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4 Claims. 

This invention relates to control devices for 
protecting the windings of electric transformers 
against overload by intentionally increasing the 
magnetic leakage of the transformer. 
The device according to the invention is dis 

tinguished by providing the iron body of the 
transformer with a core and two legged yokes and 
arranging on said core a primary and a secondary 
winding side by side with an intervening space 
and inserting in said space a magnetic leakage 
conducting control means extending transversely 
of the core and interconnecting the latter with 
the legged ends of said yoke magnetically, the 
cross-section of said transverse means being 
smaller than that of the core and the latter carry 
ing the two windings separately on opposite sides 
of said leakage conducting means. ‘ 
In the accompanying drawing two typical em 

bodiments of the invention are schematically il 
lustrated, each embodiment representing a shell 
type transformer for monophase and threegphase 
alternating current systems respectively and dif 
fering in regard to the arrangement of the leak- _ 
age control means incorporated therewith. In the 
drawing ‘ 

Fig. 1 shows an elevation of the first embodi= 
ment comprising leakage control plate elements 
that are mortised in the iron body of the trans 
former, the transformer windings and the direc“ 
tion of the leakage ?uxes being also indicated; 

Fig. 2 shows a cross section of Fig. 1 through 
the core, the legs of the yokes and the leakage 
control member, the latter interconnecting the 
core with the legs; 

Fig. 3 shows a view similar to Fig. 2 of a modi? 
?ed construction of the iron body, leakage con 
trol members being provided on the one hand to 
interconnect the core and the legs interiorly be 
tween these parts and on the other hand ex 
teriorly l. e. laterally of the core; ' 

4 shows in an exploded view mating por 
tions of a complete element of the iron body for 
the section thereof which is devoid of leakage 
control members; 

Fig. 5 shows in an exploded view mating por 
tions of a complete element of the iron body for 
the sections thereof including an interior leakage 
flux deviating member; 

Fig. 6 shows in an exploded view mating por 
tions of 'a complete element of the ironbody for 
the sections thereof including exterior leakage 
control members; ' 

Fig, '7 illustrates a diagram indicating the sec 
ondary voltages in function of the secondary cur 
rent values, curve I representing the voltages of 
the exterior leakage control members, curve 2 
the voltages of the interior leakage control mem 
ber, and curve 3 the combined voltages of the 
exterior and interior leakage control members; 

Fig. 8' shows an elevation of a three-phase 
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transformer comprising ?ve lugs and leakage 
control members disposed between the windings 
and interconnecting the cores with the legs, the 
windings and the magnetic ?uxes being also in-\ " 
dicated, the arrows indicating the directions of 
the magnetic ?uxes for a construction in which 
the iron body is composed of two equal sections 
as per Fig. 1 each comprising packs of bipartite 

‘- plate elements including two interengaging por 
tions, and 

Fig. 9 shows a cross-section of Fig. 8 through 
the cores, the legs and the mortised in leakage 
control members of the ?ve-legged three-phase 
transformer of a construction which provides for 
interior leakage control members only. 

Referring to the drawing, the shell type trans» 
former is provided. with a core K and yokes i 
which together with the corresponding leg por 
tions are in the form of mating plate elements I 
and II (Fig. 4) , interengaging tenons Z5 and Zia 
being provided at the ends of the leg portions by 
appropriately notching the plate elements during 
stamping them out of the transformer sheet metal 
blanks. ' 

