
 

 

  
Abstract—The increasing penetration of Distributed Generation 

and storage connected to the distribution network via PWM 
converters increases the possibility of a DC-component (offset) in 
voltage or current flowing into the grid. This occurs when even 
harmonics are present in the network voltage. DC-components can 
affect the operation and safety of several grid components. Therefore, 
an investigation of the way they are produced is important in order to 
take appropriate measures for their elimination. Further research on 
DC-components that appear on output voltage of converters is 
performed for different parameters of PWM technique and 
characteristics of even harmonics.  
 

Keywords—Asymmetric even harmonics, DC-offsets, distributed 
generation, electric machine drive systems, power quality. 

I. INTRODUCTION 
HERE have been several publications reporting the 
generation of DC-components in the current or voltage 

waveform. In [1]-[7] geomagnetically-induced currents are 
reported to introduce DC-offsets. DC-components may be 
produced by HVDC systems, when AC and DC transmission 
lines are in close proximity [8], [11]. DC-components may be 
also produced by Static Var Compensators [6], or in general, 
in cases where anti-parallel power electronic switches are used 
[12]. There are also references where single-phase [9] and 
half-wave rectifiers [7] are reported to produce DC-
components when supplied with asymmetrically distorted 
voltage waveforms. 

In this paper the generation of DC-components by PWM 
converters when even harmonics are present in the network 
voltage [9], [10], is investigated. Possible sources of even 
harmonics are presented in [9]. 

II. EFFECTS ON GRID COMPONENTS 
DC-components can influence the operation of several grid 

components, predominately transformers. In particular, 
converter transformers are DC-magnetized, when the 
converter output voltage contains DC-components. This 
means that DC current flows as transformer magnetizing 
current and offsets the knee of the flux-current characteristic 
and, if excessive, causes DC (or half-cycle or asymmetrical) 
saturation of the converter transformer [1]-[7], [10]-[16]. 

Other undesirable effects of DC-components on 
transformers and other grid components are:  
1) Protective shutdown of the converter. When DC-
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magnetization of converter transformer progresses and 
reaches saturation level, results in an overcurrent and a 
protective shutdown of the converter [8].  

2) Production of odd and even harmonics by transformers 
[1], [8] and nonlinear loads [9]. 

3) Power losses, possible loss of life expectancy, increase in 
reactive power consumption and audible noise by 
transformers [8], [11].  

4) Inaccurate measurements. DC-components can cause 
inaccurate measurements because of saturation of current 
transformers on the AC side. Thus, control and protection 
systems (and protective relays) that depend on these 
measurements will not function properly [4], [7], [8], 
[11]. 

III. DC COMPONENTS BY PWM CONVERTERS 
PWM converters produce DC-components when 

“asymmetric” 3-phase even harmonics are present in the 
network voltage. Asymmetries are typical in power networks, 
so “asymmetric” even harmonics are also very likely to 
appear. The word “asymmetric” means that together with the 
normal phase sequence of a harmonic, an amount of opposite 
phase sequence exists i.e., a positive-phase sequence for a 2nd 
harmonic, a negative-phase sequence for a 4th harmonic, and 
so on. A 3-phase voltage system consisting of the fundamental 
component and a negative (normal phase sequence) or a 
positive (opposite phase sequence) 2nd harmonic is shown in 
Figs. 1 (a) and (b) respectively. The large asymmetry between 
the three phases is obvious in the second case. 

 

 
(a)           (b) 

Fig. 1 Fundamental with a: (a) negative-, (b) positive-2nd harmonic 
 
When the network voltage contains harmonics, a percentage 

of these harmonics will also be contained in the reference 
waveform (control signal). In Fig. 3, the PWM pattern for a 6-
pulse voltage source converter (Fig. 2) is shown when the 
reference waveform contains an 8th positive-sequence 
harmonic. For better visibility, the Harmonic Percentage (HP) 
is set high and the Modulation Frequency (MF) index low. 
The Modulation Amplitude (MA) index is arbitrarily set to 0.8 
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and the Harmonic Angle (HA) is set to 600. 
 

 
Fig. 2 Six-pulse voltage-source converter 

 

 

Fig. 3 PWM pattern when an 8th harmonic is present on the reference 
waveform. HP=20%, MF=9, HA=600, MA=0.8 

IV. MAXIMUM DC COMPONENT OF PWM CONVERTERS 

A. One Even Harmonic on the Reference Waveform 
The analytical method used for the calculation of DC-

component that is contained in the three line voltages is 
described in [1]. It uses the intersection points between the 
three reference waveforms and the triangular pulse. An 
example is also given for the case shown in Fig. 3. After 
calculating the DC-component of each of the three line 
voltages, the maximum absolute value is eventually extracted. 

