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Abstract: In this paper, a low kilo-volt-ampere rating zigzag connected autotransformer
based 36-pulse rectifier system supplying vector controlled induction motor drives
(VCIMD) is designed, modeled and simulated. Detailed design procedure and magnetic
rating calculation of the proposed autotransformer and interphase reactor is studied.
Moreover, the design process of the autotransformer is modified to make it suitable for
retrofit applications. Simulation results confirm that the proposed 36-pulse rectifier sys-
tem is able to suppress less than 35™ harmonics in the utility line current. The influence
of load variation and load character is also studied to demonstrate the performance and
effectiveness of the proposed 36-pulse rectifiers. A set of power quality indices at AC
mains and DC link are presented to compare the performance of 6-, 24- and 36-pulse
AC-DC converters.

Keywords: autotransformer, harmonic suppression, multipulse rectifier, power quality

1. Introduction

Squirrel cage induction motor drives have gradually gained importance in industrial appli-
cations because of their advantages such as reliability, free maintenance, and low cost. In addi-
tion, the technique of vector control [1, 2] is widely employed to control induction motor dri-
ves since it has superior speed regulation performance.

Commonly, the power supply of VCIMD comprises a 6-pulse diode bridge rectifier, an
L-C high pass filter, and a three phase voltage source inverter (VSI), as shown in Figure 1.
The drawback of the 6-pulse diode rectifier is its injection of harmonic currents into the AC
mains, low efficiency, and poor power factor [3]. When current harmonics circulate into the
finite source impedance, they bring about voltage distortions at the point of common coupling
(PCC), consequently influencing neighbouring consumers. The increasing use of induction
motor drives has urged the need to give clear limits for current and voltage harmonics in-



www.czasopisma.pan.pl P N www.journals.pan.pl

N

118 Ch. Xiao-Qiang, H. Chun-Ling, Q. Hao, L. Min Arch. Elect. Eng.

jecting into the power grid. Hence, many standards regarding power quality have been issued,
such as IEEE 519-1992 [4] and IEC 61000-3-2 [5].

For alleviating utility current and utility voltage distortion, one of the most simple and
robust harmonic mitigation solutions is to implement multipulse AC-DC converter [3, 6]. The
autotransformer based multipulse AC-DC converters can further reduce magnetic ratings, as
the windings are interconnected and only a small portion of the total kilo-volt-ampere (kVA)
of the load is transferred through magnetic coupling. B. Singh et al. [7-15] explored various
connections, such as Scott, tapped-delta, fork, hexagon, delta-polygon, and star connected
autotransformer based multipulse rectifiers for induction motor drives load. The pulse number
ranges from 12-pulse to 30-pulse. Twelve- and 20-pulse AC-DC converters based on delta-
polygon autotransformer for medium capacity switched mode power supply (SMPS) was pre-
sented by Kalpana et al. [16, 17]. The proposed transformer used both multi-phase and phase-
shifting techniques for harmonic current and magnetic ratings reduction. Oliveira [18] investi-
gated the relationship between the output voltages on the secondary winding and the voltage
reference from the primary winding of delta or wye autotransformer connection. Based on the
obtained general expression, optimum operation points for 12- and 18-pulse delta or wye auto-
transformer based rectifiers were given. A mathematical analysis on the basis of phasor dia-
grams of delta or wye-connected autotransformers was discussed by Fernandes et al. [19]. The
obtained expression simplified the process to determine turn ratios and polarities for all wind-
ings of the autotransformer.
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Fig. 1. Six-pulse diode bridge rectifier supplying VSI and VCIMD

