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Example 1

1-Phase Diode Bridge Rectifier
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Nomind Vaues Vg(rms) = 120V at 60 Hz

Ls=1mH
Rs=10 mW
Lg=1nH
Cd = 1,000 nF
Rload =20 W
Problems
1 Execute DBRECT1 to obtain vs, is and vg waveforms.
2. From the results of the Fourier andlysis contained in the output file DBRECT1.0UT,
caculate the input power factor and the displacement power factor.
3. Make use of the Fourier andyss in DBRECT1.0OUT to plot is, k1, i3 and k5.
Superimpose the distortion current component igistortion = Is - is1 on the above plot.
4, Calculate Icgp (the rms current though the filter capacitor) as aratio of the average load
current l]oad-
5. Plot the current and voltage associated with one of the diodes, for example, d1, and

obtain the average and the rms values of the current as a ratio of the average load
current.



10.

11.

12.

1-2

Vary Lg as a parameter to investigate its influence on the input digplacement power
factor, the input power factor, %THD, and the peak-peak ripple in the dc voltage vg.

Vary the filter capacitor Cd to investigate its influence on the percentage ripple in vq,
input displacement power factor and %THD. Plot the percentage DV (peak-to-
peak)/V d(average) as afunction of Cg.

Vary theload power to investigate its influence on the average dc voltage.

In the nomina dircuit input file, remove the limit on the maximum time sep during the
smulation and obsarve its influence on the circuit waveforms.

Obtain the v, is and vg waveforms during the startup transient when the filter capacitor
isinitidly not charged. Obtain the pesk inrush current as aratio of the pesk current in
deady date. Vary the switching ingant by smply varying the phase angle g of the
Source Vs,

Replace the dc side of the diode bridge by a current source I = 10 A, corresponding
toavery lageLd. Make Lgamost equd to zero. Obtain V(average).

Make Lg =3 mH in Problem 10 and obtain Vj(average), displacement power factor,
power factor, %THD, and the current commutation interval.

Reference: Section 5-3-4, pages 95 - 99.

PSpice Schematic: DBRECT1

[Copyright O 2003, Adapted with permission from “Power Electronics M odeling
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EXAMPLE 2

3-Phase Diode Bridge Rectifier
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Nomind Vaues VL (rms) =208V at 60 Hz
Ls=01mH
Rs=1mwW
Lg=05mH
Rg=5mwW
Cd =500 nF
Rload = 16.5W
Problems

1 @ Obtain vgp, vd and ig waveforms.
(b) Obtain vg and ig waveforms

2. By means of Fourier analyds of ig, caculate its harmonic components as aratio of I51.

3. Cdculaelg, 1a1, Idis, Y0THD in the input current, input displacement power factor and
the input power factor. How do the results compare with the 1-phase diode-bridge
rectifier of Example 1.

4, Caculate I cgp (the rms current through the filter capacitor) asaratio of the average
load current l|gag. Compare the results with that in Example 1.

5. Investigate the influence of Lg on the input displacement power factor, the input power
factor and the average dc voltage Vd. Suggested range of Lg: 0.1 mH to 10 mH.



6. Investigate the influence of Cg on the percent ripplein vg. Plot the percentage DV
(peak-to-peak)/V d(average) as afunction of Cg. Suggested range of Cg: 100 - and
2,000 nt-.

7. Investigate the influence of Cy on the input displacement power factor and the input

power factor. Suggested range of Cg: 100 nf= to 2,000 n-.

8. Plot the average dc voltage as afunction of load. Suggested range of Ripgd: 50 Wto 8
W.

Reference: Section 5-6, pages 103 112.
PSpice Schematic: Dbrect3

[Copyright O 2003, Adapted with permission from “Power Electronics M odeling
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EXAMPLE 3

1-Phase Thyristor Rectifier Bridge
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Nomind vaues Vg(rms) =120V at 60 Hz
Ls1 =02mH
Le =1.0mH
Lg=20mH
Rload=5W
delay anglea = 45°
Problems
1 @ Obtain vs, vd and ig waveforms.

(b) Obtain vs and is waveforms.
(© Obtain vm and i waveforms.

From the plots, obtain the commutation interval u and the dc-side current at the Sart of
the commutation.

By means of Fourier anadlyds of is, caculate its harmonic components as arétio of Is].

Calculate Is, %THD in the input current, the input displacement power factor and the
input power factor.

At the point of common coupling, obtain the following from the voltage vim waveform:
@ Line-notch depth r (%)



(b) Line-notch area and,
(© voltage % THD.

6. Obtain the average dc voltage V. Veify tha

2wLg
Vd=0.9Vgcosa - T Id.

where first use the average vaue of g for Iy and then its vaue a the sart of the
commutation interva as caculated in Problem 2.

