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Abstract: - The shunt active filter has proved to be a useful device to harmonic currents and to compensate reactive power
for linear/nonlinear loads. This paper presents a ssimulation of Sliding mode control of three-phase shunt active power
filter to improve the power quality using Matlab Power system blockset. After compensation, the source current is
sinusoidal under ideal and non-ideal mains voltage conditions. A three-phase six-pulse converter with R-L load is
considered as the non-linear load. The PWM pattern generation is based on carrier-less hysteresis based current control to
obtain the switching signals. The MatLab/ssmulink simulation results are presented under transient and steady state

conditions.
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1 Introduction

Active compensation of harmonics, reactive
power and unbalance is required for improving power
quality, control and protection. An integral part of an
active compensation device is the detection unit, which
generates the reference signals. Various methods such as
Instantaneous Active and Reactive power p-g method,
Instantaneous Power Baance method, Instantaneous
Active and Reactive current component id-iq method,
and Fourier series method have been presented in the
literature for this purpose.

Figure 1 shows the SAPF, which is controlled to
supply a compensating current i; at the point of common
coupling (PCC) and cancels current harmonics on the
supply side. Now, the source current is will be sinusoidal
and in-phase with the supply voltage V.. The
performance of SAPF depends on the method of
extraction of the reference compensating current. This
reference current and the actual SAPF current is given to
a hysteresis based, carrier-less PWM current controller to
generate the switching signals of the inverter.

Akagi et a., [1] proposed an innovative approach
based on the instantaneous reactive power theory to
compute active filter reference compensating current.
This approach inspired the development of many other p-
g theory based methods for active filters.

In the conventional methods, the performance of the
SAPF degrades when the supply voltage is distorted and

unbalanced. In this paper, dliding mode controller is
presented and the source current is maintained sinusoidal
even when the supply voltage is distorted and
unbalanced. The dc side capacitor voltage of the PWM
inverter is regulated and peak value of the reference
source current is obtained. The reference source current
is obtained by multiplying this peak value with the unit
sine vectors that are in-phase with the supply voltage.
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Fig. 1 Basic compensation principle of SAPF
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2 DC link voltage regulation method

In this method, peak value of the reference source
current is obtained by regulating the dc side capacitor voltage
of the PWM inverter. This capacitor voltage is compared with
areference value and the error is processed in a Pl controller.

The instantaneous currents can be written as

is(t) =iL(t) —ic(t) @D
Source voltageisgiven by vg(t) = Vi, sin(wt)

If non-linear load is applied, then the load current will
have fundamental, reactive and harmonic components, which
can be represented as

i) =D 1, sn(nut+ @) )

n=1

= lsin(at + @) + Y1, sn(nat + @)
n=2

The instantaneous currents can be given as
pL(t) = vy(t) . ic(t)
= Vi Iy cos(@y).sin“(at) +
Vm ILiSin(@y).sin(wx).cos(wt) +

Vi sin(at). i I, sin(nat + @)

n=2
= pr(t) +pr (1) +pn(t) (©)
From (4.3), real power drawn by the load
Pt (t) = Vin L1 cOS(@) . Sin*(at) = V() - s (1) (4)

From (4.4), source supplied by the source after
compensation
is(t) = pr () Vs(t) = L1 cos(@y) . Sin(aX) = lgm SIN(0X)
where, lg, =11 cos(¢y) (5)

Also, there are some switching losses in the PWM
inverter. Hence, the utility has to supply for the capacitor
leakage and inverter switching losses in addition to the real
power of the load. Hence, total peak current supplied by the
source is expressed as

lp=lsn+ ls (6)

If active filter provide the total reactive and harmonic
power, then is (t) will be in phase with the utility voltage and
pure sinusoidal. The active filter provides the following
compensation current

ic(t) =ic(t) - it) ()

The peak value of the reference current Ig, can be
estimated by controlling the dc side capacitor voltage. The
desired source currents after compensation can be given as

It =l Sinux
it =g sin(at - 120)
i* = Ig sin(wt + 120) (8)

where |g, is the amplitude of the desired source current, while
the phase angle can be obtained from the source voltages.
Hence, the waveform and phases of the source currents are

known, only the magnitude of the source currents need to be
determined.

This peak value of the reference current has been
estimated by regulating the dc side capacitor voltage of the
PWM inverter. This capacitor voltage is compared with a
reference value and the error is processed in a sliding mode
controller. The output of the sliding mode controller is
considered as the amplitude of the desired source current. The
reference source current is obtained by multiplying this peak
value with the unit sine vectors.

3 Roleof dc side capacitor

DC side capacitor serves two main purposes (i) it
maintains a dc voltage with small ripple in steady state, and (ii)
serves as an energy storage element to supply real power
difference between load and source during transient period. In
steady state, the real power supplied by the source should be
equal to the real power demand of the load plus a small power
to compensate the losses in the active filter. Thus, the dc
capacitor voltage can be maintained at a reference value.

