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Small-Signal Modeling and Control of
ZNT-PWM Boost Converters

Jong-Lick Lin, Member, IEEEand Chin-Hua Chang

Abstract—A small-signal model for zero-voltage-transition Il. ZVT-PWM BoOSTCONVERTERS

pulse width modulation (ZVT-PWM) boost converters is derived o . )
in this paper. The accuracy of the developed model is verified A ZVT-PWM soft-switching boost converter [3] is shown in

by experimental measurement. It shows that the ZVT-PWM Fig. 1. It includes a conventional PWM boost converter drawn
boost converters exhibit better dynamical behavior than the with thin lines and some additional components drawn with
conventional PWM boost converters. To achieve output voltage thick lines. The additional components are composed of a res-

regulation and line voltage disturbance rejection of ZVT-PWM . . .
boost converters, a classical controller and a modified integral onant tank, auxiliary diod#, and snubber capacitdr,. The

variable structure controller are designed. The output voltage resonant tank includes an auxiliary swit6h and resonant in-
regulation in the presence of line voltage and load variations for ductorL,. and capacitot,.
both controllers are compared by experimental results. The zero-voltage soft switching of the main switéh is
Index Terms—Modified integral variable structure control, ~achieved by tank resonance which is controlled by the auxiliary
small-signal model, ZVT-PWM soft-switching boost converter. switch Sy. From a circuit point of view, the system operation in
one switching period’; can be divided into eight linear circuit
stages. The key waveforms at steady state are shown in Fig. 2.
All switching components work in soft-switching conditions
HE ZVT-PWM soft-switching converters [1]-[3] solve thewithout extra voltage/current peaks exceft suffering from
existing problems of high switching losses of conventiongrger current spike in stage 4 of time interyal, t].
PWM converters and high voltage and current stresses of resoThe detailed analysis of circuit operations was proposed in
nant converters. By taking advantages of pulse width modu[a]. The steady-state analysis for stages 1 and 2 are shown as
tion and tank resonance, the soft-switching boost power cdptiows.
verters with constant frequency operation are considered in thisStage 1(see Fig. 3): The auxiliary switch; turns on att.
paper. These kinds of converters are especially useful in the @urrrent starts to flow through the resonant tank and the reso-
plication of high efficiency power converter systems. nance occurs. Circuit analysis gives
In the literature, all research on ZVT-PWM soft-switching

. INTRODUCTION

converters have been restricted to steady-state analysis. The as- ) v, .
sumption that the small-signal model should be the same as con- ire(t) = 7, S (t —to) 1)
ventional PWM DC-DC converters is not confirmative. There- ves(t) =V, )

fore, a small-signal model for a ZVT-PWM boost converter is
developed in this paper. The differences between ZVT-PWM
and conventional PWM boost converters are shown by com-
paring their dynamical models. The main purpose to derivefar ¢ty < t < ¢; with Zl_\/L,«/Cr andw; = 1/v/L,.C,..
mathematical model is required for controller design to achieveStage qsee Fig. 4): Whel, - becomes greater thdg,,,, D;
output voltage regulation and line voltage disturbance rejectidnrns off and stage 2 starts. The increasing curight- I,
In this paper, the averaging method for two-time-scalgffered byC; leads to the decreasing of . Circuit analysis
discontinuous system (AM-TTS-DS) [4] is used to derivgields
a small-signal model of ZVT-PWM boost converters. The

Vc,,(t) = V:, — ‘/0 COS W1 (f — to) (3)

model is verified by experimental results. Then based on this = i f 7 i
model, a classical controller and a modified integral variabléLr (t) = Z, o wa(t —t1) + Ircoswa(t — 1)
structure controller (MIVSC) [5] are designed. Finally, the C
L . +—" 7 4)
overall system is implemented in the laboratory and the system c.+c,
performances for the two controllers are compared. C _
I/CS(IL/) :C—[Vi COS(UQ(t—tl) 11Z281na)2(t—t1) —Vl]
Iim
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Fig. 1. ZVT-PWM boost converter.
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Fig. 4. Circuit in Stage 2.

I1l. A PPROXIMATE SOLUTIONS FORSTAGES 1 AND 2

The solutions foi,.(¢) in (4) andves(t) in (5) are too com-
plicated so that it is difficult for small-signal analysis. The sim-
plification first begins with stage 1 and then extends to stage 2.
Calculation ofir,..(t2) is necessary in Table I.

