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ERRATA

Problem 1-1 Change: (per-phase current of 10 A) to (line current of 10 A).
Note: 230 V is the rms value. ‘

Problem 3-8 | In Fig. P3-8, vi waveform pulsates between 0 V and 15 V.
Problem 3-13  (b) 0.8 (lagging)

Problem 6-15  Change: (Vd = Vdo) to (Vd =0.5 V(o).

Problem 7-18  Note: Calculate in terms of given V{ and Io. Assume that ip(t)= Io.
Problem 7-22 ‘Assume that Ry is negligible.

Problem 8-3 Assume a bipolar voltage switching.

PSPICE SIMULATIONS FOR TEACHING AND DESIGN

As a companion to this book, a large number of computer simulations are available
directly from Minnesota Power Electronics Research and Education, P.O. Box 14503,
Minneapolis, MN 55414 (Phone/Fax: 612-646-1447) to aid in teaching and in the design
of power electronic systems. The simulation package comes complete with a diskette with
76 simulations of power electronic converters and systems using the classroom (evalua-
tion) version of PSpice for IBM-PC-compatible computers, a 261-page detailed manual
that describes each simulation and a number of associated exercises for home assignments
and self-learning, a 5-page instruction set to illustrate PSpice usage using these simula-
tions as examples, and two high-density diskettes containing a copy of the classroom
(evaluation) version of PSpice. This package (for a cost of $395 plus a postage of $4
within North America and $25 outside) comes with a site license, which allows it to be
copied for use at a single site within a company or at an educational institution in regular
courses given to students for academic credits.

(i)



Acknowledgment

The authors wish to acknowledge the assistance of all the students over the years who
directly or indirectly have contributed to this solutions manual. We also wish to
acknowledge Professor Riaz of the University of Minnesota for pointing out the capability
of the PSpice classroom (Evaluation) version 6.1 to us, and for generously providing the
opportunity to discuss with him many of the PSpice-based solutions.

PSpice is a registered trademark of the MicroSim Corporation.

(ii)



Qab%r"

Provlem 1-|\

Ouiput: V[ = 200V (3-p,rms) ok §2 Re,
Io= loA at 0.8 ‘«33\\1\& ‘?owef ‘Gd"p

€nerg 4 e.?(‘iu‘ev\“g_ .= C?SA

fwpat \{:230\/ ('—94} ¥mS) al- 6o Mg
in put bowev—r—uc-\-w = |.®

P , =3 VLLqu“w““C“*") = 2.77 kW

Ou
'\?iv\:' POU" = Z.q'ékw

"L
P L = 12.68 A (yms)
\/‘ (Puw‘v’(‘&of);wpuk

Problem -2 \Q,Mnx V.,
\/—- IS'V I = Constant M

=20V, V, 2V B A
Z’Msv\ ° M X ° ;‘___ ..‘..1\ oﬂL 't
P_= V I =ts I, T

V. .
r:i“(t): .E C‘“’ﬂ) = fof . dt
et B L[y o7+ 57 (4]
= J‘i. ro[ A;wm + \élm\x]



| ((!-D)
VA .
(o} wle
. /R I il .t
AT e Fp Ts
"("i' | ,2' I t :
:{‘ (l) : i -——-a-(wt)
A b1
-7 -(>n) tD'TS

Wikh due choice o£ ovigin as above, V. wavefrm

oy

has evew S4q mm edvy.

o byhza and a = --fV' (¥) Costhut) d(wt)

heotsod

2\/ f cgsdr\wl:) A(wa—id sm(:bhw) h=l»c0
) P}

cdnt) = :D\Q (qvcvqse Va'ue)
= 1§V ar D=0.75

A
(Vﬁ)h P ’)e,gk veluwe
40V
637V
3o

0.0

-aV



PY‘\O‘QM - 4

V=20V, D= o075, £s= 300 kHe ,_ﬁ:z%v\/,

d ) ,
L= ‘3/uH)
+ 62,\' + C - SouF,
V. cT Rl U Yi=/sv = Viavs),

AS.Su\M(vﬁ -H\e. \’EHD‘G. in 4he Qw"\ow" VoH-uae 4o be

negligible Vv 2
R ’ R = = =¢gqz154L .

o

ey _ () __R _

Vm.cn - SL +[Rn ('c'-s)] (RLC)SZ-\— LS+ R
V. ¢s) ,

h 2o|cg‘° l—a—z";)l s:;wk
) :3(2.3%1«*?5)

' - 474 db

S -4

3 -86.4

4 -7). 4

s -75.3



P;b\p_\ew \—-5

—'La

b

4

— (¥
1}: .\—:,'3‘33/1.5 LL’ c R " I —-o)
wT—ﬁwxG=25*” L= Te Qine® S ”
; = M: I‘A ' '6A ave(aaﬂ.
=~ 75V

il

. . RN
| hew tne Switeh is oN,
(Duv'w\é aete 2548 ©

H:L udaye—@rrms av e
U 4 ..IS'.: 5\/»
- V..V,-:: 20

b bo- beak vibble (4€)
Shaan vel e The - ik S
tL CAan be CA(OA‘«M

. 4—&(\/‘5\\4
dusing 5 L

!
1
1
1
|
|
1
1
!
1
1
)
1
T
1
1
1
l‘
!
)
1

1
T
1
1
|
i T
!
]
I
o IS
: ;:l‘}l‘li‘r‘
%_L|f S AR SR I A
‘_'. T L T LI
L - T IBELA" WLHANSEENN SERSWIN
I £ e - T 1 e
A4 e ‘i\‘ !1 s A !
"’%’"t; T Ty TTOUL i
e e T
— - st ————
l“ :1-|‘. ""!"“"il
I

e = 4.6 A

AR Eanr Lt € @b - 484
ALakaalabca Rt InS, tacaRnc et R RRAALS —

‘. k N A R A ) — -—48

P N T Y o T = IL

?ﬁi" 7?“F_T¥;3 IR ARTEY"

?“?Liéxé and

‘ji‘,',i.Z.T’":_-._V:':.i_:.;zj':j_;i“;?;:"_'ri IL)M«X: IL—" 4.3
‘Tﬂtngg; 202 A

: AN 1
TBE o NT L
N1~

TEES.




{ ty= (& - Ty [essuming (orTe)
The Wevefoom s Thouwn, Due &= ic,

<
The Cmpacitey wlimge U will be ok its
WM\ AU WA ch ’b‘ awd B wmeaximam N o

wheve C{:L"bl): ___ES_ = 3_23#5

t
'L) e =
— L (b _ . .
@y = £, ©H =g ]
' Wave
- [4.9>< 3_.__5_}]
- oY) 2 ,
-~ 926 mV{
Povlem 1-& .
V.) = ay
'R’m ?W"‘M \— 3/ C oi), -
Frem Problem (-4 V() \ —_47.4
, 2 ‘63\0 Voi“)\
A
‘e (\?):0.0047—7 (Voi)1
°Y
= 38,4 mV

| A
(AV")PP: 2 X (\2)1 = 76.8 ™V
| close 4o the

| wove Value s "G"‘“
The o j% 8OM\/.LA'V\ evveY”

VAo re acc«arcﬁe. e sk makam aﬁ

o 4%.]



