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Chapter two 

AC/DC Converter 

Introduction: 

It is called also phase controlled rectifier. It is classified according to the number of 

thyristors in the circuit and the type of the supply (single phase or three phase). 

The main types of AC/DC converters are: 

1. Half-wave phase controlled rectifier: 

In this circuit only one thyristor is used. The positive cycle of the input supply can be 

controlled only, so the output voltage will be part of the positive cycle only. Hence it is 

called half wave converter. 

2- Single phase full wave phase controlled converter 

Two thyristors are used with centre-tap transformer. 

3- Single phase full-wave controlled converter using the bridge principle 

In this circuit, if two thyristors and two diodes in the form of bridge are used then it is 

called half-controlled converter. If four thyristors are used the bridge is called               

full- controlled converter. 

4- Three-phase bridge converter 

In this bridge, if the circuit consists of three thyristors and three diodes it is called         

half-controlled converter, but it six thyristors are used, it is called full-controlled 

converter. The difference between these two types is in the characteristics of them which 

will be shown later. 

The following figures show the construction and characteristics of the main types of 

AC/DC converters. 
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Half-wave phase controlled rectifier: 

 

 

 

 

a- with R- load: 
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b- with R-L load: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Vi 

Vm 

α 

VL 

iL 

α 

α β 

π 

π 

π 

2π 2π+α 

2π 

2π 
γ 

2π+α 

2π+α 

2π+β 

γ 

3π 

3π 

ωt 

ωt 

ωt 

γ: conduction angle 

β 2π+β 

3π 



- 28 - 
 

Single phase full-wave phase-controlled converter: 
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Single phase full-wave phase-controlled converter with freewheeling 

diode: 
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Single phase full-wave controlled converter using the bridge principle: 

a- 
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e- 
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3. Three-phase bridge converter: 

   a-Three-phase full-controlled converter: 
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b-Three-phase half-controlled converter: 
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   c-Three-phase half-controlled converter: 
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Performance parameters of  converters: 

There are different types of AC/DC converters and the performances of a converter are 

normally evaluated in terms of the following parameters. 

The average value of the output load voltage, Vdc 

The average value of the output load current, Idc 

The output dc power,  Pdc= Vdc Idc 

The rms value of the output voltage , Vrms 

The rms value of the output current , Irms 

The output ac power = Vrms Irms 

The efficiency (or rectification factor)of a rectifier is defined as: 

                                     =Pdc/Pac 

The output voltage is composed of two components: (1) the dc voltage, and (2) the ac 

component or ripple. 

The effective (rms) value of the ac component of output voltage is: 
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𝑉𝑎𝑐 =  𝑉𝑚𝑠
2 − 𝑉𝑑𝑐

2  

The form factor, which is a measure of the shape of output voltage, is: 

𝐹𝐹 =
𝑉𝑟𝑚𝑠

𝑉𝑑𝑐
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where Vs and Is are the rms voltage and rms current of the transformer secondary 

respectively. 

If  is the angle between the fundamental components of the input current and voltage,  

is called the displacement angle. The displacement factor is defined as: 

                                                           DF=cos() 
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where I1 is the fundamental rms component of the input current. 

The input power factor is defined as: 
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If the input current is purely sinusoidal, I1=IS and the power factor PF=displacement 

factor, DF. An ideal rectifier should have: =100%, Vac=0, FF=1, RF=0, TUF=1, HF=0, 

and PF=1. 

Overlap in AC/DC  converters: 
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the transformer windings and through the thyristors. This current is called commutating 

current. If the firing angle α is increased then the commutating voltage available will be 

larger. This increases the commutating current. This  current opposes the current in the 

outgoing thyristor and aids the current in the incoming thyristor. This current will quickly 

bring the current in the outgoing thyristor to zero and to its full value (Id) in the incoming 

thyristor. This reduces the overlap period β. Due to overlap period the dc average output 

voltage is reduced. 
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AC voltage control: 

AC voltage controllers are employed to vary the rms value of the alternating voltage 

applied to a load circuit by introducing thyristors between it and a constant-voltage ac 

source. There are two methods of control: 

1- On-off control. 

2- phase control. 

