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Abstract:- This paper presents a novel configuration of separate zigzag transformers based 18-pulse AC —-DC
converter for improving the ripple factor & isolation of three phase uncontrolled rectifier, this approach
eliminates the complexity required to design a complicated auto transformers or isolated multi winding
transformer as used with other systems. The paper also presents the comparison among 12 pulse and 6 pulse AC
- DC converter for different parameters like ripple factor, harmonic distortion in input current for unbalanced
supply voltage, efficiency of the converters, power factor variations of input power supply all these parameters
are compared for no load light loads & full load conditions we further extend our simulation for measuring the
effects of different type of filters like L, C & LC the simulation results shows some useful & interesting results
which can be used for developing or selecting the best configuration for practical developers.
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l. INTRODUCTION

As we know that DC current is the basic requirement of many of the high power electrical machines
like series or shunt DC motors, BLDC motors etc the proper operation of these machines need a smooth DC
supply because the most of the distribution system provides AC supply hence a proper circuit is needed for
converting AC to DC although many methods are available for this purpose the method selection is not a
difficult task in the case of smaller load because adding a simple filter can enhance the performance of poorly
selected rectifier but for the large load condition it can be very difficult because for large loads we need very
heavy filter circuit which is not acceptable hence the selection of multi pulse converters are necessary another
problem related to power systems is harmonic distortion caused by nonlinear loads because applications of
nonlinear devices are continuously increasing in industries. Generally two techniques are used to solve the
harmonic current problems. 1. Active current shaping and 2. Passive current shaping methods. Active current
shaping methods requires some energy recycling or redistribution between different lines by using storing (like
capacitors) switching & coupling devices controlled by some complex algorithms. Passive current shaping
methods employs the passive filters like LC circuits with multi pulse switching configurations to eliminate the
selected harmonics. This paper discusses the performance of 6, 12, and 18-pulse diode converters. In multi pulse
converters, several six-pulse diode rectifiers are connected either in parallel or in series. Each rectifier is fed by
phase shifted secondary windings voltages of a transformer. Increasing the number of rectifiers raises the
number of steps in the primary current waveform and produces a sinusoidal shaped supply current flowing into
the transformer primary winding. For harmonic mitigation, multi pulse uncontrolled converters are very popular
due to the absence of any control system for the power diodes, however, control of output voltage is not
possible. On the other hand, multi pulse controlled converters require a control circuit for switching of the
thyristors however; modular control concept makes the overall design and circuit realization easier than
anticipated from the complexity stand point. This paper presents the simulation of multi pulse diode converters
by connecting six pulse rectifiers in series feeding R-L loads. The THD in the input supply current and the
ripple in the output voltage are compared.

Many methods based on the multi pulse switching have been proposed which are based on
autotransformer or multi winding isolation transformer although both of them provides small size of transformer
but need a complex structure also the autotransformer lacks the isolation between input and output & other also
can be completely damaged by accidental overloading of one of the any phase because all primary windings are
common.

1. PREVIOUS WORK
Principle of increasing the number of rectification pulses in ac—dc converters are discussed in the
literature [1], [2], which shows the basic concepts of multi pulse rectifier. Bhim Singh [3] presented a novel
configuration of an autotransformer based 18-pulse ac—dc converter for improving the power quality at the point
of common coupling (PCC) in variable frequency induction motor drives (VFIMDs). The polygon based
connection of autotransformer for achieving 18-pulse rectification is utilized to result in reduction in rating of
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the magnetics. The design of the autotransformer is carried out for an 18-pulse ac—dc converter feeding a vector
controlled induction motor drive (VCIMD). Moreover, the autotransformer design is modified for making it
suitable for retrofit applications, where presently a 6-pulse diode bridge rectifier is used. The effect of load
variation on VCIMD is also studied and the performance of the proposed 18-pulse ac—dc converter is compared
in terms of different power quality indices on both ac as well as dc side with other ac—dc converters. A
laboratory prototype of the proposed autotransformer based 18-pulse ac—dc converter feeding a 10-hp induction
motor drive is developed to verify the design and simulated results. And the results shows that the THD of
supply current at full load is 9.23% and that at light load is 15.32%, whereas the power factor under these
conditions is 0.981 and 0.976, respectively. Another method is proposed by Maryclaire Peterson and Brij N.
Singh [4]. This paper deals with input current shaping of uncontrolled and controlled rectifiers using multi pulse
current shaping concept. The rectifier circuits investigated in this paper feed R-L loads. The developed
mathematical model of multi pulse converters emulates the behavior of various multi pulse current shaping
methods. The mathematical model is capable of replicating the operating behavior for converters with any
number of rectifiers; 6, 12, 18, 24, 36, and 48-pulse diode/thyristor converters. To reduce the transformer rating,
autotransformer based multi pulse converters have been reported in the literature [5]. In the autotransformer, the
windings are interconnected such that the kVA rating of the magnetic coupling is only a fraction of the total
kVA of the VCIMD. Different configurations of autotransformer based 18-pulse ac—dc converters have been
reported in [6]-[7] for reducing the total harmonic distortion (THD) of ac mains current improved even under
light load conditions.