Reference: Section 6-3, pages 126 - 134.
PSpice Schematic: Thyrectl

[Copyright O 2003, Adapted with permission from “Power Electronics M odeling
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EXAMPLE 4

1-Phase Thyristor Inverter

le LsZ

Nomind Vdues Vg(rms) =120V at 60 Hz
Ls1 =02mH
L =10mH
Lg=20mH
E=88V (do)
delay anglea = 135°

Problems

1 @ Obtain vs, vd and ig waveforms usng Thyinvl.
(b) Obtain v and is waveforms.

2. Caculate Is, %THD in the input current, the input displacement power factor and the
input power factor.

3. Study the startup of inverter operation. Increase the delay angleto avaue closeto
180° (for example, 150°) and look at the v, vg and ig waveforms. Repeat the above

procedure by reducing a dowly to itsnomina vaue of 135°. Plot the average dc
current |9 versusa.

Reference: Section 6-3-4, pages 135 - 138.
PSpice Schematic: Thyinvl

[Copyright O 2003, Adapted with permission from “Power Electronics M odeling
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EXAMPLE 5

3-Phase Thyristor Rectifier Bridge

9& 9& Tk
178 3 5
2 st Lo
oMM g MT__¢
E—

b I
oMM g Ym 9 o v
. d R} oad
e TTT_o MM

T 475 628 27X

point of

common coupling

Nominda Vaues. VLL(rms) =208V at 60 Hz
Ls1 =02mH
Ls2=10mH
Lg=16mH
Rload=8W
delay angle = 45°

Problems

1 @ Obtain vg, vg and ig waveforms using Thyrect3.
(b) Obtain vg and ig waveforms.
(© Obtain (Va)pce, (Vab)pce and ig waveforms.

2. From the plots, obtain the commutation interval u and ig at the start of the commutation.
Veify the following commutation eguation:

o) s
cosla+u) =cosa - d
\2viL

whereLg=Lg] + Lg2. For g, usethe average vaue of ig or its vaue a the dart of the
commutation.

3. By means of Fourier anadlyds of is, caculate its harmonic components as arétio of Is].

4, Cdculae Is, %THD in the input current, the input displacement power factor and the
input power factor.



5. Veify the following equation:
cosa + cos(a +U)
2

_ u
Displacement power factor ~ cos(a + > ) =

6. At the point of common coupling, obtain the following from the voltage vipcc waveform:
@ Line-notch depth r (%)
(b) Line-notch area and,
(© voltage THD%

7. Obtain the average dc voltage Vg. Verify that

3wlLg
Vdg=135V|L cosa - T Id.

For lg, use the average vaue of ig or its vaue at the sart of the commutation.
Reference: Section 6-4, pages 138 - 148.
PSpice Schematic: Thyrect3

[Copyright O 2003, Adapted with permission from “Power Electronics M odeling
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EXAMPLE 6

3-Phase Thyristor Inverter
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Nomind Vaues VL L(rms) =480V a 60 Hz
Ls=10mH
Lg=16 mH, Ry=10hm
E=630V
delay anglea =160°

Problems;

1. @ Obtain vg, vg and ig waveforms usng Thyinv3.
(b) Obtain vg and ig waveforms

2. Cdculae s, %THD in theinput current, the input displacement power factor and the
input power factor.

3. Study the tartup of the inverter operation. Increase the delay angle to avaue closeto
180° and look at the vg, Vg and ig waveforms. Repesat the above procedure by

reducing a dowly to its nomina value of 160°. Plot the average dc current Iq versus
a.

Reference: Section 6-4-4, pages 148 - 150.
PSpice Schematic Thyinv3

[Copyright O 2003, Adapted with permission from “Power Electronics M odeling
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EXAMPLE 7

Step-down (BUCK) dc-dc Converter
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Nomind Vaues Vg=8YV (dc)
L=5nH
rL =10 mw
C=100nF
Rload =0.5W
fS: 100 kHz
switch duty ratio D = 0.75

Problems

1. In steady state, obtain the following waveforms usng Buckconv:
@ v and i waveforms.

(b) Vo, iL and ic waveforms

2. Obtain vpj waveform and by means of Fourier andysis, obtain its harmonic components
asaratio of itsaverage vaue V.

3. Increase the load resistance to 10 W. Obtainv] and i waveformsin the
discontinuous conduction mode [Hint: use V(0) =5.8V and I_(0) = 0]. Check if the
results agree with the following equation:

Vo D2
Vd B D2+ 1 ee |0 0
4EIBMax g
Vd

where |LB’maX: BTfS .



4, Obtain the peak-to-pesk ripple in the output voltage and check to seeif the results
agree with the andytical caculations.

5. Cdculate the rms vaue of the current through the output capacitor as aratio of the
average load current 1.

6. Calculate the peak-to-peak ripple in the output voltage in the presence of the output
capacitor Equivalent Series Resistance (ESR) [Suggested ESR = 100 mW]. Plot the
ripple across C, ESR and the totd ripplein vo.