In on-off control, the thyristors are employed as switches to connect the load circuit to the 

source for a few cycles of the source voltage and then to disconnect it for a comparable 

period. The thyristor thus acts as a high-speed contactor. 
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A.C. phase control: 

 

 

 

 

 

 

 

 

 

 

For full-wave controller (resistive load): 

Vo(rms )
=  

1

π
  Vm  sin(ωt) 2

π

∝

dωt 

1
2

=
Vm

 2
 1 −

∝

𝜋
+

sin(2𝛼)

2𝜋
 

1
2
 

 

Io(rms )
=

Vo

R
=

Vm

 2R
 1 −

∝

𝜋
+

sin(2𝛼)

2𝜋
 

1
2
 

For  R-L load: 

L
di

dt
+ Ri = Vm sin ωt  

i =
Vm

Z
 sin ωt − φ − sin α − φ e

R
L

(
∝
ω

−t)  

                                      Z =  R2 + ω2L2    Ω 

Vo 

        

 

 𝐕 =  𝟐𝐕 𝐬𝐢𝐧(𝛚𝐭)        

 

R 

        

 

io 

        

 

TH1 

        

 

TH2 

        

 
Full-wave controller 

        

 

α π 

α+π 2π 
ωt 

Vo 

𝐕𝐦 =  𝟐𝐕        

 

Half-wave controller 

        

 

α π 
2π 

ωt 

Vo 

Vo 

        

 

 𝐕 = 𝐕𝐦 𝐬𝐢𝐧(𝛚𝐭)        

 

R 

        

 

io 

        

 

TH1 

        

 

D 

        

 



- 43 - 
 

φ = tan−1
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For   α ≤ , trigger pulse of TH1 must be wider, because at the time of firing TH1, io is 

negative and the thyristor TH1 will not turn on until the thyristor TH2 turns off. 

From these it can be seen that as α is reduced until γ=180

 the waveforms of io and Vo 

approach the sinusoidal form for which α=. 

The relationships between α, γ, , and β can be obtained by substituting for ωt=β (i.e. i=0) 

in the current equation: 
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Harmonic Analysis: 
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a-For R-load: 
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 cos 𝑛 + 1 𝛼 − cos 𝑛 + 1 𝜋 + cos 𝑛 + 1 (𝜋 + 𝛼) −cos 𝑛 + 1 2𝜋 

−
1

𝑛 − 1
 cos 𝑛 − 1 𝛼 − cos 𝑛 − 1 𝜋 + cos 𝑛 − 1 (𝜋

+ 𝛼) −cos 𝑛 − 1 2𝜋        𝑛 ≠ 1 
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For even n: 

b2 = b4 =b6 =.....................................=0 

For odd n: 

𝑏𝑛 =
 2V

𝜋𝑅
 
cos 𝑛 + 1 𝛼 − cos(𝑛 + 1)𝜋

𝑛 + 1
−

cos 𝑛 − 1 𝛼 − cos(𝑛 − 1)𝜋

𝑛 − 1
  

For n=1 in equation (2): 

𝑏1 =
1

𝜋
  

 2V

𝑅
sin 𝜔𝑡 cos(𝜔𝑡) 𝑑𝜔𝑡

𝜋

𝛼

+  
 2V

𝑅
sin 𝜔𝑡 cos(𝜔𝑡) 𝑑𝜔𝑡

2𝜋

𝛼+𝜋

  

𝑏1 = −
 2𝑣

𝜋𝑅
𝑠𝑖𝑛2(𝛼) 

The rms value of the nth harmonic is then given by: 

𝐼𝑛 =  
𝑎𝑛

2 + 𝑏𝑛
2

2
 

The rms value of the nth harmonic of the output voltage is given by: 

Vn = In ∗  R2 + (nωL)2 
1
2   V 

The rms value of the load current is: 

𝑖𝑙𝑜𝑎𝑑 (𝑟𝑚𝑠 ) =  𝑖0
2 + 𝑖1

2 + 𝑖2
2 + 𝑖3

2 + ⋯… . 

where   𝑖0 =0 , 𝑖2 =0 , 𝑖4 =0 

The rms value of the load voltage is: 

𝑉𝑙𝑜𝑎𝑑 (𝑟𝑚𝑠 ) =  𝑉0
2 + 𝑉1

2 + 𝑉2
2 + 𝑉3

2 + ⋯… . 

where  𝑉0 = 0  , 𝑉2 = 0  , 𝑉4 = 0   
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The normalized harmonic rms values is: 

