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INTRODUCTION

The Jet Propulsion Laboratory (JPL) has developed a computer program for
designing and analyzing the performance of solar array/battery power
systems for the U.S. Coast Guard Navigational Aids. This program is
called the Design Synthesis/Performance Analysis (DSPA) Computer Program.
The basic function of the Design Synthesis portion of the DSPA program is
to evaluate functional and economic criteria to provide specifications
for viable solar array/battery power systems., The basic function of the
Performance Analysis portion of the DSPA program is to simulate the
operation of solar array/battery power systems under specific loads and

environmental conditions.

This document establishes the software requirements for the DSPA computer
progran, discusses the processing that occurs within the program, and

defines the necessary intertfaces for operation.

1=1/1-2
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2. PROGRAM OVERVIEW

The DSPA computer program combines the elements of design synthesis and

. performance analysis, A functional block diagram of the main driver pro-
gram is shown in Figure 2-1. As shown in this figure and the algorithms
which follow, the DSPA combuter progranm utilizes the following
methodology.

a. The program user selects the desired power system arrangement.

b. If a design synthesis is not required, then the program user must
provide information on the electrical size of the equipment.

Cle If a design synthesis is requested, the program user muc* supply
information on the parameters used in determining the various pro-
files, The computer program then calculates the load and environ-
mental profiles needed for a local profile analysis. Based on a
profile energy balance determined as part of the load profile analy-
sis, the computer estimates the electrical size of the egquipment
required and then determines the physical characteristics of the
selected equipment. The calculated data along with significant
input data is printed out in the appropriate output data format.

d. If performance analysis is not required, the execution of the DSPA
program is terminated.

e. If performance analysis is required, the program user must provide
information on the parameters used in determining the various pro-
files. The computer program then calculates the values of the load
and environment at the start of the selected mission period. These

i stinuli (load and environment) are used to calculate the response
(operational characteristics) of the equipment at that point in
time. The process is repeated for selected time increments until
the power system operational characteristics for the entire mission
period have been determined. This information {s then printed in
the appropriate output data formats, and execution of the progranm is
terminated,

Flow charts of the DSPA subprograms were not furnished in the Progran
Documentation volumes since:

° Most computer facilities have programs vhich automatically produce
subroutine flow charts. If such charts are desired, the program
) user can easily select the subroutine of interest and obtain a copy
of the latest version of the subroutine.

3 ° Preparation, reproduction, and inclusion of all of the present ver-
sions of the DSPA subroutines in the Program Documentation would be
more costly than if the flow charts vere prepared by the program
user automatically. Additionally, these flov cherts would become
obsolete as modifications vere made to the DSPA computer progranm.

2-1
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PROGRAM ALGORITHMS

Step 1 Obtain Program Parameters

IPRG = Program Selector:

0 = Design Synthesis only
1l = Performance Analysis only
2 = Both Design Synthesis and Performance Analysis
ITAPE = Weather Data Input Selector:
=1 = Statistical Input Tape
0 = User Input Data
YYDDD = Merge Tape Input beginning at year = YY and
day = DDD
DEBUG = Debug Printout Request Flag:

0 = No printout
1l = Printout
XLN = Length of Yeaxis (in inches) for summary plots

YLN = Length of Y-axis (in inches) for summary plots

Step 2 Execute Design Synthesis program if requested

If:  IPRG # 1

Then: Call DSDRVR

Step 3 Execute Performance Analysis program if requested

if: IPRG # 0
Then: Call PADRVR

Step U STOP DS/PA
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3. DESIGN SYNTHESIS

The Design Synthesis portion of the DSPA program uses load and environ-
mental profiles to set the pover system requirements. Based on these
requirements and on the electrical characteristics of the system equipment,
the computer program determines the electrical size {volts, amperes, watts,
ampere-hours, watt-hours) and the physical characteristics (weight, area,
cost) of the power system. A functional block diagram of the Design
Synthesis driver program is shown in Figure 3-1. As shown, the selection
of lamp and flasher combinations as well as the day/night load durations
enables the computer program to estimate a power load profile. This
profile, after modificaticn using battery charge-efficiency and a number
of power system cabling and diode losses, is used in the load profile
analysis. The obJect of the load prof le analysis is to determine

the electrical size of a balanced® power source as well as the minimum
theoretical electrical size of the battery. Once this information is
obtained, it is a fairly straight forward process to determine the
electrical size of the remaining items of equipment.

L ] S

)

Balanced power source: a pover source vhich provides just enough energy

to the batteries (during recharge periods) to offset or balance the energy
loss susta’ned during discharge periods.

E
|

31
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PROGRAM ALGORITHMS

Step 1 Ortain Pertinent Mission and Equipment Information

. QfN = Solar Insolation Level for Lamp Flasher
Turn=On - Watts/Meter?

QPFF = Solar Insolation Level for Lamp Flasher
Turn-0ff - Watts/Meter?

VBUS = Nominal value of Raw Power Bus Operating level -
vDC

VBUSMN = Minimum allowable Raw Power Bus Operating
voltage - VDC

TTAVE = Average yearly temperature in location selected -
(-]
F

INDFLS = Lamp Flasher Condition Indicator
Where: 0 = Lamp Flasher is Off (Lamp Not Flashing)
1 = Lamp Flasher is On (Lamp Flashing)
DTTESG = Energy Storage Group Temperature Rise - °F
QBRES = Battery Reserve (as Stage-of-Charge)

BRCEST = Estimated Normalized Battery Charge Current -
Hours=1

BRDEST = Estimated Normalized Battery Discharge
Current - Hours=l

ICHRT = Battery Charger Type
Where: 0 = No Battery Charger

1 = Constant Voltage Charger with Current
Limit

DTTPSG = Power Source Group Equipment Temperature Rise - °F
DURAM = Duration of Mission - Years
L SARES = Solar Array Reserve (as a fraction of total area)

NPREQ = Number of Solar Cells in Parallel Required for
each Solar Cell Array Electrical Section