SinceT; = t; —tg andT, = t5 — t; are viewed as short time
periods comparing to the switching peri@d, it is reasonable
to assume that — ¢, in stage 1 and — ¢; in stage 2. Then,

" ERE : |——l it follows from the factsin § — 6 andcos# — 1 as — 0 that
ok . P w7 ¢ (1)—(3) can be approximated to
- T, >
Vo
i (t) = —(t — ¢ 7
Fig. 2. Key waveforms at steady state. ‘L ( ) LT( 0) ( )
ves(t) =V, (8)
ver(t) =0 9)
and (4)—(6) can be approximated to
. Vo .
’LLT(t) %Z—SIIIWQ(t—tl)-{-ILm (10)
2
C C
ves(t) = . —V,coswa(t —t1)— c V, (11)
c
I/Cr(t) = C—[ Vl coswg(t - tl) + 11Z2 Sinw2(t — tl) + ‘/1]
Fig. 3. Circuit in Stage 1. Irm
. 12
t C +C. (t —t1) +ver(ty) (12)

mé /(L) = V(G + C)/(L.C.Cy),
2= V(L) /C=/(L,(Cr + C) [(C.C5), | (_cs)

Jlém( 1) = C/(C)Irm andVi2V, — v (t1). To=ty =t = 7 cos

. . A
for with ¢t7 < t < ¢ with C=(C,.Cs)/(C, + Cs), It follows from (11) that

(13)
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TABLE |
VOLTAGES AND CURRENTS AT EACH STAGE

Ve (1) Ve, (1) i, (0) in () | ip, () | T,.i=1238
Y L1,
[t,.1] v, 0 T R ON B =
. v, 1 o ¢
[tl 5 tz ] C%V. 0054’;(1*?.)*(%1’, equation (6) Z—;smaz,(/—t,)+ I, 0 0 ;):cns 1[—-(3—]
v (t)sos (1= )+ | e EIeose=h) (r ( %(,,)J
[t:.%:] 0 zsna-t) | - macr |0 0 | oz ™5,
[%.2,] 0 Verpoosay(t—1) | - "2» sina,(1-1,) 0 0 wil
(7. 45] 0 ~Verp 0 0 0 | ad-genneny
I c.
[t..2,] Lee-ts) ~Ver 0 0 0 A
s
L L < Yer,
[, 8,] | "mveurgig @ | ot @o® 0 0 Caiglm (C:*'Cr)—*[l:
[t +T,)] v, 0 0 1, 0 dTs~(Ts+1;)
0. 12
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Fig. 5. Exact and approximate solutions: {@).(¢) and (b)vc.(¢).

by boundary conditiomc, (t2) = 0. Substituting (13) into (10) element,, C,and L,. are all power lossless, from an energy

yields conservation point of view we conclude that
irr(te) ~ % sinweTs + Iz total energy stored in,, C,. and L,. atts
V2 e —=total energy stored it’y, C,. andLL,. att,
= Z_Z# + 1. (14) =total energy stored if;, C, andLL, att; plus
energy supplied by, from¢; tot, . (15)

The approximation results with lodé;, = 200 Q2 are shown

in Fig 5. The exact solutions fag...(t) in (4) andves() in (5) It follows from the second equality in (15) ang:,(t3) = 0,
are shown with solid lines, and the corresponding approximate (¢,) = 0 and,vc, (1) = 0 that

solutions in (10) and (11) are shown with dotted lines. It is seen

that the approximation results are very close to the exact solu- t

tions, and thus the simplification is reasonable. 1 1 1 .
P 3Crit(ta) = [Tumve(Odt+5Cunt () + 5 Lo (1)
tq

IV. CALCULATIONS OF vc:-(t3) AND e (t2) IN TABLE | ) .
=klpmVo + 5OV + S Lol (16)

For the convenience in latter analysis, the capacitor voltages
ver(ta) anducw,éuc,q(tg) in Table | are now calculated. Sincewhere
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, Iy ey : of the slow subcircuit is then obtained. Viewing this, the state
A% X : : equation of the equivalent circuit model in Fig. 6 is given by
v, . + dipm(t) _ Vin(t) rL_m'iL ) - ves(t)
Ve QP i (C//=Vy R,V dt Ly, L, ™™ Ly,
- - - dves(t) __ ves(t) | ip(t) 1)
dt C¢RL Cy
""""""""""" with output equation
Fig. 6. Equivalent circuit model of the ZVT-PWM boost converter
I/O(t) = I/Cf(t) . (22)
ké G =G + o1 cos™! (_%> Then, taking the moving average far;(t) andip(t) listed in
Cr+ G Crw Cr Table I, the state-space averaged model of (21) can be expressed
CSLT (17) as
diLm (t) VUin (t) TLm . 1
and thus we have = _ =, - /
dl/cf (t) vcf (t) 1

