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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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١J٣אאאאאאאאא١J٢



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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אH
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א
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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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ym

pp

p
m

acac
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t
m
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g
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L
A

L
A

L
A
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A
L

Ffmm
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2
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אאBא١J٢א١J١٠W
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y
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p
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acac
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F

µµµµµ
++++=
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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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אאאאאאא 
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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 
 

 
 



 

 

 

אאאאאא  

 

אאאא  אא  

אאא
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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 

 



١٤٢אא
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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٢J٣

• א(Commutating poles) Wאא 
אאאF٢אEא،אא

אאKאאאא
אאK




٢J٤אא
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אאאאאאא
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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=٠٤}٠=١٠�٨* ١٠٦*٤ 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
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-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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אאאאאאא
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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 

א،אא(bc)א אא
אא٢J١٠Kא

אאאאאKאא
،אאאאא

،אאא،א
אאאאאאFאE،אא

אאאאא
אאאא(Demagnetizing effect)

אאא
אאאW


J ،אא  אא 

אאאK
JאאאאאאK
Jאאאאאאאאא

אאK
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FFEEFE




٢J١٠אאא

אאאאKא
א א 

אאKא
،אאאאאאאאא

٢J١١،אאא٢J١٢א
אאאאאאא(Fc)א (Fa) Kא

אאאאK
אאאאאאא

FאE،אא،א
אאא٢אJ١٣

אאאאאK



١٤٢אא
אאאאאאא

 
 

-٢٩- 






٢J١١אא




٢J١٢אאאאאאאא

 
 
 
 





١٤٢אא
אאאאאאא

 
 

-٣٠- 


 

٢J١٣א

٢J٤אFאEאא(Methods of Excitation)
א א א    F Eאא א   א 

אאאאאאאאאאKא
אאאאאאאא،

אאKW
J   אאF  E(Separately excited) א  

FאKE 
J  א  א א(Self excited)  ، א  א   

אאאאאאK 


٢J٤J١אאאאא(Separately excited generators)
  ٢J١٤א   ،א א א  אא 

אאאאאKאא
א،א אא אא

אא،אאא
K 

 
 



١٤٢אא
אאאאאאא

 
 

-٣١- 




٢J١٤אא

אאW
(Kirechhoff’s Law)אאאאW

                                                                       ٢�٨aaLa RIVE +=

VLאאאFאE،Eaאאאאאא
אאW

                                                      ٢�٩60/
2
2 NZ

a
pE aa φ=                                                         

Ia،אRa،אILאאK
                                                                                 ٢�١٠La II = 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



١٤٢אא
אאאאאאא

 
 

-٣٢- 

 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 

2

1

2

1

n
n

E
E

a

a =  

1000
1200133

2

=
aE

 

VEa 8.110
1200

133*1000
2 ==  

Ea٢=VL٢+IL٢Ra=IL٢RL+ IL٢Ra 

Ω=== 625.0
200
125

L

L
L I

VR  

٨}١١٠=IL٢[٦٢٥}٠H٠٤}٠]=IL[٦٦٥}٠]٢ 

.62.166
665.0

8.110
2 AmpI L ==  

 
 

٢J٤J٢אאאא(Self excited generators) 
      אאאאאאW

J א(series excitation)אאאא
J א(shunt excitation)אאא 
J (compound excitation)אאא 

 
٢J٤J٢J١אאא(series excited generator)

אאאא٢J١٥K 
 
 



١٤٢אא
אאאאאאא

 
 

-٣٣- 

 



٢J١٥אאא

אא: 
                                                  ٢�١١( )faaLa RRIVE ++=

                                                                 ٢�١٢fLa III == 
٢J٤א،٤אא١٥א١٢٥

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                                                                                                                                             

.120
125

310*15

1
1 Amp

V
PI

L

out
L ===  

Ea١=VL١+IL١Rf+IaRa=VL١+IL١[Rf+Ra]                     as IL=Ia 
Ea١٧١٫٨=[٠٫٢٤+٠٫١٥]١٢٠+١٢٥=١ V 

22

11

2

1

n
n

E
E

a

a

φ
φ

=  

 V
n
EnE a

a 05.233
1150*

8.171*1200*3.1

1

1

11

122
2 ===

φ
φ

φ
φ

    

Ea٢=VL٢+IL٢Rf+IaRa=VL٢+IL٢[Rf+Ra] 
VL٢=Ea٢-IL٢[Rf+Ra]=١٨٤٫٣=[٠٫٢٤+٠٫١٥]١٢٥-٢٣٣٫٠٥ volt 
 
 



١٤٢אא
אאאאאאא

 
 

-٣٤- 

 
 
 

٢J٤J٢J٢אאאא(Shunt excited generators)
       אאא א ٢J١٦K

א   א א      א א  
،אא אא   ،א    א 

אאK


אא:
                                                               ٢�١٣aaLa RIVE += 
                                                              ٢�١٤ffLf RIVV ==

                                                                  ٢�١٥fLa III +=
אאאא١٪٥٪אא،א

אאK 
 


٢J١٦אאא 

 ٢J٥   א٣٥٠ א٢٤٠ ،א
אאא٠, ٠٢  ٥٥ KאאאאאK

א IL=٣٥٠ A        VL=٢٤٠ V               Ra=٠٢}٠Ω         Rf=٥٥Ω                               

Amp
R
V

R
V

I
f

L

f

f
f 36.4

55
240

====  

Ia=IL+If=٣٥٠H٣٦}٣٥٤=٣٦}٤ Amp 



١٤٢אא
אאאאאאא

 
 

-٣٥- 

Ea=VL+IaRa=٢٤٠H١}٢٤٧=٠٢}٠*٣٦}٣٥٤ V 
 

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

١٢٠Kאאאאא٠ ,٠٢K
א 

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 

A
V
PI

L

out
L 100

120
60*200

===  

A
R
V

I
f

f
f 26.1

95
120

===  

Ia=IL+If=١٠٠H٢٦}١٠١=٢٦}١ A 
Ea=VL+IaRa=١٢٠H٠١}١٢١=٠١}٠*٢٦}١٠١ V 

60/
2
2 nZ

a
pE aa φ=  

60/*500*02.0*
2
201.121 n

p
p=  

n=٧٢٦=(٥٠٠*٠٢}٠)/٦٠*٠١}١٢١ rpm 

٢J٤J٢J٣אאא(Compound excited generators)
،אאאאאאאאאאא

אאא א אא אא
אאאא،אא(cumulative compound )

א،אאא
אא(differential compound)K

א   א א    אא   ،א א 
אאא(short-shunt)،אאאאאאFא

אא   Eא אא  א   (long-shunt)א א ،



١٤٢אא
אאאאאאא

 
 

-٣٦- 

א٢J١٧אא،٢J١٧،
אאseאאshK 

 
 

אאאW 
                                                                             ٢�١٦seLaaLa RIRIVE ++=

                                                                  ٢�١٧   shLa III += 
                                                                           ٢�١٨    Lse II =

אאא:
                                                               ٢�١٩)( seaaLa RRIVE ++=

                                                                      ٢�٢٠   shLa III += 
                                                                              ٢�٢١   ase II = 




FFEE

٢J١٧אא  FEFE
אא  א  א א  א א  K  אא 

אאא،אאאא
אאא(demagnetize the machine)

אאK 
 ٢J٧      ٦٠   ٢٣٠  Kאא 

אא،אאא٠}٠٤אאא،٠}٠١
אא١٢٥K

אVL=٢٣٠ V    IL=٦٠ A            Ra=٠٤}٠ Ω         Rse=٠١}٠Ω              Rsh=١٢٥Ω                     



١٤٢אא
אאאאאאא

 
 

-٣٧- 

A
R
V

R
VI

sh

L

sh

sh
sh 84.1

125
230

====  

Ia=IL+Ish=٦٠H٨٤}٦١=٨٤}١ A 
Ea=VL+Ia(Ra+Rse)=٢٣٠H٨٤}٦١*(٠٤}٠H٠١}٠)=٠٩٢}٢٣٣ Volt 



١٤٢אא
אאאאאאא
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٢J٥אאאאא(Characteristic Curves of DC Generators) 
אא אאJ א 

א א      א  אא J  א 
א א ،א   ،  א  א  ،  

אאא،אא،אא
א K א אא א אא 

 א  ،א ٢a,٢P א אא א  Ea   
אאΦאא،NK

NkaE φ=
 ،א  אא   א  א אא א 

אאVLK
אאאאאW

J אאNo-load characteristic, Eo=f(If), N=constant     

אאאא(o.c.c)אא
אאאאאא(Eo)א(If) אK

J אאLoad characteristic, VL=f(If), Ia and N=constant  

אאאא  (VL) א(If)א
אאK 

J אאאExternal characteristic, VL=f(IL), If and N=constant  

אאאא(VL)א(IL)אאK 
J אאאאInternal characteristic, Ea=f(Ia), If and N=constant  

אאאא א אאא א א אאא
אאאK

אאאאאאאא
אאאאאK 



١٤٢אא
אאאאאאא

 
 

-٣٩- 

٢J٥J١אאאאא
J אאNo-load characteristic

، אאאאא
אאאאEaאאאW

φkEa =
אאאא،(If) 

fa IkE ′=
אאאאאאאא

אEoאאאא،א
 ٢J١٨     אא    א א  ،

אאאאאאא،
א    אא     א א     ،

א Kא א אא א אEoאIfא،
٢J١٨  א   (a)، א(b)   א א ،א 

אאאאK


FFEE

٢J١٨אאFEאFEאא 
 
 



