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Department of Engineering

E&T2520 Electrical Machines 1
Miscellaneous Exercises

TRANSFORMER
Q1 A 20-kVA. 20001200V, 50Hz single-phase transformer gives the following test
results :
Open Circuit Test (HV side open) 200V [4A |125W

)
i)

Q2

(a)

(b)

(d)

(e)

Short Circuit Test (LV side short circuited) | 60V | 10 A | 280 W

Derive and draw the approximate equivalent circuit referring to the LV side.
Determine the efficiency of the transformer at full load. 0.8 p.f. lagging.

A 1.1 kVA, 220/440V, 50Hz, single-phase transformer has the following test

results:
Voltage Current | Power Measure at
Open Circuit Test 220V 1.0A 100W low volt side
(high volt side open)
Short Circuit Test 60V 3A 162W high volt side
(low volt side shorted)

Find the transformer parameters, Reqiow), Xeqgitow), Re and X, referred to the low volt side.
Find the input voltage in phasor at low voltage side when the output voltage is
kept at 400V, full load 0.8 power factor lagging.

Find the total losses of the transformer when it is operated at full load 0.8 power
factor lagging.

Find the full load efficiency of the transformer when it is operated at full load 0.8
power factor lagging.

Find maximum efficiency of the transformer operated at 0.8 power factor.

Q3 Assingle phase, 25 kVA, 220/440 V, 60 Hz transformer gave the following test results.

Open circuit test (440 V side open): 220V 95A  650W
Short-circuit test (220 V side shorted): 375V 55A 950 W

(@) Derive the approximate equivalent circuit in per-unit values.
(b) Determine the voltage regulation at full load, 0.8 PF lagging and draw the phasor

Q4.

diagram.

A 10kVA, 200/400V 50Hz, single-phase transformer has the following equivalent circuit
parameters.

Equivalent Resistance for core loss refer to 200V side R¢1=320Q
Magnetizing Reactance refer to 200V side Xm1=165Q
Primary winding (200V side) resistance and reactance R;=0.03Q,  X;=0.15Q
Secondary winding (400V side) resistance and reactance Ro= 0.12Q, X,=0.25Q

Calculate the equivalent circuit parameters refer to 400V side. Find the percentage voltage
regulation and efficiency when supplying full load at rated voltage 400V and 0.8 p.f.
leading.
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DC MACHINES

QS A 100kW, shunt excited dc generator has a field resistance of 2002, When the

generator 15 delivering a rated output power, the terminal voltage is 500V and the
generated emf1s 525V, Find

(1) The armature resistance
Calculate, when the terminal voltage 1s set to 520V,
(i1)  The generated emf if the output is reduced to 60% of rated output

Q6 A 100V DC supply is connected to a DC shunt motor (Ra = 0.1€2 with a rated
current of 120A). At no load. the armature takes 6 amperes and runs at
1000rpm.  Find:
i) the no-load loss.

i) the full load speed if armature reaction is negligible,

iii) the corresponding torque for (ii).

iv) the full load speed if the armature reaction reduces 5% of the shunt field
flux. and

v) the corresponding torque for (iv).

Q7 The magnetization characteristic of a separately excited DC generator at
1200rpm is found to be E, = 5 + 110 I;, where E, = armature voltage (V) and ¢
= field current (A).

I is adjusted to 1A and a 22 load is connected to the armature. Given the
armature resistance (Ra) = 0.2Q and the armature reaction effect can be
ignored, find:

1) the quantity of K ¢,

i1) the armature current,

iii) the torque, and

1v) the power taken by the load.

Q8B A dc machine is connected across a 240-volt line. It rotates at 1200 rpm and is generating 230

volts. The armature current is 40A.

(@ Is the machine functioning as a generator or as a motor?

(b) Determine the resistance of the armature circuit.

(c) Determine power loss in the armature circuit resistance and the electromagnetic power.

(d) Determine the electromagnetic torque in newton-meters.

