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INTRODUCTION

The following appendices documents pért1nent supporting technical
effort that was performed for the Modeling and Analysis program:

Appendices A through C contains the computer program 1istings
that were generated as part of Task I, "Discrete Time Domain Analysis
of Switching Regulators."

Appendix A contains the softwrre for the Buck Regulator,
Appendix B contains the software for the Boost Regulator, and
Appendix C contains the software for the Buck-Boost Regulator.
A1l programs have been checked out ard the results compared with
typical performance data, Problem areas may still exist when
selecting the error coefficient value (EPS) used in the programs.

Appendices D. through G contains the equation derivation and
optimization software for Boost and Buck-Boost Regulators developed
1n support of Task II, "Design Optimization of Power Converters."
Software has been checked out.

Appendices H and T were performed as part of Task II,
“Investigation of Current Injected Multiloop Controlied Switching
Regulators."

Appendix J contains the computer program developed and used for
Task IV, "MAPPS Demonstration Problem for VSTOL Emerging Power System."

Appendix K establishes the input parameter justification for the
discussion presented in Section 5, Volume I,




Appendix A. Buck Regulator PAS Computerr Program Description

The computer program nomenclature is documented in Tables Al
through A3,

The PAS1 computer program flow chart is presented in Figures Al
through A3. Figure Al depicts the computational flow for the various
anaiysis techniques. Figures A2 and A3 represent the user interactive
anide line for directing the computational flow of the program. The flow
charts presented in Figures A4 through A13 describe the computational sé-
quences of the various subroutines and functions that comprise the sumary
functioned blocks of the buck regulator program.

In addition, the derivation of the computational procedure for
the closed-loop transfer function for the audip susceptibility analyses
is presented in Figure Al4.
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Table A1. PAS) Computer Program Nomenclature

RIPX(3,1) steady-state ripple = x - y
| Ps1(3,3) Y
L‘ [ © PSY(3,3) v (for efgenvalue computations)
GAM(3,°) r
INT(8) QRAL V1ibrary subroutine
XFP(3,)) | Xo.p
PRAM(10) () €2 R3 R4 RS RNZ2 XLO CO RL EI)'
H(3) H
j R(3,5) ‘ QRAL 1ibrary subroutiie
| ITBL(3) QRAL 1ihrary subroutine
} IVD(3) QRAL iibrary subroutine
- DELX(3,1) &x
PHIN(3,3) o(Ton)
PHI2(3,3) o(TF)
v PHI3(3,3) *(Tg2) ‘
| D7{3,2) O(Ton) .
| 02(3,2) o) g
‘ 03(3,2) | D(Tgp)
; TEMP1(3,3) dusmy matrix -
- wEC1(3) dumy vector |
’ PHIP(3,2) o(Tp) ;
-3- |
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l Table Al. PAS] Compiter Program Nomenclature (Continued)

COMMON/ PARAN o
| F1(3,3) state eqns characteristic matrix f i
? F2(3.3) state eqns characteristic matrix } f
Li . F3(3,3) state eqns characteristic matrix {ﬁé
61(3,2) state egqns fnput coupling matrix %bé
r' G2(3,2) state eqns input coupling matrix '
i G3(3,2) o state eqns input coupling matrix
; COMMON/EXTPAR/ 1§
NIT maximum number iterations for steady-state solution . |
EPS minimum error for steady-state solutions
TP Tp )
3 Ey
MODE inductor current flag " 1 - continious
e 2 - discontinuous
COMMON/STATE/ :
X(3,0) x :
Y(3.0) L -
2(3,1) z
u(2,1) u |
3
,
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Table A2. Nominal Parameters (MKS System)’

El

ER
3]
RL
TP

EISWIT
MU

XL0
RO
co
RS
RN
RNZ

(o
c2
R)
R2
R3
R4

50

20

8
10

30E-6

60.
0.0

25.E-5
0.015
3.t-4
0.077
40.
26.

2200E-12
0.022E-6
28.7E-3
13.5E-3
10.E-3
100.E-3

i

THETAO
DELTHEY
THETAF
H

NIT
EPS

MODE

IPLRT
LIST
LPEAK
LFE
NK
LFREQ

LRTL
NRL
DPRAM
PRAMF

0

5.
180.
b o

100
1 QE'6

o Ut O 0O 0 O

o o N O

fondis

0]
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Table A3. Namelist Parameters

\ NAMEL IST/PARAM/ NAMEL IST/ CPMP/
| El EPS
: B NIT
ET XMU
| @
| TP
| . XLO
‘ RO .
| co
; |
: "
; RN2
| 0
y c2
R1 ‘
R2 j
R3 ;
L R4
'
e
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[ROK = R2/(R14R2)
| o RN2/RNi
6l = G2 = 63
FI = F2 = F3

1]

i
QO

iy . s

il
W

A
COMPUTE

F1, F2, F3

61, G2, 63

| U, PO-ER-ER/RL

—

. 12-XLO-TP-PO
TON=\] ET-{ET-ER]
7xL0-1P-PO- {EI-ER)
| EL-ER-GR
TF2=  TP=TON-TF1
DELTON = XMU-TON

TF1=

< TF YES
AN ey T

~. a

MODE 1 ¢

| Ton = Tp-ER/ET

] DELTON = XMU-TON
lIr o=

=0+ -

@

S TR N

'

[TF1 = TP-TON
COMPUTE

a(TP),
¢(TDV), P2(TF1)
4(TON), G1(TON)

——

-

COMPUTZ
TEMPI - I &(TP)
DET = |TEMPI|

~;NG

COMPUTE

V1 = TYECI(Y)
V2 = iVECI(3)
-]

i =
1

COMPUTE

X1* = ¥(1,1)
X2* = ¥(2,1)
X3* = X(3,1)

YN0 H00d 40
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L
COMPUTE
I+ = ¥(1,1)

. e Via




€ AFL >tvVy B K S e
N T | xer = v(2,) | 1
S i X3* = %(3,1)

NO |

MODE 1 v s
' 8 i
TON = TP-ER/EI COMPUTE 4
DELTON = XMU-TON 71* = ¥(1,1) ?
T =0 72* = Y(2,1) |
SCI = XMATI 73* = Y(3,1) ,
- am— - ..; . . e - e e g e 1
’I‘i K] g

o -
\]§:> COMPUTE
4 SMATCH = SCI.

[ ? N A731-71%:4732°12% |
DMATCH = ooy ! +ES+d732-ER |
ION ‘TO!\ - DMATCH ; _ i i
SCI = XMATI i |
IT = 1T +1 § i

S S

COMPUTE

P S

3}
| RIPX = X* - T* |
/&
éscxi < EPS YES . :
. /
~

9,
% QCc |
= |
, <5 o | _YES ‘ i
- §§§§ e §§ l
1 B Fie - ) k
h oz LYES e D e |
: Ny EI, MODE, TON g
} ’ T, T, X, Y, 1
: , ; RIPY, SCI, IT )
B ~ TON = TP-ER/ED | L e I
3 | ] r~
i e - | i k™ 56 )

20 ] FIGURE A-1A
PAS] COMPUTER PROGRAM FLOW DIAGRAM
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MODE 2§

MOB .
COMPUTE

X*, Y*, 7*

N

PRINT
TON, TF1, TF2
X*, Y*, 7*

‘

——

(1T =0
COMPUTE
SMATCH (X*.TON*,

TF1*) = SCI

 DURUUUNPR R . —————

COMPUTE
SCI
OSMATI
TON

SCI

IT=17T+1

j

[SCI| < EPS

I

COMPUTE
RIPX = Y% . 7+

Y

HO f

WRITE
EI, MODE, TON,TFI,
TF2, TP, x, Yy Z,

RIPX, SCI. IT

)

2

COMPUYE
v(TON,TF1,X)
A's, )X =X

WRITE ¥

] ANVE LOOaION




" TON
SCI
IT =17 + 1

i
N
4{5 EPSB——YLS——W

YES

(L TTeMT

~ e

Noj
COMPUTE )
TF1= ’ Z-XLO- TP -PU(ET-ER]

EI1-ER-E

ToN= \) Z-XL0-1P-PO
ET-(ET-ER)

SCI= SMATCH{X*,TON,TF1)

(e e it

10 =

-

FIGURE A-18 - PAS 1 COMPUTER FLOW CHART
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READ
(5, PARAM)

YES

SPECIFY PARAMETERS

[ FOR VARIATION
C:::T///i\\\ ~ ACCEPT NRL

CHANGE YE READ !
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~ 7 ‘ VALUE

_ ACCEPT D PRAM
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SPECIFY FINAL VALUE

ACCEPT PREAMF

STABILITY
ANALYSIS

-

Y

//' \
-~ ROOT

YES LOCUS
\\\\QﬁéLYSIS

\/’

i

&

-L——--_.v..;.. - e mg e meumeA——

F LYREG =

CHANGE
FREQUENCY
RANGE

SPECIFY INITIAL VALUE
ACCEPT THETA ¢

4

SPECIFY IhCREMENT VALUE
ACCEPT DEL THET

SPECIFY FINAL VALUE
ACCEPT THETA F
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FIGURE A3 -

TRANSIENT

NO

ANALYSIS .~

SPECIFY INPUT
VOLTAGE SEFORE
STEP CHANGE

y

SPECIFY INPUT
VOLTAGE AFTER
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SPECIFY NUMBER
OF COMPUTATION
CYCLES

®
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SUBROUTINE STATE 1 (TON, TF1)

l :

TF2=TP-TON-TF1 .

< COMPUTE
ﬁ #1(TON), DI(TON)
92(TF1), D2(TF1)
¢3(TF2), D3(TF2)

COMPUTE X*-¢X*+VU
SET X*2 = 0
COMPUTE X*1 = f(EI)
x*3 = f(ET,X1,E]-ER)

| COMPUTE _ v
] Xf=@]lf+gl_g
Z*=02Y*+D2 U

i

e i

Ca i

L SUBROUTINE STS1 (W2, PHI, W1, D, U)

'

| |

| TEMPY1 = PHI.W1

TEMPY2 = D-U |
W2=TEMPY1+TEMPY2 i

l ) #

FIGURE A4 - PAS 1 SUBROUTINES STATE 1 and STS 1 o .
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SUBROUTINE PSIMAT (PSI,TON,TF1,X,U,XMU)

= s ".’,
VARTON = TON DZETA Eég}?}ézﬁgggﬁ DELTON,V,U)
o VARTF1 = TR} IT = 1ITH
DELTON = XMU-TON VARTON = VARTON-SCI/DZETA)
DELTF = MU TFY SCI = ZETA1 (VARTON,X,U)
% = XMU-X

YES,

| SCI! <EPS

COMPUTE

Fo=ex+Vvuy

PRINT FO

DO 68 J = 1,3 A} =

;Luo

WRITE IT, SCI

e

S

=]/Y—L

XJ « 5

17 /

NO |

SCI = ZETAI , ~ e |

. (VARTON, X, V) | COMPUTE ! %
j ¢+ 1(VARTON), D1 (VARON) |
YR = ] xADIU !
. 1T =0 !
| 81 = EMATI(VARTON, Y, ) |
d

FOUDOUT. FRAME




a8

i

{

TON+DELTON,V,U)
ON

SC1/DIETA)
TON, X,U)

DB=[BMAT1(VARTON+DELTF1,Y,U)
-B1]/DELTF]

1T = 1T

VARTFE = VARTF1-B1/DB

Bl - BMAT1(VARTF].Y.U)

[B1] <EP3 VES

NO

e e ]
L]

, D1 (VARON)
?D1U

4 |
VARTON, Y, U) |

i
|
o

COMPYTE
F-f(VARTON, VARTF1)
¢10 = (FI-FOI)/a%d
XJ = XJ - a8 X

v10=0

1«1,3
J = 1,2

o

COMPUTE

¢1(P), DI(TP)

o=y 4+ 0]

T

FIGURE A5 - PAS 1 SUBROUTINE PSIMAT
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MODE = 2 YES
NO
L TF1 = TP - TON TF2 - TP - TF1 - TON
COMPUTE
— . COMPUTE
31(TON), D1 (TOM) e
= ¢1(TON), D1 (TON)
#2(TF1, D2 (T¥1) #2(TF1), D2 (TF1)
v : 1 ¢3(TF2), D3 (TF2)
: v ® = 03-02-01
1 ' COMPUTE FTEMPT = oX
Dl - U TEMPZ2 = ¢3-42°D1
" == TEMP1 = ¢3.D2 ,
'’ : TENP1 = 0302D1+63D2 |
p COMPUTE \g(oaozomauzma
’ F = 82.01 | FTEMP2 = VU
- Fr2llu+D28 F=oX+W
-
P
o FIGURE A6 - PAS 1 SUBROUTINE FFUNC 1
-
¢
Py
b
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SUBROUTINE GAMM 1 (GAM, TON, TF1, X, U, XMU)

VARTON = TON
VARTF] = TF
DELTON = XMU* TON
DELTF1 = XMU* TR
AU = XMU* U

~ COMPUTE

0=¢oX+ VU

I

U] - UY + Al
IT=-0
SCI = ZETAY(VARTON,X,U)

iCOMPUTE
WDZETHAW [ZETA
(VARTON+DELTON,X,U)
{ -SC1]/DELTON
IT =17 +
;VARTON=VARTON-SCI/DZETAY

‘SCI=ZETA (VARTON, X,U)
I

YES

]SCI|=<EPS >
e

FOLDGUT. FRAME

i AR i, G DT AT T T R L R ted

#1 (VARTON) , D (VARTON)
Y=ol X401 - U
IT=0

l B]-BMAT](VARTF791,U)T]?

» 63
pp= [BMAT1 - B1]
DELTFI
T =17 +)
i VARTF1=VARTF)-B1/J :
i B1=BMAT) (MARTF1,Y,U) ;
q B

t

]B]|<EPS S YE

YES T<NIT

WRITE
1T, SCl

FIGURE A7 - PAS 1 SUBROU
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COMPUTE COMPUTE
1 (VARTON) , D1 (VARTON) F = £(VARTON, VARTF1)
i: = @] ._X_: + _Dl . y’ |
IT =0 , l
COMPUTE
| .1 N, VES
| MODE = 1 > ~ UL = Ul ~ al
- » 63
_ [BMATY - B1] i
DB= ~=5¢LTA1
IT = 1T + 1 {
| i VARTF1=VARTF1-B1/0 !
? l B)=BMAT1(MARTF1,Y,U)
1 . d
]
“ |B1]<EPS  atES
i NO
.
L YES 7 ITeNIT NO._ 0 MRITE
‘ 17, B
~. !
\"/ et < 7 Srow o maemed
FIGURE A7 - PAS 1 SUBROUTINE GAMM ] C)_ FOLDOUT FRAME
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SUBROUTINE SMAT1 (TON,TF1,TF2, SMAT, MU, XLO, k()

- TF2=TP-TON-TF}

e 5 DELT F1=XMU-TF1 |

& |

S £ , |

5 g | \5

7 3. COMPUTE

s 3 APPROXTMATE STEADY-STATH |

] A X*, Y*, 7* | |
H :‘ .
i Y3 = ET E
} IT=90 ‘
BI1=BMATI{TF1,Y,U)

//L\
5
% .
P " ; 1
& BZ = BMATI(TF1, 5
b DELTFI, ¥ E'Bg)ml | | 1T = 1T 4
3 DEMATY - jereps J
M
T = TRV - SamT
B1-BMATT(TF1,Y,U) IT<NIY
e :{’...I,nx,l.l:nsm“ N
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“€2/22-

-

I - S

R
TPV = TF1 - BEMATT,
B1-GMATT(TF1,Y,U)

////)l\

| B1] <EPS

L:z\«

1T<NIN

NO

WRITE
1T, TF1, B

»

CGMPUTE

82(TF1), D2(TF1)
I*=s2-Y* + D2 U
72* = 0

TF2 - TP-TON-TF1
#3(TF2), D3(TF2)

SMAT = X3-4331-71
-4332-72 -%333-13
-d332-U2 -d331-U1 J

FIGURE A8 - PAS 1 SUBROUTINES SMAT 1

e 247[8-TP-P0 U1-U2

TF1 =
Ut -(u2)°

1 = €S, U2 = ER

L
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SUBROUTINE ZETA 1 (T, X, U)

CALL PHDMAT
COMPUTE
o1(T), DI(T)

I

ZETA 1 = -ET +
C0131%X1 + 9132%X2+

#133*X3 + d131*U1+
' d132*U2

) *
4
+ :

SUBROUTINE BMAT 1 (TF 1, Y, U)

et e

COMPUTE ]
#2(TF 1), D2(TF 1)

|

BMAT 1 = 221-Y1 '

+ 0222-Y2

v

FIGURE A9 - PAS 1 SUBROUTINE ZETA 1 AND BMAT 1

R
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SUBROUTINE XMATY (TON, EI, ER)

5 TF = TP - TON

*P(TP), DOF(TP)
¢F(TF1), DF(TF1)
ON(TON), ON(TON)

TENPY = -oP
TEMP1 = 1-4P
DET = |1-eP]

‘ - 10 «\J:ffizlxlo‘a
T
YES
3
l |

TVECTY = oF11dNIY
+0F12dN21
TEVCI2 = oF21dN) | YI* = oNT1-X]*
+F22dN21 | FONT2-X2*+dN11 -1

¢ 17" rrveen Y2% = aN21-X1*
[ﬁ*]'[] -w] mveer "’] NN22~ngld:;1 €
X3* = ET -oN3)-X1* Y3* = ET
-®N32-X2*-dN31 -EI SCI = aF31-Y1*
-dN32-ER +0F32.Y2* + ET

+dF32-ER
» XMAT1 = X(3)-.SCI

C w

FIGURE A10 - PAS 1 SUBROUTINE XMAT 1
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SUBROUTINE OVSH i1 (PSI, FP, N, K)

DO 10 I=1, 3
DELXP(I) = XFP(T)+X(I)

1

DO 30 NN = 1, NK
WRITE NN, DELXP
RMVEMUL

(TVEC, PSI, DELXP)

DO 14T =1, 3
DELXP(I) = TVEC(I)

FIGURE A11 - PAS T SUBROUTINE OVSH )

-
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SUBROUTINE PHOMAT (PHI, D, T, F, G)

CALL
PHI, D, FsQ, F,
G, B

.

CALL
TAR1, TAR2, TVECI

COMPUTE
GAMT, GAM2
GRALT, GRAL2
X1, XI2.

COMPUTE PHI(T)
‘RMSCLR™

(TAR1, GAM1,F,3,3)
- RMMUL

(FSQ,F,F,3,3,3)
-RMSCLR

(TAR2, GAM2, FSQ,3,3)
- RMADD

R2,3,3

(TART, X1, F,3,3)
\RMSCLR |
(TARZ, XI2, FSQ,3,3)
- RMADD

mm,_ma.k_‘mg.m

e e

COMPUTE D(T) |

- RMMUL :
(0,B,6,3,3,2) |

RETURN ;

é

FIGURE A12 - PAS 1 SUBROUTINE PHOMAT &
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SUBROUTINE FREQ (PHI,DVEC,H,TP,THETA,THETAF, DELTHET, EI,ER)

: DEGRAD = 180/n

; RADDEG = 1/DEGRAD

j THETA = THETAO-DELTHET

! - 25 - '

y & D021=1,3 |

i ¥ J=1,3

¢ & ' B(1,J) = 0

i =

: g% RMINV (AINV,A,3) WRITE EI YV A

o — TEMPI{T,J)=ANIV(I,J).¥2 ,R"MUL | |

: 1=1,3 J=1,3 }(TEMP]’ A:4,3,3,3)

: RMADD (TEMP2, A, > ) PR

. TEMP1,3,5) (TEMPf,YI:,TEM°1.3,3;

: - TEMP2(1,1)=TEMP2(T,1)+Y

: RNV (U, TEHPZ,3) THETA = THETA*DELTHET i< 1,3

i RMMUL (V,ANIV,U,3,3,3) THET = RADDEG-THETA .’

ii V(I,5) = -Y-V(I,d) FREQ = THET/2nTP RMINV (V,TEMP2,3)

i =13 J-1.3 X = COS (THET) RMMUL (U,A,V,3,3,30

% Y = SIN (TﬁET) :U([,J) = YIV-U(1,d)

¥ =213 J=1,3
g D012 I=1,3 z |
- PO 10 J =1,3 ‘ |
i (10) A(1,9) = -PSI(I,d) |

ACL,0) = A(1,3)+X i

’




[Y]<1x10710

SQ//'

RMVEMUL
- (TVEC1,U,DVEC,3,3)

- (TVEC2,V,DVEC,3,3)

GRE = GIM = 0

055 I=1,3

GRE = GRE+H(I).TVECT(I) |
GIM = GIM+H(I)-TVEC2(I0 |

G = SQRT(GREZ + GIM?)
DBEL = 20-ALOG 10 (G-E1/ER)
PHASE = DEGRAD-ATANZ(GIM,GRE)
WRITE: THETA, FREQ, DBEL

G, GRE, GRIM PHASE

E
=

e

L

7 WAV 1n0a104

4
CRIN 367 7 SN Mo g

FIGURE A13 - SUBROUTINE FREQ
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Figure A14. Generation of Closed-
. e

Loop Transfer Function for Subroutine FREQ

T
G(fu) = N(leJ“ P

-v)! r o ngés.w
Let qu =9
(!e”-—v)" - (Jlsind + Icose -t)"
= [jisine + AT (where A = Icose-y)
Let Q; + 30, = [JIsine + A)"!

then
[ + j1sine][Q, + 30,) = 1

sine Qy + AQ, = 0 j
AQ, ‘ |

If sine > 0 + €, Q- ST

A%,
-m-sineoz = ]

I

A [ a2 -1
Q] * <Ine [m+ lsine]
1f sine - 0

- -1
0, = -A

sing Q‘
AQ, + A"l sinle q = I
| a_ 2.1
Q] = A +A " sin®e

-1
Q --N‘nm[A+r‘n¥q
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APPENDIX A
; BUCK PAS COMPUTER PROGRAM

00100 PROGRAN PAS{(INPUT,OUTPUT, TAPES=INPUT,
00110 XTAPEG=OUTPUT, TAPE?)
00120 DINENSION RIPX(3,1),P81(3,3),PSY(3,3),6AN(3,1),INT(8),
00130 XXFP(3,1),PRAN(10),H(3),R(3,5),1TBL(3),IVD(3),DELX(3,1),
00140 XPHIN(3,3),PNI2(3,3),PHI3(3,3),01(3,2),02i3,2),03(3,2),
001350 XTENP1(3,3),VVECI(3),PRIP(3,3),
00140 XRPRAN(10), XTR(3, 1), YTR(3, 1) ,2TR(3,1)
00170 CONNON /PARAN/F1(3,3),F2(3,3),F3(3,3),6143,2),62(3,2),
00180 X63(3,2)
00190 CONNON/EXTPAR/NIY ,EPS, TP, ET ,NODE, TF ,LDUTY
00200 CONNON /STATE/X(3,1),Y(3,1),203,1),0(2,1)
00210 EQUIVALENCE (PRAN(1),C1),{PRAN(2),C2),(PRAN(3),R3),
00220 X (PRAN(4),R4), (PRAN(S),RS), (PRAN(4) ,RN2), (PRAN(7),XLO),
00230 X (PRAN(B),CO), (PRANLY),RL), (PRAN(10),EI)
00240 REAL LP
00250 DATA EI, ER, ET, RL, TP/50.,20.,8.,10.,30.E-6/
00260 DATA EISWIT,XNU/40.,0.01/
| 00270 DATA XLO,R0,CO,RS,RN1,RN2/25.E-5,0,015,3.E-4,0.077,40.,24./ |
00280 DATA C1,C2,R1,R2,R3,R4/2200.E~12,0.0226-6,28.7E3, 3
00290 X13.5€3,10.€3,100.€3/ :
00300 DATA THETAO,DELTHET, THETAF,H/0.,5.,180.,1.,0.,0./
‘ 00310 DATA NIT,EPS/100,1.E-64/
00320 DATA NODE/2/
00330 DATA IPLOT,LIST,LPEAK,LFE,NK,LFRE/0,0,0,0,15,0/
00340 DATA LRTL,NRL,DPRAN,PRANF/0,2,0.,0./
00350 DATA LPARAN,LCONP,LPC,LSA,LRLPC,LCFR,LPEAK/1,0,0,0,0,0,0/
00340 DATA RPRAN/2HC1,2HC2,2HR3, 2HR4, 2HRS, 2HN2 , 2HLO, 2HCO,
00370 X ZHRL,2HE1/ ;
| 00380 DATA RLSWIT,LRL/600.,0./ N
00390 DATA TF,LDUTY,TPCON/8.5393E-4,2,3.E-5/ »
) 00400 DATA OLDTINE,LTR,LRESP,TSWIT,TFINAL/O.,1,0,2.E~3,13.96-3/ f
00410 DATA NTR,SEPS/1,2.E-4/ |
00420 NANELIST/PARAN/EI,ER,ET,RL,TP,XLO,RO,CO,R5,RN1,RN2,
00430 XC1,C2,R1,R2,R3,R4,EISWIT,TF
00440 NANELIST/CONP/EPS,NIT, XNV
00450 NANELIST/CONTRL/LPARAN,LCONP,LPC,LSA,LRTL,LRLPC,LFREQ
L 00460 X,LCFR,LPEAK,LOAD,LDUTY,LRESP
, 00470 NANELIST/RLPARAN/NRL, DPRAN, PRANF
00484 NANELIST/FRPARAN/THETAC, DELTHET, THETAF
00490 NANELIST/TAPARAN/EL,EISWIT,NK
1 00500 NANELIST/RPARAN/RL ,RLSWIT, NK
00510 NANELIST/TRPARAN/OL DTINE, TSWIT, TF INAL
00520 REVIND 7
b 00530 C WRITE(6,99)
00540 99 FORNAT(1X,*PROGRAN FUNCTION®,13X,* CONTRGL PARAMETER (1-YES 0-NO)s
00550 X /% CHANGE PARAN®,18)X,+LPARAN®
00560 X /% CHANGE CONP#,19X,*LCONP*
~§ 00570 X /¢ LIST PARAN, CONPs,{4X,sLPC#
-31-




00580 X /¢ STABILITY ANALYSIS®,12X,eL5A¢

00590 X /¢ ROOT LOCUS ANALYSIS*,11X,sLRTLe
00600 X /¢ LIST PARANETER CODE®,4X,sLRLPCS
00610 X /% AUDIO ANALYSIS#,16X,#LFREQ#

00420 X /9 CHANGE FREQ RANGE® ,8X,$LCFR*
00630 X /¢ TRANSIENT ANALYSIS®,12X,sLPEAK*
00640 X /+ TRANSIENT LOAD  #,12X,eL0AD*

00650 X /% DUTY CYCLE SCHENE *,12),sLDUTYe
00660 X /¢ TRANSISTION ALGORITHN ¢,4X,*LRESPs/)
00670 400 CONTINUE

00680 WRITE(6,401)

00490 401 FORNAT(1X,#ENTER N TO DISCONTINUE PAS, OTHERVISE Ye)
00700 READ(S,402) X1

00710 402 FORNAT(A1)

00720 IF(X1.E0. 1HN) STOP

00730 WRITE(4,403)

00740 403 FORNAT(1X,*INPUT PAS CONTROL PARAMETERS®)
00750 READ(5,CONTRL)

00760 C WRITE(4,CONTRL)

00779 IF(LDUTY.EQ.1) GO TO 420

00780 WRITE(4,421)

00790 421 FORMAT{(/1X,#CONSTANT TF DUTY CYCLE SCHENE®/)
00800 60 10 422

00810 420 CONTINUE

00820 TP=TPCON

00830 WRITE(4,423)

00840 423 FORNAT(/1X,CONSTANT TP DUTY CYCLE SCHENE®/)
00850 422 CONTINUE

00860 IF (LPARAN.EQ.0) GO TO 404

00870 READ (5, PARAN)

00880 404 IF(LCOMNP.EQ.0) GO TO 405

00890 READ(S,CONP)

00900 405 IF(LPC.EQ.0) GO TO 406

00910 WRITE(4,PARAN)

00920 URITE(4,CO0NP)

00930 404 IF(LSA.EG.0) GO TO 407

00940 60 T0 5

00950 407 IF(LRTL.EQ.0) GO TO 408

00940 IF (LRLPC.EQ.0) GO TO 409

00970 WRITE(6,460)

00980 440 FORNAT(1X,* CODE  FARANETER®

00990 X /s 1= Cia/s 2= Cae/¢ 3= R3%/
01000 X ¢ 4= Rae/+ 5= RS*/% b= N2/
01010 X+ 7= Lo®/¢  @= Cos/e 9= RL#/
01020 X% 10= EI+/)

01030 409 WRITE(4,410)
G1040 410 FORMAY (1X,*INPUT ROOT LOCUS PARAMETERS®)

01050 READ(S,KLFARAN)

01060 URITE(6,RLPARAN)

01070 60 T0 5

01080 408 IF(LFREQ.EQ.0) GO 10 411
01090 IF(LCFR.EQ.O) 6O TO 5
01100 WRITE(4,413)

01110 413 FORMAT(I1X,*INPUT FREQUENCY RANGE HARAMETERS®)
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a

01120
01130
01140
01130
011460
01120
01180
01190
01200
01210
01220
01230
01240
01250
01260
01270
01280
01290
01300
01310
01320
01330
01340
01350
01340
01370
01380
01390
01400
01410
01420
01430
01440
01450
01460
01470
01480
01490
013500
01310
013520
01330
01540
015350
01560
01570
01580
01590
01400
01410
01620
01630
014640
01650

4

[2+4
R

i

414

413

414

24

READ(S,FRPARAN)

URITE(4,FRPARAN)

GO TO S

IF(LPEAR.EQ.0) 6O TO 415

WRITE(4,414)

FORNAT(1X,»INPUT TRANSIENT ANALYSIS PARANETERS®)
READ(S, TAPARAN)

URITE (6, TAPARAN)

60 10 5

IF(LOAD.EQ.0) GO TO 424

URITE(S,418)

FORNAT(1X,9INPUT LOAD CHANGE PARANETERSS®)
READ(S,RPARAN)

URITE(6,RPARAN)

CONTINUE

1F(LRESP.EN.O) GO TO 400

URITE(6,425)

FORNAT(IX,# INPUT TRANSITION RESPONSE PARANETERSS)
REAL(S, TRFARAN)

URITE(64, TRPARAN)