١٤٢אא
אאאאאאא
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JאאLoad characteristic
 א  א א אא א  א      

א(Eo)א(armature reaction)א،
 א(VL) א אא א   (Ea)א   א  א א
(IaRa) א    א ،Fא E   א   א  

א(RL)אאVL،VLFא
 E א Fא Eאא א ،א 

אאK٢J١٩،אאא٢J
١٩אK٢אJ١٩، IIIאאI

אאאא،אAB (IaRa)אIIIא،
IIא،אאאאאא אCBא

אאא،אא(VL)א
א(Eo)אא(CD)אא
אK


FFEE

٢J١٩אאFEאFEאא
 Jאאא(External characteristic)

٢J٢٠،אאאאאא
אאאאאא(II)Ea،אאא 

 



١٤٢אא
אאאאאאא
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אאא(I)אEoאאא
אאאאKאאאאאא

  א     א אא    א(III)  ،
אאאא(VL)א(IL)אאK

JאאאאInternal characteristic)(
      אII٢J٢٠אאאאEa=f(Ia)אא،

אאאא(Ea)אא(Ia)אא(IL) א
אא،אאKאאאא

 אAB   ،א אא Eaא  א א אא א 
אאאאאK

، אאא ٢J٢٠א،ε 
אאW

                                                             ٢�٢٢100% ∗
−

=
L

Lo

V
VEε


٢J٢٠אאא

٢J٥J٢אאאאא
      ،א אא אאאאא

אאאאאאKאא
אFאE، אא،אאאא

אאאאאWא 



١٤٢אא
אאאאאאא
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 אא؟ Kא      א  א      ،
אאאK،אאא

א،אאאא
א،א٢J٢١א (Magnetization curve)א

אא(If)،אאאאאא(Eo)א
אאאאKא

،א א  א  א א(Er)
אאאאאKא

אאאא(Lf)א (Rf)،
אאאאאאאאאK

אאאאאאאא
אאאאא(Residual magnetism) ErK





٢J٢١אאאא

٢J٥J٢J١אאאאא
אאאאאאאאאאאאאK

  ٢J٢٢א   א אא אא    א
אKאאא(RL)Kאאא

אאא(Ia)،אא 



١٤٢אא
אאאאאאא

 
 

-٤٣- 

אאאאאאאא(VL)Kא
٢J٢٢א،אאאאIא،אאא

 III א  א  א א   א אא  I
אA.CKאאאאא،אאא

אאא،א
אאILKOPאאאא

٢J٢٢K
אאאIaRaאאאFIIIE

אאאאFIIEאאאאEaאא
FאאEאאאא،Iאאאא،IIא

אאK


FFEE

٢J٢٢אאאJאאאJאא 
 
 
 
 
 
 
 
 



١٤٢אא
אאאאאאא

 
 

-٤٤- 

٢J٥J٢J٢אאאאא
א I   ٢J٢٣  א   אא  אא  

אIIא ، אאאאIIIאאא Kא
אאא،אאא

אאKא IV אאאאאEoK
אאאW

                                                        ٢�٢٣100% ∗
−

=
AA

AAoE
ε


FFEE

٢J٢٣אאאJאאאJאא
٢J٥J٢J٣אאאא

אאא،אא(long-shunt )
אאא(short-shunt)K،א

אאאאאא،א
אאאא،אK

 א  א אא  Fא  א  E  
א،אאאאאאאאK

Jא  W א א א     אא  
א   א  ،אא  א א     

אאVLאאאאאאא
٢J٢٤K



١٤٢אא
אאאאאאא

 
 

-٤٥- 

JWאא
    ،א א  אא א  א  א א

،אאאאVLאK
JW،אאאאאאא

אאאאאאא
٢J٢٤Kא،אאא
 

 
٢J٢٤אאאא

٢J٦אאאאאEnergy Losses and Efficiency of DC Generators 

     אאאא،א
אא،אאאאא،אא

אאאאאא،א
א،אאFEאא،

אK 
     אאאאא،אא

    ،א אא   א     F
אKEאאאאאK

JאאאFאEMagnetic losses (Iron losses)

JאאאFאEElectrical losses (Cupper losses)
JFאE)Mechanical losses (Friction losses




١٤٢אא
אאאאאאא
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٢J٦J١אאאFאE
אאW

JאאHysteresis loss:אאאאאא
אאאאW

                                                        ٢�٢٤fgBhW 6.1=
JאאאאFאEEddy current loss Wאאא

                                                           ٢�٢٥fgBeW 2=
     אאאאאאאא

אאאKאאאאאא
،אאאאאK

٢J٦J٢א  אאאאאאא
אאא  א א  

אא،אאW 
J אאW

Armature cupper loss=I٢
aRa

אאאאא
J אאW

For shunt machine=I٢
shRsh(or VIsh)

אאK
For series machine=I٢

seRse
JאאW

Loss due to brush contact resistance=IaVB
VBאאא،אאאK

٢J٦J٣אא
    אאא،א(bearing)א،

אאא  אא  Kאא א א
אאאאאK



١٤٢אא
אאאאאאא
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٢J٦J٤אא

     א א  א   א  א
(Prime mover)אאאא א

אInput power٢J٢٥،
אאאH.Pאאאא،WH.P=٧٤٦ Watt.K

אאאPmechאאPi א
PgPgאFאEW 

Pg=Ea Ia                
Pg=Pin-(Pmech+Pi)                                                    ٢�٢٦

אאאPgאאא
אאאאPoutאPLK٢J

٢٦אאאאאK

א

Pin Pg Pout 

א אא
Pi&Pmech 

A B C 

א 
     Pcu 


٢J٢٥אאאאא

  



١٤٢אא
אאאאאאא

 
 

-٤٨- 

i/p 
o/p 
VLIL

Pmech+Pi 
I2

aR

I2
shRsh

I2
seRse 

∆VIa 

IaEa 

אא

אא
אא

אא


٢J٢٦אא

אאא



١٤٢אא
אאאאאאא
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٢J٦J٥אאEfficiency
  א א א א   ،א אא

W
JאאW

                                                       ٢�٢٧
746*HP
IE

A
B aa

m ==η

JאאW

                                                           ٢�٢٨
aa

LL
e IE

IV
B
C
==η 

JאאW

                                            ٢�٢٩
746*/

/
HP

IV
A
C

pi
po LL

em ==== ηηη

אאא

                                                            ٢�٣٠
lossesP

P

out

out

+
=η 

                                                             ٢�٣١
in

in

P
lossesP −

=η 

 ٢J٨  ،    ١٠٠٠L    ٤٥
א٢٤٠Kא  אא٠}٠٥،א  ٠}٠٢

 אא  ٦٥  Kא א אא  א א א א א
٣٥٠٠אK


א

n=١٠٠٠ rpm       Pout=٤٥ Kw       VL=٢٤٠ V      Ra=٠٥}٠Ω       Rse=٠٢}٠Ω           Rsh=٦٥Ω
Pi+Pmech=٣٥٠٠ W                          

A
V
PI

L

out
L 5.187

240

310*45
===  

A
R
V

R
VI

sh

L

sh

sh
sh 7.3

65
240

====  

Ia=IL+Ish=٥}١٨٧H٢}١٩١=٧}٣ A 



١٤٢אא
אאאאאאא

 
 

-٥٠- 

Pcu=I٢
aRa+ I٢

aRse+ I٢
shRsh= I٢

a (Ra+Rse)+ I٢
shRsh 

     =(٢}١٩١)٢*(٠٥}٠H٠٢}٠) + (٧}٣)٨٧}٣٤٤٨=٦٥*٢ W 
Losses=Pcu+Pi+Pmech 
           =٨٧}٣٤٤٨H٨٧}٦٩٤٨=٣٥٠٠ W 

%6.86866.0
87.6948310*45

310*45
==

+
=

+
=

LossesP
P

out

outη

 
٢J٩٨،١٢٠٠
٦٠٠Lא،٦٠אא٠}٠٢٢Kא٠٦ 

, אא   ، ٠}٠٤ אא   ٢٥٠ K א א 
אאאא٤٥٠٠אK

א 
٢p=٢      ٨a=٢ [wave winding]     Za=١٢٠٠     n=٦٠٠ rpm       Ia=٦٠ A       Φ=٠٢٢}٠ wb      
Ra=٠٦}٠Ω   Rse=٠٤}٠Ω    Rsh=٢٥٠Ω     Pi+Pmech=٣٥٠٠W                                                                                          

60/
2
2 nZ

a
pE aa φ=  

VEa 105660/600*1200*022.0*
2
8

==  
 Ea=Va+IaRa 
Va=Ea-IaRa=٤}١٠٥٢=٠٦}٠*١٠٥٦�٦٠ V 

A
R
VI

sh

a
sh 21.4

250
4.1052
===                       

IL=Ia-If=٧٩}٥٥=٢١}٦٠�٤ A 
VL=Va-ILRse=١٦}١٠٥٠=٠٤}٠*٧٩}٤�٥٥}١٠٥٢ V 
Pout=VLIL=٥٨٥٨٩=٧٩}٥٥*١٦}١٠٥٠ W 

 Pcu=I٢
aRa+ I٢

LRse+ I٢
shRsh 

    =(٦٠)٠٦}٠*٢H(٧٩}٥٥)٠٤}٠*٢H(٢١}٤)٥}٤٧٧١=٢٥٠*٢ W 
losses=Pcu+Pi+Pmech=٥}٤٧٧١H٥}٨٢٧١=٣٥٠٠ W 

