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QUESTION 1

a) Figure Q1 shows a H-bridge circuit to be used as a four quadrant chopper drive controlling a DC motor
fed from a DC supply. The motor is represented as a simple model equivalent circuit with field
separately supplied and constant. Critically analyse the operation of the circuit in QUADRANTS 1 and
2 (forward motoring and forward braking) treating each switching device as ideal.

[12 marks]

b) The system has the following parameters:

Armature inductance = 80mH,;

Motor speed = 150 rad/s;

Chopper frequency = 2KHz;

Load torque = 6Nm;

Motor constant = 0.4V/rad/s (Nm/A);

Supply voltage = 84V.

Assuming that operation is in the first quadrant, armature resistance can be neglected, volt-drop across
a MOSFET is 2V in its ON state, current is continuous and steady state conditions have been reached:

Calculate,
(1) The duty cycle and ON/OFF times of the chopper. [5 marks]
(ii) The average armature current. [1 mark]
(ii1) The maximum and minimum armature currents. [7 marks]
— ; D1 D3 % —
a1 I A as
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Figure Q1

Total for this question is 25 marks
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QUESTION 2

(a) Explain how each of the following stator tests can be used to determine the component values of the
approximate per-phase equivalent circuit of a three-phase induction motor and derive suitable
formulae for each parameter. (Stator is connected in DELTA).

(1) DC test
(i1) No load test
(iii) Blocked rotor test
[12 marks]

(b) A three-phase induction motor was connected in DELTA and the following results were obtained
from the tests described in part (a).

VN =230V, InL=845A, PxL=510W
VBr =58.5V, Ipr=22.1A, Ppr=490W
Vpc =12V, Ipc=41A

Determine the values of the approximate equivalent circuit components.
[13 marks]

Total for this question is 25 marks
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QUESTION 3
A buck converter has a source voltage of 40V and delivers a load current of 8A at a voltage of 16V. The
switching frequency is 200kHz. The inductor current is just continuous and the components are assumed to be

ideal.

(a) Draw a circuit diagram of the converter and explain the function and operation of each component and

parameter.
[7 marks]
(b) Calculate the following converter values:

(1) The duty cycle and the on-off times

[3 marks]
(i1) The peak inductor current

[3 marks]
(i)  The value of the inductor

[4 marks]

(¢) Determine and sketch the current waveforms of the converter for the load, source, inductor, diode and

capacitor.
[8 marks]

Total for this question is 25 marks
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QUESTION 4

The circuit of figure Q4 is to be used in a 3-phase quasi-square wave inverter for the speed control of a 3-
phase squirrel cage, star connected induction motor as shown (assuming stator phases are perfectly balanced).
The battery voltage is 300V and the inverter is to operate at SOHz. The transistors used can be treated as ideal
switches.

(a) Draw the voltage waveforms for each of the transistor base signals, and derive the waveforms for the
line and phase voltages for a, b and c against time, with one under the other to show the phase
relationship between them. (Use the back page of this paper, detach and place in your answer

booklet.) Provide an explanation for phase a.
[15 marks]

(b) Using a suitable formula for the Fourier Series of the phase voltage up to the 11" harmonic,

(1) Determine the RMS phase voltage spectrum.

[8 marks]
(i1) Calculate the percentage phase total harmonic distortion.
[2 marks]
. d : : L
H H L1 H L
+
o ' a ‘ b c
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Figure Q4

Total for this question is 25 marks
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QUESTION 5

(a) Given that the resulting switched waveforms for figure 5a are shown in figure 5b, and that it is linear
between t =0 and t = t5, derive expressions in terms of the circuit variables for each of the following:

(1) The value of the capacitor
[5 marks]
(i1) The switching energy loss
[11 marks]
(b) Calculate the value of the capacitor and the switching loss if Vs = 150V, I =40A, t; = 2.5ms, t; = 4ms
[3 marks]

(c) Explain the effect of C and D in the circuit of figure Q5 and suggest an appropriate method of
protecting the power transistor from fault currents.

[6 marks]
(o,
A ir Yic
C -1 TVC A
Vs
1
L
K
zx load
R 0 t) t, Time ¢
(o, @
Figure 5a Figure 5b

Total for this question is 25 marks
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QUESTION 1

(a) Quadrant 1 — forward motoring
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Q1 (a) continued

Quadrant 2 — forward braking
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Q1 (b) (i)

\f¢|+nje fb—Pilll'j do cirmettre Lt o2 MsSFET

On = Sl{' - "{‘ = SOV
Lﬁ. = 'C'-EJS H
Ke = OSL
= 0.4v/md]s (MM;’A‘)
ﬁ_ i.‘tz = _I. = ID-S L
: Zoon
o = (ST red/[s
E = K
= 0.%x (SO = boV

'E,I. =oN frie

.EL = OFF f‘!:hﬂ-

Tt b, ’“P""“;"

