
M. M. Ertay, A. Zengin                             Analiza diskontinuiranog PWM kontroliranog D-STATCOM-a u primjenama kompenzacije reaktivne energije 

ISSN 1330-3651 (Print), ISSN 1848-6339 (Online) 
UDC/UDK [621.311.095.2:621.314.5]:519.876.5 
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POWER COMPENSATION APPLICATIONS 
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Original scientific paper 
The scope of this paper covers the investigations of discontinuous PWM (DPWM) control of the Distribution Static Synchronous Compensator 
(D-STATCOM). Various DPWM methods have been widely used in motor drives for controlling the inverter and reducing power losses. With the rising 
demand for energy, energy efficiency has currently become an issue of vital importance. As a result, the use of the D-STATCOM in distribution systems is 
becoming increasingly common. In this study, DPWM methods were used for the D-STATCOM inner control. For the outer control, phase angle control was 
used and PWM methods were adapted to this control algorithm. In addition, conventional continuous PWM (CPWM) methods were applied to the 
D-STATCOM for comparison purposes. All simulations were performed in the MATLAB-Simulink software environment. Power losses have a significant 
impact on the D-STATCOM; therefore, a simulation model was developed to calculate the conduction and switching losses in order to investigate the 
effectiveness of DPWM methods in reducing the D-STATCOM power losses. Results showed that the utilization of different DPWM methods in the 
D-STATCOM was suitable for high modulation indexes. This clearly illustrates that, according to different DPWM methods, a reduction of from 14 % up to 
50 % in D-STATCOM switching losses can be achieved. Furthermore, this study proposes the use of CPWM and DPWM methods in low and high modulation 
indexes, respectively, according to the requirements of the distribution system. 
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Analiza diskontinuiranog PWM kontroliranog D-STATCOM-a u primjenama kompenzacije reaktivne energije 
 

Izvorni znanstveni članak 
U ovom se radu opisuju istraživanja diskontinuirane PWM (DPWM) kontrole Distribucijskog Statičkog Sinkroniziranog Kompenzatora (D-STATCOM). 
Različite su se DPWM metode uveliko koristile u pogonskom sistemu motora za kontrolu invertora i smanjenje gubitaka energije. S povećanim potrebama za 
energijom, energetska učinkovitost postala je pitanje od osnovne važnosti. Rezultat toga je sve češća upotreba D-STATCOM-a u distribucijskim sustavima. U 
ovom su radu DPWM metode primijenjene za unutarnju kontrolu D-STATCOM-a. Za vanjsku je kontrolu korištena kontrola faznog ugla te su PWM metode 
prilagođene tom kontrolnom algoritmu. Uz to, na D-STATCOM primijenjene su uobičajene kontinuirane PWM (CPWM) metode u svrhu komparacije. Sve su 
simulacije provedene u okruženju MATLAB-Simulink softvera. Gubitci snage značajno utječu na D-STATCOM te je stoga razvijen simulacijski model za 
izračunavanje gubitaka provođenja i prekidanja u svrhu ispitivanja učinkovitosti DPWM metoda u reduciranju gubitaka snage D-STATCOM-a. Rezultati su 
pokazali da je primjena raznih DPWM metoda na D-STATCOM-u prikladna za indekse visoke modulacije. To jasno pokazuje da se, u skladu s različitim 
DPWM metodama, može postići smanjenje gubitaka od 14 % do 50 % pri uključivanju/isključivanju D-STATCOMa. Nadalje, u ovom se radu predlažu 
primjene metoda CPWM i DPWM kod niskih i visokih indeksa modulacije, prema potrebama distribucijskog sustava. 
 
Ključne riječi: diskontinuirani PWM (DPWM), distribucijski sustavi, D-STATCOM, gubitci snage, kontrola faznog kuta, kontinuirani PWM (CPWM) 
 
 
1 Introduction 

 
The Distribution Static Compensator (D-STATCOM) 

is one of the converter-based custom power devices used 
for solving the problems of power quality and reactive 
power compensation in distribution power systems [1], 
[2]. At present, D-STATCOMs are increasingly being 
installed and used in distribution systems [2]. Generally, 
the power stage of the D-STATCOM consists of voltage 
source converters (VSCs), as seen in Fig.1 [1, 3]. The 
D-STATCOM generates three phase output voltages 
almost in phase with the ac network with which it is 
coupled through a coupling inductance [1, 3]. In addition 
it requires only a small dc capacitor in its VSC [1].  
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Figure 1 General configuration of D-STATCOM 

 
In the literature there are several studies and 

investigations carried out in order to analyse the different 
viewpoints of D-STATCOM [2 ÷ 5].  

