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ABSTRACT

Thyristors are now widely used for power control inboth DC and AC circuits. Different methods are
commonly used to provide voltage-controlled thyristor schemes. A number of different circuits can be
used to provide load voltage variation to a Single phase and Three phase load using the phase control

method.

Firing angle ‘a’is required to control the phase of half bridge, center tapped and full bridge rectifier
circuits. The desired firing angle ‘a’ is given by this firing circuit. This uses the operational amplifier,
transforms the Synchronizing signal into the Ramp wave and this is compared with the variable DC to
get required pulse. The negative pulse is eliminated by using diodes.

Closed loop operation to maintain the constant voltage for like battery charging. Because of load
fluctuations, output voltage may vary then is automatically adjust the firing angle to maintain the

constant voltage by using PI controller
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I. INTRODUCTION

For accurate SCR gating, the firing circuitmust
be synchronized with the AC line voltage being
applied anode to cathode across the device.
Without synchronization, the SCR firing would be
random in nature and the system response erratic.

In closed-loop systems, such as motor control, an
error detector circuit computes the required firing
angle based on the system set point and the actual
system output. The firing circuit is able to sense
the start of the cycle, and, based on aninput from
the error detector, delay the firing pulse until the
proper time in the cycle to provide the desired
output voltage. An analogy of a firing circuit would
be an automobile distributor which advances or
retards the spark plug firing based on the action of

the vacuum advance mechanism. In analog control
systems the error detector circuit is usually an
integrated circuit operational amplifier which takes
reference and system feedback inputs and
computes the amount of error(difference) between
the actual output voltage and the desired setpoint
value. Even though the SCR is an analog device,
now-a-days control systems are microprocessor
based, digital, firing circuit to sense the AC line
zero -crossing, measure feedback and compare it
with the setpoint, and generate the required firing
angle to hold the system in-balance.
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Fig 1Synchronization of firing Circuit with supply
Components and their values

1. T = 12-0-12 Center tapped transformer(230 —
12),

2. D1, D2, & D3 are IN4007,

3. D4- D10 are FR 105,

4. R2 -R6 and RS8 are 10K,

5. R11 and R12 are 2709Q,

6. R13 and R14 are 47Q,

7. R15-R22 are 10KQ,

8. C1=0.1uF, C2=9nF, C3 and C4 = 0.47uF and
C5 - C8 ARE 0.1yF,

9. Zpi= Zener Diode (Zener clamped voltage 6.8 ),

10. O1, O3 AND O4 are LM324N OP-AMP,

11. 02=UA741CN OP-AMP,

12. NG= NAND GATE 4093B,

13. AG= AND GATE 4081BP,

14. M=CD4047BE
MonostableMultivibrator and

15. M1 and M2 are MOS FETS IFR640

PT1 and PT2 are Three pin Pulse transformers
4503

II. CONSTRUCTION AND OPERATING PRINCIPLE

The main motive of the circuit is to generate a

firing pulse to the half bridge rectifier, center
tapped rectifier and full bridge rectifier. It consist of
power supply circuit, biasing point, synchronizing
circuit, mono stable multi vibrator, gated
oscillator, separator circuit and the firing circuit.
(a) Power Supply
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Fig 2 Power supply circuit

Centre tapped transformer is connected to the
bridge rectifier then the rectifier two output
pins are connected to the 7812 and 7915
regulators. With high capacitance at both input
and output terminals because to maintain the
constant output DC voltage for any load
fluctuations. 7812 regulator is for the positive
12V and 7915 regulator is for the negative 12V
DC. S and S’ are the sinusoidal wave forms of
the output wave forms of the power supply unit
is drawn below.

+12

-12

Fig 3 Output from power supply circuit

(b) Synchronization Circuit

As the figure below shows the transformer to
which the circuit is connected is called as
synchronizing transformer. Their inputs are
connected to the same supply to which power
circuit transformer is connected. The function of
the synchronizing circuit is to drive low voltage
signals to the control circuit which operates at low
voltage these low voltage signals must
besynchronized to the voltage supplied to the
main power circuit. This is done by synchronizing
transformer. The waveform at point ‘a’ is shown
below. In between point ‘@’ and point ‘b’ we are
having biasing circuit, by using this circuit wave
form shifts towards positive side and negative part
of the wave form is grounded by the diode. The
wave form at point ‘b’ and ‘c’ are shown below.