?’wh\em \-::7

100 5\“‘\0% kW he Saved 'i% one Yeaf !

(a)&‘.‘ P= loa % 16! % 153 MW-he

— H,"‘“S' MW
(24 % 365) hr

Approximately @qual 4o e oubput )
, \\}';_ gev\exq—‘w‘vx& b\q«d’g (‘600 MW) edcl»\ ‘

(b) 5&«%&33—.: 8.0 %100 X |0
- loxioq # ,



Problem 2-1

' 1
Ps= 5 V4 Io fslte(on) + te(off)] ; (2-6)
foon) = tri + tv ; | (2-1)
te(off) = trv + Ui 5 (2-4)

Ps = %(300V)(4A) fs [100 ns + 50 ns + 100 ns + 200 ns]

Pg = 0.27x10-3 f5 Watts

P, varies linearly from 6.75 W at 25 kHz to 27 W at 100 kHz.
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' ' . PROB4_1.M
To’o\e m 4-|

% Generate Triangular Waveform at 100 kHz

cle,clg,clear

f=100e3;w=2*pi*f;de1tat=1/(f*lOO);Tmax=3/f;

% ;

time=0:deltat:Tmax;

wt=w*time;

tri=sign(sin(wt)).*(2/pi*rem(wt,pi) - 1);
plot (time, tri) ,

0.8

0.6

0.4

0.2

S
(o))
T

x 10



D o d=2 -

PSpice
*

DIODE
Rsnub
Csnub
*

SW
VCNTL
%*

L

rL

C
RLOAD

*

VD

*

.MODEL

.MODEL

. TRAN
. PROBE
.END

Example

2 1 POWER_DIODE

1 5 100.0

5 2 0.1uF

2 0 6 0 SWITCH

6 0 PULSE(OV, 1V, 0s, dns, 1ns, 7.5us, 10us)
1 3 SuH  IC=4A

3 4 Im

4 2 100uF IC=5.5V
4 2 1.0

1 0 8.0V

POWER_DIODE D(RS=0.01, CJoO= lOpF)
SWITCH VSWITCH (RON=0. 01)

10us 500.0us O0s 0.2us uic
PSpice Example
Date/Time run: 10/11/94 17:43:58 . Temperature: 27.0
L[ttt e
: §|/ %Px ’ Y C ,b 3 ’ 2] '{ E
[ ! C .
5 ! rﬁ l T( q I &éf[r . !
1 [» al ;]z 1
¢ o 3 q ): ]J [ T o r | n.
il [ : | lﬂ b S 31 @ '
- ol - L T :
3 41 | Pl
03 | 1 [s UL R ] L 1 “
-5 1 :
'-—f—l——.—-.—- Sl dLILIL 4‘-‘—'--—--—'f—-——o—ﬂ—’-d-‘-l—w--'—-"'vc——-—I—FQ—J—*—"VJ-"W’V(WM—WWQ‘FJ—-F"—:
i i
10 ';' ------------ b Bt [ttt il S it 1
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o [(SW) o V(2,1)
U" Time
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% Listing in Fig 4-11b

clc,clg,clear

% Input Data

Vd=8; L=5e-6; C=100e-6; rL=zle-3; R=1.0; fs=100e3; Vcontrol=0.75;
Ts=1/fs; tmax=50*Ts; deltat=Ts/50;

% .

time=0:deltat :tmax;

vst=time/Ts - fix(time/Tsg);

voi=vd* (Vcontrol > vst);

%

A=[-rL/L -1/L; 1/C -1/{(C*R}1};
b=[{1/L 0}*;

MN=inv{eye(2) - deltat/2 * A);
M=MN* (eye (2) +deltat/2 * A);
N=MN*deltat/2*b;

%

iL(1)=4.0; vC(1)=5.5;
timelength=length(time);

%

for k = 2:timelength

x=M*[iL (k-1) vC(k~-1)]1"' + N*(voi(k) + voi(k-1));
iL(K)=x(1); vC(k)=x(2);

end

%

plot (time,iL, time,vC)

10 T T T T T T

.
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e Cese wibh = discombnuous inductev

Cuvvent (a'mk e R-C Snubbes
Yemoved) execules e rmally.
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PSpice Example
*

DIODE 5 1 POWER_DIODE

VDROP 5 2 0.7V

Rsnub 1 5 100.0 +
Csnub 5 2

C 0.1uF \/3)%&&1 O

SW 2 0 6 0 SWITCH

VCNTL 6 0 PULSE(OV, 1V, 0Os, lns, 1lns, 7.5us, 10us)
*

L 1 3 5SuH IC=4A

rL 3 4 1m

c - 4 2 100uF IC=5.5V

RLOAD 4 2 1.0

*

vD 1 0 8.0V

*

.MODEL POWER_DIODE D(RS=0.01, CJO=10pF)
.MODEL SWITCH VSWITCH(RON=0.01)

.PRAN 10us 500.0us Os 0.2us uic

. PROBE

.END

. PSpice Example :
Date/Time run: 10/11/94 18:12:56 Temperature: 27.0

8.0

7.0

6.0

5.0

B B e R T |
£

4.0

A S eeemmennaan- S Sieeiaaesiens e ‘

Os 100us 200us 300us 400us 500us
o (L) e v(4,2)

These vesults ave clos@@ 4o Hhe MATLAR
Sivwau lation Yesults.
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PSpice Example
Voi 1 0 PULSE(OV, 8V, 0s, 1lns, 1lns, 7.5us, 10us)

*
L 1 3 5uH IC=4A
rL 3 4 1m
C 4 0  100uF 1IC=5.5Vv
RLOAD 4 0 1.0
*
.TRAN 10us 500.0us 0s 0.2us uic
. PROBE :
.END
@ L @
Vo,
PSpice Example
Date/Time run: 10/11/94 18:20:45 ‘ Temperature: 27.0

T e e e b LR R R bbb

VT\:\ese vesu\s Gvé. Yhu.\c\»\ closer o

e MATLAR .SSM\A\-&-\-HA Ytsu\*:,
4 -6



| PVD\S\QM 4-7  PROB4_/A.M

% use of ODEA45

clc,clg,clear

% Input Data ‘
Vd=8; L=5e-6; C=100e-6; rL=le-3; R=1.0; fs=100e3; Vcontrol=0.75;
Ts=1/fs; tmax=50*Ts; deltat=Ts/50;

