870 CHAPTER 57 1965 Guide And Data Book
Table 2....Effect of Voltage and Frequency Variation on Induction Motor Characteristics®
Voltage nd Frequancy Sarting & Synchronous Full Lood Efficiency
Voriation Running Torque Speed Speed Full Load % Load 4 Lood
120% Increase No Change Decrease Increase Small Decrease Decrease
Voltage “% . . 0% 1.5% Increase ¥ 029 7 t0 20%
110%, Increase * | No Change " Decrease Incréass Increase Practically Decrease
Voliage Voltage 21% 17% 1% Y¥%1t01% | no change 1t02%
o -
Variation I"unctfnm .(Vol » ol - ’“S‘
. tay Constant —_—— - - -
wftﬂse i (Voltage)* SE;‘id
0% Decrease No Change Increase Decrease Decrease Practically Incresse -
Voltage . 19% 29, 1%4% 2% no change 1t0 29,
105% Decrease . |- L Practically Incre: Slight Slight . Slight
Frequegcy 10% 5% no change 5% bi I I
Function 1 h
Frequency of — | F — f2 - — —
vVa.nauon frequency | (Frequency) requeney Slip)
95 Increase Decrease Practically Decrease |°  Slight Slight Slight
chy 11% . 5% no change 5% Decrease Decrease Decreass

. ® Them variations are grneral and will differ somewhat for specifio ratings.
torque. The starting current, or locked-rotor current, is
usually 400 to 600 percent of the current at rated full-laad.

Fulldoad torque is the torque developed to produce the
rated bp at the rated speed. Fuill-load speed aho depends

q

motors up to 2 hp, 230-volt, a wall plug is an acceptable dis-
eonnect.mg evice.

Controllers must meet the requirements of power supply,
size and type of motm, and of automatic control. They are

Aohle 5 P

upon the dwgn of the motor. For i i a speed
of 1725 rpm is typical for 4-pole motors,'and a speed of 3450
rpm for 2-pole motors (60 cycles).

Motors have a mazimum or breakdown torque which cannot
be exceeded without causing an abrupt change in speed. The
relation between breakdown torque and fullload torque
varies widely depending upan motor design.

Horsepower. The horsepower delivered by a motor is a
pmduct of lts M)rque and speed. Since a given motor will
deliver up to i torque, a basis
for horsspower rating is needéd. The National Electrical

ina of designs, ranging from manual
across-the-line starters to current-limiting acceleration con-
trollers for both alternating- and direct-current motors and
variable-speed control devices.
Thmebasxctypuo[ﬂwwrpmuawndmmybeused
(1) devices sensing current only; (2) devices sensing both cur-
rent and temperature; (3) devices sensing temperature only.
Devices sensing current only include magnetic and thermal
overload relays. They may be used separately, or in conjunc-
tion with controllers.
Devnees snnsmx both motor current and temperature are

Manufacturers Association (NEMA) bases h
rating upon breakdown torque limits. Full-load mtmg is re-
lated to the winding temperature rise. For open-type general
purpose motors, temperature rise is limited to 40 C by thcr—
mometer, and ol‘ 50 C by resi for Class A.insul
Higher temperature rises may be allowed for enclosed and
special-purpose motors and for other insulations.
The service factor of a general purpose motor is defined as
. “a multiplier which, applied to the hormal horsepower rating,
indicates a permissible loading which may be carried under
the conditions specified for the service factor.” Motors other
than general purpose motors have a service factor of 1.0 .

MOTOR CONTROL S

In- general motor control equipment should provide (1)
means of disconnnecting the motor and controller from the
power supply, (2) means for starting and stopping the motor,
(3) overheating protection for the motor, (4) protection for
the operator, (5) control of motor speed, and (6) protection of
motor branch circuit conductors and control apparatus.

Circuit-breakers are used for di ting as well as circuit
protection and are availsble in iatmgx for use with small
howebnld mfngemtom as well as in very Ia.rge commercial

itches for dis

and fuses
for short-circuit protection are also used. For-gingle-phass

oV devices, and are called
thermal protectors (see the National Electrical Code). They are
used in fractional and small integral hp eingle-phase and
polyphase motor (usually under 10 hp).

In open motors, the thermal protector is mounted near, on,
or in the winding; in hérmetically-sealed motors, it may be
mounted either outside the compressor shell or inside the shell
on or near the stator winding. Sealed protectors must be used
for the latter application.