GONTINUE

TF(LRTL.EQ.0)GO TO 4

WRITE(8,212)RPRAN(NRL) ,PRAN(NRL)

FORNAT(//%R0UT LUCUS PARAMEVER #,A2,¢ = ¢,612.4)
CONTINUE '

OLDEI=EI

OLDRL=RL

RRD=R2/(R14R2)

RN=RN2/RNi

D0 8 I=1,3
61(I,1)=61(1,2)=62(1,1)=62(1,2)=63(1,1)=63(1,2)=0,
po 8 J=1,3

FICT, D) =F201, 08 3(1,d)=0,

FYOT, 1)=F201,1)==1./{RL¥CO+R5%C0)-R5eRL/ (XLOSRL+XLO*RS)
F3¢1,1)=-1,/C(CO*(RH+RL))
F141,2)=F2(1,2)=F3(1,2)=RL/ (COSRL+CO*RS)-ROSRS*RL/ (XLOWRL ¢
XXLO*RS)

FI(2,1)=F2(2,1)==1./XL0
F1(2,2)=F2(2,2)=F3(2,2)=-R0/XL0
F1(3,1)=F2(3,1)=C2/(RLeCI*CO+RS8CI2CQ)+RN/ (R4¢C1)~RKD/ (R3*
X CI)+C24R5oRL/(C1#XLO*RL+CIoXLOORS )
F3(3,1)==RKDB/(R3I*C1)¢C2/(RL*C14CO+RS¢C1¢C0O)
F1(3,2)=F2(3,2)=2F3(3,2)=C2#RO*RS*RL/ (C1eXLO*RS+C10XLOSRL )~
¥ RL*C2/(CISCOSRSACISCORRL) +RN*RO/ (R4%C1)

G114 )=RO*KL/(XLOSRS+XLOSRL)

61(2,1)2t,/XLO
61(3,1)=~RN/(R&#C1)~C2oRIMRL/(Ci#XLORRS+CI#XLORL)
61(3,2)=62(3,2)=63(3,2)=RKD/(R3I*C1)

U1, 1)=El

U(2,1)=ER

PO=ER#+2/RL

LP=XLO®PO

CONTINUE

IF(LDUTY.EQ.1) GO 1D 41
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01660
01670
01480
01690
01700
01710
01720
01730
01740
01730
01760
01770
01780
01790
01800
01810
01820
01830
01840
01850
01840
01870
01880
01890
01900
01910
01920
01930
01940
01950
01960
01970
01980
01990
02000
02010
02020
02030
02040
02050
02060
02070
02080
02090
02100
02110
02120
02130
02140
02150
02160
02170
02180
02190

4

42

a3

44

19

20

45
46

DN=E1+(EI-ER)
TON=(LP4SORT(LP#e242,9DNeLP4TF) ) /DN
TF1aTON® (E1-ER)/ER

TF2TF=TFY

TP=TON+TF

60 10 42

CONTINUE

GTON=SURT(2.%LPSTP)
TON=GTON/SORT(EI%(EI-ER))
TF1=TON(EI-ER) /ER

TF2=TP-TON-TF1

CONT INUE

TEPS=EPS

DELTON=XNU*TON

IF{TF2.6E.TEPS) 60 T0 6

NODE= |

IF(LDUTY.EQ.1) GO TO 43

TON=TFHER/ (E1-ER)

TFY=TF

TP=TON+TF

60 TO 44 .
TON=TPER/E]

TE1=TP=TON

CONTINUE

0TON=TON

OTF1=TF1

DEL TON=XNUSTON

170

SC1=XNAT1(TON,EI,ER)

DNA TCH=(XHAT1 { TON+DELTON E1,ER)-SC1)/DELTON
TON=TON-SC1/DNATCH

SC1=XNATI(TON,EX,ER)

1T=1741

IF (ABS(SC1).LE.EPS) 60 TO 20

IFCIT.LT.NIT) 60 T0 19

TON=0'1ON

CONTINUE

IF(LDUTY.EQ.1) GO TO 45

TFI=TF

TP=TON+TF1

60 TO 44

CONTINUE

TF1=TP-TON ;
CONTINUE 3
CALL PHDHAT(PHIP,D2,TP,F1,61) :
CALL PHONAT(PHIZ,D2,TF1,F1,61) x

CALL PHDNAT(PNI1,D1,TON,F1,61)

Do 22 1=1,2

D0 21 J=1,2

TENPT (1, J)==PHIF(1,J)

TENPACT, 1021, ¢ TENPICI, 1)

DET=TENF1(1,1) ¢ TENPT(2,2)-TENPT(2, 1)#TENFI (1,5 ) ;
IF(ABS{DET).LT.1.E-8) GO 10 250 %
TVECT(1)=PHIZC1, 1 00D101, ) 4PHIZEY, 2)#01(2, 1)

el

I

T
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02200
02210
02220
02230
02240
02250
02260
02270
02280
02290
02300
02310
02320
02330
02340
02350
02340
02370
02340
02390
02400
02410
02420
02430
02440
02450
02460
02470
02480
02490
02500
02510
02520
02530
02540
02550
02540
02570
02580
02590
02600
02610
02420
02630
02640
02650
02660
02670
02680
02490
02700
02710
02720
02730

c
G
¢
c

TVECT(2)sPHI2(2,1)8D1¢1,1)4PHI2(2,2)#01(2,1)

(1,1 )=ELe (YENPT(2,2)8 TVECT(1)=TENPY (1,2)8 IVECT (2))/DET
X(2,1)sELo (TENPT(1,1)%TVECT (2)~TENP1(2,1)8 TVECT(1))/DET
(3,0 2ET-PHIT(3, 1)0X(1,1)-PHIT(3,2)08X(2,1)-D1{3,1)El

X -D1(3,2)%€R
YOV, 1) 8PRITCT, 19K C1,1)4PHIT(1,2)9X(2,1)4D1 ¢

1,1) €l

YA2,1)=PHINA2, 1)8X (1, 1) ¢PHIN(2,2)8X(2,1)4D1(2,1)sE]

Y(3,1)=E7

SCImPHI2(3,1)9Y(1,1)4PHI2(3,2)9Y(2,1) +ET+D2(3,2) oER

DO 32 1=1,3

32 RIPXCI,1)eX(T,1)-Y(1,1)
IF (LRTL.EQ.2) 6f) TO 36
TPCT=100. 4 TON/TP

WRITE(4,35) €1,RL,NODE,TPCT,TON,TFY,1P,X,¥,RIPX,5C1,1T,TEPS

35 FOKNAT(/eEI~9,G15.4,% RL*%,615.4,% NODE=s,

13,

X & TPCT=s,615.4/4)0N=¢,615.4,¢ TFiue,G15.4,% TPxs,
X 615.4/¢  Xue,3G15.4/%  Ya¢,3615.4/%R1PX=%,3615.4/

X ¢ SC1=0,615.4,% [T=#,13,¢ TEPS=»,615.4)
36 CONTINUE
60 TO 56
& CONTINUE
RODE=2
PTON=TON
PTF1=TF}
CALL STATE1(TON,TF1)
PRINT 17, TON, TF1,TF2,X,Y,2

17 FORWAT(#APPROXINATE STEADY STATES/#TON=»,G15.6,

X$ TF1=#,615.4,% TF2=+,615.4/
XX=¥,3615.6/Y=%,3615.6/42=4,3615.6//)
17=0
CALL SNATI(TON,TF1,T¥2,5C1,XNU,XLO,PO)

9 CALL SMAT1(TON+DELTON,TF1,TF2,SC2,XNU,XLO,PO)

DSNAT1=(SC2-5C1)/DELTON
TON=TON-SC1 /DSNAT |
CALL SNAT1(TON,TF1,TF2,5C1,XN0,XLO,PO)
1T=1T4
IF(ABS(SC1).LE.EPS) GO 70 10
IFCIT.LT.NIT) 60 fO 9
TF1=PTF1
TON=PTON
CALL SNATY(TON,TF1,TF2,5C1,XH),XLO,PO)
10 CONTINUE
i3 D0 12 1=1,3
12 RIPX(I,1)=X{I, 1)=Y(I, 1)
IF(LRTL.E@.2) GO TO 56
TPCT=100. ¢ TON/TP
IF (LRTL.E.2) GO TO 56
IF (NTR.EQ.2) GO TO 34

WRITE(4,55) EI,RL,NODE,TPCT,TON,TF1,TF2,TP,X,Y,Z,RIPX,SC1, 1T, TEPS
55 FORNAT(/#EI=#,615.4,% RL=#,615.4,% NODE=s,
X G1S.4/$TON=#,612.4,% TFi=+,G12.4,% TF2=4,

13, TPCT=9,
G12.4,% Tp=s,

X B12.4/8  X=#,3615.4/%  Y=4,3615.4/¢  1=%,3G15.4/
TEFS=4,615.4)

X SRIPX=#,3615.4/+ SC1=#,615.4,¢ ITcs,13,+
57 CONTINUE
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. 02740 54 CGRYINUE

02750 CALL PSINWT(PSI, TON,TF1,X,U,XNU)
02760 CALL RACPY(PSY,PSI,3,3)
02770 1TBL(1) a3

B 02780 1TBL(5)=0
02790 CALL QRAL(PSY,R,3,K,V,INT,1VD,1TBL)

S 02800 IF(LRTL.NE.2) GO TO &7

i 02610 ¢ URITE(4,648) MODE,TPCT

; 02820 47 CONTINUE

) G2830 48 FORNAT(SNODE =¢,12,8 DUTY CYCLE =¢,F5.2/)
02840 WRITE(6,70) ({FSI(1,J),Js1,3),1=1,3)
02850 70 FORNAT{/ePSI=s,3615.4/2(4X,3615.4/))
02860 IF(NTR.EQ.2) GO T0 76

02870 72 WURITE(4,74) ((R(1,J),J=1,2),121,3)
02880 74 FORNAT(/4X,%REAL#, 11X, #1NAGS,7X,2615.4/4G15.4)
02890 76 CONTINUE

02900 IF (LRESF.EQ.0) GO TO 550

02910 CALL PHDNAT(PHI1,D1,TON,F1,G1)

02920 CALL PHDNAT(PNI2,D2,TF1,F2,62)

02930 IF(NODE.EQ.1) GO TO 589

02940 CALL PHDNAT(PHI3,D3,TF2,F3,63)

02950 589 CONYINUE

02940 TINE=OLDTINE

02970 IF(LTR.EQ.2) 60 10 501

02980 IF (NODE.EQ. 1) GO TO 500

02990 CALL RNCPY(ZTR,Z,3,1)

03000 VOTR=ZTR{1,1)~ER

03010 ¢ WRITE(8,599)TINE,ZTR,VOTR

03020 WRITE(?,599) TINE,ZTR,VOTR

03030 599 FORNAT(6612.4)

03040 GO TO 501

03050 500 CONTINUE

03040 CALL RWCPY(YTR,Y,3,1)

03070 VOTR=YTR(1,1)-ER

03080 C WRITE(4,599) TINE,YTR,VOTR

03090 WRITE(7?,299)TINE,YTR,VOTR

03100 501 CONTINUE

03110 TINE=TIME4TON

03120 IF(NODE.EQ. 1} GO TO 502

03130 CALL STS1(XTR,PHI3,ZTR,D3,U)

03140 60 TO 503

03150 502 CONTINUE

03140 CALL STS1(XTR,PHI2,YTR,02,U)

03170 503 CONTINUE

03180 VOTR=XTR(1,1)-ER

03190 C WRITE(4,599) TINE,XTR,VOTR 4

03200 WRITE(7,599) TINE,XTR,VOTR i

03210 TINE=TINE+TF |

03220 CALL STST(YTR,PHI1,XTR,D1,U) j

03230 VOTR=YTR(1,1)~ER i

03240 C WRITE(G,599)TINE,YIR,VOTR i

03250 WRITE(7,599) TINE,YTR,VOTR i

03260 IF (NODE.EQ.1) GO T0 504 i

03270 TINE=TINE+TF2 g
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03280
03290
03300
03310
03320

03330

03340
03350
03360
03370
03380
03390
03400
03410
03420
03430
03440
03450
03460
03470
03480
03490
03500
03510
03520
03530
03540
03550
03560
03570
03580
033590
03600
03610
03620
03630
03640
03650
034660
03670
03680
03690
03700
03710
03720
03730
03740
03750
03760
03770
03780
03790
03800
03810

304

306

505

350

73
69

149

150

189

160
200

CALL STS1(ZTR,PHI2,YTR,D2,U)
VOTR=2TR(1,1)-ER
WRITE(,599)TINE,ZTR,VOTIR
URITE(7,599) TINE,ZTR,VOTR
CONTINUE

IFCTINE.GT.TFINAL) 60 TO 505
IF(TINE.LT.TSWIT) GO TO 509
IF(LTR.€0.2) GO TO 50%
IF(MODE.EQ.2) GO TO 506

CALL RNCPY(ZTR,YTR,3,1)
CONTINUE

UC1,1)=EISHIT

EI=EISU1T

OLDTINE=TINE

LTR=2

60 10 7

CONT INUE ’
OLDTINE=O,

LTR=1

NTR=2

LRESP=0

6¢ 10 7

CONTINUE

HTR=1

IF (LFRE@G.EQ.0) 6O TO 150
CALL GANM1(GAM,TON,TF1,X,U,XNU)
WRITE(6,75) (GAN(I,1),1=1,3)
FORMAT(/%GAN=%/3(615.4/))

CALL FREQ1(PSI,GAM,H,THETAO,THETAF ,DELTHET,EI,ER)

READ(S,FREARAN)
IF(THETAF.EQ.0.)GO TO 149
WRITE(4,FRPARAN)

60 10 &y

CONT INUE

LFREQ=0

CONTINUE

IF (LFE.EQ.1) GO TO 160
IF (LPEAK.EQ.0) GO TO 200
D0 152 1=1,3
XFPLL,1)=X(1,1)
EI=EISWIT

U, 1)=El

LFE=1

WRITE(4,189)

FORMAT (1X,#SET UP EI STEP INPUT#)
60 TO 7

CALL OVSH1(PSI,XFP,NK)
CONTINVE

LPEAK=LFE=0

EI=0LDE]

UCt, 1) =El

IF(LRL.E@.1) GO TO 161
IF(LOAD.E2.0) GO TO 201
RL=RLSWIT
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03620
03830
03840
03850
03860
03870
03880
03890
03900
03910
03920
03930
03940
03950
0396¢
03970
03980
03990
04000
04010
04020
04030
04040
04050
04060
04070
04080
040%0
04100
04110
04120
04130
04140
04150
04160
04i70
04180
04190
04200
04210
04220

04230,

04240
04250
04260
04270
04280
04290
04300
04310
04320
04330
04340
04350

153
188

1o
201

250
252
300

10

14
30

LRL=1

DO 153 1=1,4

XFPCL, 1) =X(1,1)

WR1TE(4,188)

FORNAT(1X,9SET UP RL LOAD CHANEZS)
60 T0 4

CALL OVSH1(PSI,XFP,NK)

CON'TINUE

LOAD=LRL=0

RL=0LDRL

IF(LRTL.E.0) GO TO 300
PRAN(NRL ) =PRAN (NRL ) + DPRAN

IF (PRAN(NRL) .GT.PRANF) GO TO 300
LRTL=2

G0 10§

URITE(4,252)1T,X

FORNAT (#UNSCHEDULED TERNINATION IT=s,I3,/%X=8,3615.64/)
CONTINUE

60 TO 400

END

SUBROUTINE OVSH1(PSI,XFP,NK)

DINENSION PSI1(3,3),XFP(3,1),DELXP(3,1),TVEC(3,1)
COMNON/STATE/X(3,1),Y(3,1),2(3,1),U(2,%)
BO 10 I=1,3

DELXP(I,1)=XFP(I,1)=X(1,1)

DO 30 NN=1,NK

WRITE(6,12) NN,DELXP

FORNA (13,3615.6)

CALL RMNUL (TVEC,PSI,DELXP,3,3,1)

DO 14 1=1,3

DELXP(I,1)=TVEC(I,1)

CONTINUE

RETURN

END

FUNCTION ZETA1(T,X,U)

DINENSION PHIT(3,3),B1(3,2),X(3,1),0(2,1)
CONNON/PARAN/F1(3,3),F2¢3,3),F3(3,3),61(3,2),
X62(3,2),63(3,2)

CONNON/EXTPAR/NIT,EPS,TP,ET,HODE, TF,LDUTY

CALL PHDNAT(PHI1,D1,T,F1,61)
ZETAV==ETH+PRINC3, 104X (1, 1)4PHIT(3,2) %X (2, 1 )4PHI1(3,3)#X(3,1)+
X DIC3,1)%0(1,1)401(3,2)%U(2,1)

RETURN

END

SUBROUTINE FREQ1(PSI,DVEC,H, THETAO, THETAF , DELTHET,E1,ER)
DINENSION PSI(3,3),DVEC(3,1),H(3)

DINENSION A(3,3),AINV(3,3),B(3,3),U(3,3),V(3,3),TENPI(3,3)
DINENSION TEWP2(3,3),TVECI(3,1),TVEC2(3,1)
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04360 CONMON/EXTPAR/NIT EPS,TP,ET,MODE, TF,LDUTY

04370 DEGRAD=180./3.1415927
04380 RADDEG=1./DEGRAD

04390 THETA=THETAQ-DEL THET

04400 b0 2 1=1,3

04410 DO 2 J=1,3

04420 2 B(l,4)=0.

04430 URITE(S,1) EI

04440 | FORNAT(//+E1=%,G12.4/,
04450 X % THETA  FREQ {(HI)  DBEL®,5X,%G%,11X,%REG*, 10X, e INGe,
04460 X 6X,$PHASES)

04470 5 CONTINUE

04480 THETA=THETA+DEL THET

04490 THET=RADBEGHTHETA

04500 FRE=THET/(4.2831853%1P)
04510 RX=COS (THET)

04520  RY=SIN(THET)

04530 D0 12 1=1,3

04540 DO 10 J=1,3

04550 10 A(Y,d)=-FSI(I,d)

04560 ACL,1)=A(1,1)+RX

04570 12 B(I,1)=RY

04580 IF(ABS(RY).LT.1.E-10) GO TO 25
04590 RYIV=1,/RY

04600 CALL RNMUL(TENP1,A,A,3,3,3)
04410 CALL RNSCLK(TENPZ,RYIV,TENPY,3,3)
04620 DO 14 I=1,3

04630 14 TENP2(I,1)=TEMP2(X,1)4RY
04640 CALL RMINV(Y,TENP2,3)

04450 CALL RANUL{U,A,V,3,3,3)
04660 DO 16 I=1,3

04490 D0 14 J=1,3

04700 UCT, J)=RYIVAUCT,J)

04710 16 V{1, d)=-V(I,d)

04720 G0 TO S0

04730 25 CALL RNINV(AINV,A,3)

04740 DO 30 I=1,3

04750 D0 30 J=1,3

04760 30 TENP1(I,J)=AINV(I,J)#RY4$2
04770 CALL RMADD(TENP2,A,TENP1,3,3)
04780 CALL RNINV(U,TENP2,3)

04790 CALL RMNUL(Y,AINV,U,3,3,3)
04800 DO 34 1=1,3

04810 50 34 J=1,3

04820 34 V(I,J)=-RY#V(I,J)
04830 50 CONTINUE

04840 CALL RNNUL(TVECY,U,DVEC,3,2,1)
04850 CALL RMMUL (TVEC2,V,DVEC,3,3,1)
04860 GRE=GIN=0.,
04870 D0 55 1=1,3
04880 BRE=GRE+H(I)#TVECT(I,1)
04890 55 GIN=GIN+H(I)*TVEC2(1,1)
04900 G=SURT(GRE*+24GIN##2)
04910 BBEL=20.#ALUGY 0(G*EI /ER)
-39-

e I P N




S T TR W T TS T T TR — T—"—— ——— e r—
5

04920
04930
04940
04670
04680
04930
04960
04970
04980
04990
03000
05010
05020
05030
05040
05050
05060
03070
05080
03090
05100
03110
05120
05130
05140
051350
05160
05170
05180
05190
05200
05210
05220
05230
05240
05250
052640
05270
05280
05290
03300
05310
05320
05330
05340
03350
05360
05370
03380
05390
05400
05410
05420
03430

PHASE=DEGRADAATANZ (GIN,BRE)
WKITE(6,60) THETA,FRE,DBEL,G,GRE,GIN,PHASE
60 FORAAT(F6.2,612.4 1F9.2,3612.4,F9.2)
WRITE (7,59 )FRE , DBEL, PHASE
59 FORNAT (3G15.6)
IFCTHETA.LT . THETAF-0.5¢DELTHET) GO T0 5
100 CONTINUE
RETURN
END
C
c
SUBROUTINE PHDNAT(PHI,D,T,F,6)
DINENSION PHI(3,3),0(3,2),FSA(3,3),F(3,3),8(3,2),B(3,3)
DINENSION TAR1(3,3), TAR2(3,3), TVEC1(3)
ALFHA=-0.58 (F(1,1)+F(2,2))
DET=0.25%(F (1, 1)4F(2,2) )#42-F (1,1)8F(2,2)+F(1,2)4F(2,1)
IF(DET.LT.0.) GO TO 20
A=-ALPHA+SART(DET)
B=-ALPHA-SORT(DET)
EXPA=EXP(A$T) -1,
EXNASEXP (-A$T) -1,
EXPB=EXP(B#T)-1.
EXNB=EXP{-B#T)-1.
CC1=A%B* (A-B)
GANT=(A*424EXPB-B#42¢EXPA)/CC1
GAN2=(B¥EXPA-ASEXFE) /CC)
CC2=A##2% (A-B)
CC3=Be#24(A-B)
XI1=-(A+B)*T/(A%B)-A%EXNB/CCI+BHEXNA/CC2
X127T/(A%B)-EXNA/CC2+EXNB/CCS
60 TO 30
20 BETA=SORT(~DET)
CC3=1./(ALPHAS#2+BETA%+2)
CC1=2.#ALPHA*CC3
CC2:=(ALPHA%#2-BETA%#2)/ (2. $ALPHA®BETA)
CCA=ALPHA/BETA
§B=SIN(BETA*T)
CB=COS(BETA#T)
EMAL=EXP(~ALPHA*T)
EPAL=EXP (ALPHA®T)
GANI=CC1 (1. ~ENAL* (CC24SB+CB))
GAN2=CC3# (1. -ENAL* (CCA*SB4CB))
GRAL1=CC3# (EPAL# (ALPHA#CB+BE TA%SB) ~ALPHA)
GRAL2=CC3*(EPAL*(ALFHA*SB-BETA#CE)+BETA)
X11=CC1#(T-GRAL1+CC2#6RAL2)
X12=CC3%(T-GRAL1+CCA*GRAL2)
30 CALL RNSCLR(TAR1,GAMI,F,3,3)
CALL RMNUL (FS@,F,F,3,3,3)
CALL RNSCLR(TAR2,GAN2,FSG,3,3)
CALL RWADD(PHI,TAR?,TAR2,3,3)
DO 10 1=1,3
10 PHICI,1)=PHICI, 1) 41,
C  MATRIX PHI(T) HAS BEEN COMPUTED
CALL RMSCLK(TARY,XI1,F,3,3)
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05440
05450
05440
05470
05480
05490 C
05500

12

CALL RNSCLR(TAR2,X12,FS0,3,3)

CALL RNADD(TARY,TARY,TAR2,3,3)

DO 12 I=1,3

TARY (L, 1) =TART(1,1)+1

CALL RNNUL(B,PHI,TAR1,3,3,3)
WATRIX B(T) HAS BEEN CONPUTED

CALL RNMUL(D,B,G,3,3,2)

03510 C MATRIX DCT) HAS BEEN COMPUTED
N 05520

05530
05540 C
05550 C

‘ 05560

05570
05580
05590
05600
05610
05620
05630
05640
05650
) 05660
05670
05680
05690
05700
05710
05729
05730
05740
05750
05760
05770
05780
05790
05800
05810
05820
05830
05840
05850 C
05860
05870
05880
05890
05900
; 05910
05920
05930
05940 €
05950 C
05960
05970

o

RETURN
END

SUBROUTINE STATE)(TON,TF1)

DINENSION PHI1(3,3),PHI2(3,3),PHI3(3,3),D1(3,2),02(3,2),
XD3(3,2)

CONMON/PARAN/ F1(3,3),F2(3,3),F3(3,3),61(3,2),62(3,2),
X63(3,2)

COMNON/EXTPAR/NIT,EPS,TP,ET,NODE, TF ,LDUTY

COMMON/STATE/X(3,1),Y(3,1),2(3,1),U(2,1)

TF2=TP-TON-TF1

IF(LDUTY.EQ.2)TF2=TF-TF1

CALL PHDMAT(PHI1,D1,TON,F1,G1)

CALL FHDNAT(PHIZ2,D2,TF1,F2,62)

CALL PHDNAT(PHI3,D3,TF2,F3,63)

A=T.-PHIBCH, 1) #CPHIZO1, 1) SPHIT(), 1) 4PHI2(1,2)#PHI1(2,1))
X -PHI3(1,2)%(PHIZ(2,1)%PHIT(1,1)4PHI2(2,2)3PHI1(2,1))

B=PHIZ(1, 1) % (PHIZ(1,1)8D1(1,1)+PHI2(1,2)#D1(2,1)4D2(1,1))
C=PHIZ(1,2)k(PHIZ(2,1)#D1(1 1) +PHI2(2,2)4D1(2, 1)402(2,1))

IF (ABS(A).LT.EPS) GO TO 250

X(1,1)=(B+C+D3(1,1))8U(1,1)/4

X(2,1)=0.

X(3,1)=ET-PRIT(3,1)#X(1,1)-FHI1(3,2)4X(2,1)~

X D1C3, 1)%U01,1)-D1(3,2)%0(2,1)

CALL STS1(Y,PHI!,X,D1,U)

CALL STS1(Z,PHI2,Y,D2,U)

G0 TO 23

250 WRITE(4,252) A
252 FORMAT(/#UNSCHEDULED TERMINATION®/#A=#,612.6)
23 RETURN

END

SUBROUTINE STS1(WZ,PHI,H1,D,U)

DIENSION PHI(3,3) U1(3,1), uz<3 1),003,2),0(2,1),
XTENPY1(3,1), TEHP72(3 1

CALL RNHUL(TEHPYI,PHI,01,3,3,1)

CALL RMMUL(TENPYZ2,D,U,3,2,1)

CALL RNADD(W2, TENPY1,TEHPY2,3,1)

RETURN

END

SUBROUTINE PSINAT(PSI, TON,TF1,X,U,XNU)
DIMENSION X(3,1),FBARO(3,1),FBARC3,1),P51(3,3),
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03980
03990
06000
06010
06020
06030
06040
06050
06060
06070
06080
04090
06100
06110
06120
06130
06140
06150
06160
06170
06180
06190
06200
06210
06220
06230
06240
06240
06260
06270
06280
046290
06300
04310
06320
06330
06340
06359
06340
06370
06380
06390
06400
06410
06420
06430
06440
06450
06440
06470
04480
06490
06500
04510

¢
C

€

1

54

47

L3

64

43

64
8%

53

XUC2,1),Y(3,1),PHR1¢3,3),D1(3,3),
XTENPY1(3, 1), TENPY2(3,1) ,DELTX(3,1)
CONNON/PRRAN/F1(3,3),F2(3,3),F3(3,3),61(3,2),
X62(3,2),63(3,2)
CONNON/EXTPAR/NLT,EPS TP, ET ,NODE, TF ,LDUTY
VARTON=TON

VARTF1=TF1

DELTON=XNU+TON

DELTFi=XNU*TF 1

DO 71 I=1,3

DELTX(I,1)=XNU*ABS(X(I,1))

DELTX(2,1)=XNU

CALL FFUNCY(VARTON,VARTF1,X,U,FBARO)
PRINT 5Y,FBARO
FORNAT(sFBARO=#,G15,4/2(4X,0615.4/))

DO 48 J=1,3

IE(J.NE.2) GO TO 54

IF(NGDE.E@.2) GO YO 72

XCdy 1)=X(J, 1) +DELTYX(J, 1)

1T=0

SC1=ZETA1(VARTON,X,U)

DZETA1=(ZETAY (VARTON+DELTON, X,U)-SC1)/DELTON
1IT=1T41

VARTON=VARTON-SC1/DZETAY

SCH=ZETAT (VARTON, X, 1))

IF(ABS(SCY).LT.EPS) 60 7O 44
IFCIT.LT.NIT) €0 10 &7

WRITE(4,81) IT,501

FORNAT(#NAX ITERATION ON TON. IT=#,13,% SCi=%,512.4/)
G0 T0 70

IF(NOBE.EG.V) GO VO 45

CALL PHDMAT(FHIY,Dt,VARTON,F1,61)

CALL STST(Y,PHIT,X,D1,U)

17=0

B1=BNAT1(VARTF1,Y,U)

DB= (BNATY {VARTF1+DELTF1,Y,U)~-B1)/DELTFI
IT=1TH1

VARTF1=VARTF1-B1/DB

B1=BNATY(VARTF1,Y,U)

IFCABS(B1).LT.EFS) GO TO 45

IFCITLLT.ONLT) GO TO 43

WRITE(S,66) IT,B)

FORNAT (#NAX ITERATION ON TF1. IT1=%,13,% SCi=#,612.4/)
60 TO 70

CALL FFUNCY (VARTON,VARTF1,X,U,FBAR)

PRINT 53,VARTON,VARTEY
FORMAT(#VARTON=#*,615,46/%VARTF1=%,615.4/)
DO &% I=1,3
PSICI.J)=(FBAR(L,1)-FBARO(L,1))/BELTX(J,1)
PRIN: wz,v AR ,
FORNAT(#FBAR=%,615.6/3(5X,615.4/))

X(d, 1)=XCJ, 1) -DELTX{J, 1)

60 TO é8

DO 74 1=1,3
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06520
06530
06540
06350
06560
06370
06580
06590
048600
06610
06620
06630
06640
06650
06640
06670
06680
06690
06700
06710
06720
06730
06740
06750
06740
06770
06780
06790
06810
06u10
06820
06830
06840
06850
06860
06870
06880
06890
06900
06910
06920
06930
06940
06950
06960
06970
06980
06990
07000
07010
07020
07030
07040
07050
07040
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L o ]

C
C

74 PS1(1,2)=0.
48 CONTINUE

70

IF(MODE.EQ.2) GO TO 70

CALL PHDMAT(PHI1,D1,TP,F1,61)
CALL RNADD(PSI,PSI,PHI1,3,3)
RETURN

END

FUNCTION BNATICTFY,Y,U)

DINENSION PHI2(3,3),D2(3,2),Y(3,1),U(2,1)
CONMON/PARAN/ F1(3,3),F2(3,3),F3(3,3),61(3,2),62(3,2),
X63(3,2)

CCNNON/EXTPAR/N1T ,EPS,TF,ET,NODE, TF,LDUTY

CALL PHDNAT(PHIZ,D2,TF1,F2,62)

BNATI=PHI2(2,1)#Y (1,1)+PHI2(2,2)4Y(2,1)

RETURN

END

SUBKOUTINE FFUNCY(TON, TF1,X,U,F)

DINENSION TENF1(3,3),TENP2(3,3),PHI1(3,3),PHI2(3,3),
XPHI3(3,3),D01(3,2),02(3,2),D03(3,2),PHI(3,3),V(3,3),
XFTENP1(3,1) FTENF2{(3,1),F(3,1),%(3,1),0(2,1),TVECI (3,1)

CONMON/PARAN/F1(3,3),F2(3,3),F3(3,3),61(3,2),62(3,2),
X63(3,2)

CONMON/EXTPAR/NIT EPS,TP,ET ,MODE, TF ,LDUTY

IF(MODE.EQ.2) GO TO 1

TF1=TP-TON

IF(LDUTY.EQ.2)TF1=TF

CALL PHDMAT(PHIT,D1,70N,F1,61)

CALL PHDNAT(PHI2,D2,TF1,F1,G1)

TVECI(1,1)=B1(1,1)4U(1,1)

TVECI(2,1)=D1(2,1)#U(1,1)

TVECT (3, 1)=D1(3, 1)#UC1,1)+D1(3,2)50(2,1)

CALL RMNUL(F,PHI2,TVECT,3,3,1)

F3,1)=F(3,1)4D2(3,2)8U(2,1)

60 TO 2

TF2=TP-TF1-TON

IF (LDUTY.EQ.2)TF2=TF-TF1

CALL PHDNAT(PHI1,D1,TON,F1,G1)

CALL PHDNAT(PHI2,D2,TF1,F2,62)

CALL PHUMAT(PHI3,D3,TF2,F3,63)

CALL KMMUL (TENP1,FHI3,FHI2,3,3,3)

CALL RMNUL(PHI,TENP1,PHI1,3,3,3)

CALL KHNUL(FTENP1,PHI,X,3,3,1)

CALL KNMUL(TENP2, TENF1,D1,3,3,2)

CALL RNMUL(TENP1,FHI3,D2,3,3,2)

CALL RMADD(TENPY,TENP2, TENP1,3,2)

CALL RMADD(YV,TENP1,D3,3,2)

CALL RNNUL(FTENP2,Y,U,3,2,1)

CALL RNADD(F,FTENF1,FTENP2,3,1)

F(2,1)=0.

