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ABSTRACT: In this paper a method of generating regulated dc voltage with linear transfer characteristics is
suggested. The dc output voltage which is proportional to control voltage can be obtained using Cosine Control firing
scheme. Present paper deals with design, fabrication and testing of cosine control firing scheme for single phase half
controlled rectifier with desired results simulated in MATLAB/Simulink and simulation results are verified
experimentally for different types of loads..
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I. INTRODUCTION

Single phase bridge rectifiers utilize thyristor or silicon controlled rectifier (S.C.R.) as switching devices which is
explained in [1]-[4]. To turn on a thyristor, various control schemes are used to generate gate pulses or firing pulses
which are supplied between gate and cathode of the thyristor [2]. The number of degrees from the beginning of the
cycle when the thyristor is gated or switched on is referred to as the firing angle, o and when the thyristor is turned off
is known as extinction angle, B as discussed in [5], [6]. The thyristors of bridge rectifier are switched on and off in
proper sequence by using control electronics and gate driver circuits to get a controlled dc output voltage. For this a
sinusoidal ac voltage is supplied to control circuit and the same supply is given to bridge rectifier circuit through
isolation and synchronization block as shown in Fig. 1. This paper implements control electronics circuit by using the
cosine control firing scheme and the controlled dc output voltage thus obtained from the bridge rectifier is effectively
utilized for resistive and motor loads.

AC | Control Gate Dri Power | Load
Supply Electronics —» ate Driver converter
> Isolation &

Synchronization

Fig. 1 Typical block diagram of firing angle control scheme

Il. COsINE CONTROL SCHEME

Conventionally, ramp and cosine firing schemes are used for generating the gate pulses [5], [7]. The cosine control
firing scheme has an advantage that it linearizes the transfer characteristic of bridge rectifier by using an indirect
control variable as a substitute for firing angle, o as given in (1) and (2) [8]. This scheme also provides automatic
negative feedback to the change in input ac supply. The input ac voltage of peak value, V, is transformed to a low level
ac voltage, V4, of 9 V is obtained by using a 230/9 V, 50 Hz step down transformer. The cosine wave generator
integrates V,, to obtain a cosine wave of peak value, E,, which is compared with a variable dc control voltage, Ec by
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using a comparator. The comparator output is fed to monostable block. The monostable output is modulated at high
frequency to obtain the firing pulses. After proper amplification and isolation, these firing pulses are supplied to the
thyristors of the bridge rectifier circuit.
The firing angle, a is given by -

a=cos*(E./E,) @
The output voltage of the converter is -

V, =2V, /(r*cosx)

VO = 2\/m /(ﬂ-*(EC /Em))

V, o« E )

The block diagram of implemented cosine control firing scheme is shown in Fig. 2 and the utility of each module is
explained below [8], [9].
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Fig. 2 Block diagram of cosine control scheme

A. Cosine Wave Generator

Cosine wave generator uses an op-amp along with resistors and capacitors to realize the integrator function. It
provides a phase shift of 90° to the input voltage Vo and thus a cosine wave is obtained.

B. DC Control Voltage

The dc control voltage, EC that can be varied between = 12 V is used to vary the firing angle, a ranging from 0° to
180°. The ground point of the dc supply is connected to the common ground point zero of the transformer.

C. Comparator

An op-amp is used as comparator. The variable dc voltage is applied to the non-inverting terminal and the cosine
wave is applied to the inverting terminal of the comparator.

D. Monostable

The square wave output of the comparator is fed as input to the monostable multivibrator which gives two
complementary outputs, Q and Q’ each of 10 ms duration. These complementary outputs are primary firing pulses
which are modulated to trigger the thyristors. The time period, T of monostable multivibrator is given in (3).

T =0.33*R*C ©)
where R and C are the resistance and capacitance used.
E. Carrier Wave

Pulse gating of thyristor is not suitable for RL loads, this difficulty can be overcome by using continuous gating.
However, continuous gating may lead to increased thyristor losses and distortion of output pulse. So, a pulse train
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generated by modulating the pulse gate at high frequency is used to trigger the thyristor. This high frequency wave is
known as carrier wave and is generated by using astable multivibrator.

F. AND

AND operation is performed between monostable outputs and carrier wave thus pulses required for triggering the
thyristors called firing pulses or gate pulses are obtained.

G. Pulse Amplification and Isolation Circuitry

The gate pulses obtained from AND operation may not be able to turn on the thyristor [10]. It is therefore common to
feed these gate pulses to a pulse amplification and isolation circuitry to meet the two objectives of strengthening these
pulses and providing proper isolation.

