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E2.3B Power Engineering

Explain why very high voltages are used for electricity transmission and lower

voltages for distribution. (4]
Explain why a frequency of 50 Hz (or 60 Hz) was chosen for electricity
generation and supply. [4]
A switch-mode power supply is more efficient than a linear regulator but still has
some power losses. Explain why those power losses arise. [4]
Figure Q1 shows the output voltage of a buck switch-mode power supply as a
function of output current when operated in open-loop with a set duty-cycle.
Explain its shape. [4]
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Figure Q1
Explain, in outline, how a rotating magnetic field is created by a three-phase
winding in the stator of an induction machine. (You may assume the machine has
one pole-pair.) [4]
Sketch the torque against speed graph of an induction machine, marking the point
at which torque is zero and explain why torque is zero there. [4]
Sketch the instantaneous power of a resistor and an inductor when a sinusoidal
current flows through them both and comment on the real power consumed by
each. [4]
Explain the three-phase system so widely adopted in power systems. [4]
Describe the role of a governor in a power station generator. [4]
The electricity industry in the UK has been “unbundled” into four distinct
functions with separate ownership. Describe the four functions. [4]
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2. A boost switch-mode power supply, SMPS, as shown in figure Q2, has the following design

properties.
Input voltage V=60V
Qutput voltage Vo=18.0V
Maximum output current I,"™=05A
Switching frequency f=10kHz
Inductor L =500 pH
Capacitor C =1,000 pF
MOSFET on resistance Rpspny =0.25 Q
MOSFET turn-on loss E,,= 13 uJ when switched on at 1.5 A
MOSFET turn-off loss E.y= T pJ when switched offat 1.5 A
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Figure Q2
(i) Calculate the duty-cycle at which the circuit should be operated
assuming the circuit is in continuous conduction mode. [3]
(ii) Calculate the average value of the current through the diode and the
average current through the inductor when the load draws the maximum
output current. [4]
(ili)  Sketch the waveforms of the currents through the diode, capacitor and
inductor for the conditions when the circuit operates at maximum output
current. [5]
(iv)  Calculate the voltage ripple across the capacitor. There is no need to
consider the series resistance of the capacitor. [4]
(V) Calculate the ripple component of the inductor current. [3]
(vi)  Calculate the value of inductor current at which the SMPS enters
discontinuous conduction mode and the value of output current to which
this corresponds. [3]
(vii)  Calculate the power losses in the MOSFET. [4]
(viii) Tt has been suggested that the switching frequency of this SMPS is too
low. Discuss the advantages and disadvantages of raising the switching
frequency. [4]
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3. A 2-pole-pair, 3-phase induction machine is connected in star to a 480 V (line), 50 Hz
supply. The equivalent circuit parameters, referred to the stator, are:

Stator resistance 0.06 Q
Referred rotor resistance 0.08 Q
Stator leakage reactance 0.30Q
Referred rotor leakage reactance  0.30 Q
Magnetising reactance 20.0Q
Magnetising resistance 200 Q

(a)  For operation at 1,450 r.p.m. calculate the following:

@)  theslip: 3]
(ii) the stator current; [12]
(iii) the power losses; | [5]
(iv) the mechanical power. [5]

(b) Without performing detailed calculations, comment on how the power losses,
mechanical power and efficiency would change if the speed changed to
1,475 r.p.m., that is, if the slip is halved. [5]
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A transformer has been designed as a step-down transformer for use in a 50 Hz
distribution system. The design equations indicate that the following parameters will
apply to the approximate equivalent circuit shown in figure Q4.

Combined winding resistance referred to primary Ry=0.55Q
Combined leakage reactance referred to primary Xw=1.50Q
Magnetising resistance Ry=5kQ
Magnetising reactance X =800 Q
Primary to secondary turns-ratio Np:Ng=11:1
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Figure Q4
(2) For the equivalent circuit in figure Q4:
(i) describe the physical effects in the real transformer that give rise to each

component of the equivalent circuit;

(ii) identify which components need to be considered when calculating the
power losses in the transformer;

(ili)  discuss any approximations in this equivalent circuit.

(b) The primary of the transformer is to be supplied at 33.0 kV and the secondary
connected to a load of 0.40 +j0.25 Q.

(i) Calculate the secondary voltage and the voltage regulation that this
represents.

(ii) Calculate the real and reactive powers at the primary input and secondary
output.

() When built, the transformer is tested to establish if the parameters of the
equivalent circuit are close to the design values. Using the following test data,
calculate the actual parameters. With 33.0 kV applied to the primary and the
secondary open-circuit, the primary current was 41.0 A and the input power
210 kW. With 1,000 V applied to the primary and the secondary short-circuit, the
primary current was 635 A and the power 212 kW.
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