With higher number of pulses, improvements in various power quality indices can be
achieved, but at the expense of increased magnetics complexity and additional number of
bridge converters. Literature [20] presented 24-pulse AC-DC converter based on zigzag auto-
wound transformer. The design of the transformer is also modified to make it appropriate for
retrofit applications. For more stringent power quality standards, rectifier systems of 30-pulse
or higher must be used. A delta type autotransformer based 36-pulse rectifier was designed in
reference [21], the proposed system could reduce the total harmonic distortion (THD) of the
AC mains current down to 3.80% and the 36-stpped utility current was very close to sinu-
soidal wave. Abdollahi [22-25] proposed Scott, delta/polygon, polygon, and delta/hexagon
connected autotransformer based 36-pulse AC-DC converters, which supplied induction motor



www.czasopisma.pan.pl P N www.journals.pan.pl

N

Vol. 65(2016)  Thirty-six pulse rectifier scheme based on zigzag auto-connected transformer 119

drives to improve power quality at the PCC. Several rectifier systems based on autotrans-
former with double-tap or triple-tap changer were included in references [26-29]. The multi-
tap changer utilized DC ripples reinjection technique, which could improve power quality
criteria of the proposed converters without much alteration in the installations.

This paper analyzes a zigzag auto-wound transformer based 36-pulse rectifier scheme fe-
eding a VCIMD at full length. Furthermore, the design of the proposed autotransformer is
modified to make it appropriate for applications, where presently a 6-pulse rectifier is used.
Theoretical kVA ratings of the autotransformer and interphase reactor are obtained. MATLAB
model of the 36-pulse rectifier and the zigzag autotransformer is also given. Simulation results
of four different topologies are presented and different power quality parameters such as THD
of supply current, THD of supply voltage at PCC, distortion factor (DF), displacement factor
(DPF), power factor (PF), and ripple factor (RF) are tabulated and compared.

The rest of the paper is organized as follows. In Section 2, 36-pulse rectifier scheme based
on zigzag autotransformer is introduced. The MATLAB simulation models are shown in Sec-
tion 3. In Section 4, simulation results are given and performance of four different topologies
is discussed. The conclusion is made in Section 5.

2. The proposed 36-pulse rectifier

Multipulse technique utilizes multiple 6-pulse bridge converters, where the harmonic com-
ponents generated by one converter are canceled by harmonic currents produced by other con-
verters through proper phase shift. For harmonic reduction in the utility current, the minimum
phase shift required should be [6]: Phase shift = 60°/Number of 6-pulse converters.
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Fig. 2. Zigzag transformer based 36-pulse AC-DC converter
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In order to accomplish 36-pulse rectification, the required minimum phase shift among dif-
ferent groups of three-phase voltages is 10°. For the purpose of reducing the size of the propo-
sed autotransformer, the phase shift angle is chosen to be +5°, £15°, and +25°. Figure 2 illus-
trates the circuit diagram of the devised 36-pulse AC-DC converter based on zigzag autotrans-
former. The system consists of three phase AC voltage source, phase-shifting autotransformer,
six diode bridges, two interphase reactors, and induction motor drive load.
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Fig. 3b. Phasor representation of voltages in zigzag autotransformer

2.1. 36-pulse zigzag autotransformer

The zigzag autotransformer is fed from three-phase input supply voltages (V,, V3, V.), and
it generates the aforementioned six sets of balanced three-phase voltages, i.e. (V 1, Vi1, Ve1),
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Vazs Vizs Ve2)s Vazs Vizs Vez)s (Vaas Vias Vea)s Vasy Vies, Ves), and (Vas, Vi, Ves) all displaced at
an angle of required 10° for 36-pulse conversion.

To realize the condition of 10° phase shift, voltages (V,1, Vi1, Ve1) and (Vya, Vi, Vo) are at
an angle of +5° and -5°, respectively, with respect to AC mains voltages. Similarly, voltages
(Vs Vs, Vez) are at +15°, voltages (Vag, Vi, Ves) are at -15°, voltages (V,s, Vis, Ves) are at
+25°, and voltages (V,6, Vs, Ves) are at —25°, with reference to utility voltages. The zigzag
connected autotransformer winding configurations for 36-pulse operation is depicted in Figure
3a and its phasor representation of voltages is shown in Figure 3b.

