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57 ABSTRACT 
A transformer structure for producing pulses for ignit 
ing a chain of controlled rectifier units such as thy 
ristors includes a primary winding consisting of one or 
more turns on which a number of toroidally configured 
iron cores are threaded. Each core is provided with at 
least two groups of secondary windings in which volt 
ages are induced as a result of the alternating current 
which passes through the primary winding, and these 
voltages are applied to the control electrodes of the 
thyristors for igniting them. A system of screens is used 
to screen the secondary windings from the core. A 
screen first located adjacent the secondary windings 
has a width which is variable over the circumference of 
the core and does not completely screen the seondary 
windings from the core whereas 1a second screen lo 
cated adjacent the core, i.e., between the core and the 
first screen completely surrounds the core and is of 
constant width. The first screen is electrically connectd 
to one end of one group of secondary windings remote 
from the junction of two adjacent groups of secondary 
windings, and to which junction the second screen is 
connected. . . . 

9 Claims, 9 Drawing Figures 
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Fig. 2A Fig.2B 

222. C2C 
C 2 

V2 C24 C14 

Ca 
V-2 C25 C15 

a.222 
C 2 6 C 6 

22 

  



3,77, O42 PATENTED NOY 6 1973 
SHEET 3 OF 5 

  



PATENTED NOY 6 1973 3,77l,042 
SHEET OF 5 

  



PATENTED NOY -6 1973 3,771, O42 
SHEET SOF 5 

es 

w 8 so ... as - . . . . , y - " ' s 
F . . . 

t vira t 

, - s • s 
. . KY r 

w w 

S. W y 

8 

8 . 
a wa 

8 

. . . 
d 

w w g 

Y & 
w w 

8 
r k 

A. 

W 

Fig.8 

  



3,771,042 
1 

PULSE TRANSFORMER FOR CONTROLLED 
RECTFER 

The invention relates to a pulse transformer for a 
controlled rectifier containing, for example, a chain of 5 
thyristors, the transformer having a toroid core and at 
least two groups of secondary windings which function 
as control windings on the core. 

It has been proposed to arrange screens in the wind 
ings on the toroid cores of a control pulse transformer. 
However, this does not eliminate the stray capacitance 
between the control windings and cores, this stray ca 
pacitance adversely affecting the voltage distribution 
along a thyristor chain. 

In accordance with the present invention a pulse 
transformer for a controlled rectifier has a toroid core 
on which are wound at least two groups of secondary 
windings which function as control windings, the sec 
ondary windings being screened from the core by at 
least two screens, the first of which is connected to one 
end of one winding group remote from the junction of 
two adjacent groups of secondary windings while the 
second screen has a terminal connected to the junction; 
the ratio of capacitance C between the first screen 
and each winding n = 1, 2,3 ..., m of one group of 
secondary windings to the capacitance C between the 
second screen and the same winding n satisfying the 
condition: CFC'm-n/n, where n is to be counted 
from said one end of the group of windings in the direc 
tion towards the junction between the two groups of 
secondary windings. 
The invention will now be described in more detail, 

by way of examples, with reference to the accompany 
ing largely diagrammatic drawings, in which: 
FIG. 1 is the known capacitive substitution circuit di 

agram of a pulse transformer connected to a thyristor 
chain; 
FIG. 2A is an equivalent capacitive circuit diagram 

of a pulse transformer provided with double screening; 
FIG. 2B is the substitution circuit diagram of the 

transformer, according to FIG. 2A, referred to the thy 
ristor chain controlled thereby; 
FIG. 3 is a section through the wound toroid core of 

a pulse transformer; provided with a multiple screen 
arragement in accordance with the invention; 
FIG. 4 is a view in plan which shows a construction 

of a pulse transformer having multiple screens arranged 
between the core and secondary coils according to a 
first embodiment of the invention; 
FIG. 5 shows graphically the dimensions of a screen 

ing element relative to the number of turns on a wound 
toroid core; 
FIG. 6 is a partial plan view of the transformer core 

illustrating a modified embodiment for the screen com 
ponent 3 of the FIG. 4 embodiment; 
FIG. 7 shows a section through a further embodiment 

