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א א   א   ،א א 

א אאאא   א   א א  אא 
אKאאאאאאאא� Converters �
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א W 

אאא� Controlled Rectifiers � 

אא� DC Choppers � 

אא �AC Voltage Controllers � 

אא �Inverters � 
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אK 
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אאאאא،אא
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אאאאאאא،
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אW 
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אא    �Dual Converter�  

אאאא 

אאאאאא Single Phase Half Wave Converter 

אאFQE2-1Kאא
א  א אא

אאא(D)אאאא 
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 
אF2-1E 

אאאאאא 

 

אא (2-1)אאאא
א א � α�، Kאאאא אאא

אאאאאאא 

 

 (2-1) W 

אאאאאאא
10Ω א         ،א 

אא208 vאW 

K אאא60א
o 
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 - ٢٠ -  

K אאא8A 

K אא 

K אאאאאאאא 

 

א 

Eא 
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Eאא 

8A 

80108 =×== RIV oo  Volt 

א(2-1) 
α= 44.86

o
 

Eא 
אא 
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Eאאאאאאא 

א(2-1)Vmאאא 

1 

אאאאאאאF2-1E 

180 1359045 0 α(deg) 
0 13.71 46.816 79.816 93.63 Vo(volt) 
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אF2-2E 

אאאאF2-1E  

  

אאאאאא   � Single Phase Semi-

converter� 

 א א א          א 
(2-3)א   (Q1,Q2) א אא(D1, D2) א

אא�D�،אF2-4Eאאאאאא
אK 

 

 
אF2-3E 

אאאאאאא 

  

אא א אYVoYא א
א    א א [0-πYא  א א   

אW  
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  א   א(2-2)אא      א  א
א�α�K 

אאאאאא،א
אאאאאאא� �One quadrant 

אאK 

 
אF2-4E 

אאאאאאא 
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אא אאא אאאאא 
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(2-2)W 

   א  א א       
א10Ωא،א

אא208 vאW 

K אאא75א
o 

K אאאא150 v 

K אא 

 

א 

Eא 

156.2942208 ==mV  Volt 

( ) 86.117)751(633931 =+⋅=+= CosCos
V

V m
o α

π
 

Volt 

787.11==
R

V
I o

o  Amp. 

 

EאאWא(2-2)א150 V 

α= 52.987
o
 

 

Eאא 

אאאא 

( ) 266.187)01(633.931
max

=+=+= CosCos
V

V m
o α

π
 Volt 

אאאאאא �Single Phase Full Converter� 

          א א א 
F (2-5  (Q1,Q2,Q3,Q4)K א F2-6E א א  

אאאאא(Q1, Q2) אא
א(Q3, Q4) א،אא

אKאא90
oא،אא
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 אאא א אא  א אאא 
אאא90

oא
90

o
(Two-quadrant)אאאא،אא

אאK 

אאאא � �Voאא
אאא�α to π-α� 

 

(2-3)α
π

Cos
V

V m

o

2
=  

 

אא(2-3)אאאא
א�α � 

 

 
אF2-5E 

אאאאאא 
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אF2-6E 

אא 

(2-3)W 

אאאאא
10Ω א         ،א 

אא208 vאW 

K אאא45א
o 

K אאאPs 

K א אאאא135
oאא א

א 
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א 

E 

156.2942208 ==mV  Volt 

( ) 417.132)45(266.187
2

=== CosCos
V

V m
o α

π
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2417.13==
R

V
I o

o  Amp. 

