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Abstract - As the population increases, the need for
more power increases but we can’t directly feed the
beneficiaries our generated power. So, bulk power
transmission is carried out from the generating stations to
our demand or load centres. Researches have proved that
for bulk power transmission, a High Voltage Direct
Current (HVDC) transmission is better than High Voltage
Alternating Current (HVAC) transmission. As in HVDC, no
radiation, induction and no dielectric losses are there
which will increase the life of the conductor. For
transmission in compare to three conductors used in the
transmission of 3-¢ HVAC, only two conductors are used
for the transmission of HVDC. Our power-generation
worldwide is alternating, so there is a need for a special
power electronic device for the conversion of AC into DC
and then reconverting DC into AC after transmission, for
the distribution purposes. So the price of HVDC
transmission increases but it is feasible as it is providing
other benefits. After converting it into DC, we can do the
bulk power transmission. But for getting a pure DC from
an alternating input, we need to increase the number of
pulses. In this paper, there is a detailed review and
comparison of twelve, twenty-four, thirty, thirty-six Pulse
HVDC rectifiers.
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direct current, rectifiers, pulse, Total Harmonic
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1. INTRODUCTION

Many methods are proposed to achieve the ideal value of
THD i.e. zero of the input line current. We can start with
a conventional 3-¢ 6-pulse rectifier and then go up with
the multiple of 6 to reduce the THD and increase the
number of pulses for constant output. We can also use
two 6-pulse rectifiers using a three winding transformer
so one pair is connected as Y-Y and the other as Y-A to
get a 12-pulse output which will result in the removal of
the 5% and the 7t harmonics [2]. Poor power factor, high
THD occur when non-linear loads are connected to the
grid. Due to the presence of a non-linear load, there are
huge amounts of harmonics present in the input line
current as well [4]. HVDC transmission is used for bulk
power transmission but it requires converting AC into
DC and vice versa after the transmission as our whole
grid is alternating. HVDC transmission is much cheaper
and the power loss is also low in comparison to HVAC
transmission for high power transmission [17]

2. 12-PULSE RECTIFIER

2.1 12-Pulses Rectifier with Interphase Reactor
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Fig-1: Interphase connection of 12-Pulse rectifier [4]

A conventional 12-pulse rectifier is used with interphase
reactor which will ensure the independent working of
the two parallel-connected 6-pulse rectifiers. These
operations will cancel the 5t and the 7t harmonics from
the input line current resulting in lowering the THD near
to 1% (theoretically). We will get a 12-pulse output with
a 30° phase difference between them [4].

2.2 12-Pulse Rectifier with Zigzag-connected
autotransformer
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Fig-2: Zigzag-connected autotransformer with a 12-
Pulse Rectifier [7]

A Zigzag connection of transformer is used in this
scheme where two 6-pulse uncontrolled rectifiers are
connected in parallel. This will result in 12-pulse
rectifier or a 12-pulse AC-DC converter. This connection
is proposed to increase rectification without much
change in the installation to reduce the THD. Here the
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THD of input AC is 7.36% at full load with a phase
difference of 30° between the output pulses [7].

3. 24-PLUSE RECTIFIER

3.1 24-Pulse rectifier with tapped interphase
connection
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Fig-3: Trapped interphase connection of 24-Pulses
Rectifier [2]

Trapped-interphase transformer is used in controlled
rectifiers with multiple tapping which will require a
complex triggering pattern. By just adding two extra
taps to a conventional 12-pulse rectifier, we can convert
it into a 24-pulse rectifier. We can eliminate 5th, 7th,
11th, 13th, 17th, 19th harmonics from the input AC by
using this scheme. This will result in 3.4% THD in input
current with high performance and clean power. The
phase difference between the pulses is 15° [2].

3.2 24-Pulse Rectifier with Zigzag-connected
autotransformer

Fig-4: Zigzag-connected autotransformer with a 12-
Pulse Rectifier [7]

In this schematic of Zigzag-connected autotransformer,
we can see that two 6-pulse uncontrolled rectifiers are
used to create a 12-pulse rectifier and then by using a
pulse-doubling technique that requires a ZSBT those 12
pulses are converted to 24 pulses which will have 15°
phase difference between them. At full load, the THD of
input AC is achieved to be 4.51% [7].

