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Abstract: This paper presents a comparative analysis
of a conventional and cross phase unified power-
quality conditioning system (UPQC) system and this
system is able to handle power quality issues by
compensating current and voltage simultaneously.
Here we are using Conventional UPQC arrangement
which contains two VSC, in this arrangement one of
the voltage-source converters (VSC) is connected in
parallel to the line and called shunt VSC, similarly
another voltage-source converter is connected in series
formation with the line called series VSC. Another
method is the cross phase UPQC that consist, the three
modules on a three phase system A, B, and C and they
are connected in cross phase formation at the load side
and connected to the terminals of the load side UPQC.
The entire three phase module contains a series and.a
shunt half-bridge VSC’s which serves sharing of(twe
split-capacitors. Both the give techniques are, Very
useful for the analysis of Power Qualityhfor their
enhancement, in this method all converters we uSe they
are allied back to back to the dc side and shares a
common dc-link capacitor.

Keywords- Power Quality, UPQC, CUPS, Harmonics,
Load Balancing, Power Factor Correction, voltage
harmonic mitigation, current harmonic mitigation,
voltage sag, swells, voltage dips.

I.  INTRODUCTION

In present scenario , greater demand have been placed
on transmission system and the use of electricity can
become double in next seven years, these demand
continued and goes on increasing due to higher
requirement So the problem of power quality plays a
vital role. The problem is created

Becausethere are many types of nonutility generators
and more compensating utilities themselves. Therefore
it is not simple to find out the new solution.

Another problem in power system is occurs due to the
increase in demands of electric transmission system,
lack of long term planning of loads, voltage stability,
maintenance, security, problems related to new power
generation companies and expansion of present
companies due to the different types of government
norms so the government should allow open access to
them. So due to this type of many problems results
reduced in power quality and, lack of security and
maintenances.

So, how_days the interconnected power system is used
t@ fulfillthe demand and provide quality power to the
users. Because this system provides the improved
reliability and coast reduction. The interconnected
power system also have many advantages like power
transmission at less coast, always availability of power,
less pollution because of not much requirement if fuel
due to interconnected system, which is also helpful in
the price of electricity.

But after having so many advantages of interconnected
Power system there are some major problems
associated with them are like different types of power
quality issue as they are, transients (impulsive
transient, oscillatory transient), Long duration voltage
variation ( Over voltage, Under voltages, Sustained
interruptions), Short duration voltage variation (
Interruption, Sag, Swells), Voltage imbalance,
Waveform distortion, voltage fluctuations, Power
frequency variation, Harmonics (Impact on capacitor,
Impact on transformer, Impact on motor), Wiring and
Grounding. After considering several Problems related
to power system there are many devices use to correct
the above issues and give the Quality Power to the
consumers. Economical and efficient ways of bilk
electrical transmission can be possible. The
conversation is even possible at such high voltages and
powers using VSC'’s.

In older days manly filters are used to rectify the
various power quality issues and the mainly active and
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passive filters are used. Now a updated Active power
filter(APF) is used based on new technology known as
advanced hybrid filter. To reduce voltage related
problems a Series Active Power Filter (SAPF) are used
and for removing current related problems a Parallel
Active Power Filter (PAPF) are used.

UPQC is the best and advance custom power device
which servesthe shunt and series active power filters
combinationvia common DC link capacitor [2, 3].For
removing current related problems a Parallel Active
Power Filterand for the power factor issuesis
controlled a regulating DC link voltage. APF is
connected in series for maintain voltage source linear
[4] and remove voltage related problems such as sag
and swell, flickering, harmonics etc. Therefore due to
the combination of both series and shunt system UPQC
is more effective and best device to enhance power
quality.