1/ “V, + 1/ ILm (18) Whered'(t), 61(t) anddy(t) are defined by

A Te(t) + 17 (t) + Ts(t
from (16). Moreover, following from the first equality in (15) d'(t)=1~-d(t) = 5(0) ;( )+ T(t) (24)

andvcs(ts) = 0, 45,.-(t3) = 0 andves(t2) = 0 gives

A a1vcf(t) agth(t)

= =ty 2 2
1 2 1 2 1 2 61(t) TsiLm(t) + T + T VCf(f) ( 5)
ECTVCT(t:‘) = gLriLr(tZ) + §CTVCr(t2) . (19) s (t)é _ CgVCf(t) LrLLm(t) (26)
T T Toipm(t) | 2T (t)
Together with (14) and (18), we get with
A 082 Cs
Cov2, (ts) — Loid (1 m=g (GO @7)
VC'r‘(tZ) — \/ Cr( 3)0 Lr( 2) . (20) Cr o CTL
a2 (Cy + Cy) (0 5) (28)
The resonant currents, voltages and duration of each stage are " "
summarized in Table 1. a3 (G +2C;) L, . (29)
2C,

V. MATHEMATICAL MODEL DERIVATION With the help of the notation, (23) can also be rewritten as a

The small-signal model of the ZVT-PWM boost convertenonlinear and time-invariant state equation
shown in Fig. 1 will be derived based on AM-TTS-DS [4]. The
ZVT-PWM boost converter can be divided into two subcircuits]iz,,., () — (t) irm(t) 1
S o ; = + Vin(t)
a fast subcircuit and a slow subcircuit. The former includes fa cr(t) (t) vop(t)
state variablesc;(t), ve-(t) andir,.(¢). The latter includes )
slow state variables;,,,,(t) andvcs(t). The equivalent circuit [ Iom ch(t)}

=

C;s CR

model of the ZVT-PWM boost converter is shown in Fig. 6 aé_(ﬂle (t) (30)
where the part enclosed by dotted line is the equivalent fast sub- !
circuit. Currentip(t) is the sum of diode currenis), (¢) and  and output equation
ipa(t) in Fig. 1.
The ZVT-PWM boost converters are used to obtain a well iLm(t)
regulated output voltage, (¢) which is just the slow state vari- vo(t) = [0 1] {ch (t)} : (31)

able of the capacitor voltage: s (t). From a fast subcircuit point

of view, the slow state variables in Fig. 1 can be treated as cdtis interesting to note that (30) becomes the dynamical equation
stants. This leads to the results in Section Il that =~ I,, of the conventional PWM boost converters if bdth(¢) and
andvcy ~ Vo = V,. On the contrary, from a slow subcircuitd,(t) inside the last bracket in (30) vanish.

point of view, only averaging behaviors of the fast state variablesTo obtain the linearized state equation, the nonlinear equa-
have effects on the slow state variables. As a result, substitutii@n (30) is expanded into the Taylor series around the nominal
the fast variables by their moving averages, the averaged modjgérating point Q, and then the higher order nonlinear terms
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are neglected. The nominal operating point can be easily ob- 800 Rootlocus
tained by settingliz,,, /dt = 0 anddvc s /dt = 0 in (30). Intro- :
ducing = (a1)/(T3), p22(a2)/(T2) + D', ps=(a3)/(T,) +
TLm, P4= — If’L‘TLl q1= — (1/(RL) + (CS)/(TS))I (J2:D/ and

600

400

200

g:2(L,)/(2T,), the mathematical manipulation gives g i
P
E

p1V02 +p2Volrm +p31%m +palpm =0 200

qlvaZ + @2 Volrm + (]3I%m =0. (32) -400

-600;

