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EE 532 Power Electronics
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Problem 1: (20 marks)
The boost de-de converter shown has the following pa-
rameters:
E = 48 V, duty ratio = 0.6, L = 720 uH, C=10 uF,
switching frequency = 50 kHz, and R = 30 Q.
(i) At steady-state, assuming ideal components calcu-
late: (a) output voltage Vor‘%ab) inductor current ripple
AlL , (c) output voltage ripple AV,. -— = .
(ii) What is the minimum inductance that should be
used to ensure that the converter works in the contin-
uous current conduction mode?
(iii) If the transistor switching losses is to be calcu-
lated, estimate these losses assuming that the transis-
tor has (ton)sw= (toff)sw = 100 nsec.

== D
™~
L L1
&
Problem 2: marks)
The inverter gif€uit shown is operated with 180° firing.
E=180V = 10 2, and the devices are assumed
ideal, detegfine: (a) the peak voltage across the tran-
sistors while not conducting, (b) the rms current rat-
ings of the transistors, (c) the power delivered to the
load, (d) fhe current generated by the source i,
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Problem 3: (35 marks)
The circuit shown below is supplied by a 220 V (rms)
at 50 Hz. The step-up transformer has identical sec-
ondary windings with a turns ratio Ny /N, = 6.4. The
load is highly inductive, and consists of an inductance
L = 0.5 H in series with a resistance R = 3 . The
steady state load current is 400 A dc. Assuming ideal
devices and neglecting the effect of source inductance:
(a) calculate the value of the thyristors firing angle
(a) that produces the required load current, (b) what
is the frequency of the output voltage ripple? (c) de-
termine the peak reverse voltage (PRV), and the rms
current ratings of the thyristors, (d) calculate the sup-
ply rms current, (e) determine the input power factor,
distortion factor, and displacement factor of the sup-

_ ply current, (f) without any external circuitry added,

. and what is the shortest time to reduce the load
I, from its steady-state value to zero?
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Problem 1 : (20 pts.)

The 3-phase inverter circuit shown below is operated
with 180° firing. E =180 V,R = 10 0 . Assuming
ideal components, determine:

(a) the rms load current and the required rms current
rating of the transistors.

(b) the average power delivered to the load.

(c) the AC ammeter reading. Assume that the ammeter
has an extremely low resistance.

Problem 4 : (20 pts.)

It is desired to use a boost-based DC-DC converter to
produce 200 V from a 50 V DC source. The resistive
load range varies from 50 € to 100 Q , and the switch-
ing frequency is at 50 kHz. Assuming ideal devices, and
neglecting circuit losses:

(a) determine the minimum size of output filter inductor
required to keep the converter in the continuous conduc-
tion mode.

(b) determine the minimum size of output filter capaci-
tor required to keep the maximum peak-to-peak output
Woltage ripple at 1% of the output voltage.

(cYispecify the type and ratings of the power semicon-
ductor devices.

Problemis : (20 pts.)

% 'r g R ‘[V For the comyerter circuit shown below each transistor
Vab ad  conducts for 50%uef the cycle. The switching frequency
b d = N~ is 20 kHz. Assumingsideal semiconductor devices:
F ’U'bc Eb R R (a) derive an expressiofisfor the output voltage V, .
L= (b) determine the voltaggurating of the semiconductor

Problem 2 : (20 pts.)
A highly inductive dc load requires 10 A at 75 V from

s requirement using a bi-phase rectifier circuit which
oys ideal diodes and transformer. Specify:
devices PRV, and

Irms *
(b) tramsformer KV A .
(c) power'factor of the supply current
Problem 3%¥20 pts.) :
A 3-phase thyr ster-controlled bridge rectifier is
to control the magnétig field of a certain load, T ; _

can be modelled as a seri 8.combination of L = yand
R = 2.5 (). The 50 Hz supplly has a peak 8volt .
of 2000 V. Assuming a steadysstate dc lo ‘ b il

400 A, calculate the firing angla]
current and then the power factor ofshe supply c
How quickly can the load current be broug
from the steady-state value? Neglect the effee
inductance, and drop on the devices.

4220 V (rms), 50 Hz supply. Give design details for

devices.
(c) determine the average ¢
ductor devices.

rating of the semicon-
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Problem 1 : (15 pts.)
The inverter circuit shown below is operated
with 180° firing. "E = BOV,R=100. A«

suming ideal Components, determine:

(a) the peak voltage and rms current ratings of
the transistors.

(b) load power.

(c) the AC ammeter reading. Assume that the
ammeter has ap extremely low resistance,

Problem 2: (20 pts.)
A snubber gircuit is to be used with a dc chopper
as shown below. The following data is given:
Transistor itching frequency is 20 kHz.
Maximum Jallowable voltage overshoot across
transistor is 50V,
Maximum allewable transistor peak discharge
current is 23 A. W -
Operatipp dpt}f
Determine; -
(a) the size of the snub 8lcapacitor and resistor.
(b) the power rating of theéfgnubber resistor.

varies from 90% to 30%.

