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אא 
Induction Motors 

 
אאWאאאאא

אאK 

K 

אאW א א אאאאא
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١. אאאאאא 
٢. אאאאאאאאK 
٣. אאאK 
٤. אאאאא 
٥. אאאאאאK 
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٧. אאאאK 
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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
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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 
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P
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אF١ J٥EWאאאאא
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אאא١٢٠

אאאאאאאאא،א
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אאאFn JnsEאא،nאאא،
אאFnsEאKאאא

אאאאאאאאא
אF١ J٦E،אאאאא
F١ J٢EW 

 

אF١ J٢E)( srrs SinFFT δ⋅⋅∝  
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TWאK 
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אאא،،אאאא
אאאאאאאאW 

 

אF١ J٣Ennn sf −=  
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אF١ J٤E

nnn sslip −==Speed Slip  
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==Slip
 

100×
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==
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 
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אאאאאאאאאא

אאFאKEאאאאאאא
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=
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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،
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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
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2
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N
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⎤
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⎡
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N
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2
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⎦

⎤
⎢
⎣

⎡
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s
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2 {אF١ J١٣E،

אאאאאF١ J١٠EW 
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⎡ −
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sRR
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2
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'
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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⎥⎦
⎤

⎢⎣
⎡

⎟
⎠
⎞

⎜
⎝
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⋅
s
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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
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⎟
⎠
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⎜
⎝
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אאאאRc,Xm،
אאRc,Xm ،א

אW 
אאאאF١ J١١WE 

 

m

m I
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c

c I
VR 1=  

V1א 
אאאאF١ J١٥EIm , Ic Io

W 
אF١ J١٦E 

oom SinII φ⋅=ooc CosII φ⋅=  
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o

o IV
PCos

⋅⋅
=
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⎠

⎞
⎜⎜
⎝

⎛
⋅⋅
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o

o IV
PCos
1

1

3
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אF١ J١٩E 
oom
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V

I
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ooc

c CosI
V

I
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 JאאFאאאWE 
WLocked Rotor Test (or Short Circuit Test) 

אאאאאF١ J١٦Eאאא
אא،אאאא

אאאאאאא،אא
אFEאאא،אW 
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אאאאאאאFא
אEאK 
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⎟
⎠
⎞

⎜
⎝
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⋅
s
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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
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32.17

1
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I
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אאאאאW 
 

אאאא P=179 W IL=7.53 A VL=127 V 
אאאא P=1265 W IL =34.64 A VL =39.3 V 
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'XXאאאאא 21 = 

אW 
אאאR1אF١ J٢١EW 
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203
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×
=

⋅
=
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dc

I
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3
53.7

3
=== L

o
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3 1

=
××

=
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=
o

o IV
PCosφ  
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o Cos 8.83108.01 == −φ  
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Ω 78.270
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×

=
⋅

=
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=
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oo
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3
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3
'
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٢٦ J א٣٨٠
٦٠אא،אאאW 

 

X2`= 0.52 Ω X1 = 0.45 Ω R2`= 0.16 Ω R1=0.12 Ω 

Wאאא 



א آهر ٢١٨אא 
 אא אא 
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E אK 
E אK 
E אאאאK 
E א1 ΩאאאאK 
 

٢٧ J א
٢٢٠אאא،W 

 

X2`= 0.86 Ω X1 = 0.82 Ω R2`= 0.6 Ω R1= 0.4 Ω 

אאאאא١٥٠٠אאאאאא
١٤٤٠אא،אW 

E אאK 
E אK 
 

٢٨ J א٣٨٠
٦٠אא،אאאW 

 

X2`= 0.52 Ω X1 = 0.45 Ω R2`= 0.16 Ω R1= 0.12 Ω 

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 



א آهر ٢١٨אא 
 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



א آهر ٢١٨אא 
 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 

 



א آهر ٢١٨אא 
 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 
 אא אא 
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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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 אא אא 
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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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אF١ J٣١WEאLאFאאאEK 

 

אאא،אא
אאאאF٧٥E٪אא،
אאאאKאF١ J٣١KE 

אאא،
אאא،אא

אאאאא،،אא
אאאאאא

،אK 
אאאא،אא

א،אאאאאא
אאK 



א آهر ٢١٨אא 
 אא אא 

          
 

- ٦٧ -  

 

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 
 



א آهر ٢١٨אא 
 אא אא 
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אF١ J٣٢EKאאא 

 

 
אF١ J٣٣EKאLאא 

אF١ J٣٣KEאא،א
אאאא،אאאאא

אאאאאאא
אKאאאאאא،אאא

אאK 
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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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 אא אא 
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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 



