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Abstract: This paper present the SMC (Sliding Mode Control) With Proportional-Integral (PI) controller which is
used for DSTATCOM for improving current induced power quality issues. The advantages of using SMC for
regulating the DC link voltage of DSTATCOM are reduction in number of sensors for estimating reference
currents and the stability of DC link voltage during transient condition. The use of PI controller for terminal
voltage gives the error free voltage regulation in steady state conditions. The voltage regulation feature of
DSTATCOM offers various advantages such as single point voltage operations with the reactive power
compensation, harmonic currents mitigation, and stable DC link voltage. The SMC algorithm is successfully
implemented on a DSTATCOM employed with three phase loads. The performance of the proposed control
algorithm is found satisfactory for voltage regulation and mitigation of power quality problems like reactive power
compensation, harmonics elimination under nonlinear/linear loads. These schemes are simulated under MATLAB
using SIMULINK and Sim Power System (SPS) toolboxes. Simulation and experimental results demonstrate the
performance of these schemes for the control of DSTATCOM.
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I. INTRODUCTION

In this paper SMC with PI control algorithm is used for control of the dynamic operation of the DSTATCOM which
improves the power quality [1]. The control algorithms for the operation of DSTATCOM such as synchronous reference
frame theory, instantaneous reactive power theory, Icos @ algorithm, Adeline algorithm and notch filter based algorithm
use sensed load currents for estimating the supply currents [2-4].The main advantage of using SMC is that the reference
supply currents are estimated from the DC link voltage of VVoltage Source Converter (VSC) which gives the robust control
during transient conditions [5]. The DC link voltage of VSC used as DSTATCOM is regulated by SMC which suppresses
undershoots and overshoots in DC link voltage [1]. Power transmission due to reactive power unbalances, the problems
like voltage deviation during load changes and power transfer limitation were observed. AC loads are most of consuming
reactive power due reactance [6]. Along with this problem, the use of non-linear loads like compact fluorescent lamps,
television, computers, and battery chargers injects harmonics into the system [7] affects other connected loads.

II. CONFIGURATION OF DSTATCOM

The Distributed Static Compensator (DSTATCOM) is used in distribution system for reactive power compensation and
reduce harmonics. Figure 1 shows the schematic diagram of VSC based DSTATCOM in distributed generating system.
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Figure 1: Schematic diagram of VSC based DSTATCOM

DSTATCOM is connected parallel with the load and an AC mains at the point of common coupling (PCC) for improving
power quality [1]. The gate pulses for VSC of DSTATCOM

Generated by hysteresis controller. The control algorithm gives the reference current. For improving power quality the DC
link voltage and its capacitor of DSTATCOM are selected depending on PCC voltage and rating of the load. The DC link
voltage is estimated as

Vdc — (2\;2(1&.([3}3] (1)
Mg

Where, VL is the line voltage at PCC, ma is the modulation index and its maximum value is 1.

To mitigate the ripples in the compensating currents the interfacing inductors are used. The value of inductor can be
calculated as

o (Vg.fz)ma Vac

I~ 6af.l
@fslerp @

Where, v is the DC bus voltage, m, is the modulation index, f, is the switching frequency, Iy, is the ripple current
through inductor, a = overloading factor.

Due to switching of insulated gate bipolar transistors (IGBT) of VAC a ripple filter is made with resistors and capacitors
for filtering the switching noise at PCC.
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I11. CONTROL ALGORITHM

SMC with PI controller-based algorithm used for control of three phase VSC-based DSTATCOM Shown in Figure 2.

The advantages of SMC with PI controller are as follows:

1. The load current sensors can be eliminated with the use of SMC in the control of DC link voltage which make the

DSTATCOM cost effective.

2. SMC gives the robust control during transient conditions and the fast dynamic response in terms of overshoot and

undershoot of DC-link voltage of VSC during load variation/transient condition.

3. The use of PI controller in terminal voltage regulation gives the zero-voltage regulation during steady-state condition.

The disadvantage of SMC is steady state error. SMC tracks the reference very robustly but with a small steady-state error.

For meeting the load active power and losses in the DSTATCOM SMC gives in-phase component current. Pl controller
gives the quadrature component current for regulating the terminal voltage. The SMC control algorithm [8-13] detects the
deviation from the reference trajectory and promptly changes the switching control strategy to follow the reference

trajectory.
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Figure 2: Control Algorithm of DSTATCOM using SMC with PI controller
The in-phase components of unit vectors are estimated from the PCC voltages (v, Vp Vc) [1].

The instantaneous amplitude of PCC is estimated as

Viey2(w2, +v2, +123)/3

©)
The in-phase components of unit templates are
_ Vg _ Up _ Ve
Ugzap = Ft; Ushp = Ft; Ugep = Ft; @
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The quadrature components of unit templates are

. (_ushp + uscp)

u —

sagq ‘\IS (5)
_ (Usap \"'§+usbp —Usep)

ushq - 2 (6)

(_J':*L.l;cm'\-'f§ + Uspp — uscp)
Useq — 2

(7

The amplitudes of in-phase references currents are estimated from DC link voltage. The sensed DC voltage (vq) is filtered
using a low pass filter and compared with the reference voltage (v'qc) to generate the error signal, x, as

X1 =V gc — Vyac

@®)
Derivative of equation
1

Xp = X1 = ?{xl - x{n—l}}
9)

Where Xy, X are the state variables, X1 is the previous sample value, and T is the sampling time.

