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4.1 Introduction

➢ Three-phase converters are commonly used in adjustable speed drives from about 15 kW 
up to several thousand kilowatts ratings. The output voltage of a three-phase converter 
has less ripple contents than the single-phase converter, and therefore, the armature 
current will be smoother and mostly continuous. 

➢ The three-phase half-wave circuit is only of theoretical importance and is generally not 
used in industrial applications because of the d.c. components inherent in its line 
currents. For medium size motors, in the range 15 – 120 kW, either the full-converters or 
semiconverter are used. 
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4.2 Line Commutated Controlled Rectifiers
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Fig. 4.1 Three-phase half-wave rectifier with output waveforms
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Fig. 4.2. Output 
waveforms from 
Fig. 4.1
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➢ A firing angle of zero degree produces the maximum output 
d.c. voltage for all ac-to-dc converter circuits. For continuous 
current conduction, each thyristor carries current for 120˚, 
followed by 240˚ of non-conduction. 

➢ The firing angle α can be varied in the range of 0<α <180o. 
For α> 90o, the output d.c. voltage becomes negative, whilst 
the motor current is positive and continuous. This implies 
operation of the converter in the fourth quadrant of the V-I 
plane as shown in Fig.4.3 where the converter operates in 
the inversion mode. 

➢ In this mode of operation the motor supplies power to the 
a.c. source through the converter steadily. This mode of 
operation is called regenerative conversion. For example, an 
overhauling motor can supply its energy to the a.c. mains in 
this way. 

Fig. 4.3 Two-quadrant 
operation of three-phase 
half-wave converter drive. 
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Example 4.1

Fig. 4.4 Three-phase 
half-wave rectifier



7



8

Fig. 4.5 Three-phase 
semiconverter drive. 

➢ The three-phase semiconverter is a one-quadrant drive. Its circuit includes a freewheeling 
diode DFW to maintain continuous load current. It uses three thyristors and three diodes; 
hence a cost advantage is obtained compared with the full-converter. 

➢ This converter is used for motor ratings from 15 to 150 hp. The field converter may be 
single-phase or three-phase semiconverter with firing angle of αf . Assuming continuous 
current operation, the average value of the armature voltage at the motor terminals is a 
contribution from the upper half-bridge plus a contribution from the uncontrolled lower 
bridge. Hence for all firing angles we can write: 
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➢ For discontinuous current operation, the 
above equations are not valid. 

Features:

 

✓ Since only three thyristors are used, 
the circuit is not expensive and a 
simple control circuitry is required. 

✓ Dynamic braking can be performed by 
switching armature connection to an 
external resistance.

✓ Operation is in the first quadrant only. 
However, bi-directional rotation can 
be obtained by reversing field current 
or armature terminals when the 
motor has been stopped. 
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Example 4.2
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Fig. 4.6 Graetz Bridge (Three-phase full-wave rectifier)

4.2.1 - Three-Phase Full-Converter  

➢ The circuit diagram for a three-phase a.c. supply through a three-phase full-
converter is shown in Fig. 4.6. 
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➢ The circuit diagram for a separately-excited d.c. motor supplied from a three-
phase a.c. supply through a three-phase full-converter is shown in Fig. 4.7. 

Fig. 4.7 Three-phase full-
converter with a separately-
excited d.c. motor load. 

➢ If the motor armature inductance is large and the firing angle is small then 
the armature current is likely to be continuous. However, with small 
armature inductance and large firing angles the armature current may 
become discontinuous particularly when the back emf is relatively high. 
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➢ For continuous 
current operation, 
the armature voltage 
has an average value 
shown below:

➢ For discontinuous current operation of the 
full-converter, the waveforms of the voltage 
and currents are shown in Fig. 4.8. 

Fig. 4.8 Discontinuous current operation 
waveforms of the full-converter. 
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➢ The differential equations describing the motor system, during the period the 
thyristors conduct, are 
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4.2.2 - Three-Phase Dual Converter Drive 

➢ Four-quadrant operation of a medium and large size d.c. motor drive (200-2000 hp) can 
be obtained by the three-phase dual converter shown in Fig.4.9. The average motor 
voltage is required to be equal for both converters, which requires that the firing angles 
of the two sets of the thyristors should sum to 180˚. 

Fig. 4.9 Four-quadrant three-phase d.c. drive. 
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➢ The armature voltage supplied by converter-1 (for continuous current operation) is 
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Example 4.3

A three-phase full-converter, shown in Fig. 4.10, is used to control the speed of a separately-
excited d.c. motor rated at 100 kW, 600 V, 2000 rpm. The converter is connected to a three-
phase 400 V, 50 Hz supply. 

Fig. 4.10 Three-phase full-converter 
d.c. drive. 
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With the converter operating as a rectifier, and assuming that the motor current is 
continuous and ripple-free, determine: 
(a)The no load speed when the firing angles: α = 0⁰ and α = 60⁰. 
(b)The firing angle to obtain the rated speed of 2000 rpm at rated motor current. 
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4.3 Commutation Process
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Fig. 4.11 Commutation  Circuit
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4.3.1 - Equivalent Circuit of a Converter
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Fig. 4.12 Converter Equivalent Circuit & Output Characteristics
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Example 4.4

A three-phase full-wave converter is supplied from the 415 V ac, 50 Hz mains with phase source 
inductance of 0.1 mH. If the average load current is 100 A continuous, determine the supply 
reactance voltage drop, the overlap angle, and the mean output voltage for phase delay angles of 
(a) 0o  (b) 60o. Ignoring thyristor forward blocking time requirements, determine the maximum 
delay angle.
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End of Lecture 4!
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