33
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CELPAC = Solar Cell Packing Factor on Sclar Array
NSAP = Total Number of Solar Arrays to be Procured
BRCHMX = Maximum Allowable Normalized Battery Charge
Current ~ Hours™
ISH = Shunt Limiter Type
0 = No Shunt Limiter
1 = Ordinary Zener Diode
2 = Temperature-Compensated Zener Dicde
3 = Active Shunt Limiter
i
| FRCELL = Biasing Factor for Selecting the Number of Storage
Cells in Series in the Battery
(0.0 < FRCELL < 1.0)
as: FRCELL =+ 0,0 the minimum number of cells
tend to be selected
as: FRCELL + 1.0 the maximum number of cells
tend to be selected
BRDSTD = Standard Normalized Battery Discharge
Curren® - Hours=l
TBDSTD = Standard Battery Discharge Temperature = °F
CBAVAL(JB) = Talle of Available Storage Cell Capacities, from a
Given Manufacturer, in increasing order of
size = Amp-Hours/Cell
(JB = 1,30 maximunm)
CBMAX = Maximum desired capacity of each battery =
Amp=Hours
HDZMX = Maximum Heat Dissipation of a Single Zener
Diode - Watts
HDER = Heat Dissipation Derating Factor for a Single
Zener Diode
ACELL = Single Solar Cell Area - cm®
3=4
T — Y B O & .
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Step la

Step 1b

Step 2

Ste

Compare Raw Power Bus Voltage with Allowable Minimum

If: VBUS < VBUSIMN,
Then: VBUS = VBUSMN + L.0, and,
Then: Print out the following statement:

"VBUS ADJUSTED TO (... VBUS ...) VOLTS"

Obtain Yearly Temperature Extremes
If: ITAPE = 0
Then: GO TO STEP 2

If:  ITAPE # 0
Then: Obtain TTABMX and TTABMN from 'MERGE' File, and,

Then: GO TO STEP 5

Where: TTABMX = Maximum Value of the Ambient Temperature -
o
F

TTABMN = ginimum Value of the Ambient Temperature -
F

Calculate Daily Temperature Increment Extremes
DTTA = DTTAl {DATE}

DTTAMX = Maximum Value of DTTA over the range:
DATE = 1;365 days

DTTAMN = Minimum Value of DTTA over the range:
DATE =) 1;365 days

Where: DTTA = Average Daily Temperature Increment - °7
DATE = Days from start of the year - days (1-365)

DTTAl = Input table of DTTA as a function of DATE

Calculate Hourly Temperature Increment Extremes
DTTAMB = DTAMB1 {TIMEH}

DTABMX = Maximum Value of DDTAMB over the range:
TIMEH = 0;24 hours

35
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Step 3 {(contd)

DTABMN = Minimum Value of DITAMB over the range:
TIMEH = 0324 hours

Where: DTTAMB = Average Hourly Temperature Increment - °F

TIMEH = Daily Time -~ Hours after Midnight (0-2L)
DTAMB1 = Input Table of DTTAMB as a function of TIMEH
Step L Calculate Ambient Temperature Extremes
I TTABMX = TTAVE + DTTAMX + DTABMX
TTABMN = TTAVE + DTTAMN + DTABMN
Step 5 Obtain Power Conditioning and Distribution Group (PCDG)

Characteristics at the Raw Power Bus

} (Based on ambient temperature extreme which will yield the
largest values of PCD Group Current)

X (J,K) = Power Conditicning and Distribution Group Voltage -
vDC
XI(J,K) = Power Conditioning and Distribution Group Current at
XX(J,K) ~ Amperes
1 = Lamp OFff¢
J = 1,51 (Number of Date Points)
K = PCD Group load Selector 2 = Effective Load,

Lamp Flashing
3 = Lamp On

Step 6 Calculate FCD Group Loads
IFSFF = F{XI(J,1),X%(J,K)} at XX(J,K) = VBUS
IFPN = F{XI(J,2),XX(J,K)} at XX(J,¥) = VBUS
PPPN = VBUS * IFON

PPYFF = VBUS * IFOFF

3-6
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Step 6 (contd)

Where: IFPFF = PCD Group Lamp-Off Operating Current - Amperes
. IFPN = PCD Group Lamp-Flashing Operating Current -
Amperes
PF@FF = PCD Group Lamp-0ff Load - Watts
PF¢N = PCD Group Lamp-Flashing Load - Watts
Step T Obtain Free Format Data on Week Number and Compare with
Reference

LWEEK = Weeks after Start of the year - (1,52)
If:  LWEEK < 0, OR,

If: LWEEK > 52,
Then: GO TO ST®: 53

NWEEK = LWEEK

Step 8 Calculate Date After Start of the Year

DATE = (7.0 * NWEEK) - 6.0

Step 9 Obtain Terminator Cherncteristics
SRT = Sunrise Time - Hours after Midnight
SST = Sunset Time - Hours after Midnight

{ + North
{ - South

THETLA = Buoy lLatitude - Radians
HOURT = Terminator Hour Angle - Radians
ET .quation of Time Difference = Hours
i DECL = Solur Declination Angle - Radians

ALPHAEQ = Solar Vector Location - Radians

—————
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Step 11 Calculate Daily Time Increment
DTIMEH = (SST - SRT)/10.0
Where: DTIMEH = Daily Time Increment for Clear Day Solar
“nsolation Calculations - Hours
Step 12 Initialize Daily Time and Time Increment Counter
LTIME = 1
TIMEH = SRT
Where: LTIME = Time Increment Counter
Step 13 Compare Time Increment Counter With Reference
e LTIME = 1,
QDTC = 0.0
Then: SALT = 0.0, , AND, GO TO STEP 16
QSoL(1) = 0.0
Where: QDTC = Clear Day Solar Insolation Incident on
Solar Array - Watts/Meter?
SALT = Solar Altitude - Radians
Step 1L Compare Time Increment Counter With Reference
Iif: LTIME = 11,
QDTC = 0.0
Then: SALT = 0.0; , AND GO TO STEP 16
QSOL(11) = 0.0
Step lia  Compare Environmental Tape Index with Reference
If: ITAPE =
Then: GO TO STEP 15
Step 1bb  Obtain Solar Insolation from "MERGE" File
QDT = Solar Insolation Incident on Solar Array -
Watts/Meterd
3-8
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Step llc

Step 15

Step 16

Step 17

Calculate Solar Insolation Incident on Solar Array
QSOL(LTIME) = QDT
GO TO STEP 16

Where: QSOL = Solar Insclation Incident on Solar Array at
TIMEC - Watts/Meter?

Obtain Clear Day Solar Insolation and Solar Altitude

QDTC = Clear Day Solar Insolation Incident on Solar
Array - Watts/Meter?

SALT = Solar Altitude - Radians

Calculate Clear Day Solar Insolation Array and Solar Altitude
Array

QSOLC(LTIME) = QDTC
SALTA(LTIME) = SALT
TIMEC(LTIME) = TIMEH

Where: QSOLC = Clear Day Solar Insoclation Incident on Solar
Array at TIMEC - Watts/Meter?

