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• אאאאאK 
 Kאאאא •
• אאאאאאK 
• אאאאK 
• אאאאאK 

 



 

 

 

אאאאאא  

 

אאאא  אא  

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

אאאא 





א

א
א



١



١٤٢אא
אאאאאאא 

 
 

-١- 

אאWאאאאאא. 


אאWאאW

١K אאאאK 
٢K אאאאאאK 
٣K אאאאאאאאאK 


אאאWאא٨٥٪


אאW ٤. 


אאW K 


אאWאאאא  .
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אאא

١J١ 
א א  א   אאא      

א،אאאא،אאא
אאאאKאא

 אא א(permanent magnet)אא   א  א   
(ferrait)،   (Niodenum Boron Iron)    א(Smarum 
cobalt)،אאאKאאF

אא E    ،אא א א    
،א،אאא

אא،אK
אאאאאאאKא

א  ،אא אאאא
،אאאאאאK

 א א אא  א      אא  
אא   אאא  אא K

אאאאאאאאK


١J٢ אאא 
      א  ،א א Fא E  א א  א

אאאKאאK
- אאW אא،א

אאאאא،א
   א א Kא  

אאK
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- אא: אאא
 ، א א   ،א א  א   

  ،א א  א  א א  א א א
K

-אא:(Permeability) µ אאא
אאאאאאא

אKאא،אאא
אאאא Kאא אא א

   µא     א(Magnetic permeability)
אאא،אאאK

א(Magnetization curve)א،
א א  א א   א  ،א א  

،א  א א א   Kא   א א  
אאאאKאא

W
                                                                    ١ ١roµµµ = 

µoאא(Absolute permeability)אא
אאW

 µo=٤πx١٠ ٧ H/m                                                                      
 µr א א  (Relative permeability)    א


- א אФ: א א א א   א א   

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

אאאאאאKאאאא
אאאאאאK
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Jאא:B אאאאא
אLFEW

٢-١                                                      2/ mwb
A

B Φ= 

Jאא:H  K
אאאאאW

٣-١                                                          mhBH /
µ

= 

-אאאא:(Magneto-motive-force m.m.f)  אא
Nא  

א א  א א א   א אא   K
אא،אאאאK(ampere.turn) 

W
m.m.f=N.I            AT                                                ٤-١ 

-אא:(Magnetic reluctance) Rmag  אא
אאאאאאא،א

אW 

                                                   ٥-١wbATINfmmRmag /...
Φ

=
Φ

= 

א א א   Kאא   א
 א  א   א ،אL  A א µ

אW

٦-١A
LRmag µ

=


 א  א   א אF E  K
،אאא

אא א   א א  K  א 
אאא،K١J١

LאIBL٢K
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אאאאFאאא
אאאW

                                                            ٧-١                    F=BLI                         
                אאאא،א

אאאאKאאא
א،אאא،אאאאאK


١J١


١J٣ אאאאאא 

      אאאאאאאא
אאא אא אא،א

אאאאאאאא،K
אאאאאאאאא

אKאאאאא
  א א Fא  E א  ١J٦، אא  

Kאאאא
א  א א אא   K ١Jא٢  

אABCDEFאאA,FK
אאAB, BC, CD, DE, EFאאK

אCDNIKFEΦ
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  אא א  א א   K א א١J٦ 
אאאאW

DEDE

DE
magDE A

LR
µ

=
CDCD

CD
magCD A

L
R

µ
=

BCBC

BC
magBC A

L
R

µ
=

ABAB

AB
magAB A

LR
µ

=
    

                                                                         gapo

gap
gapmag A

L
R

µ
=−



EFEF

EF
magEF A

LR
µ

=


אאאRmag-tW

١ ٨gapo

gap

EFEF

EF

DEDE

DE

CDCD

CD

BCBC

BC

ABAB

AB
tmag A

L
A

L
A

L
A

L
A

L
A

LR
µµµµµµ

+++++=−


אאאФאאאאFEN.I

אאאRmag-t،١J٥אאW

             ١ ٩gapo

gap

EFEF

EF

DEDE

DE

CDCD

CD

BCBC

BC

ABAB

AB

A
L

A
L

A
L

A
L

A
L

A
L

IN

µµµµµµ
+++++

=Φ .