Problem 3 ; (25 pts.)

Design a buck-based DC-DC converter accord-
ing to the following data:

Continuous-conduction mode operation. Input
voltage = 240 V. _

Output voltage = 150 V with AY, =15V

Load current varies from 4 Ato2A. _

Switching frequency = 50 kHgz.

Inductor current ripple should not exceed ] A.

The power Mosfet available has (RpS)on = 1 Q,
and its switching rise and fal] times are 50 nsec

UBidesign specify only:
(a) size, a

Iciency at full load, assuming
the circuit are due to the

osses of the Mosfet.

that the major losseglie
conduction and switchin

Problem 4 : (29 pts.) X
A 3-phase thyristor-controlloedl idge rectifier is
used to control the magnetic field"gf. a large elec-
tromagnet. The electromagnet can be odelled as
a series combination of I, = (.5 H, and'R
). The 50 Hz supply has a peak phase voltace of

1s 400 A, what is the power factor of the g ply
current ? How quickly can the magnet ‘eurrent be
brought to zero from the steady-st# uef Ne-
glect circuit losses, 81 Lr

Problem 5 : (2 ,
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Problem 1: (96 pts.) ,

The buck de-dc converter shown has the following
parameters:

E = 50 V, Duty ratio = 0.4 , L = 3 mH, C = 20 pF,
Switching frequency = 20 kHz, and R = 10 Q.

(a) At steady-state, assuming ideal components, cal-
culate: the output voltage, the inductor current ripple
A1, and the output voltage ripple A V.

(b) If the power mosfet used has ( Rps Jon = 182,
and its switching rise and fall times are 100 nsec and
150 nsec respectively, calculate the converter efficiency
assuming that the major losses of the circuit are due to
the conduction and switching losses of this mosfet.

() A CRD snubber network is to be
tect the transistor from dangerous spiki
connect this network to the existing
calculate the values of snubber ca
Assume that the wires stray ind
maximum allowable voltage
sistor is 10 V. What is the
current through the tr
power rating of the

ow how to
¢ circuit, then
tor and resistor.
nceis 1 pH, and the
shoot across the tran-
aximum peak discharge
tor? What should be the
er resistor?

Problem 2: (20 pts.)

The ha ywve controlled rectifier circuit shown is to
be used to
requires 10 A abigh V from a 220 V (rms), 50 Hz source.
Assuming ideal thymistor and diode:

(a) Determine deViges peak reverse voltage and rms
current ratings.

(b) Calculate the power

rol a highly inductive dc load which Y i
rage wg of thi

tor of the source cmi'ir}c! F

Problem 3: (24 pts.) _

The 3-phase circuit shown is supplied at a phase volt-
age of 220 V (rms), 50 Hz. The source inductance is 2
mH per phase. The load is highly inductive and consists
of a 2.5 () resistance in series with a 0.5 H inductance.
The required steady-state dc load current is 40 A.

(a) Derive an expression for the load voltage Vi
which includes the effect of the source inductance, then
determine the necessary thyristors firing angle « .

(b) Determine the overlap angle 7 .

(¢) What should be the peak reverse voltage and rms
current ratings of the devices?
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Problem 4: (20 pts.) &% _ _
For the circuit showngth 1tching frequency is 20
t of the cycle.

utput voltage V, .
e voltage and the av-
iconductor devices,
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Problem 1: (10 pis.)

For each of the following configurations, deter-
mine the power factor of the supply current when
(VL)mcan = O-?(VLo)meana where (VLa)mean is the de
output when the firing angle a = 0.

(a) The single-phase half-controlled bridge rectifier.
(b) The single-phase fully-controlled bridge-rectifier.
The supply voltage is sinusoidal, and the devices are
assumed ideal.

27.01.2003

Problem 3: (8 pts.) _

For the circuit shown, the following data is given for
the power Mosfet:

switching frequency = 50 kHz.

switching rise and fall times = 100 nsec each.

operation duty cycle = 0.8 .

Determine the efficiency of the circuit, assuming ideal
diode.
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Problem 4: (12 pis.

For the circuit shown, thi itching frequency is 20
kHz. Each transistor conduc r 50% of the cycle.
Assuming ideal semiconductor d S:

(a) Derive an expression for the

(b) Determine the peak reverse v

ut voltage V, .
ge and the av-
or devices.
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Problem 2: ts.)

For the circuit s
57 £ resistance. Cal
when the input voltage
with a peak value of 100
Hz. Assume the firing angle

, the load can be modeled
e the mean load voltage

30° and neg
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Problem 1: (10 pts.)

The buck de-dc converter shown has the following
parameters:

E =350V, duty ratio =04, L = 3 mH, C =20 uF,
switching frequency = 20 kHz, and R = 10 Q.

(a) At steady-state, assuming ideal components, cal-
culate: the output voltage, the inductor current ripple
A Iz, and the output voltage ripple A V.