𝐻𝑛𝛼 =
𝑟𝑚𝑠 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑛𝑡 𝑎𝑟𝑚𝑜𝑛𝑖𝑐 𝑎𝑡 𝑎𝑛𝑔𝑙𝑒 𝛼

𝑟𝑚𝑠 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑙𝑖𝑛𝑒 𝑐𝑢𝑟𝑟𝑒𝑛𝑡 𝑎𝑡 𝛼 = 0
 

𝐻𝑎𝑟𝑚𝑜𝑛𝑖𝑐 𝑓𝑎𝑐𝑡𝑜𝑟 =
 𝐼𝑛

∞
𝑛=2

𝐼1
 

b-For R-L load: 

Similar analysis can be repeated but with integration boundaries from α to β and from to π 

to π+β 

𝑎𝑜

2
=

1

2𝜋
  

 2V

𝑧𝑜
sin 𝜔𝑡 𝑑𝜔𝑡

𝛽

𝛼

+  
 2𝑉

𝑅
sin 𝜔𝑡 𝑑𝜔𝑡

𝜋+𝛽

𝛼+𝜋

 = 0 

𝑎𝑛 =
1

𝜋
  

 2𝑉

𝑧𝑛
sin(ωt) sin 𝑛𝜔𝑡 𝑑𝜔𝑡

𝛽

𝛼
+  

 2𝑉

𝑧𝑛
sin(ωt) sin 𝑛𝜔𝑡 𝑑𝜔𝑡

𝜋+𝛽

𝛼+𝜋
     ----------(1) 

 

=
 2𝑉

2𝜋𝑧𝑛
 

1

𝑛 − 1
 sin 𝑛 − 1 𝛽 − sin 𝑛 − 1 𝛼 + sin 𝑛 − 1 (𝜋 + 𝛽) −sin 𝑛 − 1 (𝜋 + 𝛼) 

−
1

𝑛 + 1
 sin 𝑛 + 1 𝛽 − sin 𝑛 + 1 𝛼 + sin 𝑛 + 1 (𝜋

+ 𝛽) −sin 𝑛 + 1 (𝜋 + 𝛼)         𝑛 ≠ 1 

 

For even n: 

a2 = a4 = a6 =.....................................=0 

For odd n: 

𝑎𝑛 =
 2𝑉

𝜋𝑧𝑛
 

1

𝑛 − 1
 sin 𝑛 − 1 𝛽 − sin 𝑛 − 1 𝛼 

−
1

𝑛 + 1
 sin 𝑛 + 1 𝛽 − sin 𝑛 + 1 𝛼                 
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For n=1 in (1) 

𝑎1 =
 2𝑉

𝜋𝑧1
  sin2 𝜔𝑡 𝑑𝜔𝑡

𝛽

𝛼

+  sin2 𝜔𝑡 𝑑𝜔𝑡
𝜋+𝛽

𝛼+𝜋

  

=
 2𝑉

𝜋𝑧1
 𝛽 − 𝛼 +

1

2
sin 2𝛼 −

1

2
sin 2𝛽   

Similarly for bn: 

𝑏𝑛 =
1

𝜋
  

 2𝑉

𝑧𝑛
sin(ωt) cos 𝑛𝜔𝑡 𝑑𝜔𝑡

𝛽

𝛼
+  

 2𝑉

𝑧𝑛
sin(ωt) cos 𝑛𝜔𝑡 𝑑𝜔𝑡

𝜋+𝛽

𝛼+𝜋
     ----------(2) 

=
 2𝑉

2𝜋𝑧𝑛
 

1

𝑛 + 1
 cos 𝑛 + 1 𝛼 − cos 𝑛 + 1 𝛽 + cos 𝑛 + 1 (𝜋 + 𝛼) −cos 𝑛 + 1 (𝜋 + 𝛽) 

−
1

𝑛 − 1
 cos 𝑛 − 1 𝛼 − cos 𝑛 − 1 𝛽 + cos 𝑛 − 1 (𝜋

+ 𝛼) −cos 𝑛 − 1 (𝜋 + 𝛽)        𝑛 ≠ 1 

For even n: 

b2 = b4 =b6 =.....................................=0 

For odd n: 

𝑏𝑛 =
 2V

𝜋𝑧𝑛
 
cos 𝑛 + 1 𝛼 − cos(𝑛 + 1)𝛽

𝑛 + 1
−

cos 𝑛 − 1 𝛼 − cos(𝑛 − 1)𝛽

𝑛 − 1
  

For n=1 in equation (2): 