1. METHODOLOGY

2.1 Control Strategy for Conventional UPQC:

Figure 1: Equivalent Circuit Diagram of UPQC

Where, per phase voltage given as

Usqg = U1 pa (t) + VU1 na + Z?:Z Vak (t) (1)
Vs = Vip sin(wt + 01p) + Vi, sin(wt + 64,) +
Z?:Z Vak (kwt + Bka) (2)

Where, last term contains a harmonic.ThereforeLoad
voltage to be balanced and sinusoidal, the series filter
produce voltage:

Vea = (V - VlP) Sin(wt + le) — Vian (t) -
Yi=2Vka (1) .. (3)

APF is connected in series and designed to operate as
controlled voltage source whose output can be
controlled automatically so,

current of shunt active filter for per phase load is:

Iy = Iy sin((ut + le) cos((plp) + Iy +

cos(wt + Blp) sin(Glp) + Y=o Lk .. (®

Where,¢;,, = initial phase of currentand @1,=¢1,=01,
When the output current of shunt-APF is equal to the
load current:

I = Ly cos(wt + 6y,)sin(6y,) + Ly + Xy Lk
.. (5)

The current from the source terminal be:

lg = lg = leq = Iy sin(wt + Hlp) cos(qolp)... (6)

This is harmonic free sinusoidal current in phase with
voltage.

In the presented block diagram control function of unit
vector extractionthe control technique use PLL unit
vector for reference signal extraction from input
supply. The UPQC which is able to separates the
positive sequence after that it controls both the shunt

filter and series active filter and produce an output as
givensin equation shunt and series active filter

whose, eutput in equation (3) and (5) is shown in
Figure,2.

Vi =0 K s PLI sincos >

Figure 2: The block diagram of unit vector extraction

The voltage given to the UPQC is known as a source
voltage which contains some natural and harmonic
matter for the measurement of unit vector, source
voltage is multiplied by gain (=1/vy,, where v, = peak
amplitude of source voltage. In the block diagram the
unit vector reference signal is given to shunt APF.
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Figure 3: Control block diagram of shunt filter controller

During the abnormal condition, the shunt VSC is used
to eliminate load current component, unbalance, and
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harmonics by compensation using capacitor and it is
also used to regulate DC link voltage as discussed
already above. But in normal condition, compensation is
not done in this case the DC-link voltage is constant and
maintains supply current and sinusoidal but only in the
positive phase sequence. As shown in Figure 5.6. The
shunt VSCs is uses cross-phase connection which is
connected at the terminals of the load. As shown in
Figure 7.9. By applying the power balance relationship
theory, at terminals the supply current references at
phase A, B, and C, is denoted asis,, i5, and
is.respectively, that can be derived by applying the
theory of instantaneous active power and reactive power

2.2 Control Strategy for Cross-Phase Connected
UPQC:

The In cross-phase UPQC the model contains a two
VSC’s which are connected in series and shunt
formation to the main line. For the controlling and
enhancing of the power quality the state space average
output voltage of the series and parallel VSC modules
at phase A by is given by v, and vy, respectively.
Applying Kirchhoff’s voltage and current laws, the
behavior of the series and parallel VSCs can be
depicted by the differential state-space average output
voltage of the series and parallel VSC modules at
phase A by v, and vy, respectively. Applying
Kirchhoff’s voltage and current laws, the behayiour<ef
the series and parallel VSCs can be depictedybyathe
differential (16) and (17), respectively.

e I O e
(6)

Where,C;, L; = filter capacitor and inductor,vey =
voltage across Ciiy = current through L;,R; =
equivalent resistance to account for the losses in the
series VSC.. The above equations are very useful to
know a design of the UPQC control systems. The
expressions which are similar and can be readily
obtained for the phases B and C.

digz __ Ra. 1

=——"i,,+—
dt Ly, a2 T,

Vaz = 1 (W1 = V10) - (1)

The main function of the series VSC to maintain a
constant voltage it can be done by injecting a set of 3-®
voltages, denoted by Ve, Vep: and veer, the aim is to
enhance systems voltages and reached out to a pre-set
magnitude and phase, during the occurrence of the
voltage imbalance and/or sag/swell from supply. The
supply voltages are given as Vs, Vg, and Vs, contain

positive and negative phase sequence components.