 

E 

אאאZאאא 

Ps= PL =VoIo=1753.43       watt 

E 
אא135

oאאא،
א(2-3)  

( ) 417.132)135(266.187
2

−=== CosCos
V

V m
o α

π
 Volt 

אאא 

Ps= VoIo= -1753.43       watt 

אאאאSingle Phase Dual Converter 

        א א  א F2-7E
א  א א  א א א  א      

(Four quadrant)א א   א א  א 
אא 

 
אF2-7E 

אאא 
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א 216 אא 

אא אאא אאאאא 

 

 

 - ٢٧ -  

אאאאא�Three Phase Half Wave Converter� 

א   אאא אאא
،אאאא

 אאאאאא

א אאא� �Q1,Q2,Q3א א
אF2-8E 

 
אF2-8E 

אאאאא 

 

אQ1א(ωt>π/6)
(ωt=π/6 + α)،אVanאא

Q2(ωt=5π/6 + α)Q1א
Vbnא،אQ3(ωt=3π/2 + α)

Q2א،Vcnא
   א  א אא F2-9E  א א

א  א   � Two quadrant�א  א 
אאאא 

אאאא 
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א 216 אא 

אא אאא אאאאא 

 

 

 - ٢٨ -  

 
אF2-9E 

אאא 

 (2-4) W 

אא10Ω
אא،א

א208 v،אאאא30א
o 

א 

83.169
3

2208
==mV  Volt 

( ) 633.121)30(449140
2
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אא אאא אאאאא 

 

 

 - ٢٩ -  

אאאאאא  �Three Phase Semi-

converter� 

אאאאא
אאאF2-10Eאאא،א

�One quadrant� ،אא
אאאאW 

(2-5))1(
2

33 α
π

Cos
V

V m
o +=  

 

 
אF2-10E 

אאאאאא 

 

 (2-5) W 

             א 
א10Ωא،א

אא208 vKאאאאא
30

o 

א 

83.169
3

2208
==mV  Volt 

( ) 08.262)301(4491401
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 - ٣٠ -  

אאאאא �Three Phase Full Converter� 

        א   א א א F2-11E
אאאא אא

�Two quadrant� אאאא 

 

(2-6)α
π

Cos
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33
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אF2-11E 

אא 

 (2-6) W 

אאאאאא
10Ω א،א

אא208 vKא 

K אאא45א
o 

K אאאPs 

K  אאאאא135
oאא א

א 

WWW.DZPEN.COM  |  ������� ��	



א 216 אא 

אא אאא אאאאא 

 

 

 - ٣١ -  

א 

E 

83.169
3

2208
==mV  Volt 

( ) 625.198)45(898.280
33

=== CosCos
V

V m
o α

π
 Volt 

8625.19==
R

V
I o

o  Amp. 

E 
אאאZאאא 

Ps= PL =VoIo=3945.189 watt 

E 
אא135

oאאא
א(2-3) 

 

( ) 625.198)135(898.280
33

−=== CosCos
V

V m
o α

π
Volt 

אאא 

Ps= VoIo= -3945.189       watt 
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 - ٣٢ -  

אאאא�Three Phase Dual Converter� 

  אאאF2-12E
 א  א א  א א א  א     

 �Four quadrant�א א   א א  א 
אאK 

 

 
אF2-12E 

אאאא 

Wאא DC Choppers  

אאא
אFEאאאאא،

אאאאאאאKKKKאאא،א
אאאאאא

אאK 

אא Theory of Operation  

אאאאאאF2-13Eא
)(אKאאTon

،אאאאToff א
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    ،   א א  א F2-14Eא 
אאW 
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 

Vs א 
Tonא 

Toffא 

T אא 

Vo א 

k א 

 

אאF2-7Eאאא،א
אאאFא500 Hz2500 HzEא

 אאא א  א IGPT 
MOSFET GTOKKKKKKK 
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אא אאא אאאאא 
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א     א א  א      א
אW 

א (PWM) א(Ton)אא(T) 
 

א(FM)א(T) אא (Ton)  

אאאאW 

א א W א א  (SCR)א א   
א 

אאאWאא(PT)א
 ،א     א  

אאאאאאאא
אאאK 

א W א  (MOSFET)א ،
،א אאW 

• א(MOSFET)א
אK 

• אאאאאאאK 

• אאא 

אאאאא אא
אא 

 

