
IJSRD - International Journal for Scientific Research & Development| Vol. 5, Issue 05, 2017 | ISSN (online): 2321-0613 

 

All rights reserved by www.ijsrd.com 422 

Performance of 3 Phase Shunt APF with SMC Harmonic Current 

Control Technique 
Smt. Shilpa Nashi1 Dr. (Smt). S. R. Savanur2 

1M.Tech Student 2Head of Department 
1Department of Micro Electronics & Control System 2Department of Electrical & Electronics 

Engineering 
1,2BLDEA’s CET Vijaypur.

Abstract— For harmonic reduction many control techniques 

are existing for example PI control, dead beat control, and 

hysteresis control. These techniques have many limitations 

such as controlled frequency band width, performance 

depends on parameters of the APF, problem of resonance. 

This paper provides the harmonic current control technique 

to reduce the harmonics of the three phase nonlinear loads. 

Active power filters are more frequently used to improve the 

power quality which reduce harmonics related with linear 

and nonlinear loads. Based on this SMC (sliding mode 

control) harmonic current control technique shunt active 

power filter is developed to reduce the total harmonic 

distortion (THD) of the load current. Sliding mode control 

provides good solution to shunt APF in controlling the 

harmonic currents. Performance of sliding mode control 

depends on the design of the sliding surface and the control 

law.  Variation in the system parameters does not affect 

controller, and this method has good robust control can give 

faster control response. This method does not involve any 

complex calculations and this method can be used without 

calculating actual power and reactive power. 
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I. INTRODUCTION 

Nonlinear loads are growing exponentially and create 

problems of harmonics in the system. Harmonics means 

distorted voltage and current waveforms deviated from 

sinusoidal waveforms even though supplied by sinusoidal 

voltage source. Reliability of electrical system and high 

efficiency of electrical equipments can be achieved only if 

clean distortion free power supply is made available.  

Equipments and machineries can malfunction or fail in the 

presence of high harmonic voltage and/or current level. 

Rectifiers, cyclo-converters, variable speed drives and arc 

furnaces, large decaying DC components, static VAR 

compensators, inverters, DC converters, switch mode power 

supplies, and AC or DC motor drives can cause high 

disturbances in the power supply system [1]. The problems 

of non-sinusoidal currents can yield effects such as 

disturbance with other consumer equipment, instability, 

overheating of transformers and increased associated losses, 

disturbance in tripping of circuit breakers, interference with 

communication, and poor efficiency, overloading neutral 

conductors. 

The nonlinear features for many industrial and 

small loads such as power converters, light dimmers, 

computers, fluorescent lamps, and variable speed motor 

drives (VSDs) used in conjunction with industrial pumps, 

fans, and compressors and also in air-conditioning 

equipment have made the harmonic distortion a common 

occurrence in electrical power networks. Harmonic currents 

injected by some of these loads are usually too small to 

cause a significant distortion in distribution networks. 

However, when operating in large numbers, the cumulative 

effect has the capability of causing serious harmonic 

distortion levels. These do not usually upset the end-user 

electronic equipment as much as they overload neutral 

conductor and transformers and, in general, cause additional 

losses and reduced power factor [2]. Large industrial 

converters and variable speed drives on the other hand are 

capable of generating significant levels of distortion at the 

point of common coupling$(PCC), where other users are 

connected to them network. 

Power filters are the most widely used solution to 

reduce harmonics level of the system in order to overcome 

the above said problems. Filter is a circuit that is designed to 

pass a fundamental frequencies while eliminating all the 

signals which are multiples of fundamental frequencies. 

Basically there are two types of power filters are  

1) Active power filters. 

2) Passive power filters. 

Passive filters are cheap, easy to design, have high 

efficiency but there is problem of resonance and tuning for 

fixed frequency [3]. Active power filters offer good solution 

for harmonic issues caused by the nonlinear loads. The 

active power filters can compensate the harmonic currents 

drawn by the non-linear loads. APFs are able to suppress the 

current harmonics by producing compensating currents 

equal in magnitude but opposite in phase to those harmonics 

that are produced by the nonlinear loads [4]. In addition to 

their performances, APF can favourably be inserted in 

existing power systems and are thus widely used in practical 

applications. 

Active power filters are efficient to improve the 

power quality by reducing harmonics related with linear and 

nonlinear loads. Many control algorithms have been used 

such as PIC (proportional integral control), DBC (dead beat 

control), and HC (hysteresis control) [4]. 

