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4 Claims. 
My invention relates to a new and improved 

method of operating a transformer, and it also 
relates to a new and improved transformer. 
One of the objects of my invention is to auto 

matically limit the magnetic flux which passes 
through the secondary coil of a transformer in 
order to automatically limit the current and/or 
voltage which is induced in the secondary coil of 
the transformer. This prevents the voltage 
and/or current in the secondary coil from increas 
ing beyond the danger limit, so that the secondary 
circuit is prevented from being overloaded with 
out the use of automatic safety devices, such as 
fuses, circuit-breakers, and the secondary coil is 
therefore protected from burning out due to ex 
cessive current. 
Another object of my invention is to automati 

cally deflect the magnetic flux of the transformer 
from the Secondary coil, as the secondary cur 
rent increases. . 
Another object of my invention is to produce a 

magnetic leakage between the primary and Sec 
ondary coils of the transformer, said leakage in 
creasing when the secondary current increases, so 
that the secondary current and/or voltage cannot 
increase beyond a determined limit. 
Other objects of my invention will be set forth 

in the following description and drawings which 
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illustrate a preferred embodiment thereof, it be 
ing understood that the above general statement 
of the objects of my invention is intended to gen 
erally explain the same and not to limit it in any 
ae. 
Fig. 1 is a diagrammatic elevation illustrating 

my invention applied to a shell-type transformer, 
and it illustrates the path of the magnetic leakage, 
the coils, and the path of the magnetic flux when 

40 
the laminations for securing the magnetic leak 
age are arranged at the outer faces of the iron core and the yokes. 

Fig. 2 is a sectional view of Fig. 1, showing the 
core, the yokes, and laminations for providing the 
leakage path of a shell-type transformer, when 
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the leakage path is at the outer faces of the iron 
core and the yokes. This view is taken in a me 
dian horizontal plane of Fig. 1, and is partially in 
elevation. 

Fig. 3 is a similar section of the core, the yoke, 
and the laminations for providing the leakage 
path of the shell-type transformer, when the lam 
inations for providing the leakage path are partly 
between the outer faces of the core and the yokes, 
and partly at the outer faces of the core and the 
yokes. . 

Fig. 4 is a diagrammatic elevation of a core 

(C. - 9) 

type transformer, having a leakage path between 
the core and the laminations for providing the 
leakage path, when said laminations are at the 
Outer faces of the yokes. In this figure the lam 
inations for providing the leakage path, and 
which may be referred to as the “leakage lamina 
tions', are located at the outer faces of the yokes. 

Fig. 5 is a cross-section of the core and the 
yokes, and the leakage laminations of the core 
type transformer, when the leakage laminations 
are located only at the outer faces of the yokes. 

10 

This is also a horizontal sectional view, partially in elevation. 
Fig. 6 is a similar cross-section of the core, 

the yokes and the leakage laminations of the core 
- type transformer, when the leakage laminations 
are partly between the yokes, and partly at the 
Outer faces of the yokes. 

Fig. 7 is a diagrammatic elevation of a shell 
type transformer having a divided or split sec 
Ondary coil and a plurality of leakage paths, when 
the leakage laminations are either entirely at the 
outer faces of the core of the yokes, or when the 
leakage laminations are partially between the COre 
and the yokes and partially at the outer faces of 
the core and the yokes. 

Fig. 8 is a diagrammatic elevation of a Core 
type transformer having divided coils and cor 
responding leakage paths, when the leakage lam 
inations are either between the yokes, or located 
at the outer faces of the yokes. 
The shell-type transformer which is designated 

in the drawings consists of the core k which has 
the same cross-section for the primary and Sec 
ondary coils. The transformer also has the yokes 
i which are made of stamped or cut transformer 
laminations b. Two coils are arranged upon the 
iron core proper in such manner as to have the 
primary coil Pr on one side, and the secondary 
coil Sec on the other side. Stamped or cut lam 
inations for the leakage path St are arranged per 
pendicular to the core, and these leakage lamina 
tions are located above and below (at the Outer 
faces of) the yokes and the core. 

