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ABSTRACT: Three phase multipulse converters are generated for improving power quality of ac input side, dc output 

side and ac output side. This paper deal with multipulse configuration. They are performed power quality aspect 

component selection, latest trends, future development and potential application; the multipulse converter used three 

phase bridge rectifier and inverter. A transformer for twelve pulse converter and RL load from inverter side. The 

multipulse present a comparative evaluation of direct ac/dc converter and multipulse source ac/dc converter for providing 

series compensation of transmission system and provide a detailed discussion of power circuit design issues related to 

various performance. the phase shifting transformer are used to multipulse supply from three phase ac supply in this 

transformer the primary winding has star connected and secondary side has two winding one is star connected and 
another delta connected its arrangement create phase shifting for both secondary side voltage of the transformer and also 

reduce N+1 order harmonic form supply current where n is no of pulses The operation of multipulse converter will be 

analyzing directly the harmonic minimization technique. The multipulse converter can be improved in term of supply 

power factor total harmonic distortion in supply current in dc voltage. 

Keywords: AC-DC converters, Multipulse, Total Harmonic Distorson, THD, Ripple Content. 

I. INTRODUCTION 

In the past few years a lot of work has been done for the 

reduction of Total Harmonic Distortion using different 

concepts and applications. This work deals with the 

reduction of Total Harmonic Distortion using Multi-pulse 

AC to DC Conversion scheme. The results are obtained for 

both uncontrolled and controlled converters for RL Load. 
The three-phase multi-pulse AC to DC conversion system 

employs a phase-shifting transformer and a three-phase 

converter between the supply and load side of the system. 

Every such converter provides 6-pulse AC to Conversion, so 

in order to produce more sets of 6-pulse systems, a uniform 

phase-shift is required and hence with proper phase-shifting 

angle, 12, 18, 24, 30, and higher pulse systems can be 

produced.  

Different rectifiers are used for conversion of AC supply 

into DC supply. For uncontrolled conversion, diodes have 

been preferred, while for the controlled conversion, thristers 
have been implemented. The performance improvement of 

multi-pulse converter is achieved for total harmonics 

distortion (THD) in supply current, DC voltage ripples and 

form factor. All the simulations have been done for similar 

ratings of RL Load, for all the multi-pulse converters 

configurations, so as to represent a fair comparison among 

controlled and uncontrolled continuations of multi-pulse 

converters.  

II. OBJECTIVE OF PRESENT STUDY 

The present work is an effort towards analyzing the different 

multi-pulse AC to DC converters in solving the harmonic 
problem in a three-phase converter system. The effect of 

increasing the number of pulses on the performance of AC 

to DC converters has been analyzed. For performance 

comparison the major factors considered are the ripple 

percentage, form factor and the total harmonic distortion 

(THD). The effects of load variation on multi-pulse AC to DC 

converters have also been investigated. 

A. Multi-Pulse Method 

Multi-pulse methods involve multiple converters connected so 

that the harmonics generated by one converter are cancelled by 

harmonics produced by other converters. By this means, certain 

harmonics related to number of converters are eliminated from 
the power source. In multi-pulse converters, reduction of AC 

input line current harmonics is important as regards to the impact 

the converter has on the power system. Multi-pulse methods are 

characterized by the use of multiple converters or multiple 

semiconductor devices with a common load. Fig. 4 & Fig. 5 

given below depict the various techniques used widely for the 

reduction of harmonics. This paper is concerning to three phase 

converters. 

B. Three Phase Converter 

These three phase converters are used for number of applications 

in the industrial environment. This project work is dealing with 
multiple pulse or multi-pulse three phase thyristors converters for 

high voltage and high power applications. This multi-pulse 

scheme reduces the harmonics generated in the output voltage so 

avoids the requirement. 

C. What are Multipulse AC-DC Converters 

Multi pulse converters are converters providing more than six 

pulses of DC voltage per cycle from AC input. Or the converter 

having more steps in AC input current than that of six pulse 

bridge rectifier supply current. Bridge rectifier is the basic block 

required for AC- DC conversion, however , full- wave and half 

wave rectifier are also used up to 120kW ratings. Phase shifting 

transformers are used to derive multiple phase supply from three-

phase AC mains using different combinations of transformer 

windings such as star, delta, zigzag, fork, polygon, etc. 
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D. Classification of Three Phase Multi-pulse Converter 

The following are multi-pulse converter are: 

