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PSDE5027 Main Paper

QUESTION 1

(a)

(b)

(c)

(d)

(e)

Draw the per-phase equivalent circuit of a transformer referred to the secondary and explain the
meaning of each circuit parameter.
[8 marks]

Draw the phasor diagram for the circuit of part (a) with the transformer secondary terminal voltage
as the reference phasor and a lagging power factor ¢..
[4 marks]

Explain the meaning of the “percentage regulation” of a transformer and provide an approximate
equation for it in terms of the secondary equivalent circuit parameters from part (a) which includes
lagging and leading power factors.

[5 marks]
When a short-circuit test was carried out on a 380:110V (50Hz) transformer, the total per-phase

resistance and reactance referred to the secondary were found to be 0.08Q2 and 0.42Q) respectively.
If the transformer is rated at 2.8KVA , calculate:

(i) Full-load secondary current
[2 marks]
(i) Percentage regulation under full-load with power factors of:
a. Unity
b. 0.75 lagging
c. 0.88leading
[9 marks]

When an open-circuit test is carried out on the transformer of part (d), the iron losses were found to
be 35W. Calculate the copper losses of this transformer under full-load with a lagging power factor
of 0.85 and hence determine the efficiency of the transformer with this load.

[6 marks]

Total for this question is 34 marks
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PSDE5027 Main Paper
QUESTION 2

(a) Draw the circuit diagram of a 4 stage rotor resistance starter for a wound rotor induction motor and

explain the starting process by means of torque-speed graphs.
[12 marks]

(b) A two-pole, delta connected three-phase induction motor is fed from a 440V, 50Hz supply and runs at
2875rpm under full load. The standstill rotor impedance per-phase is 0.5 +j 1.34 Q. The effective stator
to rotor turns ratio is 1.6:1 and the stator impedance and magnetic losses may neglected.

(i) With the aid of an equivalent circuit diagram for the rotor, derive an expression for the per-
phase torque at any value of fractional slip, neglecting stator impedance.
[14 marks]
(ii) Calculate the total full-load torque.
[8 marks]

Total for this question is 34 marks
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PSDE5027 Main Paper
QUESTION 3

(a) Draw a diagram that represents a separately excited DC motor controlled by a DC drive, coupled to a
mechanical system having a constant load torque T, a moment of inertia J and a coefficient of
viscous friction B. The motor has an armature resistance of R,, an armature inductance of L, and a
back EMF of E,.

[6 marks]

(b) If the field supply of the above motor is held constant, write out the electrical and mechanical
dynamic equations for the system together with the proportional relationships.

[6 marks]

(c) A separately excited DC motor is driving a hoist with a constant load of 120Nm at a constant speed.
The viscous friction of the system is 0.015Nm/rad/s. The armature is connected to a 230V DC supply
and the field current is held constant at its rated value. The motor has the following parameters R, =
0.45Q, Ky = 0.75V/rad/s. L, is large and can be ignored under steady state conditions.

(i) Derive the steady-state torque equations for the motor and the load, sketch the equations
as lines on a torque-versus-angular-speed graph and add suitable labels.
[12 marks]
(ii) Calculate the steady state speed, back EMF, motor torque and current together with the
standstill torque, standstill current and no load speed.
[10 marks]

Total for this question is 34 marks
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PSDE5027 Main Paper
QUESTION 4

(a) Briefly explain the difference between the representation of short and medium length transmission lines
and draw the per-phase equivalent circuit for each to support your explanation.
[11 marks]

(b) A 3-phase, 50 Hz, short transmission line supplies a 2.5 MW, 11 kV, 0.85 lagging power factor load. The
series impedance of the line is 6 + j9Q2 per phase. The receiving-end voltage may be assumed to be constant
at 11 kV.

(i) Calculate the sending-end voltage. Draw the per-phase equivalent circuit to support the calculation.
[13 marks]
(ii) A capacitor bank is to be connected at the receiving-end of the line for the purpose of power factor
improvement.

a. Calculate the required line-to-neutral capacitance of the capacitor bank if the power factor at the
receiving-end is to be improved to 0.95 lagging. Draw a phasor diagram to aid the calculation.
[8 marks]
b. Calculate the current in the transmission line after power factor improvement.

