SW?’LE PHASE INBUCT@N MoTer

Sl.ﬂgLC - phase motovs ave the most famiLiay of
all electvic motove Because they ave useod i
home appliance awnd Pov-lable machine tools.

Theve ave Many Kincls of -Ph motovs on

7“5'8 ﬂmv‘kt’t , each defﬁned 1o meet @ SPCCI.’FI’C

appl_:' Ca,'LLIOQM .

The majof proplem aSSOU.a'i'eo( WL_H'_{
0(691.514 of Sd«gl.e - P hase mduwetion motors |'s that
Unlike 3-ph power Souvces , L-ph Souvce does

not Produce a votating magnetic frelol.(i-ewe
lhave N@€ Sf,_cu/f_l;'tfj ﬁ\/?u(f : /ZISJMV‘E -T-'ZER.J'

Theve ave a number of special - pPuvpose

Mofov‘g) msf ;w;cl.bto{f. unversil mofolfs, \feLuc'l"anc:

motors, hystevestis motors, stepper wmotors, and
Bvushless D.C motor-

3.LCONSTRUCTION OF  1PH INBUCTION 10T

....... —————

glb;ﬂLf-P}'l&Sf mohucTion wotors, ave Vevy SwmyLay
7 3ph s;«o{wc’h}am motovs.
L-ph Tuduction motovs (LT.M) ave ComP{SC@(
of %7Lm'w‘cL Cage ROTOR (0OR may be Wound type
WLW c,.L{p \/1}3 ™” Pavfx'CmLaV“ a.pleiCa'ﬁénS),
ool The steter Caviries a MAIN WINDING,
which cveate asetof N&S psles. T also
CQVWES a Smallev olu,fo:'alf}/ W;Mléﬂ ﬁtqﬂL omLy

OPer‘oﬂL-es olu!f!‘:tg ﬁt_:é ‘bw-mﬁ Pt’:’l/f‘oo/ w/«(?m m
motory stavts up, Fey(31\)



Stator

FIGURE 2, |
Construction of a single-phase induction motor. The rotor is the same as in a three-phase induction moter, -
but the stazor has only a single distributed phase,

The auxilavy winding has The Same numbev
of Poles as The main windivg has.

3.2 TORQUE SPEED CHQ/?CTE/? TC, -

rr-'_“-———--—" o

Swppose The votov s Locked . TF an A Vo lage
ls a.PPLjed 70 The stator.

The \/CSu,Ltplg cuyvent (Is) produces an
. /‘)-C pL%X(‘fbs).

A schematic o(z@v’am of e votov aud matin
Wwd of 2-pele L-ph mcdwcton motor 15 shown ch(gz)
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Figure 2.3 Figure 32

) . Currents in the rotor bars when the rotor is locked
Typical toraue-speed curve of 5 .
yp 9 P & of a single-phase motor. The resulting forces cancel each other and no torque

is produced,



The fLu (Pg) Pulsates Rack audd Fo?‘ﬂxt: 3
But,unlike flie fLux tn 3-ph statov, N® vevolving

freld 15 pvocluceol - .
The flux mduces au A.C Vo ltage ju The s tatronavs

Votov which, n tuvn, Cveates Lqu/jf A-C votorv
curvents.

Thn effect, The votov behaves Like e shoyt
- Clycutlted (5.C) SECono(mry of a f_‘\fan'ﬁ:rmfr;
Com567u€nf|—7’, ILY: M,o’{.'ov’ lhas no {‘eudancy 1o stavt
by £t self, See F:'Lg(g,g) . |

However, ITF we spin The votov 1u one divecho
ov The other, (t will Contimue 7o votate n the
Same o[li/ec”f’lﬁn O’F Spf.VL'

The votov C}w'ckLy accelevates until [t veache
a SPECO‘{ SLng:L)/ below Sjmch\fonous Spee_d

TLTe CLCCeLE\/cL‘fI.om mod icates fhat Tice motoy
develops +ve Tc;f‘}‘-%fi’-

Fig(3.3), shows the typical "I'T:rcfue- s peed]

Cuvve.

W}'tE‘Vl m Mal.V\ Wl."LC/(l-VL,j l.S E,XCH.‘QO(; lq,.'t'l«\ougtq
The S'L‘aV‘til.Afj 'TBWI.L{(’ I's 'Z’Eﬂﬁ,ﬂfe motor o/evelof?:
A powEprLLL ﬁ\/‘%uﬂ os !-f a/ﬁpv’oothes SJV\c,la(/OVLoM/S

Speed .

Howevev,once The votov begins %o Turn, an
zﬁo{uce_o{ ﬁv”c/,w we Ll be produced 1m vt Theve ave
Two Basic tHeovies whicl, E’KpLal.m why a ﬁV?Mf’ I'S
Produced n e votov once |t ¢ ’l‘mﬂf&jr
L-The olouble - vevelving _ fielol theovy

JE—_ ]

2- The cvoss- Fielol theory.



1- The Doulo.'-e- Revo va;\ﬁ- Freld Theovy: of “l
f-ph induction motors RBasically states fhat

asfaf(‘zémafy PuLSa’{‘J@ /V_Lcngnf;ﬁ& qa;;?ﬂo( Can be
vesolLved mto TWe \/ofa’f“mg ma«ﬂﬂ&f‘l'c 101-(;(0/5,
eaclh oﬂa‘eﬁfbtﬁl- Mmgmfuo(e But Wofafiﬁg I 1 opposﬁf

cdivections.
/Ae m_du,chom motovs v’E’S[)orLO"(Q ZLc? eqcﬂ] mgneﬁ‘u

frelod sepavetly, awnd The net 7::;11’7!&\‘ in The machine

wil Ll Be the Sum o“)a The (rc_stffj»uf' due 7o each 07@-
the Two mgmef!'c ’P}iLa{.s,Ffé (3.4) Shows how
a stationavy m.ajme,‘ff'c freled Can Be veselved

%) (@)

FIGURE 3. Y
The resolution of a single pulsating magnetic field into two magnetic fields of equal magnitude by rotation

in opposite directions. Notice that at ali times the vector sum of the two magnetic fields lies in (he vertical

plane.

mte Twe equal and oppositly v’ot‘ai‘,ﬁg maﬂmefluc

pieOLQ{S' :
The PLux ofensity of fhe stationavy maﬂmef;w

fielol 1s gvem 1B3Y:



| A N
Bsct) = (Bmax CoSwt) j - - (31 3
A clock Wise-votating freld can be expressed

s

Bcuu(H = (%" 3

ma

L CoswH) (— (& B Swwt)

- (3.2)
amel o Coumn 'ffv’.. CLock Wl.se-\/o’[‘ot’fu;tj M@gmeflc
freld can be expvessed acs: .

