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1. Introduction

This manual contains descriptions of EASY5 macro component
models developed for the spacecraft power system simulation
sponsored by NASA GSFC. A brief explanation about how to use
the macro components with the EASY5 Standard Components to
build a specific system is given through an example in Sec-
tion III. ‘

The macro components are ordered according to the follow-

ing functional group.

1. Converter power stage models
Compensator models

Current-feedback models

D WwN

. PWM models

5. Load models

()}

Solar array models

7. Shunt regulator models

The format of the component model descriptions is similar
to the format of the EASYS Standard Components descriptions
in the EASYS5 User's Guide. The circuit model of each macro
component model is included along witﬁ some key equations and
the model program is also attached for each model. The port
inputs and outputs used for interconnection among models are

shown on the right and left side of the box with arrows.



Il. Macro component descriptions

This section describes a set of EASY5 macro components
developed in this study. Major equations, a circuit model
and a program listing are provided for each macro component.
The macro components are listed in the following table.

N

TABLE OF MACRO COMPONENTS

Macro
Component
Name Description 0 Page
- CONVERTER POWER STAGE MODELS -
BC Buck Converter Power Stage 4
BT Boost Converter Power Stage 8
FB Buck/Boost Converter Power Stage 12
EW . Foward Converter Power Stage 16
BP Battery~discharger Power Stage" 20
- COMPENSATOR MODELS -
DG Lead-lag Compensator 22
MP Two-pole One-zero Compensator 24
Pz Two-pole Two-zero Compensator 26
- CURRENT-FEEDBACK LOOP -
SM SCM Current Loop 28
cc CIC Current Loop 30




Macro

Component
Name Description Page
- PWM MODELS -
WM PWM (Constant Frequency Control) 32
FF PWM (Constant Off-Time Control) 34
NN PWM (Constant On-Time Control) 36
- LOAD MODELS -~
LO LCR Load 38
PT Constant Power Load ’ 40
-~ SOLAR ARRAY MODELS -
AR Solar Array 42
AS Solar Array Switching Unit 46
- SHUNT REGULATOR MODELS -
HA Type-1 Shunt Regulator (Transfer-Function Model) 52
HB Type-1l Shunt Regulator (State-Equation Model) 57
FS Type-2 Shunt Regulator ° 61
AP Solar Array/Partial Shunt 63
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BUCK CONVERTER POWER STAGE

V2
v
R L
_]__.).o_/.__. L
R —l—
I c
—_— > 2%; I
c L
IQ
ORI | VL
o 0 >
INPUT
V1 variable input voltage ' Volts
12 variable input current from load Amps
IQ variable switching function
(if switch is on, IQ=1)
(if switch is off, IQ=0)
C parameter capacitance Farads
L parameter inductance Henries
RC parameter capacitor effective resistance Ohms
RL parameter inductor effective resistance Ohms
CUTPUT
V2 variable output voltage Volts
I1 variable output current to source Amps
IL state variable inductor current Amps
VC state variable capacitor voltage Volts
IS variable switch current Amps
VL variable inductor wvoltage Volts




EQUATIONS

For IQ =1 :
5]
Ve
M
I1

[ -(RL+RC) /L -1/L ] [ IL] [ 1/L RC/L } { Vi }
+
1/C 0 ve 0 -1/C 12
RC 1] [IL] [o -RC}[VI]
+
0 ve o] 0 12
For IQ =0, IL>0 :
[ IL ] [ -(RL+RC) /L -1/L‘J [ IL] [ 0 | -RC/L] [v1 }
PY -+
Ve 1/C 0 Ve 0 -1/C 12
[vz] [ RC 1}[114] [0' -RC}[VlJ
= : +
11 o} 0 Ve 0 0 12

]
—
=

For I1Q = 0, IL =0

{I'L] [o Oj][ILJ '{o 0 .[v1}
. = +
vC 0 0 vC 0] -1/C 12
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%  LARGE SIGNAL MODEL OF BUCK{(W/0 LOAD)

#® POWER STAGE ONLY

38 36 45 36 36 F H6 36 36 3 A A H A I F I I I

## REVISED 12/3/89

MACRO FILE NAME=MACROS

DEFINE MACRO=RC

MACRO INPUTS=
C L RL RC

Vi 12
IQ@ ;5 SWITCHING FUNCTION
I1@=1 (SWITCH; ON)
19=0 (SWITCH;: OFF)
INPUT VOLTAGE
INPUT CURRENT (FROM L.OAD)
UTPUTS=
Il
VL

va I1
INDUCTOR CURRENT(STATE)
CAPACITOR VOLTAGE(STATE)
SWITCH CURRENT
INDUCTOR CURRENT (DUMMY)
TRANSF ORMER VDLTAGE
QUTPUT VOLTAG
I1 5 OUTPUT CURRENT(%G SOURCE)
MACRO CDD
MACRO STOP SORT

Ik ek k%
C ol et
W % W W Wi e or—mos- -,
r~

ER - -8
A b bt

HEHH
IF{DABS(IQ BC-*).LT.l.E-iO)THEN
IF(IL BC—-~. LLE. 0. )THEN
ILLBC -—~=0,
MACRO DERIVATIVE, IL. BCw—=
gPTg e r77

#d TOFF #REws ;
Nll=—(RL BRC-—+RC BC--)/L BC--
Ala=-1/L BC-—--

A21=1/C BRC--
ADD=0.
Bi1=0 |
B12=RC RG-—/L BC--
B2l=
B22=—1/C BC-—
£11=RC BC--
£iD=1
C21=0
€22=0
D11=0
Di2=-RC BC--
D21=
D22=

+#
IS BC——=0

END IF

ELSE

All=—(Rl. BC~—+RC BC——)/l. BC——
Al2=—1/L  BC--—
A21=1/C BC--




p——

g

jox
3
H

. ¢ .
Re---/L RO -—

/C  RC—-
BC—~—

O O3

lolviglalelalrirlniorig
oo b IR0t e NI M50 52 1)
""FJ’-"PJ"TUD-‘-MHPJ*-*FJ

BERRN RN RN

0 [Relel g BRel Jode

RC BC-~-

END IF
#¢ QUTPUT EQ.

* P R -
v2

I1

— s —

%

Cii €12
c21 ca2

IL.
Ve

D11 D12
D21 DR2

V1

- orn o
- -

)
¥
1]
¥
H
1]
]
¥

o - -

- - -

- - o we
.

- e -

- ..

- v .

% % ok %k

va2 BC-—=(C11 #IL BC-—+C12¥VYC BC-——
& + Dii1s#yVl BC-— +D12%I12 BC—-
I1 BC——=C21%Il. BC-— ;-
VL BC——={A11#IL BC-—+A12*VC BC——+B11#V1 BC—~—+
& Bi2%12 BC~-)¥xl. BC-
## STATE EQ.

dIL/dt
dvC/dt

All AlZ2
Al A2

IL
vC

Hil1 B12
B21 B2

11
K

1 1 3
] ] 3
1 I 1
] 1 ]
' 1 ]
3 ] 1
1 ) ]
¥ ] ]

- ———— -
L
v . -
- —
e o e
- - e

¥ %k o

MACRO DERIVATIVE, IL BC——=VL BC——/L BC-—

+++77 CONTINUE

MACRD DERIVATIVF:VC BC--=A21#IL BC——+AR2¥VC BC——+
B21%V1 BC~-—-+B22%#1I2 RBC--

ILLBC--—-=IL BC--
IFCILLBC-— LE. O. )ILLBC-—=0.
MACRO RESUME SORT
END OF MACRO
MODEL DESCRIPTION
LOCATION= 22, BC
END OF MODEL.
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BT

BOOST CONVERTER POWER STAGE

v A N —
S o—AAA-N " 9 L
R, >
2, / IR
- » O- 0 VL
INPUT
V1 variable input voltage i Volts
I2 variable input current from load Amps
I0 variable switching function
(if switch is on, IQ=1l)
(if switch is off, I0=0)
c parameter capacitance Farads
L parameter inductance Henries
RC parameter capacitor effective resistance Ohms
RL parameter inductor effective resistance Ohms
OUTPUT
Va2 variable output voltage Volts
I1 variable output current to source Amps
IL state variable inductor current Amps
vC state wvariable capacitor voltage Volts
IS variable switch current Amps
VL variable inductor voltage Volts




EQUATIONS

For IQ = 1
[ IL ] [ RL/L
ve | 0

For I1IQ

]

1/C

For IQ = 0, IL = O
IL 0
ve 1/C

N

]
prme———
o O

0, IL>0 :

[ - (RL+RC) /L

|
| [

-1/L ] [ 1L
0 Ve

|

0 } [ Vi
-1/C I2

-RC } [ V1
0 I2

RC/L] [ 208
~1/C 12
-RC

A

0 } [ V1
-1/C I2

-RC V1
0 I2
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k€ LARGE SIGMAL. MADEL OF BOOST(W/0 L.OAD)

* POWER STAGE OMLY

# REVISED 11/19/805

336 36 3 4 30 646 36 0301 30301096 3 30 3 30 40 046 3 30040 30 36 30 4640 BRI SRR I S HE B0
MACRO FILE NAME=MACRO3D

DEFINE MACRO=RT

MACRO INPUTS=

C L Ri. RC
vi 12
MACRO QUTPUTS=
IS 1L
ILL.
vC ve 11
MACRO CODE
MACRO STOP SORT
33364
IF(DABS(IQ BT—--). LT 1. E-S)THEN
IFCIL BT--. LE. O. )THEN
ILLBT—~=0,
MACRO DERIVATIVE, IL BT——=0.
S0TO +++77
EL.SE

#434 TOFF #4688
All=-(RlL. BT——+RC BRT-—-)/L BT-——
Al2=—-1/l. RBT—--
A2i=1/C BT—-
AR2=0,
Bii=i/L BY --
BI?—RC Bi~—/L BT --

)

L 18 Lond
LRI
bl
n 2
=
-

i
]

RC BT -—

winlelclololelelnin]
MMH#MMHWMM
nunnn |
OO0 | OO

PIee P I

All=-(RL BT--)/L. BT—-—

1Y
o

RIS TN ER

[ 1}
QOO0 =0 | OO

/L. BT --

A
-

1/¢ BT—-

RC BT-—-

felelwlelslelel 1 -lni<hg"
P ot NI AT 0t ot AT T o 1 1]
S A IS AT TS
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Do-)a—s_.

& e~

18 BT——: 1L Bi-—-

END_IF

G BT--=10
x# OUTPUT EG.
#
oo -
#1 V2 L1 Cilet? ot oIL i Dii D12 ! } Vi
* P o= fo e P
#i 114 i copoepp i b ove t D21 D22 | ! 12
w1 i P : : Pl
*

v2 BT--=Ci1 ®IL BRT-—+C12%VC BT
%+ D11#V1 RT-— +D12#I12 BT—-
I1 BT-—=C2i#IL BT-— _
VL=(A11%IL BT=——+A12#VC BT-—+B11#V{ BT-—+
% Bi2#12 BT—--)%L BT--
#+ STATE EQ.

