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Abstract—This paper describes the applications of five-level 

diode clamped Active Power Filter (APF) to the enhancement of 

medium voltage network power quality by compensation of 

harmonic currents produced by a nonlinear load. In the first 

part, the authors present a topology of five-level diode clamped 

Voltage Source Inverter (VSI), and its triangulo-sinusoidal Pulse 

Width Modulation (PWM) control strategy. In the second part, to 

remedy to instability problem of the input DC voltages of this 

APF, the authors propose to use a clamping bridge filter. After 

that, the sliding mode regulator used to control the APF is 

developed. The simulation results confirm the suitable 

performance of the filter after balancing the DC bus and using 

the sliding mode regulator. 
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I. INTRODUCTION 

 

     The intensive use of power converters and other non-

linear loads in industry and by consumers in general, is 

causing an increasing deterioration of the power systems 

voltage and current waveforms. 

       The presence of harmonics in power lines results in 

greater power losses in distribution, interference problems in 

among other problems. The main consequence is the reduction 

of productivity in many industries, and therefore, the issue of 

power quality delivered to the end consumers is, more than 

ever, an object of great concern. 

      International standards concerning electrical power quality 

(IEEE-519, IEC 61000, EN 50160, among others) impose 

electrical equipments and facilities should not produce 

harmonic contents greater than specified values, and also 

specify distortion limits to the supply voltage. Meanwhile, it is 

mandatory to solve the harmonic problems cause by the 

equipments already installed. 

      One of the modern solutions for solving problems 

related to on the control theory and the inverter topology, 

these active filters are capable of compensating harmonic 

currents, power factor and unbalance, achieving balanced, 

sinusoidal currents at the source, with an unitary value of 

power factor [1][2]. 

In this paper, first part is dedicated to the presentation of 

the model of the three phases five-level diode clamped VSI 

with its PWM control method. In the second part, to remedy to 

instability problem of the input DC voltages of this APF, the 

authors propose to use a clamping bridge filter. This APF is 

applied for the enhancement of medium voltage network 

power quality by compensation of harmonic currents produced 

by a nonlinear load      (Fig. 1). At the end the simulation 

results of sliding mode controlled APF are presented. 

 

II. STRUCTURE OF FIVE-LEVEL INVERTER 

 

     Structure of five-level diode clamped inverter is shown 

in Fig.2. Each leg is composed of four upper and lower 

switches with anti-parallel diodes. Four series dc-link 

capacitors split the dc-bus voltage in half. The necessary 

conditions for the switching states for the five-level inverter 

are that the dc-link capacitors should not be shorted, and the 

output current should be continuous [3]. 

Each leg of the inverter has five possible switching states 

(Tab.1): 

State P2: The upper switching devices S1x, S2x, S3x and S4x     (x 

= 1, 2 or 3) are turned on. The output phase to neutral point 

voltage Vxn = E/2. 

http://www.google.fr/url?q=http://www.amazon.com/Modeling-control-three-phase-active-filter/dp/B001NHN94S&sa=U&ei=dMFwTrygNIb2sgbi2PypBw&ved=0CBEQFjAB&usg=AFQjCNFlc5lGexZQfVALOuih_ZMxHcjNFg
http://www.google.fr/url?q=http://www.amazon.com/Modeling-control-three-phase-active-filter/dp/B001NHN94S&sa=U&ei=dMFwTrygNIb2sgbi2PypBw&ved=0CBEQFjAB&usg=AFQjCNFlc5lGexZQfVALOuih_ZMxHcjNFg
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Fig. 1. Synoptic diagram of application of shunt APF 

on power supply fed a nonlinear load 

 

 
 

Fig. 2. Five-level diode clamped voltage source inverter 

 
TABLE1    

    STATES OF FIVE-LEVEL INVERTER 

Switching 

Symbols 

 

 

 

Switching States 

 
Output 

Voltage 

Si1 Si2 Si3 Si4 Si5 Si6 Si7 Si8 

P2 ON ON ON ON OFF OFF OFF OFF E/2 

P1 OFF ON ON ON ON OFF OFF OFF E/4 

O ON OFF ON ON ON ON OFF OFF 0 

N1 OFF OFF OFF ON ON ON ON OFF -E/4 

N2 OFF OFF OFF OFF ON ON ON ON -E/2 

 

State P1: The switching devices S2x, S3x, S4x and S5x     (x = 1, 

2 or 3) are turned on. The output phase to neutral point voltage 

Vxn = E/4. 

State 0: The switching devices S3x, S4x, S5x and S6x       (x = 1, 

2 or 3) are turned on. The output phase to neutral point voltage   

Vxn = 0. 

State N1: The switching devices S4x, S5x, S6x and S7x     (x = 1, 

2 or 3) are turned on. The output phase to neutral point voltage 

Vxn = -E/4. 

State N2: The lower switching devices S5x, S6x, S7x and S8x   (x 

= 1, 2 or 3) are turned on. The output phase to neutral point 

voltage Vxn = -E/2. 