Vsa
Usp

US (4

cos(wt + 6,,)
= Vs cos(wt — 2m/3 + Hp)
cos(a)t +2m/3 + Hp)

cos(wt + 6,))
+ Vs, |cos(wt + 2n/3 + 6,)
cos(wt —2m/3 + 6,)

. (8)

Where,Vs,/ Vg,= positive / negative phase sequence
peak line voltage of supply side 6,/ 6,= phase angle of
positive/negative phase sequence line voltage of
supply side, series VSC for phases A, B, and C,
denoted asv;,;, v,1 and v, respectively it is the load
terminal reference voltages, can be determined by
subtracting the supply voltages Vs,, Vsp and vs. from the
load terminal reference voltages as,

Vi v} cos(wt + 6,)
vyt | =|vi cos(wt — 2m/3 + Hp) - [Usbl... 9)
Ve B} cos(wt + 2m/3 +6,)

\Where,V;* = pre-set peak value of the load voltage.

The multi-loop controller for the series VSC model is
given for phase A. The input current is given by is,,
normally related to the source and load current and the
series VSC output voltage is given by v,; as shown in
equation. To get the capacitor voltage and inductor
current a feedback system is used as shown in a multi-
loop control scheme Figure 4 for the series VSC.
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Figure 4: Control block diagram for the series VSC in
the UPQC phase A module

The injected voltage vy is compared with its reference
v}, generated from equation (19). The error is fed into
a proportion differential (PD) regulator. Along with the
feed forward of the supply current is,, the output of the
PD regulator synthesises the virtual inductor current
reference to form the inner feedback loop.

The parallel VSCs are used to regulate the supply
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currents.
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Figure 5: Control block diagram for the parallel VSC of
UPQC module at phase A
Figure 5, shows control scheme of parallel VSCSimilar
to the controlling of the series VSC, The parallel VSC
is to maintain current quality achieved by using inner
loop control strategy follow by outer loop control.
Operation of the VSC module as follow:
Firstly is,compared with reference current obtained..
The reference current is denoted as iy , is regulated
by error and DC-link voltage which is multiplied by
gain current error K.
Then obtained result is fed to second stage as a
reference for the inductor current i,.This virtual
reference current, denoted as i,, it is an imaginary
quantity compared with the actual inductor
current. This will produce up the inner feedback loop.
Inner feedback loop is denoted by #7,, and the result
of inner feedbackloop is given to parallel VSC as the
output voltage reference.The closed-loop transfer
functions between the /7 and DC-link voltage
regulating current references 7~ ,, the gvoltage
disturbance vy ,-via, and current disturbange i pRip, tO
isp, respectively.
The supply current at phase B can be obtained through
the equation;
1'“% = 6'31'3 +6'4l'j[_a +€5(”M - V[d)‘l'

6‘6([ 0w 7 52) (10)
Where,
P KKK
ST LS+ (Ro+ KK gy + KKK pypy)
o= KKK pypy
YT LS+ (Ro+ KKy + K3 K mypy)
1-4 a
e N.7%

T LS+ (R + Kok g + Koll'ak mopy)

LoS + Ro+ KoK s — BKK puny
8T 1,5+ (Ry + K3k mypy + KKK mypy)

From the above equation response of the output supply
current isp to its reference value 7 7 is operated by the
time constant L,/ (R,+K;+K,K3) but the condition is
when Kpwy=1. So, the desired response of G; can be
getting by K; and K,. The feed forward loops of

o=1/Kpym and f =(L,5+R,)/KsKpym+1 are used to
eliminates the fluctuations in the voltage and current
on the supply current in (7.38). The system should be
maintain stable by proposed control scheme is shown
if (R2+ KsKpwmt KngKpWM) >0. The above equations
are very helpful because they provide a suitable
expression if the system is reached near these values
for enhancing power quality.
. SIMULINK MODELS

¢ SIMULINK Model of Conventional UPQC:

In UPQC it improves power quality SSSC is connected
in series to the line and regulates the voltage. For
enhancement of power quality STATCOM is connected
in parallel. The function of STATCOM is to regulate
the magnitude of bus voltage by absorbing and
generating power of the line.