4. 30-PULSE RECTIFIER

4.1 30-Pulse rectifier with T-connected
autotransformer

Fig-5: T-connected autotransformer configurations for
30-pulse rectifier [10]

T-connected autotransformer is used to connect three
10-Pulse rectifiers to get a 30-pulse output. We can get a
30-pulse output by connecting five 6-pulse rectifiers but
this configuration is better as more suitable for a novel
T-connected autotransformer. By these connections, we
can achieve a THD of input current as 3% at full load.
The phase difference between the output pulses is 12°,
as this is a 30-Pulse three-phase rectifier [10].

5. 36-PULSE RECTIFIER

5.1 36-Pulse rectifier with T-connected
autotransformer

Fig-6: T-connected autotransformer configurations for
36-pulse rectifier [8]

A novel T-Connected autotransformer is used in this 3-¢
36-Pulse rectifier. 36 pulses in the output are gained by
connecting two 18-Pulse rectifiers in parallel. As we
increase the pulses we can get a constant output. T-
connected autotransformer only uses two single-phase
transformers unlike three single-phase transformers in
delta-polygon connection of autotransformer, so this
will reduce the overall cost of the project. We can
achieve 2.82% THD of input current at full load through
this connection. Here the phase difference between the
pulses in the output is 10° [8].
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5.2 36-Pulse rectifier with Delta-Polygon
connected autotransformer
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Fig-7: Delta-Polygon connected configuration for 36-
pulse rectifier [11]

In this Delta-Polygon connected autotransformer, we are
connecting two 18-pulses rectifiers in parallel in order
to increase the pulses in the output. By connecting two
18-pulse rectifiers we get the result as 36-pulse output
means we will have 10° phase difference between the
output pulses. The THD of the input current is reduced
to 2.93% at full load and 3.95% at 20% of full load.
Delta-Polygon connected autotransformer is more costly
than other connections, so the overall cost of the project
is increased. But this connection will reduce the size and
weight of the transformer [11].

6. COMPARISON TABLE

5.3 36-Pulse Rectifier with Zigzag-connected
autotransformer

Fig-8: Zigzag connections of a 36-Pulse Rectifier [13]

To achieve a constant output we try to increase the
number of pulses in our output side by attaching
multiple 6-pulses rectifiers. In this Zigzag connection of
autotransformer, we are connecting six 6-pulse rectifiers
to reduce the output ripple. This will result in 36 pulses
in the output with a phase difference of 10°. To decrease
the size of an autotransformer we can choose the phase
shift angle as #5° #15° *25° Another benefit of this
configuration is that the harmonic components of one
rectifier are cancelled by the harmonic components of
another rectifier. Due to this type of connection, we can
get the THD on input current as 3.03% [13].

Table-1: Comparison of THD of I;,,, Phase difference between pulses.

No. of Transformer Total Harmonic No. of semiconductor Phase Complexity
Pulses Connections Distortion at switches used difference
full load of input between two
AC current pulses
12 Interphase 1% [4] 12 30° More
Zigzag 7.36% [7] More
24 Interphase 3.4% [12] 24 15° More
4.51% [7]
Zigzag Most
30 T-connected 3% [10] 30 12° Most
36 T-connected 2.82% [8] 36 10° Most
Polygon 2.93% [11] Most
Zigzag 3.03% [13] Most

6. WORKING OF A YYA 12-PULSE RECTIFIER

We know that the output ripple reduces as we from 3
pulses to 6 pulses in a three-phase rectifier. In the same
manner, as we increase the output pulses from 6 to 12
pulses then we can get more reduction. A 12-pulse
rectifier can be made by using two 6-pulse rectifiers.

We can use a transformer with two secondary i.e. one
can be Y-connected and the other one can be A-
connected, so we will have a 30° phase difference
between line voltages of both. From one secondary we
will get 6 pulses and from another secondary, we will get
6 pulses. The final output is the sum of both the
secondary and we will have a 12-pulse rectifier with a
30° phase difference between the pulses 16,
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Fig-10: Phasor diagram for Y-connected and A-
connected secondary [16]

Final output equation of voltage and current are given in
equation 1, 2 respectively. 1}, is the maximum phase
voltage and «a is the firing angle of the thyristors.