An important part of the total losses of D-STATCOM 
are VSC losses [6]. In [1, 4] selective harmonic 
elimination method (SHEM) has been used for 
eliminating the two-level VSC harmonics of the 
D-STATCOM. The authors stated that switching losses 
were reduced by using the SHEM method due to the 
decrease of the switching frequency. Furthermore in [5, 6] 
SHEM method was applied to a STATCOM for the same 
purposes. In [7, 8] phase-shifted SPWM method has been 
used for multilevel converter configurations of 
STATCOMs. In [9, 10] the space vector PWM (SVPWM) 
method has been utilized for different power circuits and 
usage fields of STATCOMs, such as wind power. In [11] 
three converter structures (diode clamped, cascaded and 
hybrid converter) used in STATCOMs have been 
investigated against losses and different load conditions. 
In that study the SVPWM was used in STATCOMs. 
Furthermore, in [12] DPWM methods have been utilized 
in active power filters, and the authors of the study 
proposed a generalized DPWM strategy that reduced 
switching losses up to 46 % as compared to CPWM 
methods.  

This paper focuses on the utilization of DPWM 
methods in D-STATCOMs in order to reduce the 
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switching losses and analyse the performance on reactive 
power compensation. For this purpose, a simulation 
model was developed to calculate the conduction and 
switching losses and the results obtained from the 
developed losses calculation model were reported. This 
model can also be used for calculating the IGBT losses in 
power electronics studies of dc-dc converters, multilevel 
inverters and rectifiers. In addition to utilizing DPWM 
methods, the reactive power compensation characteristic 
of the D-STATCOM was also reported in the present 
study. It was found that DPWM methods can be used for 
D-STATCOMs in high modulation range. Additionally, 
switching losses were reduced up to 50 % compared to 
CPWM methods. 
 
2 Description and operating principle of D-STATCOM 

 
A STATCOM utilized for a distribution system in a 

low to medium rating is called a D-STATCOM [13]. The 
D-STATCOM is connected in parallel with the ac system 
and composed of a VSC connected with a dc link 
capacitor, as seen in Fig. 1. The D-STATCOM is 
connected to the ac system by a coupling inductance and a 
coupling transformer. The D-STATCOM based on the 
implementation in distribution systems can be operated 
for the purposes given below [14]: 
a) Voltage control at a specific ac bus 
b) Reactive power compensation of a specific load  
c) Reactive power compensation and/or harmonic 

compensation of a specific load.  
 

3 Modelling of continuous and discontinuous PWM 
algorithms 
 
The PWM methods used in the inner control of the 

D-STATCOM were modelled in this section. These 
methods can be divided into two groups: continuous and 
discontinuous PWM methods. 

The most important part of the D-STATCOM is the 
VSC. In Fig. 2, a diagram of a classic VSC is displayed 
[15]. Various PWM algorithms can be utilized in VSCs, 
depending on the desired application. This PWM 
algorithm was implemented by two methods: the triangle 
intersection method [15] and the direct digital technique 
[15, 16].  
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Figure 2 Power circuit of a three phase two level VSC 

 
As can be seen in Fig. 2, the zero sequence signal 

(VZSS) can be injected to the three reference modulation 
waves when utilizing the VNO potential. When the VZSS is 
appropriately chosen, the linearity range of the PWM 
method can be extended. The VZSS can enhance the 

waveform quality and reduce the switching losses of 
VSCs [15].  
 

