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about 95 percent synchronous speed at full load. = Overloads decrease the
speed further until the maximum torque point is reached. If the load
torque exceeds this point the motor will stall. The motor torque varies
as the square of the voltage. If the voltage drops 10 percent, the motor
torque will be only 81 percent of rated value. Both power factor and
efficiency are improved if the motor is operating as near rated load as pos-
sible. In addition, as shown in Fig. 2, power factor and efficiency are
better for higher speed motors. .

Wound Rotor motors are used for applications requiring high starting
torque at low starting current, because a wound rotor motor with its con-
troller and resistance can develop full load torque when starting with
about full load current. For comparison, a squirrel-cage motor would
require from 3 to 5 times as much current to develop full load torque at
starting. .The wound rotor motor is also used for varying speed service
to drive fans, blowers, and other continuous duty apparatus.

- The addition of resistance to the secondary winding of the wound rotor

'motor’_'cha.nges the speed torque characteristics. The motor speed, with
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Fig. 1. SPeEDp TORQUE CHARACTERISTICS OF SQUIRREL-CAGE MoTORS

the resistance added, is dependent on load, and consequently, the motor
has very poor speed regulation when secondary resistance is added to re-
duce the speed to values below 50 percent. Fig. 3 illustrates the character-
istics of wound rotor motors. :

Synchronous motors are used for continuous duty applications at constant
speed where efficiency and power factor are important. Another advantage
of these motors is that of lower initial cost in large sizes and for low spe
when compared with squirrel-cage type motors.

The outstanding advantage of the synchronous motor is that its power
factor can be changed to compensate for the low power factor of other
drives in the same location. Lagging power factor is an inherent charac-
teristic of all induction apparatus, such as induction motors and neon
signs. Unless synchronous motors or capacitors are installed, the plant
power factor may be comparatively low. This does not necessarily meal
that corrective equipment must always be installed, but in most cases it

Motors and Motor Controls T o © 999

is ‘desirable to determine what advantages may be gained by imprévis
the povxfer.f_actor.‘ With purchased power, if the r:;gtes inclgde 'ap chtlll;s%
embodying a pepalty for low power factor, or a bonus for high power
factor, the saving in power costs may often make a very good return on
the investment required for the corrective equipment. .
Syrchronous motors are used to drive fans, blowers, pumps, COMPIESsSOrs
and other applications. Compressor applications having a ‘high. peak
torque require the use of flywheels to smooth out power peaks, and should
always. be referred to the electrical manufacturer for recommeridations. -
Synchronous motors are provided with built-in damper windings on the
rotor "gnd operate during the starting period similarly t6 squirrel-cage

‘94
R
90 1800 RPM
IS
3 1200.;
Zas oM.
3 200
u N
o
g 7‘...\>< £55s
82— 600 2
. %% %2%4
Loe > 4
‘{;j o’
B 1 220 OR 440 VOLTS, 3 PHASE, 60 CYCLES
OPEN TYPE MOTOR
7054
94
90 ==
— L ———t—
ass s L TT—T11 1
& 9% :
o 0% 4
o2 o A o
- )99’ A 1A
o 1
$7e 2 V1 /1A
14 b 4 V4
b4 2 V
u / .
g V- A
(-4
w70 #
66
T oe2
3 5 7 0 20 30 50 70 100 200 400

HORSEPOWER RATING

Fie. 2. Errciencies anp Power FACTORS FOR SQUIRREL-CAGE INDUCTION
MoTtors :

:il(:itotrlfé Aftter the motor is nearly up to speed, field excitation is applied
appliod Itrlll(c)a or draws into step at synchronous speed. After excitation is
speed Gt m{)tor runs at exactly constant speed and will remain at this
the mots a load approaching the pull-out load is reached, whereupon

otor pulls out of synchronism and stops.
torI(;lu:I;ﬁlymg synchronous motors consideration must be given to'the
excitats € motor can develop on pull-in, that is, at the instant when field
of o l(\m 18 applied. ’_l‘able. 5 shows typical application requirements
Mync ronous motor drives, listing starting, pull-in, and pull-out torques.
chro:éh-Speed motors provide flexibility in many types of drives. Syn-
S motors can be furnished only with a 2 to 1 ratio in speed, single