% :

*x0=[{4.0 5.5]"';

£t0=0;

tf=500e-6;

[t, %] = oded5('xdot',t0,tf,x0);
plot (t,x)

XDOYL'. M

function xdot=xdot(t, X)

% used with Prob4_7.m

% Input Data

vd=8; L=5e-6; C=100e-6; rL=le-3; R=1.0; fs=100e3; Vcontrol=0.75;
Ts=1/fs; tmax=50*Ts; deltat=Ts/50;

% ‘

vst=t/Ts - £ix(t/Ts);

voi=Vd* (Vcontrol > vst});

%
xdot (1) = -rL/L*x(1) =-(1/L)*x(2) + (1/L)*voi;
xdot (2) = 1/C*x(1) ~-1/(C*R)*x(2);

10 ‘l T T 1 L - 1 T ¥




Poblem 4-3

. " PSpice Example
Date/Time run: 10/11/94 18:26:56 Temperature: 27.0

_______________________________________________________________________

__________________________________________________________________

0s 100us 200us 300us 400us’ 500us
allL) e v(42)

Al

—r\/‘\e. 'w\&mc:{-w c,m(vm\'\' LL. be,c;o-mg__s c{(.sc:cm“ﬁnum.s
ok Lok lerdl ( RioAD = l0.0 1), |



"P\m blem 4-9 woss_s .

$ use of ODE45

clc,clg,clear

% Input Data )

Vd=8; L=5e-6; C=100e-6; rL=le-3; R=1.0; £s=100e3; Vcontrol=0.75;
Ts=1/fs; tmax=50*Tsg; deltat=Ts/50; '

% .

x0=[4.0 5.5]1"';

£0=0;

£tf£=500e-6;

[t, x] = oded5('xdot_dis',t0,tf,x0); !
plot (t,x)

XDOY_DLIS.M

function xdot=xdot_dis(t, x)
% used with Prob4_9.m
$ Input Data
vd=8; L=5e-6; C=100e-6; rL=le-3; R=10; fs=100e3; Vcontrol=0.75;
Ts=1/fg; tmax=50*Tsg; deltat=Ts/50;
%
vst=t/Ts - fix(t/Ts);
voi=vd* (Vcontrol > vst);
%
xdot (1) = -rL/L*x(1) -(1/L)*x(2) + (1/L)*voi;
%
if x(1) <= 0
if xdot(l) <= 0 .
x(1)=0; xdot(1l)=0; voi=x(2);
end
end
%
xdot (2) = 1/C*x(1) -1/(C*R)*x(2);




PROB4_1U.M

Pm\o\m 4-1°

%

cle,clg,clear

$ Input Data

Vd=8; L=5e-6; C=100e-6; rL=le-3; R=1.0; fs=100e3; Vcontrol=0.75;
Ts=1/fs; tmax=50*Ts; deltat=Ts/50;

TrL= L/rL; — L (K)

TRC= R*C;

% +

time=0:deltat:tmax; V:(k) VC(k-l)

vst=time/Ts - fix(time/Ts): O -

voi=vVd* (Vcontrol > vst); ,

% . R

iL(1)=4.0; vC(1)=5.5; Calculate (k) in Hhe above circuit,
timelength=1length(time);

% : ‘

for k = 2:timelength

vin=voi (k) - vC(k-1);

iL(k)=iL(k-1) *exp (-deltat/TrL) + vin/rL*(l-exp(-deltat/TrL));
vC(k)=R*iL(k-1) * (1-exp (-deltat/TRC)) + vC(k-1)*exp(-deltat/TRC);
end .
%

plot (time, iL, time, vC) +

z i -1 VC(R)
£

ClDdC;u\dfi. \f(:.(‘<),

10 1 I I 1 1 T T T 1

x 10
Page 1



‘Prbbl e 4 - \\ PROB4_L1.M

% Listing in Fig 4-11b
cle,clg,clear
% Input Data

L=5e-6; C=100e-6; rL=1e-3; R=1.0; fs=100e3; Vcontrol=0.75;

Ts=1/fs; tmax=2*Ts; deltat=Ts/50;
% .
time =0:deltat:tmax;
A={-rL/L -1/L; 1/C -1/(C*R)];
MN=inv(eye(2) - deltat/2 * A);
M=MN* (eye (2) +deltat/2 * A);
%
iL(1)=4.0; vC(1)=5.5;
vL(1)= -rL*iL(1l) - vC(1l);
timelength=length(time);
%
for k = 2:timelength
if iL(k-1) > 0
x=M*[iL(k-1) vC(k-1)]1"';
iL(k)=x(1); vC(K)=x(2);
vL (k)= -rL*iL(k) - vC(k):
else
iL(k)=0;

vc(k):(vc(k—l)—l/(C*R)*deltat/z*vc(k—l))/(l+de1tat/(2*C*R));

vL(k)=0;
end
end
%
plot (time, VL)

Al

-4+

-6

4 -\l

x 10
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Area A = Area B
vg = Vy

ﬁV, /\ /
. 'Us‘ \/
td H .
i
NV
o0 0,,‘ 0, w 2x wt
- 77 - 6>
b

Calculate 6p

V2 Vg sinBp = V¢

s Op= sin'l(:[-.zlélgzya'\'/") = 1.084 rad.

Derive i4(0)
1 0
ig(0) = ol j vy, do
S eb
1 0

= oi 9{ (N2 Vssin® - Vq) do

i4(8) = —(;)lL-; [N2 Vg(-cosB + cosOp) - Vd(8 - Op)]
. 14(0) = -450.1 cos - 397.90 + 641.8
Calculate ¢
i4(8f) = 0 = -450.1 cosOf - 397.9 B¢+ 641.8

cosOf + 0.884-6¢ = 1.426

. Bf=2.56rad

Calculate Ig peak:
The peak current occurs at (n-8p) since V[ is positive between 9y ““4 RN
Id peak = id(1-8p) ; 7 - Op=2.058 rad

Id,peak = -450.1c0s(2.058) - (397.9)(2.058) + 641.8 = 33.6A

5=15
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Prob5_13a

* gingle-Phase, Diode-Bridge Rectifier
.LIB PWR_ELEC.LIB

. PARAM FREQ = 60.0Hz

*

LS 1 2 1mH

RS 2 3 0.4

*

rdc 4 5 1lu

GDC 5 6 VALUE={1000/V(5,6)}

cD 5 6 1000uF IC=160V

* B

XDl 3 4 DIODE_WITH_SNUB

XD3 0 4 DIODE_WITH_SNUB

XD2 6 0 DIODE_WITH_SNUB

XD4 6 3 DIODE_WITH_SNUB

+*

\'AS) 1 0 SIN(0 170V {FREQ} 0 0 0)
* .