0n the centrally disposed core 33; two windings 
P and S are arranged in opposite relation to the 
middle of the core, the winding 1? serving as the 
primary and the winding 5 as the secondary. 
Rectangular magnetic leakage control plate ele 
ments are so intercalated between the core por— 
tions carrying the windings P and ?respectively 
and the exterior legs of the transformer that, the 
leakage control members St formed by packs of 
collateral plate elements interconnect the core 
and the legs either only between these parts as 
shown in Fig. 2 or the leakage control plate ele 
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ments may be arranged to form a pair of control ' 
members on both sides of the transformer, the 
interior member of each pair interconnecting the 
core with the legs between these parts and the 
exterior member of each pair extending laterally 
of the core between the same and lateral raised 
portions of the legs, as shown in Fig. 3. In these 
constructions the rectangular leakage control 
plate elements are so mortised into the legs of the 
transformer from the side that lateral displace. 
ment of the elements towards outside is obviated 
and thus with an equal number of transformer 
frame plate elements and leakage control plate 
elements a uniform distribution of the leakage 
?ux ensues throughout the path thereof. This 
arrangement therefore ensures a proper conduc 
tion of the magnetizing ?ux at the mortised 
joints between the mating plate element por 
tions of the transformer frame at all times and 
consequently permits to reduce the number of' 
butt joint loss reducing ampere-turns and brings 
about the result that, due to the overlapping 
plate element portions provided by the mortised 
joints Zi and Zk, on insertion of the leakage con 
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2 
trol plate elements a minimum of deviations from 
the nominal magnetic conducting properties of 
the leakage control shunt across the legs of the 
transformer arise, provided that the frame of the 
latter is assembled of standard interfltting pieces. 
Now, if an alternating voltage is impressed on 

the primary winding P, in the core portion en 
compassed by this winding a magnetic flux in 
is generated the major part of which passes 
through the leg portions of the transformer 
frame and back through the core portion of the 
secondary winding S, and which, already at no 
load, causes a small magnetic leakage flux ‘(In to 
flow through the leakage control member St in 
accordance with the cross-sectional area and the 
magnetic resistance of this/member. On loading 
the secondary up to the limit inviting a short cir 
cuit, the magnetic flux generated by the second 
ary current counteracts the main‘ magnetic flux 
in the core of the secondary winding until a rela 
tion between the magnetic ?uxes in and <I>s, pass 
ing through the core portion of the secondary and 
through the leakage control member respective 
ly, is reached which is inversely proportional to 
the magnetic resistance of the respective two 
paths of the lines of force. Therefore, in the 
event of the secondary being overloaded, so as 
to normally invite a short circuit, the secondary 
current can rise in value only until the said re 
lation is permanently established, so that by cor 
respondingly choosing the areas of cross-section 
of the leakage control member and the material 
of this member the secondary current can be 
regulated to a desired maximum value. 
Experiments have shown that the more the 

butt joint loss reduction ampere turns of the 
leakage control members can be reduced and de 
pending on which magnetic material is selected 
for the said members and on the manner in which 
these members are inserted entirely different 
characteristic shapes of the secondary voltage 
drop curves ensue. It has further been found 
by experiments that the number of butt joint loss 
reduction ampere turns can be reduced to a 
minimum by means of the described arrangement 
of the leakage control members, so that also the 
drop in the secondary voltage is correspondingly 
reduced in a similar manner as obtained by 
means of the hitherto used methods. 
When it is required to keep the drop in voltage 

small for a certain range of loading, the leakage 
control members are to be inserted between the 
core portions and the legs of the transformer in 
a similar manner as shown in Fig. 2 and further 
more resort may be taken to the provision of 
varying the magnetic structural material for the 
leakage control members in respect of the mate 
rial used for the transformer frame proper in 
accordance with the degree of safety to be at 
tained in regard to the possibility of a short cir 
cuit arising. As such structural materials for 
the leakage control members different alloys of 
‘transformer. iron may be used for example 
chrome iron, iron containing nickel or nickel to 
gether with chrome, or else sheet nickel or like 
materials or alloys. In every case it is, however, 
indispensable that the leakage control plate ele 
ments be of the same thickness as the plate ele 
ments of the transformer frame. 
The arrangement of the mortised in leakage 

control members as described and the employ 
ment of di?erent magnetic materials for the pur 
pose of keeping down the maximum value: of sec 
ondary current is applicable to all usual trans 
formers of the shell type of any desired output 

2,137,438 
capacity. For’ high capacity transformers the 
necessity arises for subdividing the windings. 