If an alternating voltage is imposed upon the 
primary coil, this produces an alternating flux dist1, 
and this primary flux is mainly linked with the 
part of the iron core which is associated with the 
secondary coil and with the yokes. Hence this 
creates a small leakage flux under even a condi 
tion of no-load through the leakage path St, and 
this leakage flux corresponds to the CrOSS-Section 
of the leakage path. 

If the secondary coil is loaded up to a condition 
of short-circuit, the current flow through the 
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2 
secondary coil forces a portion of the primary 
fiux into the magnetic circuit of the leakage path 
so that the proportion of the magnetic flux pt2 
in the secondary coil, with relation to the leakage 
flux (bs is in inverse proportion to the reluctance 
of both of these by-paths, and the number of 
ampere-turns is the same in both circuits. Hence 
the secondary current can also increase until a 
stable or non-changing condition is reached. 
Hence by a suitable choice of the cross-section of 
the leakage path and of the path of the magnetic 
flux, as well as by arranging the leakage lamina 
tions above, below and between the core and the 
yokes, any desired limit of the amount of the sec 
ondary current can be secured when the second 
ary circuit is short-circuited. In this arrange 
ment the yokes can also be simultaneously en 
larged or reinforced, according to the arrange 
ment of the leakage laminations, so that the no 
load current and the no-load loss are decreased, 
which is a very important advantage in the use of 
Small transformers. This arrangement of the leakage path, in Order 
to reduce the short-circuit current, can be prac 
tically utilized in all transformers of the shell 
type of any capacity. However, when the capac 
ity of the transformer increases, it is necessary to 
divide the coils, so that a pair of leakage paths, 
or a plurality of pairs of leakage paths must be 
correspondingly provided, as shown in Fig. 7. 
The core-type transformer which is designated 

consists of a pair of cut or stamped cores k, and 
the side yokes i, which are made of transformer 
laminations b. The primary coil Pr is located on 
one iron core, and the Secondary coil Sec is ar 
ranged upon the other core. 
In core-type transformers, the leakage lami 

nations can be inserted into the yokes, or said 
yokes can be provided with leakage lamination 
projections W. Hence the cross-section of the 
leakage path or core can consist of leakage lan 
inations which are arranged either above or be 
low or between the yokes. In this type of trans 
former, when the load is increased up to short 
circuit, the current flow through the secondary 
coil also by-passes a part of the primary flux from 
the secondary coil to the leakage path. 
When there is no load upon the transformer, a 

leakage flux diso is produced which depends upon 
the cross-section of the leakage path, and 
this leakage flux increases up to a maximum value 
ps when the secondary circuit has its load in 
creased up to a condition of short-circuit So that 
the current in the Secondary circuit under a con 
dition of short-circuit can be reduced to the de 
sired and predetermined magnitude. The mag 
nitude of the maximum secondary current which 
can be secured is therefore predetermined by a 
suitable choice of the cross-Section of the, mag 
netic leakage path and also by locating the leak 
age laminations above or below or between the 
yokes. At the same time the no-load current and 
the no-load loss of the transformer can be dinin 
ished, due to the reinforcement of the yokes 
which is produced by the leakage lamination pro 
jectionS. This arrangement of the leakage paths for the 
reduction of the Secondary current under a con 
dition of short-circuit can be practically used in 
all core-type transformers of any capacity. How 
ever, in case of increased capacity a division of 
the coils in the manner shown in Fig. 8 is neces 
Sary, and this also produces a division of the leak 
age paths. Referring to Fig. 2, it can be seen that 
the leakage path extends through members which 

flux of the primary coil, said leakage bridge con 

2,047,845 
are laterally located behind the core and also in 
front of the core. Said leakage path members 
can be considered as constituting lateral enlarge 
ments of the core. Likewise, the leakage path ex 
tends through members which are laterally lo- 5 
cated in front of the yokes and also behind the 
yokes, thus constituting in effect lateral enlarge 
ments of the yokes. These leakage path mem 
bers are located above and below the iron core 
and the yokes. 10 
The principle of operation of the device is as 

