So-

. * resgonsible, for the quallty of the original document. Re roductiens

: L DOCUMENT RESUME C \
ED 134 744 Tﬁ\ﬁ\\ - ‘ \ /// ~ CE 009 548 K
AUTHOR Benscn, Rcbert T. : ' A
IITLE . . Agricultural Elec1r1c1ty. Electric Motors. Student

’ v Manual. t .
INSTITUTION ‘Clemson Untv., S.C. Vocational Education Media
: Center. : .
SECNS AGENCY South Carolina State Dept. of deCathD, Columbla.
, s ' - Vocaticnal Agriculture Section. ‘ v
PUB DATE 75 P

. NOTE _ 20p. - :
AVAILABLE FROM Vocational Education Medla Center,°10 Tillman Hallﬁ
. ¢ Clemscn Unjversity, Clemson, South Carolina 29621 s
($1. 00) ' -

EL&S ERICE . MF-3$Q.83 HC- $1 .67 Plus Postage. ‘ :
CESCRIPTORS Agricultural Education; *Agrlcultural Englneerlng,

- *Electrical Systems; * ~lectric Circuits; *Electric
Motors; Engines; Equipment; Instructional Materials;
Magnets; Manuals; Secondary Educatlon. Vocational

Educa®™\ion —
P

AESTRACT 3 . - i : g |
Addressed to the student, this marual, which.includes
supplementary dlagrams, discusses the following topics and
principles: Electromagnetic fields, electromagnets, parts of an
electric motot, deteLmlnlng speed of an electric motor, types of
electric mozors ia ccrmon usa (s llt phase, capacitor, .
regpulsion-induction, threerphase), the electric-maqtor ﬂameplatev and-

electric motcr comparisons (in chHart form). (TA)
— M '

. €
. rd

Lt B ’ -

PR

\

'

***:**********#*********************f******#***************************
* Documents .cquired by ERIC :include many-informal unpublisked o

* materials nct available from cther-sources. ERIC makes every effort *

* to obtain th€ best copy .available. Nevertheless, items of marginal « *

~epreducikility -are often encountered and thisaffects the quality *

‘f the Micrcfi¢he and hardcopy reproductions ERIC makes available *

via the ERIC Tocument Reproductlon Service (EDRS¥. EDRS is not *

*

*

*

¢

* supplied Ly EDRS are the best that can be made from the original.
*4***********3»****:***************************** *#****#**’***ﬁﬁ*****

\ ) . i )
~ . o o
y ;

L]



~F
S '
N~ v
'# \ L. .
M . ) ;
—s
(- ) v '
Ll-' } * /7 .
- ”/'v ’ :
.
//’. " m
. H ‘ _ ' - . '
y ' ' - "AGRICULTURAL ELE'CTRICITY S N 2
5 . i " . o .
o R "ERECTRIC MOTORS _
N . . ,' . . .
. 6‘ . ’ X - . . ' \'. v ‘
o ' . Student Manual :
. \ - 7 , ) ! . . > -

~ ) N
- . M . &

. o . .

o . . .
~ .- . .
T ’ T : . N - .
0o 0 v .
<‘ . ’ ’
¥ . : . - T e

. . -

o . ) ' ' \ )-
o , /- , Prepared b'x _
. 3 ) \/0 ) ’ '4 :
;o S - State Department of Education T«
A ’ ° . . » 7. l, W " . Ve &t
. : ‘zs‘t b Office of Vocational Education o .
: * s Vocational Agricultural Section
: b o " Columbia, South Carolina 29201 ~ N
: s . : - )("\
In Cooperation With - ST ) ;
_ Vocational Education Media Center ¢
] . -
. o - Clemson University . .
e & .
o ClemsoQ,\ South Carolina 29631. .
- . ‘ ‘ ;o -
‘ US OEPARTMEN .
A TOF
- ' EOUCATION & WELFARE
r\) ) - ] . 3 . NAYlONALmsnYUYEoF
KA 1975"'{ s : }EOUCAYION
" : 'S DOCUMENT _HAS, BEE .
X A DUCED ExACTLYTas !ece,v"eo'?i:';& .
. THE PERSON OR ORGANIZATIO 1GIN é
" ATING IT POINTS OF VIEW OR OR IONS
. ) ‘ . STATED DO NOT NEC SSARILY, REPRE-
) -~ SENTOFFICIAL NATIONGL INSTIT TE OF
h . ) . ‘ EDucgrnoN POSITION O v -9 D
) ” .
r .
\‘}\ ' ) ’ ? ) .
‘ﬂ,',
3 et
. N e '
©

--;‘h-‘



JJ . ' . ‘ ~N. . - °D . ;
‘ ACKNOWLEDGEMENTS o8
1 L. . . . - ) Y. ! ”

. i . . . . .,
Y .

