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i- Slip for the backward field=s, =2-s=2-0.04 =1.96
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p
iii - The motor speed = N = (1-s )N_ = 0.96x1800 = 1728 rpm

S

=1800 rpm

i1 - The synchronous speed = N =
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Zn = VY+]vYo Q e ) Calll iBglas
Z, =\Y+jo Q deledl calll d8glas

e Ll Calll g a3 Calll 6Ly eaidl 3 yall 30l Jalas <l ymall

S V, 110.£0 110£0
The main winding current =] =—" = — =
Z  1.2+j25 25.03£87.252
[ =4/-87.252 Amp.
The auxiliary winding current = [, = A/ 1104_0 = 11020
Z  12+]5 13£22.62

I, =8.46£-22.62 Amp.
g

The total motorcurrent = I, =1_+ I,
[, =4/-87.25 +8.46/£—22.62°
=(0.192-33.995) +(7.81-j3,254)
=8.02-j7.25 =10.8£-42.11° Amp.
The power factor = cos(- 42.11) = 0.742
The phase angle between the two winding currents: 0 =¢_ - ¢,
0 = —87.25 (- 22.62)=—64.63°
I lags I, by 64.62°



7Y (LX) s Yee el
Az od) daal] Al | LS paud | B il | Gl pgSI1 DU Y Al oS Cildnag S¥T

e en

(Capacitor Motors) s OLAIS 13 QLS axd |

Al 55 Lasyloy actieieal| GRS £ 93g e le Tabatiel « Logal€os  Juiciall 2LST 51 dsm youll

(Capacitor —Start Motor) :sudl aicsns g3t ydl

ccolidl ogine Lo duelis ailaley dpd) cilile Lle 35,0l con i 93 oyl (g5

Sl o sl e Juoge (g dlawly dde Juasd onalll L5 Dl on Grexll Byal
(i ol ety s e leall Galll Jundy < Lonl Dl oo 2 [ ta Jemall o g s sae b
0550 oy ciEnlly e liall LAl pans (e MLy Boleadl g5l 2 Gy Less Lalad
ey igms alaialy Litae Legie J55 LS 5 le acliy Les Labaiie SLads Leglads
I eI LAl LS (e pazy oIy saeleadl @l LS Jasd 3l cLealill dagall @b i ol
Sle Jass o o [ta Jenall 180,65 i s opacd Laylade tgli (ol snall s€mn ic )

V

Y|
/1

il dalades s Juuo g3 duinss VL ta Jemi

;M‘i&ﬁéﬁﬂwﬂ

A I




7Y (LX) s Yee el
Az od) daal] Al | LS paud | B il | Gl pgSI1 DU Y Al oS Cildnag S¥T

S

\
—~

~ Torquetpu)

sl Cfigme gy ot ,t 1 Leb Jems

40T

JJ_).CJ‘ 3}@:3?3 u;\lém‘j Q\&mib Ja.c‘jm.” %tj.d‘ \_x_m ‘:.J.&lu:v 3&).‘».” 94—’ Jac ._ﬂjl“)ﬁ.&_”

(Permanent-Capacitor Motor) :V;SL.\J! AN XY PEN M ain

Juasall sl Lol wlalll e dlale SM\;.QQ_\\ Ji5 @Sl sl (6 ﬁ\ &Xoliar

solsn imie Ll o Less alalll o s Lauss cnw Lo Jematl pambal cpulall 2
1l

R



7Y (LX) s Yee el

Az od) daal] Al | LS paud | B il | Gl pgSI1 DU Y Al oS Cildnag S¥T

Sl e (6 &yl ol g g Juim 55 iuss Lo e

L‘glﬁn cib:-.i‘ ] Q:-gj zj.s):u.ui‘ dﬁ_«.ﬁnﬂ‘ u.uLA_uT U.Lc. ga:&.l‘j sueblad) ealalt! fuug
ool uj.u:-.: Jl L:g_\je Lqﬁg.a.\i-..” JL’J.‘ Jpjgal‘?_lﬂ 44.4:14;&0 e né>9 L:g_s g.“:uam:ai

2 [ ]

R i @




7Y (LX) s Yee el
Az od) daal] Al | LS paud | B pduad| Al w1 DU Al oS Cildnag S¥T
@A LARY- WL R PR 57 508l Jolaa ceuss JI @l sl alaziul gogp s ((Juadall
Lol s LT cagendl 2 1o g oty 3ll cslapadail! 2 culem ol ya