63V

Vo(avg) = ™ cosa (1)
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Io(avg) = % (2)
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Fig-11: Output voltage and current waveforms of Y-
connected and A-connected secondary [16]

7.1 Fourier analysis of input line currents from
both secondary

Input line current in Y-connected secondary

ig = Znﬁlo(avg)(coswt - %cosSwt + %cos7wt -
—cos1lwt+..) [16] (3)

Input line current in A-connected secondary

iy = 2T\EIo(a,,y)(cosout + %cosSwt - $c057wt +
—cos11wt—..) [16] (4)

Addition of both analyses

. 3 1 1
iy = %—Io(m,g)(coswt — cos5wt + —cosTwt —

—cos1lwt+..) [16] (5)

These Fourier series will only contain the odd number of
harmonics in order of 12k +1.

RMS value of the resulting line current

4423

IA(rms) - ( 3 ) o(avg) [16] (6)

RMS value of the resulting fundamental current

4\/—

IAl(rms) = Vzn o(avg) [16] (7)
Distortion factor

fems) — .9886 [16] (8)
LA(rms)

.....

Fig-12: Total resultant output voltage waveform [16]
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Total harmonic distortion of input AC current

2
THD = jjﬁ(—m—)_l* 100% = 15.22% [16] (9)
A(rms)

CONCLUSION

There are many advantages of HVDC over HVAC
transmission line. But the main efforts are into setup a
power electronic conversion of HVAC to HVDC and vice
versa. Due to advanced engineering, we can convert
HVAC into HVDC by using rectifiers. The output DC
depends on how much pulses we are using and what
filter we are using to remove the pulsation. As discussed
in this paper there are several things that we can do to
get a constant output voltage and current. We can see in
the comparison table that as we increase the number of
pulses the Total Harmonic Distortion of the input
current reaches near to zero. THD should be as
minimum as possible as we need to give a pure
sinusoidal wave to a transformer, otherwise, the core of
the transformer will saturate. We can do two things to
filter out the pulsation, either we increase the number of
pulses as discussed in this paper or we can increase the
value of capacitance connected in parallel to the load.
Our goal is to achieve zero THD and constant DC output.

REFERENCES

1. Zhang, Y., Liuy, F, Kang, Y., & Chen, ]. (2005). The High
Voltage Rectifier Based on Star-Point Regulation.
2005 International Conference on Electrical
Machines and Systems.
doi:10.1109/icems.2005.202785.

2. Choj, S, Lee, B. S., &Enjeti, P. (1997). New 24-pulse
diode rectifier systems for utility interface of high-
power AC motor drives. IEEE Transactions on
Industry Applications,33(2), 531-541.
doi:10.1109/28.568020.

3. Arabi, S., &Tarnawecky, M. (1985). A Diode Rectifier
Series Tap On An HVDC Line. [EEE Transactions on
Power Apparatus and Systems,PAS-104(9), 2540-
2546.d0i:10.1109/tpas.1985.319017.

4. Choi, S., Enjeti, P.,, Lee, H., &Pitel, . (1996). A new
active interphase reactor for 12-pulse rectifiers
provides clean power utility interface. IEEE
Transactions on Industry Applications,32(6), 1304-
1311.doi:10.1109/28.556632.

5. Choi, S, Oh, ], Kim, K, & Cho, J. (1999). A new 24-
pulse diode rectifier for high voltage and high power
applications. 30th Annual IEEE Power Electronics
Specialists Conference. Record. (Cat.
N0.99CH36321). d0i:10.1109/pesc.1999.788998.

6. Agarwal, R, & Singh, S. (2014). Harmonic mitigation
in voltage source converters based HVDC system
using 12-pulse AC-DC converters. 2014 Annual IEEE
India Conference (INDICON).
doi:10.1109/indicon.2014.7030590

10.

11.

12.

13.

14.

15.

16.