Sineere appreciation is expressed to the following organizatiops and their representatives
who assisted in the development of this student manual on. electric m OISt

. . J(,.\ -
~ i . . . ) ’ - : . N : :‘ . ' \.l
H Carolina Power and Light Company . - : - A
J Duke Power Company - S -
U South Carolina Electric and Gas Company . - O
, "' ' Thi'f's * publication was pr_cbafcd and edited by Robert T. Benson, Vocational® Materials
" Specialist, VocationalEducation Media Center. Hlustrations were prepared by Ronald D. Mattox,
Art Director, Vocational Eduication Media Center, ' .
. . . .
_ ~ .
e |
¢ ! N Ty
i ) / b3
. B
¢ - ‘
1N
7, . ‘:
/ '.». , - ' v
I \ _ . i ,
o .
\ . * &
~ @ ’ ¥ -
1 . S M . '
’ o
NG
- l (J‘ . ¢ 3
' , . ( v
- . W - ‘
. . G L- a e




‘CONTENTS ot
' L., . . . R | . L que .
| “Introduction . N . - 1
ElcctromagncticFicids P . 2
) / ] < . - ] L N .
Electromagnets . . . . . .. e e e e e e e R R ARSI 4
Parts of an Electrie MOEOL “oe v o D e e e e e e e e e e e e e e e e P
Dctcrmi}ling Speed of an Electrié Motor . .. . R IR e 7
* Types of Electric Motors in CommonUse . ............... e e e e e e v T
Split-Phasc . . . ... ... .. e e e e e e e e e e .8
Capac‘itor ..................... e e e e e e e e e e e e e e e e e e e e 8
Repulsion-Induction . . . ... ... e e e e e e e . w . ... 10
.'Fllr{:c:-Pllasc...._.-...’ ........ e e j ...... 11
The Electric Motor Naineplate e e N IR 5
Elcctri(f Motor Comparisons . . . . e e e e I e e e L. .15 .
2 ' »
| 1
[ q ‘ L
1 * : 5@ . _-_B -,
v S~ . ’ . ) .
} B A
- ¥ <
) / =
Lo £~} s
~. l L ‘ '
1 a 4 . !
~ - P ~ )
a s



Electric ‘motors are used to assist us in our work and to make our lives easier in general.
“Just how~do electric motors operate? Electric motors operate using €lectricity and magnetisni.
Electricity and magnetism are closely associated; however, very little is known about them and
what they are, but a great deal is known about how- they act. ' '
.\lugnc‘fism is often defined as the pov';'{er to attract. Certain materials have the power to
attract other similar materials — this force is known as magnetism. Natural magpetism occurs in

INTRODUCTION - : \

)

only a few materials; namely, iron, nickel, cobalt and their .alloys. All other materials are -

.considered to be non-magnetic.’
. - .

The (-1u(t§tionl is often “a.lskcd”wPEly some materials are magnetic and others non-magnetic. The
most_recent theory is the “Electron Theory of Magnetism.” According to this theory, magnetism
is” caused by thé unbalanced moveménts of the electrons in their orbits within the atoms of
magnetic substances. The eigact details have not been formulated because of the difficult -nature
of the investigation. ‘Figure 1 is a drawing of what is believed to be the “Electron Theory of

Magnetism.”™ charalcss of sthe theory, we know what magnetism can do and how we can use it.
» A . ’ . : : .

Figure 1. " Electron Theory pf Magnetism » . o (

- Magnets are of three types: natural, permanent and electromagnets. The ones of most
interest to us are the permanent and clectromagnets. All magnets have a north and south pole.”