(1) 6 Pulse Converters 
(2) 12 Pulse Converters 

(3) 18 Pulse Converters 

(4) 24 Pulse Converters 

The major breakthrough in the technology of MPCs is due 

to phase shifting process through transformers to convert 

from original three-phase ac supply to multipulse ac supply 

to result in a higher number of pulses in dc output for 

reducing in ripple and high number of steps in ac mains 

current to make it close to sinusoidal with reduced and 

acceptable THD. The concept of zigzag polygon, T 

connection, tapped winding, plurality of winding 

transformers and autotransformers is used to achieve the 
desired phase shift to cancel, eliminate and to reduce 

harmonics in ac mains feeding ac-dc converters to reduce 

size, weight, and cost of magnetic (transformer) in MPCs 

and wide acceptability in a number of additional 

applications. The optimum value of dc link inductor and 

leakage reactance of input transformer drastically reduces 

the values of THD of ac mains current, thus resulting in 

improved power quality.  

III. APPLICATIONS OF THREE PHASE 

MULTIPULSE CONVERTER  

A. Uncontrolled converter  

• Front end of switching mode powers like – 

SMPS, UPS, AC-DC motor drives, dc servo 

drives. 

• Aircraft VSCF (voltage source controlled 

frequency) systems and aircraft maintenance 

systems using 60Hz/ 400Hz converter systems.  

• Railways working on DC. 

• The welding equipment working on high 

frequency   

B. Controlled converter  

• DC motor drive system with regenerative 
capacity  

• HVDC system Battery energy storage systems.  

• Adjustable speed synchronous motor drive of 

large ratings for application such as mining  

• Air craft  

C. Six Pulse Diode Converter 

In multiples converters server six pulse diode rectifier all 

connected eighties in parallel. Each rectifier fed by phase 

shifted secondary windings voltages of a transformer to 

shape the primary current close to sinusoidal. As compared 

to a six-pulse rectifier the transformer primary current in a 
multi-pulse converter is shaped using time displaced step 

wave shaped. 

 

 

 

 

 

 Current drawn by multiple rectifiers with one rectifier across 

each of the secondary windings, increasing the number of 

rectifier raises the number of steps in the primary current wave 
from & 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 diode, however control of output voltage in not possible. 

D. Mathematical Model of Six-Pulse Rectifier 

A six - pulse diode rectifier feeding on R-L load & pertains to 

the circuit modal of the six - pulse thyristor rectifier feeding on 

R-L Load. The three - Phase input supply voltage (Van, Vbn, 

Vcn) without line impedance drop could be expresses as  

)sin( tVV man ω=   … (i) 

)
3

2
sin(

π
ω −= tVV mbn  … (ii) 

)
3

2
sin(

π
ω += tVV mcn  … (iii) 

The voltage at the input of rectifier (Vsa, Vsb, and Vsc) can 
be expressed in equation. There are also called the voltage at the 

point of common coupling PCC. 

 

dt

di
LRVV sa

ssisaansa −−=  …(iv) 

dt

di
LRVV sb

ssisbbnsb −−=  …(v) 

dt

di
LRVV sc

ssisccnsc −−=  …(vi) 

Where R & L denote  resistance & inductance respectively.  

In this circuit when Diode pair D6D1 are conducting for each 

60
0
 interval the value for the phase. Where isa, isn, isc are the 

rectifier input current & Rs & Ls are the source currents is a, isn, 

isc are specified as being either Zero. The load current iL or the 

negated load current (- iL). 

)2(
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LL
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dt

di

+

+−
=  …(vii)  

The three phase supply currents (isa, isb, isc) can be determined 

for this the input currents for six conduction intervals of diode 

pairs (D1D2, D2D3, D3D4, D4D5, D5D6 and D6D1) with 600 

duration for an interval. 

 

 

 
Fig. 1. Three phase six pulse diode converter. 
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Fig. 2. Voltage waveform for 3-phase 6-pulse converter. 

 

 
Fig. 3.  Phase difference between voltage and current  in 6-pulse uncontrolled converter. 

 

IV. SIMULATION AND RESULTS 

The simulation block of three-phase six-pulse diode is shown 
in further figures. It consists of three phase ac source to 

supply. The line voltages are Vab, Vbc & Vca. 

A six-pulse diode bridge is connected to the three-phase 

supply. This is universal diode bridge. It consists of six diodes 

in a bridge manner, which converts the constant ac into the dc. 

Connectors are used to connect the lines together. 
A RL load is connected across the six-pulse diode converter. 

The result can be visualized through the scope.fig 4(a) to 4(f) 

show the result of 6-pulse controlled converter and fig 5(a) to 

5(f) show the result of 12-pulse controlled converter. The all 

result are in term of supply current, dc voltage, output current 

and output voltage. 
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Fig. 4. Three Phase six Pulse controlled Converter. 