The solutions fol/, and Iy, in (32) are given by

.800 i i i i i
2500 -2000 -1500 -1000 500 O 500 1000

v = WasP1— wqips — q1 \ Real Axs
’ P2q1 — q2p1 Fig. 7. Root locus for ZVT-PWM converter as a function of switching period
Irm =wpy (33) T..
with w2 (—b + /6% — dac)/2a, where * BRI
a = G3p] — 203P101P3 + 4iP3 — P242P1G3 — P2d2q1P3 3 Bty
+ p3q1as + P3a3p1 (34) *
b= q%p?) - 2(]3]11(11 + q%pl — P242q1 (35) m"‘io‘ 1w 10° 10* 100
c= (]% . (36) ) o Frequency ( rad/sec )
. . _ BTN N
With the help of (33), it leads to the conclusion that P Pk
3 S
Vo _Tin _ Tpm 1 (37) S0 Tt ey
Vie I, VR, D'
S i 1 10 10°

which approximates to the voltage gain of the conventional Froeney {rudhe)

PWM boost converter. Then, by introducing small perturbatio%. 8. Bode plot ofr,(s)/d(s): (1) ZVT-PWM boost converter and

around the operating point (2) conventional boost converter.
itm =Im + iLm, vey = Vey + bey, %
vo=V,+o,d=D+d ~ S e
; ; 3 i S
d=1-d=1—(D+d)=D"—d, 3 N
Vin = Vin + Uin (38) \\\\\\ |
with o 1 10’ 10' 10°
Frequency ( radfsec )
lizm| <Tpm, [Pos| < Vey, 7| < Vo, TR
|d| < D, |Din] < Vin (39) i PRy
it is verified that Lo bl
|:ng:| - _Tlf—"r: + kliLm _LL",I + klny ‘| |:ng:| ‘“110' uf F"Gq"m;’o:md/ut) o o
~ - D’ 1 ~
Ze} ot ke,  —mor thuwe | Ve
! C{ 25 RLCy ves ! Fig. 9. Bode plot ofi,(s)/Pn(s): (1) ZVT-PWM boost converter and
. o Uin (2) conventional boost converter.
Tlo —Le||d
~ Cs 2a1 an
i Lm ~ — R; D) — 42
7o =[0 1] [Lf ] (40) oo ) = (42)
17
Cf . é 0002 _ L, Ipm N L., 1 (43)
where T Dipm | CfTs Vo | Cyly (RLD)
2
f & Q| @ <V0>_ as boA %l Lo (Lm\'_ G
" aZLm Q Lst ILm Lst ey al/Cf Q ZCfTS V:) CfTS
a "2 as
~ Ry D) — 41 L, 1 Cs
L, PN LT 0 ¥ T30, (RiD)? T O4T, (44)
k A 0601 - 2a1 'V, a9 fts fts
lver— aVC’f Q o LTs I, L, T with
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Fig. 10. Root locus for ZVT-PWM boost converter as a function of |&ad @ Mvse
Fig. 12. ZVT-PWM boost converter with driving circuit and feedback
800 controller.
600
400 102
200] 10 -
E é" \‘§\. Real plan
200 iTheoretioal plant 1
10 0 1 2 ::ia 4 5 6
400 10 10 10 10 10 10 10
-600 200 .
-89800 <700 -600 -500 -400 -300 200 -100 [ ’;
Real Axis gh o \\.‘H::— &llpa
g ¥ \::__, T
Fig. 11. Root locus for conventional PWM boost converter as a function of 4200 Thbobéts bl plamt—Hi
load R ;.. i
et 10' 10° 10° 10° 10° 10°
freq (rad/sec ) (RL=200)
A A
801(t)= — vy ()61(t) /Ly, @andboa (t)=ipm (t)02(¢)/Cr. Now ) }
. . Fig.13. F .
performing Laplace transform of (40), the transfer functions® 8. Frequency responsef(s)/Pe.(s)
from line voltagey;,, and control voltagé@..,; to output voltage
Vo VI. COMPARISONWITH PWM BOOSTCONVERTERS
. Itis seen from definitions (41)—(44) that all bf; 1.,.,, k1. £
o) :%L/m+ 2L (45) k2i 1. @andks, o ¢ vanish ifT; approaches infinity. Thus the av-
Pin (2) D(s) eraged mathematical model in (40) of the ZVT-PWM boost con-
and verters becomes equivalent to the averaged model of the conven-
_Po(s) __d(s) o(s) tional PWM boost converters.
Ferrt(=) Feirile) (o) y / Moreover, the pole polynomiaD(s) in (47) is a function
kJ)WMILm[(—#—C;LL";71+§§LDW)+(RLL£ ’v'za;Lm+%kliLm):| of the switching periodl’,, and thus the root-locus plot of
= b(s) (46) D(s) = 0 with a variable parametef is drawn in Fig. 7
with Ry = 1009Q. It reveals that the poles of the aver-
are obtained after some calculations, where the denominadged model of the conventional PWM boost converter are
polynomial is given by s = —260.6 + 7688.9 with damping ratio( = 0.354 and
natural frequencw, = 736.6rad/s, as shown in Fig. 7 with
D)2 42 1 TLm\ () i Ts = oo. For switching frequency 50 kHz, the poles of
(s)=s"+ RLCf+—Lm —(kav, Ak1i,,, )|s the averaged model of the ZVT-PWM boost converter are
2 s = —1952 ands = —266 with damping ratio{ = 1.539, as
\(orm D7 ([rEmy, L hown in Fig. 7 withZ, = 1/50 000
CfLmRLTCfLm, . 2w, ¢ O/ Ry, lir,  shownin Fig. 7 withT, = 1/ .