The DC-component contained in the converter output 
voltage is influenced by the PWM pattern parameters and 

characteristics of the harmonics. These parameters are 
thoroughly investigated, in order to calculate the maximum 
level of DC-component that may be produced when even 
harmonics are present in the network voltage. These 
parameters are: 
1) Modulation Frequency (MF) index. The MF index in a 6-

pulse PWM converter is an odd multiple of 3 10].  
2) Modulation Amplitude (MA) index. Values in the range 

0.6 – 1 were used. 
3) Harmonic Order (HO).  
4) Harmonic Percentage (HP).  
5) Harmonic Angle (HA). HA is the phase angle difference 

between fundamental component of the reference 
waveform and harmonics. The effective range for the HA 
is: 0 – 1800.  

In Figs. 4 and 5, the maximum DC-component for MF = 9 
(450 Hz for a 50 Hz system) and HO up to the 50th is given.  

 

 
Fig. 4 Maximum DC-component for MF=9, HO ≤ 50, HP=1-10%. 
 

 
Fig. 5 Maximum DC-component for MF=15, HO ≤ 50, HP=1-10% 
 
It can be seen that for all the harmonics, a quite large 

amount of DC-component exists, especially for some of the 
higher order harmonics. It becomes even higher than the HP 
for the 40th harmonic, but for all the other harmonics is less 
than 0.8⋅HP. 

In Fig. 5, the maximum DC-component is presented for 
MF=15 (450 Hz). Again, higher order harmonics give the 
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highest levels of DC-component.  
It is found that for MF≥15 (21, 27, 33…), some harmonics 

follow a particular pattern as regards the maximum DC-
component they lead to. This pattern regards the harmonics 
that lead a PWM converter to the production of the highest 
amounts of DC-component and it is presented in Fig. 6. It 
should be noted here that this pattern applies also for MF=9, 
but with a few small differences. 

 

 
Fig. 6 General pattern for the harmonics that lead to the highest 

values of DC-components 
 
There are pairs in the band of MF, 2MF, 3MF etc, that give 

high and about equal levels of DC-components. These pairs 
involve both the so-called “positive-” or “negative-sequence” 
(MF±1, 2MF±2, 2MF±4, 3MF±1, 3MF±5) and “zero-
sequence” (MF±3, 2MF, 3MF±3) harmonics. The highest 
level of DC-components is taken for HO=MF±1 and 
HO=3MF±3 for the positive-negative- and zero-sequence 
harmonics respectively. It must be noted here that higher order 
harmonics than those presented in Fig. 6 lead also to high 
production of DC-components. 

Lower order harmonics and other harmonics apart from 
those shown in Fig. 6 e.g. 2, 4, 6, 8, 22, 24, 36, 38… (Fig. 5, 
for MF=15) produce an amount of DC-components, which 
have a non-proportional dependence on the HP. This amount 
is not greater than 0.1⋅HP except for the 2nd harmonic, which 
gives a maximum DC-component of about 1.25% for 
HP=10%. Moreover, the maximum DC-component of these 
harmonics takes about equal values even for higher values of 
MF.  

The relationship of the maximum DC-component with the 
HA, follows again a particular pattern, especially for low 
values of HP. For higher values of HP, this pattern presents 
some differences mainly in the HA that gives the maximum 
DC-component. In Fig. 7, this pattern is shown and the 
opposite phase sequence is indicated in the brackets beside the 
harmonic order.  

It can be seen that for positive or negative sequence 
harmonics, positive-sequence harmonics (e.g. 2nd, MF-1…) 
give the maximum value for HA=600 and negative-sequence 
(e.g. 4th, MF+1…) for HA=1200. The variation of the 

maximum DC-component is exactly opposite for the positive- 
and negative-sequence harmonics. On the other hand, zero-
sequence harmonics (6, 12, MF±3…) have the same 
characteristics with the positive-negative sequence harmonics 
but with the opposite order.  

 

 
Fig. 7 Maximum DC-component versus HA for positive-negative and 

zero-sequence harmonics for HP =1% 
 
As regards the influence of the MA on the maximum DC-

component, there is also a common variation for some of the 
harmonics and for low values of HP. This is presented in Fig. 
8 for HP=1%. It can be observed that the harmonics with the 
highest value of DC-components (MF±1, 2MF±2, 3MF±3), as 
Fig. 6 shows, present about the same variation. Another group 
with the same variation consists of the 2MF and 3MF±1 
harmonics. The 2MF±4 and MF±3 harmonics form the third 
group. In this group, the 2nd, 4th and 6th harmonics are also 
included. 