.TRAN 50us 100ms Os 50us UIC
. PROBE .
.FOUR 60.0 wv(1l) i(LS) i(rdc) v(5,6)
.END

Prob5_13b

* gingle-Phase, Diode-Bridge Rectifier
.LIB PWR_ELEC.LIB

. PARAM FREQ = 60.0Hz

%*

LS 1 2 1mH

RS 2 0.4

*

rdc 4 5 1lu

RLOAD 5 6 23.42

CD 5 6 1000uF IC=160V

*

XD1 3 4 DIODE_WITH_SNUB

XD3 0 4 DIODB_WITHﬂSNUB

XD2 6 0 DIODE_WITH_SNUB

XD4 6 3 DIODE_WITH_SNUB

*

VS 1 0 SIN(0 170V (FREQ} 0 0 0)
*

. TRAN 50us 100ms Os 50us UIC
. PROBE

.FOUR 60.0 wv(1) i(LS) i(rdc) v(5,6)
.END

Prob5_13c

* Single-Phase, Diode-Bridge Rectifier
.LLIB PWR_ELEC.LIB

.PARAM FREQ = 60.0Hz

*

LS 1 2 1mH

RS 2 3 0.4

*

rdc 4 5 1lu

ILOAD 5 6 6.534A

CD 5 6 1000uF IC=160V

*

XD1 3 4 DIODE_WITH_SNUB

XD3 0 4 DIODE_WITH_SNUB

XD2 6 0 DIODE_WITH_SNUB

XD4 6 3 DIODE_WITH_SNUB

*

Vs 1 0 SIN(0O 170V {FREQ} 0 0 0)
3 .

. TRAN 50us 100ms Os 50us UIC
.PROBE

.FOUR 60.0 wv{(l) i(LS) i(rdc) v(5,6)
.END

Note: No blavk lines bLetween 3 }:mvts.
S-12
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DPF = 0965 (lag) DPF = o952 (l=g)

PP - 0.732 PF = 0728

AV = 32,4V AV = 22,2V
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Prob5_16A modified to represent load with a resistance
* Single-Phase, Diode-Bridge Rectifier

.LIB PWR_ELEC.LIB

. PARAM FREQ = 60.0Hz

. PARAM CVALUE = 1

*

LS 1 2 2mH

RS 2 3 0.4

Tk

rdc 4 5 1lu

RLOAD 5 6 20

CD 5 6 {CVALUE} IC={160 + (CVALUE - 1000u)/100u}
. ;

XD1 3 4 DIODE_WITH_SNUB

XD3 0 4 DIODE_WITH_SNUB

XD2 6 0 DIODE_WITH_SNUB

XD4 6 3 DIODE_WITH_SNUB

%*

Vs 1 0 SIN(0 170V {(FREQ} 0 0 0)
*

. TRAN 50us 200ms Os 50us UIC
.PROBE

.FOUR 60.0 25 v(1l) i(LS) i(rdc) v(5,6)
.STEP PARAM CVALUE LIST 200u,500u,1000u,1500u
.END

150V
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Prob5_19.cir
* gingle-Phase, Voltage-Doubler Rectifier
* power Electronics: Simulation, Analysis & Education.....
.LIB PWR_ELEC.LIB
.PARAM FREQ =

LS 1
*

ILOAD

cpl

CD2

*

3
3
0
XD1 2
4
1

60.0Hz
2 1mH
4 10Aa
0
4
3
2

1000uF IC=145V
1000uF IC=180V

DIODE_WITH_SNUB
DIODE_WITH_SNUB

0 SIN(0 170V {FREQ} 0 0 0)

. TRAN 50us

300V

100V -

AV,
Mp»—‘g

160ms
a v(3,0) * v(0,4)

/

200ms

0

a v(3,4)

V
d

N

-

s 50us UIC

99.¢ V/szm 4
/

Si/\j(e - }99\613@— Yeck L

A\éb"”’? /\éé = «;7.6:/326.1\/ :::»
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Prob5_22.cir

* Neutral Current in a 3-Phase, 4-Wire Distribution System

* Power Electronics: Simulation, Analysis & Education..... by N. Mohan.
.PARAM FREQ = 60.0

*

RNEUT 10 0 im
*
RMEASA 1 11 1m

RMEASB 2 12 1Im
RMEASC 3 13 Im
*

XRECTA 11 10 1_PHASE_RECTIFIER ) PARAMS: IC_CAP = 160V LOAD_RES = 20
XRECTB 12 10 1_PHASE_RECTIFIER PARAMS ¢ IC_CAP = 140V LOAD_RES = 20
XRECTC 13 10 1_PHASE_RECTIFIER PARAMS: IC_CAP = 180V LOAD_RES = 20
*

VSA 1 0 SIN(0O 170 {(FREQ} 0 0 0)

VSB 2 0 SIN(0O 170 {(FREQ} 0 0 -120)

v8sC 3 0 SIN(0O 170 {FREQ} 0 0 -240)

%*

. TRAN 50us 150ms 0s 50us UIcC

.PROBE 1 (RNEUT) i(RMEASA) 1(RMEASB) i(RMEASC) v (1)
*

.SUBCKT 1_PHASE_RECTIFIER 101 lOOYPARAMS: IC_CAP 150v  LOAD_RES = 20
<[ ‘-—PV\QS‘Q., \(QCJ(\'-C'QM Subeci reuid SH;QWQI*A{?
;ENDS Shoautd ge . hexe

.END

07 - - /\\/ | /

. : :

| 4 :

: \: a

E S g

=200 ‘;" “““““““ e jmm e s i e et AT m e 4
120ms 128ms 130ms 135ms 140ms 145ms 150ms

a V(1)  » (RNEUT)
Time
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PSpice  aulpuk -
al" 20U F G=550uF
V = 262.5V 2719V
A/W\‘M
\2/5% z%.jv 2811V
e A\/ 2\ V 2V
oo P\;j 9
Cb = —l4.4 (( (g5 ) — 1367
THDF 73.87. s72.9/4

<19¢\5€A on 5 \’\QYMOMA(3>

>PF = 0.9¢ 8( é’*@)
@%m E% 3-45,

.. PF= o0m9 0,841

PF=

0.972(lag) 2173(&y)

|

<= | loau® % =lsveut™  G=220uF
L4 2V 274.3V 2752V
273.4 YV 270V 277.2V
4.2V 29V 2.0V
) = )
13273 =130 1302
53.85/, 52.47 s2.2]
0.974(lag) o974k

i+ THDE

0.3857
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0

{
-3 4 o0 2)'2 we=0
¢ | 3
Derive equation for iq(0):
Va=135VLL ( Continuous Cov\ctluct‘\on)
P pi W
i4®) = 513 | (2 ViLcos®-135V)de . - 2 <6< =

ViLL

ig(0) = olg (\li sinf - 1.356 + K) Kk is a constant of ihkjvqkan,

’

