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8EE6A ELECTRICAL DRIVES AND CONTROL LAB 
 

 

1.  Study and test the firing circuit of three phase half controlled bridge 

converter. 

2. Study and obtain waveforms of 3 phase half controlled bridge 

converter with R and RL loads. 

3.  Study and test the firing circuit of 3-phase full controlled bridge 

converter. 

4.  Study and obtain waveforms of 3-phase full controlled bridge 

converter with R and RL loads. 

5. Study and test 3-phase AC voltage regulator. 

6.  Control speed of dc motor using 3-phase half controlled bridge 

converter. Plot armature voltage versus speed characteristic. 

7.  Control speed of dc motor using 3-phase full controlled bridge 

converter. Plot armature voltage versus speed characteristic. 

8. Control speed of a 3-phase induction motor in variable stator voltage 

mode using 3-phase AC voltage regulator. 

9. Control speed of universal motor using AC voltage regulator. 

10. Study 3-phase dual converter. 

11. Study speed control of dc motor using 3-phase dual converter. 

12.Study three-phase cycloconverter and speed control of synchronous 

motor using cycloconverter. 

13.Control of 3-Phase Induction Motor in variable frequency V/f  

constant mode using 3-phase inverter. 
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EXPERIMENT NO. 1 

AIM: study and test the firing circuit of three phase half controlled bridge converter. 

 

APPARATUS: 
 

1. 3-Phase half controlled bridge converter. 

2. C.R.O 

3. Connecting leads. 

 
BASIC CONCEPT: 

 

Three phase fully controlled converters are very popular in many industrial 

applications particularly in situations where power regeneration from the dc side is 

essential. It can handle reasonably high power and has acceptable input and output 

harmonic distortion. The configuration also lends itself to easy series and parallel 

connection for increasing voltage and current rating or improvement in harmonic 

behavior. However, this versatility of a three phase fully controlled converters are 

obtained at the cost of increased circuit complexity due to the use of six thyristors and 

their associated control circuit. This complexity can be considerably reduced in 

applications where power regeneration is not necessary. 

The three phase half controlled converter has several other advantages over a 

three phase fully controlled converter. For the same firing angle it has lower input side 

displacement factor compared to a fully controlled converter. It also extends the range of 

continuous conduction of the converter. It has one serious disadvantage however. The 

output voltage is periodic over one third of the input cycle rather than one sixth as is the 

case with fully controlled converters. This implies both input and output harmonics are of 

lower frequency and require heavier filtering. For this reason half controlled three phase 

converters are not as popular as their fully controlled counterpart. 

Although, from the point of view of construction and circuit complexity the half controlled 

converter is simpler compared to the fully controlled converter, its analysis is considerably 

more difficult. 
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CIRCUIT DIAGRAM: 
 
 

 

Procedure: 
 

1.Connect three phase supply to the unit in proper R-Y-B-N Sequence. 

2.Keep the alpha/Speed pot at minimum position. 

3. Connect two 40/60W lamps on back panel holder. 
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4. Switch on the 3 phase supply neon lamps glow. 

5. Press start button. 

6. Vary pot slowly & observe load lamp glow slowly. 

7. Observe the converter output at TP10 with respect to TP 11 using 1:10 

probe & trace output wave forms 

 

 

 
RESULT : Hence, we study and test the firing circuit of three phase half controlled 

bridge converter. 
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EXPERIMENT NO. -2 
 

AIM: Study and obtain waveforms of 3-phase half controlled bridge converter with R 

and RL loads. 

APPARATUS: 
  

1. 3-Phase half controlled bridge converter. 

2. C.R.O 

3. Connecting leads. 

 

BASIC CONCEPT: 
 

Three phase fully controlled converters are very popular in many industrial applications 

particularly in situations where power regeneration from the dc side is essential. It can 

handle reasonably high power and has acceptable input and output harmonic distortion. 

The configuration also lends itself to easy series and parallel connection for increasing 

voltage and current rating or improvement in harmonic behavior. However, this 

versatility of a three phase fully controlled converters are obtained at the cost of increased 

circuit complexity due to the use of six thyristors and their associated control circuit. This 

complexity can be considerably reduced in applications where power regeneration is not 

necessary. 

