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Practical Dual Converters:

In the above explanation of the Dual Converter it is assumed that when the firing angle is
controlled as per the above equation the output voltage is a pure DC voltage with out any AC
ripple. But in practical dual converters there will be AC ripple and hence the instantaneous
voltages from the two converters will be different resulting in circulating current which will not
flow through the load. If these are not limited they will damage the converters.Hence in order
‘to avoid/limit such circulating currents two methods are adopted.

Method 1: Dual Converter without circulating current: In this mode the flow of circulating
current is totally inhibited by controlling the firing Pulses such that only one converter which is




image8.png
required to conduct the load current is active at a time. The other converter is kept inactive by
blocking its firing pulses. Since only one converter is operating and the other one is in blocking
state , no reactor is required.

Suppose converter-A is operating and supplying the load current in a given direction and the
converter-B is blocked. If now direction is required to be changed, the pulses to converter-A are
withdrawn and load current gets reduced to zero. Now converter-8 is made operational by
applying the firing pulses and it would build up the current through the load in the other
direction. The pulses to Converter-B are applied only after confirming that the current through
the load due to converter-A has completely come to zero and in addition after a further gap of
afew milli seconds to ensure reliable commutation of converter-A.

Speed reversal is carried out as follows: When operating in quadrant-1 Converter-A will be
supplying the motor current and converter-B is not operational. The firing angle of Converter-A
is set at the maximum value. Converter-A then starts working as an Inverter and forces the
armature current to zero. After zero current is sensed, firing pulses for converter-A are
withdrawn, o further dead time of a few milli seconds is allowed and then firing pulses are given
to the converter-B. The firing angle as is initially set at the highest value. Now onwards the
current loop adjusts the firing angle continuously so as to brake the motor at the highest
possible current (torque) from initial speed to zero speed and then accelerates it to the desired
speed in the opposite direction. The dead time and hence the reversal time can be reduced by
going for accurate zero current sensing methods. When this is done nonsimultaneous control
provides faster response than simultaneous control. Because of these advantages
‘nonsimultaneous control is more widely used.

In this method at certain load conditions the load current may not be continuous which is not a
desirable operating condition . To avoid this second method is used.





image9.png
Method 2: Dual converter with circulating current: In this mode Current limiting reactors are
introduced between the DC terminals of the two converters as shown in the figure to allow the
flow of circulating current due to the AC ripple/unequal volatages. Just like in an Ideal Dual
converter the firing angles are adjusted such that
(an+as)= 180% v (1)

For e.g. Firing angle of converter A is say 60°, then the firing angle of converter B will be 120°
With these firing angles, Converter A will be working as a converter and converter B will be
working as an inverter. So, in circulating current mode both converters will be operating. The
operation of the converters is interchanged if the load current direction is to be reversed. i.e.
converterl which was working as a converter would now work as an Inverter and converter 2
‘which was working s an Inverter would work as a converter. Two separate firing circuits have
to be used for the two converters.

Speed reversal is carried out as follows. When operating in quadrant 1 Converter-A will be
working as a rectifier (0° < a < 90°) and converter-B will be working as an Inverter (90° < a <
180°) For speed reversal aa is increased and as is decreased while simultaneously satisfying the
above condition (1)
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Converter output voltages will reduce faster than the speed and hence the motor back emf
exceeds the magnitude of both Vi and V. The armature current reduces to zero, reverses
direction , shifts to Converter B and the motor will now operate initially in quadrant 2 during
braking and then in quadrant 3 during acceleration and finally at the required steady state
speed. The current loop adjusts the firing angle s continuously so as to brake the motor at the
‘maximum allowable current from initial speed to zero speed and then accelerates to the desired
speed in the opposite direction. As as is changed aa is also changed continuously so as to
maintain the above relation-1. During this entire operation, the closed loop control system will
ensure the smooth transfer from quadrant 1 to quadrant 2 to quadrant 3.
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Advantages and Disadvantages of the Circulating current mode of Dual Converters:
Advantages:

(i) Over the whole control range, the circulating current keeps both con-
verters in virtually continuous conduction, independent of whether the
external load current is continuous or discontinuous.

(i) The reversal of load-current is inherently a natural and smooth proce-
dure due to the natural freedom provided in the power circuit for the load
current to flow in either direction at anytime.

(iii) Since the converters are in continuous conduction, the time response of
the scheme is very fast.

(iv) The current sensing is not required and the normal delay period of 10 to
20 ms as in the case of a circulating current free operation is eliminated.

(v) Linear transfer characteristics are obtained.

Disadvantages:
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The circulating current scheme has the following main disadvantages:
(i) Since the current limiting reactor is required in this scheme, the size and

cost of this reactor may be quil

significant at high power levels.

(ii) Since the converters have to handic load as well as circulating currents,
the thyristors with high current ratings are required for these converters.
(iil) The efficiency and power factor are low because of circulating current

which increases losses.

In spite of these drawbacks a dual converter with circulating current mode is
preferred if load current is to be reversed quite frequently and a fast response is,
desired in the four-quadrant operation of the dual converter.