Calculate K:
At0= 01 , ig=0. To calculate ( 01) de fined in H‘g fiqure above

N2 Vipcos(81)=135VLL  or 0) =-0.302 rad
Using © = 07 in the expression for id(0)
ig( 01) = E)Y%;(ﬁ sin(—0.3025 -1.35(-0.302) + K)=0 .. K=o0.0129
and,

' v - N
(9)::,.5:‘; (\[f;j 3in @ —-1.35 6 4 o.o;zq)

4 Ly

5- 3\



Calculate 14:

Therefore,

il

14

14=0.0129 ——

Jmin = (DId

- 8
7z <

/6
[ ia®)de / T “
-1t/6 3

/6

3 VLL =
oL _n%(xl 3 sin® - 1.350 + 0.0129)d0

3VLL __3§_ /6
= ToLd [-V2 cosO - 02 +0.01296) /6

3VLL £ (0.0129(6 - (16D = Tropg mL (00129 3)

Vi
wld

0.013 ViL
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VLL =460V, f=60Hz, w=1377 Las‘('i‘, Ls=25puH,Vqg=525V , and P4 = 500 kW .

3wl
Vd=1.35VLL cosa - —"';t—"s‘ Iq

3 x377

525+ x 25 x 106 x 952.4)
cosQ. = 1.35 x 460
s oa=30.77°
(oot ) o 20l
CcOS u) = COosO. -
V2 VLL
‘ ¢ 10-6

— 0.859 .—2X 3J§7 : jéo" 10°2 9504

=0.831

or (o+u) = 33.76°

Therefore, the commutation angle u is
u=33.76°-30.77° = 3°
E-13
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Redefine ot = 0 to be at the start of the commutation (o = 30°). Then,
va(ot) =V2 ViLcosat  0°< mt < 60°

Vg =135 VLL cos30° = 1.169 VL

, 1
ig(wt) = 51 v dwt

o< wtg 6o°
1

= =~ (V2 VLLsinot- 1.169 VL 0t +K) , K= a constant of
d integration
Calculate K:
ig(0) =0 in the -figure above
:' K=O q"\d)
: ViL .
id(ot) = —= L4 (sinot - 0.8266 wt) 6<wte
a
-7

Calculate the average current Ig:

/3
Id=‘7;'/'§'d" ig dot

c—IS



342 VLL 0. 8266 /3

= W [-cosmt -

(@t)?];

3V2 VL 1
nwld -2

1l

+1-0.4532)

Therefore, the minimum dc current Igp at o = 30° is

V2 VLL VLL
Iqg = 0.1403 — % oLg =0.0632 — oLg
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Boblewm &€-21

transformer: 3¢, 500 KVA, 480 VL, leakage reactance XLS = impedance = 6%

FindLg; __

A8V,

V3
X1 =096 S50 RVA- = 2765 mQ

=)

27.65 mQ

Ls] = XLSllm = 377 =173.34 uh

FindLgy

Ley = 200ft x 0.1 %1 =20 ph

findoo
Ls=Ls1 + Ls2 =93.34 uH
Vda =525V
VL =460V

25kW
Iy = S5y = 47.6A

Va=1.35VLL coso - —3—(:%1:5 Iq

soo=320
Using Eq. 6~67

2L Ig
u= T
\2 VLL sino

= 9Q71.8 x /°-5mo(

u
- thotch = ©

X 25.78 us

Using Eq. £~ &8

_ Ls1 133

=24



Using Eq. £ -€ &
deep notch area Ap = 2w(Ls1 + Ls2)Id = 3.35 V-rad = 8886V-us
At the point of common coupling, the deep-notch area is

Ancc =pAn~ 6980 V-us

Comparing the vesulks caith the limits given in
Table 6-2, O=78.6 % exceeds the limits i all class
of applications. However, 4he line-notch avea of
€980 V-us is within the limits for all class of
applications,

?ro blews £—272_

Find the leakage impedance of the 480V 40 kVA, 3-phase transformer --

480
B
xp1=0.03 x 20 x 103 = 0.1728 Q
)
0.1728
0

Ll = ~ 458 }lH

From problem & — 2|
Ls2 = 20 pH + 458 pH = 478 uH
and Lg = Lg1 + Ls2 =73.34 + 478 = 551.34 pH
From Eq. -5 5
3 x 377 x 551.34 x 10-6

525 = 1.35 x 460 x coso. = p x47.6
soo=30.6°
20Lg1 ,
s _59.75x 103 rad Ftem Eq.. €-67

4= \2 VLL sina
&E-25



u
tnotch = 6" =158.5 us

Ls1 73.34

P=T51+ Ly - 551.34 —133%
deep notch area Ap = 20(Lg)Id F Y 6 Eﬂ. &—-65

=19.79 V-rad = 52,487 V-us
At the point of common coupling
Ancc =pAnp=0.133 x 52,487 ~ 6980 V-us (same as in problem

Compaving Hhe vesults with dne liwmits i Table 6-2, He
factor P new (a5 Compared 4o the system ia Robleamé-21)
\s acceptable for dedicated aud general systewms, As

pedore, the line-notch avea is acceptable for all systems,

“PW\Q\QM £~-23

The rms value of the distortion voltage component Vs can be approximately calculated by
considering the six voltage notches in one cycle of the voltage waveform.

All notch widths are equal to tnotch. There are two deep notches, each with a depth of
Vhotch

2
Therefore, the rms value of the voltage distortion can be approximated as

Viotch. There are 4 shallow notches, each with a depth (or height) of

2 \Y/ h 172
[2 X Vnotch thotch + 4 x ( _p_gzgg_)z tnotch}
Vdis = 1/f;

(See Refexewnce 4 of

where f1 is thé line frequency of 60 Hz.
aueney Chapkerd )

2
Vdis:'\/3 Vnotch tnotch f1 i line-line voltage

It is reasonable to assume that the fundamental frequency line-to-line voltage at the point
of common coupling equals 460V (rms).
-2l

(a) In problem A at the point of common coupling



" Vdis=\/gxz7o.7s’">< 25,78%15€ % &o
=\J240.2 = 184V

Vis _ 184

¢-1- |
(b) In problem A at the point of common coupling

Anee 6980 “v
= 1585 =

Vhotch = tnotch

. Vais=V3 x 442 x 158.5x 10-6x60 =74V

. _ Vdis 1.4
~%BTHD = == x 100 = 72 x 100 =1.61%

’Pw\o‘le,w\. E— 24

In Fig. 50»3% the voltage at the point of common coupling on a per-phase basis is
(Vpcohh = (whLg1)In

2
[,Z, (Vpeo)y, 1112

THD = V1

THD = st L, (W22

-\171-276)(103[182]1/2 00373V
vi= 29 66y
3
11—( \[—(476) 37.1 A (rms) ({rum Ei.é&éqy)

