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ABSTRACT

The paper presents transformer less cascaded h-bridge distribution static compensator for compensation
harmonic, when nonlinear loads connected to the three phase three wire distribution system. The cascaded h-
bridge inverter is directly connected to the system and it does not require bulky and expansive injection
transformer. The control method used here based on synchronous reference frame theory for generating the
compensating reference current. Level shifted carrier pulse width modulation technique is used for switching of
h-bridge. Furthermore this topology is compared with and without cascaded h-bridge inverter. The performance
of D-STATCOM with and without cascaded h-bridge is simulated using MATLAB/SIMULINK software.

Keywords— DSTATCOM,; Srftheory(Synchronous Reference Theory); Pl Controller; Cascaded H-
Bridge DSTATCOM; Nonlinear Load.

I INTRODUCTION

In most of the industries, the major power quality problems related to harmonics are occurs due to increasing
use of nonlinear loads such as power electronic devices, adjustable speed drives, fluorescent lamps, arc furnaces
and more[1-2]. The harmonic related power quality problems are compensated using one of the best fact devices
such as distribution static compensator (DSTATCOM) [3]. The D-STATCOM is connected in shunt with
system and injecting compensating current into the system for compensation of harmonic, reactive power, load
balancing and improving the power factor [4-7]. The power rating of the D-STATCOM is increase as the
voltage rating of the switching devices is increase. The high voltage switching devices become more costly and
they cannot operate with high switching frequency. To overcome this problem multilevel inverter is introduced
in STATCOM applications. The conventional D-STATCOM is suitable for low and medium power
applications. The cascaded h-bridge D-STATCOM is suitable for high voltage and high power applications. The
cascaded h-bridge multilevel inverter first introduced in motor drive applications later is has used for harmonic
and reactive power compensation in distribution system. The cascaded h-bridge is the one of the best multi level
inverter in multi level inverter topology [8-9]. In multilevel inverter number levels is increase depending upon
requirement. It has several advantages over the conventional two-level inverters as they result in reduction of (i)
harmonic content of output voltage, (ii) voltage stresses across the semiconductor switching devices, and (iii)

switching power loss due to low switching frequency. It also provides lower costs, higher performance, less
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electromagnetic interference (EMI), and higher efficiency than two-level VSIs power line conditioning
applications, both series and shunt compensation [10-12]. The cascaded HB inverter has inherent self-balancing
characteristics. The accurate design of D-STATCOM depends on control method. Here synchronous reference
control theory with PI controller method is used for extracting the reference current [13-18]. The PI controller is
used to balancing the dc-link voltage. The PI controller values are set by using Ziegler-Nichols method. The
objective of the paper

» Extracting the reference currents required to mitigate the current harmonic produced by the nonlinear load
using synchronous reference frame theory

» Comparing the results without and with cascaded h-bridge distribution static compensator

» Regulating the dc-link voltage with PI controller

> Load balancing

» Harmonic current compensation

In this paper a 5 level cascaded H-bridge D-STATCOM is presented for compensation of harmonic and reactive
power in three phase three wire distribution system. Here with and without h-bridge the output voltage and total
harmonic distraction also compared. The paper is organised as, Section-1l1 system configuration, Section-I1II

cascaded h-bridge inverter, section IV control strategy section V results & Discussion finally conclusion.

I1SYSTEM CONFIGURTION

In Fig-1 shows the Schematic diagram of proposed cascaded H-bridge DSTATCOM connected to the three

phase distribution system.

The proposed system configuration as shown in fig-1.the input source voltage of 11Kv is stepped down to 400v
by using three phase stepped transformer of 11kv/ 400v for meeting industrial non linear load demand. When
nonlinear load is connected to distribution system causes harmonics in source current as well as harmonic
introduced at the PCC. It will causes reaming load connected at the PCC is affected. For compensation of
harmonic and supplying of required reactive power is obtained by connecting the distribution static compensator
at PCC. For reducing harmonic and increasing output voltage the 5 level cascaded h-bridge inverter is used. For

non linear load three full bridge rectifiers is used
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Fig-1. Schematic diagram of proposed cascaded H-bridge DSTATCOM in three phase three

wire distribution system.
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111 FIVE LEVEL CASCADED H-BRIDGE INVERTER