Reference: Section 7-3, pages 164 - 168.
PSpice Schematic: Buckconv

[Copyright O 2003, Adapted with permission from “Power Electronics M odeling
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EXAMPLE 8

Step-Up (Boost) dc-dc Converter
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Nomind Vaues Vg=9V
L=10nH
rL =10 mw
C=50nF
Rload=5W
fg=100 kHz
switch duty ratio D = 0.625

Problems

1.

In steady State obtain the following waveforms usng Boost:
@ v and i waveforms

(b) Vo, iD and ic waveforms

Obtain ip waveform and by means of Fourier andysis, obtain its harmonic components
asaratio of itsaverage vaue lo.

Increase the load resistance to 50 W. Obtain vi_ and i waveformsin the discontinuous
conduction mode [Hint: use Vp(0) =28 V and I (0) = 0]. Check if the results agree
with the andytica cdculaions.

After 10 ms, change the load resistance as a step from its nomina vaue of 5 Wto 50
W. Obtain vy, i and vg waveforms asthey reach their new steady State vaues.

Obtain the peak-to-peak ripple in the output voltage and check to seeif the results
agree with the anaytica caculations.

Cdculate the rms vaue of the current through the output capacitor as aratio of the
average load current 1.

Reference: Section 7-4, pages 172 - 178.

PSpice Schematic: Boost

[Copyright O 2003, Adapted with permission from “Power Electronics M odeling
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EXAMPLE 9

Step-down/Up dc-dc (Buck-Boost) Converter

.
/S D
Kl
v, . l ~
VL% 'vocT Yo ;Rload
) e,

Nomind Vaues Vg=85V
L=10nH
rL =10 mw
C =100 n
Rload=8W
fg=100 kHz
switch duty ratio D = 0.75

Problems

1

In steedy State, obtain the following waveforms usng Buck- Boost:
@ vLadiL
(b) Vo, io and ic.

Obtain ip waveform and by means of Fourier andlysis, obtain its harmonic components
asaratio of itsaverage vaue lo.

Increase the load resistance to 80 W. Obtain vi_ and i waveforms in the discontinuous
conduction mode [Hint: use V(o) = 28 V and I (0) = 0]. Check if the results agree
with the andyticd cdculaions.

After 10 ms, change the load resstance as a sep from its nomina vaue of 8 W to 80
W. Obtain vy, i and vg waveforms as they reach their new steady State values.

Obtain the peak-to-peak ripple in the output voltage and check to see if the results
agree with anaytica calculations.
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6. Cdculate the rms vaue of the current through the output capacitor as a retio of the
average load current 1.

Reference: Section 7-5, pages 178 - 184.
PSpice Schematic: Buck-Boost

[Copyright O 2003, Adapted with permission from “ Power Electronics M odeling
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EXAMPLE 10
Full-Bridge, Bipolar-Switching dc-dc Converter

a<

A%/JS

A eo—e

|
Jl

A2 B2
7T N AT

Nomind Vdues Vg=200V
VEMF=79.5V
Rq=0.37W
La=15mH
lo(avg) =10 A
fs =20 kHz
duty-ratio D1 of Ta1 and Tg2 = 0.708

A
(\ Vcontrol =0.416 V with V rj = 1.0 V)

Problems

1.

Obtain the following waveforms usng FBBSDCDC.
(@ Vo, ioand po(t) = Voio
(b) Voandig

Calculate pesk-to-pesk ripple inip.

By means of Fourier andlys's, cdculate the average vaue and the harmonic components
in vo. Obtain the rms vaue of the ripple in vo and check it with the anayticd

cdculations.

By means of Fourier analys's, caculate the average vaue of ig and the rms vaue of the
ripple.
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5. With VEME =0and Ig(avg) =0, Vo(avg) = 0V. Therefore, Veontrol = 0. Caculate
the following [Hint: use 1o(0) = -1.67A]:
@ Vo, ip and po(t) waveforms.
(b) peak-to-peak ripple in p. Compare it with its andyticd vaue, and that in
Problem 2.
(© In part (a), labd the intervas during which various devices are conducting.