א آهر ٢١٨אא 
 אא אא 
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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



א آهر ٢١٨אא 
 אא אא 
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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 



א آهر ٢١٨אא 
 אא אא 
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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 

 



  

- ٠  -  

אאאאאא  

אאאא  


א

א


א




٢
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אאא 
אאאאא 

 
אאWאאאאאאא،אאK 

 
אאW א א אאאאא
אW 

 
Kאאאאא .١ 
٢. אאאאאK 
٣. אאאאאK 
٤. אאאאאאאאK 
٥. אאאאאאK 
٦. אאאאאK 
٧. אאאאאאK 
٨. אאאאK 
٩. אאאאK 
١٠. אאאאאאאאK 
 Kאאאאאאאאא .١١
 Kאאאא .١٢
١٣. אאאאK 
١٤. אאאאאאאK 
١٥. אאאאאK 
١٦. FVEאאK 
١٧. אאאאK 
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אאW٢٦K 
 

אאWאאאאאאאK 
 

אאWאאאאאא
FאאEK 
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אאא 
אאאאא 

W 
אאאאאאאאאאKא
אאאאאאאא،א

אאאאאאאאא
אאK 

אאאא،،אאא،
٩٨٪אאאאאאאאא

אאאאאK 
אאא،אאאא

אאאאאאאאאא،א
אאאKEאאאאאא،Fאא

"Synchronous Generator"אא"Prime-Mover"
אאאאאאאאאאאאK

אאאא"Turbo-Alternators"אFEKא
אאאא"Hydraulic Turbine"،אאא

אאאאKאאאא
א١٠٠אא،אאאאא

אאא،אא"Reactive 
Power"אאאא"Synchronous Compensators"

אאא(Synchronous Capacitors)K 
١٨٧٦אאאKKאאאא

אא"Multi-phases"אאאאא،אK
אאאאאאKKK

אא٢٣٠א،،אא
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אאא،אא،א
אאאא"Electro-Magnetic Loading"،א

אאאאאK
אאאאאאאאאאK 

٢ J١אאאאW 
אאאאSynchronous MachineW

אאאאArmatureא
אא،אאאא

אאאאאW 
١- אאאאאK 
٢- אאאא

אK 
٣- אאאאאK 
٤- אא٢٦אא

אK 
٥- אאK 

אאאאאFאEאאא
אאK 

٢ J١ J١אאW 
אאאאאאא

א،אאאא)Silicon Steel(
אאאאאאF٢ J١EKא

אאאאאKאא
אאאאא

א١٢٠،א
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א،אאאK
(√3)אאאK 
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א٢ J١אאאאאא 

٢ J١ J٢אאאW 
אאאאאא

אאאאאאאאאא
אאאא،

אאאאאא
אאאאאא

א،אאאW 

 Jא       Salient Pole Rotor 
אאאאאאאאאאא

א،אאאאא
א،אא،אF٢ J٢E

F٢ J٣EK 
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א٢ J٢Wאאא 

 
א٢ J٣Wאאאא

٩٢٥٢٣٥א٣٧٨ 
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 Jאא       Cylindrical Rotor 
אאאאאאאאא

א،אא،א
אאאא،א،

אאאKא
אאאא،אאF٢ J٤EF٢ J٥KE 

אאאאאאאאאאW 
 אאאאאאאK 
 אאאאאאאK 
 אאאאאאא

K 
 Kאאאאא 

 

 
א٢ J٤Wאאאא 
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א٢ J٥Wאאא

٣٧٥١٨٠ 
 

٢ J٢אאאW 
אאאאאאאאאא٢٥אא

אאאאא،Kאאאאא
Kאאאא 

אאאא ٢٥אאאא
אאW 
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 אא١٠٪אאאאא٩٠٪
אאאאאאאK 

 אאאאאא
K٪٣٠אאא،אא 
 אאאאאא،אאאאK 
אאאאאאK 

אאאא٣٠٠אאא
אאאא،אאא

،אאאא،
אאאאאאאא،א

אאאאאK

٢ J٣אאאאW 
אאאאאאאF

Eאאאאאאאאא
אאאאExciter

אא،אאאא
אאאFאאאEאאאK 

אאאאאאאאא
אא،אאאאאא

FאאEאא١٢٠
אאאא١٢٠،א

אאאאאאאא،אאא
،אאאאאא

אאאאאאאא
אאא،אאאאאאאאא

אאאW 
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120
P.nf =  אF٢ J١WE

א א א   א א אא  
אW 

Wphph KTfE .....2 φπ=  אF٢ J٢WE
Wphph KTfE ....44.4 φ=  

 