SALTA = Solar Altitude at TIMEC - Radians
TIMEC = Daily Time = Hours after Midnight
LTIME = 1,11 (Number of data points)

Increment Daily Time and Time Increment Counter
LTIME = LTIME ¢ 1

TIMEH = TIMEH + DTIMEH

3-9
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Step 18

Step 12a

Compare Time Increment Counter With Reference

M LTIME > 11,
Then: GO TO STEP 19

RETURN TO STEP 13

Initialize Day Counter and Weekly Summary Arrays

LDAY = 1
NMR(NWEEK) = 0
TIT(NWEEK) = 0.0
TKT(NWEEK) = 0.0
TLT{NWEEK) = 0.0
QQSOLT({NWEEK) = 0.0
QSOLMX(NWEEK) = 0.0
Where: LDAY = Day of the Week Indicator - (Range 1,7)
NMR = Weekly lumber of Battery Operating lode
Reversals - (Charging or Discharging)
TJT = Weekly Duration of Solar Occulatations = Hours
TKT = Weekly Duration of Share-Mode Operations =
Hours
TLT = Weekly Duration of Battery-Charging Periods =
. Hours
QQSOLT = Weekly Total of Solar Insolation Incident on
Solar Array = WatteHours/Meter?
QSOLMX = Maximum Solar Insolation, Incident on Solar

Array, Encountered during week « Watts/Meter?

Compare Environmental Tape Index with Reference

1 ITAPE = 0
Then: GO TO STEP 20

GO TO STEP 23

3=10
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Step 20

Step 21

Obtain Cloud Cover Conditions

CT(LDAY) = Cloud type

0.0 = Cirrus or Cirrostratus Clouds
1.0 = Stratus Clouds

2.0 = Other Cloud Types

TC(LDAY) = Total Cloud Cover

1.0 = 1/10 of sky covered

2.0 = 2/10 of sky covered
9.0 = 9/10 of sky covered
10.0 = 10/10 of sky covered

IcT = 1 + IFIX(CT)

Where:

ICT = Cloud Type indicator
1 = Cirrus or Cirrostratus Clouds
2 = Stratus Clouds

3 = Other Cloud Types

Calculate Cloud Cover Modifier

9l

en.:

(o]
-

en:

J

If:
Then:

C = 0.0,
CCMM(LTIME) = 1.0 AND GO TO STEP 22

SALTA(LTIME) < /4.0,
ISALT = 1

SALT(LTIME) > n/4.0,
ISALT = 2

CCMM(LTIME) = PC(ICT,ISALT) + P1(ICT,ISALT) * TC ¢ ...

For

+ P2(ICT,ISALT) * (TC*#2,0) ¢ ...

+ P3(ICT,ISALT) * (TC**3,0)

LTIME = 1,11

3-11
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Step 21 (contd)

Step 22

Step 23

Step 24

2

Where: ISALT Solar Altitude Indicator

CCMM(LTIME) = Cloud Cover Modifier

PO, P1, P2, P3 = Polynomial Coefficients obtained from

input data tables "Cloud Cover Modifier
Polynomial Coefficients".

Calculate Solar Insolation Incident on Solar Array

QSOL(LTIME)

CCMM(LTIME) * QSOLC(LTIME)

For LTIME

Iy L

Calculate Total Daily Solar Radiation Incident on Solar Array

LTIME=11
QQSOL = QSOL{LTIME) * DTIMEH
LTIME=1

{Using Simpsons' Rule
{of Integration

Where: QQSOL = Total Daily Solar Insolation Incident on Solar
Array - Watt-Hours/Meter?

Calculate Maximum Solar Radiation
QSOLM(LDAY) = AMAX (QSOL(LTIME)) over the range: LTIME = 1,11

Where: QSOILM = Maximum Solar Insolation, Incident on Solar
Array, Encountered during the Day =
Watts/Mete

Initialize Time Increment and Flasher Load Counters

LTIME = 2
JIOFF = 1}
JTON = 1
JOFFMX = O
JONMX = 0
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Step 25 (contd)

"

Where: JTOFF = Flasher Load Turn-off Period Counter
JTON = Flasher Load Turn-on Period Counter

JOFFMX

Flasher Turn-off Counter

JONMX = Flasher Turn~on Counter
Step 26 Compare Solar Insolation Incident on Sclar Arrsy With Reference

If: QSOL(LTIME) > QCFF
Then: GO TO STEP 27

GO TO STEP 31

Step 27 Compare Lamp Flasher Condition Indicator With Reference

If:  INDFLS = 1
Then: GO TO STEP 28

GO TO STEP 31

Step 28 Calculate Time of Lamp Flasher Turn-0ff
TOFF(JTOFF) = F {TIMEC(LTIME), QSOL(LTIME)}

at: GQSOL(LTIME) = QOFF and during the time
interval: TIMEC(LTIME = 1) to TIMEC(LTIME)

Where: TOFF = Time at which Lamp Flasher Turns Off = Hours
after Midnight

Step 29 Reset Lamp Flasher Condition Indicator

INDFLS = 0

Step » Increment Load Ccunters

JTOFF = JTOFF + 1
JOFMX = JTOFF - 1
GO TO STEP 36
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Step 31

Step 3L

Step 22

Step 37

Compare Solar Insolation Incident on Solar Array With Reference

If:  QSOL(LTIME) < QOW

—

Then: GO TO STEP 32

GO TO STEP 36

Compare Lamp Flasher Condition Indicator With Reference

f3 INDFLS = 0O
en: GO TO STEP 33

—

3
=

8

TO STEF 36

Calculate Time of Lamp Flasher Turn<(Cn
TOH(JTON) = F{TIMEC(LTIME), QSOL(LTIME))}

at: QSOL(LTIME) = QON, and during the time
interval: TIMEC(LTIME - 1) to TIMEC(LTIME)

Where: TON = Time at which lamp flusher turnse-on = Hours after
Midnight

Reset Lamp Flasher Conditions Indicator

INDFLS = 1

Increment Load Counters

JTON = JTON + 1
JONMX = JTON =

Increment Daily Time Counter

LTIME = LTIME + 1

Compare Daily Time Counter With Reference

en: GO TO STEP 38

RETURN TO STEP 26

If: LTIME > 11, ‘

3-14
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Step 38

Step 39

Step L0

Step U1

Step L2

Step L3

Calculate Daily Mode Reversals of Battery
DNMR = JOFFMX + JONMX

Where: DNMR = Daily Operational Mode Reversals of Battery

Calculate Daily Solar Occultation Periods
TJ = SRT + (24.0 - SST)

