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Abstract: Multipulse rectifier system has been shown to be a cost-effective harmonic solution in many
industries where IEEE 519 is specified. However, it is susceptible to poor quality of the input source of the
power distribution system where the phase un- balance of the source voltage and preexisting low-order
harmonic voltages are presented. A small amount of voltage unbalance with preexisting harmonics can create
large amount of current harmonics to the input source. This paper introduces a dc link passive filtering method
to solve this problem. It greatly reduces the current harmonics created by the phase unbalance, the fifth- and
the seventh-order voltage harmonics by adding several series LC resonant loops into the dc link. As a result,
the proposed 18-pulse rectifier can meet IEEE 519 under abnormal source voltage conditions of the ac line.
Theoretical analysis and simulation results are presented in the paper to verify the effectiveness of this method.
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INTRODUCTION value among all the above solutions when its application

SIX-PULSE diode/thyristor rectifiers are widely used shown that a multi pulse rectifier system is susceptible to
as standard configuration of power converters in power a poor quality of the input source of the power
in- dustries; however, they contribute a large amount of distribution system. This source condition includes
current harmonic components back to the input utility unbalanced voltage phases and preexisting harmonics
side [1]. To solve this harmonic issue, the most common flown from the utility. The phase voltage unbalance is the
solution is the ap plication of a harmonic filtering method, most critical condition because the multiple phase-shifting
that reduces the current harmonic content by adding transformers show almost zero impedance to the negative
either active or passive filters (such as LCL filter) on input sequence harmonics. Another input line distortion is
of the six-pulse converter. Other solution is a regenerative caused by preexist- ing harmonics occurring at the fifth
pulse width modulation (PWM) rectifier system, where a harmonic order which is widely seen in a power system
PWM rectifier system, together with an LCL filter, creates where a six-pulse diode/thyristor rectifier is located by a
high-quality input current waveforms back to utility [2-6]. neighboring power distribution system. When the
The proposed third harmonic mitigation solution is called amplitudes of input voltage unbalance and line side
multi pulse rectifier system. It generates low-input current preexisting fifth  harmonic  increase  to  certain  values,
harmonics by application of a multiple phase-shifting auto the current total harmonic distortion (THD) of the system
transformer and a multiple phase rectifier. may  increase  dramatically [7-10]. For example, a typical

The multi pulse rectifier system is one of the most 18-pulse rectifier system requires a maximum 1% of the
attractive solutions. It has several advantages, such as phase unbalance and 2.5% of the fifth order of harmonics
less complexity, high reliability, lower volume and minimal 2.5% from the source voltage to meet the IEEE 519
resonance interaction problem within the power specification. This consists of only 68% of the power
distribution system. Generally, the cost of the multiple distribution systems in the United States Thus, it is
phase rectifier system—particularly the 18-pulse rectifier favorable if the multi pulse system can operate at more
with phase-shifting autotransformer—has the lowest severe utility conditions.

falls above the 100-kW power range. Past literature has
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Fig. 1: Circuit diagram of an 18-pulse-rectifier system.

Several papers have been published to solve the results are provided and compared with the conventional
above issue. The first method adds either ac or dc side method; and lastly the conclusion and effectiveness of
inductor to the system. When the phase unbalance the proposed method is verified.
increases to higher value (such as 3% and above), this
method become less attractive since much higher ac and Pulse Rectifier Theory under Unbalanced Conditions:
dc inductance have to be added. The second method is to Generally, the most widely seen voltage harmonics in the
reduce the current THD by specially designing the sources voltage are negative sequence (caused by phase
autotransformer windings. It has been proven to be unbalance), -5th- and 7th-order, -11th- and 13th-order
effective on a 12-pulse rectifier; however, the influence of harmonics.
the negative sequence, which causes the most severe The input voltage source vector under unbalanced
current harmonics, is not discussed. condition can be simplified as