(approx1mate here)

37.1
TI-ID-—266 0.0373=5.2x103= 052%

€~27



Note that the THD = ©,52% in this problem is much smaller than 4 % calculated in
Problem{-l%@) awnd LS17, in Preblem éa_gg;,(\a) . This Sujéesfs
Hhat  the Hybical harmonics given in Table 4-| corvespond
+ a system with a larger value of Lgz combaved
4o dnat in Problem £-2] ¢ Problemi-21 .

ch Llewa <- ‘25’

The  A4od=l \/\QYMMC> A st dionn (S

.24

200v

-200V -

€-28



Problem 7~ 1

Vo=5V, Vg=10V 1040 V, Po>25W, fy=50kHz

Find the minimum inductance to keep the converter in the continuous conduction

mode under all conditions. _

Solution: For a given load and output voltage, the likelihood that the inductor
current will fall to zero is increased by lowering the duty ratio and
thus increasing the OFF time. The duty ratio is lowest when V4 =
40V. PQ/VQ = SW/SV = IQ =1A

D
For continuous conduction from Eq. 7-5 ’Io 2 2L [Vd-Vol

5 D 0.125
=710 = 0.125;L = TAR [Vd-Vol = 72+50,000+1 [40-5]

L = 43.75 uF



Problem 7-3
Find the RMS ripple current through L.

- “EL, vipble

T seyse B :
CA) /\
°¢/ ! \/ e
’ |
BN ~

DT, we—(-2) g

- e — Ty -l
TdiL 12.6-
Solution: V = L[ ] Durmg ton, —leL = 'l-%gTS' = 7600 A/s
During toff, d(;t 6(5)1 -5,000 A/s; D= 125 g = = 0.397. Therefore, the peak-

to-peak ripple current is

AiL, = 0.397(50us)(7600 A/s) = Q151A  Net: T = So45
iLripple(t) = =00755 + 7600t for 0<t<19.84Us MNete: DTy= 19.34

ALS
=0.1747 - 5000t for 19.84 s <t < 50 ps.

1 B
T J [iL ripple]2+dt = IL ripple, RMS

[RMS ripple current = 43.66 mA|

Problem 7—4-

Derive an expressmn for AV, in the dlscontmuous mode.




di V Vd - Vo _ Ll s .
LA L =l = Wheve is defined
Solution: = 3 [T Ju=loti =g~ Vo o intne fiyve

DT
iL,peak = 1 [Vd - Vol
L(i -1 -LI LG -Io)
tp =DTs + -LLI"'%%&—QZ; -t = -\7-5-:-9{7; + DTs + -—-——IP—————(‘L\;Z“ o)

DT o
DTs(Va-Vo)Vo - LIgVo + L(Va-Vo) T (Vd-Vo) - ol
-tu= Vo(Vd-Vo)

|r—¢

—

) (iL,peak- Io)(tZ t1)

OI*-‘

AVO =

DT
= 55 [~ (Va-Vo) - Io J(t2-t1)

v [DTs(Vd-Vo)-LIol[DTs(Vd-Vo)Vo-LIoVot(Vd- -Vo)(DTs(Vg-Vo)- LIo)]
AVo = 7LC Vo(Vd-Vo)

Problem 7-5

Calculate the ripple voltage in problem 7-2 if the load current is reduced to
IoB/2.

; Vo 5 D
Solution: I =0.0377 A; Vi = 126 = D+aA A1= 152D
Using Eq. 7-14,
VdTsDA1 12.6 DAy 0.1197
=0.0377= —%1— = 3.30,000:0.001 * 217 "D

0.1197 = 1.52 D2 ; D =0.281. Using the equation derived in
problem 7- 4.,

. AVo = 1.66 mV




Roblem 7-¢

Date/Time run: 11/25/94 10:48:09 Temperature: 27.0

o e R S
Lo ° ; i y
i (\U“ ' : 1
i < : : Lo

6.0 - :
' 1
. ;
, |

40 -

2.0 - :
| L

400us 420us 440us 460us 480us 500us
o v(4,2) * (L)

STEP-UP CONVERTERS

Problem 7w7

V4=8Vito 16V , Vo=24V , fs=20kHz , C=470 pF, P, 2 5W,
SW '

Ih= v = 0.2083A.



Mosrer [ungz s

24V 1
Solution:  Case 1: Vg = 8V; 8V =3=7-p ~ D=

From E¢. 7- 29

24+0.667(1-0.667)2 o
0-2083 = 2.20’000 L 9 L) L e 0.213 mH

= 0.667

Wt

Case 2: Vg=16V; .. D= %— =(.333

From Eq. 7-29

24+0.333(1-0.333)2
220,000 L+ [L=0.427 mH |

0.2083 =

Problem 7-8

V4 =12V, Vo = 24V, Io = 0.5A, L = 150H, C = 470uF, fs = 20kHz,

Find AV,.
Solution: Initially, assume that the converter is in a continuous-conduction mode.
24 1 24+0.5(0.5)2

D=7T-.p" D= 0.5 ; From Eq.7-29 IoB =
Boundary case since Iy = IpB.

3930,000+150+10-6 = 0-3 A

’ ,-,.A<,‘___..:,F. - g —— ‘:D‘ Fe‘k._,w_,. [ e e
o BN
BT, N
Vg 12:0.5
\ iD,peak = iL,peak =T~ DTs = 750510:6.20,000 ~ 22
"W
o dis Vd-Vo 12-24
during off time: G2 =—S7— = 75057 = -80,000 A/s
- ., dipy iD,peak - Io _annnn . . 2-0.5 75%x10-6
Therefore,(: —~ )= i =80,000; -~ t1= 35000 =

AQ 1 (ippeaclott _ 1 (2-0.5)18.75x10-6 _
AVo= & =73 C =3 " 470x100

AV, =29.92 mV

7-5



Master {yvpmng Stwee!
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Note that the expression for AV, given by Egs,7-39 and 7-40 is valid only if the
minimum value of i is greater than I, in the continuous-conduction mode of

operation( as shown in Fa. 7-174).

v

Problem /-
g 7-1 Conduction

From problem 7-8 we know that this converter is operating at thelboundary
between continuous and discontinuous. Therefore ip peak is as shown below.