6. In the regenerative mode, the power flows from the load to the dc-bus at V. Let
VEMF= 79.5V, Ig(avg) = 10A in the reverse direction, and Vg(avg) = 79.5 - 0.37x10
=75.8V. Therefore,

75.8
Vcontrol = % x 1.0 =0.379.
Cdculate parts (a) through (c) of Problem 5 [Hint: use 1o(0) =-11.67 A].

Reference: Section 7-7-1, pages 190 - 192.
PSpice Schematic: FBBSDCDC

[Copyright O 2003, Adapted with permission from “Power Electronics M odeling
Simplified usng PSpice™ (Release 9)”: http://www.mnpere.com]
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EXAMPLE 11
Full-Bridge, Unipolar Switching dc-dc Converter
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Nomina Vaues Same asthat in Example 10 except for unipolar-voltage switchings.
Problems

1 Obtain the plot of va, vB and vg usng FBUSDCDC.
2. Obtain the plot of vg and ig

3. Obtain the peak-pesk rippleinig. Check it with its andytical vaue and compareit with
Problem 2 of Example 10.

4, Obtain the rms vaue of the ripple in vp. Check it with its analytical value and compare
it with Problem 3 of Example 10.

Reference: Section 7-7-2, pages 192 - 194.
PSpice Schematic: FBUSDCDC

[Copyright O 2003, Adapted with permission from “Power Electronics M odeling
Simplified using PSpice™ (Release 9)”: http://www.mnpere.con]
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EXAMPLE 12

1-Phase, Bipolar-Voltage Switching I nverter
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Nomind Vaues,

Frequency fi = 40 Hz, Vp1(rms) = 153.33 V, Vo1 pesk = 216.8V.
RTH =2W, LTH =10 mH. lg1(rms) = 10 A a a0.866 pf (lagging).

Phasor Diagram:
R X
Ny A e
+ —

Vor (atfy) @ Vo,

Therefore, VTH (rms) = 124.1 /-5.390 V
and vTH = 175.5 sin (2px40xt - 5.390).

Inverter and Controller for Sinusoidal PWM:

Switching frequency fs= 1 kHz ,

Frequency modulation ratio mf = 1000 / 40 = 25,
Amplitude modul&tion ratio mg = 0.8.

Therefore, Vd = Vo1,peak / Ma =271V and,
Veontrol = 0.8 sin (2px40t).
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Problems

1.

Obtain the fallowing waveforms usng 1Phbsinv:
@ Vo and ip.

(b) Vo and ig.

(© Vo, ipand po.

Obtain \p1 by means of Fourier analyss of the vp waveform. Compare \p1 with its
preca culated nomind vaue.

Using the results of Problem 2, obtain the ripple component \ipple waveform in the
output voltage.

Obtain p1 by means of Fourier andysis of the p waveform. Compare ip1 with its
preca culated nomind value.

Using the results of Problem 4, obtain the ripple component iripple in the output current.

Obtain Ig(avg) and ig2 (the component at the 2nd harmonic frequency) by means of the
Fourier analysis of the g waveform. Compare them with their precaculated nomina
vaues.

Using the results of Problem 6, obtain the high frequency ripple component i ripple in
the input dc current. Calculate itsrmsvaue.

Reference: Section 8-3-2-1, pages 212 - 215.

PSpice Schematic: 1Phbsinv

Based on | g1(rms) = 10 /-30° A, theinitid vauelg(0) = -7 A.

[Copyright O 2003, Adapted with permission from “Power Electronics M odeling
Simplified using PSpice™ (Release 9)”: http://www.mnpere.con|
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EXAMPLE 13
1-Phase, Unipolar-voltage Switching I nverter
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Nomind Vaues Smilar to Example 12.

Problems

1.

Obtan the following waveforms usng 1Phusnv:
(a) Vo and ip.

(b) Vo and ig.

(© Vo ioandpo.

Obtain \p1 by means of Fourier andyss of the g waveform. Compare vp1 with its
precal culated nomind vaue.

Using the results of Problem 2, obtain the ripple component \ipple waveform in the

output voltage. Compare the peak-to-pesk ripple to that in the bipolar-voltage
switching inverter.

Obtain p1 by means of Fourier andysis of the o waveform. Compare ip1 with its
precdculated nomina vaue.

Using the resuilts of Problem 4, obtain the ripple component irjpple in the output current.
Compare the peak-to-peak ripple to that in the bipolar-voltage switching inverter.

Obtain Ig(avg) and ig2 (the component at the 2nd harmonic frequency) by means of the
Fourier analysis of the g waveform. Compare them with their precaculated nomina
vaues.
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7. Using the results of Problem 6, obtain the high frequency ripple component i ripple in

the input dc current. Cadculate its rms vaue. Compare the rms vaue of the dc-side
current ripple to that in the bipolar-voltage switching inverter.

Reference: Section 8-3-2-2, pages 215 - 218.
PSpice Schematic: 1Phusinv

Based on 1 g1(rms) = 10 /-30° A, theinitid vauelg(0) =-7 A.
Controller:

The same controller PWM_TRI, as in Example 12 is used. The difference is that the
switches in the converter-leg A depend on the control voltage vecontrol, wheress the
switchesin the converter-leg B depend on (- vcontral).

