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Abstract; 
This paper presents harmonic reduction due to mixing single-phase and three-phase rectifiers in 
low voltage distribution systems. The rectifiers use the full bridge involving inductor, capacitor 
and resistor. Three types of three-phase power sources: an ideal source, a non-ideal with balanced 
magnitude and a non-ideal with unbalanced magnitude voltages are used in the simulations. The 
non-ideal source refers to a three-phase source that the voltages are not exactly shifted by 120o. 
The harmonic currents in the line when supplying individual and mixing loads are investigated. 
Harmonic reduction occurs in the line current due to the counter-phase of individual harmonics. 
Results from simulation using PSCAD computer software are included in the paper. 

 

1. INTRODUCTION 

Loads in low voltage distribution systems are mostly 
single-phase rectifiers, which are included in 
electronic equipment such as radio, television, etc. 
Three-phase loads that use three-phase rectifiers in 
distribution systems include adjustable motors, 
uninterruptible power supply systems, battery charger, 
etc. The rectifier units have been known to draw a 
non-linear current (harmonics) when connected to the 
supply mains.  
 
Without any harmonic cancellations, non-linear loads 
may cause an excessive distortion in the phase current. 
The neutral current of this system may reach more 
than 100% of phase current magnitude resulting in 
thermal overloading of the neutral wire [1]. This is 
due to the vector sum of the triple-n harmonic currents 
from each phase.  Excessive harmonic current in the 
line and in the neutral may cause serious malfunction 
of the protection equipment, interference to computers 
and reduce transformer efficiency[2]. However, 
harmonic cancellation may occur due to the counter-
phase of single and three-phase harmonics [3]. 
 
This paper presents harmonic reduction due to mixing 
single-phase and three-phase load current in low 
voltage distribution systems. Full bridge rectifiers 
involving inductor-capacitor filter and resistor are 
used in the simulations. The harmonics current in each 
phase when supplying the individual and mixing loads 
is investigated. Three conditions of the three-phase 
power sources are used in simulations: ideal source, 
non-ideal with balanced magnitude and non-ideal with 
unbalanced magnitude voltage. The non-ideal three-
phase source is assumed having voltages that are not 

exactly shifted by 120o. This voltage supply is 
typically provided by voltage controlled inverters [4], 
[5], [6]. Results from simulation using PSCAD 
computer software are included in the paper [7]. 
 

2. HARMONICS CAUSED BY SINGLE-PHASE 
AND THREE-PHASE RECTIFIERS 

 
Harmonic performances in a normal distribution 
system, which supplies single-phase and three-phase 
rectifiers, are presented. The circuits of the full bridge 
rectifier for the single-phase and three-phase systems 
are shown in Fig. 1.  
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Fig. 1: (a) Single -phase and (b) three-phase rectifier 
 
 



In applications, the rectifiers may include inductor L 
and capacitor C. This LC filter is for smoothing the 
current and attenuating the ripple voltage in the DC 
side. The resistor R represents the DC load. For an 
idealized case without filter LC, the average DC 
output voltage is [8]: 
 
      Vdc = 2√2 VS  / π  for the single-phase    (1) 

 
      Vdc = 3√2 VLL /π           for the three-phase      (2) 

 
The magnitude of hth (odd) harmonic current in the 
line is computed using equations  (3) and (4).  
 
      I1ph(h) = 2√2 VS  / (Rπh) for the single-phase      (3) 

 
      I3ph(h) = √6 VLL / (Rπh) for the three-phase       (4) 
 
where Vs is the dc source voltage, VLL is the line-to-
line voltage. Each harmonic has a phase angle ϕh, 
because a harmonic is a vector. The Total Harmonic 
Distortion (THD) of the current is presented in 
equation (5). 
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Fig. 2 shows the block diagram of a typical 240/ 415 
volts distribution system for simulation purposes. The 
system is initially simulated supplying a single-phase 
rectifier in each phase, the harmonic distortion is 
examined. A three-phase rectifier is then installed in 
the system.  
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Fig. 2: Single -phase and three-phase rectifiers in a 
typical distribution system 