Where: TJ = Duration of Daily Solar Occultation Periods - Hours

Initialize Daily Share-Mode and Battery Charging Periods

T =20

TK = TOFF (1) = SRT

Where: TL ® Durstion of Daily Battery Charging Pericds - Hours

TK = Duration of Daily Share=Mode Periods - Hours

Initialize Load Counters
JTON = 1

JIOFF = 1

Compare Load CTounters

If:  JTOFF = JTON,
Then: GO TO STEP 43

GO TO STEP 46

Calculate Daily Battery Charging Periods
DTL = TON(JTON) - TOFF(JTOFF)
TL = TL ¢+ DIL

Where: DTL = Battery Charge Period Increment - Hours
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Step bk

Step L5

Step L6

Step L8

Step L9

Step S0

Increment Turn-0ff Load Counter

JTCFF = JTOFF + 1

Compare Turn-Off Load Counter With Reference

If:  JTOFF > JOFFMX,
Then: GO TO STEP L8

RETURN TO STEP L2

Calculate Daily Share-Mode Periods

DTK = TOFF(JTOFF) - TON(JTON)

TK

TK + DTK

Where: DTK = Share-Mode Period Increment - Hours

Increment Turn-On Load Counter
JTON = JTON + 1

RETURN TO STEP L2

Calculate Weekly Surmary of Operational Mode Periods
TIT(NWEEK) = TIT(NWEEK) + T
TKT(NWEEK) = TET(NWEEK) + TK

TLT(NWEEK) = TLT(NWEEK) + TK

Calculate Weekly Summary of Battery Mode Reversals

NMR(NWEEK) = NMR(NWEEK) + DNMR

Calculate Weekly Swwmmary of Solar Insolation
QQSOLT(NWEEK) = QQSOLT{NWEEK) ¢ QQSOL

QSOLMX(NWEEK) = m[qsouu(wm). QSOLH(LDAY)]
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. T

Step 51 Increment Day Counter

LDAY = LDAY + 1

Step 52 Compare Day Counter With Reference

If:  LDAY > T,
Then: RETURN TO STEP 7

RETURN TO STEP 20

Step 53 Calculate Yearly Solar Occultation Load Energy

NWEEK
EPCDJ = PFON # TIT(I)

Where: EPCDJ = Yearly Solar Occultation Load Energy -
Watts=Hours

Step 54 Calculate Yearly Share-Mode Load Energy

NWEEK
EPCDK = PFON *o E TKT(1)
I=]

Where: EPCDK = Yearly Share-Mode lLoad Energy - Watt-Hours

Step 55 Calculate Yearly Battery Charging Mode Load Energy

EPCDL = PFOFF * TLT(I)
) I=]
. Where: EPCDL = Yearly Battery Charging Mode Load

Energy - Watt-Hours
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at:

Step 26 Calculate Maximum Energy Storage Group Temperature
TTESMX = TTABMX + DTTESG

Where: TTESMX = Energy Storage Group “aximum Temperature -

°F
Step 57 Obtain Normalized Battery Current Rates
BRR(J,K,L) = BCQT {vcc(J,K,L), QBB(K), TBB(L)}
Where:  BRR = Normalized Battery Current Rates (Expressed
as the Ratio of Battery Current to Battery
Capacity) - Hours—l
VCC = Cell Voltage -~ VDC
QBB = Battery State-of-Charge
TBB = Battery Temperature - °F
BCQT = Input Table of BRR as a function of VCC, QBB
and TBB
J =1, 9 (Data Points)
K = 1, NQBB (Data Points)
L = 1, NTBB (Data Points)
NQBB = Number of QBB entries in BCQT
NTBB = Number of TBB entries in BCQT

Step 28 Calculate Minimum Storage Cell Discharge Voltage

VCDMN = F {BRR(J,K,L),QBB(K),TBB(L)}

BRR(J,K,L) = - |BRDEST|

QBB(K) = QBRES
TBB(L) = TTESMX

Where: VCDMN = Minimum Storage Cell Discharge Voltage -

vDe

3-18
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Step 59

Step 60

Step 61

Step 62

Calculate Minimum Storage Cell Charge Voltage
VCCMN = F {BRR(J,K,L),QBB(K),TBB(L)}

at: BRR(J,K,L) = BRCEST

QBB(K) = QBRES

TBB(L) = TTESMX

Where: VCCMN = Minimum Storage Cell Charge Voltage - VDC

Calculate Minimum Battery Potential Efficiency

ETABVN = VCDMN/VCCMN

Where: ETABVN = Minimum Battery Potential Efficiency

Calculate Battery State-of-Charge Increment

DQBB1 = (1.0 - QBRES)/10.0

Where: DQBBl = Battery State-of=Charge Increment

Initialize Battery SOC Counter and SOC Values
IQBB = ]

QBB1 = QBRES

Where: IQBB = Battery State-of-Charge Counter

QBBl = Battery Gtate-of=Charge
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Step 63

Step 6L

Step 65

Step 66

Step 67

Calculate Instantaneous Battery Coulcombic (Charge)
Efficiency

ETA{IQBB) = A {BRR, QBB, TBB}

at: BRER = BRCEST
TBB = TTESMX
QBB = QBB1

Where: ETA{IQBB)

Instantaneous Battery Coulombic
Efficiency

=
"

A series of Input Data Tables (Al, A2, A3,
Al, A5) giving ETA as a function of BRR,
QBB and TBB

Increment Battery SOC Counter and SOC Values

IQBB = IQBB + 1

QBB1 = QBB1 + DQBB1

Compare Battery SOC Counter With Reference

If: IQBEB > 11,
Then: GO 10 STEP 67

RETURN TO STEP 63

Calculate Average Battery Coulombic (Charge) Efficiency
1.0 EREDRIL Using Simpsons'
ETABG = [+—=i==—-] ® ETA(IQBB) * DQBBl { Rule of
L= GBS Integration
IQBB=]

Where: ETABQ = Average Battery Coulombic Efficiency

Calculate Battery Energy Charge/Discharge Ratio
RATBAT = 1,0/(ETABVN * ETABQ)

Where: RATBAT = Battery Energy Charge/Discharge Ratio
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Step 68 Compare Battery Charger Type With Reference

' If:  ICHPT = 0,
Then: GO TO STEP 75

Step 69 Calculate Battery Discharge Line Efficiency
ETAD = VBUS/(VBUS + 1.0)

Where: ETAD = Battery Discharge Line Efficiency

Step 70 Compare Raw Power Bus Operating Level With Reference
VCHIO = VCHIOT {TTESG} at: TTESG = TTESMX

If:  VBUS < VCHIO,
Then: GO TO STEP Tk

Where: VCHIO = Battery Charger Input Voltage at Turn-on
(Minimum Voltage Drop at zero current level) -
vDC
| VCHIOT = Input Table of VCHIO as a function of TTESG