[Copyright O 2003, Adapted with permission from “Power Electronics M odeling
Simplified usng PSpice™ (Release 9)”: http://www.mnpere.com]




14-1
EXAMPLE 14

1-Phase, Square-Wave Inverter

+ Al/ 1 51/ I
A+
+
\é = VO
Be—e—
% 74
- T N T
Nomina Vdues Sameasin Example 12 except,
_b - b _
Vd= 4 V0o1,peak = 216.8 4 =170.27V
Problems

Similar to Example 12 but compare the results with both Examples 12 and 13. Also,
obtain the lower order harmonicsinvg asaratio of Vp1.

Reference: Section 8-3-2-3, page 218.
PSpice Schematic: 1Phsginv

Based on 1 g1(rms) = 10 /-30° A, theinitid valuelg(0) =-7 A.
Controller:

Switches (A1, B2) and (B1, A2) form two switch pairs, each of which is gated on for
dternate haf periods.

[[Copyright O 2003, Adapted with permission from “Power Electronics M odeling
Simplified usng PSpice™ (Release 9)”: http://www.mnpere.con|
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EXAMPLE 15

1-Phase, Voltage-Cancellation I nverter

T AT wl
A
+
\é = V0
Be—e—
s 52/
- TN AT
Nomind vaues Same asin Example 14.
For V=271V andV 1 = 2168V, ah=1
4 .
216.8 = B 271snb
\ b=389° and a=180-2b=102.2°
& -51.10
2
Problems

Same asin Example 14.
Reference: Section 8-3-2-4, pages 218 - 219. Seethe definitionsof a and b.
PSpice Schematic: 1Phvcinv

Based on 1 g1(rms) = 10 /-30° A, theinitid vauelg(0) = -7 A.
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Contraller:
-~ A1l ———ple—— A2
0 I I I >
0 1&)0 3600
B2 > Bl ——
0 I I R
0 180° 360

[Copyright O 2003, Adapted with permission from “Power Electronics M odeling
Simplified usng PSpice™ (Release 9)”: http://www.mnpere.com]
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EXAMPLE 16

Three-Phase PWM Inverter

\
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Nomind Vaues

Load: A 230V, 60 Hz, 3-phase motor is operating at a frequency f1
=47.619 Hz. Therefore,

ms  47.619
VLLl =760 X 230=18254V.
rms
rms VLL1

VAnl = W =105.39V = 105.39/0°.

ms

IAl =10 A at alagging power factor of 0.866 = 10/-30° A. Rg=
2W, Lg=10mH,

\  Xg= 2px47.619x10x10-3 = 3W.

Phasor Diagram:
R P
- a AT
+ —
IAl +
Van, (atf) @ Vin.a,

\ (VTHA)1 = 74.76/-12.36° V (rm9)

Inverter and Sinusoidal PWM Controller:
Switching frequency fs = 1 kHz.
Amplitude modulation retio mg = 0.95 .

rms

N
=313.97 V. With V ¢ = 1.0V
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Veontrol A = 0.95 cos (2pfit - 90°) V.

Problems

1.

7.

Obtain the fallowing waveforms using :
@ VAN andia.
(b) Vanand iA.

(© VAN and id.

Obtain vap, by meansof Fourier analysis of the van waveform. Comparevpp, with
its precdculated nomind vaue.

Using the results of Problem 2, obtain the ripple component vripple Waveformin the
output voltage.

Obtaini Ay by means of Fourier andysis of ia waveform. Compare i Ay with its
preca culated nomind value.

Using the results of Problem 4, obtain the ripple component iripple in the output current.

Obtain 1g(avg) by means of Fourier andyss and obtain the high frequency ripple
id ripple = id - ld(avg) in the input current.

Obtain the load neutral voltage with respect to the mid-point of the dc input voltage.

Reference: Section 8-4, pages 225 - 236.

PSpice Schematic: PWMINV3

Based on 1 po1(rms) = 10 /-30° A, theinitid vauela1(0) =-7.07 A.

Contraller:

Three snusoidd control voltages, one for each phase, are compared with a switching-frequency
triangular waveform in PAVM_Tri_3PH_Subcircuit.

[Copyright O 2003, Adapted with permission from “ Power Electronics M odeling
Simplified usng PSpice™ (Release 9)”: http://www.mnpere.con|
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EXAMPLE 17

Three-Phase, Square-Wave I nverter

+ Al;jg ) & o)L e

A
vV oL
d T Be—e
C
AZ/ BZ// Cl
. T AT 7 %
N
Nomind vaues The same as in Example 16, except
182.54
Vdg= 078 - 234.03V
ms
where V =18254V.
LLq
Problems

Same asin Example 16.
Reference: Section 8-4-2, pages 229 - 230.