The study of these -so-called magnetic materials reveals that fhe'l attraction between two
materials is limited to a* short distance. This indicates that .there is a* ].i.gijted area around
magnetic materials in which the attractive force is apparent.. The area in which the magnet’s
pulliugi):ﬁg:e is effective is called a “magnetic field.” Also known is that the attracting force

becomes stronger as thé, magnets arc placed closct together. This indicates that around a magnet

ther¢ are invisible lines of force (Figure 2) which are close together near the magnet and
progressively farther apart away from the magnet. Since the north pole is attracted, to the south
pole of another magnet (Figure 3), it follows that the unlike poles of one magnet will be
attracted to each ather and the lines of force around the magnet havc a direction from the north

to the south pole. As previously stated, unlike poles of a magnet attract_each other, therefore,

like poles repel when placed near-each other, The fundamental law of magnetism can be stated
as: “Unlike poles attract and like poles repel each other.” -
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\
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Figure 2. Magnetic Field Around A fl\lagnet b S -
The drawﬂlg\i:r Figurt' 3 illustrates how the magnetic lines of force behave ‘when unlike
poles, arc. placed néar each otl (Ilustration A), and hoy like poles are repelled (Illustration B).
A o | .
: . . v Al . .
. (A) UNLIKE POLES ATTRACT ] : ' (B) LIKE POLES REPEL
Figure 3. - Magnetic ‘Attraction
SN | ELECTROMAGNETIC FIELDS
X . o ,

lfow can this basic knowledge of magnetism bé applied to electric motors? When a compass
18 pla_ccd near a wire through which current is flowing, the compass needle points toward- the
wire (Figure ). Since a magnetic force is the only force that will deflect -a compass needle, it is
apparent that.a magnetic ficld is produced by the current flow in the wire, ’
2. -
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l‘wure 4. Magnetic Field 'Around A Conducl.or .

In the cage of the straight conductor, the. lines of force’form concentric circles around the

- wire! In this respect, the field differs from that of the permanent magnet. There.are no magnetic

po[cs in the conductor. at, which the lines of force cdn enter or leave.' The strength of the
» magnetic hcld 15 mcrc‘mgd with an increase in current flow. The increase in the number of lines
of foree 1s in direct propOrtlon to the increase in current flow This field is distributed along the’

full ltugth of the conductor., < - 3

As in the Lasc’ of the: ‘magnetic lines of force set up by the permanent magnet, the lines of
force around a wire travel in a definite dxrectlon The direction of these émes of force is
depe :ndent upon the dircction of current flow in the wire. If the direction of current flow is
known, then the direction of the lines of force around the ¢ Pnductor can be determined by what
is known as the n’vht hand rule. If the rlght hand grasps the conductorfWIth the tl?umb pomtmg

A-in the direction ot eurrent flow, the fmgers will point in the direction of lines of force around

the conduetor. 1If thL d]l'LCthll of current flow is not known, then a compass may be used to
“determine the direction of the lines of force and by using the right rule, the direction of current
flow can be determined. :
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The extent of the magnetie l'ivl(l'urmurl i conductor is limited in thdgpermanent magnet

. . 4 Dy [\ . . . N s e

andd s progressively weaker ag the “distance from™the conductor is inereased (Figure 5). This is
: . -t N . . . . . -

shown graphically as . serics of - concentrie lines around the conductor - progressively become

farther apart as the distinee from the conductor is inercased. For example, with a given current

traveling in-a-conductor there will heMwiet the number of lines of foree at a distance of % ineh
. B . . . . . N . « .

from the conductor as there will be at a distance of one inch. The number of lines per unit are:
is called “densits.™ Thie density of the . field, being greatest near the conductor means” that the

most usetful portioy-of the magnetie Neld'is near the conduetor.
SRR . . N

If we take a straight current carrying conductor and bend it imto aloop, the lines of force

~are sUll traveling dround the conductor at right™ angles to ‘it The lines of foree all pass through

tlu;.,iusi(hr- of the coil. This conecntrates the lines inside the coil, and, therefore, niut(-riall_\' ,
strengthens the ficld without increasipg the current flow.. In addition, the poldrity on’ que side of
the loop is opposite to that on the other side. This can be observed by using a magnetic

- compass, The rhagoetic field around the loop is very similar to that produced by a permranent

D]

magnet (Figure 6). v . ¢

- - .
. \

/4 )
. ¢ oo
N Al DIRECTION OF
. . CURRENT FLOW
} .

