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Three-phase AC-to-AC Series-Resonant Power 
Converter with a Reduced Number 

of Thyristors 
3. Ben Klaassens and Freddie de Beer 

Abstract-Ac-ac series-resonant converters have been proven 
to be functional and useful. Power pulse modulation with in- 
ternal frequencies of tens of kHz and suited for multikilowatt 
power levels is applied to a series-resonant converter system for 
generating synthesized multiphase bipolar waveforms with re- 
versible power flow and low distortion. The high pulse fre- 
quency allows the application of the principle of modulation 
and demodulation for fast system response. The use of a series- 
resonant circuit for power transfer and control obtains natural 
current commutation of the thyristors and the prevention of 
excessive stresses on components. Switches are required which 
have bidirectional current conduction and voltage blocking 
ability. The conventional series-resonant ac-ac converter ap- 
plies a total for 24 anti-parallel thyristors. An alternative cir- 
cuit configuration for the series-resonant ac-ac converter with 
only 12 thyristors is presented. Use of the converter results in 
a higher efficiency and lower costs. The alternative power cir- 
cuit has three neutrals, related to the polyphase source, the load 
and the converter, which may be interconnected. If they are 
connected, the high-frequency component of the source and 
load currents will flow through the connection between the neu- 
trals. The test results of a converter system generating three- 
phase sinusoidal input and output waveforms have demon- 
strated the significant aspects of this type of power interfaces. 

INTRODUCTION 
N ac-ac series-resonant conversion system is being A developed because of its many potential applications, 

such as ac motordrives including the processes of the 
braking and reversing of the direction of rotation. Another 
possible application is the asynchronous coupling of two 
polyphase ac systems, such as interfacing a windmill gen- 
erator and a power grid, in which a coupling element is 
required in the form of a power interface. The presented 
ac-ac series-resonant power converter shows good perfor- 
mance due to its intrinsic characteristics. 

The series-resonant converter employs a modulated 
train of power pulses to generate a multiphase bipolar 
waveform. The high resolution obtained for the control 
and distribution of electric energy paves the way for this 
process of wave shaping. The fast response has its roots 
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in the high internal frequency and the applied philosophy 
of control which avoids the interposition of low frequency 
filters in its signal processing system. 

A complex process of excitation of the double excited 
LC-circuit makes it possible to operate the power con- 
verter for both directions of the power flow. The natural 
limitation for the conversion ratio of the conventional se- 
ries-resonant converter to be one, can be overcome. The 
developed converter system is studied with respect to the 
coupling of a three-phase ac voltage source and a 
three-phase ac load. But the electric energy can also be 
derived from a two terminal dc source of supply. 

The use of a series-resonant circuit for power transfer 
and control, involves natural current commutation of the 
thyristors. Improved reliability results from the moderate 
stresses arising during the switching of semiconductor de- 
vices under zero current conditions in the resonant circuit. 

The resonant circuit is considered to be a high-fre- 
quency alternating-current link between two sets of 
switching matrices at the input and output terminals of the 
ac-ac inverter. This high-frequency link allows the elim- 
ination of all low-frequency filters and transformers, 
which are a requirement by conventional ac-ac converters 
because of the interposition of a low-frequency direct- 
voltage or direct-current link between two sets of switch- 
ing matrices. 

The generation of high-frequency components in the 
source and load currents can be reduced to relatively small 
quantities by the application of high-frequency filters of 
moderate size. 

Direct operation by an ac-current link requires power 
switches to have bidirectional blocking and conducting 
capabilities. Bidirectional current capability is also man- 
datory for bipolar source and load currents. 

The more conventional series-resonant ac-ac converter 
applies, therefore, bipolar switches in arrangements of 
anti-parallel thyristors with a total of 24 individual thyris- 
tors as shown in Fig. l(a) [2]. 