PSpice Schematic: SQINV3

Controller:
Al A2
° 0° 180° 360° ]
B2 Bl B2
0 60° 1200 3000
c1 c2 c1
O Ll
60° 240°

[Copyright O 2003, Adapted with permission from “Power Electronics M odeling
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18-1

EXAMPLE 18

Series-L oaded Resonant (SLR) dc-dc
Converter Operating Above the Resonant Frequency

Iy — g
+ + SVV]/ DJX | = +
L, C|:(r yAN yAN
V, M
V Y i e = ; R
d — AB Cout Load
o8 —
\_;d T c, S\Nz’/l D%f lco x == i
Nomind Vdues Vd=155V, fg= 100 kHz,
Lr=455nH, C, =969 nF
\ fo =132 kHz, fs/fo =132
C1, Co2=Large, Coyt =50 nF, R pad =50 W.
Snubber Capacitors Cg1 = Cs2 = 0.1 nF
Vo(0) =69.75V
Problems

1 Obtain vaop and i waveforms.

2. By Fourier analyss, obtain and plot vag1 and i_1. Note that the current lagsin phase

with respect to the voltage.

3. Obtain the voltage across and the curent through the lower switch. Check for zero
voltage/current switchings.

4, In atime range of 4.8ns to 5.8ns, plot the currents ics1 and ics2 through the snubber

capacitors, ip2, I, igy2 and the gate sgnasto switches 1 and 2 (all on the same plot).
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5. Remove both the snubber capacitors and reexamine the switching interva between 4.8
nsto 5.8 nsin Problems 3 and 4.

6. Obtain the voltage \¢ and the current i waveforms. Normalize the results by Vpgse =
Vd and Ipase = Vd / Zo, respectively.

7. Without changing the circuit parameters, change the switching frequency to fs = 80 kHz.
Obtain lp(avg) and compare the normalized \c and i / lo(avg) with those in Problem
3. Hint: Edimate the output voltage and useit asinitid condition in the smulation.

References. Section 9-4-1-3, pages 261 - 262.
PSpice Schematic: SLRCM2

[Copyright O 2003, Adapted with permission from “Power Electronics M odeling
Simplified using PSpice™ (Release 9)”: http://www.mnpere.con|
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EXAMPLE 19

Par allel-L oaded Resonant (PLR) dc-dc
Converter Abovethe Resonant Frequency

_ d — 5
MM
[ ol L +
Ly Zf VAN
Vo _L c Ae—vs Y v
2 1 i + 0
V V, =" —— ; R
d - AB C, c Cout Load
o5 — =
Vo _L Sw2 / DJ
> C, / f‘§=: cR zs VAN
_ _ | -
Nomind Vaues Vg=155V, fg=300kHz
Ly =37.96H, Cr=8.97nF
\ fo =272.74 kHz, fs/ fo =11.
lo=0.9926 A.
Problems
1 Obtain vaop and i waveforms.
2. Obtain the voltage across and the current through the bottom switch. Check for zero
voltage/current switchings.
3. Obtain v¢ and i waveforms. .

4, Plot the fundamenta frequency components of the inverter voltage vapB and the current
iL. Doesthe current lag the voltage? If so, by how many degrees and why?

5. In atime range of 6.5 nsto 7.5 ns, plot the currents ics1 and ics2 through the snubber
capacitors, ip1, i, igy1 and the gate sgnasto switches 1 and 2 (all on the same plot).

Reference: Section 9-4-2-3, pages 266 - 267.
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PSpice Schematic: PLRCM 2
[Copyright O 2003, Adapted with permission from “Power Electronics M odeling
Simplified usng PSpice™ (Release 9)”: http://www.mnpere.con]
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EXAMPLE 20

Current-Sour ce, Parallel-Resonant Inverter for Induction Heating

?X?\X%

~ N

Nomind vaues,

N
Ly
1 =3
I‘C
mm
+ _>|O
Vd VO Cr7< Lrg RLoad
fS:4kHZ

Ly =78nH, Lc =20 nH

Cr = 25 nF, Rigad = 20 W.

fs
fo = 3.6 kHz, - =111
o]
id=1d=25A
Problems
1 Obtain v and ig waveforms.
2. Obtain the fundamenta frequency components of the output voltage v and the output

current ig. Caculate the angle by which the current leads the voltage. Compare this
vaue with the phase angle of the impedance (at the switching frequency) seen from the

output of the converter.

Obtain the waveform of the voltage across the dc input to the inverter. Cdculate its

average vaue Vg and the average power input Vgl d.

Obtain the voltage across the load and the average power supplied to the load.

Compare with the average power input (Vd |g) calculated in Problem 3.



20-2
5. Mot the voltage across one of the thyristors and calculate the reverse recovery time (=

gws) in nsavailable to the thyrigtors.

