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Abstract. The function of alternating current (AC) power control is to control voltage, current, and average power sent
from source to the load either in single-phase or in three-phase. One of the power control devices is Silicon Controlled
Rectifier (SCR). In this research, the main objective was to simulate a single-phase power control circuit with SCR using
SPICE program. The simulation was carried out on SPICE program to determine the parameters of load in the form of
current, voltage, power, and total harmonic distortion (THD) with a SCR firing angle of 90°. The simulation was also
conducted to adjust the SCR firing angle according to the desired power at resistive (R) load. Then, the simulation result
was compared with the theoretical calculation. The comparison showed that the two results from simulation and
theoretical calculation were closes to each other. The simulation result also proved that the firing angle is inversely
proportional to the load power.

INTRODUCTION

Electrical energy is utilized in various sectors such as industry, residence and offices, etc. [1,2]. One type of
device that is indispensable in the industry is power control. Power control can be used to control the power in the
load to minimize power losses [3]. Power control can be done by limiting the voltage or current in the load. The
power controller itself can be widely applied for various things such as in the use of hybrid sources to limit one
source, constant voltage regulation, motor speed regulation, and so on.

One of the devices in power control is Silicon Controlled Rectifier (SCR). In recent years SCR has become more
widely used [4]. The research related to SCR is increasingly being conducted [5.6,7]. SCR is two transistors and has
three legs, namely, anode, cathode, and gate. Power control can be done on the SCR via the gate leg using Pulse
Width Modulation (PWM). So, controlling the power on the device can be done automatically according to the
desired value.

Therefore, in this study, a power control circuit configuration with SCR will be made, and then a series of
simulations will be carried out to obtain the value of the load parameters such as voltage, current and power, and
then validate the simulation results with a mathematical calculation of the test circuit.

LITERATURE REVIEW

Silicon Controlled Rectifier [&R] is a component made of silicon semiconductor material and has a function as
a controller or a switch. SCR is also often called a thyristor. Figure 1 shows a basic SCR circuit.

Q‘ Proceedings of the 4th EPI International Conference on Science and Engineering (EICSE) 2020
AIP Conf. Proc. 2543, (40024-1-040024-8; https //doi.org/10.1063/5. 0095093
Published by AIP Publishing. 978-0-7354-4358-7/830.00

040024-1




l
I

FIGURE 1. The basic SCR circuit

The input voltage (Vin) required to trigger an SCR 1s:
V=V +1 R (H
in Gr o Gr
where Fgrand Iy are the gate trigger voltage and current. After the SCR is ON, the SCR will remain ON even
though in V is reduced to zero. The only way to reset the SCR 1s to reduce Vee to a lower value. Because the

holding current (Iy7) flows through the load resistance (Ry), the supply voltage (V) for the OFF condition must be
less than:

(2)
V.= 07 + I,R,

where /jr 1s the holding current that keeps the SCR ON [8].

SCR has three legs, namely the anode, cathode and gate as shown in Fig. 2. Power regulation on the load using
the SCR through the gate current (I), that is, if the gate current (Ig) is below the holding current (I;;) then the SCR
cannot drain current from anode to cathode so that current does not flow to the load. When the I exceeds the Iy
value, the SCR will flow current to the load [9].

Anoda

Gate
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FIGURE 2. SCR legs
The single-facade voltage controller is shown in Fig. 3. The electronic switch is shown'1 a parallel SCR. This

SCR arrangement allows the cumrent to flow in the load in positive and negative directions. {his SCR connection is
called antiparallel or reverse parallel because the SCR carries current in the opposite direction [10].
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FIGURE 3. Single phase voltage controller circuit
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From Fig. 3, several@ings can be observed, namely:

1) SCR cannot operate simultancously. q]

2) The load voltage is the same as the source voltage when one of the SCRs is active. Zero load voltage when both
SCRs are off. 1

3) The vsw switch voltage is zero when one of the SCRs is active and is equal to the source voltage when both are
inactive.

4) The average current at source and load is zero if the SCR is active for the same time interval. The average
current in each SCR is not zero because the current of the SCR is unidirectional.

5) The rms current in each SCR is 1 times the rms load current if the SCR is active for the same time interval.

In Fig. 3, when SCR S1 is triggered at the gate leg, SCR S1 will operate since the trigger and will continue to be
active until half a wave or when the current reaches zero [11]. When in a negative cycle, SCR S1 will block the
current passing through thd@8CR. In contrast to SCR S2, this SCR blocks the current passing through the SCR on a
positive cycle because the two SCRs are connected in reverse parallel so that SCR S2 will activate when triggered

on a negative cycle [10].
ARV
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FIGURE 4. Waveform single-phase voltage control circuit (firing angle vs voltage)

Figure 4 shows the voltage waveform for a single-phase voltage controller with a resistive load. From Fig. 4, the
SCR can control the voltage by controlling the voltage v, by adjusting the firing angle on the SCR [12].
The voltage source in the circuit is

(ot) =V _sinwmf
v =V, )

The output voltage is

[Vasinot fora<wt<m and a+7 <wf<2m
v (wt) =

‘ 0 otherwise 4)

The rms voltage is determined by calculating the positive and negative symmetries of voltage waveform. While,
the rms voltage calculation can be done by calculating half a wave [10]:

Vi].rm.\' = Jﬁl] [I'j” sin UJ:']Z d(UJ.“)

