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K אאK 
K אאK 



א٢٤٥ א   

אאא אאא א 
 

 

-٢٨- 

K אאK 
K אאK 

 
٩WאאאאאאאאK 

K אאאאאK 
K אאK 
K אK 
K אK 



א٢٤٥ א   

אאא אאא א 
 

 

-٢٩- 

W
 

١ ١W؟אאאK 

١ ٢WאאאאאK 

١ ٣Wאאא؟א 

١ ٤Wאאאאא؟א 

١ ٥Wאאא؟אאא 

١ ٦W؟אאאאא
אאK 

 
 ١ ١ W א  ٥٠-Hz, ٢٣٠-V, (٢p = ٦)א

אאs = ٠٥}٠אW 
iK אא( sb )K 

iiK אאNs 

iiiK אאאK 

 ٢-١W   ،א    א  א   ١٢٠ 
٦٠אאאאא،W 

אאאאא( ٨٠˚ )
 Kאאאא

 ٣-١:  אא١٢٠א-V,٥٠ Hz,،אא  
א  R٢}٢ = ١ Ω  ,  X٥}٣ = ١ Ω   ,  R٨}١ = ٢ Ω  ,  X٥}٣ = ٢ Ω  ,  Xm = ٧٢ Ω  ,  s = ٠٦}٠ 

 Wא

• אK  

Ω+=Ω+= 0.3j4.8Z6.3j2.4Z am



א٢٤٥ א   

אאא אאא א 
 

 

-٣٠- 

• אאאאאאאK 
• אאאאאאאK 
• אאאאאאs = ٠٦}٠ K 
• אאאאאאs = ٠٦}٠ K 
•  

 ١ ٤W ،א ٦٠ Hz, ١٣٠-Vאאאא،א
אW 

אאZm  =  ٢}١ + j ٢٦        Ω 

אאZa  =  ٥}١٢ + j ٦        Ω 

 א   א W א א  ، א ،א אא ، 
אא،אאא،אאאאאK

 

 ١ ٥Wא¼ ،١٢٠ ،٥٠ אאW 

א٢٠  אאא،א١٢ א،אs  =  ٠٥}٠ W 

،אא،אא،אאא،א،א،א
אאאא،א،אא،אK

 
 ٦-١Wא אאא٢٣٠א V، R١ = R٨ = ٢  Ω   

X١= X١٢ = ٢ Ω,  Xm = ٢٠٠ Ω   אאא٤٪، ١٧٢٨ rpm.
W 

א،אאא،אא،אאKאאK 

Ω=Ω=
Ω=Ω=Ω=

2.3X4.2R
70X2.8X2.2R

22

m11



א٢٤٥ א   

אאא אאא א 
 

 

-٣١- 

 ١ ٧W אאאא١١٠-V، ٦٠Hz، אא
אW 

R١ = R٢ = ٢ Ω , X١ = X٢ = ٢ Ω  , Xm = ٥٠ Ωאאאא٥א، 

אא١٠אאא،١٠٪،W 

 KאKJאאאJא
 



 

 

 

אא 

 

אאאאאא 

אאא
ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹] 

אאאא 


א




 

٢



א٢٤٥ א  

א אאא  א  
 
 

-٣٢- 

אאWאאאאK 


אאWאאW 

١K אאK 

٢K אאאK 

٣K אאאK 

٤K אK 

٥K אK 

٦K אאאאאאאK 


אאW٤ 


אאWאאאאK 

 



א٢٤٥ א  

א אאא  א  
 
 

-٣٣- 

 
אStepping Motors)(  א،א

،אא،אאא
א،،א

אאא،אא
אאאKאאאאא،א

אא،א،א
אאאא،אאאא

א،אא،אאא،
אאאא،،א

،אאאאא،
אאאא،אאא

אאאאאאאK  

אא،W  

١K אאאאאW 

אאאאא،
א(Stacks)،א،א،

א(Phases)אא،אא،
אאאא،אאא

אאאא(eddy current losses) K(Stack)אא،
אא،אא

K٢ ١אאאא
אK 



א٢٤٥ א  

א אאא  א  
 
 

-٣٤- 

 

 

٢ ١אא 
 

אא٢ ٢ אא،אא
א،

אאא،Fא
אאא،אKE

אאאאK 
 

 
٢ ٢אאאK 



א٢٤٥ א  

א אאא  א  
 
 

-٣٥- 

אW 

א?A?،אא
א?A?،א,א?B?א?A?