1D peak (2.0)
I =+ (1- PRt S - =0 '
D,rms = V(1-D) 5 V0.5 3 0.816A

(v3 =RMS FACTOR FOR TRIANGULAR WAVES) .
id = ID,average + Iripple

Since ID,average = o,

2 2
Iripple,rms = [ID,rms -1,] 112 =~/0.8162-0.52

Iripple,ms| = 0.645 A

Problem 7-10 AL

,_F‘p'rs-ne—é"!; RN ,

7-6



Moaster Topne S

. V4
D,peak = IL,peak = T~ DT

. dip V4 - Vo
durmg toff: at = T

dip _ iDpeak-Io Vo -Vg
e~ t1 =L

L p, -1
L(iD,peak'Io) _ (L s - Lo)
Vo - Vd - VO - Vd

Q_ L. ] (V4 DTs-LIo)2
AVy = c =3¢ (lD,peak-Io)tl = 57 C oD

Problem 7-N

\é: lzv, V= 24v, L= ISo dH, C=470uF fo= 20kHa
-}

F.YOM Hae .Solu'\'.'\on O-r Prob\em 7—-8

10\5 = o.S'A
r - LB _ o25A
e 2

From E.?’. 7-31

T. V.
I"B)M"‘X = o074 SL° = 0.592 A
From Eq. 7-38 1/2_
D = <V ><._ =
oB max
| 0.25 2
= [ z-;(?—)(‘> == ]/ — 0354
From the enpression devived M Problem 7-(°
1 (12%10.354x% 50 x:g‘— 1S6XI0x0, z)
AV° = 2 % / Sox/s éc470% 10=6 (24-—!2.)
= 18.1 mV

-7
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BUCK-BOOST CONVERTERS

Problem 7=12
V4 = 8V-40V, V, = 15V, fs = 20 kHz, C =470 puF, Po 2 2W

Py 2W
Ih= v, =15V = 0.133A =IpB
From Eq. 7-47,

TsV TsV
Iop= Sr> (I-D2 - Lmin=75r—" (1-D)?

Smallest D results in largest Lmin

D Vo

Yo . pooTo | Dismallest) = egr = 0273
[-D =Vq # P=Vo+vg » Demallesh=15775 =0

L. . 15(1-0.273)2
*+ bmin = 50.133x20,000

=1.49 mH

Problem 7-13

Vg=12V, Vo =15V, 1o=025A, L=150uH, C=470uF, fs=20kHz

From Eq. 7-47, <¢'¢ssuwe Continusus c::ncluc{:on) JeD= 0.556);

15 (1 -0.556)2

TSVO
m e—— - 2= —
IoB = 51 (1-D? = 57730x10-6x20x105 = 04934
v
= -i-g = 60Q
0

Since I < Iog : Discontinuous Conduction Mode
- Calculation for AV, will require a new derivation: see Problem 7=15"

From Eq. 7-49,

LTV 15 YN
oB.max = 27, 2x150x10-6x20x103 '




Moaster [ vDING Shee”

1 0395 12, 0.25

From Ereb, 7"5—) AVo = 755706 [ - ) 30x103 *
6
ISOxégéoxO 25, = 18.86 mV

,Pro‘:blem 7-14

D = 0.395 from Problem 7=¢3.
Mp  g= (3 peak

Iﬂ, .

“é Iy averde:

-+
e e A, -)k—A,_-rf : /Lr
l‘—-——-——- :.o———-—;

V4 12
iDpeak = T~ DTs = 15047

o

150x106 x 0.395 x 50 x 10-6 = 1.58A

Calculate A1:

=0.316

LiD veak LiDpeak  150x10-6x1.58
_ .peak | . P —
MTs= = 7~ A1="Y T, = ~15x50x10-6

From the figure above; using the definition of rms (.Sqme. as in Prob. 5 -‘1)

A :
In(ms) = ip pea \| 3= = 158 | 2512 = 0.513A

_iD =ID,average + iripple = Io + iripple

- Tripple(rms) = [ T (rms) - 12112 = V0.5132-0.252 = 0.448 A

Problem ?7-1§
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Vo ety ot

AQ = (I'A]_)TsIo + Area A

From +he figure above,
5] _ Io L AlTSIO

= Dty =
A1Tg  1D,peak 1= i ,peak

) . yg )
ID,peak = IL,peak = T DTs; From Eq. 752, A1 = o - D

st =Vo L=V, - RV where R = load resistance
L

Io
. Area A = %Iotl = %

AQ 1 Vd 1.1
“ AVo= 5 = G [1-D Tsl+ 7 L ﬁ—’-]

Problem 7= 16

Yo [ Lo

IoB = 0.493A (Problem 7-13)

1= I—%—B— = 0.2465A

IoB,max = 2.5 (Problem 7-)3)

~D=15 5= =0.3925 ; —"""=—_—-—=60.85§2

2.5 Io

From the derivation of AV, in problem 7-/5

. .2465
AV = 470;10-6 (- 0 39355’[12)50):10 6x0 2465+ 5 150x10 -6 060 865 ]

=18.64 mV

Cuk CONVERTER
Problem 7-17

When the switch is off: ici =iL1

When the switch is on:  ic1 = -iL.2

Assume a constant if.; = I = 0.5A, and a constant i3 = Io = 1A.
D = 0.333 (Example 7-3)

7-12
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: i: i o
b_,_i..... . kci“" o -
- LET . [

o - £
o —e > o T

- 4

.2
e fo —
' 0.32x0.667) + 12 x 0.333
o Te1(rms) = \/ (.07 )1 =0.707A
FULL-BRIDGE CONVERTER

Problem 7-18

From Egs.7-7/ and 7-72

. D Ts e Tey
‘Ca*’%’ __-_2_2. St 2= D

z Even function: f(t) = -f(t) “

For an even function:

f(t) = % o st
1
, T2
an= = | £(t) * cos(nwst) * dt
Ts ‘

7-1



Muaster Topma s

wTs/2
4

T
2
Zm  e— f t . . — — e R
o:Ts S (wst) * cos(nmwst) ¢ d(wst) - OJ- f(B8) « cos(nB) « d6

where ©sTs =27 and wgt = 6. D1 is the duty-ratio as defined in Eq. 7=-72«

Dirx /I
2 2
fao= I j 1+do + j (-1) +d0] = Z[Dim-7+Din] = 202Dy-1]
o Dir

From Eq. 7-72 D1 = 0.75

'\",'a' = '2" do = 0.5
5 Dir i1
an = -1;[ [ 1ecosn)dd + [ (-1)=cos(n8)+de]
0 Dit

2 . . .
;1—11:— [sin (D1enm) - sin (n) + sin (D1nmw)] = 'I%c- [2 e sin (D1n7t)]

4
— sin (D1nm)
nw

A
Vo,n 4

+ il o m— o] - '
Vy = n sin DIIU? n=172,3,.

