












Specific magnetic loading: Average flux density 
over one pole pitch.

Specific electric loading: Total effective current 
averaged around the air gap. 

I . a)

b) Specific magnetic loading :
B-

specific electric loading : 5

Machine apparent power: S

5- ftp./----r-wp-p-.-j.Vd , v. lists whine of rotor .

0%1%-8 =Fix EE4 ✗ 0.5×30000 . Vol
60

Vol = 3
. 73 ✗É 'm
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↳ Assume the stator resistance and hedge ihdtae.ae neglected,
Vph = F- = Id . 1¥) . Nph . fed . ftp.Brms
b- ¥⇐, = ;??[¥É÷ = 0.0825m

Brms=tÉ=°É¥ = o -£6T

sit"1→
kd-msi-p-j.tn

-= 5×8-8=2 . f-% = 7.so
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sin I 8)kd =
←g,

= 0.866

kp = cost, . A- f- 7-
5°
. kp= cost?8) = 0.866

260 = 0.0825×0.24 ✗ 2004×0.866×0.866×0.56 ✗ Nph

Nph = 41.8 turns .

There are =/ 6 slots per phone . therefore the terms

per phase
is ideally integer of 16 , yield :

Nph I 48 .

Therefore , 3 turns per shot.
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① Forge is linearly proportional to speed
② A much wider and uniformed adjustbilitg of

speed can be obtained
① High efficacy , no additional resHive loss .

Q4



b)

÷¥wE¥ÉnEE,
10
I

jwhm 3g
-

÷"

R , :
starter resistance

Le ,
: Stator leaky indenture

Lm : magnetising indenture
Lin : rotor leakage inductance referred to stator

RI : rotor resistance referred to stator.

S : slip
W : synchronous angular frequency .

V. : phase voltage
Ii : stator phase cent

In : magnetising cermet per phone

II : rotor phone cumetnefenet to
stator

.



Im = ¥2m . &=In2m
The air gap flux of should be kept constant

therefore In is constant
. Therefore ¥ is

constant . W is synchronous speed .

The investor

or drive voltage has frequency as p
. w therefore

the inverter or drive wlt¥µay should be constant .

e-

↳ is i¥nhEIy Rt+Ra=R

- When operating at D.CTv F- = KcIawr↳Ra ✓ = RIa 1- F-
a-

Win =% I = 7T , W 1%-6×24 = 34

E ,
= 2×24×14=444

,
Er = 3×3-4 ✗ kc= Fike

{
7 = ZR1-4TK

143=312 + fake
⇒ f ke

- 0.4
R = 1

When operating at A.c

Tae - É kd-ta.ae} = -12×0.4×18525=25.6 Nim



Ii) Pat = Tone . wr = 25.6×2%72-4 = 723W .

Ross = IaaIR = 82×1--64W

s = VI = 110×8=880 VA
.

p. f- P%+P÷ = 7%fÉ- = 0.89
.

11--17=+1%-3%7--91.9%

"
%÷= e-

"¥9
⇒ I= 131 sec .

Ross = t°°%°g ✗ a / = 56W

7 = ¥ + ( zo - 5¥> e-
¥17

k= 0.794W/K

F- 4k , C = I ' K = 131×0.794=104J1K



Examiners’ comments 

Q1 Sinusoidal and trapezoidal Brushless DC motors: 49 Attempts, Mean 12.8/20 

All candidates attempted this question, and there were many excellent attempts. The most common 

errors concerned mixing up mechanical and electrical angular frequencies, and calculating quantities 

from phasor diagrams when analysing operation under field-weakened conditions in (b)(iii). Some 

candidates confused rated and maximum speed at various points. 

Q2 Brushed DC motors and stepper motors: 45 Attempts, Mean 14.1/20 

A popular questions with many very good attempts. A common error in (b)(ii) was taking the torque 

characteristic beyond rated speed as a constant power one rather than linear. Very few candidates 

succeeded with (c), although many understood the need to consider the two parts of the torque-

speed curve separately. Part (d) achieved many excellent answers, with only part (iii) causing 

problems, to do with mixing up frequencies. 

Q3: Induction motor design: 14 Attempts, Mean 12.64/20 

Most students answered Part (a) and (b) well. However, a common mistake of forgetting the power 

factor for the apparent power in Part (c) has been observed. Most of students could list the essential 

equations but not able to use the right parameters to answer Part (d).  

Q4 Induction and universal motors, and duty cycle analysis: 39 Attempts, Mean 10.2/20 

The Part (a) and (b) have been answered well. Only a very few students answered the Part (c) right. 

The common mistake of the AC universal machine torque has been observed. Common mistake of 

finding the actual loss when half load of Part (d) has also been observed.  

 