111.BRIDGE RECTIFIER

The typical single phase half controlled bridge rectifier circuit consists of two thyristors and two diodes T, T,, and
D, and D, as shown in Fig. 3. The generated gate pulses are supplied between gate, G and cathode, K to trigger T,
during positive half cycle and T, during negative half cycle of ac supply voltage [4]. The typical controlled dc output
voltage waveforms for resistive and motor loads are shown in Fig. 4 and Fig. 5. The expression of average output

voltage, Vq as a function of firing angle, a and extinction angle, B with resistive load and motor load are given in (4)
and (5) respectively.

Vo

O>»0r

T, D2

Fig. 3 Typical single phase bridge rectifier circuit diagram

V, :ivm(1+ cosa)
4 (4)
V, = i[\/m(cosa —cospB)+E(a—-A)]+E
2z 5)

‘E’ is back e.m.f. of the motor.
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Fig. 4 Typical Output Waveform of Single Phase Bridge Rectifier with Resistive Load
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Fig. 5 Typical Output Waveform of Single Phase Bridge Rectifier with Motor Load
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IV.RESULTS

The cosine control firing pulses are supplied to single phase bridge rectifier circuit and the controlled dc output
voltage is used to drive the resistive and motor loads. The voltage waveforms at different stages of control circuit and
output of the bridge rectifier circuit as simulated in matlab/simulink are discussed. Afterwards the experimental results
are also compared with simulation results

A. Cosine Control Scheme

1) Cosine Wave Generator: The simulation results and experimental outputs of the cosine wave generator are shown in
Fig. 6 (2) and Fig. 6(b) respectively. The upper half shows an input sine wave and lower half indicates the cosine wave.

SliiE vave

10 T T
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CH1

Amplitude
o

Type

)

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08
Time

Cosine Wave

10 T T

- Back
CH1 100V CH2 10.0V M’Tﬂ;ﬁh‘s‘% 7 -316mV
43,6343Hz

(@) (b)
Fig. 6 (a) Simulation results for Input and output of cosine wave generator (b) Experimental results for Input and output

of cosine wave generator
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2) Comparator: The simulation results and experimental outputs of the comparator are shown in Fig. 7 (a) and Fig. 7
(b) respectively. The lower half shows the square output voltage which is obtained by comparing cosine wave and DC
control voltage.
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3) Monostable: The square wave output of the comparator is fed to the monostable multivibrator. The simulation

results and experimental outputs of the monostable multivibrator are shown in Fig. 8 (a) and Fig. 8 (b) respectively.
The lower and upper halves indicate two output waves each of 10 ms duration and are complement to each other.

Comparabor thogut
10 - . . . - -
)
l]'] l].llll l].lrII l].lI]3 l]lr]-l. l].lI]5 l]l’]ﬁ u.lm oog
Thrine (5)
- - - (a) - - (b)
Fig. 7 (a) Simulation results for input and output of comparator (b) Experimental results for Input and output of
comparator
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Fig. 8 (a) Simulation results for Input and output of monostable multivibrator (b) Experimental results for Input and
output of monostable multivibrator

4) Carrier Wave: The simulation results and experimental outputs of the astable multivibrator are shown in Fig. 9 (a)
and Fig. 9 (b) respectively. The output has high frequency pulses of 10 kHz that are used as carrier wave for firing
pulses.

. an [ 3 a3 [ ¥} '['.:(,] a“s a7 as L L] ‘“’l
. @ . . (b) .
Fig. 9 (a) Simulation results for output of carrier wave generator (b) Experimental results for output of carrier wave
generator
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5) AND Operation: The outputs of the monostable multivibrator are superimposed on the carrier wave using AND

operation. The corresponding simulation and experimental results are shown in Fig. 10 (a) and Fig 10 (b) respectively.

The lower and upper halves indicate two outputs each of 10 kHz frequency and 10 ms duration and are complement to
each other.
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Fig. 10 (a) Simulation results for output of AND operation (b) Experimental results for output of AND operation
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6) Pulse Amplification and Isolation Circuitry: The firing pulses obtained previously are amplified and isolated and
experimental results are shown in Fig. 11.

ek | MPos: -3000us  Meas
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1 2,00V CH2 200V M 10.0ms

Fig. 11 Experimental results for output of pulse amplification &isolation circuitry
B. Bridge Rectifier Output for Resistive Load

1) for firing angle, a. = 76.5° The simulation results and experimental outputs of the bridge rectifier with resistive load

are shown in Fig. 12 (a) and Fig 12 (b) respectively. The value of average output voltage for simulation as well as
for experimental results is given in Table I.