230V AC £ a B
SOFLx iy

Fig 4 Synchronizing circuit

The operation of synchronizing circuit is shown
in the wave forms. During the positive spike of the
voltage wave available at non inverting terminal of
the first op-amp output at point ‘d’ goes +Vsat. The
zener diode (ZD) will be reverse biased and the
diode is forward biased. Thus the capacitor will
take an impulse voltage of 6.8V (Zener clamped
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voltage). During the negative part of the voltage
wave, the circuit at point‘d’ goes —Vsa. Diode is
reverse biased. The capacitor will discharge
through the variable resistor, as shown in the
circuit. This discharge generates the rampwave
form at point ‘d’ The final output of this circuit is
Ramp wave form which is synchronized with the
input sinusoidal wave form at point‘d’.
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Fig 5 Output from the synchronizing circuit

(c)Comparator Circuit

The output of the synchronization circuit is
given to the inverting terminal and variable DC
voltage is given to the non-inverting terminal of
the UA741CN Op-amp. It compares the two
inputs and produces the square pulse at the
output terminal. The output pulses of different DC
levels are shown below.
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Fig 6 Comparator Circuit and it’s output

(d) MonostableMultivibrator
(i)General Description

The CD4047B is capable of operating in either
the monostable or astable mode. It requires an
external capacitor (between pins 1 and 3) and an
external resistor (between pins 2 and 3) to
determine the output pulse width in the
monostable mode, and the output frequency in the
astable mode. Monostable operation is obtained
when the device is triggered by LOW-to-HIGH
transition at + trigger input or HIGH-to-LOW
transition at - trigger input. The device can be
retriggered by applying a  simultaneous
LOW-to-HIGH transition to both the + trigger and
retrigger inputs. A high level on Reset input resets
the outputs Q to LOW, Q to HIGH.

The reason for wusing this
multivibrator is to reduce the loading effect. By
increasing the value of variable DC in the
comparator circuit pulse width is increasing. This
pulse is AND with high frequency pulse at Gated

Monostable

oscillator than load affects the input dc voltage. In
order to reduce that effect
theMonostableMultivibrator is used in the present
project. By using this constant pulse irrespective
of the width of the pulse of comparator output are
generated.

Table 1 Function table of monostablemultivibrator

Terminal Coane ioas Outpet Pulss | Typical Qutput
Function To Vo ToVss | Inpet Pulse From Period or
Ta Pulss Width
blonostatie Multvibrator
Posiive-Edge Triggr 44 56,7912 |8 0,1
NegadveEdge Trigger 4814 57,012 [6 10,1 (9L 1) = 248 RC
Retriggenbie 414 36,19 812 o1
Exteraal Conntdonn iMate 1114 500, 0,891 Figure 1 Foguare 1 Figare 1
To Gaie
oscillator
¢ — U LT OUTPUT
= = osc our INPUT
RC COMMON — :—'D 2 Retniceen =y From 741 op amp
e o L oo '
= 4 Foo SIS -}
~ ThIGG R =] 7 e exr neser L
? BE 8
Vg —H F— - trigsen 2

i

(ii) Features of MonostableMultivibrator

1. Positive or negative-edge trigger

2. Output pulse width independent of trigger
pulse duration

3. Retriggerable
expansion

4. Long pulse widths possible using small RC
components by means of externalcounter
provision.

5. Fast recovery time essentially independent of
pulse width.

6. Pulse-width accuracy maintained as duty
cycles approaching 100%.

(iii) Owutput wave forms of monostabe

multi-vibrator with different inputs.