%6.87876.0
5.827158589

58589
==

+
=

+
=

LossesP
P

out

outη  

 
 
 



١٤٢אא
אאאאאאא

 
 

-٥١- 

 
 
 
 
 

אא 
 

١J אאאאאאK
٢J אאאK 
٣J אא؟אאאאK 
٤J ؟אאא؟א 
٥J אאאK 
٦J אJאJא

אK 
٧J ؟אא؟אא 
٨J א؟א 
٩J אאאJאJאK 

١٠J אאאאאאK 
١١J אאאאאK 
١٢J אאאאא،א٢٣٠א

١٠٠٠L١}٢٥ KWJאאאאא١٢٠٠
Lא١}١אKJאאאא٢١٠אא

١}٢KJא١٢٠٠Lא٢٠٥K 
١٣J  א      א א אא א  ١٢٠،א

אאאאא٩٥٪אאא١١٠٪א
١٢٠K 

١٤J   א    ٣٠K  א٢٥٠א   ،
١٢٥, K אאאאא٢٦٥ Kאא

א١٠٥אא،אאאאK 



١٤٢אא
אאאאאאא
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١٥J א٨٩٦٠،
٥٠٠L  ٥}٦   ٢٨٠ א   א ٢٥, K

 א  ١٧٥  WJ  א Jא א אא א
JאאK 

١٦J  א   ٤ ،  א  א ٨, K ،١٠٠ 
،٣٠٠אאאא،א

 ٠}٠٣ א  ،١٢אא  ١٠٠٠Lא   
K 

١٧J ٤א٢٥Kאא٥٠٠
 א   א ،٠}٠٣ אא   ٠}٠٤  

 א٢٠٠א  WJ א אא אJ  א א 
א١٢٠٠אLאא٠}٠٢K 

١٨J    ٢٥٠  א  ٨٠،א   א 
אאאא٠}٠٥ K ،٠}٠٣،١٠٠א،א

אאאאK 
١٩J א١٥٠٠Lא٣٠

 א  ١٥٠א  א א אא  א   ،١٨٠٠
Lאא٦٠א א؟٦٠אא
٥٠٪אא١, ،١٥,KאK 

٢٠J ١٠٠٠L٢٥Kא٢٥٠
אאאא،אא٠}٠٥ ،٠}٠٦،١١٠

אאא،א٨٨٪WJאאאJאא
אאK 

٢١J ١٠٠٠L٤٥א
  ٢٤٠ א    א ،٠}٠٥ אא  ٠}٠٢

 אא  ٦٥אא  א א א א א א
א٣٥٠٠א 



 

 

 

אאאא  

 

אאאא  אא  

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

אאאא 




א


א





٣



١٤٢אא
אאאאאא
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אאWאאאאאאא
אKאאאאא. 


אאW אאW

١K אאK 
٢K אאאאאאאK 
٣K אאאK 
٤K אאאאK 
٥K אאאאא 
٦K אאאK 
٧K אאאא 


אאאW أن אא٨٥٪


אאW٦. 


אאW F.( 


אאWאאאאאאאאא

אK  






 



١٤٢אא
אאאאאא
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אא DC  Motors   
 

      א א   א א א א  Kא 
אא٦٠א٪אאא Kאאאא

אאאאאאKאא
אאאאאאאאא
    א       ،א א  

אKאא
אאאאKאאאאאא

Kאאאאאא
אאאKאאאא

אK
٣J١אא

      ،אאאאאא
אאאFאאKE

    א      א  א   
 אFא E א א ،א  

אאאאאK
א،אאאא

אK٣J١
אXX’BI

،אאאאFאא
אcd, abאאאKאאLאא

W
F=BIL                                                                    ٣�١ 

 א   א אcd, ab א    ،א   T
אאאאK 



١٤٢אא
אאאאאא


 

-٥٤- 

 
 

٣J١אא
٣J٢אאאאא    Back e.m.f (Eb)    

     אאאא
אאאא(Back e.m.f)אאאא: 

                                                                   ٣�٢602
2 nZ

a
PE ab φ=

                              
                                 

אאאא٣J٢،אא
א    א   ،אא א    א  ،אK

٣J٢ אאאאא
אF٣J٢KEאאאא

  א Kא   א
אאא،א

אאאאאאK
אאK

אWאאאאZאHאא
                                                                 ٣�٣aaLa RIVE += 

אWאאאאFאZEאJאא
                                                                  ٣�٤aaLa RIVE −= 



١٤٢אא
אאאאאא


 

-٥٥- 

 
א   אאא  א א

אF٣J٣E،F٣J٤KEאאאאאא
א،אאאאאא

אא ،א אא א אא אא
אא  א א  א 

א  K א א אא אא א FאE،
א٣אJ٤W

                                                                            ٣�٥a

bL
a R

EV
I

−
=

 
אאאאאאאא٣J٢א،

אאnEbאא Kא 
אאאאאאאאאאEb 

 

 
٣J٢אא

אאאאאאstarting) 
(currentא٣J٥Eb=٠W

                                                                           ٣�٦a

L
sta R

VI =)(


אVLFERaFאE

אאא،אא



١٤٢אא
אאאאאא


 

-٥٦- 

 ،א   א K
אאאא،אאא 

אאRstא٣J٣
אאW

                                                                     ٣�٧sta

L
sta RR

VI
+

=)(

 
א א      א    א  אא K
אאאאאאאאאאK

אאאאאא
אאאאK 

 

 
٣J٣א 

 

٣J٣אאא      Developed Torque 

      ٣J٤אL ra
nBKאIcאF

אאאW

                                                                      ٣�٨cBLIF =
 

אאFאEאאW



١٤٢אא
אאאאאא
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٣�٩                                    cI
LarB
arcBLI

aFrcT

π

π

2

2
=

=

=

       
٣J٤אאאאאאא٢πraL

Wאאאא
                                                                   ٣�١٠)2( LarB π=Φ

Bא٣J٩אאאW
                                                                         ١١-٣

π2
cI

cT Φ= 

אאא٢pאאאIaאאZa
אאא٢aאאאאW

                                                             ٣�١٢paZcI
paZcTT

2
2

2

π
Φ=

=

 
אאאIcאאאאאW

                                                                           ٣�١٣a
aI

cI
2

=
 

א٣J١٣א٣J١٢אאאאא
אW 

                                                          ٣�١٤aIaZ
a
pT

π22
2 Φ=

 
אאW

                                                                    ٣�١٥aIKT Φ= 

Kא=π22
2 aZ

a
p

 
٣אJ١٥אאאאФ،IaK

אא٣J٢אאאEbW



١٤٢אא
אאאאאא
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                                                                             ٣�١٦60
2 n

aIbE
T π=

    
אאאאW

٣�١٧                                           ω
PT =

 
 
 
Pא=EbIaFאxאEωאאא

אאW

                                                                                 ٣�١٨60
2 nπω =

 
٣אJ١٦אאאאK

 
 ٤-٣شكل 

٣J٤אא   Types of DC motors    

א א    א      F 
אאWE

JאאאאאFאE
Jאאאאאא

    א ،אא    א א א א  א
אאאאאאאאאאK

٣J٤J١אא  DC shunt motor



١٤٢אא
אאאאאא
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 ٣J٥אאאFאERsh
א   א   א  אא  Kא  Ra  

אאRstKאאאא
K 

 
 
 
 


٣J٥אא

אאאא٣J٥W

٣�١٩  shain

aainb

III
RIVE

+=
−=


אאאאW

                                                     ٣�٢٠φnKE
b

b = 
א٣J١٩א٣J٢٠אW

                                                     ٣�٢١Φ
−

=
Φ

=
b

aain

b

b

K
RIV

K
En

 
• אא

אאאאאאW
Jאאn=f(Ia)         
JאאT=f(Ia)



١٤٢אא
אאאאאא
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Jאאn=f(T)        
א٣J٢١אאאFאEאא

אאא٣J٦IKאא
אאא٣J١٥אאא،

אFאE،אאאאאא
א٣J٦IIK 

 


אא٣J١٥א٣J٢١א
אW

                                                              ٣�٢٢
22Φ

−
Φ

=

b

a

b

in

K

RT
K
Vn

 
 ٣אJ٢٢אא  א  א א  K    

אאאKא(T=٠)אΦ
=

b

in

K
Vn

 א
(no load speed ) א  א  ٣J٢٢א  א א  ، 

אאK٣J٧אאאאK
אK

 

 



١٤٢אא
אאאאאא
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٣J٦אאא









 
٣J٧אאאאא 

• אאאא:
אאאא  א

 ،אא   ،א א    א
אאאאא

אא،אKא
אאאאK

٣J١א٢٤٠٧٥٠Lא
٣٠،אא٠}٠٥אאKK

אVin=٢٤٠ V       n=٧٥٠ rpm              Ia=٣٠ A        Ra=٠٥}٠Ω             



١٤٢אא
אאאאאא
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Eb=Vin-IaRa 
   =٥}٢٣٨=٠٥}٠*٢٤٠�٣٠ volt 

T=EbIa/ω                       ω=٢πn/٦٠  rad/sec 
T=٣٠*٥}٢٣٨/(٢*π*٧٥٠L٦٠)=١}٩١  N.m