An alternative circuit configuration for the series-reso- 
nant ac-ac converter with only 12 thyristor switches as 
shown in Fig. l(b), is presented. Simulation and experi- 
mental work have clearly demonstrated that the new con- 
verter topology has, in principle, the same potentials as 
the previous one. 
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" a  " c  " b  

Fig. 1 .  Power circuit of series-resonant ac-ac converter with: (a) 24 thyristor. (b)  12 thyrihtors. 

POWER CIRCUIT 
The system concerned is formally described with ref- 

erence to the generalized schematic depicted in Fig. I (b). 
A voltage source e;'(/ = 1, 2, 3) is connected to the input 
terminals a1 of the switching matrix SMa via a high-fre- 
quency filter. The switching matrices SMa and SMb gen- 
erate a modulated high-frequency carrier i,. by excitation 
of the resonant circuit with the passive components L, and 
C,. This carrier is distributed to the output terminals bl (1 
= 1, 2,  3) by switching matrix SMb. The high-frequency 
content of the output current of switching matrix SMb is 
removed by the high-frequency output filter capacitors 
CB. The result is a low-frequency , three-phase, sinusoidal 
output voltage e? creating a sinusoidal current through the 
load. 

Both low pass filters and the associated controlled 
switching matrices SMa and SMb hold an equal rank in 
the system. 

The polarity of the output current at one of the termi- 
nals of the switching matrix SMb depends on the process 
of the charging or discharging of the resonant capacitor 
C, but is independent of the polarity of the output volt- 
ages. 

The series-resonant converter operates with respect to 
its output terminals as a converter system, which can 
transfer energy from the source to the load and vice versa, 
by reorganizing the configuration of the switches of the 
switching matrices SMa and SMb. This process of the se- 
lection and activation of a combination of switches is pro- 
grammed by an electronic control circuit. There is a dis- 
similarity in the power at the output between the classical 

and the alternative power circuit. This can be understood 
by the two network topologies as shown in Fig. 2. Fig. 
2(a) shows an equivalent network of the classical ac-ac 
series-resonant power converter with 24 thyristor switches 
[ 2 ] .  By turning on two switches of switching matrix SMa 
(for example Sl;, and S ; 2 )  the unfiltered source current is 
for one pair of terminals (in example terminal a1 and a2) 
is equal to the resonant current i,. The discussed action of 
the switching matrix SMa is identical to the one of switch- 
ing matrix SMb. The unselected branches in the switching 
network are indicated by dashed lines. 

Fig. 2(b) shows the presented ac-ac series-resonant 
power converter with 12 thyristor switches. By turning on 
two switches (for example S: and S: )  the unfiltered source 
current i, for one terminal of the switching matrix SMa 
(this example terminal 1) is equal to the resonant current 

A comparison between Fig. 2(a) and (b) demonstrates 
a reduction in the output voltage by a factor of J3 as the 
difference between the line-to-line voltage and the phase 
voltage. The resonant current has to be increased now by 
a factor of J3 to obtain the same output power for both 
converter circuits. Similar results will be established for 
a comparison of a half-bridge and a full-bridge configu- 
ration of a dc-dc series-resonant converter. 

1,.  

CONTROL ENERGY FLOW 
The algorithm programmed in the control circuit has to 

follow two principles of operation. 
The first principle of operation is dominated by the con- 

trol of the excitation of the series-resonant circuit. The 
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Fig. 2. Basic circuit configuration for ac-ac series-resonant converter: (a) 24 semiconductor switches, (b) 12 semiconductor 
switches. 

resbnant circuit as shown in Fig. 1, is driven by the ex- 
citation voltage uLc: 

(1) 
where ezM = e;, e!,,,, = ef with k = 1, 2, 3, and 1 = 1, 
2,  3. 