𝑏1 =
1

𝜋
  

 2𝑉

𝑧1
sin 𝜔𝑡 cos(𝜔𝑡) 𝑑𝜔𝑡

𝛽

𝛼

+  
 2𝑉

𝑧1
sin 𝜔𝑡 cos(𝜔𝑡) 𝑑𝜔𝑡

𝜋+𝛽

𝛼+𝜋

  

𝑏1 = −
 2𝑉

2𝜋𝑧1

 cos 2𝛽 − cos(2𝛼)  
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Example-1: A single-phase full-wave controller is used to control the power from a 2300 

V ac source into a resistive load that can vary from 1.15 to 2.3 Ω. The maximum output 

power desired is 2300kW. calculate the maximum value of thyristor voltage, the rms 

thyristor current, the average thyristor current , and the maximum rms value of third-

harmonic current in the line for any operating condition of this system. 

Solution: a) For R=2.3 Ω. When maximum power is to be delivered to the maximum 

load-circuit resistance, then α=0: 

PO=R I
2
 

2300*10
3
=2.3 I

2
 

I=1000 A 

For a resistive load,  β=π 

𝒊𝒐 =
 𝟐

𝑹
𝑽𝐬𝐢𝐧 𝝎𝒕     α < ωt < π 

The average thyristor current is: 

𝑰𝒒𝒂𝒗 =
𝟏

𝟐𝝅
  

 𝟐𝐕

𝑹
𝐬𝐢𝐧 𝝎𝒕 𝒅𝝎𝒕

𝝅

𝜶

 =
 𝟐𝑽

𝟐𝝅𝑹
(𝐜𝐨𝐬(𝜶) + 𝟏) 

=
𝟐𝟑𝟎𝟎 ∗  𝟐

𝟐 ∗ 𝝅 ∗ 𝟐. 𝟑
(𝐜𝐨𝐬 𝟎 + 𝟏) = 𝟒𝟓𝟎. 𝟏𝟓𝟖     𝑨 

The rms thyristor current is: 

𝑰𝒒𝒓𝒎𝒔 =  
𝟏

𝟐𝝅
   

 𝟐𝑽

𝑹
𝐬𝐢𝐧 𝝎𝒕  

𝟐

𝒅𝝎𝒕
𝝅

𝜶

  

𝟏
𝟐

=
𝑽

 𝟐𝑹
 𝟏 −

𝜶

𝝅
+

𝐬𝐢𝐧 𝟐𝜶 

𝟐𝝅
 

𝟏
𝟐

 

=
𝑽

 𝟐𝑹
=

𝟐𝟑𝟎𝟎

 𝟐 ∗ 𝟐. 𝟑
= 𝟕𝟎𝟕. 𝟏𝟎𝟔      𝑨 
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b) For R=1.15 Ω. When maximum power is delivered to the maximum load-circuit 

resistance, then α > 0: 

2300*10
3
=1.15 I

2
 

I=1414.214 A    r.m.s. load current. 

=
𝑽𝒎

 𝟐𝑹
 𝟏 −

𝜶

𝝅
+

𝐬𝐢𝐧 𝟐𝜶 

𝟐𝝅
 

𝟏
𝟐

 

=
 𝟐 ∗ 𝟐𝟑𝟎𝟎

 𝟐 ∗ 𝟏. 𝟏𝟓
 𝟏 −

𝜶

𝝅
+

𝐬𝐢𝐧 𝟐𝜶 

𝟐𝝅
 

𝟏
𝟐

 

𝐬𝐢𝐧 𝟐𝜶 = 𝟐𝜶 − 𝝅 

∴ 𝛂 =
𝝅

𝟐
= 𝟗𝟎𝒐 

The average thyristor current is: 

𝑰𝒒𝒂𝒗 =
 𝟐𝑽

𝟐𝝅𝑹
(𝐜𝐨𝐬(𝜶) + 𝟏) =

𝟐𝟑𝟎𝟎 ∗  𝟐

𝟐 ∗ 𝝅 ∗ 𝟏. 𝟏𝟓
(𝐜𝐨𝐬 𝟗𝟎𝒐 + 𝟏) = 𝟒𝟓𝟎. 𝟏𝟓𝟖     𝑨 

The rms thyristor current is: 