It should also be noted that in all converters based on auto-wound transformers, the AC
input and DC output are interconnected, implying currents can flow without hindrance from
one bridge to others. Therefore, a zero sequence blocking transformer (ZSBT) is required to
restrain unfavourable conduction paths and ensure different diode bridges to operate indepen-
dently. The zigzag connection is known for its ability to block inter-bridge zero sequence cur-
rents. Thus, a ZSBT is not needed here.

Suppose three-phase utility voltage applied to the primary windings of autotransformer as:

Ve =V, L0°,V, =V, £=120°, V. =V, £120", )
Vi =3V,230°, V3 =3V, £ =90°, V,, =3V, £150". )

Where, ¥V is the root mean square (RMS) value of phase voltage.
The six groups of required voltages for the diode bridges DB1 to DB6 are:

Vi =VLS Vi =VZL=115",V, =VL125°, (3)
Vip =VZL=5 Vi =VL=125 V., =V/115°, 4)
Vs =VZ15° Vs =VZL-105", V5 =V L1357, Q)
Via =VZL=15",V,y =VL-135", V.4 =V L1057, (6)
Vs =VZL25°,Vys =VL=95",V.s =V L1457, @)
Ve =VL=25,Vye =VL=145",V s =VL95°, (8)

Where, V' is the RMS value of phase voltage of autotransformer windings.
Furthermore, output voltages of phase ‘a’ of the autotransformer, as marked in Figure 3b
can be expressed by the following relationships:

V, =V cos5°, 9
Val :Kl(Vab_Vca)_K2Vbca (10)
VaZ :Kl(Vab_I/c‘a)+K2Vbc‘a (11)

Va3 = Kl(Vab _Vea)_(KZ +K3)Vbc +K4I/ca7 (12)



www.czasopisma.pan.pl P N www.journals.pan.pl

N
122 Ch. Xiao-Qiang, H. Chun-Ling, Q. Hao, L. Min Arch. Elect. Eng.
Vaa = Ki(Vap =Vea) + (Ko + K3 Wie = KoV oy, (13)
VaS :Kl(Vab_Vca)_(KZ+K3+K5)Vbc+K6Vca’ (14)
Vae = Ki(Vap =Vea) + (K2 + K3 + K5 )Vye = KV s, (15)

The values of these constants K; to K determine the number of turns of secondary wind-
ings as a fraction of input phase voltages for the 36-pulse rectifier, which are:

K, =0.577,K, =0.087, K5 =0.155, K, = 0.035, K5 = 0.130, K¢ = 0.104.

Therefore, with this arrangement, the phase-shifting transformer can generate six different
groups of voltages all displaced at an angle of 10° among each other. However, the DC side
voltage of the rectifier system is about 1.5% higher than that of a 6-pulse bridge rectifier, re-
sulting in its limited applications.

2.2. Modified 36-pulse zigzag transformer for retrofit applications

In order to make the 36-pulse AC-DC converter appropriate for retrofit applications, the
design procedure is modified here. This can be simply realized by varying the tapping posi-
tions of the autotransformer while still have the required 10° phase shift for 36-pulse conver-
sion. Figure 4 diagrammatizes the phasor diagram of various phase voltages to produce diffe-
rent voltage ratios from the proposed transformer. Two winding constructions are given for
changing the output voltage of converter, which are called as asymmetric structure and sym-
metric structure, respectively. The asymmetric structure will be adopted here and its winding
constants will be calculated via the following equations:

0.985V, =V cos5°, (16)

K, +Ks =K, (17)

Vii =KV — KV — KoV, (18)

Via = KiVy — K7V ey + KiVie (19)

Vis = KiVay = K3V ey = (Ko + K Whe + KioVeas (20)
Vi =KV — K7V + (Kio + K1) Wie — K12V, 21
Vis = K\Vay — K7V —(Ko + K1y + Ki3)WVye + KiaVoeas (22)
Ve = KiViy = KiVey + (Kig + K1y + Ki3 Wi — K14V, (23)

The values of these constants can be calculated as:
K7 = 0561, Kg = 0016, K9 = 0078, KIO = 0094, K” = 0153,
K, =0.035,K,; =0.128, K, =0.103.