 

 
Fig. 8 Maximum DC-component versus MA for HP =1% 

B. Combination of Even and Odd Harmonics 
The cases where two even harmonics or one even and one 

“symmetric” odd harmonic are contained in the reference 
waveforms are also investigated. The maximum DC-
component is calculated for equal values of HP for the two 
harmonics and compared with the maximum DC-component 
of each harmonic. The results for MF=27 and HP=1% are 
presented in Fig. 9. It is shown that the maximum DC-
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component for the combination of two harmonics is higher 
than the maximum DC-component of each harmonic. 
Obviously, this rule applies only for the maximum value, 
which means that the DC-component may be lower when two 
harmonics appear on the reference waveform. 

 

 
Fig.9 Maximum DC-component for some even harmonics and the 
combination of them with one other even or one “symmetric” odd 

harmonic with equal HP=1% (MF=27) 
 
The maximum DC-component is taken for the case where 

the two harmonics with the highest values (0.8⋅HP) of DC-
components are present (MF±1). In general, the combination 
of these two harmonics with equal HP gives a maximum value 
of 1.5⋅0.8⋅HP. 

In Table I, the parameters (MA, HA1 and HA2) that 
correspond to the maximum DC-component for two 
harmonics are given.  

 
TABLE I 

PARAMETERS FOR THE MAXIMUM DC-COMPONENT  
HO1 + HO2 MA HA1 (Degrees) HA1 (Degrees) 

2+4 1 60 0 
2+3 1 60 179 
2+5 1 60 0 
2+6 1 60 60 
6+5 1 60 0 
6+12 1 60 179 
26+28 0.99 60 0 
24+30 1 60 179 

V. ELIMINATION OF DC COMPONENTS 
It was shown in the previous analysis that for higher MF 

indices, the harmonics that may lead to high levels of DC-
components are of higher order. However, it was also shown 
that lower order harmonics e.g. 2, 4 , 6, 8…, which are more 
common to appear in a power network, can lead to significant 
amounts of DC-components if their magnitude is high or other 
harmonics (even or odd) are also present.  

The provision of a filter to remove even harmonics from the 
detected (measured) network voltage can only be used in 
steady-state operation of the converter. In transient conditions, 
filtering cannot be used as it makes the response of the 
converter very slow, so this solution should not be adopted. 
Moreover, in transient conditions, the asymmetries and the 

magnitude of even harmonics may be higher. Thus, a system 
for quick detection and control of DC-components need to be 
alternatively used for the elimination of DC-components [7] 
independently of the converter’s MF index. 

In cases of converters connected to the grid by means of a 
transformer, no DC-components will flow into the grid, as 
DC-components do not propagate through transformers. For 
transformer-less converters, acceptable limits for DC-
components injection must be set in order problems not to be 
caused to other grid components. It can also be mentioned 
here that DC-components are damped by network resistance. 
Thus, higher resistances mean lower propagation of DC-
components in large distances. Moreover, higher resistances 
mean smaller DC-currents for a given DC-voltage. 

VI. CONCLUSION 
In this paper, DC-components contained in the output 

voltage of a PWM converter, when even harmonics are 
present in the network voltage are investigated. A method for 
calculating analytically the maximum level of DC-component 
for various parameters of PWM pattern and harmonics is 
presented.  

By extensive calculation of DC-component for all these 
parameters, it is found a common pattern for the critical 
harmonics that give the maximum DC-component in relation 
with the MF index. It is also shown that there is a typical 
relationship between the maximum DC-component and the 
HA for some of the harmonics and their phase-sequence. 
Typical variation applies also for the maximum DC-
component and the MA index. 

 The presence of two even or one even and one odd 
harmonic with equal HP is also investigated. It is shown that 
the maximum DC-component can be quite high in relation 
with the maximum DC-component of each even harmonic. 
This means that lower order harmonics of high magnitude can 
cause problems when they are combined with other 
harmonics. Thus, independently of the MF index that a 
converter operates, measures must be taken to reduce the 
possible DC-component produced when even harmonics 
appear in the network voltage.  

 
ACKNOWLEDGMENT 

This document was prepared during a project funded by the 
European Union and Greek Government. The author wishes to 
acknowledge the significant contribution of the sponsors. 

REFERENCES  
[1] M. N. Moschakis, V. V. Dafopoulos, E. S. Karapidakis, and A. G. 

Tsikalakis, “Analytical Assessment of DC Components Generated by 
Renewable Energy Resources with Inverter-Based Interconnection 
System due to Even Harmonics”, ISRN Renewable Energy Journal, 
Hindawi Publishing Corporation, International Scholarly Research 
Network, Volume 2012, Article ID 261325, 12 pages, 2012.  

[2] B Bletterie, R Bründlinger, C Mayr, J Kirchhof, M Moschakis, N 
Hatziargyriou, S Nguefeu, Identification of general safety problems, 
definition of test procedures and de-sign-measures for protection “, 
Project Report, European Project DISPOWER, 2006. 