𝑰𝒒𝒓𝒎𝒔 =
𝑽

 𝟐𝑹
 𝟏 −

𝜶

𝝅
+

𝐬𝐢𝐧 𝟐𝜶 

𝟐𝝅
 

𝟏
𝟐

 

=
𝟐𝟑𝟎𝟎

 𝟐 ∗ 𝟏. 𝟏𝟓
 𝟏 −

𝝅/𝟐

𝝅
+

𝐬𝐢𝐧 𝝅 

𝟐𝝅
 

𝟏
𝟐

= 𝟏𝟎𝟎𝟎      𝑨 

The peak forward and reverse voltages applied to the thyristor are 2300* 2 =3252.691 V 

𝒂𝟑 =
 𝟐𝑽

𝝅𝑹
 
𝐬𝐢𝐧 𝒏 + 𝟏 𝜶

𝒏 + 𝟏
−

𝐬𝐢𝐧 𝒏 − 𝟏 𝜶

𝒏 − 𝟏
          

mean 3rd harmonic is at 𝜶 =
𝝅

𝟐
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𝒃𝟑 =
 𝟐𝑽

𝝅𝑹
 
𝐜𝐨𝐬 𝒏 + 𝟏 𝜶 − 𝐜𝐨𝐬(𝒏 + 𝟏)𝝅

𝒏 + 𝟏
−

𝐜𝐨𝐬 𝒏 − 𝟏 𝜶 − 𝐜𝐨𝐬(𝒏 − 𝟏)𝝅

𝒏 − 𝟏
  

𝑰𝟑𝒓𝒎𝒔 =  
𝒂𝟑

𝟐 + 𝒃𝟑
𝟐

𝟐
 

𝒅𝑰𝟑𝒓𝒎𝒔

𝒅𝜶
 

∴ 𝜶 =
𝝅

𝟐
 

𝒂𝟑 =
 𝟐 ∗ 𝟐𝟑𝟎𝟎

𝝅 ∗ 𝟏. 𝟏𝟓
 
𝐬𝐢𝐧 𝟑 + 𝟏 ∗

𝝅
𝟐

𝟑 + 𝟏
−

𝐬𝐢𝐧 𝟑 − 𝟏 ∗
𝝅
𝟐

𝟑 − 𝟏
 = 𝟎        

 

𝒃𝟑 =
 𝟐 ∗ 𝟐𝟑𝟎𝟎

𝝅 ∗ 𝟏. 𝟏𝟓
 
𝐜𝐨𝐬 𝟑 + 𝟏 ∗

𝝅
𝟐

− 𝐜𝐨𝐬(𝟑 + 𝟏)𝝅

𝟑 + 𝟏
−

𝐜𝐨𝐬 𝟑 − 𝟏 ∗
𝝅
𝟐

− 𝐜𝐨𝐬(𝟑 − 𝟏)𝝅

𝟑 − 𝟏
  

=
 𝟐 ∗ 𝟐𝟑𝟎𝟎

𝝅 ∗ 𝟏. 𝟏𝟓
 
𝐜𝐨𝐬𝟐𝝅 − 𝐜𝐨𝐬𝟒𝝅

𝟒
−

𝐜𝐨𝐬𝝅 − 𝐜𝐨𝐬𝟐𝝅

𝟐
 = 𝟗𝟎𝟎.𝟑𝟏𝟔   𝑨 

𝑰𝟑𝒓𝒎𝒔 =  
𝒂𝟑

𝟐 + 𝒃𝟑
𝟐

𝟐
=  

𝟎 + 𝟗𝟎𝟎

𝟐
= 𝟔𝟑𝟔. 𝟔𝟐    𝑨 

Example-2: A single-phase full-wave controller is used to control the power from a 2300 

V ac source into a load circuit of 2.3 Ω resistance and 2.3 Ω inductive reactance. 

Determine: 

a-The control range (i.e., the range of variation of α necessary to vary the current from 

zero to the maximum possible value). 

b-The maximum rms current. 

c-The maximum power and power factor. 
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d-The rms thyristor current, the condition angle and the power factor at the source for 

α=π/2. 

Solution: 

(a)  𝒗 = 𝟐𝟑𝟎𝟎 𝟐𝐬𝐢𝐧 𝝎𝒕  

at p=0      α =αmax = π    

at p=pmax        α==𝐭𝐚𝐧−𝟏 𝝎𝑳

𝑹
=

𝝅

𝟒
=αmin       (pure ac) 

Thus the control range is π/4 ≤ α ≤ π  . 

