
  
 

 

 
  
  

אאאאאא  

אאאא  אא  

א


א
א

 

٢



 ١١٨ אא 
 אאא אאא 

  
 

-٤١- 

אאא 
 

אאWאאאאאאאאK 
 

אאWאאW 
١K אאאאK 
٢K אאאאK 
٣K אאאאאאK 

 
אאאWא٨٥א٪ 

 
אאW٩K 

 
אאWFKE 

 
אאWאאאאאאאאK 

 

 

 

 

 



 ١١٨ אא 
 אאא אאא 

  
 

-٤٢- 

אאWאאא Characteristics of DC Generators  
אאאא Kאא

אאאאאא،א
אאאא אאא אא

א Kאאאאא
אאאאKאאאאאאאאא

א א אא Kאא  
?א?אK 

 א א א אאא  K
 אא  א אא א    אא אא 

א א א א  א  א  א    K א 
אאK 

٢ J١אFאEאא(Methods of Excitation) 
אאאאאאא

FEא(Field Windings)אאא
אאאא אKאאאא

אאאאא،אאא
KW 

אאW JאאFE(Separately excited) א
FאKE 

אאW Jאאא(Self excited)א،א
אאאאאאK 

٢ J١ J١אאאאא(Separately excited generators) 
  ٢ J١ ،א א א  אא א  

 א א  ،א א  א אא א א  א אא ،
אVfRvאאא



 ١١٨ אא 
 אאא אאא 

  
 

-٤٣- 

אאאאא
א K،אאאאאא א

אאאאא،א
אאאKאא 

אאאאאא
א 

 
٢ J١אא 

• אאW 
Wאא 

(١-٢)  

W RfWאFE 
  RvWאאאאFE 
  VfWאאאאאFE 

אאRvאאא
W 

 

(٢ ٢) 
 

 



 ١١٨ אא 
 אאא אאא 

  
 

-٤٤- 

 
WאאW 

??(Kirechhoff’s Law)אאאא: 
 

(٢ ٣)  
 

(٢ ٤)  
 

(٢ ٥)  
 

W Raא 

  ILאא 

  Iaא 

VLאאאFאE 

Eaאאאאאאאאאא
אאW 

(٢ ٦) 
 

 א א  א      א אא א  F
אKE 

   
 

  
 

(٢ ٧)  
 



 ١١٨ אא 
 אאא אאא 

  
 

-٤٥- 

،אאאאאא
אאאאאK 

 

٢ J١ 
،א١٢٠٠L

٢٠٠١٢٥Kא٠٤}٠ Ωאאאאא
אאאאאא 

א 
VL = ١٢٥ v,  IL = ٢٠٠ A,    n=١٢٠٠ rpm 

 

  = ١٣٣ = (٠٤}٠)٢٠٠ + ١٢٥     volt 
 

  
 

 RL = ٦٢٥}٠          Ω 
 

       kW 
 

٢ J٢ 
אאאא١٠٠٠אאאK

אאאאאאאא 
א 

 If = const,    n١٠٠٠= ٢ rpm 
אאאאאא 

  
W 

  
 

  
 

∴ Ea٨٣}١١٠ = ٢          Volt 
 



 ١١٨ אא 
 אאא אאא 

  
 

-٤٦- 

Ia = IL  ٦٦}١٦٦    Amp. 
 

 = ١٦}١٠٤ = (٠٤}٠)٦٦}١٦٦ ٨٣}١١٠  Volt 
 

Or  = ١٦}١٠٤ = (٦٢٥}٠)٦٦}١٦٦    Volt 
 

    kW 
 

٢ J٣ 
א٢ J١אאא אא١٠K٪אא

אאאאאא 
א 

If١}١ = ٢ If١,    n٢ =constant 
אאאאאא 

  
 

  
 

  
 

∴ Ea٣}١٤٦ = ٢          Volt 
 

Ia = IL=  ٢٢٠     Amp. 
 