The three phase half controlled converter has several other advantages over a three phase 

fully controlled converter. For the same firing angle it has lower input side displacement 

factor compared to a fully controlled converter. It also extends the range of continuous 

conduction of the converter. It has one serious disadvantage however. The output voltage 

is periodic over one third of the input cycle rather than one sixth as is the case with fully 

controlled converters. This implies both input and output harmonics are of lower 

frequency and require heavier filtering. For this reason half controlled three phase 

converters are not as popular as their fully controlled counterpart. 

Although, from the point of view of construction and circuit complexity the half 

controlled converter is simpler compared to the fully controlled converter, its analysis is 
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considerably more difficult. 

CIRCUIT DIAGRAM: 
 

 
 

 PROCEDURE: 

1.Connect three phase supply to the unit in proper R-Y-B-N Sequence. 

2.Keep the alpha/Speed pot at minimum position. 

3. Connect two 40/60W lamps on back panel holder. 

4. Switch on the 3 phase supply neon lamps glow. 

5.Connect 4-pin plug dc motor to the unit lightly. 

6. Press rockor switch & start button then output led glow. 

7.Wait the motor response increase ALPHA/SPEED pot clockwise & 

observe the motor speed 

8. Observe output voltage waveform Across TP10 and TP11 
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RESULT : Hence, we study and obtain waveforms of 3-phase half controlled 

bridge converter with R and RL and loads. 
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EXPERIMENT NO. -3 

AIM: Study and Test the firing circuit of Three Phase Full Controlled Bridge 

Converter. 

APPARATUS: 
 

1. 3-Phase full controlled bridge converter. 

2. C.R.O 

3. Connecting leads. 
 

BASIC CONCEPT: 
 

The three phase fully controlled bridge converter has been probably the most widely used 

power electronic converter in the medium to high power applications. Three phase 

circuits are preferable when large power is involved. The controlled rectifier can provide 

controllable out put dc voltage in a single unit instead of a three phase autotransformer 

and a diode bridge rectifier. The controlled rectifier is obtained by replacing the diodes of 

the uncontrolled rectifier with thyristors. Control over the output dc voltage is obtained 

by controlling the conduction interval of each thyristor. This method is known as phase 

control and converters are also called “phase controlled converters”. 

A three phase fully controlled converter is obtained by replacing all the six diodes of 

an uncontrolled converter by six thyristors as shown in Fig. (1) 

The control circuit become considerably complicated and the use of coupling 

transformer and / or inter phase reactors become mandatory. 

With the introduction of high power IGBTs the three phase bridge converter has all but 

been replaced by dc link voltage source converters in the medium to moderately high 

power range. However in very high power application (such as HV dc transmission 

system, cycloconverter drives, load commutated inverter synchronous motor drives, static 

scherbius drives etc.) the basic B phase bridge converter block is still used. In this lesson 

the operating principle and characteristic of this very important converter topology will 

be discussed in source depth. 
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CIRCUIT DIAGRAM: 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIRING : 
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In the circuit of Fig. 13.6(a) a phase shift network is used to obtain a waveform leading v 
i 

by 90º. The phasor diagram of the phase shift circuit is shown in Fig. 13.6(b). The output 

of the phase shift waveform (and its inverse) is compared with v . The firing pulse is 
c 

generated at the point when these two waveforms are equal. 

 
Therefore this method of generation of converter firing pulses is called “inverse cosine” 

control. The output of the phase shift network is called carrier waveform. 

PROCEDURE: 
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1.Connect three phase supply to the unit in proper R-Y-B-N Sequence. 

2.Keep the alpha/Speed pot at minimum position. 

3. Connect two 40/60W lamps on back panel holder. 

4. Switch on the 3 phase supply neon lamps glow. 

5.Connect 4-pin plug dc motor to the unit lightly. 

6. Press rockor switch & start button then output led glow. 

7.Wait the motor response increase ALPHA/SPEED pot clockwise & 

observe the motor speed 

RESULT : we have successfully completed the study and test the firing circuit of 

three phase full controlled bridge converter. 
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EXPERIMENT NO. -4 
 

AIM: Study and obtain waveforms of 3-phase full controlled bridge converter with R 

and RL loads. 

APPARATUS: 
 

1. 3-Phase full controlled bridge converter. 

2. C.R.O 

3. Connecting leads. 

 

BASIC CONCEPT: 
 

The three phase fully controlled bridge converter has been probably the most 

widely used power electronic converter in the medium to high power applications. Three 

phase circuits are preferable when large power is involved. The controlled rectifier can 

provide controllable out put dc voltage in a single unit instead of a three phase 

autotransformer and a diode bridge rectifier. The controlled rectifier is obtained by 

replacing the diodes of the uncontrolled rectifier with thyristors. Control over the output 

dc voltage is obtained by controlling the conduction interval of each thyristor. This 

method is known as phase control and converters are also called “phase controlled 

converters”. 