To obtain a cyclic stable mode of operation for the con- 
version process, the net energy stored in the resonant cir- 
cuit after each current pulse has to be equal. The net en- 
ergy as the product of resonant current i, and excitation 
voltage uLc, supplied to a lossless resonant circuit during 
a current pulse is consequently zero. The polarity of the 
resonant current i, will remain positive or negative for 
each individual current pulse and therefore the excitation 
voltage uLc has to change its polarity within the current 
pulse. 

During the reverse phase the product uLCir has a nega- 
tive value. During this time interval energy is emanated 
from the resonant circuit by generating an appropriate res- 
onant current segment. During the forward phase the 
product uLCir has a positive value. During this time inter- 
val energy is boosted in the resonant circuit by generating 
an appropriate resonant current segment. 

By changing the combination of input and output phases 
the polarity of the excitation voltage uLc may be changed. 

The second principle is the described process of low- 
frequency waveform generation. The control of the exter- 
nal waveforms of switching matrix SM2 is the primary 
objective of the electronic control circuit. This process 
follows the principles of a nonuniform and aperiodic 
modulation process. It has been treated in the literature 
[ 11, primarily in the context of converters which transfer 
and control electric energy via series-resonant circuits. 

The train of bipolar resonant current pulses i, is distrib- 

uLc = e&,, - e:M 

uted over the three output terminals of the conversion sys- 
tem as indicated in Fig. 2(b). The selection of the output 
terminal depends on the magnitude and polarity of three 
error signals E : .  Each error signal is the difference be- 
tween an output voltage ef  and its sinusoidal reference 
voltage waveform ekefl: 

E !  = ef - eiefI. (2) 

The current pulses are converted into smoothed output 
voltages by three low-pass filter capacitors Cf. The use of 
other, passive filter elements is avoided. 

Because the sum of the output voltages e: is bounded 
to a value of zero, and for this reason the sum of output 
currents if (for a symmetrical load) is zero, the total 
charge on the output capacitors Cf (Cf = Ci = C!) re- 
mains neutral: 

3 3 c e! = c Q l / C f  = 0 .  (3) 

Each current pulse changes the charge Ql on an output 
capacitor Cf with a charge quantity which is small com- 
pared to its total. A great number of current pulses deliver 
the necessary charge Ql to the capacitors. This is always 
possible because the total charge delivered by an even 
number of resonant current pulses is neutral as well. The 
programmed control algorithm has to deliver the positive 
current pulses to the output phase with a negative error 
voltage E ;  and the negative pulses to the phase with a pos- 
itive error voltage E ; .  

1 = 1  1 = 1  

CONTROL ALGORITHM 
Fig. 3 shows the flow diagram of the control algorithm 

of the series-resonant ac-ac converter. 
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Fig. 3. Flow diagram of control algorithm 

First, the phase voltages e: and e(. and the error volt- 
ages €: are measured and sorted with respect to their mag- 
nitudes: 

eklnA < e:otA < ekaxA: 
< e:otB < e:,,,: 

€klnE < E:,~E < €:,,E: 

sorted input phase voltages, 
sorted output phase voltages, 
sorted error voltages, 

with voltages: 

e:: input phase voltage connected to switcing matrix 
A with index 1 = 1, 2, 3 corresponding to its 
phase number, 

output phase voltage connected to switching ma- 
trix B with index l = l ,  2 ,  3 corresponding to 
its phase number, 

phase dependent error voltage connected with in- 
dex E = 1, 2, 3 corresponding to the index of 
the output phase, 

e:: 

e::  