 = ٥}١٣٧ = (٠٤}٠)٢٢٠ ٣}١٤٦   Volt 
 

Or  = ٥}١٣٧ = (٦٢٥}٠)٢٢٠     Volt 
 

     kW 

٢ J٤ 



 ١١٨ אא 
 אאא אאא 

  
 

-٤٧- 

،אא א ٢٠٠،
א٢٠٠١٢٠٠L

٢٠٠١٥٠Kא٠٥}٠K 

K  א א א א   א א אא א א 
אK 

K  אאאאאא١٤٠אK 
 
א 

VL = ١٥٠ V,  IL = ٢٠٠ A  n=١٢٠٠ rpm,  Ra = ٠٥}٠Ω, 
Rf = ٢٠٠ Ω 

 

  = ١٦٠ = (٠.٠٥)٢٠٠ + ١٥٠     Volt 
 

 ٢٠٠ = ١٥٠  

 RL = ٠.٧٥           Ω 

     kW 
 

א١٤٠ א אא אא
אא 

  = ١٤٠           Volt 
 

  = Ia=   ٦٦٧}١٨٦      Amp. 
 

  = ١٤٩.٣٣ = (٠.٠٥)١٨٦.٦٦٧ + ١٤٠   Volt 

אאאאאא 
  

W 

  
 



 ١١٨ אא 
 אאא אאא 

  
 

-٤٨- 

  =   ١        Amp 
 

  
 

If٩٣٣}٠ = ٢          Amp 
 

 =   

 

Rv = ٢٩}١٤          Ω 
 

 
٢ J٥ 

،אא א ١٨٠،
א٢٧٠١٥٠٠L

١٦٠٢٤٠Kא٠٥}٠K 

K  אאאאאאאאאאא 
K  אא٩٠٪אאאאאא،א

אאאאאאאא
אאאאאאאK 

א 
VL = ٢٤٠  V,  IL = ١٦٠ A   n=١٥٠٠ rpm,  

 

 Ra = ٠٥}٠Ω,   Rf = ٢٧٠ Ω,  Vf = ٢٤٠ V,  η = 0.95 
 

  = ٢٤٨ = (٠.٠٥)١٦٠ + ٢٤٠     Volt 
 

 ١٦٠ = ٢٤٠  
 

 RL = ١.٥          Ω 

     kW 
 

Pcua = Ia
٢Ra = (١٦٠)١٢٨٠ = (٠٥.)٢      watt 



 ١١٨ אא 
 אאא אאא 

  
 

-٤٩- 

 

 
Pin = ٤٠٤٢١          watt 
 

Plosses = Pin –Pout = ٢٠٢١ = ٣٨٤٠٠-٤٠٤٢١    watt 
 

Pi+Pmech =Plosses – Pcu =٧٤١ = ١٢٨٠-٢٠٢١    watt 
 
ω =  = ١٥٧.٠٨         rad/sec 
 

Tsh =  = ٢٥٧.٠٣      N.M. 
 

٢ J١ J٢אאאאFSelf excited generatorsE 

،אאאאאא
אאאאאאא

א،אא
אאאK 

אאאאאאאW 
 J אאא(Series Motors)אאאא 

(series excitation)  
 J אא(Shunt Motors)אאאא 

(shunt excitation) K 
 J א (Compound Motors)אאא  

(shunt windings) אאא  ،א 
א(series windings) 

 

٢ J١ J٢ J١אא(series excited generator) 
אאאאא

א א،אFאאE



 ١١٨ אא 
 אאא אאא 

  
 

-٥٠- 

אאאאא
٢ J٢אאאאK 

 

 


٢ J٢אא 
אאW 

 (٢ ٨)  
 

(٢ ٩)  

Rmא 
 

(٢ ١٠)  

 
٢ J٤ 

   א  א   ،٤ א א١٨   א١٥٠
א١٢٠٠LKא١٢,א١٨,Kאא

א ١٢٥٠אLא ١٢٥ K
אא٢٥אK٪ 

א 
 

Pout=١٨KW,  VL١٥٠=١ V,  n١٢٠٠=١ rpm,  Rf=١٢}٠Ω 



 ١١٨ אא 
 אאא אאא 

  
 

-٥١- 

 

Ra=٠.١٨Ω,  N١٢٥٠=٢rpm,   IL١٢٥=٢ Amp.,  φ١.٣ =٢φ 
 

 
 

 = ١٨٦ = (٠.١٢+٠.١٨)١٢٠+١٥٠  Volt 
א(٢ ٧) 

 
 