I .
Beew () = (& B, oSwt)( +(.%.. Brar Swm wi)
e o= (3:3)
The Tevgue - speed chqfac'f‘evréf,'; of a 3-ph
Taolwctiom motor 11 vesponse 7o 1ts legLe Vola-
-ting ;Mﬂﬁnt'ﬁ'c frelod 15 shown 1w Fg(3.-5a)
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e
e
-
-
-
et

(@) \ »

(&)
FIGURE 3.5

{4) The torque~speed characieristic of a three-phase induction motor. (b) The torque—speed characteristic
curves of the two equal and oppositely rotating stator magnetic fields,

A smgle. phase pnduction motor vespouds e
eaclh of The T W8 maﬁﬂe”f'i'c Frelol pevesent withm ot
so the net 1nduced Tovgut i the motov /'siéfz o 4~
-evence bf’fween the two - 5peﬂof Cuvves. }hu nf,‘f‘
Tovque 15 shown 1 Fuy (3.5b)

Notice thoot:

Theve 15 no net Ef1u€ at ZER® SPee.of’,So:_];«fs



7 motov Nas no Sfar’f‘:l;tg 75#’7.»(9. | 6
IF powev is applied 6 the motor while it s
‘POYCE,C( 15 TZH/VI B“Ck-WaVO‘{, {"f"S \fof'o\/ CMVVE’I/LT_;
will be very [/\LSI/\

However, the votov ‘Plfeﬂ/.uemcy Is also Vevy hlﬂh
Mcxklnﬁ Tle fo’f.'o'.fs \ftctc;‘l‘oma’(x ) s So vevy lmg\\
/€

ﬁe Votor Cuvveat La-gs The votor Vo['{‘agf ’9)/
almost 0]00. , .
=> producing a magnetic Preld Hoot /s aearLy

1800 ﬁfom The stator ma.ﬂme'ffk: ﬁle.(.o{,SCf Ftéj{?.é)

Direction of magnetic

field rotation Plane of maximum Eg

Direction of
rotor rotation Voltage

* polarity

Plane of
maximum I

Current
polarity

FIGURE 3, 6
When the rotor of the motor is forced to turn backward, the angle ybetween By, and B approaches 180°,

he m,o{u.cecy( 0\/‘3}1“’ I the motov /s Plfof’\/hth to
The Sme of the amﬁl.e Between The Two frelols @S£BV
e L 2on § a
— % 1s neay 180
= Swm(xl180 ) X ZERO



so fhat Cind  woulol be very small. ”

The Fovrwavd aud veverce magnetic frelds iy
the motor each contvibute @ Component 15 ﬂte
total VOH'Ckﬂf N statoraud, in a Sense > a V‘f‘ll/l
53\/(‘\?5 chlq oﬂlﬂ", BeCaMSF Bcﬂ»\'maﬂneflc )Cif{.ols
ave pPersent, Tie fov wavd - ro{'a,ﬁng Loy netic F,etel
wi LL L!Ml‘f'm S‘f‘q‘f‘oV Cuvv“fvn" F[.ow lf/-l _“Te Mo'{‘oV,
and Sice The veverse votor Mmagnetic field ;¢ ot
o very (_q\fﬁe angle with vespect 75 the vevevse
stator magnetic Fielof , the %V?d&f' oue to vevers

mayg. Frelds +5 vevy s.mchLJqu Synchvonous gpeesd

A-The cvoss. Frel o heovyof L-ph T.M,

This theovy 1s concerned with the Va [tages ’qn.o{
curvents that the stationavy stator maﬁnet‘:c
p;’cﬁc/ Can [.M_O{b(ce “'4 ‘H»ve BQV‘S 010 1he \f‘o{‘ov when

m v a '[’01’/ ! S o ul@ - Bs ' Plane of

max L,

Pt i i -
: 5 B
b7 L -
iy 4 O
s qg:? % . 13
g; 105 )
i . it
e I hd
iy %i \ P]anp of
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FIGURE 3.

{a) The development of induced torgue in a single-phase induction motor, as explained by the cross-field
theory. If the stator field is pulsing, it will induce voltages in the rotor bars, as shown by the marks inside
the rotor. However, the rotor current is delayed by nearly 90° behind the rotar voltage, and if the rotor is

turning, the rotor current will peak at an angle different from that of the rotor voltage.



Consioev a s:;nge_Pkase ‘nduction moter 3
Wit a votor which has been bvought up 1o
speed By %ome extevnal method , Feg (3.Fa)

~ Veltages ave mducesd m the Ravs of This votor
,with peals voltage OCCuv"v’";@ v Tt WMo(r@ PaSSl;g
o ivectly under the stator wimdings. |

Eese votov \/o['f‘a.jcs Pvo o‘uce Ie 4 Cc{vren‘f 1('Lovu
I‘M m \fo’tolﬁ BFCabLSE’ O’F‘ ﬂtf fo"(?ov:’s h\uglx\ \fﬁac'{-quce)
fire cuvvent Lags the Joltage by olnost 9o

Since Th'w'e votovy fs \/'o’t‘a{'i;kg ot ﬂédVL*/ SYyn-
_chvonous SPfecy{,H/Lax’l" 0[06 'Ll‘tyﬁf La{j 1}4 Cuvvent
pPvoe o{uces an awas“f“ Oloo angu,Lar Slm'—p'l' @f.fween

ﬂ/le /)Lcmf of Pc.ak CMVV’ePL'f“a-M.f/‘ ’m—{ pLane J‘F
Pealk vetov Vo H‘aﬂe.

’”4_;’ \fESuf_t' Mmﬂne‘h'c »pielo( I'S Sl«\owcn 1'V\
F:t.f) (3. 4+b)

B (stationary})
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FIGURE 3.7F (concluded)
{b) This delayed rotor curtent produces a rotor magnetic ficld at an angle different from the angle of the
stator magnetic field.



Wf \/o'{ié‘/ Mf’tg”f-'[-"c ’ple(ﬂ( BR 1S Somew\r\o\'{’ 9
Smaller ‘H/LalA ‘H/[{ S‘i'ot"{‘o\/‘ W‘Ldﬁme'{'lé -Pté[.o( Bg,

Because of the Losses n the votov, But ’Hae\/
ol i ffer By nearly oo in both SPACEL TIME,

; LBy | Bl
Fd(-fj (3.Ba) 'BIIB AN

l /7 \
Ll -
4 hY 4
s . ’
’ A ’
’ \ 4
Y Y [ 1 f{ L 1
H (S R I S S B Rt I S wi

i
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By lags B, by about 80°
{@)

FIGURE 2. %
(@) The magritudes of the magnetic fields as a function of time.
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FIGURE 3, @ (concluded) -
(&) The vector sum of the rotor and stator magnetic fields at various times, showing a net magnetic field:
which rotates in a counterclockwise direction,



IF these Two matjnefl‘c Prelo ave added ke
ot ofi ffevent fymes, One sees that the total
magnefl'c freld 15_4 The .ﬂ’lo'fov’ IS fo’ta."hr@ |i40\.
Counter clockwise d;recfic}y\, See Fig (3.8b),wilh

a votating magnetic Fielod present (i the
motor, Me mduction motor well clevelop
a net Tovgue i tie olivection of motion,
awnd : Tl\.c{f{— Tc;\/'ﬁfuf’ will Keep the Votov TEVH:p;ﬂ
IF the motor’s votovr had ow'gr'MaLy
been Tuvneo 1m a clock wise divection  The
\/esul_‘h@ TS\/?.M wouwlol be clock w!.;.:f anof
Would ct.fja:i/a Keep The vetor furnn;@.



| |
3.3 SYNCHRONOUS SPEED OF L-PH I.M..