 
אאאאאאאאאK ١J

٣אאאאאאאאאא،אא
א  ،א א  א אא  א  ،א

אאאKאאאאאאK
١J١אאאK


١J٢אא
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١Jא١אאאאאא
אאאאאא

KKKe.m.f    

אא
A
LR ρ=

אא
R
EI =

א
A
IJ =

 

KKm.m.f    
אא

A
LRmag µ

=

אא
magR

fmm ..=Φ

א
A

B Φ= 

 
א،אאאאאאK

Jאאא،אא
אאאK

Jאאא،אא
אאאK

Jאאאאאאאא
אאאאK
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١J٤ אאא 
      ١J٤אאאKא

א אא  אא  א     א  K   
אאKאאp،אg

،אא א t،א y  ،אאacאK
אאאKאאא

،١J٢אאאאK 
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אאאΦ 
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אA 
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אאא
א

m.m.f 
אאא

א
א

א
אא

Φm 

 
Φm 
 

Φac=Φm/٢ 
Φm 
 

Φy= Φm/٢

Bg 
 
Bt 
 
Bac 
Bp 
 
By

Ag 
 
At 
 
Aac 
Ap 
 
Ay

Hg 
 
Ht 
 
Hac 
Hp 
 
Hy

٢Lg 
 
٢Lt 
 
Lac 
٢Lp 
 
Ly

Fg 
 
Ft 
 
Fac 
Fp 
 
Fy

    
אאאאאאא١J٥אאא

،אאא אW
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yy

ym

pp

p
m

acac
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tt

t
m
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g
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L
A

L
A

L
A
L

A
L

Ffmm
µµµµµ 2

2
2
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.. Φ+Φ+Φ+Φ+Φ== 
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 ١אJ١٠ א א א א אא א   
אאBא١J٢א١J١٠W

                               ١ ١١
y

yy

p

pp

ac

acac

t

tt

o

gg
total

LBLBLBLBLB
F

µµµµµ
++++=

222 

א١J٣א١J١١
١ ١٢                       yLyHpLpHacLacHtLtHgLgHtotalF ++++= 222 

                                                                  ١ ١٣yFpFacFtFgFtotalF ++++= 

 ١אJ١٣אא א  א   א אא א   
אאאאאאK

 
١J٥ אאאאאK

      אאאW
אא

 אאאא א Kא א 
אאאאK

אאאאאK
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١J٥J١אאאאאK

١J٥،L
BLאאא،E
אW




E=BLV sin(θ)       volt                                                       ١ ١٤ 
θאא،אאאאא

 א  א אא אא א   Kא    
F ١J٦ Eא אא א א Kא  א    ،א

א א א א א      ،א א
אאאאאאאאאאK

 

 
١J٥אאאE

 
١J٦א
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١J٥J٢אאאאאאK
      ،א

א(Faraday)אאאW 

                                                                     ١٥-١)(
dt
dNE Φ= 

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

א،אF١J٧Eא،
אאאאאא(self induced )Kאאא

        ،א  א  א אא 
א(mutual induced)F١J٨E.  

 
١J٧א

 
١J٨א 

 
١J١א٢٠x٣٠،

٥Kא٢٥٢
٢٤Kאאאא٠}٠٠٨א،W،אא

אא،אאK
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 א١J٩،א אאא X,Y ،
אאא LאW 

L=٢*((x-٥)+(y-٥))=٨٠=(٥-٣٠+٥-٢٠)*٢ cm=٠٫٨m 
N=٢٥ turns      R=٢Ω   V=٢٤V   B=٠٫٠٠٨ tesla      A=(٢-١٠*٥)٤-١٠*٢٥=٢ m٢ 

A
R
Vi 12

2
24 ===  

mA
L
NiH /375

8.0
12*25 ===  

wbBA 00002.0410*25*008.0 =−==Φ  
 

 
١J٩  
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١J٢   א א ٥٠  ٣٢ K 
 ٦٠٠ א   ٢ K  א א   ١٥٠٠א Kא W١J