 ٣J٢א٥٠٠א،٩٦٠
   K   א ٥٢   א א  ٣

Kאאא٠}٠٤٢٠٠אKא
אאK

   Ω ٠٤}٠=٣megalines    Ra=A     Φ ٥٢=Iin     ٩٦٠=V    Za  ٥٠٠=Vin   ٤=٢p  א
Rsh=٢٠٠ Ω  

Ish=Vin/Rsh=٥٠٠L٥}٢=٢٠٠ A              Ia=Iin-Ish=٥}٤٩=٥}٥٢�٢ A 
Eb=Vin-IaRa 

=٠٢}٤٩٨=٠٤}٠*٥}٤٩ -٥٠٠ V 

602
2 nZ

a
PE ab φ=

 

60
*960*)810*610*3(*

2
403.498 n−=

 
n=٧٧}٥١٢ rpm 

ω=٢πn/٦٠  ω=٢π*٧٧}٥١٢L٣٣}٥٤=٦٠ rad/sec 
T=EbIa/ω                       T=٥}٤٩*٠٣}٤٩٨L٧٥}٤٥٣=٣٣}٥٤ N.m 

   
٣J٤J٢אDC series motor

        ٣J٨א א    ،אא   א 
אא،אW



١٤٢אא
אאאאאא
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Eb=Vin-Ia(Ra+Rse)                                                        ٣�٢٣ 
Ia=Iin=Ise                                                                    ٣�٢٤ 

אאאΦאIseא،:Ia
Φ=CIse=CIa                                                                ٣�٢٥ 

א٣J١٥אאאאW
T=K´Ia٣�٢٦                                                                    ٢ 

אאא،אאK

                                                    ٢٧}٣a
b

bb nIKnKE ′=Φ=
 

א٣J٢٦א٣J٢٣אW

                                           ٣�٢٨a
b

seaain

a
b

b

IK
RRIV

IK
En

′
+−

=
′

=
)(

 


 

٣J٨אא


• אא
א٣J٢٦ ،אאאא

א(parabola) ٣J٩Kא
٣J٢٨   ، אא א  א א 

 אFא E   א    א (hyperabola)  
٣J٩Kאאא



١٤٢אא
אאאאאא
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אא٣J٢٥א٣J٢٨א
אW

                                                             ٣�٢٩
22

a

sea

a

in

I
RRT

I
Vn

αα
+

−=
 

א٣J٢٦א٣J٢٩אאW

                                                            ٣�٣٠αα
seRaR

T
inV

n +
−=


א٣J٣٠אאאאא٣J١٠K

אאאאאאא(T=٠) 
אאאא

אK



 
٣J٩אאאאאא 



١٤٢אא
אאאאאא


 

-٦٥- 

 
٣J١٠אאאאא 

• אאאא
אאאאFאE

א אFאEא א
אKאאאאא

אאאאא،א אאא
אאאאKאאאא،א

אאאאאאאאאא
א אאא א אא  

KאאאאאאאK
٣J٣אא٢٢٠א٥٠

א١٠٠٠Lא، ١٥,א١,Kא
אא٨٠٪אאא٦٠אאא

אאאאאא
אVin= ٢٢٠ V    Ia٥٠=١A  n١٠٠٠=١rpm  Ra=١٥}٠ Ω    Rse=١}٠Ω    n٨}٠=٢n١   

Ia٦٠=٢A           
Eb١=Vin-Ia١ (Ra+Rse) 

     =٢٢٠�٥٠(١٥}٠H١}٠)=٥}٢٠٧ V 
Eb٢=Vin-Ia٢ (Ra+Rse) 

=٢٠٥=(٠٫١+٠٫١٥)٦٠-٢٢٠ V 



١٤٢אא
אאאאאא
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T١=Eb١Ia١/ω١  
=٥٠*٢٠٧٫٥/(٢π*١٠٠٠/٦٠)=٩٩٫٠٧ N.m 

T٢=Eb٢Ia٢/ω٢  
=٦٠*٢٠٥/(٢π*١٠٠٠/٦٠*٠٫٨)=١٤٦٫٨٢ N.m 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



١٤٢אא
אאאאאא
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 ٣J٤   אא           ٢٢٠
 א  ٥٢א א   K    א  ٦٣٠

אא٠}٠١٨אאא،٢,١,
 KאאאאאKאאאאא٦٠٪

אאא،אאK
٢ אp=٤  Vin=٢٢٠V  Ia=٥٢A  Za=٦٣٠    Φ=٠٫٠١٨ wb     Ra=٠٫٢Ω    Rse=٠٫١Ω    

T٠٫٦=٢T١  
Eb١=Vin-Ia١(Ra+Rse) 
     =٢٠٤٫٤=(٠٫١+٠٫٢)٥٢-٢٢٠V 

602
2 1

1

nZ
a
pE ab φ=  

60
*630*018.0*

2
44.204 1n

=  

n٥٤١=١ rpm 
T١=Eb١Ia١/ω٥٢*٢٠٤٫٤= ١/(٢π*٥٤١/٦٠)=١٨٧٫٦١ N.m 
TαIa

٢ 

2

2
2

2
1

2
2

1

2

)52(
6.0 a

a

a I
I
I

T
T

===  

AIa 3.40)52(*6.0 2
2 ==  

Eb٢=Vin-Ia٢(Ra+Rse) 
     =٢٠٨=(٠٫١+٠٫٢)٤٠٫٣-٢٢٠ V 

11

22

11

22

1

2

a

a

b

b

In
In

n
n

E
E

=
Φ
Φ

=  

52*541
3.40*

4.204
208 2n

=  

3.40*4.204
52*541*208

2 =n  

n٧١٠=٢ rpm 
 
 
 
 
 
 
 
 



١٤٢אא
אאאאאא
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٣J٤J٣אאDC compound motor

אאאא אא
אאאאא،אאא

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

،٣J١١אK  

 
٣J١١אאJJ 

אאW
                                                                      ٣١-٣seinaainb RIRIVE −−= 
                                                                    ٣٢-٣ seininshshsh RIVRIV −== 

                                                                              ٣٣-٣shasein IIII +== 

                                                                     ٣٤-٣
Φ
−−

=
K

RIRIVn seinaain 

אא: 
                                                                      ٣٥-٣)( seaainb RRIVE +−= 

                                                                                  ٣٦-٣inshshsh VRIV == 
                                                                                        ٣٧-٣shain III += 

                                                                      ٣٨-٣
Φ
+−

=
K

RRIVn seaain )(
 

 
 
 
 
 
 



١٤٢אא
אאאאאא
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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، 
 



١٤٢אא
אאאאאא
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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

 
٣J١٣אאאא 

 
 
 
 



١٤٢אא
אאאאאא
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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. 

 
٣J١٤אאא?? 

 
 



١٤٢אא
אאאאאא
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WאאאW 
אאאΦאאאI-

inאKאIinא،אאא
א،אאא

א،אK٣J١٥אא
WאW

אאאאא
،אאאאאא

א٣J١٥Kאאא
אK

 
٣J١٥אאא 

 
٣J٥J٣אאא

אאאאאאאא
KאאאאאאKא

א،אאאאאא
אKאאאאא

٣J١٦א،אאK 





١٤٢אא
אאאאאא
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٣J١٦אא 

٣J٦אStarting Methods 
אאאאאאאאK

אאאאאW
אאW

                                                                         ٣�٣٩
a

bin
a R

EVI −
= 

אאW

                                                                         ٣�٤٠
sea

bin
a RR

EVI
+
−

= 

אאאאאאאא
אאאאKאא

אאאאFאKEא
٣J٣،٣J٣٩،٣J٤٠אאאא

אאאאאא
אאKאאאאאW

אאW

                                                                                  ٣�٤١
a

in
starting R

VI =

אאW
 

                                                                         ٣�٤٢
sea

in
starting RR

VI
+

= 
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٣J٤١،٣J٤٢א،א٢٠٠א١,
F١Eאא٢٠٠٠אא
אאKאאא

(starter)אאאא
אאא،אאFEא

אאאאא
אK

٣J٦J١אא
אאא

אאאאא،אא
אא،אאאK

٣J١٧אא،אאאא(A)אא
אRstאאא(B)אאאא

אאאאא،אא
אא(A)١א٢٣אon

אאאאאאאא
אאKאאאאאא(S)

(on)אאאאא
אאאאאא

א(off)K   
 
 
 
 
 
 
 
 
 
 
 
 
 



١٤٢אא
אאאאאא
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٣J١٧ 

٣J٦J٢אא
      אאאא٢٠FE

א(overload)אאאא
(circuit breaker)אא(s)אאK٣אJ١٨ 

אאאKאאאאAאoff،
אSאאאEאא

AאאBאC،אאאא
 א א א    א  אא  K    

אCאDאCאאA
אאCKאאRstאאA

אonאאאאאK
      אאSאאאאאC

אאאDאאAאon
אoffא(spring)אAאK



١٤٢אא
אאאאאא
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 E       Fא   א    ،
אFאEא،

אCאא
אDאאAאאאK

 

 
٣J١٨ 

 

٣J٧אאאLosses and Efficiency 
      אאאאא אאאW

JאאMechanical loss
JאאCopper loss
JאאIron loss 
אאא،אא

אאKאאFאאKE 
 
 



١٤٢אא
אאאאאא
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٣J٧J١אא
      א א   א      א  

אאא
אInput power  ٣J١٩ אא א א(W).