*
# | dIL/dt § ! A1l A2 3} IL ! 1B11 B12 | !
| Poe o P P b
% | dvC/dt | 1 ARY APR | ! VC !  iB21 B2z | |
# | P b too b
¥*

MACRO DERIVATIVE, IL. BT——=VL/L BT~— .

+++77 CONTINUE

MACRO DERIVATIVE,VC BT-—-=A21%IL BT-—+A22#YC BT——+
& B21%V] BT——+R22#I2 BT-—

ILLBT --=IL BT--—
IF (ILLBT -~ LE. 0. ) ILLB1~—=0.

%

MACRO RESUME SORY
END OF MACRO

MODEL. DESCRIPTION
LOCATION= 22, BT

END OF MODEL .

#*
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KB

- BUCK/BOOST (FLYBACK) CONVERTER POWER STAGE

2
v e 4
1 R
> I
N __2__;
L p
— P PHI
AN
v
o | L
—
INPUT
V1 variable input voltage Volts
I2 variable input current from load Amps
IQ variable switching function
(if switch is on, IQ=1)
(if switch is off, IQ=0)
c parameter capacitance Farads
LP parameter primary inductance Henries
LS parameter secondary inductance Henries
RC parameter capacitor effective resistancel Ohms
RP parameter inductor effecti%e resistance Ohms
(primary)
NP parameter no. of turn of primary
NS parameter no. of turn of secondary
OUTPUT
v2 variable output voltage Volts
IP variable output current to source Amps
PHI state variable flux
vC state variable capacitor voltage Volts
IS variable secondary current Amps
VL variable inductor voltage Volts

12




EQUATIONS

For IQ = 1 :
[ IL ] [ ~RP/NP
Ve - 0

N

For IQ = O, PHI >0 :

I
—
O

NP/LP

= IL ‘- (RS+RC) /LS
| ve | | Ns/c/Ls
Bz " NS*RC/LS

| 1P | i 0

For IQ = 0, PHI = O :
" OIL ] C 0
| ve | o0
V2 ] -0
| 1P | o

-1/NS]

13

IL

vC

IL

vC

IL

vC

[ IL

vC

IL

| ve

IL

| VC

1/NP

([1/L

RC/NS]

-1/C |

| 12

[ V1

0

‘1/C J

=-RC ]

I2

A
| I2

[ V1

I2

vl
I2

[ V1

-vl -

L 12 ]
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r+ LARGE SIGNAL MODEL OF FLYBACK{(W/O LO&AD)
¥ POWER STAGE OMLY

4638 38 3 3 63 H BB 3 A I I I R 6 6 3 30 3 R S R R R S S
¥# REVISED 12/7/85

MACRO FILE NAME=MACROS

DEFINE MACRO=FB

MACRO INPUTS= :
C LP LS" NG NP
RP RS RE
00 Vi1 12

V1 ;3 INPUT VOGLTACE
;i INPUT CURRENT(FROM LOAD)
i PRIMARY INDUCTANCE
LS i SECONDARY INDUCTANCE
i % OF TURN (PRIMARY)
i # OF TURN (SECONDARY)
i SWITCHING FUNCTION
g@=1 (SW: 0ON)
Q=0 (3SW: OFF)
ACRO_ QUTPUTS=
PHI 11 IP 18
VL. ve va
¥ PHI; FLUX(STATE)
*#* VO ; CPACITOR VOLTAGE(STATE)D
# IP ; PRIMARY CURRENT
®# IS ; SECONMDARY CURRENT
MACRO CODE
MACRO STOP SORT

IF({DABS(QG FB—-—).LT. 1. E-5)THEN
IF(FHIFB~— LE. O. )THEN
MACRO DERIVATIVE, PHIFB—-—=0,
GOTO +++77
ELSE
##4 TOFF #ExExs
All=—{(RS FB———-RC(C ”B—-)/lS FB~—
Ala=—-1/NS FB-—
A21=NS FR——/(C FB—-—#¥LS8S FB—)

e EEEEEERE ]
4
0

A22=0.
Biis .
B13-RC FB--/NS FB—-
B21=0.
B22=—-1/C FR-—--
C11=NS FB~—#RC FB--/LS FB—-
Cio=1
C21=0
€22=0
D11=0
Di2=-RC FB--
p2i=
D22=0

¥*
SE=1

END 1F
SE

L

mis TON ###
A11=—RF FB-—/LP FB—-
Alo=
A21=0

14



ARR=0

Bil=1/MP TH -~

B12=0

B21=0

B22=-1/C FR--

C11=0

Cl2=1

C21=NP FR-—-/LP FR--

€22=0

D11=0

Di2=-RC FB--

D21=0

D22=0

SE=0

END IF
#% OUTPUT EQ.
#
Formmone -
® V2 1} €11 C12 | | PHIY { D11 D12 § | Vi !

! fo= P I to ;

®# I1 § i caice2 i i ve | { D21 P22 { ¢ I2 !
# P b : : o :
-3

v2 FB——=(C11 #PHIFR--+(12#VC FB—-—
& + D11#Y}) FB—— +Di2%#I1I2 FB-——
Il FB=—=C21#PHIFB—~— -
VL FB=-=A11#PHIFB-—+A12#VC FB~—+Bl1#V1 FB-—+
Bi12+#I2 FR~—
IP FB—-—=11 FR -—
I8 FB——=8FE#NS FB--#PHIFR--/1.8 FB——-
## STATE EQ.

gPHI/dt 1

f Vi
§ dvC/dt

ALl ALZ

P} PHIY
A21 A22 !

Ve

{B11 B12
{B21 B2

n

n

H
'
= 1 £
1
§
§
¥

- o -
-
- -

3 e Ak ofe ko

MACRO DERIVATIVE, PHIFB——=YL. FB——

+++77 CONTINUE

MACRO DERIVATIVE, VC FB-—=A2 1 #PHIFB-—+A22#YC FB--+
% B21#V1 FB--4+R2R%I12 FRB--

¥*

MACRO RESUME SORT
END OF

MODEL DESCRIPTIDN
LOCATION= 22, FB

END OF MODEL

15
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FORWARD CONVERTER POWER STAGE

v,
Rl L b3
v O ()
1 N Ip
P
Ly C = I
—_— L,
1Q I VL
o o | L
INPUT
\al variable input voltage ' Volts
I2 variable input current from load Amps
IQ variable switching function
(if switch is on, IQ=1)
(if switch is off, IQ=0)
c parameter capacitance Farads
L parameter inductance Henries
RC parameter capacitor effective resistance | Ohms
RL parameter inductor effective resistance | Ohms
N parameter turns ratio(N=NS/NP)
OUTPUT
va2 variable output voltage Volts
IP variable output current to source Amps
IL state variable inductor current Amps
vC state variable capacitor voltage Volts
IS variable switch current Amps
VL variable inductor voltage Volts

16




EQUATIONS

For IQ =1 :

|
|

Ve

IL ]

v2
Ip

For IQ = O,

[ IL ]

L VC |

.

[ d

V2 ]

IP

For 1IQ =

| ve

IL ]

v2 ]

IP

i

|

-{(RL+RC) /L

IL>0 :

1/C

RC

1/N

- (RL+RC) /L

"1/C

IL

RC

0

-1/L ] [ IL
0 vC

-1/L

17

IL

| ve

IL

| ve

IL

vC

[ IL

[ Ve _

RC/L ] [ vl
-1/C

-RC Vi
0 12

I2

-rc] [ V1
0} |12
=RC ] " v1
ol [12
071 W1
-1c ] | 12
-RC 1 [ V1
o] |12




3636 35 30 30 2030 B 3010 45 90 36 30 36 16 30 30 4 309 4035 A0 0 06 I I TR R S0 30 3 30 3
## LARGE SIGNAL MODEL OF FORWARD CONVERTER
# POWER STAGE ONLY

Bt 3 8 3 AR B R I AR 40 R IR 3 I I e e e R
#% REVISED 12/20/895
MACRO FILE NAME=MACROS
DEFINE MACRO=FUW
MACROCINPUTSr

L RL
1Q Vi 12
NS NP
IQ ; SWITCHIMG FUNCTION

RC

#*
# Ia=1 (SWITCH ON)
#® 16=0 (SWITCH; OFF)
# V1 i INPUT VOLTAGE
# 12 ; INPUT CURRENT(FROM LOAD)
MACRO _OUTPUTS=:

IS IL

ILL. VL.

vC va 1P
# IL ; INDUCTOR CURRENT(STATE)
# VC i CAPACI'IOR VOLTACE(STATE)
# IS ;i SWITCH CURRENT
#  IkL, INDUCTOR CURRENT(DUMMY)
# VL ;3 TRANSFORMER VOLTACE
# V2 ; OUTPUT VOLTAGE
# IP ; PRIMARY CURRENT(TO SOURCE)
MACRO C

ODE
MACRO STOP SORT

XN=NS FW-—/NP Fl}——
IF(DABS(IQ FW——).LT. 1. E-10)THEN
IFCIL FUW--— LE. O )THEN
TLLFW-—=0,
MACRO DERIVATIVE, IL FW—-—=0,
e0TO +++77
ELSE
w4 TOFF ##eerr
All=—(RL FW--+RC FUW-—)/L. FW--
Al2=-1/1. FW- ,
A21=1/C FW -~
A22=0,
B11=0
B12=RC FW-—/L. FW——

RC FW——

jeleivieialole
PN e e PN s
Ate LY DY 1
npwninnl
o Relelel

##4# TON *#*
Al1=—(RlL. FW-—-+RC FW--)/L  Fll--

18



F b -

-

=1/C
2=0

Al2=-1/1
21

A

A

i --

]

i |

Ui ' =
N X ! N
2oLl ! )
oL ! ! i« 4 wd
c 4 < TR -
i o Z i
d ~ > Q {
20 =0 N o [ R
XKEQ I Z~=QO | QO3
T T T R R TR
CU (Y - Ol O O 8
i e L Qi et - QY O s = G N Z
MaEAaMUOOULARA~L

## QUTPUT EQ.

- -

i

>

(4
-

- o - .-

- -

Dil1 D12
D

- - -

- o -

- - -

Ci11 C17
c

1
1
13 -
H =
1
¥
1
1]

10 o
-

.

% e e ok ue ko

{

2#VC Fld—-

Fll—~+C1
D11#V1 FW—— +D12%12 FW——

IP Fl——-=C21#IL
VL Fld—==(A11#IL FW-——+A12#VC FW-—~+RB11#V1 FW——+

Ve Fl-—-=C11 11
+

&

Fid -~

B1o#I2 FU-=)wl Fl--

&
## STATE EQ.

- o .

~ (d
-y

> .

. -

o Qi

-t
Cu
41

iB11 B1

- -

-t o o

- -

s ok ok ok 3k sk

Fl-—

FR-—=A21%IL Fl——+A22#VC Fl——+

MACRO DERIVATIVE, IL FW——=VL FW-—/L

4477 CONTINUE

Fl-—

el

Baixvil

&

MACRO DERIVATIVE, VT

Fi-—+RI281;

IFCILLFW=-= 1 E. O. YILLFW-—=0,

!