،א٢אJאאאא،אא٣Jא
אאאK

אdאאא،אא 
LavאW 

Lav=πd=π*١٫٥٧=٢-١٠*٥٠ m 
A= ٤-١٠*٣ m٢                  µr=١٥٠٠           µo=٤π*٧-١٠        N=٦٠٠      I=٢ A 

١- wbAt
Aor

avLR
mag

/610*78.2
)410*3)(710*4(1500

57.1 =−−==
πµµ

   

٢- mmf=NI =١٢٠٠=٢*٦٠٠ At 

mAt
avL

mmfH /33.763
0157.0

1200 ===  

٣- wb
R
mmf

mag

410*32.4610*78.2

1200 −===Φ  

tesla
A

B 44.1410*3

410*32.4 =−

−
=Φ=  
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אא


١J א  א א א   א  א
K

٢J אאאאאאאאK 
٣J אאאאאאאאK 
٤J ؟אאא 
٥J אK 
٦J אאאאK 
٧J אאאאאאK 
٨J        א    א ٦

،אא١٢LKאא
 ٥א, K א   ٠}٠٠٠١٥  Kאא א א

אא،אאאK 
٩J      א  ٢٠    ،

٣x٥Kא١٥
١}٤١٢Kאאא

 א ٠}٠٠٦א ، Wא ،א א  ، א  א
אK 

١٠J אא٠}٠٠٠٢אא
 ١٠٠א א   ٥٢ Kא אא א א

אאא،א٥٠٠אK 
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אא W א א     א אא א א 
אאאK


אאWאאW

١K אאK 
٢K אאאאאאK 
٣K אאאאK 
٤K אאאאK 
٥K אאאK 
٦K אאאאאK 


אאאWאא٨٥٪


אאW٦K


אאWFKE


אאWאאאאאאאאאK
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א אא DC Generators 
א     א א א  Kא   א  

אאאאאא،א
אאאאא אאא א

א Kאאאאא
אאאאKאאאאאאאאא

א א א א Kאא  
אאK

אאאאא
אKאאאאאK

אא  א אא א     א אאא 
 אא אאא  K א

אאאאאK 

٢J١אא
٢J١J١אאא

אאאאא،א
  ،، א  

KאאאאאWא
FEאאJ

אאא א
 Jא   א א     א   

אK،
א(abcd)(N)א (S)

٢J١،אאאא
א،אאאא 
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אאאאאאא
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אא،אאא
אאאאאאאW

e=BLv                                                                    ٢ ١
B(wb/m٢)،אא L(m)א، v(m/sec)א אא

א   K א אא א(e)   א  (volt) Kא 
 (ab)א    א(cd)א       

٢אJ١K

 
  FE




FFEE

٢J١אא
     א  (abcd)   ٢J١    א   א 

Fאא٩٠oEאאא،٩٠oא
אKאא٩٠oא

  א  א א אא٢٧٠٠،א  א
אאאאאאא(sinewave)٢J١، 



١٤٢אא
אאאאאאא
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 א אF  E א     א   (DC) 

  א א אא  Kא  א   א 
FאEA, B٢J٢K

אאאA٢J٢אא،(abcd)
١٨٠،٢J٢אאאB،

٢J٢אא١٨٠א،א١٨٠
٣٦٠אאאא

٢J١Kאאא
FEKאאא

אKאאאאK



FE FE 


FE

٢J٢אאא 
 
 
 

d

a

b

c
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٢J١J٢אא
א  א א ،   א א  א   

אאאאאאא،א
אאאאK،אאאאאאאא

٢J٣אאKאאאאאW

• אא(Yoke) Wאאאאאא

אאא،א
،אK٢J٤אאK 


אא(Main poles)Wאאא

אאא(Pole face or shoe)אא
אאאKאאא(Field coils)W

א(shunt field coil)א(series field coil) ،אאא 
  א Kא א אא  K

א،אאא
F٢J٥EאK
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Highlight



١٤٢אא
אאאאאאא

 
 

-٢٠- 




٢J٣

• א(Commutating poles) Wאא 
אאאF٢אEא،אא

אאKאאאא
אאK




٢J٤אא
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٢J٥א

אאאFאEאW
• א(Armature core)Wאא

אא אא   ،א    א   K 
אאK،אא

٢J٦K 

• א(Armature windings)Wאאא

אאKאאאאא
א א אאאא Kאאא א

אאאK 

• אFאE)(CommutatorWאאאא

אאאאKאאאאא
    א   Fא KE אא   א  

אאא،אK 
 
• א א  (Brushes holder)Wא   א א  

א א א א     א א א
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אFאEאאאK
K