A three phase fully controlled converter is obtained by replacing all the six diodes of 

an uncontrolled converter by six thyristors as shown in Fig. (1) 

The control circuit become considerably complicated and the use of coupling 

transformer and / or inter phase reactors become mandatory. 

With the introduction of high power IGBTs the three phase bridge converter has all but 

been replaced by dc link voltage source converters in the medium to moderately high 

power range. However in very high power application (such as HV dc transmission 

system, cycloconverter drives, load commutated inverter synchronous motor drives, static 

scherbius drives etc.) the basic B phase bridge converter block is still used. In this lesson 

the operating principle and characteristic of this very important converter topology will 
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be discussed in source depth. 

 

CIRCUIT DIAGRAM: 
 
 

For any current to flow in the load at least one device from the top group (T
1
, T

3
, T

5
) and 

one from the bottom group (T
2
, T

4
, T

6
) must conduct. It can be argued as in the case of an 

uncontrolled converter only one device from these two groups will conduct. 

Then from symmetry consideration it can be argued that each thyristor conducts for 120° 

of the input cycle. Now the thyristors are fired in the sequence T
1 

→ T
2 

→ T
3 

→ T
4 

→ T
5
 

→ T
6 

→ T
1 

with 60° interval between each firing. Therefore thyristors on the same phase 

leg are fired at an interval of 180° and hence can not conduct simultaneously. This leaves 

only six possible conduction mode for the converter in the continuous conduction mode 

of operation. These are T
1
T

2
, T

2
T

3
, T

3
T

4, 
T

4
T

5
, T

5
T

6
, T

6
T

1
. Each conduction mode is of 

60° duration and appears in the sequence mentioned. The conduction table of Fig. 13.1 

(b) shows voltage across different devices and the dc output voltage for each conduction 

interval. The phasor diagram of the line voltages appear in Fig. 13.1 (c). Each of these 

line voltages can be associated with the firing of a thyristor with the help of the 

conduction table-1. For example the thyristor T
1 

is fired at the end of T
5
T

6 
conduction 

interval. During this period the voltage across T
1 

was v
ac

. Therefore T
1 

is fired α angle 

after the positive going zero crossing of v
ac

. Similar observation can be made about other 

thyristors. The phasor diagram of Fig. 13.1 (c) also confirms that all the thyristors are 

fired in the correct sequence with 60° interval between each firing. 



PREPAIRED BY: YOGESH SONI (Assistant prof.)  

 

 

 

 

The converter in the inverting mode: 
 

The circuit connection and wave forms in the inverting mode of operation where the load 

current has been assumed to be continuous and ripple free. 

PROCEDURE: 

1.Connect three phase supply to the unit in proper R-Y-B-N Sequence. 

2.Keep the alpha/Speed pot at minimum position. 

3. Connect two 40/60W lamps on back panel holder. 
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4. Switch on the 3 phase supply neon lamps glow. 

5. Press start button. 

6. Vary pot slowly & observe load lamp glow slowly. 

7. Observe the converter output at TP10 with respect to TP 11 using 1:10 

probe & trace output wave forms 

8. Observe output voltage waveform Across TP10 and TP11 

 

RESULT : we have successfully completed the study and obtain waveforms of 3- 

phase full controlled bridge converter with R and RL and loads. 
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EXPERIMENT NO. -5 
 

AIM: Study and test 3-phase AC voltage regulator. 

 

APPARATUS: 

 

1. Three-phase, Three-wire AC Regulator 

2. C.R.O 

3. Connecting leads. 
 

BASIC CONCEPT: 
 

There are many types of circuits used for the three-phase ac regulators (ac to ac 

voltage converters), unlike single-phase ones. The three-phase loads (balanced) are 

connected in star or delta. Two thyristors connected back to back, or a triac, is used for 

each phase in most of the circuits as described. Two circuits are first taken up, both with 

balanced resistive (R) load. 