!

=

1N

Al Z

=i O3

d 30 =L

Hntl

! 0. -

2AWO M0

TR vy

A 200 O

LamC<nioc

i E U E X
o Qo
o el
0o -0
N T2 »
Elalalin]
CZO00Z
UE i
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BATTERY DISCHARGER POWER STAGE BP

INPUT
V1 variable input voltage Volts
V2 variable bus voltage i Volts
10 variable switching function
(if switch is on, IQ=1)
(if switch is off, IQ=0)
L parameter inductance Henries
RL parameter inductor effective resistance| Ohms
OUTPUT
IL state variable inductor current Amps

EQUATIONS

For IQ = 1 :

IL = ((1 + GAM) * V1 - IL * RL - V2) / L

For IQ =0, IL>0 :

IL = (V1 - IL * RL - V2) /L
For IQ = 0, IL =0 =
IL = O

20



HATFE B4 S AR 3 3R I I 03RS0 S R S 3 3 R S
*# LARGE SIGNAL MODEL OF BATTERY DISCHARGER
# POWER STAGE ONI Y
# REVISED 3/4/86
MACRO FILE NAME=MACROS
DEFINE MACRO=RP
MACRO INPUTS=
L RL.
V1 va vaL
IQ SAM ERS
IQ ;5 SWITCHING FUNCTION
IG=1 (SWITCH; ON)
I1G=0 (SWITCH; OFF)
3 INPUT VTG FROM BATTERY
va2 ; BUS VTG

CUTPUTS= 1L ILL
EOIEDUCTDR CURRCNT(STATE VARIABLE)
STOP SORT
@ RP-—=1( BP--
IF(v2 Bf—-— 6T. VOLBP~-)}Q BP~-=0
IF(Q BP-- LT.EPSBP—-)THEN
IF{(IL RF-~~ LE. 0. YTHEN

LR ~-~=0, .
MACRQO DERIVATIVE, 1L BP-—-=0, !
GOTO ++¢77
ELSE
CC=1.
END IF

ELSE
CC 1. +GAMBF——

MACRO DERIVATIVE.IL BP———(CC*VI BP~--IL BP——#RL BP-—~w——
& vag BP--)/L BP-
+++77 CONTINUE
ILLBP——=11. BP~~
IF(ILLBP—— LE. 0. YILLBP -—=0.
MACRO RESUME SO0RT
EMD OF MACRO
MODEL DESCRIPTION
LOCATION= 22, RP
END OF MODEL

pe e -
>

2]

o <

b ] (2

e &
>
a0
i )
aor
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LEAD/LAG COMPENSATOR D

——2 3 (K*VO-ER)

GA (1+S/WZ) i

v

(1+S/WP)

G

INPUT

Vo variable input bus voltage ! Volts
K parameter voltage dividing factor
ER parameter op.amp.reference voltage Volts
W2 parameter frequency of zero rad/sec
WP parameter frequency of pole rad/sec

OUTPUT
VE variable ac component of control vtg.| Volt
X1 state variable intermediate state wvariable

EQUATIONS

VE=[ X1+ (K*VO=-ER) *GA/ W2 ] * WP
X1 =GA * ( K * VO - ER )

22




o363 36 3020 3008 36 36 B IR 0 B R S T SR A R
#x# COMPENSATOR(LEAD. LAG)
30340403 00 30 4 0 30 3 3040 I 2 3 3 I I 3 3 3
MACRO FILE NAME=MACROS
DEF INE MACRO=DG
MACRO INPUTS=

GA WZ WP

K ER vo

VO ; POWER STAGE QUTPUT VOLTAGE

WZ ; ZERO FREQUENCY(2®PI#F)

WP ; POLE FREQUENCY(2#PI#F)

K i OUTPUT VOI.TAGE DIVIDING RATIO
(IF ViG IVIDER NOT USED, K=1)

ER ;i REFERENCE VOLTAGE

ACRO QUTPUTS=X1 VE
X1 ; DUMMY STATE
VE égggFUT VOLTAGE(TO PWM)

MACRO STOP SORT

TC1=1/WZ DG--

TCa=1/WP DEG—--

ERR=K D@-—%VQ NE—- - ER DG-~-

VE DG -—=(X1 DG—-—~+ERR¥TC1#GA DG-——)/TCZ

¥ o Ak ok ek ko kK

MACRD DERIVATIVE, X1 DG———GA DG—-—#ERR - VE D& —

MACRD RESUME GOGORT
END OF MACRO
MODEL DESCRIPTION
LOCATION=22, DG
END OF MODEL
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TWO~POLE ONE-ZERO COMPENSATOR MP

v WM (1+S/W2) v
0 5 (K*VO-ER) E_,
S (1+S/WP)
INPUT

Vo variable input bus voltage Volts
K parameter voltage dividing factgr
ER parameter op.amp.reference voltagel! Volts
W2 parameter frequency of zero rad/sec
WP parameter frequency of pole rad/sec

OUTPUT
VE state variable ac compbnent of control vtg. | Volts
X1 state wvariable intermediate state variable

EQUATIONS

ERR= K * VO - ER
X1 = ERR - ( X1 + ERR / WZ ) * WP
VE=WM* ( X1 + ERR / W2 ) * WP

24




RRFEHEE
®x# CO
R
MACRO
DEF INE
MACRO

W

K

EE LR R EEX L RS

MACRO
MACRO

#
MACRO
END OF
MODEL
LOCATI
END aF

A AR R R
MPENSATOR(1 ZERO, 2 POLE)
HRFRXREERELLERERRRERERRE
FILE NAMC=MACROS
MACRO=MP
INPUTG=
M WZ WP

ER vo

;i POWER STAGE OQUTPUT VOLTAGE

i ZERO FREQUENCY (2#PI#F)

i POLE FREQUENCY{(2#PIxF)

i OUTPUT VOLTAGE DIVIDING RATIO
(IF VTG IVIDER NOT USED, K=1)

i REFEREMCE VOLTAGE

DUTPUTS=X1 VE

i DUMMY STATE

3 QUTRUT VOLTAGE(TO PKWM)

CODE .
STOP SORT : :

TCi=1/WZ MP-—

TC2=1/WP MP --

ERR=K MP——aV0 MP-~ - ER MP—~

DERIVATIVE, X1 MP-—-=ERR - (X1 MP-—+ERR#TC1)/7C2
DERIVATIVE, VE MP-—=8& MP-—#(X1 MP-—+ERR#TC1)/7C2

RESUME SORT wt
MACRO

DESCRIPTION

GN=02, MP .
MODEL

25



ITWO-POLE TWO-ZE

RO COMPENSATOR l 2 ’

v, WM(1+S/W21) (1+S/W22) Vo
—_— (K*VO-ER) _—
S (1+S/WP)
INPUT
/o) variable input bus voltage Volts
K parameter voltage dividing factor
ER parameter op.amp. reference voltage Volts
WZ1l,Wz2 parameters frequency of zero rad/sec
WP parameter frequency of pole rad/sec
OUTPUT
VE variable ac component of control vtg.| Volts
X1,X2 state variables| intermediate state wvariable

EQUATIONS

Z2 = WM * WP / W21 /W22

ERR=

VE =

X1

X2 =

K * VO - ER
X2 + Z2 * ERR

ERR * WM * WP

X1 +22 * (W21 + W22) * ERR - WP * VE

26




Fededt st hodt

K fedede gt de e B R H It K 030300 0

#x% COPZENSATOR(2 ZEROD., 2 POLE)

#HEHHE

o3 440 46 30 3 30 Ko 03 R R IR R 30

MACRO FILE NAME=MACRG

DEF INE
MACRO

MACRO=PZ
INPUTS= -

WM Wz1 Wwza WP

K
vO

WP
K

ER

MACRD
X1,
VE
MACRO
MACRO
#*

tEE RS EE R

%* %

MACRO
MACRO

&

*

MACRO
END OF
MODEL
LOCATI
END OF

WZ1,

ER va

i POWER STAGF QUTRPUT VOLTAGE

WZ2 ; ZERU FREQUENCIES(2%PI#F)

3 POLE FREQUENCY (2P I#F)

i QUTPUT VOLTAGE DIVIDING RATIO
(IF VTG IVIDER NOT USED, K=1)

i REFERENCE VOLTAGE

QUTPUTS=X1 X& VE
X2 ; DUMMY STATE
JDUEPUT VOLTAGE(TO PWM)

CcOD

STOP SORT i
Z=WM PZ——#WP PZ—-/WZIPZ—~/WZ”PZ—~

ERR=K PZ7——aVY0 PZ—— - ER PZ7-—

VE PZ--=X2 PZ-—+Z2#ERR

DERIVATIVE, X1 PZ -=ERR #WM PZ-—#WP PZ--

DERIVATIVE, X2 PZ--=X1 PZ-—+Z2# (WZ1PZ-~+WZ2PZ~—)*#ERR
WP PZ——#VE PZ--

RESUME SORTY
MACRQO

DESCRI”TION

OMN=22, {?
MODEL
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S.C.M CURRENT LOOP E%;

4 vy
) SM e
INPUT
VL variable input bus wvoltage Volts
NV parameter transformer turns ratié
c parameter current-loop capacitance Farads
R parameter current-loop resistance: Ohms
OUTPUT
VI state variable current-loop output voltage| Volts
EQUATIONS
ViI= NV *VL / (C*R)

28




n

33630 330 35 30 3030 30 30 30 3030 30 30 30 30 30 30 90 036 3 30 30 30 1 40 20 6 B F A0 S0 0 20 3

### CURRENT LOOFP (S C M) MODULE
3040 3 303536 B 4600 36336 3 330 I 90 30 3030 I FIE I 00 6 S S 02

#
MACRO FILE NAME=MACROS
DEF INE MACRO=8M
MACRO INPUTS=

VL. NV c R
#*

# VL ; TRNASFORMER VOLTACE(FROM POWER STAGE)
# NV ; TRANSFORMER TURNS RATIO

#*
QACRO QUTPUTS=VI

# VI ; CURRENT LOOP OUTPUT VOLTAGE
#* (TO PWM BLOCK)

3
MACRD CODE
MACRO STOP SORT

#

#STATE EQUATION :

MACRO DERIVATIVE, VI SN——=NV SM——%VL SM--/
% (C SM-—-#R SM-——)

MACRD RESUME SORT
END OF MACRO
MODEL. DESCRIPTION
LOCATION=22, SM
END OF MODEL
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CC

CURRENT INJECTION CONTROL

IL VI
cc
—_— p———p
INPUT
IL variable inductor current Amps
(if flyback, flux)
NI parameter current transformer turns ratio
NP parameter if flyback, primary # of turns
otherwise NP=1
LP parameter if flyback, primary inductance Henries
otherwise LP=1
RW parameter current loop resistance OChms
OUTPUT
VI variable current loop output voltage Volts
EQUATIONS