The Bode plots of,(s)/d(s) and i, (s)/vin(s) of the two
D’ D’ . s
+kiip,, k2w, —k2ip,, — = kv, ~kiw, fk%m>](47) converters are compared, respectively, in Figs. 8 and 9 for
Lim Cy switching frequency 50 kHz. It is seen that the ZVT-PWM
boost converter exhibits better dynamical behavior with larger
and .1 is the controller output signal applied to the inpuiamping ratio.
of the PWM. The small-signal gain of the PWM is given by On the other hand, variations of load resistance can also af-
kaMéJ(s)/f/Cm(s) = 1/V}, with V,, denoting the peak value fect the poles of the boost converter. Figs. 10 and 11 show the
of the modulating signal used in PWM [6], [7]. root-locus plots for load?;, for ZVT-PWM and conventional
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(@) (b)

Fig. 14. Time responses of ZVT-PWM converter with classical contrdller(s): (a) output voltage, (¢) and (b) control signak., . (t).

of-
4 RL=200 >< RL=100 >< RL=50 >< Vin=475 >< Vin=4S >
~
> 7
<
~
i s
e R
E_ >
e RL=200 >< RL=100 >< RL=50 >< Vin=475 >k Vin=d5 >|
20
3
2
2 R
1
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 ] 0.02 0.04 0.06 0.08 0.1 0.12 014
time (sec) time (sec)

(@) (b)

Fig. 15. Time responses of ZVT-PWM converter with MIVSC controiér, . (s): (a) output voltager, (¢) and (b) control signab...i(t).

(a) (b)

Fig. 16. Output responses of ZVT-PWM converter with classical contréller(s) under load variations: (. = 200 — 10092, V;,, =5V and (b)R, =
100 — 50Q V;,, = 5V, vertical: 50 mv/div, ac; horizontal: 5 ms/div.

PWM boost converters, respectively. With the variations of loatV T-PWM boost converters still exhibit better dynamical char-
Ry, = 50 — 2001, the poles of the ZVT-PWM boost converteracteristics due to larger damping ratio.

migrate froms = —690 £+ j292to s = —88 ands = —5462
and damping rati@ changes from 0.92 to 12.46. While poles
of the conventional PWM boost converter migrate frem=
—271 + j692 to s = —255 + j687, damping raticC changes  In this section, the derived small-signal model is verified
from 0.365 to 0.348 and natural frequengychanges from 743 by the experimental results. A small power prototype of the
to 732 rad/s. It reveals that the poles of the ZVT-PWM boodVT-PWM boost converter for theoretical verification is
converter migrate to the negative real axis in the s-plane whigplemented with the following parameters :

the poles of the conventional PWM boost converter are almosthominal input voltagé’;,, 5 V;

fixed. Although the poles are sensitive to the load variations, reference voltag#.. s 10V,

VIl. M ODEL VERIFICATION
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(@) (b)

Fig. 17. Output responses of ZVT-PWM converter with MIVSC contraligy,.(s) under load variations: (. = 200 — 100Q,V;, =5V and (b)R, =
100 — 509, V;,, = 5V; vertical: 50 mv/div, ac; horizontal: 5 ms/div.

(a) (b) (©)

Fig. 18. Output responses of ZVT-PWM converter with classical contréller s) under line voltage variatioris;,, =5 — 4V: (@) R, = 200Q ()R, =
100€2, and ()R, = 50¢2; vertical: 50 mv/div, ac; horizontal: 50 ms/div.