Figure .6:  Magnetic Field Around Loop of Current Carrying Conductor,
. ‘ S . .
ELECTROMAGNETS

-~ ' ' N . e~
An (:l(‘,&'(;nlilgll(‘t is a single conductor wound around a common core (Figure 7). When

current iy passed through this simple coil, the eurrent is traveling in the same direction through -

cach loop of the coll dnd the magnetic’ lines of foree are traveling in the same direction around” .

the wire. When current is Jraveling in the same dircction through several conductors, the lines of

force around cach cgnductor join and surround the several cohductors. The Tines of force join

atul travel around gl the loops of the coil, entering the coil at one end, leaving a) the other end

and- returning outside the ¢oil. Since all lincs of foree travel down the inside Of -thg coll, th'e/zma

within the coil bechmes a strong magnetic field. We also sec that_onc end of the~¢oik has becbme®
: \ :

a_north pole dnd the other a south pole similar to a permanent magnet N
. W v

4 v .
- -
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Wigaire 7. Electromagnet N
. - DS .

Air is a poor condyctor for lines of force so the coil loses many of the lines of force -
~around the coil to thc-frrrounding air. In order to strengthen the field within the coil, it_is

. necessary to place a soff iron core within the coil replacing the air. This soft iron core is easily
 magnetized and will materially - strengthen the magnetic field. This then becomes a true

electromagnet. With a given amount” of current passing through a coil, the strength of the .

clectromajmet produced is directly proportional to the number of turns in the cqil. The strength

of the eleetromagnet having a given number of turns is also directly proportional to the amount

of current passing through the coil. By varying the number of turns in the coil and the amount

of current passing through it, virtually any strength of electromagnet may be obtained. - "

_ An electromagnet differs in twe ways from a per_fnanent magnet., First, it is. temporagy,.only
- 'magnetit\when current is passing through it; and, sefond, the poles of.an electromagnet changq
- when th(? direction of currentglow is changed. In an ordinary 60 cycle alternating current, this -

will result in a change of the étion of flow of current 120 times per second which causes the
poles of the electromagnet, to reyerse 120 times per’second. > - T
3 . 5 . .

: The bagic principle of all electric mgtefs (;a;L. be -seen if wé examine the following
jllustéition. When current is passed throughr coil 1, the north pole is established; and through coil .
2, the south pole is established (Figure 8). A permanent magnet is mounted between the ‘two
coils so that it will rotate, .and lined u}) so that the 2 north and south pole§ are_opposite each
other. Sin?c like poles*repel, the pgrmanent magnet will be cauged to rotate and the force- of
attraction between the unlike polescyﬂl pull the'permangnt magnet. Now the rdtation would

Normally stpp,due to the attraction of the unlike poles. However, if ye reverse the current flow

Y the two. cofls at~this time, we can cause the poles on the coils to be reversed and the
permanent magnet would be repelled again and would continue. to rotate, If the current to the
coils is reversed cvery time the permanent magnet rotated-2180 degrees or halfway around, the
magnet would continue to rotate. This simple device operates on the same prin¢iple as an electric
motor. The electric g\,&toiis naturally mere complex, but it operatgs on this principle. ’ L.

a
N

’ L4 J . - N .




COIL 1 (

¢

l' )
. Y . _PAR.J%OF AN ELECTBIC’ MOTOR < .

Eleetric motors are ‘basically comnposed of two- parts — (1) the rotor which is the rotating
part; and (2) the stator which is the stationary part. These could be compared tb our permanerit
magnet and electromagncetic coils in our discussion of how a motor runs. In addition to the two
‘main parts, the motgr also has a frame, end bells, and through bolts.
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D : DETERMINING SPEED OF AN ELECTRIC MOTOR ¢ \“‘ ~

The speed of an eleetric motor is, determined by the eye des of the eleetrical cusrent ill{d the
number of pairs of pl)l(s i the stator. For example, with regular 60 cycle Gmgjl( phasc: current,
the eycles switch 60 times per sceond or 3600 times per minute, The. pol( s in the stator change
every time ‘the cycles change. Considering the (\dllll)l( of how a molor runs, this will cause our
permanent” magnet to rotate 3600 times persminute or 3600 rpm. The formula to de tunun(

speed is: : ]
.3 ) ’ . r v
. eyeles per-ininute Lo '
o T . yueles per- iy = Speed in RPM
. pairs of poles ;