[2 marks]

Total for this question is 34 marks
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PSDE5027 Main Solutions

QUESTION 1
(a) An equivalent circuit for the transformer is shown below:
Rae Xze
I
] . z |
Il ezﬁ —'T—‘z_ KT_E.
—- 4 marks]
E = [
Z 'u’z
—0

Where

V2 = secondary terminal voltage

E2 = no-load secondary terminal voltage

R2e = total primary and secondary winding resistance referred to the secondary
X2E = total primary and secondary winding reactance referred to the secondary
Z| =load impedance

I> = secondary current [4 marks]

(b) With lagging power factor cos ¢3

[4 marks]
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PSDE5027 Main Solutions
QUESTION 1 continued
(c)

Defined as the change in the output terminal voltage V2 between no-load and full-load for a given power
factor. Expressed as a percentage

[2 marks]
% regulation = |E2| - |V2] x 100 (1 marks]
|Vel
This approximates to:
-+ Fu-i fnjj: §
y — +
/ requlehon = I, (F{,_E Cos, T Xyp stn Sﬁzj X100
""'1 [2 marks]
(d) (i)
F-u.]l leed curresnt Iz —_ _V_A'. m_]_w:‘_j
V:}.. reted
= 2800
o
- 25.45 A
(d) (ii) a. unity power factor [2 marks]
Ces §, = [ b, = © rads
Su Cﬁl =0
[1 mark]
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PSDE5027 Main Solutions

QUESTION 1 continued

(d) (ii) a.

2 rt‘jl.-l.lﬁfh;ﬁﬁ = 2545 = (CHBE,: I+ 0. 42no );um:j

o
- O .O0I14S =roD
/u/ [2 marks]
. .85/
(d) (ii) b. 0.75 lagging power factor
Cos Cﬁ,_ - ©0.17S ¢;1.-ﬂ~'?127 o
"Slr\ Cbl = D= Eé‘l
Z ]—tﬂhlﬂ.’]‘t{)ﬂ = 25. 45 & (ﬂ OB x 0-TS + O.%2x ﬂ~$ﬁl)ulm
no
o [3 marks]
= 1.8l 4
(d) (iii) c. 0.88 leading power factor
- . - . o=
Cﬁ‘é-‘?bz"og% d)z_ 0 4947 r=d
Sin qbg_ = O0.4T4+97
o . - 0-92 % 0-47497 /xtcD
/,-eﬁu.la—"‘u:w = RS.‘FS&(@-OB;O &% )
b
{10
= -2.987 4
Negative pege Lacinan | MAEES thet Va > Es [3 marks]
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QUESTION 1 continued

(e)

PSDE5027 Main Solutions

Copper losses = |I2|?Rze [1 mark]
= 25.45% x 0.08
[1 mark]
= 51.82W

% efficiency

Page

5

of

17

output VA x power factor x 100 [2 marks]
output VA x power factor +iron loss + copper loss

2800 x 0.85 x 100 [1 mark]

2800 x0.85 + 35 + 51.82

96.48 % [1 mark]

Total for this question is 34 marks
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PSDE5027 Main Solutions

i
et _/ / WA Cons Ao &
o
g ] J| overrom
3~ Mot
A
Q0 o
§

R |
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P :
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-?E;&M;T:;;E KI — k4 —» k2 —» KL

[6 marks]
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PSDE5027 Main Solutions

QUESTION 2 continued

There are four stages in starting the machines. When contactor K1 energises, the full resistance R2(0) is
applied to the rotor. Then in 3 steps, the external resistors are shorted out as shown below.