However, when the load condition changes the real
power balance between the mains and the load will be
disturbed. This real power difference is to be compensated by
the dc capacitor. This changes the dc capacitor voltage away
from the reference voltage. In order to keep the satisfactory
operation of the active filter, the peak value of the reference
current must be adjusted to proportionally change the real
power drawn from the source. This rea power
charged/discharged by the capacitor compensates the real
power consumed by the load. If the dc capacitor voltage is
recovered and attains the reference voltage, the real power
supplied by the source is supposed to be equa to that
consumed by the load again.

Thus, in this fashion the peak value of the reference
source current can be obtained by regulating the average
voltage of the dc capacitor. A smaller dc capacitor voltage than
the reference voltage means that the real power supplied by the
source is not enough to supply load demand. Therefore, the
source current (i.e. the real power drawn from the source)
needs to be increased. While a larger dc capacitor voltage than
the reference voltage tries to decrease the reference source
current. This change in capacitor voltage can be verified from
the simulation results shown in Figure 4.

4 Design of diding mode controller

The amplitude of reference source current is
computed using sliding mode controller over the average
dc bus voltage (V) and its reference value (V). The dc
bus voltage error ve at nthinstant is:

Ve(n) =Vig (n) - Vdc(n) =X (9)
and its derivative is defined as:
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X2 =X1= (Ve(N) - ve(n -1))/T (10)
where T isthe sampling interval and x; and x, are the
state variables.

In sliding mode controller, the values of
switching functions y; and y, are defined as:

Y1 :+1ifZX1>O

=-1if zx;<0
yo +1lif zx, >0
=-1if zx,<0 (12)
where z is switching hyper plane function,
Z=C X1t G X (12)

The output of the SMC (u) is taken as the
amplitude of supply current (I,,). Therefore in this
investigation, the amplitude of reference supply current is
given as below:

U=C3X1Y1TCsX2Y2 (13)
where ¢, C,, C3 q C4 @€ gain constants of the sliding mode
controller. These gain constants have reasonable bearings
on the dynamic response of the system. The control
schemeis shownin Fig. 2.

5 Simulation results

Various simulations are carried out to study the
performance of the active filter during both steady state
and transient conditions. The parameters selected for
simulation studies are: Vs =230V, Rs=05Q, L= 10
pH, Lc=3mH, Cee =2 mF, ¢; =25, ¢,=25, c;= 4 and
C; = 4. A three-phase six-pulse converter with R-L load
is considered as the non-linear |oad.

Simulation results are shown in Figures 3 — 7.
Figure 4 shows the switch-in response of the active filter.
Source voltage (vs), load current (i ), source current
(i), active filer current (iy) and dc capacitor voltage are
shown. Filter is switched on at 20 ms. The instant, filter
is switched on, source current becomes sinusoidal from
the stepped wave shape and capacitor voltage reaches to
a steady state value within few cycles.

To show the performance during transient
condition, the load current is changed at two time
instants. Figure 7 shows the various waveforms during
load change. When load current is reduced/increased,
capacitor voltage increasesdecreases to compensate the
rea power supplied by the source. This change in
capacitor voltage is taken into account by the dliding
mode controller to adjust the peak value of the reference
current.
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Fig. 2 Control scheme
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Fig3 Variation of dc capacitor voltage and peak value of the reference current with the change in load current
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Fig.5 Frequency spectrum of (a) load current (b) source current
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Fig. 6 Switch-off response of the active power filter
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Fig 7 Load perturbation response of the shunt active filter

(Load current is changed at two time instants)
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Figure 6 shows the switch-off response of the active
filter. Source voltage (vs), load current (i g), source
current (i), active filer current (icy) and dc capacitor
voltage are shown in this figure. As soon as the active
filter is switched-off, the supply current waveform
becomes stepped wave shape from sinusoidal. Figure 5
shows the frequency spectrum of load and source current
after compensation. After compensation, the THD (Total
Harmonic Distortion) of the source current is reduced to
well below 5% (21.51% to 1%).

6 Conclusion

The reference currents are estimated by
regulating the dc capacitor voltage using sliding mode
controller. After compensation, the source current is
sinusoidal and in phase with the supply voltage. It
compensates both harmonics and reactive power
simultaneoudly. Unlike conventional methods, in this
method, the source current is maintained sinusoidal even
when the supply voltage is distorted and unbalanced.
Also, the design is simpler as there is no any co-
ordinates transformation. The transient response is good
and the steady state is reached with in one cycle.

References:

[1] Akagi, H., Kanazawa, Y., and Nabae, A,
“Instantaneous reactive power compensators
comprising switching devices without energy
storage components’,|IEEE transactions on
Industry Applications, Vol.lIA 20, No.3, pp.625-
630, May/June 1984.