Reference: Section 9-4-4, pages 269 - 270.
PSpice Schematic: CSINV

[Copyright O 2003, Adapted with permission from “Power Electronics M odeling
Simplified usng PSpice™ (Release 9)”: http://www.mnpere.com]
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EXAMPLE 21

Zero-Current-Switching, Quasi-Resonant Buck Converter

I-r Lf
S m LR
—— + —_— +
I'sw io

+
\ Ve /= =<V,
d <‘> ¢ C T D Cf 0 ;RLOEd

r

Nomind Vaues. Vg=15V,Vp=10V,
i0:|0:1A,
1
fo= —F— =1MHz
2p A/LfCy

L
Zo= \/;rr =10W

\ Ly =1.59 mH, Cr = 15.9 nF

fs=0.614 MHz \ Ts= 162418

Problems:

1 Obtain v, igy and igiode waveforms.

2. Mot the voltage across and the current through the switch. Check for zero
voltage/current switchings.

3. Obtain the average value of the voltage across the switch to check if Vg equals 10 V as
the specified nomind vaue,

4, Change I in the PSpice circuit to 0.5 A. Obtain V/Vd and the corresponding
Rioad/Zo. Compare the results and comment on how the switching frequency should
be changed to bring Vg back to its nomind vaue.

5. Change I in the PSpice circuit to 2.0 A. Look at the first switching frequency cycle

and discuss the need for turning off afinite amount of current by the switch rather than
the zero-current switching obtained earlier.
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6. Obtain the voltage vic and the inductor current i by putting adiode in anti- paralld with
the switch. Obtain Vo/V(.

Reference: Section 9-5-1, pages 274 - 278.
PSpice Schematic ZCSconv:
Controller:

At the beginning of each cycle, a short pulse of 0.05 ns is produced. The switchis
turned off when the current through it triesto reverse direction.

[Copyright O 2003, Adapted with permission from “Power Electronics M odeling
Simplified using PSpice™ (Release 9)”: http://mwww.mnpere.con]
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EXAMPLE 22
Zero-Voltage-Switching, Clamped-Voltage dc-dc Converter

+ 5W1/ DJS |l ca

Ly — =g
\é = A oo M
+ +
L
S\NZ/DE ::C82A f (0] Load
_ T - _

Nomind Vaues
Vd=21V,Vp=10V
fs=100 kHz, Lf=20nH
Cs1=Cg2=5nF
Ct = 1000 nf, Rjgag = 10 W.
Problems:
1. Obtain vp and i|. waveforms.
2. Obtain the voltage across and the current through one of the switches. Comment on the
zero voltage/current switchings.
3. Around the blanking time, obtain the currents through one of the switches and through
its associated diode and the snubber capacitors.
4. Obtain the average value of va. How much lower isit compared to the nomina vaue
of 10V for Vg?
5. Calculate the peak-to-pesk ripple in the inductor current as aratio of the average
inductor current. What should its vaue be to provide zero voltage switching?
6. Change Cg1 and Cs to be 2.5 nF. Repeat Problems 1 through 4.

Reference: Section 9-6-1, pages 280 - 283.
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PSpice Schematic: ZVSCV

Controller:
Vgatel
0 I >
0 5.5us 10us 15.5us
Vgate2
0 I >
00.5us 5us 10.5us 15us

[Copyright O 2003, Adapted with permission from “Power Electronics M odeling
Simplified using PSpice™ (Release 9)”: http://www.mnpere.con|
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EXAMPLE 23

Flyback dc-dc Converter

i~ =i
'Id N oo
+ . . 1 +
Vi ngH No CT Yo §RLoad
i - . _
Nomind Vaues

Vg=32V,Vg=~-4V
switch duty-ratio D = 0.4, fg=200 kHz,
C=100nF, Rogag=1W
Transformer:  N1/N2 =4,
Magnetizing inductance Lm = 30 nH,
Neglect the leakage inductances.

Problems:
1. Obtain waveformsfor vy, ig, and ip.
2. Plot v1, igy, and ip during a switching trangtion.
3. Cdculate the average vaues of ig and ip in Problem 1 and verify that
ld Vo
lo ~ Vd
4, Obtain the waveform for the switch voltage vgy. Verify the results with the following
equation:
Vsv= 1 p
5. Change the |oad resistance to 50 W and repeat Problems 1 and 2 after a steady stateis

reached.
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Reference: Section 10-4-2, pages 308 - 310.
PSpice Schematic Flyback

NOTE:
1 The transformer of the Flyback converter is represented by a component

XFRM_Linear in the Andog library. Since the leakage inductances are ignored, the
coefficient of coupling (K) isassumed to be nearly 1. Therefore,

L1=30nH, and L2 = L1/ (N1/N2)2 = 1.875 nH.
2. An R-C snubber isincluded across the switch.