٢J١J٣אArmature windingW

אאאאאאאאא
אאאא



٢Jא٦אאFאE

אאאא Kאאאאא
א א א K א   א   א J

א אJא א אא א
 א א   ،א      א א  

 א א(commutator segments)     א א   ،
אאW

Jאא(Lap winding) W א א א
٢J٧א،


 F٣}٢}١ Eא ١א א  ٢  א ٢א א٣

אאאKא 
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אאאא Kאאא
אאאאאאא K٢J٧א

אאאאK
Jאא (Wave winding)W

א א  א  א א  א  א א     ،
אא،אאא

אאאא(commutator pitch)٢J٨K
אאאאאאאאא،K




FFEE

٢J٧אאאא



٢J٨אאאא
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٢J٢אאאאא
אאא

     א א   K   
L (m)B (tesla)אv (m/sec)א

אF٢J٩Eאאאe (volt)
אW

e=BLv             volt                                                    ٢ ٢
אr meterאאW

                                                           ٢ ٣rnrv
60
2πω == 

(rpm) nאאL،ω (rad/sec) אאאFאE
אאאאא

                                                                 ٢ ٤
prlA

B
2/2π

φφ ==

A ،אא٢J٣ א٢J٤ א٢J٢
אאאאאW

                                                                    ٢ ٥rnl
rl
pe

60
2

2
2 π
π
φ=

א٢J٥
                                                                              ٢ ٦

60
2 pne φ=

אאאZaאאא٢aאאאאא 
אאאW

                                                       ٢ ٧
602

2 nZ
a
pE aa φ=
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٢J١٦אא٢٥٠،
 ١٢٠٠L K א   א ٤א אא א  ،
אK

א٢p=٢    ٦a=٢[wave winding]      Za=٢٥٠      n=١٢٠٠ rpm     Φ=٤ megalines/pole            
Φ=١٠* ١٠٦*٤ ٠٤}٠=٨ wb/pole 

602
2 nZ

a
pE aa φ=  

voltEa 600
60

1200*250*04.0*
2
6

==  

٢J٢٨אא٩٦٠ ،א 
  ٦٠٠L K א א אא א  א٢٢٠א  ،

אK
א٢p=٢    ٨a=٢p[lap winding]      Za=٩٦٠      n=٦٠٠ rpm     Ea=٢٢٠ V                           

602
2 nZ

a
pE aa φ=  

60
600*960**

8
8220 φ=  

Φ=٠٫٠٢٣=(٩٦٠*٦٠٠)/٦٠*٢٢٠ wb/pole 
 

 
٢J٩אאא







١٤٢אא
אאאאאאא

 
 

-٢٦- 

٢J٣א(Armature Reaction) 
 ،א א   א א    א   א 

אא،א،אא
אאאאא،אאא،א

אאאא،
אאאאא(Lenz Law) 

אאאאאאאא
אאאא،א،אאאא

אאאאK


אאאאאא
אאא

אא KאאאKא
K،אאאאא
א K  ٢J١٠ א א  א א א   

 אFא    KE  א   (M.M.Ff)
א،אאFאא

א KEא א א א  (G.M.A)א 
א(M.N.A)K


 ٢J١٠ אאאאא

אKאאאאאאאאא،
אאא،אxאKא

א א   ،א  א א א  א אא א
      א א         א

אאאאא،א(M.M.Fa)אאא K
אאאאא
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א،אא،א
٢J١٠  K   א א אא א(M.M.Ft) א  θ

א א   (M.M.Ff)א א   ، (M.N.A)
אאאא(G.M.A)K٢J١٠א

א٢J١٠Kאאא
א(ab) K ٢J١٠אאא אא 
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 ٢J٣    ،א     ١٢٠٠L   
٢٠٠א١٢٥Kאאאאא١٠٠٠