If the drop in voltage is not limited to a cer 
tain range, a construction may be used which 
provides for interior and exterior leakage control 
members, the interior members again intercon 
necting the core with the legs in between these 
parts and the exterior members extending later 
ally of the core between the same and lateral 
raised portions of the legs, as shown in Fig. 3. 
Alternatively exterior leakage control members 
alone may be used which construction results in 
a drop in voltageas represented by the curves 
I and 3 in Fig. '7. , 
Controlling the magnetic properties of the 

transformer in close conformity to actual con 
ditions can be obtained by applying different 
magnetic materials for constructing the leakage 
control members in combination with the mate 
rial used for the active parts of the iron body. 
In manufacturing the iron body of shell type 

transformers on a large scale, advantageously 
bipartite plate elements with tenons Z1‘ and Zk 
interengaging one another in offset relation are 
used for the body proper, the tenons on either 
one of two mating plate elements being out off 
at F for facilitating the insertion of the leakage 
control members, as shown in the Figs. 5 and 6. 
This construction permits of using like plate ele 
ments for the body of usual transformers as well 
as for transformers with leakage control mem 
bers according to the invention. 
The iron body of the shell type transformer 

for monophase alternating current, as described, 
can be used also for constructing a five-legged 
three-phase transformer with leakage control 
plates inserted between the legs and cores by 
assembling .two such iron bodies placed side by 
side, as evident from the Figs. 8 and 9, the three 
inner legs serving as cores for the primary and 
secondary windings and the two exterior legs as 
compensating yokes, The direction of the leak 
age ?uxes- are again indicated by arrows to pass 
either from certain cores to the legged yokes or 
between cores. Also for such five-legged three 
phase transformers the leakage control members 
may be constructed of other magnetic materials 
than the cores and the yokes, as explained above, 
only interior leakage control members being how 
ever used as a rule for this transformer type since 
the exterior leakage control plates require special 
constructional measures and usually result in a 
considerable drop in voltage. 
The leakage control members as provided for 

according to the invention for keeping down the 
maximum value of the secondary current are ap 
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plicable in practice to all five-legged three-phase ' 
transformers of any output capacity, subdivid 
ing the winding being required also here for the 
higher transformer capacities. ' 
Transformers according to the invention the 

magnetic leakage of which is intentionally in 
creased are applicable in all cases where in an 
electric circuit current impulses of an undue 
magnitude are apt to arise or the employment 
of ordinary fuses is inadequate for some reason 
or other and thus special protecting means for 
the windings are required. Owing to their 
crowded construction these transformers may be 
used to particular advantage 'for electric welding 
installations. Furthermore, these transformers 
of abnormally high magnetic leakage may be ap 
plied to advantage for any electric installations 
which may suddenly be unduly overloaded. 
Moreover, ?ve-legged three>phase transformers 
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of abnormally high magnetic leakage can be used 
to advantage in all cases where it is intended to 
distribute the load on an electric plant to sev 
eral phases in order to obtain a more uniform 
loading of the network. This necessity arises for 
example if a number of hand lamps are to be 
supplied by a single transformer at the same time 
and different groups of such lamps are distrib 
uted to di?erent phases. Also for the purposes 
of arc welding it may happen that by one and the 
same transformer several working places are to 
be supplied simultaneously and'individual sec 
ondary phases are led separately to the various 
working places. . 

The construction of the ?ve-legged trans 
former with three pairs W of windings P and S, 
shown in the Figs. 8 and 9, provides a three 
phase transformer with a characteristic of each 
phase equivalent to that of a monophase shell 
type transformer, the magnetic ?ux of which is 
intentionally increased. The three phases of 
this transformer may be combined by any suit 
able mode of switching, for the purpose of trans 
forming three-phase to monophase alternating 
current or three-phase alternating current to 
three-phase alternating current at an intention 
ally increased magnetic leakage with a minimum 
amount of material and labor. 