[2] Brod, D.M., and Novotny,D.W., “Current
control of VSI-PWM inverters’, |EEE
transactions on Industry Applications, Vol.lA
21, No.4, pp.562-570, May/June 1985.

[3] Grady,W.M., Samotyj, M.J., and Noyola, A.H.,
“Survey of Active power line conditioning
methodologies’, |EEE transactions on Power
Delivery, Vol.5, No.3, pp.1536-1542, July 1990.

[4] Akagi, H., “Trends in active power line
conditioners’, |EEE transactions on Power
Electronics, Vol.9, No.3, pp.263-268, May
1994,

[5] Aredes, M., and Watanabe,E.H., “New control
algorithm for series and shunt three-phase four-
wire active power filters’, IEEE transactions on
Power Delivery, Vol.10, No.3, pp.1649-1656,
July 1995.

[6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

Seetieo, S, Devargj, R., and Torrey, D.A.,
Sep./Oct. 1995, “The design and implementation
of a three-phase active power filter based on
diding mode control”, IEEE transactions on
Industry Applications, Vol.31, No.5, pp.993-
999.

Dixon, JW., Garcia, JJ.,, and Moran, L.,
“Control system for three-phase active power
filter which simultaneously compensates power
factor and unbalanced loads’, |EEE transactions
on Industrial Electronics, Vol.42, No.6, pp.636-
641, Dec. 1995.

Akagi, H., “Control strategy and site selection of
a shunt active filter for damping of harmonic
propagation in power distribution systems’,
IEEE transactions on Power Delivery, Vol.12,
No.1, pp.354-362, Jan. 1996.

Akagi, H., “New trends in active filters for
power conditioning”, |IEEE transactions on
Industry Applications, Vol.32, No.6, pp.1312-
1322, Nov/Dec July 1996.

Aredes, M., Hafner, J, and Heumann, K.,
“Three-phase Four-wire shunt active filter
control strategies’, |EEE transactions on Power
Electronics, vol. 12 , No.2, pp. 311-318, March
1997.

Singh, B., Haddad, K.A., and Chandra, A., “A
new control approach to three phase active filter
for  harmonics and  reactive  power
compensation”, |IEEE transactions on Power
systems, vol. 13, No. 1, pp. 133-138, Feb1998.
Buso, S, Madesani, L., and Mataveli.P,,
“Comparison of current control techniques for
active filter applications’, |EEE transactions on
Industrial Electronics, Vol.45, No.5, pp.722-
729, Oct. 1998.

Shyh-Jier Huang and Jinn-Chang Wu, “A
control agorithm for three-phase three-wired
active power filters under non-ideal mains
voltages’, |EEE transactions on Power
Electronics, Vol.14, No.4, pp.753-760, July
1999.

Singh, B., Haddad, K.A., and Chandra, A., “A
review of active power filters for power quality
improvement”, 1EEE transactions on Industrial
Electronics, vol. 46, No. 5, pp. 960-971,
Oct.1999.

Chandra, A., Bhim Singh, Singh, B.N., and Al-
Haddad, K., “An improved control algorithm of
shunt active filter for voltage regulation,
harmonic elimination, power-factor correction


http://www.fastpdf.com

[16]

[17]

[18]

[19]

[20]

[21]

[22]

and balancing of nonlinear loads’, I|EEE
transactions on Power electronics, Vol.15,
No.3, pp.495-507, May 2000.

Soares, V., Verddho, P., and Marques, G.D.,
“An instantaneous active and reactive current
component method for active filters’, IEEE
transactions on Power Electronics, vol. 15, No.
4, pp. 660-669, July 2000.

El-Habrouk, M., Darwish, M.K., and Mehta, P.,
“Active power filterss A review”, I|EE
proceedings on Electrical Power Application,
Vol.147, No.5, pp.403-413, Sep. 2000.
Al-Zamil, A.M., and Torrey, D.A., Jan. 2001,
“A passive series, active shunt filter for high
power applications’, IEEE transactions on
Power Electronics, Vol.16, No.1, pp.101-109.
Chang, G.W., “A new method for determining
reference compensating currents of the three-
phase shunt active power filter”, |IEEE power
Eng., review, pp 63 —65, March 2001.

Xiagjie, Y., and Yongdong, L., “A shunt active
power filter using dead-beat current control”,
|EEE IECON, pp. 633-637, 2002.

Jain SK., Agarwal, P., and Gupta, H.O., “Fuzzy
logic controlled shunt active power filter for
power quality improvement”, IEE proceedings
on Electrical Power Application, Vol.149, No.5,
pp.317-328, Sep. 2002.

Jain SK., Agarwal, P., and Gupta, H.O., “A
control algorithm for compensation of customer
generated harmonics and reactive power”, |IEEE
transactions on Power Ddivery, Vol.19, No.1,
pp.357-366, Jan. 2004.


http://www.fastpdf.com