In Fig-2 shows the 5 level cascaded H-bridge inverter .it consist of series combination of two single phase full
bridge inverters per phase. Each full bridge inverter has separate DC source. In DSTATCOM the DC source is
replaced by dc-link capacitor with suitable voltage rating. Each h-bridge consists of four switches S1, S2, S3
and S4. Each h-bridge inverter produces three levels of output voltages +Vdc,0,-Vdc.when the switches S1 and
S2 is turned on than the output voltage is +Vdc. when the switches S3 & S4 is turned on than output voltage is —
Vdc. By Turing on all switches S1, S2, S3 and S4 the output voltage is 0.the final resultant three phase ac output

voltage is obtain by combined of all individual h-bridge inverter output voltages.
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Fig-2. Five level cascaded H-bridge inverter for the proposed system

The switching signals to cascaded h-bridge inverter is obtained using level shifted phase disposition PWM
method as shown in Fig-3. The switching signals to the S1 & S2 is obtained comparing the modulated sinusoidal

signals with triangular carrier wave. The switching signals to S3 & S4 is obtained by comparing the modulated

inverse sinusoidal signal with triangular carrier wave signal.
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Fig-3. Five level output voltage using Phase disposition Modulation Scheme
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IV CONTROL STRATEGY OF PROPOSED SYSTEM

Fig-4. Shows the control strategy of the proposed system.
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Fig-4. Block diagram of the proposed control scheme for the cascaded H-bridge DSTATCOM
Fig-3 shows the basic control diagram of the synchronous reference frame method (SRF).

In The SRF theorem is also known as ig-i; Method. In which a set of voltages and currents can be transformed
into a-p frame by using following Eq-(9, 10)

0 1/42 /42 142 | (v
Fm] =J§{ 1 1/2  —1/2 vbI ©9)
Ve 0 V3/2 —3/2]\%

i 142 1NZ 142 (.
{“‘]:‘E 1 —1/2 —-1/2 {a‘bl (10)
7 0 +3/2 —3/2]

The currents in d-q reference frame can be determined by using angle 6 with respect to the a-p frame, and the

angle is obtained by using a PLL. The transformation from a-f-0 frame to d-q -0 using following Eqg-(11).

l‘u 1 U D E:E
{id} 0 cosf sind|yis 11)
igl L0 —sin@ cos@lli;

Each current component has average valve or dc component and oscillating valve or ac component.
id= iddc+idac (12)
ig=igdc+igac (13)

For reactive power compensation, source must deliver the mean value of the direct axis component of the load
current along with the active power component of current form maintaining the dc bus and meeting losses (ijoss)
in DSTATCOM. The output of PI controller at the DC bus voltage of DSTATCOM is considered as the current
(ij0ss) fOr meeting its losses.
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The reference source current is therefore as,
|d*:iddc+i|055 (14)

Along with direct axis component current, source also delivering quadratuer component current (iqqc). It obtained
from the PI controller (i) used for regulating the voltage at PCC [11].

The reference supply quadratuer axis source current is therefore as
lq =igdC+ig (15)

The reference current signals 1y, I, are transformed in to a-B-0 frame obtained by using following
transformation Equation.

i*5) 1 0 0 0
i*, =|0 cos@ —sin@|{i’a (16)
i*;p) L0 sing cosd 1(i%

The reference current in a-b-c frame obtained reverse transformation of the above current vector

i 0 1 0 i*s0
isrz = E 0 _1/‘2 \"15412 E'-ecs'rzl (17)
ig) Vo 172 —\3/2 i*s.gj

The obtained reference current in a-b-c frame is compared with triangular reference carrier wave signals using
phase disposition PWM control method. The obtained compared switching pulses are applied to cascaded H-
bridge D-STATCOM.

V RESULTS AND DISCUSSION

The performance of cascaded H-bridge D-STATCOM for voltage regulation, load voltage balancing and for
harmonic reduction is modelled and simulated in MATLAB/SIMULINK software. With increasing number
levels in multilevel inverter it produces better quality of output voltage and reduces the total harmonic distortion
compare to conventional two level inverter. The model is analysed under nonlinear load conditions. The voltage
and current valves are taken in P.U. The simulation run time is 0.3sec. The simulated system model is shown in

Fig-1.the simulation is carried out using three cases

Case-A. Nonlinear load without D-STATCOM.