 
Figure 3 Space vector diagram of voltage space vectors 

 
In the direct digital technique, the switching states of 

the VSC are calculated for each carrier cycle by using the 
space vector theory, as shown in Fig. 3 [15]. In two-level 
VSCs there are eight possible switching states; among 
these states there are six active and two zero state vectors 
(Fig. 3). In the SVPWM technique, by using the space 
vector theory seen in Fig. 3, reference voltages (Vabc) are 
transformed into a complex reference voltage vector (V*), 
as in (1). In Eq. (1) a = ej(2π/3) [15]. 
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In (1) V1m is the first sector voltage vector and the V* 

voltage rotates with ωet angle [15, 17]. The time lengths 
of VSC state vectors can be calculated as in Eq. (2) by 
using Figs. 3 and 4 [17]: 
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where Ta, Tb and Tc are the durations of switching pulses 
of S1, S3 and S5 switches, respectively [17]. In Eq. (2) k0 is 
a factor between 0 ≤ k0 ≤ 1. It defines the timing of zero 
vectors. The SVPWM modulation waves can be obtained 
by adding a VZSS signal to the reference voltages as in Eq. 
(3) [17]. The VZSS signal of SVPWM can be obtained by 
using Eq. (4) [17]. 
 

,ZSSabcabc VVV *** +=                    (3) 
 

[ ]. )1()21( c0a00ZSS
** VkVkkV −+−−−=       (4)  

 
The DPWM was first developed and proposed by 

Depenbrock [18], in 1977. The basic idea underlying the 
DPWM method is reduction of the switching number in 
every switching cycle. Therefore, one phase is clamped to 
positive (+Vdc/2) or negative (−Vdc/2) dc bus for 1/3 of the 
switching period. During this time period, modulation is 
provided by the other two phases. It can be clearly seen that 
there are no switching losses during the corresponding 
clamped phase in this time period. Hence, total switching 
losses can be reduced, theoretically an average of 33 %, as 
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compared to CPWM methods [12, 15, 16, 17, 19, 20]. 
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Figure 4 VSC switching states for one carrier cycle in SVPWM and 

SPWM 
 

Although there are several studies dealing with the 
application and investigation of DPWMs in various fields 
of power electronics [12, 15, 16, 17, 19, 20], no paper has 
been found in the literature that investigates the effects of 
DPWM methods on the D-STATCOM. There are many 
DPWM algorithms in the literature. According to the 
distribution of zero vectors and different shapes of VZSS 
signals, different DPWM modulation waves can be 
generated by using the method given in [17]. Using Eqs. 
(3) and (4), the VZSS of different DPWM methods can be 
obtained by varying the k0 factor in Eq. (5) [17]. 
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In Eq. (5) V*

max, V*
min and V*

mid are the maximum, 
minimum and middle values of the original input reference 
voltages [17]. By using Eq. (5) one can obtain modulation 
waveforms of DPWM methods in MATLAB-Simulink, as 
shown in Fig. 5.    

 

 
Figure 5 Modulation waveforms of DPWM methods with voltage 

reference and zero sequence signals (Mi=0,9) 

4 Calculation of switching and conduction losses of 
D-STATCOM 

 
The switching losses of a VSC depend on the 

D-STATCOM current magnitude and dc link voltage. The 
switching energy of VSC switches is divided into turn-on 
energy (EON) and turn-off energy (EOFF) [21]. The 
switching energy losses of a VSC switch can be defined as 
linear functions of the collector current and the dc link 
voltage by Eqs. (6) and (7) [4, 21]: 
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where IC and VCC values are the actual D-STATCOM IGBT 
collector current and the dc voltage of the IGBT, 
respectively [4, 21]. The ICnom and VCCnom values are the 
reference values of the IGBT collector current and dc 
voltage obtained from the datasheet of IGBTs [22]. The Eon 
and Eoff values are switching energies per pulse. These are 
also obtained from the datasheet. For a realistic calculation 
of switching and conduction losses, the high-power IGBT 
product CM1500HC-66R, which can be used at a medium 
voltage level, was selected. The data sheet of this product is 
available on the Mitsubishi Corporation web site [22]. The 
switching power losses of the D-STATCOM can be 
calculated by using Eqs. (8) and (9) [4, 21]: 
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where n and fSW  are the number of pulses in the switching 
period and switching frequency, respectively [4, 21]. In Fig. 
6, one phase leg of a two-level VSC is shown. During 
operation, if the D1 diode is on, its opposite IGBT S1 is off. 
Similarly, if S1 is on, D2 conducts when the S1 turns off [21, 
23]. It is clear that only one switch is on at any single 
switching time.  
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Figure 6 One phase leg of VSC 