Three-phase, Three-wire AC Regulator with Balanced Resistive Load 
 

The circuit of a three-phase, three-wire ac regulator (termed as ac to ac voltage converter) 

with balanced resistive (star-connected) load .It may be noted that the resistance 

connected in all three phases are equal. Two thyristors connected back to back are used 

per phase, thus needing a total of six thyristors. Please note the numbering scheme, which 

is same as that used in a three-phase full-wave bridge converter or inverter. The thyristors 

are fired in sequence starting from 1 in ascending order, with the angle between the 

triggering of thyristors 1 & 2 being (one-sixth of the time period of a complete cycle). 

The line frequency is 50 Hz, with f=1/T= 20 ms. The thyristors are fired or triggered after 

a delay of α from the natural commutation point. The natural commutation point is the 

starting of a cycle with period of output voltage waveform, if six thyristors are replaced 

by diodes. Note that the output voltage is similar to phase-controlled waveform for a 

converter, with the difference that it is an ac waveform in this case. The current flow is 

bidirectional, with the current in one direction in the positive half, and then, in other 

(opposite) direction in the negative half. So, two thyristors connected back to back are 
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needed in each phase. The turning off of a thyristor occurs, if its current falls to zero. To 

turn the thyristor on, the anode voltage must be higher that the cathode voltage, and also, 

a triggering signal must be applied at its gate. 

 

 

CIRCUIT DIAGRAM: 
 

 
 

 
Procedure: 

Fig.1 Three-phase, three-wire ac regulator. 
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1.Connect three phase supply to the unit in proper R-Y-B-N Sequence. 

2.Keep the alpha/Speed pot at minimum position. 

3. Connect two 40/60W lamps on back panel holder. 

4. Switch on the 3 phase supply neon lamps glow. 

 
5. Connect 4-pin plug dc motor to the unit lightly. 

6. Press rockor switch & start button then output led glow. 

7.Observe the converter output B/W any one phase and N point. 

8.Fill up the observation table. 

 

OBSERVATION TABLE: 
 
 

POT POSITION OUTPUT VOLTAGE 

  

 

  

  

  

 

 

 

 

RESULT : we have successfully completed the study and test 3-phase AC voltage 

regulator. 
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EXPERIMENT NO. – 6 

AIM: Control speed of dc motor using 3-phsae half controlled bridge converter. Plot 

armature voltage versus speed characteristics. 

APPARATUS: 

1. Three phase half controlled bridge converter 
 

2. Dc motor 
 

3. CRO 
 

4. Connecting leads 
 

5. Multimeter 
 

BASIC CONCEPT: 
 

A 3- phase half – wave converter drive consisting of two converter and a 

separately – excited dc motor is shown here. The armature circuit of the motor is fed 

through 3-phase half- wave converter whereas if field is energized through a 3-phase 

semi converter. This converter offers one-quadrant operation fig.(b) and may be used up 

to about 40 kW motor ratings. Two-quadrant operation can also be obtained from three- 

phase half-wave converter drive in case motor field winding is energized from single- 

phase or three-phase full converter. 

For a 3-phase half-wave converter, average value of output voltage or armature terminal 

voltage, from Example 6.10, is 

; for 0 

Where   maximum  value of line voltage  and  is  the firing angle for  converter 1. 

The voltage expression of eq. is valid only for continuous armature current. For three- 

phase semi converter, the average value of field voltage, from Eq.(6.39), is given by 

(1+cos ) for 0 

A three-phase half-wave converter drive is not normally used in industrial applications as 

it introduces dc component in the ac supply line. 

It is seen from the waveforms of fig. 12.11 (c) that 
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1/ 3 

r.m.s. value of armature current, Iar = Ia 
 

r.m.s. value of phase or line current, 

 
Isr = . = Iα 

 

Average thyristor current, ITA  Ia. 

 

. = Iα 

 

r.m.s. thyristor current, ITr  Ia.  Ia 
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Circuitdiagram: 
 

Fig: Three phase half wave converter drive 
 

PROCEDURE: 

1.Connect three phase supply to the unit in proper R-Y-B-N Sequence. 

2.Keep the alpha/Speed pot at minimum position. 

3. Connect two 40/60W lamps on back panel holder. 

4. Switch on the 3 phase supply neon lamps glow. 

5.Connect 4-pin plug dc motor to the unit lightly. 

6. Press rockor switch & start button then output led glow. 

7.Wait the motor response increase ALPHA/SPEED pot clockwise & 

observe the motor speed 

8. Observe output voltage waveform Across TP10 and TP11 

9.Plot Graph of speed Vs. armature voltage. 