 =  =  =٢٣٢.١٢٨    Volt 
 

VL٢ = Ea٢ –IL٢(Rf+Ra) = ١٩٤.٦٢٨ = (٠.١٢+٠.١٨)١٢٥ – ٢٣٢.١٢٨ Volt 



 ١١٨ אא 
 אאא אאא 

  
 

-٥٢- 

 
 
 

٢ J١ J٢ J٢אאא(Shunt excited generators) 
אאאא٢ J٣K

א   א א      א א  
 א ،א   א      אא   

   אא     א     א 
אKאאא

א١٪٥٪א 
 

 
 

٢ J٣אאא 
 

:אא 
 

 (٢ ١١)  
 

(٢ ١٢)  
 

(٢ ١٣)  
 

K 



 ١١٨ אא 
 אאא אאא 

  
 

-٥٣- 

 
 

٢ J٥ 
אא٣٢٥א٢٢٠א،

אאא٠, ٠٢  ٥٥ KאאאאאK 
א 

 

IL=٣٢٥ Amp.,  VL=٢٤٠ V,  Ra=٠٢}٠Ω,   Rf=٥٥Ω, 
 

 ٤       Amp. 
 

Ia = IL + If = ٣٢٩ =٤ + ٣٢٥       Amp. 
 

Ea=VL+IaRa=٥٨}٢٢٦= (٠٢}٠)٣٢٩+٢٢٠     Volt. 
 

٢ J٦ 
אאאא٤٠٠،

٠١,٠א א١٠٠،١٥٠ ٦٠א١٢٠
Kאאאאא٠ ,٠٢K 

 
 
 
 
 
 
 
 
 
 
 



 ١١٨ אא 
 אאא אאא 

  
 

-٥٤- 

 
 الحل

 

p=٢a [lap winding],  Z=٤٠٠,  Ra=٠.٠١Ω  Rf=١٠٠Ω 
 

Pout=١٥٠ ٩٠٠٠=٦٠watt, VL=١٢٠ V,   φ=٠.٠٢ wb/pole 
 

Pout=VL IL 
 

  ٧٥       Amp. 
 

 ١.٢       Amp. 
 

Ia=IL+If=٧٦.٢=١.٢+٧٥        Amp. 
 

Ea=VL+IaRa=١٢٠.٧٦٢= (٠.٠١)٧٦.٢+١٢٠    Volt 
 

Since   , 
 

n=  = ٩٠٥.٧١٥      rpm 
 

٢ J١ J٢ J٣אאא(Compound excited generators) 
 אא   א א א אא(series windings)אא 

(shunt windings) ،אאאאאא
،אאאאא אאא

אאאאאא،אא
 אא(cumulative compound )     א א א א

אאא א א ،אא
(differential compound)K 

 

 אאאאאא  
אאאאאאאא(short-shunt)،

אאאאאאFאאאEא



 ١١٨ אא 
 אאא אאא 

  
 

-٥٥- 

אאא(long-shunt)،٢ J٤אאאא
אאא،אאseאאshK 

 

  

FE   
)ب( 

٢ J٤אא  FEFE 

 

אאאW 
 

 (٢ ١٤)  
 

(٢ ١٥)  
 

(٢ ١٦)  
 

(٢ ١٧)  
 

 

אאא: 
 



 ١١٨ אא 
 אאא אאא 

  
 

-٥٦- 

 (٢ ١٨)  
 

(٢ ١٩)  
 

(٢ ٢٠)  
 

(٢ ٢١)  
 

א א א א אאא  K אא 
אאאאא،אא

אאא(demagnetize the machine)
אאK 

 

٢ J٧ 
      ٥٠   ٢٢٠ K אאא א

אא א،א ٠٤,٠אא،٠١,٠
א١٢٥אK 

 
 
 
 
 
 
 
 
 
 



 ١١٨ אא 
 אאא אאא 

  
 

-٥٧- 

 
 
 
 
א 

 

VL=٢٢٠ v,  IL=٥٠ Amp,   Ra=٠٤}٠ Ω,   Rse=٠١}٠Ω, 
 

Rsh=١٢٥Ω 
 

  ٧٦}١        Amp. 
 
 

Ia=IL+Ish=٧٦}٥١=٧٦}١+٥٠        Amp. 
  