 

III. INVERTER OUTPUT VOLTAGES 

 

For each switching device Sij (i = 1- 8, j = 1,2 or 3), we define 

a Boolean function Fij as: 
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The complementarities between upper and lower switching 

devices of each leg impose the following equations: 

 

851 )4( toiFF jiij  
                     (2) 

For each leg of the inverter, we define five connection 

functions (one for each switching state) as: 
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The output phase voltages with reference to neutral point (n) 

of DC bus voltage are: 
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IV. PWM STRATEGY OF THE FIVE-LEVEL VSI 

 

Two-level carrier-based PWM techniques to multilevel 

inverters by making the use of several triangular carrier signals 

and one reference signal par phase. For N-level inverter, (N-1) 

carriers with the same frequency fc and same peak to peak 

amplitude Ac are disposed such that the bands they occupy are 

contiguous. The reference, or modulation, wave forme has 

peak to peak amplitude Am and frequency fm, and its centered 

in the middle of the carrier set (Fig. 3). The reference is 

continuously compared with each of the carrier signals. If the 

reference is greater than a carrier signal, then the active device 



 

corresponding to that carrier is switched on; and if the 

reference is less than a carrier signal, then the active 

corresponding to that carrier is switched off [4]. 

The different input DC voltages of the inverter are fed by a 

battery E (Fig. 2). Fig. 4 shows the simple output voltage VA 

of the five-level VSI. Fig. 5 displays the voltages across input 

capacitors. It can be noted that these capacitors voltages are 

unbalanced. 
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Fig 3. Triangulo-sinusoidal strategy with four bipolar carriers 
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Fig 4. Simple output voltage VA  
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Fig  5. Inverter input capacitors voltages 

V. MODELING AND CONTROL OF CLAMPING  

BRIDGE 

 

The clamping bridge cell is a simple circuit constituted by a 

transistor and a resistor in series connected in parallel with a 

capacitor as shown in Fig. 6. The transistors are controlled in 

order to maintain the equality of the different voltages [5]. 

 

 
 

Fig. 6. Clamping bridge cell 

 

In this part, the model of this filter with clamping bridge is 

defined by the following equation: 

ii1)(i1)(iicii iridicirIreddt)/dU(C  
              (5) 

with:          )R/U(Tir iciii   

The transistor is controlled using the following algorithm: 
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dr : hysteresis band width. 

 

VI. ACTIVE POWER FILTER CONTROL 

 

Active power filter is controlled using sliding mode 

regulator [6],[7]. From the model of active filter associated to 

supply network (7) and by considering the error between 

harmonic current reference and the active filter current as 

sliding surface (8), and the smooth continuous function as 

attractive control function (9), one gets the control law (10).  
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with:                                                 
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VII. SIMULATION RESULTS 

 

A medium voltage source of 5.5kV, 50Hz feeds a nonlinear 

load as illustrated in Fig. 1. This load produces a distorted 

current of 62 % THD which is above the tolerated THD limit 

standard. This current with its spectral analysis are presented 

in Fig. 7. 

Fig. 8 shows DC bus capacitors voltages of APF before and 

after application of clamping bridges. Before t=0.1s, these 

voltages are unbalance. Application of clamping bridges 

allows getting stable capacitors voltages around there 

reference of 3kV.  

Reference identified harmonic current ifref1 and output filter 

current if1 are almost identical as presented in     Fig. 9.  

Fig. 10.a presents main source voltage Vs1 and current is1 

after harmonic current compensation. Spectral analysis is 

presented in Fig. 10.b. It is shown that source current is almost 

sinusoidal with THD less than 4% and unity power factor. 

Simulation Parameters: 

Main source: 

V(ph-ph) = 5.5kV, f = 50 Hz, Rs = 0.0001Ω, Ls = 0.001H. 

Load:  

L = 0.005H, R = 20 Ω, C = 0.01F . 

Active power filter: 

Rf = 0.0001 Ω, Lf = 0.004 H, C = 0.005 F, fc =6 kHz. 
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Fig. 7 Current drawn by the nonlinear load THD = 62% 
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Fig. 8. DC bus capacitors voltages of five-level APF 
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Fig. 9. Reference harmonic current ifref1 and 

 filter output current if1 
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Fig. 10. Main source voltage Vs1and current is1 with 

 its spectral analysis (THD=3%) 

 

VIII. CONCLUSION 

 

    We have proposed several methods to compensate the 

perturbations in an electrical network. In this paper a three-

phase shunt active power filter that compensates line current 

harmonics has been presented and analyzed. Also the study of 

the instability problem of the input DC voltages of this 

converter shows that its different input voltages are not 

stables, which implies a bad harmonic current compensation. 

To solve this instability problem, one proposes to use a 

clamping bridge filter to improve input DC voltages balance. 

Stable DC bus supply of sliding mode controlled five-level 

diode clamped shunt APF allows getting low-harmonic 

content network currents with THD less than 4% and unity 

power factor. The obtained results show that the proposed 

solution allows using this topology to compensate the 

harmonic current and reactive power in high power utilities. 
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