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אא 
Induction Motors 

 
אאWאאאאא

אאK 

K 

אאW א א אאאאא
אW 
 

١. אאאאאא 
٢. אאאאאאאאK 
٣. אאאK 
٤. אאאאא 
٥. אאאאאאK 
٦. אאאאKאאK 
٧. אאאאK 
٨. אאאאאK 
٩. אאאאK 
١٠. אאאאאאK 
١١. אאאאאאK 
١٢. אאאאא

אאאK 
١٣. אאאאאK 
١٤. אאאאאאא

K 
١٥. אאאאאאK 



א آهر ٢١٨אא 
 אא אא 

          
 

- ٢  - 

 
אאW٢٦K 

 
אאWאאאאאא 

 
אאWאאאאאא
א،אאא J٢K 
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אא 
Induction Motors  

אאאW                 Three Phase Indution Motors:  
W 

אאאאא١٨٨٦אאא
אא،אאאאאאאW 

• אK 
• אאאK 
• K 
• אאאK 
• אאK 

 
אאW 

• אK 
• אאאF٥ J٧EאאE 
• אאאK 

אאאאאאא
אאאK 

אאאאאאאאאאא
(Induction)אאאאא،א،

אאאאא،אאא
אאK 
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١ J١אאאW 
אאאאאStatorאאא

Rotor،אF١ J١KE 
 

 
١ J١Wא 

١ J١ J١אאW 
אאאF١ J٢E،אאאאא

٣}٠٦}٠،אאאא
אאאאאא

אא،אF١ J٢KE 
אאאאאאאאא

אאאאאאאא
אאאא،אאאאא

אאאאאא،
אא،١٢٠
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،אאא،
אאאאK 

 

 
א١ J٢Wא 

אאאא
אאא 

 

١ J١ J٢אאאW 
،אאאK

אאא،אאא،א
אאא(Slip-ring motors)אאאאאא،

(Wound rotor motors)אאאא(Squirrel cage motors) 
 JאאאאW      (Wound Rotor) 

אאאאאאאאאא
אאא،Kא

Kאאאא،א 
אאאאאאא

א،א
א١٢٠Kאאאא

א(Wound rotor)K אאאא،
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אאאא(Slip Rings)אא
א،F١ J٣KEאאאא

א،אאא،
אאאא،א

אאK 
 

 
א١ J٣Wא

אאFaE:א 
FbEא 

 JאאאאאW     (Squirrel-cage rotor) 

אאאאאאאא
אא،אא،אאא،אא

אאאא،
(Squirrel cage)F١אאא J٣EF١ J٤E،

אאאאאאK 
אאאאאאא،

אאאאאאאא،
אאאאאא 

 



א آهر ٢١٨אא 
 אא אא 

          
 

- ٧  -  


א١ J٤Wאא

אאא 


 

١ J٢אאאאW 
א،١٢٠،

אאאאא١٢٠،
אא١٢٠אא،אא

אאאאאF١ J٥E،אאא
אאאSynchronous speedאאW 

 

אF١ J١E
P

fn s
s

⋅
=

120  

W 
nsWאאא 
fsWאא 
PW 

אF١ J٥Eאאאאא
،אאK 
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אאאאאא 

 
אאא٦٠א 

 
אאאא 

 
אאאא١٨٠א 

 
אאא١٢٠א 
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אאא٣٠٠א 

 
אאא٢٤٠א 

 
אאא٤٢٠א 

אאאא 

 
אאא٣٦٠א 

אאאא 
אF١ J٥EWאאאאא

 

אאאאא،אאא
אא،אאאאF١ J٥Eא

٦٠אא،אא٣٦٠
،אאאאאאא

אאאאאאאאK 
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١ J٣אאאW 
אאאאאאא،

אאאא
،אאאאאאאאאא

א،אאאא
אאא١٢٠

אאאאאאאאא،א
אאאאאאאFnsEא

אאאFn JnsEאא،nאאא،
אאFnsEאKאאא

אאאאאאאאא
אF١ J٦E،אאאאא
F١ J٢EW 

 

אF١ J٢E)( srrs SinFFT δ⋅⋅∝  

W 
TWאK 

FsWאאאאK 
FrWאאאאאK 
δsrWאאאאאאאK 

אאא،،אאאא
אאאאאאאאW 

 

אF١ J٣Ennn sf −=  

W 
nfWאאאאאFאאKE 
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אאאאאאאא
אאאאאא،אאא

אאאאאאאאאא
،אאא،אא

אאאאא،אאאאא
אאאאאאאאא

אאאאאא،אאאא
אאאאאאאאאאK 

אאאאאא
אאא،אאאאא

אאאאאאאא،
אאא،אאאK 

 

 
١ J٦אאאאאאא

١ J٤אW 
אאאnא،אאאא

אאאאnsאאא(ns-n)א(Slip speed)،
אאאא،א،א(Slip)א

אאאאא،(s)א
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אא١٪٢٪٥}٠٪אא
אאא٣٪٥٪،W 