 
The switching losses of the diodes (D1 and D2) are 

reverse recovery losses; actually corresponding to the 
turn-off energy loss per pulse and can be calculated as in 
Eq. (10) [21, 23]: 
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If we normalize the switching losses of the 

D-STATCOM under DPWM methods to the switching 
losses of the D-STATCOM under CPWM methods, the 
switching loss factor (SLF) is obtained. It can be calculated 
as in Eq. (11) [12, 15, 19, 20]: 
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PSLF =                   (11) 

 
It is clear that, depending on the different DPWM 

methods, the SLF is varied according to the current phase 
angle [12]. The conduction losses of the VSC switches are 
calculated as in Eq. (12) [16, 21 ÷ 23]: 
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where VCE, ICRMS, RD and T are the collector emitter 
saturation voltage of the IGBT, the RMS value of the 
collector current, the dynamic resistance of the IGBT, and 
the switching period, respectively [16, 21 ÷ 23]. In this 
study, the VCE and RD were determined from the datasheet 
[22]. The RD value was calculated for TJ = 125 °C, from the 

graphic of collector-emitter saturation voltage 
characteristics and, depicted in the datasheet of the IGBT 
[22]. The conduction losses of the diodes can be calculated 
as in Eq. (13) [21 ÷ 23]: 
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where VEC is the emitter-collector voltage of the diode and 
RDD is the dynamic resistance of the diode that is calculated 
from the freewheel diode forward characteristics in the 
datasheet [22]. 
 
6 The phase angle control method of D-STATCOM 
 

The phase angle control method was used in the outer 
control of the D-STATCOM [1]. In this control technique, 
the angle δ between the system voltage Vs and the 
D-STATCOM voltage Vst changes when for accomplishing 
the reactive power compensation while the modulation 
index is kept constant. Therefore, to control the 
D-STATCOM output voltage, the dc link voltage is 
permitted to change. The phase angle control scheme of the 
D-STATCOM is shown in Fig. 7. To change the amount of 
reactive power absorbed or delivered by the D-STATCOM 
DC link voltage (VDC) must be set by the control of δ [3]. In 
Fig. 7, the phase angle is controlled by the PI controller.  
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Figure 7 The principle scheme of the phase angle control of the D-STATCOM 

 
As shown in Fig. 7, the reactive power error was 

applied to the PI controller. The output of the PI controller 
is δ, the phase angle of modulation signals. In this scheme, 
Mi is the modulation index, which is the amplitude of the 
modulation signals that is kept constant. Three phase-abc 
modulation signals obtained from this scheme were 
Mi..sin(δ.+.θ), Mi.sin(δ.+.θ.−.2π/3) and Mi.sin(δ.+.θ.+.2π/3), 
respectively [3]. 
 
5 Modeling and control of the D-STATCOM System in 

Matlab-Simulink 
 

For this study, the D-STATCOM system which is 
depicted in Fig. 8 was modeled in a MATLAB-Simulink 
environment and shows the single line diagram of the 
system. The coupling inductance resistance and the 
reactance of the D-STATCOM are Rst and Xst, respectively. 
The primary objective of the D-STATCOM in this system 
was the reactive power compensation of a P ± jQ (300 kW 
± j250 kvar) load. The power factor of the system without 

the D-STATCOM was 0,7682 leading/lagging. The 
D-STATCOM was under unity power factor operation. The 
general view of the D-STATCOM system in 
MATLAB-Simulink is illustrated in Fig. 9.  

