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Chapter 8: DC Motors

8-1.  The following information is given about the simple rotating loop shown in Figure 8-6:
B=04T V,=48V
[=05m R=04Q
r=025m @ =500 rad/s

(a) Is this machine operating as a motor or a generator? Explain.

(b) What is the current i flowing into or out of the machine? What is the power flowing into or out of the
machine?

(c) If the speed of the rotor were changed to 550 rad/s, what would happen to the current flow into or out
of the machine?

(d) 1f the speed of the rotor were changed to 450 rad/s, what would happen to the current flow into or out
of the machine?

R
— Vp
(@)
Current into
c-d page
I
SN Current out of page
N Fea ina S )¢ S
g Fab, ind
~
~
~
e ~
{,
a-b

Q)

SOLUTION
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(a) 1If the speed of rotation @ of the shaft is 500 rad/s, then the voltage induced in the rotating loop will
be

e =2rlBw
€yq =2(0.25m)(0.5 m)(0.4 T)(500 rad/s) =50 V

Since the external battery voltage is only 48 V, this machine is operating as a generator, charging the
battery.
(b) The current flowing out of the machine is approximately
. e —Vy (50V-48V
R 0.4Q

j:S.OA

(Note that this value is the current flowing while the loop is under the pole faces. When the loop goes
beyond the pole faces, e,,, will momentarily fall to 0 V, and the current flow will momentarily reverse.

Therefore, the average current flow over a complete cycle will be somewhat less than 5.0 A.)

(c) If the speed of the rotor were increased to 550 rad/s, the induced voltage of the loop would increase
to

e, =2rlBw
€pq =2(0.25m)(0.5m)(0.4 T)(550 rad/s) =55V
and the current flow out of the machine will increase to

epa Vs _(55V—48V
R 0.4Q

1=

j=17.5A

(d) If the speed of the rotor were decreased to 450 rad/s, the induced voltage of the loop would fall to
e,  =2rlBw
€ps =2(0.25m)(0.5 m)(0.4 T)(450 rad/s) =45V

Here, e, is less than V/,, so current flows into the loop and the machine is acting as a motor. The

current flow into the machine would be

Vy—en (48V-45V
R 0.4Q

=

j=7.5A

The power converted from one form to another within a dc motor was given by

Pow=EJd,=7,0,

conv

Use the equations for £, and 7, , [Equations (8-30) and (8-31)] to prove that £,/, = 7, ,@, ; that is,

prove that the electric power disappearing at the point of power conversion is exactly equal to the
mechanical power appearing at that point.

SOLUTION

P, =E,lI,

Substituting Equation (8-30) for £,
P =(Kow)l,

conv
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P.=(Ko¢l,)w

conv

But from Equation (8-31), 7, , =K ¢ 1 ,, so

Py = Ting @

Problems 8-3 to 8-14 refer to the following dc motor:
P...=30hp I} eq = 110 A
V, =240V N, =2700 turns per pole
Mopeq = 1200 1/min N = 12 turns per pole
R, =0.19Q R, =75Q
R; =0.02Q R,;; =100 to 400 Q

Rotational losses = 3550 W at full load

Magnetization curve as shown in Figure P8-1
320

300

Speed = 1200 r/min
/—-—'
280

260 -
/

240
/
220 /

200

180 /
160 /
140 /

120 /

Internal generated voltage E4, V

100
/
80 /

60 /
40 /’
20

0

0 01 02 03 04 05 06 07 08 09 10 11 12 13 14

Shunt field current, A
In Problems 8-3 through 8-9, assume that the motor described above can be connected in shunt. The equivalent
circuit of the shunt motor is shown in Figure P§-2.
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Iy Ry 13

M

0.19Q
Radj

Ipl
R
E, 75 Q F V=240V

LF

Q

If the resistor R,

; 1s adjusted to 175 €2 what is the rotational speed of the motor at no-load conditions?

SOLUTION At no-load conditions, £, =V, =240V . The field current is given by

V, 240V 240V

I, = - = =0.96 A
Ry+R, 175Q+75Q 250Q

From Figure P8-1, this field current would produce an internal generated voltage £, of277 V at a speed

n, of 1200 r/min. Therefore, the speed n with a voltage of 240 V would be

E, n

EAU no

n= £, n,= [Mj (1200 r/min) = 1040 r/min
E, 277V

Assuming no armature reaction, what is the speed of the motor at full load? What is the speed regulation
of the motor?

SoLuTtioN At full load, the armature current is
l,=1,-1,=110A-096A=109A
The internal generated voltage £, is
E,=V,—I,R, =240 V—(109 A)(0.19 Q)=219.3 V

The field current is the same as before, and there is no armature reaction, so £, is still 277 V at a speed
n, of 1200 r/min. Therefore,

n= E, n,= [M) (1200 r/min) = 950 r/min
E, 277V

The speed regulation is

SR = "7 100% = 1040r/m1n-9§0 r/min % 100% = 9 5%
ng 950 r/min
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If the motor is operating at full load and if its variable resistance R, is increased to 250 €2, what is the
new speed of the motor? Compare the full-load speed of the motor with R, = 175 Q to the full-load

speed with R,;; =250 Q. (Assume no armature reaction, as in the previous problem.)

SorutioN If R, is set to 250 Q, the field current is now

V, 240V 240V

- - = =0.739 A
Ry+R. 250Q+75Q 250Q

F

Since the motor is still at full load, £, is still 219.3 V. From the magnetization curve (Figure P8-1), this
current would produce a voltage £, of 256 V ata speed n, of 1200 r/min. Therefore,

n=| L n, = [Mj (1200 r/min) = 1028 r/min
E, 256 V

Note that R,;; has increased, and as a result the speed of the motor  increased.

Assume that the motor is operating at full load and that the variable resistor R, is again 175 Q. If the

armature reaction is 1200 A-turns at full load, what is the speed of the motor? How does it compare to the
result for Problem 8-5?

SorutioN The field current is again 0.96 A, and the motor is again at full load conditions. However, this
time there is an armature reaction of 1200 A-turns, and the effective field current is
AR 1200 A - turns

I, =1, ———==096A-————"=0516A
N, 2700 turns

From Figure P8-1, this field current would produce an internal generated voltage £, of210 V at a speed

n, of 1200 r/min. The actual internal generated voltage £, at these conditions is
E,=V,—I,R,=240V-(109A)0.19Q)=219.3V
Therefore, the speed n with a voltage of 240 V would be

n=|La n, = [Mj (1200 r/min) = 1253 r/min
E, 210V

If all other conditions are the same, the motor with armature reaction runs at a higher speed than the motor
without armature reaction.

If R,y can be adjusted from 100 to 400 €2, what are the maximum and minimum no-load speeds possible
with this motor?

SorutioN The minimum speed will occur when R, = 100 €, and the maximum speed will occur when
R,;; =400 Q. The field current when R, =100 Q is:

V, 240V 240V

I, = = = =137A
Ry+R, 100Q+75Q 175Q

From Figure P8-1, this field current would produce an internal generated voltage £, of 289 V at a speed

n, of 1200 r/min. Therefore, the speed n with a voltage of 240 V would be
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