אא א   א Pg،
PgאW 

Pg=Ea Ia                                
Pg=Pin-Pcu                                                               ٤٣-٣

א א   אPg א     Pmech
 Pin  א א  א א      

אPoutK٣J٢٠אאאאK
• אW

،אאאאאאאW
J אא

                                                         ٣�٤٤inin IV
HP

pi
po 746*

/
/

==η


אאא

                                                                ٣�٤٥lossesP
P

out

out

+
=η

 

                                                                 ٣�٤٦in

in

P
lossesP −

=η
 

 

א

Pin Pg Pout       HP

א אא
Pi&Pmech 

א
     Pcu 

 
٣J١٩אאאאא
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i/p 

o/p
HP 

Pmech+Pi

I2
aRa 

I2
shRsh

I2
seRse

∆VI

IaEa 

אא

אאאא

אאא

 
٣J٢٠אאאא

 
٣J٥  אא١٥٠אא

٩٦٠L،٥٥٠Kא٩١٪
א٢٧٥אא١,KKאW

Jאאאאאאאא
Jאאא٦٠٪אאא٢,K

אאאK
א HP=١٥٠   n=٩٦٠rpm  Vin=٥٥٠V   η=٩١٪    Rsh=٢٧٥Ω     Ra=٠٫١Ω            

in

out

P
P

=η  

inP
746*15091.0 =  

WPin 122967
91.0
746*150

==  

ininin IVP =                   inI*550122967 =         AIin 6.223550/122967 ==  

A
R
V

R
VI

sh

in

sh

sh
sh 2

275
550

====  

AIII shina 6.22126.223 =−=−=  
WRIRIP shshaacu 6011275*)2(1.0*)6.221( 2222 =+=+=  
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WPPP outinlosses 11067746*150122967 =−=−=  
 

cuimechlosses PPPP ++=  
- WPPPP culossesimech 5056601111067 =−=−=+  

VRIVE aainb 84.5271.0*6.221550 =−=−=  

- mN
n
IEIET abab .5.1163

960**2
60*6.221*84.527

60
2

====
ππω

 

aIT Φα  
،אΦ

aITα  

6.011 ==
a

a

I
I

T
T  

AII aa 96.1326.221*6.0*6.01 ===  
VRRIVE adaainb 1.510)2.01.0(*96.132550)(11 =+−=+−=  

 
 
 

1**2
60*96.132*1.5105.1163*6.0

nπ
=  

- rpmn 928
5.1163*6.0**2

60*96.132*1.510
1 ==

π
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

60
2 1

11

1

11
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IEIET abab

πω
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אא


١J אאאK
٢J אא؟אאאK 
٣J אאאאאאאK 
٤J אאאאK 
٥J אא؟K 
٦J א אא   ،א א     א

אאK 
٧J אא؟אא 
٨J אא،אאא

 א؟
٩J אאאאאK؟א 

١٠J א ٤J٢٢٠א٥٤٠
،אא٣٢٦Kאא،א١

א٩,אא٠}٠٣–א
–אאK 

١١J א٢٢٠٥٠٠Lא٥٠K
אאאאאאאא،٢א,K 

١٢J א٢٥٠J٤א٧٨٤
 Kאאאא٥,،٢٥,א

א٢٥אאא،
א٤٠אK 

١٣J א٢٤٠  ٨٥٠L א  ١٠٠א،
אאא ١٥,،١,א،א
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 א   א  ٣٠ אא  א ،
אאK 

١٤J א٥٠٠אאא٥٥
٢١אא،٨, Kא٢٤٥ Kא

אאאאאאK 
١٥J א٤א٨٢٠א

٢אא،١٢٠٠L
  א א ٦  ،  א   א ١٢٠א K א

אאאאאא١٥,،٠}٠٥،١٢٠،
 WJ  א א  א –א  א  

אK 
 

 



 

 

 

אאאאאא  

 

אאאא  אא  

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

אאאא 

  


א






א




א


٤
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אאWאא،אאא
אאאאאאאאא

אאאאK


אאW אאW
١K אאאK 
٢K אאאאאאK 
٣K אאאK 
٤K אאאאאאK 
٥K אאאK 
٦K אאאאK 
٧K אאאאK 
٨K אאאאK 
٩K אאאאאK 


אאאWאא٨٥٪


אאW ٨K 


אאW FKE 


אאWאאאאאאאאא  .
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אאאSingle Phase Transformers 
 

אאאFאE
אאאאאאא

א  Kא א א א  אא
Kאאאא

אא  א  
אאKאאאא

אKאאאאאאא
א Kאא אאא

אאKאאאא
 א  K א    א אא   
Kאאאאאאאא אK

אאאאאאאא
אאK

٤J١א      

      אאאא
(core) א

אF٤J١Eאאא،Kא
אאא(Magnetic flux)،

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

אא א    א(primary winding)     N١א א  ،
א    א א(secondary winding)  N٢ K 

אאאא،אאאא
א א  א א Kא   א א   א א

א،א א؟



١٤٢אאא
אאאאאאאא

 
 

-٨٣- 

٤J١J١אא
אW

- א(Power transformers)אאא א
Kאאאאא

-א (Electronic transformers) אאא
 א א        א א K 

אאK 

- א (Instrument transformers) א א     
אאאא،אK

אאW
Jא
JאFאE
J
J
אאW
Jא
Jא

א،אאאא
א،אאאאא

אאאK
 

 
 

٤J١ 
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٤J١J٢א
 

      א אא  א  Wא א(core) א ،(windings) 
אאאאאאאK

Jאא(core)Wאאא(legs)
אא (yoke)א אא  Kאאא

אאFאאאE،אא٣٥,K
٥,KKאאא٢K,٣K,א

،אאאKאאאא
אאאא K ، א  

 ،א   א   א  א    K
٤J٢K

אאאא،אא
א  א אאא     א K  א  

אאאK
 

 
٤J٢(Leg) 
א: 

Jאאא(Core type)   

    א א  א א ٤J١א    
א،אאLא

    ٤אJ٣א  א   ،  FE   ،
אאFEא،FEא

א  א Kא  א א א אא
،אא،אK 
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٤J٣אאאcore type

JאאאFאאEShell type 
אאאEI٤J٤א،

EIFE،
IEFEאא 

אא א  א אא ،א
אאKאאא

אאאאאאאא،K 
 

 
٤J٤אאshell type 
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J א(windings)Wא א  ،א  א    א
(cylindrical windings)אא،(disc windings)אא،א
אאאאאאא،K

٤J٢א 
    א     א  א  ،  

א(Sandwich) K 

٤J٢J١אאא 

          א א  אא א א א  
core) (type K  ٤J٥    ،א    א

א،אאא
אאאא،אא

א٥,Kא١,K
אK

אאאאאא
،אאאאאFEאא

،אאאKאFE
אאK

 
٤J٥אא
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٤J٢J٢אאא
 ، א א   א    א ،א  

א א     א א        ، 
אאאאאאא

 ،א  א  א א      א 
،٤אJ٦K

 
٤J٦אא


  ،א א  א א אא   א 

אאאאאאאK


٤J٣אאאIdeal Transformer 
אאאאאאKאא

אאאאאאאאאK
אאא،אא

אKאאא،אאא
 א  ٤J٧אאא  ،א

   ،   F Eא   א   א 
אאא  Kא  אא א אא

א א      K    אא v١א א ،
אФ،  e١אאאW
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                                                                          ٤�١
dt
dNev Φ

== 111 

 N١א א  א א     ،אא א  
W

                                                                         ٤�٢
dt
dNev Φ

== 222 

N٢ ،אe٢אאאאאKא٤J١א
٤J٢אאW

                                                                                                   ٣-٤
2

1

2

1

2

1

N
N

e
e

v
v

== 

 
2

1

N
N  א ، א   N١>N٢ א  

א ،N٢>N١אא Kאאא
א،אאאא،א

אאאאW
                                                                          ٤�٤2211 iviv = 

א٤J٣א٤J٤אאאאאאK

                                                                          ٤�٥
1

2

2

1

N
N

i
i
=

 

 
٤J٧אא
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אאאאאאא٤J١
٤J٥Kאא٤אJ٧א،א

 אאא K אאאאאא
  אאא א  א  א א      א

אKאאv١אאv٢K 
אאאא٤J٣א٤J٥א،W

                                                                           ٤�٦2

2

2

2

1

1

1

I
V

N
N

I
V

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=

 
א(load impedance)Z٢W

                                                                                ٤�٧
2

2

2 Z
I
V

=
 

א٤J٧٤אJ٦

                                                                         ٤�٨
2

2

2

1

1

1 Z
N
N

I
V

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=

 
٤אJ٨אZ٢אאאאZ٢’

                                                                         ٤�٩
2

2

2

1
2 Z

N
NZ ⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
=′

 
٤J٨א،אאאאZ’٢אZ٢

אאאKאK







٤J٨אאאא
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٤J٤אאאא 

אאאאאK
                                                             ٤�١٠tt m ωsin)( Φ=Φ 