Ea=VL+Ia(Ra+Rse)=٢٢٠H٧٦}٥١(٠٤}٠H٠١}٠)=٥٨٨}٢٢٠   Volt 
 

٢ J٨ 
٥٠٢٢٠Kאא٠٤,٠

אא،٠١,٠אא١٢٥Kאא١٢٠٠
אא٨٥K٪אW 

١K אאאאאK 
٢K א 
٣K א 
٤K אאא 
٥K אאא 
٦K אא 

א 
 

VL=٢٢٠ v,  IL=٥٠ Amp,   Ra=٠٤}٠ Ω,   Rse=٠١}٠Ω, 
 



 ١١٨ אא 
 אאא אאא 

  
 

-٥٨- 

Rsh=١٢٥Ω,   n = ١٢٠٠ rpm,   = ٠.٨٥ 
 

١K אאאא 

  ٧٦}١        Amp. 
 

Ia=IL+Ish=٧٦}٥١=٧٦}١+٥٠        Amp. 
 

Ea=VL+Ia(Ra+Rse)=٢٢٠H٧٦}٥١(٠٤}٠H٠١}٠)=٥٨٨}٢٢٠   volt 
 

٢. א 
 

Pout = VL IL = ١١ = (٥٠)٢٢٠      kwatt 
٣K א 

 = ٢٢٢}١٢       kwatt 

٤K אאא 

ω = ٦٦}١٢٥      rad/sec. 
 

 = ٢٦}٩٧     N.M. 

٥K אאא 
 א א Z א  א אHאא   א א 
Hאאאא 

Pculosses = Pcua+Pcush +Pcuse 
 

Pculosses = Ia
٢(Ra)+ Ish

٢(Rsh) + Ise
٢(Rse) 

 

Pculosses = (٧٦}٥١)١٥٥}٥٢١ = (٠١.)٢(٧٦}٥١) + (١٢٥)٢(٧٦}١) + (٠٤}٠)٢  watt 
 

٦K אאא 
Plosses = Pin - Pout 
 

Plosses = ١٢٢٢ = ١١٠٠٠ – ١٢٢٢٢     watt 
 



 ١١٨ אא 
 אאא אאא 

  
 

-٥٩- 

Pmech + Pi= Plosses - Pculosses = ٨٤}٧٠٠ = ١٥٥}٥٢١ – ١٢٢٢ watt 
 

٢ J٩ 
٥٠٢٢٠Kאא٠٤,٠

אא،٠١,٠אא١٢٥Kאא١٢٠٠
אא٩٠K٪א 

١K אאאאאK 
٢K א 
٣K א 
٤K אאא 
٥K אאא 
٦K אא 

א 
 

VL=٢٢٠ v,  IL=٥٠ Amp,   Ra=٠٤}٠ Ω,   Rse=٠١}٠Ω, 
 

Rsh=١٢٥Ω,   n = ١٢٠٠ rpm,   = ٠.٨٥ 
 

١K אאאא 
 = ٢٢٥= (٠١}٠)٥٠ + ٢٢٠    Volt 

 

 =٨}١       Amp. 
 
 

Ia=IL+Ish=٥٠H٥١.٨=١.٧٦        Amp. 
 
Ea=VL+Ia(Ra)=٢٢٠H٠٧٢}٢٢٢=(٠٤}٠)٨}٥١     Volt 
 

٢. א 
 

Pout = VL IL = ١١ = (٥٠)٢٢٠       kwatt 
٣K א 



 ١١٨ אא 
 אאא אאא 

  
 

-٦٠- 

 = ٢٢٢}١٢        kwatt 

٤K אאא 

ω = ٦٦}١٢٥       rad/sec. 
 

 = ٢٦}٩٧      N.M. 

٥K אאא 
 א א Zא א א Hאא   א א 
Hאאאא 

Pculosses = Pcua+Pcush +Pcuse 
 

Pculosses = Ia
٢(Ra)+ Ish

٢(Rsh) + Ise
٢(Rse) 

 
Pculosses = (٥١.٨)٣٣}٥٣٧ = (٠١.)٢(٥٠) + (١٢٥)٢(٨}١) + (٠٤}٠)٢  watt 
 

٦K אאא 
Plosses = Pin - Pout 
 

Plosses = ١٢٢٢ = ١١٠٠٠ – ١٢٢٢٢      watt 
 

Pmech + Pi= Plosses - Pculosses = ٦٧}٦٨٤ = ٣٣}٥٣٧ – ١٢٢٢  watt 
 



 ١١٨ אא 
 אאא אאא 

  
 

