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Abstract . A novel  design of a rect i f ier
system is proposed sui table for
electrochemical  plants wi th very large
current rat ings.  Essent ial ly, a promising
mult i -pulse ac/dc rect i fier c ircui t  is
connected in cascade to a swi tching dc/dc
ci rcui t ,  the lat ter act ing as a current
ampl i f ier .   The whole recti f ier  system is
expected to yie ld high eff iciency from the
economical  and technical point of  view.

I .   INTRODUCTION

It  is a wel l -known proper ty of rect i fier
systems that they produce distor t ion  of
cur ren t  waves on the ac supply system. I t  is
also general ly recogn ized that al l  wave
distor t ions cause increased operat ing costs
in motors,  mal funct ion  of protect ive devices
and increased losses in  al l  system
components [1].  In  order  to dimin ish
distor t ion ,  large electrochemical  rect i fier
systems are usual ly made up of several  six-
pulse rect i fi ers,  wi th  appropr iate phase
sh i ft ,  to get  a higher  pulse number .

The proposed rect i fi er  system in  this
paper  involves two conversion  stages,  a
mult i -pulse ac/dc rect i fier  ci rcui t  and a
switch ing dc/dc ci rcui t , both  connected in
cascade,  the lat ter  used as a curren t
ampl i fier .

The mul t i -pulse techn ique,  appl ied in
the fi rst stage of conversion ,  is a promising
techn ique aiming for  a h igh  number  of
pulses wi thout  the compl icated ci rcui try
involved in  convent ional  techn iques.  Th is
appeared in  the ear ly 1970`s [4],  [5] ,
whereby harmonic reduct ion  was car r ied out
by adding a harmonic curren t  from an
external  source.   Fur ther  developments into
the techn ique avoided the use of the external
source [6],  [7] ,  and part icular ly in  [7] an
interest ing general izat ion was at tempted.
Final ly,  in  [8] a complete theoret ical

t reatment was ach ieved demonstrat ing a ll
the potent ia l  that  the technique can be put
to.

The second stage of conversion  involves
a current  ampl i ficat ion , carr ied out  wi th a
switch ing dc/dc ci rcui t  in order to get  ver y
h igh levels of cur ren t.  Thus, the swi tch ing
dc/dc ci rcui t  avoids stressing the mul t i -
pulse configurat ion , wh ich probably would
col lapse due to ver y large commutat ion
t imes of thyr istors when these are exposed
to h igh  curren ts.

Switch ing dc/dc ci rcui ts are reach ing
great  popular i ty nowadays,  because they
provide h igh power  densi ty due to reduct ion
of size and weigh t  and h igh conversion
efficiency because of their  high  frequency
operat ion.

The appl icat ion of both  mult i -pulse and
switch ing techn iques to h igh-power  rect i fier
systems used in  electrochemical  insta lla-
t ions is addressed in  this paper.  I t is
expected that  the whole system wi l l  yield
advantages in  design ,  plan t compactness,
efficiency and an accurate harmonic
el iminat ion on  both  the dc and ac sides.

I I .   CONVENTIONAL AND PROPOSED
CONFIGURATIONS FOR HIGH POWER

APPLICATIONS

The convent ional  design  of h igh-power
rect i fier  systems used in electrochemical
instal lat ions is made up of several  3-phase
transformers and 6-pulse rect i fier  br idges.
For  example,  a tradi tional 48-pulse rect i fier
system requires 8 three-phase transformers
and 8 six-pulse rect i fi er  br idges,  wi th
enough paral lel  paths to cater  for  the high
cur ren ts involved.  Addi t ional ly a careful
phase shi ft  must  be provided to create a
balanced h igher  pulse system.

On the other  hand the 48-pulse con-
figurat ion  proposed in th is paper  involves 2



three-phase transformers,  2 six-pulse rect i -
fier  br idges,  a thyr istor - tapped reactor   and
a swi tch ing dc/dc ci rcui t .  It  is expected that
the proposed configurat ion  wi l l  provide
advantages from the economical  and
techn ical poin t of view. Addi t ional ly the
harmonic cancel lation  is expected to be
accurate wh ich  is not  always guaranteed
with  the convent ional  techn ique [9].