א،אאאאאא،
אא?A?א?B?،אא

אאאא،אא
א?B?Kא?C?אאא

אא،?B?א،?B?
א?C?،אאאאא

אא،א?A?אKאא
אA,B,C,A,…..FאאE،אא

אא،אאA,C,B,A,….אאK
אאאא،אא
אא“Stacks”אK 

 

C B A C B A 

  +   + 

+    +  

 +  +   

  +   + 

+    +  

 +  +   

٢א ٢אא
אאא

א 

 

א٢ ١אא
אאא

א 

 



א٢٤٥ א  

א אאא  א  
 
 

-٣٦- 

אאאא٢ ٣אא
אא٢ ٤אאאK 

 
٢ ٣אאאאאא 

 

 
٢ ٤אאאאאא 

 



א٢٤٥ א  

א אאא  א  
 
 

-٣٧- 

אאאאאW 

 
C B A C B A 

  +   + 

+  +  + + 

+    +  

+ +  + +  

 +  +   

 + + +  + 

  +   + 

٢א ٤אא
אא

א 

 

٢א ٣אא
אא

א 

אאאאא
٢א ٥ 

Time

VC

VA

Time

Time

VB

 
٢ ٥אאא 

 



א٢٤٥ א  

א אאא  א  
 
 

-٣٨- 

٢א ٦אא،אאאא
אא،،א

אאא،F
אאא،E،אאא

אא،אא
אאא،K א٢ ٦a،אא

אAא،٢ ٦bא،אאB،
،אאאאאאאK،אא

אCא٢ ٦cאB،אאא
אKאאאא

אא،אאא٢א ١٢ ٢Kאא
אאאא٢א ٣٢ ٤K 

 
٢ ٦אאאא 

 
אW 

אאא“Stacks”NFEאאp
אθאאW 

12
p.N

360
−=θ



א٢٤٥ א  

א אאא  א  
 
 

-٣٩- 

 
א٢ ١אא٢א ٢، ١٥،

אא٢א ٦،٣٠K 

٢K אאאאאאW
אאאאא،אאא

אאאא،
٢א ٧אאאא،אא

אאאKא
אא٢ ١Fא٤٥KE 

 
 ٢ ٧ א 

 
אW 

א‘A’،אאא
‘A’،،אאאאא٢ ٧aK

א‘A’א‘B’،אא٤٥FE
אא،א ‘B’ ،אא

אאאא٢ ٧bK א‘A’א
א،אאא،א،אא

A,B,A-,B-,A,….אא، 



א٢٤٥ א  

א אאא  א  
 
 

-٤٠- 

 
B A 
 + 
+  

 J 
J  

٢ א ٥אאא
א ٢א ٧  ٤٥

אK 

 + 

٢א ٨אאא( A&B) אK 

 
٢ ٨אאאא٢ ٧ 

א 

 
אאאאאא٢ ٦ 

B A 
 + 
+ + 
+  
+ - 

 - 
- - 
-  

٢ א ٦אאא
א٢א ٧٥}٢٢

 אK 

- + 
 



א٢٤٥ א  

א אאא  א  
 
 

-٤١- 

٢א ٩אאא( A&B) אא
אKאאא،

،אאא،אא٢א ٥ 
٢ ٦אK 

 
٢ ٩אאאא٢ ٧ 

א 

 
٣K אאאאאאאאאW 

אאW  Hybrid stepper motor 

אאאאאא،
٢א ١٠אא،،،

אאאאא،Kאא
،אאאאאא،

،אאא،
אאאא،אאא

،אאKאא
אא،אאאא

א،א( A-A′ )،אאאA
אאא،אאאA′،אאא

אא( B-B′) 