RETURN

END
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07070 C
07080 C
07090
07100
07110
07120
07130
07140
07150
07160
071720
07180
97190
07200
07210
07220
07230
07240
07250
07260
07270
07280
072%0
07300
07310
07320
07330
07340
07350
07340
07370
07380
07390
07400
07410
07420
07430
07440
07450
07460
07470
07480
07490
07500
07910
07520
07530 C
07540 C
07550
07560
07570
07580
07590
07600

67

61

64

63

1)
65
49

70

SUBROUTINE GANMNI (GAN, TON,TF1,X,U, XNU)
DINENSION X(3,1),U¢2,1),FBARO(3,1),FBAR(3,1),6AN(3,1),
XPHI1(3,3),D1(3,2), TENPY1(¢3, 1), TENPY2(3,1),Y(3,1)
CONNON/PARAN/F1(3,3),F2(3,3),F3(3,3),61(3,2),
X62(3,2),63(3,2)

COMNON/EXTPAR/NIT,EPS, TP,ET,NODE, TF ,LDUTY
VARTON=TON

VARTF1=TF 1

DELTON=XNUSTON

DELTF1=XNUSTF 1

DELU=XNU*ABS(U(1,1))

CALL FFUNC1(YARTON,VARTF,X,U,FEARO)

UEY, 1) =001, 1) +DELY

11=0

SC1=ZETAT(VARTON X, 6)

DZETA1=(ZETAY (VARTON+DELTON,X,U)-SC1) /DELTON
IT=17+

YARTON=VAKTON-SC1/DZETAY

SCL=ZETA) (VARTON, X, U)

TF(ABS(SCI).LT.EPS) GO TO 64

IECIT.LT.NIT) 6O TO 67

WRITE(4,41) IT,SCH

FORNAT (4MAX TTERATION ON TON. 17=#,13,% SC1=%,612.4/)
60 70 70

CALL PHDMAT(FHI1,D1,VARTON,F1,61)

CALL STS1(Y,PHIT,X,01,U)

1720

1F (NODE.EG.1) GO TO 65

BI=BNATI (VARTF1,Y,U)
DB=(BNAT1(VARTF14DELTF1,Y,U)-B1) /DELTF
1T=1T+1

VARTF 1=VARTF1-B1/0B

B1=BNATY (VARTF1,Y,U)

IF(ABS(BY).LT.EPS) GO TO 65

IFCIT.LT.NIT) GO TO 63

WRITE(6,66) 1T, B1

FORMAT(#NAX ITERATION ON TF1, I1T=#,I3,% SC1=#,612.6/)
60 10 70

CALL FFUNCT(VARTON,VARTFi,X,U,FBAR)

DO 49 I=1,3
GANCI,1)=(FBAR(T,1)~FBARO(I,1))/DELY

U1, 1)=U(1,1)-DELU

RE TURN

END

SUBROUTINE SNAT1(TON,TF1,7F2,SHAT,XNU,XLO,PO)

DINENSION TENPY1(3,1),TENPY2(3,1),PHI1(3,3),D1(3,2),
XPHIZ(3,3),D2(3,2),FRI3(3,3),D3(3,2)

CONNON/PARAN/ F1(3,3),F2(3,3),F3(3,3),61(3,2),62(3,2),
X63(3,2)

CONNON/EX TPAR/NIT, EFS, TP,ET,NODE, TF,LDUTY
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07610 CONNON/STATE/X(3,1),¥(3,1),2¢3,1),U(2,1)
) 07620 TF2=TP-TON-TF1
; 07630 IF (LDUTY.EG.2) TF2=TF-TF1
07640 DELTF1=XNU®TF1
07650 CALL STATE)(TON,TF1)
07660 ¢ Y(3,1)=ET
| 07670 1120
07680 BI=BNATI(TF1,Y,U)
07690 IF(ABS(B1).LT.EPS) 6O T0 32
0770¢ 31 B2=BAAT1(TFI+DELTF1,Y,U)
07710 DBMATI=(B2-B1)/DELTFI
07720 TF1=TF1-B1/DBNAT
07730 B1=BNATI(TF1,Y,U)
07740 [F(ABS(B1).LT.EPS) 6O TO 32
07750 IT=1T4
07760 IF(IT.LT.NIT) GO 10O 31
07770 WRITE(4,33) 1T,TF1,B1
07780 33 FORMAT(:*WAX. ITERATION ON I7=#,13,#TF1=%,615.6,¢ B1=+,615.4/)
07790 IF!=SﬂRT(2.*XLO*TP*P0t(U(l,l)-u(2,t))/(U(l.1)w0(2,1)t*Z))
07800 IF{LDUTY.EQ.2)TF1=TF
07810 32 CALL PHDNAT(PW12,02,TF1,F2,62)
07820 CALL STS%(Z,PHI2,Y,D2,W)
07830 C 2(2,1)=0.
07840 TF2=TP-TON-TF1
07850 IF (LDUTY LEQ.2)TF2=TF-TF1
07860 CALL PHDMAT(PHIZ,D3,TF2,F3,63) ;
07870 SH&I=X(3,\)-PH13(3,\)*2(1,1)—PH13(3,2)*Z(2,I)- ;
07880 XPNI3(3,3)*Z(3,I)-DS(3,2)‘U(2,1)-03(3,1)*0(1,1) ~
07899 RETURN ;
07900 END g
|
é
]
]
“f
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07910 C
07920 C
07930
07940
07930
07960
07970
07980
07990
08000
08010
08020
08030
08040
08050
08060
08070
08080
08090
08100
08110
08120
08130
08140
08150
08160
08170
08180
08190
08200
og20

1"
12

100

T R R R T L TR e e e R T T A TR YRR AR g

FUNCTION XNAT1(TON,EI,ER)

DINENSION PHIP(3,3),PHIF(3,3),PHIN(3,3),DF(3,2),DN(3,2),
X TENP1(2,2),X(3),Y(3),TVECI (3)
CONNON/PARAN/F1(3,3),F2(3,3),F3(3,3),61(3,2),62(3,2),
X 63(3,2)

COMNNON/EXTPAR/NIT EFS, TP ,ET,NODE, TF,LBUTY

TFi=TP-TON

IF(LDUTY .EQ. 2) TF1=TF

CALL FHDNAT(PHIF,DF,TP,F1,61)

CALL PHDNAT(PHIF,DF,TF1,#1,61)

CALL PHDNAT(PHIN,UN,TON,F1,G1)

D0 12 I=1,2

DO 11 J=1,2

TENP1(1,J)=-PHIP(,J)

TENP1(T,1)=1.+TENPT(1,1)

BET=TENP1(1,1)+TENPY (2,2)-TEMP1(2,1)4TENPI(1,2)
IF(ABS(DET).LT.1.E-8) GO TO 100

TVECT (1) =PHIF (1, 1)#DNCY, 1) +PHIF(1,2)4DN(2,1)
TVECT(2)=PHIF(2,1)%DN(1,1)+PHIF(2,2)%DN(2,1)
XC1)=EI%(TENP1(2,2)#TVECT(1)-TENF1(1,2)4TVECI (2)) /DET
X(2)=EL*(TENPY(1,1)#TVECT(2)-TENF1(2,1)#TVECY (1) )/DET
X(3)=ET-PHINC3, 1) #X(1)-PHIN(3,2)#X(2)=DN(3, 1) #E1-DH(3,2) $ER
YC1)=PHINCY, 104X (1) #PHINGY, 2) #X(2) +DNCT, 1) #EL
Y(2)=FRINC2,1)#X(1)4PHIN(2,2)8X(2) 4DN(2, 1) #E1

Y(3)=ET

SCI=PHIF (3,1)#Y(1)+PHIF (3, 2) %Y (2)+ET4DF (3, 2) 4ER
XKAT1=X(3)-8C1

RETURN

END
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Appendix B. Boost Regulator Computer Program Description
| The following tables 1ist the boost converter PAS computer program
nomenc’iautre, namelist parameters/var1ab1es..sample case data.

Table B1. Boost PAS Computer Program Nomenclautre
Table B2. Common Variable

Table B3, Namelist Variables

l Table B4, Nominal Case Data

T T . o
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RIPX(4,1)
PS1(4,4)
PsY(4,4)
GAM(4,1)
INT(8)

' XFP(4,1)

PRAM(10)
H(4)
R(4,5)
1T8L(3)
1¥D(4)
DELX(4,1)
PHI1(4,4)
PHI2(4,4)
PHI3(4,4)
01(4,4)
02(4,4)
D3(4,4)
W(4,1)

TableBl. Nomnnclatufe

_steady-state ripple
Y
y for eigenvalue computation

r

Youd . |
[C1 c2 R3 R4 RS RL N2 L0 €O EIN
D oo 0]

QRAL

QRAL

QRAL

8

o

02

o3

0

D2

03
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Table 82, Common \hrub_les

. CD&HON/PARAM/

. . F1(4,4)

L F2(4,4)
F3(4,4)
G1(4,4)

| 62(4,4)

i 63(4,4)

»

l

COMMON/EXTPAR/

NIT

EPS

NTERMS

MIT

TP

ET 4

) | CAMMPN/STATE/

X(4,1)
Y(4,1) ;
2(4,1)
U(4,1)

i .

SR T

|




B ,  Table B3. Namelist Varfables

e

L NAMEL IST/PARAM/ NAMELIST/L@MP/
RO ES

Lo NT

co XMU

RS ; | NTERMS

RL mT
Rl

R2
R3
R4
RS
a
c2
N1
N2
EFF
7 El
| ER
£Q
ED |
T |
) P ‘i
VO

T o

e

-50- i{j
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Table B4, Nominal Case Data

- RO .400 THETAO
| Lo 36.2E-6 DELTHET
: o 3.E-4 THETAF
L RS | 0.17
RL 50.00 Vo
| R1 . 61.9E3 NIT
i R2 4.9€3 N
R3 40.2E3 N2
' R4 45.1€3 EFF
‘ RS 6.04E3
q 2.2E-9 NTERMS
, c2 3.3¢-9 MT
_ LRTL
" EISWIT 23 NRL
XMU 0.01 DPRAM
PRAMF
3 28
ER 28 LISY
' EQ 0.2 LPEAK
ED 0.7 LFE
ET 2.5 NK
EPS 1.E-6 | LFREQ
™ 33.34E-6
' -51-

180
37.5

10
22
n
0.80 1

20
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The boost converter PAS computer program structure is illustrated.
The flow charts for each of the computer program subroutines are
presented in Figures B1-B13. Table BS 1ists the boost PAS computer

program.
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P i

SET UP PAS
- RUN CONTROL
I%% PARAMETERS
i
5 6
= %/
g MODE = 2 3
e CALL STATE 2 COMPUTE
IT=0 KL, KD, KP
- | SET FI - G1 = 0
1
CALL SMAT 2 SPECIFY X
FI, 6I v
L—f' U’ H :
PO = VOSQ/RL
e
l 3
i CALL SMAT 2 :
$€2-5C1 COMPUTE
DSMAT2 = —2=ts2xl SEUTE
DELTON | TON, TF1, TF2
» PTON, PTF1, DELTON
TON = TON - SCI
PSMATZ
CALL SMAT2
IT = IT+‘{\ [ TF2>EPS .
/
e
: VES | SCI] <EPS '
? MODE 1 COMPUTE
! g TON, TF1
: CALL STATE 2
o -l wee 1 DELION..=. XU - T/




-¥5/€6-

‘Z» AV 1000704

MODE 1 C

COMPUTE
TON, TF1
NO | CALL STATE 2
YES DELTON = XMU-TON
QL TN o
~ CALL XMAT 2
;,NO
TF1 = PTF {18
TON = PTON
CALL SMAT 2 |
: CALL XMAT2 (TON+DELTON,XC2)
DMATCH = (XC2-XC1)/DELTON
TON = TON-XC1/DMATCH
RIPX = X-Y CALL XMAT2 (TON,XC1)
CALL STATE 2 i
TPCT = 100-TON/TP Im=17+1

YES

| XCI{ <EPS

YES IT<NIT

e

NO

COMPUTE
TON, TF1
CALL STATE 2

FIGURE B1A - FAS 2 GENERAL FLCW CHART




5
3
i

4
i
i
EH

et

ST LAOTIOH

TF1 = TP -7ON
comPuTE
PHIZ, D2

ERR = X4*-X4(*+1)

-

RIPX = X-Y
CALL STATE 2
TPCT = 100-TON/TP

V4
{160
CALL OVSH 2
q)
LPEAK = 0
LFE =0
Fl = OLDEL

u(1,1)= EI

_YES LRL = 1

NO

%
56
CALL PSIM 2 .Q |
RMO i
I
CALL OVSH 2
1TBL = O
CALL QRAL @
l
RN LOAD = 0
YES _ tRL =0
L FREQ = O RL = OLDRL
~.
\\/

RL = RLSWIT
XFP = X
LRL = 1

o

R O O e O ¢
N ST T T, 3




%&L&ﬂ&“ o

-99/686-

e \\
~ LOAD = 0
\‘\\\ LRL =0
RL = OLDRL

RO

L FREQ = O
. /
o
¥

CALL GAMM 2
FREQ 2

-]

Y

INPUT NEW ASA
PARAMETER
CALL FREQ 2
LFREQ = 0

>\/150

v

LPEAK =0
™~

~..
4,N0

El = EI SWIT
u(1,1) = EI
XFp = X

LFE = 1

"Zlmwvna.Lnoaqoa

XFP
LRL

"L ™ RuIwlv

[
- >

2 =0

NO

PRAM (NRL) =
PRAM (NRL) + APRAM

PRAM (NRL)
> PRAMF

CONTINUE

©

FIGURE BYB - PAS 2 GENERAL FLOW CHART,

T e




SUBROUTINE OVSH 2 (PSI, XFP, NK)

COMPUTE
DELXP = XFP - X
D0 30

l COMPUTE
, TVEC - PSI-DELXP
‘ DELXP = TVE(
|

i 6

RETURN

FIGURE B2 - PAS 2 SUBROUTINE OVSH 2
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SUBROUTINE FREQ 2 (PSI, DVEC, H, THETAO, THETAF, DELTHET,EI, Vo)

DEGRAD = 180/

RADDEG = »/180
THETA = THETAO-DELTHET

B=0

COMPUTE
AINV =A™

THETA = THETA + DELTHET A= -a) (A VsINGe)"!
THET = RADDEG-THETA U= (A"‘X-ISINZO)-]

FRE = THET/(2xTP)
= C0S (THET)

Lnx_____:?ftfﬂle_.___d
COMPUTE
A = v + 1 COS(THET)

B = 1 SIN (THET)

GRE = THI[V-DVEC) |

) '-JrGREi>+ GIv |

| RY} <EPS LD *, | j
n DBEL = 20L0G 10(G-EI/VO) ;

COMPUTE PHASE = DEGRAD -
. NO ATAN 2 (GIM, GRE)

A ———
=

A2 -1 :
V- (sxn + xsrug) ,
‘ A A2 -1
u-= (sme SIN ”SI"") m ‘

—TOMPUTE
GRE = zHI[U-DVEC)

FIGURE B3 - PAS 2 SUBROUTINE ’
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|

SUBROUTINE PSTM 2 (PST, TON, TF1,

.- . e e

VARTON
VARTF1
DELTON
DELTF1

TON
TF1
XMU - TON
XMU-TFL

W o onon

WO TR BRI e T e TR SR e TR TR T

X, U, XMU)

COMPUTE
AX = XMU-|X|
FO = ¢X + v U

COMPUTE

o1 (VARTON)
D1 (VARTCN)
Y* = 81.X=+D1-U

=0
1 = BMAT2(VARTF1)

DO 68 J =

<\

COMPUTE

XJ=XJ+aXJ
IT=0
SCI = ZETA2(VARTON)

DB= [BMATZ(VARTF‘*DELTF\)
+B1]/DELTRY

IT=1T +1

VARTF1 = VARTF - B1/DB

B1 = BMAT2 (VARTF1)

"1/67

NO YES

DZETAZ = [ZETA2 (VARTON
,+DELTON)-SC1]/DELTON

IT = IT=1
yVARTON=VARTON-SCI/DZETA2
§SCI = ZETA2(VARTON)

1

g o e e i goameasi . L ed sir e,




DZETA2 = [ZETA2 (VARTON
+DELTON)-SCI]/DELTON

IT = IT=]
VARTON=VARTON-SCI/DZETAZ
{SCI = ZETA2(VARTON)

-

%2}
m

--c-el
[
N
-
H O

® ‘f
| SCI| <EPS YE . i
|

Z ANVId LOOAT0d

-09/65-

B o i

| COMPUTE
NO F=0.X+V.U
810 = (FI-FOI)/aXd
P N XJ = XJ - aXd |
vEs <i;\\ [T<NIT |
70
.

ITeNIT

RETURN

FIGURE B4 - PAS2 SUBROUTINE PSIM 2
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SUBROUTINE OMAT 2 (T, F, G, PHI, D)

SET_UP

DT = T/MIT
DTK = T/MIT
BT1 = DT/2

]

COMPUTE

WO = DT1-1

W2 = o(-T)

WN = DT1.0(-T)

4

COMPUTE
W = DT1-I+4DT1.0(-T)
K - MIT-1

_*

00141 L =1, K
TEMP1 = o(-DT)
TEMP2 = DTK-e(-DT)
W= W+ TEMP2

R

DT = DT + DTK

141

COMPUTE
B = oW
D = B.G = ¢WG

RETURN

FIGURE B5 -~ PAS 2 SUBROUTINE DMAT 2
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SUBROUTINE STATE 2 (TON:TF1)

? TF2 = TP - TON-- TF1)

" COMPUTE
®1, D1, 02,
| - 02, e3, D3

!

COMPUTE
¢ = $3-42.91
V = ¢3-02-D1+63-D24D3

-
COMPUTE .

'Approx. X* , ‘ ]
Y* = 01-X*+D1-U
I* = 02-Y*+D2-U

RETURN

FIGURE B6 - PAS 2 SUBROUTINE STATE 2

SUBROUTINE STS 2 (W2, PHI, Wi, D, U) |

COMPUTE |
W2 - PHI, W1 + DU |

RETURN : :

FIGURE B7 - PAS 2 SUBROUTINE STS 2 _ §
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SUBROUTINE PHIM 2 (T, F, PHI)

o COMPUTE
Pl = TF
PHI = I + TF
pe=Pl

00 131
M= MY
A = 1/M
PA = A-P]

*

P2 = PA-P
P = P2
PHI = PHI + P

!

B oo B

e R T TR TR TR NG T e TR

COMPUTE
' ANORM 'EZ:P(IOJ)

ANORM<EPS

FIGURE B8 - PAS 2 SUBROUTINE PHIM 2
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L‘ SUBROUTINE FFUNC 2 (TON, TF1, X, U, F)

TF2 - TP - TF1 - TON
COMPUTE
#1(TON, #2 (TF1)
#3(TF2), D1(TON) -

#2(TF1), D3(TF2)

¢
COMPUTE : !
o, V,
F o= ¢ -XeV.U-
F2=0

(Lo )

r
i

FIGURE B9 - PAS 2 SUBROUTINE FFUNC 2
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SUBROUTINE GAMM 2 (TAM, TON, TF1, X, U, XMU)

VARTON = TON
VARTF1 = TF1
| DELTON = XMU®TON Q
DELTF) = XMU-TF1
‘ DELU = XMU-U),
' TE
a ‘ ~ #1 (VARTON)
. FO = oX + VU D1 (VARTON)
: Y* = 91-X* + DI.U
“ Ul = U1 + DELU R
z IT = 0 Bl = BMAT2 (VARTF1)
L SCI = ZEVA 2_(VARTON)

‘ DB = [BMATZ (VARTF1 +
DZETAZ ~ [ZETA3(VARTON .
i ZEThachs . ::er:) B1]/DELTF
T = + ) . ’
S LI/DELTON VARTF1 = VARTF1 -B1708 j
VARTON = VARTON-SCI = -4 '
/DZETA2
SCI - ZETA2 (VARTON)

| B1] <EPS

COMPUTE | g
F=ox+ VU _ ?
r = (F-F0)/DELU |

FIGURE B10 - PAS 2 SUBROUTINE GAMM 2
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SUBROUTINE SMAT 2 (TON, TFY, TF2, SMAT, XMU, LO, PO, VO)

COMPUTE

TF2 = TP-TON-TF1
DELTF1 = XMU-TF)
X+, Y LI A

?‘ !
} ’ o IT=0
Bl = BMAT2 (TF1)

| B1] <EPS

3 COMPUTE ' )
' o2 (TF1), D2 (TF1)

I* = 92Y* + D2-U '

- 22 = 0

B2 - BMAT2 (TFY+DELTFY) T

DBMAT2 = B2-B1)/DELTF1 Igz(Tréi-ng-I:LZ)
TF1 - TF1 -B1/DBMAT2 !

B1 - BMATZ (TF1) 1L"

SMAT - X4-0341-71-0342.22
. : -$343.23-0344-74-D342.12

3

:

o

NO T :

IT = IT + 1 ( rerumn ) |
|
4
IT<NIT
\\\, ‘.
o ‘
PRINT
IT, TF1, 81

FIGURE Bi7 - PAS 2 SUBROUTINE SMAT 2 o
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SUBROUTINE BMAT 2 (TF1, v, u)

: . 3 COMPUTE
‘ ' 2 (TF1)
.\ D2 (TF1)
¢
} BMAT 2 = 0221.Y1 + 0222.v2 + 0223.13

+ 0224-Y4 + D22} 01 + D222:y2
+ D223.U3 + D224.14

SUBROUTINE ZETA 2 (T, X, u)

‘ RETURN ’

FIGURE B12 - PAS 2 SUBROUTINE BMAT 2

COMPUTE
o1 (T)
D1 (T)

\

ZETA 2 = -ET + 0141-X1 + 0142.X2
+ 8143-X3 + #144.X4 + D141-U1
+ D142-U2 + D143.U3 + D144.U4

‘ RETURN ’

FIGURE B13 - PAS 2 SUBROUTINE ZETA 2
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00100
00102
00110
00120
00130
00140
00150
00140
00170
00180
00190
00200
00210

00220
00230
00240
00250
00260
00270
00280
00290
00300
00310
00320
00330
00340
00350
00360
00370
00380
00390
00400
00410
00420
00430
00440
00450
00460
00470
00480
00490
00500
00510
00520
00530
00540

APPENDIY, B
TABLE B5
BOOST PAS COMPUTER PROGRAM

PROGRAN PAS2(INPUT,0UTFUT, TAPES=INPUT, TAPE6=0UTRUT,
XTAPE3, TAPE4, TAPE?)
sssses BOOST PAS INPLENENT TRANSIENT HISTORY ALGORITHM
sessss FOR VO CONPUTATION 4.4.78
sssess BOOST PAS NODIFY TF2 CUTOFF CRITERION
ssssss TF2.GE.TEPS=1XTP SPECIFIES NODEs2 OPERATION
sssoee NODIFY TRA AND LCA SEQUENCE IN ORDER TO UTILIZE
sssass PROPER PSI MATRIX OPERATING POINT (EI/RL)
#4404 ABOVE CHANGES IMPLEMENTED 3.27.78
sseess BOOST PAS FOR TP CONST (LDUTY=1) AND
ssaess TF CONST (LDUTY=2) 3.23.78
sae8%% TRA DELTA VO WISTORY 3.22.78
#4845 LCA LOAD CHANGE ANALYSIS KL TO RLSWIT 3.22.78
#$¥0004TAPES 1S ASA DATA
s#3202TAPES IS TRA DATA
DINENSION R1PX(4,1),PSI(4,4),PSY(4,4),GAN(4,1),INT(8),
XXFP(4,1),PRANCIO)N, HEA),R(4,5), ITBL{3), IUD(4) ,DELX(A, 1), :
XPHI1(4,4),PHI2(4,4),PHI3(4,4),D1(4,4),02¢4,4),03(4,4),
XW(4,1) RPRANCI0) XTR(4,1),YTR(4,1),ZTR(4,1)
CONNON /PARAM/FY(4,4),F2(4,4),F3(4,4),61(4,4),62(4,4),
XG3(4,4) v
CONMON/EXTFAR/NIT ,EPS, NTERNS ,NIT, TP, F ,LDUTY,ET,NODE, XNU
CONMUN /STATE/X(4,1),Y(4,1),2(4,1),U{4,1)
EQUIVALENCE (PRAN(1),C1), (PRAN(2),C2),
X(PRAN(3),K3), (PRAN(4) ,R4), (FRAN(5),RS),
X(FRAN(&) ,RL), (PRAN(?) ,N2) , (PRAN(8),L0),
X(PRAM(9),C0), (PRAN(10) ,ET)
REAL LO,N1,N2,KD,KL,N,LP
DATA RO,LO,CO,RS,RL/.400,36.2E-6,3.E-4,.17,50.00/
PATA RY,K2,R3,R4,R5,C1,02/61.9€3,4.9E3,40.2E3,22.55E3,
X6.04€3,2.26-9,3.3E-9/
DATA EISHIT,XNU/258.,0.01/
DATA E1,ER,EQ,ED,ET,EFS/30.,2.75,0.2,0.7,2.5,1.E-6/
DATA TFP/33.34E-64/
UATA THETAQ,DELTHET, THETAF/0.,.5,5./
DATA V0/37.5/
DATA NIT,N1,N2,EFF/50,22.,11.,.94/
DATA NTERNS,MIT,LRTL,NRL,DPRAN,PRANF/20,5,0,10,4,,40./
DATA LIST,LPEAK,LFE,NK,LFREQ/1,0,0,60,0/
DATA LFARAN,LCONF,LFC,LSA,LRLPC,LCFR,LFEAK/0,0,0,0,0,0,0/
DATA RPRAM/2HCY,2HC2,2HR3,2HR4, 2HRS, ZHKL , 2HN2, 2HLO,
X 2HCO,2HET/ !
DATA RLSWIT,LRL/00.,0./
DATA TF,LIUTY, TECON/ 1,51 4345E-5,1,3.E-5/
DATA OLDTINE,LTR,LRESP,TSWIT,TFINAL/0.,1,0,2.E-3,13.9E-3/

DATA NTK/1/ *

NAHELIS1/PARAN/KO,L0,L0,RS,RL,RT,R2,KY,R4,15,01,C2,
XN, N2 EFF L EL ER,EQ,EDET,TF, IF,V0
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00550 NARELIST/CONP/EPS, NIT, XA, NVERNS N1 T
00560 NANELIS)/CONTRL/LPARAN,LCONF, LPC,LSA, LK IL,LKLPC,LFKEQ
00570 X,LCHR,LPEAK,LOAD,LDUTY, LRESP
00580 NANELIST/RLPARAN/NRL , DPRAN,PRANF
00590 NANELIST/FRPARAN/ THETAO, DELTHET , THE TAF
00600 NANEL1ST/TAFARAN/ET, ETSUIT, NK
00610 NAMELIS T/RFARAN/RL, RLSWIT ,NK
00620 NANEL XST/TRPARAN/ZOLDTINE, TSUIT, TF INAL
REWIND 3
REUIND 4
00430 REVIND 7

00640 € URITE(4,99)
00650 99 FOKNAT(1X,¥PROGRAN FUNCTION®,13X,% CONTROL PARANETER (1-YES O-NO)e

00940 A28 FORNAT(/1X,*CONSTANT TP CUTY CYCLE SCHEWE*/)
00950 422 CONTINUE

00640 X /¢ CHANGE FARAN,18X,¢LPARANS

00670 X /% CHANGE CONP#,19X,*LCOHP*

004680 X /% LIST PARAN, CONP®, 14X, %LPCH

00690 X /% STABILITY ANALYSIS#,12X,eL5A%

00700 X /% ROOT LOCUS ANALYSIS®, 11X, *LRTL* '
00710 X /% LIST PARANETER CODE®, 68X, #LRLFCH j
00720 X /% AUDLO ANALYSIG#,18X,+LFREQs

00730 X /¢ CHANGE FREQ RANGE®,8X ,#LCFR:*

00740 X /% TRANSIENT ANALYSIS®, 12X, *LPEAK®

00750 X /¢ TRANSIENT LOAD *,12X, %LOAD®

00760 X /% BUTY CYOLE SCHENE #,12X,#LDUTYs

00770 X /% TRANSISTION ALGORIVHN #,6X,*LRESP*/)

00780 400 CONTINUE

00790 URITE(6,401)

00800 401 FORRATCIX,#ENTER N TC DISCONTINUE PAS, OTHERWISE Y#)

00810 READ(5,402) X1

00820 402 FORMAT(A1)

00830 IF(XT.EQ.THN) STOP

00840 WRITE(6,403)

00850 403 FURNATCIX,#INPUT FAS CONTROL PARAMETERS*)

00860 READ(S,CONTRL)

00870 C WRITE(S,CONTRL) !
00880 IFCLDUTY.EQ.1) GO 0 420 :
00890 WRITE(6,421) i
00900 421 FORNAT(/1X,*CONSTANT TF DUTY CYCLE SCHENE®/) j
00910 60 TO 422 ]
00920 420 CONTINUE i
00930 VRITE(4,423) !