' A
(n represents the nth multiple of the switching frequency fsand Vo is the peak

amplitude)
Nole: We ave asked 4o S SSamea ek
Q’On (:O(E)A'—i Io . E-V\-CVE—(—:S\'C) ( (-A(t)/l';] w&vc‘CovM
n —
M Wi A \ (98] vCC‘W“\
(D?=0.75) will be idenkes! b %e_,(_v;(v{,)/‘\é] a
Shown eav he_r.
% 8’24 ' Also, He huxiev Conboments <f
431 8°3 [CA&)/IO.] wi\l be idenhesl o Amese
> | 018 Shoon iw bee Table on due Lefte
6 | 0212 |

712



Problem_ 7-19

%V SR T e, o
3" M 3r
4.0 B
o
—_—— 4 : } + — - E‘g_ld-st
T 3y o BT oo
e '.Dz-' '_»‘ ,,,W.m;w,,ﬁ-‘: .
even function: Note: We ave asked 4= assume

P Pat {o (v) = Io' 'ch«efmc)iid({:) ch
j f(8)ecos(nH)-d6 wavefovrmn taill be idenheal 4o
o e [ Ua_(l:)/\/c‘] LAAVQ‘CV*M Shoewn

From Eq. 7-73/ D1 =0.75% abeve.

T—llN

A‘SO) -‘4\1 —F;u«tw Cowbmu\_‘j

) 0.75% o { L;Jm/_z; ] will be

2
ap = 1—'5-[ I (l)de] = ;E'[O.SR]:l \‘Ae“&x‘ de Hese shovan ‘\V\

o e Table below.
. Yo _ 1
Vg ~ 2 230 =0.5
5 0.75w )
an==1[ [ lecos(n)-d8] = -= [sin (0.75nm) - sin (0.25nm))]
n nmn
0257t
=5 [5“‘(0 25n7) - Zsm Co.25n7)| Neolu:
Ny
[sin3A = 35|v:?A
-4 S0 A
N | 1 |2 |=3]|4a|s5]|s 4si°A]
(AVA7 | ¢ |osalo |l ololozz



Master Typing Sheet
Ty redaena e

Problem 7-20

The waveforms are drawn with Ry = 0 in Fig. 7-2 A The average power is
obtained as Po = Voolo. .

T

b B - + N
[ & i
I }
[T - Lo

T } T
oo s ! S|
oo N : . S
} H IS [T |
r N T T - -
1 ; .
[ N B
F i
ARSI RGN AN LI DU - - = e

L L

7- 14
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Problem 7-2 |
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Pmblem - 22

1"\ he Civeuik cj} ‘F‘Tj 7-"27/ R &~ o,

<

Cavts}ale/! e @Q\/e(\:&(ms f\f\ ‘F?';?%, 7“ LR Und e
5#&43 stte  Condiboms. o

o

— % Co +Y
FEe- | o~ “‘ ,
L — %
n T € = — e e o = = — - a
) 2 Z . B V _
- - x
4 — Dy 15
WA Y % + -
o L —
olu\(\‘u\é- P‘DZ:; TA_)TB"!" QP\\
U_L_
V...V (@} Spn
AL = 42 D, s =
o V. | | AT
D= '"5'.( L "{f" i -
4 LW
R -
L AT =15 Y (i,-;-_,\’_/é.) Q_Ye.
2 ba Vi V4
QAT vV |
S_C_\-/—-k:) = —EL:!L <’ 2‘.}’/\%. = < JSu EXimum o Clans al-
- S
(\/;{\ 2 (Serts) Ve _
l \/4 e e
Usig 2o 2o dne efuabion fir AT,
A o y
. LA -
s AT Y At g 5 L‘Q/ 2 = ‘CS



T +e Cicewb of Fg 7-27, Kao, Consides

the  wavefroms n Bz 7-29 wader steady shite.
ﬂ/\/:“b(,c
A~U~L-

-+ ;
Vs —Te=Y% - v
h ( ; [ y

o \ e

— L
v > w

[

S omeaXimuw o Cuvs e Vo
VA

Ara 'l“f\e, @CLWQHM z@»f Al:;_/

(A1) = Syl = =Y

. W@\%hmmm 2]—0\_
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Problewm 7- 24

&) Bl - balar vellwge Switching

Input Circuit File Listing:

FBBSDCDC.CIR
* Full-Bridge, Bipolar-Switching, DC-DC Converter
* Power Electronics: Simulation, Analysis & Education.....by N. Mohan.

.LIB PWR_ELEC.LIB
PARAM RISE=24.99us, FALL=24.99us, PW=0.01us, PERIOD=50us
*
VCONTL 50 0 0.416V )
XLOGIC 50 0 52 53 PWM_TRI
*
XSWAIl 1 2 52 0 SWITCH
XDA1l 2 1 SW_DIODE_WITH_SNUB
XSWA2 2 0 53 0 SWITCH
XDA2 0 2 SW_DIODE_WITH_SNUB
*
XSWBI1 1 5 53 0 SWITCH
XDB1 5 1 SW_DIODE_WITH_SNUB
XSWB2 5 0 52 0 SWITCH
XDB2 0 5 SW_DIODE_WITH_SNUB
*
RA 2 3 0.37
LA 3 4 . 1.5mH IC=833A
*
VEMF 4 5 79.5V
VD 1 0 200V
* .
.TRAN 0.tus  200.0us Os 0.5us uic
PROBE
END
200 -,u/""’,\ o 3 o = o o
] n
‘0 o . @
201 0 |
O - ® - . u ° -
Q
" )
o
o
-200 \ . . ____J . S
V0
-400 T T T
Os SOus 100us 150us 200us
ou¢2,5> um ICLAM20

Time

7-1%



Cb) UV\§~ ola v \_/b \-‘—a.je, SW{-F&L\\‘V\ﬁ

FBUSDCDC.CIR .

* Full-Bridge, Unipolar-Switching, DC-DC Converter

* Power Electronics: Simulation, Analysis & Education..... by N. Mohan.
.LIB PWR_ELEC.LIB

.PARAM VcntlA = 0.416V, VentlB = -0.416V

.PARAM RISE=24.99us, FALL=24.9%us, PW=0.0lus ,PERIOD=50us

*

VCONTLA 49 0 0.416V

VCONTLB 50 0 -0.416V

*

XLOGICA 49 0 52 53 PWM_TRI
XLOGICB 50 0 54 55 PWM_TRI

*

XSWAL 1 2 52 0 SWITCH

XDA1l 2 1 SW_DIODE_WITH_SNUB
XSWA2 2 0 53 0 SWITCH

XDA2 0 2 SW_DIODE_WITH_SNUB
*

XSWB1 1 5 54 0 SWITCH

XDB1 5 1 SW_DIODE_WITH_SNUB
XSWB2 5 0 55 0 SWITCH

XDB2 0 5 SW_DIODE_WITH_SNUB
*

RA 2 3 0.37

LA 3 4 1.5mH 1C=8.33A

%*

VEMF 4 5 79.5V

VD 1 0 200V

*

. TRAN 0.1lus 200.0us 0s 0.5us uic
.PROBE

.END

200

100

—100 T Y
Os S0us 100us 1S0us 200us
o U¢2,5) m I <LA*20
Time

7-19