Torgue
Starter resistance steps
4 0

A

N

R2(3)

Speed

ng

The largest resistance is R2{0) and this reduces to R2(1), R2(2) and R2(3) in 3 steps as shown
above and n, Is the synchronous speed. The rotor circuit resistance may be altered in the
wound rotor induction motor by means of the starter. The motor is started with a resistance
of R2{0} in series with each of the rotor coils. As the motor speed increases, the resistance is
reduced to R2(1) at step 1. As the motor speed increasas further, the resistance is reduced
to R2{2) at step 3. Finally, at step 3, the resistance is reduced to R2(3) which is the actual
resistance of the rotor coils themsealves with no external resistance i.e. slip rings are shorted
out. The motor then runs normally.

[6 marks]
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‘ El1 = f:" ?‘{\Jll

N. —
Rotor ompedance [F] = \/f (§j+ X,
Robor  crrrent |T1l = IE;]
a_'E; ¥ }(:
2
= s |el
E: + slx:
Rotor powes lost = [1‘1]1&
. S el R
fn"r?l + 512(:)
Bk bt pewes = 2wn, T
and N, = (1-3s)ng
Rotsr power = 2 (1-8)ag T
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PSDE5027 Main Solutions

QUESTION 2 (b) continued

The term 2un, T & the shmbre proes ['_1

lost 1 Hte rotod

The derna TS ﬂj.T- T poLrer
(]
2 2
cQTTEF}ET — 5 JE11 'QJ- [i.]

(R, + sX. )

z
T o= L slEl A (1)
AT N (:Qll + 51*3(12)
[14 marks]
(b)
GI) ﬂz = 0541
X-a. - |-%4
Ny = IL&
ML
Vi = 4oV
1
n, = So rps
ne = 2375 = 41.92 [1 mark]
Go
] = So- 47.92 = ©-0fZ [1 mark]
So
lg,l = N2 |V
”l
B | . 440 - 275V [1 mark]
1. &
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PSDE5027 Main Solutions

2
O -082 = 275 w DO 5
T = I' " [2 marks]

(os™ + .04 x 134" )

2M=So
= IS‘&ﬁ.[%

ja® T = d.253
_ (9.93 N [2 marks]
Totl —\‘a—mm = 3x19.98 = ST-9% Nm [1 mark]

Total for this question is 34 marks
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PSDE5027 Main Solutions

QUESTION 3

(a)

The armature is represented on the left of the diagram below and the field is the left. The mechanical load
is shown connected to the back EMF. The field produces a constant total flux of @ .

dc
drve
de
supply drve
'Fu&'w{ E‘“Pflt:r

[6 marks]

(b)

For constmnt fru ke v Hhe wachu-e

"
constant wn  V/malfs o N A
Ea = icrIﬁ.. “r Cund TM - Kh La . [2 marks]
@ @)
E|c.cr[-v1,£‘,aj- o‘t]ﬂaw:: Eﬁrm*“'
'!.,.I'ch = Bz * Iqi‘é'ﬁ + La d_—_-":ﬁ -—'@ [2 marks]
ot
Mq_clna.mc..‘al a‘-dﬂaMrCF Q‘i""“"&o“
_IM =y Tl.- -+ EMM -+ Jtﬁii"m —@
dt

[2 marks]
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QUESTION 3 continued

(<)

Page

PSDE5027 Main Solutions

undes sheady §tale dz =0 , dese. =
. [1 mark]
At el
,'.@ br_um
[1 mark]
T, = T, + B
ST = |20 + C3~O:IE b, .__@ [1 mark]
This 1s The le ad ﬂcl_uw'hﬁ“
ol @ [OEMMJ
1 mark]
‘I‘Jr'a_ -— E& T — eq [
U'Ell.-j @ G'-“'\ﬁl @
1 k
UE,_ = kb IS T -+ 1:.«. En (1 mark]
I'I:‘::I-:.
230 = O:T5 5, + T < O 45
0.75
2% = 075 w,, + 0 6 T.
T = 3R3.33% — |25 Vp ———@ [2 mark]
A
TL;': 1w e hae Fomr G—’-—CLU-"R"{TB:H
[5 marks]
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QUESTION 3 continued
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PSDE5027 Main Solutions