As in ﬁf—f’ Casé 01a 2Ph mc’f'oy's*, 7’2{‘9 gﬁj“"
_chvanous speed of all %MﬂLf - phq;f’ T wnefuc -
tFion moTovs ¢ <3ll'/t’14 By Tie e_tpta‘ﬁom:

"

120 £
Neg 2 o —— . - R
S = (3-4)
wkev’f
Vig = %dy\ch\ronoug speed C\"!mlia-l .

L - frequency of e Souvce CHZ2.
P = number O‘F. Poles
ﬁe SLI}O(S) of mo(bLC'flc;W\ motor ig the
d!%ael/ence @EILweem m Sjnchv"onous SPfCO(
aud The votor SPeed-
expressed as a Percent ['GR Pfl/'—u?lf‘i‘(ﬁu,]
of Sjnchfonows < Peed -

The SL:}O (S) 1g 31Qcm £3Y% e Equn

s - Ny L
S - - P - - (3.5)
S— SLI‘P |
g = %tjucfznfovxou.s SPeCO{~ E.‘/I””"V\_X
N = Votoy Speed . CviminT)
The S[,L.;D 1S PVOLC’({‘I.CaLLy ot -
No-Loo o Sz ZERO
stawd sTLL (Lockedl ) S= 1

and m ﬁu,LL-ioao{ 3(1P s f\/p/'CaLL\/
27 _-ia-b 57 for ﬂVac’f’lo'nL h.p MoTor



Example3.|: - 1=
- | Calculate le speed o]c e
Y-Pole , Sing Le -phase poter , i1 f e sl at-
full - lead 15 2.4 pevcent. The Line fveq-
Uency /s 6o H?Z

So {.bL’élc;th

The motor has ¢ poleg, Conseguently

ne . 120 j20x 60
) q
N = [Zoo v min
The speed 1 s 3:&6:4 BY

S: l/ls.. V]
45
0-03%Y = ]?O;;OM



| | /3
3.4 STARTING SINGLE PHASE INDUCTION MOT0

A 5{»&8& _phase md uction motor has no
mtvinsic stavling ’EW}M.
m\ff ayveé ﬂtreg Techm?_ues Comm.onL.\/ MS{’.O(
76 <tavt these motovs , amd L-ph induction
motors ave classified accovoling 15 fhe methods
MSECJ[ IS Pfoo(utf‘ ﬂ4€l|/ S'('qv"(';@ 7-;'/7.{46’-
The 3 wmajov stavting Téc,l/\m}fue arve:
- spLit- phase Windings.
4- CGL,OOLCI"fo\F- '(T\fpf Wlﬁwd(l.l;kgs-
3. shaded stator Poles
ALL thvee sfavi‘;@ ﬁchml}qes ave meﬂ\ods
oP Ma,ku;t{-j one o1a ﬂw Two VeVo LV[V@ ma.gnef'tc
’PH’LLO{S LA TIT\?_ m.::’ﬁov’ sJCVoﬂng‘ 'Hmom ﬂn{ cThev‘
Q4.1 SPLTIT-PHASE moTOR: (split.phase welgs)

ar——

. A SpL:“f‘.. Pl«asf mo tov ’'s a Sil;kﬂLC.- .
ohase mduction motor witih Two statov windingg

I

d {MCH'I/& S‘{'CL’ILOY" b T
\/Ullvtﬁ{ﬂt_ﬂ(/\/]) qnd A IMl

Ry Centrifugal
. . ) = switch
auxl (avy g'fav"hvtg Vi o
Lo 3 Rk
w,‘l&dl]ﬂ:j (Q), FXpr £ 3 X_ibx_ﬁ

See Fug(3.9) ) [ et

Fapurm urep

[+

——

iXy Ry L
(@)

I I

M
)

FIGURE 3.
(@) A split-phase induction motor. (b) The currents in the motor at starting conditions.



These Two Wl}tdl.’ﬂgs ave set oo’ electvical /4
dEjVCES a Pav 1 aLong TF{{ s tator of ﬁl_f motor.
and e auxiliory wnding g desiguned 1o be
SWL"{'{!AEO( owt O-F H’1€ Cl"fCuL.f at Seme set SPfﬁd
'oy a Cew‘f\/:'—ﬁc{gal. switch . ‘ ’

T[I-E’. qt&Xi'LiGV‘y wtb;dn.&ﬂ i S O{fiSleﬁO( 'fB have
o hl.jhﬂf (Yesl's"{—amcel\feqc’f‘amce) vatio than the
Al WIM.O{I@- |

The htghcr(RlX) vatio 1s uswally accom-

,le'Shec«{ by US_’H;L\g'SmaLLer Wive Fov ﬁ!f
auxibiavy Wmoing:

Smalbeyr wive IS PE’VVV’!'SSr'bLf I C{btx:'L:;Jrlfy |
W)n.ohnﬁ because (£ !.S, vseo OHL‘/ 1001/ S'f'OLV'TIVlf]

and thevefove oots not have o take full

Cuvrvent Com‘('n./lougLy-

To undevstand e Function of ﬂlf a“Xf.L’.‘WY
W);’LO{II:E.j,V’('F'fV /s Feg(3.10), Since the Cuvvent
“.4 the c:tu.xfl_i'ary Wt“wollmas Leacds the Cuvvent

n the mam wiho{;@,-}h{ magnefl:c #rda’j(@nf
Peak s 'Beaeof(’ Tle main Ma-gm&'fl'c £ el fBM)-
Swee (Bp) pealks fivst and than (Bm) theve
J‘S aylef Ccunfer-CLOc;kw{s:z \fo‘{f‘otflbm ;f/\ ’s\ae Ma—g-—-
_netic fetd - o
Ih o’HAP\/ WOV'O{S,TE% abel'Ll'a\/‘\/ Wmo‘ntg
makes one of the opposi‘fLy \fofahlm\g statoy ™ay-
_netic frelds Lavger than the other one awd pvovides
a net stavting Tovaue for The motor
4] TS/P:ECaL ﬁf?uf_speeo[ chavacteristic
(S shown \w Fu(3.40cC)-
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Auxiliary
< winding

*
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,/ '__/(_ Las /
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i

Main plus
starting winding

300%
200%
100%
/ m
Main Tayne
winding
alone
()
FIGURE 3. |0

() Relationship of main and auxiliary magnetic fields. (&) I, peaks before . producing a ‘w"
clockwise 1otation of the maguetic fields. (¢) The tesulting totgue—speed characteristic.

split_phase motors ave used fov application:
which olo not \fefful-\ff’ vevy hfgh $fd\ffil:13 Tovgue
Such ags;

FanS,BLOW(’\/‘S awnd Cenf‘/‘meu al Pumps .