I do not limit myself to the particular size, 
shape, number or arrangement of parts as shown 
and described, all of which may be varied with 
out going beyond the scope of my invention as 
shown, described and claimed. 
What I claim is: 
1. In a control device for protecting the wind 

ings of electric transformers against overload, in 
combination, an iron body of the transformer, a 
core and two mating legged yokes comprised by 
said body, said yokes adjoining each other at 
the outer ends of their legs and holding said core 
to extend longitudinally of said legs centrally 
between the latter, said core and yokes of said 
body being of a shape toprovide a shell type 
transformer, tenons provided at said adjoining 
outer ends of said legs, a primary and a sec 
ondary transformer winding arranged on said 
core side by side and separated by an intervening 
space, a magnetic leakage conducting control 
member extending- transversely of said core 
through said space and magnetically intercon 
necting said core with said legs, said control 
member comprising rectangular collateral plate 
elements each mortised into a correlated leg ele 
ment of said body so as to be prevented from 
sideward displacement relative to said legs with 
out the aid of fastening means, the cross-section 
of said control member being smaller than that 
of said core. 

2. In a control'device for protecting the wind 
ings of electric transformers against overload, 
the combination with'a ?ve-legged bipartite iron 
body of a transformer of the shell type, each part 
of said body comprising a core and two mating 
legged yokes, said yokes adjoining each other 
at the outer ends of their legs and holding said 
core to extend longitudinally of said legs cen~ 
trally between the same, the cores and yokes of 
each part of said body being of a shape to provide 
an individual shell type transformer, interengag 
ing tenons provided at the adjoining outer ends 
of the legs, said parts being assembled side by 
ddesothattheadjmntlegsqlmmm 

3 
form together a central core of said ?ve-legged 
body, a primary and a .secondary transformer 
winding arranged on the core of each of said 
parts and of said central core side by side and 
Separated by intervening spaces, and a magnetic 
leakage conducting control member for each of 
said parts‘ extending as a continuous control 
member transversely of said three cores through 
said intervening spaces for magnetically inter 
connecting the three cores with the outer legs,‘ 
each control member comprising rectangular col 
lateral ‘plateelements, each of said plate ele 
ments being mortised into a correlated leg ele 
ment of the respective part of said body, so as 
to be prevented from sideward displacement rela 
tive to said latter element, and the cross-section 
of said continuous control member being smaller 
than that of each of said cores, the whole ar 
rangement providing a three-phase transformer 
having the characteristic that the magnetic 
leakage of each phase is equivalent to that of a 
monophase shell type transformer the magnetic 
leakage of which has been intentionally in-, 
creased. 

3. In a control device for protecting the wind 
ings of electrical transformers against overload, 
the combination with an iron body of the trans 
~~former shaped to provide a shell type construc 
tion, said body consisting of a core and two mat 
ing legged yokes, said yokes joining each other 
at their outer ends and arranged to hold said 
core in a position extending longitudinally of 

. said legs centrally therebetween, of transformer 
windings distributed on said core, both said core 
and said windings being interrupted to provide an 
intervening space, and a magnetic leakage con 
ducting control member extending transversely 
of said core through said space and magnetically 
interconnecting said core with said legs, said 
control member consisting of a plurality of ele 
ments with end portions each mortised into a 
correlated leg element of said body whereby there 
is imparted the magnetic advantage of providing 
reduced reluctance at the joint andthe me 
chanical advantage of preventing sidewise dis 
placement relative to said legs without the aid 
of fastening means. 

4. In a control device for protecting the wind 
ings of electrical transformers against overload, 
the combination with a main magnetic body 
member shaped to provide a shell type trans 
former construction, said body member consist 
ing of a laminated core and two laminated mat 
ing legged yokes, of transformer windings dis 
tributed on said core, and an auxiliary magnetic 
member for conducting and controlling magnetic 
leakage, said auxiliary member consisting or a‘ 
plurality of laminated elements disposed in the 
planes of‘ said main body“ laminations and ex 
tending transversely of said core and magneti 
cally interconnecting said core and said legged 
yokes ‘at intermediate points through butt joint 
constructions; at least one oi’ said butt joint con 
structions being characterized by the provision 
of a. recess in the abutting member and a termi 
nal portion 01' said auxiliary magnetic member 
mortised into the recess whereby. there is imparted 
the magnetic advantage of providing reduced re 
luctance at the joint and the mechanical ail- 
vantage ot-preventing sidewise displacement in 
the plane of the laminations at the joint. ' 
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