For FLYBACK CONVERTER :

VI = NP / LP * IL * RW / NI

For OTHER CONVERTERS :

VI = IL * RW / NI

30



33848 4 30 46 48 46 400 0 RS I RI RE E I S  E
##4# CURRENT LOOF (C I C) MODULE
B R L E t 2. 4
MACRO FILE NAME=MACROS
DEFINE MACRO=CC
MACRO INPUTS=

IL. NI RW

NP LP

IL 5 INDUCTOR CURRENT(FROM POWER STAGE)
(FLUX IF BUCK/BOOST)

NI ; CURRENT TRANSFORMER TURNS RATIO

NP ; IF FLYBACK . POWER STAGE PRIMARY # OF TURNS
OTHERWISE NP=1

LP ; IF FLYBACK ; POWER TRANSFORMER PRIMARY INDUCTANCE
OTHERWISE LP=1

ACRO OUTPUTS=VI
VI i CIC QUTFUT CONTROL VOLTAGE

¥ %k ok g % ookok ko k%

CODE . -
MACRO STOP SORT

VI CCr==NP CC~ /LP CC-—#
% IL CC——#RW CC~--/NI CC—-

3

MACRO RESUME SORT
END OF MACRO

MODEL DESCRIPTION
LOCATION=22, CC
END OF MODEL
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WM

PWM(CONSTANT FREQUENCY CONTROL)

Ve ] 10
vI WM s
7
INPUT
VE variable voltage-loop error voltage Volts
VI variable current-loop error voltage Volts
TI parameter switching period Seconds
VP parameter amplitude of external ramp Volts
vQ parameter thershold voltage | Volts
ER parameter reference voltage of op.amp. Volts
OUTPUT
VR variable reference voltage Volts
vC variable total control voltage Volts
1Q variable switching function
EQUATIONS
VR = VP *# (TN - N) + VQ
vVC = - VE - VI

IF VR2>2VC , IQ =0
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B30 B TR I I I B B S 4 B 0 36 30 3R S S0 AR R NS
®¥E P.W.M (CONMSTANT FREQUENCY) ®#s

B I T R R I 0 BRI 33 3 B 36 3 K R 4 ST
MACRO FILE NAMUE=MACHROG

DEFINE MACRO=WM

MACRO_INPUTS:
TI Ve va ER
cic 5CM
VE V1 ERS
VEX VCN  ILX
DMN DMX
#*
* VE ; AMPLIFIED ERROR VTG(FROM COMPENSATOR)
# VI ; INPUT VOLTAGE FROM CURRENT FEEDBACK MODULE
& cic: IF cic, ClIc=1
# OTHERWISE CI1C=0
#* 5cM; IF SCM, SCM=1
% OTHERWISE SCM=0
* TI ; SWICHING INTERVAL
# VP ; AMPLITUDE OF EXTERNAL RAMP
* ( IF EXT.RAMP_NOT USED, VP=0)
* V@ ; THRESHOLD VOLTAGE
* ER ; REFERNCE VOLTAGE OF OP. AMP
*¥
MACRO OQUTPUTS=
VR Ve 1Q ™
Vi
*
# VR ; EXTERNAL BAMP VOLTAGE ‘
# VC ; TUIAL CONTROL VOLTAGE
* IG ; SWITCHING FUNCTION
# (IF SWITCH=ON, 1G=1)
# (IF SWITCH=OFF, 1G=0)
k- .
MACRO CODE
MACRO STOP SORT
¥ERE

##%  RAMP GENERATION
#*
TN HM—-M(TIME+TI Wit-=3/TT WM-—

NP=
N~IDINT(1N Wit~~)
VR WM——=VPF WM-—~#(TN WM-~ —-N)+VE WM--
W
VC WM == =VE WM=-=~CICWM~~#VE WM-—-
SOMUIM w1 WM -

# 0P~ AMP SATURATION
IF(VC WM——. T,
IF(VC WM—-~ LT,
# COMPARATOR

VEXHM==IYC  WM~—=tC XM~
YCHNWM==)IYC WM~—=YCNWM~-
IF(IQ WM~ GT.

EPS)THEN
VS WM——~=] WM-—
IF(VR WM——. GT VG WM—--)THEN

(NP. NE. NDIGQ WM—-—=1
*PROTECTICN

D=TN Wi---N

IF(D. LT. DMMWM-~)IQ WM--=1

IF(D. 6T, DMXWM-=>TQ WM -—=0

IF(IL WM-—. C1. ILXWM-=)IQ@ WM--=0
i

MACRO RESUME SORT
END OF MACRO
MODEL DESCRIPTION
LOCATION= 22, WM
END OF MODEL
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KK

PWM(CONSTANT OFF-TIME CONTROL)

E

—_—] Q

Vi FF —

—_—

INPUT
VE variable voltage~loop error voltage Volts
VI variable current-loop error voltage Volts
TOF parameter constant off-time interval Seconds
SLP parameter slope of external ramp Volts/sec
VTH paraméter threshold voltage Volts
ER parameter reference yoltage of op.amp. Volts
OUTPUT
Q variable switching function
VR variable reference voltage Volts
vC variable total control voltage Volts
EQUATIONS

vC = - VE - VI
VR = V(RAMP) + VTH

IF VR2VC, Q=0
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R A I R B R B R R I SR R R R R
# P WM (CONSTANT OFF TIME CONTROL)

JAE S H B 3 R I AR I R R R R R R
MACRO FILE NAMU=-MACROS

DEF INE MACRD=FI-

MACRO INPUTS=

VE Vi L
TOF ErG VT St - ILM™
ER cI¢ SCM

VE i AMPLIFIED ERROR VTG(FROM COMPENSA10R)
VI i INPUT VTG FROM CURRENT FEEDBACK MODULE
CIC; IF CIC, CIC=]
OTHERWISE CIC=0
SCM; IF 8CM, SCM=1
OTHERWISE SCM=0
TOF i CONSTANT OFF TIME INTERVAL
SLP ; SLOP OF EXTERNAL RaAMP
( IF EXT.RAMP NOT USED, SLP=0)
VYTH; THRESHOLD VOLTAGE
ER ; REFERNCE VOLTAGE OF OF. AMP

ACRO QUTPUTS=
VR Ve Q

VR ; EXTERMAL RAMP VOLTAGE PLUS THRESHDLD VTG
VC i TOTAL CONTROL VOLTAGE .
Q ; SWITCHING FUNCTION
{IF SWITCH=0N, QG=1)
(IF SWITCH=0FF, 0=0)
TC 3 OFF TIME INSTANT
TR 5 ONM  TIME IMSTANT

EEEEEE T & R KR R R R R

MACRO CODE _
MACRD STOP SORT
FEEHE
3

VC FF—-= ~VE FF~~—CICFF—~#VI FF~--

& SCMFF——#V1 FF—-—
FH 83

IF(TIME. 7. EPS)COTO +++11

T=TIME

Q Ff--=]

cOTO +ri22

+
;++11 CONT INUE
IF(Q FF-—-.LT. EPSFF~—)THEN

IF((TIME-TC). GE. TOFFF-—)THEN
TR=TIME
Q@ FF--=1
END IF
ELSE
VR FF——=8| PFF~—#(TIME~TR) +VTHFF ——
IF(VR FF-—. GE. VC FF—-)THEN
Q FF--=0
TC=TIME
EMD OIF
END 1IF
+++22 CONTINUE
IF(IL FF-- GE. ILMFF~)Q FF——=0
MACRO RESUME SORT
END OF MACRD
MODEL. DESCRIPTION
LOCATION= 22, I
END OF MODEL.
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PWM(CONSTANT ON-TIME CONTROL) I\q]?gl

E
Q
VI NN e
INPUT

VE variable voltage loop error voltage Volts
VI variable current loop error voltage Volts
TOF parameter constant off-time interval Seconds
SLP parameter slope of external ramp Volts/sec
VTH parameter threshold voltage ‘ Volts
ER parameter refernce voltage of op.amp. Volts

OUTPUT
Q variable switching function
VR variable reference voltéée Volts
vC variable total control voltage Volts

EQUATIONS

vVC = - VE - VI

VR = V(RAMP) + VTH

IF VR<VC, Q=1
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A R S I 3 1 B I I R
# P WM (CONSTANT ON TIME CONTROL)

43 A H I A I I R I 3 R R R R R R
MACRO FILE NAME=MACROS

DEFINE MACRO=NM

MACRO INPUTS=

VE V] It
TON PG VTH SLp LM
ER CIL SCHM

¥ .
# VE ; AMPLIFIED ERROR VTG(FROM COMPENSATOR)
# VI INPUT VTG FROM CURRENT FEEDBACK MODULE
* CIC; IF ClC, CIC=1
* OTHERWISE CIC=0
* SCM; IF SCM. SCM=1
#* OTHERWISE SCHM=0
#* TON ; CONSTANT ON TIME INTERVAL
#* SLP ; SLOP OF EXTERNAL RAMP
* ( IF EXT. RAMP NOT USED, SLP=0)
#* VTH; THRESHOLD VOLTAGE
# ER ; REFERNCE VOLTAGE OF OP. AMP
#
MACRO OUTPUTS=
VH ve Q
#
+* VR ; EXTERNAL RAMP VOLTAGE PLUS THRESHOLD VTG
#* VC ;5 TOTAL CONTROL VOLTAGE
# Q ;5 SWITCHING FUNCTION
¥ {1IF SWITCH=ON, Q=1) .
#* (IF SWITCH=0ONN, @=0} ‘
* JC i ON TIME INSTANT
¥* TR ;5 OFF TIME INSTANT
MACRO CODE
MACRO STOP SORT
#3404
#*
HEHE#
VC MN-—= -VE NN-—--=CICHNN-—#VI NN---
& SCMNN——#Y1 NN-—
e 430 4
IF(TIME. GT. EPS)GOTO +++11
T=TIME
@  NN--=]

GOT0 ++¢22
+++11 CONTINUE

IF(Q@ NN~- GT. EPSNN~-)THEN

IF((TIME—TC) GE. TONNN--) THEN
TR=TIME
Q  NN-—-=0
END IF

ELSE

VR NN-—=SLPNN~-#(TIME~TR )} +VTHNN~~
QF(VQ NN-—. LE. VC NN-——)THEN

NN == 1
TC=TIME
END IF
END IF

+++22 CONTINUE
IF(IL NN--— GE. ILMNN~—=)Q@ NN--=0

%

MACRO RESUME SORT
END OF MACRO
MODEL DESCRIPTION
LOCATION= 22, NN
END OF MODCL
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LO

"R=L~C LOAD
L
v o—SYyYym I
PN S c 4 . I
T
o-
INPUT
v1 variable input bus voltage Volts
RA parameter resistance Ohms
RB parameter resistance Ohms
| L parameter inductance Henries
C parameter capacitance Farads
TC parameter time for step change seconds
OUTPUT
IL state variable inductor current Amps
vC state variable capacitor vol’;:age Volts
R variable resistance Ohms
EQUATIONS
For TIME< TC : R = RA
For TIME =2TC : R = RB
IL=(Vl-VC) /L
VC=(IL-VC/R)/C
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39636 36 3035 3646 30 30 B 9096 30 4040 B BRI H R R S B R 30 38
wErerne LOAD MODEL ##aditdieitest
3026354 03 B 45 4 96 3640 36 92 36 06 B 40 S B IE 4 A B
MACRO FILE NAME=MACROS

DEFINE MACRO=L.0

MACRO

Vi

RB
TC

MACRO
MACRO
MACRO
*

s o o 3 o ok

RA

INPUTS= VI RA RB
L C TC

i INPUT VOLTAGE(FROM POWER STAGE)

; RESISTOR VALUE BEFORE STEP CHANGE
i RESISTOR VALUE AFTER STEP CHANGE
i TIME FOR STEP CHANGE

QUTPUTS= IL vC R
CODE
STOP SORT

R_ LO--=RA LO--
IF(TIME, €T. TC LO--)R LO--=RB LO--

#STATE EQUATION

MACRO
MACRU

DERIVATIVE, IL LO-—=(V1 LO-- - VC LO--)/L LO--
DERIVATIVE, VC LO~-={(IL LO-- - VC LO~--/R LO--)/C

MACRD RESUME SORT
END OF MACRO

MODEL.