(a) (b)

Fig. 19. Output responses of ZVT-PWM converter with MIVSC contralier,. (s) under line voltage variations;,, = 5 — 4V: (@) R, = 200Q () R, =
10062 and ()R, = 5042; vertical: 50 mv/div, ac; horizontal: 50 ms/div.

peak of the applied ramp14 V, into (40), the dynamical equation of the ZVT-PWM boost con-
waveV, verter is given by

load resistancé?y, 50-200¢2;

input inductorL,, 1 mH; - —5539.66 —392.33| . |1000] .

output capacito€’s 470 uF; = [ 107139  —10.88 ] [ 0 ]”""

resonant inductof,. 7 pH; 796.057

resonant capacitaf, 40 nF; [_17.21] Vetrl (48)
shubber capacitaf’, 2 nF; - .

inductor series resistanc®.5 ; 7o =[0 1)z (49)
TLm . .
switching frequencyf, 50 kHz; Wh?rei'(t)é[ng(t)ﬁcf(t)]T andvey = d/kpwnm = Vpd =
nominal duty ratiaD 0.5. 14d. It follows directly from (46) that the nominal transfer func-

A driving circuit is designed so that the main switch opettion is given by
ates under zero-voltage switching. Fig. 12 is the implemented
ZVT-PWM boost converter with driving circuit and feedback Uo(8) —17.21s + 7.575 x 10° (50)

controller. Substituting the above parameters &ad= 200 Detri(s) 82 4 55505 + 4.806 x 105°
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The experimental results measured by transfer functiafassical controller and MIVSC controller. It shows that the
analyzer R9211b are compared with theoretical predictionsMiVSC controller still exhibits better performance than the
Fig. 13. It is seen that the developed small-signal model acaliassical controller.
rately predicts the dynamical characteristics up to 1000 rad/s.

IX. CONCLUSION

VIll. CONTROLLERSDESIGN A small-signal model of ZVT-PWM boost converters is de-

In this section, two kinds of controllers will be designed fogeloped in this paper. The analysis shows that ZVT-PWM boost
the ZVT-PWM boost converter. They are classical and MIVS€onverters exhibit better dynamical behavior than the conven-

controllers. tional PWM boost converters. The mathematical model is veri-
. _ fied by experimental results. With the help of this model, a clas-
A. Classical Controller Desigh ..(s) sical controller and an MIVSC controller are then designed to

The root-locus method is now applied to design a classidggulate the output voltage and reject the line voltage distur-
controller. A pole at = 0 is added to eliminate the steady-stat®ance. Results from simulations and experiments show that the
error and a zero at= —500 is added to improve phase marginMIVSC controller is better than the classical controller in the

Moreover, by adding a zero at= —8000 and a pole as = presence of variations of line voltage and load resistance.
—10000, the root loci are migrated to the left half of s-plane.
As aresult, a phase lead-lag controller is given by REFERENCES
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10000z g, wherezx g is the output state of the integrator.

To examine the performance of the closed-loop system with
respect to controller&,..(s) andK,,.(s), variations of load re-
sistance and line voltage are taken into consideration. Simu
tion results for ZVT-PWM boost converter with classical con
troller K..(s) are shown in Fig. 14 witl¥,..; = 10V. The line
voltageV;,, is initially set to 5 V and load?, is set to 200 at
t = 0s, then the load is changed &y, = 1002 att = 0.06 s,
and att = 0.12s, then line voltage is changeditg, = 4.75V
att = 0.18s, and finallyV;, = 4.5V at¢ = 0.24s. _ : \ \ :

. . . < Taiwan. His research interests include robust control

Simulation results for ZVT-PWM boost converter wit theory, singular system analysis, sliding mode
MIVSC controller K,,,.(s) are also shown in Fig. 15 with control, and dynamics analysis and controller design of power electronics.
Vie = 10V. The line voltageV;,, is initially set to 5 V and
load Ry, is set to 2002 at¢ = 0s, then the load is changed
to Ry = 100Q att = 0.03s, andR;, = 50Q att = 0.065s,
then line voltage is changed 1§, = 4.75V att = 0.09s, and |
finally V;,, = 4.5V att = 0.12s. It is interesting to note from
the simulation results that the ZVT-PWM boost converter wit
MIVSC controller K,,,.(s) exhibits excellent output voltage
response which is almost independent of the variations of lo
resistance and line voltage.

Experimental results for load and line voltage variations a
shown in Figs. 16-19 for the ZVT-PWM boost converter witl
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