 
The rectifiers are simulated using L= 10 mH and 
C=1000 µF. The resistors as the DC loads of the 
single-phase and three-phase rectifiers are R= 5Ω  and 

5/3 Ω  respectively. Fig. 3 shows the waveform of the 
DC voltage. 
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Fig. 3: DC voltage waveform 

 
 

 
 
Fig. 4: Current waveforms of single -phase and three-

phase rectifiers 
 
Fig. 4 shows the current waveform of the single-phase 
and three-phase rectifiers. The mixed current between 
those rectifier currents is shown in Fig. 5. 
 

 
 

Fig. 5: The mixed current 
 
 
The current magnitudes of the single-phase and three-
phase rectifiers are shown in Fig. 6. The fundamental 
current of the three-phase is nearly three times of the 
single-phase rectifier. Odd harmonics appear in both 
the single-phase and three-phase systems, but the 
triple -n harmonics do not appear in the three-phase 
system.  
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Fig. 6: Magnitude of the harmonic currents 

 
The harmonic phases are shown in Fig. 7. The 
fundamental component of the single-phase current is 
nearly in-phase with the three-phase one. The 7th 
harmonics have a counter-phase. Some harmonics 
have several degree differences, but some of them 
have more than 90o differences. 
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Fig. 7: Phases of the harmonic currents 

 
3. HARMONICS IN A NON-IDEAL WITH 

BALANCED MAGNITUDE VOLTAGE 
 
Using the same loads, harmonic performance under a 
non-ideal source is investigated. The phase voltages of 
the three-phase source are simulated as shown in Fig. 
8. The magnitudes are set equal, thus the voltages are 
VA=240∠0o, VB=240∠110o, VC=240∠230o volts. A 
non-symmetrical winding distribution of generators 
and voltage source inverters may produce the non-
ideal source voltage [4], [5].  
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Fig. 8: A typical non-ideal source with balanced 

magnitude voltage 

Since the magnitude is balanced, the harmonic current 
of the single-phase rectifiers should remain the same 
as those under the normal source. The harmonic 
current of the three-phase rectifier is given in Fig.  9. 
The phases are depicted in Table 1. The current 
contains the triple-n harmonics.  
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Fig. 9: Harmonic currents of the three-phase load 

under a non-ideal balanced voltage system 
 

Table 1: The triple-n phase harmonics in the three-
phase system 

 
h ϕA(h) (deg) ϕB(h) (deg) ϕc(h) (deg) 
1 -18.6 -132.0 109.9 
3 -141.8 -130.3 -121.0 
6 110.4 -117.8 10.1 
9 -84.8 44.4 23.7 
12 37.4 91.9 -83.0 
15 -137.1 48.5 10.8 
18 176.1 -127.7 51.7 

 
4. HARMONICS IN A NON-IDEAL WITH 

UNBALANCED MAGNITUDE VOLTAGE 
 
Using the same loads, the non-ideal three-phase 
voltage source is simulated having an unbalanced 
magnitude as follows: VA  = 240∠0o, VB = 220∠110o, 
VC = 200∠230o volts. 

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0 5 10 15 20

Harmonic Number

M
ag

ni
tu

de
 (

K
A

)

Phase A
Phase B
Phase C

 
Fig. 10: Harmonic currents of the three-phase load 

under non-ideal unbalanced voltage system 
 



Fig. 10 shows harmonic currents of the three-phase 
load. The triple -n harmonics appear in the line but 
each phase has different magnitude. 
 