[ Y
) (R
LT
n 1 L

[ 1
' n

option for pulse width
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(e) Gated Oscillator

OUTPUT
v INPUT
From 741 op amp
TEEERN
A8A
T
T
==Ll

Fig 7 Gated oscillator circuit

By wusing gated oscillator circuit one can
generate more number of pulse in one pulse of the
MonostableMultivibrator. When one input of the
NAND ‘a’is high and assume that second input of
the NAND ‘a’is low then the output of this NAND is
high, nothing but +Vg:. So capacitor is charged
through 10kQ resister and diode.When it is fully
charged second input of the NAND gate ‘a’ is high
then the output of this NAND gate is low. Then the
diode is reverse biased. So it discharges with 15kQ
resister. Then one pulse is generated at output at
NAND gate ‘@’. The time taken for charging and
discharging is very low, that means very high
frequency. This will be the actual output of the
monostable multivibrator. So in one pulse, number
of pulse generated by using gated oscillator. The
output wave forms are shown below

(f) Pulse Separator Circuit

Actually in full wave rectifier there are four
Thyristors. In those four Thyristors two are fired
with first half pulse and another two are fired with
second half pulse. Both the pulses are available at
gated oscillator. So as to separate both the pulse
two LM324N op-amps are used. One op-amp
inverting and another op-amp non-inverting are
grounded. And remaining two inputs are connected
to the pulse transformer output terminal ‘S’
Negative part of the pulse is grounded by the
diodes. One input of two AND gates are shorted
and given to the gated oscillator output. First AND
gate output has number of pulse in first half cycle
and second AND gate output has number of pulse
in second half cycle. Output wave forms AND gate
are as shown below.

GATID R {ILLATST

ol I

Fig 10 Output waveform of Pulse separator

(g) Firing Circuit

The main motive of the circuit is to provide
isolation between control circuit and power circuit
using a three pin pulse transformer 4503.When
positive pulse given at the input of the firing
circuit MOSFET IRF640 is turned on. Then the
firing pulse is obtained at Gate and Cathode
terminals. This firing pulse is similar to the input
pulse of the firing circuit.The following circuit is
used for half bridge thyristor rectifier. It requires
one firing pulse in one half cycle.So this circuit is
sufficient for half bridgeas it is having one
thyristor.

1v

M\

Fig 12 1-Phase half bridge circuit
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Full bridge Centre tapped transformer rectifier
is having two Thyristors. Thyristor T1 is controlled
in the first half cycle, and thyristor T2 is controlled
in the second half cycle. So in the following circuit
to work pulse transformers 1 and 3 or 2 and 4;
G1,C1 and G3, C3 are required. Remaining two
pulse transformers are standby units.
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Fig 14 Output Full bridge centre tapped transformer
rectifier

The circuit arrangement of a single-phase Full
converter is shown below. During the positive half
cycle thyristor T1 and T4 are forward biased. And
these tow Thyristors are fired simultaneously at ‘a’
, the load is connected to the input supply through
T1 andT4. If it is inductive load T1 and T4 will
continue to conduct beyond ‘a’. During the
negative half cycle of the input voltage , Thyristors
T2 and T3 are forward biased; and firing of
thyristors T2 and T3 will supply voltage across
Thyristor T1 and T4 as reverse blocking voltage. T1
and T4 are turned off due to line or natural
commutation.

_+F

T ks K

§ LOAD

Fig 15 1-Phase full converter

III. CLOSED LOoOP OPERATION

Following circuit is used for the closed loop
operation using an op-amm, which describes how
the Dbattery-charger can be controlled in
closed-loop. Traditionally systems use controllers
such as a PI controller or a PID controller for
feedback control. By using this one can maintain
constant speed of the motor for any voltage
fluctuations.

Supply (-12) is connected to the resistor and
Zener diode, which is clamped at a voltage of 6.8V.
So the non-inverting terminal voltage of an Op-amp
is 6.8V, by varying the resistance R3. Rectifier
output is connected to the inductor and capacitor.
So DC voltage is appears across the terminals ‘@’
and b’. By adjusting the values of R and R’ set the
value of DC voltage equal to Zener clamped voltage
6.8V. In case of any disturbance, rectifier output
may change. In order to make it constant one
should vary the firing angle. If any fluctuations in
voltage at point ‘c’, then potential deference is there
at non inverting terminal of op-amp, then
automatically adjust the firing angle through SPDT
switch.

Fig 16 Closed loop operation

IV. THREE PHASE CONTROLLED RECTIFIER CIRCUIT

The three phase bridge rectifier has six Thyristors
as shown in above figure. The upper thyristors are
called positive group and lower thyristors are
called negative group. At any instant of time one
thyristor from each leg is in conduction.