The switching parameters r and s are selected according to the slope of the DC link voltage error.

r=+1if yx; >0, r=—-1 if yx; <0

s=+1if yx; =0, s= —1if yx; <0 (10)

Where y is the switching hyper plane function.

v = axq + bx; 11)

The amplitudes of reference active source currents are found as

I*dcref = CxX4F + deS (12)

Where a, b, ¢, d are the constants of the SMC.

The estimated amplitude of the reference source current is multiplied with the in-phase unit templates to generate the
active power component of reference source currents as

i*sap = Igdc:refusap, (13)
i$sbp = I$dcrefusbp, (14)
i$scp = ‘I*dcrefuscp (15)

The amplitude of quadrature component (I ) is computed using PI controller, taking the Difference of reference AC
voltage (V") and the calculated amplitude of PCC voltage (V) as

Vace = V$t — Vi (16)

The output of PI controller for maintaining terminal voltage at reference value is given as
I*acref(k) = I*acref(k'l) + Kpa{vace(k) + Vace(k'l)} + KiaVace(k)
17)
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Where, K., K, are the Pl gains of the Pl controller, respectively.
Vace(K) and v,(k-1) are the voltage errors at the kth and (k — 1)th instants, respectively.

The output of PI controller (1",crer) is multiplied with the quadrature unit templates to Generate the reference quadrature
source currents for regulating terminal voltage.

i$saq = ‘I*acrefusaq, (18)
igsbq = I*acrefusbq’ (19)
i*scq = Igac:refuscq (20)

The total reference source currents can be calculated by adding both quadrature reference Currents (i*saq, i*sbq, i*scq) and
the in-phase reference currents (i"spa, 1 sps | spc)

i$5a = L$sap + i$saq’ (21)
i$sb = i$sbp + i*sbq, 22)
i*sc - igscp + i*scq, (23)

The source currents (is, isp, isc) are compared with these estimated reference source currents (i"sa 'sby | sc) and the current
error signals are given to the hysteresis current controller and the gating pulses are generated for the three legs of VSC
used as DSTATCOM.

V. SIMULATION RESULTS AND DISCUSSION

The section discusses the performance of three-phase SMC based control algorithm for three-phase DSTATCOM is
simulated using MATLAB SIMULINK and Sim Power System (SPS) toolboxes at distribution level linear and nonlinear
loads. The performance of control algorithm is observed for time varying linear and nonlinear loads.

A. Performance of the system without DSTATCOM

A diode based rectifier as a nonlinear load is connected to the supply system. The waveform of phase ‘a,b,c’ voltage at
PCC (Vsa), source current (Isa) and load current (lla) are shown in figure 3 and 4. Total harmonic distortion (THD) of
source current is found 17.04%. The waveforms distortion shows that nonlinearity of load can affect the PCC voltage and
source current.
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Figure 3: Waveform of PCC voltage without DSTATCOM
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Figure 4: Waveform of (a) Source current of phase ‘a’ (b) Load current of phase ‘a’
B. Performance of the system with DSTATCOM

A diode based rectifier as a nonlinear load is connected to the supply system. The waveform of phase ‘a’ voltage at PCC
(Vsa), source current (Isa), load current (lla) and compensating current (Ica), are shown in figure 5. Total harmonic
distortion (THD) of phase ‘a’ at source current is found 4.92%. It shows the functions of DSTATCOM and its control
algorithm for load balancing, harmonic compensation and reactive power compensation.
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Figure 5: Waveform of (a) PCC voltage with DSTATCOM (b) Source current with DSTATCOM
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Figure 6: Waveform of (a) Compensating current of phase ‘a’ (b) Load current of phase ‘a’
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Figure 7: Waveforms of (a) compensating current of phase 'a’ (b) load current of phase 'a’
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In figure 7 (a) shows the compensating current which can generate by the DSTATCOM this compensating current add
with load current and make source current sinusoidal shown in figure 8.

Figure 9 shows the Inverter capacitor voltage, the inverter capacitor voltage is maintained the constant dc 387 voltage
because of steady state error. It shows the satisfactory performance of the DSTATCOM and SMC control algorithm.
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Figure 9: Capacitor voltage

V. T.H.D ANALYSIS
In Figure 10 we shown that Total Harmonic Distortion (THD) of Source current without DSTATCOM is found 17.04 %.
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Figure 10: T.H.D without DSTATCOM

Total harmonic distortion (THD) of source current is found 4.92% Shown in figure 11. It shows the functions of
DSTATCOM and its control algorithm for harmonic compensation and reactive power compensation.
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Figure 11: T.H.D with DSTATCOM
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VI. CONCLUSION

A DSTATCOM has been implemented with the SMC with PI control algorithm for mitigating the power quality problems
and it has enhanced the active power capability. The SMC has been verified for the dynamics in the DC-link voltage and
found robust and acceptably fast to avoid large variations in DC-link voltage. Moreover, from the experimental results it
has been inferred that the sliding mode control with PI controller algorithm has been found capable of meeting various
functionalities of DSTATCOM such as source currents balancing, harmonics mitigation, and reactive power
compensation.
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