Example 8-1. Figure 8-6 shows a simple rotating loop between curved pole faces
connected to a battery and a resistor through a switch. The resistor shown models the total
resistance of the battery and the wire in the machine. The physical dimensions and charac-
teristics of this machine are

r=05m [ = 1.0m
R =031 B =025T
Vg = 120V

{a) What happens when the switch is closed?

(b) What is the machine’s maximum starting current? What is its steady-state angu-
lar velocity at no load?

{c) Suppose a load is attached to the loop, and the resulting load torque is IO N » m.
What would the new steady-state speed be? How much power is supplied to the
shaft of the machine? How much power is being supplied by the battery? s this
machine a motor or a generator?



(d) Suppose the machine is again unloaded, and a torque of 7.5 N « m is applied to

the shaft in the direction of rotation. What is the new steady-state speed? Is this
machine now a motor or a generator?

{e) Suppose the machine i1s running unloaded. What would the final steady-state

speed of the rotor be if the flux density were reduced t0 0.20 T?

Solution
(a) When the switch in Figure 8-6 is closed, a current will flow in the loop. Since

the loop is initially stationary, ¢;,s = 0. Therefore, the current will be given by
Vo—ena Vp

R " R
This current flows through the rotor loop, producing a torque

f =

Tea = =i CCW

This induced torque produces an angular acceleration in a couaterclockwise di-

rection, so the rotor of the machine begins to turn. But as the rotor begins to
turn, an induced voltage is produced in the motor, given by

2
eind=;¢‘"

so the current i falls. As the current falls, 7,4 = (2!1r)¢il decreases, and the ma-
chine winds up in steady state with 7,4 = 0, and the battery voltage Vz = ¢,
This is the same sort of starting behavior seen earlier in the linear dc machine.

(b) At starting conditions, the machine’s current is

(¢)

Y% 120V

=R =030 —00A
At no-load steady-state conditions, the induced torque 7, must be zero. But
Tiaa = O implies that current / must equal zero, since 7,4 = (2/7)di, and the flux
is nonzero. The fact that { = 0 A means that the battery voltage Vi = ¢,,4. There-
fore, the speed of the rotor is

2
Vs = ea = = b0

e h %
@mé = 2riB

Y
= 305 m)(llz.g m)0.25 T) — 480 rad/s
If a load torque of 10 N » m is applied to the shaft of the machine, it will begin
to slow down. But as w decreases, €;g = (2!1r)¢wl decreases and the rotor cur-
rent increases [i = (Vg — €4 l)!R]. As the rotor current increases, | 74| in-
creases (00, until | Tyl = | Tioal at 2 lower speed w.
At steady state, | Tigl = |Tiaal = (2/m)¢i. Therefore,

. Tad _ Tind
‘= @meé ~ 2riB
1I0N+*m

= 205 m1.0my0.25T) ~ 0A



By Kirchhoff’s voltage law, ¢,y = Vp — iR, so
€, = 120V — (40 AX030) = 108V

Finally, the speed of the shaft is
€ind Cind

©=@mé ~ 2riB

_ 108 V
(0.5 m}1.0 m}0.25T)

= 432 rad/s

The power supplied to the shaft is
P=r0
= (10N em)(432 rad/s) = 4320 W
The power out of the battery is
P = Vpi = (120 VY40 A) = 4800 W

This machine is operating as a motor, converting electric power to mechanical
power.

(d) If a torque is applied in the direction of motion, the rotor accelerates. As the
speed increases, the internal voltage ¢,,, increases and exceeds Vj, so the current
flows out of the top of the bar and into the battery. This machine is now a gen-
erator. This current causes an induced torque opposite to the direction of mo-
tion. The induced torque opposes the external applied torque, and eventually

| Tiead| = |7ind| at a higher speed w.
The current in the rotor will be

_Tind  _ Tind
@Im¢ ~ 2riB

_ _75Nem _
T DO0SmA0mO05 T

i =

30A

The induced voltage ¢;,4 is

g = Vg + IR
120V + (30 A)(0.3 )
= 129V

Finally, the speed of the shaft is

_ G Gind
" (2/m¢ 2B

_ 129 V
(ZX0.5 m)(L.O m)0.25 T)

o

= 5l6rad/s

(e) Since the machine is initially unloaded at the original conditions, the speed w =
480 rad/s. If the flux decreases, there is a transient. However, after the transient
is over, the machine must again have zero torque, since there is still no load on
its shaft. If 7,5 = 0, then the current in the rotor must be zero, and V3 = ¢,4. The
shaft speed is thus

€ind  _ Cind

~ Q@/m¢  2riB

&)



_ 120 V
(2X0.5 m)(1.0 m}0.20 T)

= 600 rad/s

Notice that when the flux in the machine is decreased, its speed increases. This
1s the same behavior seen in the linear machine and the same way that real dc
motors behave.