OBSERVATION TABLE: 
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POT POSITION OUTPUT VOLTAGE SPEED(rpm) 

   

   

   

   

   

 

 

 

 

 

 

 

 

Armature voltage Vs speed characteristics: 
 

RESULT We have studied the control speed of dc motor using 3-phase half 

controlled bridge converter. 
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EXPERIMENT NO:7 
 

AIM: Control speed of dc motor using 3-phase full controlled bridge converter. Plot 

armature voltage versus speed characteristics. 

APPARATUS: 
 

1. Three-phase AC voltage regulator. 

2. C.R.O 

3. Connecting leads. 

 

BASIC CONCEPT: 
 

The circuit diagram, consisting of one three-phase full converter in the armature 

circuit and another 3-phase (or 1-phase) fill converter in the field circuit,is as shown in 

fig. 12.14. It offers two-quadrant drive and is used up to about 1500 kw drives. For 

regenerative purpose, the polarity emf is reversing the field excitation by making the 

firing-angle delay of converter 2 more than 90  ْ  . 
 

For converter 1 in the armature circuit, the average output voltage, from Eq. (6.38), is given 

by 
 

for  0 

 

For converter 2 in the field circuit 

 

Vf = cosα2 for 0 α2 π 

Where Vml = maximum value of line voltage 

 

PROCEDURE: 

1.Connect three phase supply to the unit in proper R-Y-B-N Sequence. 

2.Keep the alpha/Speed pot at minimum position. 

3. Connect two 40/60W lamps on back panel holder. 

4. Switch on the 3 phase supply neon lamps glow. 

5.Connect 4-pin plug dc motor to the unit lightly. 
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6. Press rockor switch & start button then output led glow. 

7.Wait the motor response increase ALPHA/SPEED pot clockwise & 

observe the motor speed 

8. Observe output voltage waveform Across TP10 and TP11 

9.Plot Graph of speed Vs. armature voltage. 

 
OBSERVATION TABLE: 

 

POT POSITION OUTPUT VOLTAGE SPEED(rpm) 

   

   

   

   

 

 

 

Armature voltage Vs speed characteristics: 

 

 

RESULT: We have studied the control speed of dc motor using 3-phase full 

controlled bridge converter
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EXPERIMENT NO. – 8 
 

AIM: Control speed of a 3-phase induction motor in variable stator voltage mode 

using 3-phase AC voltage regulator. 

APPARATUS: 
 

1. Three-phase AC voltage regulator. 

2.C.R.O 

3. Connecting leads. 

4. Three-phase induction motor. 

5.Multimeter 

6.techometer 

 

BASIC CONCEPT: 
 

Three phase induction motors are admirably suited to fulfill the demand of loads 

requiring substantially a constant speed.. Several industrial applications, however,need 

adjustable speeds for their efficient operation. . The object of the present section is to 

describe the basic principles of speed control techniques employed to three phase 

induction motors through the use of power electronics converters. The various methods  

of speed control through semiconductor devices are as under: 

1. STATOR VOLTAGE CONTROL. 

2. STATOR FREQUENCY CONTROL 

3. STATOR VOLTAGE AND FREQUENCY CONTROL. 

4. STATOR CURRENT CONTROL. 

5. ROTOR VOLTAGE CONTROL. 

6. VOLTAGE, CURRENT AND, FREQUENCY CONTROL. 
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STATOR VOLTAGE CONTROL:It is seen in eq. (1) that motor torque  is 

proportional to the square of the stator supply voltage. A reduction in the supply voltage 

will reduce the motor torque and therefore the speed of the drive . If the motor terminal 

voltage is reduced to KV1 where K < 1,then the motor torque is given by 
 

 

 = ……………….(1) 
 

 

 
 

PROCEDURE: 
 

1.Connect three phase supply to the unit in proper R-Y-B-N Sequence. 

2.Keep the alpha/Speed pot at minimum position. 

3. Connect two 40/60W lamps on back panel holder. 

4. Switch on the 3 phase supply neon lamps glow. 

5.Connect 4-pin plug dc motor to the unit lightly. 

6. Press rockor switch & start button then output led glow. 

7.Observe the converter output B/W any one phase and N point. 

8. Measure the speed of three phase induction motor using tachometer. 

8.Fill up the observation table. 

OBSERVARION TABLE: 
 
 

POT POSITION OUTPUT VOLTAGE SPEED (rpm) 
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RESULT: we have successfully completed the study of how to Control speed of a 3-

phase induction motor in variable stator Voltage mode using 3-phase AC voltage 

regulator. 
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EXPERIMENT NO. -09 

AIM: Control speed of universal motor using AC voltage regulator. 
 