TTESG = Energy Storage Group Temperature - °F

Step T1 Compare Raw Power Bus Operating Level With Reference

VCHISA = VCHIST {TTESG} at: TTESG = TTESMX

If: VBUS < VCHISA,

Then: GO TO STEP T2
GO TO STEP 73
Where: VCHISA = Battery Charger Input Voltage wherein Charger

Changes From "Saturated" operation to "Active
Operation -« VDC

VCHIST = Input Table of VCHISA as a function of TTESG
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Step 7

Step 76

Calculate Battery Charger Efficiency
ETACHG = 1.0 - (VCHIO/VBUS)
GO TO STEP 76

Where: ETACHG = Battery Charger Efficiency

Calculate Battery Charger Efficiency
ETACHG = (VCHISA - VCHIO)/VBUS

GO TO STEP 76

Calculate Battery Charger Efficiency
ETACHG = 0,0

GO TO STEP 76

Calculate Battery Discharge Line Efficiency and Charger
Efficiency

ETAD = 1.0

ETACHG = 1,0

Calculate Duration of Yearly Share-Mode lLoads

?Sfff

1=]

TKIT = TKT(I)

Where: TKTT = Duration of Yearly Share=Mode Loads = Hours
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Step 77

Step 78

Step 19

Step 80

Step 81

Calculate Duration of Yearly Battery Charge Mode Lloads

NWEEK
TLTT = E TLT(I)
I=1

Where: TLTT = Duration of Yearly Battery Charge Mode
Loads -~ Hours

Calculate Power Source Group (PSG) Average Power Level

ppsgay = RATBAT  (FPCDJ ¢ EPCDK) + (ETAD * ETACHG * EPCDL)
ETAD ¥ ETACHG ® TLTT) * (RATBAT * TKIT)

Where: PPSGAV = PSG Average Power Level During Year - Watts

Calculate PSG Energy Requirement
EPSG = PPSGAV * (TKTT + TLTT)

Where: EPSC = PSG Yearly Energy Requirement - Watt-Hours

Calculate Solar Array Energy Requirement

VBUS
ESA = EPSG/(VBUS ‘_ 1.0)

Where: ESA = Solar Array Yearly Energy Requirement -
WatteHours

Calculate Maximum Solar Arrsy Temperature

TSAFMX = TTABMX + DTTPSG
TSARMX = TSAFMX + L59.67
TSAKMX = (5.0/9.0) * TSARMX
TSACMX = TSAKMX - 273.15

Where: TSAFMX = Maximum Solar Array ‘Temperature - °F
TSARMX = Maximum Solar Array Temperature - °R
TSAKMX = Maximum Solar Array Temperature - °K
TSACMX = Maximum Solar Array Temperature - °C

4 ;nm.w'@%g@fzﬁ" F s SO
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Step 82 Calculate Maximum Instantaneous Solar Radiation
QDTMX = AMAX (QSOLMX(I)) over the range: I = 1, NWEEK

Where: QDTMX = Maximum Instantaneous Total Solar Radiation
Incident on Solar Array - Watts/Meter?

Step 8} Obtain Solar Array Electrical Characteristics

Under the conditions:

(a) TSAC

TSACMX

(b) QDT = QDTMX

(2) DATEM

DURAM * 365,242

() NS1 =50

(e) NP = 50

(f) NESP

i
Where: TSAC = Solar Array Temperature - °C

QDT = Instantaneous Total Solar Radiation Incident
on Solar Array - Watts/Meter?

DATEM = Elapsed Time from start of mission = Days
NS1 = No. of Solar Cells in Series in each circuit
NP = No. of Solar Cells in Parallel in each circuit

NESP = Number of Parallel Electrical Circuits in
Solar Array

Then: V2(L) = Solar Array Voltage - VDC
I12(L) = Solar Array Current at V2(L) - Amperes
L = )], MFINAL

MSAPWR = Solar Array Maximum Power - Watts

MAXV = Solar Array Voltage at Maximum Power Point - .
vDC
MAXI = Solar Array Current at Maximum Power Point - .

Amperes
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Step 83a

Step 84

Step 85

Step 86

Step 87

Step 88

Calculate Single Cell Maximum Power
PWRMX1 = MSAPWR/(NS1 * NP * NESP)

Where: PWRMX1 = Single Cell Maximum Power Output - Watts

Calculate Solar Cell Efficiency for End of Mission
N
)

Where: ETAEOM = End-of-Mission Solar Cell Efficiency

ETAEOM = (PWRMX1/(QDT * ACELL * 10

Calculate Total Yearly Solar Radiation

NWEEK
QQSTOT = E QQSOLT(I)
I=]

Where: QQSTOT = Total Yearly Solar Radiation Incident on Sclar
Array - Watt-Hours/Meter?

Calculate Nominal Estimate of Total Solar Cell Area

ESA

ASCTNM = = STOT & ETABOM ® (1.0 - SARES)

Where: ASCTNM = Nominal estimate of total solar cell area =
Meter?

Calculate Nominal Estimate of Total Solar Cells

ASCTNM
ACELL * (1.0 x 10

XNSCNM = i

)

Where: XNSCNM = Nominal Estimate of Total Solar Cells

Calculate Solar Array Open Circuit Voltage
vscoc = F {v2(L),12(L)} at 12{(L) = 0.0

Where: VSCOC = Array Open Circuit Voltage - VDC
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Step 89
Step 20
Step 91
Step 92
Ste 3

Calculate Number of Solar Cells in Series Required

VBUS + 1.0
VSCOC + MAXV
2.0 * N32

XNS =

e
[97]
"

IFIX (XNS) + 1.0

Where: XNS Estimate of Cells in Series

NS = Number of Solar Cells in Series Required

Calculate Number of Solar Array Electrical Secticns in Parallel

) XNSCNM
XNESP = £TGAT(NS) * FLOAT(NPREQ)
NESP = IFIX(XNESP) + 1.0

Where: XNESP = Estimate of Electrical Sections in parallel

Calculate Total Solar Cells Required
NSCTOT = NEGP ®* [IS # NPREQ

Where: NSCTOT = Total Number ol Solar Cells Required for the
Solar Array

Calculate Total Solar Cell Area

by

Where: ASCIOT = Total Solar Cell Agea Required for Solar
Cell Array = Meter<

ASCTOT s NSCTOT * ACELL (1.0 = 10

Calculate Total Solar Array Area

ASCTOT
CELPAC * (9.290 x 107°)