I I I .  FIRST STAGE.  THE MULTI-PULSE
AC/DC RECTIFIER

Fig.  1 shows the ci rcui t  configurat ion
and typical  waveforms of the mul t i -pulse
ac/dc rect i fi er .  The waveforms are exper i -
mental  resul ts carr ied out  in a 2-kW
laborator y model .  Diagrams were taken
using a signal  analyzer  HP-3561 and a
normal  osci l loscope.

The theoret ical  and exper imental bases
of the technique are given in  [8].  I t is
demonstrated that  the 48-pulse configurat ion
shown in  Fig.  1 is just  a par t icular  case of a
general theor y.  That is,  the number  of
thyr istors in  the interphase reactor  may be
“n”  and the conver ters at  both  sides of the
interphase reactor  may be of “p”  pulses.
Thus, the tota l  number  of pulses obtained is
“2pn”. Th is is ach ieved by natural
commutat ion and is equal ly val id for
rect i ficat ion  and inversion .  In  the par t icular
case of Fig.  1 the fol l owing appl ies:
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In  case of  “n ”  thyr istors in  the in terphase
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given by:

nq

p
tan

qn
np

tan

N

N

o

q
,...,3,2,1;

2
2

)21(
2

=








−+
=

π

π

  (1)

where:

n  :  Total number  of thyr istors
p :  Number  of pulses of both  conver ters
N0:  Total  number  of turns of in terphase

reactor .
Nq:  Posi t ion  of thyr istor  “q” ,  measured in

number  of turns from the center  of
interphase reactor .

I t  is also demonstrated in  [8] that there is a
min imum condi t ion for  α to enable the
reactor  thyr istors to turn  on by natural
commutat ion,  that  is:
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In  the par t icular case of Fig.  1 the
fol l owing appl ies:

 αm in=7.5º    ;     3712.0=
No

Na
    ;     122.0=

No

Nb

IV.  SECOND STAGE. THE SWITCHING
DC/DC CIRCUIT

Fig.  2 shows the ci rcui t  configurat ion
and typical  waveforms of the swi tch ing
dc/dc ci rcui t .  The waveforms are computer
resul ts using the SPICE7.1 program as a
simulat ion tool .  In the fol l owing impor tan t
concepts are out l ined regarding the
switch ing techn ique.
 Advances in the semiconductor
technology have lead to a widespread use of
swi tch ing power  suppl ies.  These ci rcui ts
employ sol id state devices and increased
switch ing speeds,  h igher vol tage and curren t
rat ings and a relat ively l ower  cost  of these
devices are the factors that have contr ibuted
to the emergence of swi tch ing power
suppl ies.  On the negat ive side,  swi t ch ing
suppl ies are more complex,  and proper
measures must  be taken to prevent  EMI due
to h igh  frequency swi tch ings [10].  The most
impor tant  components of a swi tch ing power
supply are considered in  the fol lowing:

A.  Power semiconductor devices
At present  the most impor tant

semiconductor  devices in  swi tch ing power
suppl ies are:

a) Insulated Gate Bipolar  Transistors. Over
the last  10 years a sign i fican t reduct ion
in conduct ing and swi tch ing losses in
IGBT`s has been achieved.  At  present
vol tages of 600,  1200 and 1700 V and
cur ren t  rat ings up to 600 A or  more are
avai lable [11].

b) Gate-Turn-Off (GTO) Thyr istors.  GTO
thyr istors rated at 6 KV and 6 KA, fabr i -
cated on  a si l icon  wafer  wi th a 6-inch
diameter  are now avai lable for  ut i l i -
t y/ industry appl icat ions [11].
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Fig.1.   Transformat ion of pulses from 12 to 48.
a)  vX  and vZ at  di fferen t  fi r ing angles
b) AC cur ren ts for  convent ional ( iRo) and modi fied ( iR)

configurat ions
c)  Osci l loscope waveforms of vol tages vM ,  vY ,  vX  and vZ
d)  Curren t  ij
e)  Circui t  configurat ion.

