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DESIGN AN AUTOMATIC VOLTAGE COMPENSATION DEVICE
USING AN ACCHOPPER CIRCUIT
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ABSTRACT

This paper proposes an automatic voltage regulator (AVR) based on series
voltage compensation mechanism by AC chopper. The proposed AVR consists of a
pulse-width-modulated (PWM) AC chopper and a transformer for series voltage
compensation. The AC chopper circuit provides direct AC power without the need
for an energy storage element, thus reducing the size and cost of the AVR.
Simulation results demonstrate that the proposed AVR responds quickly to
changes in input voltage.
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TOM TAT

Bai bdo dé xuat mot bd bu dién ap tu dong (AVR) dua trén co ché bi dién ap
noi tiép bang AC chopper. AVR dugc dé xudt bao gom mdt bg AC chopper diéu ché
do rong xung (PWM) va mgt may bién ap dé ba dién ap ndi tiép. Mach AC chopper
cung cap ngudn dién xoay chiéu tryc tiép khong can phan ti luu trit ndng lugng,
do d6 kich thudc va gia thanh ciia AVR giam xudng. Két qua mé phang chiing minh
rang AVR dé xudt phan ting nhanh véi su thay ddi cGa dién dp dau vao.

Tirkhéa: Thiét bj bu dién dp tu dong, mach diéu ché AC chopper, khdi phuc dién
dp dong.
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1.INTRODUCTION

Most modern electrical equipment has to deal with
voltage drop, which significantly affects electricity quality.
The connection of non-linear loads in the system and short
circuit events are considered the main causes of voltage
drop. This problem can crash the entire system causing
malfunction or equipment failure [1]. Currently, on the
market there are many devices that use voltage
compensation such as: Uninterruptible power supply (UPS)
keeps important electronic systems operating during short-
term power outages and prevents damage due to sudden
power outage. Dynamic Voltage Recovery (DVR) is a type of
FACTS device used for series compensation in distribution
networks [2]. DVR can minimize voltage drop and improve
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system power quality [3]. Automatic voltage regulator (AVR)
has been used as AC voltage regulator and voltage drop
compensation as proposed in [4]. In particular, researching
and manufacturing an AC chopper alternating voltage
converter is still a difficult problem, attracting the attention
of many scientists. To meet fast voltage compensation for
AC choppers, this paper develops an AVR based on power
electronics devices, providing a solution for long-lasting
voltage drops and deep attenuation amplitudes at grid. AVR
has the advantages of UPS and DVR, overcoming the short
compensation time of UPS and DVR.

2. DESIGN AUTOMATIC VOLTAGE REGULATOR

The voltage compensation device consists of a series
transformer, a filter, an AC chopper and a series
compensation capacitor shown in Figure 1.
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Figure 1. Principle diagram of voltage compensation circuit

The compensation voltage Vo generated by the single-
phase AC-chopper is used for voltage compensation. S;, S,,
Ss, S4 are thyristers; T is a transformer to compensate the
input voltage V; and stabilize the output voltage Vo. Npi = Np;
is the number of primary winding turns, Ns is the number of
secondary winding turns. The filter capacitor voltage V. is
converted to Vo through T. V, is the filter modulation voltage
and V. is the inductor voltage. This AC chopper circuit
consists of four switches S;, S, Ss, Ss, an inductor and a
capacitor. A low pass filter is used to filter harmonic
components at the output. The AC-chopper converts AC
power directly without the need for energy storage
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elements such as L and C, so the size and cost of the AVR is
reduced. When a voltage drop is detected, the AVR operates
as follows: Spi turns on and Sy turns off. Now the
compensation voltage Vq is in phase with the input voltage,
so Ve is added to the input voltage:

V, =V, +V,, (1
Therefore the output voltage compensates for the
voltage drop. When the device detects a voltage increase,
Sp1 turned off and Sy, turned on. At this time, the

compensation voltage V is in opposite phase with the
input voltage, so the output voltage has the value:

V, =V, -V, (2)
From (1), (2) it shows that the AVR can stabilize the
output voltage.

The average V,Chopper modulator output voltage is

v (1) =v,(t) -V () 3)
The average value during a switching cycle is calculated:
v, (t)=Dv,(t)—v_(t) (4)
i () =i (t)—ni,(t) (5)

Where, n= N,
P1
secondary coil to the primary coil; i, i are the current
flowing through capacitor C and inductor L, respectively; io
output current; D is the opening time ratio of S;and S,.

is the ratio of the number of turns of the

According to (4), (5) have:

LiiL(t) =Dv,(t) _MS 6)
dt n
dve—v)t) . =

CET =i (t)—ni_(t) (7)

Substituting (7) into (6), we get the following differential
equation:

nLCd—zz(vo —v,)(t)+ nzLiio(t) =(nD+1)v,(t)—nv,(t) (8)
dt dt

Transforming equation (8) we have:

Vo(S) __ s’LC+1+nD ©)

V(S) S’LC+1+sn’L/Z,

Vo/V; is the voltage gain of the compensation device,
Equation (9) is rewritten as follows:

v, w’LC+nD
Vi J0-wLCR t (wriL/Z,)

z 1
Because wL < —- < —— so approximately we have:
n wC

(10)

nD

_ 11
1-w?LC (an

V.
— =1+
v

Next to that watch because w?’LC < 1s0:
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Y
—=1+nD

(12)

Similarly, when the input voltage increases, the output
voltage of the compensation device has the following value:

V 1—w?LC—nD (13)

Vi J0— @O + (cwniL/z,)

Inferred

Vo _1-nD (14)
V

The turns ratio of the output transformer depends on the
maximum value of the input voltage variation range,
calculated according to the following formula:

N, N; 100-P,
N P

N P2 co

(15)

P1
Where, P, is the percentage of compensation voltage;
The bias of the inductor current is calculated by the

formula:

v (1-D)
Lf,

S

Ai, = (16)

Deviation of capacitor voltage:
_Aip v (1-D)
© 8Cf.  8LCf

(17)

The AC chopper circuit is the core part of the entire
voltage compensation device and is the basis for realizing
the voltage compensation function.