of a wound toroid core of a pulse transformer provided 
with multiple screens according to the invention; and, 
FIG. 8 shows a section through another embodiment 

of wound toroid core of a pulse transformer provided 
with multiple screens according to the invention. 
A pulse transformer is used to control a chain of seri 

ally connected thyristors 1 of a controlled thyristor rec 
tifier as shown in FIG. 1. The transformer usually com 
prises a primary winding turn or turns on which a num 
ber of wound toroid cores with windings are threaded. 
Each toroid core is provided with a number of second 
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2 
ary windings, for example 28, each of which is used to 
control a thyristor. Each secondary winding has a ca 
pacitance relative to the toroid core, the core being at 
a mean voltage value. 
The corresponding capacitance substitution circuit 

for such a system is shown in FIG. 1. The capacitances 
between the windings and the toroid core can be con 
sidered as providing parallel capacitances C and series 
capacitances C, and these together result in an irregu 
lar voltage distribution along the thyrsitor chain, such 
irregularity being the greater, the higher the ratio of 
parallel capacitance C to the serial capacitance C. 
The irregular voltage or rate of change of voltage du/dt 
along the chain should remain as small as possible and 
should not exceed, for example, 30 percent, even if the 
serial capacitance C of the thyristors 1 is relatively 
small. This can be achieved by providing each toroid 
core with two screens. 
FIGS. 2A and 2B show such an example. FIG. 2A 

shows two groups of seven toroid control windings 2, . 
sectionally indicated, the screens being shown adja 
cently. The first screen 3, being arranged near the con 
trol windings and being of a width which is variable 
over the circumference of the toroid core, does not 
completely screen the control windings whereas the 
second screen 4 being arranged at such a distance from 
the control windings which allows intermediate ar 
rangement of the first screen, completely surrounds the 
toroid core at constant width. One part of the capaci 
tance of the control winding is transferred to the first 
screen and the other part to the second screen. The 
first screen 3 is at the potential of the remote end of 
one group or chain of control windings or the respec 
tive thyristor of the chain as shown in FIG. 2A. The sec 
ond screen 4 is connected by a terminal to the mid 
potential junction 10 of the chain as shown. The capac 
itive effect of the second screen on the control wind 
ings progressively increases from the two end-thyristor 
windings in the direction of the mid-potential terminal 
of the second screen. 
The capacitive substitution circuit diagram of this 

system referred to the thyristor chain is shown in FIG. 
2B. Each control winding is associated with two capaci 
tances, one capacitance Cn (n = 1, 2, . . . , m) relative 
to the first screen and the other capacitance Can 
relative to the second screen. The substitution, circuit 
diagram contains two further capacitances C and Ca2, 
representing the influence of stray capacitances which 
become externally effective. These capacitances may 
influence the values of the capacitances Can and for this 
reason they are appropriately included into the calcula 
tion of these capacitances. The capacitance values for 
the first screen are so selected that the capacitive effect 
on the thyristor column is cancelled by the second 
screen and by the external stray capacitances. No irreg 
ular voltage distribution occurs when the capacitances 
are completely compensated in this way. 
The effect of these capacitances is compensated by 

satisfying the following conditions: 
C = C2 n-n/n 

n = 1, 2, 3, . . . , m 
set mar 

FIGS. 3 and 4 show the spatial arrangement. FIG. 3 
shows the toroid core 5 in section. The iron core 5 is 
completely surrounded by the second screen 4. The 
first screen 3 extends only partially around the iron 
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core and the second screen 4. The control windings 2 
are disposed outsdie the two screens. FIG. 4 shows a 
plan view indicating the position of the screens and the 
windings. It can be readily seen that the width of the 
first screen 3 varies from winding to winding. 
FIG. 5 shows the width L of the screens plotted rela 

tive to the number of windings n for an actual embodi 
ment. The circumference is developed onto a plane. 
The manner in which the width La of the first screen 3 
varies with the number of windings while the width L. 