                                                                                



                                                             Dewal and Kishore                                                                     19 

 

i
+

-

supply current

v
+
-

v
+
-

v
+
-

v
+
-

supply Voltage 

Continuous

powergui

v
+
-

v
+
-

g

A

B

C

+

-

g

A

B

C

+

-

g

A

B

C

+

-

Universal Bridge1

N

A B C

A

B

C

a2

b2

c2

a3

b3

c3

A

B

C

alpha_deg

A

B

C

Freq

Block

PY

PD

Discrete Synchronized

12-Pulse Generator

Pulses

Discrete

PWM Generator

i
+

-

30

0

50

 
Fig. 5. Three Phase twelve Pulse controlled Converter. 
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Fig. 4(a). Supply current 16.67, T.H.D = 1.6. 

 

Fig. 4(b). T.H.D table for supply current. 
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Fig. 4(c). Dc voltage = 82.8volt. 
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Fig. 4(d). Output supply current 0.3280, T.H.D = 3.17. 

 

Fig. 4(e). T.H.D table for supply current. 
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Fig. 4(f). Output voltage = 81volt. 
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Fig. 5(a). Supply current 42.98, T.H.D = 0.15. 

 

Fig. 5(b). T.H.D table for supply current. 
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Fig. 5(c). Dc voltage = 283. 
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Fig. 5(d). Output supply current 0.288, T.H.D = 

3.14. 

 

Fig. 5(e). T.H.D table for supply current. 
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Fig. 5(f). Output voltage = 283volt. 

V. SIMULATION OF UNCONTROLLED 

MULTIPULSE PULSE CONVERTER 

A. Six pulse converter 

 In multiples converters server six pulse diode 
rectifier all connected eighties in parallel. Each 

rectifier fed by phase shifted secondary windings 

voltages of a transformer to shape the primary current 

close to sinusoidal. As compared to a six - pulse 

rectifier the transformer primary current in a 

multipulse converter is shaped using time displaced 

step wave shaped. Current drawn by multiple 

rectifiers with one rectifier across. Each of the 

secondary windings. Increasing the number of 

rectifier raises the number of steps in the primary 

current wave from & produces a sinusoidal shaped 
supply current flowing into the transformer primary 

winding.  
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      Fig. 6. Six pulse uncontrolled converter. 

VI. SIMULATION AND  RESULT 

 The simulation block of three-phase six-pulse diode 

is shown in further figures. It consists of three phase 

ac source to supply .The line voltage are Vab, Vbc & 

Vca. A six-pulse diode bridge is connected to the 

three-phase supply. This is universal diode bridge. It 

consists six diode in a bridge manner, which converts 

the constant ac into the dc. Connectors are used to 

connect the lines together. A RL load is connected 

across the six-pulse diode converter. The result can 

be visualized through the scope. It can be observed 
by seeing waveform that the distorted input current 

waveform is obtained    from this converter. It is not 

pure sinusoidal.  
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The output voltage waveform contains the ripple in 

greater amount & the THD of supply current also in 

greater amount .To modify these waveforms & remove 

the harmonics, number of pulse is to increased.  The 
simulation result shown in fig 6(a) to 6(f). 

B. Twelve pulse uncontrolled converter 

In the proposed converter circuits Multiples rectifiers 

could be connected either in parallel or in series. The 

choice of series or parallel connection depends upon 

the load voltage requirement. To connect multiple 

rectifier units in a multiples converter circuit, a 

transformer with a single primary and multiple 

isolated secondary winding is needed. A configuration 

(simple, zigzag, and/or multiple sections) of secondary 

windings in the transformer magnetic cores ensures 

windings produces leading voltage and the remaining 
half produces logging voltage with respect to that of 

primary winding voltage. The windings are divided 

into two equal numbers to produce the desisted 

leading & lagging voltage with respect to primary 

winding voltage. 
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           Fig. 7. Twelve pulse uncontrolled converter. 

 

The simulation of multipulse AC - DC diode converter 

feeding on R-L loads An 12 - pulse converter requires 

2 rectifiers. Here 12 is the pulse number and 2 is the 

total number of rectifiers. Each rectifier is placed in 
parallel with the others and connected to one of the 

multiple secondary windings of the transformer. The 

current flowing into the primary winding of the Trans 

former is the phase or sum of multiple six-step wave-

shapes. With different time-scales. For multiuse wave 

shaping of the current through the transformer primary 

winding, the secondary windings voltages should be 

phase displaced with respect to the primary winding 

voltage. In this investigation, it is established that the 

voltage phase shift of the secondary windings with 

respect to the primary voltage is selected using the 
following.  The simulation result shown in Fig. 7 (a) to 

7(f). 
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Fig. 6(a). Supply current20.75,T.H.D = 1.84. 