א٢٤٥ א  

א אאא  א  
 
 

-٤٢- 

 

٢ ١٠אאא 

 
 

אW 

א،،
אא٢א ١١Kאאא( A-A′ )א

אא،א( A )אא( A′)،
א( B-B′ )،אאאאא٢ ١١aא

אא،אא( A-A′ )אא،( A-A′ )
א( B-B′ )،א( B )،א( B′ )

،אא( ١٨˚ )אא،
אא٢א ١١bKKאאאא( 

B-B′ ) א( A-A′ )א٢ ١١cKאK 



א٢٤٥ א  

א אאא  א  
 
 

-٤٣- 

 

 
٢ ١١אא 



א٢٤٥ א  

א אאא  א  
 
 

-٤٤- 

אאTm  אא
אאTm אאאאא،א

אאאאKאאאא،
אאא( ٩٠˚ )،א

אאKאאאא،א
א،אאאאאאK 

( A-A′ )( B-B′ )אאאא٢ ١١a،אW 

אאאאאא،אאא
אאאא،א٢ ٢W 

 

א،אא١٨˚א،אא
٢א ١١bK 

 
אא٢ ١אאאא،

،אאא٢ ٥٢ ٦אK
אאאאאאאאKא

،אאאאא
א،אאאאאאאא٢ ٧٢ ٨ 

 
 
 
 

[ ] 22coscossinsinsinTT S4
S

S5
S

S3
N

S1
N

S2
Nm −∠−∠+∠−∠+∠=

[ ]
[ ]

32T0.863T
588.0951.0809.00.1309.0TT

54cos18cos54sin90sin18sinTT

m

m

ooooo
m

−=
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א٢٤٥ א  

א אאא  א  
 
 

-٤٥- 

B A 
+ + 
+ - 
- - 
- + 

٢ א ٧אאא
 א   א   

١٨אK 

+ + 
B A 
+ + 
- + 
- - 
+ - 

٢ א ٨אאא
 א   א    

١٨אK 

+ + 
 
 

٢א ١٢אאאאא 

Time

Time

VA

VB

(a) 

٢ ١٢a 

 



א٢٤٥ א  

א אאא  א  
 
 

-٤٦- 

 

٢ ١٢b 

אאאאאאא 
،(a)א، (b)א 

 



א٢٤٥ א  

א אאא  א  
 
 

-٤٧- 

 אאאאWאא

١WאאאאאאKKKKKK 

K אאאאK 
K אאK 
K אא 
K אK 

٢WאאאאאאKKKKK 

K אאאK 
K אאK 
K אאאאK 
K אאאK 

٣WאאאKKKKK 

K K 
K K 
K K 
K K 

٤WאאאKKKKKK 

K אאאK 
K K 
K אאK 
K אאK 

٥Wאאא 

K אאK 
K אאאK 
K אאK 

 



א٢٤٥ א  

א אאא  א  
 
 

-٤٨- 

W
 

٢ ١WאאאאאאאאאK 

٢ ٢WאK 

٢ ٣WאאאאK 

٢ ٤WאאאK 

٢ ٥WאאאאאK 

٢ ٦WאאאאאאK 

٢ ١Wאא٢ ١٣،אאא،אא
אאא،،א
א،W 

K אK 
K ،אא،אאאK 
K אא،אא،אK 
K ،אאאK 
K ،אאאאא؟؟א 

 



א٢٤٥ א  

א אאא  א  
 
 

-٤٩- 

 
٢ ١٣٢ ١ 

 
٢ ٢Wאאאא،٢ ١٤،W 

K א 
K א א  ،א     א  א א

K 
K אאאK 
K א،אאא١א٢،K 

 
٢ ١٤٢ ٢ 



א٢٤٥ א  

א אאא  א  
 
 