(Two-Value Capacitor Motor) :onaisat! oy ulalf .o

Jiaaidl oLAT dlee et )21y cdadd sl 550 £ AT Ao Lo ondifas alaiul e

O s Jainlly el 5y BT ot pmall ol g Jumal le Jpuand! gy ol pmell il

GiEme auiian (padl Golen Gimie grp e (oSl ple Jue s da)b L J==dadl

(@S G awg) e Ly Al Gl Mo ge ccapll peidl G351l £ oill (e puiio

syl s ade G G EiSme pudiin s L Jiadil) (ol gn et Sue Lol olalll e

S5l e cdy ol Zlide g Juoge (Ao ymdl ey Cilifan aans) o pgad! Jlaadl (63 ¢ 53l (o
azs -l 3,38 oL Lus Sand ¢ @31l Caiall s

VYo



7Y (LX) s Yee el
Az od) daal] Al | LS paud | B il | Gl pgSI1 DU Y Al oS Cildnag S¥T

\ Switch

AY
/1

1 Starting
7T Capacitor
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4 Torque (pu)

3.0 4
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:J=d!

3—..‘-“‘:‘-;‘)1‘ oslallf 5.33\.«.A LJ‘)’

¢, =tan”' (%} = 42.14°

X L)i e suelad] eulalll 2\5_9\4.A :"'J‘).
6. =90 — ¢ = 47.86°
1Ml 383 () o XC aiss]] dailase

X —32 -
tan"| =" | = 47.86 X732 _ an(47.86) = 1.1
8.8 8.8

XCZL: 1
o.c 2xnfc

X =1.1x(8.8)+3.2=12.93 Q

1

c=— =205 uF
12.93%x 377
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The effective rotor resistance in the forward branch = 0.5R, = 0’3 226 =16
S )

The effective rotor resistance in the backward branch = ?25 R; = 0'15;;'6 =041 Q
-S .
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at starting s=1

_(1.6+j3.6).(j75) _ (3.94£66.04)(75£90) _ 376.,67.166 O

f1.6+j(3.6+75) 78.62./88.834
0.5Z, =1.88267.166 Q
at s=0.05
1.6 . :
(+]3.6).(J75)
7, = 1005 _ (32.246.42).(75490):28-46428.57 o
1.6 84.864./67.85

———+i(3.6+75
0.05 J( )
0.5Z, =14.23£28.57 Q

( Flissyadl oy wie (55)) e (@YY Gliadly de puadl 50b) pe Zp e 2 55031 sy
t0a s Zpy G (4.0 Zp) alsd) St 5,500 dest| dglall . s aall aie 8=+ ,+0)

_ 2-8

b R, +j(X,+X.)
2-5s
at starting s=1
(1.6+j3.6).(j75) _
" 1.6+j(3.6+75)
0.5Z, =1.88£67.166 Q

at s =0.05

(&ﬂxzjxux,ﬂ)
Z

Z, = 3776£67.166 Q

6
(+j3.6j.(j75)
, _\195 _ (3.692277.17)(75£90) _ 3.593.,77.77 O

b
£+j(3.6+75) 78.6£89.4
1.95

0.5Z, =1.761£77.77 9)
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T, = & N.m 1-6

L3I el 331 ey (@5 ) ¢ rale¥1 Jlmall dni 55l ccolglly 5,3801 553 ( Py ) o

P, =1 (05R,) watt 1-7
s Jally

P,
T, = — N.m 1-8

COS
P, =1 (0.5R,) watt 1-9

P gl sl dlass

T=T -T, 1-10

1
T =;(ng - P, ) 1-11

d\-’."i‘ﬁ u.ALAS” JL"‘M Oe Z\;.JLJ\ :\_J.A.u\_‘&d‘ )\j.}J‘ Q‘_)}E.&.A ‘Q_)m\ 5.-4.:_” B il 3)5_:]]\ SJJ.E