L
v l L
- 1 :,;-' .l"lr .I . i
I'_\__l:' ‘ A Sl A S? /Y '-":. ‘
T i
v, | T T
_-,'_'. + F ) ¥ |
o | L - R
D N
_'I;r.._ i-iv"' f -‘35 [ El:
! T

Fig 17 3-Phase full converter
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If SCRs are used, their conduction can be
delayed by choosing the desired firing
angle. When the SCRs are fired at Oe firing angle,
the output of the bridge rectifier would be the same
as that of the circuit with diodes. For instance, it
is seen that D; starts conducting only after =
300. In fact, it can start conducting only after €
= 300, since it is reverse-biased before @ = 30o.
The bias across D; becomes zero when €= 30°and
diode D, starts getting forward - biased only after
¢ =30°. When Vg(€#) = E*Sin (6 ), diode D,
isreverse - biased before @ = 30° and It is
forward - biased when € > 30°. When firing angle
to SCRs is zero degree, S is triggered when 6 =
300. This means that if a synchronizing signal is
needed for triggering Si, that signal voltage would
lag vg(@) by 30° and if the firing angle is 6, SCR
S; is triggered when € = a + 30°. Given that the
conduction is continuous, the following table
presents the SCR pair in conduction at any
instant.

Table 2 SCR conduction sequence

. SCR Pair in

Period, range of a [

conduction
[0 +30 toll +90 S; and Ss
[0 +90 to[] + 150 S; and S,
[0 +150 to [J + 21( S; and S3
[0 +210 to [ + 27( Sz and S4
[J +270 to [J + 33( S4 and Ss
[l +330 to U + 360 ar
+00 to [ +30 S
(a)Three-phase Controlled rectifier Firing

Circuit

The figure shows bellow is three phase firing
circuit. Compared to single phase circuit it
requires firing pulse for every 120 degrees so three
similar single phase firing circuits are connected
to the three phase transformer. Then it produces
firing pulse individually for every 120 degrees. But
at the comparator circuit there is a DC value it
should be same for every individual circuit. 2, 4
and 6 pulse transformer outputs are need to have
600delay to 1, 3 and 5 respectively for that we

need to have a back up pulse to every pulse
transformer.

Fig 18 Firing circuit of three phase rectifier

V. SINGLE PHASE AND THREE PHASE DUAL CONVERTER

If two of full converters are connected back to
back as shown in fig below both the output voltage
and the load current flow can be reversed. The
system will provide Four-quadrant operation and
is called a dual converter. Dual converter is
normally used in high power variable speed drives.
If al and a2 are the delay angles of converter 1
and 2, respectively. The delay angles are
controlled such that one converter operates as
Rectifier and other converter operates as
Inverter; but both converters produce the same
average voltage output. The output wave forms for
two converters, where the two average output
voltages are the same.

If rectifier firing at a, then the inverter should fire
at - a.

Sil’!g|e-phase Circu|a[mg current Sing|e-pha’se
full converter inductors and full converter
A+ smoothing inductance
| LYY Fapan! _0
|
|
[ DC Motor
|
A- | A-
|l
|| A A
« The

Fig 19 Dual converter
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VI. SIMULATION OF DUAL CONVERTER FIRING wscr
CIRCUIT

Fig 22 Gated oscillator circuit

Oscilloscope-XSC1 ot

i
1

Fig 20 Dual converter firing circuit
Above diagram shows that simulation of dual
converter firing pulse generation. Initially the
ramp signal is generated then it is compared with - S SR =
the -10V. Both the ramps are compared with the T3 e ) Bt v e
variable DC source. Then the aandrm- apulses are ot X R e TP mior T = vla

obtained. If these pulses are fed individually AND el (N [ i N o O Lol LS R
with gated oscillator then the required firing
pulses are obtained as shown in figure below.