-٥٠- 

 

٢ ٣Wאא٢ ١٥،אא،אאא
א،אאא،
א،W 

K אK 
K א،אא،אאK 
K ،אא،אאאK 
K ،אאאאא؟؟א 

 

 
٢ ١٥٣-٢ 

 
 



 

 

 

אאאא 

 

אאאאאא  

אאא
ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹] 

אאאא 


א

א


 

٣



א٢٤٥ א  

אא אאא א 
 
 

-٥١- 

אאWאאאK 


אאWאאW 

١K אאאאK 

٢K אאאאK 

٣K אאK 


אאW٤ 


אאWאאאאאK 

 



א٢٤٥ א  

אא אאא א 
 
 

-٥٢- 

א א אא،אא א   א   
אאאאK

،אאא،אאאאאאאא
אW 

 

ωאאאאKgאאא
א ω VaK 

אאאא
אאK 

אאאאW 

אאאW 

K  א  א א    (∆V)K    אאא
אאK 

K אא(∆β)K 

K KgK 

K אK 

K אK 
 

אאא(∆V)،אאא
אאאאאאK 

אאאא(∆β)،אאאβא
אאאאאאאK 

dt
d

13.KV ga

θ
=ω

−ω=



א٢٤٥ א  

אא אאא א 
 
 

-٥٣- 

אאאW Direct Current Tacho-generators  

،אאא،אאאא
،אא،א

אאאאאK 

،אאאאאאאאVa 
אאω ،אא  φ،אRload 

אF٣ ٢EאאאEaאאωא
،אאאRloadאאא
W 



Ia،אRacאאאFאE
אאK 

φ=
−ω=

ωα
=φ

φω=φωα
φα

.KK
23.KE

E
constant but 

KE
NE

E

Ea

a

a

a

33RI-EV acaaa −=



א٢٤٥ א  

אא אאא א 
 
 

-٥٤- 

אF٣ ٥EאאאVaω،
Racφ،אRacφאאאאK

אאאW 

W،אאאK 

φאאא،∆φr،אאא
،אא،KrאIa∆φr،אאא

،אאאאאאK 

 
Wאאאא،א

אאא אא ،א
אאK 

53

R
R1

.KV

R
R1

EV

E
R
R1V

R.
R
V-EV

43
R
VI

load

ac

E
a

load

ac

a
a

a
load

ac
a

ac
load

a
a

load

a
a

−

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+

ω
=

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+

=

=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+

=

−=

arr

rload

I.K
63-

=φ∆
−φ∆φ=φ

73..KE loadload a −φω=



א٢٤٥ א  

אא אאא א 
 
 

-٥٥- 

אאאVbrush ،א א 
א(٣ ٣)W 

 

 

١-٣אאאאאאא 

 
א(٣ ٨)אVaωאאאא

אאאאVbrushKאא
Vaωא،אאא،

אאא،אאאאא
אאאאאKא

(Dead Zone =∆ω) ،אאK٣א ١א
אאאאאאאא٣ ٨K 

( )
83

R
R.K.K1

V.KV

V-R.I-EV

load

ar

brushE
a

brushaaaa

−

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛ +ω
+

−ω
=

=



א٢٤٥ א  

אא אאא א 
 
 

-٥٦- 

אאאאאאW 

Wאאאא
אK 

   Wאא א 
אK 

אאאWInduction Tacho-generators 

אאאא،
،אאא،אא

،،אאאא
אא (Field winding)אאא

(Generating winding)Kאאא
א(Drag-Cup Rotor)אא

،אאא،א3−2א
K 

 

 

٢-٣ 





א٢٤٥ א  

אא אאא א 
 
 