W 
f  Wא 

 φWאא 
TphWא 
KwWאF١E 

 

٢ J٤אאאאאW 
אאאאאאאאאאא

אאאאאאאאאא
אאאא،אאאאאאאא

אאאאאKאאאEphא
F٢ J٢Eאאאאאא،

אאאאאVph،
אאאW 

 א(Armature Reaction)،א(Xa)K 
 אא(Ra)K 
 אאא(Xl)K 
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٢ J٥אW        Armature Reaction 
אאאאאא،

אאאא١٢٠،
אאאאאא١٢٠،

אאאאאא
אאאאאאאאאא،אאא

אאאאאK 
Wאאאאאאאאאאאא
אאאאאא،אאאא

Eph،אאאאאאאEar،
אאאאאVphאאא

אאאאאBTotalא،F٢ J٦KE 
 

sRTotal BBB +=  אF٢ J٣E
arphph EEV +=  ٢_א J٤E 

 

 
א٢ J٦Wאאאאאאא 
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אF٢ J٦EאIphא
אEphאאאאא،Bsאאא

Earא،אEarאאאא
א٩٠אאא،א

W 
 

phaar IjXE ⋅−=  אF٢ J٥WE

אאF٢ J٤EW 
 

phaphph IjXEV ⋅−=  אF٢ J٦WE
 

אF٢ J٦EאאאF٢ J٧EW 
 

 
א٢ J٧WאאF٢ J٦E 

 

Wאאאאא
 (Armature Reaction Reactance)אאאאא

אאאאא
(Armature Leakage Reactance)אאאRaא

אאXl،אאW 
 

phaphlphaphph IjXIjXIREV ⋅−⋅−⋅−=  אF٢ J٧WE
 



א آهر ٢١٨אא 
 אא אאא 
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אF٢ J٧E(Armature Leakage Reactance)א
אא Xl(Armature Reaction Reactance)אאא

א Xa אאאא(Synchronous Reactance)Xs 
 

Xs = Xa + Xl אF٢ J٨WE
 

אאW 
 

phsphaphph IjXIREV ⋅−⋅−=  אF٢ J٩WE
 

אF٢ J٩Eאאאאא،
אאאאאאאF٢ J٨E

אאאK 
 

 
א٢ J٨Wאאאאא 

 

אF٢ J٨Eאאאאאאאאאאא
א،אאאאאא

אאאא،אא
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אאאאאאאא
אF٢ J٩KE 

 

 
א٢ J٩Wאאאאאאא 

 

אאאW 
 

אF٢ J١٠WE phsphph IjXEV ⋅−=  

٢ J٦אאאW      Phasor Diagram 
אאאאאאאאFאאאE
אאא

א(Phasor Diagram)אא،אאאאא
אאאאאאאאF٢ J١٠Eא

אאF٢ J٩EאאF
E،אאאאא

אאאאאאאF٢ J٧KE 
אF٢ J١٠EVph)>(EphFEphُVphEאא

אאאK 
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א٢ J١٠WאאאאWFEא

א،FEאאא،FEא
 

אאF٢ J١٠Eאאאאאא
EphאאאאאאVphאא

א،אא)δ ( تكونאא،א
 Kאאאאאאא

 

٢ J٧אאאאאW 
אאאאאאא

אאאאא،אאאאא
אאאאאאK 
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 JאאFאאאאEW    Test Open Circuit 

אאאאאF٢ J١١Eאא
אאאאIFאאא،אא
אאאאאאאEph،א
אEphאIFא،אאF٢ J١٢E،

אאאאOpen Circuit Characteristic(O.C.C.) א
Magnetization CurveK 

 


א٢ J١١Wאאאאא 

 

 
א٢ J١٢Wאאאאא 
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 JאאW        Short Circuit Test 
אאאאאאאF٢ J١٣Eאא

אאאאIFאאIsc،
אאF٢ J١٤E،אאShort 

Circuit Characteristic (S.C.C.)אאאאא
אאK 

 


א٢ J١٣Wאאאאאאא 

 

 
א٢ J١٤Wאאאאא 
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F٢ J١WE 
אא٢١،٣٦