אא   א א     א  
אאאאK 

 

אא �Step Down DC Chopper�  

א،אאאאא
אא KאF2-15Eא
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 אF2-16E אאאא
אאאK 

אא(On)אאאא
(Q)א،א(Off)אאאאא

(Q)א،אאאאא 

(2-7)אאK 

 

 

 
אF2-15E 

אאאאאאא 
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אF2-16E 

אאאא 

אאא �Step Up DC Chopper�  

אאא א א  א   Kא 

F2-17Eאאאא
אKא(On)אא(L)

אא(Off)אא
אאW 
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אא אאא אאאאא 
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(2-8)so
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W 
Vsא 

I∆אאאאאא 

kא 

voאאא 

 

א(2-8)אאאא
א   K אאא  א      

אאאK 

 

 
אF2-17E 

אאאאאאאא 
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Wאא  AC Voltage Controller 

אאאא
FEא،א،אאא

א      א א  א א   
א(2-18)אא،א

Q1, Q2אא،אא،א
אא Kא א א א אאא

אK 

אאW 

١K אאאא On-Off Control 

אQ1, Q2 אאא 

2-19אאא  א ، א אא א
אאאK 

٢K אאאאPhase Control 

 א  א אא    א  א  Q1, Q2
אאF2-20EK 

א א       א  א F2-18E
אאF2-21EK 

 

 
אF2-18E 

אאאא 
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אF2-19E 

אאאFאאאאE 

 

 
אF2-20E 

אאאFE 

אאא 
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 هجولأا يثلاث لمح
ةمجن لصوم

 ددرتملا دهجلا مآاح
هجولأا يثلاث

 
אF2-21E 

אאאא 

 

אWאא  INVERTERS 

אאאא
، אאאאא

אאאאאאאאאאא
א (PWM) אאאאא

אאאK 

אאאאא
    א ،א א(Filter)       א

אאא،אאאאא
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  אאא     אא  K    אא 
 א   א אא (UPS)א א   א

אאאאאאאK 

א  א א   א  א א  א
אK 

א 

אאאאאאאF2-22Eא
F٢E(Q1, Q2)F٢Eא(D1, D2)א

VsQ1אאאQ1אא
אאאFVsEאא(T/2)،Q2אא

   אQ2  א א א  א  א(-Vs) א 
א(T/2)אאאF2-23Eא

אאאא
אFEQ1אאאD2א

  א     אQ2 א  ، D1 
אאQ2K 

 

 
אF2-22E 

א 
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אF2-23E 

אאא 

א Single Phase Bridge Inverter 

FאKKKKאEאא
    א F2-24E      ،Q1, Q2 א 

אאF2VsE ،Q3, Q4אF2Vs J E אא
א F2-25E   D1, D2   Q3, Q4   
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אאא،אD3, D4א
Q1, Q2K 

 

 
אF2-24E 

א 
 

 
אF2-25E 

אאא 
 

אא      א  אא F2-24Eא 
אאF2-26EK 
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אF2-26E 

א  

 
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 

אאאW 

K אאאאKאא
K 

K ؟אאאא 

K אאא
אKאאאאאאK 

K אאאאאK 

אאאW 

 CאאאKאאאW 

• אאאאאאאאK 

• אאאאאאאא  

• אאאאאא  

• אא    

• אאאאאא  

• אאאאאאא  

 
אאאW 

K אאא 

K ؟אאאאאאא 

 

אאאאW 

K אאאאאK 

K אאאאאאאאא
K 
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א 216 אא 

אא אאא אאאאא 

 

 

 - ٤٦ -  

K אאאאאאK 

K אאאא،אאK 

 

אאאW 

אא אאא
10Ωאא

א208א vKאאאאאאאאאW 

K אאאא15 Amp  

K אאאPs 

K  א   אאא  א 135
oאא א

אK 

 

אאאW 

א אאאא   
א10Ωאא

אא208 vאאאא45א
oK 
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