
  

  
Abstract—Rectifier is a necessary part of high-power UPS. 

But due to its nonlinear characteristics, serious input current 
harmonic pollution will be produced to the power network. In 
this paper, by theoretical analysis, calculation and simulation, 
the necessity of input current harmonic suppression of 
high-power UPS rectifier is proved. Sseveral harmonic control 
methods of input current are proposed according to two aspects: 
adding harmonic compensation device and improving rectifier 
architecture. Finally, by on-line test and parameter comparison, 
the feasibility of the scheme is verified. 
 

Index Terms—High-power UPS, rectifier, input current, 
harmonic. 

 

I. INTRODUCTION 
With the development of power electronics technology, as 

an important equipment to ensure the stability and continuity 
of power supply, high-power UPS is widely used in power 
system, and comprehensively protects the hardware 
equipment, operating procedure and data transmission path 
of the network. AC/DC rectifier is a necessary part [1]. But 
due to the nonlinear characteristics, necessary analysises to 
the harmonic problem is very important for the selection and 
extension of the UPS rectifying before putting into use[2]. 

Under ideal conditions, after applying AC input sine wave 
voltage to the UPS, the input current waveform is changed 
into a non sinusoidal wave. In the course of running, the large 
number of current harmonics will generate reactive power, 
bring serious danger to power generation equipment, power 
supply equipment and power using equipment, cause a 
serious pollution on the power network and pose a threat to 
the safe operation of low voltage power supply system and all 
kinds of electric equipments [3]. 

In order to ensure the range of input current harmonic 
content of high-power and find an effective way to reduce 
it[4], in the paper, theoretical analysis, calculation and 
simulation of the input current harmonics are carried out. 
Several control methods are proposed to reducing the input 
current harmonic pollution. Actual tests or simulations are 
conducted to prove its feasibility, providing a theoretical 
basis for the harmonic suppression of high-power UPS in 
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practical application. 
 

II.  HARMONIC ANALYSIS 

A. Theoretical Analyseie 
6 pulse rectifier is a common rectifying device of 

high-power UPS, which has a full bridge rectifier consisting 
of six thyristo and is controlled by six thyristor respectively. 
Its schematic diagram is shown in Fig. 1. 
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Fig. 1. 6 pulse rectifier. 
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Fig. 2. 6 pulse rectifier waveform (a) AC voltage (b) A phase current. 
 

Ignore phase change process and current pulse and the 
effect of the harmonic of power supply, assumed that the AC 
voltage is pure sine wave, the AC side reactance is zero and 
trigger delay angle α =0.6 pulse rectifier (a) AC side voltage 
waveform (b) A phase current waveform is shown in Fig. 2. 
While the input sine wave voltage flows through the rectifier 
bridge, the input current is not a sine wave but a saddle 
shaped wave, its positive or negative half cycle of each wide 
is 120o and the front difference is 180o [5]. 

B. Harmonic Calculation and Total Harmonic Distortion 
Taking A phase current as an example, assuming that the 

trigger delay angle α =0 and DC side inductance is infinite, 
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the average value of the DC side output current dI is known. 

A phase RMS current aI   is as follows: 
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In one cycle, the instantaneous value of AC side current is: 
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The non sinusoidal input current )( tia ω  with a period of 

ωπ2=T meets the Dirichlet condition and can be 
decomposed into Fourier function: 
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Among that: 
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According to (3) and (4), the Fourier expression for the 

input current )( tai ω  can be obtained that: 

∑

=
±=

+=

,2,1
16

sin
1

1-
32

sin
32

)(

k
kn

t
n

k
dItdItai ω

π
ω

π
ω ）（  (5) 

 
So the RMS current of the fundamental and each harmonic 

wave are: 
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The n times input harmonic current nHRI  is:  
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The total harmonic distortion of input current iTHD   is:  
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C. Simulation 
To prove the correctness of the calculation above, the 

MATLAB simulation of 6 pulse rectifier is carried out.  

 

Fig. 3. A phase input current waveform, harmonic spectrum. 
 