World Academy of Science, Engineering and Technology
International Journal of Industrial and Manufacturing Engineering

 Vol:8, No:7, 2014 

1096International Scholarly and Scientific Research & Innovation 8(7) 2014 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 I
nd

us
tr

ia
l a

nd
 M

an
uf

ac
tu

ri
ng

 E
ng

in
ee

ri
ng

 V
ol

:8
, N

o:
7,

 2
01

4 
pu

bl
ic

at
io

ns
.w

as
et

.o
rg

/9
99

87
59

.p
df



 

 

[3] S. Lu, Y. Liu, J. De La Ree, “Harmonics generated from a dc biased 
transformer”, IEEE Trans. Power Delivery, vol. 8, pp. 725-731, April. 
1993. 

[4] P. Price, “Geomagnetically induced current effects on transformers”, 
IEEE Trans. Power Delivery, vol. 17, pp. 1002-1008, October 2002. 

[5] W. Xu, T. G. Martinich, J.H. Sawada, Y. Mansour, “Harmonics from 
SVC transformer saturation with direct current offset”, IEEE Trans. 
Power Delivery, vol. 9, pp. 1502-1509, July 1994. 

[6] D. E. Warner, W. T. Jewell, “An investigation of zero order harmonics 
in power transformers”, IEEE Trans. Power Delivery, vol. 14, pp. 972-
977, July 1999. 

[7] E. V. Larsen, R. A. Walling, C. J. Bridenbaugh, “Parallel ac/dc 
transmission lines steady-state induction issues”, IEEE Trans. Power 
Delivery, vol. 4, pp. 667-674, January 1989. 

[8] J. Orr, A. Emanuel, “On the need for strict second harmonic limits”, 
IEEE Trans. Power Delivery, vol. 15, pp. 967-971, July 2000. 

[9] T. Nakajima, K. Suzuki, M. Yajima, N. Kawakami, K. Tanomura, S. 
Irokawa, “A new control method preventing transformer dc 
magnetization for voltage source self-commutated converters”, IEEE 
Trans. Power Delivery, vol. 11, pp. 1522-1528, July 1996. 

[10] A. M. Gole, R. Verdolin, E..Kuffel, “Firing angle modulation for 
eliminating transformer dc currents in coupled ac-dc systems”, IEEE 
Trans. Power Delivery, vol. 10, pp. 2040-2047, October 1995. 

[11] N. Mohan, T. Undeland, W. Robbins, Power Electronics: Converters, 
Applications, and Design, John Wiley & Sons, New York 1995. 

[12] Moschakis M., Leonidaki E., Hatziargyriou N., “Considerations for the 
Application of Thyristor Controlled Series Capacitors to Radial Power 
Distribution Circuits”, IEEE PowerTech Conference Proceedings, 
Bologna, Italy, 2003. 

[13] M. Ν. Moschakis, A. Kladas, N. Hatziargyriou, “A Voltage Source 
Converter Model for Exchanging Active and Reactive Power with a 
Distribution Network”, ELSEVIER -Journal of Materials Processing 
Technology, vol. 161, pp. 128-135, 2005.  

[14] M. N. Moschakis , E. L. Karfopoulos , E. I. Zountouridou , S. A. 
Papathanassiou , "On Adaptation of Electric Vehicle and Microgrid 
Issues to EMC-Power Quality Standards", Electrical and Electronic 
Engineering Journal, Scientific & Academic Publishing Co., Vol. 2, No. 
5, pp. 249-257, doi: 10.5923/j.eee.20120205.02, 2012.  

[15] M. N. Moschakis, E. L. Karfopoulos, E. I. Zountouridou, and S. A. 
Papathanassiou, “Adapting EV-Microgrid Concepts to European Grid 
Standards Related to Power Quality”, 16th IEEE International 
Conference on Intelligent System Applications to Power Systems 
(ISAP), Hersonnisos, Crete, Greece, September 25-28, 2011. 

[16] CL Moreira, David Rua, E Karfopoulos, E Zountouridou, FJ Soares, I 
Bourithi, I Grau, JA Peças Lopes, LM Cipcigan, Luis Seca, Marios 
Moschakis, PM Rocha Almeida, P Moutis, P Papadopoulos, RJ Rei, 
Ricardo J Bessa, S Skarvelis-Kazakos, Extend concepts of MG by 
identifying several EV smart control approaches to be embedded in the 
Smart Grid concept to manage EV individually or in clusters, Project 
Report, European project MERGE, 2010. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

World Academy of Science, Engineering and Technology
International Journal of Industrial and Manufacturing Engineering

 Vol:8, No:7, 2014 

1097International Scholarly and Scientific Research & Innovation 8(7) 2014 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 I
nd

us
tr

ia
l a

nd
 M

an
uf

ac
tu

ri
ng

 E
ng

in
ee

ri
ng

 V
ol

:8
, N

o:
7,

 2
01

4 
pu

bl
ic

at
io

ns
.w

as
et

.o
rg

/9
99

87
59

.p
df