DESCRIPTION

LOCATION=25, LO
END OF MODEL
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CONSTANT POWER_ LOAD

PT

VL .
L
—3 PT ——
INPUT

VL variable input bus voltage Volts
PW1,PW2 parameters constant power values Watts
PWO i

PC parameter if PC=1l, const. power

if PC=0, time varying power
if PC=2, time varying power
VR parameter minimum voltage to Velts
maintain const.power
SW parameter slope of time varying power Watts/sec
OUTPUT
IL variable load current Amps
PW variable load power Watts
EQUATIONS

For PC = 1 : For PC = 2

PW = PW1 ( IF TIME < TC ) PW = PWl - { SW * TIME )

PW = PW2 ( IF TIME > TC ) PW = PW2 ( IF PW < PW2 )
For PC = 0O

PW = SW * TIME + PWO
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MACRO FILE MAME = MACROS

FEEEEE R SRR SRR R AR R LSRR RS E AR S SRR RO RS EGEERAE TR R RS EE
NEFIME MACRO = [

# LOAD MODEI

# INPUT IS5 BUG VOLTAGE (VL) AND POWER (PHW) OUTFUT IS I{LDAD)

3~

#ews FOR STEP POWER CHANGE ; PC PT = 1.

#EEE FOR RAMP CHAMGE OF POWER i1 PC PT =0. OR 2.
# PC PT = O ¢ PW = 8W % TIME ¢ PlWD

® PO PT = 2 @ PW = PWHL - (84 ® TIME)

g Bl Pl e
c Shi
W =1

MACRO INPUTS = W §
i, N

MACRO QUTPUTS = 1L P

MACRO CODE

MACRO STOP 30ORT

- 2

i CPC OPT -~ JEQ 1. )y £0 TO +++203
IF { PC PT-— (EQ 2. ) GO TO +++43
P PT-- = S PT ~—s8TIME + FWOPET -
IL PFT-- = Pl FT-— / VL FT -~

SOTO ++:133

* STEF CHOMNGE OF POWER AT TIME = TC PT P
23 CONTINUE
Pl P =PRIPT -
IF(TIME. GE. TC PT--)PW PT-—=FUPPT -
I, PT-w = Pl B~ /YL FT-—
+4++33 Bl FT-= = Fl PT-— /YR PT——/VYR PT——
' IF 9L P LT, VR PT—=) Il PTe— = 8L P7=—#\0l PT--
IF(IL PY—~— LT, U.) IL PT-— =
20 TO r+e53

# RAMP CHANGE UF POWER FROM PWIPT TO PWRPT WITH THE SLOPE
® OF SW PT_LW) FER SECOND
043 P PT-- = GWIRT-— = { BW PT-— & TIME )
IF { PW PT-—— _LT. PW2FT-= )} PW PT—-— = FWIFT--
S RT=- m PW OPT e~ 7 YL PT-
T-= = Pl PY== / UR PT-~ / YR PT—-
IL PT== .LT. O. ) JL Pl1-- = 0.

# DUMMY STATEMEM]

53 PW O PT - = Bl PY -

MACRO RESUME 3003

EMD OF MACRO

EEERREEEEEE B EREERF SRR LRSS SRR UL LR E R S H R R R E R ESE R B S EEE R
MODEL DESCRIPTION

LOCATION=42, 7

END OF ™MODEL

PRIMT
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et 11 et
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Fa By RN )
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SOLAR ARRAY [AR]

AR

IX — AR —>y
INPUT
Physical
Quantity
Name Description units
IX variable Bus current amps
LL parameter! . Illumination level o
R parameter| Filter resistance ohms
L parameter| Filter inductance henries
c parameter| Filter capacitance farads
TA parameter| Ambient temperature °K
NP parameter| No. of parallel arrays
NS parameter| No. of serial cell
FC, FV parameter| Temperature coeffieients
OUTPUT
%
VB variable Bus voltage volts
\¢ variable Solar array output voltage volts
I1* variable Filter inductor current volts

ote

* gtate variable

42




o) —p el
—lp ! 28 6 A Ny
np Bs R t '

5 o
I
> Solar Array ——p  @——Cable/Filter ——=p
|
[

Equations:
\ R
= - =2 4+ I .5
o=y | T - Lo | 2P, (22 + )]
Vo Rs 1
- (—— +I°.-—-——) ° ‘ﬁ-—_]
s ) sh
dIL
L = VbR -V
dv
-—-———B = -
& = - &

Circuit Model of Solar Array and Cable/Filter [AR]
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MACRD FILE MNAME =
DEFINE PMACRDO =

MACHROS

o
£

FAHFRHEFRFEESFEERL I HERE SRR RS

¥

SOLAR ARRAY MUDEL  #+%

-

THEEREFERERHARF SRR RS ER

LLS

I0M CHANGE

ERATURE COEFFICIENTS

NP = NO. OF PARALLEL ARRAYS

SERIAL CELLB

R L 5 WAt
HmmmmmnmmmnnrnyT X
EE k3
MACRO IMPUTS = IX LL
R L. C T4
FC v NP NS
¥ IX = IMNPUT CUMRKRENT
# oL o= ILLUMINAITON LEVEL
# LIS = SLOPE OF ILLUMINAT
# K.l €, 1 CABLE IMPEDANCE
* Té = AMBIENT TEMPERATURE
# FC,FV ¢ TEMP
%
#

MACRO BUTPUTS -

¥
*

NS = NO. OF
oL G, o CABLE IMPEDANCE
VO IL

SOLAR AREAY OUTPUT
BUS VOLTAGE

VO
VB

i

MACRO CODE
MACRO STOP BORT

##% SOLAR CELL

2 sk de ok B R R A %%

K¢

o

INTERMAL SERIES RES
INTERMAL SHUNT RES

Z 1)
L

NOMINAL TEMPERATURE
ELECTRON CHARGE

BOLTZMANM CONSTANT
LIGHT-GENERATED

LI

RO~ DA

DR
Qg

XRO = & 7 €
XKO=39. &

TLLUMINATION CHANGE
FILL = LL AH-—

XKW = & %

WITH

vB

VOLTACE

FPARAMETERS ###%

ISTANCE
ISTANCE

REVERSE 3SATURATION CURRENT

CURRENMT
CIRCUIT VOLTAGE

™ 3

A LINEAR SLOPE
~ LLSAR—~ *

TIME

EFFECT OF ILLUMINATION CHANGE

[AR.MOD |}

continued
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X1¢ = X1& # FILL
i
€1 = ( 1. + RS / RSH )
C2 = NP AR-— 7/ ( NS AR—— # R&H )
C3 = ~NP AR -— % XIG
Al = XKD / NG AR--
A2 = XKD ¥ RS / NP AR--
IF ( TIME .NE. 0. ) €070 +++10

s

= INITIAL GQUESS FOR 3S0LAR ARRAY OUTRUT VOLTAGE
v AR--—- = VH AR

FREHEEHEEFE RN EF R H I EE RSN H SR F SRR R
FiH NEWTON ITERATION FHEEEHEERERERER SRR LR ELREEES
FEREEEHBRHEHFEEESLETREH LR HE R EEEREHERF RS HH R ES

10 CONTINUE
VOPR = Y0 AR--

FW = €1 % 1L AR-— + C2 % VO AR~~~ + C3 + MNP &R
% # XIQ ® DEXP ( Al # YO AR-— + AZ # Il AR—— )
DFV = C2 + Al % MP AR-— # XI0 # DEXP { a1l # VYO AR--
2 + A % 1L AR-—)

VD AR—— = YO AR-— - FV / DFV i

ZZ = ( VO AR—— -~ YOP ) / VO AR--—

IF ¢ DARS ( ZZ ) _LE. 1.E-4 )} 2078 +++20

G0 TO ++:10

B R FEERFRE R SRR BB R RS R EER R LSRR R R EE LR AR ER
#  TEMPERATURE CORRECTION FOR 8.A. I-V CURVE : #
#  DEL(I) = FC % DELA(T) *
#  DELAVY) = ( FV + FO # RE ) # DELA(T) #

F e 3 3 S0 e 35 90 0% 360 30 30 30 3000 4R 30 3 30 AR R 30 R0 0 1R 0 R0 SR B R 3 B R R 0 B R R R 4R 30 F R R

+++20 DELI FC AR—— % ( TA AR—— - TN )
DELV { FV AR—— + FC AR—— # RS ) # ( T& AR-— ~ TM )
LT = IL AR—— + DELT
VG AR-—~ = VYO aR--~ + DELVY

YL = YO AR—— = ILT # R AR-— — YB AR——

YACRO DERIVATIVES, IL AR—— = VL / L AR—-—

MACRO DERIVATIVES, VB AR-—— = { IL AR—— ~ IX AR~— ) /7 C AR~
MACRO RESUME SORT

END OF MACRO
HEREFRFEEERLERHEHFER SRR RWEREF R BB R TS E SRR SRR ER LR ERRE RS
MODEL DESCRIPTION

LOCATION = 22, AR

END OF MODEL

PRINT

H I

=

[AR.MOD]
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SOLAR ARRAY SWITCHING UNIT [AS]

AS

IX =
AS e VB
TH s
INPUT
Physical
Quantity :
Name Description units
IX variable Load current amps
IH variable Shunt current amps
DL parameter Delay time between switchings f seconds
R parameter Filter resistance ohms
L parameter Filter inductance henries
C parameter Filter capacitance ‘farads
R1 parameter Filter resistance ohms
Cl parameter Filter capacitance farads
NP parameter No. of parallel arra&s
NS parameter No. of serial cells
NNP parameter No. of parallel arrays switched at a
time
OUTPUT
VB* variable Bus voltage volts
VO variable Solar arréy output voltage volts
VC1* variable Filter capacitor voltage- volts
IS variable Solar array output current amps
IL* variable Filter inductor current amps
NPP No. of parallel arrays on bus

variable

* gstate variable
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QUTPUT

Physical

Quantity

Name Description units
VB* " variable Bus voltage volts
vol varialbe Output voltage to upper array volts
Vo2 variable Output voltage of lower array volts
IL1* variable Upper array output current amps
12 variable Lower array output current amps