 

אF١ J٤E

nnn sslip −==Speed Slip  

s

s

n
nns −

==Slip
 

100×
−

==
s

s

n
nnsSlip% % 

אאאאאאאא(n=ns)
אאאאאא(n=0)Kאא

אאאאאאאF١ J٤EW 
אF١ J٥ERotor speed = )1( snn s −=  

 
١ J٥אאאאאאW 

אאאאאאא
אאns،אאאn،אs

F١ J٥Eאאאאאאא(ns-n)
א،ns،אאאאאא

אאאK 
אאאאאאא

אאאאאא،אאאא
אאאאאאאאאא

אאFאKEאאאאאאא
אאאאFEאאאאאא

אאאK 
אאא)n=0(א)s=1(אאא

אאFfr=fsEK 
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אאאאא(n=ns)(s=0)אאא
Ffr=0EK 

אאאאאאאאאא
א(ns-n)،אאא

אאאF١ J٤E،אאאאאאאW 
 

אF١ J٦Esr fsf ⋅=  
 

F١ J١WE 
א،٢٤٠٦٠א،

אאא٥٪אW 
E אאאאא 

E אאאאא 
E אאאאאאא 

אW 
 

rpm 1200
6

60120120
=

×
=

⋅
=

P
fn s

s  

rpm 1140050112001 =−×=−= ).()s(nn s  
Hz 36005.0 =×=⋅= sr fsf  

 
F١ J٢WE 

א٥٠،אא
١٤٥٥א،אאאאאK 

אW 
 

rpm 1500
4

50120120
=

×
=

⋅
=

P
fn s

s  

rpm 4514551500 =−=−= nnn sslip  
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p.u. 030
1500

14551500 .
n

nns
s

s =
−

=
−

=  

 
F١ J٣WE 

٥٠אאאאא،אא
٥}٢،אאאאאK 

אW 
 

 05.0
50

5.2
===

s

r

f
fs  

rpm 1000
6

50120120
=

×
=

⋅
=

p
fn s

s  

rpm 950)05.01(1000)1( =−×=−⋅= snn s  
 



א آهر ٢١٨אא 
 אא אא 

          
 

- ١٥ -  

W 
١ J אאאאאאאאאK 
٢ J אאאאאאא؟ 
٣ J אאאאאאאאאא

אKא> 
٤ J אאאאאאאאK 
٥ J אאאאאא؟אא 
٦ J אאאאאא،אאא

 אא؟
٧ J אאאא٤א

K 
٨ J ؟אאא 
٩ J אאאאאK 

١٠ J אאא؟אאא 
١١ J אK 
١٢ J אאאKKKKKKKKKKKKKKKKKKKKKKK 

E אאאאאK 
E אאאאאK 
E אאK 
E אאאאK 

١٣ J אאא،אאאאאKKKKKKKKKKKאK 
E אא 

E אאאK 
E אאאK 
E אאK 

١٤ J אאא،אאאאאאא
KKKKKKKKKKKKKKK 
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E אאK 
E אאאK 
E אאK 
E K 

١٥ J אאאאאW 
E K 

E אאאאK 
E אאאאK 
E אK 

١٦ J אאאאאאא،W 
E אאאK 

E K 
E אאאK 
E אאאאK 

١٧ J אאאאאW 
E אK 

E אK 
E אאאאאK 
E אK 
E א 
١٨ J אאא،א،

W 
E KKKKKKKKK 

E אKKKKKKKKK 
E אאאאאאאKKKKKKKKK 
E אאאKKKKKKKKKK 
E אאKKKKKKKKKKK 
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E אאאאאאאאKKKKKKKKKKKK 
١٩ J א٦٠،אא

אאאאאאאא٢K 
٢٠ J א ٥،א

٧١٦אא،אאאאאK 
٢١ J א٦٠،אאא

אאאא٧}٢،אאא
אאK 

٢٢ J א
٢٢٠٦٠אאאא،٥٪ אW 

E אאאאאK 
E אאאאא 
E אאאאאאא 

٢٣ J א٦٠٨،א٠٥}٠K
אאW 

E אאאאאK 
E אאאאאאK 
E אאאאאאאאK 
E אאאאאK 
E אאאאאאK 

אW FE٨٥٥ FE٤٥ FE٤٥ FE٩٠٠ FE 
 

٢٤ J א٦٦٠FEא
١١٦٠אFEאא١٠٩٢אK

אאאאאאאK 
אW FE٤}٣٪،٢ FE٩٪،٤}٥K 
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١ J٦אאאאאW The Equivalent Circuit 
אאאאאאאאF١ J

٧EאאאI2אW 

אF١ J٧E ( )2

2
2
2

2
2

sXR
EsI

+

⋅
=  

E2אאאאאאאאא،X2
אאאאא،R2אאא،(sE2)