(e) If the load is thrown off, what will the generated voltage and the rpm of the machine be,
assuming (i) No armature reaction. (ii) 10% reduction of flux due to armature reaction
at 40 amps armature current.

Q8D. A dc shunt machine (23 kw, 230V, 1500 rpm) has R, = 0.1 Q.

(). The dc machine is connected to a 230 V supply. It runs at 1500 rpm at no-load and
1480 rpm at full-load armature current.
(a) Determine the generated voltage at full load.
(b) Determine the percentage reduction of flux in the machine due to armature

reaction at full-load condition.

(if). The dc machine now operates as a separately excited generator and the field current is
kept the same as in part 1. It delivers full load at rated voltage.
(@) Determine the generated voltage at full load.
(b) Determine the speed at which the machine is driven.
(c) Determine the terminal voltage if the load is thrown off.
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INDUCTION MACHINES

Q9 A 3-phase, 11.19kW, 380V, four-pole, 50Hz, 1440rpm induction motor delivers

full output power to a load connected to its shaft. The windage friction loss of the
motor is TOOW.

(1) Determine the mechanical power.
(i1) Determine the air-gap power.
(111)  Determine the rotor copper loss.

The frequency of the emf induced in the rotor of a 3-phase, 6-pole, induction
motor is found to have 180 cycles/min. The motor is connected to a S0Hz, 440V
supply, calculate:

(1) The speed of the motor

(11) The percentage slip of the motor

Q10 A 100kW, 3-phase, 380V, 50Hz, 4-pole, star-connected induction motor has the
following test results:

Voltage | Current Power Frequency
No Load Test 380V 40A 2000W 50 Hz
Lock Rotor Test 60V 120A 6000W 50 Hz

The stator resistance is 0.05C/phase.

The motor is delivering full load output and connected up to a 380V supply.

Use the approximate equivalent circuit.

(1) Find the R, and X, of the magnetising branch elements.

(i1) Find the R;™ and X, of the equivalent circuit of the motor.

(iti)  Find the full load current if the full load power factor and efficiency of the
motor are both 0.8.

(iv)  Find the full load slip if the mechanical loss is negligible.

Q11. The power supplied to a three-phase induction motor is 40 kW and the corresponding stator
losses are 1.5 kW. Calculate (i) the total mechanical power developed and rotor 1* R loss
when the slip is 0.04 per unit (ii) the output KW of the motor and (iii) the efficiency of the
motor, if the friction and windage losses are 0.8 kW. Neglect rotor iron and copper losses.

Q12 Assuming that the mechanical loss of the motor is negligible, and the DC
resistance between any two stator terminals is 0.1€1 the testing results on a
3-phase, 75kW, 380V, 50Hz, 4-pole, star-connected squirrel cage induction
motor is summarized as follows.

No Load Test 380V | 206TW 204

Lock Rotor Test 188V | 3240W | 104A

1) Derive an approximate equivalent circuit per phase for the induction motor.

ii) Determine the input current and gross torque at 1455rpm.
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SYNCHRONOUS MACHINES

Q13 ¢) A star connected 3-phase. 1000kVA, 10kV. 1500rpm synchronous generator
has a resistance of 1.5€2 and a synchronous reactance of j15Q per phase.  The

ficld current is adjusted to give the rated terminal voltage at open circuit.  If
the field current is kept unchanged. find the stator current when the machine
terminals are short circuited.

d) The synchronous machine in (¢) is now connected to an infinite bus. The

generator is adjusted to give rated current at 0.8 power factor lagging, find :

i) the excitation voltage. Ly, and

i) the percentage increase in the field current relative to the previous field

current.
Q14 A 3-phase star-connected svnchronous motor has the following name-plate
data:
Speed [ 500r.p.m. PF I
Voltage 6.0kV Current 920A
Frequency 50Hz Rating 10MW
Excitation:
Voltage 100V Current 5.5A

If the machine is operated at rated (full load) condition, find:

i)

i)

the number of poles,

the output torque,

ii1) the efficiency.

iv) the rotational loss (assume no winding resistance loss), and

V)

the power loss in field circuit.