،אאאא٩אא١٠٠٠،אא
F٢ J١٥EKאאאאאאW 

١ J אK 
٢ J א٣٦אK 
٣ J ١٢K 
 

  
א٢ J١٥Wא٢א J١ 

אW 
١ J א 

KV 123213 ==== //VVE Lphph  
אאאאא١٠٠ 

٢ J א٣٦אFאאE 
 

 φCosIVP LL ⋅⋅⋅= 3  

A o

L

Lph V
PII 01000

10213
1036

3 3

6

∠=
××

×
=

⋅
==  

 phs
o

phph IjXVE ⋅+∠= 0  
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V ( ) oo
ph .j/E 873615000100090321000 ∠=××+∠=

 

א١٥אאאא٢٠٠K 
 

  
א٢ J١٦WאF٢ J١E 

 

٣ J ١٢،א٩٠אK 
 

 φSinIVQ LL ⋅⋅⋅= 3  

A o

L

Lph V
QII 90333

10213
1012

3 3

6

∠=
××

×
=

⋅
==  

 phs
o

phph IjXVE ⋅+∠= 0  

V 
( )

oo
ph

ooo
ph

E
/E

090001803000012000
903339090321000

∠=∠+∠=

∠×∠+∠=
 

 

א٩אאאא٧٠K 
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٢ J٨אאא) (XsאאאאאאW 
אאא)Xs(אאאאאא)O.C.C.(

אאא)S.C.C.(אF٢ J١٧EW 
 Wאאא)IF()Zs( א -١

 

BC
AC

I
E

Z
sc

ph
s ==   

 

٢- )Xs(אאW 
 

אF٢ J١١WE22
ass RZX −=  

 

Raאאאאא
אאאK 

אIF، XsאF٢ J١٧E،Xs
אאאאא)O.C.C.(אאאא

א،אאא،אK
א(Xa)K 

 

 
א٢ J١٧Wאאאאאא 
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F٢ J٢WE 
אאאאאא١٥

א١٤٠٠،אאאא٢١٠٠٠
א،אאאאאK 

אWאאW 
KV6683153 .//VVE Lphph ====

אאא 

Ω4120
21000
8660 .

I
E

ZX
sc

ph
ss ====  

 

٢ J٩אW       Voltage Regulation: 
אאאאאאא

אאאKאאאאא
אאאאאאאא

،אאאא،
W 

 

Per unit Voltage Regulation = 
ph

phph

V
VE

.R.V
−

=  אF٢ J١٢WE

אFאאאEFאE،
אאאאאא

אאא،אאאאא
אא،אאאאאאאא
אאאאF٢ J١٨EאW 

 


OA
AC.R.V =        for unity power factor ٢ J١٣ 
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OA
ADRV =..        for p.f. of 0.8 lagging 

 

 
א٢ J١٨אאאא 

אF٢ J١٨Eאאא،א
אאא،

אאאKאא
F٢ J١٠EKאאאא،Eph

אF٢ J٩EאאF٢ J١٢KE 
 

F٢ J٣WE 
אF٢ J١٩EאאאאאF٢ J١Eא

א٩}٠א٩}٠،אאאאK 
 

For unity power factor load- %
OA
AB.R.V 25100

12
1215

=×
−

==  אW 

For p.f. of 0.9 lagging- %
OA
AC.R.V 50100

12
1218

=×
−

==   

For p.f. of 0.9 leading- %
OA
AD.R.V 8100

12
1211

−=×
−

==   
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אF٢ J١٩WEאאאאF٢ J٣E

 

F٢ J٤WE 
אאא،٤٨٠א

٦٠ ،אאאאF٢ J٢٠Eא،א١}٠אΩ
א٠١٥}٠Ω،א١٢٠٠אא٨}٠אא،

א٤٠אא٣٠אאאא
W 

EאאאFאאE؟ 
Eאאא٤٨٠א 
Eאא١٢٠٠٨}٠א،

אאא٤٨٠K 
EאאK 
Eאאא؟אאא، 
Eא١٢٠٠א٨}٠،
אאא٤٨٠K 
EאאאFEFE 
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א٢ J٢٠WאאאאאF٢ J٤E 

 

אW 
א 

 
3

Line
ph

II =  o
Lineph VV 0480∠==  

 

EאאאW 
 

rpm 1800
4

60120120
=

×
=

⋅
=

P
fns  

 