-٦١- 

٢ J٢אאאאא(Characteristic Curves of DC Generators)  
א   א  א א  א א  J

אא א J
אאאאאא،אא،א

،א،אא،אאא
אא  K א אא א א 

،א אאא FpE אא אא  ،FaE א 
אאאEaאאφאא،nK 

Ea = kφn 
   א א  א א   א א VL 

אאאK 
  א   א  א א אא  

אאאאאW 
 J אא(No-load characteristic)   אאאאא Eo 

 א  If   א    א N=constant ، 
אאאא(O.C.C.)K 

 J אא(Load characteristic) אאאא  
(VL)  א (If) א   א  Nא  KIL  

IL and N=constant 
 J אאא(External characteristic) אאא

א(VL)א(IL)אNאIfKIf and N=constant  
 J אאאאFInternal characteristicE אאאאא

אאאאאאאEaאIaא
אאK If and n=constant 

   א אא א א  א  
  אא א א א  א א א א א 

אאK 



 ١١٨ אא 
 אאא אאא 

  
 

-٦٢- 

٢ J٢ J١אאאאא 
 J אאload characteristic-No 

،אאאאא
אאאאEaאאאW 

φkEa = 
אאאא،(If)  

fa IkE ′= 
אאאאאאאא

א Eoאא א،אא 
٢ J٥،אאאאW 

١K אאא٢ J٥אאאאFא
אX א؟ 

٢K   א א א  א א   א א
K 

٣K אאאאאYא
אאאאאאאאאאא

אאאK 
٤K א٣אאאאK 
٥K  א   א Fא א E א   א אא אFא

אEא٢ J٦ 
٦K   א א   א   א א    

Fא א Eאא אא אFא א Eא
٢ J٦، 

 

א א א אא
אאאאאK 
 

 



 ١١٨ אא 
 אאא אאא 

  
 

-٦٣- 

 

 
٢ J٥אאאא 

 

 

FE 
)ب( 

٢ J٦אאאא 

א٢ J٦אאאאK
٢א J٦אאאאאK

אאאW 



 ١١٨ אא 
 אאא אאא 

  
 

-٦٤- 

• א(a)،א٢ J٦א אאאא
 א א(b) ٢ J٦ ،א    א א 

אאאא 
• אOMאאאאאא

אאK 
• אאאאאאא

אאK 
 

 Jאאא)External characteristic( 
  ٢ J٧   אא  א א אא 

 א אא  ، א אאא   א  א
“VL” א“IL”אFE

 א  א א א    א א     א 
אאKאאא٢ J٨K 

 

 
٢ J٧אאאאא 

 

אאאאKא؟
אאאאאאא،א



 ١١٨ אא 
 אאא אאא 

  
 

-٦٥- 

אאאא“III”٢ J٨Kא
IaRaאאאאאאאאאא

אא“II” אא א  “Ea”אKא
אא(I)אEoאאFIIEאא

א א  א  K  א    אא א א א
אאאא(III)א،

אאא(VL)א(IL)אא 
 

 
 

٢ J٨אאא 
 

٢ J٨W 
• אABאאאא 
• אBCאאאאא 

אאא،٢ J٨א،ε
אאW 

 

(٢ ٢٢) 
 

 



 ١١٨ אא 
 אאא אאא 

  
 

-٦٦- 

 

٢ J٢ J٢אאאאא 
 א א   אא א א אא   א (residual 

magnetism) ،א אא א     א   א אא
אאאאא؟אאאאא

،אא
א א  א   Kא  ،א   א א  

،אא،אאא 
א٢ J٩א (Magnetization curve)אא
 א (If)،א אא א  א א (Eo) א   

א א      א א Kא  
،אאאא  א  א (Er)

אאאאא،א
אאאא(Lf)א(Rf)،

אאאאאאאאא K
אאאאאאאאא

א א אא(Residual magnetism) Erא
אאאאאאאא٢א J٩K 

 

 
٢ J٩אאאא 

 



 ١١٨ אא 
 אאא אאא 

  
 

-٦٧- 

٢ J٢ J٢ J١אאאאא 
אאאאאאאאאא

אאKאא٢א J١٠אאאאא
אאאK٢ J١١K 

 