5. DISCUSSION  
 
Mixing Single-phase and Three-phase Rectifiers 
 
Installing a three-phase rectifier in a distribution 
system reduces harmonic distortions of the current, 
which are caused by single-phase rectifiers. If the hth 
harmonic current of the single-phase rectifier is I1ph(h), 
the three-phase rectifier harmonic current is I1ph(h), the 
mixed current of both currents is the vector resultant  
as follows: 
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The vector diagram of current is shown in Fig. 11. 
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Fig. 11: Resultant of harmonic currents 

 
 
Fig. 12 shows the magnitudes in one of the phase 
current under a normal voltage source. The total 
harmonic distortion (THD) of the current is resumed 
in Table 2.  
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Fig. 12: Harmonic currents under a normal voltage 

system 
 
 

Table 2: THD current under the normal voltage source 
 

Current THD (%) 
Single -phase rectifier 67.8 
Three-phase rectifier 14.5 
Mixed current 23.5 

 
When the source supplies the single-phase rectifiers 
without the three-phase one, the THD current in each 
phase is found as 67.8%. When the three-phase 
rectifier is involved in the system, the THD current 
reduces to 23.5 %. Factors that determine the 
reduction are as follows: 
• Both the fundamental currents are nearly in-

phase. Thus, the magnitude of the mixed current 
is increased nearly 300% compared to the single-
phase one. 

• The magnitude of the 3rd harmonic in the mixed 
current remains unchanged because there is no 3rd 
harmonic from the three-phase rectifier. 

• The magnitude of the 7th harmonic in the mixed 
current is lower than the three-phase rectifier 
current because of the counter-phase. 

 
 
Non-ideal with Balanced Magnitude Source 
 
The DC current (IDC) when the rectifier is supplied by 
the non-ideal source with balanced magnitude voltage 
is shown in Fig. 13. This is slightly different with the 
current under a normal source as given in Fig.3. In this 
condition, the conduction angle γ of the switching 
devices is not uniform. 
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Fig. 13: The DC current when the rectifier is supplied 

by the non-ideal source 
 
This condition causes the third harmonic current and 
its multiples appear in the distribution line. However, 
the THD current under this condition presents almost 
the same as the THD in the normal voltage source. 
The waveform of the mixed current when supplied by 
the ideal and non-ideal sources is presented in Fig. 14. 
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Fig. 14: The mixed current from ideal and non-ideal 
balanced voltage sources  

 
The total harmonic distortion of the phase currents is 
presented in Table 3. 
 

Table 3: THD current under the non-ideal balanced 
magnitude voltage 

 
Current I1ph I3ph IMixed 
Phase A 67.8% 14.5% 23.5% 
Phase B 67.8% 17.3% 23.6% 
Phase C 67.9% 13.2% 24.1% 

 
 
The current harmonics in one of the phases under this 
condition are shown in Fig. 15. 
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Fig. 15: The current harmonics under the non-ideal 
balanced magnitude voltage source 

 
 
Non-ideal with Unbalanced Magnitude Source 
 
The harmonic currents in one of the phases under non-
ideal and unbalanced magnitude are shown in Fig. 16. 
This is very similar to the results from the previous 
system, non-ideal with balanced magnitude source. 
The THD is presented in Table 4, which is similar to 
Table 3. 
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Fig. 16: The current harmonics under a non-ideal 

unbalanced voltage system 
 
 
Table 4: THD current under the non-ideal unbalanced 

magnitude voltage 
 

Current I1ph I3ph IMixed 
Phase A 68.3% 11.4% 22.7% 
Phase B 68.0% 16.8% 21.0% 
Phase C 67.8% 14.5% 24.5% 

 
 
6. CONCLUSIONS 
 
Installing a three-phase rectifier can reduce harmonic 
distortions caused by single-phase rectifiers in 
distribution systems. The harmonic reduction in the 
mixed current is due to the increase of the 
fundamental frequency magnitudes, absence of the 3rd 
harmonic from the three-phase rectifier and 
cancellation on the 7th. 
 
When each magnitude voltage of the three-phase 
supply is balanced but not exactly phase shifted by 
120o, the triple -n harmonics present in the system. The 
THD is slightly higher than the THD in the ideal 
system. When the voltages are unbalanced, similar 
behavior is presented by the system. 
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