EאEPh = VPh 
אאאאF٢ J٢٠Eאא٥}٤K 
 E   א  א  ١٢٠٠  ٨}٠א،א

אאאфW 
 

 ( ) o..Cos 8736801 == −φ  

A o
ph ..I 87368692

3
1200

−∠==  
 

אF٢ J٩EאאאEPhW 
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( ) ( ) ( ) ( )87368692108736869201500480 ...j...E
IjXIRVE

ph

phsphaphph

−∠⋅+−∠⋅+∠=

⋅+⋅+=
 

3.5532∠=phE  V 

אא   VPh ٤٨٠ אא א   EPh ٥٣٢،
אא אאF٢ J٢٠E 

אIF٧}٥K 
EאאאאW 

אאאW 
אאאW φCosIVP LLut ⋅⋅⋅= 30  

kw 7988.012004803 =×××=outP  
אאא aphcu RIP ⋅⋅= 2

1 3  

kw ( ) ( ) 6.21015.08.6923 2

1 =⋅⋅=cuP  
אאאאW fcorecuoutinp PPPPP +++= 1  

kw 6.88940306.21798 =+++=inpP  

אW %7.89100
6.889

798
=×==

inp

out

P
Pη  

 

Eאאאאאא)EPh=VPh(א،
אאאאאא٥٣٢ 

EEPhאFEאאאא
אW 

 

( ) ( ) ( ) ( )87.368.6921.087.368.692015.00480 ∠⋅+∠⋅+∠=

⋅+⋅+=

jE
IjXIRVE

ph

phsphaphphE  

97451 .Eph ∠=  V 
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אא   VPh ٤٨٠ אא א   EPh ٤٥١،
אאאאF٢ J٢٠E

א١}٤K 
EאW 
 

אFWE %.
V

VE
.R.V

ph

phph 810100
480

480532
=×

−
=

−
=  

אFWE %.
V

VE
.R.V

ph

phph 046100
480

480451
−=×

−
=

−
=  

אאאK 
 

F٢ J٥WE 
אאאאא١٠،

٢٣٠،א٢}١אא٥}٠،א
אאאאאא٨}٠אK 

אW 
אאאאфW 

 

V oL
ph .VV 08132

3
230

3
∠===  

A 
( ) 8736125

2303
1010

3

3

..
V

KVASII
L

Lph −∠=
×
×

=
⋅

==  

 phsphaphph IjXIRVE ⋅+⋅+=  

 87361259021873612505008132 .......E ooo
ph −∠×∠+−∠×∠+∠=  

V 
oo

ph .....E 135312308736551208132 ∠+−∠+∠=  

V 76161.Eph =  

אאאאא 

F٢ J٢١E،אW 
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 ( ) ( ) ( )222 ABOAOB +=  

 ( ) ( )222
sphphaphphph XISinVRICosVE ⋅+⋅+⋅+⋅= φφ

V ( ) ( )22 2112560813250125808132 ........Eph ×+×+×+×=

V ( ) ( ) 7616112306879551224106 22 .....Eph =+++=
 

  
אF٢ J٢١WEאF٢ J٥E  

א:  
 

 %.
.

..
V

VE
.R.V

ph

phph 821
8132

813276161
=

−
=

−
=  

 
F٢ J٦WE 

אאא،אא
 

אW 
אאאאфW 

 

A 8736125 ..I ph ∠=  

 sphphph ZIVE ⋅+=  

 ( ) 631821508736125 .j.j...ZI sph +−=+×∠=⋅  

V 631808132 .j.E o
ph +−∠=  
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V 7128.Eph =  

א:  
 

 %.
.

..
V

VE
.R.V

ph

phph 13
8132

81327128
−=

−
=

−
=  

 
F٢ J٧WE 

אאאאאאא١٨٠٠
א،١٥٠א٦}١٢٦٠،א

٥٣٥}١KאאאאאאW 
 

14.2 13.5 12.6 11.3 9.8 7.8 5.8 3.8 VL(KV) 
900 800 700 600 500 400 300 200 IF(A) 

אאאאאא،אא
٧٠٠א،W 

١ J אאאאK 
٢ J אאאאK 
٣ J אאאאא٨٥}٠אאK 
٤ J אF٣Eאא٨٥}٠K 

אW 
אאFאאWE 

 

A 8086
8506123

10150
3

3

=
××

×
=

⋅⋅
=

..CosV
PI
L

ph φ
 

אאאאאא،אא
אאXאאF٧٠٠٨٠٨٦E،א

F٢ J٢٢KE 
١ J אאאאאF٢ J٢٢EW 
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Ω/phase 9790
64

387 .
.
/.