“16 o(rrec'f‘lam G'P \/‘o'f.'ot'flom o'F 'Hme motor Can Qe
vevevsed By changmg the Comnec'('mns of ﬂae
a wxliavy WIVLO{IJ whil ¢ Le:owm,g the main
wlnc/{mas Convections un c.lm:«nﬂe,o(
Example 3. :_
- A vesisTance split. phase motor
I.S Vated at I/L{ hP(I%’Q—WJ; 1 +25 \/“/m:.;q,//sv
6o HZ, when the votov i1 Locke_o(,af‘fsf at
VEC/( ULCE_O{ Vo L%dﬁ€ Qrt ‘ﬁ'l—.-{ YVLOLIV\ anol OibL)(JLiqv‘Y
thlwgs YleLof{S Tﬁ'é —poLLOWlmj \/‘eSu[{g




. - . )6
Main windhing | auxtliavy w{ud;@g
QPPLICO{ VO(‘I(CLjf' \/F,C""Qg\/ \/M:23V
Cuyvent Im=4d AMP | T - .6 AmpP
active Powey 81 60 watt Rq = 30 w“j_l-

CaLCu.La“‘f ' -

o(_.m pha.Sf cua.(j/.f BetTween IAX/IM ?

b Tﬁ_e Loc}(&a( - \/'o'{‘oV' CULVV‘CIA’[— O(VQWH ')QV'OW\
The Line Current at Jisv 2

Solution: -

—\;JC ,F,;f_gf' CaLClL[wt; ﬂdf .
P’/LCLS(’ a"ﬁLf CFM Qﬁ"{'wccy\
IW\ zg/ vﬁ_c.
o — The appavent Power
QQOI/' Main WQ(S 1S
%mf-’ g(fIM::/,\’ga(’q
=02 VA
the ;OOWEW ﬁ&c’f“ov’" IO‘F
®S$MT€4/§M:60IQZ:0.65 htp/’
s <Py = 49.6 |
(l‘.ﬁ T L&gs 44.4 @ehma{ \/ﬂ().

.
pi’V\ - 60 U.JoL'H"
S Lov'marn windin
Lo The aux. Winoling (Fov. naling )
we CalculaTe The phase
angq le <Py Retween T
anch Vpc.

(for aUX wdy)



gﬂr\/nc r Lp=-234+15 =345 VA | /3

The P4 1s
CoS <Pa = Io,qlgg:?;o/gq.szo.%??
thus — | 6

<pp=-C0S 0.87 = 29.6
I,q Lo_js 29.6 behiﬂld the \/0(%'1-3(’ \ac.
The phase ow\.gl( RBetween 'Img/ Tp ts:
X =] Pu-[Pa=4Hq.6- 29.4 =20.0°

b. To o/eZLt’rMIl;lf /Zie—e lo tal /.m'c’ Curlffm‘(‘,we
must calculate €otal Value of P£Q
dvawn 1Ry RoTh Wmﬂ(:nﬁj and oleAuce the

apparent Power S
*m total active (Powey .

- PM+P9:60+30:(>10 Wa Tt
The veactive Powey Q/v\ zng,q aAve

Q=S - B° z/qzz_ 5ot = 69.7 VAR

p—

@ﬁ:/gﬂl" Pﬂl ""ﬁ"l-gz- 25°= | F.0 VAR

The total veacfive Power /s
Q“—” QM+QA:6’C(.C?-+IT,L.O:8’6.ZZ VAR

The total appPavent Power abserbed s :

- P Q= [a0"+ 862 = 125 VA
The Locked - Votoy Curveat ot Vac= 23V is:

ILocked( = %/%6:125/22 = 5. 44 'L]W'P
and The Locked cuvvewt at |15 Volt 15

ILock&o((o.ff‘ugvﬂL—PJ — 5. 44 ¥ % = 277.2 Awmp




3.4.2 CAPACITOR - START MoToR - 18
F Fov Some applications , the sta vting

Tovaue supplied by a split- phase motov 15

sufficient 16 stavt the Load on a motov’s

Slﬂ.afp’f.'-
Ty those cases, Capacitor_ starl motore

May be used , F‘-:‘j(?. i)

+ 0O

I
/\ .
I VAC
JXy

Ly _ Auxiliary winding

(B} A A A

iX, Ry I,
(a}

Centrifugal

/ switch

== C

Surpuis nrepy

FIGURE 2 ||
(a) A capacitor-start induction motor. () Current angles at starting in this motor.

ITn « c,qpacr"f‘ov‘- start motov, a quacffol
ts placed 1n series wcth the awxLiavy Winding

of the motor- | |
Qy pvopey” selection of Ca}OaCJ"L‘OV S51Ze,

the magnetomotive force of the stavting curve
l;/l ﬂ’lf c{u.xftl'avy Wtﬁo(lixtj Can [3e oLc/f_J'ug't‘e,e{.fo
RBe FQUAL 1o the magnefomo{“l{.fe Fovee of the ct

Ta)in the main W|M:{f‘:9; ancl Ha? phase .dmal.f

o f the cavvent ju fhe auxiliavy wineling Can
Re wale e Lead the Cuvvent jm the ma i

wineljng 13 o | |
%I;f\ceﬂfhﬁ\{f‘jo Wl.l/i_(flil/bng ave Pl’\YSiCC{LL\/‘

sepava ted BY 90 , a q0 pha}se 0/130756‘@%(36’ 1A
Cuvvent wilkl Yielel « gln{jLe umqomrf\_i?



= \/oJca-hi»L_cj statov magnetic fielel. | q
Tuthie case, the stayt Tovgue of the
motov Can [Be movet than 2o of 1ts vated
Vo lue, see Fig (3.12)° ..
capacitov- stavt

Main and auxiliary winding

400%

motLofS ave wmove 300% |-
€XP€VLSW€ thauw <plit- 4 -
Phase motoys , and 1wl
they ave useo 1n
applications wheve

By

7 A
Main winding cnly Switch Rsync

. - FIGURE 3.#l2
d lfl t j \/‘ S ’{“a V’f i wﬂ Torque-speed characteristic of a capacitor-start induction motor.

T;V?%E’ lé ab goLufeLy Vﬂff. LLI'V’e_dOa_PPLJ'w'fIQhS
-Po\f such motovs ave !

