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From your textbook
Q1) Problem 5-1 (a-d)

SoLutioN
(a) The speed of this motor is given by
n = 1207, 120(60 HZ)
" P
(b) Iflosses are being ignored, the output power is equal to the input power, so the input power wili be

B, =(400 hp)(746 Wrhp) =298.4 kW

=900 r/min

This situation is shown in the phasor diagram below:

f

The line current flow under these circumstances is

S P 2984KW
LY. PF 3(480 V)(0.8
T

Because the motor is A-connected, the corresponding phase current is {, = 449/~/3 =259 A. The angle
of the current is —cos™ (0.80) = —36.87°, so I, =259/ —36.87° A . The internal generated voltage E ,
is

=449 A

E,=V,— X1,
E, =(48020° V) j (0.6 Q)(259£-36.87° A} =406.-17.8° V

(¢) This motor has 6 poles and an electrical frequency of 60 Hz, so its rotation speed is n, = 1200
r/min. The induced torque is

. oy 298.4 kW =3166 N-m

ind - .
(900 r/min)(l mlHJ[ZJT radj
60s lr

The maximum possible induced torque for the motor at this field setting is the maximum possible power
divided by @,

. _WE, 3(480 V)(406 V) ~10.340 N -1
o % (900 r/min)(lgg‘mj[z’; r"ﬂ‘dj(o.s 0)
5 r

The current operating torque is about 1/3 of the maximum possible torque.



(d) If the magnitude of the intemal generated voltage F, is increased by 30%, the new torque angle
can be found from the fact that £, sind o« P = constant.

E,, =130 E, =130(406 V)=487.2 V

8, =sin™’ Eﬁ“—siné‘, =sin”][ 406 ¥ sin(—l7.8°)]:—]4.8°
E, 4872V

The new armature current is

_V,-E,,  480/0°V-487.2/-14.8°V

I, . - =208/-4.1°A
X j0.6 Q

The magnitude of the armature current is 208 A, and the power factor is cos (-24.1°) = 0.913 lagging.

Q2) Problem 5-3

SoLUTION

(@) If this motor is assumed lossless, then the input power is equal to the output power. The input
power to this motor is

By =\3V,1,c0s 6=~/3(230 V)(40 A)(1.0)=15.93 kW
The rotational speed of the motor is

, <120, 120(50 Hz)

. =1500 r/min
P
The output torque would be
rLOAD=P°UT= 15‘913k_w s =1014N'm
©n (1500 r/min)( rnm)( 7 )
60 s Ir
In English units,
7.04)(15.93 kW
_ 704 By (104)( ) 7811

FLoan = n (1 500 r/min)

(b} To change the motor’s power factor to 0.8 leading, its field current must be increased. Since the
power supplied to the load is independent of the field current level, an increase in field current increases

|E A| while keeping the distance E, sin § constant. This increase in £, changes the angle of the

current I, eventually causing it to reach a power factor of 0.8 leading.



o P

Qm{isinﬁ

(¢) The magnitude of the line current will be

P 15.93 kW

"3V PE J3(230V)(038)

Q3) Problem 6.5

SorutioN The equivalent circuit of this induction motor 1s shown below:

la

e 4l X A4l R
—AMN— Y Y Y Y Y Yy M
0107 p217 p217 0072
1. 1-s)
Vs N107? §JXM Rz[TJ
1337

(a) The easiest way to find the line current (or armature current) is to get the equivalent impedance Z
of the rotor circuit in parallel with 7X,, . and then calculate the current as the phase voltage divided by the
sum of the series impedances, as shown below.

la

_ R /X X Rr
——— MA—T Y Y Y Y Y Y ———AMW——

* 0107 0217

Vs




The equivalent impedance of the rotor circuit in parallel with 7Y, is:

1 1
ZF_l 1 1 1

1.318+ j0.386=1.374/16.3° Q

+ -
X, Z, jl0Q 140+ 021

The phase voltage is 208/+/3 =120 V. so line current / ;Is
- v, - 120/0° V

R+ X, +R.+ /X, 010Q +;7021Q+ 1.318Q+ j0.386Q
I,=1,=780/-228°A

1, =1

L 4

(b)  The stator copper losses are

P =317R =3(780A) (0.10Q)=1825 W

SCL —

(c) The air gap power is P, =3I,°—2=31R,

(Note that 37 R, is equal to 31,2 since the only resistance in the original rotor circuit was R, /s .
5

and the resistance in the Thevenin equivalent circuit is R.. The power consumed by the Thevenin
equivalent circuit must be the same as the power consumed by the original circuit.)