The introduced subscripts are defined as 

minA: subscript minA E [1, 2, 31 corresponding to 
the phase with the most negative input volt- 
age connected to switching matrix SMa, 

subscript maxA E [ I ,  2, 31 corresponding to 
the phase with the most positive input volt- 
age corresponding to switching matrix SMa, 

subscript notA E [ 1, 2, 31 corresponding to the 
phase with the not the most positive and not 
the most negative input voltage connected 
to switching matrix SMa, 

subscript minB E [ I ,  2, 31 corresponding to 
the phase with the most negative output 
voltage connected to switching matrix SMb, 

subscript maxB E [1, 2, 31 corresponding to 
the phase with the most positive output volt- 
age corresponding to switching matrix SMb, 

maxA: 

notA: 

minB: 

maxB: 

notB: subscript notB E [ 1, 2, 31 corresponding to the 
phase with the not the most positive and not 
the most negative output voltage connected 
to switching matrix SMb, 

subscript minE E [ I ,  2, 31 corresponding to 
the phase with the most negative error volt- 
age related to switching matrix SMb, 

subscript maxE E [ 1, 2,  31 corresponding to 
the phase with the most positive error volt- 
age related to switching matrix SMb, 

subscript notE E [ 1, 2, 31 corresponding to the 
phase with the not the most positive and not 
the most negative error voltage related to 
switching matrix SMb. 

minE: 

maxE: 

notE: 

The switching algorithm is independent of the polarity 
of the resonant current and consequently equal for each 
pulse. The positive arm will be explained in the following 
text. The negative arm is of the same structure. Two com- 
binations, of an input and an output voltage, have to be 
selected to generate the necessary positive and negative 
excitation voltage uLc to operate in the Reverse and For- 
ward modes. These two excitation voltages are built from 
at least three voltage sources connected to the converter 
terminals. One commutation is accomplished for each 
resonant current pulse. One of these phase voltages is re- 
lated to an error voltage because the positive current 
pulse will decrease a negative error voltage to obey the 
generation process of the output waveform. The selection 
of the additional two phases depends on the magnitude of 
the phase voltage eb,inE compared to earninA and earnaxA. Three 
situations can be illustrated: 

1) earninA < 
2 )  
3) ekinE < earninA < 

< e&,A: step-down mode, 
< e:axA < eb,,nE: step-up mode, 

step-up mode. 
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Fig. 4 .  Typical waveforms of  resonant current i,, excitation voltage U,.=, and resonant capacitor voltage uCr. for various modes 
of operation: (a) Step-down mode: < < e:,,,. (b) Step-up mode: < e:,,,A < (c) Step-up mode: 
eh,,nE < < ek,x8. 

e:,,, is the phase voltage of the output phase corre- 
sponding to an error voltage Those three situations 
supply different combinations as indicated through the 
waveforms of Fig. 4. 

1) Step-down mode: earnlnA < < f?kaxA. During 
the first resonant current segment (reverse phase), the ex- 
citation voltage uLC is equal to 

ULCR = e&nA - e h n E  0 (4) 

The energy in the resonant network will be boosted during 
the second current segment (Forward phase) by the exci- 
tation voltage uLC: 

ULCF = e:axA - e k m E  > 0 ( 5 )  

This step-down mode is ideal because the complete cur- 
rent pulse will decrease the error voltage ~ b , , , , ~ .  

< ekaxA < f?b,,,E. During the 
first resonant current segment, the excitation voltage uLC 
is equal to 

2) Step-up mode: 

ULCR = ekaxA - eb,inE < 0 (6) 

The energy in the resonant network will be boosted during 
the second current segment by the excitation voltage uLC: 

(7) 

The excitation voltage uLCF is continually positive be- 
cause ekaxA is positive is always negative. This step- 
up mode is less effective than the step-down mode, be- 

ULCF = ekaxA - eb,inB > 
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cause the error voltage ~ h , ~ ~ ~  will be decreased only during 
the resonant segment of the Reverse phase. 

During the 
first resonant current segment, the excitation voltage uLc 
is equal to: 

(8) 
The excitation voltage uLCR is always negative because 
e&nA is negative and e:,,, always positive. The energy in 
the resonant network will be boosted during the second 
current segment by 

(9) 
This step-up mode is less effective than the step-down 
mode, because the error voltage will be decreased 
only during the resonant current segment of the forward 
phase. The switching algorithm has some more features 
as explained in Fig. 3.  