Wאא٤J١אא
١١-٤tNte m ωω cos)( 11 Φ=
=٢πf  ω،fא א٤J١١אאW

٤�١٢                                                     )90sin(2)( 11
o

m tfNte +Φ= ωπ
אאאאאאאW

                                                       ٤�١٣)90sin(2)( 11
otEte += ω

E١אאאאאe١W


fNE mΦ= 11 2

2π


                                                                 ٤�١٤fNE mΦ= 11 44.4 

א  ،אא א א א  אא א 
W

                                                               ٤�١٥fNE mΦ= 22 44.4
א٤J١٤א٤J١٥אאאא

אKא٤J١٠א٤J١٣אE١
אא٩٠אoKא،אאא

אאאאאאאאאK
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٤J١א٥٠Lא،אא

א٢٠אאאאא
 ١٠٠٠٠אL٢–א אא א    א א  א

א٢٢٠L٣٠٠٠K


אB=١٠٠٠٠lines/cm٢     A=٢٠x٤٠٠=٢٠cm٢     E٣٠٠٠=١ V     E٢٢٠=٢V            
Φ=BA=٠٤}٠=١٠�٨*٤٠٠*١٠٠٠٠ wb 
E=٤٤}٤fΦN 
E٤٤}٤=١fΦN١                    N٣٣٨=(٠٤}٠*٥٠*٤٤}٤)/٣٠٠٠=١ turns 
E٤٤}٤=٢fΦN٢                    N٢٥=(٠٤}٠*٥٠*٤٤}٤)/٢٢٠=٢ turns 
 




٤J٢א٢٥אא٥٠٠א٤٠
אאא٣٠٠٠א،Jאאא–אא

אאJאאאאאJאאאK


אKVA=٢٥   N٥٠٠=١   N٤٠=٢          V٣٠٠٠=١V                             

5.12
40

500

2

1

2

1 ===
N
N

V
V  

VV 240
5.12

3000
2 ==  

A
V

KVAI 33.8
3000

10*25 3

1
1 ===  

AI
N
N

V
KVAI 13.10433.8*

40
500

1
1

2

2
2 ====  

11 44.4 NfE φ=  
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wb027.0
500*50*44.4

3000
==φ  




٤J٣א٥،١١٠L٤٤٠٦٠
א٤٠٨, Kאא Kא

א،WJאאJא–אאא



א 
  KVA=٥         V١/V٤٤٠/١١٠=٢               f=٦٠ Hz           I٤٠=٢ A     P.F=٨}٠ lead     

אאאW
 voltV 01102 ∠=  

AI 8.0cos40 1
2

−∠=  
AI o87.36402 ∠=  

-The transformer ratio is 
4

110
440

2

1

2

1 ===
N
N

V
V  

Thus 
V٤٤٠=١ V 

AI
N
NI oo 87.3610)87.3640(

4
1

2
1

2
1 ∠=∠==  

- The load impedance is 

Ω−∠=
∠

∠
== o

oI
VZ 87.3675.2

87.3640
0110

2

2
2  

- The impedance of the load referred to the primary side is 

Ω−∠=−∠=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=′ ooZ

N
NZ 87.364487.3675.2()4( 2

2

2

2

1
2  

or Ω−∠=
∠

==′ o
oI

VZ 87.3644
87.3610

440

1

1
2  
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٤J٥אאא
אא א     א  ،      

אא אאאא،אא
אאאאאKאאא

  א אאא א א א א    K  א
אאKאאאR١א،

אR٢K
אא،  אא  א

،אאאאאאא
אאא،אאאאאאא

א אאאא אא X١
(Leakage reactance)אא X٢=١πfL١Kא

א א א ،א א         א א
 א א   א      א  X٢

(X٢=٢πfL٢) א  K ٤J٩ ،אא א
אאKאאא

אאKאאאאאא
אאאK 
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٤J٩אא




 
٤J١٠אאאKXo אאא

،Roאאאאאא Kאא
א אאIa  Io א  ،  א 

א Im א  Kא אא  F ٤J١٠ Eא 
א٤אJ١١אאאK٤J١١

אאאאאאאא  )(
אאאKאאאאW

 

 
٤J١٠אאא 

                                                                            ١٦-٤2
2

1
2 V

N
NV =′ 

                                                                            ١٧-٤2
1

2
2 I

N
NI =′ 



١٤٢אאא
אאאאאאאא
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                                                                      ١٨-٤
2

2

1
22 ⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
=′

N
NRR 

 

                                                                     ١٩-٤
2

2

1
22 ⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
=′

N
NXX 

 
٤J١١אאאאא

 
 

      אאאא٤J١١אאאא
אאאאאFאEאאFאE،

٤J١٢אא،Kאא FאE 
אאא ٤אJ١٣K  

 

 
٤J١٢אאאאאא
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-٩٦- 

 
٤J١٣אאאאאא 

 
      אאReq١אאXeq١٤J١٢،٤J١٣

אאאאאאW 
                                                                      ٤�٢٠211 RRReq ′+= 

                                                                   ٤�٢١211 XXX eq ′+= 
אאאאW

٤�٢٢
2

2

1
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=′

N
NZZ LL




אאאאאאא
W

٤�٢٣1
1

2
1 V

N
NV =′ 

        ٢٤-٤                                                             1
2

1
1 I

N
NI =′ 

٢٥-٤                                                                   
2

1

2
11 ⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
=′

N
NRR 

                                                                    ٢٦-٤       
2

1

2
11 ⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
=′

N
NXX 

אאאא٤אJ١٤אא،
Req٢אא  Xeq٢אW
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                                                                 ٤�٢٧212 RRReq +′= 

                                                               ٤�٢٨212 XXX eq +′=


 
٤J١٤אאאא









 
 

٤J٤א١٠٠٢٠٠٠L٤٠٠אאא
W  R٠١}٠=١ Ω    X٠٣}٠=١ Ω     R٢٥}٠=٢ Ω   X٧٥}٠=٢ Ω     R٥٠٠=٠ Ω    

Xo=١٥٠ Ω 
٩٠א٢٠٠٠٨,KKא

אאאאא٤J١٢FKE
אאא،אאאW

  R٠١٥}٠=١ Ω    X٠٣٥}٠=١ Ω           Ω=⎟
⎠
⎞

⎜
⎝
⎛=⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
=′ 01.0

2000
40025.0

22

2

1
22 N

NRR    

Ω=⎟
⎠
⎞

⎜
⎝
⎛=⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
=′ 03.0

2000
40075.0

22

2

1
22 N

NXX  
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Req=R١+R’٠١٥}٠=٢H٠٢٥}٠=٠١}٠Ω          Xeq=X١+X’٠٣٥}٠=٢H٠٦٥}٠=٠٣}٠ Ω   
Zo=Ro//JXo=٥٠٠//J١٥٠ 
The voltage V٢٠٠٠=٢ V; thus 

VV
N
NV 400

2000
40020002

2

1
2 =⎟

⎠
⎞

⎜
⎝
⎛==′  

The current I٢=KVA*١٠٣/V٤٥=١٠٣/٢٠٠٠*٩٠=٢ A 

AI
N
NI 22545

400
2000

2
1

2
2 =⎟

⎠
⎞

⎜
⎝
⎛==′  

The power factor=٨}٠ lagging 
oI 87.362252 −∠=′  

V١=V’
٢+I’

٢(Req+JXeq) 
)065.0025.0(87.362250400 Jo +−∠+∠=  

oo 96.6807.0*87.362250400 ∠−∠+∠=  
o1.3275.150400 ∠+∠=  

VJJV 16.142.41337.834.41337.834.134001 ∠=+=++=  

Ω∠=
∠
∠

=
+

= o
o

o

o J
JZ 3.737.143

7.16522
9075000

150500
150*500

 

A
Z
V

I
o

o 14.7288.2
3.737.143

16.142.4131 −∠=
∠
∠

==  

AJJJ
III

o

oo
o

31.3737.22783.13783.18076.283.0135180
3.7388.287.3622521

−∠=−=−+−=

−∠+−∠=+′=
 

אאאאא٤J١٢FEאא٤J١٣
אאK

 

٤J٦א Transformer operation 
٤J٦J١אאNo load operation

      אא،אא
אאאאIoאא

אאKאאאאאאא
 א   א      א     

 KאIoIm, Iaא،Iaא
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 ،אImא אא א  K אא V١ 


                                                                        ٤�٢٩tEV m ωsin1 =
אאאImא٩٠oא

אאאאא KאאW
٤�٣٠tm ωcosΦ=Φ

Iaאאאאאאא٩٠o
אImKאאאIoK

٤�٣١amo III
rrr

+=
٤J١٥א،אא

אIa،ImאW

٤�٣٢
oom

ooa

II
II

φ
φ

sin
cos

=
=

φoאאאIoאאאK
אאאאR١X١א

אא،אאאאW
٤�٣٢111 ZIEV o

rrrr
+=

2
1

2
11 XRZ +=K

אאאאאאFאE
אאאא،אא


א،אאאא

אאW
٤�٣٤ooo IVP φcos1=

אאאאאאRoאאW

٤�٣٥  
ooa

o I
V

I
VR

φcos
11 ==

אXoאאW
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٤�٣٦  
oom

o I
V

I
VX

φsin
11 ==

אIoאאאא
אאאK




٤J١٥א



١٤٢אאא
אאאאאאאא
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٤J٦J٢אאLoad operation
אZLFEאאאא I٢ 

אאאא
Iא٢אאא،אאא

אאאאאI’٢א٤J١٧Kא
אאאאIoאאא

אאאאאאW
٤�٣٧aIII

rrr
+′= 21

אI٢אW

٣٨-٤                                                                            
LZ

VI 2
2 = 

I’٢א٤J١٧אא،
٤J١٦K 

 

 
٤J١٦אא






١٤٢אאא
אאאאאאאא

 
 

