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-the . drive-motor. Long-coupled -.centrifugal pumps.-are
mounted on & common.base: with their. motor.: They-aré. as-
sembled at the factory, and properly aligned.- However, all

. base plates am flexible to some degree,-and each pump, there-

fore, mnst be re-e.hgned after mstal]atxon in aceardanw with
the: turer’s instructi " canibe main-
-tained only when the foundation haa been correctly deaxgned
mdthebaseplatzhasbeenpmperlybolbdwlt.

.. The foundation must always be.sufficiently rigid for pmper
supportofﬂrebaseplstenndshould weigh from l%w3hmes
t.he h)tal pu.mp wught fox pmper vibmhomeonhol.

- Hea&ug cmd coolmq mdaru ‘o eombmntxons of both,-are
usually -closed systems, where the pump-or pumps circulate
either hot or chilled water. Aslongasthwesymmsm,c!om
and are adequately maintained, systém- cofrosion'is o’ prob-
lem. If the .systems are chenucally treated, high chemical

ions and leak ds; will directly
mﬂuencebotbsealmdpachngghndhfe ’I‘helugherthe
chemical concentration, the greater will be the reduction in
gland or seal life expectancy. It has been the usual practice to
place .chemical feede.rs across the pump. connecting it. from
suction- to discharge. As systems of, this type-usually have
bronze-fitted pumps, . caustics, should. not- be . fed directly
through the pump. Chemical feeders, when and if necessary
in:the system,;are best, installed downstream so as.to feed
chmcslsmwthedmchugehnemtherthnnhhesumonhne
Thmprevents Hecti ofalngh entrat of‘ i
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in the pump during operation as well as during idle or shut.
downpenods.ﬂpumpsmhbewb;ecwdhb!ghchemmnl
concentrations, they.should be selected accordingly.
Cooling-tower pumps "alio’ are n.lmost nlwnys bmn:e-ﬁtted
centrifugal pumps. The 5 in the foregy
apply, although tower systems are cla.smﬁed as open hyd.mu.lm
systems.Emsonmthepummwﬂbemve, if solids are
permitted to concentrate in ‘the system due to evaporation of
water and oollectxon of dust. irom (-he\cool.mg air dust’ This
i lozs or blow-
down imm the system during pump Opemhom This keeps the
accumulation of guspended solids to'a ‘minimum. H
Condensate pumps handle condensed steain- fmm eondmm
and other heat exchange eq Since the-cond
usually hot, a pump with the'p proper tequired NPSH chmo-
&enmmmust be gelected, Packing glandsor. sen.!a mustumlly

be or ¢ under,
fitted pumnps are ord.lmmly selected. Pumps hand.lmg conden-
sate at, high p and require special

mahena]saswellnsspecm!smlsor packmgghndmhnnl.
(See Chapter 8 of the 1964 Guips 'AND DaTa: Boox_) R

* Boiler-feéd” pumps usually tike water from a’ deaemtxng
heater ora feed- wabnr heater and de{xvex it to the, boxler Heze

exceed.q the required NPSH. Mafena]s
pumps- tust’ be’ suitable ‘to mthstand g
action of tredted feed-water: The pump design’ will also follow

t.he pawem for lugh -temperature pumps boﬂ: as w matennls )
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MOTORS AND MOTOR PROTECTION
Electric Power Supply; Electric Motors: Types, Application; Motor Control; Codm: and Standards; D omesti " , ige o ;

Room Air Condifioners; Central Air Condifioners; Smafl Cor

ial Refrig

; Large C

HE electric motor, available in many different types.
Tsuit.able for various services, is now the most widely ~

used form of motive power. The equipment for starting, con-

trolling, and protecting these motors varies with the type -
and with the functions it is desired to attain. Motors are

divided into two general classifications,

alternating-currend” _
or direct-current, depending on the power source to be used. .