3) Step-up mode: &,,,E < eLlnA < 

uLCR = &inA - e!LB < 0 

ULCF = &nA - e h n E  > 

The resonant current pulse will only be started if 
there is at least one error voltage 6 :  with an ampli- 
tude larger than a specific threshold value. 
The generated resonant current pulse will be posi- 
tive if the initial resonant capacitor voltage U,-, is 
negative and vice versa. 
The switching time between the Reverse and the 
forward current segment is under the control of an 
electronic circuit indicated as the predictor. This 
circuit calculates the stored energy in the resonant 
network at the end of the resonant current pulse. 
The algorithm is reset to its initial status if a detec- 
tion circuit for the resonant current observed a zero- 
crossing of this current. 

INTERACTION CONVERTER, LOAD A N D  SOURCE 
The character of the load: capacitive, inductive or dis- 

sipative, does influence the output currents i t ,  i !  and i$ 
but not the output voltages e t ,  e! and e: as long as the 
converter is not overloaded. 

For a symmetrical load network in star configuration 
the voltage of the neutral nh of the load will be at zero. 
The output currents are symmetrical because the output 
voltages are symmetrical while the sum of the output cur- 
rents is zero. 

The voltage of the neutral of the load is at zero and may 
therefore be connected to the neutral of the converter 
without current flowing through this link. Only a small 
asymmetry between the output voltages caused by the 
high-frequency ripple voltages generates a low high-fre- 
quency current through the link between the neutral of 
converter n, and the neutral of load nb as measured and 
recorded in Figs. 5 and 6 .  The parameters of the converter 
for the experiments are 

L, = 19 pH, C,. = 2.7 pF, 

C: = CB = 100 pF (1 = 1, 2 ,  3), 

R, = 20 il, 

35 I 

e;lnax = 100 V,  50 Hz, 

e:,,, = 100 V, 50 Hz. 

The source must be able to generate and accept electric 
power. The neutral nu of a symmetrical source can be con- 
nected to the neutral n, of the converter. Each voltage 
source e:, e; and e; will charge the filter capacitors CY, 
C; and C: to match their voltage. Only high-frequency 
components of the souce currents flows through the link 
between nu and n,. The amplitude of this high-frequency 
current depends on the source impedances and is recorded 
in Fig. 7.  

In the case of an asymmetrical load the individual out- 
put currents are different. The influence of an asymmet- 
rical load on the output voltages depends on the asym- 
metry of the load and whether the neutral of converter and 
load are tied together. Three different modes can be dis- 
tinguished now: 

The particular neutrals of converter n, and load nb 
are floating. Therefore the total of the output cur- 
rents is equal to zero (Kirchoff's law: i: + i ;  + 
i $  = 0) even for an asymmetrical load. The total 
charge on the output capacitors (C?, C: and Cs) is 
maintained and the distribution of the charge over 
the capacitors remains symmetrical, as do the out- 
put voltages. 
The neutral of the load nh remains at zero when it 
is connected to the neutral of the converter n,. The 
sum of the output currents will no longer be equal 
to zero (if + i; + i$ # 0) .  The result is a low-fre- 
quency current running through the connection be- 
tween the neutrals. Therefore the total charge on the 
output capacitors Ci, Ci and Ci differs now from 
zero. The series-resonant circuit cannot supply a 
low-frequency compensation current. A symmet- 
rical division of the charge across the output capac- 
itors is not possible and the output voltages e?, e; 
and e ;  become asymmetrical. 
The output voltages e!, e: and e: will be asym- 
metrical if the output current is equal to the maxi- 
mum current which the converter can supply. This 
happens when an asymmetrical load impedance be- 
comes close to zero (a short circuit between two ter- 
minals). Two output phase-voltages are equal in 
magnitude. The third output phase-voltage has an 
opposite sign with an amplitude of a factor of two. 

