOCK

SEPS DATA VARIABLES

VARIABLE
NAME I J K

STRAG1

STRAGZ

CONSTR

DCCRCT

SOCUL
TIMV 3

CB 100
cL 50
CS 12
DELTA

ES 12
ITER

NITER

NOR
NSC

NT3S
NT4S
PP

PR

RLOAD 3 51

DEFINITION
Minimum battery SOC 1imit
Length of time that fuel cell power
Timits apply, 1 = peak, 2 = average,
3 = minimum
Branch current
Load current operating point

Source current operating point

Tolerance on node voltage solutions
(normally 10-5)

Source voltage operating point

Circuit solution internal iteration
counter

Maximum allowable iterations in the
circuit polution

Circuit reference node

Number of I-VY points in Source (I)
used in the circuit solution

Number of points used in T3SRCS
Number of points used in T4SRCS

Constant power load for LOAD (I),
variable not used when Phase II is
driven by an interface tape

Constant resistive power load for
LOAD (I), PP(I) and/or PR(I) may be
used to represent LOAD (I), variable
not used when Phase II is driven by
an interface Toad

Branch {I) 1ine resistance

Three point equivalent Toad

I = Toad at 24v, 28v, 32v

J = 50 possible Toads J = 51 voltage
equivalent



SEPS DATA VARIABLES

POP COMMON  VARIABLE
ELEMENT  BLOCK NAME I 3 K DEFINITION
STRAGZ DCCRCT S 100 Branch {I) switch position
(1 = closed, 0 = open)
SC 15 2 12 Source curves
I= Number of points in curve
J=1 Voltage
Jd=2  Current
K= Source number
T3SRCS 15 2 Third source type
I= Number of points in curve
J=1 Voltage
J=2 Current
T4SRCS 15 2 Fourth source type
I= Number of points in curve
J=1 Voltage
J=2  Current
) 30 Node voltage
VL 50 Load voltage operating point
z 100 Admittance of the branch
CRTFLG  IACSOL AC circuit solution flag
IDCSOL DC circuit solution flag
INVERT  ACPOW 8 AC load for inverter AC BUS (I)
variabie not used when Phase II is
driven by an interface tape
INVOL 10 Inverter overload flag
PFAC 9 AC Toad power factor for AC BUS {I)

corresponding to loads in ACPOW(I).
Not used with interface tape



SEPS DATA VARIABLES
PDP COMMON  VARIABLE

ELEMENT  BLOCK NAME I J K DEFINITION
STRAG? DEFCRT  CRCT 100 6 Branch (I) dicde or RPC definition
I= Branch No.

J=1 Diode voltage drop

J=2 Diode forward resistance
J=3 Reverse resistance

J=4  RPC no load resistance

J=5  Forward or reverse resistance
being used

J=6 Branch current 1imit

ICHRBP Load location of the battery charger
ICRCT 00 4 Branch (I) definition
I= Branch No.

J=1 Node number current out
J=2  Node number current in
J=3  Source number

J=4  Load number

INVLCA 9 Inverter number connected to ac
inverter bus (I)

INVLCD 10 2 Table of branch no. vs inverter
in the branch

I= No. of entries in the table
J=1  Branch No. containing dc load

J=2  Associated inverter no. for
above dc load

L.OADS 50 Branch locations of the Toads
NCRT Maximum or highest branch number

in ICRCT

A-9



PDP
ELEMENT

COMMON
BLOCK

VARIABLE
NAME

STRAG2

STRAG3
STRAG4

DEFCRT

BATTRY

NINVLA
NINVLA

NINVLD
NLDS
NNODE
NSCS
NSOUR

uv

BC

BV

cC
CHRGLD

CSUBD

0Q

EFF

I

12

30

d K

A-10

SEPS DATA VARIABLES

DEFINITION
No. of inverters

No. of ac load buses suppiied by
inverters

No. of dc loads used for inverters
Highest Toad number

Highest node number used in circuit
Number of sources

Source definition table

I= Source number

J=1  Branch location

J=2  Source type

J=3  Source reference numbers
Undervoltage limit for node (I)
Not Used

Actual number of ampere hours
remaining

Operating current point of the
battery

QOperating voltage point of the
battery

Ampere hour capacity of the battery

DC power required by battery charger
when charging batteries

Battery amp-hour capacity for
battery (I)

Amount of heat generated by the
battery in watts

Battery decimal efficiency during
charge and discharge



PDP
ELEMENT

COMMON
BLOCK

VARIABLE
NAME

SEPS DATA VARIABLES

STRAGS

BATTRY

EFFAVR

ICHRG

IT

NSOCA

P1

P2

P3

P4

S0C
SOCA

B

TD
TSS

I

d

K

DEFINITION

Average amp-hour efficiency during
charging

Charge flag to initiate charging
of battery (I)

Battery temperatures used in SOCA,

I

3

Temperature

J

Battery group

Number of points used in SOCA
for each I-V curve

Constant used in the battery heat
generation equation

Constant used in the battery heat
generation equation

Constant used in the battery heat
generation equation

Constant used in the battery heat
generation equation

Battery (I) initial state-of-charge

Battery I-V curves versus temperature,
and battery group

I= Number of points
J=1  Current
J=2-6 Voltage at temperature of IT
K= Battery group 1 or 2 {1 = group
of 3 common batteries) (2 =
roup of common batteries)
%per cell voltage)
Battery (I} temperature
Y