- = I=T:em:
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Figure 6: MATLAB/ Simulink model of Conventional
UPQC

e SIMUINK Model of Conventional UPQC with
Fault:
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Figure 7: MATLAB/ Simulink model of Conventional
UPQC with LLLG Fault

. SIMULINK Model of Cross-Phase connected
UPQC:

© 2018, lJournals All Rights Reserved www.ijournals.in Page 45




tJournals: International Journal of Software & Hardware Research in Engineering

ISSN-2347-4890
Volume 6 Issue 6 June, 2018

!.f—:_-i‘f .-'——&-3“:—:(,_
(& e 5 o .
——— t T < > R I
| { 4 I |
A B
HERRENENE
- e -
=L

Figure 8: MATLAB/ Simulink model of Cross-Phase
Connected UPQC

e  Multi-Loop controller for series VSC:

Figure 9: Control block diagram for the seri S@
the UPQC phase A module o

e Multi-Loop controller for paralth:

Figure 10: Control block diagram for the parallel VSC
in the UPQC phase A module

e SIMULINK Model of Cross-Phase UPQC with
Fault
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Figure 11: MATLAB/ Simulink model of Cross-Phase
Connected UPQC with LLLG Fault.

IV SIMULATION RESULTS
e Simulation result without UPQC:

For Supply Voltage & Supply Current:

Figure 12: Simulated results without UPQC

For Load Voltage & Load Current:

Figure 13: Simulated results without UPQC

e Simulation result without UPQC with Fault:
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For Supply Voltage & Supply Current with Fault:

Figure 17: Simulated results of Conventional UPQC;

Figure 14: Simulated results without UPQC with e Simulation result of Conventional UPQC with
LLLG Fault Fault:
For Load Voltage & Load Current with Fault: For Supply Voltage & Supply Current with Fault:

Figure 18: Simulated results of Conventional UPQC
Figure 15: Simulated results without UP%Ith with LLLG Fault
LLLG Fault
e Simulation result of Conventional UPQC: For Load Voltage & Load Current with Fault:

For Supply Voltage & Supply Current:

Figure 19: Simulated results of Conventional UPQC

Figure 65: Simulated results of Conventional UPQC with LLLG Eault

e Simulation result of Cross-Phase UPQC:

For Load Voltage & Load Current: For Supply Voltage & Supply Current & Load
Voltage & Load Current:
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Under Without | Conventional | Cross-
normal UPQC UPQC phase
condition | (THD) (THD) connected
UPQC
(THD)
Supply 13.11% 30.54% 0.39%
voltage
Supply 14.45% 12.64% 0.37%
current
Figure 20: Simulated results of cross- phase connected Load 35.16% 15.13% 0.36%
UPQC voltage
Load 10.49% 12.56% 0.34%
e Simulation result of Cross-Phase UPQC with current

Fault:
THD under LLLG Fault condition:

For Supply Voltage & Supply Current & Load

Voltage & Load Current with Fault: Table 10.2: Comparison under LLLG Fault condition
Under Without | Conventional | Cross-
LLLG UPQC UPQC phase
fault (THD) (THD) connected
condition UPQC

(THD)
‘5@ 14.66% | 24.65% 0.02%
oy

VUMV VRVA MY VAU VAV I VR W 1664% | 11.65% 0.03%

ﬂ"ﬁ':h N,ﬁ,‘ AA Nﬁ,ﬁ'ﬂ.‘ﬂfﬁ Nﬁ'ﬁ'ﬁ‘yﬁ')ﬂﬁ'ﬂ AMAAN An‘.‘,’\'ﬁ N rrent

AV WA/ WA A VAV A Y A ARV W WV VY Load 28.14% 11.63% 1.99%

|

Figure 21: Simulated results of cross- phase n@ \S);de 0 5 3
UPQC with LLLG Fault ° X current 16.68% | 12.16% 4.87%
V. CONCLUSION
The table includes analysis of THD without UPQC, From above comparison the THD is easily step down
with Conventional UPQC & Cross-phase Connected by use of cross-phase connected UPQC. Therefore, it
UPQC in normal & faulty condition. The values of is one of the best schemes for enhancing power quality
THD are giving to make comparison that which at the load terminals.
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