Adding a series resonant circuit into a rectifier circuit
is not uncommon in previous work. In a second-order RC
resonant circuit is added to a single-phase rectifier circuit
to smooth the dc-link capacitor voltage for an RF
amplifier. In, the author discusses several harmonic
cancellation configurations, including series resonant where V / , V / , V / , V / , V /  and V / a
circuit in ac side for six-pulse rectifier [11-12]. In various re the amplitude/angle of the fundamental, negative
papers are published to discuss the resonant dc-link sequence, -5th-order, 7th-order, -11th-order and 13th-
switches. However, none of them discussed the addition order harmonics of the source voltage. Generally, the
of a resonant dc-link circuit to reduce the input current amplitudes of the harmonics are all very small, being less
harmonic under unbalanced line condition for multi pulse than 2% ~ 3% of the fundamental components.
rectifier systems k inverter that can provide soft switching If the  unbalance   ratio  of  the  source  voltage is
to the power. not  severe,  the  switching  function   shown  in can still

This paper   proposes  a  passive  filtering  method be effective. Then, the harmonics voltage vectors in
to  reduce  the  current  THD of an 18-pulse rectifier becomes
caused  by  source  unbalance  and  preexisting
harmonics. Several series  LC  resonant  circuits  are
added between the 18-pulse rectifier and the dc capacitor.
With the proposed method, the power quality can be
improved  with  majority  of  the   unbalances  in the
source side voltage. It has been shown that the proposed Similarly, the dc-link current can be calculated as
18-pulse rectifier can still meet IEEE 519 when the source
has more than 3.5% of line unbalances.

This paper is organized into the following sections.
First, this paper analyzes 18-pulse rectifier theory; second,
the application of the dc-link passive filters is proposed
and their influence to the line side current is presented;
third the design calculations are given; fourth simulation
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Fig. 2: Proposed 18-pulse-rectifier system for mitigating voltage unbalance

Compared to the 18-pulse rectifier operating under where Lk and C k are the inductance and capacitance of
unbalanced condition adds ±2nd, ±6th and ±12th order of the kth order RC resonant loop Selecting the resonant
harmonics in its dc-link current. parameters of the circuit is critical; it involves the

Unfortunately, the dc choke and leakage inductance optimization of performance and cost for the overall
of the transformer are relatively small under low-order system. In this paper, the inductance of each LC loop is
harmonics. A small amount of low-order harmonic voltage selected so that the amplitude of its resonant current does
generates a large amount of current harmonics in. This, in not exceed 35% of rated dc current at worst working
turn, generates a poor input current waveform to the input condition. The capacitance is selected to generate a
current [13-14]. resonant frequency of within ±10% of the designed value

Combining the input current vector can be [15-17].
approximated as It  should   be   noted   that   not    all    these   three

For example, the 18-pulse rectifier generates much better

From the 18-pulse rectifier under unbalanced The equivalent dc link circuit of the 18-pulse-rectifier
condition   creates    negative,   3 ,   5 ,   7 ,    11    and system under unbalanced condition can be derived asrd th th th

13   order  of   current    harmonics    components  into the shown in Fig. 3.th

source. Since the series resonance LC loop has high

Unbalance Mitigation Method  for  18-pulse  Rectifier: voltages generated at the dc link will be compensated in
Fig. 2   shows     the    generalized    circuit   diagram of the these three LC loops. Then, the voltage drops of these
proposed circuit system. In this figure, three series LC three resonant loops can be found from the following
resonance loops are added the dc-link circuit. They are equations, respectively:
2nd-order, 6th-order and 12th-order resonance circuits,
respectively.

In Fig. L and C values of the LC loops are defined as

The dc capacitor voltage now can be represented as

RC  resonance  circuits  are  necessary  to  the  system.

current waveforms even when the 12th-order RC resonant
loop is not added. Moreover, it is possible to replace the
12th-order loop with a dc choke for better harmonics
performance under high frequency. In this paper, only
2nd-order and 6th-order LC loops are applied and
investigated.

impedances under its resonant frequency, the harmonics
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Fig. 3 9: Phase supply fed 18 pulse rectifier

Since most of the harmonics voltages are dropped by
the LC resonant loop, the dc-link current consists of only
small amount of ac components as shown in the following
equation:

Using the similar method  in   previous  section, it
can be found that the low-order harmonics generated to
the source current will be much smaller than that
calculated.