Time of last majar battery discharge

Battery steady state temperature



PDP
ELEMENT

COMMON
BLOCK

SEPS DATA VARIABLES

VARIABLE

NAME I J

STRAGH
STRAGS

BATTRY
FUSEL

ANC
DAT

DTM
FCCP
FCHOL

FCHTL

FCLTL

FCT
FCTA

FCTN

FCWP1

Fcwp2

HPT
HR
HUR

HZ1

oy

A-12

DEFINITION
Number of cells in battery I

Time the fuel cell has been operating
in decimal hours (MET)

Internal time step in FUCLTM
Fuel cell current

Fuel cell high temperature limit -
heater turns "OFF"

Fuel cell redline Timit - diagnostic
warning

Fuel cell lower temperature limit -
heaters turn "ON"

Operating temperature of fuel cell (I)

Array containing fuel cell I-V
curves as a function of temperature

I= Number of points

J=1  Current value {amps)

J=2 Voltage level at each temperature
thru of FCTN

J=7

Temperatures associated with the I-V
curves of FCTA

Parasitic pump and logic loads for
fuel cell (I) -~ constant power

Parasitic heater cyclic load for
fuel cell (I) constant resistance

Hydrogen purge time
Hydrogen purge rate

Hydrogen use rate based on amp-hour
requirements

Initial quantity of Hy Toaded in Tbs



PDP
ELEMENT

COMMON
BLOCK

SEPS DATA VARIABLES

VARIABLE

NME I3 K.

STRAGS

FUSEL

H20T

HDUMT
HDUM2
HDUM3
HZT

KHTR 5

NFCTA

OPER 5

OPT
OR
OUR

021
027
PIH
PI0
RES 5

SSTVI 10 2

TMAXFC

A-13

DEFINITION

Total quantity of Hp0 accumulated
in 1bs

Dummy filler variabie
Dummy filler variable
Dummy filler variable

Initial quantity of hydrogen
available

Fuel cell parasitic Toad flag

Value 0 implies no parasitic Toad
Value 1 implies parasitic load

Number of current points used in FCTA

Flag indicating the on/off condition
of the fuel cell

Oxygen purge time
Oxygen purge rate

Oxygen use rate based on amp-hour
reqguirements

Initial quantity of 0, Toaded in 1bs
Initial quantity of oxygen available
Interval between hydrogen purges
Interval between oxygen purges

Equivalent resistance of the fuel
cell parasitic load at 28 VDC

The T-I curve which the fuel cell
follows as the fuel cell temperature
reaches its steady state value

J=1- Temperature

J=2  Current

Maximum time step through feul cell
thermal model



SEPS DATA VARIABLES
PDP COMMON  VARIABLE

ELEMENT  BLOCK NAME I J K. DEFINITION
STRAGS FUSEL TPH 5 Time of last hydrogen purge for fuel
cell (1)
TPO 5 Time of Tast oxygen purge for fuel
cell (1)
WPR Fuel cell water production rate
STRAG6 Not Used
STRAGY Not Used
STBAGA PHAST TADC 250 2 Activity dictionary
I= Dictionary element

J=1  Activity number

J=2  Drum address

IAN Number of dictionary entries
1CbC 750 2 Component dictionary
I= Dictionary element

J=1  Component number

J=2  Drum address

ICN Number of dictionary entries
IPDC 750 Procedure dictionary
I= Dictionary element

Jd=1 Procedure number

J=2 Drum address

IPN Number of dictionary entries
MM Number of mission phases
TABORT Mission elapsed time to end the

simulation, default is 500 hours

A-14



SEPS DATA VARIABLES
PDP COMMON  VARIABLE

ELEMENT  BLOCK NAME I J K DEFINITION
N/A ACPOWF  PFEFF Inverter efficiency
RESLOS Total system line loss
N/A ALTERN  IACT Number of entries in the compact
dictionary
ICDCA 500 3 Compact component dictionary
I= Numbeyr of entries

J=1  Component number
J=2 Corresponding drum address

Jd=3 Relative location in the
component dictionary

I1CDCB 750 Component usage count
N/A BSLOC 1BUSC 500 Component Toad assignment (COMPACT)
ISYSC 500 Component system assignment {COMPACT)
N/A BSLOCA  IBUSC 750 Component load assignment
I1SYSC 750 Component systems assignment
N/A CYCLIC I Number of entries
MS 100 Cyclic mode
NS 100 Cyclic number
PERS 100 Cyclic period
PONS 100 Cyclic percent on
T8 100 Cyclic type ~
TTS 100 Cyclic time to start cycle

A-15



SEPS DATA VARIABLES

PDP  COMMON  VARIABLE
ELEMENT  BLOCK NAME I J K.
N/A  DRMFLG  ISF
N/A FCYCL  KF
N/A  INVEFF  ACEFF 3
NJA INVPF ACPFAC 9
N/A  MPSF  ISF29 50
ISF36 50
ISF38 50
ISF40 50
N/A  MTRANT  TIMEM 50
N/A PRINT  ICARD
. IPRNT
IRESET
ITAPE
N/A SUBSTM  ILOC 25
TLOCN
TITLE 6 25
N/A TLINF DDA
IDRM
IEND
IFIL
IOUT
TOUTH
NWL,
N/A TOTPWR  PWRTOT

DEFINITION

Override control on iliegal

component turn off
Type of eptry indicator
Inverter efficiencies
AC Toad power factors
Same as {FLGZQ
Same as IFLG36
Same as IFLG38
Same as IFLG40

Mission elapsed time at end of

mission phase

Card input read
Input print required
Simulation reset point
Tape input read
Subsystem number
Number of subsystems
Subsystem name
Present drum address
Drum full flag

End of Phase I flag
Qutput file number

Qutput record number

" Maximum number of output records

Number of drum words left

Total source power