V =E + I/, +L,de
dE

e ey o jepbeeFor va!l-bcjr_ =

. v - =
: Mt
Vpean = GO
b VMIM = Ef Vg = D VS
({-,I—H-,E)
D = Vi 2 o = 075
V g6
{-,l = D(t + by )
= 015 x G-FY%H} = 0-375 ms
{73_ - ([—b) C+:+EL)
= 0-29 vo.5x r.::'} = 012 ¢ [5 marks]
Page 4 of 20 2018/2019



Q1 (b) (ii)
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Q1 (b) (iii) continued

Imm = IWF + Lo
IW#PL«-‘ = ZI‘M% = 2x IS
- '_M)e,f'j;-aw = 3o (;‘]
U.Hmj 'i'ﬂﬁ*‘tj{‘ four {:..‘.
M, = Tae, — D
él
-3
2 Toay =T = Mx b 2 3Dk 0375xa
S Do =Tz = ©-0437% (2)
ij eqpratmn (1) comd (¥)
2T, = 30 4 0:04315
"Toen, = 15047 A
s 3o~ 15 0%1
: [4 marks]

—'. F\'ﬁ'“('r‘} Ihun
[4.453 A

Page 6 of 20 2018/2019



QUESTION 2 (a) (i)

DC Test
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RT = 2R1/3
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Q2 (a) (ii) continued
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Q2 (b)

Using DC Fest values: Therefore, R1 = 3 x 0.293 / 2
R_= 1 = 0-:293 1 =0.4395 Q
o [1 mark]
Fros no load test 2
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Q2 (b) continued
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QUESTION 3

(a)
VL
is ir | Io
—> 4 >
N X L
| ip
TR A
1c
Vs Vo O — Vo Load
i D I
@ @

[3 marks]

The circuit is called a buck converter because it decreases voltage making Vo < Vs. The inductor acts
as a filter providing constant voltage and current to the load.

When TR is closed, i is delivered by the source current is and this current builds up linearly in the
inductor. The current in the capacitor will decrease (reducing discharging mode) and then reverses
direction into charging mode. The diode will not be conducting at this time.

When TR is open, i reduces and the flywheel diode conducts allowing the current in the inductor to
continue to flow when the transistor is off. The capacitor current reduces to zero and then reverses
into discharge mode.

The load current |, is approximately constant in both states of TR being supplied by a combination
of icand ic.

After a transient period, the output voltage is determined by the duty cycle of TR.

[4 marks]
Q3 (b)

(i) The current waveforms for an inductor current that is just continuous are shown below. The cycle
time at 200KHz = 5us.

The duty cycle = Vo/Vs = 16/40
= 0.4
Hence the on-time = 0.4 x 5us
= 2us
And the off-time = 3us [3 marks]
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Q3 (b) continued
(ii) The charge into the capacitor must equal the charge out in each cycle, hence:

0

The mean value of ic

lo

And mean value of i,
= 8A

Because the current changes are linear, the source and inductor currents must peak at 16A

[3 marks]
(iii)
During the ON time, the voltage across the inductor = 40-16
= 24V
Since the voltage across the inductor = L di/dt
And the gradient di/dt = 16/(2x10®)
= 8x10% A/s
Therefore, the inductor value L = 24 / 8 x10°
= 3uH [4 marks]
8A
F I 1 1
(c) In the circuit, is + ip = L : :
| ! I
]
The capacitor current rises and falls « 16A :‘
to balance the difference between ig \
the constant load current and the L
inductor current. ! |
: ' 16A
: '
1 i I
f ]
[8 marks]
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QUESTION 4 (a)
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Q4 (a) continued
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Q4 (b)

Q4 (k) (i) V = 2Vd { Cas(:r_i_r) + 1 }v
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[6 marks]
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Q4 (b) continued
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So H:, o?.EﬁHz’ iso H= , 550 Hz
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. =
= : /b [2 marks]
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QUESTION 5

Q5 (a) ()
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Q5 (a) (ii)
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QS5 (a)(ii) continued

i
Stakehing lecs = E 'I',z—l'.l Ak
i t,
&
Ty
+ ET -t dE
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ti t'l-
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£1 2 q.':x_ 2t ES

Q5 (b)
Vs =150V, 1=40A, t; =2.5ms, t, = 4ms
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C=208.3uF

3
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Q5 (0)

The capacitor is used to limit the rate of voltage rise when the transistor is switching as the voltage across the
capacitor corresponds to its charging, it cannot rise instantly. When switching off, the polarity of the voltage

across the inductor changes as the field collapses and D provides a freewheel loop diverting the current away
from the transistor enabling it to switch off. [2 marks]

The collector current in a BJT transistor depends on the base current (hrg = Ic/Ig) which is delivered by a
driver circuit. Power transistors have low values of hrg. If a fuse was added to protect the transistor under fault
conditions, the extra large current drawn through the transistor would require an extra large base current. The
base drive circuit may not be able to deliver the corresponding base current thus the transistor would be
destroyed. Therefore, a crowbar thyristor Q is employed, as shown below, so that when a fault current is
detected, the thyristor is fired, shorting out the supply and blowing the fuse.

[2 marks]
o——3
A ir Yic
C ___ TVC
Vs 7
L
pK
oY PA load
R
[2 marks]
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