In the simulation, the AC voltage of the circuit is ideal, 
220V, 50Hz, with a resistance and inductance load. A phase 
input current waveform and harmonic spectrum are shown in 
Fig. 3. The input current waveform is distorted, each 
harmonic rate decreases with the increase of frequency, and 
5th and 7th harmonic amplitude is relatively higher which are 
about 1/5 and 1/7 of the fundamental respectively[6]. The 
input current iTHD  is 30.08%, similar to the theoretical 
calculation, indicating that the distortion is serious and will 
cause a bad pollution for the power system [7]. 
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III. DIFFERENT HARMONIC CONTROL METHODS ANALYSIS 

A. Increase Harmonic Compensation Device 
By adding passive filter or active filter, once or more 

harmonics produced by a UPS rectifier can be compensated. 
The passive filter schematic diagram is shown in Fig. 4. It can 
be seen that the filter inductor (LA1, LB1, LC1) and filter 
capacitor (C1, C2, C3) present a low impedance characteristic 
to 5th and 7th harmonics and can effectively filter the 
suppression; The input inductoris (LA, LB, LC) is used as a 
input current waveform correction which can improve the 
effect of the resonant filter circuit[8]. The active filter 
schematic diagram is shown in Fig. 5. By the instruction 
current detection circuit and compensation current generation 
circuit, it can detect the power side harmonic component and 
generate a additional signal opposite [9]. And can suppress 
harmonics dynamically. The active filter can compensate 
harmonics in different size and frequency [10]. 

 

AC
Input

Voltage

LA

C1

LA1 LB1 Lc1

C2 C3

LC 
Passive 

Filter

LB

Lc
Rectifier

 

Fig. 4. Passive Filter. 
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Fig. 5. Active filter. 
 

B. Improve UPS Rectifier’s Structure 
12 pulse and IGBT rectifier are two feasible methods. 
The diagram of 12 pulse rectifier is shown in Fig. 6. The 

circuit is composed of two 6 pulse rectifier, connected in 
parallel and with the same polarity. By different connection 
of the transformer, the phase difference between the two 
rectifier bridges is 30o[11]. Taking A phase current as an 
example, assuming that the AC input voltage is pure sine 
wave and the trigger delay angle α =0, the Fourier series 
equations of this two rectifier bridge are: 
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So the total input current )( tai ω Fourier series equation is: 
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From the equations, the input current harmonics of 12 

pulse rectifier is 112 ±= kn , 2,1=k  , the maximum 
harmonic component appears in the 11th, accounting for 1/11 
of the fundamental, without 5th or 7th harmonic[12]. 
Compared with 6 pulse rectifier, the harmonic content is 
reduced and the total harmonic distortion rate will decrease, 
so it can reduce the input current harmonic pollution of 
rectification part effectively. 
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Fig. 6. 12 Pulse thyristor rectifier. 

 
IGBT rectifier uses full control device instead of thyristor, 

uses PWM control mode instead of phase controlled 
rectifier[13] and its schematic diagram is shown in Fig. 7. By 
modulation, IGBT rectifier can make the input current track 
the input voltage waveform, absorb sinusoidal current in the 
same phase with voltage and will only produce a very small 
pulse because of the high ordered harmonic associated with 
triangular carriers[14]. So the input current waveform is 
close to sine wave, the power factor is close to 1 and each 
harmonic content is small. It can be use to reduce the 
harmonic content [15]. 
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Fig. 7. IGBT rectifier. 
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IV. SIMULATION AND EXPERIMENT OF DIFFERENT 
TREATMENT METHODS 

A. 6 Pulse Rectifier 
Take a certain model 40kVA, 380V, 50Hz UPS using 6 

pulse rectifier as an example and do an oscilloscope test. 
With a linear full load, a phase voltage and current 
waveforms are shown in Fig. 8. It can be seen that after 
putting into the power network, the AC current waveform is 
not linear with the voltage waveform, the phase difference 
between the voltage and the fundamental current is 30o, and 
the current waveform is a distorted saddle shaped wave. The 
input power factor and total current harmonic distortion rate 
test of 6 pulse rectifier is shown in Table 1 and it can be seen 
that the PF and iTHD  data are about 0.81 and 25%. Power 

factor can affect the load capacity of UPS, and harmonic 
pollution can affect the power quality of power system. 
Effective managements need to be put to meet the two 
requirements.  

 

Fig. 8. A phase voltage and current waveforms. 
 