Winding constants of symmetric structure can also be calculated in a similar way. Hence,
the same DC link voltage as that of a 6-pulse diode bridge rectifier is achieved by just chang-
ing the transformer winding taping positions.
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Fig. 4b. Phasor diagram of voltages in modified zigzag autotransformer (symmetric structure)

2.3. Interphase reactor

The output voltages of the autotransformer are given to six diode bridges. A small rating
interphase reactor (IPR) is needed to absorb the instantaneous differences in the output vol-
tages of the six diode bridges, all displaced by an angle of 10° among each other. Winding
configuration of the IPR is shown in Figure 5. Interphase reactor can ensure the independent
operation of different rectifier bridges and 120° conduction of each diode per cycle. The DC
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link voltage at any instant is the average value of output voltages of the six bridge rectifiers
and it fluctuates with 36-pulse ripples periodically.

*Idcjeydc/G*Idc/B*IdC/G ydcleydc/e

Fig. 5. Winding configuration
of interphase reactor

The IPR consists of a central core with six legs and all of them are excited in the same
direction, preventing IPR from entering saturation. Air gaps in the core of the magnetics to
change the saturation point can be used when saturation is inevitable.

2.4. Calculation of the autotransformer and IPR kVA rating

The magnetic rating of the proposed zigzag transformer and the interphase reactor are
calculated in this section. The kVA rating of the autotransformer is calculated by [6]:

2 Vrms’ X [
rms

1000

kVA =0.5x (24)
Where V,, is the voltage across each transformer winding and /,,,, is the current through each
transformer winding.

Assume that output load is a large inductance and commutation overlap is neglected. Let
the RMS values of the current through the windings K; and K7 to K4 as shown in Figure 4a
are Ix; and Ix; to Ig4, respectively. Similarly, the RMS values of the voltage across the
windings K, and K7 to K4 are Vi, and Vi, to Vii4, respectively. The RMS values of each of
the winding currents and voltages can be obtained as shown in Table 1.

The magnetic rating of the proposed 36-pulse zigzag auto-connected transformer in terms
of output DC voltage and current is calculated as:

VA anstormer = 0.5%X3x[(L\Vier + L7V + LxsVis + LxoVko + I x10V k10
+2(I 1 Ve + IV + IxisVis + 1x1aVis)]
=0.5%x3x[0.0491,. x0.253Vy. +0.0491 . x0.246V
+0.7751 4 x0.007V4. +0.39514, x0.034V;, +0.3957 4. x0.041V;, 2
+2x(0.26814 x0.067Vy. +0.13614 x0.015V, +0.1371,4, x0.056V;,

+0.13714 x0.045V4. )] = 0191 L4 = 0.191F;,
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Where Py = Vyely. is the DC side output load.
Similarly, the magnetic rating of the two interphase reactors is given by:

VApr =0.5%x2%(6x0.16874, x0.039V;.) = 0.039P,.. (26)
Therefore, the magnetic rating of the 36-pulse zigzag autotransformer and IPR is appro-
ximately 19.1% and 3.9% of the DC side output load, respectively. The total magnetic rating

of the rectifier scheme is only 23% of the load. Thus, the low kVA rating magnetics can re-
duce the cost, space, and weight of the whole system.