Com pPYESSOY'S Pum Ps ., OlVFCgVLd:"l“fOVLS
Example 3.3 -
—~ A 2.6 kw,l20V, 8o Hz
capacttoy- start moter hae Tl followmg
1):4,060[(114(89 Lov The mam ond a--ux,.'Ll'aV‘y
wlin.a*f:@ (at stavting): . o
zzman}\ = .54 3. %2 WM wmo’i[@ |
Pawx = 9.5 .,_J 3.5 2 ‘auxfl.law?/ wmdug_g»
Fiud Tz Value of starfing CG&PCCC«.ITQT’LCP tHhat
wi LL pLace the main and a_u_)(l'l_l.al/‘y _wlud{uég
CLLVV‘{’MI{‘ In Cbea_.c/fwfc«.‘[‘luf( ct’f‘ S+avflv§9=
SoLbL’f‘lo.I/\‘.m

m cuvvents Tm Af Ta
ave Shown iw FL.S(QJ\CF)




The ’””‘Plfw“/(“”ff angle of The main welg e 20

- -l 3.F °
P, - tau (ﬂ)-_—zq.é
%Pv’oo{uw Cu.rrew'f} I ?fn»;nf’ ?uaof(amﬂ" Wt‘ﬂ;\d The
A winding , the m&pe_o(anff’ ang Le of awx. wdg
cct (mcluding fhe starting capacitor) must Le:

b= 39.6 -90.0=-504"

72:% Comb}ifetao{ ln;p&o{auc@ Olﬁ m ol X. wolg. o mol
S'fqr’fu;x.fj Capacl'for /é e?LML s -
?ﬁtat: Zﬂux'i':l Xe= 45 +J(3.5 .,.X(.) g2
wheve ‘

XC = - —\;J_(T \I‘5 —HZQ \f&&(’.'[“ﬁl«\(ﬁ o'PTt{-e Capadfo?

and W= AMTF = 27780 X 3733 vod/[Sec

thus M’"l(__g-g‘f'Xc ) — _go.i—{o
q.5
o, %g+xc :BH (-SO-L,OJ::-I-Q.\
d.5

awdl I/LEVLC(’:
XC-::_—- IZ‘ XO‘E —%-5 pal ~-15.0 e

“L{:’ Capa_cﬁ_an("f’ C s then:
C = — | — ~ | — \q"‘?'“‘r-

W Xe - BFF%(-15.0)
_EXEVCI‘SGZ‘ Congider The moeter oF example
2.2 . Find The phase cu\-jl.f’ Betweeun the
mai and aux. welgs Cuvvent Jf Ty 197 MF
capPacitor /s veplaced BY a ZoomFcapactor

AR g5 2°




3.4.3 . SHADED_ PoLE MOTORS. 21
) , | Ashaded. pale 1-Ph ineluc Flon
motors 1S WLﬂ:\— oy\Ly a Main Wll'/l.o’{l;'\;g,

Thetead of having an auxiliavy w.lw(ulj,r'{'
has <alient pPoles, and one pPovtion of each
Pole 15 survounded BY a shovi-cCiveuited (s.¢
Coil Called o SHABING (@IL ,Sec Fuy (3.13a)

300%

200% -

SN T T T T Y

i =N

Stator winding

(&)

FIGURE 3.| 23
(@) A basic shaded-pole induction motor. (b) The resulting torque—speed characteristic.

A Time Vavying  flux 1s mduced 1 the
Poles By the main W;}Lc/fu-t:j-
when Re Pole FLux Vavies , (f mduces
a Vc:L'f‘atjf' and cuvvent 1n the shao(:ﬁj Cor L
which OPPOSES th e ov‘lglﬁal_ c:l/mwjf i FLux.
The opposition vetavds The £Lux Changes
unc/er S.ha_c/&c/( ﬂorflc;ns oiQ ﬂlf CCH‘LS andd
Thevefove Procuce a slight imbalance between
e ‘Two opPoSf'teL\/ v”o'(‘od'u;m_j statoy Mjntﬁk
Prelos . ‘ .
The net votation 1g 1n Tlte divecTion from
the uwunshaded 15 Tie ska,c/{&c/f [OOV"Z-H;M O,F The
Cole face.



The %Vgue,spfﬁd chavactevistic of a L2
shaoed - Pole motor 1's shown 1w Fecg(3.13b)
Shaded Poles pPvoduce less S’f’qvf,@ ’]‘5;[7_“5
mm cny other f)’Pf’ o-jo Ino'{uc'ffc;m motor stavi-
.._Il;Lﬂ gjsfemn
Shaded - Pole motors ave much Less |
e LLicrent ,and have a much fflt'g/q.er sbip
Than other types of Sn«éLe-Phaw indluc froun
MO’LLOV5° :
Such Poles ave used only 1m very swmall
motovs (1120 hp) wddlk vevy Low stavting
7;'\/(}&6 \/e%u;'{/emewfs-
wheve 1T i1s Possible 75 use Thew , shoded
~-pPole motors ave The C//Lea.)aes’f 0/2531{4 available
Theve 15 no easy way 7o veverse The
0{1‘1/6(:7"((;;/\ o»ﬂ \fo’f‘txll.‘to'm" ofp S{/L&O{ca/ mo'[‘OV"-
To ochieve vevevsal ,(t is necessary
7o MsquL Twe Skcxofm_g Cotls on each poLe
Loce and 76 selectively ¢<hovl oneor The
othey of them
Fxample 3.4 _
calculate fle Lull - load
evcafl&lemcy o veof S(lP of 777? shaoled -
POL{’ Mo't‘dlf WJ&OSE FOWO}O{VZ'-}fS aVve lfsfeg/
H;L ﬁl—é ﬁbzfl@~
Solufion :
Thee /7: go

::(6/?:!))( loo = AB.6 /

Xx oo




o . Ns-V = g _ 3600 - 2900

N < 3500
S=o0.194 oR 9.4 7

TABLE 18 .

Properties of a Shaded-Pole Motor, Having 2 poles,
Rated 6 W, 115V, 60 Hz.

No-load

current 026 A
input power 15 W
speed 3550 1/min
Locked rotor

current 035 A
input power 24 W
torque 10 mN-m
Futl-load

current 033 A
input power 21 W
speed 2900 r/min
torque 19 mN'-m
mechanical power 6 W
breakdown speed 2600 r/min

breakdown torque 21 mN-m

A3



| L
3.5 SPEED (ONTROL OF 1-PH T.M... !

