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3 Claims. 
Our invention relates to a new and useful im 

provement in an electrical transformer of the 
core and shell types and modifications thereof, 
and it is an object of the present invention to 
provide a structure in which accurate regula 
tion and adjustment of voltage and current on 
the secondary or load side may be effected. 

It is another object of the invention to provide 
a transformer in which voltage regulation. On 
the secondary windings may be effected so as 
to have the same effect as results from the use 
of choke coils. Such as are used in arc Welding 
or where a cushioning effect is desired, thus 
eliminating all choke coils and providing a very 
economical Structure. 
Another object of the invention is the provi 

sion of a voltage control of this class combined 
with a transformer of such windings as to per 
mit the use of the control on double voltages in 
series or in single voltages in parallel. 
Another object of the invention is the pro 

vision of a device of this class which will be 
compact, light, durable, easy and simple in Oper 
ation, and of marked efficiency 
Other objects will appear hereinafter. 
The invention consists in the combination and 

arrangement of parts hereinafter described and 
claimed. 
The invention will be best understood by a 

reference to the accompanying drawing which 
forms a part of the specification, and in which, 

Fig. 1 is a diagrammatic view showing the in 
vention applied to a COre type transformer. 

Fig. 2 is a diagrammatic view showing the in 
vention applied to a transformer with a double bridge arrangement. 

Fig. 3 is a diagrammatic view showing the in 
vention applied to a transformer of the shell type. 

Fig. 4 is a diagrammatic view showing the in 
vention as applied to tube rectifiers. 

Fig. 5 is a diagrammatic view illustrating the 
use of the invention on a light circuit. 

Fig. 6 is a side elevational view of the inven 
tion applied to the form shown in Fig. 1. 

Fig. 7 is a sectional view taken on line T-7 
of Fig. 6 and turned at right angles. 

Fig. 8 is a view taken on line 8-8 of Fig. 7. 
Fig. 9 is a fragmentary Sectional view show 

ing a different form of the moving mechanism. 
In Fig. 1 we have shown the invention used 

in connection with a so-called core type of 
transformer design in which the magnetic core 
is provided with a pair of spaced legs 9 and O, 
around which are wound the primary coils 

(Cl. 1771—119) 
and 2 and the secondary coils 3 and 4 so as 
to leave between these coils a considerable space 
in the magnetizing circuit. Movably mounted 
in the space between the primary and secondary 
coils and bridging the gap between the two legs 
9 and 0 upon which the coils are assembled is 
a bridge 5. This bridge or regulating plug is 
constructed of magnetic material and So Sup 
ported and guided that it may be moved in 
wardly or outwardly of the space 6 either man- 0 
ually or be motor driven by means of a screw 
adjustment, a given arrangement, or other me 
chanical means to any desired position with re 
spect to the depth of the core. Since this bridge 
í 5 is formed from magnetic material, it will 5 
form a path for a portion of the magnetic flux 
set up in the core when the coils f and 2 are 
connected to a Source of alternating current, 
thus deflecting and by-passing a portion of this 
magnetic flux so that it does not pass through 
the secondary coils 3 and 4. 
Consequently, when the secondary coils are 

connected to the load, which may be any type 
of current consuming device, the action of this 
transformer may be controlled as herein set out: 
With the magnetic bridge or regulating plug 5 
drawn entirely out of the magnetic circuit, that 
is, outwardly from the space 6, proportionally 
all of the flux Set up by the current which flows 
through the primary coils and 2 will also 
pass through the Secondary coils 3 and 4, and 
induce a voltage across them which will bear the 
Same proportion to the primary voltage as the 
ratio of the number of turns in each winding, 
except for the slight leakage flux which exists 
in all transformers. As the bridge or plug 15 
is gradually inserted into the space 6 between 
the legs of the magnetic circuit, it by-passes 
or shunts an increasingly larger portion of the 
flux set up by the primary coils it and 2 and 
correspondingly reduces the flux that passes 
through the Secondary coils 3 and 4, thus 
lowering the secondary voltage proportionally. 
Consequently by varying the position of the 
magnetic bridge or plug 5 in the manner indi 
cated, the secondary voltage can be varied to the 
desired value. This results, because, by vary 
ing the position of the magnetic bridge or plug 
5, the amount of flux by-passed through the 

bridge or plug 5 is varied, resulting in a pro 
portional variation of the voltage in the sec Ondary. 
In the diagrammatic view illustrated in Fig. 2 

we have shown the invention applied to the core 
type transformer with three legs, 7, 8, and 9, 
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2 
leaving the space 20 between the legs and 8 
and the space 2 between the legs f and 9. 
Sidably projectable into the space 20 is the 
bridge or regulating plug 22 and a bridge or reg 
ulating plug 23 is slidably projectable into the 
space 2. Wound about the legs ?t, 8 and 9 
are the primary coils 24, 25, and 26 respectively. 
Wound about the legs ., 8, and 9 are the 
secondary coils 2, 28, and 29 respectively. As 
shown, there is a space between the primary 
coils and the secondary coils on each leg, thus 
we have provided a double bridge arrangement 
which is applicable to a polyphase circuit or 
where a combination of single phase circuits may 
be desirable. The movement of the bridges or 
plugs 22 and 23 is inwardly and outwardly and 
this movement is effected mechanically or man 
ually. 