Cn 3
Where: ASA = Total Solar Array Area Required = Foot®
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Step 94 Calculate Solar Array Weight

DWDA = DWDAT * ASA

WSA = ASA " DWDA

Solar Array Specific Weight - Lbs/Ft2

Where: DWDA

WSA = Solar Array Weight - Lbs

DWDAT

Input Table of DWDA as a function of ASA

Step 95 Calculate Solar Array Cost

ASATP = ASA * FLOAT (NSAP)
DCDA = DCDAT {ASATP}
CSA = ASA * DCDA

Where: ASATF = Total Area of Solar Arrays to be procured = Ft2
CSA = Solar Array Cost = $
DCDA = Solar Array Specific Cost = $/Fe°

DCDAT = Input Table of DCDA as a Function of ASATP

“tep 96 Calculate Minimum Solar Array Temperature
TSAFMN = TTABMN + DITPSG
TSARMN = Y'SAFMN + U459.67
TSAKMN = (5.0/9.0) * TSARMN

TSACMN = TSAKYY - 273.19

Where: TSAFMN = Minimum Solar Array Temperature - °F
TSARMN = Minimum Solar Array Temperature - °R
TSAKMN = Minimum Solar Array Temperature - °K
TSACMN = Minimum Solar Array Tenperlt:un - %
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Step 98

Obtain Solar Array Current Voltage Characteristics at the
Beginning of Life

Under the conditions:

{a) TSAC = TSACMN

(b) QDT

QDTMX
(c) DATEM = 0.0

(a) NP

NPREQ
(e) NS 2 S ‘frum above
(f) MNESP = NESP lCalculatlons

Then: ve(L)

Solar Array Voltage - VDC
I12{L) = Solar Array Current at V2(L) - Amperes

L = 1, MFINAL

MSAPWR = Solar Array Maximum Power - Watts

MAXV = Solar Array Voltage at Maximum Power Point - VDC

MAXI

Solar Array Current at Maximum Fower Point - Amperes

Calculate Solar Array Open Circuit Voltage (at BOL)
VSAOC = F {v2(L), I2(L)} at 1I2(L) = 0.0

Where: VSAOC = Solar Array Open Circuit Voltage - VDC

Calculate Maximum Blocking DPiode Power Loss

L0 )' MSAPWR

NothoRs (vaus * 1.0

Where: MSABDP = Maximum Power Loss in all Solar Array Blocking
Diodes - Watts
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Step 100 Calculate Solar Array Electrical Section Blocking Diode Rating
PESBD = MSABDP/FLOAT (NESP)

Where: PESBD = Electrical Section Blocking Diode Power
Rating - Watts

Step 101 Initialize Weekly Counter and Battery State

NWEEK = 1.0
BSTATE = 0.0
EBTHMX = 0.0
EBTHMN = 0.0
Where: BSTATE = Relative Energy State of the Battery =
Watt=-Hours
EBTHMX = Maximum Battery Energy State = Watt=Hours
» EBTHMN = Minimum Battery Energy State - Watt-Hours

Step 102 Compare Weekly Counter With Reference

If:  NWEEK < 0 ; OR
If: NWEEK > 52 ; OR
If:  NWEEK > LWEEK :
Then: GO TO STEP 113

Step 103 Calculate Average Weekly Solar Insolation
QQSOLA = QQSTOT/FLOAT (NWEEK)

Where: QQSOLA = Average Weekly Solar Radiation Incident on Solar
Array - Watt-Hours/Meter?
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Step 104

Step 109

Step 136

Calculate Modified PS5 Power Output

FPSGAV * QQSOLT(IWEEK)
QQSOLA

PPSGL

PPSGL _* QOFF
QSOLMX(NWEEK )

PPSCK =

Where: FPPSGL = Weekly Average PSG power output during battery
charging periods - Watts

PPSGK

Weekly Average PSG power output during Share=Mode
Operational periods - Watts

Calculate Battery Load Profile Power Levels

PBJ = <PFON/ETAD
PGK = «(PFON - PPSGK)/ETAD
PBL = (ETACHG/RATBAT) * (PPSGL - PFOFF)

Where: PBJ = Battery Discharge Power during Solar Occultation
periods - Watts

PBK = Battery Discharge Power during Share-Mode Operation
periods -~ Watts

PBL = Battery Charge Power, adjusted to reflect Net
gain in discharge energy, during Battery Charging
pericds - Watts

Compare Share-=Mode Battery Discharge Power with Reference

If: PBK > 0.0,

en: PBK = 0.0

i RN
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Step 107 Calculate Battery Energy Profile Levels
EBX(1) = PBJ * TJL(NWEEK)

EBX(2) = PBK * TKT(NWEEK)

EBX(3) = PBL * TLT(NWEEK)
EBDX(1) = EBX(1)/7.0
EBDX(2) = EBX(2)/7.0 .
EBDX(3) = EBX(3)/7.0 1

Where: EBX(I) = Battery Discharge Energy during a particular

operational period - Watt-Hours

EBDX(I) = Average Daily Battery Discarge Energy
I =1 = During Solar Occultation periods
= 2 = During Share-Mode periods
= 3 = During Battery charging periods

Step 108 Initialize Period Counter

I=1
Step 109 Compare Period Counter With Reference
If: I>3,

Then: GO TO STEP 112
Step 110 Calculate Battery Energy State

EBTHMX = AMAX (EBTHMX, BSTATE)

EBTHMN = AMIN (EBTHMN, BSTATE)
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Step 111 Increment Period Ccunter

I1=1+1

RETURN TO STEP 109
Step 112 Increment Weekly Counter

NWEEK = NWEEK + 1

RETURN TO STEP 102
Step 113 Calculate Theoretical Battery Discharge Energy Requirement

EBDTH = ABS (EBTHMX -~ EBTHMN)

Where: EBDTH = Theoretical Battery Discharge Energy =Watt-Hours
Step 11k Calculate First Criterion for Energy Storage Group Discharge Energy

EESG1 = EBDTH/(1.0 - QBRES)

Where: EESGl = First Criterion for ESG Discharge

Energy - Watt-Hours
Step 115 Calculate Yearly Battery Mode Reversals
NWEEK
NMRT = E NMR(I)
I=1

Where: NMRT = Total Yearly Reversals of Battery Operating Mode

Step 116 Calculate Total Mission Battery Cycle Requirements
52,0 * DURAM) , [ FLOAT(NMRT
NCYCLE = FLOAT [( 2.0 FLOAT(NWEEK) /| * !
Where: NCYCLE = Battery Charge/Discharge Cycle Requirement
3-32
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Step 117