-٥٧- 

אאאW 

،אאאא
אאאK،אאאאא

،אאאא،אאאאK 

אאאאאאאא
،אאאא

אא،אאאFφfEאא
אאאאאKאאFφfE

אK 

אאאאאω אאאאFErotE،
אאאאFφfEאא،אω

אאאאאFφfEא،א
K 

 
אאאErot )E،אאאאFφgEא

אאא،אFφgEEaאאא،Ea
אאאא אK 
 

 
 

ω×=

φ×=

ω×=φ

ωφ

φ
ω

ga

ga

g

g

rotg

rot

KE
const.E
const.

 toalproportiondirectly is therefore
E toalproportiondirectly 

  toalproportiondirectly  E

93..K E frot −φω=



א٢٤٥ א  

אא אאא א 
 
 

-٥٨- 

אא،אאא
אאאאאא،א

אאאאאK אא
אאאא،אא

אאאאאאK 

،אאא
א א א     א  א ، א 

אאא א  א   א אא א אF 
אאאאKEא( ٥}٠ Zf  ,  ٥}٠  Zb  )א

אאאאאאאאאאא،א
אאאK אא( n ) אאא

،אאאאאאאאאא
א( n )،( Eaf )( Emf )،אW 

 

( Eab )( Emb )א، 

אאאאא 

 

א ( s = ١) =  Zb  )   ( Zf   ( Ea  =  ٠  )   

אאאF EaEאZfZbאא
،אאאאא،אאZf Zb א

( )

m

a

f1mfaf

N
Nn    where

103Z0.5.InjEnjE

=

−==

( ) 113Z0.5.InjEnjE b1mbab −−=−=

( ) 133Z-Z.In5.0j
123EEE

bf1

abafa

−×=
−+=



א٢٤٥ א  

אא אאא א 
 
 

-٥٩- 

אא،אאאאאא
K 

٣ ١ 

אאאאא ١א ٥،א
אאאאא אאאאs=٠٥}٠Kא

אאאאא n = ٨}٠K 

אWאאאא 

אאא٦٥}٦٩אאאאא٢٢}٩٠ K 

 

אאאא  Synchronous Tacho-generators 

א،אאאאאא
אאאא،אאא

K 

א  אא    א א     אא א א 
אא  א  א   א א א ،א  K ،א  

אאאאKאאא
،،אאאא،אא

אאאאK 

( )
( )

volt22.9065.69
)92.515.48()7.51436.1(j

12.2j98.13.40j9.317.5159.38.05.0j
Z-Z.In5.0jE

o

oo

o

bf1a

∠=

∠×−∠=

−−+−∠××=

×=



א٢٤٥ א  

אא אאא א 
 
 

-٦٠- 

אאW 

אאא،א،אא
       א א א   א K

،א،א     
אאK 

 



א٢٤٥ א  

אא אאא א 
 
 

-٦١- 

W
٣ ١ ؟אאאאאא 

٣ ٢ א א א א אא א
אאאאא؟אא؟אא 

٣ ٣ ؟אא 

٣ ١ א א  אא א    א א א
אאאאאF٣א ٨KEאאK 

٣ ٢ אאאאאא
אאאK 

٣ ٣א  א אא א ١א ٦  
،א אאאאא א א אאא

s=٠٤}٠Kאאאאאאn=٩}٠ 
 



 

 

 

אא 

 

אאאאאא 

אאא
ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹] 

אאאא 


א




 

٤



אא٢٤٥ א   

א אאא א 
 
 

-٦٢- 

אאWאאאK 

אאW 

אאW 

١K אאK 

٢K א 

٣K אאאאאK 

٤K אאאאK 


אאW٤ 


אאWאאאאאK 

 
 
 



אא٢٤٥ א   

א אאא א 
 
 

-٦٣- 

א    א ،    
، א   א   ،א א א א 

אאא א ،אאא
،אאאאאאא K

،אאא،אאK 

 
♦ אאA.C Servomotors

אאאאאא،
אא،אאאאאא،א،

  אא א  ،א   K  
  א  א א ،א    ،א 

א،אאאFאKE 

אW 

א א    א ، א א  ،
אא(constant voltage winding)א،אא،

א(control winding) K٤א ١א
 א  Kא    א  ،  א   F  

אאEאאא،אא
אאאאא،א

אא،אאאאKא
 א א  ،א    א  ،א     ،

אאאאK 
 
 
 