Q15. (8) When a 50 kVA, 3-phase,440-V, 60 Hz, star connected synchronous generator is driven

Q16.

(b)

at its rated speed, it is found that the open-circuit terminal voltage is 440 V line-to-line

with a field current of 7 A. When the stator terminals are short circuited, rated current is

produced by a field current of 5.5 A. Determine the synchronous reactance per phase.

If the synchronous in (a) is used to supply an independent load of 40 kW with 0.85

lagging power factor at a potential of 440 V,

(i)  Determine the field current required; and

(it) if the load is reduced to 20 kW at 0.75 lagging power factor, to what value will the
field current have to be reduced to maintain rated load potential?

The 3 phase synchronous motor of 10 MVA, 14kV, star-connected, Rs=0.07ohm/phase
and X=16.5 ohm.phase is connected to a 3 phase, 14 kV, 60 Hz infinite bus and draws 5
MW at 0.85 leading power factor. Determine the values of the stator current (l,), the
excitation voltage (Ef), and the field current (If). Draw the phasor diagram. (Ans. Q6
1.=242.6A, E=10.73kV, 11=265A)
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TRANSFORMERS (SOLUTIONS)

Q1 | Open Circuit Test
LV side input voltage, V = 200V, LV side input current, | = 4A, LV side input power,
Poc = 125W
_Vv? _ id : V. v i
P, = = =R, =320 (LVSide) | = || _(FT) =X, :T:50'6 (LV side)
c2 c2 m

Short Circuit Test
HV side input voltage = 60V,
HV side input current = 10A,
HV side input power = P =280W

P, =I?R, =R, =2.8Q (HV side) x, = (VT)Z “R? =X, =530 (HVside)

R,, =R, (Vi)2 =0.028Q,X,, = ><e(Vf2)2 =0.053Q

Vl Vl
Rez Xez

\Y R02 X2 v,

Full load output power = 20kVA x 0.8 = 16kW, the full load efficiency is
n= Output power X100%, 1= 16k x100% = 97.53%
Output power + Iron loss + Copper loss 16k +125 + 280
Xz =X = | =6609Q, Re, = Rey| == | =1280Q
Vl Vl
2 2
—_ VZ —_ —_ V2 —_
X, =X, +X,|—=| =0.85Q R,, =R, +R,| —=| =0.24Q
Vl Vl

VBase1=200V Vgase2= 400V Igaser= 50A Igase2=25A
SBASE]_:].OkVA SBA552:1OkVA

ZBASE1:(VBASEl)Z/SBASEl:4Q ZBASEZZ(VBASEZ)Z/SBASEZZ16Q
Xe (pU)= XezlzBA5E2=0.053 Re (pU): ReZ/ZBASE2=0-015
Xm (pu)= Xm2/Zease2=41.25  Rc (pu)= Re2/Zpase2=80

Re2 Xe2
EZ RCZ Xm2 V2

Vy =V +1,Z, =VO0+(R,, + jX,,)xI0(cos ™ (p.f.)) = V. | =0.98 (pu)
VR :Mxloo%:ﬁ
2

P.=Core Loss = V,%/ Rc,=125W, P..=Copper Loss=I,? Re;=150W

P
= = Efficiency = out %100 =96.69
Pout=Output Power=V;l, cos@=8000W, y PP +P. 96.6%
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TRANSFORMERS (SOLUTIONS)

Bl. w O/ Test : 100 = 230 (1) x p-f. cosh ~ o4 £F

Re = 220 ging = 0.8%)
{xo'#%-e:—%m

Xm = _220 = 2474
( xo-890]

g
/e Test Re = ’,g_;“a I 852 (refer to HY sicle )
,gc = 60 _ 208, (Hfer touv side) ! XC"/Z:’?:EE

3
B ; .73
RIVfM‘ Rﬁ.'f‘g)(ﬁ (HY) 4o Low yol-m?e sidle

(/8+;87/3> (2) = 4.f, 21795
sz 220/0 +J’Z_~5L~7 [4.5+ Jz 17%"]