Step 118

Step 119

Steg 120

Step 121

Calculate Theoretical Battery Depth-of-Discharge
DOD = DODT {1n NCYCLE}

Where: poD

Theoretical Battery Depth of Discharge

DODT = Input Table of DOD as a function of the natural

logarithm of NCYCLE

Compare Theoretical Depth of Discharge With Reference

If: DOD < 0.0,
Then: DOD = 0.001
If: pop > 1.0,
Then: DOD = 1.0

Calculate Second Criterion for Battery Discharge Energy Requirement
EESG2 = EBDTH/DOD

Where: EESG2 = Second Criterion for ESG Discharge
Energy - Watt-Hours

Calculate PSG Maximum Power Output
PPSGMX = MSAPWR - MSAPDP

Where: PPSGMX = PSG Maximum Power Output - Watts

Calculate Maximum Battery Charge Power
PBCHMX = ETACHG * (PPSGMX - PFOFF)

Where: PBCHMX = Maximum Power Available for Battery
Charging - Watts

-3
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Calculate ESG Minimum Temperature
TTESMN = TTABMN + DTTESG

Where: TTESMN = Minimum Temperature of ESG - °F

Calculate Maximum Storage Cell Discharge Voltage

VCDMX = F {BRR(J,XK,L),QBB(K),TBB(L}}

at: BRR(J,K,L) = -|BRDEST]
QBB(K) = 1.0
TBB(L) = TTESMN

Where: VCDMX = Maximum Storage Cell Discharge Voltage - VDC

Calculate Maximum Storage Cell Charge Voltage

VCCMX = F {BRR(J,K,L),QBB(K),TBB(L)}

at: BRR(J,K,L) = BRCEST
QBB(K) = 1.0
TBB(L) = TTESMN

Where: VCCMX = Maximum Storage Cell Charge Voltage - VDO
Calculate Maximum Battery Potential Efficiency
ETABVX = VCDMX/VCCMX

Where: ETABVX = Maximum Battery Potential Efficiency

Calculate Third Criterion for Battery Discharge Energy Requirement

PBCHMX * ETABVX
BRCHMX

EESG3 =

Where: EESG3 = Third criterion for ESG Discharge
Energy - Watt-Hours
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Step 127

Step 129

Step 130

Step 131

Step 132

Ctep 1

Step 13k

Calculate Actual Battery Energy Discharge Capability
EESG = AMAX(EESG1, EESG2, EESG3)

Where: EESG = ESG Discharge Energy Capability - Watt-Hours

Compare Battery Charger Type With Reference

If:  ICHRT > O,
Then: GO TO STEP 133

Compare Shunt Limiter Type With Reference

ISH > 0,

If:
Then: GO TO STEP 132

Calculate Maximum Battery Charge Voltage
VBCHMX = VSAOC - 1.0
GO TO STEP 139

Where: VBCHMX = Maximum Battery Charge Voltuge - VDC

Calculate Maximum Battery Charge Voltage
VBCHMX = VBUS + (0.75) ®* ((VSAOC - 1,0) - VBUS)

GO TO STEP 139

Compare Shunt Limiter Type with Reference

1 ISH > 0,
Then: ISH = 0

Calculate Battery Charger Reference Voltages

VCHIO = VCHIOT {TTESG)
at: TTESG = TTESMN

VCHISA = VCHIST {TTESG)
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Step 134 (contd)

Where: VCHIO

Battery Charger Input Voltage at Turn-On - VDC

VCHISA = Battery Charger Input Voltage at which charger
changes from "Saturated" to "Active"
operation - VDC
VCHIOT = Input Table of VCHIO as a function of TTESG
VCHIST = Input Table of VCHISA as a function of TTESG

Step 135 Compare Solar Array Open Circuit Voltage With Reference

P (VSADC - 1.0) > VCHIO,
Then: GO TO STEP 136

Print Out Error Message:
"VBUS too low to turn-on battery charger"

Return to Main Program and Stop Computer Run

Step 136 Compare Solar Array Open Circuit Voltage With Reference

If: (VSAOC « 1.0) > VCHISA,

hen: GO TO STEP 138
Step 137 Calculate Maximum Battery Charge Voltage
VBCHMX = (VSAOC - 1.0) - VCHIO

GO TO STEP 139

Step 138 Calculate Maximum Battery Charge Voltage
VBCHMX = F {VESA, TTESG)}
at: VESA = VSAOC - 1.0

TTESG = TTESMN
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Step 138 (contd)

Step 139

Step 140

Step 141

Where: VESA = VCHIT {VCHOOA, TTESG}

VCHOOA

VBCHMX

VESA = Estimate of Battery Charger Input Voltage in
"active" condition - VDC

VCHOOA = Battery Charger Output Voltage, in "active"
condition at zero current - VDC

VCHIT = Input Table of VESA as a function of VCHOOA and

TTESG

Calculate Storage Cell Minimum Charge Voltage
VCCHMN = F {BRR(J,K,L),QBB(K),TBB(L)}
at: BRR(J,K,L) = 0.0
QBB(K) = 1.9
TBB(L) = TTESMX

Where: VCCHMN = Storage Cell Minimum Charge Voltage - VDC

Calculate Maximum Number of Storage Cells in Series
XNCBMX = VBCHMX/VCCHMN

Where: XNCBMX = Estimated Maximum Number of Storage Cells in
Series

Calculate Storage Cell Maximum Charge Voltage
VCCHMX = F { BRR(J,K,L),QBB(K),TBB(L)}
at: BRR(J,K,L) = 0.0
QBB(K) = 1.0
TBB(L) = TTESMN

Where: VCCHMX = Storage Cell Maximum Charge Voltage - VDC
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Step 1kL2

Step L4

Step 1kLS

Calculate Minimum Number of Storage Cells in Series
XNCBMN = VRBUSMN/VCCHMX

Where: XNCBMN = Estimated Minimum Number of Storage Cells in
Series

Calculate Estinated Storage Cells in Series

XNCELL = XNCEMN + (FRCELL) * (XNCBMX - XNCBMN)

Where: XNCELlL = Estimated Storage Cells in Series

Calculate Actual Humber of Storage Cells in Series

NCELL = IFiX(XNCELL)
YNCELL = FLOAT(NCELL)
DNCELL = XNCELL - YNCELL

If:  DNCELL > 0.5,
Then: NCELL = NCELL + 1

Where: NCELL = Number of Storage Cells in Series in the Battery

Initialize Voltage Counter and Battery State-of-Charge
1=1
QBS = 0.0

Where: QBS = Dummy Variable used for Battery State-of-Charge

Compare Voltage Counter With Reference

—
-

s 1>11,
en: GO TO STEP 149

5
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Step 147

Step 148

Step 149

Step 150

Ste

[

Calculate Storage Cell Discharge Voltage
vepsTD(I) = F {BRR(J,K,L),QBB(K),TBB(L)}
at: BRR(J,K,L) = -|BRDSTD|
QBB(K) = QBS
TBB(L) = TBDSTD