(b)  Maximum current is when α =αmin  

𝑰 =
𝑽

𝒁
=

𝟐𝟑𝟎𝟎

 𝟐.𝟑𝟐+𝟐.𝟑𝟐
= 𝟕𝟎𝟕.𝟏𝟎𝟕      𝑨  

(c) pmax=R I
2
= 2.3(707.107)

2
=1150  kW 

𝐩𝐨𝐰𝐞𝐫 𝐟𝐚𝐜𝐭𝐨𝐫 =
𝐑𝐈𝟐

𝐕𝐈
=

𝟏𝟏𝟓𝟎 ∗ 𝟏𝟎𝟑

𝟐𝟑𝟎𝟎 ∗ 𝟕𝟎𝟕. 𝟏𝟎𝟕
= 𝟎. 𝟕𝟎𝟕𝟏 

From this is clear that the power factor is cos, but this is not true for the nonsinusoidal 

condition of operation when α > αmin. 

(d)  Left to you (H.W.). 

Three-phase a.c. phase control: 

 

 

 

 

 

 

a 

b 

c 
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or 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a 

b 

c 

a 

b 

c 

a 

b 

c 
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synchronous tap changer: 

 

 

 

 

 

 

 

If  TH1 & TH2 are on, full voltage is applied to the load. 

If  TH3 & TH4 are on, part of the transformer secondary is applied to the load. 

 

 

 

 

a 

b 

c 

TH1 

Vo

  

TH2 

TH3 

TH4 
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Cycloconverter: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a 

b 

c 

P(+) N(-) 

Positive 

group 

Negative 

group 

Centre tapped reactor 

 

Load 

3-phase 

ac supply 

Neutral 

Single-phase cycloconverter 

π/2 0 π/2 

π π/2 π/2 

0 - π - 0 

a b c 

ωt 

Mean output voltage 

Output voltage 

a b c a b c a b c a 

B A 
C 

D 

E 



- 57 - 
 

In cycloconverter, output ac voltage wave is fabricated from the segment of the ac input 

voltage wave. We know that the average d.c. output of a rectifier is given by 

Vdc=Vdmcos(α). This average value can be controlled by controlling the firing angle α. If 

the firing angle α is suitably varied from π/2 to 0 and back to π/2 an ac half wave can be 

superimposed on the dc output voltage similarly if α is varied from π/2 to π and back to 

π/2 a negative half wave can be superimposed on the dc output voltage. Thus by varying α 

from 0 to π and back to zero complete ac voltage wave can be fabricated. 

Since the thyristors conduct current only in one direction, it is necessary to connect two 

groups of thyristors in inverse parallel as shown in the figure. Here in the figure are shown 

two half wave rectifiers, but any rectifier configuration can be used. The average output 

voltages of the two groups must be equal and opposite, otherwise large circulating current 

will flow at output frequency. This can be achieved by making αP =π -αN. However the 

instantaneous output voltages of the two groups are quite different and hence harmonic 

currents will circulate. These harmonic currents can be limited by using a centre tapped 

reactor. 

These harmonic currents can be suppresses all together by removing the gating signals for 

the half cycle for the group which is not conducting current. 

The output frequency is independent of the input frequency it depends upon the rate of 

variation of α. 

The output frequency is usually kept lower than the input frequency. It is however possible 

to get output frequency larger than the input frequency but the losses in the thyristor will 

increase considerably. 

The harmonics in the output wave can be reduced by decreasing the ratio of output to input 

frequency and also by increasing the number of phases. 

A three phases cycloconverter consists of three single phase cycloconverters. The outputs 

of which are displaced by 120
o
. If the load is balanced then the neutral connection is not 

required. If 3-phase half wave rectifiers are used, then eighteen thyristor will be required 

for a 3-phase cycloconverter. 
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Voltage equaton: 

The average dc output voltage of 3-phase half-wave converter is: 

𝑉𝑑𝑐 =
3 3

2𝜋
𝑉𝑚 cos 𝛼 = 𝑉𝑑𝑚 cos 𝛼  

where Vdm is the output dc voltage when α=0. 

Let the rms value of the a.c. output wave be Vo. 