Oscilloscope-XSC1
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e e Rl e R e g T i T | Fig 23 Output of Gated oscillator circuit
x pasrion [6 | ¥ pesmien] & | v peskicn [ | Lavat [6 T~

[¥FT sxta] Breaf sve || ac] o | [BE & | ac| o JEoe - | & pa Sing | Mor. | e FSne

Oscilloscope-XSC 2 ><

| | -
L B L R | |

Channal_= Chann=i_B

(a)Practical implementation of firing circuit
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Fig 21 Firing circuit of a dual converter rectifier
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With R- Load

(d) Output Wave Forms Of Half Bridge Rtifier at

different Firing Angles

S No Firing Va
angle
a=90% 4.34V
2 a=50% 14.11V
3 a=5% 24.89V
2010-05-26 16:56:18 ok Normal
YOKOGAWA, 4 320 ] 100kS/s  10msAliv
T PRI IO 55 : CHI 1671
0.500 U/div
10kHz
CHZ 16:1
50.0 Usdiv
: : nc Full
A\
l i
e
S Edge CH1 f
i i i i ; Auto
" 0.000 V
P-P(C1) 916 .667nV Max(C1) 520.833mV :
Min(C1) =395.833nY Freq(C1) 49.92511HZ H1 ©\
Display [@Position ] Coupling Probe [© Offset [EBandwidt!
{;FF E] —2.16div nc 10:1 0.000 UV 10kHZ NEth/Z
With RLE Load
S Firing Va Vs
No angle 2V /1000(Rev/Min)
1 a=90% 4.2V 1.12V
2 a=50% 10.3Vv 3.06V
3 a=5% | 24.89V 9.42V
20190526 16:52:41 oe Mormal
YOKOGAWS 4 3Z7 b 100kS- s 10nsidiv
t H TEC e Tes 10E 35 H CHL 10:1
: H Z.00 Usdiu
DC__ 16kHZ
50.0 U diu
NG Full

Edge CH1 £
Auto
........................................................... .60 U
i P—F(C1) | 3.16667U Max(C1) 2.41662U
I MindCl) -750.000ny Freq(Cl)  49.67710Hz CHL |
Bisplay [@Pos €ion | Coupling Probe & OFfset [eoBanduidtl
Next
OFF Hm —2 . 10div | Do 16:1 .06 U 10kHz 1, ”

(e)

deferent firing angles

64

Output wave forms of full bridge rectifier at

With ‘R’ load

S.No Firing angle | V,
1 a=90% 2.73V
2 a=50% 28.7V
3 a=5% 49.5V

Z2010-05-26 16:40:50

o Normal

YOKOGAWS 4 405 g 200kS/s SnsAliv
. T <L Mainil0k >> : CH1 16:1
: : 1.80 V- div
nc 19kHz
CHZ 16:1
50.0 U div
nc 10kHz
Edge CH1
Auto
P-P(C1) :958.333mU Max(C1): 5006 ; 000Ny
: Min(C1) =458.333InV Freq(C1) 101:1634HZ CH1 .
Display [@Position ] Coupling Probe = Offset [ Banduidth
Next
OFF @I —1.30div nc 10:1 6.80 UV 16kHZ 1-2]
3 ¢ 9
With ¢ RLE’ load
2010-05-26 16:47:53 | fioe  Normal
YOKOGAWA 4 1607 ] 200kS-s SnsAdiv
T Maini 10k 3> CH1 16:1
: 1.00 Urdiv
: 16kHZ
CHZ 10:1
50.0 V/div
..................................................... 1c Full
Edge CH1 £
Auto
0.60 U
P-P(C1) 1.79167V Max(c1) 1.256000V
: Min(C1) +541.667nV Freq(C1) 160 :7049HZ CH1
Display |J@Position | Coupling Probe [ Offset [ Banduidt!
Hext
OFF @l —2Z.10div c 16:1 0.00 U 10kHz 12|

VIII. CONCLUSION

The Synchronized firing scheme for thyristor,
working under single phase and three phase

rectifiers is
converter firing
this scheme.

practically implemented. Dual
angles are also obtained by using

Practically the entire scheme is implemented
and it is compares with simulation.

The closed loop mechanism is also implemented
to maintain the constant output voltage by
adjusting the PI controller. Which automatically
adjust the firing angle practically.

By using this
of separately

scheme one can control the speed
excited DC Motor and other

applications like battery charging units, FACT
devices, and other power system applications.
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