. R, > 2 \ .
T2 =3IR,=3(780A) (1318 Q)=240kW
§

P

o
a6 =31

(d) The power converted from electrical to mechanical form is

P, =(1-s5)Pg =(1-0.05)(24.0 kW)= 228 kW

(e)  The induced torque in the motor is

- L _ 24'2 k‘?d\ i =1274N-m
Degnc (1800 1‘:-’1111'11)[ =7 1 J[ un J
: r 605

ind

(f)  The output power of this motor is
Fyr=FPo. Py P —F, =228kW-500W — 400W - 0W = 21.9kW

The output speed is
M, =(1=5) 1y =(1-0.05)(1800 r/min ) =1710 r/min

Therefore the load torque is

R 21.9 kW
Tioag =200 = 7o 1ad\ L -=1223N-m
O (1710 r/min ) -7 1a { — J
N JL60s
(g) The overall efficiency is
F E
n="2 x100% = —2L—x 100%
Fy 3V, cos8
219 kW _
n= %x100% =84.6%

3(120 V)(78.0 A)cos22.8°

(h)  The motor speed in revolutions per minute is 1710 r/min. The motor speed in radians per second is

2 " A4 .
o, =(1710 1‘.-"'11]_i11.}[ 27 rad J 1 min

60 s

A
J =179 rad/s
1r )

AN



Q4) Problem 6.6

Sorution The slip at pullout torque is found by calculating the Thevenin equivalent of the input circuit
from the rotor back to the power supply. and then using that with the rotor circuit model.

Xy Ry
R
Xy
YVop=—""7"—-—Y
THZ R+ Xy + Xy ®
-
@ Vo Xt Vru ¥
Vig= ——ou ¥
THE o5 %8
Rim+ (X + Xyp)”
o
{a)
X, R,
YL o
, Ay (R + XD
X i Zrn = Ry + Xy + Xpp
o
)
Ry Xy iXs
AN Y ¢ Y
~
@ Vry E § %
()

Xy, (R+7X%)  (7109Q)(0.10Q + j0.21 Q) ,
Iy=—>—— <= — L ~0.0959 + j0.2066 Q =0.2278.265.1° Q
R+j(X,+X,) 010Q +j(021Q+10Q)

, JXy , (/10 Q) : . ,
Vi = MY, = — (120£0°V)=117.520.6° V
R+j(X,+X,) 01Q +,(023Q+10Q) -

The slip at pullout torque is
R's

SR + (X + X, )

07
S = 00709 —=0.164

\/(0.0959 Q) +(0.2066 Q +0.210 Q)

Sm.'zx =

The pullout torque of the motor is

L ki
2o, [Rm R+ (X + X, ‘f}
3(117.5 V)’
Toe = :

2(188.5 1‘ad-"s][0.0959 Q+1/(0.0959 Q) +(0.2066 Q@ +0.210 Q) }

Tpee =210 N-m



Q5) Problem 6-20

Sorution From the DC test.

[¥5]

135V
64 A

2R, =

In the no-load test, the line voltage is 208 V, so the phase voltage is 120 V. Therefore

v, 7
X +X,=—"2-= 120 % =500Q @ 60Hz
| 24.0 A -

A.al

In the locked-rotor test, the line voltage is 24.6 V. so the phase voltage is 14.2 V. From the locked-rotor
testar 15 Hz,

V, 142V
|Zix | =|Rix + X1z t = =02200Q
I,.. O6435A
P, 2200 W
8]y =cos 'R —cos — =36.82°
Six V3(24.6 V)(64.5 A)
Therefore,
R, =7},