Table 1. Winding currents and voltages of the 36-pulse zigzag transformer

IKl IK7 IKS IK9 IKI() IKll IK12 IK13 IK14
0.0497;. | 0.049I4 | 0.775I3 | 0.395I; | 0.395I4 | 0.268y | 0.136I4 | 0.137I4 | 0.137I4
VKI VK7 VK8 VK‘) VK 10 VKI 1 VK 12 VK] 3 VK 14
0.253V, | 0.246Vy | 0.007Vy | 0.034V, | 0.041V4 | 0.067V, | 0.015V4 | 0.056V4 | 0.045V,
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Fig. 6a. MATLAB model of the proposed 36-pulse rectifier system
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Fig. 6b. MATLAB model of 36-pulse zigzag auto-connected transformer for retrofit applications
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3. Simulations based on MATLAB

The proposed 36-pulse AC-DC converter is modeled and simulated in MATLAB/Simulink
along with SimPowerSystems toolbox. A three-phase 380 V, 50 Hz AC voltage source is ado-
pted as the power supply for the rectifier. Output of the rectifier is connected to IGBT based
inverter, and the inverter drives a 20 hp (15 kW) VCIMD load. Figure 6 shows simulation
model of the proposed 36-pulse rectifier scheme and phase-shifting autotransformer. The pro-
posed 36-pulse zigzag autotransformer is constructed by three single-phase multi-winding
transformers. Each of the three transformers has thirteen windings. In all simulations, the
source impedance is kept at a practical value of 0.03 (p.u.), and the leakage reactance of the
autotransformer is set to be 0.02 (p.u.). The results obtained from simulations are depicted in
Figures 7-11 and Tables 2-5.

Table 2. Comparison of power quality parameters of four different topologies

Topo-| THD, (%) | THD; (%) I, (A) DF DPF PF Ve (V)
logy | L | LL | FL | LL | FL | LL | FL | LL | FL | LL | FL |LL | FL | LL
A | 501 | 1.88 | 264 | 484 | 245 | 498 | 966 | .943 | 957 | 932 | .924 |.879 503 | 511
B |3.19 | 1.12 | 5.04 | 579 | 23.6 | 480 | .999 | .998 | .998 | .996 |.998 |.995 511|516
C | 266093303 358 | 23.5 | 479 | .999 | 998 | .998 | .997 |.998 |.996 | 509 | 514
D | 268 | 093|303 360 | 23.5 | 479 | .999 | 998 | .998 | .997 |.998 |.996 503 | 510

Notes: A: 6-pulse rectifier; B: 24-pulse rectifier; C: the proposed 36-pulse rectifier; D: the proposed 36-
pulse rectifier for retrofit applications; FL: full load; LL: light load; THD,: THD of supply voltage at
PCC; THD;: THD of supply current; /;: RMS value of input supply current; DF: distortion factor; DPF:
displacement factor; PF: power factor; V.: average DC side output voltage.

Table 3. Power quality indices of the 36-pulse rectifier for retrofit applications under varying loads

Load (%) | THD,(%) | THD;(%) | I,(A) | DF | DPF | PF | Vy (V) | RF (%)
20 0.93 3.60 479 | 998 | 997 | 996 | 509.7 0.21
40 1.47 3.49 940 | 998 | 997 | .996 | 507.6 0.24
60 1.89 3.35 13.8 | 999 | 997 | 997 | 505.5 0.26
80 2.32 3.18 186 | .999 | .998 | .998 | 504.3 0.30
100 2.68 3.03 235 | 999 | 998 | .998 | 503.1 0.34

Table 4. Comparison of power quality indices of the 36-pulse rectifier under capacitive, inductive
and resistive load

Load type | THD, (%) | THD;(%) | I,(A) | DF DPF | PF | Vi (V) | RF (%)

capacitive 0.08 6.38 1.89 | .998 999 | 997 | 527 0.09
inductive 2.96 2.85 259 | .999 999 | 998 | 502 0.40
resistive 2.96 2.86 259 | .999 999 | 998 | 502 0.19
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Table 5. Comparison of magnetic rating for various converters based on autotransformers

Transformer type Main transformer rating | Interphase reactor rating [ Total magnetic rating
yp (% of load) (% of load) (% of load)
isolated
ANY/A 12-pulse 103 6.6 109.6
T-connected
24-pulse 335 6.4 39.9
fork-connected 37 70 39.7
18-pulse
star-connected 348 6.2 91.0
24-pulse
polygon 20-pulse 41.0 4.5 45.5
T-connected 615 0.4 61.9
36-pulse
proposed zigzag 18.4 34 21.8
36-pulse

4. Results and discussion

To investigate the improvement in performance of the proposed rectifier system based on
36-pulse zigzag connected autotransformer, a traditional 6-pulse diode bridge rectifier and
a zigzag autotransformer based 24-pulse rectifier [20] have also been modelled and simulated.