 



אא٢٤٥ א   

א אאא א 
 
 

-٦٤- 

 
٤ ١אא 

 
אאאW 

אאאאא،א
  א  ،   א     ،א א א

،אא א אא אא  א ٤ ٢  K
א،אא،אא،א

אא   K،א  א  אא 
א“c”אא٤ ٢ ،

،אאא
،אאאא،אאא

א   א  אא      א  K 
אא“c”א (Va) ،אא

א٤ ٣،אאא٤ ١W 

 
1-4V.K.K-T av+ω= ω
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KK 

IIIK אאא(J) WFאאE،אאK٢K 

IVK א(α)Wאא،אא
אאא،KאאL٢K 

VK אא(τ)Wאאא
٢}٦٣٪אאאא،אK

אאאא
א،אא،٤א ٥K

אאאW 

אאZאאאxאLאK 
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♦ אאD.C Servomotors   
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א،א،אאW 

 
• אאאאאW(Printed- Circuit Motors) 

אאאאא،א ٤ ٧ 
אאאאאאFאאE،

אאאאאאאKאאא
א    ، א  א אא  א א ،

אא،אאאא
אK 
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٤ ٢؟אאאאאא 
٤ ٣א،אאאאא

א؟א 
٤ ٤א؟אאא 
 ٤ ٥א   א אא א א  א  

 אא؟
 ٤ ٦  א؟  א   א     
؟

 
 ٤ ١א  א    ١١٥،٦٠  אא ٠٠٥}٠

אK٢،אאא٤ ٩אא١١٥W 
K אאK 
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  א   ٥٨}١٧א   ٩١٢}٠Kא א  א

W 

אWRa = ٣٦}١         Ω                        

אאאWXa = ٦}١           Ω                
אWRs = ٦٥}٠         Ω                          

אאאWXs = ٢}١           Ω             
אWאאא،א،אא،א،אא

א٨٠ אK 
אWא 

אאאאאאאאK  
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אW 

אאאא
א،אאאאאאאא
אאFאEאאאא،

אאאאK 

אאW 

אאA،،אאאאא
،א٥ ٣،،אאא

א(Transformer winding)T=A cosα،א،אא
א (Field winding) F=A sinα، אאא

�Kא( T )،،אאא
FאE،א،

אאאFאEKא( F )
אאא،אK

٥ ٣אאאאK 
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אאאאא،
אאאאKאאα

אא،אאאא
א،אאא

אאאK 

אאאאא
אא،אאא،אא

אאאאK 

 



א٢٤٥ א  

אאאא אאא א 
 
 

-٨١- 

KאאאאWאא
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K אאK 
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٢Wאאא،אKKKKK 

K K 

K K 
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٣Wאאא 

K K 

K K 

K K 

K K 

K K 

٤Wאאא 

K אאאאK 

K אאאאK 

K אאK 

K אאK 

K אK 

 



א٢٤٥ א  

אאאא אאא א 
 
 

-٨٢- 

٥WאאKKKKK 

K K 

K אK 

K אK 

K K 



א٢٤٥ א  

אאאא אאא א 
 
 

-٨٣- 

W
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٥ ٢W؟אא 

٥ ٣Wא؟אאא 

٥ ٤Wא؟אאא 

٥ ٥Wאאאאאאא
 א؟

 ٥ ١٢٤٠،٦٠،אא،١٢٠٠٠
א٥}٦א٩٤}٠  אאאW 

אWZa = ١٥}٦ + j ٤}٩ Ω                    

אWZs = ٥٥}٤ + j ٢}٣ Ω   

אWאאא،א،אא،א،אא
א٦٥ אK 

 
 ٥ ٢א٢٢٠،٦٠،،א٦٠٠٠ 

   א٧א،א אאFאאEW 

  אWZa = ٥}٥ + j ٤}٧ Ω                    

  אאWZs = ٥}٣ + j ٢}٣ Ω   

א W ،א  א ،א  ،א א ،א  ،א א
אא٧٠א אK 
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      אא א א  א  