BC
ACX s ===  

 

  
٢א J٢٢WאאאאF٢ J٧E 

 

٢ J אאאאאF٢ J٢٢EW 
 

Ω/phase 8470
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3513 .
.
/.
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8506123
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 phsphaphph IjXIRVE ⋅+⋅+=  
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3
10612 3

3

−∠×∠+−∠××+
×

= −
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V
o
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ph

phph 7569
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٤ J אאEphאא٨٥}٠W 
 

A8318086 .I ph ∠=  

 phsphaphph IjXIRVE ⋅+⋅+=  

 ( ) ( )ooo
ph .....E 83180869084708318086105351

3
10612 3

3

∠×∠+∠××+
×

= −  
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ph ..j.E 857689055827553676 ∠=+=  
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phph 35
7275
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−
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−
=  

 
אאאF٢ J٢٣EFE٨}٠א،FE

٨}٠K 
 

 
אF٢ J٢٣WEאF٢ J٧FEEאאFEא

אאאאאאא
אאאאK 
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٢ J١٠אאאאאאW 
אאאאא

אאא،אאאאאאאאא
א،אאאאא،

אאK 
אאאאא

אאאאאאאא
אאאאK

אאאאאאאאאאא،
אאאאאאאאאא

،אKאא
אאאאאאא

،אאאא)Infinite Bus 
Bar(. 

אאאאאאאW 
١- אאאאאאאאK 
٢- אאאאא،

אאאאK 
٣- אאאאאא

אאK 
٤- אאאא

אK 

אאאאאאW 
אאאאאאאא

אKאאאאאאאא)Synchronization(
אאW 
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١- אאFr.m.s. valueEאאאK 
٢- אאK 
ABCACBאאא -٣ 
٤- אאFאאaאEK 

אאאאא،
אאא

אK 

٢ J١١אאאאאאאאW 
אאאאאא

אאאאF٢ J٢٤E،א
א(Governor or Droop Characteristics): 

 

 
٢א J٢٤אאאא 

  

 
٢א J٢٥אא 
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אFEאאא،
אאאאאאא،אאא

٤٦٪אא،Kאא
אאאאF٢ J٢٥KE 

אאאאא
אאF٢ J٨EW 

 

F٢ J٨WE 
אאא٢٠٠٠א،א

אא٥٠א٤٨אא،
אאא٥٠א٥}٤٧

אאW 
١ Jאאא٣٠٠٠א؟K 
٢ Jאאא،א

؟אK 
אW 

אא،א،אאא
 F٠}٥٠ EF٢٠٠٠}٤٨ E א  א א   F٠ J٥٠ EF٢٠٠٠ J

٥}٤٧E K   א  א אא    ،   
אFאEאאFא(abcd،אאא

אאא(dh) אאאF٢ J٢٦EK 
 

١ Jאאא ٣٠٠٠אא،א א א א 
אא،(abcd)،אאאא

א،אF٢ J٢٦E،אאא
א١٦٦٦אאא١٣٣٤אא،אא

אאא،אאאK 
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٢ Jאאאאאא،
אאא٢٠٠٠א،אא

אאאא(efgh)،١٦٠٠אאK 

 
א٢ J٢٦WאF٢ J٨E 

 

F٢ J٩WE 
אאא٢٠٠٠א،א
אא٦٠א٥٨אא،

אאא٦١א٤٧א
אW 

١ Jאאא٣٠٠٠א،؟K 
٢ Jאאא،א

א؟K 
٣ Jאאאא،אאא؟ 

אW 
אא،א Kאא

  אF٠}٦٠ EF٢٠٠٠}٥٨ KE  א  א א  F٠ J٦١E
F٢٠٠٠ J٥٧E Kאאאאא، 
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א(hkmn) & (defg) & (abc)،אא
،אאאאאא(ngcs) 

אF٢ J٢٧KE 
 

 
א٢ J٢٧אF٢ J٩E 

 

١ Jאאא ٣٠٠٠אא،א א א א 
אא، ،א א א א

א،א،אאאא(f)
١٦٦٧אאאא (e)١٣٣٣א،אא٣}٥٨

א(d)K 
אאאאאאאאא٢٠٠٠

א،אאאאא٢٠٠٠א 
٢ Jאאאאא،

א א א  ٢٠٠٠ א      א(m) ، 
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٢ J١٨אLאאאW 
אאא

אא،אאא
،אאאאאאאא

אאאאאאFאאE
،אאאאאאאא

אא(Tmax)אF٢ J٤٢EW 
 

  
א٢ J٤٢WאLאאא 

 



אא ٢١٨   
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٢ J١٩אאאאאW 
אאאאאא،

אאאאא
א،אא

אSynchronous Condenser 
 

אאאW      The Synchronous Condenser: 