The obtained IGBT current wave shape is shown in 
Fig. 10. As can be seen in these figures, the time intervals t 
= 0,516 s to t = 0,536 s, in which the D-STATCOM 
operation was in a steady state, were selected. The power 
losses were calculated for this period of simulation time. In 
Fig. 11 and 12, the collector current and IGBT voltage 
signals related to the DPWM2 method are shown. 
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Figure 8 The D-STATCOM system under study 
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Figure 9 General view of the D-STATCOM system in Matlab-Simulink 
 

 
Figure 10 The IGBT current signal of S1 switch while D-STATCOM is 

in capacitive mode of operation (Generating 250 kVAR capacitive 
reactive power with SPWM method with Mi = 0,94) 

 

 
Figure 11 The IGBT current signal of S1 switch while D-STATCOM is 

in capacitive mode of operation (Generating 250 kVAR capacitive 
reactive power with DPWM2 method with Mi = 0,94) 

 

 
Figure 12 The IGBT voltage signal of S1 switch while D-STATCOM is 

in capacitive mode of operation with DPWM2  
 
7 The simulation results and discussion 
 

For analysing the performance of DPWM methods on 
controlling the D-STATCOM, several simulations were 
carried out. In these simulations, first, for the capacitive 
and inductive operation of the D-STATCOM, the voltage 
and current harmonics of the system, power losses of the 
D-STATCOM and dc link voltage were calculated and 
analysed for Mi = 0,94. Second, by changing the Mi and 
switching frequency of the D-STATCOM, analyses of the 
voltage and current harmonics of the system, power losses 
of the D-STATCOM and the dc link voltage were 
performed according to the capacitive and inductive 
operation modes of the D-STATCOM.  

In Fig.13, the variations in reactive power in DB (in 
capacitive mode when Mi = 0,94) when using the SPWM 
method can be seen. In Figs. 14 and 15, the results of 
reactive power compensation in DB when using 
DPWMMIN and DPWMMAX are illustrated. These 
methods have shown good performances in reactive power 
compensation in terms of stability. It is clearly shown in 
Figs. 16 and 17 that when the modulation index is 
increased, the stability of the reactive power compensation 
is increased as well while using the DPWM3 method in 
capacitive operation mode. Figs. 18 ÷ 21 illustrate the 
phase to dc bus midpoint voltage of the D-STATCOM with 
Mi = 0,94, in capacitive operation mode when using the 
DPWM0, DPWM1, DPWM2 and DPWM3 methods, 
respectively. As seen in Figs. 18 ÷ 21, the VSC phase legs 
are clamped to the dc bus according to their clamping 
degrees in the DPWM methods.  
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Figure 13 Control of reactive power of DB and variation of active 

power in DB when SPWM method is used (Mi = 0,94) 
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Figure 14 Control of reactive power of DB and variation of active 

power in DB when DPWMMIN method is used 
(in capacitive mode, Mi = 0,94) 
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Figure 15 Control of reactive power of DB and variation of active 

power in DB when DPWMMAX method is used 
(in capacitive mode, Mi = 0,94) 
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Figure 16 Control of reactive power of DB and variation of active 

power in DB when DPWM3 method is used (in capacitive mode, Mi = 1) 
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Figure 17 Control of reactive power of DB and variation of active 

power in DB when DPWM3 method is used 
(in capacitive mode, Mi = 1,15) 
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Figure 18 Phase voltage of D-STATCOM in capacitive operation mode 

when DPWM0 method is used (Mi = 0,94) 
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Figure 19 Phase voltage of D-STATCOM when DPWM1 method is 

used in capacitive operation mode (Mi = 0,94) 
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Figure 20 Phase voltage of D-STATCOM in capacitive operation mode 

when DPWM2 method is used (Mi = 0,94) 
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Figure 21 Phase voltage of D-STATCOM in capacitive operation mode 

when DPWM3 method is used (Mi = 0,94) 
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Figure 22 Variation of D-STATCOM current against modulation wave 

of DPWM1 in capacitive operation mode (Mi = 0,94) 
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Figure 23 Variation of D-STATCOM current against modulation wave 

of DPWM3 in capacitive operation mode (Mi = 0,94) 
 

In Figs. 22 and 23, the modulation waves of DPWM1 
and DPWM3, respectively, are shown against the 1/200 of 
D-STATCOM current. In Tab. 1, one can see that the 
DPWM3 method was superior to the other DPWM 
methods in this system, as the DPWM3 had SLFs of 
51,2 % and 49,58 % in capacitive and inductive operation 
modes of the D-STATCOM, respectively. This means 
that switching losses were reduced by 48,80 % and 
50,42 % in capacitive and inductive operation modes, 
respectively, when compared to the SPWM method.  