 

Fig. 6(b). T.H.D table for supply current. 
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Fig. 6(c). Dc voltage = 286. 
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Fig. 6(d). Output supply current 0.253.T.H.D = 6.89. 

 

Fig. 6(e). T.H.D table for supply current. 
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Fig. 6(f). Output voltage 282.5. 

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

-20

0

20

40

Selected signal: 50 cycles. FFT window (in red): 1 cycles

Time (s)

0 10 20 30 40 50 60 70 80 90 100
0

0.1

0.2

0.3

0.4

0.5

Harmonic order

Fundamental (50Hz) = 26.49 , THD= 0.55%

M
a
g
 (
%

 o
f 

F
u
n
d
a
m

e
n
ta

l)

 

Fig. 7(a). Supply current 26.49,T.H.D = 0.55. 

 

 

Fig. 7(b) T.H.D table for supply current. 
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Fig. 7(c) Dc voltage = 448. 
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Fig. 7(d) Output supply current0.4470, T.H.D = 3.14. 

 

Fig. 7(e) T.H.D table for supply current. 
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Fig. 7(f) Output voltage 450. 

VII. FUTURE SCOPE 

 A back-to-back asynchronous tie comprised of VSC 

converters employing PWM may well represent the 

ultimate HVDC system. Besides controlling the through 

power flow, it can supply reactive power and provide 

independent dynamic voltage control at its two 

terminals. The two converters can be paralleled to 

double the reactive power capability supplied to one 

side or the other. The back-to-back converters can be 

used for black start or to supply a passive load. Higher 

voltage designs can be used with transmission lines or 
cables to form point-to point or multi-terminal 

transmission links. More sophisticated controls can be 

used to provide additional network benefits. With the 

Eagle Pass project, CSW has realized the system 

advantages of deploying a VSC based back-to-back 

asynchronous Tie with standby dynamic voltage control 

during network contingencies. The controlled power 

transfer capability allows the exchange of power 

between the two networks while the voltage control 

stabilizes the voltage following line outages especially 

during peak load periods. The future scope of work 
could be the simulation of 6, 12, 18, 24, 30, 36, 48 

multi pulse converter topologies in closed loop. With 

this technique, this work can be further extended to: i. 

Number of pulses can be increased. Even higher pulse 

converters can be used for high voltage and high power 

applications such as HVDC conversion. ii. Closed Loop 

Multi-pulse conversion can be worked out for enhanced 

controlling and efficiency. iii. Other method of 

increasing the pulses can be used in place of phase 

shifting transformers as to derive multiphase supply 

from three phase AC mains using different 

combinations of transformer windings star, delta, 
zigzag, fork, polygon, etc. 
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VIII. CONCLUSION 

The main objective of the present work is CONTROL 

THE HARMONIC OF SUPPLY CURRENT to 

USING the controlled and un-controlled multi-pulse 

converters. These converters are studied in terms of 
harmonic spectrum of supply current, dc voltage, 

output current and output voltage ac mains current, 

THD, distortion factor, it is concluded therefore that in 

general with increase in number of pulses in multi-

pulse case the performance parameters of these 

converters are remarkably improved.It is necessary to 

limit the harmonic content of the current absorbed by 

the on-board converters by means of suitable 

technique. Such as  

In this dissertation following objectives are fulfilled:  

The various characteristics of multipulse converter are 

obtained from the simulation. With increase in the 
number of pulses, harmonics in AC input quantities 

are reduced considerably. This has been obtained from 

the simulation. Compared to six pulse Thyristor/ 

Diode converter in twelve pulse Thyristor/Diode 

converter  

• The ripple in Vd is decreased 

• The Total Harmonics Distortion in is (supply 

current ) ,Vs (supply voltage) , Vo(output 

voltage) , io(output current)   is decreased  

• Shape of the primary current changes from 

non- sinusoidal to closed sinusoidal 
The objective of the present work is to investigate the 

performance of controlled and uncontrolled multi-

pulse converters. These converters are studied in terms 

of harmonic spectrum of AC supply current. 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 Total Harmonic Distortion, Ripple Content & form 

factor in the AC mains. It is concluded therefore that in 

general with increase in number of pulses in multi-pulse 

case the performance parameters of these converters are 
remarkably improved.   
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