@ ——— . - . ———

o

m spreo{ o')a Sw&él.f’ phasf IV‘LO’[UC"ILI;)M ma’(‘olf'js ma}/
be Com‘f‘\/oLLCG( Ji4 Th‘é Same manner as ﬁt—e Sff’(eo{

070 ;901..\/ ,014(156 H;IC/{bLC’f‘lo'M motol S .
Fov cquiyvel - Cage Votov motovs,the Ffoll-

_owns;tg ﬁchm;‘?_ufs ave available:
- Vavry The stator fveguency.
2. change the number of Poles.
3. Change ﬂ/ﬁ_ GPPL!td‘ﬁVm;'na'L Vo [teage Vi
_In PVac‘f'!édL 'Pcm/ htﬁln._ sl¢p mol‘ov’S,The
Uswal appvoach fo speed contvol 1s Te:
Vavy the ferminal Voltage of fhe motor
77’76 Vo [‘f_cx.gf’ OL;OPLF‘COZ 16 amo tor may Be Vaw'eo(
i one of 3IWays: Feg (3.14)
/- Pn autotvansformer may Be used o

oLo[Jqu the Line Voltage. o
2. An Tivstor (SCR)Y ov TRIAC civeuct

pay be used 16 veduce flie v.m.s Voltage
(Vge) applicd to the motor by A-C phase

Contvol. | . | _
3_ Aresislov Mmay be msevted 1m sevies

with fhe motoV's ctatov civeult,
Thie 1o fie cheapest method o4 \/, [faqe

Contvol..



L5

Tind

300% -

| Ve, >V > Vr,
200% - VT]

L -
100% - VT3

ﬂm

FIGURE 3, [Y

The torque-speed characteristic of a shaded- -pole induction motor as the terminal voltage is changed:
Increases in V; may be accomplished either by actually raising the voltage across the whole winding of' bY
switching to a lower tap on the stator winding.

3.6 REVERSING THE DIRECT [ON OF R*OT ATION

Tn ovoey to vevevrse the oivection 91‘1
fo’f‘q+:$m o f The 1pPh Mo'f“ov”S we have 75 mters

CIM\W € m L(’_a_o'{s onﬂ e: fder ﬁte abe;Lfav”y

\/Uw.c/{: o Tire Mm.aln Wm_ohvg
In e case of o \/e\/y small CaPac.'lLoV‘

-Vun motovs ,m \/o'fa.’[‘lot/g Can Be vevev'seo
b\/ USi.Pk\g ol o(cm’oLe.- mvfow SWf{‘le\ nsS Showi

n Fig (3415) . |
S witch olv/\ Posttion @ ¢ i’\_“_é;
\i;/ \/ ° £ line

1 2
2 0 ?

’ w
Clock wise int. clo(ff 15¢€ e 3.1C
Vo fﬂ+l oA Vo to\’h oW Reversible single-phase mator using a 2-pole switch

. and capacitor.
ole of wolg 1s
N%v*s\/ea? 077 mo?LC*V' will Come T a L\al*(sfo,o)

en vun up To speed m The opposiTe olwection



3F EFFICIENCY AND POWER FH(TOR._:?CS

The eff/&iency(7) aud (PF) Power fLactor of
fvactional hovse pPower LPh TM ave usually

Low.

Thus, at full - load a 188 watt motor (2 [/yhe
/’laLS v e—pqaz'cfeMC\/KV) amndf Powey” ﬂao%or (,D.,C)
of abowt foi7 -

m [ ow Power 7Cac7(ov’ I.S MG(!I'/IL)/ O{L{Q 7"5
e Lm/jg magnef:én@ Curvent, Conse:i_uemey,

even ot MNO- LOAB These motors have Sub -
_stantial tempevature vises.

The N[af{ueLy Low e,,(’f;'c;'emc:\/ a nof
Powev factor of These motovs 15 «q Consequence
C,,F ‘[ﬁe“} »p\/ac’f‘/on.al_ ho¥se Power \/a’(‘ivka_s-

In‘f’egfﬂL hoVS*EPow(’f {Ph WLo'fo\fG Can

//uwe eff/'c;'enc;'fs a 010 abovf o7 .

L

3.8 EQU/VALENT CIRCUIT @F 1-PH T.M ._

COV\SJ’O{F!/ COVLO(I%IC'JMS WL'ﬂ/T The Votov S‘fa'hc;maf\}
and only The maim stater wleo»f;LLj excited.
Hflﬁ MO'{:"V ‘H/W-H IS e?_bLL.VLEMf't— fE; ILVQMS\)CGI/meV‘
woth 1t SCCOV[G{GVY shov T~ Crvculteo
m &%m’uLen'f' cq'\/cuH‘ s s hown it F—‘-f'j(,?'éc‘)
wheve : Ktmaw} =The vesistance of The main W“’LCA‘@'
X, mau = ke Leakage veactance of fhie wain wdg-
R'z wman :,”“ Jotov vesistance Value ot S’tﬂmafS’f‘z‘U
X'?_mw{ :752 Votoy leakctﬂf Veactance atsTfanclsti Ll




L F

0.5k,

(b},

Figure 3.]6 Equivalent circuits for a single-phase induction motor: (a} roior blocker
(b rotor blocked, showing effects of forward and backward figlds: (¢} running

conditions.

/?z;ma;pt OU«.O{ ?("LWL&\;‘\ v’ﬂjfeﬂftof_ 'f‘a 'Hlt’ mdl!;/l
stator WIH.C/{Mﬁ by The use of He appvopirale

’[L&V"ng v”a.ltf'o'.
Cove Loss, |s omitted heve (as slawd still) -

m aPPZJéo{ \/o('fa.jf’ /S (O) a nof TL’Q Mmalin
W:'»kdhii:g cuvvent 1s (T)-
Emau; = lé m Counter E"W*-"p‘ jel/lt’l/ot"f‘t(/l I
e main Wdqg by The stationavy ,Ou[s’f‘ulﬁ
V' - gap LLux .
Irl aCCO\/O(aVLC(’ WLﬂ: m Ofc}u/aL(’..\fPl/oLV;.@

frelol Concepl, The stator m-w.F Can be ve-
Ccalved mts NoalF_amlitude FORWARD AND

BACkWARD votating fielols .

At stawd still The QM}OLJ.%ULOI(’ of Tie
7OOVWOLV‘J auo{ @mck wa\fo{ VC’SLLL'[“QW{“ an.r-gap ﬂux
Waues Bolll e_?ma[ _HN-F .771’ amplituwde of Tie

ﬂuLSa«’hmﬂ F_(E(,O/ :



In Fuy (3-'55);m effectc of e A
gap flux is split mte Twe EQUAL portions.
/\/ow Cons/rc/ef 77![% MO’foV /’Las beem @Vougk-{-
up Te speed Q\/ Soeme aux,’L,éwY mains and ;5-
VLLMMIVLg on OVLLY :'i's Mlt}i Wls;x.c'/{w.t.\g 11:4 'ﬂ{? o{;i/...
ec”lLlc.m O'P ﬁi—f gao\/bua.\fdl f}ﬁ(_d{ ave O’)C SLL.;O ’)0'/0%"’
~uency ( Sfe). ‘
- J'-’C"-:— 1s The statov GPPLIQO/ electvical Fv’e?.
0.5 = Wf ’)CCLC'ILOI/S' of vesalution o’F P[.MSﬁné
- Mo [~ | |
| e Votor 1s still tavnng ata slip(s)
_WLTLT ves Pect [ The fovwavd field ,and (u) i<
,?LE Per-ant"f' (P.u) Srz’fjeo’f(h) wite olirection of
The forwavol freld grven By:

N = |- S . P U
speed wk Back wav o Lreled 15
o= A- A

ov I.i—S S’L!')O wtﬁ}{ \/ESP€C‘IL 7o Wg @ackwav‘ei

Freld 1<

[+ N = A-5
TZ{; @o\_gkv\/a\/d( "plf_LO’( Tice I'K-O{IJLC{S Vo toy
Cuvvrent w hose Ffe?.uemcy 1S
(2-6) Fe

By use The Eguivalewt civewt (3.16¢),The
stotoy curvent, Power mput(IiP), and Power
pac+or CP.‘F) Can @f’ COMP%TLCO{_FQV any assumed
Volue of SL!P when Tie applied vo Houj(’ anof
Te Motor Impedances ave Known



Let: .. 2 , 29
2pz M rdXp = (F3%n 1) Kzwain) 1 PavaLlel

S ,
CI/)LJXW\ mati
.- (3.6)
219:: Kb-\-«ijE(—é&‘-“—“;‘——ﬁ-dsz{ﬂ\% PG\\{QLLtL
B (”) JXM'W“;"
..... (2-7%)

771—; elﬁc{‘rc me&ﬁﬂﬂ’{‘l 'c 72\/%%6

(T«:a.,:‘ﬁ) o £ fovrwav o Lielod 1 o -
\
T;lﬂqylﬂp e Pgap.p EN.M]

Ws L - - (38)
(JUS: S'Jncl\(awoms qn.gu,l_abr \/OLGCH‘\/ [‘»/a.o[/g
PS"P: aiy- gap Pawey [ watts’]

when Tle Mgnef!é@j IMP&?{C}J&C( /s tveated
as PMV&L)/ .}M_G{U.('_,‘IL[V€S (paapp) RS W‘(’ Pow ey '
absevbed By Mhe mpedance (0-5 Z¢). That 1s

4
@*R?Q:'I (05 /) - - - - (3.9
ﬁ,:;- /s the vesistave CompPonent of The
For wavel - f1elod 1mpedance .
%@Laﬂ_r;
e mternal 7;'}/7&@ (Toais,. 8) o Thi¢ Back-
~wovd Lrelof 15 !
mt-n_@:w;__ Paqb.e - - - ~(3o)
qup.B: /5 ﬁZE Fowey” c{e[_[vev"eo( By'ﬂ‘l‘E sta foV’

L/U!Vté?{mﬂ 'f'(s’ﬁétf 2 oe k way 7QIE(0(, oR:



@t.,,as_.__ (O 5 Ka) (3 30
ﬁ@—-:s The »/es;sf\ue Componem oF T!T.e
Back wavd - —F;e(.o( _meco!qvxce

The %_ff.uf’ ( Tocarn B) s Iu oppos{ﬁ' olivectiov

76 fiat of (Twanf).
Thevelore The net m’f_ernaL ’T’vf?ue /s

/mech-—»mm.[; —’—I;:ﬂlnB (PCIPF QP'G)

e (R17)

//le -7:3"(711_ \/o'(‘ov I /\J Lo%% I‘S Tﬁe HMMt’V'/é:aL
cum ot The Losses

Thas
Forward- Retd 1otor (TR)ies = S Fope

--(3.13)

Back wavd - fielo votor (I K) LOSS"(Z 5) e B
- - (3.19)

Total votov (T R)Loss-SpgqF,H(;g S)r:gw
{3.15)

ngem\/ﬁ’—f
Rwer = angubley Velcity x !o\/?(vtf
pwtec.h = W\" A lmtc‘/\
W\f—— IS m ot.PtjuLaV VeCOCl’f‘Y o‘F ﬂ;l_‘f fo’f“ofqnof
[s guen BY:
We=(1-5) Ws - (36)

/kev’eﬂor‘e
P = (1= 5) Ws Tmech

Usl;tg Eo]‘“ (2.12) we have:

B = (1= 3) Ws Tmech = (1-5) (Rep.f=fsnt)

e L (?-lq")



7)—;'6’ )-J/I,"LL{'V)’L&L T;If?_mf (’T,;QCLL) and lP;’/‘anqL -3

POWGY’ (}O,Meil't) ave l_’\—0+ TiCe ou'f—ﬁvt'f“(oxp) Va (uwe g
RBecause The votatTional [osSes vemain o Be

aCC@LLVL'{‘CC/( ’JQO\/; FLQ(Z-I:T-) Shows na_{ Powey fLow o«PI.}‘

Foon

P =VIcos 8
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FIGURE 3.1

The power-flow diagram of a single-phase induction motor.

Example 3.5 -

AP, 1oV, 8002, ¢ pole
Ca]OoLCI.’If‘oV'._ S’f’qVT—MO’lLOV }las m ﬁoLLcw;»g
Cﬁu('valfw"f_ CI.I/CLH"I_ ,Oarame%ev'\/al_ues(;y{ﬁ)
ancl Losses:
Kimar = 2-02 X, maen = £-19 Ramav =412
Xzmarm = .12 X marn — 86 .98
CoV’fLGSS:Qq W ﬁfl'c'hox'/\qno‘{ Wo(g loss=13 W/
Fova slipof 0-05, oleteymine the statoy curvent
Powflfﬁa.(‘,%oy’, [povuflf ouT Pu.’{“, S;ﬂf’eo{, (Efjtbtf’ s qno{

efficiency when This motor ;5 Vunning oS L Pk
MO’on Olff Vo ]&0{ Vo H‘cxﬂ(’ audl jalft%. Wt'ﬁ/\_ %'(*Oklf‘(“u:ﬁ



winoling open 32
Sa[_l&'{"lélf\ g . .

T The fivst step 1s To determyme The Values of
the Aevwavd awodf Back Waro/ Preld ;Mpeofqnces af
the agg;ﬁmea{ Value of slipe

Fov e dorwavd - Lield I'mpec/{ance ZF

) X mari _ )
RF - ( XQ;_ ) %sz‘;\,-’- !