Fig. shows a typical dc-link impedance of the curves
as a function of harmonics frequency. In the figure, only
the 2  and the 6  order of LC resonant loops are added.nd th

Design Parameters: Detailed simulation utilizing software
program “MATLAB” has been made to investigate the
proposed control method. Two simulation models are built
up to make comparisons. One is the conventional method
with 5% ac inductor (based on base impedance, calculated
from base voltage and base power at 60 Hz). The other
one is the proposed passive filtering method without any
input inductor.

The parameters used in the 18-pulse rectifier are as Fig. 5: Input current:
follows.

Source voltage: Positive sequence: 480 V
Negative sequence: 2% Fifth order: 2.5%
Source short circuit ratio: 20 : 1 or >100 : 1 
Base inductance: 16.29 mH 
Rectifier power rating: 37.3 kW 
DC-link capacitor: 2 mF.
link, the components values. 
Second order: L2: 1.33 mH; C2: 1.20 mF/100 V 
Sixthorder: L6:407µH; C6:470µF/100V.

Table 1: Comparison of harmonics
Harmonic Order With out Filter With Filter
2 nd harmonic 8.51% 1.13%
6 th harmonic 4.63% 0.29%

The proposed method has only two LC resonant
loops in the dc

Simulation and Results: The 18 pulse rectifier is designed
using MATLAB simulink. The input 9 phase supply is
obtained from three phase supply  as   shown  in Fig 4.
The proposed 18 pulse rectifier is designed and a small
phase unbalance is created in the input and the results are
compared with conventional circuit. The input currents,
the rectifier currents, inverter current,harmonic spectrum
for conventional circuit are given if Fig 5-8. The input
currents, the rectifier currents, inverter current, harmonic
spectrum for proposedl circuit are given if Fig 9 -12. It is
found from the waveforms the rectifier current for the
proposed method is better when compared to
conventional circuit. It is also evident from the harmonic
spectrum that THD for the proposed is very much less
when compared to conventional. When there is an
unbalance in the system the 2  6  and 12  harmonic isnd th th

predominant. That is why the passive filter is designed for
2  and 6  harmonic order. The comparison of thesend th

harmonics with and with out filter is given in Table 1.

Simulation Results of Conventional Model:

Fig. 6: Rectifier and Inverter current:
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Fig. 7: Output Simulation Results of Conventional model Fig. 10: Rectifier and Inverter current of Proposed model:

Simulation Results for Proposed Model:

Fig. 8:

Fig. 9: Input current Fig. 12: THD for input current for proposed model

Fig. 11: Out put simulation results for proposed:
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CONCLUSION 7. Peng, F.Z. and D.J. Adams, 1999. Harmonic sources

In this paper, a passive filtering method is proposed Conf., pp: 448-455. CD ROM.
in the dc link of an 18-pulse rectifier to reduce its current 8. Oguchi, K., G. Maeda, N. Hoshi and T. Kubota, 1999.
harmonics under severe phase unbalance and  abnormally Voltage-phase shift- ing effect of three-phase
high harmonic preexisting conditions. With the proposed harmonic canceling reactors and their applica- tions
method, the following conclusions can be made. to three-level diode reactors, in Proc. IEEE IAS Annu.

The input current is still near sinusoidal under 9. McGranaghan, M.F. and D.R. Mueller, 1999.
heavier  unbalanced  source  voltage  conditions. The Designing harmonic filters for adjustable-speed
current harmonics of the proposed method are highly drives to comply with IEEE-519 harmonic limits, IEEE
improved as compared to that of the conventional Trans. Ind. Appl., 35(2): 312-318.
method. 10. Aydemir, M.T., P. Caldemia and T.A. Lipo, 1993.
The proposed method has much better current Utilization of a series resonant DC link for a DC motor
sharing for the rectifier diode than that of the drive, IEEE Trans. Ind., 29(5): 949-958.
conventional method. 11. Rockwell Automation Publication, Low harmonics
The ripple current of the dc capacitor can be largely drive packages en- gineeredfor you—Variable
reduced. frequency drive packagedwith harmonic mitigation.
The THD of the proposed model is less compared to [ O n l i n e ] . A v a i l a b l e :  h t t p : / /
conventional model literature.rockwellautomation.com/ idc/ groups/
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