(b) A CRD snubber network is to be used to pro-
tect the transistor from dangerous spikes. Show how to
connect this network to the existing buck circuit, then
calculate the values of snubber capacitor and resistor.
Assume that the stray inductance is 1 #H, and the max-
imum allowable voltage overshoot across the i
is 10 V. What is the peak discharge_cufent throug
the transistor? What should be thegoter rating of the
snubber resistor?

‘Problem 2: (10 pts.)
A three-phase thyristor-controlled bridge rectifier is
ed to control the magnetic field of a large electro-
pgnet. The electromagnet can be modelled as a series
nbination of L = 0.5 H, and R = 2.5 Q. The 50 Hz
1Pply has a peak phase voltage of 2000 V. Assuming
beady state magnet current is 400 A DC, and the

from its steady-state

Problem 3: (3 pts.)

For the bi-phase converter circuit shown, the supply
voltage is sinusoidal and the load is highlv inductive.
Derive an expression for the overlap angle assuming
ideal devices. If this converter has an overlap angle
of 20° with a given load current at zero firing angle .
Determine the overlap angle when the firing delay angle
Is 60° with the load current being unchanged,

& kg

, the load is modelled as a
Series with an inductance of 2

sary values clearly
vele of operation,
(b) Specify the devices that are @ nducting for each
region.
(¢} Determine the meaf rd
and the mean power ret
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Problem 1 : (30 pts.) : .
A buck-based DC-DC converter is to be built using the
following specifications: Continuous-conduction mode.
Input voltage = 50 V, Qutput voltage = 20 V with
AV, =60 mV. Load current varies from (Lo v =5 A
t0 (Io)min =1 A. Switching frequency = 20 kHz. In-
ductor current ripple should not exceed 0.2 A. (a) de-
termine the size, and voltage and current ratings of the
output filter inductor and capacitor, (b) What should
be voltage and rms current ratings of the semiconduc-
tor devices? (c) If the power Mosfet to be used has
(Rps)on = 1 Q, and its switching rise and fall times
are 100 nsec each, calculate the conduction and switch-
ing losses of this Mosfet, (d) If you want to protect the
transistor from dangerous spikes using a CRD snubber
circuit, show how to connect this snubliSfnetwon

e existing buck circuit. (i.e. red#@w the buck circuit
with the snubber connected) 4%

roblem 2: (20 pts.)
he circuit shown is supplied at 220 V (rms), 50
The firing angle is 66° , and the load current
@¥el at 10 A . Assuming ideal devices determine:
(a) theyaverage output voltage V,, | (b) the rms value
of the Supply current ig , (c) the input power factor,
distortion faef
current.

(e) the average
aver urrenth
? e cun

Problem 3: (25 pts.)

The 3-phase circuit shown is supplied at a
voltage of 220 V (rms), 50 Hz. The source induc
is Lo = 2 mH. The load is highly inductive anc
sists of a 2.5 Q2 resistance in series with a 0.5 H i
tance. The required steady-state dc load current
A. Assuming ideal thyristors: (a) Derive an expre
for the load voltage V, which includes the effc
the source inductance, then determine the nece
thyristors firing angle o , (b) Determine the ov
angle « .

Problem 4: (25 pt

For the circuit shown, %
ing frequency of 10 kHz, an
square wave with an on-perio
tor Ry, =12 Q. Assuming ided
the average load volta
of the transistors whil
the inverter diodesyif

s inverter works at a sw-
its output Vg is a q
of (0.5). The load r
devices, determine;
the peak voltage ra
conducting, {c) the PT
e PIV of the rectifier dio
ingof the transistors, (f)
he inverter diodes, (g)
[ the rectifier diodes.
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Problem 1: (10 pts.)

The buck de-de converter shown has the following
parameters:

E =350V, duty ratio =04, L = 3 mH, C = 20 4F,
switching frequency = 20 kHz, and R = 10 Q.

(a) At steady-state, assuming ideal components, cal-

- culate: the output voltage, the inductor current ripple
A Iz, and the output voltage ripple A V.

(b) A CRD snubber network is to be used to pro-
tect the transistor from dangerous spikes. Show how to
connect this network to the existing buck circuit, then
calculate the values of snubber capacitor and resistor.
Assume that the stray inductance is 1 xH, and the max-
1mum allowabip voltave ov ershoot across the

the tranﬂstor" What should be
saubber resistor?

Problem 2: (10 pts.)

A three-phase thyristor-controlled bridge rectifier is
used to control the magnetic field of a large electro-
‘magnet. The electromagnet can be modelled as a series
combination of L, = 0.5 H, and R = 2.5 @ . The 50 Hz
upply has a peak phase voltage of 2000 V. Assuming

y external circuitry added, how,
stest time to reduce the load £
from its steady-states e :

&

e the power factor of the supply C:irr:?

Problem 3: (4§ pts.)

For the bi-phase converter circuit shown, the supply
voltage is sinusoidal and the load is highly inductive.
Derive an expression for the overlap angle assuming
ideal devices. If this converter has an overlap angle
of 20° with a given load current at zero firing angle .
Determine the overlap angle when the firing delay angle
is 60° with the load current being unchanged.
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