5 

10 
of the second screen 4 remains constant can also be 
readily seen by reference to this illustration. 
FIG. 6 illustrates a modified embodiment for the vari 

able-width screen component 3 included in the em 
bodiment of FIG. 4. In FIG. 6, the equivalent screen is 
seen to be a winding 12 which is wound around the 
screen 4 in such manner that the number of individual 
turns of the winding between adjacent secondary coils 
2' of the winding group progressively increases in the 
direction away from the connection terminal of the 
screen 4 to the junction between two groups of wind 
Ings. 

FIG. 7 shows a further example. In this case the wind 
ings 2 are screened on both sides by duplicated first 
screens 3. This arrangement is appropriate if the exter 
nal capacitances of the control windings could give rise 
to a disturbing effect. 
FIG. 8 shows an embodiment similar to that of FIG. 

3. In FIG. 8, the first first screen 3 is provided radially 
inwards of the winding 2. A further screen 6, having the 
same potential as the second screen 4, is disposed radi 
ally outwards of the first screen 3 on the other side of 
the winding 2. The influence of the capacitances of the 
control windings relative to the further screen 6 is com 
pensated by appropriately shaping of the first screen 3. 
Undesirable external capacitances are compensated 
where necessary by externally disposed shrouds 7. 
The system described hereinabove improves the effi 

ciency and reduces the cost of thyristor rectifier con 
trol. The du/dt stress caused by changing voltages on 
the thyristors is reduced by using the screens. This 
means that cheaper thyristors and smaller du/dt chokes 
for limiting the effect of the voltage changes along the 
rectifier chain can be used. 
We claim: 
1. In a pulse transformer arrangement for and con 

trolling the operation of semiconductor switching ele 
ments such as thyristors, the combination comprising a 
toroidal core, secondary windings surrounding said 
core, said secondary windings being distributed cir 
cumferentially about said core and arranged in first and 
second groups, a chain of thyristors connected in se 
ries, said thyristors being likewise arranged in first and 
second groups corresponding in number to the second 
ary windings of said first and second groups and being 
connected respectively thereto, first and second 
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4 
screens located between said core and each group of 
secondary windings, said first screen being connected 
to the thyristor chain at the first thyristor of the first 
thyristor group so as to lie at the potential thereof and 
said second screen being connected to the thyristor 
chain at a point between the last thyristor of said first 
thyristor group and the first thyristor of said second 
thyristor group so as to lie at the potential thereof, said 
first and second screens having a construction such that 
the ratio of capacitance C between said first screen 
and the number n of the secondary windings of each 
group of windings satisfies the condition: 

Cin F Can m-n/n 
where: n = 1, 2, 3, . . . , m 

71 - 2 
and where n is counted from the first control winding 
in said first group of windings in the direction towards 
said junction between said first and second groups of 
windings. 

2. A pulse transformer as defined in claim 1 wherein 
the dimensions of said second screen are constant. 

3. A puls transformer as defined in claim 1 wherein 
the dimensions of said first screen vary in a progressive 
manner around the toroidal core in accordance with 
the number of the control windings of each group. 
4. A pulse transformer as defined in claim 1 wherein 

said first screen braodens in width around the toroidal 
core starting from the connection terminal of said sec 
ond screen to said junction between said first and sec 
ond groups of windings. 

5. A pulse transformer as defined in claim 1 wherein 
said first screen is constructed as swinding on and dis 
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tributed along said core and wherein the number of 
turns of said winding between adjacent secondary 
windings progressively increases in the direction away 
from the connection terminal of said second screen to 
said junction between said first and second groups of 
windings, 

6. A pulse transformer as defined in claim 1 wherein 
said first screen consists of two parts one of which lies 
outside of said secondary windings and the other screen 
part being located between said secondary windings 
and said toroidal core. 

7. A pulse transformer as defined in claim 1 wherein 
said first and second screens are disposed between said 
secondary windings and said toroidal core. V 

8. A pulse transformer as defined in claim 7 wherein 
said first screen is disposed adjacent said secondary 
windings and wherein said second screen is disposed 
adjacent said toroidal core. 

9. A pulse transformer as defined in claim 7 and 
which further includes a third screen electrically con 
nected to said second screen and which is located out 
side of said secondary windings. 

k k sk xk k 
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