ELECTRIC POWER SUPPLY

The following chamcteristics of the power supply are im-
portant: (1) whether current is alternating or direct, (2)

vultage (3) Lbe number of phases of alternating current, (4)

, (5) voltage regulstion, (6)
‘continuity of po
Allavu:hng—cm-enl {ac) is available throughout the US.A:
Direct-current (d-c) is still used-in some parts of the colmtry
The various types of electrical power supply in the U.SA.
are shown in Table 1.
Alternating-current must be used in hennzhcnl]y—sea.led
refrigeration compressors. Otherwise the elecf.nc arcing at the
commutator of d-c motors would result in breakd of the

" tics are important: (1)
.. position of motor and shaft, port.sblhty dmu-ed drive connec-

mon chamber, the insulation of the unit must dxe.refnre nvith-

" stand the action of the refrigerant and the lubricating oil.

Application
‘When spplying an electric motor, the following chnmcee.ns-

tion, and space limitations; (2) speed range desired; (3) horse-
power requirement; (4) torque; (5) inértia; and (6) frequency
of starting. Motor characteristics fmqueutly used are gener—
ally presented in curve form (Fig. 1).

Torque. The torque required to operaua the driven machme
at every initial t and final shub-
down is important in determining the type of motor.

The torque available at zero speed or standstill, the auxrtwa
torque, depending upon the design of the motor, may be-less
than 100 percent, or as l:ugb as 300 percent of full-load

Table 1....Types of Bectrical -Power Supply n the
) " United States* -

xefngemnt into corrogive materials.
Motors are usually guaranteed to operate satisfs ily and

t:onm:y Avoitable

s-.pplyoosn:ea . Kind of Motor Voltags & Freq® |

to deliver their full horsepower at the rated fmqumcy and'a
voltage 10 percent above-or below rating; or at the rated
voltage and plus or minus 5 percent frequency variation.
Tahle 2 shows t.he eﬂ'ect of voltage and frequency variation

on i ‘ istics.

VE.ECTRIC MOTORS

Types

The electrical industry classifies motors as fractional hp
and integral hp. Fractional hp motors have mt.\nga of less
than 1 hp at 1700 to 1800 pm, and are available in a wxde
vamty of typa and sizes di upon the li

2-wire, 1-phase, ungmunded 1-phase A-C . | 115 and 230 volt,
or one o]u)_n%uctor grounded | or D-C 120 snd 240 D-C’

3-wire, 1-phase A-Cor D-C | 1-phase A-C' | 120/240 D-C’
groun: neutral or D-C 115/230 A-C

3-wire, 2-phase A-C un- | 2-phase A-C .| 220-
grounded or one conductor

In refri and air ditioni i mostly
single-phase fractional hp motors are used. Integral hp motors
are largely single-phase through 6 hp. Iarger motors are
polyphase or use direct-current.

Table 3 lists motors used for hermet.xc—eomprmor and fan-
drive. AH motors listed are suitable for either direct or belt
drive, except shaded pole motors and permanent-split-capaci-
tor motors which can be used for direct.drive only. -~ -

Compressor motors are either complete induction motors or
hermetic motors.- A hermetic motor consists of astator'and
rotor witheut shiift, end shields or bearings for installation in
refrigeration condensing units of the hermetically sealed type
(NEMA). With the motor and compressor sealed. in a-com-

M‘?mmtylu%m“mw'rcwgm
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grounded e
4-wire, 2-phase A-C 2-phase A-C | 220
hed or ungmunded -
5-wire, 2phue A-C 2-phase A-C { 220
eutral or up- X
grounded
3-wire, 3-phase A-C 3-phase A-C | 220, 440, and 550
ungrounded .
3-wire, 3-phase A-C- one | 1-phase A-C 110 and 220
conductor grounded and 3-phase 1+ .
AC . | 220 3-phase
&w;u;-a 3-phase A-C 3-phase’A-C | 222,440,550 -
grounded neutral o]
4-wire, 3-phase A'C ~ “1-phsse A-C |'120 1-phase
grounded neutral or and 3-phase 208 3-phase
ungrounded * AC L
T’g:wm c.u-mu (U aed sum‘l,)xm-n ' fedin ;
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