In this paper we are using shunt APF with sliding 

mode controller as the current control technique. 

II. ACTIVE POWER FILTERS 

Figure 1 shows the generalised block diagram of the active 

power filter connected to the load. The nonlinear load is 

connected to the APF and provides the information about 

harmonics for system variable detector and reference signal 

generator. This information is used by the overall system 

controller for the control effort, is utilised in generating the 

gating signals [5]. Information about the compensating 

signal is essential in generating gating signals. Switching 

pattern is generated to the power circuit, and finally the 

power circuit of the generalised block diagram is connected 
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in parallel or series depending upon the configuration with 

interfacing inductor [5].  

There are two types of active power filters namely, 

1) Shunt active power filters.   

2) Series active power filters.  

Shunt active power filters are the most widely used, as 

they efficiently eliminate current distortion produced by 

nonlinear loads.  

 
Fig. 1: Generalised block diagram for APF 

Series active power filters can be used for 

compensating voltage harmonics but current rating is very 

high as compared to shunt active filters as they are 

connected in series. 

A. Shunt active power filters 

This is the most widely used configuration in filtering 

applications. Figure 2 [3] shows the voltage source inverter 

based shunt APF which contains controllable voltage 

source. Because of easy installation process, this is the most 

widely used type of filter, it may be connected with 

controllable current source or controllable voltage source. 

Figure 2 shows the shunt active filter, it consists of capacitor 

(Cf), inductors (Lf) and power electronic switches [3]. 

Shunt APF generates the compensating harmonic 

current because of the nonlinear loads connected, hence acts 

as a current source. Harmonic elimination solely depends 

upon the injection of compensation current which is equal to 

distorted current. Shaping of current waveform is attained 

using the switches of the inverter.  

Load current waveform is subtracted from the 

sinusoidal source current waveform to get the shape of 

compensation. We get the sinusoidal source current for the 

load by the following relationship. 

Nonlinear load current is the expressed as the sump 

of the fundamental current component (iL,f) and the current 

harmonics (iL,h)$as, 

 
Fig. 2: Shunt active power filter.[3] 

 (1) 

Then the injected compensation current by the 

shunt APF should be  

  (2) 

 The resulting source current is  

   (3) 

The shunt APF injects the compensation current 

resulting in fundamental component of source current which 

is provided to the load. From equation (3) we can verify that 

source contains the fundamental component of source 

current.  

Working of APF can be regarded as, it has very 

small impedance for the frequency of harmonics and has 

large value for the frequency of fundamental wave. Hence 

we can consider the APF as variable shunt impedance. In 

this process in order to compensate for the losses of the 

system shunt APF has to carry the compensation current and 

fraction of fundamental current. In the application of higher 

power ratings the shunt APFs are connected in parallel to 

compensate for large currents. Figure 3 shows the waveform 

of load currents, source currents, load currents with APF 

waveforms compensation currents, [1]. 
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Fig. 3: Waveforms of 3 phase (i) Load current. (ii) Source 

current.  (iii) Load current with APF. (iv) Filter current. [1] 

B. Voltage source inverter for shunt APF 

Figure 4Pshows the circuit diagram for the voltage source 

inverter used in shunt APF.  It consists of six switches, two 

switches on each leg. In the proposed project the gating 

signals to the six switches are provided by sliding mode 

controller. Three transistors remain on simultaneously. In 

order to avoid short circuit across dc link voltage two 

switches from any leg cannot be switched on 

simultaneously. In place of three phase full bridge inverter 

circuit we can use three independent single phase circuits. 

 
Fig. 4: Full bridge inverter 

Figure 5 shows the eight topologies of the voltage 

source inverter configured in the shunt APF. The topologies 

1 to 6 are valid states and produce nonzero output voltage, 

while state 7 and state 8 are invalid states and produce the 

zero output voltage. The states where nonzero output 

voltage is produced are called nonzero switching states, the 

states where the zero output voltage is produced are called 

zero switching states. Voltage source inverter produces 

these eight different states because of the restriction that 

output current must be continuous and input lines never be 

shorted.  

 

 

 
Fig. 5: Topologies of the voltage source inverter 

III. SLIDING MODE CONTROL AS APPLIED TO THREE PHASE 

CIRCUITS 

The below Figure 6 shows the circuit for the APF with 

sliding mode control which is used for nonlinear loads. 