1%y sin(2a)
i

Vm
I/1].1'1?1.\' = ﬁ

2n (5)
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FIGURE 5. Relation of the rms stress to the load with the firing angle «

At SCR firing angle, load 1% voltage Exs the same value as source rms voltage value. The rms voltage
relationship to the load as shown m Fig. 5. The rms current in the load is

4

_ " lrms

I =
0, rms R

(6)

Since the source and load currents are non-sinusoidal, harmonic distortion is taken into consideration when
designing and implementing ac voltage controllers. The current harmonic distortion at the load is obtained from the
Fourier equation. The relationship of normalized content (C,) and the firing angle of SCR are shown in Fig. 6. Then

to get the value of harmonic distortion:

! Lrms — Cn ! hase
Harmeonics, Single-phase Controller
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FIGURE 6. Relationship of normalized content (C,) and firing angle of SCR.

CIRCUIT CONFIGURATION

Figure 7 is a series of tests in this study. The series consists of:

1. Source voltage AC 220 V, 50 Hz

2. Two SCRs in reverse parallel circuit

3. The load of 10 Ohm resistor

4. Two oscillator generators to trigger SCR

5. Two pieces of gain to increase the oscillator voltage
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FIGURE 7. Simulation circuit

In this test, a simulation will be carried out on the SPICE application to determine the parameters of load in the
form of current, voltage, power, and harmonic distortion (THD) with a firing angle of 90° on the SCR and adjust the
firing angle on the SCR according to the desired power at load R.

SIMULATION RESULT
Simulation I

Figure 8 is the simulation result of a series of simulation with an SCR 90° firing angle. The source Vs has a
period of 20 ms. Both SCRs are not triggered (at 0-5 ms), current and voltage at the load are 0.

[ S
= W{R} - ALGIWR))

o ke e b ; ; Y 1 o

= T{R} - RMS{T(R))

SELYS [T R : i ; I

s Sms 1ins 15ms 20ms 25ms 3hns asns Rl sms Sins
= W{R} - RMS{U{R))

FIGURE 8. Result for simulation |

At 5 ms, the oscillator triggers SCR S1 at 90”angle which allows current to flow from anode to the cathode on
SCR S;. So that, the circuit becomes closed-loop and when positive cycle approaches zero SCR S, turns OFF and re-
activates when triggered at the gate pin and on a positive cycle.

SCR Sz is connected in reverse parallel with SCR Si so that SCRi can work on a positive cycle and SCR Sz
works on a negative cycle. In Fig. 8, it can be seen that the SCR S, circuit is active at 15 ms (on negative cycle) or
when the cycle is 90°+n. Like SCR S, SCR Sz ON until the cycle is close to zero and reactivates when triggered and
is on negative cycle.
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From the simulation results obtained:

Vims of load = 109.977 V— 110.298 V
Irms of load = 10.998 A — 11.03 A
W avg of load = 1.209 kW — 1.216 kW
THD = 0.648
where
Vi - Peak voltage
Vo.rms - Voltage rms at load
Virms = Voltage rms at source (Volt)
Iy rms —current rms at load (Ampere)
1} rms - current rms at source ( Ampereq
Ipase - Current in the load when when the firing angle of the SCR is equal to zero
P = Average power (Watt)
THD = Total harmonic distortion
o= SCR firing angle/delay angle SCR
C, = normalized content
R =Load (Ohm)

From Eq. 5 it can be obtained Vrms at load

v B ﬁ E sin(2at)
Orms JE - - + 211
220 [ 90, sin(2.90)
Orms '\/E P 21_:
5
V... =155563 1—1 .”+i

Orms o
Vi = 155.563/1— 0.5 = 155.563/0.5 =109.99% =110V

To obtain frms at load, Eq. 6 1s used

So that the power at the load of

R=11°10=1210W

12

O.rms

~
Il

THD load 1s obtained by equation

/ 155.563
— l.\'.mr.\' - 15 556 4
base R 10
Il s Cl Iﬁm\'c
Ci =0.595

I, s = (0.595)(15.556) = 9.256 4

2 _ 2
THD = N1I" —9.256" _ (64

9.256
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From the simulation results and mathematical calculations, the precision of the simulation is close to the value of
the mathematical calculation

Simulation I1

Simulation IT was conducted to determine the SCR firing angle associating with a 500 W specified load. To
obtain the rms voltage on the load, the equation below is used

V_

p= 0 s
R

VU.rm.w =N PR
Vorm = J(500)(10) = /5000 =70.71V

To get the shooting angle, Eq. 5 is used
V., 3111(20,)

Unm J_ 1—

70.71 = ’ Sll‘l(20',)
70.71 ’ 3111(20,)
155.56
0.454 ’ 3111(20,)

3111(20,)

oL
0206=1__4

T 2w
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FIGURE 9. Result for simulation 11
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Figure 9 is a simulation result with an SCR firing angle of 118.7° In Fig. 9, load power at 498-510 W. The

results of simulations I and II have been calculated mathematically and the firing angle is inversely proportional to
the power at load. The smaller SCR firing angle value makes greater load power or the load power is closer to the
power source value.

CONCLUSION

Simulation of single-phase AC power control circuit with SCR shows the results in accordance with the

mathematical results. The power control in the circuit is carried out by controlling the SCR firing angle. The value
of SCR firing angle is inversely proportional to the load power.
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