* gtate variable
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|
AA—2 AA—N T2
p Rs + R L +
Ns
Id v R1
o
CD SZ gﬂ R v ¢ Ve
n.l _p sh o)
pe ns :E cl

C— { 0

<«—— Solar Array 7 24 Cable/Filter >

Switching Unit )
Equations:
V. R
I = - o [ =2 . —
o “p[lg IdO]EXPKO(n 1y — )I
s . p
- (..:].9_ + I _?_S_) ° T{l—]
s P sh

Circuit Model of SASU and Cable/Filter [AS]
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ORIGINAL PAGE IS
OF POOR QUALITY

MACHDT FILE MAME = MACROSB
DEFIME MACRGO = AR
FERRESEER LRSS R RSN RSB LR R B SR RS R SRR

#iE SOLAR ARNAY SWITCHING UNIT MODEL wes
FR R R R R NSRS B E R E R i

Fraomsnmmar YR
fommmmmn e, ¥

¥

i;t:’ »”‘u""l I}‘iPLgTS G
y ¥

-1>'(
=
7

5" L. i i <1
MF NG PivF
¥ 1X = LOAD CURRENT
# IH = GHUMT CURREMT
¥ DL o= DELAY TIME BETWEEN SWITCHIMNGS
R, Ce 0 CARLE I ”PD&NLE
& Hi,C1. @ FILTER
# NP o= MO, OF P.ﬁALLrL AREEAYS
# MNE = pO, OF BERIER CELL MO
# PP o= NOD OF PARSLLEL ARRAYS SWITCHED &7 & TIME

MACRO QUTRUTE = VO I Vi MNFP
Vet 10

= Y3 = B0 AR ARRAY OUT VOLTAGE

YR o= BUS VOL 1 AGE

MPE = NO OF PARALLEL ARRAYS

I0 = SOLAR ARNAY MMITPUT CURRENT

dr o e

MACRD CODE
MACRO STOP SORT

v GOLAR CELL PARAMETERS #xes

# RS = INTERNAL EERTFS RESISTAMCE
# REH= INTERPMNAL SHUNT RESISTANCE
# XI0= REVERSE GATURATION CURRENT
2 TE = TEMPERATURE

# 0 = ELECTROM CHARGE

% XK = BOLTZMANN CONSTANT

* ¥I8= BHORT C}QPUI, “UQPEN?

# VOC= OPEN  CIRCUTT vOLTA

5= 4z
RSH=RLO.

XIG=. 14115
X10=4. 1867E-11
PN,
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TE=Z01.

Q=i SOZE -1%

Xi=1. 381E=-23

VOC= 5512
#* AKO= Q/(.‘r( AHARTE)D

XKO=37.
Fa B - L ﬁ"}“%“"-‘ BT T A R TR TS RL I TR TN P TECE R FTE TS L EOE R E L IR R
# BOLAR ARRAY SWITOHING LOGITL #
Gt EY FREEELER R R R SRR E SRR LR R RS RS RS R R RS EERERE

IF (TIME. 8T. 0. COTO +++10

NPPAS—- = NF AB--—

Frife - 0.

FeE10 COMTINUE

IF ( IH AS—— . GE. S. . AhD. NF‘PHS—- L@ &4 3 2070 20
IF ( IM AB—- LT, 2. . AND. pNPPAR P T 328 ) eOV0 v+ vlHED
E0TO ++140
20 IF { TIpME | LT. CTU‘%::%*DL AS—-—- ) 070 +++40
NPPAS—-— = NMNPPAR-— —~ MNNFAD-—
ETIME = TIME
2070 +e-40
S 30 IF ( TiME LT, FTIME+DL AE~— ) 20TQ +++40
MPF P.:r-- = MEPAG-~ 4+ MNPAR—— £
FTIME = TiME
GOT0 F-e4D
40 CONT INUE
¥* TLLUMINATION CHANGE
Ll a8 = 1.
¥
I = XI8 ¥ LL AS-—
Tl =+( 1. + RKSZ/ASCH I
O2= MNPRAS--~ / ( NS AB—— ¥ REH )
C3= -N:-"F'f“' ¥ XIiG
Al= AKO / H’" HG5-—
A= XKO # RS / MFPRAS~—
IF { TIME MR, DO.) GOTD +++30
O OINMITIAL QULEESS
V8 ag-—=V3 AS——
ERERTREERLERBERRERRERH R FREE SRR ETREE RS
LTS NEWTON ITERATION BB E R ERE R
30 e B e R e i B SR 3 B 5 KR W A
O COMTIMNUE
POP=3) AS -
v I -V EQUATION
 CARPACTTOR ADDED
IF ( TIFZONE. O ) QOTO +r+4&0
I0 ag~-- = 30.5
t+60 FY o= C1 % 10 AS—— + C2 » VO A5~ + 03 + NPPsaB—— % X100 ®
e NEXP L Al % VO AB—-— + AR ¥ IO AE-— 3 .
DY o= 02 4+ Al & NPPAR-- % XIO %
& DEXP (AL ¥ YO AS~— + AR & I0 A5G- )
Vi AR-— = YO AS-— -~ VY /4 DFY
TE = £ QO aB-—- - YOP Y /S V0O AS——
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ORIGINAL PAGE IS
OF POOR QUALITY

IF { DARL { Z7Z Yy LE. 1. .E~-4 ) 2070 +#++70
S0 TG +re30
%%%%%#%i%%%%%k%%“k*&%%%&%ﬁk%“%%wﬁﬁ%%%%
dedeeb F O VL = 0 AB~— -~ Il AB——#R A8~ — YH AB——
MACRO DERIVATIVES, wCla8—-— = {10 AB-— -~ IL &88-—-3)/01 AS——
MACRO DEPIV@?IUYQ; IL a8—=—= VL /7 L AB--—
HACRO Fz JATIVES: VYR AB—-= (Il H8-— - IX AS—-—-)/( 85—

LV

10 A5 = AN0 AB-— — VCIAB-—-) / R1 AB-- + 1L AB——
F w0 AS-- LE. 0.) Vg AS—— = 0.

IF (1IN AS—-— LE. 0.) 10 AB-— = O.

MACRO RESUME SORT

END OF MACRO
FREEARBERERFEERBERE BB SRR R A SR AER R R E BB RRRE LR ERE R LR HE,
MODEL. DESCRIPTTDM
LOCATION = 22, aS
ENDOCOF MODEL
FRIMT

51



FULL SHUNT REGULATOR (TYPE 1) [HA]

HA

VB HA ~> IH
INPUT
Physical
Quantity
Name Description Units
VB variable input bus voltage Volts
VR parameter reference voltage Volts
K1l parameter bus voltage divider Volts
ratio
Al,20,PO parameters As block parameters
(See figure)
L1l parameter OP-Amp saturation voltage Volts
Z1l,P1 parameters Gl block parameters
(See figure)
A2,22,P2 parameters G2 block parameters
(See figure) .
VF parameter junction voltage drop of Volts
darlington circuit
K2 parameter gain of control voltage to
base current
K3 parameter No. of shunt elements
L3 parameter Ic vs V(be) characteristic | Volts
cl,C2 parameters shunt transistor circuit
coefficients
IMA parameter maximum shunt current Amps
OUTPUT
Vol variable output voltage of error Volts
amplifier
X1,X2,s2 variables * dummy state wvariables
IH variable shunt current Amps

* state variable
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ORIGINAL PAGE 1S
OF POOR QUALITY

MACRO FILE NaM: = MACROS

R AR R LR R R e e R R Y A
¥ SHUNT REGULATOR MODEL (TYPE 1) WITH #
¥ TRANSFER FUNCTION #
FEREFRREBERERREFEERRSEERR LR RERFERRE AR SR EREEFERE B R R RS EH
DEF IME MACRO = HA

MACRO INPUTE = VR VR Ki
Al 70 PO L1
Z1 el Ty e pE
VE Kl K3 1.3 C1 Ce
IMa
# VB = BUB VOLTAGE
* VR = REFERENCE VOLTASE
# K1 = [BUS VOLTAGE DIVIDER RATIO
# IMA = SHUNT MAXIMUM CURRENT
MACRO DUTPUT:F" Vﬂixp X1
# Y01 = DUTPUT VOLTAGE OF ERROR AMPLIFIER
# X1, » X2 = DUMMY STATE VARIABLES

¥ IH = SHUNT CURRENT

S B T4 T AR A 40 TR 2 0 S A S I AR P
MACRO CORE
MACRO STOP S0RT

1 TS WD e s TS Wt U e S 4200 ot St et S A4l MM S SOoeS SAARS S O i Sy BT S s S S SO St MU Bt St S 0t S S ot St e S T304 i A YOS Ghrl oL U Sies Tesae SR e

THIG SECTION SIMULATES THE SHUNT ERROR aMPLIFIER
REFERENCE YOL.TAGE IB VR HA——

<40 A BLOCK o
ERROR AMPLIFIER MOEDEL

CAI = Al HA-—

EARE S-S i

51 = Ki HA-— % VB HA-— = YR HA--
S2 = GAI ¥ Si + X1 HA--
MACRO DERIVATIVE, X1 MHA-— = GAI % S1 # Z0 Ha-- - 32 % FO HA—-

DD = 52 + VR HA--

<40 L1 BLOCK 20

?gBAMPL?UTPUT VOLTAGE IS LIMITED TO A& VALWE BETWEEM L1 AMND
BB = VB HA—— - L1 HA——

OC = L1 HA-—

IFCDD LT, €C ) DD = CC
IF(DD . @T. BR ) DD = BRH
VOiIHA -~ = DD

# O G1 gLoCK >
¥ MODEL OF NETWORK AT THE QUTPUT OF ERROR AMPLIFIER

MACRO gERIVATIVE; S2 HA—— = Z1 HA~- % VOIHA~-— - Pl HA-—- # 52 HA-—

= : o v

% He we

# << G2 BLOCK Tk
@al = A2 HA--
Sd = VB HA——
= GAT * 53 + X2 HA——
MAaCRO DFRIVATIVE; X2 Hoé-— = Al % 53 % 72 HA—~—~ - 54 % F2 HA--
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Ywa = G4
5
YOG = YY1 o+ W2
#®
23

MODEL OF TRANSIETOR DRIVER CIRCUIT
YV = VE HA~—— - (VOC + WF Ha——)