CONTROL ELECTRONICS 

Fig. 8 depicts a block diagram of the control electronics 
of the series-resonant power converter. This figure is the 
result of the flow diagram presented in Fig. 3.  The analog 
voltage and current waveforms are located in the middle 
of the block diagram. At the left of this diagram there are 
four test circuits which produce signals for the control cir- 
cuit. At the right of this diagram there are the selector 
circuits for activating the proper thyristors. 
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Fig.  5 .  Measurement of output current with resistive load (time 40 ms) 
Upper trace: load current if. Lower trace: switch current is?. 

I I 

Fig. 6 .  Measurement of current through link between n,. and n,, (time 10 ms). Upper trace: current through the link. Lower 
trace: resonant current i,. 

Fig. 7 .  Measurement of current through line between no and n( (time 10 ms). Upper trace: current through the link. Lower 
trace: resonant current i,. 

The uCr POLARITY detector detects the polarity of the 
resonant capacitor voltage uCr. For a positive voltage, the 
capacitor C, will be discharged and the next current pulse 
i, will be consequently negative. For a negative voltage, 
the capacitor C, will be charged and the next current pulse 
i, will be consequently positive. 

The point in time where internal signals will be changed 
is locked to the zero crossing of the resonant current i, at 
the end of the resonant current pulse by the ZERO CUR- 
RENT DETECTOR. The CONTROL CIRCUIT can start 
a new current pulse when the resonant current is zero. 

The uLc POLARITY DETECTOR checks at the begin- 
ning of each current pulse whether the excitation voltage 
uLc has the proper polarity. Control of the electric energy 
stored in the resonant capacitor C, is necessary to obtain 

an uninterrupted series-resonant oscillation [ 5 ] .  The PRE- 
DICTOR controls the excitation of the series-resonant cir- 
cuit from pulse to pulse in a predictive way on extrapo- 
lating the signals i,, UC, and ULC. 

This control has two purposes: 

1) to limit the momentary amplitude of the resonant 
capacitor voltage ucr from pulse to pulse to avoid 
excessive component stresses, 

2) to satisfy the conditions of a continuous oscillation 
for each half period independently of the waveform 
generated at the output. 

The analogue signals corresponding to e; and e:,  are the 
input waveforms of the uLc POLARITY DETECTOR and 
the PREDICTOR. The k and I value is selected by the 
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CONTROL ELECTRONICS WITH CONTROL ALGORITHM I"--- Fig. 8. Block diagram of control electronics. 

Fig. 9. Results of computer simulation [time 1 ms]: Upper trace: resonant current i ,  [ S O  A/div] .  Lower trace: resonant capacitor 
voltage U<.,  [ IS0 V/div]. 

SELECTOR e:, e; or e'; and the SELECTOR e:, e! or 
e!. The switch selector is responsible for the selection 
process of the active switching elements in both switching 
matrices, depending on the conversion ratio of the power 
converter. 

COMPUTER SIMULATION AND EXPERIMENTAL RESULTS 
The 12-thyristor converter was simulated by a com- 

puter simulation program [ 3 ] .  The results of simulation 
are indicated in Figs. 9 and 10, confirming the character- 
istics of this class of resonant ac-ac converters. The pa- 

rameters of the converter for the simulation were: 

L, = 19 pH, 

Cy = CF = 100 pF (1 = 1, 2, 3 ) ,  

C, = 2.7 pF, 

e;max = 50 V, 60 Hz,  

= 100 V, 50 Hz. 

An experimental series-resonant converter with twelve 
thyristors was designed and constructed. Existing com- 
ponents and circuits were used to demonstrate a principle 
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Fig. 10. Results of computer simulation [time 40 ms]: Output voltages e!, e: and e ;  [20 V/div].  

I 1 

Fig. 1 1 .  Measurement of i, and uCr [time 1 ms]. Upper trace: resonant current i,. Lower trace: capacitor voltage ucr. 