Temperature sensing devices are used with integral hp
single-phase and three-phase motors. They are installed
directly on or buried in the motor winding. Three basic types
and their use are:

1. Bimetallic th used in with thermal
overload relays and connected in series with the control circuit
of the magnetic starter which disconnects the motor. The thermo-

against excessive mof ture for
running overload. On locked rotor, the thermal ys protect
for the l.mual hesating cycle and the combined functioning of
relays and protect for gub: cycles.

2. Thermistors undergo a iang i
pemourewdtbengmluusdmneununlmmtwopanua
relay. This relay in turn interrupts the control circuit of magnetic
motor starter chuusedmdmnnectthe tor, Thermal

d relays with are used when

required to pxotect. for initial heating cycle locked rotor.
3. Rate-of-rise thermostata have a differéntinl expansion
ture change
increnses. R

thermal element responsive to the rate of tem
and respond faster as the rate of temperature

s

h

ion for running overloads as
well as mlled rotor whxch involves slow and fast rates of hesting
of ﬂ)e motor winding. The thermostat contacts are wired in series
with the control cm:\m. of a magnetic. ::iowr contactor which

Motors and Motor Protection 871
Table 2.... Effect of Voltagé and Frequency Varlatioi on kiduction Motor Ch teristics* (Concluded)
i Magnatic
Voltage & Frequency Powsr-Factor Fll lood | Sturting | TemPersturs | Moximuey Nota, No
Variation Current Curreat Lood Comoci Lood in
_Fullload | 3{locd 3 Load . aPodily | porticutar
120% Decrease | Decrease | Decrease | Decrease | Increase | Decrease | Increase | Noticeable
Voltage 5t015% | 10 to 30% { 15 to 40% 11% 25% 5t6C 449 - Increase
110% Decreasa | Decrease - | Decrease .i Decrease | Increase | Decrease | Increase | Increase
Voltage Voltage 3% 4%  5106% 7% 10t012% | 3104 C 21% Slightly
o i
Variation Function .
of —_ — - _ Voltage - —_ (Voltage)* -
voltage . - . .
0% | I 1 . b 1L * Decrease |-Increase | Decrease |- Decrease
Voltage 3% |2w3% |.4w5% 11% |10t012% |6t7C 19% Blightly
105% | Slight Slight Slight | Decrease | Decreass. | Decreass | Decrease | Decrease
Freq bt I Increase | Slightly 5t06% | Slightly Slightly Slightly
Frequency Function . 1
Variation of - - — — —_— —_ _ —
frequency . | - Frequency
95% Slight Slight Slight Increase | Increase | Increase Increase Increase
Frequency | Decrease | Decrease | Decrease Slightly { 510 6% { Slightly Slightly Slight}y

Controllers and motor protection devices should be selected
and installed in accordance with state and local electrical
codes. Dev:ws with Underwriters' Laboratories seal. dre

ted in the United States as complymg with

disconnects the motor. He must be
uséd for hermetic motors.

-: Motar controllers for lmgle—phau nwlan must pmnde
means for di the starting ding of split-phase,
or capacitor-start induction-run motors or the start capamtor
of capacitor-start, capacitor-run motors. Open machines
usually have a- centrifugal switch mounted on the motor
ehaft, which disconnects the starting winding at about 70
percent full-load speed. Hérmetic maotors usually have ex-
ternally mounted starting relays; current-type starting relays
for small motors up to 34 hp, voltage-type starting relnys for
larger motoxs.

Table 3 . . Mot»or"l'ypes

- Horsspowes _Trpe Powsr | Syitable for
T I e s
Pmdwnal Hartspowa
S b—phnse Wt . Vsmg‘ de-phase Yes
pacitor-start 1 .| single-phase Yes
A n-start 1 eingle-phase |- No
b itor ent-aplib-ay ' smg!&plnse '
¥l i L
Shaded-pola milli hp-} | sin; eahs:ae No
Squirrel cage induction | $-1 Polypl Yes -
Du'ect«:urrm 1 No
Inleaml Horsepower Sizes:|
pautor—sun, Capac-| R
: itor-run 16 . nngle—phase Yes
1-5 single-phase | No
cage induction T
(nonna.l mrque) 1-up Polyphase Yes
p-nng .- 1-up Pol No
s hb—m l-up No
bt o .
lhr N Hp 1-6 eingle-phase} Yea~

" Fig. 1....Pefformance Ch

the Nalwn.al Electrical Code and meeting minimum ‘safety
requu‘ements

~ CODES AND STANDARDS
" Codes refer to requirements needed in the interest of public
health or safety; standards present uniform methods of rating,
sumg and measuring the performance of electrical equipment
in order to pmv1de 8 ynrds’r.\ck for use_a.nd comparison. Codes

and are sp d at a [ level, and usually
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