This speed = the blMd of the magnetice ficld within the stator — is dalled synchronous speed.”In
“actual practice, the speed will be 4 to 5% less due to the fact thiat -the rotor cannot quite keep
up with the speed of the pole Llldllé(b within the ‘stator. In the two- polc (vne pair of poles)
motor, the actual speed will be 3450 rpm — , this dxffuulm in spud 18 known as slip.
/ .
The lull(mmu listing w1ll help show the r(ldtlonslnp of number of pairs of polLs to
synelironous spuds and actifl speeds for clectrie. motors operating on 60 cyclc single phgse

current,
‘Nu;ug)(-r of ' Synchronous Actual B
Poles ‘ ’ Speed- ‘ Speed
J | 2 3600 3450 .
. 4 1800 . o 1mes
6 S 1200 1140
. l . ¢ Xy / N -
P . | : w
. 8 900 850
) y , o ,
e
L] (‘ -

TYPES OF ELECTRIC MOTORS IN COMMON USE

Y

1 -

Basically. there are four types of clectric motors . which are used in' home and' farm
application. The most commonly used arc the split-phase, the capacntor motors, .and
repulsion-induction motors, In certain apphultlons wllere large motoys are rcquxred three- -phasc
motors are uscd; these motors are simple n construction dl*ﬂ.l‘(‘ relatively lower in cost for the b
larger lll()t()l‘b _ ~ N\

The major diffe runca between th(,su motors is the startung capablhty After they get up to’
operating speed, all motors will do the same amount of work., We will briefly consnder the four
types of motors lll(‘llthll(‘d above and thur Sonstruction, © -

7 " ' . ’
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[, Split Phase Motors
_ ) :

.\'pl_it-vhusv m.&xl(;rs (Iigure 9) usuully‘«u\u‘;:jist of a rotor dnd two scts of winding§ in the

stytor. The windings are the running and the starting windings. The running windings consist of
more turns of heavier wln‘ th;m"’ﬁlv slurﬁng windings and are usually wound on the, stator slots
Girst. There are always the same mumber of poles-in both the ntfsing and starting windings with
the Yoles of Hhe starting windings halfway between the poles of the running windings. When

starting, the eurrent flows through both sets of windings, and after the motor reaches about 3/4 -
: , :

speed, the st Ling wixglings are cul gut ol the circuit l!y a ceptrifugal switeh.

™

bd : - ) : : )
s ' ‘ | ‘ RUNNING WINDINGS\(A & B).
‘ N ~ < . ' '
o~ (D
ROTOR ,
s : . J
"~ - L[]
L CENTRIFUGAL N
SWITCH
' . 2%
l".igur(- 9. Split Phase Motor + /
. . o . -

2 (apacitor Molors

The capacitor motors can be of two types — the capacitor-start or the capacitor-start,-
-

capacitor-run, ~ ¢ - : . L
, - . PR b - LI
’ Y

\

iThe (:;II);I(;il(»r-étxlr't motor (Figure 10) is similar to the split phase in that both have the ' .

rotor and .J"'lrling and running W'igglixlgs. They differ in that tlie capacitor-start motor, has a
capacitor (condenser) in-serics with the starting winding and has a ‘capability of starting a much
heavier Toad. ' , .
. . : v
The purposc of the capacitor is 1o act as a reservoir where an cleetrical charge can be
stored and fed baek into the circuit, The capacitor has the effect of splitting the phases in -the
single phase, circuit wider, thereby  ereating” a longer  time. between the current peak and
magnetism in the starting winding, “This results in a higher starting torque and lower starting
‘o , : o
o
terminals connected to the aluminum foil sheets. - : NI /

Y

T 12 L ' S
r - 8‘ ) : " ’ _.

v * . ’ .
© . 4 .