TABLE I: THE INPUT PF AND iTHD  TEST OF A CERTAIN TYPE UPS USING 

6P 
THDU OF PHASE A OF 
MAIN INPUT: 0.65% TOTAL CURRENT 

TEST VALUE (A): 
116.0
2 

TOTAL CURRENT 
LCD DISPLAY 
VALUE (A): 

116.70 
ACCURACY OF 
INPUT CURRENT 
DISPLAY: 

0.59% 

N/A 
EACH ORDER OF POWER FACTOR 
A B C 

INPUT PF (100% 
LOAD) 0.812 0.801 0.811 

N/A 
EACH ORDER OF HARMONICS 
PERCENTAGE (%) 
A B C 

INPUT THDI (100% 
LOAD) 25.080 24.940 25.620 

 
TABLE II: THE INPUT PF AND iTHD  TEST OF A CERTAIN TYPE 6P UPS 

WITH 5TH FILTER 
THDU OF PHASE A OF 
MAIN INPUT: 0.46% TOTAL CURRENT TEST 

VALUE (A): 98.46 

TOTAL CURRENT LCD 
DISPLAY VALUE (A): 98.60 ACCURACY OF INPUT 

CURRENT DISPLAY: 0.14% 

N/A 
EACH ORDER OF POWER FACTOR 
A B C 

INPUT PF (100% 
LOAD) 0.935 0.929 0.935 

N/A 
EACH ORDER OF HARMONICS PERCENTAGE 
(%) 
A B C 

INPUT THDI (100% 
LOAD) 8.570 8.750 7.940 

 

B. Increase Harmonic Compensation Device  
The maximum input current harmonic component of 6 

pulse rectifier appears on the 5th, so 5th harmonic filters can 
be added to filter out the current harmonic component of 5th 
and its adjacent spectrum neighby. As shown in table II, 
compared with table I, the input PF can be greater than 0.90 
and the iTHD  can be reduced under 10% after adding 5th 

filter. So, in ths way, it can improve the power factor and 
partly reduce the harm current harmonic to the power 
network. Although the input current harmonics is still large, 
it is of high reliability, good cost performance and a great 
feasibility in using passive components. 

C. Improve the Structure of UPS Rectifier 
Assuming that 220V,50Hz AC input voltage is a pure sine 

wave, AC side reactance is zero and DC side load is inductive, 
after 12 pulse rectifier simulation, A phase input voltage and 
current waveform, harmonic spectrum diagram is shown in 
Fig. 9. It can be seen the input current waveform is distorted 
and not in the same phase as input voltage. But compared 
with 6 pulse rectifier, the maximum harmonic component 
appears in the 11th and the total harmonic distortion is less 
than 5%. Although the device and control circuits are 
complex and the reliability needs to be proved, the total 
harmonic distortion rate shows that 12 pulse rectifier can be 
used in UPS harmonic control. In actual operation, the 11th 
harmonic is still large, the 11th harmonic filter can be used to 
reduce it. 

 

Fig. 9. A phase input voltage, current waveform and harmonic spectrum of 
12 pulse rectifier. 

 

 

Fig. 10. A phase voltage current waveform and current harmonic spectrum of 
IGBT rectifier. 
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After the simulation of the IGBT rectifier, A phase voltage 
and current waveform and current harmonic spectrum are 
shown in Fig. 10. The input current is close to a sine wave 
and basicly basically in the same phase with the input voltage 
and the power factor is approximately 1. Compared with 6 
pulse rectifier, the harmonic content and total harmonic 
distortion rate are lower. Using IGBT rectifier in high-power 
UPS can effectively restrain the harmonics and improve 
power quality. But at the same time, the control system is 
more complex, and need to solve the pollution of high order 
current harmonics to the power network.  

 

V. CONCLUSION 
In this paper, we analyzed theoretically and calculated the 

harmonic problem caused by high-power UPS after inputing 
into power network, discussed some relevant solutions and 
get some conclusions by comparing the data of simulation 
and actual test. Firstly, compared with 6 pulse rectifier, 
increasing harmonic compensation device and improving the 
structure of UPS rectifier can effectively reduce the harmonic 
content, but the compensation way of filtering compensators 
is pollute first, then control. Secondly, the control method of 
12 pulse rectifier is to reduce the times of harmonics 
fundamentally. Thirdly, IGBT uses a completely different 
control strategy from traditional ones and has a greater 
advantage in reducing harmonic content and improving the 
power factor. To make a final textual research of each 
method, long-term operation and monitoring in working 
conditions are needed. 
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