APPARATUS: 

1. Universal motor 

2. AC voltage regulator 

3. Multimeter 

4. Tachometer 

5. Connecting probe 

BASIC CONCEPT: 
 

A series-wound motor is referred to as a universal motor when it has 

been designed to operate on either AC or DC power. It can operate well on 

AC because the current in both the field and the armature (and hence the 

resultant magnetic fields) will alternate (reverse polarity) in synchronism, 

and hence the resulting mechanical force will occur in a constant direction of 

rotation. 

 

CIRCUIT DIAGRAM: 
 

 

 
 

 

 

 

 

 

PROCEDURE: 
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1.Connect  40W lamp load. 

2.Connect main cord to the ac supply 

3. Switch on the supply. 

4. See voltage across Zener diode using terminals T1 and GND. 

5. Vary the pot and see voltage across capacitor using terminal T2 and GND. 

6. see voltage waveform across the scr by using 1:10 probe of CRO. 

7.Connect ½ HP ac universal motor 

8. Vary the pot and see the intensity of lamp and speed of motor. 

9.Fill up the observation table. 

 
OBSERVATION TABLE: 

 

POT POSITION LOAD VOLTAGE SPEED (rpm) 

   

   

   

   

 

 
RESULT: we have successfully completed the study of Control speed 

of universal motor using AC voltage regulator 
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EXPERIMENT NO. -10 

AIM: To study the three-phase dual converter. 

APPARATUS: 
 

1. 3-phase dual converter. 
 

2. C.R.O 

 
3. Connecting links. 

 

BASIC CONCEPT: 

 

In case four quadrant operation is required without any mechanical changeover 

switch, two full converters can be connected back to back to the load circuit .Such an 

arrangement using two full converters in anti parallel and connected to the same DC load 

is called a DUAL CONVERTER. 

There are two functional modes of a dual converter, one is non-circulating current mode 

and the other is circulating current. Non-circulating types of dual converters using single 

phase and three phase configuration. 

The schematic dig. For a 3-phase dual converter dc drives is shown in fig (1).Converter 1 

allows motor control in I and IV quadrants whereas with converter 2, the operation in II 

and III quadrants is obtained. The applications of dual converter are limited to about 2 

MW drives. For reversing the polarity of motor generated emf for regeneration purposes, 

field circuit must be energized from single-phase or three-phase full converter. 

CIRCUIT DIAGRAM: 
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Fig: 1- Three phase dual converter 
 

PROCEDURE: 
 

For resistive load 

 
1. Connect the 3 phase input supply in lagging sequence R, Y, B. 

 
2. Connect three series lamp of 200W on back panel lamp holder. 

 
3. Keep speed pot at min. position. 

 
4. Turn direction switch to forward position. 

 
5. Press start button and increase speed pot. 

 

CALCULATION: 
 

From the fig 1), 

 
When converter 1, or 2, is in operation, average output voltage is 

Vo = Vt = 3Vml cosα1/π 

for 0 ≤ α1≤ π .............................................................................................. (1) 

 
With a 3 phase full converter in the field ckt, 
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Vf = 3Vml cosαf/π 

 
For 0 ≤ αf ≤ π ................................................................................................ (2) 

 
In case circulating current-type dual converter , 

 
.α1 + α2 = 180 degree 

 
 
  

 

 

RESULT : We have studied the 3-phase dual converter. 
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EXPERIMENT NO. -11 
 

AIM: Study speed control of dc motor using 3 phase dual converter. 

 

APPARATUS: 
 

1. Three phase dual converter 

 
2. CRO 

 
3. Connecting leads 

 

BASIC CONCEPT: 
 

When variable dc voltage is to be obtained from fixed dc voltage, dc chopper is 

the ideal choice. A chopper is inserted in between a fixed voltage dc source and the dc 

motor armature for its speed control below base speed. In addition, chopper is easily 

adaptable for regenerative braking of dc motors and thus kinetic energy of the drive can 

be returned to the dc source. 

Motoring control: 

 
The chopper consists of a force-commutated thyristor. It offers one quadrant drive. 

Armature current is assumed continuous & ripple free. The waveform for the source 

voltage, armature terminal voltage, armature current, dc source current and freewheeling- 

diode current. 