* A capacitor (Figure 11) is made of two sheets of aluminum foil-scparated by a layer of.
an instating material. They are usually” rolled up and cneased in a metal tube: yfth the two
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Figure 10. Capacitor Start Motor
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Figure 11. Capacitdr
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J A capacitor- start eapaeltor run motor (Plgure 12) 1S very similar to the capacito- start
niotor; the -only difference being an additional capacitor in series with the running winding. 1
this motor, the centrifugal switch disconneécts the startmg capacntor leaving -the starting wﬂndm
in the circuit as an’extra running winding, In largcr motors above. 3 horsepowc(, the mrulltlgjan

startmg characteristics arc unpmvedt : R by
. /‘ £ - - . . . 5
.~ . S e : STARTING -~ ..
- ¢ . - CAPACITOR N “
-RUNNING o= | g ®
(;APQCITQR . ., ) NING WINDING
\ /. A ,

A
- TN
CENTRIFUGAL \ STARTING WINDING
SWITEH D
\\’\.\‘ -~
) ”
, _ —. N
. , . . .

l Figure 12... Capacitor Start — Capacitor Run Motor

.3 I\'t',nulsiu&(rtdu(‘ti(m Motors a .
o
* The repulsion-indiction motor (Figure 713) is, as'its name indieates, a combination

mbtor, The motor starts on one prmcnplc and runs ‘on another. It starts on the prmmple of
-magnetie repulsion and when almost up to operating speed, it switches over and runs on the
mductwu prineiple the same as the other motors we have discussed before. Due .toits starting:
prmupl( , Tepulsion, it has a\hlgh starting torque and it can handle laro'e variations in load with a

¢ minimum of. vanatlou in mpu(l crrrent.

' 3 . . . . \
The repulsion-induction motor has only. one winding in the stator which acts as a
running wuulmu It has a wound rotor instead of the squirre]-eage type and has a commutator

-

A

and bl’llSh( 8. . ' .

The -+ is no direct conneetion between the line current and the' brushes or rotor -

wind:rug=. Th+ brushes serve only to- eomplete “the cireuit in certain rotor coils. This “ereates
strong ii.4;ictie forces within the rotor which react with those of the stator causing the motor
to start.” When it approaches full running speed (above 75% of running speed), all the
commutator bars-are short-cireunited together by a ccntrlfuval device w1tlun the Totor so that the

rotor operates at full speed like the squlrrel cagt‘ t)pe
/{

“ 10 | , ‘. .
14 - E
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Figure 13. Repulsion ~ Induction Motpr ‘ . ‘
- - T ’ l

Both capacitor and repulsion-start induction motors are designed to have the same
high-starting torque. For this reason, they can be used interchangeably in farm applications/under
normal voltage conditions. Because of having gréater starting torque per ampere of current, the
repulsion-start induction motor is less likely to aggravate a low-voltage condition or be troubled
by voltage drop. Both types of motgrs are ruggedly bypt and give good service :on the farm for
steady or intermittent use. R S

\o“‘l vt 4
’ “

Most repulsion-start induction smotors, even ir? the fractional horsepower sizes, can be
operated on either 120- or 240-volt current: The stator winding is usually divided into halves and -
four leads are brought intos the terminal Vb"ox. These two halves are connected in parallel for
120-volt Nd’ in series, for 240-volt 9perat_i0n. .

) : Direction of rotation is determined by the position of the brushes with respect to the
cennters of, the stator coils. Thereforé, reversing is accomplished by shifting the brushes to a
3 different position. Some motors have a brush-shifting lever which extends outside the motord
©  With others, it nlay be necessary to remove a plate on the end shield,.and move an internal’

#  brush shifting device. - .

+. Three-Phase Motors
. *
Three-phase motors (Figure 14) are not presently used to any great degree on farms;
however, with the use of- more and larger motors, the three-phase motor will become common.
. = 4 ‘ ‘

_ The construction of three-phase motors differs from the other motors. we have
considercd. A three-phase motor has three separate windings, one for each phase, which are:
equally spaced around the inside of the stator. Three-phase electric motors use a squirrel-cage
rotor and will start' and run without starting windings. These motors are simple in construction
having no centrifugal switch, brushes or short-circuiting devices and -are, therefare, cheaper and
casier to maintain. The currents in these windings alternate progressively and continually so as t%c

produce a uniformly revolving field that drags the rotor around with it.
5 T ‘

-
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- e .
Ont;znéjor prablem with thyee-phase mgtors in rural areas is the availability of . |
. three-phase current. In some cases a cBfiverger for dhanging single-phase to three-phase current *

may be used. The advantages of three-phase motors are unlimited horsepower range, simple in
construction, rugged and lower cost for motors rated above one horsepower.