     אא  ،א א א א א
 א   Kא  א    אא א 

אאK 

אאאאW
אאאאא 

١K אThe control transmitter (CX)                                  

٢K אThe control transformer (CT)                             

٣K אאThe control differential (CD)                                   

٤K אThe control receiver (CR)                                    

 
א(CX)W 

     ،א   א  אא א
     א   אא    

١٢٠F אאאKEאאא
אאKא אא 

אFא  KEאאא 
אא،

א א אא אאא   א א  ،אא 
אK٦א ١אאאאK 
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٦ ١אK 

 
א(CT): 
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אאאאאFumbrella constructionE،
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   א ،  א     א 

Kא،אאא
אK٦א ٢אK 
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 Kאאא Kא
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א(CR)W 

          א ،   א
אKאK 


אאאאאאW 

אאWElements Data Transmitting 

 אאאא אא  א   אא    
 א،٦א ٤،א  א א א

 א(error detector)،    א אא א 
א  ،       אא  א

א(CT) ،،אאא
א(CT)אא(CX)K 
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אא א٦ ٤אא،،
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  אאא אא    א
אא   ،א   אא א    א   

אאאאא( e =Er sinα )K 

 

 

٦ ٥  

 
٦א ٥  אא٦א ٤،

(output shaft)،(input shaft)אא،
א،א אא 
אFאאאEKא

א א אא א   א  Kא א
אאאאאאאאאK 
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א אאא،אא ،אאא
א،אא،אא

אאα)  عن في الاتجاه الموجب مبتعدا )  مثلاאא،אא
(E sin α) ( E )אאאK 

אאא،אאאאא
אאאאאאאK

 
אWElements Torque Transmitting 

٦א ٦،אאא
(input shaft)א(output shaft)Kאאאאא

א،אאאאא
٦ ٦ 

 

٦ ٦א 

א،אאאא
אאאא،א،אאא

אא،אאא
אKאאאא،אאאא
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   ،אא   א א  ،אא א   אא
אאK 
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א אא אFאE،א אא

FאאאאאKE 

אאאאK 
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♦ אאאאא ٢ 
♦ אאאאא ٦ 

• א٦ א 
• אא١٠ א 

⋅ אא ١٠ 
⋅ אאא١١ א 
⋅ א١٣ א 

• אא١٦ א 
♦ אאאא ١٧ 
♦  ٢٩ 
  

אאWאK ٣٢ 
♦ אאאאא ٣٣ 

• א ٣٥ 
• א ٣٨ 

♦ אאאאאא ٣٩ 
• א ٣٩ 

♦ אאאאאאאאא ٤١ 
• אא ٤١ 
• א ٤٢ 

♦  ٤٨ 
  



٢٤٥ א  
 אאא א 

 
 

 

 

אאWאא ٥١ 
♦ אאאא ٥٢ 
♦ אאא ٥٣ 
♦ אאאאא٥٦ א 
♦ אאא ٥٦ 

• אאא ٥٧ 
♦ אאא٥٩ א 
♦ אא ٦٠ 
♦  ٦١ 
  

אאאWאK ٦٢ 
♦ אא ٦٣ 

• א ٦٣ 
• אאא ٦٤ 
• אאאא ٦٥ 

♦ אא ٦٩ 
• אאאאא ٦٩ 
• אאאא ٧٠ 
• אאאא ٧٠ 

♦  ٧٢ 
  

אאWאאאאK ٧٤ 
♦ אאא ٧٥ 

• אאא ٧٥ 
• אאאאא ٧٦ 
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• אא ٧٩ 
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