Where: VCDSTD = Storage Cell Discharge Voltage under Standard
Conditions of BRDSTD and TBDSTD - Volts

Increment Voltage Counter and Battery State-of-Charge

QBS = QBS + 0.1
I=1I+1

RETURN TO STEP 1u6

Calculate Average Storage Cell Discharge Voltage

I=11
VCDAVG = VCDSTD(I) * (0.1) Using Simpsons' Rule
I=1

Where: VCDAVG = Average Storage Cell Discharge Voltage Under
Standard Conditions - VDC )

Calculate Tctal ESG Discharge Capacity

EESG
VCDAVG ® FLOAT(NCELL)

CBDSTD =

Where: CBDSTD = Total ESG Discharge Capacity Under Standard
Conditions - Amp~Hours

Initialize Storage Cell Sigze Counter
JB =]

Where: JB = Tabular location Size of Available Storage {ell
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Step 152 Compare Storage Cell Size Counter With Reference
If:  JB> 30
Then: GO TO STEP 154
Step 153 Compare Storage Cell Size With Reference
Prich CBAVAL(JB) > 0.0,
Then: JB = JB + 1, AND
Then: RETURN 70 STEP 152
Step 154 Calculate Maximum Number of Storage Cell Table Entries
JBTOT = JB
Where: JBTOT = Max. No. of Entries in Storage Cell Table
Step 155 Initialize Storage Cell Size Counter
JB =1
Step 156 Compare Storage Cell Size Counter With Reference
LT JB > JBTOT,
Then: JBMAX = JBTOT, AND
Then: GO TO STEP 159
Where: JBMAX = Location of Max. Available Battery Capacity in
Storage Cell Table
Step 1 Compare Maximum Desired Battery Capacity With Reference
If:  CBMAX > CBAVAL(JB),
Then: JB = JB + 1, AND
Then: RETURN TO STEP 156
Step 158  Calculate Location of Maximum Desired Battery Capacity in
Available Storage Cell Table
JBMAX = JB - 1
3-40
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Step 159

Step 160

Step 161

Step 162

Step 163

Step 164

Calculate Estimate of Batteries Required

CBDSTD
CBAVAL(JBMAX)

XNBATT =

Where: XNBATT = Estimate of Number of Batteries in Parallel

Compare Estimate of Batteries Required With Reference

If:  XNBATT > 1.0,

en JBB = JBMAX, AND
Then: GO TO STEP 1

5

Where: JBB = Location of Selected Design Capacity in Storage
Cell Table

Initialize Counter

J=1

Compare Counter With Reference And Select Battery Attribute
If: J = JBMAX, ,

Then: NBATT = 1, AND,

Then: CBDT = CBDSTD, AND,

Then: CBD = CBDT, AND,

Then: GO TO STEP 17%

Where: NBATT = Number of Batteries in Parallel

CBDT = Total Discharge Capacity of all
batteries - Amp-Hours

CBD = Discharge Capacity of a single battery - Amp-Hours

Calculate Location of Selected Battery Design Capacity in Storage
Cell Table

JBB = JMAX = J

Calculate Estimate of NKumber of Batteries in Parallel

CB
XEBNT2 = cmm.i.mi
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Step 165

Step 166

Step 167

Step 168

Step 169

Step 170

Step 171

Compare Estimate of Batteries Required With Reference
If: XNBATT < 1.0

Then: J =J + 1, AND,
Then: RETURN TO STEP 162

Compare Estimate of Batteries Required With Reference

Iifs: XNBATT < 10.0
Then: GO TO STEP 172

Increment Maximum Desired Battery Capacity Location in Storage
Cell Table

JBMAX = JBMAX + 1

Compare Maximum Desired Battery Capacity Location With Reference
and Select Battery Attributes

—

f:  JBMAX > JBTOT,

en: NBATT = 10, AND,

Then: CBDT = CBDSTD, AND,

Then: CBD = CBDI/FLOAT(NBATT); AND,
Then: GO TO STEP 174

5

Calculate location of Selected Battery Design Capacity in Storage
Cell Tabliée! e~

JBB = JBMAX

Calculate Estimate of Number of Batteries in Parallel

XNBATT = CBDSTD/CBAVAL(JBB)

compare Estimate of Batteries Required With Reference

1f: XNBATT > 10.0,
Then: RETURN TO STEP 167
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Step 172

Step 173

Step 174

If: DNBATT > 0.5.
Then: NBATT = NBATT + 1

Calculate Actual Number of Batteries in Parallel

NBATT = IFIX(XNBATT)
YNBATT = FLOAT(NBATT)
DNBATT = XNBATT - YNBATT

Calculate Battery and ESG Storage Capacity
CBD = CBAVAL(JBB)

CBDT = CBD % FLOAT(NBATT)

Calculate Maximum Allowable Battery Charging Current

EBDA = CBDT * VCDAVG * FLOAT(NCELL)
DODA = EBDTH/EBDA

YICHMX = CBDT * BRCHMX

ZICHMX = YICHMX/FLOAT(NBATT)

Where: EBDA = Total Battery Energy Watt-Hours
DODA = Maximum Battery Depth-of=Discharge

YICHMX = Maximum Allovable Battery Charging Current for
the ESG - Amperes

ZICHMX = Maximum Allowable Charging Current for Single
Battery - Amperes
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Step 175 Calculate Battery Weight
DWDE = DWDET {CBD)
EBTOT = CBDT * VCDAVE * FLOAT (NCELL)
WBATT = DWDE * EBTOT
Where: DWDE = Battery Svecific Weight - 1lbs/Watt-Hour
EBTOT = Total Battery Energy in ESG - Watt-Hours
WBATT = Battery Weight - Lbs
DWDET = Input Table of DWDE as a function of CBD
Step 176 Calculate Battery Cost
DCDE = DCDET {CBD, NBATP}
CBATT = DCDE * EBTOT
|
Where: DCDE = Battery Specific Cost = $/Watt-Hour
NBATP = Total Number of Batteries to be procured
CBATT = Battery Cost - 8
¢
DCDET = Inpiit table of DCDE as a function of CBD and NBATP
f
Step 177 Compare Buttery Charger Type With Reference
If: ICHRT = O,
Then: PCHO<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>