1-5/37"

'y jz-t??f

= 24488 [0y J ,
) 3247 434 220[0°
l
Fulk Lood coppr Loss = £34 4o - 12 Fw 1:44 i
TUf'ﬂﬁ, = (00 + (124 = 212.FW 59}:"(]‘-14(“)
() - o |
Tr 1100 x 08 x100% = Bo-44,

(100x0-§ +212-F

e) YYRWK g lop = )?‘//3.._{-“ > ) :0-7428 = ..Z.. |
Inted

7 max = 09428 « 1100 x 03
04428 x1(00 x0'§ +200 %1000, = 80.£767
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TRANSFORMERS (SOLUTIONS)

Q3

(190)
-5

OC. Test. 220y G FA  bLEowW 440 Side open
$C. Test. 370V KbA QoW 220 sile sherted

Whom oc. Test. VP P> 207 [ sRe =744

1

Zense = 0 _ 7744
Nz

ZBASE = =1-936
b4 /13~64-

Re Re
[
Im 5
*"‘ L= 22 In- [IF5 /A6 o0
74.44
= .53
XM = 27‘20 = 24-3¢ Re, Xm re:/&/\ +0 220 Siole
03
fom Sc Test. I* Reg = P = Re%= Z\}/Z~ 0-314
Req \Xeq refer to HV.side Yeq = (374 2 304° = 06032
J-
HV Side LV side !
Vepse = 440 V BASE = 22D
Ippse- 28900- 568 Loase = 25009 _ 1 3.44
440 22,0

p-U-
= 314 . “U- c = 7._4_.ié :3€¢.6 .
pukeq— 07_'7_‘_44_ = o0-040f peu R Iy pu
VLXC = O—é—o—g—‘z — . 77 5 Xm = Zj'_____gé = | J—S
R 0t oo e Az 2P
b) oo Vi L,'(A’e?+j7(eg)
= 1/0%+ 1/369 (0-0#0l+ ) 0077T) = [ 08 [ 2
VK: /08]“ )(1007 = 870
(¢) y - AN, *L:o
: 0-0¢od goo???
\ V;,’ IRe I}XQ V}SQ% ‘912'&8 VL
1.=1[(369°
& —0
p.u. W’wm

/
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DC MACHINES (SOLUTIONS)

Q5

A H
)

(z) p

out =(00kw

A
Wlag
&

I = (00 kw 20 J
I Soov " > 5oy 3" ) Te= 525
f = m = ¥
Sop <5A

“Ia = 200+ 2.5 = 202.£ A

525 = 3500 + 2026 Ra > Re = p.1230,

P“d = 60:‘(%’ V = J—_?/oy
Ra =0.123
I= bokw

§20v
Tu= T+ I - 7984
E= 5204 11798 ¢0.23) = {34 fy

(Z)

=134 L - 20 _

Q6.

Ea=Vi-laRa=100-6x 0.1 =99.4V

No load loss = Ea x la=99.4 x 6 = 596.4W
At full load,

Ea (fl) = V- laRa =100 - 120 x 0.1 = 88V

K. ga, G N
Ea(ﬂ) = a¢f| fl :_ﬂ Therefore’ ﬁ = f = Nﬂ = 88531 I’pm
Ea(nl) Kaﬂnwm W, 99.4 1000

_E,l, _ 88x120 _
=== x885l31—113.9Nm

60

K.¢ @ G 0.95xN
E,(fl) _ Ralaln _ ¢aly Therefore, 88 _ "
Ea(nl) Kaqonlcunl (onla)nl 994 1000

_E,l, _ 88x120 _
= T 108.16Nm

60

T

27T

= Nf =931.9 rpm

a

w

T

27T

Q7

Ea= 5+110(1) = 115V

Wm = 1200 x 271/ 60 = 125.71 rad/s.