-١٠٢- 

٤J٦J٣אTransformer regulation
אאאאא،Kא

אאאאאKאW 

                   ٤�٣٩100)(Re
)(2

)(2)(2 x
V

VV
PVRgulationVoltagePercentage

rated

ratednoload −
= 

אא אא V٢אאאאV’١
 אFא  ٤J١٤E    א  א א  ،

אאV’١אW 

                           ٤�٤٠100)(Re
2

21 x
V

VV
PVRgulationVoltagePercentage

−′
=

V’١אW
٤�٤١)( 22221 eqeq JXRIVV ++=′ 

אאאאאאאW

         ٤�٤٢100
)sincos(

2
1)sincos(

)(
2

2

22222

2

22222

⎪⎭

⎪
⎬
⎫

⎪⎩

⎪
⎨
⎧

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛ −
+

+
=

V
RXI

V
XRI

PVR eqeqeqeq φφφφ

אאאאאאF٤J١٣E
אאW

٤�٤٣100)(Re
2

21 x
V

VV
PVRgulationVoltagePercentage

′
′−

=

V١אW
٤�٤٤)( 11221 eqeq JXRIVV +′+′=

אאאאאאאW 

                                           ٤�٤٥100
sincos

)(
1

111

1

111

⎭
⎬
⎫

⎩
⎨
⎧

+=
V

XI
V

RI
PVR eqeq φφ 

אא٤J٤٢א٤J٤٥Fא
אאאאאKE






١٤٢אאא
אאאאאאאא

 
 

-١٠٣- 

٤J٧אאא Equivalent circuit parameters  
      אאאא٤J٥،

אאאR١אאא،Xא١א،R٢،
אאX٢אאאא،RoאXoK

אN١/N٢ אKאR١=R’٢X١=X’٢
אאW

1

1
1 A

lR ρ
=

2

2
2 A

lR ρ
=

ρ،אאl١ ,A١ ،אאאl٢ ,A٢ 
אאKאאW

12

21

2

1

Al
Al

R
R

=

אאא،W

2

1

2

1

N
N

l
l
=

אאאאW

2

1

1

2

1

2

N
N

I
I

A
A

==

אאאW
2

2

1
21 ⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
=

N
NRR

אW

21 RR ′=
אאאאא،אאא٤אJ٢٠،

א٤J٢١W
                                                                        ٤�٤٦21 22 RRReq ′==

                                                                     ٤�٤٧21 22 XXX eq ′==




١٤٢אאא
אאאאאאאא

 
 

-١٠٤- 

  א א      ،א אא  
Req,Xeq, Ro,XoKאאK

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

אKאאאא
،אאא٤J

١٧KאIoאאאאPoאא،
אאאאאאאאKא

Ro,Xo: 

oooo VIP φcos=

oo

o
o VI

P
=φcos

ooa II φcos=
oom II φsin=

a
o I

VR 1=

m
m I

VR 1=

 
٤J١٧א








١٤٢אאא
אאאאאאאא

 
 

-١٠٥- 

٤J٧J٢אאShort circuit test
אאאא٤J١٨،

אאאאאאאאVsc
אא ،א אא אא א

אאאאאI٢Kאאאא
 א א Psc אא  ، א Isc، אא  

Vscאאא،Req, Xeqאאא: 

                                                                     ٤٨-٤eqscsc RIP 2= 

                                                        ٤٩-٤22
eqeq

sc

sc
sc XR

I
VZ +== 

א٤J٤٨Reqא،٤J٤٩XeqKא
  ٤אJ٤٦ ،٤J٤٧     R١,X١,R’٢,X’٢  א

אR٢,X٢אK

 
٤J١٨א











١٤٢אאא
אאאאאאאא

 
 

-١٠٦- 

 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                                               

oooo VIP φcos=  

1156.0
2300*4.9

2250cos ===
oo

o
o VI

P
φ  

o
o 36.83)1156.0(cos 1 == −φ  

Ω==== 2116
1156.0*4.9

2300
cos

1

oo

o

a
o I

V
I
VR

φ
 

 
Ω==== 33.246

9933.0*4.9
2300

sin
1

oo

o

m
m I

V
I
VR

φ
 

AII lfsc 39.217
2300

10*500 3

. ===  

Ω=== 1739.0
)39.217(

8220
22

sc

sc
eq I

PR  

22
2

22

)1739.0(
39.217
5.94

)(

eq

eqeq
sc

sc
sc

X

XR
I
V

Z

+=⎟
⎠
⎞

⎜
⎝
⎛

+==

 

As a result, we get Xeq=٣٩٨٤}٠Ω 

Ω===′= 08695.0
2

1739.0
221

eqR
RR  

Ω===′= 1992.0
2

3984.0
221

eqX
XX  

Ω=⎟
⎠
⎞

⎜
⎝
⎛=⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
′=

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=′

0008695.
2300
230*08695.0

22

1

2
22

2

2

1
22

N
NRR

N
NRR
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-١٠٧- 

Ω=⎟
⎠
⎞

⎜
⎝
⎛=⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
′=

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=′

001992.
2300
230*1992.0

22

1

2
22

2

2

1
22

N
NXX

N
NXX

 

 

٤J٨אאאLosses and Efficiency  
٤J٨J١אאא

      אאאIron lossא Cupper loss، 
אא אא،א

א Kא אאא א،
 א   א א Po א  א    א

 ،אא ،    א    א א   א
Kאאאא

Piron=Po                                                                       ٤�٥٠  
א   א א    Kא א   א  

א،אאאא
אאKאאאא

אאאאF٣٥E٪א K
אאאKאאאא

אאאאאאK
Pcu=Psc                                                                     ٤�٥١ 

אאאאא אא אא אא
אאאאאאאW

٤�٥٢    eqscsccu RIP 2
)( =

٤�٥٣eqlflfcu RIP 2
.).( =

٤�٥٤
2

.
)().( ⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
=

sc

lf
scculfcu I

I
PP



١٤٢אאא
אאאאאאאא

 
 

-١٠٨- 

אאאאאאאK
אאK

٤�٥٥).(
2

)( lfcuxcu PxP = 

٤J٨J٢א
      אאoutput powerאאאא

אאא،אאW

٤�٥٦
100

2

2 x
PPP

P

cuiron ++
=η

 

                                                                          ٤�٥٧
100

1

2 x
P
P

=η
 

P٢،אP١אאאKאאאW
٤�٥٨2222 cosφIVP =

cosφ٢אPower factorK
P٢א٤J٥٨א٤J٥٦אאא

WEאאאFאא

                                            ٥٩  ٤
100

cos
cos

2

2222

222

eqiron RIPIV
IV

++
=

φ
φ

η


٤J٦א٥٠٠אא،٢٥٠٠אא
אא٧٥٠٠אאKאאאאא 

٨,K
אKVA=٥٠٠               Piron =٢٥٠٠W    Pcu(f.l.)=٧٥٠٠ W     cosφ=٨}٠                

        P٤٠٠٠٠٠=٨}٠*١٠٣*٥٠٠=٢ W 

%56.97100
25007500400000

400000100
2

2 =
++

=
++

= xx
PPP

P

cuiron

η
 

At half load 



١٤٢אאא
אאאאאאאא

 
 

-١٠٩- 

 
P٢(١L٢)=١L٢٠٠٠٠٠=٨}٠*١٠٣*٥٠٠*٢W 

Pcu(x)=x٢Pcu(f.l) 

Pcu(١L٢)=١L١٨٧٥=٧٥٠٠*٤W 

%86.97100
25001875200000

200000100
)2/1()2/1(2

)2/1(2 =
++

=
++

= xx
PPP

P

cuiron

η  

٤J٧אאאא٤J٥
٨,K

אW

V٢٣٠=٢ V     Pi=٢٢٥٠ W     Req٠٫٠٠١٧٣=٢Ω     Xeq٠٫٠٠٣٩٨=٢Ω       
I٢١٧٤=١٠٣/٢٣٠*٥٠٠=٢A 

Thus, substituting in Equation ٤٢-٢, we get 

%64.3

100
230

))6.0(00173.0)8.0(00398.0(2174
2
1

230
))6.0(00398.0)8.0(00173.0(2174)(

2

=
⎭
⎬
⎫

⎩
⎨
⎧

⎟
⎠
⎞

⎜
⎝
⎛ −

+
+

=PVR

 

Also, substituting in Equation ٥٩-٤, we get 

%46.97100*
00173.0*217422508.0*2174*230

8.0*2174*230
2 =

++
=η  

٤J٩אאאAuto-transformer 
א אאאאאאא

אאKאא
אאא א אא א אא א א

٤אJ١٩Kאא
٤J٢٠KאK



١٤٢אאא
אאאאאאאא

 
 

-١١٠- 

אAB٤J١٩אאא(N١)אBCא
א(N٢)אאאK

אאאאאאKW

٥�٦٠
12

1

2

1

I
I

N
N

V
V L==

אאאW
٤�٦١12 III L −=

אאאאKאC
 א  אא     א  א    
  אא א٤אJ٢٠ K  א  א א אא א“Variac”K

אאאאאאאא
١W ٢}٥אאאאKאאאא

  א  א א   א  א א   א
אאאאאאאאK

אאאא
אאK אאאאK


٤J١٩א


٤J٢٠אא



١٤٢אאא
אאאאאאאא

 
 

-١١١- 

אאא


١J אאאK 
٢J אאאאא 
٣J אאאא
٤J אאאK 
٥J א؟K 
٦J אאאאאא 
٧J ؟אאאאא 
٨J א؟אאאא 
٩J אאאאא؟אא 