Comparison between Circulating current mode and non circulating current mode Dual

converters:

Non Circulating current Mode

Circulating current Mode

1. In this mode of operation, only one
converter operates at a time and the
second converter remains in
ablocking state.

2. Converters may operate in
discontinuous current mode.

3. Reactors may be needed to make
load-current continuous.

4. Sincenocirculating current flows thro-
ughthe converters, efficiencyis higher.

5. Due to discontinuous current, non-
linear transfer characteristics are
obtained.

In this mode of operation, one converter
operates as a rectifier and the other
converter operates as an inverter,

Converters operates in continuous
current mode.

Reactors are needed to limit circulating
current. These reactors are costly.
Circulating current flows throughthe
convertersand hence increases the losses.
Due to continuous current, lincar
transfer characteristics are obtained.
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Non Circulating current Mode Circulating current Mode
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Due to discontinuous current,
response is sluggish

Due to spurious firing, faults between
converters results in dead short-circuit
conditions.

n this mode of operation, the cross-
over technique is complex.

Loss of control for 10 to 20 ms is
Observed in this mode of operation.

The control scheme needs command
module to sense the change in
polarity.

. The complete scheme is cheaper

compared to circulating current mode.

output load.

Due to continuous-current in the
converters, response is fast.

Due to spurious firing, fault currents
between converters are restricted

by the reactor.

In this mode of operation, the crossover
technique is simple.

Since converters do not have to pass
through blocking unlocking and safety
intervals of 10 to 20 ms, hence control is
never lost in this mode of operation.

As both the converters are operating at
the same time, the control scheme does
not require command module.

The complete scheme is expensive.

this mode of operation the converter
loading is higher than the output load.




image1.png
Four quadrant operation of DC Motors using Dual Converte

As studied earlier, a fully controlled converter can provide a reversible output voltage and

current in one direction. In terms of conventional Voltage-Current diagram shown in the figure
below it can work in quadrants 1and 4

Ege +
Ti-quadrant I-quadrant

Converter 2-inversion | Converter I-rectif

Taem

T01-quadrant IV-quadrant
Converter 2-rectification | Converter 1-inversion
Ege ™
Fig: Voltage-Current Diagram

A converter can be used say in the first quadrant for motoring operation alone in one direction
(and in the third quadrant for motoring operation in other direction) during steady state
conditions. But during transient requirements such as starting and braking it would be required
to operate in second (fourth) quadrant also to extract energy from the load for quick braking.
(For faster system response)

If four quadrant operation of a motor is required i.e. reversible rotation and reversible torque in
the Torque Speed Plane as shown in the figure below, a single converter along
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with changeover contactors to reverse the armature or field connections along with firing
angle changeover control [(0° < a < 90°)or(90° < a < 180° )] can be used so as to change the
relationship between the converter voltage and the direction of rotation of the motor.(As
explained in the introduction to Regenerative braking). Though they are practicable, a better
performance can be achieved by going in for a Dual Converter.

A dual converter as shown in the figure below consists of two fully controlled converters
connected in anti-parallel configuration across the same motor armature terminals. Since both
voltage and current of either polarity can be obtained with a dual converter, it can support four
quadrant operation of DC motors.




image3.png
Fig: Dual Converter Control of a DC separately excited motor.
(Inductors L1 and L2 are used in only simultaneous or Circulating current mode)

For lower power ratings i.e. up to 10 Kw, single phase Full converters are used and for higher
ratings three phase Full converters are used. Typical configuration of both Single phase and
Three phase Dual converters are shown in the figures below.
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Fig: Single Phase and Three Phase Converters connected as Dual converters.
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In a dual converter the converters are configured such that converter-A works in quadrants 1
and 4 and converter-B works in quadrants 2 and 3.
The operation of Dual converter is explained with the help of an Ideal dual converter ( same
figure as shown above but without reactors) with the following assumptions:
« They produce pure DC output voltage without any ac ripple.
'« Each two quadrant converter is a controllable DC voltage source with unidirectional
current flow. But the current through the load can flow in either direction.
The firing angle of the converters is controlled by a control voltage Eoc such that their DC
output voltages are equal in magnitude but opposite in polarity. So, they can drive current
through the load in opposite directions as per requirement.
Thus when one converter is operating as a Rectifier and is giving a particular DC output voltage,
the other converter operates as an inverter and gives the same voltage at the motor terminals.
The average DC output voltages are given by:
Eoca = Emax COS aaand
Eoce = Emax COSQs

Where Ema, = 2Eq/n for Single Phase Full converter and
3V3Empn/m for Three Phase Full converter

In an Ideal converter
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Eoc = Eoa= ~Eocs
and substituting the above values of Eoca and Eocs in this equation we get
Enax €05 @a = — Emax €05 Q8
o cos aa = -~ €os @

= cos(180° - as)
or oa=180°-as
or(an+as) = 180°

The terminal voltage as a function of the firing angle for the two converters is shown in the
figure below. A firing angle control circuit has to see that as the control voltage Ex changes the
firing angles ax and @ are to satisfy the above relation (aa + as ) = 180°

Fig: Firing angle versus Terminal voltage in Dual converter