  
  

٢ J١٠אאאאאאאא 

  
٢ J١١אאאא 

 



 ١١٨ אא 
 אאא אאא 

  
 

-٦٨- 

 

  א אא  א ،٢ J١١ ، א  ε
אאW 

 

(٢ ٢٣) 
 

 

٢ J٢ J٢ J٢אאאאא 
אאאאאא،אא

א אא،א  אא א
אאאא،אאא

א א   א  K  א  אא    
אKאאאאא 

٢ J١٢א אאאאאאא
٢ J١٣K 

 

 
٢ J١٢אאאאאאא 

 



 ١١٨ אא 
 אאא אאא 

  
 

-٦٩- 

 
 

  
٢ J١٣אאאא 

 

٢ J١٣אאאאאאאא
א אאא אאאאאKא א א

אאאאאא
 אא א אא”E”  א א  אא”VL”   

אא،אאא
אILKocאאאא 

אאאIaRaאאא”VL” 
אאאאאאאאEaאאFא

אKE 
 

 
 



 ١١٨ אא 
 אאא אאא 

  
 

-٧٠- 

 
٢ J٢ J٢ J٣אאאא 

 

אאאאאאאא
Wאאא(long-shunt )אאא(short-shunt)K

אא،א
אא،אאא،אאא

אאK אאאאאא
אאW J 

 Jא(Commulative Compound) W אאאא א
אאאאאא،אאאאא

אאאאאאאאאאא
אאאאW 

 

(٢ ٢٤)  

אאאאאא
אאאאW 

١K א  (Overcompound) Wא   א  
אאאאא

אאאאאVLאא
٢ J١٤K 

٢K  (Flat compound) Wא     אא 
אא אאאא

אאאאאאא
 אא א  א א     א J  

א J א א      ،א   א  א
אVLא٢ J١٤K 



 ١١٨ אא 
 אאא אאא 

  
 

-٧١- 

٣K א (Undercompound)  Wא  אא א
אאאאאא

      א א א אא   א 
אא٢ J١٤ 

K J (Differential Compound)W  אא   א א 
،אאאאאאאאאאא

אאאאאאאאאW 
 

(٢ ٢٤)  
 

אאאא
،٢אאאאא J١٤K 

 

 
٢ J١٤אאאא 



 ١١٨ אא 
 אאא אאא 

  
 

-٧٢- 

 
 

٢ J١٠ 
،١٢٠٠L٥٠א

٢٥٠Kא،א٠٥,٠אא٠٢,٠אא ٦٥
Kאאאאאאאא٣٥٠٠אאK 

 

א 
 

n=١٠٠٠ rpm,  Pout=٤٥ Kw,  VL=٢٤٠ V,  Ra=٠٥}٠Ω, 

Rse=٠٢}٠Ω,  Rsh=٦٥Ω,   Pi+Pmech=٣٥٠٠ W  

 =  =  = ٢٠٠      Amp. 

 =  =  = ٨٥}٣      Amp. 

Ia=IL+Ish=٢٠٠H٨٥}٢٠٣=٣.٨٥      Amp. 

 

Pcu=Ia
٢Ra+ Ia

٢Rse+ Ish
٢Rsh= (٨٥}٢٠٣)٢(٠٥}٠H٠٢}٠) + (٨٥}٣)(٦٥)٢ 

=٣}٣٨٧٢         watt 

Plosses=Pcu+Pi+Pmech 

=٣}٣٨٧٢H٣}٧٣٧٢=٣٥٠٠     watt 

 =  =  = ١٥}٨٧ = ٨٧١٥}٠٪ 

 



 ١١٨ אא 
 אאא אאא 

  
 

-٧٣- 

 
 

٢ J١١  
     ٨   ، ١٢٠٠  ٦٠٠

Lא،٦٠אא٠٢٢,٠Kא٠٦ ,
אא،٠٤,٠אא٢٥٠Kאאאא
א٤٥٠٠אאK 

א 
p=٢ ,٨a=٢ [wave winding],  Z=١٢٠٠, n=٦٠٠ rpm,  Ia=٦٠ A,  

φ=٠٢٢}٠ wb,  Ra=٠٦}٠Ω,  Rse=٠٤}٠Ω,  Rsh=٢٥٠Ω, Pi+Pmech=٣٥٠٠W  

  =    = ١٠٥٦     V 

Ea=Va+IaRa 
 

Va=Ea-IaRa=١٠٥٦ ٤}١٠٥٢=(٠.٠٦)٦٠     V 

 =  =  =  = ٢١}٤      Amp. 