אאאאאאאאאs،(sX2)א
אאאאs،אF١ J٧Es

אF١ J٨WE 

אF١ J٨WE 2
2

2

2

2
2

X
s
R

EI
+⎟

⎠
⎞

⎜
⎝
⎛

=  

אאאF١ J٧EאF١ J٨EאF١ J٧E 

 
א١ J٧Wאאאאאאא 

אאאא،א
א،אאKא

אאאאא،אאאאF
אאאKEאאאאXm

אאאKאאאא
אאא،،אF١ J٨WE 
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אF١ J٨EWאאאאאא 

W 
R1, R2WאאאאאK 
X1, X2WאאאאאאאK 

RcWאאאאאא،K 
XmWא،אאאK 

N1, N2WאאאאאK 
אאאאאא،א

אאאאאאאאא
F١ J٩EW 

 
אF١ J٩EWאאאאאאFאאE

W 

אF١ J٩WE 2

2

1
22 Ea

N
NEE' ⋅=⎥

⎦

⎤
⎢
⎣

⎡
⋅=  

אF١ J١٠WE
2

2

2

2

1
22 Ra

N
NRR' ⋅=⎥

⎦

⎤
⎢
⎣

⎡
⋅=  
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אF١ J١١WE
2

2

2

2

1
22 Xa

N
NXX ' ⋅=⎥

⎦

⎤
⎢
⎣

⎡
⋅=  

אF١ J١٢Ea/I
N
NII '

2

1

2
22 =⎥

⎦

⎤
⎢
⎣

⎡
⋅=  

אאא}
s
R '

2 {אF١ J١٣E،

אאאאאF١ J١٠EW 

אF١ J١٣E ⎥⎦
⎤

⎢⎣
⎡ −

⋅+=
s

sRR
s
R 1'

2
'
2

'
2  

 


א١ J١٠Wאאאאאאא

'R2אאאאאאא،

( )
s

sR' −⋅ 12אאאאאאא

אאאKאאאאF١ J١٠E
אK 

  
א١ J١١Wאאאאא Rc 
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אאאאאF١ J١١EאאF١ J١٠E
אRcFאאא،אאא،

אאאKE 
١ J٦ J١אאאאאאW 

אאאאאאא
אF١ J١٠Eאא،א)Io(אא

אא)I1( ،אאאאאאF١ J١٢KE 


א١ J١٢Wאאאאא 

Wאא 

١ J١٤ '
21 RRReq +=  

١ J١٥ '
21 XXX eq +=  

אאאאF١ J١٣EW 

 
١א J١٣Wאאאאא 

אאאאאאאאא

א،א⎥⎦
⎤

⎢⎣
⎡

⎟
⎠
⎞

⎜
⎝
⎛ −

⋅
s

sR 1'
2אאא،
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אאאאאKאא
אאא،אאא

אK 
אאאאאאא،אא

،אאאא)R1 ,R2 ,X1 ,X2 ,Rc ,Xm(،
אא،אאאא،Kאאאאא

אאאאאאK 

 JאאFאאאאWE No Load Test or Open Circuit Test 
אאאאאF١ J١٤E

אאא،אאאאאאא
،אאאW 

אאאאא 21 WWP +=  

אאאאאאא
FאאEאאאK 

 
١ J١٤Wאאאאא 

אאאאאאא
אsא،אאא

⎦⎥אאא אא
⎤

⎢⎣
⎡

⎟
⎠
⎞

⎜
⎝
⎛ −

⋅
s

sR 1'
2،אא

،אאאאא،אא
אאאK 



א آهر ٢١٨אא 
 אא אא 

          
 

- ٢٣ -  

אאאאRc,Xm،
אאRc,Xm ،א

אW 
אאאאF١ J١١WE 

 

m

m I
VX 1=  

c

c I
VR 1=  

V1א 
אאאאF١ J١٥EIm , Ic Io

W 
אF١ J١٦E 

oom SinII φ⋅=ooc CosII φ⋅=  
W   

אF١ J١٧E  
o

o IV
PCos

⋅⋅
=

13
φ  

אF١ J١٨E  ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
⋅⋅

= −

o

o IV
PCos
1

1

3
φ

 
אRc , Xm אאW 

אF١ J١٩E 
oom

m SinI
V

I
VX

φ⋅
== 11  

ooc

c CosI
V

I
VR

φ⋅
== 11  

 

 
א١ J١٥Wאאא 
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 JאאFאאאWE 
WLocked Rotor Test (or Short Circuit Test) 

אאאאאF١ J١٦Eאאא
אא،אאאא

אאאאאאא،אא
אFEאאא،אW 

 

אאאאא 21 WWP +=  
 

אאאאאאאFא
אEאK 

 

 
א١ J١٦WאאאFאEאא

 