 
Fig. 6: APF with sliding mode control 

The same principle of operation is applicable to 

three phase circuits as with single phase circuits which is 

explained in the previous section, phase shift of 120 has to 

be considered for voltages and currents. APF with sliding 

mode controller consists of power electronic switches, PI 

controller and sliding mode controller. PI controller is used 

in sliding mode controller and generates the gating signals to 

the power electronic switches such as IGBT, MOSFET, and 

BJT etc. The sliding mode controller provides the base 

drives as shown in Figure 6.  Reference currents generated 

at the source are used by the sliding mode controller to 

generate the compensating signals [3]. 

   (4) 

The above three equations Va, Vb, Vc represent the three 

phase input source voltages of phases a, b, c respectively. 

               The inductor currents are given by,       

                                  
 𝒅𝑰𝒍𝒂

𝒅𝒕
=

𝑽𝒂

𝑳
+ 𝑼

𝑽𝒄

𝟐𝑳
 

                                  
𝒅𝑰𝒍𝒃

𝒅𝒕
=

𝑽𝒃

𝑳
+ 𝑼

𝑽𝒄

𝟐𝑳
 

               
𝒅𝑰𝒍𝒄

𝒅𝒕
=

𝑽𝒄

𝑳
+ 𝑼

𝑽𝒄

𝟐𝑳
                           (5) 
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Where Ia, Ib, Ic represent the load currents of the 

three phases and U is the switching function. The inductor 

current is shaped till Vc/2 is greater than any phase voltage. 

The capacitor voltage which is considered for compensating 

currents is given as,   
𝒅𝑽𝒄

𝒅𝒕
= −

𝟏

𝟐
(𝑼𝒂

𝑰𝒍𝒂

𝑪
+ 𝑼𝒃

𝑰𝒍𝒃

𝑪
+ 𝑼𝒄

𝑰𝒍𝒄 

𝑪
)              (6) 

Ua, Ub, and Uc are controls of phases a, b and c. 

Ila, Ilb, Ilc are the compensating currents for phase a, phase b, 

phase c. The filter divides this function into three systems 

and can be given as 

𝑰𝒂 = 𝑰𝒂𝒍𝒐𝒂𝒅 + 𝑰𝒇𝒂 

𝑰𝒂 = 𝑰𝒂𝒍𝒐𝒂𝒅 ∫  (
𝑽𝒂

𝑳
+ 𝑼𝒂

𝑽𝒄𝒂𝒑

𝟐𝑳
) 𝒅𝒕 

𝑰𝒃 = 𝐼𝒃𝒍𝒐𝒂𝒅 + 𝑰𝒇𝒃 

𝑰𝒃 = 𝑰𝒃𝒍𝒐𝒂𝒅 ∫  (
𝑽𝒃

𝑳
+ 𝑼𝒃

𝑽𝒄𝒂𝒑

𝟐𝑳
) 𝒅𝒕 

𝑰𝒄 = 𝑰𝒄𝒍𝒐𝒂𝒅 + 𝑰𝒇𝒄 

    𝑰𝒄 = 𝑰𝒄𝒍𝒐𝒂𝒅 ∫  (
𝑽𝒄

𝑳
+ 𝑼𝒄

𝑽𝒄𝒂𝒑

𝟐𝑳
) 𝒅𝒕                 (7) 

In order to apply sliding mode control, we have to 

define the sliding surface, we can define reference currents 

for the three phases as, 

𝑰𝒂𝒓𝒆𝒇 = 𝑲(𝑽𝒂) 

𝑰𝒃𝒓𝒆𝒇 = 𝑲(𝑽𝒃) 

                           𝑰𝒄𝒓𝒆𝒇 = 𝑲(𝑽𝒄)                          (8)  

              K is scaling factor of the load. We can form the 

sliding surface as, 

𝑺𝒂 = 𝑰𝒂 − 𝑲𝑽𝒂 

𝑺𝒃 = 𝑰𝒃 − 𝑲𝑽𝒃 

                             𝑺𝒄 = 𝑰𝒄 − 𝑲𝑽𝒄   (9) 

These equations are equated to zero, because to 

indicate that state is on the sliding surface [5]. For the 

system to be maintained on the sliding surface, it must 

satisfy the control equation given by,  

            𝑺Ṡ ≤ 𝟎                                     (10) 