IL=Ia-If =٧٩}٥٥=٢١}٤ - ٦٠ A 
 

VL=Va-ILRse=٤}١٠٥٢ ١٦}١٠٥٠= (٠٤}٠)٧٩}٥٥     V 
 

Pout=VLIL=٥٨٥٨٩=(٧٩}٥٥)١٦}١٠٥٠       W 

 

Pcu=Ia
٢Ra+ IL

٢Rse+ Ish
٢Rsh 

     =(٦٠)٥}٤٧٧١=(٢٥٠)٢(٢١}٤)+(٠٤}٠)٢(٧٩}٥٥)+(٠٦}٠)٢   W 
 

losses=Pcu+Pi+Pmech=٥}٤٧٧١H٥}٨٢٧١=٣٥٠٠     W 



 ١١٨ אא 
 אאא אאא 

  
 

-٧٤- 

 

%6.87876.0
5.827158589

58589
==

+
=

+
=

LossesP
P

out

outη  



 ١١٨ אא 
 אאא אאא 

  
 

-٧٥- 

 
٢ J٣אאאאא 

 

  א א א א      א א  
אאאK 

• א אאא  א
אא،אאאאא

אא 
•  אאאא   א      א  

אא א Wאאאא
אא،א

אאK 
•  אאא א      א

אאאאא
אאאאK

אאאאא
אא

אאK 
• אאאאאאאאאאאאא

אאאאאא
אאאאאא

אאאאK 
• א א א א  א      א א

 אא ،א    א   א  
אא

אאאK 
 

 



 ١١٨ אא 
 אאא אאא 

  
 

-٧٦- 

אא 
 

١ J אאאאאK 
٢ J אאאאאא؟ 
٣ J אאאאאא؟אאאא

K 
٤ J ؟אאאאאאאא 
٥ J ؟אאאאא 
٦ J אאא Jא JאK 
٧ J אאא،אאא٢٤٠א

١٠٠٠L٢,١KW 
K  אאאא١٢٠٠אLא١,١K 

K  אאאא٢١٠אא٢,١K 
K  א١٢٠٠Lא٢٠٠K 

٨ J  א      א א אא א  ١٢٥،א
אאאאא٩٥٪אאא١١٠٪א

١٢٥K 
٩ J א٣٠Kא٢٥٠א،

١٢٥, K אאאאא٢٦٥Kאא
א١٠٠אא،אאאאK 

١٠ J א٨٩٦٠ ،
٥٠٠L  ٥}٦   ٢٨٠ א   א ٢٥, K

א١٧٥W 
K  אK 

K  אאאאאK 
K  אאK 



 ١١٨ אא 
 אאא אאא 

  
 

-٧٧- 

١١ J    א ٤  א  א  ،٨, K ،١٠٠ 
،٣٠٠אאאאא،

٠٣,٠ א ،١٢ אא  ١٠٠٠Lא  
K 

١٢ J ٤א٢٥Kאא٥٠٠
 א   א ،٠٣,٠ אא   ٠٤,٠  

 א٢٠٠א  W J א אא א J  א א 
א١٢٠٠אLאא٠٢,٠K 

١٣ J ٢٥٠ א ٨٠،א  א
אאאא٠٥,٠ K،٠٣,٠،١٠٠א،א

אאאאK 
١٤ J א١٥٠٠Lא٣٠

 א  ١٥٠א  א א אא  א   ،١٨٠٠
Lאא٦٠אא؟٦٠אא
٥٠٪אא١, ،١٥,KאK 

١٥ J ١٠٠٠L٢٥Kא٢٥٠
אאאא،אא٠٥,٠ ،٠٦,٠،١١٠

אאא،א٨٨٪W Jאאא Jאא
אאK 

١٦ J ١٠٠٠L٤٥א
  ٢٤٠ א    א ،٠٥,٠ אא  ٠٢,٠

 אא  ٦٥ א א א אאא  אא
א٣٥٠٠אK 

 