Average motor voltage V0 = Vt = Ton/T 

Vs = αVs=fTon..Vs 

where α = duty cycle 

 
f= chopping frequency 

 
Power delivered to motor = (Average motor voltage). (Average motor current) 

 
= Vt.Ia = α.Vs.Ia 
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Average source current = .Ia = α.Ia 

Input power to chopper = Vs.αIa 

For the motor armature circuit Vt = αVs 

 
By varying the duty cycle of α of the chopper, armature terminal voltage can be 

controlled and thus speed of the dc motor can be regulated. Actually the motor armature 

current will rise during chopper on period and fall during off period. 



PREPAIRED BY: YOGESH SONI (Assistant prof.)  

 

CIRCUIT DIAGRAM: 
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Fig 1. (a) Circuit of 3 phase dual converter (b) waveforms 

 

 

 
RESULT: We have studied about the speed control of dc motor using 3-phase dual 

converter. 
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EXPERIMENT NO. -12 
 

AIM: Study 3- phase cycloconverter and speed control of synchronous motor using 

Cycloconverter. 

APPARATUS: 
 

1. Three-phase cycloconverter. 

2. C.R.O 

3. Connecting leads. 

 

BASIC CONCEPT: 

In a cyclo-converter, ac power at one frequency is converted directly to a lower 

frequency in a single conversion stage. 

There are two types of cycloconverter. 

 
1. Three-phase to Single-phase Cyclo-converter. 

2. Three-phase to Three-phase Cyclo-converter. 

 
1. Three-phase to Single-phase Cyclo-converter 

 

The circuit of a three-phase to single-phase cyclo-converter is shown in Fig. 30.1. Two 

three-phase full-wave (six-pulse) bridge converters (rectifier) connected back to back, 

with six thyristors for each bridge, are used. The ripple frequency here is 300 Hz, six 

times the input frequency of 50 Hz. So, low value of load inductance is needed to make 

the current continuous, as compared to one using single-phase bridge converters 

described with ripple frequency of 100 Hz. Also, the non-circulating current mode of 

operation is used, where only one converter − bridge 1 (positive) or bridge 2 (negative), 

conducts at a time, but both converters do not conduct at the same time. It may be noted 

that each thyristor conducts i.e., one-third of one complete cycle, whereas a particular 

thyristor pair, say 1& 2 conduct i.e., one-sixth of a cycle. The thyristors conduct in pairs 

as stated, one (odd-numbered) thyristor in the top half and the other (even-numbered) one 

in the bottom half in two different legs. Two thyristors in one leg are not allowed to 
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conduct at a time, which will result in short circuit at the output terminals. The sequence 

of conduction of the thyristors is 1 & 6, 1 & 2, 3 & 2, and so on. When thyristor 1 is 

triggered, the conducting thyristor in top half, being reverse biased at that time, turns off. 

Similarly, when thyristor 2 is triggered, the conducting thyristor in bottom half, being 

reverse biased at that time turns off. This sequence is repeated in cyclic order. So, natural 

or line commutation takes place in this case. 

CIRCUIT DIAGRAM: 
 

 

 
 

Fig.1: Three-phase to single-phase cycloconverter. 

 
 

the firing angle (α) of two converters is first decreased starting from the initial value of to 

the final value of , and then again increased to the final value of , as shown in.2. Also, for 
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positive half cycle of the output voltage waveform, bridge 1 is used, while bridge 2 is 

used for negative half cycle. The two half cycles are combined to form one complete 

cycle of the output voltage, the frequency being decided by the number of half cycles of 

input voltage waveform used for each half cycle of the output. As more no. of segments 

of near the output voltage waveform becomes near sinusoidal, with its frequency also 

being reduced. 

The initial value of firing angle delay is kept at α1 ≈90` 

the points, M, N, O, P, Q, R & S, shown in Fig. 30.2. From these segments, the first 

quarter cycle of the output voltage waveform from to, is obtained. The second quarter 

cycle of the above waveform from to, is obtained, using the segments starting from the 

points, T, U, V, W, X &Y (fig. 30.2). It may be noted that the firing angle delay at the 

point, Y is 0°90°180°= α, and also the firing angle is increased from (T) to(Y) in this 

interval. 

the points, M, N, O, P, Q, R & S, shown in Fig. 2. From these segments, the first quarter 

cycle of the output voltage waveform from to, is obtained. The second quarter cycle of 

the above waveform from to, is obtained, using the segments starting from the points, T, 

U, V, W, X &Y (fig..2). It may be noted that the firing angle delay at the point, Y is 

0°90°180°=α, and also the firing angle is increased from (T) to(Y) in this interval. 
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Fig.2 Output voltage waveforms for a three-phase to single phase cycloconverter 

. 