For Ṡ = 𝟎  then the system can be maintained on 

the sliding surface. Ṡ for three phases can be given as 

follows, 

For phase A         Ṡ𝒂 = 𝑰𝒂 − 𝑲𝑽𝒂 

Ṡ𝒂 = 𝑰𝒂 + 𝑰𝒇𝒂 − 𝑲𝑽𝒂 

Ṡ𝒂 = 𝑰𝒂 +
𝑽𝒂

𝑳
+ 𝑼𝒂

𝑽𝒄

𝑳
− 𝑲𝒗𝒂          (11) 

For phase B        Ṡ𝒃 = 𝑰𝒃 − 𝑲𝑽𝐛 

Ṡ𝐛 = 𝐈𝐛 + 𝐈𝐟𝐛 − 𝐊𝐕𝐛 

Ṡ𝐛 = 𝐈𝐛 +
𝐕𝐛

𝐋
+ 𝐔𝐛

𝐕𝐜

𝐋
− 𝐊𝐕𝐛           (12) 

For phase C        Ṡ𝐜 = 𝐈𝐜 − 𝐊𝐕𝐜 

Ṡ𝐜 = 𝐈𝐜 + 𝐈𝐟𝐜 − 𝐊𝐕𝐜 

Ṡ𝐜 = 𝐈 +
𝐕𝐜

𝐋
+ 𝐔𝐜

𝐕𝐜

𝐋
− 𝐊𝐕𝐜            (13) 

From principle of control strategy, we have 

switching function U is such that   

𝐔𝐚 = 𝟏  𝐢𝐟 𝐒𝟏, 𝐒𝟒, 𝐒𝟔 𝐚𝐫𝐞 𝐎𝐍 

𝐔𝐚 = −𝟏  𝐢𝐟 𝐒𝟐, 𝐒𝟑, 𝐒𝟓 𝐚𝐫𝐞 𝐎𝐍 

        𝐔𝐚 = 𝟎   𝐨𝐭𝐡𝐞𝐫 𝐜𝐨𝐦𝐛𝐢𝐧𝐚𝐭𝐢𝐨𝐧          (14) 

                     𝐔𝐛 = 𝟏  𝐢𝐟 𝐒𝟑, 𝐒𝟐, 𝐒𝟔 𝐚𝐫𝐞 𝐎𝐍 

𝐔𝐛 = −𝟏   𝐢𝐟 𝐒𝟒, 𝐒𝟏, 𝐒𝟓 𝐚𝐫𝐞 𝐎𝐍 

        𝐔𝐛 = 𝟎    𝐨𝐭𝐡𝐞𝐫 𝐜𝐨𝐦𝐛𝐢𝐧𝐚𝐭𝐢𝐨𝐧         (15) 

𝐔𝐜 = 𝟏  𝐢𝐟 𝐒𝟓, 𝐒𝟐, 𝐒𝟒 𝐚𝐫𝐞 𝐎𝐍 

𝐔𝐜 = −𝟏  𝐢𝐟 𝐒𝟔, 𝐒𝟏, 𝐒𝟑 𝐚𝐫𝐞 𝐎𝐍 

      𝐔𝐜 = 𝟎  𝐨𝐭𝐡𝐞𝐫 𝐜𝐨𝐦𝐛𝐢𝐧𝐚𝐭𝐢𝐨𝐧                (16) 

Parameters used in shunt active power filter  

 
Table 1: System Parameters 

IV. SIMULATION RESULTS 

FFT analysis of the source current when connected with 

APF with THD of 1.39%. When shunt APF is connected in 

the system the value THD is decreased from 22.05% to 

1.39%, from this we can avoid the effect of non-sinusoidal 

source current due to the nonlinear load connected in the 

system by using shunt active power filter with sliding mode 

controller.    

V. CONCLUSION 

This paper provides the current control technique to reduce 

the harmonics of the three phase nonlinear loads. Based on 

this current control technique we have developed shunt 

active power filter to reduce the total harmonic distortion 

(THD) of the load current. A model has been developed in 

MATLAB/SIMULINK, simulations are carried out to 

analyse the operation of shunt APF using sliding mode 

control for nonlinear loads. The Simulation results have 

shown that the total harmonic distortion is reduced from 

22.05% without APF to 1.39% with shunt APF with sliding 

mode controller. This decrease in THD is below the 

harmonic level limit specified in IEEE-519PStandard. 
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