אאאאאFs=1Eא

א⎥⎦
⎤

⎢⎣
⎡

⎟
⎠
⎞

⎜
⎝
⎛ −

⋅
s

sR 1'
2אאא⎥⎦

⎤
⎢⎣
⎡ =⎟

⎠
⎞

⎜
⎝
⎛ −

⋅ 0
1

11'
2R

א،،אאאאאאא
אאאאK 

אאא(Io)א،
א،א) 'II 21 ≅ (،אReq,Xeq،

אאReq,Xeq،א
אאאאF١ J١١EW 
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אF١ J٢٠E 2
13 I

PReq ⋅
=  

אF١ J٢١E 
1I

VZ sc
eq =  

אF١ J٢٢E 22
eqeqeq RZX −=  

 

VscאאאאאK 

 JאאאW         Dc Test: 
אאאאR1א

אF١ J١٧KE 
 

 
א١ J١٧Wאאא 

 

אאאא(Vdc)אאאאא
אא،אאאא

אא،אאאאF١ J٢٣EW 
 

 
dc

dc

I
VR =⋅ 12  

אF١ J٢٣E
dc

dc

I
VR
⋅

=
21  

 

אאאא١٠٪אאא)(skin effect
אאאאK 
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F١ J٤WE 
אאא

W 
 

א P=600 W IL=20 A VL=220 V 
א P=1500 W IL =50 A VL =30 V 

Kאאאאאאא 

אW 
אRc , Xm W 

א،W 
 

V 127
31 == LVV  

A 20== Lo II  

Rc , XmאאאW 
 

 0787.0
201273

600
3 1

=
××

=
⋅⋅

=
o

o IV
PCosφ  

 ( ) o
o Cos 48.850787.01 == −φ  

Ω 68.80
0787.020

1271 =
×

=
⋅

=
oo

c CosI
VR

φ
 

Ω ( ) 37.6
48.8520

1271 =
×

=
⋅

=
SinSinI

VX
oo

m φ
 

אReq , XeqW 
א،W 

V 32.17
3

30
31 === LVV  

A 501 == LII  
Req , XeqאאאW 
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Ω 2.0
503

1500
3 22'

2

=
×

=
⋅

=
I

PReq  

Ω 3464.0
50

32.17

1

1 ===
I
VZeq  

Ω ( ) ( ) 2828.02.03464.0 2222 =−=−= eqeqeq RZX  
 

F١ J٥WE 
אאא،

אאאאאW 
 

אאאא P=179 W IL=7.53 A VL=127 V 
אאאא P=1265 W IL =34.64 A VL =39.3 V 

אאא  Idc=20 A Vdc=19 V 

'XXאאאאא 21 = 

אW 
אאאR1אF١ J٢١EW 

 

Ω 475.0
203

19
21 =

×
=

⋅
=

dc

dc

I
VR  

 

אאאאFאERc, XmW 
א،W 

 

V 1271 == LVV  

A 347.4
3
53.7

3
=== L

o

II  

Rc&XmאאאW 

 108.0
347.41273

179
3 1

=
××

=
⋅⋅

=
o

o IV
PCosφ  

 ( ) o
o Cos 8.83108.01 == −φ  
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Ω 78.270
108.0347.4

1271 =
×

=
⋅

=
oo

c CosI
VR

φ
 

Ω ( ) 435.29
8.83347.4

1271 =
×

=
⋅

=
SinSinI

VX
oo

m φ
 

אאאאFאEReq, XeqW 
א،W 
 

V 3.391 == LVV  

A 20
3
64.34

3
'
21 ==== LIII  

(R1,R2,X1,X2)אאאW 
 

Ω 054.1
203

1265
3 22'

2

=
×

=
⋅

=
I

PReq  

Ω 965.1
20

3.39

1

1 ===
I
VZeq  

Ω ( ) ( ) 658.1054.1965.1 2222 =−=−= eqeqeq RZX  
 

W '
21 RRReq +=  

Ω 475.01 =R  
W  

Ω 57904750054112 ...RRR eq
' =−=−=  

 

W '
21 XXX eq +=  

 '
21 XX =  

   :إذن

Ω 859.0
2
658.1

2
'
21 ==== eqX

XX  
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١ J אאא؟אאא 
٢ J אאאאאא؟ 
٣ J אאאאאא؟ 
٤ J אאאKKKKKKKKKKKKKK 

E אאאK 
E אאאאאK 
E אאאאK 
E אאאK 

 

٥ J אאאאאKKKKKKKKKK 
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E אK 
E אK 
E אאאK 
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א490 W 12.9 A 35 V 

 
אא،אאאאאא 
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١٠ J א٢٠Yא
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V1WאאK 
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אאאאPcu1אאR1
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אאאא،Pcu1Pcore،אאא
PstאF١ J٢١KEאאאRcאאא 

 