Table 1 Investigation of power losses of D-STATCOM against PWM Methods (Mi = 0,94, FSW = 2 kHz) 
PWM Method D-STATCOM 

Operation 

Power losses (W) SLF (%) Reduction (%) 

SPWM 
Switching Conduction Total SPWM SVPWM SPWM SVPWM 

Capacitive 596,4 854,7 1451 - - - - 
Inductive 602 852,3 1454 - - - - 

SVPWM Capacitive 573,2 827,7 1401 96,10 - 3,9 - 
Inductive 585,7 842,8 1428 97,29 - 2,71 - 

DPWM0 Capacitive 462,6 836 1299 72,56 80,70 27,44 19,30 
Inductive 403,3 836,8 1240 66,99 68,85 33,11 31,15 

DPWM1 Capacitive 479,7 767 1247 80,43 83,68 19,57 16,32 
Inductive 502,4 824,4 1327 83,45 85,77 16,55 14,23 

DPWM2 Capacitive 388,5 852,9 1241 65,14 67,77 34,86 32,23 
Inductive 467,6 848,8 1316 77,67 79,83 22,33 20,17 

DPWM3 Capacitive 305,4 877 1182 51,20 53,27 48,80 46,73 
Inductive 298,5 843,5 1142 49,58 50,96 50,42 49,04 

DPWMMIN Capacitive 411,3 821 1232 68,96 71,75 31,04 29,25 
Inductive 408,3 838,6 1247 67,82 69,71 32,18 30,29 

DPWMMAX Capacitive 425 820,5 1245 71,26 74,14 28,74 25,86 
Inductive 419,9 833,7 1254 69,75 71,69 30,25 28,31 
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When the SVPWM was considered, the DPWM3 had 
SLFs of 53,27 % and 50,96 % in capacitive and inductive 
operation modes of the D-STATCOM, respectively. The 
DPWM3 was superior to the other DPWM methods 
because the clamping was performed in higher values of 
D-STATCOM current than the other DPWM methods, as 
seen in Fig. 23. In contrast, the DPWM1 method showed 
the worst performance when considering SLF values both 
in capacitive and inductive operation modes, since these 
were 80,43 % and 83,45 %, respectively. This means 
there was a reduction of 19,57 % and 16,55 % in 
switching losses in capacitive and inductive operation 
mode, respectively, against the SPWM method. When the 
SVPWM was considered, the DPWM1 had SLFs of 
83,68 % and 85,77 % in capacitive and inductive 
operation modes respectively. The DPWM1 resulted in 
lower reduction than the other DPWM methods because 
the clamping was performed in the lower values of the 
D-STATCOM current, as seen in Fig. 22. As mentioned 
above, switching losses are proportional to switch current 
and voltage. The results for the other DPWM methods can 
be seen in Tab. 1: DPWM0, DPWM2, DPWMMIN and 
DPWMMAX methods had good performances in terms of 
switching loss reduction; approximate values are 
obtained. 

The SPWM and SVPWM methods exhibited good 
performances in DB harmonic current values in both low 
and high modulation indexes in the inductive mode of 
operation (Fig. 24). Considering the DPWM methods, 
harmonic current values are high in low modulation 
indexes, as seen in Fig. 24. In high modulation indexes, 
especially after Mi = 1, they performed well in terms of 
harmonic distortion. For Mi = 1,155, DPWM3 had a 
performance superior to the other PWM methods in terms 
of harmonic current values (Fig. 24). A similar statement 
can be made for capacitive operation (Fig. 25). In Fig. 26 
÷ 27, the changing of the harmonic current values of the 
D-STATCOM against the changing of the modulation 
index is demonstrated: the DPWM3 had lower harmonic 
values in both capacitive and inductive operations in the 
modulation index of Mi = 1,155. 