In Fig. 3 we have shown a diagrammatic view 
of the invention applied to a transformer of the 
shell type design, in which the primary winding 
3G is around the central leg 39, adjacent one 
end, while the secondary winding 32 is around 
the leg 3 adjacent the other end. At each side 
of the leg 3 are the spaces 33 and 38 in which 
are slidably projected the bridges or plugs 35 
and 36. The operation of the bridges or regul 
lating plugs is the same in all of the forms il 
lustrated. In the diagrammatic view shown in 
Fig. 4 of the drawing, we have illustrated the 
invention constructed in one form of trans 
former and as applied to filament tube recti 
fiers where the tubes operate in parallel on a 
single phase circuit. The windings 2 represent 
the primary windings and the windings 73 the 
secondary windings. The regulating plug or 
bridge 8 is used as indicated for the form shown 
in Figs. 1, 2, and 3. While the windings 
serve to supply current to the tube filaments 
75, the currents to the tube plates 76 are Sup 
plied through the secondary windings 3. For 
this application, the arrangement of the indi-, 
vidual windings upon the legs of the trans 
former core may be such as to introduce a phase 
angle between the currents flowing in the Sec 
ondary windings 73, thus permitting of the op 
eration of the tubes in parallel. w 
This same arrangement in a slightly modified 

adaptation can be applied to the shell type of 
transformer or to polyphase transformers for 
the operation of rectifier tubes, connected for 
either single circuit or parallel circuit full-wave 
rectifiers. It is obvious that the invention is also 
adaptable for use with other types of rectifiers 
than the tube type. 

In Fig. 5 we have illustrated the invention 
adapted for use as a dimmer in a lighting cir 
cuit. The primary windings are Spaced from 
the secondary windings 78. The lights 9 are 
connected in the circuit attached to the second 
ary windings 78 and the movement of the 
bridge 80 may be used to effect a variation of 
the current in the secondary circuit. In Such 
use, the bridge or plug 80 may be used tó entirely 
dim out the lights or may be moved to a position 
so as to permit full flow of the current through 
the secondary windings to the lighting circuit. 
In Figs. 6, 7, and 8 we have illustrated a prac 

tical application of the form of the invention 
diagrammatically shown in Fig. 1. The core is 
formed from a plurality of laminations 37, as 
shown in Fig. 7 and Fig. 8, which are Super-im 
posed upon each other and through which ex 
tends the opening 38 to provide a substantially 
O-shaped construction having the Oppositely dis 

2,027,593 
posed legs 39 and 39' about which are wound the 
primary coils 40 and the secondary 'coils 4. 
These laminations 37 are secured together by 
means of the angle irons 42 and 43 which en 
gage the outer faces of the outermost of the 5 
laminations and are clamped thereagainst by 
means of the bolts 44. Plates 42 and 43 are 
positioned at One side of the structure, and 
through which extend the bolts 144 which pre 
vent spreading of the angle irons. The coils are lo 
insulated from the core laminations 37 by means 
of the plates 45 of insulating material, while the 
plates 46 serve to insulate the bridge or regulat 
ing plug from contact with the coils. 
This bridge or regulating plug is formed from 15 

a plurality of laminations or plates 47 which 
are held together by means of the brass bolts or 
screws 48 projected through the end piece 49, 
which is also preferably formed from brass, and 
threaded into the end plate 50 also of brass or 20 
non-magnetic material. A yoke 5 rests upon 
the upper face of the core and is secured in 
position by the bolts 52 which project there 
through and extend through the brass plate 
53 which engages the lower side of the core. 25 
The nuts 58 serve to clamp the core securely 
between the plate 53 and the yoke 5. These 
bolts or rods 52 also serve as guide members for 
the regulating plug. One of these Screws or 
rods 52 extends through the passage 55 formed 30 
in the bridge, while the other engages in the 
groove 56 formed in the face opposite to the side 
at which the opening 55 is formed. Rotatably 
mounted on the yoke 5 and threaded through 
the plate 50 is the actuating screw or stem 57 35 
which may be rotated manually or motor driven 
if desired. By rotating the Screw 57 the regul 
lating plug or bridge may be moved downward 
ly or upwardly so as to carry the amount of fux 
by-passed and thus obtain the regulation or 40 
control of the voltage in the Secondary circuit. 
The rods 52 serve as guide members for the 
bridge or plug in its movement, and by means of 
the Screw arrangement a very fine adjustment 
can be obtained. 45 
In Fig. 9 we have shown a slightly different 

form in which a regulating plug or bridge 63 is 
swively mounted on the end of the screw or 
rod 64 which is threaded through the yoke 
plate 65. 50 
This construction is Such that as the Screw 64 