1. PROPOSED WORK

Because we have to perform the comparison for different configuration the figure 1 shows the basic
model of six pulse uncontrolled rectifier which is also used as base unit for 12 and 18 pulse system. The
simulink model shows the zigzag transformer at although for six pulse system it is not required but because for
higher pulse the proposed model consists of zigzag transformers with different phase shifts we selected this with
zero phase shift instead of normal transformer to achieve the fair comparison because the change in type of
transformer may cause the small change in its parameters. The rectifier is designed for 10KVA rating at 230V
50Hz AC. The transformer used is also rated for same with turn ratio of one & to measure the different
parameters of the rectifier like THD, Ripple ratio etc. some other components are connected with the circuit. In
circuit for analysis a R-L load is connected at the output of the rectifier which can be varied for measuring the
condition of rectifier at different load conditions the base circuit also uses passive L-C filters as shown in figure
although for the simplicity we are showing one model but for analysis all configuration of filters are considered.
The ratings of the components selected for the simulation are as follows

1. Voltage source: 230V AC 50Hz. All three sources are shifted by 120 degree in phase relatively.

2. Transformer: Zigzag for 6-pulse zero degree phase shift, for 12 pulse 30 degree phase shift & for 18 pulse 20
degree phase shift. The transformer is rated

10KVA at 230V 50Hz the turn ration is selected as one.

Figure 1 Simulink Model of the 6-pulse converter.
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3. Universal Bridge: three arms six diode standard bridge with snubber resistance of 100K ohms & capacitor of
0.1 micro farad.

4 Load: the load is selected according to given expression
For full load condition

10**K*P = (K*1.35%*230)%/R............. (1)

Where K = 1, 2 or 3 according to 6-pulse, 12-pulse or 18-pulse.

P represents the factor of loading & equal to one for full load.

Now from expression (1) the value of R can be easily found for different operating condition.
The value of L is selected by considering the ratio of stored power to dissipated power.
Where stored power = (1/2)*L*I%. & dissipated power = I°R.

For the 12 & 18 pulse models some measuring blocks are eliminated to fit the figure in page.

o6 b b b ol

Figure 3 Simulink model for 18 pulse converter

The simulation results of all three converters for different conditions are shown below in tabular form
I. Results for Balanced input
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A for full load (REesistive only)

Tvpe THD Percentage) Eipple(Percentage) Efficiency(Percentage) Power Factor
L C LC L C LC L C LC L C LC
G-pulse | 1363 | 1434 | 1363 | 1373 | 4170 | 1380 | 0204 | 0297 | 9204 | 08617 | 08613 | 08617
12- F0B9 | 3473 3069 1071 1890 | 0930 | 9929 | 9929 | 9930 | 09231 | 09273 | 092151
pulse
13- 1788 | 1808 | 1787 | 01533 | 0030 [ Q005 | 9932 | 9033 | 9032 | 0.0477 [ 0.9470 [ 09477
pulze
B. for light load 20% [Resistive only)
Type THDPercentage) Eipple(Percentage) Efficiency(Percentage) Power Factor
L C LC L C LC L C LC L C LC
Gpulse | 2370 | 2327 | 24253 | 4234 | 7305 | 3194 | 9917 | 99.17 | 99.16 | 09678 [ 09722 | 09682
12- 0246 | 12,13 | 9387 | 1326 | 1.760 | 0671 | 9284 | 9283 | 0883 | 09832 | 09819 | 09833
pulze
13- 4008 | 3250 ) 4986 | 0233 | 0013 | 0001 | 9833 | 9836 | 9832 | 09893 | 09802 | 09803
pulse