Ka® = Ea/Wm = 115/125.71 = 0.915Vs/rad
la=Ea/ (Ra+R.) = 115/ (0.2 +2) = 52.27A
T = Kadla = 0.915 x 52.27 = 47.83Nm

P=12R, =5227°x2=5464.3W
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Q8B

DC MACHINES (SOLUTIONS)

(+23) (£)
Vi= 240 1200 1Pt 230 L= o
K = 240 > %ﬂmwwkap 1/9/1’0?@ - 230

Terminal .Volf:Z: ;{o ot s Wme@(ow MoTo K
b)) pa=  240-230 _ Ve- G _ 03t
40 la
e .Za,l Ko = 40{x 0> = 4oow

Lo In = 230x40 = Fare0W

) . _
MMWWW poreer =

CF{) Wm = /2/98 2T = /2\/-7 W('S~/

—~

i

¥

(!

~

o
=
2
3

(>~ 7
('e)(L)LQCLO{ MMVL Qﬁ 10«=O 2 T‘:O
Ea= V= 240
’ Given 230 = K@ 1206

240 = K céLn

Ass wme ¢HL = O
> R4 . n > n = 22 2rpm -

230 | 260
@) 4 we otswme  Gu 07 = G
240 _  n 04 S o= 12T gm.

[ s

230 | 268
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Q8D[4.28)  23kw.  230v /ot Ra =0l

(\O) VV :2-30 Yl:'/C?LGO M’waﬁf

PR n=14go M~U)¢A’,

1 (a) Ia MLOM: w.: (oo A rafed ovemalun cevrmenit
230

Fa = 230 — 16001 =220V

] (b) Eaw) = V‘t = 230 = Kém_ [d60
= @ﬂ.‘ = @XDAD :0.77

Eairr= 220 - K 1480 B
' Pnr 1480 230
GEN 3 Yo eduion

: Ea = 230t (00x 0/ =240 _ '
o)y omd Ia one some for bath mevtone ¢ ?Wafm?
teet ettt $luk remans the Sanl .

Ea Cﬂ) leL . o240 - K (pr n
Ea Moo |7 229 K QrFL14BD v ons G (A
2(c) Ea@}ﬂ%) [NL-'-' KCPNL (6144 =V,
EALW)[NLc K-(z)NL ldeo =239

Vv _ 6146 = 47
ST Vo= 2476V,

Aa)
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INDUCTION MACHINES (SOLUTIONS)

QP i k) (d
( ) J-DM:: ..'”?0 * 790 = ”3‘?0

Po = A - Wm@ﬁﬁmrﬁ%(ﬁmqwn
P i ;rj:; = 180 123 8.f W
“ % roter ‘ I~0:0¢ =
copper Loy 23§f co-04) = 44t.4
(f) = Pﬂ*lg ’
e - 180 34z
éo
§ip = 4
NP Jq‘izﬁfz ook
$ = foxbe _
. 3 “f,éaamoarrm
r o= roor)({.-o.og):, (?40
:"”3({-9) er

Q12| No Load Test

V=380=phase voltage = Vp=219.4V

| =Input current = 29A

Power Loss = P = 2067/3=689W (per phase)

V2 Vv Y
=RL:> R, =69.86Q 1, =[I7 —(R—p)2 =X, =|—"=7.6£2

l,=V/RHV/(jXm)=3.14 — j28.7A

Lock rotor Test

Line Input voltage = 188V=V=108.5V(per phase)

Input current = 104A Three phase power loss= 3240W =P=1080W (per phase)
P, =1°R, =R, =0.1,But R=0.1/2 = 0.05

=Rr=005Q x,= /(\I/)Z—Rez - X, =1.04Q

I, R, X=X AX! R/
A |0 Il
v I X % R/(1-s) H
S
Speed = 1455 = s =(1500-1455)/1500=0.03 Z=R+R/s+jXe=1.71+j1.04Q
1,=V/Z=219.4/(1.71+j1.04)=109.60(-31.25°)A I.=1,+1,=96.8-j85.7=129.3 0(-cos(0.75))A
Rotor Power l0ss=P,=3x109.6°x0.05=1.8kW Torque=P,/s/(2111500/60)=382 Nm

P.11



Q10 [INDUCTION MACHINES (SOLUTIONS)

