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EE 306 — Term 192
HW # 4: DC Machines
Due Date: (UT-Classes, March 22, 2020; MW-Classes, March 23, 2020)

Problem # 1:

A 220 V shunt motor has armature and field resistance of 0.2 Q and 220 Q respectively. The motor is
running at 1000 rpm and drawing 10 A current from the supply to drive a constant load torque.
Calculate the new speed and armature current if an external armature resistance of value 5 Q is placed
in the armature circuit. Neglect armature reaction and saturation.

For initial operating point: Ir; = 10 A r, = 0.2 Q and supply voltage ["'=220V.

2020 A=1A
I0A-1A=94

Field current I
Armature current I

MNow we write down the expressions for the forque and back emf.

Ta=klaly = k=1=9=T;
Ep=klgn=k>x1=1000=F-I;r, = 220-9=02=2182V
ko= 1= 1000 = 2182V

Since field resistance remains unchanged Jo =1n = 1 A Let the new steady armature corrent be
I and the new speed be ny. In this new condition the torque and back emf equations are

Te = kx1=xIp=T;
Erx = lkp=l=m
= If_fal(i:a +Rm'.':|
Sl lEp = 220-Jp=32WV
Taking the ratios of T.; and T, we zet,
T_ _ k,=zl=1
T, k,x1x0
Thus. [, = 9A
Now taking the ratio emfs 2= we get.
k, x1xn, o 220-1,%52
k,x1x1000 218
s — 220-9x3.2
1000 2182
m, o _ 1732
- 100 21822
orn = 173:2x1000



Problem # 2:

Separately excited dc generator is rated for a load voltage of 150 V for a full load current of 20 A at
1500 rpm. With the load disconnected, the output voltage is 160 V.

a. Determine the voltage regulation, the load resistance, the armature resistance, and the developed
torque at full load.

b. The speed of the generator is decreased to 1200 rpm, and the load resistance is unchanged. Determine
the load current, the load voltage, and the developed power.

(a) voltage regulation = Viw Ve x100% =
FL

160 -150
150

x100% = 6.667 %

RL:V—L:@:7.5Q RA:VNL_VFL=160_15O=O.5Q
I, 20 I, 20
2 P E, I, 160x20
=n == =157.1 rad/s T, =-% - ZATA _ =20.37 N
“n =M 60 ra/ o w, o, 157.1 "
(b)
Vi =E4 =160@=128 v I, F 128 =16 A

1500 "R, +R,_05+75

V, =R,I, =120 V P, =E,I, =2048 W



Problem # 3:

A shunt-connected 5-hp dc motor is rated for operation at VT=200 V, IL=23.3 A, and nm=1500 rpm.
Furthermore, IF= and RA=0.4 Q. Under rated conditions find:

the input power;

the power supplied to the field circuit;

the power lost in the armature resistance;

the rotational loss;

the efficiency

(@) P =V.I =4660W
(b) P. =V.I. =300W
(¢) I,=I -I =218A

P, =R,IZ=190.1W
(d) Pn=P, PP, P

rot out
=440 W

‘%’UT X 10070 — 80.00/0

n

moow»

(e) 1=



Problem # 4:

A 240V series motor. The armature resistance is 0.42€ and a series field resistance is 0.18Q. The
speed is 500rev/min when the current is 36A. What is the motor speed when the load reduces the line
current to 21A. Assume 3V brush drop and the flux is proportional to the current.

240 -3-36(0.6)

500 = = =K ¢ =0431
240 - 3 JR:*‘itﬁuvz
n=- "_I >=210.0) = 893 rpm
[—‘JH A31)
Problem # 5:

A long-shunt DC generator running at 1000 rpm supplies 22 kW at a terminal voltage of 220 V. The
armature, shunt, and series resistances are 0.05, 110, and 0.06 Q respectively. The efficiency of the
generator is 88%. Find: -

(a) Copper loss

(b) Rotational loss

(c) Input torque

Solchie et
. 120 .2 A v
Ed\- \lo L’ E
1 - lo2 A -—--"‘*
g it -1ee45 W
P DlRR) 4R 125
T o8 e gls
nz @/FH?D; f}:’ o
[
Dy =14557

9 Ty f)/f’ 25000 W = T

15000 = Ty Z—— QIU 20