00960 IF (LFARAN.EQ.0) G0 Y0 404 ]
00970 READ(S, FARAM) §
00980 404 IF (LCONF.EQ.0) GO TO 408 |
00990 READ(S,CONF) :
01000 405 IF(LPC.EQ.0) GO TO 406

01010 WRITE (S, FARAN)

01020 WRITE(6,CONF)

01030 406 IF{LSA.EG.0) GO TO 407

S b R
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01040
01030
01060
01070
01080
01090
01100
01140
01120
01130
01140
01150
01160
01170
011890
01190
01200
01210
01220
01230
01240
01230
01260
01270
01280
01290
01300
01310
01420
01330
01340
01350
01360
01370
01380
01390
01450
01410
01420
01430
01440
014350
01460
01470
01480
01490
Q1500
01510
01520
01330
01540

60 10 5 ‘
407 IF(LRTL.EQ.0) GO TU 408
IFCLRLPC.EG.O) GO TO 40%
WRITE(6,4640)
460 FORMNAT(1X,* CODE PARANETER+
X /¢ i= Cis/s 2= C2¢/¢ 3= R3s/
Y & 4= R4s/s 5= RS®/% 4= RL#*/
Xs 7= N2s/% 8= LOs/% 9= Cos/
X s 10= Els/)
409 URITE(4,410)
410 FORNAT(1X,#INPUT ROOT LOCUS PARANETERSS)
READ(S,RLFARAN)
WRITE(4,RLFARAN)
GO TO 3§
408 IF(LFREUO.EQ.0) GO TG 411
IF(LCFR.EQ. Q) 6O TO 5
WRITE(S,413)
413 FORMAT(1X,#INPUT FREQUENCY RANGE PARANTTERSS)
REAV(S,FRPARAN)
WRITE(&,FRPARAN)
GO 10 5
411 IF(LPEAK.EG.Q) GO TO 413
URITE(6,414)
414 FORMAT(IX,#INFUT TRANSIENT ANALYSIS PARAMETERS®)
READ(S, TAPAKAN)
WRITE (4, TAPARAN)
GO T0 5
415 1F(LOAD.EQ.0) GO TO 424
WRITE(6,414)
416 FORMATUIX,*INFUT LOAD CHANGE PARAMETERSS)
REAL(S,RPARAN)
WRITE(6,RFARAN)
424 CONTINUE
IF(LRESP.EQ.0) GO TU 400
URITE(4,425)
425 FORNAT(IX,$INPUT TRANSITION RESPONSE PARAMETERSS)
READ(S, TRFARAN)
WRITE (4, TRPARAN)
S CONTINUE
1F(LRTL.EQ.0)GO TO 4
URITE(4,212)RPRAN(NRL) ,PRAN(NRL)
212  FORMAT(//%R00T LOCUS PARAMETER *,A2,% = %,G12.4)
4 CONTINUE
OLDELI=E(
OLDRL=RL
KL=RL/(RS+RL)
KD=R2/(R1+RY)
PO 11 I=1,4
Do 11 J=1,4
G1(1,d)=62¢1,4)=63(1,4)=0,
1R, D =F2¢0, D =F30L,0)=0.
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01550 N=N2/N)
01540 19 F1 O, 1) =201, 1)3F301,1)=-1,/(CO*(RL+RS))

01570 F1(2,2)=-R0/L0
01580 F103,1)=F203,1)=F3(3,1)=RL/(C29R5* (RS+RL))
01590 F143,3)2F2(3,3)=F3(3,3)=-1,/(C2#KS)

‘ 01600 FI(4,1)=(-R2/(CIPRI# (R14R2))=1./(CI#RS) )#RL/(KS+RL)

01610 F3(4,1)=F1(4,1)

' 01620 F1(4,2)=N¢R0/(CI+R4)
01630 F1(4,3)=F2(4,3)=F3(4,3)=1./(CI9RS)

B 01640 61(2,1)262(2,1)=1./10

} 01650 61(2,3)=62(2,4)=-1,/L0
01660 G1(4,1)=62(4,1)=-N/(CI1#R4)
01670 61(4,2)=62(4,2)=G3(4,2)=1./(C14R3)
01680 61(4,3)=62(4,4)=N/(CI*R4)
01690 F2¢1,2)=RL/(CO#(RSRL) )
01700 F2(2,1)=-RL/(LOS(RS4RL))
01710 F7(2,2)=-R0/LO-RS#RL/ (LO* (RS+RL))
01720 F2(3,2)=F2(3,1)#RS
01730 F2(4,1)=F1(4,1)+NSRL/ (C14RA% (RS+RL))
01740 F204,2)=F204, 1) ¥RSHF1(4,2)
01750 ¢ WRITE(6,93) ((F1(1,4),J51,4) ,1=1,4)

01760 C URITE(6,98) ((61(1,0),J=1,4) ,1=1,4)

01770 C WRITE(6,97) CCF2(1,d),J=1,4),1=1,4)

01780 ¢ WRITE(6,96)¢C(B2(1,d),d=1,4),1=1,4)

01790 € URITE(4,95)¢(F3(1,4),J=1,4),1=1,4) 5
01800 C URITE(6,94)((6IC1,d),d=1,4),1=1,4) 1
01810 C 93 FORMAT(/%F1=%,/4(4615.4/)/) :
01820 C 98 FORNAT(/#%G1=%,/4(4615.4/)/)

01830 C 97 FORNAT(/#F2s%,/4(4G15.4/)/)

01840 C 96 FORMAT(/#62=%,/4(4G15.4/)/)

Q1850 C 95 FORMAT(/*#F3=%,/4(4615.4/)/)

01860 C 94 FORNAT(/%G3=4/4(4615.4/)/) i
01870 U, 1)=E] |
01880 U2,1)=ER :
01890 U(3,1)=cq “
01900 Uca,1)=ED |
01910 H{2)=H(J8)=H(4)=0. |
01920 W) =KL 5
01930 PO=Y02/RL @
01940 LP=L0%F0 ;
01950 QA=EFFSEI* (EI-EQ) s (VOHED-ER) |
01960 QB=-2.4LP#(VO+ED-EI)

01970 QC=QB*'TF

01980 7 CONTINUE |
01990 IF(LDUTY.EQ.1) GO TO 41 ;
02000 QD=SART(AB**2~-4,+QA*aC) |
02010 TON=(GD-GB) /(2.40A)

02020 TF1=TON#{EI-EQ) /(VO+ED~-E])

02030 TF2=TF-TF 1

02040 TP=TON+TF

02050 GO TO 42
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02060
02070
02080
02090
02100
02110
02120
02130
02140
02150
02140
02170
02180
02190
02200
02210
02220
02230
02240
02250
02240

02270 €

02280
02290
02300
02310
02320
02330
02340
02350
02340
02370
02380
02390
02400
02410
02420
02430
02440
02450
02460
02470
02480
02490
02500
02510
02520
02530
02540
023550
02560

41 CONTINUE
QE=-UBeTP/0A
TON=SURT(QE)

TF1=TON(EI~EQ)/(VO+ED-E])

TF2=TP-TON-TF

42 CONTINUE
TEPS=,0127P
DELTON=XNUSTON
IF(TF2.GE.TEPS) 6U TU &
NODE=1
IF(LDUTY.EQ.1) GO TO 43

TON=TFs(VO4ED-EL)/(EI-EQ)

TFI=TF
TP=TON4TF 1
6O T0 44

A3 TON=TP$(VO+ED-ET)/(VO+ED-EU)

TF1=TP-TON
44 CONTINUE
0TON=TON
OTFI=TF1
CALL STATE2(TON,TF1)

URITEC6,27) TON, TF1,TF2,X,Y,2
27 FORNAT($NODE=1#/+APPROXINATE STEADY STATE*/#TON=#,615.4,
X & TF1=%,615.4,6 TF2=¢,615.4/¢Xe,4615.4/0V=%,4G15,4/

X #2=%,4615.4)
DELTON=XNU#TON

1T=0

CALL XNAT2(TON,XC1)

18 CALL XNAT2(TON+DELTON,XC2)

DMATCH=(XC2-XC1)/DELTON
TON=TON-XC1/DNATCH

CALL XMATZ2(TON,XC1)
Ir=17+1

IF(ABS(XC1).LE.EPS) GO TO 3

IFCIT.LT.NIT) GO V0 18
TON=0TON

TF1=0TF1

CALL STATE2(TON,TF1)
WRITE(6,34)

34 FORMAT(/#EXCEED NAX. ITERATION FOK THE EXACT STATEs/
X*APPROXINATE STATE IS CALCULATED»/)

31 CONTINUE
IF(LDUTY.EQ.1) GO TU 45
TF1=TF
TP=TON+TFI
GO TO 46
45 CONTINUE
TF1=TP-TON
46 CONTINUE
CALL PHIN2(TF1,F2,PHI2)

CALL DNAT2(TF1,F2,62,PNI2

yD2)
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02570
02580
02590
02600
02610
02620
02630
02640
02450
02640
02670
02680
02490
02700
02710
02720
02730
02/40
02750
02740
02770
02740

2799
02800
02810
02820
02830
02840
02850

02860
02870
02880
02890
02906
02910
02920
02930
02940
02950
02940
02970
02980
02990
03000
03010
03020
03030
03040

32

35

36

é

17

10

47

48
13

it e B T T

ERR=X (4, 1)-PHI2(A, 1)%Y(1,1)-PHI2t4,2)8Y(2,1)-
X PHI2(4,3)8Y(3,1)-Y{4,1)-
X D204, 1)8U(1,1)~D2(4,2)8U¢2,1)-D2(4,4)4U(4,1)

DU 32 1=f,4 |

RIPXCL,1)=4(1, 1)=Y(1,1)

CALL STATE2(TON, TF1)

TPCT=100. 4 TON/ TP

IF(LRTL.EQ.2) GO YO 34

IF(NTR.EU.2) 60 TO 36

WRITE(6,35) EI,RL,LDUTY,NODE,TON,TF1,TP,TPCT,X,Y,RIPX,
X ERK, LT, TEPS

FORNAT(/$EL =%,G12.4,% RL=%,612.4,% LDUTY=#,13,
X & WOUE=%,13/8TON =#,612.4,% TF1=%,612.4,8 TP=4,612.4,
X & TPCT=#,612.4/%X  =#,4612.4/40 =#,4612.4/
X $RIPX=%,4G12,4/%ERR =%,612,4,% IT=#,[3,¢ TEPS=¢,G12.4/)
CONTINUE

6O 10 %6

CONT INUE

PTON= TON

PIF1=TE

KOUE=2

CALL STATE2(TON, TF1)

WRITE(S,17) TON, TF1,TF2,X,Y,2
FORNAT(4NODE=2¢/¥AFFRUXINATE STEADY STATE#/#T0N=4,615.4,
X¥ TF1=%,615.4,% TF2=%,615.4/

XeX=%, 4615, 4/#Y=4, 4615, 4/% 2=+ ,4615.4/)

17=0

CALL SNATZ(TON,IF1,8C1,BCY)

CALL SNAT2(TON+LELTON,TF1,5C2,BC))

SERR=SC2-5C1

ABSERK=ABS (SERR)

[F(ABSERR.LT.1.E~6%EFS)G0 TO 10
DSNAT2=(SC2-SC1 )/ DELTON

TON=TON-SC1/DSNAT?2

CALL SMAT2(TON,TF1,SCI,BC1)

IT=1T+1

1F (ABS(SC1).LE.EPS) GO 10 10

IFCIT.LT.NIT) 60 TO 9

TF1=FTFY

TON=FTON

CALL SNAT2(TON,TF1,5C1,BCI)

CONTINUE

IF(LDUTY.EQ. 1) 6O 10 47

TF2=TF-TF1

TF=TON+TF

G0 TO 48

CONTINUE

TF2=TF=TF1~TON

CONTINUE

DO 12 I=1,3

12 RIFXCI,1)=XC1,1)=Y(1,1)
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04050
03040
03070
03080
03090
03100
08110
03120
03130
03140
03150
03160
03170
03180
03190
03200
03210
03220
03230
03240
03250
03260
03270
L 03280
' 03290
) 03300
| 03310
' 03320
| 03330
| 03340
[ 03350
| 03360
) 03370
03380
03390
03400
03410
03420
03430
: 43440
) 03450
03460
r 03470
03480
03490
03500
03510
03520
03530
03540
03550

-
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70

72
74

76

599

509

CALL STATE2(7ON,IF1)

TPCT=100.#TON/ TP

IF(LRTL.EQ.2) GO TO 56

IF(NTR.EQ.2) 60 TO 34 ,
WRITE(4,55) EI,RL,LDUTY,NODE,TON,TF1,TF2,TP,X,Y,Z,
X RIPX,SCt,IT,TPCT,BCI,TEPS,SERR
FORMAT{/#ELl =#,612.4,% RL=#,612,4,% LDUTY=e,13,
X & NODE=#,13,/¢TON =¢,612.4,% TF1=+,612,4,6 (F2s4,612.4,
X & TP=#,G12.4/¢X =8,4612.4/%Y =%,4G12.4/¢2 =%,
X 4G12.4/%R1PX=%,4G12,4/4SCY =#,612.4,% [T=%,13,
X % TPCT=%,612.4,% BC1=4,612.4/4TEPS=¢,612.4,% SEKK=¢,612.4/)
CONTINUE
CALL FSIN2(FSI, TON,TF1,X,U)
CALL KHCPY(PSY,PSI,4,4)

ITBL(1)=4

ITBL(3) =0

CALL QRAL(PSY,R,4,H,V,INT,IVD,ITHL)

IF(LKTL.NE.2) GO TO 67
URITE(6,68) MODE,TPCT
CONTINUE
FORMAT (¥HUDE =#,12,% DUTY CYCLE =¢,F5.2/)

IF (LRTL.EQ.2) GO TU 72
WRITE(6,70) ((PSI(L,J),J=1,4),1=1,4)
FORMAT(¥FSI=%,/4(46:5.4/))

IF(NTR.EG.2) GO TU 76
ERITE(6,74) ((RCI,J),d=1,2),1=1,4)
FORMAT(5X, 4HREAL , 11X, 4HINAG, 11X, 4HREAL, 11X, 4HINAG,
X 72(4615.4/))

CONTINUE

IF(LRESF.EG.0) 6O TO 550

CALL PHIN2CTON,F1,FHIY)

CALL DNAT2(TON,F1,61,PHY},51)

CALL PHIN2(TF1,F2,PHI2)

CALL DNAT2(TF1,F2,62,PHI2,D2)

IF(HODE.EQ.1) GO TO 589

CALL PHIN2(TF2,F3,PHI3)

CALL DMAT2(TF2,F3,G3,PH13,D3)

CONTINUE

TINE=OLDTINE

IF(LTR.EG.2) 60 TO 501

IF (HODE.EQ.1) 60 TO 500

CALL RMCPY(ZTR,Z,4,1)

VOTR=KL#ZTR(1,1)-v0

WRITE(4,599) TINE,ZTR,VOTR

WRITE(?,599) TINE, 2TK,VOTR

FORNAT(6G12.4)

60 TO 501

CONTINUE

CALL RMCPY(YTR,Y,4,1)
VOTR=KL®Y TR (1, 1) +RSHKLHYIRC2,1)-V0
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03560 ¢
03570
03560
03590
03400
03610
03620
03630
03640
03650
03640
03670 C
03680
03690
03700
03710
03720 €
03739
03740
03750
03760
03770
03780 C
Q3790
03800
03810
03820
03830
03840
03850
038690
03870
03880
03840
03900
03910
03520
03930
03940
03950
039490
010
03980
03990
04000
04010
04020 .
040390
04049
04050
04040

501

302

503

504

906

e

WRITEC6,599)TINE, YTR, VO TK
URITE(7,599)TINE, YTK,VOTR
CONTINUE

TINE=TINE +TON

1F(NODE.EQ.1) 6O TO 502
CALL STS2¢XTR,PHIS,ZTR,03,U)
60 TO 50

CONTINUE

CALL STS2(XTR,PHIZ,YTR,DB2,U)
CONTINUE
VOTR=KLEXTR(1,1)~V0
URITE(6,599) TINE,XIR,VOTR
URITE(7,599)TINE  XTR,VOTR
TIRE=TINE+TF Y

CALL STS2(YTR,PHI1,XTR,D1,U)
VOTR=KL&YTR(1, 1) +RSSKLHYTR(2,1)-V0
WRITE(6,599) TINE,YTR,VOTR
WKITE(?,599)TINE, YTR,VO'1R

IF (NUDE.EQ.1) GO TO 504
TINE= TIME+TF2

CALL STS2(ZTR,PHIZ,YTR,D2,U)
VOTR=KL*2TR(T,1)-Y0
WRITECS,999) TINE, ZTR,YOTR
WRITE(7,599)TINE, ZTR, V0 IR
CONTINUE

IF (TINE.GT.TFINAL) 60 TO $05
IF(TINE.LT.TSWIT) 6O TO 501
IF(LTR.EQ.2) GO 70 501

IF (NODE.EG.2) 6O TO 506
CALL RNCPY(ZTR,YTK,4,1)
CONTINVE

UCT,1)=E1SWIT

ET=E18W1T

OLDTINE=TINE

LTR=2

60 10 7

CONT INUE

OLDTINE=0,

LTR=1

HTR=2

LKESP=0

60 10 7

CONT INUE

HTR=1

IF (LFREQ.EQ.O) 60 f0 150
CALL GANN2(GAN, TON, [F1,X,U)
WRITE(6,75) (GAN(1,1),121,4)

) FORMAY (/*GAN=%/4(G15.4/))

CALL FREUZ(FSI,GAN,H,THETAQ, THETAF ,DELTHEY E1,¥0)
REAL(S, FRPARAN)
1F (THETAF . EGL0.)6D TU 149
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04070 WRLITECH, FRFARAN)
04080 GO TU &9
04090 149 CONTINUE
04100 LFREQ=0
04110 150 CONTINUE
‘ 04120 IF(LFE.EQ.1) GO TO 140
04130 IF(LPEAK.EG.0) GO 1D 200
04140 DO 152 I=1,4
04150 152 XFP(I,1)=X(1,1)
; 04160 EI=EISWIT
04170 U1,1)=€El
04180 LFE=1
04190 WKITE(6,189)
04200 189 FORNAT(1X,#SET UP EI STEP INPUTS)
04210 60 10 7
04220 160 CALL OVSH2(PSI,XFP,NK)
04230 200 CONTINUE
04240 LPEAK=LFE=0
04250 EI=0LDEL
| 04240 Ui, 1)=El
04270 IF(LKL.EG.1) GO TO 141
04280 IF(LOAD.EG.0) GO TO 201
04290 RL=RLSUIT
? 04300 LRL=1
, 04310 DO 153 I=1,4 ‘
{ 04320 153 XFP(I,1)=X(1,1)
L 04330 WRITE(4,188)
04340 188 FORNAT (1X,#SET UP KL LOAD CHANGE®)
, 04350 60 T0 4
04360 141 CALL OVSH2(PST,XFP,NK)

04370 201 CUNTINUE

1
: 04340 LOAD=LRL=0 |
04390 RL=0LDRL :
04400 IF (LRTL.EQ.0) GO YO 300 3
. 04410 PRAM{NRL ) =PRAN CNRL ) ¢ DPRAN i
04420 IF(PRAN(NRL) .GT.PRAMF) GU TO 300
04430 LRTL=2 ;
04440 B0 70 S !
04450 300 CONTINUE !
04460 GO TO 400 i
04470 END
04480 #5225 8B8 R38R KEMEKBXBBERELSBSUBERESRS0SE RS AEHRBERSR 4
04490 SUBROUTINE OVSH2(PSI,XFP,NK) ;
04500 DINENSION PSI(4,4),XFFP(4,1),DELXP(4,1),TVEC(4,1) p
04510 COMMUN/STATE/X(4,1),Y(4,1),2(4,1),0(4,1) , ]
04520 COMMUON/EXTFAR/NIT,EMS NTERNS,MIT, TP, TF ,LDUTY E 1, MODE ,XNU
04530 DATA KS,C0/.013,6.E-4/
04540 6=RS*CO/TF
04550 DO i0 1=1,4 O
04560 10 DBELXPCL,1)=XEP(I,1)~K(L,1) i,
04570 DELVO=DELXF (1,1 )4G#DELXP(1,1)
-76- |
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04580 b0 30 NN=1,NK

04590 URITEC6,12) NN,DELXP,DELYO

04600 WRITE(3,12) NN,DELXF,DELYO

04610 12 FORMAT(13,5612.3)

04620 CALL RWAUL (TVEC,PSI,DELXP,4,4,1)

04630 DELVO=TVEC(1,1)4G% (TVEC(T,1)=DELXP(1,1))
\ 04640 DO 14 I=1,4

04650 14 DELXP(L,1)=IVECCI,1)
04660 30 CONTINUE

, 04670 RETURN

: 04480 END
04690 S4B 0 e BRI RRENEIRREEERTNIIER0RN SN RSN ENSRERIN0Y
04700 FUNCTION ZETA2(T,X,U)

| 04710 VINENSION PHITC4,4),01(4,4),%X(4,1) U(4,1)
04720 CONNON/FARAN/F1C4,4),F2(4,4) ,F3(4,4),61(4,4),

| 04730 X62(4,4),63(4,4)
04740 COMMON/EXTFAR/NIT EFS ,NTERNS,NLT, TP, TF,LDUTY,ET, AUDE , XNU

| 04750 CALL PHIN2(T,F1,PHIN)

| 04760 CALL DWATZ2(T,F1,61,FHI1,D1)

| 04770 ZETA2=-ET+PHIT(4, 1)4X(1,1)4PHII (4,2)8X(2,1)+
04780 XPHI1(A,3)8X(3,1)¢X(4,1)401(4,1)%U(1,1)+

| 04790 XD1GA,2)%U(2,1)+5i ¢4, 3)0%U(3,1)

| 04800 KETURN

, 04810 END

. 04820 SR BEERNRERERFRERRBEDERSUA LSRR R RS RRERBESRN SN E N

) 04830 SUBROUTINE FREG2(PSI,LVEC,H,THETAO,THETAF ,DELTHET ,E1,V0)

| 04840 DINENSION PSI(4,4),DVEC(4,1),H(4)

| 04850 DINENSION AC4,4) ,AINV(4,4) ,B(4,4),U(4,4),9¢4,4), IENPI(4,4)

| 048460 DINENSION TENF2(4,4),TVECI(4,1),TVEC2(4,1)

! 04870 COMMON/EXTPAR/NIT,EFS, NTERNS,NL1T, TP, TF,LDUTY,ET,MUDE, XNU

; 04880 DEGRAD=180./3.1415927 2
04890 RADDEG=1./DEGRAD :

: 04900 THETA=THETAO- DELTHE 1

| 04910 0o 2 I=1,4 g

| 04920 DO 2 J=1,4 :
04930 2 B(I,J)=0. é
04940 ¢ WRITE(4,59)E1, NODE %
04950 59 FORMAT(HAUDIOSUSCEPIIBILITY, s £52%,F6.2,% NODE=#,12) ;
04960 WRITE(4,1) EI ;
04970 1 FORNAT(//%El=%,E12.4/, |
04980 X & THETA  FREQ (HZ)  DBEL®,5X,%Gs,11X,*REG*,10X, ¢ ING#, |
04990 X 6X,*¥PHASE*)
05000 5 CONTINUE ;

’ €710 THETA=THE TA+DELTHET ;
05020 THET=KAUDEG* THETA -
05030 FRE=THE 1/ (6.2831853%TF) ;
05040 RX=COS{THET) i
050506 RY=SINTHET)
05060 20 12 I=1,4
05070 po 19 J=1,3
JH080 10 ACL,d)=-FS1ULL, D)
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05090
05100
03110
03120
05130
05140
05150
05160
05170
05180
05190
05200
05210
05220
05230
05240
05250
05260
05270
05280
05290
05300
05310
05320
05330
05340
03350
05340
05370
05380
05390
VU400
05410
05420
05430
05440
05450
05460
05470
05480
05490
03500
05510
05520
05530
05540
05550
05560
05570
05580
03590

12

14

té

25

30

34

5

60

100

ACT, 1) =ACL, 1) 4KX
B(1,1)=RY
IF(ABS(RY).LT.1.E-10) 60 70 25
RYIV=1,/RY

CALL RWNUL(TENPY,A,A,4,4,4)
CALL RNSCLR(TENPZ,RYIV,TEKP1,4,4)
DO 14 I=1,4
TENP2(1,1)=TENP2(I,1)4RY

CALL RNINV(Y,TENP2,4)

CALL RNNUL(U,A,¥,4,4,4)

DO 14 I=1,4

BO 14 J=1,4

UCT, ) =RYIVAU(L, d)
VOT,d)=-Y(1,J)

60 T8 50

CALL KNINV(AINV,A,4)

DO 30 I=1,4

Vo 30 J=1,4
TENPTCT,J)=AINV(1,d) sRY#42
CALL KNADD(TENP2,A, TENP1,4,4)
CALL KNINV(U,TENP2,4)

CALL KHNUL (V,AINV,U,4,4,4)

DO 34 1+1,4

DO 34 J=1,4

VL, d)=-RY#Y(1, )

CONTINUVE

CALL KNHUL(TVECY,Ul,DVE,4,4,1)
CALL SHNUL(TVEC2,Y,DVEC,4,4,1)
GRE=GIH=0.