Lא،Kא٠}٠٤K
אn١٢٠٠=١ rpm        IL٢٠٠=١ A      VL١٢٥=١ V          n١٠٠٠=٢ rpm          Ra=٠٤}٠ Ω          

Eaα n            as If is constant 
Ea١=VL١+IL١Ra 
     = ١٢٥H١٣٣=٠٤}٠*٢٠٠  V 
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٨}١١٠=IL٢[٦٢٥}٠H٠٤}٠]=IL[٦٦٥}٠]٢ 
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2 AmpI L ==  
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א١١٥٠LKא١٥,א٢٤,Kאא
 אא١٢٠٠Lא ١٢٥ K 

אא٣٠אK٪
א     

 Pout=١٥Kw    VL١٢٥=١ V    n١١٥٠=١ rpm     Rf=١٥}٠Ω      Ra=٢٤}٠Ω  n١٢٠٠=٢rpm      IL١٢٥=٢ A          
Φ١٫٣ =٢Φ١                                                                                                                                             
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Ea١=VL١+IL١Rf+IaRa=VL١+IL١[Rf+Ra]                     as IL=Ia 
Ea١٧١٫٨=[٠٫٢٤+٠٫١٥]١٢٠+١٢٥=١ V 
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Ea٢=VL٢+IL٢Rf+IaRa=VL٢+IL٢[Rf+Ra] 
VL٢=Ea٢-IL٢[Rf+Ra]=١٨٤٫٣=[٠٫٢٤+٠٫١٥]١٢٥-٢٣٣٫٠٥ volt 
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 من اجل هذا يجب أن تكون مقاومة ملفات الأقطاب صغيرة لكي تكون الطاقة المفقودة فيها صغيرة
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٢J٤J٢J٢אאאא(Shunt excited generators)
       אאא א ٢J١٦K

א   א א      א א  
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Ia=IL+If=٣٥٠H٣٦}٣٥٤=٣٦}٤ Amp 
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اذا قيمة مقاومة ملف التوالي صغيرة 
لتقليل الخسارة في تيار المنتج او تيار الحمل او التيار المغذي لملفات المجال
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مقاومة ملف المجال في مولد التوازي يصنع من مساحة مقطع صغيرة وعدد لفات كبيرة 
اذا قيمة مقاومة التوازي كبيرة 
حتى يتحمل قيمة الجهد المتولد على اطراف المنتج  
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Ea=VL+IaRa=٢٤٠H١}٢٤٧=٠٢}٠*٣٦}٣٥٤ V 
 

 ٢J٦   אא א   א  ٥٠٠ ،
א٠}٠١ א٩٥،٢٠٠٦٠א

١٢٠Kאאאאא٠ ,٠٢K
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٢p=٢a [lap winding]     Za=٥٠٠      Ra=٠١}٠Ω      Rf=٩٥Ω     Pout=١٢٠٠٠=٦٠*٢٠٠W      VL=١٢٠ 
V           Φ=٠٢}٠ wb/pole                                     
Pout=VL*IL 
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Ea=VL+IaRa=١٢٠H٠١}١٢١=٠١}٠*٢٦}١٠١ V 
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ملفات توالي :تكون موصولة على التوالي مع المنتج ويكون عدد لفاتها قليل جدا وموصلاتها سميكة مقاومتها صغيرة لتمنع حدوث فقدان للطاقة وتقليل تيار المنتج او الحمل 

ملفات توازي : موصلة على التوازي مع المنتج وتكون لفاتها كثيرة العدد وموصلاتها رفيعة مقاومتها كبيرة حتى تتحمل فرق الجهد على أطرافها 
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אאא(demagnetize the machine)
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 ٤-٣شكل 

٣J٤אא   Types of DC motors    
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٣J٤J١אא  DC shunt motor
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       א אא  אא  ٣J١٦א  Φא   
 אא  אא      א א Kא א 

א א אאF א אE ،
אאKאאאאW

Jא:(Comulative compound motor)
אΦאאאאאאאא

،א٣אJ١٢אאאK
J(Level compound motor):  

אאאΦא،אא
אא،٣J١٢K

J(Differential compound motor)W
אאאא אא

אKΦאאאאא
א٣J١٢K

 
٣J١٢אאא

• אאאא:  

