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3- The Permanent Magnet DC Motor
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A permanent-magnet DC (PMDC) motor is a DC motor whose poles are made of permanent
magnets. Permanent-magnet dc motors offer a number of benefits compared with shunt dc motors
in some applications. Since these motors do not require an external field circuit, they do not have
| the field circuit copper losses associated with shunt de motors.

.
Because no field windings are required, they can be smaller than corresponding shunt DC motors.

| they are especially common in smaller fractional- and sub fractional-horsepower sizes. J

<

PMDC motors are generally less expensive, smaller in size, simpler, and higher efficiency than
corresponding DC motors with separate electromagnetic fields. This makes them a good choice in
many DC motor applications. The armatures of PMDC motors are essentially identical to the
armatures of motors with separate field circuits, so their costs are similar too. However, the
elimination of separate electromagnets on the stator reduces the size of the stator, the cost of the
stator, and the losses in the field circuits.

/

PMDC motors also have disadvantages. Permanent magnets cannot produce as high a flux density
as an externally supplied shunt field, so a PMDC motor will have a lower induced torque 7}, per
ampere of armature current 7, than a shunt motor of the same size and construction. In addition,
PMDC motors run the risk of demagnetization.

\

A permanent-magnet DC motor is basically the same machine as a shunt dc motor, except that the

flux of a PMDC motor is fixed. Therefore, it is not possible to control the speed of a PMDC motor

by varying the field current or flux. The only methods of speed control available for a PMDC
| motor are armature voltage control and armature resistance control.
.

The techniques to analyze a PMDC motor are basically the same as the techniques to analyze a
shunt dc motor with the field current held constant.

/
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4- Series DC Motor
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Speed control of series DC motors

1) Change the terminal voltage of the motor.

2) Insertion of a series resistor into the motor circuit, but this
technique is very wasteful of power and is used only for
intermittent periods during the start-up of some motors.
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1- Separately Excited DC Motor
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‘Where

1,: is the armature current

1;: is the load current

E : is the internal generated voltage
Vi is the terminal voltage

I is the field current

V is the field voltage

R : is the armature winding resistance
Ry is the field winding resistance
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' 2- Shunt DC Motor |
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< Increasing Ry causes
Ir = Vi/Rp to decrease.
* Decreasing /pdecreases ¢.

+ Decreasing ¢, lowers E,;=k
@ -

« Decreasing E, increases
In=(Vr —En)/Ra-

«Increasing 7, increases
T, ~#pl, . with the
change in Z, dominant
over the change in flux.

«Increasing 7,, makes
T T)paq 2nd the speed @

creases.

«Increasing @, increases
E =k wp,

«Increasing E, decreases
1,

« Decreasing I, decreases
T,, until T,~T,,, at a
higher speed @y,

«An increase in
increases I, = (V; — z‘)/n‘.
«Increasing I, increases

Tui =Pl
«Increasing T, makes
T, >T,ypg and the speed @
increases.
« Increasing @, increases
E;~kb@n
«Increasing E, decreases
Ip=(Vr —Eq)/Ra.
« Decreasing 7, decreases
T,, until T,~T,,, at a
higher speed w,,

« resistor is inserted in series
with the armature circuit,
the effect is to drastically
increase the slope of the
motor's  torque-  speed
characteristic, making it
operate more slowly if
loaded.

‘The insertion of a resistor is
a very wasteful method of
speed control, since the
losses in the inserted
resistor are very large. For
this reason, it is rarely
used. It will be found only
in applications in which the
motor spends almost all its
time operating at full speed
or in applications too
inexpensive to justify a
better form of speed
control.