Fig. 12. Measurement of output voltages et ,  e'; and e: (time of measurement 40 ms). 

rather than to optimize the system. Figs. 11, 12, and 13 
were taken with a digital recorder (resolution 8 bits, sam- 
ple rate 20 ns) and copied on a X-Y plotter with the fol- 
lowing conditions shown in Table I. 

Fig. 11 shows the aperiodic waveforms of the resonant 
current i, and the resonant capacitor voltage ucr. The am- 
plitude of the resonant capacitor voltage appears to be 
constant. 

The output voltages are recorded in Fig. 12 for an out- 
put frequency of 50 Hz. 

Finally, Fig. 13 shows the current i: at the input matrix 
SMa. This current is delivered during the time interval 
that a particular source voltage is maximal,. Other tests 
were carried out for different values of the output current 
and voltage and a range for the fundamental frequency 

f e  of a three terminal, sinusoidal output voltage of 0 < 
f y  < 100 Hz. The system was tested with respect to: 

(a) functional integrity under adverse conditions of op- 

(b) output voltage control, 
(c) efficiency of the conversion process. 

eration, 

CONCLUSION 
The series-resonant ac-ac converter with twelve thyris- 

1) The converter with a reduced number of bipolar 
switches, has only 12 thyristors and consequently 
12 gate pulse amplifiers: less than the 24-thyristors 

tor switches has the following advantages: 
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Fig. 13. Measurement of input current\ i ' ; .  t; and i'; (time o f  measurement 30 ins]. 

TABLE 1 

Resonant 
Source Load Converter 

P" = 2.046 kW P" = 1.677 kW P,,,,, = 0.390 kW 
, f y  = 50 Hz j ' f  = 5 0 H z  
e;kvs = 70.7 V est , ,  = 51.8 V dist = 1.3% 

1; ,,,,l,\ = 9.09 kH.7 

iyn%,s = 9.65 A i:nv5 = 10.8 A in,,,,, = 90 A 

converter. This results in lower costs and a less 
complex electronic control and protection system. 
The input voltage of the 12-thyristor converter 
equals the phase voltage of a 3-terminal source volt- 
age, whle the 24-thyristor converter applies the line- 
to-line voltage. It implies less stress on the com- 
ponents of the converter when the source voltages 
are equal, but it is also possible to apply to the 
12-thyristor converter a J3 times higher source 
voltage with the same stress on the components. 
The 12-thyristor converter which distributes the 
same amount of power with the same source volt- 
ages as the 24-thyristor converter, needs a higher 
resonant current of a factor of J3  times. for the 
12-thyristor converter the current passes only two 
thyristors, while in the more complex circuit four 
thyristors are passed. The losses in the thyristors are 
lowered but the losses in the resonant inductor are 
increased. Redimensioning of the resonant inductor 
for less losses gives the 12-thyristor converter a 
higher degree of efficiency. 
Grounding of the individual neutrals of the capaci- 
tor banks, the load and the converter, is possible. It 
is noted that this will not be feasible for a 
24-thyristor converter. 
The sum of the output voltages is forced to be zero 
for the 12-thyristor Converter. An unbalanced volt- 
age system may lead to saturation of transformers 
and electrical machines. 

The series-resonant ac-ac converter with 12 thyristor 

1) the multi-terminal voltage supply has to contain at 

2) the power factor of the source current can not yet 

In comparison with the whole group of three-phase ac- 
ac converters. this ac-ac series-resonant converter with the 

switches will have the following disadvantages: 

least a positive and a negative voltage source. 

be controlled [ 5 ] .  

minimal number of 12 thyristor switches (one unipolar 
switch for each terminal and current polarity makes a total 
of twelve switches) demonstrates the characteristics of: 

low cost 
high efficiency, 
low distortion of the output waveforms, 
prevention of excessive stress on components, 
fast system response. 

Electrical characteristics were experimentally verified and 
have been proven by simulation. 
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