120 + 0- 15w, = 383.53- 125 [1 mark]
M
(125 +08) w, = 383.32=120
B = 263 %3
[ 40
= IRY. | radfs [2 marks]
= . 18% - |
- EQ Sere [1 mark]
- I4l.07 V
T = 120 + ©-©15x 1381
: [1 mark]
= |22 - %2 N
ke Q.75
i [1 mark]
. 163 762 A
@ c'ﬁ*-"- == i LA51:":j @
[1 mark]
’ T = 3§3-23 N,
- . "
I - 3-33 = SULA [1 mark]
©-T5
@ T.M. = O - -r.J.Sq-l-:i
o = 383:33 — [-25 D
- LI, = 383-33 -~ 20666 rad/s [2 marks]

{-25

Total for this question is 34 marks
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PSDE5027 Main Solutions
QUESTION 4

(a)

A short transmission line is one where its length does not exceed 100Km at 50Hz for an overhead line (or
20Km for a cable). The shunt capacitance and leakage may be neglected and the transmission line may be

represented as a series impedance as shown in the per-phase equivalent circuit of figure 1 where Vsy is

the sending-end voltage, VRN is the receiving end voltage and the impedance Z is made up of a resistance
and a reactance with line current I.

s I R XL R
o3 AAMA— YV

VsN TVRN
)
N

Z 0 ————3o

Figure 1 [5 marks]

A medium length transmission line is one where its length is between 100 and 350Km at 50Hz. In this case,
the shunt capacitance cannot be neglected and is represented as an admittance Y with half at the sending

end and half at the receiving end as shown in the per-phase nominal-rt equivalent circuit of figure 2.

Where Y = joC
[6 marks]
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QUESTION 4 continued

(b) (i)

PSDE5027 Main Solutions

E;.tjq
Gl =t
I, = i
\Jrgm Vaw = [l aoo V L(}
V3
la’ o o
Newhval = 5350-5549 [2 marks]
P o= JNIT o ¢
" =
R b o e I
J3 V| &= ¢
- 2500000
J2 < 11,000 « ©:-85
(S4. 37 A [2 marks]
¢ = ="' (o-85)
- 31.79° logg~
. T - (S¢-37 -Eiu?‘?u [2 marks]
e L
z = 6 )4 EAR .
= 10-%2 / s¢-3° 42'—: ‘hm_(i] [2 marks]
&
USn:-.j kqf&-hb]‘:'f”j L""‘*—“'
V., = Vg, + T, Z 2 mark
= 635085 /o + IS4.37/-31.79
< 10-32 /56.31°
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PSDE5027 Main Solutions

QUESTION 4 continued

= 635085 /0" + 1670.2% [24.52°

- 63S0.8S + 167028 Ces (24.52)
+ J 16 T76-28 Sin (1'+.52)

(35085 + I1519.65 + ) €13.18

- 7870.5 +) 69318 [2 marks]

Wsu\ = J?E?o-sl + £92.8° = 7900-97 V

ey = —I-exh"(‘é?S-"i/Ta?o.g) = S.03°

79e0.497 ig-ﬂlﬂ 'FIH F.Ir\.ﬂr.ge wH:._je

5 - 3:- -{—w lire ‘\i‘E}l ‘
et et LG +Ej [2 marks]

vV

5H

o Vs

1l

(b) (ii) a.

[3 marks]
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QUESTION 4 continued

PSDE5027 Main Solutions

Fﬂr "I"H.l‘_ d_!_;_jﬂh
Ac = 154.37 sin(31.79) = 3132
AD = IS4.37 Cos (31-73) = (31. 21
Ar = 131-21 -on (I‘E.Lq) = 43.1] [2 marks]
Be = |T.| = Ac- AB
- ®1-32-43.1]
II;{ = 38.2I A (1 mark]
'g-:nc_c_ ><C. — {le = -L
(I_l wC [1 mark]
" e = | T\ = 38-2l
“!""'rm] 2xTx50 x (350-35
C = 19.15,uF [1 mark]
(b) (ii) b.
[T,1 = ®p
= AD
Cos &
- I_7;.|.2|
o-95
= 13302 A
I: = 13812 é;g,m“ [2 marks]
Total for this question is 34 marks
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