(S (‘P"L'M‘:‘"\]
X - X?.MM{-\ +XM-M'.;/\ _ RF’-
F X1 T TQ; man

wheve :
le"—‘ sza\»;+' Xw\.ma{p\ Xf @zmq{n: RXH' ,

T Mmain

substitution o numevical Values Fov Sz0.05
?70 = R,:-{—J XF_: glq -}-J Hqo. 2 Y2
F'dl/ m BQ.CZSI.WQ,V‘Q(. p;cto’{ ;mtﬂedaklcf Zb

substituting (2.g5) £or- s 16 ¢ —(2-5)
/?b: ﬁz W’Ean./\ (__)_\/m-maiv{)z
2-s X171
X b = Xz Wl.a\"y\ XW\. Mu\;\ +
) g

K
(2-S YQawmamn

substifuTion of numevical Values and F=o0.05:
Zb=Rot)Xp=108+J 212 J2
Aololition of e sevies elements i Fig(3.1¢)
glues : r
Rimarin 40 Xywain = 2.07 41 2.79
0-5(Hr+)Xg)=15.95 +)20.15
0-5(RB+)Xy) —0.d9 +J1-08

—#ﬁff‘az h:tpwf"z — JQ,G[6'+_3,?,L-[.OO: 20.6
L&l 6




| _V 1o
stafov Carvent I = X = 2— — 2 cq g...,o_?’g

Z T R0.6
P""’”W ”"‘10“7’— P T Cose= 1O X 2.5¢ x0.672
oy = 244 W
€ Powey abswbe_a{ loyﬂ«_é fov wavd Fleld Eqn
( 2.9)1s:
- Reapf=T (05Re) = 359°x15.95 = 206 W
lhe pPower abssrbed by The Backward fiel ol Equ
(311)
Pyap b = r(o.s/’w)e)z‘g-SO{d#o.qq = 12,8 W
ﬂt—_ mternal mech. Power Eclz.V\ (3.12) 1%
I 6(_1/1""( g)(/g@PF 'gap.b)"o (3{5(206—!3)
— &y W
/)Sﬂtmwr—fj flcaT The cove Losq Can [Be Comb-
...!1460{ bUlﬂ/T TIX? 'PWC’{‘!OV\ awd( W[Mﬂ{o_ﬂ( L osg "[‘L’l"f
Votationl Less Becones .
o A4+ = 34+ W
}ZL€V€’ZOV€ .
}le SPE’EO{ (ﬂs) " 7’—V"ME crp \f/mm

O'p o '
s )QPoLecs _(L%__.)éo:: {800 vimin

Vetoy speed — (| - S)«-Sdnchronou.s SPf&d{
V\Y-:(l"-sj Ng — 0.95 X 1800
, = (Flo0  lmn
Ws-(~——--—- jWE
Poles —-—-(L_IJJ’ZOTﬂ 158 5



and Wwm = (1-5) Ws :O-Ctgx{gg?.s' 34
— '7-61 V-CLO{/SCC

/hﬁ Tv’&uu" Can e 'Fou.
Ty = rbatt 4F _o.g2) N

W I'+9

and Tlce eff/ﬂenc /S
7 Pska-ﬁL 197 _ 5.602= 6o
m AHYH
As a checte ﬂov lossSes
T Rimais =(3.59) (2.62)= 26.0
Fev wavol freld votor ITR — 0.05 X208 = [0-73
Backward « v TR =1-A5x12.8 =25.0
Votational losse¢ = = 7
L 98-3 W
FYom ,olm - kaﬁ_{. = lhe lotal Losses

AHY — 1H - dJ 7+ watt, wheh
checks willin accurvacy of Computations .
EXevCisSE -
JE— /7’5SU.M€ m /)’Lo'[(‘oi/ o“P E-XQWP(—(’ 25

to be oPé’V"('Il;\g ot a SL!P of 0.065 and at

Vated Vo ('fa{jf’ and #V€7~HEV\C\/. DeTer ming
a) 'ﬂfe S+Q+OV Cu\Fl/‘CVLT awnol POW?V‘ ’P&C‘l(olf
b) The Powev out put

An s

OL) H.o }4"’70 P-)C:O.Z} éa’jj’mﬁ
b} (490 watt™
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3.9SELF_STMRTING SYNCHRONOU S

RELUCTANCE MeTeR ..

— e A —

F}n\/ one"omno{uc’}m.n
Mmotoy f‘yr)fs descvibeo above Can be made m13
C(SE’L‘F g'('arffm\.g QYK.CA\/OHOMS-VeLuc‘{'aVLCE’ Mo'folf.

F}n% ﬁmg wlmc.'n mc'xkt’% 'ﬂ?ﬁe f@Luc+QMC€ op
‘ﬂ,‘,‘ﬁ al\/_.gap a "Fumc”’lom o'fl ﬁ’Tf’ anjuLaV‘ PCJSI.'hc.n

of 'Hre Vo tav W(ﬁ«— \respem" = We statoy Coil
axis will produce veluctance Tovque when
the votov fS V’E\/aL\/rn‘.\g at ngchronous SPeeo’(-
A QMPLE’ schematic of « Two - Psle veluc-
- Tance motor 1s shown |y Fté (3.18)- .
Tt can Be shown that the Tovgue applied
/’é 'HLP vetor o*p ”ué; WLO’[‘oV’lé pVopov"flc;naL'lLaj

T K Sin 26

E-1s fite clectvical angle Between The votor
MM('jVL'h;C ')alf‘(o{ (Br) awd The stator madg. Frf.lcf(/.gs
T}:‘f’ fel_utc‘f‘auce TEW}V\F 1S Max when
$=4s5 —Q%ng%qoc’:i
For R ‘S{mpl_e \f€Lb{c'f‘cm.C(’ MoToV, gn.ACE’ Ttrf '
voloy wilkl Lecked jnts e stator Mo*éj"‘ﬂhb
ﬁz'eLd[_S a s (.aVLE) as '[Tfe pqLL ou’f‘ ﬁff}vlt’ 010'
Tﬁ”e motor !'S not G’XCE&O{P_O{-
Ll.k'(’ o nov Mo L %’}/nc,[/\\/c:l/lous motor 1t has
No S'lLaVTll;Lg T;\f?t,{(’ auwd will not stavt
by ot self.

T ———— &




A self_ stavlTing veluctonce motor that 36
w LL cpenmee at ééjnchfo:f\ous speed untiL te
maX. yveluwctTance 753‘/7-146’ XS GXCEe_a(eo/-an_b(’ |
build by modifying The votorv of an iwduction
motov, Fiy(2.19), Suppose Some of fite fee th
ave vimoved Afvow a Squivrel -Cage votoy of
an y'yw{uchc‘m Mo‘f‘ol/, Lecx\/fbtg TF@ bars awd end
\/|'n.8<; mta et _ |

7}1’; mo’(’o]f w Ll stav T as an HTLO‘{\ACTIOH motols

a mdl becauwse "m_e Volor has ‘BQLfem'f‘ Poles, So

Tﬁ‘q ,/yLo’faV ot Lljl«f‘ Loads will gpgeo{ up
fo a small Value of sblip at 5'{‘@:1017/_ S Tate
oPEVﬁf}bVl neay m S(jMCLIVOVlous S’D-(Qo/f-

The T;\/'}u(’ .sf)fﬁd chavaetevrstic of
This motor, wlfucLl 1 Some’f;h«tgs Called a
43mchromous modluction ymotor s Shown LA

Flg(3.20)

Tind ™ 51128

FIGURE 3. | 9
The basic concept of a reluctance motor.



FIGURE 3, 1 |
The rotor design of a “synchronous induction” or self-starting .
reluctance moior. :
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FIGURE 3. 20O

The torque-speed characteristic of a single-phase self-starting reluctance motor.



