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about 95 percent synchronous speed-at full load. Overloads decreéase the’
speed’ further until the maximum torque pdint 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 orly. 81 percent of rated value. - Both power factor and
efficiency are improved if the motor is operating as near rated load as pos-.
gible. - In addition,  as:shown in Fig. 2, power factor and efficiency are
better for higher speed motors. o
" 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 .changes the speed torque characteristics: "'The motor speed, with
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Fic. 1. SpeEp 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-

uce the speed to values below 50 percent. Fig. 3 illustrates the character-
istics .of wound rotor motors. S v .

. Synchronous miotors are used for continuous duty applications at constant
speed where efficiency and power factorare important. Another advantage
of these motors is that of lower initial cost in large sizes and for low speeds
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 mean
that corrective equipment must always be installed, but in most cases. it

* Refer to Glossary at end of chapter.
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is-desirable to determine what advantages may be gai improvi

0 de i _ y be gained by improvin
the power factor. Wlth_ purchased power, if the rates inclgde ap clalusg
embodying a penalty for low power factor, or » bonus for high- power
factor, the saving in power costs may:often makea very good. return on

the investment required for the corrective equipment.
Synchronous motors are used to drive fans, blowers, p\iinps, compressors

torque require the use of flywheels to smoath out power peaks, and should

always be referred to the electrical manufacturer '-for"récg)mm&ndatison(;

- Synéhronous motors are provided with built-in damper windinigs on the
: : 3 built- per windings on th

rotor and operate during the starting period similarly to vSQuigrrél-cé;g:

and other applications. Compressor applications having ‘a“high peak
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F1a. 2. ErrFiciENCIES AND POWER l\fACTORS FOR SQUIRREL-CAGE INDUCTION
OTORS

motors. After the motor is nearly up to speed, field excitatio ool
0 , on is:applied
and the motor draws into step at synchronous speed. After excita'ggn is
applied, the motor runs at exactly constant speed and will remain at-this
1S;peed until a load approaching the pull-out load is reached whereupon

he motor pulls out of synchronism and stops.. : P
In applying synchronous motors consideration muy ivén to

must be givén to the
torgue.the motor can develop on pull-in, that is, at the instant when field
e)f(mtatlon is applied. . '_I‘able 5 shows typical -application reéquirements
o SyI}cl}ronous motor drives, listing starting, pull-in, and: pull-out torques.
hrM ulti-Speed motors provic_le‘ flexibility in many types of drives. Syn-
chronous-motors can be furnished only with a 2 to 1 ratio in speed; single