אאאאאאא
א،אאאאאא

אKאאאא
אאאאK 

אאאאאא
אאאא EphאVphאאא(δ=0)،

אEx(Ex=Vph-Eph)א١٨٠،אIא٩٠
Exאא٩٠Vphא

F٢ J٤٣aE،אאVph٩٠،אא
אאKאאאאEph،א

ExאI،אאא
א،אאאאאK 

 

  
א٢ J٤٣Wאאאא  

אאאא،
אאאא
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אKאאאאאEph 
אVphא Ex(Ex = Vph - Eph)Vph،אI

א٩٠ ExאאאVphא
F٢ J٤٣bE،אאK 

אאאאאאא٢٠٢٠٠،
אאאKאא،

אאאאK 
 

F٢ J١٨EW 
אא١٦٠

١٦،Kאאאא٢٨}١אא
אאEphFאאאאאEאW 

١ J א١٢٠ 
٢ J א١٦٠ 

אW 
١ J א١٦٠W 

A 4335
160003

10120
3

6

=
×

×
=

⋅
=

LV
QI  

 
א V092503/160003/ ∠=== Lph VV  

אאאIאVph٩٠،אW 
A 904335∠=I  
V 18055509028.1904335 ∠=∠×∠=⋅= sx jXIE  

EphW 
 xphsphph EVXjIVE −=⋅−=  
 ( )9028.190433509250 ∠×∠−∠=phE  
V ( ) 014800180555009250 ∠=∠−∠=phE  
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EphVphאF٢ J٤٤aE 
 

  
א٢ J٤٤F٢ J١٨E 

 

٢ J א١٦٠W 
 

A 5780
160003

10160
3

6

=
×

×
=

⋅
=

LV
QI  

אאאIאאVph٩٠،אW 
 

A 905780 −∠=I  
V 074009028.1905780 ∠=∠×−∠=⋅= sx jXIE  

 

 sphph XjIVE ⋅−=  
 ( )9028.190578009250 ∠×−∠−∠=phE  
V ( ) 018500740009250 ∠=∠−∠=phE  

EphאVphF٢ J٤٤bE 
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٢ J٢٠אאאאW 
אאאא،אאאאא

אאאא،אאאאאא
אW 

 Jאא 
אאאאא(pony motor)א

אאאא،אאאאאא
א،אאאאאאאK 

 Jאא 
אאFאאאאאא

אEאאאא
אא،אאאאאא

אאאאאא،
אאאאאא

אאאאאאאאאאא،
אאאאאאא،אאא

אאאאאK 
 

 Jאאאאאא 
אאאאאאאאא

אאאאFאאאאאE،א
א،

אאאאאאאאאא
אאאאאאאאא

אאאאאאKא
אאאא(synchronous-induction motor)K 



אא ٢١٨   

אאא אא  
 

 

- ١٤٢ - 

 JאאאאאאW 
אאאאאאאאאא

،אאאאאאאאאא،
אאאאאאאא

אא،אאאאאאאא
אאאאאאא،

אאאא 

 Jאאא 
אאאאאאא

אאאאאא
אאאאאאאאא،

אאאא،אאאא،אאא
אאאאאאK 

אאאאאא
אא،אאאא

אאאאאא
אK 
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W 
١ J ؟אאא 
٢ J אאאא؟ 
٣ J ؟אאאאא 
٤ J ؟אאאאאא 
٥ J ؟אאאאאא 
٦ J אאאאאא؟؟א 
٧ J ؟אאא 
٨ J ؟אאא 
 

٩ J אא،אאK
אא؟אאאK 

אW FאKE 
 

١٠ J אאאא٤٠٠
אFE٦٠אKאאא١

אא١ JאאEphK ٢ JאאδK 
אW١ JF٦}٢٤٦E ٢ JF J٥}٢٠E 

 
١١ J אא٣٦٠

٥٠אאא١}٢אא٩٦٠א
אא١٤٢٠א١١א٨}٠،

W 
 Jאאא 
 JEPh ،IPh  ،ILine 
 JאאאPאאδK 
 JאאTאאδK 

 JאTmax. 
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אאא אא  
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١٢ J א٤٨٠א
אא١אאאאKא

א٤٠٠٠،٨٥W 
 JאEPh ، IPh 

 JאאאPאאδK 
 JאאTאאδK 
 JאK Tmax 

 

١٣ J אא٢٠٠א
٣٨٠אאא٢٤٠אKאא

א١אאW 
 JאאאPאאδK 

 JאאTאאδK 
 JאTmaxK 

 