follows:- Assuming that the secondary current can be 
suddenly increased due to the formation of a 
short circuit, this causes a correspondingly rapid 15 
increase in the flux which is produced by the Sec 
ondary current in the secondary Coil (or coils). 
This sharp increase in the magnetic flux which 
is linked with the secondary coil, tends to repel 
the passage of the primary flux through the sec- 20 
ondary coil, so that the primary coil will be by 
passed through the leaking means, which consti 
tute a leakage path. 
As shown in FigS. 2 and 3 the leakage means, 

which are preferably formed of laminations con- 25 
stitute parts of the yokes i. Hence the leakage 
means may be considered as constituting en 
largements of the yokes i. The leakage pathi (Or 
paths) is therefore free from any air-gap, SO 
that the leakage path has minimum reluctance. 30 
However, the invention is not to be limited to the 
use of leakage means which are located Solely 
above and below the core means. 

I have shown a preferred embodiment of my 
invention, but it is clear that numerous changes 
and omissions could be made without departing 
from its Spirit. The improved transformer can be used in 
alarm systems, in announcement Systems, and in 
rectifiers. As shown in the drawings, the leakage means 
are of Smaller effective CrOSS Section than the 
permeable means through which the primary 
flux and the secondary flux pass. 
I Clain:- 
1. A transformer having Core means and yoke 

means, a primary Coil and a Secondary coil lo 
cated on Said core means, and a leakage bridge 
adapted to bypass only a portion of the main 
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stituting a fixed enlargement of the yoke means 
of the transformer, and forming a fixed and 
wholly closed leakage path which is wholly free 
from any leakage air gap with relation to said 
yoke means and Said core means, the effective 
cross section of said leakage bridge being less 
than the effective cross section of said core 
means, the leakage bridge having sufficient cross 
section to limit the flux through said secondary 
coil automatically and without the formation of 
an air-gap, under maximum predetermined load, 

2. A transformer having a laminated core 
means, a primary coil and a secondary coil lo 
cated on said core means, Said core means hav- . 
ing additional laminations which form a leakage 
bridge which is adapted to bypass only a portion 
of the main flux of the primary coil, said leak 
age bridge forming a fixed and wholly closed 
leakage path which is wholly free from any leak 
age air gap With relation to Said core means, the 
effective cross section of said leakage bridge be 
ing less than the effective cross section of said 
core means, the leakage bridge having sufficient 
cross-section to limit the fiux through said sec 
ondary coil automatically and without the for- s 
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nation of an air-gap, under maximum predeter 
mined load. 

3. A transformer having a yoke means and 
laminated core means, a primary coil and a sec 
ondary coil located on said core means, said core 
means having additional laminations which form 
a leakage bridge which is adapted to bypass only 
a portion of the main flux of the primary coil, 
said leakage bridge forming a fixed and wholly 
closed leakage path which is wholly free from 
any leakage air gap with relation to said core 
neans, the effective cross Section of said leakage 
bridge being less than the effective cross section 
of said core means, said leakage bridge con 

5 stituting a fixed and continuous enlargement of 
the yoke means of the transformer, the leakage 
bridge having sufficient cross-section to limit the 
flux through said secondary coil automatically 
and without the formation of an air-gap, under 
maximum predetermined load. 

4. A transformer having a yoke, means and 
laminated core means, a primary coil and a sec 

3 
Ondary coil located on said core Years, said core 
means having additional aminations which 
form a leakage bridge which is adapted to bypass 
Only a portion of the main flux of the primary 
coil, said leakage bridge forming 3, fixed and 
closed leakage path which is wholly free from any 
leakage air gap with relation to said core means, 
the effective cross Section of said leakage bridge 
being less than the effective cross section of Said 
core means, said leakage bridge constituting a 
fixed and continuous enlargement of the yoke of 
the transformer, some of the la minations of the 
leakage bridge being located between the core 
means and the yoke means, and some of said 
arminations of the leakage bridge being located 
at the outer faces of said core means and of 
said yoke means, the leakage bridge having Sufia 
cient cross-section to limit the flux through said 
secondary coil automatically and Without the 

0. 

formation of an air-gap, under maximum pre-20 
determined load. 
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