Case-B. Non linear load with D-STATCOM.

Case-C. Non linear load with cascaded H-bridge D- STATCOM.
Case-A: Nonlinear load without D-STATCOM

The When nonlinear load connected the distribution system at bus-3 as shown in fig-1.the nonlinear load causes
harmonic in the load voltage ,current wave form and disturbances at the PCC (BUS -2) .it will cause loads
connected at the PCC also effected is as shown in fig-5. In fig-5(a)&5(b). Shows that distorted voltage and
current waveform at the PCC. Fig -5(c). Shows that distorted current wave form. Fig-5(c) & 5(d). Shows that

distorted load voltage and current waveform, when nonlinear load is connected with addition of D-STATCOM.
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Fig-5 (a).Shows that distorted voltage wave form at the PCC, fig5-(b). Shows the distorted current wave
form current waveform at the PCC. Fig -5(c). Shows that distorted load voltage wave form 5(d). Shows
that distorted load current waveform, without D-Statcom.

Case-B: Non linear load with D-STATCOM.

When D-STATCOM is connected at the PCC, the voltage and current wave form at the PCC is compensated.

The compensated voltage and current wave form at the PCC as shown in fig-6(a) & (b). The load voltage also

compensated. The compensated load voltage as shown in fig-6 (c). But the load current is maintain as same as

shown in fig-6(d). The regulated DC-link capacitor voltage as shown in fig-6(e).
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Fig-6(a). Shows that compensated voltage wave form at the PCC, fig6-(b). Shows the compensated

current wave form at the PCC. Fig -6(c). Shows that compensated load voltage wave form, Fig-6(d). load

current waveform, Fig -6(e).DC-link capacitor voltage waveform ,when D-Statcom is connected.

Case-C: Non linear load with cascaded H-bridge D-

STATCOM.

The When cascaded H- bridge D-STATCOM is connected to the system at the PCC, the voltage and current at

the PCC is compensated. The compensated voltage and current wave form at the PCC as shown in Fig-7(a) &

(b). The load voltage is also compensated the compensated load voltage as shown in Fig-7 (c). But the load

current is maintain as same as shown in Fig-7(d). The regulated DC-link capacitor voltage as shown in Fig-7(e).
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Fig-7(a). Shows that compensated voltage wave form at the PCC, fig7-(b). Shows the compensated

current wave form at the PCC. Fig -7(c). Shows that compensated load voltage wave form, Fig-7(d). Load

current waveform, Fig -7(e).DC-link capacitor voltage waveform, when cascaded h-bridge D-Statcom is

connected at the PCC.

Case-D: THD (Total harmonic distortion) Analysis’

When non linear load connected to the distribution the total harmonic distortions is observed 26.30%. As shown

in Fig-8(a).when a D-STATCOM is connected to the system at the PCC the Total harmonic distortion is reduced

to 4.09% as shown in Fig-8(b).The proposed cascaded D-STATCOM is connected to the system the Total

harmonic distraction is reduced to 1.36% is observed in fig 8(c).
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Fundamental (S0Hz) = 0.9037 , THD= 26.30%
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Fig-8(a). Total harmonic distortion analysis, without D-STATCOM

Fundamental (S0Hz) = 0.9283 , THD= 4.09%
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Fig-8(b). Total harmonic distortion analysis, with DSTATCOM
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Fig-8(c). Total harmonic distortion analysis, with cascaded H-bridge D- STATCOM.

VI CONCLUSIONS

This The performance of cascaded 5-level H-bridge D-STATCOM has been demonstrated for harmonic
mitigation in three phase three wire 11Kv distribution system is simulated using MATLAB/SIMULINK

software. The following observation are made based on above simulation results

» The dc-link voltage requirement is very low in cascaded h-bridge compared to conventional method of D-
STATCOM

» The Filter requirement at the output of the inverter is eliminated
» Effectively maintain the load voltage profile

» The harmonic distortion is of the proposed 5-level H-bridge D-STATCOM very low in compared to
conventional method of D-STATCOM operating with same switching frequency.
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The Cascaded 5-level H-bridge D-STATCOM well suitable for harmonic mitigation and reactive power

compensation during balanced nonlinear load condition.
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