For simplicity, the 6-pulse rectifier, 24-pulse rectifier, 36-pulse rectifier and 36-pulse recti-
fier for retrofit applications are referred to as topology ‘A’, topology ‘B’, topology ‘C’ and to-
pology ‘D’, respectively.

4.1. Performance of 6-pulse rectifier

The 6-pulse AC-DC converter’s THD of supply current at full load is 26.4%, which dete-
riorates to 48.4% at light load (20% of full load). The PF is 0.924 under full load and 0.879
under light load, respectively. The results are given in Table 2, which shows that 6-pulse rec-
tifier injects large harmonics into the power grid and thus cannot comply with IEEE standard
519-1992 [4].

4.2. Performance of 24-pulse rectifier

To improve the power quality indices, a 24-pulse AC-DC converter based on zigzag auto-
transformer has been designed and simulated. The THD of AC mains current at full load is
5.04% and at light load which is 5.79%. The PF is 0.998 and 0.995, respectively, in these con-
ditions. However, DC link voltage is somewhat higher than that of a 6-pulse rectifier, thus
making it unsuitable for retrofit applications. It’s rather clear that the THD of input line cur-
rent in topology ‘B’ is within acceptable limits for systems with short circuit ratio (SCR)
greater than twenty [4].
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4.3. Performance of the proposed 36-pulse rectifier scheme

In topology ‘C’, the THD of AC mains current under full load and light load as given in
Table 2 is 3.03% and 3.58%, and the PF under these conditions is 0.998 and 0.996, respec-
tively. But the DC side voltage V. is higher compared with that of a 6-pulse rectifier. The re-
sults are shown in Table 2.

The design of the proposed zigzag autotransformer is modified for applications where a 6-
pulse diode rectifier bridge is being used. The arrangement of the modified transformer is very
similar to the proposed 36-pulse zigzag autotransformer except for the small differences in
number of turns in the winding tapings.

In the proposed 36-pulse rectifier scheme for retrofit applications, the THD of input line
current under full load can be observed to be 3.03% as shown in Figure 7, whereas the PF is
0.998 as given in Table 3. Under light load condition, the THD of utility line current is 3.60%
and the PF obtained is 0.996, as depicted in Figure 8 and Table 3, respectively. The output
voltage of topology ‘D’ is very similar to that of an existing 6-pulse rectifier.
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Fig. 7. Input line current waveform and its spectrum at full load of the proposed 36-pulse rectifier
for retrofit applications
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Fig. 8. Input line current waveform and its spectrum at light load of the proposed 36-pulse rectifier
for retrofit applications

Figure 9 illustrates input phase voltage waveforms at full load and light load, respectively.
The utility voltage waveforms are very near sinusoidal, so the system injects little harmonics
at the PCC. DC link current and voltage waveforms at full load and light load conditions are
also depicted in Figure 10. The current ripple is less than 0.01 A, and voltage ripple is less
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than 2 V, reducing the size and cost of the L-C filter. Besides, output current and voltage have
thirty-six pulses per cycle. Hence, the proposed converter can mitigate both AC side and DC
side harmonic components. Figure 11 shows variation of THD of utility current and PF with
load perturbation on the 6-, 24-, and 36-pulse rectifiers, respectively. It is obvious that 36-pulse
rectifier bring about considerable improvement in THD of supply current and power factor.
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Fig. 9. Input phase voltage waveforms at full load and light load of the proposed 36-pulse rectifier
for retrofit applications
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rectifier for retrofit applications
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Fig. 11. Variation of THD of supply current and PF with load for 6-, 24-, and 36-pulse converter

To study the effect of load variation on different power quality parameters, the load is
varied on the VCIMD. Table 3 shows that the THD of AC mains current is always below 4%,
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which is within IEEE Standard 519-1992 limits for systems with SCR less than twenty [4].
The PF is also improved to near unity under varying loads.