C—? @) No-(oad Test 2400 = /3 380 40a%¢

o8 = os(8.5 .47 °)
Lo = fp [-8467°

ol

24__92/100%45 - Re= 7280 Y

2400
B smé = Ams pf

@) Loctke Koty Test : bppo = 3(20) R e

= 0. /397
'e‘ = 04359~ o.of
= 00889

?e = 60//3“

= 02886 . Yex Joa386 5 5pq 20203

P
out = lookw ' Pewt/p. 10p < %cwwf = 80},
Ivl ’2! g R>'

== s s 3380 1 3 > 1, =~ 2374

I = uput cument +o mots I

L'= 1-1, = 274 [-3687°~ o [-3F-67°
= 208 /-26°

Pouit = Poach, = (00kW,

<Y

oo "103= 3)((1;'); )Qa./ (/_;S')

3
loo X107 2 3 x(308)" 00887 (/S
= § = {03‘[- )

Qu1

Assume stator loss including stator copper and core loss

Airgap power = Input power — stator loss = 40 — 1.5 = 38.5 kW=3 (I,’)* Ry’ / s
3 (I,")? Ry’ = Copper Loss = s 38.5 = 0.04 x 38.5 = 1.54 kW

Gross Mechanical Power Output = 3 (I,°)? Ry’ (1-s) /s = 1.54 (1-5) / s = 1.54 x 0.96 / 0.04 =36.96kW
Actual Mechanical Power Output = Gross Mechanical Output-Rotational Loss=36.96-0.8=36.16kW
Efficiency = Output / Input x 100% = 36.16 / 40 x 100% = 90.4%

SYNCHRONOUS MACHINE (SOLUTION)

Q13

At no load, the generated emf
= WK _ g7y Zs=15+j15=15060084.3° | =t _5770 —g313A
J3 ®Z, 15.06
Full load current, 1, = 1000k 0 —-cos™ 0.8=57.73500-36.9°A
V3 x10k

E, =V, +1,Z,=E, =577000°+57.7350 - 36.9° x15.06[184.3° = 6392.4[15.8°V

E¢ is proportional to Iz hence % increase in I = (6392-5770)/5770 x 100% = 10.8%
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Q14

SYNCHRONOUS MACHINES (SOLUTIONS)
1500= 2x50x60 /P, P =4

T =10000000 / (1500x21760) = 63,636.36 Nm,
Pin = 6600 x 3Y2x920 x 1 = 10.517kW,

Pout = 10MW.

Efficiency = 10/10.517 x 100 % = 95%,
Rotational Loss = Pin — Pout = 517 kW

Power loss in field = 100 x 5.5 = 550W

Q15 Feld cumerd =74 > open ciret z/olfag,e = %@
Tield cumtid = 554 > short cireed cerrenf = Soxi0®
3440 ,
© Teld  cumenit =TA > short ciudt cumend = L ToX10°_ ps gy
55 5440
Spnemonons Impedones = Zo?/g = 3.04 /phase = Xs ‘Rato
JLoad pourer = dokw 0-95p-f laggiﬂg
L comesd =1 > 5440 I o8¢ = Foxio00
nm - 85 I = 61-74A
, ot > 6175 fusody
440,00 Ep= #9,4° . ces0-8C 3-041
CEB_ ],ELQ F 5 [0°+ (1. TE [esost d
o = 471"’3 + ($2-£-3277) 3-04] = 353447160
3
|E¥| = 388 (p\«yrf)hm)
[;588 = 67/9 (/;'rlﬁ-tO'/:rw)
Asswme Jield cwment o £p - Ip = iz(')q,(?:(o-?/t,
Q16

6= cos'0:85 085 pf {eao([,(g
P-’—‘ fMOé =f§ 14—XI03xfle 0-35

1:-};4_2.4(+31- °
e ’4;]’_‘__’_9.3, 2424 [+31-8° (o~07+316'f)
3
Erp= v-12%s . la
= 1073 <10 [-18F /‘4'
l4//§
183
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