2. Three-phase to Three-phase Cyclo-converter. 
 

The circuit of a three-phase to three-phase cyclo-converter is shown in Fig. 1.1. Two 

three-phase half-wave (three-pulse) converters connected back to back for each  

phase, with three thyristors for each bridge, are needed here. The total number of 

thyristors used is 18, thus reducing the cost of power components, and also of control 

circuits needed to generate the firing pulses for the thyristors, as described later. This 

may be compared to the case with 6 (six) three-phase full-wave (6-pulse) bridge 

converters, having six thyristors for each converter, with total devices used being 36. 

Though this will reduce the harmonic content in both output voltage and current 

waveforms, but is more costly. This may be used, where the total cost may be 
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justified, along with the merit stated. The ripple frequency is 150 Hz, three times the 

input frequency of 50 Hz. In Fig. 1.1, the circulating current mode of operation is 

used, in which both (positive and negative) converters in each phase, conduct at the 

same time. Inter-group reactor in each phase as shown, is needed here. But, if non- 

circulating current mode of operation is used, where only one converter (positive or 

negative) in each phase, conducts at a time, the reactors are not needed. 

The firing sequence of the thyristors for the phase groups, B & C are same as that for 

phase group A, but lag by the angle, and , respectively. Thus, a balanced three-phase 

voltage is obtained at the output terminals, to be fed to the three-phase load. The average 

value of the output voltage is changed by varying the firing angles of the thyristors, 

whereas its frequency is varied by changing the time interval, after which the next 

(incoming) thyristor is triggered. With a balanced load, the neutral connection is not 

necessary, and may be omitted, thereby suppressing all triplen harmonics. 

 
RESULT: Hence, we study 3- phase cycloconverter and speed control of 

synchronous motor using cycloconverter. 
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EXPERIMENT NO. -13 
 

AIM: Control of a 3-phase induction motor in variable frequency V/f constant mode 

using 3-phase inverter. 

 

APPARATUS: 
 

1. Three-Phase Inverter. 

2. C.R.O 

3. Connecting leads. 

4. Three-phase induction motor 

 

BASIC CONCEPT: 
 

Three phase induction motors are admirably suited to fulfill the demand of loads 

requiring substantially a constant speed.. Several industrial applications, however, need 

adjustable speeds for their efficient operation. . The object of the present section is to 

describe the basic principles of speed control techniques employed to three phase 

induction motors through the use of power electronics converters. The various methods  

of speed control through semiconductor devices are as under: 

1. STATOR VOLTAGE CONTROL. 

2. STATOR FREQUENCY CONTROL 

3. STATOR VOLTAGE AND FREQUENCY CONTROL. 

4. STATOR CURRENT CONTROL. 

5. ROTOR VOLTAGE CONTROL. 

6. VOLTAGE, CURRENT AND, FREQUENCY CONTROL. 

 

 

 

 

 
Variable frequency V/f constant mode using 3-phase inverter. 

 

Due to changing the supply frequency, motor synchronous speed can be altered and 
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thus torque and speed of a 3-phase induction motor can be controlled .For a 3-phase 

induction motor, per phase supply voltage is 

V1 = √2 πf1N1φ     ……………….(1) 
 

 

 

This expression shows that under rated voltage and frequency operation, flux will be 

rated. 

Incase of supply frequency is reduced with constant V1, the air gap flux increases and 

the induction motor magnetic circuit gets saturated. 

CALCULATION: 
 

.For a 3-phase induction motor, per phase supply voltage is 

V1 = √2 πf1N1φ     ……………….(1) 

 

 
This expression shows that under rated voltage and frequency operation, flux will be 

rated. 

Thus the rotor current under this assumption is given by 

 

     ……………….(2) 

Synchronous speed , 

 

……………….(3) 
 
 

 

 

 
 

  = rad/s ........................... (4) 
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 = ……………….(5) 
 

 

 

 

 

 

……………….(6) 
 

 

 

 
 

Slip, s =     ……………….(7) 

 
 

Or 
 

……………….(8) 
 

 

 

 

 

 

 

RESULT: Hence, we study Control of a 3-phase induction motor in variable 

frequency V/f constant mode using 3-phase inverter. 
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