€056, =(0.220 ©)cos(36.82°) = 0.176 Q
=  R+R=01760Q
= R =00710Q

X/ =|Z0.| siné, =(0.2202 Q)sin(36.82°)=0.132 Q

At a frequency of 60 Hz,
60 Hz
= Xz =05280Q
B { 15 Hz J =

For a Design Class B motor. the splitis X, =0.211Q and X, =0.317 Q. Therefore.
Xy =5000Q-0211Q = 4789 Q

The resulting equivalent circuit is shown below:



Extra Problems

Q6) A 400 V, 60 Hz, 3-phase, 50 hp, Y-connected synchronous motor has a full load
efficiency of 88%. The synchronous impedance of the motor is (0.2+j1.6) ohs/phase. If the
excitation of the motor is adjusted to give it a leading pf of 0.9, calculate for full load,

a) The induced emf
b) The total mechanical power developed

Solution:



Q7)
A three phase , 4-pole , 60 Hz, Y- connected induction motor is rated at 10 hp, 208 V, 1755

rpm. The motor parameters are:
R1=0.150,R2 =0.15 10,
X1 =040,X2=0.250Xm =300
The combined rotational losses amounts to 500 W. The motor operates at rated speed when
connected to a 208 V and 60-Hz source. Calculate:

a) Line current and PF

b) Output torque

c) Efficiency of the motor

d) Starting current and torque

Solution:
208 - -
Rejer t Fig. 8¢ V= S5 L0 - lzo0 o v
izof _ (o6 _ g, . 20ns _ 2T(ged _
@ Mg = + 7 1800 rpm F W, = = - !kilSMJ/A.
g = N 1800 = 1755 = 9 p25
g 1600
20 /9’ .
I——-w?-\ﬁ"f"—“—f o:g/" = 19,4 &2 A
# RL*'Z‘L"":J“}*:‘TZ) o'hff.o'-_:}_i-l.; +i(é,4+0,25)
v 2o/e’ o
L= g = g = 4 LA
J X J3
T = L+ T = 194 /26 4+ 4 [0 = 2022 L1287 4

!

PE = cos 114" = 0,954 Laggny

\

® P
f2

aV, T, = (2126 20,22) ot |1.4° = 6946 W

= T &, 15
371, .Ez— - (T ) = 1745 W

n

d

Plao = (,,S)FQH - (1-0,025) (6T745) = Goos W

- P4 = Gbos - Soo = élos W .

gmi = Pdw

_ziyn o zm(I5s) = 83,78 pedfe
Wm = o

. Rt _ gloS - 22 5 pNem
Tout w,  )%8,7¢ 3.2 N

@) n=%=%jﬂz—37'qz’

¥ 120 £ = 167 [-¢<" A

—— =

@ Toptect = R +HE,+ T4 +Ya) DasH0,I5 4 j[0.4+0.20)
— —a (3626 (oJ5) N-m
_ 3Tt Re _ (3X0076) (oJs) 67
J'.l—‘?a.rg,:f' E :35

/80,5




Q8) A 500V, 3 ¢, 50 Hz induction motor develops an output of 15 KW at 950 r.p.m. If the
input p.f. is 0.86 lagging, Mechanical (considered as Rotational in this problem) losses are
7.30 W and stator losses 1500W, Find

1) theslip

ii) the rotor cooper loss

iii) the motor input

iv) the line current

Solution:
i) VL = 500V, motor output Pr = 15KW
N = 950 r.p.m. P.f. = cos @ = 0.86lags
Mech. Loss = 730 W
Stator loss = 1500 W
Ns = 120f/P = 120 * 50/6 = 1000r.p.m.
S = (Ns-N)/Ns * 100 = (1000 - 960)/1000 *100 = 0.05*100 = 5%
ii) Rotor output = Motor output + Mechanical output

= 15 + .730 watt = 15.73 KWatt

Therefore (Rotor Cu loss)/(Rotor output) = s/(s-1)

Or Rotor Cu loss = 15.73 * (0.05)/(1-0.05) = 827.89 watt

iiil) Use power flow diagram for finding the motor input

Motor input = 15kw + 730 + 1500 + 827.89 = 18.058KW

IV) Line Current = V3V2I2Cos® 12 = 24.25A