١٤ J אא١٤٠
١٦،Kאאאא٢٥}١

אאאאEphFאאאאאEאW 
א Jא١٠٠K 

 Jא١٤٠K 
  



א آهر  ٢١٨ אא 
   אא  
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א 
Induction Motors ٣  

אאאWThree Phase Induction Motors ٣  

W ٣  

١J١ JאאאW٤  

١ J١ J١אא٤  

١J١ J٢אאאW٥  

 JאאאאW ٥  
 JאאאאאW ٦  

١J٢אאאאW٧  

١J٣אאאW١٠ 

١J٤אW ١١ 

١J٥אאאאאאW١٢ 

W ١٥ 

١J٦אאאאאWThe Equivalent Circuit١٨ 

١J٦ J١אאאאאאW ٢١ 

 JאאFאאאאWWENo Load Test or Open Circuit Test ٢٢ 

JאאFאאאWE 
WLocked Rotor Test (or Short Circuit Test) 

٢٤ 

 JאאאW    Dc Test: ٢٥ 

W ٢٩ 

١J٧אאאאאW٣١ 

١J٧ J١אאאאW٣١ 

١J٧ J٢אאאאW٣٧ 

١J٧ J٢ J١אאאאא) ms  (W ٣٩ 

W ٤٦ 
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١J٨אאאאאW ٥٢ 

١J٨ J١אW٥٢ 

١ J٨ J١ J١אאאאW ٥٢ 

١ J٨ J١ J٢אאW  W(Auto-Transformer) ٥٣ 
١ J٨ J١ J٣אW٥٤ 

١ J٨ J١ J٤אאאאאW ٥٤ 

١ J٨ J١ J٥אW٥٥ 

١J٨ J٢אאW٥٥ 

١ J٨ J٢ J١אאאאאאאW  ٥٦ 
١ J٨ J٢ J٢אW ٥٦ 
١ J٨ J٢ J٣אW ٥٧ 

W ٥٨ 

אאא   

١J٩אאאWSingle Phase Induction Motors٦٠ 

١J٩ J١ JאW٦٠ 

١J٩ J٢אאאאאW٦٠ 

١J٩ J٣אאאאאW ٦٤ 

١J٩ J٣ J١אאאW(Split-Phase 
Motor)  

٦٤ 

١ J٩ J٣ J٢אאאW(Capacitor Motors) ٦٧ 
K אאW ٦٧ 
K אאאא                 :(Permanent-Capacitor Motor.)٦٩ 
K אWTwo-Values Capacitor Motor.)(٧٠ 
K אאאW )(Shaded-Pole Motor٧٢ 

אאW ٧٤ 

W ٧٦ 
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אאא ٧٩ 

אאאאא ٧٩ 

W ٧٩ 

٢J١אאאאW٨٠ 

٢ J١ J١אאW٨٠ 

٢ J١ J٢אאאW٨١ 

 Jא      Salient Pole Rotor ٨١ 

 Jאאא      Cylindrical Rotor ٨٣ 

٢J٢אאאW٨٤ 

٢J٣אאאאW٨٥ 

٢J٤אאאאאW٨٦ 

٢J٥אW       Armature Reaction  ٨٧ 

٢J٦אאאW   Phasor Diagram  ٩٠ 

٢J٧אאאאאW٩١ 

JאאFאאאאWE   Test Open Circuit ٩٢ 

JאאW      Short Circuit Test ٩٣ 

٢J٨אאאאאאאאאW ٩٦ 

٢J٩אW Voltage Regulation: ٩٧ 

٢J١٠אאאאאאW١٠٧ 

אאאאא ١٠٧ 

אאאא ١٠٧ 

٢J١١אאאאאאאאW ١٠٨ 

٢J١٢אאאאW١١٢ 
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 JאאW ١١٢ 

 JאאאFאWE)Synchroscope( ١١٤ 

٢J١٣אאאאאW١١٦ 

W ١٢١ 

אאאא ١٢٦ 

٢J١٤אאאאW١٢٦ 

٢J١٥אאאאW١٢٦ 

٢J١٦אאאאאאW١٣٢ 

٢J١٧)V(אאW١٣٤ 

٢J١٨אLאאאW١٣٦ 

٢J١٩אאאאאW١٣٧ 

 JאאאWThe Synchronous Condenser: ١٣٧ 

٢J٢٠אאאאW١٤٠ 

 JאW ١٤٠ 
 JאW ١٤٠ 
 JאאאאאW ١٤٠ 
 JאאאאאW ١٤١ 
 JאאW ١٤١ 

W ١٤٢ 

אא١٤٤ 
 