is rotated it will also move axially, while in the 
forms shown in Fig. 6 the screw 57 is axially 
fixed and the bridge or plug threads thereon as 
a nut. The gradual movement of the bridge of 55 
regulating plug is such that a micrometer ad 
justment may be effected and an infinite varia 
tion of secondary voltage obtained. 
The invention is particularly adapted to elec 

tric heating applications such as annealing of 60 
materials in which the material to be annealed 
is clamped by the conducting jaWS to which the 
secondary leads of the transformer are Con 
nected and the temperature of the metal to be 
annealed raised to the proper value by adjust- 65 
ment of the bridge. The invention is also 
adaptable to the resistance type of electric fur 
nace or oven in which case the Secondary coils 
furnish current of the proper value to the heat 
ing elements so as to develop the desired tem- 70 
perature in the furnace, and this current, of 
course, can be regulated by proper adjustment 
of the bridge or regulating plug. The inven 
tion is also adapted for use in the arc type electric 
furnace in which case the secondary coils are 75 
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connected directly to the electrodes and the 
current and voltage regulated to the proper 
values by means of the adjusting bridge or regul 
lation plug. The invention is also adapted for 
use in alternating current arc Welding, in resis 
tance welding, butt welding, and Spot welding. 
In each of these cases the secondary voltage 
may be accurately adjusted and controlled by 
means of the bridge. 
In electrical circuits where close voltage regul 

lation or a range of regulation up and down is 
desired, the invention will function most eff 
ciently, in which case the transformer and 
bridge arrangement may be designed for either 
“buck' or “boost' or a combination of both. 
The invention is also adapted for use on rivet 

heating machines, either when the machine is 
built as a single unit or as a multiple machine 
on which several rivets may be heated simull 
taneously. Accurate adjustment andi close regui 
lation of the current is possible and of course 
if a multiple number of units is used, a multiple 
number of regulating bridges or plugs will be 
neceSSary. 
The invention is also admirably adapted for 

use in the starting of A. C. polyphase motors. 
In such an application the secondary windings 
are connected directly to the motor terminals. 
The voltage impressed across the motor ter 
minals may be reduced to any desired value by 
means of the bridges or regulating plugs such as 
shown in Fig. 2 or Fig. 3. In practical use this 
voltage could be set to a value below that re 
quired to start the motor and then gradually 
and smoothly increased to the full value with 
out breaking the circuit and without causing 
any switching Surges. 

Furthermore, since a straight transformer 
action is employed, a motor Wound for a low 
voltage may be operated through this motor 
starting transformer directly from a high ten 
sion circuit, thereby eliminating other trans 
formers, additional high tension line and switch 
ing equipment, and in addition freeing the mo 
tor circuit from the dangers due to lightning, 
Switching surges, or other static disturbances, 
With this arrangement, the usual physical hazards 
of high tension motors would be eliminated. 
While we have illustrated and described the 

o preferred form of our invention, we do not wish 
to limit ourselves to the precise details of struc 
ture shown but desire to avail ourselves of Such 

3 
variations andi modifications as may come within 
the scope of the appended claims. 

Having thus described Our invention, What We 
claim as new and desire to Secure by letters 
Paten is: 

i... Å... transformer of the class describedi com 
p:ising: a core having a passage formed there 
through; primary windings mounted on Said 
core; secondary Windings mounted on Said core 
in spaced relation to said primary windings, Said 
core having its passage formed therethrough 
between said primary and Secondary Windings; a 
magnetic reguliating bridge insertable into saidi 
passage, for varying the voltage in the Second 
ary windings through a by-passing of a portion S 
f the flux set up by Said primary windings; 2, 

plate engaging one face of said core and pro 
jecting across the passage therein; a yoke en 
gaging the other face of Saidi core andi bridg 
ing said passage; guide bolts projecting through 20 
said passage and clamping Said core between 
said plate and said yoke, Said bolts Serving as 
guides for said bridge upon itS movement in 
Wardly and outwardly of Said passage; and 
threadable means projecting through said yoke, 25 
and adapted upon rotation for effecting nove 
ment of said bridge inwardly and outwardly of 
Said paSSage. 

2. in a device of the class described a mag 
netic regulating bridge comprising a body formed 30 
from a plurality of laminations in Superimposed 
relation, each of said laminations having an 
opening formed adjacent One side and a notch 
adjacent the opposite edge, the openings and 
notches in the laminations registering to provide 35 
a passage through said bridge adjacent one side 
and a groove in the face of the other side. 

3. In a device of the class described a mag 
netic regulating bridge comprising a body 
formed from a plurality of laminations in Super- 40 
imposed relation, each of said laminations hav 
ing an opening formed adjacent one side and a 
notch adjacent the opposite edge, the open 
ings and notches in the laminations registering 
to provide a passage through Said bridge adja- 45 
cent one side and a groove in the face of the 
other side; means for mounting said bridge in 
slidable position; and guide rods engaging in said 
passage and in said groove for guiding Said 
bridge in its movements. 50 

CHARLES E. HOWARD. 
CARL D. MOLIER. 
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