V,(1)=V,(1)st0

=U_sinwt[D +zzmcos(awct -,)]
a=1 a
00 ('pa

=U, Dsinwt + —m a
m a=1

{sin[(aw, + w)t—@,] (18)

—sin[((aw, —w)t—¢,1}

According to equation (18), the modulated device
output voltage consists of the fundamental wave and higher
harmonics. Harmonics present in the output voltage
include:

sin[(aw, +w)t—@,] ;sinf(aw, —w)t—¢,] (19)

With w,_ = ?I'_n determined by the cycle T.. Therefore, it is

necessary to filter out high-order harmonics, then the
output voltage V,(t)=DV,(t)=U, Dsinwt can be directly
adjusted by adjusting the parameter D, that is, the output
voltage can be linearly adjusted.

3. SIMULATION RESULTS

Simulate the proposed AVR device using Matlab-
Simulink software, AVR is designed for capacity 3kVA;
3-phase input voltage 50Hz switching frequency 15kHz;
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L=0.02H; C=50uF; C, =0.02uF; n=1.The AC chopper circuit
diagram is shown in Figure 2.
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Figure 2. AC chopper circuit designed on Proteus software
Case 1: The input voltage increases at 0.13s to 0.3s.
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Figure 3. Output voltage and current response when input voltage changes
from 0.135t0 0.35
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Figure 4. Respond to the reactive power generated by the capacitor
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Figure 5. Respond to the reactive power generated by the capacitor
When the input voltage increases, the AVR reacts by
drawing in an amount of reactive power of 65Var. When the
supply voltage decreases, the AVR switches from inductive
to capacitive and compensates the reactive power to the
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system by an amount of 62Var, helping for stable output
voltage.

Case 2: When there is a short circuit of the input voltage,
phase A goes to ground, the fault occurs when t = 1/60s and
ends at time t = 5/60s.
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Figure 6. Input voltage short circuit, ground fault

IT T T T

Vo voltage output
------- lo current output

i
‘Hl

L I I
0.15 0.2 025 0.3 0.35 0.4
Time [s]

Voltage, current [pu]

R
0 0.05 0.1

Figure 7. Responds to the output voltage and current when the input voltage

ground fault
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Figure 8. Respond to the reactive power generated by the capacitor
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Figure 9. Respond to the reactive power generated by the capacitor
At the beginning of a short circuit to ground fault of
phase A, the short circuit current increases to 2.6pu, the

system voltage drops rapidly to 0.23pu, the AVR generates
an amount of reactive power to compensate for the system.
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54Var, after 5/60s the fault ends, the AVR continues to
compensate to correct the system voltage until 0.24s.

Comment: From the simulation results, it shows that the
proposed AVR operates relatively effectively. Respond
quickly to voltage drop incidents during grid operation.
Ensure the output voltage for the loads is stable in both
frequency and amplitude, without high-order harmonic
interference.

4. CONCLUSION

This paper proposes an AVR consisting of an AC chopper
and a voltage compensated series transformer. AVRs
perform voltage compensation without requiring energy
storage components, so size and cost are reduced. Through
simulation, it is proven that the proposed voltage
compensation device has obvious compensation effects for
most loads, less harmonic content, long continuous
compensation time and stable performance, suitable for
Average power compensation, applied to small production
facilities.

REFERENCES

[1]. Yang Jie, 2010. The single phase voltage compensator based on AC
Chapper. Master Thesis, Wuhan University.

[2].T.1. EI-Shennawy, A. Moussa, M. A. El-Gammal, A. Y. Abou-Ghazala, 2010.
A dynamic voltage restorer for voltage sag mitigation in a refinery with induction
motors loads. American Journal of Engineering and Applied Sciences, vol. 3, no. 1,
pp. 144-151.DO0I: 10.3844/ajeassp.2010.144.151

[31. Y. W.Li, P. C. Loh, F. Blaabjerg, D. M. Vilathgamuwa, 2007. Investigation
and improvement of transient response of dvr at medium voltage level. |EEE
Transactions on Industry Applications, vol. 43, no. 5, pp. 1309-1319. DOI:
10.1109/ APEC.2006.1620671.

[4]. Flores-Arias M., Moreno-Munoz A, Domingo-Perez F., Pal1aresLopez V.,
Gutierrez D., 2011. Voltage regulator system based on a PWM AC chopper converter.
[EEE International Symposium on Industrial Electronics (ISIE), pp.468-473. DOI:
10.1109/1SIE.2011.5984070.

[5]. Saradech Varanavin, Surin Khomfoi, 2012. An Instantaneous Value
Voltage Control AC Chopper for Compensating Voltage Sag in Three Phase Four Wire
System. ECTI-CON 2012, Hua-Hin, Thailand. DOI: 10.1109/ECTICon. 2012.6254179.

THONG TIN TAC GIA
Nguyén Tudn Hoan, Nguyén Anh Hoa
Trudng Dai hoc Dién luc

Website: https://jst-haui.vn Vol. 59 - No. 6B (Nov 2023) e Journal of SCIENCE & TECHNOLOGY | 21