אF١ J٢٥WE1
2
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אאאאאP1Pstאאאאאא
אא،אאא(air gap power)PgKP12 
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⎠
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⎜
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⎠
⎞

⎜
⎝
⎛ −
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אP2Fאאאuseful mechanical powerEאאא
אאאאאW 
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⎜
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⎠
⎞

⎜
⎝
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אF١ J٣٣WE gcu PsP ⋅=2  
אF١ J٣٤E ( ) gm PsP ⋅−= 1  

אW ( ) ssPPP cumg :1:1:: 2 −=  
 

אאאאPgאאאPm،
אאאאאאPcu2)1-s(sKאאs

אאאPcu2אאאאא،
אאאאאאKאא

אאאאאאאאאא،K
אK 
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=

P
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kw ( ) ( ) 11412005011 =×−=⋅−= .PsP gm  
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אאאאאא٨٠אאאאא٦٧}١ 
אW 

E אK 
E אאא 
E אאא 
E אאאאא 
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×
=
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=

P
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F١ J١٠WE 
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=
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=
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kw 064.362064.382 =−=−= fm PPP  
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36064
2 ==P  

 

EאאאאאPcu2W 
kw 936.039024.02 =×=⋅= gcu PsP  

EאW %16.90100
40
640.36100
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١ J٧ J٢אאאאW 
אאאFTorqueEאאאאא

אא،NmK 
אאא(total developed torque)אאאא

F١אnsPgsωאאאאא J٢٨KE
אאאאאאnאאPm،

PmωאF١ J٢٩KE 
 

אF١ J٣٥ENm 
s

gP
T

ω
=  

אF١ J٣٦ENm 
ω
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ωs ωאאאאאא،אאאאא
א،אאאF١ J٣٧WE 

אF١ J٣٧Erad/sec. 
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2 s
s

n⋅⋅
=

πω  
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=
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⎠
⎞

⎜
⎝
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⎞

⎜
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s
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T π
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אF١ J٣٩ENm 
s
RIKT

'
22'

2 ⋅⋅=  

   

אF١ J٤٠E ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
⋅⋅

×
=

sn
K

π2
603  
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אF١ J٤١E( )2
2

2
1
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2

eq

'
eq

'

X
s
RR

V
Z
VI

+⎟
⎠
⎞

⎜
⎝
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2IאF١ J٤١EאW 

 

אF١ J٤٢E( ) ( ) s
R

Xs/RR
VKT

'

eq
'

2
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2
1 ⋅

++
⋅=  

 

אF١ J٤٢Eאאא،א
،אאאאא
אF١ J٤٢EאאאF١ J١٩EW 

 

  
אF١ J١٩WEאFאLאEFאLאE  

אאאאאF١ J١٩E،
s=0s=smאאאאאאאא

s=sms=1אאאא،א
אאKאאאא،א

אאאאאא
אא،אאאאK 
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אאאא
אאא،אאא،

אאאאK 
אאאTאאאTu(useful torque)א

אאאTfKאאאאא،
PfאאKאאאאאאP2ω 

אאW 

אF١ J٤٣WENm. 
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n
PPTu ⋅⋅
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πω

 

١ J٧ J٢ J١אאאאא) ms  (W 
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אא،אא

אאאאW 
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2
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2
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R

X
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2 / XR،
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אF١ J٢٠WEאאאאאאא
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אF١ J٤٢Eאאא
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VKT
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٧ J٢ J٢אW 
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W 
١ J ؟אא؟ 
٢ J אאאאא؟א 
٣ J אאאאא؟א؟ 
٤ J אא؟א 
٥ J א؟א 
٦ J אא؟ 
٧ J ؟אא 
٨ J אאא؟؟א 
 

٩ J אא،אאאW 
E אאאאאאאאK 

E אאאאאאK 
E אאאאאאאאK 
E אאאאאאאאK 

 

١٠ J אאאאאאאאW 
E אא،אK 

E אא،אאK 
E אאאאא،אK 
E אאאאאאאאאאא

אK 
 

١١ J א٦٦٠،א
٩٥٠אא،אKKKKKKKKאK 

E٤٧٥  E٥٠٠  E٩٧٥  E١٠٠٠  
 

١٢ J אאאא١٠٠אאא١٠٪،
אאאKKKKKKKKKKKKKKאK 
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E١٠  E٩٠  E٩٩  E٨٠  
 

١٣ J אאאאאאא
אאKKKKKKKKKKK 

Eא  E٧٠٧}٠  E٨٦٦}٠  E٥}٠  
 

١٤ J אאאאאא،
אKKKKKKKKKKKאאאK 

E  E  E2/1  E2/3  
 

١٥ J אאא١٠٠אא١٢٪،
אאא٦٪KKKKKKKKKKK 

E١٠٠  E١٦٠  E٥٠  E٤٠  
 

١٦ J אאאאKKKKKKKKKKKKK 
E אK 
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E אאאK 
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١٩ J א٥٠٠
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E אK 
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E אאאאא٨٦}٠א 
 