D0 55 1=1,4
GRE=GKE+H (1) TVECT(1,1)
GIN=GIN+H(1)$TVECR(L,1)

G=SOK T (GRE$#2+GIN##7)
UBEL=20,%ALOGI 0(S*EL/V0)
PHASE=DEGRAD*ATAN2 ( GIN, GRE)
WRITE(6,60) THETA,FRE,DBEL,G,GRE,GIN PHASE
WRITE(4,58)FKE, UBEL , FHASE
FORNAT(515.4,2F12.4)
FORNAT(F6.2,E12.4,FY.2,3612.4,F9.2)
IF (THETALLT. THETAF-0.S#DELTHET) 60 Y0 5
CONTINUE

RETURN

END

*:&'4‘t!Mr‘xttlﬂW*"H:0‘:&‘*#**:&#iﬂr*t**mtt*t:ﬂ*#*#”w‘*‘*'14“0‘

SUBROUTINE FHIN2(T,F,PHI)
UINENSION F1(4,4),F(4,4),FHIC4,4),FAC4,4),P2(4,4),F (4,4)
CONMUN/EXTEAR/NIT EPS,NTERNS, NIT, 1F, TF,LUUTY,ET,NODE, XKU
CALL RNSCLR(F1,T,F,4,4)

CALL RNCFY(PHI,P1,4,4)

DO 160 I=1,4

160 FHICL, 1)=F1¢L, 1) 41,
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| 05600 CALL RACPY(P,P1,4,4)
05610 DO 131 M=1,NTERNS
05620 NEl+1

, 05630 A1 /M

E 05640 CALL RNSCLR(PA,A,F1,4,4)
05659 CALL RANUL(P2,PA,P,4,4,4)

\ 05660 CALL RNCPY(P,F2,4,4)

: 05670 CALL RNADD(PHI,PRI,P,4,4)

l 05680 pO 132 I=1,4

L 05690 DO 132 J=1,4
05700 132 ANORN=ANORM+ABS(P{1,4))
05710 IF (ANORMN.LT.EPS) GO TO 133

05720 131 CONTINUE

} 05730 133 RETURN
‘ 05740 END
05750 *:t#*t:’t*ttt*"twwt:t#tw*tttt#t$t*tW#ﬁt#ﬂtt#t‘-"*t#t*t*tw*#*
k 057640 SUBKOUTINE NNAT2(T,F,6,PHI,D)
' 05770 DIMENSION [ENP1(4,4) ,TENP2(4,4),00(4,4),U2(4,4),UN(4,4),
~ 05780 XW(4,4),F(4,4),6(4,4),b(4,4),PHI(4,4),0(4,4)
05790 COMNON/EXTPAR/NLT EPS,NTERNS NIT, TP, TF,LDUTY,ET,HODE, XNU
05800 DT=1/01T
05810 UTK=T/HIT
05820 DT1=DT/2
05830 BO 136 1=1,4
‘ 05840 DO 136 J=1,4
) 05850 136 W0(I,d)=C. §
05860 po 137 I=1,4
05870 137 WO(T,1)=40(1,1)+DT)
05680 CALL PHIN2(-T,F,W2)
05890 CALL RMSCLR(UN,DT1,42,4,4) ]
05909 CALL RNADL(H, N0, UN,4,4) \
05510 K=NIT-1 a
) 05920 DO 141 L=1,K }
05930 CALL PHIN2(~DT,F,TENF1) b
05940 CALL KMSCLY:(TENP2,DTK,TENF1,4,4) §
05950 CALL KNADDIW,U,TENP2,4,4) :
05940 PT=0T+DTK :
03v./0 141 CONTINUE 5
05980 CALL RMMUL(B,FHI, U,4,4,4) ;
¢5990 CALL RNMUL (D1,B,G,4,4,4) .
06000 RETURN |
06010 END ;
06020 et T 1 2 2 Lot LA LTI A L DL L LS UL R bl
06030 SUBKOUTINE STATEZ(TON,TF1) |
06040 DIMENSION PHIG(4,4),FHI2(4,4) ,PHI3(4,4),D1(4,4),02(4,4), |
06050 XD3(4,4), TENP1(4,4), TENFZ(4,4),PHIC4,4),V(4,4),00(4,1) :
06060 DINENSION W(4,1),TV1(4,1),TV2(4,1) ‘
06070 COMNON/FARAN/ F1(4,8),F2(4,4),F3(4,4),61(4,4),62(4,4), ,
06080 XG3(4,4) |
N 06090 CORMUNZEX [PAR/NTT J£FS, NTERNS HIT, (¥, TF, LOUTY £ 1, UBE, XU )
06100 COMMUN/S TATE/XTA. 1), Y44,1),204,1),U4,1)
p;
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06110 CALL PHINZCTON,F1,PHLT)
0612¢ CALL DNAIZ2(TON,F1,61,FHI1,01)
06130 CALL PHIN2(CTF1,F2,PHI2)
06140 CALL DNAT2(TF1,F2,62,PHI2,D2)
06150 CALL RNMUL (PHI,PHI2,PHI1,4,4,4)
: 06160 CALL RNHUL(TEMPY,PRI2,D1,4,4,4)
06170 CALL RMADD(V,TEMNP§,D2,4,4)
04180 IF(NODE.EQ.1) 6O T0 15
06190 IF(LDUTY.EQ.1) GO TO 31
Y 06200 TF2=TF-TF1
06210 GO TO 3%
04220 31 CONTINUE
06230 TF2=TP=TON-TF1
06240 32 CONTINUE
06250 CALL PHIN2(TF2,F3,PHIZ)
06269 CALL DNAT2(TF2,F3,63,FHI3,03)
06270 CALL RNMUL(TENF2,PHI3,PHI,4,4,4)
06280 CALL RNCPY(PHI,TENPZ,4,4)
06290 CALL RHAULCTENP1,PHI3,V,4,4,4)
| ' 06300 CALL KMADL(V,TENP1,D3,4,4)
; 06310 15 CONTINUE
| 06320 CALL RNMUL(VU,Y,u,4,4,1)
. 04330 DEN = (1.-FHIC1,1)0%{1.-PHI(2,2)) = PHI(1,2)#PH(2,1) ¥
| 06340 DET = DEN * (1. - PHI(3,3)) ;
L 06350 XC1,1)=001.~PHI(2, >))¢ou<1 1) + PHIC1,2)%V0(2,1))/DEN z
06360 X(3,1)=((PHI(2,I)*PHI(3 2>+pu1<3 1)#(1 . -PHI(2,2)))800(1,1)
) 06370 X +(PHI(3,2)*(1.-PHI(I,1))+PHI(I,2)*FHI(3,!))#VU(Q,!))/DET
06380 X ¢QU(3,1)/(1.~PHI(3,3))
06390 IF(MODE.EG.2) Gi TO 25 o
06400 XC2,1) = (EHT(2, 134001, 1)+ (1 .-PHI(1,1))80U(2,1)) /DEN |
04410 60 TO 24 |

06420 20 X(2;1050,0
06430 24 CONTINUE

) 04440 X(4,1)=ET-PRHI1C4,1)8X(1,1)-PHIT (4,2)8%(2,1)~
06450 ZPHITC4, 3)4X(3,1)-D1(4,1)8U(1,1)-D1(4,3)U(3,1)-
06460 ID1(4,2)%0(2,1)
06470 CALL STS2(W,FHI,X,V,U0)
06480 CALL SS2(Y,PHI1,X,D1,U)
06490 IF(MODE.EQ.1) 6O T 23
06500 CALL STS2(Z,PHI2,Y,D2,U)

: 086510 2(2,1)=0.

) (6520 23 CONTINUE

06530 € HRITE(6,99) ((PHI1CT,J),J=1,4),1=1,4)

, 06540 C WRITE(6,98) ((D1(I,d),J=1,4),1=1,4)
06550 C WRITE(6,97) C(PHI2(L,d),4=1,4),1%1,4) |
06560 C WKITE(6,96) ((D251,J),J=1,4),1=1,4) :
06579 IF(XGDE.EQ.1)G0 TO 35
16580 C WRITE(G,89) ((PHIZ(I,d),J=1,4),1=1,4)

06599 ¢ WRITE(6,88)((B3CI,J),J=1,4),1=1,4)
06600 35 CONTINUE @
06610 C WRITE(6,95) (CPHL(L,J),d=1,4),1=1,4) :
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064620
064630
06440
06650
00bb0
06670
06480
06490
06700

06710
06720
06730
06740
06750
06769
06770
06780
06790
06890
06810
06820
06830
046840
06850
06860
06870
00880
06890
06900
06910
06920
06930
06940
06950
06940
06970
06980
06990
07000
07010
07020
07030
07040
07050
07060
07070
07080

L URITE(6,94)((Vil,J},d=1,4),1=1,4)
C 99 FORMAT(/3FHI1=%,/4(4615.4/)/)

C 98 FORMAT(/#U1=%,/4(4G15.4/)/)

C 97 FORNAT(/3PHI2=%,/4(4615.4/)/)

C 96 FORMAT(/#Db2=¢,/4(4615.4/)/)

C °9 FORNAT(/4FPHI3=%,/4(4615.4/)/)
C
£
C
c

> 88 FORMAT(/#D3=#,/4(4615.4/)/)
95 FORMAT(#PHI=%,/4(4615.4/))
94 FORMAT(#V=+,/4(4615.4/))
CRITE(S,79)X,4,TON, TF1,TF2
79 FORMAT($X =#,4615.4/%U =¢,4G15.4/
I$TON =%,615.4,% TF1 =#,615.4,% TF2 =#,
2615.4)
RE TURN
END
LR R e Y P Y I PP I LI T ITI i ITIt]
SUBKOUTINE STS2(W2,PHI,W1,D,U)
DINENSION PHIC4,4),0104,1),H2(4,1),0¢4,4),0(4,1),
XTEAPY1(4,1), TENFY2(4,1)
CALL RWMULCTENPY1,PHI,N1,4,4,1)
CALL RWMULCTENPYZ,D,0,4,4,1)
CALL KNADD(W2,TENPY1, TENFY2,4,1)
RE TURN
END
FRREKBRR R R R R R RN RERE R RN RERBRE R R RS R EF
SUBRUOUTINE PSIN2(FSI,TON,TF1,X,U)
DINENSION X(4,1) ,FBAKO(4,1),FBAR(4,1),P51(4,4),
XU(4,1),Y(4,1),FHI1(4,4),01(4,4),
XTEMFY1U4,1) , TENFY2(4,1),DELTX(4,1) '
CONKON/FARAN/F1(4,4) F2(4,4) ,F3(4,4),61(4,4),
X62¢4,4),63(4,4)
COMMON/EXTFAR/NLT ,EFS  NTERMS, NI T, TF, TF,LDUTY € |, MODE , XNU
VTON=TON %
VIF1=TF :
DELTON=XHU*TON
BELTF1=XNU*TF 1
50 71 1=1,4
71 DELTXL,1)=XHUSABS(X(I, 1))
CALL FFUNC2(VTON,VTF1,X,U,FBARO)
c FRINT 51,FBARO
C 51 FORMAT(+FEARO=%,615,4/3(4X,615.4/))
D0 68 J=1,4
c IF(J.NE.2) GO TO 54 i
C IF(NODE.EQ.2) GO TO 72 5
54 X(J.1)=X(J, 1 M4DELTX(I, 1) .
17=0 '
SC1=2ETA24VION,X,U) |
67 DZETA2=(ZETA2(VTON+DELTON,X,U)~5C1)/DELTON
IT=1T+1
VTON=YTOK-SC1/DZETAZ
SC1=ZETA2(VTON, &, U)
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07090
07100
07110
07120
07130
07140
07150
07160
07170
07180
07190
07200
07210
07220
07230
07240
07250
07260
07270
07280
07290
07300
073149
07320
07330
07340
07350
07360
073870
07380
07390
07400
G7410
07420
07430
07440
07450
04460
07470
07480
074%0
07500
07510
07520
07530
07540
07550
07560
07570
07580
07590

4

64

81

63

b6

A

€ 352

2
24
68

70

LIFCABS(SCY /. LT.EFS) GO 10 44
IFCITLLT.NIT) GO 10 &7

PRINT 61,17,SC1 |
FORMAT ($NAX ITERATION ON TON. IT=#,13,# SCi=¢,612,4/)
60 TO 70

IF(NODE.EG.2) GO TO 81

VTF1=TP-YTON

IF(LBUTY.EG.2) VTFI=TF

60 10 &5

CONTINUE

CALL PHIN2(YTON,F1,FHI1)

CALL DNAT2(VTON,F1,61,PHI1,01)

CALL STS2(Y,FHIT,X,00,U)
DELIX{2,1)=XNU*ABS(Y{2,1))

1120

BI=ENAT2CVTFT, Y, U)

DB= (BHAT2(UTHI+DELTF1,Y,U)~E1)/DELTF
1T=1T+1

VTF1=VTF1-B1/0B

BI=ENAT2(VIFT,Y,U)
IFCABS(B1).LY 1 (E-4%EFS) GO TO 45
IFCIT.LT.NIT) 6O 10 63

FRINT 66,17, k1

FORMAT ($HAX ITERATION ON TF1. IT=#,13,% 5C1=%,E12.4/)
69 TO 70

CALL FFUNC2(UTON,VIF1,X,U,FBAR)

FRINT 53,YT0N,VTF1

3 FORMAT (#VTON=%,615.4/%V7F 1=%,615.4/)

Do 69 1=i,4
PSI(L,J)=(FBAR(I,1)-FBARO(I,1))/DELTX(J,1)
PRINT 52,FBAK

FORMAT (%F BAR=%,61%.4/3(5X,615.4/))
X€dy1)=X 04, 1)-DELTX(J, 1)

G0 10 48

BO 74 1=1,4

FSI(1,2)=0.

CONT INUE

RETURN

END

*3‘#**:&#‘*:’*:&*#30*#!&*‘-&****#1&#***#:&#=C$!***#$*#*##*#*#*‘*#$

SHBROUTINE FFUNC2(TON,TF1,X,U,F) :
IMENSION TENP144,4),TENF2(4,4) ,PHI1(4,4) ,PHI2(4,4),

XFHI3(4,4),071(4,4),02(4,4),D3(4,4) ,FHI(4,4),9(4,4),
XFTENF1(4,1) FTENP2(4,1),F(4,1),X(4,1),U(4,1)

COHHON/PARR“/FI(4,4),F2(4,4),F3(4,4),Gl(4,4),62(4,4),

XG3(4,4)

COHHONiEXTPRR/NIT,EPS,HTERHS,HIT,TP,TF,LDUIY,ET,NUDE,XHU
CALL PHIN2(TON,F1,PHIT)

CALL PHIM2(TF1,F2,PHI2)

CALL DMAT2(TUN,F1,G1,FHIT,BT)

CALL DMATZCIF1,F2,64,PHI2,02)
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. 07600 CALL RWNUL(FHI,PHLZ,PHLT,4,4,4)
| 07610 CALL KMMULCTENPY ,PHIZ2,D1,4,4,4)
07620 CALL KWADD(V,TENP1,02,4,4)
07630 IF(NODE.EQ.1) GO TO 15
) 07640 IF(LDUTY.EQ.1) GO T0 2%
x ’ 07650 TF2=TF-TF)
( ‘ 076640 60 TO 22
< ' 07670 21 CONTINUE
, 07680 TF2=TP~TF1-TON
X 07690 22 CONTINVE
‘ 07700 CALL FHIN2(TF2,F3,PHI3)
077190 CALL DMNAT2(TF2,F3,G3,PH13,D3)
07720 CALL RMNUL(TENP2,PHI3,PHI,4,4,4)
07730 CALL RNCPY(PHI,TENF2,4,4)
I 07740 CALL RNMUL(TENPY,PHI3,V,4,4,4)
07750 CALL KNADD(V,TENP1,D3,4,4)
07760 15 CONTINUE
07270 CALL SIS2(F,FHI,X,V,U)
07780 1F {NGDE.EQ.1)GO TU 2 ;
’ 07790 F(2,1)=0, !
07800 2 KETURN
O/810 END :
Q7B20 SR bddd 2Rk a bR ROFRIEEE RSB RFERE RIS RO RO R RS i
07830 SUBROUTINE GAMM2(GAN,TON,TF1,%,U) ;
- V7840 DINENSION X(4,%),U€4,1),FBARO(4,1} FBARC4,1),GAN(4,1), o
07850 XKPHI1(4,4),D104,4), TENPY((4,1), TENFY2(4,1),Y(4,1) o
] 07860 CONNON/PARAN/F1(4,4) ,F2(4,4),F3(4,4),61(4,4),
07870 X62(4,4),63(4,4)
07889 CONNCN/EXTPAR/NIT,EFS  NTERNS, NIT, TP, TF,LDUTY,ET,MODE , XNU
07890 VION=TON
07900 VIF1=TF1
07910 DELTON=XNU*TUN
07920 DELTF1=XNUTFI
] 07930 DELU=XNU#ABS (U(1,1)) g
07940 CALL FFUNC2{VTON,YTF1,X,U,FBARO) ;
07950 U1, 1)=U(1,1)+DELY ;
07940 17=0 ;
01970 SC1=ZETA2(VTON,X,U) :
07980 47 DIEYA2=(ZETA2(VTON+DELTON,X,U)~SC1)/DEL ION :
07990 I1=1T41 ;
08000 UTON=V TON-SC1/DZETA2 |
08010 SC1=ZETA2(VTON,X,U) 1
08020 IF CABS{SCH).LT.EPS) GO TO 44 ,
08030 IFCITLLTONIT) GO TO 67 g
08040 PRINT &1,17,501 .
08050 61 FORNAT(sNAX ITERATION ON YON. IT=#,13,% SC1=#,E12.4/) »
08060 60 10 790
08070 64 CALL PHIN2(VTOR,F1,PHIT)
08080 CALL DNAT2(VTON,F1,G1,PHIT,DY)
08090 CALL STS2¢Y,PHIT,X,D1,U)
08100 11=0
E
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08110
08120
08130
08140
08150
081480
08170
08180
08190
08200
08210
08220
08230
08240
08250
08260
08270
08280
08290
08300
08310
08320
08330
08340
08350
08360
08379
08380
0R390
08400
08410
08420
08430
08440
08450
08460
08470
08480
08490
08500
08510
08520
08530
08340
08550
08560
08570
08580
08590
08600
08610

63

1)

65

6Y
70

L

IF(HOUE.EQ.1) GO YO &5

BI=BNAT2(YTFI,Y,U)

DB= (BNAT2CVTF 1+DELTF1,Y,U)-B1)/BELTF1

IT=IT4)

VTF1=YTF1-B1/DB

B1=BNAT2(VTF1,Y,U)

IF(ABS(BY).LT.1 .E-6%EPS) GO TO 45

IFCITLLT.NIT) GO TO 43

PRINT 46,1T,B1

FORNAT (#HAX ITERATION ON TF1. I1T=#,13,% SC1=#,E12.4/)
60 TO 70

CALL FFUNC2(VTON,YTF1,X,0,FBAR)

DO 69 I=1,4

GAN(L,1)=(FBAR(I,1)~FBARO(I,1))/DELU

U1, 1)=001,1}~DELU

RETURN

END
HESAERERACKE KRS RRRR R RN AR SR O RO RN
SUBKOUTINE XNAT2(TON,XNAT)

DINENSION PHIV(4,4),D1(4,4),PHi2(4,4),02(4,4),
XPHIS(4,4),038(4,4)

COMMON/PARAN/F1(4,4) ,F2¢4,4),F3(4,4),61(4,4),62(4,4),
XG3(4,4)
CONMON/EXTPAR/NIT,EFS,NTERNS ,NIT, TF,TF ,LDUTY,ET,NODE , XNU
CONMON/STATE/X(4,1),Y(4,1),2(4,1),U(4,1)

TF1=TP-TON

IF(LDUTY.EQ.2) TF1=TF

CALL STATE2(TON,TF1)

CALL PHIN2CTFY,F2,PHI?)

CALL DMAT2(TF1,F2,62,PHI2,D2)
XHAT=X(4,1)-PRI2(4,1)%Y(1,1)-PHI2(4,2)#Y(2,1)-Y(4,1)-
X PHI2(4,3)8Y(3,1)-D2(4,2)#U(2,1)-D2(4,4)+U(4,1)-

X D204, 1)%U¢1,1)

RETURN

END

R R R F I R F Y Y R T P T I R E TR Y Y

31

SUBKOUTINE SMAT2(TON,TF1,5HAT, BHAT)

DINENSION FHI1(4,4),01(4,4),
XPHI2(4,4),02(4,4),PHI3(4,4),03(4,4)

CONMON/PARAN/ F1(4,4),F2(4,4),F3(4,4),61(4,4),62(4,4),
X63(4,4)
CONKON/EXTPAR/NIT,EFS,NTEKNS, LT, TP, TF,LOUTY,ET ,MODE ,XNU
COMMON/STATE/X(4,1),Y(4,1),Z(4,1),U(4,1)

PTF1=TF1

DELTF1=XNU#TE Y

CALL STATE2CTON,TF1)

1720

BY=BHAT2(TF1,Y,U)

IF(ABS(B1 .LT.EPS) 6O TO 32

B2=BNATZCTF1+DELTET, Y, U)

DBRA 2= (B2-B1) /DELTF 5

-84~

i

SRS

i i o i

SR s v v ot

P




08620
08630
08440
08650
08660
084670
08680

T 08690

08700
08710
08720
08730
08740
08750
06760
087/0
(8780
08790
088600
08810
08820
08830
08840
08850
08860
08870
08880
08890
08900
08910
08920
08930
0By40
08950
089460
08970
08980
08990

L

TEV=1F1-B1/0BNAT2
BY=BAAT2(IF1,Y,U)
1F(ABS(B1) .LT.EFS) 60 TO 32
IT=1T41
IECIT.LT.NIT7 GO TO 3
PRINT 33,17,TF1,B
33 FORMAT(SNAX. ITERATION ON IT=#,13,% TFi=#,G15.4, BI=#,615.4/)
TF1=PTF
32 CONTINUE
CALL STATE2CTON,TF1)
CALL PHIN2(TF1,F2,PHI2)
CALL DHAT2(TF1,F2,62,PH12,02)
CALL STS2(Z,PHI2,Y,D2,U)
[F (LDUTY.EG.V) GO TO 24
PE2=TF~TF1
60 T0 22
21 CONTINUE
TF2=(P-TUN-TF 1
22 CONTINUE
CALL FHINZ(IF2,Fd,PHIS)
CALL DNAT2(TF2,F3,63,PHI3,D3)
SHAT=X (4, 1)-PHIE(A,1)42(1,1)~
X PHL3(4,3)#2(3,1)-2(4,1)-D3(4,2)4U(2,1)
BHAT=B1
34 RETURN
END
‘W*#‘:C#‘**MUMC*W*1N<$‘#$‘!NNN“!#%C##*‘?04‘#3*##"%#*‘*#‘C#W#W*W
FUNCTION BNAT2(TF1,Y,U)
DINENSION FHI2(4,4),D2(4,4),Y(4,1),0(4,1)
CONMON/FARANZ F104,4),F2(4,4),F3¢4,4),61(4,4),62(4,4),
X63(4,4)
CONNON/EXTFAR/NLT JEPS ,NTERHS,NIT, TP, TF ,LDUTYET,NODE , XNU
CALL PHIN2(TF1,F2,FHI2) ‘
CALL DNAT2(TF1,F2,62,FHI2,D2)
BHAT2SPHIZ (2, 1)4Y (1, 1)4FHIZ(2Z,2)8Y(2, 1)+
2 D202, 103081, 1)402(2,4)%0¢4,1)
RETURN
END
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Apperdix C. Buck-Boost Requlator Computer Program Description

The computer program is very similar to Appendix B Boost Regulator.

Table B1 through B3 also apply in this program.

Table C1 is example of

, nominal case data.

Table C2 1ist the buck boost PAS computer program.

| |

' R

l | |

|

)

' :

4 , u f

‘ y L
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’ Table C1. BBPAS Program Parameters
| RO 0.9 LRTL a
\ Lo 2.2t-4 NRL 2 i
o 6.0E-4 OPRAM 0
'“ RS 0.013 PRANF 0
l RL 20.0 LIST 1 ;
R1 56 .258E3 LPEAK 0 j
| R2 16.E3 LFE 0.
| R3 47 k3 NK 15
| R4 4. B4 LFREQ 0
| RS 2.E3 LPARAM 0
‘ - Q 5.6E-9 LCOMP 0  .;
; c2 3.3t-8 LPC 0
| TP 3.E-5 LSA 0 }
»' vo 28. LRLPC 0 ‘
EISWIT 23, LCFR 0 |
| XMU 0.01 | LPEAK 0
| £l 40.
| ER 6.2
[ EQ 0.2 |
' ED 8.7 NOTE: Resistance, inductance and capacitance
| ET 7.5 are given on obns, henries, and farads
‘ respectively. Voltages are given in
EPS 1.E-5 volts. A1l other parameter units ;;
THETAO 0. are {dentified in content. s
DELTHET 5.
THETAF 180.
NIT 10
’ N 33 5
N3 22
EFF .94 ,;
NTERMS 20 |
M7 5
.
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APPENDIX C
TABLE C2. BUCK BOOST PAS COMPUTER PROGRAM

00100 PROGKAM HASS CINPUT,GUIPUT, 1AFES=INPUT, (APES=0UIFUT,
00102 X1APEd, TAPEY, |AFLE/)
00110 **sxsx BUCK-BOUST PAS INFLEMENT TRANSIENT HISTORY ALGORITHM
00120 #¥xkxs FUR VO COAFUTAILON 4.4.78
00130 s+¥s%+ BUCK-BUOST FAS NODIFY T+2 CUTOFY CRITERKION
\ 00140 *as%3% TF2.GE.TEFS=TXIF SFECIFIES MODE=2 OFERATIUN
Q0150 *seas NODIFY TKA AND LCA SEQUENCE IN OKDEK 10 UTILIZE
00180 s#a%xx PRUFER FSI MATRIX OFEKALING POINT (ELI/KL)
00170 ¥%¥#%+ ABOVE CHANGES IAPLEMENTEY 3.27.78
00180 *xxksx BUCK-BOOST PAS FOR TP CONST (LDUTY=1) AND
00190 ##%%%% TF CONST (LDUTY=Y) 3.24./8
00200 #*¥¥x%k% |RA DELTA VO WISIURY 3.22.78
00210 **4xk% LCA LOAD CHANGE ANALYSIS RL 71O RLSWIT 3.22.78
00212 *+4xs¢ 1APE4 [5 ASA DATA
00214 #%xkxk TaPEI IS TRA DATA

00220 DINENSION KEPX(4,1) ,FSL1(A,4),P5Y(4,4),6AN(4,1),INT(8),
00230 KKEFLa, 1) FRARCTO) (HU4)  RO4,5), TTBL(3), IVI(A) ,DELX(4,1),
00240 XPH11(4,4) ,FHI2(4,4) PHIZ(4,4),01(4,4),02¢4,4),08(4,4),
002450 XWC4, 1), RERANCTO) XTR(4, 1), YTR(4,1),Z1K(4,1)
00260 CONMON /FARAN/F1(4,4) ,Fi(4,4) ,F3(4,4),61(4,4),02(4,4),
002/0 X63(4,4)
00280 CUNNUN/EX TFAR/NIT PG NTERNS KT, [F,TF,LDUTY,E],NODE, XNU '
) 00290 CONMUN /STATE/X(4,1),Y(4,1),2(4,1),U(4,1)
00300 EQUIVALENCE (FRAMCT),C1), (PRAN(2),52),
00310 XCFRAR(S) ,RE), CPRAMCA) ,K4), (FRANGS ), KS),
00420 XCPRAMCA)  RL), (FRAACST ,NS), (PRANCE) ,LO), 3
00330 XCFRANCY) ,CO), (PRANCTO) EL)
(0340 REAL LO, N1, N3, Ki, KL KF,LF |
00350 DATA RO,LO,CO,R8,RL/0.19,2,26-4,6.6-4,0.013,40./
: 00360 DATA 31,R2,K3,R4,K5,C1,C2/56,258E3,16.E3,47.E5,4.E4,2.E3, ;
00370 X5.6E-9,4.46-8/ j
00390 DATA Ll bR EQ,EU, LT, EFS/40.,6,2,0.2,0.7,7.5,1.k-5/ ;
00400 DAIA FF,VO,EISUIT,XHU,KD/3.E-5,28.,40.,0.01,6.:/ .
f 00410 DATA THETAO,DELTHET, THETAF/0.,5.,180./ |
r (10430 DATA NIT,N1, N3, EFF/50,83.,22,,.94/ i
00440 DATA NTEKMS,MIT,LRIL,NKL, DFRAM, FKARF/20,5,0,10,4.,40./ ;
00450 VATA LIST,LFEAK,LFE,NK,LFREG/1,0,0,60,0/ i
) 00460 DATA LFAKAN,LCONF,LFC,LSA,LRLPC,LUFR,LPEAK/0,0,0,9,0,0,0/ .
‘ w0470 DATA KFRAN/2HC1,2HC2, 2HRS, 2HR4, 2HRS, 2BRL , 2HN3, 2HLO, ?
’ 00480 X 2HCO,2HEL/ :
00490 BATA RLSWLT,LRL/600.,0./ ;
00509 DATA TF,LDUTY, TPCON/ 1. 514865E-5,1,3.E-5/ :
00510 DATA OLDTINE,LTR,LRESF,1S0LT,TFINAL/0.,1,0,2.-4,13.9E-3/ *
00520 DATA MIKGBEFS/T,2.t-4/
00530 NARELIST/FARAN/KRO,LO,LO,RS,RL,K1,R2,R3,K4,KS,C1,02,
00540 XN1 N3, EFE B ER,EU, ED,E(, TP, F,V0 ;
00550 NANELIST/CUNF/EPS NLT, XU ,NTERNS ,HIT
00560 NARLLLIST/CURTRL/LFARAN, LLUAK LPE L LSA,LETL LKLY L LFRER 3
00570 KyLGER, LFEAK LOAD, LUUT Y, LRESF :
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00980 NANELIST/KLPAKAN/NRI , UPKAN, PRARE
00590 NANELYST/FRFAKAN/ THETAQ, DELTHE 1, IHETAF
. 00600 NANELLS(/TAFARAN/E L, ETSUIT, NK
’ 00610 NANELLS I/KFARAN/KL ,RLSUIT , NK
,\ 00420 NANELIST/THFAKAR/OLDVTNE, TSUIT, (FINAL
| 00622 REWIND 4
| 00424 REWIND 3
‘ 20430 REWIND 7
00440 C WK1 TEC6,99)

00650 99 FORMAT (1X,#FKOGRAN FUNCTION#®,14X,% CONTROL PARANETER (1-YES 0-NG)¥

00660 X /% CHANGE FARAN®,18X,%LPARAN*

' 00670 X /% CHANGE CONF#,19X,%LLUNPS
00680 X /% LLGT PAKAN, CUNF*,14X,$LPCH
00690 X /% STABILITY ANALYSIS®,12X,#LSA%
00700 X /% KUOI LOCUS ANALYSIS®, 11X, #LKIL*
00710 X /4 LIST PAKANETER CODE®,6X,$LRLFLS

P 00720 X /% AULIU ANALYSIS®, 16X, #LFKEG®
00730 X /% CHANGE FREU RANGE®,8X, LCFR#
00740 X /% IRANSTENT ANALYSIL 38,12X,#LPEAK® ;
00750 X /% TRANSLENT LUAL  #, 12X, #LOAL* X
00760 X /% UUTY CYLLE SCHEME #,12X,#LDU1 V¥ !
00770 X /% IRANSISILION ALGURKITHN #,8X,*LRESFS/) :

00780 400 CONTINUE

) 00790 WRITE(6,401) |

00800 401 FUKMAT(1X,*ENTER H TU DISCUNVINUE FPAS, OTHERWIYE Y#) ;-

00810 REAN(S,402) X1

00820 402 FORMAI{AT)

00830 IFCXTLEULTHR) 8508

00840 WR1TE(A,404) '

00850 403 FOKMAT(IX,*LNPUT FAS CONTROL FARAMETERSH) .
' 00860 REAL (S, CONIRL) i 1

00870 ¢ WRLTE(6,CONTRL) %

00880 IFCLOUTY L EG.T) GU U 420 .

00890 WRITE(6,421) o

00900 421 FORMAT(/1X,#CONSTANT TF DUTY CYCLE SCHENES/) i

00910 BU U 422 '
‘ 00920 420 COUNTINUE 1 |
i 00925 TP=FCON iR
! 00930 WRITE(6,423) ¥

00940 423 FOKMAT(/1X,+CONSTANT TP CUTY CYCLE SCHENE®/) i

00950 422 CONTINUE ' =
? 00760 IF CLFARAM.EU.0) LU TU 404 2

00970 REAL (4, FARAN) =

00980 404 IF(LLOMF.EU.OF G 10 40% :

00990 READ( S, LOMF)

01000 405 IF(LFC.ER.O) GO 10 406

01010 WRLTECS,PARAM)

01020 WRITE (6, CUNF?

01040 444 1F(LSA.EG.0) GO Tu 40/ .