3. A 1 MEG resdtor is connected to ground at the output to saisfy connectivity
requirements.

[Copyright O 2003, Adapted with permission from “Power Electronics M odeling
Simplified usng PSpice™ (Release 9)”: http://www.mnpere.con|




24-1

EXAMPLE 24

Forward dc-dc Converter

. i -
i D1 Lp_ 'L
* + . NS Jo ot Tov o '
Vi Nl%H E N2 D2 /\ c T- Vo ;RLoaj
f
Vd _ )
D3 —
/ TIS
Nomind Vaues
Vg=50V, Vg~45V, N> =4, Na =1
fg= 200 kHz, Lm=100nH, Lf=7.5nH
Cf=100nF, Rigad=1W,
Switch duty-ratioD = 0.4..
Problems;

1 Obtain the waveforms for i and the voltage input to the output stage (i.e., the voltage
across diode D2).

2. Obtain vq, igy and i3 waveforms.
3. In problem 2, show that the average vadue of v1 equds zero.

4, From the results of Problem 2, verify that

where tmisthetimeinterva during which i3 flows, and Ts is the switching time period.
Reference: Section 10-4-3, pages 311 - 314.

PSpice Schematic: Forward
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Notes:
1 The 1-MEG resgtor isfor satisfying the connectivity requirement.

2. The 3-winding transformer is represented by three inductors L1, L2 and L3 with almost
perfect magnetic coupling. It is represented by a component XFRM_3W.

[Copyright O 2003, Adapted with permission from “Power Electronics M odeling
Simplified usng PSpice™ (Release 9)”: http://www.mnpere.com]
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EXAMPLE 25

Forward Converter: Voltage-M ode Controlled

— N S e
+ . 1 +
D1 |
1) N2 D2 £\ Vo R oad
Va Cy _
Nomind Vaues.
re =10 mW, Cf= 2,000 nF, R|_gad =200 mW,
Vdg=24V, Vo=4V, r_=10mW (ignore), Lf=5nH,
fs=200kHz, N1/N2=3.
PWM Modulator: Tm(s) =0.34 (-9.37dB)
Voltage-Mode Controller: Designed with crossover frequency w.=10°
rad/s and phase margin f ,,= 45°.
Problems:

1 Using the switching modd in For_Cntl, apply a step increase of 0.05 V in the nomina
vaue of the output voltage Vg equal to 4 V at 200 ns. Observe the system response.

2. Repeat Problem 1 by applying an additional load resistance of 800 mW in pardld with
the nomindl load resistance.

3. Repeat Problem 1 by gpplying astep increase of 1V in the nomind vaue of the input

voltage V(.

5. Repest Problems 1 through 4 with a Type-3 controller which provides a phase boost of
60° with the same crossover frequency as before.

Reference: Section 10-5, pages 322 - 336.

PSpice Schematic: For_Cntl

[Copyright O 2003, Adapted with permission from “Power Electronics M odeling
Simplified usng PSpice™ (Release 9)”: http://www.mnpere.con]
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EXAMPLE 26
Ripplein the DC Motor Armature Current

' A%/JS

Aeo—e
\ —_
d
A2 / BZ/
_ TN AT
Nomind Vdues. Vg =200V
Ra=037W
La=15mH
fs= 10 kHz, Unipolar Voltage Switching
Ke = K; =0.75
duty-ratio D1 of Ta1 and Tg2 = 0.708
N
(Vcontro| =0416V withV =10 V)
The motor-load is as represented in the schematic DC_Motor.
Problems:
1. Obtain the armature current waveform.

2. Calculate peak-to-pesk rippleinia.

3. Repeat Problems 1 and 2 using a Bi-polar-voltage switching scheme. Compare the
results with the unipolar-voltage switching scheme here.

4. Apply astep increase in the control voltage to 0.6V at 0.5 ms and observe the system
response.

Reference: Section 13-6-3, pages 388 - 389.
PSpice Schematic: DC_Motor

[Copyright O 2003, Adapted with permission from “Power Electronics M odeling
Simplified usng PSpice™ (Release 9)”: http://www.mnpere.con|
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EXAMPLE 27

MOSFET Switching Characterigtics

In the schematic of MOSFET, the MOSFET is represented by IRF150
MOSFET in EVAL library of PSpice. The diode model within PSpiceis used
(where dl its parameters have default values and rs= 1mW). A pulsevoltageis
gpplied to the gate of the MOSFET where the rise and fal times are specified
as 100 ns. The stray inductance is represented by Lgtray -

Problems
1 Look at the MOSFET switching waveforms.

2. Vary Lgray inarange of 20 nH to 200 nH and observeits effect on the switching
waveforms.

3. Vary Ryate in arange of 10 Wto 200 W and observe its effect on the switching
waveforms.

PSpice Schematic: MOSFET

[Copyright O 2003, Adapted with permission from “Power Electronics M odeling Simplified
using PSpice™ (Release 9)” : http://www.mnpere.com|