# o L2 BLOCK 2>
IF (Ve L7.0. ) v@ = O

# MODEL. OF SHUNT ELEMENTS

# << K2, K3 BLOCKS 3

FIB = VYQ # K2 HA-— # K3 HA-——
3

IF

BLOCK 55
( FIR . L7. L3 HA-—) FIR = 0O

¥ <l F BLOCK 3
IH HA-— = €} HA-—- # FIR + C2 HA—

# LIMITING THE SHUNT CURRENMT .
IF ¢ IH HAa-- LE. C. 0 ) IH HA-— = 0.0 '
IF ¢ IH HA-- . 8T, IMAHA-- ) IH HA-— = IMAHA——
# IH HA—— =s==3 TSHUNT

MACRO RESUME EORT

END GF MACRO

FEERERFEELTE LR R R R RRRR R R RR XL R R RE LR RE LR SRR ERES
MODEL DESCRIPTION

LOCATION = 23, HA

eMD OF MODEL
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FULL SHUNT REGULATOR (TYPE 1) [HB]

HB

VB ~——————— HB Py TH
INPUT
Physical
Quantity
Name Description Units
VB variable input bus voltage - Volts
RR1 parameter resistance R1 Ohms
RR2 parameter OP-Amp feedback resistanée Ohns
ccl parameter OP-Amp feedback capacitance|Farads
RR3 parameter OP-2mp output circuit Ohnms
elements
RR4 parameter- (See figure) Ohms
cc2 parameter Farads
Ccl,c2 parameters shunt transistor circuit
coefficients
OUTPUT
Vol variable output voltage of error Volts
amplifier
Vel variable * See figure ) Volts
Vo2 variable See figure Volts
Ve2 variable * OP-Amp output circuit Volts
capacitor voltage
IH variable shunt current Amps

* gstate variable
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MACRO FILE NAME = MaACROS

FESEEFEEEEEET RS LEFE SIS EFE R LSS R LR F S E BB LR EE R EEE B HE TS

# SHUNT REGULATOR MODEL ( TYFE 1 ) WITH
# STATE EQUATIONS

#*
¥

FRBERFRAERERBAFEEFRESS R R LS E R AR LB R LR A SSRGS

DEFINE MACRO = HR
MACRO INFUTS = VD

mR1 HiRe CCl

BR3 RR4 CCa

1 -y
# VB = BUS VOL.TABE
# RR1 = SOURCE RESIBTANCE
# RR2 = 0P AMP FEEDBACK RESISTANCE
# CCl = OFP AMP FEEDBACK CAPACITANCE
# RAZ, RR4, CC2 @ Of aMP OUTPUT CIRCUIT
# 01, C2 @ BHUNT TRANSISTOR CIRCUIT COEFFICIENTS
MACRO OQUTPUTS = Y01 vCl

V2 WEE IH
# ¥O1 = QUTPUT YVOLTAGE OF ERROR AMPLIFIER
¥ MGl = OP AMP FEEDBACK CAPACITOR VOLTARE i
* V02 = QUTPUT VOLTAGE OF OP amP OUTRUT CIRCUIT
B YCR = 0P AMP QUTPUT CIRCUIT CARACITOR VOLTAGE
# IH = SHUNT CURRENT

FEREEERE L EREEF SR RS RE R LT RS H S ER S
MACRO CODE
MACRO BTOP SORT

S o e s e e et e e S e S S o 6 b o e . Pt o St P e P S S, 5 et b ot . e S
¥

* REFERENCE VOLTAGE 18 12.8 VOLTE

* SHUNT REF VTG IS 28. 14

# SENSE UBLTFGE Is (YB 3H/2. 1984375)
# THIS SECTION SIMULATES THE SHUNT ERROR AMPLIFISER

&A= RREHE -~ / RR1HB--

BE = A/

DD = ZAa % (VB HB--/2. 1984375) + BB % 12.8 +
I
% 0P AMP VOLTAGE IS LIMITED TO WITHIN 1.5 YOLTS OF
# SUPPLY VOLTAGES (VB S5H AND GROUND)
3

BB = VB HB~~ - 1.5

€C = 1.5

IF(DD .LT. €CC ) DD = CC

IF{DD . 8T. BE ) DD = BB

YO1HB-~ = DD
;:,.

EE = YOIHB-= — 12 8 — VCIHE -~

MACRO DERIVATIVE, VCIHB~— = EE / (CC1HB-— # RR2ZHB--)

VEIHB -

# MODEL OF CIRCUIT AT THE DQUTRUT OF LONMTROL AMPLIFIER

%
A = VB HBE-~ —~ YCZHB-—
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VORHB~— = AA
BB = CCOHB-- % RR3HB-- -
FIC2 = AA % ( RR3BHB—— + RR4HE—— ) / ( BB % RRAGHB~—)

% - VO HB~~ / BB ~ ¥B HB-—- /(CC”HB~~%RR4HB—~)

MACRO DERIVATIVE, VI2HB—— = FIC2
23
# MODREL. OF SHUNT TRANSISTOR DRIVER CIRCUIT
¥

voc = VOoiHB -~

Y@ = VB HB-— - (VOO + 1. 4)

IF (v LT, 0.) VY@ = O

FIB = VO / { 66.3 % 12, )

IF ( FIB LT. 1.4E-3 ) FIB = 0O,
%
# MODEL OF SHUNT ELEMENTS

e

%

IH HB-= = 1 HE—- % FIB + C2 HB--

IF (IH HE~- LE 0. 0) IH HB-- = 0.0
IF (IH HB—- GT. 40. ) IH HB-~ = 40
IH HB -— ===3 ISHUNT

MACRO RESUME BORT

END OF MACRO

%&%%%k#%%*%%*%%#%%%%%%%%*%%#%%%%%%%%4¥%%%%*%%%%%v¥ﬁ3% gl
MODEL. DCSCRIOTIDN !

LU0

ATI0ON = HE

END OF MODLE
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FULL SHUNT (TYPE 2) [FS]

FS

.
VB " FS ” 1n
INPUT
Physical
Quantity r
Name Description units
VB variable Bus voltage volts
VR parameter Reference voltage volts
R1 parameter 7 ‘ ohms
R2 parameter Refer to Figure ohms
R3 parameter _ ohms
GM ~parameter Forward transconductance of FET
OUTPUT
IH Shunt current amps
VB
Lo
YV . Vl
1t
VB O N \ ity

ref

/ TE

Shunt regulator circuit diagram (Type 2)
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MACRD FILE NakE = HaCROY
ERERFPESEEEREEERBER R AR L LR BB ER LR R RS ERN SRR LR EE TS

¥ FULL BHUNT REZGULATOR MODEL (TYPE 2) #
HREREERERERREELARERRERRERLEERRRRBERBELREHERFE R R R EREE

DEFINE MACRO = FO

MACRO INPUTS = VB VR VEA R1 R2 R3
&M ViH LM
MACRO QUTPUTE = IH Vesg

HREEERFEEEREREREBR SRR RE RS R EEERE SRR RE LS
MACRO CODE

MHCRQ STOP SORT

* VB = BUS VOLTAGE

# VR = SHUNT REFERENCE VTG

# YSA = OPERATIONAL AMPLIFIER SATURATION VOLTAGE
# GM = TRANSCONDUCTANCE OF MOSFET
# VTH = THRESHOLD VOLTAGE, Y{(GST), OF FOWER MOSFET
# ILM = HIGH LIMIT OF SHUNT CURRENT
# IH = BHUNT CURRENT
¥ UGS = GATE—SOURSE VOLTAGE OF MOSFET
.ﬁ. __________________ R—— - e S0000 SEe Yo ven Seme Stan St Geass S Gatae Srivt PN asts Srewk SetAS mact el Serte Suieh Suivs SO TSR have Sewd
YD = YB FS-— — YR FS-— =
GAIM = ( Rl FS—— + R2 FS-- ) / ( Rl FS-— # R3 F8—-
VEEFS-~ = GAIN * WD / GM F5~- + VTHFS--
# LIMITING THE OF-AMF OUTRUT VOLTAGE
IF ( VB FS-— .LE. VR F8—— ) YGSFS—— = 0.
IF ( WESFS—— | @T. VBAFS-— ) VBSF5-- = VSAFS——
# MOSFET TRAMSFIR CHARACTERISTIC
IF ( VESFS—— .LT. VTHFS—— ) IH FS-- = O.
IH FS—— = GM E8~—— # ( VESF5—— — YTHFS—— )
# LIMITING THE SHUNT CURRENT
IF ( IH FS-= .8T. ILMFS-- ) IH FS-— = ILMFS--
IF ( IH FS-— _LE. 0. ) IH F8-— = 0.

#
MACRO RESUME S0ORT
EMD OF MACRO

%%ﬁ'%%%*%**%-&ﬁ BREFHEREREREEFERR SRR REERREERELREEETEERREEEEE

MODEL DESCRIPTION
LOCATION = 22, F3
ENMD OF MODEL
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SOLAR ARRAY/PARTIAL SHUNT [AP]

AP

IL — »
AP  — i
IH g
INPUT

Physical

Quantity

Name Description units
IL variable Load current amps
IH variable Shunt current . amps
IIM variable | Max. solor array output current amps
VIH variable Max. output voltage of upper array volts
ViL | variable Low limit of output voltage of upper volts

array
V2H variable Max. output boltabe of lower array volts
V2L variable Low limit of output voltage of lower volts
array

R parameter Filter resistance ohms
L parameter Filter inductacne henries
C parameter Filter capacitance farads
NP parameter No. of parallel solar arrays
NS1 |parameter No. of upper serial cells
NS2 i)arameter No, of lower serial.cells
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ORIGINAL PAG: o
OF POOR QUALITY

FACRU FILE MaMi- = MACROS

DEFINE MACRO = Al
BEEHEEREEFERREREER R R RS RREER SN R BB R R R R RSB RSB REHE
¥ SOLAR ARKAY HMODEL FOR PARTIA&L SHUNT ®wwees
FHEGRERFEBESERRELEF R EERLE LR R R B L FE RS E RSB H RN BB

g mmmmmmagnmdl, 1Y
MACRDO INPUTE = L i [ LM
H L C MF

NS1 0 NS2 0 MiH VIL vel val

L = LOAD CURRENT

H = SHUNT CURRENT _

Lo= JTLLUMIMATION LEVEL

L MAY LMUM CURRENT OF SOLAR ARRAYS

Ko oo
ot T b By

# LGy 0 CAaBLE IMmrELSNCE
# NP = N, OF PAPALLFL ARRAYS
¥ MS1 = MO, OF UPPER SERIAL CELLS

¥ ONGE = NO. OF LOMER SERIsL CELLS i

= Y1H = MaAXIMUM OQUTRUT VOLTAGE OF UPPER BOLAR ARRAY

e V1L = LW LIMIT OF QUTPUT VOLTAGE OF UPPER SOLAR ARRAY
#OMEH = MAXIMUM DUTPUT VOLTAGE OF LOMER S0LAR ARMAY
BOVEL = LOW LIMIT OF QUTPUT VOLTAGE OF LOWER SOLAR aRRAY
MACRO QUTRUTE = VG viaa Il iz