17.

Abdollahi, R. (2012). Pulse doubling in zigzag-
connected autotransformer-based 12-pulse ac-dc
converter for power quality improvement. Journal of
Electrical Engineering,63(6), 357-364.
doi:10.2478/v10187-012-0053-3.

Abdollahi, R. (2015). Design and construction of a
polygon-connected autotransformer-based 36-pulse
AC-DC converter for power quality improvement in
retrofit applications. Bulletin of the Polish Academy
of Sciences Technical Sciences,63(2), 353-362.
doi:10.1515/bpasts-2015-0039.

Chintalapudi, L. N., Suryawanshi, H. M., P, V. V,,
&Nachankar, P. (2019). Soft-Switching High Voltage
Gain DC-DC Converter with Coupled Inductor and
Voltage Multiplier Rectifier for Renewable Energy
Sources. [ECON 2019 - 45th Annual Conference of
the IEEE Industrial Electronics
Societydoi:10.1109/iecon.2019.8927346.

Abdollahi, Rohollah. (2012). A Novel T-Connected
Autotransformer Based 30- Pulse AC-DC Converter
for Power Quality Improvement. International
Journal on Electrical Engineering and Informatics. 4.
10.15676/ijeei.2012.4.2.2.

Abdollahi,  Rohollah.  (2015). Design and
Construction of A Polygon-Connected
Autotransformer-Based 36-Pulse AC-DC Converter
for Power Quality Improvement in Retrofit
Applications. Bulletin of the Polish Academy of
Sciences, Technical Sciences. 63. 353-362.
10.1515/bpasts-2015-0039.

M. H. Okba, M. H. Saied, M. Z. Mostafa and T. M.
Abdel- Moneim.(2012). High voltage direct current
transmission - A review, part I. IEEE Energytech,
10.1109/EnergyTech.2012.6304650.

Xiao-Qiang Ch., Chun-Ling H., Hao Q., Min L. (2016).
Thirty-six pulse rectifier scheme based on zigzag
auto-connected transformer. Archives of Electrical
Engineering, Polish Academy of Sciences, Committee
on Electrical Engineering. 65.117-132. 10.1515/aee-
2016-0009.

Abdollahi, Rohollah. (2012). Study of delta/polygon-
connected transformer-based 36-pulse ac-dc
converter for power quality improvement. Archives
of  Electrical Engineering. 61. 277-292.
10.2478/v10171-012-0023-1.

HVDC Rectifier Station Modelling, Control and
Synchronisation with AC System. (2019). High
Voltage Direct Current Transmission, 37-41.
doi:10.1002/9781119566632.ch4.

Tsorng-Juu Liang, Jiann-Fuh Chen, Ching-Lung Chu
and Kuen-Jyh Chen. (1999). Analysis of 12 pulse
phase control AC/DC converter. Proceedings of the
IEEE 1999 International Conference on Power
Electronics and Drive Systems. PEDS'99 (Cat.
No0.99TH8475), pp- 779-783 vol.2, doi:
10.1109/PEDS.1999.792804.

Hamim, S. ]., Salimullah, S. M., Ullah, M., &Hossain, R.
(2020). Feasibility Analysis of a 12 Pulse Thyristor

© 2020,IRJET | ImpactFactor value: 7.529

IS0 9001:2008 Certified Journal |

Page 1587


about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank

, International Research Journal of Engineering and Technology (IRJET)
/A

JET Volume: 07 Issue: 10 | Oct 2020 www.irjet.net

e-ISSN: 2395-0056
p-ISSN: 2395-0072

18.

Based HVDC  Transmission System  with
Synchronous Machine. 2020 International
Conference for Emerging Technology (INCET).
doi:10.1109/incet49848.2020.9154006.

Monsur, N., Sood, V., & Lopes, L. (2006). Modeling a
Hybrid Diode-Thyristor HVDC Rectifier in EMTP-RV.
2006 Canadian Conference on Electrical and
Computer Engineering.
doi:10.1109/ccece.2006.277441.

© 2020,IRJET | ImpactFactor value: 7.529

IS0 9001:2008 Certified Journal

Page 1588



