International Journal for Innovative
€ngineering and Management Research

A Peer Revieved Open Access International Journal
www.ijiemr.org

ELSEVIER
SSRN

201 8IJIEMR.Personal use of this material is permitted. Permission from IJIEMR must

be obtained for all other wuses, in any current or future media, including
reprinting/republishing this material for advertising or promotional purposes, creating new
collective works, for resale or redistribution to servers or lists, or reuse of any copyrighted
component of this work in other works. No Reprint should be done to this paper, all copy
right is authenticated to Paper Authors

IJIEMR Transactions, online available on 12" Nov 2018. Link

:http://www.ijiemr.org/downloads.php?vol=Volume-07&issue=ISSUE-12

Title: POWER QUALITY IMPROVEMENT USING HYBRID ANN-CORRELATION CONTROL
SCHEME BASED UPQC

Volume 07, Issue 12, Pages: 82—-87.

Paper Authors

V.VEERA NAGIREDDY,DR. D.V.ASHOK KUMAR, DR.VENKATA
REDDY KOTA

USE THIS BARCODE TO ACCESS YOUR ONLINE PAPER

To Secure Your Paper As Per UGC Guidelines We Are Providing A Electronic
Bar Code

Vol 07 Issuel2, Nov 2018 ISSN 2456 - 5083 www.ijiemr.org



International Journal for Innovative

€ngineering and Management Research

PEER REVIEWED OPEN ACCESS INTERNATIONAL JOURNAL

www.ijiemr.org

POWER QUALITY IMPROVEMENT USING HYBRID ANN-

CORRELATION CONTROL SCHEME BASED UPQC
'V.VEERA NAGIREDDY, *DR. D.V. ASHOK KUMAR, °DR. VENKATA REDDY KOTA

'Research Scholar, INTUK, Electrical Power Engineering, lbriCT, Ibri, Oman
’professor, Dept of EEE, RGMCET, Nandyal, Kurnool (Dt.), A.P, India
3professor, Dept of EEE, JNTU, Kakinada, A.P, India

Abstract - The quality of power to the customers plays significant role in utility distribution
system due to day to day rapid increase in usage of non-linear loads. This paper proposes hybrid
ANN-correlation control scheme based Unified Power Quality Conditioner (UPQC) to enhance
the power quality . The UPQC is the one of the custom power device consists of shunt and series
voltage source converters with common dc link capacitor. The propoded neuro-correlation
control method generates refernce voltage and current switching pulses for UPQC to enhance
power quality profile. This approach mitigates all power quality issues. The performance of
correlation-ANN approach is studied through MATLAB/Simulink. The performance analysis of
this ANN- correlation control scheme based UPQC is studided and were satisfactory for time
varying and abnormal load cases.

Keywords- Correlation scheme; back propagation algorithm; Voltage sag; Unified Power
Quality Conditioner; total harmonic distortion; load balancing.

LINTRODUCTION

The distribution system network pollutes
with many power quality issues due to day
to day rapid increse in non-linear load usage.
The performance of sensitive electronics
equipment gets affected due to this small
duration  diturbances. Hence little
enhancement of power quality within
standard IEEE 519 (<5%) [1] has major
impact on quality of the system. Unified
Power Quality Conditioner is a custom
power device that provides shunt and series
compensation which exhibhits the functions
of distribution STATCOM and dynamic
voltage restorer. The application of recent
developed control schemes for
compensating devices to enhance quality of
power in the distribution network using soft

computing schemes [2] like ABC algorithm,
artificial neural networks (ANN), genetic
algorithm (GA), fuzzy logic, ABC algorithm
etc. The power quality in distribution system
means the consumer equipment operates in
the absence of mal function through out
their life period especially sensitive
electronic equipment [3]-[4]. In [5] proven
to be the multi period pseudo random binary
signal (PRBS) better than traditional control
method with fast convergence speed and one
computational operation using correlation
approach. The DSP based ANN control
scheme is introduced for series passive filter
and the performance of the this system was
better as compared to conventional PI
control scheme [6]. In [7], synchronous
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reference theory (SRFT), SRF theory and I
coso. theory has proved to be better. The
distribution system presents poor quality due
to increase in non linear loads. The noval
algorithm with dynamic performance has
been introduced to mitigate voltage sag and
compared with PI controller and proven to
be better. In [8], comparative study on
DSTATCOM with LMS based improved
adaptive non-linear system and  neural
network. The harmonics present in
distribution system due non-linear load as
harmonic currents and distributed as voltage
through load and line impedance drops [9].
The study of harmonic detection with neural
network was presented in [10].