01040 G 10 Y

91050 407 LE(LRIL.JLLM.0) 60 10U 408 N
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V1660 IF(LKLFC.EQ. Q) GU 10 40y

01020 WRITEC6,400)

01080 480 FORKMAT(1X,* (ODE PARANETER® .
01090 X /¢ = Cin/k 2 C2¢/¢ 3z R3s/ '
01100 X ¥ 4= K4s/¢ 9= R5e/% 4= KL%/

01110 X% = N3#/% 8= LOs/# 9= Coe/

01120 X s 10= E1%/) 3
01130 409 WRITE(4,410) ,
01140 410 FORNAT(1X, % INPUT RUUT LOCUS PARAMETERS®) A
01150 KEAE(S,RLFAKAN)

01140 VRITE(6,RLPAKAN)

01170 60 T0 %

01180 408 IF(LFREO.EQ.0) GO 10 419

01190 IF(LUFR.EQ.0) GO 1O &

01200 WRITE(S,413)

01210 413 FORRATOIX, % INFUT FKEQUENCY RANGE FARANETERSS)

01220 READ(CY, FRPARAN)

01230 WRITE(6,FRFARAN)

01240 GO TO 5

01250 411 IF(LPEAK.EQ.0) 6O TO 415

01260 UKITE(6,414) !
01270 414 FORMAT(1X,#INPUT TRANSIENT ANALYSIS PARANETERS®) i
01280 KEAD(S, TAPAKAR) ,
01290 WRITE(S, TAPARAN) .
01300 60 10 % o
01410 415 IF(LUAD.ER.O) GO TO 424

01320 WKITE(4,416)

1330 416 FORMAT (X, % INFUT LUAL CHANGE PAKARETERS®)

01340 READ(Y , RFARAN)

01450 WRITE(&,KPARAN) 5
01360 424 COUNTINUE G
01370 [F(LRESF.EQ.0) 60 TU 400

01380 WRITEC6,429)

01390 425 FORMAT(IX,#INPUT TRANSITION RESPONSE PARANETERS®)

01400 READ(Y, TRFARAN)

01490 URITE(&, TRFARAN) .
01420 5 CONTINUE o
01430 IF(LRTL.EQ.C)GO TO 4 !
01440 WRITEC6,212)RFKAN(NRL) ,PRAN(NRL)

01450 212 ~ORMAT(//*RO0T LOCUS FARAMETER #,A2,% = #,612,4) C
01460 4 CONTINUE R
01470 OLDE1=E] o
01480 ULURL=RL .
01490 KL=RL/ (RG+RL) fy
01400 KO=RE/ (R1+R2) i
01501 KP=N1/L0 iy
91510 bu 11 I=1,4 11
015.2¢ D0 11 J=1,4 i
01580 G3CL,d)=62¢(1,)=63(1,J)=0. “
013940 ORI, =k, )=k ¢, =0, !
01964 19 F1LOT,10=F207,1)=F301, 1) ==1./(CO% (KL4KS)) 1

-90-




T Tt T T o e T T T e

01570
01380
015%0
01600
01610
01620
01630
01640
01650
01460
014870
01680
01690
01700
01710
01720
01730
01750
01760
01770
01780
01790
01800
01810
018290
01830
01840
01850
01840
01870
01880
01890
01900
01910
01920
01930
01940
01950
01960
01970
01980
01990
0200¢
02010
02020
02030
02040
02050
02060
02070
02080

DR e B e

{ -2 o S o e B ap B e 2 e S o

93
78
97
746
9%
74

41

F1(2,2)==R0/L0
F108,3)2H2(3,3)2F38(8,4)==1./(C20RS)
Fie3,1)8F2(3,1)2F3(3,1)=-KLOF1(3.3)
F1(4,3)2F2(4,3)2F3(4,3)=1./(CIoKS)
G1(4,2)=62(4,2)=G3(4,2)=1,/(C)e(RI+RI4KD) )
FYCA,1)=F3(4,1)=-KDS (KD4GI (4,2)4F1(4,3))
61(2,3)=62(2,4)=~1/N1
61¢2,1)=-61(2,3)
G1(4,3)=62(4,4)=N3/ (N16C1#R4)
G1(4,1)=-61(4,3)
FIC4,2)=N18F1(2,2) 601 (4,1)
F2(1,2)=KL#KP/CO

F242,1)=-KL/N1
F2(2,2)=KPHRS$F2(2,1)4F1(2,2)
F208,2)=KPeRSHF2(3,1)
F204,1)=KL#G1(4,3)+F1(4,1)
F204,2)=KPH5S4F2(4,1)+F1(4,2)
WRITE(,93)((F1(1,d),J=1,4) ,1=1 ,4)
UKLIE(4,98) ((B1(1,d),J=1,4),1=1,4)
WRLTE(6,97) CLF2(T, ), d=1,4),1=1,4)
WRLTE(6,96)((62(1,J),d51,4),1=1,4)
WRITE(6,95) C(F3(1,d),J=1,4),1=1,4)
WRITE(4,94)¢{G3(1,d),d=1,4),1=1,4)
FORNAT (/#F1=%,/4(4G15.4/)/)

FORMAT (/4G 1=%,/4(4615.4/)/)
FORNAT(/#F 25, /4(4615.4/)/)
FOKNAT(/#62=%,/4(4G15.4/)/)

FORNAT (/#F 34 ,/4(4G15.4/)/)
FORMAT(/%G3=+/4(4615.4/)/)

et 1)=E1

Ui2,1)=ER

U(3,1)=E0

Ui4,1)=ED

H{2)=H(3)=H(4)=0.

H(1)=KL

FO=VOR#2 /KL

LP=LO*FO
QA=EFFHEL#(E1-EU)#(VO+EG-EQ)
QB=~2. #LP*(VO+ED-ED)

GC=QB*TF

CONTINUE

IF(LDUTY.EU.T) GO TO 43

DN=EFF$ET* (E1-EQ)
TON=(LP+SOK T(LP## 2422, KUNELPHTF ) ) /DN
TFY=TON*(EI-£Q)/(VO+ED)

TF2=1k~TF1

[P=TON+TF

GO TO 42

CON INUE

GTON=SOK [ (2, #LI# ¥ /EFE)
FUNSGIUN/SUR T (EL#(EL~EUs )
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02090 TF1=UNS(EL-£0)/ (VO+ED)
02100 TF2=(P~TUN=TF Y
02110 42 CONTINUE
- 02120 TEFS=.018 P
021730 DELTON=XNUTON
. 02140 IFTF2,5E. TEPS) 60 T0 6
‘ 02150 KOpL=1
| 02160 IF(LDUTY.EG.1) GO TO 43
} 02170 TON=TF#LVO+ED) /(E1-EQ)
02180 F1=TF
02190 TP=TON+TF {
02200 GO TO 44
02210 A3 TON=TP%(VO+ED)/(VO+ED-EQ+ET)
02220 TF1=1P- TON
02230 44 CONIINUE
02240 OTUN=TUN
02250 OTFY=TF1
02260 CALL STATE2(TON,TF1)

02270 € WRITE(6,27)TON,TF1,TF2,X,Y,2

02280 C 27 FORMAT(#NODE=1%/¢APPROZINATE STEALY STATE®/#TON=4,G15.4,

02290 € X % VF1=%,005.4,% 1F2=4,615.4/4Xs%,4615.4/4Y2%,4615.4/
02300 C X #1=%,4615.4)
02310 DELTON=XKU* TON
02320 1120 :

’ 02330 CALL XNAT2(TON,XC1)
02340 18 CALL XNAT2(TUN+DELTON,XC2)
02350 DMATCH=(XC2-XC1) /ZVELTON
02340 TON=TON-XC1/DNATCH
02370 CALL ANAT2(TON,XC1)
02380 IT=1T+
02390 IF (4BS(XC1) . LE.EPS) GO TO 31 1
02400 IF(IT.LT.NIT) 6O 1018 |
02410 TON=0TON A
02420 TF1=0TF { :
02430 CALL STATE2(TON,TF1) g
02440 WRITE(6,34)
02450 34 FORMAT(/#EXCEED MAX. ITERATION FOR THE EXACT STATE#/
02469 X*APFROXIRATE STATE IS CALCULATED#/)
02470 31 CONTINUE
02480 IF(LDUTY.EQ.T) GO T0 45 o
02490 TF1=TF . |
02500 TP=TON4TF 1 ]
02510 60 TO 44 k
02520 45 CONTINUE ‘
02530 TE1=T1P-TON
02540 46 CONIINUE
02550 CALL FHIN2(TF1,F2,PHI2)
02560 CALL DNAT2(TF1,F2,62,PHI2,D2)
02570 ERR=X(4,1)-PHI2(4, 1)#Y(1,1)-PHI2(4,2)4Y(2,1)-
02580 X PHIZ(4,3)%Y(3,1)-Y(4,1)~ ;
02590 X D2(7,:)w0(2,1)-02¢4,4)%U(4,1) €

j
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62400
02610
02629
02430
02649
02656
02660
02670
02680
02690
02700
02710
02720
02730
0270
02750
02760
02770
02780
02790
02800
02810
02829
02830
02840
02850
02860
02870
02880
02890
02900
02910
02920
02930
02940
02950
02940
02970
02980
02990
03000
03010
03020
03036
03040
03050
03060
03670
03080
03090
03100

KH]

36

6

C
c t/
C
C

47

A4
13

12

DO 32 I=1,4

RIPXCL, 1)=XCL, 1))=Y (1, 1)

CALL STATE2(TON,TF1)

TPCT=100.%TON/ TP

IF (LRTL.EQ.2) GO TO 36

IF(NTR.EQ.2) GO TO 36

WRITEC4,35) EI,RL,LUUTY,NODE,TON,TF1,TP,TPCT,X,Y,RIPX,
X ERR,I11,TEPS

FOKNAT(/#El =%,G12.4,% RL=#,612.4,% LBUTY=#, 13,
X # NODE=#,13/8TON =%,612.4,s TF1=4,612.4,% TP=#,612.4,
X 8 TPCT=%,G12.4/8X  =%,4G12.4/4Y  =#,4612,4/
X #RIPX=#,4612.4/%ERK =%,612,4,% I7=¢,13,% TEPS=%,G12.4/)
CONTINUE

60 10 56

CONTINUE

PTON="TON

FIF1=1F1

HUDE=2

CALL STATE2(TON,(F1)

WRITE(6, 17)TON, TFY,TF2,%,Y,2

FURMAT CFMODE=2%/4AFPFPROXINATE STEADY STATE#/$TON=*,G15.4,
X¥  TF1=%,615.4,% (F2=%,615.4/
XEX=%,4615.4/#Y=% AG1S. 4/ 41=% ,4G15.4/)

17%0

CALL SMAT2(TON,TF1,501,BC1)

CALL SMAT2(TON+DELTON,TF1,8C2,BC1)
DSNAT2={$C2-8C1) /DELTON

TON=TON-SC1/DSNAY 2

CALL SNAT2(TON,TF1,5C1,BC1)

1T=1T41

IF (ABS(SCY }.LE.SEPS) GO TO 10

IFCIT.LT.NIT) GO T0°9

TF1=PTF1

TON=FTON

CALL SNAT2CTON,TF1,5Ct,BCY)

CONTINUE

IF(LEUTY.EQ.1) GO TO 47

TF2=TF="F1

TP=TON+TF

60 TO 48

¢ TINUE

TER=TE-TF1-TON

CONTINUE

DO 12 1=1,3

RIPXCL, D=XCT, 1) =Y (], 1)

CALL STATE2(TON,TF 1)

TPCT=100.% 1 ON/TP

IF(LRTL.EQ. 2} 60 TU 56

IF(MTK.EQ.2) 60 T0 36

WRITE(6,55) EI1,RL,LLUTY,HODE,TON, TF1,TF2,TP, X, 1,2,
X RLFX,SU1, 11, TFCI, KUY
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RERTH
03120
03130
03140
03150
031460
0317¢
03180
Q3190
QIR00
038210
03220
03280
04240
08250
04240
(R
(VR 1
Q42Y0
08300
TRRER
Q3320
(VAR
03440
Q8400
044460
Q3820
04380
WRRE)
03400
03410
08430
03430
03440
03450
03440
03470
V3480
03490
03500
03510
Q3320
03330
04540
03950
03840
QL8710
03560
03590
Q3400
03410

Y
G
G
G
¢

G

»

FOKNATT/BEL %, 61004, 8 RULu# G124, LIUIYSS, L8,

X & RUDER®, 18, /010N o,612.4,0 [1o0,612.4,% Vhine,812.4,
X ¢ IPae,B12,4/0K €0 46124707 =, 4G12,4/02 us,

X AGVELA/ORIPX=®, AG1L A/08CY »9,002.4,%  1Taw,13,

X ¢ TPCTS®,612.4,0 BOT=9,G12.47)

b4 CONTINUE

&
o4

10

i
i

i

4

aiy

A

500

301

CALL FSINZPST, TON, IF1,X,U)

CALL KNGPYCRSY,FS1,4,4)

ITBLE1 ) =4

1iBL{3)I0

CALL GRALUESY,R,4,H,¥,181,100,118L)
IFCLRILLNELD) B T 82

NRLTECS,48) RODE,TPCT

GONT INUE

FORNAT CINOUE =, 12,% DUTY UYCLE w&,Fb,2/)
IF (LRIL.EDL2) 60 10 2
NRITECS, 00 C(PSLCL,J),Jm1,4), Ixi,4)
FORNAT(OBST=w, /4(4615.4/))
LEONTR.EULD) BO 1O 74
WRITE(4,24) LIREE, Y, 0%0,2), 11, 4)
FURNAT (85X, ANREAL, 11X, ARINAG, 11X, AKREAL , 1 1 X, AHINAG,
X 7204615, 47))

GONTINUE

IR CLRESP.EOL0) G0 10 B0

CALL FHANZCLUN, B 1, NI

CALL UNATEZCIUN,FY,61, PRIT, D)

CALL FHINZCUEY, K2, 0HED)

CALL DNATROUET, b2, 62, PHIY, D2)

IF (ROBE.EQ. 1) GO YU HEY

CALL FHINZCIRS K3, PHIS)

CALL DNATRCUFR,F3,63,PHLS, DS)
GON L INUE

| LAE=ULDT INE

IFLIRLEDLD) 5O TO 501

1F (NUDE EQ.1) GO TO 500

CALL RNCRY(ZIR,Z,4,1)
VOTR=KLHLIRET, 1) =V
WRITECS,599) 1 INE, IR, VOTR
WRLTELS, 599) TINE, ZTR, VO IR
FORNAT(&612,4)

60 10 501

CONTINUE

CALL RNCETRYIR, Y, 4,1)
VOIRERL®, 1R C1, 1) ERESKLEYIR(, 1) =40
WRITE (8,599 ) 1INk, YTN, VO IR
WRATEC,599) LINE, Y TR, VO TN
CONTXNUE

TINE® [ANE+TON

IF(NDDE.EG. 1) 6O T 02

CALL S1S2(XTR PHIS, 2IR, b4, \)
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03620

03630 502

034640

03650 503

03660
03670
03680
03690
03700
03710
03720
03730
03746
03750
03760
03770
03780
03790
03800
03810
03820
03830
03840
03850
03860
03870
03880
03890
03700
03910
03920
03930
03940
03950
03960
03970
03780
039490
04000
04010
¢4020
04030
04040
04050
04040
04070
04080
04090
04100
04110
04120

c

304

906

905

550

7%
49

149

60 10 504

CONT INUE

CALL STS2(XTR,PHIZ,YTR,D2,U)
CONT INVE

VOTR=KLEXTR(1,1)-V0
WRITE(4,599) TINE,XTR,VOTR
WKITE(7,599) TINE,XTR,VOTR
TINE=TINE+TF1

CALL STS2(YTR,PHI1,XTR,D1,U)
VOTR=KLSYTK(1,1) +RS#KL$YTR(2,1)~V0
WRITE(6,599) TINE,YTR,VOTR
WRITE(?,599)TINE,YTR,VOTR
IFIMODE.Eu.1) GO TO 504
TINE=TINE4TF2

CALL STS2(ZTR,PHI2,YTR,D2,0)
VOTR=KL#ZTR(1,1)-V0
WRITE(6,599)TINE,ZTR,VOTR
WRITE(7,599)TINE,ZTR,VOTR
CONTINUE

IF(TINE.GT.IFINAL) 6O TO $05
IF (TIME.LT.TSWIT) 6O TO SO1
IF(LTR.EQ.2) 60 TO 501
IF(MODE .EG.2) 6O 15 506

CALL RMCPY(ZTR, YTR,4,1)
CONTINUE

UG, 1)=E1501T

E1=EISHLT

OLDTINE=TINE

LTk=2

60 TO 7

CONT INUE

OLDTINE=0,

LTR=1

NTR=2

LRESP=0

60 TO 7

CONT INUE

NTR=1

IF(LFREQ.EQ.0) GO TO 150
CALL GANN2(GAN, TON,TF1,X,U)
WRITE(4,75) (GAN(I,1),1=1,4)
FORNAT (/#GAN=#/4(G15,4/))
CALL FREQ2(PSI,GAN,H,THETAO, THETAF ,DELTHET,E1,V0)
READ(S, FRPARAN)

IFCTHETAF LEQ.0.)G0 TO 149
WRITE(4,FRPARAN)

60 T0 &9

CONT INUE

LFREG=0

CUNT INUE

IF(LFE.EG.1) 60 10 140
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04130
04140
04130
041460
04170
04180
04190
04200
04210
04220
04230
04240
04550
04260
04270
04280
04290
04300
04310
04320
04330
04340
043%0
04380
G430
Qu80
04390
04400
04410
04420
04430
Q4440
Q4400
044060
V44,0
044380
04470
043500
04310
04520
J4330
04540
VA8H0
04560
Q4870
04580
04hv0
04400
04610
(4620
04430

189

140
200

154
188

161
201

300

IFCLPEAK.ED.Q) GU 10 200
DO 152 I=1,4

XFPAL, 1)mK(L,1)

EISEISWIT

Ui, 1)=E1

Lbt=1

URITE(4, 1R
FURNAT (X, #SET UP EI STEP INPUTS)
G0 10 7

CALL OVSH2(PST, XFP,NK)
CUNTINUE

LPEAK=LFE =Y

EI=0LbE]

Ui1, 1)=E1

(LKL EW. Y)Y 6O TO 141
IHCLOAD.EGLO) GLU 1D 201
RL=RLOWILT

LkL=1

DO 1838 L=y ,4

XEPCL, 1)=X(1,1)

URITE(6, 188)

FORNAT (1X,#8ET UP RL LOAD CHANGEe)
60 TO 4

CALL OVSN2(PSI,XFP,NK)
CONTINUE

LUADRLRL=0

KL=ULURL

IF(LRTL.EQ.0) 60 YO 300
PRANUNRL ) =FRAMCNRL ) +DPRAM
IF (ERANCNRL) .61 . PRANE) GO TO 300
LRTL=2

G0 10 %

CONTIRUE

60 TO 400

END

LEERE DAL ER RS AR R R R S R R IR BN RIS IR RS TP E S AT

10

1

SUBRUUTINE OVSHZ(PSI,XFP,NK)

DINENSION PSI(4,4),XFP(4,1),DELXP(4,1),YVEC(4,1)
CONNON/STATE/X(4,1),V(4,1),2(4,1),U¢4,1)
CONHON/EX!P“R/NIT EPS NVERNS Hll YP TF, LDUJV,EI,WQBE X
DATA RS,L0/.013,8., E'@/

b= RS*CO/[P

DO 10 1=1,4

DELXPCL, 1) =XEPCL, 1) -X(1, 1)
BELVO=DELXF (1, 1) +G*DELXP(1,1)

B0 30 NN=1,NK

URITE(6,12) NN, DELXF,DELVO

URLTEC(S,12) NN, DELXF,DELVO

FORNAT(1S,5612.4)

CALL RMRUL{TVEC, PR UELXF,4,4,1)

RELVO= TUELTT, 1) 6% CIVEGCT 1 ) =RELXPE1,1))
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. 04640 DO 14 1=1,4
04630 14 DELXP(I,1)=1VEC(I,1) 4
04660 30 CONTINUE
04470 RETURN

P 04480 END |
Q4690 S9HISREAREBRIENNRASROREHERCNBLIROREBERHEEEHSB RO RB RN}
04700 FUNCTION ZETA2(T,X,U) \
04710 DINENSION PHIV(4,4),D1(4,4),X(4,1),U(4,1)
04720 CONNON/PAKAN/F1(4,4),F2(4,4),F3¢4,4),61(4,4),
04730 X62(4,4),63(4,4) !
04740 CONNON/EXIFAR/NIT , kFS, NTERNS, NI T, 1P, TF,LDUTY,ET ,NODE , XNU
04750 CALL PHINZET,F1,PHIT)
04760 CALL DRAT2(F,F1,61,PHIN,D1)
04770 ZETAZ=~ETEPHIN (A, 1)#X01, 1) +PHIT{4,2)8X(2, 1)+ '
04780 XEHITCA,3)#X(3, 1) 4X(4,1)4D1 (4, 18001 ,1)¢ {
04790 XD1(CA, 2)8002,1)4D1(4,3)00(3,1)
04800 RETURN
04810 END
04820 40T ERRNERRKRENERERERENRREREBRBRBENCRER SRR GREBRREBEH
04830 SUBKUUIINE FRE@2(PSI,DVEC,H, THETAO, THETAF ,DELTHET ,E1,V0)
04840 DINENSION PSIC4,4) ,DVEC(4,1),H(4) k
04850 DINENSION ACA,4),AINV(4,4),B(4,4),U(4,4),V(4,4),TENPI(4,4) ]
04860 DINENSION TENFZ2(4,4),TVECI(4,1),TVEC2(4,1) ;
04870 CUNNON/EXTRAR/NIT EFS , NTERNS, NI'T,'TP, TF ,LDUTY,ET,NGDE , XNU i
04880 DEGRAD=180./3.1415927 :
04890 RADDEG=1)./DEGRAD 1
04900 THETA=THETAO-DELTHE |
¢4910 D0 2 1=1,4 i
04920 DO 2 J=1,4
04930 2 B(I,Jd)s0,
04940 WRITE(4,59)EY, NODE
04950 5% FORMAT(#AUDIOSUSCEFTIBILITYs,® EX=%,F6,2,¢ NODE=#,12) !
04940 WRITE(é,1) EI ;
04970 1 FORWAT(//#El=%,E12.6/, . §
04980 X ¢ LHETA  FREQ (NZ)  DBEL®,3X,%Gs,11X,3REGS, 10X, ¢ TNG*, ]
04990 X 8K, ¥FHASE®) ;
05000 5 CONTINUE :
05010 THETA= THETA+DELTHE [ i
05020 THETSRADDEG* THETA !
05030 FRE=THET/ (4.2831853%TF) :
05040 RX=COS(THET) )
05050 RY=SIN(THET) !
05060 DU 12 1=4,4 :
05079 BO 10 J=1,4 i
05080 10 A(L,)=-PSI(1,J) >
05090 ACL, 1)=RCL, L)H+RX
05100 12 B(1,I1)=RY
Q8110 IFCABSTRY).L1. 1. E-10) GO TO 25
05120 KYLV=1./RY
05130 CALL RANUL CTENPY,4,8,4,4,4)

. 05140 CALL RASULKCTENP2,RYIV,TENFT,4,4)
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031%0
03140
03170
03180
03190
05200
03210
05220
0523¢
035240
03250
03240
05270
0ba80
05290
05300
08319
05320
05330
03340
04350
05360
03370
05380
03390
05400
05410
03420
05430
05440
05450
05460
054720
ub48¢
03490
Q400
99510

14

14
25

40

44
$0

58
60

100

o RTTEREEE e T

DO 14 Is1,4
TENP201,1)=TENP2EL, 1)4RY

LALL RKAINV(Y, TENP2,4)

CALL RHNUL(U,A,V,4,4,4)

DO 14 le1,4

DO 14 J=i,4

UCT,J)*RYIVRUCT, J)

VOT,d)a=0(1,J)

60 T0 50

CALL KNINV(AINV,A,4)

DO 40 1=1,4

DO 30 Je1,4
FENF1CL,J)=AINVCT, J) eRYwe2

CALL RNADD( TENP2,A, TENPT,4,4)

CALL RNINV(U, TENF2,4)

CALL RNNULCV ,AENY, U, 4,4,4)

DO 34 1=1,4

BO 34 J=1 4

VAT, J)==RY#U T, )

CON | INUE

CALL KANULCTVECY, U, DVEL,4,4,1)

CALL RNNUL(TVET2,V, DVEC, 4,4,1)
GRE=GIN=0.

DO 59 1=1,4
GRE=GREAN (1) € TVECY (1,1)
GIN=GINGN (IO TVECR(1,1)

G=50R T(GRE®#24GINR#2)
DBEL=20.%ALOGTO(GHEL /V0)
FHASE=DEGRALATAN(GIN, GRE)
WRLTE(4,60) THETA,KRE,DBEL,G,GRE,GIN,PHASE
MRITE(4,58)FRE, DBEL, PHASE
FORNATIG15.4,2F12.4)
FORMAT{FS,2,E12.4,F9.2,3E12.4,F9.2)
IF(THETA.LT. THETAF~0.5#DELTHET) GO 1O §
CONY ENVE

Rk JURN

END

OHS20 FARFFHRRNERERIRSFERLBLRERRELIREERRPR SRR RSB NSRRI 00N

05530
05540
03550
V5960
03570
05580
05590
05400
034810
05620
00430
Y440
05450

160

SUBROUTINE PHINZ(T,F,PHI)

DINENSION P1(4,4),P(4,4),PHI(A,4) ,PAL4, 4}, P2(4,4) F(4,4)
CUNNON/EXTPAR/NLT,EFS,NTERNS ,NIT, TP, TF,LDUTY,ET,AODE , XNV
CALL KNSCLRCEY,T,F,4,4)

CALL RNCHYTEHI, P, 4,4)

DO 160 1=1,4

PRLCL, 1=k (1, 141

CALL RNGPY(F,01,4,4)

DU 131 M=1,NIERNS

=N+

A=1./0

CALL BASCLR(FA,ALP1,4,4)

CALL KANULGED,FALE,4,4,4)
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05660
05470
05680
05490
03700
03710
05720
05740
05740
0h/50
05740
05770
05780
05790
05800
05810
05820
05830
05840
U850
05660
05870
05880
05890
05900
05910
05920
05930
03940
05950
05960
059/0
05980
05990
06000
06010
046020
06030
06040
06050
06060
06070
06080
060%0
06100
06110
06120
06130
06140
061350
06140

CALL RNCKY ()" P2,4,4)
CALL KNADD/PHI,PHI,P,4,4)
DO 1382 I=7,4
DO 132 J=1,4
. 132 ANORN=ANORN+ABS(F(1,J))
IF (ANORW.LT.EPS) GO TO 133
131 CONTINUE
143 RETUKN
END
LRSS EE PR ST NE R FR P FE R TR P FE T I T F R T T T YT Y T
SUSKOUTINE DNAT2(T,F,G,PHI,D)
DINLRSION TENP1(4.,4) TENP2(4,4) ,00(4,4) ,U2(4,4) ,UN(4,4),
COKMON/EXTPAR/MIT,EPS,NTERNS ,NLT, TP, TF,LDUTY ,ET,NODE ,XNU
RT=T/817
BTK=T/NIT
bT1=01/2
DO 136 I=1,4
DO 136 J=1,4
136 H0(1,4)=0,
DO 137 1=1,4
137 WO, 1)=W0(1, 1)+b 1Y
CALL FHINZ(=T,F 42)
CALL KNSCLR(WN,DT1,¥2,4,4)
CALL RNADD(W,W0,UN,4,4)
K=N1T-}
DO 141 L=t K
CALL PHIN2(-DT,F,TENFT)
CALL RNSCLR{TENF2,DTK, TENFT,4,4)
CALL KMNADD(W,W, TENP2,4,4)
DT=0T+DTK
141 CONTINUE
CALL RNNUL(B,PHI, W,
CALL RNNUL(D,B,G,4,
RETURN
END
BEBEBSBERENEBEREREREBBNEER RSN ERESIRBRRRRB A SRS SRR
SUBROUTINE STATE2(TON,TF1)
DINENSION PHIT(4,4),FHI2(4,4) ,PHI3(4,4),01(4,4),02(4,4),
XD3(4,4),TENF1(4,4), TENP2(4,4) ,FHI(4,4),V(4,4),0U(4,1)
DIMENSION U(4,1),TV1(4,1),TV2(4,1)
COMMON/PARAN/ F1(4,4),82(4,4),F3(4,4),61(4,4),62(4,4),
XG3(4,4)
CONNON/EXTPAR/NIT ,EPS, NTERNS ,HIT, TP, TF ,LOUTY ET,NOBE , XNU
CONNON/STATE/X(4,1),Y(4,1),2(4,1),U(4,1)
CALL FHINZ(TON,F1,FHIT)
CALL DNAT2(TON,F1,61,FRI1,D1)
CALL PHIM2CTF1,F2,PHI2)
CALL DMAT2(TF1,F2,62,PNT2,02)
CALL RNNUL(PHI,PHIZ,PHIY,4,4,4)
CALL RNMULCIENPT,FHI2,D1,4,4,4)

4,4)
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081,90 CALL RNALD(Y, TENFY,D2,4,4)

08180 IF (RODE.EU. V) GO 10 15

08190 IFCLOUTY.EQ.1) GO TO 31

V6200 TFE=Tk-TF1 _ b
06210 GO 10 32 |
04220 31 COMTINUE o
06250 TF2=T7=TON=TH 1

06240 32 CONTINUE

04250 CALL PHIN2(TF2,F3,PHLS)

04260 CALL DBNAY2(TF2,F3,63,PNI3,D3)

06270 CALL RNNUL (TENP2,PHI, PHI,4,4,4)

0498¢ CALL RNCPY{PHI,TERP2,4,4)

08290 CALL RMNUL(TENPY,PHI3,V,4,4,4)

06300 CALL KNADD(V, TENF1,03,4,4)

06310 15 CORVINUE

06320 CALL RNNUL VL, V,U,4,4,1)

06330 BEN = (1.-PHICH, 1)) %1 -PHI(2,2)) = PHI(1,2)%PHI(2,1) ;
06340 DET = DEN ® (). - FHI(S,3))

06356 XEU, 12 =C00 . =PHICA, 20 08001, 1) + PHECT,2)000¢2,1))/DEN

06340 XOS, 1 =CCPREC2, 1) 8RRICS, Z)4PHIE3, 1) o1 ~PHIL2,2) ) )9VU(1,1)

06370 K HCPRIC3, 20000, =PRITE, 1)) ¢PHICE, 2)8PHECS, 1)) #V0(2,1) ) /DET

06380 X VU3, 1) /41 -PHILE,3)) s
04390 IF(HODE.EQ.2) 60 TG 33 ’
06400 XC2y 0= (PHIC2, 1080UC 1, 1041 -PHICH, 1) )8V0(2, 1)) /BEN "
06410 GO TU 24

06420 29 X(2,1120.0
06440 24 CONVINUE

04440 XC4y 1) =ET-FRI1 (A, 1)8X(1, 1) -PRIT(4,2)8X(2,1)-

08450 ZPHI1CA, 3D X (3, 1)=D1 (4, 1)%U(1,1)-D1(4,3)%0(3,1)-

06460 6104, 2)80(2,1)