000 a=76.5

1\

1 1 1 1
0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 0.02
Time (s)

(a) (b)
Fig. 12 (a) Simulation result for output of bridge rectifier for firing angle, 0=76.5° (b) Experimental result for output of
bridge rectifier for firing angle, 0=76.5°
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2) for firing angle, a = 90°
The simulation results and experimental outputs of the bridge rectifier with resistive load are shown in Fig. 1 (i) and
Fig 1(ii) respectively. The value of average output voltage for simulation as well as for experimental results is given in
Table I.
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(a) (b)
Fig. 13 (a) Simulation result for output of bridge rectifier for firing angle, a=90° (b) Experimental result for output of
bridge rectifier for firing angle, 0=90°

3) for firing angle, a = 120°
The simulation results and experimental outputs of the bridge rectifier with resistive load are shown in Fig. 14 (a) and

Fig. 14 (b) respectively. The value of average output voltage for simulation as well as for experimental results is given
in Table I.

It is seen from the above discussion that the theoretical value is slightly less than the practical value which is due to the
internal inductance of practical circuit.
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(@) (b)
Fig. 14 (a) Simulation result for output of bridge rectifier for firing angle, a=120° (b) Experimental result for output of
bridge rectifier for firing angle, 0=120°

TABLE | AVERAGE OUTPUT VOLTAGE VALUES OF BRIDGE RECTIFIER WITH RESISTIVE LOAD

Firing angle, o Voexp Vosim Error
76.5° 139V 130.1V 6.84%

90° 124V 105.9 V 17.1%

120° 71.7V 53.99 V 32.8%

Voexp = Experimental VValue of Average Voltage
Vosim = Simulation Value of Average Voltage
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C. Bridge Rectifier Output for Motor Load
1) for firing angle, o = 76.5°
The simulation results and experimental outputs of the bridge rectifier with motor load are shown in Fig. 15 (a) and

Fig. 15 (b) respectively. The value of average output voltage for simulation as well as for experimental results is given
in Table II.
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Fig. 15 (a) Simulation result for output of bridge rectifier for firing angle, a=76.5° (b) Experimental result for output of bridge rectifier for firing
angle, 0=76.5°

2) for firing angle, a = 90°
The simulation results and experimental outputs of the bridge rectifier with motor load are shown in Fig. 16 (a) and

Fig. 16 (b) respectively. The value of average output voltage for simulation as well as for experimental results is given
in Table II.
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Fig. 16 (a) Simulation result for output of bridge rectifier for firing angle, a=90° (b) Experimental result for output of bridge rectifier for firing angle,
0=90°

3) for firing angle, a = 120°
The simulation results and experimental outputs of the bridge rectifier with motor load are shown in Fig. 17 (a) and

Fig. 17 (b) respectively. The value of average output voltage for simulation as well as for experimental results is given
in Table II.
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TABLE Il AVERAGE OUTPUT VOLTAGE VALUES OF BRIDGE RECTIFIER WITH MOTOR LOAD

Firing angle, a E;:;:'gn Back e.m.f. (E) Voexp Vosim Error
76.5° 162.9° 200 V 256 V 229.4V 11.6%

90° 172.6° 190V 214V 208.1V 2.83%

120° 187.2° 120V 128V 1225V 4.49%

Voexp = Experimental Value of Average Voltage
Vosim = Simulation Value of Average Voltage
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V. CONCLUSION

(b)
Fig. 17 (a) Simulation result for output of bridge rectifier for firing angle, a=120° (b) Experimental result for output of
bridge rectifier for firing angle, 0=120°

Gate pulses obtained by cosine control scheme have been effectively utilized to control the dc output single phase
half controlled bridge rectifier on both resistive load and motor load. The present control scheme provides linear
control transfer characteristics between input and output i.e., firing angle is directly proportional to the dc control
voltage. The experimental results are in coordination with the simulation results. Thus, presented control scheme can be

successfully utilized to get the controlled dc voltage for industrial applications.

In order to produce steady and smooth DC, a filter may be introduced at the output [7]. Pulse amplification and

isolation circuitry may be replaced by driver ICs.

Monostable are may be replaced by zero-crossing detector and AND gates to avoid the false triggering due to

output bouncings [11].
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APPENDIX

TABLE Il LisT OF COMPONENTS AND TOOLS USED

For bridge rectifier

For control circuit I Tools
circuit
Transformers: 230v/9v, 230 v/ 12-0-12 v, 230v/6v and Thyristors TYN612 Incandescent bulb
230v/12v.
op amp IC 741 Power diodes IN 5408 DC motor
monostable IC 74123 Heat Sinks Bread board
timer IC 555 Resistors and capacitors Connecting wires
AND IC 7408 Printed Circuit Board

Diodes IN4007

Zener diode 5.1V

Regulator ICs 7812, 7912, and 7805

SL100 transistors

Pulse Transformer 4503

Resistors and capacitors of various values External pots and
internal pots.

Heat Sinks

Wire Cutter

Long Nose Pliers

DC Power Supply

AC Power Supply

Two channel
oscilloscope

Differential probe

Digital multimeter

Fig. A2 Practical Control Circuit.

Fig. A3 Control and bridge rectifier circuits with resistive load. Fig. A4 Control and bridge rectifier circuits with

motor load
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