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Problem (1):

A 20hp, 250V shunt motor with R=0.22 Q, R<170 Q. At no-load and rated
voltage, the speed is 1200 rpm and the armature current is 3 A. At full-load and
rated voltage, the line current is 55A. What is the full-load speed?

Solution

At No-load

— Ve _ 250 _
Irni =g =5, = 1474,

Ny, =1200 r.p.m
E,i=V,—=1,R, =250—(3)(0.22) = 249.34V

At Full-load

_ Ve 250 _
fpa =g =5 = 1474 Ny =72

E;y =V, — I;Rq = 250 — (55)(0.22) = 238.22V

En.l _ If n.an.l
Eey  IrpiNeg

249.34 1200
23822  Ng,

Nf, =1146.5 r.p.m



Problem (2):

A 230V shunt motor delivers 30hp at the shaft at 1120rpm. If the motor has an

efficiency of 87% at this load, determine:

a) The total input power.
b) The line current.

Solution
Po/p
a = —=
@ n=3
PO/p
=y
30+ 746
- 0.87
= 25.72 Kw

Pi/p = 25.72 Kw

(b) Py =V,

P;
I, = i/p

Vi

_ 25.72%10°
N 230

=111.84 A

Good Luck ©



Problem (3):

A separately excited motor runs at 1045rpm, with a constant field current, while
taking an armature current of S0A at 120V. The armature resistance is 0.1 Q if the
load on the motor changes such that it now takes 95A at 120V, determine the

motor speed at this load.

Solution
E=K,pw =K¢pN

ﬂ — ¢1N1
EZ ¢2N2

 the field current is constant and the core is assumed unsaturated

=@y
BN
" E, N,
E=V,—1,R,

E, =120 — (50)(0.1) = 115V

E, =120 — (95)(0.1) = 1105V

115 1045
110.5 N,

N, =1004.1 r.p.m

Good Luck ©



Problem (4):

A separately excited DC motor has the following specifications:

Terminal voltage = 250 V, field voltage = 250 V, armature resistance = 0.03 Q,
field resistance = 250 Q. Initially the motor was running at speed = 1103 rpm while
supplied by the rated terminal voltage and the armature current = 120 A. While
supplying constant torque, what is the speed of the motor if the terminal voltage is
reduced to 200 V?

Solution

Torque is constant and V; is not changed (the field flux will be constant)
T =Kq.pl,
T, =T,

P1la1 = P2ly;

Ial = Iaz = 120A

E =K,pw = K¢N

E, N

E, N,

E, =V, — 1R, = 250 — (120)(0.03) = 2464V

E, =V, — I,,R, = 200 — (120)(0.03) = 196.4V

196.4 1103
= —x%
246.4

= 8795 r.p.m

Good Luck ©



Problem (5):

A 20 hp, 250 V DC shunt motor drives a load that requires a constant torque
regardless the speed of operation. The armature resistance is 0.1 Q. When this
motor is running at full load, the armature current is 65 A at a speed of 1100 rpm.
If the flux is reduced to 75% of its original value, find the armature current and the
speed of the motor at this new condition?

Solution

Torque is constant
=T,

G1la1 = Q2o

h1lg1 = 0.75¢,14,

I, = 0.75I,,
65 = 0.75 I,
I, =86.6A4

E=K,pw = K$N

ﬂ_ d1Ny P Ny

1 N,

E, ¢,N, 075¢,N, 0.75N,

E=V,—1,R,

El = th - IalRa = 250 - (65)(0.1) = 24‘3.5 V

E, =V, — I;,R, = 250 — (86.6)(0.1) = 241.4V

2435 1 1100
2414 0.75 N,

N, = 1454 r.p.m

Good Luck ©



Problem (6):

The speed of 500 v shunt motor is to be raised from 700 rpm to 1000 rpm by field

weakening the total torque remaining unchanged, the armature and the shunt field

resistance are 0.8Q2 ,750 Q respectively and the supply current at lower speed is 12
A, calculate the additional shunt field resistance required.