٢٠ J א٢٠،٤
٤٠٠،٦٠،אאא٥K٪אאאא
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 KאאאאEאאEאאEא
 

٢١ J א١٠،٤
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٢٠٠אאאW 
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٢٦ J א٣٨٠
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X2`= 0.52 Ω X1 = 0.45 Ω R2`= 0.16 Ω R1=0.12 Ω 

Wאאא 
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E אK 
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E א1 ΩאאאאK 
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Wאאא 
E אK 

E אK 
E אאאאאאK 
 

٢٩ J א،٤٦٠٠،
٦٠،אאאF١ J١١EKאאאאW 

 

Ω50=mX  Ω221 == 'XX  Ω802 .R' =Ω7501 .R =  

אאאאא١٧٢٨א٨٠٠א
אW 



א آهر ٢١٨אא 
 אא אא 

          
 

- ٥٢ -  

EאאאKEאאאKEאאאKEאאK 
EאאKKEאאK 

 



א آهر ٢١٨אא 
 אא אא 
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١ J٨אאאאאW 
 

١ J٨ J١אW 
אאאאא،אא،

אא٥٧אא،א٥}١
٥}٢אא،אא،אs=1

א⎟
⎠
⎞

⎜
⎝
⎛ −

s
sR 1'

2אאאא،،

אKאאאאא
אאא،אאאאאאאא

א،א،Fאאא
אאאKE

אאאאW 
١- אאא

אאאאK 
٢- אאאאאאK

אאאK 
٣- אא،אא،א

א،אאאאאאK 

אא٢٥אא،
אאאאאא،א

אKא،א
אאאK 

١ J٨ J١ J١אאאאW 
אאאאאF١ J٢١E،

אאאאאאא
אאאא



א آهر ٢١٨אא 
 אא אא 
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אאאא،אאא
،אאאאK 

  
א١ J٢١Wאא 

אאאא  

١ J٨ J١ J٢אאW     W(Auto-Transformer) 
 

  
א١ J٢٢Wאאא  

 

אאאאאאאF١ J٢٢E
אאאאא½( )3/1א

אאא،א
אאאאא،אא

אא،אאאאKא



א آهر ٢١٨אא 
 אא אא 
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،אאא
K 

١ J٨ J١ J٣אLW 
אאאאא،

אאאא
( )3:1٥٧٪אאאאא

KאF١ J٢٣Eא،
אאא،א

אאא،א،
אאK 

 

  
א١ J٢٣Wאא\ 

١ J٨ J١ J٤אאאאאW 
אאאא

אאאאF١ J٢٤E،אאאא
אאאאאא،א،א

א،אאאא
אא،אF١ J٤٤Eאא

)Tmax(אאאאאא



א آهر ٢١٨אא 
 אא אא 
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=1)smaxKEKאאאאK
אאאאK 

 

  
א١ J٢٤Wאאאאאאא 

١ J٨ J٢ J٥אW 
אאא،

אאאאאאאא
אאKאא

אאאאK 

١ J٨ J٢אאW 
אאאאא،

אאאאאא،א
אאאאKאא

אא،אאאאאא
אKאא،Kאאא

א،אאאK 
אF١ J٥Eאאאא

אאאאאא،אאK
אאאאWא

אאK 
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 אא אא 
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١ J٨ J٢ J١אאאאאאאW 
אאאאאא،

אאאאאאאאK
אאא،אאאא

אאאאאאK
אא،אאא١٥٪א

אאKאאאאאא
אK 

١ J٨ J٢ J٢אW 
אא،אא

،אאאא،אאא،א
אאKאאאאאא،אא

אאאאאK 
א،אאא

אאאא،،
אאא،

אאאאKאאא
אF١ J٢٥EKאאא

،אF١ J٢٦KEאאאא
א(Dahlander connection) 

אאאא،א،
،א،אאא

אאא،אא
٦٠٠}٩٠٠}١٢٠٠}١٨٠٠אא٦٠K 

אאאא،א
אאאאאאאא،אא

אאאאא
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 אא אא 
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אאאKאא
אאאאKאא

אFאKE 
 

 
א١ J٢٥Wא  

 

 
א١ J٢٦Wאאא 

١ J٨ J٢ J٣אW 
אאאאאאא

אאאאKאאא
،אאאאאאא

אאאאאא
אK 

אאאא
אאאאKא

אאאK 



א آهر ٢١٨אא 
 אא אא 
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W 
١ J אא؟אא 
٢ J אאאאאא

א؟ 
٣ J אאאאאא؟אא 
٤ J אאאאFYL∆E؟ 
٥ J אאאא؟א 
٦ J אאאאא

אאאאK 
٧ J ؟א 
٨ J אאאW 

E אאאאFLEK 
E אאאאאFאLEK 
E אאאאאFLאEK 
E אאאאאאאFאLEK 
E אאאאאאFLאEK 
E אאאאאאאאאFLאEK 
E אאאאאאאאאFאLEK 
E אאאאאאאאFLאEK 