∴ The maximum of the a.c. output wave =  2𝑉𝑜  

 

 

∴  2𝑉𝑜 = 𝑉𝑑𝑚 =
3 3

2𝜋
𝑉𝑚  

3-phase 

load 

3-phase cycloconverter 

π/2 α=0 π/2 

 2𝑉𝑜  

 

Output wave 
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∴ 𝑉𝑜 =
3 3

2 2𝜋
𝑉𝑚  
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Sheet No.1 

1- A d.c. source of 100 V supplies a purely inductive load of 0.1 H. The controller is a 

thyristor in series with the source and load. From the response of this simple circuit find 

the minimum width of the gating pulse to ensure thyristor turn-on. The specification for 

the thyristor gives the latching current to be 4 mA. 

2- An a.c. supply of vi=100 sin(377t) is connected in series with a resistance 10 Ω, a 

thyristor and a 50 V battery, whose anode is connected to the thyristor cathode. Compute 

the average value of current in the circuit, if the thyristor is fired by a continuous d.c. 

signal. 

3- A voltage source v=100 sin(377t) supplies a resistive load of 100 Ω through a thyristor, 

which performs half-wave controlled rectification. Calculate the power supplied to the 

load when the thyristor firing angle is fixed at 45
o
 with respect to the supply voltage 

waveform. 

4- A single-phase full controlled converter is used to supply a load of R=2 Ω and L= 5mH. 

If the input voltage is 220 V at 50 Hz calculate: 

a- Range of  α to change the current from zero to maximum allowable value. 

b- Maximum rms value of load current. 

c- Maximum power and power factor. 

5- A two-SCR rectifier has zero internal drop and is connected to auto-transformer that 

supplies 240 V, 60 Hz per leg. The load resistance equals its inductive reactance. When 

the SCR's fires with zero delay, a dc ammeter reads 5.4 A in the load: 

a- Find the ammeter reading when the firing angle α=75
o
. 

b- Find the henrys of the load. 

c- Find the largest value of α at which the load current does not become zero momentarily. 

d- When the ammeter reads 0.81 A, find α. 
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6- A single-phase full-controlled converter is connected to RL load (R=10 Ω & L=11.6 

mH) and 240 V, 50 Hz supply. 

a- Find the average current in the load when α=30
o
. 

b- Find the firing angle α when the average load current is 10 A. 

c- For a half-wave controlled rectifier, calculate the average load voltage when the load is 

RL load with α=30
o
. 

7-  A half-wave controlled converter is connected to a single-phase transformer. The load 

is purely resistive load of R and the delay angle is α=π/2. Determine the: 

a-rectification efficiency; b- form factor, FF; c- ripple factor , RF; d- transformer 

utilization factor, TUF; and e- Peak inverse voltage, PIV, of the thyristor. 

8- A single-phase full-wave bridge converter is connected to a 120 V 60Hz supply. The 

load current, Io, can be assumed to be continuous and its ripple content is negligible. The 

turns ratio of the transformer is unity. 

a- Express the input current in a Fourier series; determine the harmonic factor of input 

current, HF; displacement factor, DF, and input power factor, PF. 

b- If delay angle is α=π/3, calculate Vdc, Vn, Vrms, HF, DF, and PF. 

9- For a delay angle of α=π/2, repeat example-8 for the single-phase full-wave half-

controlled bridge converter. 

10- A three-phase half-wave converter is operated from a three-phase Y-connected 208 V 

60Hz transformer supply and the load resistance is R=10 Ω. If it is required to obtain an 

average output voltage of 50% of the maximum possible output voltage, calculate the: 

a- delay angle α; b- rms and average output currents; c- average and rms thyristor currents; 

d- rectification efficiency; e-transformer utilization factor, TUF; and f- input power factor, 

PF. 

11- Repeat example-10 for the three-phase half-controlled bridge converter. 
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12- Repeat example-10 for the three-phase full-controlled bridge converter. 

13- The load current of a three-phase full converter is continuous with a negligible ripple 

current. a-Express the input current in Fourier series, and determine the harmonic factor of 

the input current, HF; displacement factor, DF; and the input power factor, PF; b- If the 

delay angle  α=π/3 and the peak input phase voltage, Vm=169.83 V calculate Vn, HF, DF, 

and PF. 

 

 

 

 

  

  

   

 

 

  

  

  

 

 

 

 