YR

¥ Y01 = OUTPUT VOLTARE OF URPPER SOLAR ARRAY
# VOZ = DQUTPUT VOLTAGE OF LOWER SOLAR ARRAY
¢ = UPPER S0LAR ARR&Y QUTPUT CURRENT

- LOWER 501 AR ARHAY OUTPUT CURRENT

# VB = BUS VL TAGE

MACRED CODE
MACKD BTGP SORT

CELL PAPAMETERS #exur

F

4

B3
|

P
».?
i}
0
=
>
A

RS INTERNAL SERIEES RESISTAMCE
RGH= INTERMAL SHUNMT RESISTANCE
X10= REVERGE SATURATION CURREMT
™ MOMINAL TEMPERATURE

23

.. R CHAAGE
OLTZIMANMM CONSTANT
IGHT--CENERATED CURRENT
P CIRCUIT YOLTaGE

=377
N
!
]
P
o
=

£

B <O S - i 4

Lep o g

HIER TN U B

or
o

e 50
Y

e
;

RS = 4

RSH = 080,

XI1G = . 14115

X10 = 4. 1859E~-11
A =L TEY

TR = 401,

Q = 1. 60k -19

XK = 1. 381E-23
Yoo = | 5515
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XAO = 4 / ( XK % & # T )

ARO=077. [
¥ EFFECT OF IL%UWIVATXDN CHANGE
XIG = X164 % LL &P~
Ci = { 1. + RS / HS5H ) ,
C2l o= NP sP-— /7 { NGIaP—— # HSH )
CRE = NP aP—— / { NBEPAP—-— # RKSH )
CH = NP AP -— # XI@
ALl = XK@ / NSI&P*"
A2 o= XKO / NE8RAP-—-
a2 = XKO & RS / HP AP -~
IF ¢ TIMF ME. O, ) 070 »++5
#
¢ INITIAL GUERSSE FOR SOLAR ARREAY QUTPUT VOLTAGE
VO1LAP—-— . | NB1AP—— / { MBISP-— + NEISP-— ) 2
VORAP -~ = VR AP-~- — Yi1AaP-——
e B BB B B 26 3 2 B 0 S5 330 3 3 4 0 3 20 45 36 05 3 30 45 48 4 4 3 4 46 3 40 20 4 2 3 0 0 3 40 45
R LIMITING OF SOLAR ARRsaY QUTPUT CURRENT BY
XS MAXIFUM 301 AR ARRAY CURRENT S
H¥ ILX = LIMITED SOLAR ARRAY QUITRPUT CURKENT %

FERNERSEREEF AR R SRR DTSR RFEREEFS LR TRLR

+Er3 CONMTINUE
FILX = JLI1AP-——
IF ( FILX .67, ILMAP—-— ) FILX = ILMAP-—
IF O FILX LY. O, }oOFHILX = 0,

ekl ok b R L iR o ol R e R SRR Rl e B o R ol 0k g R mR R S el b o o b Sk i N R ek o b =
wus  NEWTON ITERATION FOR UPPER ARRAYS S#B#wiissss
BREFEFTEER RS RS HREAERREERER RSB FRETERERERTES R SRR EERE

10 CONTINUE

VOIP = VOIAPR -—
FVY = 1 # FILY + €21 % vOiaP-— + L3 + pNHFE AP
k2 # X100 % DEXP { ALl % VDIAP-—— + A2 % FILX
NFY = 21 + 811 % NP AP—— % XI0 ® DEXP ( &l *
& + oA ® TILE
V3i1ap—~-—- = YOlaP—-- — FN /7 DY ’
271 = ( YiaP-— — QO1F Y / VOiap-——
IF ( DaBRSs ( ZZ1 )y (LE. 1.E-4 3 207TQ ++4+20
=0 TO %+L10
¥ LIMIT THE UPPER S0LA&R ARRaY OUTRUT VOLLTAGE
20 IF ( vclaﬁ = L ET YIHAR—— ) YOI AP - o YIHAP——
IF ( Y018k LT, VIiLAP -~ ) YOIaAP-— = Yil AP~
i2 ap-— = JiL 18P—— + 4 AR~
IF { I2 aF-~~- . GT. ILMAP—— ) 12 AP-— = ILMAP-—-
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111. Example of Sysytem-Level Modeling and Simulation

1. Introduction

In this section, one example of a spacecraft power system
is modeled and simulated to show users how to apply the macro
component models. In addition, the general procedures of
system-level modeling and simulation are briefly explained
for the novice.

The EASY5 commands used in this example are the commands

used in an interactive mode.
2. System Model Generation and Simulation

Step 1. Draw a Block Diagram of the System

An engineering block diagram of the system to be modeled
may be drawn to identify the components and their intercon-
nections of the system. The block diagram of a solar array

switching system with a buck converter is shown Fig.l.

Step 2. Write Model Description Statements

Once required component models and their interconnections
are identified, appropriate macro components and/or standard
components are collected from the macro component model li-
brary and the EASY5 standard component library.

As shown in Fig.2, the EASYS5 system model[NASA2.MOD] can

be described with simple mnemonic statements.
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The LOCATION command phrase indicates the start of a new
component in the system model. This qommand mu§t be followed
by a numeric value phrase that specifieé the location of the
c&mponent on the model schematic. In the example of Fig.Z2,
the location number of the solar array switching unit [AS]
is 1 and the shunt regulator [FS] is 23, etc. The location
number phrase is followed by the name of the component at
that location. A LOCATION statement must be given only once
for each statement. This means that once a LOCATION state-
ment is started for a component, the complete description of
that component must be given. The location of each component
model should be arranged so that the interconnections among
the components can be clearly visuélized in the EASY5 Model
Generation program generated schematic diagram.

Each component model is described with an 'INPUTS' phrase.
The input component name must be supplemented by the name of
the particular output quantity that is to provide the input.
As an example,'consider the load component [LO] in Fig.2.
Since the output wvoltage (V2) of the buck-converter power
stage [BC] is to be the input voltage (V1) to the load com-
ponent, the following statement indicates to the program that
the output of [BC], V2, is to be used as the input to the load.

component, [LO]:

LOCATION=10, LO, INPUTS=BC(V2=V1)

70



[QOW" Z¥SYN] Fo weabeTp oTjewsysds ¢ bra

o PR T
34 8F Ly Py . 1~1 144 {24 4 [~ 4 M 144 M
p2
m I IS= S84 HI # M ﬂ
i I €5= Id T1 s##assssssnn
H*****#*#* I “ m
ov . M
&€ ac vu hmz L e {21 Smm ﬂnm ce i
#mmmmmmm=Ty 1 - “ ! 1
I Ih= dZ 3A # * 1 i i
m 3303 2 2 I m m i
1223 FEaae m i : m
o M - o I m LT F e 1
x MN M 8& L& ig (>4 . el M £e H ae "m
2 * m I # 84 = ~>1
P Y2 R R 1 I . M it
* I 1 LT T TN 11
m OA= D24 &n I m m, an i
g 611 ar Lt ; I i S w m
m m ¢ Gt 14} m 153 m a1 II
Il
m 0= WM DI m m m HI= &4 Ivn:mu M e
- e ¢ m
H*#***t#tn M ai= 01 11 ********** ei= 28 11 *****#m*** m 4
; - : % * 1 R L
* LI vu L un >k b %< . 1 .
* * . ‘
AN RII S th= 08 zA * ®*  In=  Id EA * 14 N 1A= SV dA M Sy ¥
PRt PR T Y FI 22 TRy ¥ *********M
[QOW" Z¥SYN] uotieasusy TepoW welsiks z-Bra )
ERS R

TACOK 0 N

(5 S=T13 1A (Y ‘S=HIISA=SLNdNT  DW  TE=NOT1LVI0]

(AA=AN Y dL =S LNdNM] %ZsﬁhthOHFQUGJ

(D=0 D=8 L0OdN T lua&mizcﬁr:uOJ

(TA=EA) =8 LN4MT ‘01T 0T=NOLI.LYD0T

(OT=0I1)1WM (ZI=T1007 (TA=SA) IT4=5L0dMI ‘29 =NOI1YI07
(2I=T1328 “(IA=8AMS8Y=SLNdNI T4 F =NOILVI0TT
(An=EA)SY=SINgNMI S ‘EE8=NOT LY

(XI=2 'S)oW "(HI=HI)SJd=8LNdNI ‘8¢ ‘T =NOTLY301

MO LT HISGAG 300K

WM fdZ 0708 T S48V = SININOGHOD OHOVW L8I7

GER/ZT/C NO JIASIAZN
**######**##*#**##**#######**##*ﬂ#*##u*#k########*#*#
#* VT W LMIANDD
#* MONE YV HLIM RHLSAS LINN ONMIHDLIME AVHHY MY10G @

RHEPRIRTRTRORVETE T S R R R S S S SR E T S-S T R R R R R e h R

A OMOVE

GOXHOVW =



The input and output connections between the component mbdels
are made by using the port variables shown with the right and
left side arrow of the box in the input-output list of each
conmponent model.

In model connection an 'implicit loop' should always be
avoided. The 'implicit loop' is formed whenever the blocks
are connected with all non-state variables and the connection
comprises a loop. If a system consists of an implicit loop,
the Model Generation program will not generate a model, in-
stéad, it will give the error message showing where in the

i

system an implicit loop occurs.

Step 3. Run the EASY5 Model Generation Program
Whenever a new macro component model is developed, the
macro model should be compiled and linked by the EASYS model

generation program using the command as follows:

EASY5 AS AS.MOD

Once the macro component model is compiled and linked, the
executable file for the model is stored in the user's perma-
nent file 'MACROS.DAT' for subsequent usé. After all the
component models are compiled and linked, the system model
[NASA2.MOD] should be also compiled and linked by the EASYS
Model Generation program. With the file 'NASA2.MOD', the
EASYS Model Generation program will make all the connections

between the component blocks according to the Model De-
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scription data. The command for the EASY5 Model Generation

program is as follows:

EASY5 NASA2 NASAZ2.MOD

With the above command, the EASY5 program creates a new file,
"NASA2.MGL', which contains a FORTRAN listing of component
model programs (Fig.4), a schematic diagram (Fig.3) and input

data requirements list (Fig.5).

Step 4. Write and Run Analysis Program

In order to conduct a specific analysis, parameter values,
initial conditions and any other necessary data in the input
data requirements list must be supplied. Integration con-
trols, output data formats and wvariable names for plot are
specified as needed. The analysis program of the system is
given in Fig.6.

The command for running the analysis program is

EASY5 NASA2 * NASA2.ANC

With this command, the EASYS5 creates new files such as

NASAZ.APL, NASAZ.PPT and NASAZ2.RPD.

Step 5. Analyze the results
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The printed data of various variables and parameter values
at a specified time interval are found in NASA2. APL(Fig.7).
The plotting data for a line printer is in NASA2.PPT(Fig.8),
and NASA2.RPD contains a plotting data fof a graphics termi-
nal. The simulation result shown in Fig.9 was drawn from the

data in NASA2.RPD.
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