In a word, the greatly improved performance of the proposed 36-pulse rectifier system
makes power quality indices such as THD,, THD,, DF, DPF, and PF satisfactory for various
load conditions.

Simulations on a capacitive load (C = 4700 pF, R = 15 Q), an inductive load (L = 40 mH,
R =15 Q), and a resistive load (R = 15 Q) are discussed here to study the effect of load
character on various power quality indices, which is tabulated in Table 4. It can be obtained
from Table 4 that when output load is capacitive, THD, is only 0.08% while THD; is 6.38%,
meaning that input line voltage is almost sinusoidal while input line current is still distorted.
Moreover, output voltage V4. and power factor are deteriorated while ripple factor is improved
compared with when load is inductive or resistive. AC mains current decreases gradually to
only 1.89A RMS, indicating that power backflow will happen if load is capacitive. So, the
proposed AC-DC converter can only realize unidirectional power flow. If bidirectional power
flow is required, all the diode bridges should be replaced by thyristor based bridges. Per-
formance of the converter is almost the same when load is either inductive or resistive, except
for tiny difference in ripple factor.

It can also be obtained from simulations that the proposed 36-pulse harmonic mitigator for
retrofit applications needs a zigzag auto-wound transformer of 2.753 kVA, two interphase
reactors of 0.516 kVA, totaling all the required magnetics of 3.269 kVA, that is to say, only
21.8% of the load power rating. The difference in the magnetic ratings of calculation value
(23%) and simulation value (21.8%) can be due to the effect of the leakage reactance of the
zigzag autotransformer and relatively small load inductance. When calculating the magnetic
rating theoretically, the autotransformer is considered to have negligible leakage reactance.
However, in simulation, the autotransformer is considered to have a finite value of leakage
reactance, leading to commutation overlap. In comparison with the total magnetics ratings of
conventional A/Y/A 12-pulse isolated transformer (109.6%) [6], T-connected 24-pulse auto-
transformer (39.9%) [7], fork-connected 18-pulse autotransformer (39.7%) [9], star-connected
24-pulse autotransformer (91.0%) [13], asymmetrical polygon 20-pulse autotransformer
(45.5%) [17], and T-connected 36-pulse autotransformer (61.9%) [22] based AC-DC conver-
ters, the total ratings of magnetics of the proposed 36-pulse rectifier scheme is much less. The
detailed comparison results are tabulated in Table 5.

Although increasing the pulse number can bring dramatic improvement in different power
quality indices, it will also make the autotransformer configuration become cumbersome and
more diode bridge rectifiers will be required, leading to increased components and cost in the
overall AC-DC converter system.

5. Conclusions

In this paper, a zigzag connected autotransformer based 36-pulse rectifier has been de-
signed, constructed and simulated for a VCIMD load. The proposed scheme is capable of eli-
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minating up to 33™ harmonics in the AC mains current. The proposed rectifier has the flexi-
bility to vary the dc link voltage, simply by changing the ratio of number of turns of the
transformer, which makes it suitable for retrofit applications. The low equivalent kVA rating
of the proposed zigzag auto-connected transformer has resulted in a system of lower volume,
weight, losses and cost compared with other types of autotransformer configuration based
AC-DC converters. The simulation results have shown that the THD of input current remains
below 4.0% and the power factor is always above 0.995 in the wide operating range of the
loads. The improvement in power quality indices and reduction in magnetics is considerable in
the proposed 36-pulse rectifier.
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