α m in=7.5º

Na/N0=0.3712

Nb/N0 =0.122
n=4
p=6
pz=48
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Fig.2.  Switch ing dc/dc ci rcui t .
a) Input current  ( ii )
b) Output  current  ( i0)
c) Circui t configurat ion .

B. High f requency t ransformers
Operat ing transformers at  high

frequency presents un ique designs problems,
owing to the increased impor tance of core
loss and leakage inductance.  High  frequency
transformer  designs therefore require consi-
derable more care in  speci fying the type of
core and winding,  because the physical
or ien tation  and spacing of the windings
determine leakage inductance.

Toroidal  cores are normally chosen
because of the ver y low stray flux and low
leakage   inductance.     These   are  ach ieved

because the magnet ic flux in  the toroid can
be contained wi th in the core and the
windings cover  the core a long the en t ire
magnet ic path  length.  Ferr ites have been
almost exclusively used as the magnet ic
mater ia l in  high  frequency power  transfor -
mers.

Another importan t considerat ion in
design ing transformers at h igh frequency is
eddy cur rents losses in  the copper  wire due
to the “skin  effect”  and fur ther  evaluat ion  of
conductor  size must be car r ied out  [12].



C. High f requency output  rect i f iers
A h igh frequency,  h igh  curren t and low

vol tage swi tch ing power  supply demands that
output  rect i fier  diodes must have a low
forward vol tage drop,  fast  recover y
character ist ics and adequate power  handl ing
capabi l i t y.  Three types of rect i fi er  diodes are
commonly used in  swi tch ing power  suppl ies
[13]:

-  High-efficiency fast  recover y
-  High-efficiency ver y fast  recover y
-  Schottky

V.   COMPUTER SIMULATION OF THE
SWITCHING DC/DC CIRCUIT

The use of computer  simulat ion tech-
n iques provides a means to gain a bet ter
understanding of the possible per formance of
a power  electron ic system. A number  of
general purpose ci rcui t  analysis programs,
such as ECAP, SCEPTRE and SPICE can be
used to simulate power  electron ics systems
[14].

The SPICE7.1 program was used to
simulate the swi tch ing dc/dc ci rcui t  and the
fol lowing parameters were considered:

Input vol tage :  330 V

Smooth ing inductor :  1 uH

Switch ing frequency :  27 kHz

Pr imary inductance :  1.2 mH

Secondary inductance : 2×25 uH

Average output  vol tage :  3 V

Load Resistance :  5.5 mΩ

VI.  COMPARISON BETWEEN PROPOSED
AND CONVENTIONAL CONFIGURATIONS

Large electrochemical  rect i fi er  systems
are usually made up of several  6-pulse
rect i fiers wi th  appropr iate phase sh i ft  to
create balanced h igher  pulse systems.
Transformer  phase-sh i ft ing in  mul t i -conver ter
configurat ions, however ,  are normal ly bulky
and associated wi th  compl icated t ransformer
connect ions.  Moreover ,  harmonic el iminat ion
is not  complete because there wi l l  always be
residual  harmonics due to imper fect  t rans-
former  phase shi ft ,  impedance unbalances,  or
unequal  phase retard of thyr istors.

In  th is regard,  the less compl icated
circui t ry of the proposed configurat ion , in
compar ison wi th  the convent ional  one, is
expected to provide a bet ter  harmonic
cancel lat ion , improve energy efficiency and
provide flexibi l i t y for  a more economic
hardware design.

VII .   CONCLUSIONS

A new concept of rect i fier  systems has
been proposed for  electrochemical  insta l la-
t ions involving ver y h igh  cur ren t rat ings. The
appl icat ion considers two stages of conver -
sion ,  a mul ti -pulse and a swi tch ing stage
connected in cascade.  Through exper imental
work and computer  simulat ion i t  was shown
that  the scheme is possible and advantages
over  the convent ional  configurat ion are
expected regarding compactness,  ef fi ciency
and harmonic cancel lat ion.

The resul ts so far  ach ieved are suffi -
cien t l y encouraging to mer it  a thorough
compar ison wi th  convent ional  a l ternat ives.
Fur ther studies wi l l  be car r ied out  to assess
the behaviour  and overal l ef ficiency of the
proposed configurat ion  using laboratory
models a long wi th  computer  simulat ion .
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