 

٩ J אאאאW 
E אK 

E אK 
E אאאK 
E אK 
E אK 
E אאאאK 
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 אא אא 
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א Eא E E E Eא Eא 
 

١٠ J א،٦٦٠Kאאא
אא٤אKאאאאאאאא

אאאאאאW 
E ٣٠٠אK 

E ١٠٠٠אK 
E ١٥٠٠אK 
 

א E٣ E٦٧}٠  E J١  
 
١١ J א،٦٦٠Kאא

אאאא٢٤٠Kאאאאאאאא
אW 

E ٦٠٠א،אאאאאאK 
E ٩٠٠א،אאאאאאK 
E ٣٦٠٠א،אאאאאאK 
 

א E١٢٠،٣٠ E٦٠،١٥ E٩٦٠،٢٤٠
 



א آهر ٢١٨אא 
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١ J٩אאאW  Single Phase Induction Motors 

١ J٩ J١אW 
،אאאאאא،א

אF١ J٢٧Eאאא،א
אא،אאאאKאא

אאא
אא،אאאאאK

אא،א
אאאאאאK 

 

 
אF١ J٢٧Eאאאאאאא

 

١ J٩ J٢אאאאאW 
،אאאאא،א

אא،אאא،א،
אאאאאF١ J٤٧EW  

  

אF١ J٤٧EW( ) ( )θω cos.tcosFF s1max1 ⋅=  

אאאא،אאאאאא،
אאא،F١ J٤٨EW  

  

אF١ J٤٨EW( ) ( )θω cos.tcosBB s1max1 ⋅=  
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אאאאאא،א
אאאא،אא،אא

א،אאאאאאאא،א
אFאאאאE،אF١ J٤٩EאאW  

  

אF١ J٤٩EW( ) ( )tcosB
2
1t-cosB

2
1B s1maxs1max1 ⋅++⋅= ωθωθ  

אאאאאא
½B1maxאא،אאאא،

אאאאאωs אאאK
אא،אאאאאא

אאאאKאאאא
אא،א

אאωsאאאאא،א
אאאF١ J٢٨E،אאאBfאאאBbא

אאBאאאא
Bf&BbאאאאאK 
 

אF١ J٥٠EWbf BBB +=  
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א١ J٢٨אאא 

אאאאא،אא
(Superposition)א،אאאא

אאאאKא،אאאא،
אאאאא،אF١ J٢٩E 

 
אF١ J٢٩EאאאאK 

 



א آهر ٢١٨אא 
 אא אא 
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אאאאאאאאא،
אאאאא،אאא

אאאא،אא
אKאאאאאאא

אFאאאאאאא
אאאאאKE 

אאאאאnאאאא،א
אאns،אאsf = s = (ns-n)/ns،א

אאאאns،(ns+n)،אא
אא sb W 

 

אF١ J٥١WEs
n

nns
S

S
b −=

+
= 2  

 

אאא٥٪(s=0.05)א،
אאאאאK 

 

١ J١٤W 
،א٢٣٠،٦٠،אא

א٤٪אW 
iK אאsb 
iiK אאאns 
iiiK אאאK 

אW 
 1.96  0.04-2 s- 2  s field backward the for Slip-i b ===≡  

rpm 1800
4

60120120
=

×
=

×
=≡

p
fn speedus synchronoThe-ii s  

rpm ( ) 17281800960 =×==≡ .ns-1n speedmotor The-iii s  
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١ J٩ J٣אאאאאW 
אאאא،

אאאאא،א
אאאאW 

١ J٩ J٣ J١ אאאW     (Split-Phase Motor) 
אאאאא،אאא،א

אאFאE،אאא،
אאאאא،

אא،א،אF١ J٣٠Eא
אKאא،

א،אאאא،
،אאא،אאאIa

אאא،אא،Imאא
،אאאF١ J٣٠E

Kאאאא،אאא
אאא،אא

אKאא،אא
א،،אאאK 

 

  
אF١ J٣٠EאאאאאK 
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 אא אא 
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אF١ J٣١WEאLאFאאאEK 

 

אאא،אא
אאאאF٧٥E٪אא،
אאאאKאF١ J٣١KE 

אאא،
אאא،אא

אאאאא،،אא
אאאאאא

،אK 
אאאא،אא

א،אאאאאא
אאK 
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١ J١٥W 
،א١١٠،٥٠אאא،אאא

אW 
אאZm  =  1.2 + j 25       Ω 
אאZa  =  12 + j 5          Ω 

אאWאאאאא،אא،
אא،אאאאאK 

אW 
אאאאאW 

 