-

THE ELECTRIC MOTOR NAMEPLATE
¥

The electric motor naméplate can provide you with a gréat amount of information
concerning the characteristics of the motor. In motor selection, the nameplate can give you all
the needed information about a specific motor and the characteristics and/or conditions under

‘which it will operate. .
& . . ’ o~
A sample nameplate is shown in Figure 15. The various nunibered items are indicated by
arrows and described below: /,f' . : o
4 1. The style number is the manufacturers specifications code. It corresponds to a set of

drawings and electrical specifications that were necessary tozproduce this motor.

4 -
2. Erame size as defined by the National Electrical Manufacturers Association. The most
common srhall motor frame sizes are Size 42, Size 48, and Size 56.
- \ g » | ; Vo
3. The type of power the motor has been designed to operate on. Some motors operate
. on _single-phase A-C, others on two-phase gnd.tlmee-phtse A-C, ands+still others on
direct current. '
4. The number of horsepower (or fractional part) ~thjs motor will produce at raied speed.

12 : . a

o #




\&3 “The speed in r(volutlons er minute tllefmotog will produce at rated horsepower
voltage and frcqutgcy . .

. :a/,’ ‘ ’ - : .
6. Fre \quency at wludn tlus motor is to be operated (g‘sually 60 (,ycles altlroug'll 50 cycle
powcr wrll ouaslonallv be encountered) A o
\oltag ‘at which :this motor may be operated (generall)r this will be 115 volts, 230
" volts, 11 )/"39 volts or 220/440 volts). :

. ¥l L I \
8. - Formal current drawn at rated, load rated voltage and rated frcquency
. e - L4
9. ,Amodnt .in detrrets ce riticrradc WlllCll "motor _temperature will rise o‘ver the ambient

-\

" or mrroundrmJr air te mp@raturt when, opcratrk at rated load and speed. Forty or fifty
dtgrus Lentwrade risc are the most common

-

°

10.  Duty rating, tll(, le‘lOd of time tlle motor may be operated w1thout overlreatmg
(usually(ontmuousl\) « o s, . , T,

4 . 3 .
. * - “

. ll A N.E. MA. (,O(l( letter desrgnatmg the locked rotor, l\va per llorsepower For.s\ample, e
: the lLttLl‘ M ‘allowb for 10 to 11 2 kva per llorsepower ) . .

4

. g _
12. . The current this motor will draw ‘when it is loaded to its full service factor.
k) ’ o - '

13. - When th( motor is operatm!Jr at rated voltage and frequency, it may be overloaded up
to the horsepower obtained by multiplying the service factor } - the nameplate (rated)

korsepower. llowever, whern operating at the full service factor, both the current and

g -temperature rise will exceed the values shown on the nameplate. -
1. llotlsing of type of enclosure. . | ' A

157 'll\pe l(tt(R code - that each manufacturer uses to indicate something about the
construetjon and the power the motor runs on. Codes will indicate split-phase,
capacitor-start, cte. ) ' -~

3 . . '

16. * Manufactirers code mimber appearing on a motor nameplate may be an actual - serial —
number used ‘on only one ‘motor manufactured by that particular company; it may

. . indicate the serial number of .a motor built on a particular order for some customer;or 4
(it may be coded with e tters or numbers to indicate merely the date the motor was
manufactur( d. \

@

-

17 'lllu? type of thermoguard protection installed in this motor.

A - Indicates antomatic reset, U. L. approved

D — Indicates automatie reset, time delay, U. L. approved for oil burner service
M — Indicates manual reset, U. L. approved

. - . ) - '
; A :
. ; :

X - Indicates automatic or manual reset, not U. L. approvcd

Note: U..L. refers to. the Underwriteré Laboratory.
13
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Figure 15. %ﬁmple naxr;eplate which explains the basic electrical and mechanical characteristics of the motor.
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ELECTRIGvMOTOR COMPARISONSJ'Z