06470 CALL STS2(W,FHI,X,V,U)

06480 CALL S1S2(Y,PHIT,K,D1,U)

06490 IF(NODE.EQ.1) 60 TO 23 )
06500 CALL STS2¢2,FHI2,Y,D2,U) 7
Vé510 1(2,1)=0.

06520 23 CONTINUE

04530 © NRITECE, 99 (PHIT(1,0),d=1,4) 121 ,4) ;
06540 ¢ WRITE(S,98) ((DI1{1,J),Je1,4),1=1,4) |
06550 ( URITE(6,97) CCPRI2(1,0),J%1,4), I=1,4) )
06560 © URETEC6,96) C(02(T,d),d=1,4),1=1,4)

06570 IF(NODE.EQ.1)60 TO 35

06580 WURITE(E,89) ((PHI3{1,d),21,4),1=1,4)
04590 WRITE(8,88) ({181, 0),J=1,4),1=1,4)
06600 3% CONTINUE

06610 ¢ WRITE(4,95) CCRHICT, 00 d=1,4),1=1,4)
06620 C WRITE(S,94) ((V(1,0),0%1,4),151,4)
06830 C 99 FORAAT(/#FNI1=%,/4(4615,47)/)

06640 C 98 FORNAT(/3D1=%,/4(4615.4/)/)

Q8450 C ¥7  FORNAT(/#FH12=%,/4C4615.4/)/)

06660 C 96 FORNAIL/#D2=%, /4(4615,42)/) :
06670 C 89  FORMAT(/#FH1d=%,/4(4G15.4/)/)

[ -2 >
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06880 C BY FUKNAI(/#bg=%,/4(4L1%.4/)/)
08690 C Y5 FHURNATI(#FK[=%,/4(4615.4/))
06700 C ¥4 FORMAT(#Vz3,/4(4G15,.4/))

067210 RETURN

06720 ERD

Q4730 S 0400000108200 0050 00N IORBEREEIRERPHERERINEHENEN
06740 SUBROUTINE STS2(U2,FH1,U1,D,U)

06750 DINENSION PHICA,4),U1(4,1),02(4,1),D(4,4),0(4,1),
067640 XTENPY1(4,1),TENPY2(4,1)

06770 CALL RMNUL(TENPY1,PHI,U1,4,4,7)

06780 CALL RAMULCTEMNPYZ,D,U,4,4,1)

06790 CALL RMADL(W2,YENPY1,TENPY2,4,1)

04800 RETURN

06810 END

Q6B20 3440 ERS8B048B8 R8BSR ENFRBRRNEEREBEER SR RENSRINSRONENEY
06830 SUBROUTINE ESIN2(PSL,TON,TFY,X,0)

06840 DIMELNSION X(4,1),FBARO(4,1),FBAR(4,1),PSI(4,4),
06850 XUC4,1),Y(4,1),PHL1(4,4),D1(4,9),

06840 XTENPY1 (4,17, TERPY2(4,1) ,DELTX(4,1)

06870 CONﬂON/PARAﬁ/Ft(4,4),?2(4,4),F3(4,4),61(4,4),
04880 XG2(4,4),63(4,4) ‘ E
04890 GONNUN/EXTPAR/NIT EPS NTERNS ,WIT, TP, TF ,LDUTY ,ET,MODE , XU ‘
06909 VION=TON

08910 VTFI=TF1

06920 DELTUNSXNU#TON

049340 LELTF 1 =XMUSTF

067490 DO 71 I=t,4

04950 2V DELIXCT, 1) =XRUSAES(X(T1,1))

06960 CALL FFUNC2(VTUN,VTF1,X,U,FBARQ)

06970 C FRINT 51,FRARO

06980 C 51 FCRNAT(#FBARO=¢,G15.4/3(6X,615.4/))

06990 DO 68 J=1,4 :

07000 ¢ IF(J.NE.2) GO TO 54

07010 ¢ IF(NODE.EQ.2) GO [U 72

07020 54 X(J,1)=X{J,1)+DELIX(J, 1)

07030 1720

07040 SC1=ZETA2(VTON,X,U)

07050 &7 DIETA2=(ZE1A2(VTON+DELTON,X,U)-SC1)/DELTON
07060 IT=IT+i

07070 VTON=VTON-5C1/DZETAR
07080 SC1=2ETAZ(VTON,X,U)
07090 IF {ABS{5C1).LT.EPS) GO TO 44
07100 IFCITLLTLNLT) 6O 10 67
07110 PRINT 81,11,5C1 :
07120 &1 FURNAT(#NAX LTERATION ON TON. I7=#,13,8 SCl=¢,£12.4/) -
07130 60 T0 70
07140 44 IF(NODE.EQ.2) GO T0 81 ;
07150 UTF1=TP-UTON 4
07140 IFCLDUTY.EQ.2) VTFI=TF |
f 07170 GO 10 45 <
. 07180 81  CONIINUE
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0199
7200
07219
07229
07240
97240
07250
07260
07276
¢7280
u7290
07500
07310
07320
07330
07340
07350
07360
07470
07380
07390
07400
07410
07420
0/430
07440
07450
07460
0470
0:1480
07490
07500
07510
07520
07530
07540
07550
07580
07570
07580
07590
07600
07410
07620
07630
07440
07450
07660

07870
07680
02490

63

b4

4y

¢ 53

&y
€ 52
72
74
68
70

LT Y]

!‘,‘

-~

9y
2

CALL PHIRZCYIUN,+1,PHIT)

CALL DNATZCVTON,F1,G1,PHIT,01)

CALL S1S20Y,%HI1,X,0,0)

DELTX(2,1)=XNUSABS (Y(2,1))

1729

BI=BNATZAVIFT,Y,U)

DB= (BNAT2(VTF14DELTF1,Y,U)-BY ) /DELTFI

IT=1T44

VIF1=VTF1~51/DB

B1=BNAT2(VTFY,Y,U)

IF CABS(BY) LY. 1,E~6%EPS) GO TO 43

IFCDLLLILNET) 60 10 63

PRINT 66,11,B1

FORNAT (#hAX ITERATION ON TF1. [Tes,13, SCl=e,E02.4/)

60 TO 70

CALL FFUNC2CVTON,VIHT,X, U, FBAK)

PRINT S3,VTON,VTF)

FORNATCRUTON=8 ,615.4/0VTE =4 ,615.4/)

D0 69 L=1,4

PSICL,Jd)=(FBAK(L, 1)-FBAROCT, 1)) /ZBELTIX(S, )

PRINT 52,FBAK

FORNAT(#FEAR=%,615.4/3(5X,615.4/))

X5 102X, 1Y =DELTX(J, 1)

60 U &8

D6 74 1=1,4

PSI(1,2)=0.,

CON'T LNUE

RETURN

END
LRI EI RS T ER R E R I I R E AR P T ET Y Y Y P YY

SUBROUTINE FFUNC2(TON,TF1,X,U,F)

DIRENSION TENPT(4,4), TENP2(4,4) PHIT{4,4),PHI2(4,4),
XPHISCA,4),D1(4,4),02(4,4),03(4,4),PHI(4,4),V(4,4),
KETENE1 (3, 1) FTENP2(4,1),F(4,1) ,XC4,1),U(4,1)

CONNUN/PRRAN/FT(4,4) F204,4) F3(4,4),61(4,4),62(4,4),
XG3(4,4)

CONNOR/EXTRAR/NIT (EFS NTERNS, NLT, TP, TF ,LOUTY ,ET,NODE , XNV

CALL PHIN2CTON,F1,PRIT)

CALL PHIN2(TFY,F2,PHI2)

CALL DNAT2(TON,F1,61,PHIT,D1)

CALL DNAT2(TFY,F2,62,PHI2,D2)

CALL RNNUL(PHI,PHI2 PHIT, 4, 4,4)

CALL RNHULCVEMPY,BHIZ,D1,4,4,4)

CALL RNADDCY, TERPT, 12, 4,4)

IF(NODE.EQ.1) GO 10 15

IFCLBUTY . EH.1) GO 1U 3

TF2=TF-TF1

60 TO 22

GONT INUE

V¥ 2= (P=TF1-TUN

CUNTINDE
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07700
07710
07720
07730
02740
07750
07760
07770
07780
07790
07800
07810
07820
07830
07840
078450
07860
07870
07880
07890
07900
07910
07920
07930
07940
07%50
07960
0970
07980
07999
08000
08010
08020
08030
08040
08050
08060
08070
08080
08090
08100
681190
08120
08130
08149
081150
08160
08170
08180
ve1y0
08200

15

9

(4

A2 LT

67

61

64

63

66

R N h ST | PR s - -

CALL PHINZCIF2Z,V 8,PHLS)

CALL DMAT2((F2,F3,63,PHIS,D3)

CALL RMMUL (TENP2,PHI3 Fiii, d,4,4)

CALL RNCPY(PHI,1ENP2,4,4)

CALL RMMULCTENPY,PHI3,\V,4,4,4)

CALL RMADD(V,TENPI,D3,4,4)

CONTINUE

CALL STS2(F,PHI,X,V,U)

IF (NODE.EQ.1)GO TO 2

Fl2,1)=0,

RETURN

END
EAEER SRS PRI EA SR F T EIEZE AR I T L AV R P Y P Y PYY |
SUBROUTINE GANM2(GAM,TON,TF1,X,0)

DINENSION X(4,1),U¢4,1),FBARO(4,1) ,FBAR(4,1),6AN(4,1),
KPHIT(4,4),D1¢4,4), TERPY1(4,1), TENFY2(4,1),Y(4,1)
CONMON/FARAN/F1(4,4) ,F2(4,4),F3(4,4),61(4,4),
XG2(4,4),63(4,4)
CONNON/EXTPAR/NLT,EPS,NTERNS, NIT, TP, VF,LDUTY,ET,NODE , XAU
VTON=TON

ViFt=TF1

DELTON=XMU*TON

DELTE {=XuU*'IF |

PEaatsXuUmABS (U(T,1))

CALC FFUNG2LVTON,VTF1,X,U,FBARY)
Ut,1)=U¢1,1)+DELU

I'7T=9

SCI=LETA2(VTON,X,U)
DZETA2=(ZETA2(VTON+DELTON,X,U)-SC1)/DELTON
IT=1T+1

VTOR=VTON-SC1/DIETA2

SCI=ZETA2(VIUN,X,U) -

IF (RBS(SC1).LT.EFS) GO TO 64

IFCITLLT.NITY 60 TO 67

PRINI 61,1T,5C1

FORNAT (#MAX ITERATION ON TON. 1T=#,13,% SCi=#,£12.6/)
60 10 70

CALL PHIN2(VION,F1,PHLT)

CALL DMAT2(YTON,F1,61,PHIY,DBY)

CALL STS2(Y,PHI1,X,D1,U)

IT=0

IF (KODE.E@.1) GO TO 45

B1=BNAT2(VTF1,Y,4)
DB=(BMAT2(VFFI+DBELTF1,Y,U)-B1)/DBELTF1

IT=IT+1

VIF1=YTF1-B1/9B

B1=BNAT24YTF1,Y,U)

IF(ABS(BY) LTV E-&%EPS) GO TO 65

IFCXT.LTLNLT) GO TO 63

PRINT 66,11,B1

FORMAT(*WAX [TERATION ON TF1. [I=#,14,% SCI=#,£12.6/)
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08210
08220
08230
08240
08250
08260
08270
08280
08290
08300
08310
08320
08330
06340
08350
U840
08370
08380
08399
08400
08410
08420
08440
08450
08440
08470
08480
08490
08500
08510
08520
08530
08540
08550
08560
08570
08580
08590
08600
08610
084620
08630
08640
08650
08440
08670
08480
08490
08700
0872190
08,20

)
69
70

sk

(E2 13

3

33

e oo

ORIGINAL PAGE IS
OF POOR QUALITY

60 1Y 70

CALL FFUNC2(YIUN,VIF1,X,U,FBAK)

D0 49 1:1,4

GANCI, 1)=(FBAR(I,1)-FBARO(1,1)) /DELY

UOr, 1) =001, 1) -PELU

RETURN

END
KERBESROENER L C SRR CNE RIS NINO S0 EDOSSS00 055884
SUBKUUIINE ANAT2(TON,XHAT)

DINENSION PHL1(4,4),00(4,4),PHI2(4,4),02(4,4),
XPHIZ(4,4),03(4,4)
CONNON/PAKAN/F 1(4,4) ,F2(4,4) F3(4,4),61(4,4),62(4,4),
XG3(4,4)
CONNON/EXTPAR/NIT,EFS, NTERNS ,N1T, TP, TF,LDUTY,ET,HUDE , XNU
CONNON/STATE/X(4,1),Y(4,1),2(4,1),U(4,1)

TF1=1P-TON

IFCLOUTY.EQ.2) TFI=TF

CALL STATE2(TON,TF1)

CALL PHIN2¢TF1,F2,PHI2)

CALL DNAT2(TF1,F2,62,PHI2,02)
XMAT=XCA,1)-PHI2(A,1)8Y (1, 1)-PHIZ(4,2)8Y(2,1)-Y(4,1)-
X PHIZ(4,3)%Y(3,1)~U2(4,2)80(2,1)-D2(4,4)%U{4,1)
RETURN

END
R RN R I PRy F P R e R e PRI P E T VPRI Py Y
SUBKOUTINE SMAT2(TON,TF1,5NAT,BAAT)

DINENSION FHI1(4,4),01(4,4),
XPHI2(4,4),D2¢4,4),PHI3(4,4),03(4,4)

CONMON/PAKAN/ F1(4,4),F2(4,4) F3(4,4),61(4,4),62(4,4),
X63(4,4)
CONNON/EXTPAR/NIT,EPS,NTERNS,NIT, TP, TF,LDUTY ET,HODE , XNU
COMMON/STATE/X(4,1),Y(4,15,2(4,1),U(4,1)

PTF1=TF )

DELTF 1 =XHUTF i

CALL STATE2(TON,TF1)

17=0

B1=BNAT2(TF1,Y,U)

IF(ABS(B1).LT.EPS) GO T0 32

B2=BAAT2( TF14DELTFT,Y,Y)

DBNAT2=(B2-81) /DEL TF)

TF1=TF1-B1/0B0AT2

BU=BNAT2(TF1,Y,U)

IF(AS (B1).LT.EPS) GU 10 32

TT=01+1

IFCIT.LT.NIT) 6O 10 3

FRINT 3,17, TF1,B1

FORNAT(#RAX. ITERAI10N ON IT=#,13,¢ TF1=#,G15.4,% Bi=¢,615.4/)
TF1=PTF1

CONI ENUE

CALL STATEZCTON, 1F1)

COLL PHINZCIFT,F2,PHIZ)
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08730
08740
08750
08/60
08770
04780
08790
08800
08810
08820
08830
08840
08850
08860
08870
08880
08990
08900
0RY10
08520
08930
08940
08950
08960
08970
08980
08990

e A T

a0f B i

CALL DRAI2UTFY,H2,62,PNI2,02)
CALL S182(2,PN12,Y,02,0)
IF (LOVTY.EQ.1) 60 10 21
TE2=TF-TF1
40 10 22
21 COMTINUE
TH2=TP-TON-TFY
22 CONTINUE
CALL PHIN2(TF2,F3,PHIY)
CALL DNAT2(TF2,F3,63,PH13,D3)
SNATSX(4,1)-PHI3L4, 106201, 1)-
% Pu13<4,3>wz(3,1)-2(4.1)u»3(4,2)wu<2,t)
BAAT=B)
34 RETURM
END
vm:uammmouauowmwwtao»uwcauuwwmm‘uumm
FUNCTION BNAT2(TFY,Y,U)
DIHENSLON PHIZ(4,4),D2(4,4),Y(4,1),0t4,1)
CONNON/PARAN/ ;t<4,4),F2<4,4>,F3«4.4),6\(4,4),02(4,4),
XGS(4,4)
connoulexneas/ulv,Evs,urskns.ﬁII,tv,wr,tnuwv,cl,none,xuu
CALL PHIHZCTF1,£2,PHI2)
CALL DNAT2UTFY,£2,62,PHIZ,D2)
unu12=9n12<2,1)w1<1,1>0Pu12(2,z>01<2.1)4
7 D202,4)%0(4,1)
RETURN
END
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AFPENDIX D: Derivations of Constraints for Boost and Buck-Boost w
Converters

D.1 Basic relationships for Boost converter i

a. Input-output voltage relationship

Transistor on: A1L5(+) = current increment in L5

Ei Ton

Ly
Transist: v of f: AiLB(-) = current decrement in L
(BymE)T ¢¢

Ls

When in steady state, A1L5(+) - AiLS(-) {

- BiTon  (Bo = B)Tore
Ls Lg
that is E. = E, mo— (0.1)
0 iT
off
b. Peak to peak ripple current through energy storage inductor ;
i
EiTon . {
5 ‘
By substituting T from (A.1) :f
into the above equation for A1L5(+)
By (Bg—Ey)
we can get A1L5(+) = ~—i§§5§*~* = 2d (D.3)
-106-
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D2 __Derivatjons of transistor switching losg

a. Saturation loss

Examining the current waveform through transistor of Fig.

. . 22 g _
During Ton' 1Q T t + (I1 d)

on
T
, 1 on g
Saturation loss = % I Vat 1Q(t)dc
0
on . |
T xi Vat

From (A.l) we can get

E.-E
0 i T

Ton = EO

P
o N v w0
Also the average input current Ii off Ei

substitute Im and Ton {nto the above equation, we can get

, Povst(EO-’Ei)
gaturation loss =
eff EiEO

b. Transistor turn-—on loss

Switching waveform during turn on:

E0+VD Ii—d

E.4+V,~-V
; 0 'D “st . )
'VCE(t;) = = T, t + (EC;"'VD)
T
I,~d
1 "
. .t

1Q(n) T
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(D.5)

(D.6)
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el

SEEmRET T e

Tst

s brnenn w1 L ‘ NP
Average turn-on power loss = T j VCE(t)iq(t)dt
0

T o
ar E . +V,=-V _ I, ~d
D
.&J _ ot ‘“25“%*"1;”‘*1*“ t:.|d:

lsr Tsr

Py ,Ei('go,' Ei)]

Ter(EOd'vp‘%zvSt)[;ff Ei, 2L5 EOF
3 — s

(D.9)
P

where Iy = ST B,

d = Half of the peak-peak ripple through LS

B, (E.~E,)

4370 T

R T (D.10)
2Ly By ¥

¢, Transistor turn-off loss

Switching waveform during turn-off

Eo+d

(D:11)
™ ‘-—Qm-i‘“-‘——*g"‘g‘ L+ V., (.12)

Note that transistor current at the moment of turn~off is Ii+d

instead of Ii-d.

~108-
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T &
af
arnen £ f R
The turn-off power loss T I vcE(c)ic(t)dt
0

; P E, (E.~E,)
1 o 0 g (Eo-Ep)|
= g (EgtVp+2v ) [efﬂ!:i + TLoEF -ITBfF

{D.12)

o

where I, =

in
ey -4 s
by L 29

!
21, SEOF

y

P

d =

D.3 Derivation of diode switching loss

a. Diode conduction loss

Examining the 1D waveform as shown in Fig. 2,2

Diode conduction loss

RASICER
2

T PV
on o'D
T ™ off E, (D.14)

- livD(l -~

b, Diode turn-on loss

D" TR t (D.15)

o .. .
Vp " T (t - Pnd) (D.16)
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1 Tnd
turn-on loss = T»j 1D(t)vn(c)dt
0
Tad =(1,+d)E
' 1770

1 ,
- J 7 (n-mnd)c dt

0 2 T

EoTad® [Po | EBy(Bo By
1 s

T2 BEEE, ZL, EgF

¢. Diode turn-off loss

T
1 fd

turn-off loss =T J iD(t)vD(t)dc

0

. (Y (1, -,
, (% -T.,t)dt
oy 2 £d
0 £d

12 effEi 2L, E.F

- L
T

5 70
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D.4 Output filter ESR loss

Examining the i, waveform of Fig. 2.2

Ce¢ 1
During Tou: ice = -1 . (p.21)
4
During T 1o, = -2 (t-T )+ (I,~-I.4+4d) (p.22)
o OFF: C6 T =T on 1" Yo" D.

on ﬁ

T
P = ESR loss = l-I i 2 R, dt
cap T Cée "6
(0]
1(°" 2 1 ' 2 w
0 T ;
on b

By substituting (A.21) and (A.22) into the above integration formula,

we can get

2, 2 |

E,. P. 2 E,E,~(E,-E,) P P 2 1

¢ 2 i,, 0 i{71 o T4 0 0 ,

Pcap‘ Rg [(106)rms] = (lu%Eo)(Eo) + Eo e ZE 2F2 +(eff Ei EO) R6 ;
50 3

(D.24) |

D.5 Parasitic resistances for Ll’ L2, L5 j
R (winding resistance) = p% (D,25) |

where A = A, (copper cross section area)

By definition of winding pitch factor Fo L

F. - Dean length per turn of winding
C core circumference

L

FC =

(Toroidal core with square cross-section area)

Mq

-111-
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R1 - pAFCJKiEQ
Aoy ‘

80 RyAy) - 4pFg/AN, = 0
The equation for Ly, Lg can be likewise derived
RQACZ - ApFC/K;N2 =0

ReAqg - ApFC/K;NS =0

D.6 Operating flux density constraint

Maximum f£lux linkapge of L5 - LS(AI)max - NS(BSSAS)

P
where (AL) = I +d = —poe + Ey (By- By)

P B, (E; - E;)

0 0 i

S0 +
eff Ei ZLS EQF

= NsBgsAg

L P E,(E,-E,)
| s 0 170 1
that is NSAS = [eff'm + ZLSEOF J

Bgs i

Because Ll’ Lz do not handle AC ripple current

L, P
1Fo
0 MM T SFE g By,

N.A, = D%
2%~ SFE B g,

D.7 Window area constraint

By definition of window fill factor

_ core window area actually occupied by the core

¥

W available core window area = IIr
. MAay

W Z1 /KI 2
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(D.29)

(D.30)

(D.31)

(D.32)

(D.33)

(D.34)
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where Z, = mean magnetic path length

A, = core crosas se¢ction area

1
Zl'/‘-‘—L

T ~§; » radius of window area

(D.35)

so TF 2n - T2

(D.36)

likewise,

5> _C5 = '-—é' - ——2— (p.37)

=

D.8 Frequency dependent source EMI constraint

Required attenuation at switching frequency

- EMI requirement i
Fundamental switching current ‘

5 (D.38)

where EMI requirement = F
/14 (es)?
'2000

AS(F)
S T

2KHz

‘\Qgg(freq.) :
<< > ' , '

Derivation of fundamental switching current component of i,

By examining Fig. 2.2

2d

L5 T T_
on

i t + (Ii-d) (D.39)

During TON;

oFrF’ L5 T T-T
on

During T = 22 (- T4, - d) (D.40)
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whére d = &i%ﬂ
i 2L5 EOF

P

0
I, =
i eff E1

By Fourier series expansion:

iLS==CO+ kzl &, con kwgt + kngk cos kwot (D.41)

Only the first harmonics are needed in EMI calculation, the higher

order terms can be neglected.
T T
o2 fon 2 |
Al =7 iLS(t) cos woc dt +-T I 1L5(t) sin mot dt (D.42)
0

e}

on

2
By =7

T
on
y s 2 ;
1 I iLS(c) sin Wt dt 3 J 1L5(:) sin w,t dt (D.43) ]
0 T
on

Substitute (A.39) and (A.40) into the above equation and integrate,

one can get

- = sin
Eq L WOLF By |

I

1 ZY’LZLSF

il

&

2 k

E 2N (E. - E,) E -E N(E.~E,) é
Q0 cos [ o 1 0 0 ? i (D.44) j
1

Bl =0

D.9 Output Ripple Voltage Constraints

L T

The peak-to-peak output-voltage ripple is caused by two components:

the capacitive component due to the ampere-second processed by C and
the resistive component due to the ESR R6 of C. It can be shown that the

constraint concerning the sum of these two components can be expressed as:
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TR DR e s W A e menns oL R v e T

P L
G
Vrep™(y ) Rg *+ 35 o F (0.43)
0”6
T E.~-E
where D = on OE 1
0
, o ; - 3
Substituting Ii - E;—q and (A.3) into (A.45) ;
T L TR L O @.46)
et ¥ 570 2E,“C_F
0 6
\'4
RIP
v msmpm——
RA EO
Po Ei(EO—Ei} PO(EO—E‘i)
“| sme t 5 | Rg ¥ 5 (D.47)
170 2L5E0 F ZEO 06F
ti’
)
|
:’
i
%
3
‘;
A
;
=115~ é
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1s given for the user's reference. Before the user implements his own

I it A o Ay TN o " A R SR R e R

In this appendix. an complete computer list for the Boost Converter

r

APPENDIX E: Boost Converter Computer List

problem in the computer code, he must decide the design unknown variables,

For the

x(1)
x(2)
x(3)
x(4)
x(5)
x(6)
x(7)
x(8)
x(9)
x(10)
x(11)
x(12)
x(13)
x(14)
x(15)
x(16)
x(17)
x(18)
x(19)
x(20)
x(21)

x(22)

-

]

il

It

ﬂ
[p]
S, |

Boost Converter the variable array is shown in the following:
*

5.5 5.8

ﬂ
o]
NS

=

eff

=
w

2
N

21
n

*In the process of optimization some
C6 variables take on negative values.
In order to avoid the square root of
5 negative numbers, certain varlables are
presented in this form in the program.
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After the variable array is chosen, the user can start to simplify the

the constant terms of the constraints, and then take

constraints and choose

the first derivatives of all the constraints and objective function with respect

Then he can put all this information in computer code

to the variables.

The constant terms, constraint equations and

recady to use in the program.

their first derivatives are shown as follows:
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E.2 Objective function and constraint equation
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E.3 First derivatives of the constraints and the objective function

(1) . Derivatives of objective function
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where G(i) is the derivatives of the objective function with respect to

variables x(i)
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In the following, GC(j,1) means the derivatives of the constrataut C (1)

(2) Derivatives of the constraints

with respect to variable x(j).
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APPENDIX F: DERIVATIONS OF CONSTRAINTS FOR BUCK-BOOST CONVERTER

Derivations of constraints which similar to the Boost Converter are omitted

here. They can be derived using the same approach as illustrated in Appendix A.

F.1 Basic Relationships for Buck-Boost Converter

With reference to Fig. 1.3, one can derive the following basic relations

Input-output relationship

Transistor Q on:

A¢p(+) = flux increase in the energy storage inductor T

FiTon

N
P

Transistor Q off:
A¢(—) = flux decrease in the energy storage inductor T

Equgg

N

s 5}

, When in stead state: A¢(+) = Ap(-) |

Ey NTon Ns
'E—- = ’ where n = -N— (F.1)

i Toff p

T T
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Peak to Peak yipple Current 2d:

Transistoy Q on:

current increment in the primary winding of T

E,ET
Lp(EO + nEi)

*

AL(E) = 2d =

0Nt P SN ST Y it .1 et o o R L &+ R

(F.2)

Note: Derivations of transistor and diode loss constraints which are

similar to the Boost couverter are omitted here.

F.2 Output filter ESR Loss

Referring to the waveform of Fig. 6.2,

~I, 08t<T
Q on

Loscey ™
2d - - d L e <T
n(Ton'T) (t Ton) + Ii IO + o Ton S L S

T

- . .