١٠J ؟אא 
١١J אאא؟אא 
١٢J אאאK 
١٣J ؟אאאא 
١٤J אאאאאK 
١٥J אאאא؟א 
١٦J   א    א  ٦٠ א א  א ،

  א  ٢٠X٢٥א    א א  
٠}٠٠٠١אL٢אאא אא א،

אא٢٢٠L٣٠٠٠K 
١٧J א  א١W٤ Kא ١٠ א ٣٠oא 

،١٢٠אK،אאJ
 א א  אא א – אא א – א 

אK 



 



١٤٢אאא
אאאאאאאא

 
 

-١١٢- 

١٨J   א  ٥٠ א   ، א  ٢٠٠٠L٤٠٠ K
  ٤٠     ٢٠٠٠   ٨, K K

אWJא–אאK 
١٩J   א٢٠٠ א   ،  ٦٦٠L٦٠٠٠ 

אאאWR٥٦}١=١Ω    R٠١٦}٠=٢Ω      X٦٧}٤=١Ω      X٠٤٨}٠=٢Ω    
אאא٩٦,٢٦٣,Kאא

אאאאK
٢٠Jא٥٠٠א،٢٣٠L٢٣٠٠،    

    אאאאאW١Jאא 
Vo=٢٣٠V          Io=٩٤A        Po=٢٢٥٠W 

                           ٢Jאא 
 Vsc=١٠٠V    Isc=٢٢٨A   Psc=٢}٩KW 

אאאאאאK
٢١J  א א٢٥א ٢٠٠L٣٣٠٠

אאW
Vo=٣٣٠٠V          Io=٨}٠A        Po=٣٠٠W 
Vo=١٠٠V            Io=٥}٧A        Po=٥٨٠W 

אאא،אאאאאא
   א א ٨,א   א  ، K 

אK


 
 



 

 

 

אאאא  

 

אאאא  אא  

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

אאאא 


א







א


٥



١٤٢אא
אאאאאא 

 
 

-١١٢- 

אאW،אאאא
אאאאאK


אאW אאW

١K אאאK 
٢K אK 
٣K אאK 
٤. אאא. 


אאאWאא٨٥٪


אאW ٤ . 


אאW FKE 


אאWאאאאאאאאאא

א  .




 
 


 
 
 



١٤٢אא
אאאאאא 

 
 

-١١٣- 

אאThree Phase Transformers 

٥J١אא
       א א  K א א  

אאאאאאא
אKאא

אאאאאthree phase)  
(transformerאאא

אאK٥J١،٥٠٠K
אאא Kא אאאא،

אאאא،אFאKE
 

 
 

٥J١אאא




١٤٢אא
אאאאאא 

 
 

-١١٤- 

٥J١J١אאW Core type 
       ٥J٢ אא،א

 אא،א V-U،אאא  א
אאv-uאאאKא

אאKאאאאאא
אאאאאאא. 

 
 

 
 

FE
٥J٢אא












١٤٢אא
אאאאאא 

 
 

-١١٥- 

٥J١J٢אאFאWEShell type 
٥J٣א،אאאאא

אאא،אאאK

 
٥J٣אא

٥J٢א 
      אאאאאא

אאאא،אאא
אW

J אאJאStar-Star         Y-Y      
Jאא–א      ∆-∆            Delta-Delta 
Jאא–א        Y-∆        Star-Delta
Jאא–א       ∆-Y          Delta-Star

 
٥J٢J١JY-Y

٥J٤אJאא،Y
אYKא،אאא

אא(Third-harmonic)א،א
אאאאא،אא

אKאאאאאK





١٤٢אא
אאאאאא 

 
 

-١١٦- 

 
٥J٤Y-Y


٥J٢J٢J∆-∆

א אא     ،א  א א    ، 
   ٥J٥ K  אא  א  א א א   

אKא،אא א
אK

א  א א אא      ،א  א א 
א،אK


 
٥J٥∆-∆





١٤٢אא
אאאאאא 

 
 

-١١٧- 

٥J٢J٣JY-∆
אאאא

٥J٦،א،אא
Kאא Kאאאא

אאאK
 

 
 

٥J٦Y-∆
 

٥J٢J٤J   ∆- Y   
      אאאא

אאאKאK٥J٧
אאK

 
 

٥J٧∆- Y




١٤٢אא
אאאאאא 

 
 

-١١٨- 

٥J٣אאא
        א  א   א   א א א 

אKKאאאא
   K א    א א    א

אאKאאא
אK

אאאא
א    ،א  אא   אא     

א Kא א א א אKאא א
אאאאאK

א (KVA)א אא،
K،אא،אאאא(container) 

 Kאא،אאא אאא
אאאאKאK

 א     א א     אא  
Kאא(radiators)א

אא אאא  Kאאא א 
אאאKאאא

אאאאאאא(forced cooling)אא
א   א  א   א  K  ٥J٨א  

،אאאאK
 
 
 
 
 
 
 
 
 
 
 
 



١٤٢אא
אאאאאא 

 
 

-١١٩- 

 

 
٥J٨١٠٠٠

٥J٤אאא
 

א،אאא
אאאאK،אא

אאאאKאא
אאK


JFEאאאW

אאKאא
א  א ،א K        K  ،

אא  א     K    אא ،א
א  ،א Kא  אא        

Kא،אאאא،א



١٤٢אא
אאאאאא 

 
 

-١٢٠- 

א،אאאKא
אאאK

١J אאKא
א،אאא

אאא אאא Kא
  א(circulating current)א א K א   

אK
٢J אאא،K

אאKא،،אא
אאKאאאIZאאאאK 

٣J ،אאאאאאאאK
،אא،אאא

אאKא
אאאאא

אKאK؟K 
٤J א א א א (phase sequence)،א    ،

 א،אאא
K 

  ٥J٩  ،  אא  א    
אאאK

 
٥J٩אא 

 



١٤٢אא
אאאאאא 

 
 

-١٢١- 

אא


١J ؟אאאא
٢J אאאאאKאא

אK 
٣J אאאK 
٤J אאאK 
٥J ؟אא 
٦J ؟אאא

 
 

 



١٤٢אא
אאאא 

 
 

- ١٢٢ - 

אאאא

١J אא?אאאא?،L،١٩٨٨K
٢J ،אאאאL،١٩٨٨K 
٣J  א  א אSI  ،J א א

אאאאJאא١٩٨١K 
٤J ،אאאאLLאאK 

אאאW


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. 





١٤٢א
אאאא 

 
 

 

א


١K אאא
١J١
١J٢אאא٢
١J٣אאאאאא٥
١J٤אאא٨
١J٥אאאאא٩
١J٥J١אאאאא١٠
١J٥J٢אאאאאא١١


٢K אאא١٦ 
٢J١אא١٦
٢J١J١אאא١٦
٢J١J٢אא١٩
٢J١J٣א٢٢
٢J٢אאאאא٢٤
٢J٣א٢٦
٢J٤אFאEאא٣٠
٢J٤J١אאאאא٣٠
٢J٤J٢אאאאאא٣٢
٢J٤J٢Jא١אא٣٢
٢J٤J٢J٢אאא٣٤
٢J٤J٢J٣אא٣٥
٢J٥אאאאא٣٧
٢J٥J١אאאאא٣٨
٢J٥J٢אאאאא٤٠



١٤٢א
אאאא 

 
 

 

٢J٥J٢J١אאאא٤١
٢J٥J٢J٢אאאאא٤٣
٢J٥J٢J٣אאאא٤٣
٢J٦אאאאא٤٤
٢J٦J١אאאFאE٤٥

٢J٦J٢א٤٥
٢J٦J٣אא٤٥
٢J٦J٤אא٤٦
٢J٦J٥אא٤٨


٣K אא٥٣ 

٣J١אא٥٣
٣J٢אאאאא٥٤
٣J٣אאא٥٦
٣J٤אא٥٨
٣J٤J١אא٥٨
٣J٤J٢אא٦٢
٣J٤J٣אא٦٧
٣J٥אא٦٩
٣J٥J١אאא٦٩
٣J٥J٢אאא٧٠
٣J٥J٣אאא٧١
٣J٦א٧٢
٣J٦J١אא٧٣
٣J٦J٢אא٧٤
٣J٧אאא٧٥
٣J٧J١אא٧٦



١٤٢א
אאאא 

 
 

 

٤K אאא٨٢ 
٤J١אא٨٢
٤J١J١אא٨٣
٤J١J٢א٨٤
٤Jא٢٨٦
٤J٢J١אא٨٦
٤J٢J٢אאא٨٧
٤J٣אאא٨٧
٤J٤אאאא٩٠
٤J٥אאא٩٣
٤J٦א٩٨
٤J٦J١אא٩٨
٤J٦J٢אא١٠٠
٤J٦J٣א١٠١
٤Jא٧אא١٠٢
٤J٧J١אא١٠٣
٤J٧J٢אא١٠٤
٤J٨אאא١٠٦
٤J٨J١אאא١٠٦
٤J٨J٢א١٠٧
٤J٩אאא١٠٨

٥K אא١١٣ 
٥J١אא١١٣
٥J١J١אא١١٤
٥J١J٢אאFאE١١٥
٥J٢א١١٥
٥J٢J١J١١٥



١٤٢א
אאאא 

 
 

 

٥J٢J٢J١١٦
٥J٢J٣J١١٧
٥J٢J٤J١١٧
٥J٣אאא١١٨
٥J٤אאא١١٩

אא١٢٢
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אאFאEא

GOTEVOT appreciates the financial support provided by BAE SYSTEMS        
 