S
L0AD mofor | STARTING STARTING ‘SIZE ‘I ELECTRICAL POWER SPEED REVERS: RELATIVE OTHER . TYPIGAL" m
TYPE TYPE |+ ABILITY | CURRENT | HP- REQUIREMENTS | RANGE | (BLE | COST | CHARACTERISTICS USES . 4
L (T‘DRQUE‘) RANGE PHASE | VOLTAGE - . - ' /./
m . w TR EEERERE () “ o
| ) - R }'
, . |Shaded-. | Very low. Low 12 Single* | Usually 0] No |Very Light ddty lowin ~ « | Small fans, freezer blowers,
Pole 50% to 100% | - 14 120 1200 Low efficiency, no radio arc welder blowers, hair \
Induction | af its , y 1800 interference. dryers, small tool grinders. *
\ running ’ %600.
. .. Jtorque, . ) L
st Y ’ " ' v » —
St TLow. | High, 1/ Single Ysually «| 900 Yes | Low Simple construction, | Fans, furnace blowers, lathes, ;
Phase (| 100% to 150%| 6 to B times | 34 N R i 120 small shop tools, jet pumps,
sk’ flotis " g TS : o ,
. y running current, ! 3600 ‘ s
| LOADS torque. « o, ' A | ! \ -
- o : | ) f N
| Permanent| Very fow. | Low 1120 | * Single Single | Vari- Not« | Low Usually custom-designed { Air compressors, fans. \
Split, ] 50% to 100% . 1 ‘ Joltage | abe “f |forspecial application, |
<1 Capacitor- | of its " ' 1200r - 900 not recommended for
Induction | running YU 1800 . belt drive. y P
torque. ‘ s : ‘
{d o .
| Soft-Start | Very low, Low. T¥s- Sipgle' 40 1800 Yes JHigh."' Used in motor sizes fentrifugal pumps, crop
a % o 50% to 100% |2'to 2k 5 %0 - |° ot normay served by dryer fans feea" gnnder o
' of it times- SN N Iphase power whend- |+ 0 Y
running | running N " [phase power is not . . o
torgue. current. @ Nl vailable. ‘ /
© . - , - J - .I\ . oy .J\
« | Capacitor- | High. 3to [ Medium, 116 Single 120« (00 Yes | Moderate (Long senﬁ:e. fow Water systeins, air compres: o
Start,  .[4times " [3tof times 10 A0 7| R0 maintenance, very sorshventilatingtans, Ay
nduction- | running. * [ running 1800° popular, . grinders, blowers.
Run  {torque. Curgnt, , 3600 N . " .
.a".~ ) \ ’ . ~ R P ' . :
: Repul'sidn- High 4 Low. 22 " /6 Sigle | 120- 1200 Yes* | Modérate [Handles large load Grinders, deep-well pumps,
Stat”  [times  [to3times of 20 . N 1800 * [toHigh |variations With ittle’ * |silo unioaders, grain
\ }nduction- nunning running ., K s 3600 vajiatio in curent | conveyors, bam cleaners.
¥ Run torque. " feurrert, , demand. i
DIFFICUV( (8 - / s ol . 4
Capacitor- High 3% | Medium, Y % Single 120- - 9oom,ves Moderate, |Good starting ability | Pumps, air compressors,
ARTING Start, to,4¥ timesgf Jto S times, | 25 240 1200 and full-load efficiency. { drying fans, large convezors.‘
. | Capacitor- | running funning 4 180 ¢ feed'mills,
ADS JRun o [torque, | current, 3600 \ ’ '
[ ‘ - , \ ' 3
Repulsion- |High. 4 . 4 Low, 2% 115 | Single Usually | 1200 Yes | Moderate \High efficiency, requires| Conveyors, deep-well pump, ‘
Stat,  tmes - fto3times '} | 201,180 to High more service than most | feed mill, silo unlcader. J
Capacitor--  running running” f N I ] motars. e | R
Run ;. [torgue. - fcurrent, K Moo ‘
K | L i '
Three.  |Medtm,  |Low- & Three 102804 . %0 | Yes (Vey  [Very simple construction,| Conveyors, dryers, elevators, _/ \
Phase, " [2to 3 times | medium, ! 0480 | 1200. . |Low dependable, service- hmsts, ifrigation pumes, .
General-  {running  * |3todtimes | or, . or 1800 , free. ",
Purposé | torque. funnIng more higher ~ 30 o !
. ' ‘ current. ' e 20
) , !‘; ,‘ w‘ \ ,
/ . b v,