C. for B-L load (Stored energy 20%)

Tvpe THD Percentage) Eipple(Percentage) | Efficiency(Percentage) Power Factor
L C LC L C LC L C LC L C LC
G-pulse | 2323 | 2402 | 2338 | 45371 | 7383 | 3627 | 9916 | @917 [ 9917 [ 09676 | 09708 | 09683
12- Q170 [ 12.69 | 9632 | 1378 2108 | 0769 | 9803 | Q383 | 9883 [ 09384 | 00817 | 008532
pulze
18- 1790 | 1868 | 1787 | 0481 | 0039 | 0003 | 0032 | 0033 | 0032 | 0.0477 | 0.0470 | 00477
pulze

A for fill load (Resistive only)

. Results for Unbalanced input (One phase Variation by 10%)

Tpe THD Percentage) Eipple(Percentage) | Efficiency(Percentage) Power Factor
L C LC L C LC L C LC L C LC
Gpulse [ 1416 [ 1492 [ 1416 | 1.809 | 4283 | 1.766 | 98.05 | 98.01 [ @829 | 08607 | 08367 | 02606
12- 32353 [ 3394 | 3211 ) 1321 ) 2237 | 1441 | Q@898 | 98,10 [ 9903 | 00237 | 09248 | 09234
pulse
13- 1897 [ 4509 [ 1978 | 0637 | 2.083 [ 05308 [ 9921 | 9903 [ 9922 | 00477 | 0.9280 | 0.9490
pulse

B. for light load 20% (Resistive only)

Type THD{Percentage) Eipple(Percentage) | Efficiency(Percentage) Power Factor
L C LC L C LC L C LC L C LC

G-pulze | 2438 | 2380 | 2493 | 4408 | 7400 3290 | 9842 | 9806 | 9833 | 09672 [ 09710 | 09672
12- 9348 | 1213 | 9849 17153 ) 2186 [ 1.337 | 9867 | 9330 | 9396 | 0.9833 | 0.9801 | 09817
pulze
18- 3187 | 3014 | 30982 1049 ) 2676 0300 | @883 | 93.01 | 9383 | 0.9802 | 08003 | 0.0930
pulse
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C. for B-L load (Stored energy 20%)

Tope THDPercentage) Eipple(Percentage) Efficiency(Percentage) Power Factor

L C LC L C LC L C LC L C LC
G- 1412 1434 ) 1414 | 8273 | 17.72 [ 1027 [ 9862 | 0766 | 9263 | 08621 | D.2630 | 02600
pulze
12- 3242 40993 | 3482 | 4680 T374) 4141 | 9334 | 910 | 9003 | 09239 | 09260 | 09234
pulze
18- 1904 | 4077 ) 1078 | 0804 | 2060 [ 03363 ( 0021 | 0010 | 9022 | 09478 | 0.9300 | 0.0400
pulze

AV RESULTS AND DISCUSSION

The proposed 12- and 18-pulse ac—dc converters have been modeled and designed for R-L load in
MATLAB environment along with Simulink and Power System toolboxes. The overall performance of the
converter, with different load fed by a 6-pulse 12-pulse and 18-pulse diode bridge rectifier, are listed in table
above. The analysis shows that the supply current waveform along with its harmonic spectrum at full load,
showing the THD of ac mains current as 31.3%, which deteriorates to 62.2% at light load (20%), as shown in
Fig. 14. Moreover, the PF at full load is 0.935, which deteriorates to 0.807 as the load is reduced to 20%, as
shown in Table I1l. These results show that there is a need in improving the power quality at ac mains to replace
the existing six-pulse converter.

V. CONCLUSION

proposed ac-dc converter has shown the flexibility to vary the voltage ratio of the autotransformer for
making it suitable for retrofit applications. The performance of the proposed eighteen-pulse ac-dc converter has
been found satisfactory under varying load on VCIMD. The proposed ac-dc converter is able to provide close to
unity power factor in the wide operating range of the drive. The proposed converter has resulted in reduction in
rating of the magnetics leading to the saving in overall cost of the drive. The obtained experimental results on
the proposed converter has demonstrated the capability of this converter to improve the power quality indices at
ac mains in terms of THD of supply current, THD of supply voltage, power factor and crest factor.
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