Forward field rotor I’ Rloss = P, = sP, 1-12
Backward field rotor I’ Rloss =P, =(2-s).P, 1-13
Total rotor IR loss = sP, +(2-s).P, 1-14
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P =(1-s).P, 1-15
P, =(1-s).(P, -P,) 1-16

adgll e dlen U 5 0l

rdia slaiell ajally Lgie alanell 3 uall

P = P -losses 1-17
T, = L N.m 1-18
®
but ®=(1-s)o, 1-19
T = P N.m 1-20
(1-5 o,
o Jlwe
@?‘mbﬂ‘ﬂuui@)ijéj BN 4«;;_‘55\\’ q_ﬂ.m.x% 4_’.511&;;\}?&,1}&)2‘1
R, =2.02 Q X, =279 Q X, =668 Q
R, =412 Q X,=212 Q

tcwws] S = cc0 AW e (el VY L alaadl aoslall euly ve Lonasd! aslall

5y gl arall (sl s ilen 5 yual 6 yudll Jalas 3ol 503 (Jaadl L

at s = 0.05

VAR [ R, + jX zj inparallel with X,
s

R . .
[ — JXZJX(JX w )

R objix,+ X )j
S
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Z, =319+ j40.3 Q
Z, = [2st + sz) inparallel with jX

[2Rz + szjx (GX..)
Z, = lis 9

( T+ j(X2+Xm)j

2-s
Z, =198+ j2.12 Q
N\
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Z,+05Z + 052, Q
(2.02+j2.79) +

0.5(31.9+j40.3) +
0.5(1.98+j2.12)
Z = 1896+ j24 = 30.6£51.7° Q
the input current is :
\Y 11020

1

=3592-51.7" Amp.

'z 3064517
the power factor = cos(¢) = cos(~51.7) =0.62
the power input =V, [, cos(d))

P = 110x3.59x0.62 = 244 Watt
P, =051} R, =0.5%x(3.59) x31.9= 206 Watt

P, =051 R, =0.5x(3.59) x1.98=12.8 Watt

P =P -P, =206-128=1932 Watt
P =(1-s)P, =(0.95)x193.2 =184 Watt
the rotational losses = 24 +13 =37 Watt
the power output = P, = P_ - losses
P =184 - 37 =147 Watt
the efficiency =1 = F, = 147 =0.6 = 60%
P, 244
N, = S0xE_ 60x60 e, r.p.m.
p
O, = 2mN, _ 2xmx1800 188.5 rad/sec.
60
N = (1-s)N, =0.95x1800 =1710 r.p.m.
o = (1-5)m, = 0.95x188.5=179 rad/sec.
P

the developed torque = T, =—
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T, = B2y N.m.
188.5
the output torque =T, = LA = 147 =0.82 N.m.
® 179

therotor I'R loss = sP, + (2-s)xP,
= 0.05x206 +1.95x12.8
=10.3+24.96 =35.26 Watt
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E_, directly proportionalto ®

rot

¢, directly proportionalto E_
therefore ¢, is directly proportionalto
¢, = const. x
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T=-K,.0+K .V,
at V, =95 volt and ©=0.0
T =075=K,.V,

_ 075 _0.75

- K, —— =0.00789
V. 95
at T=0.0 o =225 rad/sec.
-.0.0=-K_ %225+ 0.75
0.75 :
K, = 25 =0.0033 = slope of torque speed line

The torque equationis:
T =-0.0033 » + 0.00789 V,

T =-0.00176 © + 0.75 N.m

o = L _075 75 rad/sec.”
J 0.01

o, = 225 rad/sec.

Ix® 0.01x 225

T = ° = =3 sec.
T, 0.75

1. =17xt=17x3 =135.1 sec.

0= 0o, (1— e’j = 225(1—e3j =225(1-¢"*) rad/sec.
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Lalg A Ll dly

Syl aga> dslaa (o 1l

a) E, =V, -1..Z -1.Z
E, =V, -1, R, +R +jX, +jX,)
=120-17.58£-24.58(1.36 + 0.65 + j1.6 + j1.2)
=120-17.58 £—-24.58x (2.01+ j2.8)
=120-17.58 £—24.58%(3.446.£54.327)
=120-60.68.£30.11
E,6 =74.05£-24.2 volt

oball as o3 Ggly dag® Luad LY sudgull £80 pgeatl Ladlodl 543l do oll gl o das D

b) The developed poweris:
P, =E_ .1,
=74.05x17.58 =1302 watt
The output poweris:
P =the developed power - losses
P =1302-80=1222 watt

o
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c) the motor speed ©_ =

o

60

2nN,  27nx 8000

the output torque of the motoris:
b 1222
o 83776

d) the power input is:
P =V, I .cos(¢) =120x17.58x0.912 =1923.96

the efficiencyis:

]’]:

P

o

m

1222

=—=0.635
P 193.96

= 63.5%

-VA-

R

=837.76

Vv
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S
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