אא 
252870325

0110
21

0110
..25j.Z

VI
m

1
m ∠

∠
=

+
∠

==  

A 252874 .Im −∠=  

אא 
622213
0110

12
0110

.5jZ
VI

a

1
a ∠

∠
=

+
∠

==  

A 6222468 ..Ia −∠=  

אאאאW 
 amt III +=  
 o

t ...I 622246825874 −∠+−∠=  
 ( ) ( )254381799531920 .j..j.I t −+−=  
A o

t ...j.I 1142810257028 −∠=−=  
א  ( ) 74201142 ..Cos =−  

אאאאאאW
 ( ) o

am ... 636462222587 −=−−−=−= φφθ  
 o

am 64.62by I lags I  
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١ J٩ J٣ J٢אאאW      (Capacitor Motors) 

אאאא،אא
אא،،אאאאK 

 

 
אאאא 


אא 

 

K אאW    Capacitor –Start Motor 

אא،א
אאאא،אאאא

א،אF١ J٣٢E،אאאא
،אאא،אא،

،Kאא
אאא،אאאIa،א

אImFאאאEאאאF١ J٣٣E،
KאK 
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אF١ J٣٢EKאאא 

 

 
אF١ J٣٣EKאLאא 

אF١ J٣٣KEאא،א
אאאא،אאאאא

אאאאאאא
אKאאאאאא،אאא

אאK 



א آهر ٢١٨אא 
 אא אא 

          
 

- ٧٠ -  

 

K אאאא:   Permanent-Capacitor Motor 

אאאאאאאאאא
א    ، ،א א    ، א 

אאKאF١ J٣٤EKאאאK 
 


אF١ J٣٤Eאאאאא 

 

א א א  א א  ،  א 
אא،،א

אאאא،אא
אא א אא   ،א  א  אא 

אאאאאאK 
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אאW   Two-Values Capacitor Motor 

 
אF١ J٣٥Eאאא 

אאא،אא
א،אא،אאK

אF١ J٣٥Eא،אא
אאאאאFאאאE،

אאאאKא،
אאאFאE،

אאאאא،א،אאא
אאא،אא

אK 
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١ J١٦W 

،אא،א١٢٧٦٠،
אאאאאW 

 

Ω3388 .j.Za +=  Ω8324 .j.Zm +=  

א א   א   א  
אאאאK 

 אW 
אאאW 

 

o
m .

.

.tan 1442
24
831 =⎟

⎠
⎞

⎜
⎝
⎛= −φ  

אאאW 
o

ma .864790 =−= φφ  

אXcאW 

( ) 118647
88

23 ..tan
.

.X c ==
−  8647

88
231 .

.
.X

tan c =⎟
⎠

⎞
⎜
⎝

⎛ −−  

Ω 9312238811 ..).(.X c =+×=  

אW 

 cfc
X c ⋅⋅⋅

=
⋅

=
πω 2

11 

Fµ205
9312377

11
=

×
=

⋅
=

.X
c

cω
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١ J٩ J٣ J٣ אאאW    Shaded-Pole motor 

אאאאא،
   א ،    F E      

א،אא (Shading Coil)،אF١ J٣٦EK 

 

 
F١א J٣٦Eאאאא 

 

אא،אאאא
אאאא אFא אE،אאאא

א،אאאאא
אאאKאF١ J٣٦Eא،
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אאאK،אאאא
 Kאאאאאאאאא
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אאW 
 Wאאאא

١- אFאאEא،אאKKKK 
K אא 
K א 
K א 
K א 

 
٢- אאאKKKK 

K K 
K K 
K אK 
K אאK 

 
٣- אאאאא

אאKKKKKKKK 
K אא 
K א 
K א 
K א 

٤- אאאKKKKKK 
K אאאאK 
K אK 
K אK 
K אK 

 

٥- אאאאאKKKKK 
K אK 
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K אאאK 
K אאאK 
K אאK 
K K 

 
٦- אא،אאאאKKKKKKKK 

K אK 
K אK 
K אאK 
K אK 

 
٧- אאאאKKKKKK 

K אאK 
K אK 
K אאK 
K אאK 

 
 KKKKKKKא،אאאאא -٨
K אאK 
K אאK 
K אאK 
K אאK 
 

٩- אאאאאאאאK 
K אאאאאK 
K אאK 
K אK 
K אK 
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W 
 

١ J ؟אאאK 
٢ J אאאאאK 
٣ J אאא؟אא 
٤ J אאאאא؟אא 
٥ J אאא؟אאא 
٦ J א؟אאאא

אאK 
 

٧ J א٢٣٠،٥٠(2p = 6)א
א٥א٪אW 

iK אא( sb )K 
iiK אאns 
iiiK אאאK 
 

٨ J אא،א١٢٠
٦٠אאא،אאW 

 

Ω0348 .j.Za +=Ω6324 .j.Zm += 
 

אאאאא( 80˚ )
אאאאK 

 