ILSYSTEM CONFIGURATION AND
PRINCIPLE

The schematic diagram of Basic three-phase
distribution system configuration is shown
in figure 1. This configuration consists of
three phase source fed to the three phase
non-linear load with UPQC device to
mitigate power quality issues. UPQC
consists of shunt and series VSCs. series
VSC is used to mitigate power quality issues
like voltage sag, and load imbalances etc. by
compensating voltage. The compensating
voltage Source Converter (VSC) connects in
parallel to the electrical power system to
mitigate current disturbances. The series
VSC is fed through injection transformers at
PCC. The DC capacitor is dc link common
for both shunt and series converter devices.
Correlation  based back  propagation
controller can regulate this dc voltage.
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Fig. | Basi three-phase distibuton system configusation
III.LHYBRID ANN-CORRELATION
CONTROLLER

A.Series controller design

The input source voltages, load voltages
and load currents are the reference input
vectors to generate reference switching
pulses to the series VSC as shown in fig. 2.
Park’s transformation is used to transform
three phase voltages to dq0 as:

1 i I
o= ; EUSWVWHOS(@-?] an +cos(®+€)*[@4 |

i o o
[FE 3 sinds Vm+sm(®-?)~Vsbﬂm(wg)wﬂl wonnl)

1
= émawsb H/;t] (3)

The dg load volages ee dnpots Jor becpnepegedon besed comelaton contoland Vi the sstem resonse of
the controllerexpressed by (4) and 5 and 5.
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L= [cas@qu’ +sm®*V;+Vﬂ] w3

I (oW
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Vssb =

T =
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The calculated reference voltages (7), (8) &
(9) are subtracted from source reference
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voltages and fed to reference pulse generator weihts)

for producing gating pulses for series VSC
of UPQC as S1, S2, S3, S4, S5 and S6.
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Fig. 2 Seties control scheme

B.Shunt control design
The load voltages (vLabc), source currents
(isabc) and load currents (iLabc) are the 5

Fig. 3 Back-propagation network
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Fig, 4 Shunt couoll for VAC of UPQC

The eactive power components of hree-phase wit voltage are estimated s:
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The positive Root Mean Square value of source voltage () and Root Mean Square value of load cument (i ) are:

T
.
\|Wm\|= |?vaﬂ‘dt (16)

0
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T

1,
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Here T'is periodic time.

The coelaton coeffcint () and cross comelation coefficent (c,) using equatins (16), 17), (18) and (19) are

estimated s
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The other phase’s real power components (i, &) can be obtaied in similar manner, represented by equation

(23)and (24) as:

)

= m (] e (21)
.
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Similarly, the quadraire load currents are estimated using equations (16), (17),(18) & (19) as

v,
ltqn=5q*m*‘|lzn“ o (23)

The ather phase’s reactive power components (1,8,..) can be obtaned m similar manmer, represented by

equation (26) and (27)as:
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IV.RESULTS AND DISCUSSIONS

The performance of the test system of three
phase distribution system of 230Vph, 50 Hz,
supplying a non-linear load with UPQC
compensation is carried using hybrid
correlation based back-propagation control
approach. The results of power quality are
analyzed using MATLAB/SIMULINK.

A. Sag

The performance of hybrid correlaion-back
propagation algorithm based UPQC under
voltage sag condition in short duration is
analyzed is shown in figure 5. There is a
20% voltage sag of of nominal voltage from
3.7 sec to 3.8 sec. This has been mitigated
using hybrid correlaion-back propagation
algorithm based UPQC as shown in figure 6
and its dynamic performance of source
voltage, current, load currents, dc voltage,
load balancing as shown in figure

Vo 588

i’ =
i gETe e Sege

v
0
I

t
S

- Timein seconds
Fig. 6 Voltage Sag and its mitigation using correlation-back

propagation based UPQC
Fig. 3 Dynamic performance of cotrelation-back propagation

based UPQC

B.Total Harmonic Distortion
The UPQC mitigates the current and power
quality issues that presents in the electrical
power system due to non-linear loads. The
load harmonics and the vars can be

compensated by shunt VSC. The Total

Eiqh :Cq*iﬁs_Qb*“ELb“ (24)
H%J‘
e
g =Gg* H'”sqc“ a e (29)
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Harmonic Distortion (THD) of load current
is 24.91% as shown in figure 7. The FFT
analysis of PCC voltage, the total harmonic
distortion and its  waveform  for
compensation using correlation-back
propagation method is shown in figure 10.
From figures 10, it is concluded that the
PCC voltage has THD of 1.06% using
correlation-back propagation approach and
source  voltage and source current
respectively of 0.74% and 2.34% as shown
in fig. 9 and fig. 8. The performance of
correlation-back  propagation  approach
based UPQC is tabulated in table 1.
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Fig. § Source voltage and THD
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Fig. § Source Current and THD using cotrelation-ANN based
Fig. 10 PCC voltage and THD with ANN-correltion based UPQC

Tzblel. Performance of correlation-ANN based UPQC

Parameter Magnitude | Total Harmonic Distortion (%)
Load current 31.97 A 24.91
Source Current 3206 A 2.34
Source Voltage 2401V 0.74
PCC Voltage 2401V 1.06
V.CONCLUSION

UPQC mitigates the power quality issues
like harmonics, sag and swell etc. The THD
of load current that injected into the
distribution system is 24.91%. The
harmonics enter at load terminals due to
non-linear loads as harmonic currents, and

www.ijiemr.org

this harmonics has been suppressed to
2.34% at source end in currents and 0.74%
in voltage. At PCC it reduces to 1.06% with
correlation-back propagation control scheme
based Unified Power Quality Conditioner.
The UPQC DC capacitor bus voltage can be
controlled by wusing correlation control
scheme and load voltage can be stabilized
with  proposed correlation —  back
propagation controller. The correlation-back
propagation control method estimates
switching gate pulses for shunt and series
VSCs of UPQC.
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