In Fig. 28, the switching losses of the D-STATCOM 
against the variation of frequency for the PWM methods 
are shown for the inductive operation mode. Clearly, if 
the frequency is increased, the difference between the 
DPWM methods and the CPWM methods increases due 
to the reduction of switching losses. Moreover, it can be 
seen from Fig. 29 that the DPWM3 is superior to the 
other DPWM methods in terms of reduction of total 
losses. A reduction of 52,2 % was achieved in total losses 
when utilizing DPWM3 in a 10 kHz case. In Fig. 30, the 
variations of switching losses of the D-STATCOM 
against the variations of frequency for the PWM methods 
are given for the capacitive operation mode. Here it is 
obvious that the DPWM3 is superior to the other DPWM 
methods in terms of reduction of switching losses. A 
reduction of 56,8 % in switching losses was achieved 
when utilizing the DPWM3 in the 10 kHz case. In Fig. 31, 
the variation of total losses of the D-STATCOM against 
the variation of frequency for PWM methods for the 
capacitive operation mode is shown. A reduction of 
48,2 % in total losses was achieved when utilizing the 
DPWM3 in the 10 kHz case. 
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Figure 24 Changing of harmonic current values of DB against changing 

of modulation index for PWM methods 
(Inductive operation, fSW = 2 kHz) 
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Figure 25 Changing of harmonic current values of DB against changing 

of modulation index for PWM methods 
(Capacitive operation, fSW = 2 kHz). 
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Figure 26 Harmonic current values of D-STATCOM against changing 

of modulation index for PWM methods 
(Inductive operation, fSW = 2 kHz) 

0.5 0.7 0.9 1 1.155
0

5

10

15

20

25

Mi

H
ar

m
on

ic
 D

is
to

rti
on

 (T
H

D I)

 

 

SPWM
SVPWM 
DPWM0 
DPWM1
DPWM2 
DPWM3 
DPWMMIN 
DPWMMAX

Capacitive

 
Figure 27 Changing of harmonic current values of D-STATCOM 

against changing of modulation index for PWM methods (Capacitive 
operation, fSW = 2 kHz) 
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Figure 28 Changing of switching losses of D-STATCOM against 

changing of frequency for PWM methods 
(Inductive operation, Mi = 0,94) 
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Figure 29 Changing of total losses of D-STATCOM against changing of 

frequency for PWM methods (Inductive operation, Mi = 0,94) 
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Figure 30 Changing of switching losses of D-STATCOM against 

changing of frequency for PWM methods 
(Capacitive operation, Mi = 0,94) 
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Figure 31 Changing of total losses of D-STATCOM against changing of 

frequency for PWM methods (Capacitive operation, Mi = 0,94) 
 
8 Conclusions 
 

In this paper, the use of DPWM methods in the 
D-STATCOM was investigated for reactive power 
applications. After the results were reported, it was found 
that the DPWM3 method was the best in switching losses 
reduction compared to the other DPWM methods in the 
D-STATCOM. A reduction from 14 % up to 50 % can be 
achieved with the utilization of DPWM methods as 
compared to CPWM methods. The load power factor is 
obviously also an important parameter in choosing the 
suitable DPWM method to be utilized in the 
D-STATCOMs. In general, these results indicate that 
DPWM methods can be applied to D-STATCOMs for 
high modulation indexes, especially after the modulation 
index of 1. Furthermore, the results show that current 
harmonic distortions obtained in the D-STATCOM for 
the low modulation indexes with the utilization of 
DPWMMAX and DPWMMIN methods were lower than 
the other DPWM methods. As was mentioned earlier, 
utilization of these methods results in unequal stress in the 
semiconductor switches. Therefore, these two methods 
are not usually preferred or are limited in industrial 
applications. This paper proposes the utilization of the 
SPWM and SVPWM methods for low modulation 

indexes, while DPWM methods are recommended for 
high modulation indexes. The proper PWM algorithm can 
be selected according to the requirements of the 
distribution system. It was found that the DPWM3 
method seemed especially suitable for the reduction of 
switching losses and reactive power compensation in the 
D-STATCOM. It was also deduced from the results that 
this DPWM3 method demonstrated a good performance 
in terms of current harmonic distortion for high 
modulation indexes of the D-STATCOM. 
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