ESR loss = % g 'ics(t) [ics(t) RS] dt
0

it
3|

- 2 1 Z
1. d i
3(n) + n ]:o)

i

T T
_on 102 + {1 - _SE%

—
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(r.3)

Ton T e 2
2, 1 2d d

f (—Io) dt + T m (t—Ton.) + Ii - Io +1 dt

0 Ton' on

(F.4)

Wm_L;m




T E T 1113
) . . on - o) i - Ol’\‘ - ' 1
Substitute - £+ nE, 1 T E 4 nE’
2 1 0 1
p, E +nE, EiEo

I,- O -—-—-—-——-———-’d-’ .
i EEEE; E_ zLP(Eo + nE)F

into the above equation and we can get

2 2 2

ESR loss = o 7t E :Eiz 732 = 22

(Eo + nEi) Eo o i ’l2n Lp (Eo + nEi) F

2
(E_+ nE,)P P
o 1o o)
+ - 2| |r (F.5)
nEo Eieff Eo 5

F.3 Frequency dependent Sourcc EMI Constraint

, 2d
Referring to the 1Q T t + (Ii d), 0<t <« Ton (F.6)
By Fourier series expansion
iQ(t) = C, +k2:l A, cos kuwot + 34 B, sin kuot (F.7)

he. 2 |on kwot d
where Ak T . Q(t) sin kwot dt

2
B, =T

T
K ] on 1Q(t) sin kwot dt

0

-147-

R




D

A, = fundamental sine component

Ton 0d
0 [:5;; + (Ii - d{lcos wot de

2d 4d
B e ¢ P L e AU | | [}
sin onod + Cos OT

)
6 Ty, T

-2
T

4d

w r T
o "on

Bl = fundamental cosine component

Ton
0 iQ(t) sin w t dt

Hr

H
e

TOH

Now add the square of Al and Bl’

=
]
rt
k?
o
+
==
[}
8
+
=<]

—E gin -
‘ 2

£
=
[¢]
Iad
[
=g
It

p &.24 {..g -

sinw T
o on

~211 sin onon

+ w T
o

(F.8)

2d t + (Ii - d{] sin w t dt

ZIicos wQTO
on

n

(F.9)

(F.10)
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For Buck-Boost converter

P (E, + nE)

Iy =efeE, T E
O
E_T
Ton » o
Eo + t\l?a1
d = ,E‘E°. _
2L (E, + nE,)F

The EMI constraint becomes:
Required attenuation at switching

EMI requirement

Fundamental switching current

1"“(20(;0)

A2+Bz

(R.11)

fiequency

(F.12)
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APPENDIX G: Buck-Boost Converter Computer List
In this appendix, a complete computer list for the Buck-Boost converter
is given. Yor the Buck-Boost converter the design unknown variable array !
18 chosen as following:
t
x(1) = VA ﬁ
x(2) = Jﬁ;
x(3) = JK;I
x(4) /K;
x(5) = VN
x(6) = \/A_GZ f
x(7) = L1 f”
x(8) = eff E
L’
x(9) = Cq i
x(10) = C“ ;é
x(1) = 1z, ;
x(12) = 2, %é
x(13) = Ry 5
x(14) = R, é
x(1H) = R3 ;
x(16) = Rp 3
x(17) = »/Ig
x(18) = »/N',I;
®(19) = JK:;
x(20) = Lp
x(21) = Gy
X(22) = Zp
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After the variable array is chosen, the user can start to simplify

the constraints and chooses the constant terms of the counstraints, and then
take the first derivatives of all the cnstraints with respect to their own

variables, then he can put all this information in computer code ready to

The constant terms, constraint equations and their first

use in the program.

derivatives are shown as following:

G.1l Constant terms:
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G.3 Firpt derivatives of the constraints and the objective function

(1) perivatives of objective function
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In the following GC(j,1) means the derivatives of constraint C(1) with respect

variable X{i)
(2) perivatives of the constraints

[+ S
x e
~N «rd
> LY = d
~/ ~N 3 O\
3* » % O x
~ (6] Lo N N
-3 x X Qw
P- 3 'Y ) »x auv
L -3 €« s oz
[-»} 2% b I 3
»C 4 e 0N
~ 3% N SEon
< % 3 3FXx
¥ ~ ~ e\
b4 2. D N e
s »C N et S
* 13 o > N\t
~ 3% e N+ x O
g NN > o OZF
[ e N L-BE ¥ Ve V4
> € XMXNUN
* N N N\ el
M Wi e oy $E ST
- et 4 VLOWV-r
X ¢ e WL
e et M OUXE =
% &N s (r N\
& @O N e
2 2N\ Y IR ¢X o TV [0
2O S =F
O B I A
3 4 O O T et~
> N. ol I 2 I NNT
> 2 S O I 4 X 23
N3 (IR -2 o b N o
~O 20 4P 37 e W
MAQ > e 3P eIt T ONY
WIHNT T O LI
e oD ¢35 of oV I NP L= -3
[ X TN > 5T e (XY
R e W NSO
2N N SE e e O e

edrordr  CUNIIESE N3N
NDOW. 3 SN W5 e
N2 SO TS OeddC UL~ 0 C
42O AAT XTI NN
@ EN TN OXxXo
MIEICOS MM O E e X2
NOWwI NN 200 >
Mt + 5 IO ZE I\
ML ANIM T XEIENO $ T .
NICEE D ML) 0t /ANE v
O * 362 N\ QA NI AU
a o e 11 uxMmMuie
PUIDOIOd It 1 HA I oy
B QAN SE 32 NN N SE AN S e
NI (24 bttt et Ot e =
edIE IO & & a oY anN
®rd 3F O DX D et O I e DY
W@ ofr= 3\ rdrdrd\ N3 FI\
WA E st L
=2 ANNOOUVDOUMOSCO
DU+ ¢ XOVWY (DD 3t
4N -T -~ -t

to variable x(3).

v RN
PRl TEet. A




A e Lt

gL T T TR

vq 4

i i St B P TS e T i
SHEh A LR TV T T T R
[o
N> S A~
$ENr O o o
323F e e w
~ s X X bl
({57 Y] [] > g
—3 o $* o
p- a0 WD G x
X~ " +*
E- S ] "
w ON N 2 o
—~O P~ X ~ g o
w P S S-S 3 ~ ~N
w ti¢ N\ © et o ~ 3%
=2 N I~ e o a 04 3
m ot ~ * 3 (@]
” wx N\ > o i iy
m 4 oo o ~ I o >
H. -GN Py ~ ~ ~
w e —", x g > o
,, > W 3 > 3% ~ ~
4 N~ e oy 3= o ¥
W X o~ ~ — cJ >
. o =& # # a - 2 f
h .\lw Lot 0 A wv ox x o
g~ L e~ @ urN o “+ e
23 ~y X X N Nx oW Py had
LR <FAw N\ o Y X X %
w < 3 Jreare gt O ~ o> ¢ z
w 2 O SWICet X > oo - ot o
, s o~ o e o4 > o
o APl e i X —\ cJ
= (@] SFPe3E N e a ~NZ St > a0 =¥
23 A he = - 3r> £~y el >
G o wNnuw @ N SEZOV
= o e - ~ ~ - P 3 - Q_u
® u anes 4 o —~ xo O Xt dtor W
. > o~ ¥y N X O WY —
WEFfNX 3z ~ 3 > X [edalal’s) 1
| et b ~ © > 3% >N 5F WNCTE >N
,. i, O © A~ . ® o ~UIX N ™
W P—ICA > ~a 3 O > NE > g X w} O
.w >IN XX 3c VRSN ~OD2 N\ Q> S — NMIUS e S
« " NPemm © awv 2O 2+ N\ > OSrexO
w - D OARER ~ ol T +a >xw x 3400 e 35 30y
= ) 3% 4 > 3% ~ —3r Py 3% 3T 4 .,x LN Bt AN I D
o D ARG Cetn TN . 0> O FEN e AICIEAITEN
N CHNAMCIN 35 2@ XXM UL SHONE ¥O O SR N o
e NI3ECIC L35 3t 3r I AIEIE R A HHROXON o8 o anmy
> 53 DT SEAr MUY W e s NS o e O OP~0 SF e M3 OO i i T
Sr ey SEXCUNWIM | e O AICIXN NN —etita > 70 Pt e d X0 2 23
. M o33 O #IrdCetd NI I ITwL WL M on > 3 3 3F N X I IR OISO
, BT e MmO E ANANEININE Xxm xx M waTonny 2% X RNNE o
_ ST eied SESFONCISERAAIN WO MT XK S E I E DN WOV ROEZXxhodx oy oo
AHIZ D DTII 05t 4d QUFFIEEIFFISF VW NN X et rO x| .P: AT D E O eedai @
A I I OAIC | NPt~ TN OVEE ot i e, .,w,..XX I S e R e
Wt 0 B> ) ) MO § NI | 2CMICHC § 2 DCOC It o> Woen N KA )/\}\:/ HOW et U ogt § 3 00
~ 0 0 AR At NN G D (U T I N T 3 L 1] Y PaYalal Kol ] 0)1)12“\/\/ H H Ao oo
CanAA LT AT AT AN AP AN o s PaYealoaloala ¥ o L o b 11121119:;.“\)\)37#14\/“9567
-rdideyg eI &TXC-F 3 anNNNN-JO0V0 =M af~0m e & & a( & & - ——t o = o !11 ETYOV) ot e T b vd v 7t
) e e e e ol el eNO ®e e anae -t v o e N e ~DO «MN '1*0699” Trdrdy & & nrd o W o~ @
e o OV A O I DAt OF U@ NI AAN D AT A A dD AN g Dttt ot okt I OO
MWLV IR IR WIWL LWL AWANA WL SANAA A AT R A Ta Nt NP W NN NN NS (((2/\(((/\781128111(
LIUL VLQULULUXUILLULLOLLUUY LLOLVLLY VLVLLLLLLL CCCXCCCCC(C(((((CCC
DOLO GULOLVLY I VXOVVLOVVOVY VJVVLVVLY VVLVLLVLLVLLVLOVULVY VYVRIVVLR heivtrorevivivoriras
LVVLLVLVOVVLVLVGBBY

—t




G.4

With the above information available, the user are ready to combine it with '
the subroutines and ready to run his own program, The detailed computer pro-
gram are provided in the following with some notes on it for the users to

reference, The main program is out in the front and the user's supplied sub-

routine ALAGB 1is put at the end.

Computer List

A complete list of buck/boost converter optimization program is

attached.
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APPENDIX H

DERIVATIONS OF STATE-SPACE EQUATIONS

The objective here is to derive the estate npace model for the

' intervals TON and Tp1°f the continuous MMF operation of the two~winding

buck/boost converter. The development will begin with the basic Kirchoff
current and voltage law equations and apply matrix notation to form the

constituents necessary to formulate Al.'Az, 81, Bz. c;, . and E, and

2 1
E, used in equations (4.2.3.1) and (4.2.3.2) in the text, Volume I.

H.l1 Duiing TON (refer to Figure 2.3.2. (b)) the KVL equation on the

primary side 1is:

B -F- F o (H.1.1)
P P
NP
During TON ip i ¢
P
R '
: d . I _p
. AR ol o (H.1.2)

KVL equations for the secondary side are:

VC i+ ilRC + (il - 12)RL

1, = -1, (H.1.3)

dt

The above three equations can be simplified to,

iC - il - -1C

dv RL
Cc -1 . .
T - (Rc + RL)C VG + -—-——‘—'—-—‘-(RC Y RL)C io (H-l.é)
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The output equations are of the following form:

vo-(

4 - 1R

A

R+ & Vo + (Re//RDL,

(H.1.5)

The matrix form of the state equations format l‘. = A].E + Bl u and

pA - Cl)_c_+ Elg_ is:

44 .
dt

¢ Ry
v - /LP
C
= 0
1/
Np
0

P
/L
L P
0
0
L

0
1
(RC *”RL c
; =
.
(R; + R))C
.
.
Re * R
0
ac//RL
0
-180~

-

"N (r.1.6)

Ve

.viﬂ |
' { : (H.1.7)
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H.2 32during TFI (refer to Figure E;Z.J.L(c)) KvL

eJuation for { i

AN L AR by
i

1’ "2
and 13:
Vg™ LRe + (4; - L)R, + Vo (H.2.1)
Vo © (g = 1R+ (1, - 1Ry (H.2.2)
z | 1
Simplifying equations (H.2.1) through (H.2.3) results in the following: ;
R %
vg " (Rs_- Rc)i1 - R + RL [V + R 1 - RLiol + 2 (H,2.4)
1, & Tt : 1+ Ay (H.2.5)
¢ty
From Figure 4,2,3.2(c) the following equations can be derived: ;
;
N, :
11 - 18 - ¢ (R.2.6)
S
- 4¢
Vs ® N5 a¢
ap o IR RS, 4 - R c- Ro/ IRy 1 3
de LS RC + RL Ns Ns 5
) (H.2.8)
' . E
From Figure 4.2.3.2(ec) 1t can be seen that :
dv Ns i
- - - C = - 3
i, 11 12 cdt and 11 Ls ¢ (H.2.9) %
Substictuting equation (H.2.8) into (H.2.9), é
.
dVC - NS Rl.a - ,1‘ VC + RL 0 ’E
dt CL; R, + K (R, + R)C (R, + F)C
(H.2.10)
-181- §
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Output:

vo " R 3y - 1y)
* R

S

In matrix form, é_m Azg + Bzg_nnd Y- 02x + Ezg_are expressed in the ' :

following form:

-
4 ¢ | - Rg + Rc//RL
dt vC " ' Ls
.
R, + R LsC
0 - RC//RL .
0 RL

sy

-182-

L v ~ N '
— C + (R.//R)'S ¢ + (R.//R )1 (H.2.11)
R, + R o/ )2 ¢/ 'R ,

,z!._,

ol

—

0
0 RC//RL
0 0

(H.2.12)

T T P N

(H.2.13)
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APPENDIX I

DERIVATIONS OF TRANSFER FUNCTIONS FOR THE
SMALIL._SIGNAL MODEL

In Apbendix B a detailed formulation for the steady-state (dc)

transfer function, the input-to-output transfer function, and the duty

cycle-to-output transfer function is presented.

1.1 Derivation for steady state (dc) input-to-output relation

v, -
Y= = {E - CAT"B)U
I
P
- . -
r"sRc
1 9 Re LD 1
- 4 - e
'
" (R, +D Rg DN,
w, - 0 0 — (]
' D' R Lp
\ o - -J
r -ﬂr -1 —
- ' -i'
Vre o ROHR O Ry
5 P N
2 R.-D'R S
Nswo - ~Rg=D'Rg o 1 0
D' L D2 )
e
» JL ) 2
(r.1.1)
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1
Y - = [
]
2 [Rs + D'R,
wo - 3 +1
Y
[~ 2 2 2 . 2 2 2 . N
DNGR 0, X NgDuy, Rou, [1+ns+n Ro| - Rowg” = 2RwoH(k+D'R ) “'02
L] ]
“ D'NpR,  NpD [ n'an N p'?
n '
p? DD'N, f_g .1
LR C L C R
V1
0 (T.1 7)
L i
- -
2
™s% %o +1
D'N R
1 F L
) v, (1.1.3)
! ' 1
% [RS-&DRC .l b2
0 2 LR C
, l D' °R, et ]
Assume ‘
R, + D'R R :
5 > C «« 1 £ <« 1 |
N R ;
Vo DN DN ;
-Y_ = - DTN VI - _T—-D N VI g
P P i
Ip 2 .
]
7 L
| wg Lp}C | | PR | ;
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Y.2 Derivation of the input-to-output transfer function.

2(s) = (C[S1-A]-1B + E)u(s)

b
w L Re
where { = 'EQ [ﬁ + [Re " ] C]

-185-

T 8§ + R. + D'R v ]
[SI-A] = 0% 148
X L D'? i
e (r.2.1)
2
~ Ns% s+ _1
D’ R C
(s1-al"! « 1 .
[] ” é ]
s Bs PR als+uf® |80
7 *Ro )
. ' '
LD Ry R D
[~ 1 -p' T
S + == =D’
R C Ns
, (1.2.2)
1 ]
Ngi Ry + D'R,
A S+ =7
L D'
L e i
R+ D'R
_.g.. c << 1
R0
— ot
(s1-a)" = 1 s + =L 2 ]
R C Ng
s? + 2tu, + woz ” (1.2.3)
m {n R + D'R
| "0 s+ .8 c
-5 —
LD’

e e s e R s il o,

o




O it ot S

!-"0(5)' - (cist-al™t B4y (V1 )

[ive

(

1

2

S +2:m°s +w 2

0

1

-
2 2
S +ZCwOS + wo

o (1.2.4)
iy (5)
= - pre
NGR ,
e RL S
DN JN.w 2 R. + D'R
P S0 S C
_— 0 — S +
LP D 2
LD
L. - L. e
N ————— O R A
P Ns ] c vy (S)
1 + > | -
- . L. - ]
(r.2.5)
- 1
N
L D'
e
DNP 0
Lp
L i
- .
D [ 1 ] - D' 1) 1
Lo tse=]| D |g | s+=(+2d
Np R C Ng c [ R C J c
N_.Duw z )
5% b2 Rg + D'R, [, S
N.D' 0 |-R_ +- C
P c )
D
— ) ) -
0 R v, ()
q (r.2.6)
0 0 1, (s)
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. 1 .
I . 7
S” + 2::»08 + W
N Dw,’ (R,CS + 1) [ R » i
5.0 R 2 1 C 2!%g D .
- c|s® + 2 A . =24 ;
ND' gw, S+ uw b =1
P RcC L. (] RL D
_ -Dn' F
__lf___ (s +q1(:_ ) DD'N, (nccs +1) .
Lp L NC
- 4
(s)
(10207) u
1 () 3
w Du 2 (R.CS + 1) 2 S ' |
€0 C RC [é +z.5S4+w z:] vi
N D' 1 o "2 1
1 P j
-82+25ms+w2 2 ~DNg 02 ;
0 0 D s+ g%) (RCS+1) i
Lp Ry D' N, i
-
- i
, v, (8)
(1.2.8) |
:d (s) %
L. - j
R 2
A _C
2y =2, YT UL ' |
C e 5
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|

13

¥~$§l - c(sx-A)'l [(AI-A2)§_+ (8,-B,)U) +
d (8) ‘
[(Cc,-C)X + (B -E))U]

X = -y

| 1 » 1
R.C Ng N,
- -]'
- 2
L] - - -D'!
o 21 + Rg # DRy Ngg RD'R: | |
0 Y B’ L o2
RL L * e
- i
_D 1
N.R C v,
i N_.Dw 2 R. + D'R
s ¥ 2 .5 o
N Yo 1 7
,p D' RL
L i
R_ + D'R
s - C <1
, 'R,
- ]
e DL, |
RLNP NsRL
X = v, - A
NgD
N.D' 1 ;
P
L. _ L .
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,»3 Derivation of the duty cycle-to-output transfer function,

(1.3.1)

(1.3.2)

(r.3.3)

(X.3.4)
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B T Bt SAhaci R iy o Lt b i - e A

e T B T e W W &
Lp Lg et N
- R Ng 0
R * %, L C
-
- - -
3- R R, Vg
P Ng B
0 0 0
L i i
DR, + D'R (D+D') ] 3
]
_ DD'N R . .
0
.
B C
L _ L
(€ - CHR+ (B - EU = (C) - Cp)X
TN
. Lg : NsRy
v
N, 0
T ° !
P L
N
R D'
- v
0
Nplg
]
|- NGLReT |
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- p- " —
Py
NeRy
V. +
1 0
JL i
(1.3.5)
.
A
NgD
Vo (r.3.6)
-1
D'RLC
(1.3.7)
(1.3.8)
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P o o T R
, 2
R
L 2
1 P . NP
pus _ R T
[+
RD'
(€, =X = Vo (1.3.9)
Ns
NRDV
" NpRLD
F L
x (S) -1 > 4
| Ty | T LG E ¥ (B)B)UL + LG -CE + (By-EY
- - -l - e ; - £
i C(SI-A) ™ [(A)-Aj X + (B,-B,)U] + (C;-Cp)X (1.3.14Y
- — — -
T ov 1 S +—— =D
‘ - 1 LeD RLC Ns
s? + 2tugs + wy? | DN N, 2 R, + D'R 1
0 0 P s¥0 c )
) P LeD!
" - = - -
[ - - ey
1 - Re
1
Ms 1y 4| B
0 Yo
-1 Ng (1.3.11)
ol 2 _S_
r DR,C NpR.D ‘
! 1 L ]
LA 11 ~ ;
=5 1 L (s+D+1) ;
LD N.D =T = |
- ;
T v :
§ - 65U 0 e 0 -'l——s—-+m2 e -1 1
' i
L J L | 1
+ RLD'
N | o (1.3.12)
NRrR D'
| NpRD
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2

R\
1-'2"‘—2“""'Re+"g
R lw.c D'

g V0 (RCCS +1) S
DD’ T 2
} | S 4+ chOS + mo 0
v | (R.CS +D + 1) o1
RN JLsC g2 4 2tu,S + m02 D
!
-J91-

s A bl e

-

‘ " ; o ' v '< h ) R ri
- -
0.2 (R.CSH) - 2 (L S4R 4D R )
-loor © i
DD DR, A
N ' 7 2
ﬁ-—L—E (RLcs + O+ 1)) S + 2(0)08 + wo
stefL
L .
gl
RI.D v 52 + ZCwos + woz
+ 0 3 3 (1.3.13)
$" + 2Cuw,.S + w
| NpLg 0 0
L NSLPRLD‘_
I ‘2( ) 2ﬁr2 R
w.“(RCS + 1 \' R R.L
0 ‘“c 0 D C S (v C
- e | . 4+ = +L |S+R. .+ =7
s2 + 2608 + mof DD R KL [wyZ wy e/ "C D
e AL (R.CS + D + 1) N (v )2
RCAR e - ¢ P - e
s UM C s? e 2egs 4 woz N (%p ) P
- 4

(1.3;15)
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‘ APPENDIX J
COMPUTER PROGRAM FOR
DESIGN OPTIMIZATION
CALCULATIONS
. E
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?
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ORIGINAL PAGE 1S
OF POOR QUALITY

300 FOR T=1 TO 26

2000
2010
2020
2030
2100
2110

120 1
2130 ¢

2200
2210
2420
£330
2300
2400

DATA 25,5€3,270,3000,.5

DATA 16.8E-6,4,6,1.8 ,1.2,1.2,3.1416

DATA .35E~6,.35€-8,.15E~6,.15E-6,1.728E-8,2,.35
DATA .35,42,.9, 1,3,5,8.9€6,7.8E6,10

DATA 0,0,0,0,0

DATA TSR.TSF,TOR,TOF ,RHO,FC,FV
UATA BBU,k,N,VK,KCAF, KHEC,DC, DI, KTHE

HATA "VSTOL"

VATA L,C,RC,IP,N,A,Z,U,AC,PL,PLC,FLI,FN,FT,PD,FC,F,NB,VB,EN, WP ,UC,U

" R,UCUN'UT'“H

J000
JOUE
3004
008
Ao
4010
ot
3014
3016
5018
J020
a0
3022
G024
FRUSR
J028
4030
3032
4034
30364
3038
J040
4042
J044
3048
4044
J047
3048
3049
3050
Jo8
J082

YO=1/R6400/7814C1-A0/1.072/42)

V12U 07 HA3%AL/A0HT /(2R A0/ 1,07 /7A2) (A0%AT/YO+AS/A2) ) /A7
Te=ASeTd

Y3=1-CAB+. TkAT) /A0~ (A2+B0O~AB) R (B24+B3+BA+BS) $A1/4/A0-A34Y2/A2/A0
(44,6245 B6%B7%A3/A04A3/A0/Y3 :
TO=YO/B9*(1, 07%A3/A0+A0/2/Y0/AV(1-R0/1.07/42))
You, |654A1 ", 60+ (R2-A0)*A0/Y3/A2/YS

Y25 ((AI/A0-AI/AZ) ¥ LAB+. 1#AT) +AZHBO/A2+,.015%A3) /Y3
YE=Y7H(AS/6/A04 (BIFBI+EA+ED) k1 #{42+4¢B0-A8) ) /Y3
YF=VBH{AJ/AZHAS/A2H(A2/A0-1)Y2) /Y3

XI5 (COHA4483/COIRC24(1-,0154C1/82)) ) %(A0/C2/ (1=, 0154C1/C2))"0.02
ZO=XZ+L33Y1+C4%A3

2y -COMA4/(C1#C2% (1~ 0154C1/C2))+4EC7

D=1 Q4B LR CARETRTO-\CO+Z14V6) /EB)

ZI=Z 4V 44 ((CoH+L1wY4) /BB-244B7%LH)
Z4=34214Y4%214Y4

2920 (=23~ Z3473-4922424)".5)/(2%12))".5
LOH2CLIYA/TIS/TS-%R7%CE) % BB/{CO+T18Y4)
L7=1.07%A3/A0+A0/2.YO/AI#{1-A0/1.07/A2)
18=1/26%(B1#YQ*17+B8/k?/15)".5
L9=T6%{Y0#Z7475/B1/B9/B8) .5

KO=24B1# (28", 5/2¢1/26".9)%(Y0%Z7%15/B1/B9/B8)".25
Ki=VO*KO/{ZB¥IB*Z9)2/{4*K1%1E-7)
RAZVA4IBHIY " .9/ 25+ Y64 LT4KO+Y9
RY=((AJH#K2)/A0) 24 A€ BO*BTH 184 LY 5/ LS
R3I=(AO/C2I41 /01~ 0154C1/C2)
X0=(A2-A0) #AI®R0/ A2/ (AS+RZ) 781/Y5

K4=a04+, 0154 A0+CHACIH (1=, 015481 /C2))
NE=08X0%, 0874A1 ", 629K 04 A1

RS2 4B 4CORIBA LG0Ty 0o+ 294K0

Ké=CA4A3¢C7#K

K7=C3+Y1#1Es
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ORIGINAL PAGE 18
OF POOR QUALITY

JO53 KB=Z20+718K24KS

3054 X2:=K9+X1

3055 XB=AS+K2+(A3+K2) 4, 015%C1/(C24(1-.0154C1/CQ))

3056 X3=(A3+K2)/A0 (
3058 X4z ((1-(1/X3)%A3/A2)4(AB+.14AT)+(A2+BO-AB) ¢ (B2+BI)+A1/6)#X3

060 X5=A34%BO/A2+(A2+BO-AB) ¥ (B4+B5)4A14XI/6

3062 X6=A3/A24AT/A2¥Y 2 (A2/AT)*K3-1)

3064 X7=.015%A3

$066 Y(1)=Y0

S068 Y(D) =11

080 Y(3)=Y2

W00 Y {4)=E7

2073 Yi5)=18

3074 V{6)=Z9

074 Y()=K0

J678 Y{(8)=R1"~

080 Y{9)=2%

s0B2 Y(i0)2R2

JOH6 Yol 1) =KY

WRe Yi12)=X1

JOP0 Y{1d)y=X2

£098 Ye14)=X4

4094 Y(19) X5 .
096 Y{16)=X4 :
3078 Y17z

S1u0 Y{18)=K3

$100 Y(19)=K4

3104 Y(20)<KS

JI06 Y(21)=Ké ,
1oy Y(22)=R7 4
3110 Y(23)=C0%A4+XB/C1/82/(1-.015%C1/C2)*¥K3" .02 :
al 11 Y{24)=KS+K&+K? ~
SU12 (28)=Y (28 +V{24) -
J114 Y{26)=XBkA4/R0/C1 '

J200 X=Y(T) -

[ GRT,RESHC , ACCOUNT=HBSS258 ;
© R _BET.VSTOL ;

NG FILE NAWES SPECIFIED. : |
[ BASIC . |

$ LOADLVE T
GNIC LOAD ~ : ;
3 LOADRESUC F
IEND LUAL
$ KUN ;
WC OR K45 ; ARG § Y/V OR DB i AC,DC OR TR; SENS.'Y OR N , ZOR LIN.(F OR

17 :
W28, LN

WURBT CASE ANALYBIS

JE T L R L IR Tt
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APPENDIX K
JUSTIFICATION FOR INPUT PARAMETERS

In this appendix, justification for numerical values of all input para-
meters are given. Thase parameters have been defined in chapter 5
(Volume I).

Capacitor Time Constant G

Numerically, the tire sonstant C*RC caused by capacitancc ¢ and equiv-
alent series resistance RC is assigned a value of 18.8E-6. This value
is arrived by assuming the use of three 150V, 47 uF foil-tantalum cap-
acitors in series to provide the necessary derating required for a
270V0C working voitage. Since aach capacitor can be expected to have
a maximum internal resistance of 0.4 ohms at the cold temperature of
.36°C, the time constant G becomes 0.4 * A7E-6 = 18,8E-G. See Figure
K1 for the supporting data,which is taken from TRW's Electronic
Component Handbook.

Battery Current Ripple IAC

Being of emergency use only, the source EMI in the battery is not ex-
pected to be a sericus concern in the power system,' For the time being,
a peak-to-peak 4-ampere 1imit {s assigned arbitrarily as the ac com-
ponent in the source. The 1imit may be adjusted to a different num-
erical value pending further system definitions.

Output Voltage Ripple RI

The generator specification carries a 12V peak-to-peak limit (section
3.7.5.3, NADC-VT-TS-7502). This specification is probably meant for
lower frequencies corresponding to the speed range of the generator.

A 6V peak-to-peak specification is assumed for the boost converter output
at the converter switching frequencies. Again, this Timit may be adj-
usted to a different value pending further system definitions.
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Transistor Conduction Voltage Orop (VS) and Base-Transmitter Voltage (VBE)

Since the voltage across the transistor is at least 270V during its

off time, and the current through it can be as high as SOA or more, pre-
sently available transistors compatible for this application will all
have high conduction drop. Transistor 060T with a 400V, 200A rating is
specified to have a 1.25V maximum drop at the rated current. In
practical application the actual conduction drop 1s closely related to
the converter input voltage, and the speed with which the transistor

is capable of turning fully on, which in turn 1s a function of the
transistor drive scheme. In the computer program, a conservative 1.8V
s assigned to 5. This number can be reduced if techniques of connecting
in series two transistors with lower voltage ratings can be utiiized.
The choice of VBE=1.,2V {s reasonable, as it {s the maximum VBE for a
5-ampere base current.

Diode Voltage (VD)

Diode SA8466 by Semtech rated at 35A and 1000V appears to be more than
adequate for this application. At 20-umnere the diode is measured to
have a voltage drop of 1.2V, Voltage VD {s therefore assigned ac-
cordingly.

Switching Times For Transistors and Diodes TSR, TSF, TDR, TOF

The switching times will be functions of switching current and base
dirve., The rise and fall times TR and TF for both the transistor and
the diode are assigned reasonable, conservative numbers. They are
0.35 microseconds each for the transistor, and 0.15 microseconds each
for the diode.

Inductor-Related Parameters RHO, FC, FW, BOC

Due to the large flux excursion in the inductor, a powder-core is first ass-

umed for the application, with a peak operating flux density BDC of

0.35 weber/meterza Copper conductors result in a resistivity RHO of
1.728E-6 ohm-meter. For a large inductor such as this, experiences
would generally dictate a winding pitch factor FC=2 and a window winding

f111 factor FW=0.35. A BDC of 1.2 weber/m2 is then used to make another
set of runs to assess its impact to system weight.
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Battery Weight/Ampere-Hour Constant (K)

The relationship between an individual cell weight and its umpere-
hour capacity can be found from “Nickel-Cadmium Sattery Application
Engineering Handbook", 2nd Edition, General Electric Company, Pub-
1ication Number GET-3148A. Afier plotting weight versus ampers-
hour, it is seen to be essentially a straight 1ine, with a slope of
approximately 42 grams/ampere-hour, as shown in Figurs K2.

Cell Capacity As A Function of Discharge Rate, (M)

The effect of discharge rate on cell capacity is shown in Figure K3,
which {s obtained from the aforementioned GE Handbook. A 2C dis-
charge is estimated to produce a reduction of the cell to S0% of its
ampere-hour capacity rated at 1C discharge. Therefore, M is taken
as 0.9,

Cell Voltage (Vk)

Near the end of discharge of its rated ampere-hour, the cell voltage
is reduced from 1.25V nominal to a lower value that is a function of
temperature and discharge rate. In this application, a conservative
(IV) is assumed for VK.

Mechanical Structure Constant KMEC and Thermal Design Constant (KTHE)

These constants are important to the analysis, as they affect significantly

the total system weight. Admittedly, the estimate of these constants §

is rather difficult, as it depends on various parameters including §

the vibration requirement and the thermal design at the system level. For :

the time being, the converter mechanical packaging weight are modeiled

, to be functions of output power PO and total loss PL, in the form of
KMEC*PO + KTHE*PL. Relying on experience primarily, KMEC and KTHE are
set for this application to 5 and 10 grams/watt, respectively.
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Capacitor Density in Grams per Microfarad (xcaP)

As previously stated, three 150-volt, 47-microfarad capacitors are connected
in serias to meet the required voltage with ample derating. Each capacitor
weighs 17.5 grims; & total of 3 x 17.5 grams {s needed to make 47/3 micro-
farads. In terms of grams per microfarad, the number is therefore

9 x 17.5/47 = 3.

Conductor Density 0C and Core Density Ol

The copper density is used for DC at 8.9E6 grams/metcr3. The iron density

is used for DI at 7.8E6 grqms/metera.
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