،אאאאאאאא
 א   א    K   א א א א 

(Rolling mills )אאאאא، 
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א  א   א   ،א     ،א
אאאK 

٣J٥אא   Speed control and reversal 
 א،א א  א   F٣J٢١،٣J٢٩،٣J٣٤ E،

אאאאאא
א א   א א    Kא אא    

אאא،אאK
٣J٥J١אאא 

JWאא
אאאאא،

٢J١٣KאאS١, S٢, S٣ 
אאאאאK٣J١٣א

،אא א K ٣J١٣א 
אאSא S١, S٢, S٣K

אאא א
אK
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JWאאא
      ،א א  א א   א     א 

אא ?אא  ?   ٣J١٤،
אאאMGאאא،

M’אאאא،א
אאאאKאאא

אKאאאאK
JWאא(flux control)    

 ،א  אאאא 
אאאאא،

אא  אאא
אאאK

٣J٥J٢אאא 

אאאאW
WאאאW

 א ٣J٢٩א  א   אא      
אאאאא،אאאאא

אא. 
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WאאאW 
אאאΦאאאI-

inאKאIinא،אאא
א،אאא

א،אK٣J١٥אא
WאW

אאאאא
،אאאאאא

א٣J١٥Kאאא
אK

 
٣J١٥אאא 

 
٣J٥J٣אאא

אאאאאאאא
KאאאאאאKא

א،אאאאאא
אKאאאאא
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٣J١٦אא 

٣J٦אStarting Methods 
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٣J٤١،٣J٤٢א،א٢٠٠א١,
F١Eאא٢٠٠٠אא
אאKאאא

(starter)אאאא
אאא،אאFEא

אאאאא
אK

٣J٦J١אא
אאא

אאאאא،אא
אא،אאאK
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אRstאאא(B)אאאא
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אא(A)١א٢٣אon

אאאאאאאא
אאKאאאאאא(S)

(on)אאאאא
אאאאאא

א(off)K   
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٣J١٧ 

٣J٦J٢אא
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א(overload)אאאא
(circuit breaker)אא(s)אאK٣אJ١٨ 
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AאאBאC،אאאא
 א א א    א  אא  K    
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٣J٧אאאLosses and Efficiency 
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JאאMechanical loss
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JאאIron loss 
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٤J٦א Transformer operation 
٤J٦J١אאNo load operation
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٤J٦J٢אאLoad operation
אZLFEאאאא I٢ 
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٤J٦J٣אTransformer regulation
אאאאא،Kא
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٤J٧אאא Equivalent circuit parameters  
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  א א      ،א אא  
Req,Xeq, Ro,XoKאאK

٤J٧J١אא     No load test  
אאאאא(open circuit test)אא

אKאאאא
،אאא٤J

١٧KאIoאאאאPoאא،
אאאאאאאאKא
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٤J٧J٢אאShort circuit test
אאאא٤J١٨،

אאאאאאאאVsc
אא ،א אא אא א

אאאאאI٢Kאאאא
 א א Psc אא  ، א Isc، אא  

Vscאאא،Req, Xeqאאא: 
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 ٤J٥  א    ٥٠٠ ٢٣٠L٢٣٠٠ Kא
אאKא،אאאא٢٢٥٠אא٩}٤،

 א ٢٣٠٠ K אא א ٨٢٢٠א אא
א٩٤}٥א KאאאאK

א  Open circuit test: Vo=٢٣٠٠V  Io=٤}٩A    Po=٢٢٥٠W                                         
Short circuit test: Vsc=٥}٩٤V  Isc=Irated     Psc=٨٢٢٠W                                               
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As a result, we get Xeq=٣٩٨٤}٠Ω 
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٥- Electrical Technology, Edward Hughes , ISBN:٥-٠٢١٣٤-٠٧-٠ 
٦- Electrical Machines, G. R. Slemon and A. Straughan, Eddison-Weslley ١٩٨٠. 
٧- Electric Machinery, M. S.  Sarma, West Publishing Company, ١٩٩٤. 
٨- Electrical Machines and Transformers –Principles and Applications, P. F. Ryff, D. 

Platnick and J. A. Karnas, Printice Hall. 
٩- Principles of Electricity, B. J. Theraga, and B. K. Theraga. 
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