Solution

Givens:

V., =500V N, =700 r.p.m N, =1000 r.p.m
R, =081 R; =75010 I;; =124
Required: Rf ext

casel: At lower speed

Iy = Ve —500—067A
VTR T 750 T

Iog =11 — I,y =12—-0.67 = 1133 4

E, =V, —I,,R, = 500 — (11.33)(0.8) = 490.93 V

case2: At higher speed

P1la1 = P2ly;
If11a1 = Ileaz
7.59
Ifz

é . 2N, _ I, N,
Ey  ¢1Ny  Ip4 N

— (1

Iy =

Good Luck ©



E,  Ip, 1000
490.93  0.67 700

E, = 1046.76 I;, — (2)

E, =V — IR, — (3)
From (1) and (2) in (3) we get:

7.59
1046.76 Ir, = 500 — . 0.8 — (4)

Rearranging (4)

Ir ;> — 047761, + 5.8 % 10° = 0 — (5)

Solving (5) we get:

I, = 0.465 (Accepted nearto Ir ) orIf,=0.012 A (Rejected far from I ;)

Vi

I )= —
P27 R + Ry oxt

Vi
Rfext :I__Rf
2

Good Luck ©



Problem (7):

A 500v, 10 HP, shunt motor has full load efficiency of 85% .for the same torque it
Is desired to reduce its speed by 30% by insertion of resistance in the armature
circuit assuming that all the losses except copper losses vary directly with speed,
calculate the value of the inserted resistance and the efficiency of the motor when
running at the reduced speed, the resistance of the field and armature are 400 Q
and 0.25 Q

Solution
Givens:
V, =500V P, = 10 HP, n=0.85 N, =0.7 N,
R, = 0.25Q Rf = 4000 Pyoss except cu loss & N
Required: R, ext 72
Case (1)
5 p=fo 102746 o eawart

—_ — N = — = — = .
T=7p T T 085 4
P, =V, =l 87754 o5y

PR — ﬁ —_ —_—— = .

A til l Vt 500
=Y 300 osa
/7R 400

I,=0,—-1=1755-125=1634
E,=V,—1I,R, =500 — (16.3)(0.25) = 4959V
Case (2) No change in the field circuit

Ifl = Ifz = 1.25A

E N, I,N, N N
Ey _®2N2 _ ol _Np o | E, =—E, = 0.7 %4959 = 347.1V
Ei  ¢1Ny IpNy Ny Ny

Good Luck ©



The same torque
T, =T,
$1la1r = $21a2
If11a1 = Ileaz
I,o=1,, =163 A
Ey = Vi — laa(Rg + Ry ext)
347.1 =500 — (16.3)(0.25 + R, oxt) - Ry ext = 9.127 Q)

Ny = Pi - PcuZ_Plossz
2 Pi

P, = V,(Iy+142) = 500(16.3 + 1.25) = 8776.4 w
Pruz = 12> (Ry + Ry ext) + Ir° Ry = 16.32(0.25 + 9.127) + 1.252 x 400 = 3116.4 w

N,

Poss2 = Pioss 1
Ny

Pross1 = Pi1 — Peys — Pox
P, = Ialz(Ra) + IflzRf = 16.32(0.25) +1.25%2 400 = 691.4w

Pioss1 = Pig — Poyqy — Po1 = 8776.47 — 691.42 — 7460 = 625w

N
Py = N—ZPZOSS1 = 0.7 625 = 4375w
1

PiZ - PcuZ_Plossz
=59.590
P; %

Ny =

Note: Inserting an external armature resistance to control the speed considerable
reduces the efficiency.

Good Luck ©



Problem (8):

220 v, 7 Hp DC series motor coupled to a fan, the motor draws 25 A and runs at
300 rpm at terminal voltage of 220v and no external resistance, torque of the fan is
proportional to the square of the speed, if R,=0.6 Q and R~=0.4 Q.

(Neglect rotational losses)

a) Determine the power supplied to the fan and torque developed by the motor.

b) The speed is to be reduced to 200 rpm by inserting external resistance,
determine the value of this resistance and the power delivered to the fan.

Solution

Givens:

V=220V Pout ratea =7 HP I,1 = 254
T a N? R, = 0.642, Ry =0.402
Required:

a) Py =77, T, =27
b) R.nt =??7 and P,,; =??7 when N, =200r.p.m

Solution:
a) E, =V, —1,(Ry +Rf) =220 — (25)(1) = 195V

Pyt = Py =E;*1, =195 %25 = 4875 Kw

. _Pd_4.875KW_15525N
d= T Zgx300 OXeri-m
60
b) T a N?

T, (Nl)2
T, \N,

N, =3007r.p.m

Good Luck ©



T, = (NZ)Z T, = (200>2 155.25 = 69 N
2=\v,) "7 300 oo = BT A
Since for series DC motors Iy = I,

B, ¢aNa Ny Lol
El ¢1N1 Ilel IalNl

E, _ I, *200
195 25300
EZ = 5'21(12
E, xI
Tz — 2 a2
w3
_ 5.2 I,,°
2w %200
60
I, =16.67 A

Ey = Vi —Io2(Ry + Rr + Reyxt)

5.2 % 16.67 = 220 — (16.67)(0.6 + 0.4 + R,.;)

Rexr = 7Q

Pout = Pyy = IoEqp = 5.2 % 16.6% = 1445w

Good Luck ©



