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My invention relates to electrical translat-
ing apparatus, and particularly to appara-

“tus of the type comprising an input circuit

which is at times supplied with current and
an output circuit in which the flow of cur-
rent is controlled in accordance with the
current supplied to the input circuit.

I will describe several forms of electrical
translating apparatus embodying my inven-
tion, and will then point out the novel fea-
tures thereof in claims.

In the accompanying drawings, Fig. 1 is
a diagrammatic view illustrating one form
of translating apparatus embodying my in-
vention as applied to the control of a track-
way signal. Figs. 2 and 3 are views show-
ing modified forms of the apparatus illus-
trated in Fig. 1 and also embodying my in-
vention. Fig. 4 is a view showing still an-
other form of translating apparatus em-
bodying my invention as applied to the con-
trol of governing means on a train in ac-
cordance with traffic conditions in the track-
way. Fig. 5 is a view showing still another
form of translating apparatus embodying
my invention. ‘

Similar reference characters refer to simi-
lar parts in each of the several views.

Referring first to Fig. 1, the reference
character T designates a transformer, which
as here shown, comprises two cores A and B
of magnetizable material. Core A is of the
well known shell type, and comprises three
legs 1, 2 and 3 connected in parallel to form
two magnetic paths with the leg 2 forming
a bridging member common to both paths.
Alternating flux is supplied to the trans-
former T by a primary which as here shown
comprises two windings 4 and 42 connected
in parallel and linking the core A on oppo-
site sides of the bridging member 2 in such
manner that the fluxes created by current in

windings 4 and 4* produce substantially no -

flux in member 2. Alternating current is
supplied to the windings 4 and 4* from any
suitable source of alternating current, here
shown as a generator G. Core B also links
windings 4 and 4* in such manner that the
fluxes created in core B by currents in wind-

ings 4 and 4* are additive. The core B also.

carries a secondary or output winding 6
which may supply energy to any suitable
output circuit. As here shown the winding
6 is connected with a lamp 7.

For the purpose of controlling the electro-
motive force induced in winding 6, an input
winding 8 is located on the bridging member
or middle leg 2 of core A and current is at
times supplied to this winding to vary the
permeability of core A. It is preferable,

. though not essential, to supply the winding

8 with unidirectional current, and if the
source of controlling current delivers alter-
nating current, a rectifier K may be in-
cluded in circuit with winding 8.

The parts are so adjusted that when a pre-
determined value of the current supplied to
winding 8, (usually when this current is
zero), a very small current is drawn by the
device 7 supplied from the output circuit.
This small current is insufficient to operate
device 7 but is effective to force the major
portion of the total alternating flux created
by windings 4 and 4* into the core 1, where
this flux circulates in legs 1 and 3, without
flowing through the bridging member or
middle leg 2. When current is supplied to
winding 8, howéver, there is created, in the
middle leg 2, magnetic flux which decreases
the permeability of core A to flux due to
current flowing through windings 4 and 4.
The result is that an increased proportion
of the flux from windings 4 and 4* is forced
to flow through core B, and the electromo-
tive force induced in winding 6 is corre-
spondingly increased to a value which is
sufficient to operate the device 7. With the
parts constructed as illustrated in the draw-
ings, a comparatively small change in cur-
rent supplied to winding 8 will produce a
comparatively large change in the current
supplied to device 7 by winding 6.

Although the apparatus may be utilized
to control the supply of current to any form
of output load, I have shown it controlling
a signal lamp in a railway signaling system.
Thus E—F is a section of railway track
which is normally supplied with current
from a track transformer H connected
across the rail adjacent one end of the sec-
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tion. The input winding 8 of transformer
T is connected, through- the rectifier K
across the rails adjacent the other end of
the section. The lamp 7 controlled by the
output winding 6 may then indicate “pro-
teed” traffic conditions in section E—F. It
will be plain that when section E—F is un-
occupietf, current is supplied to the winding
8, and lamp 7 is lighted. If section E—F is
occupied by a train, however, current is
shunted away from winding 8 and lamp 7
is then extinguished.

It should be pointed out that a lamp 7 of
the usual tungsten filament type is peculiar-
ly adapted for co-operation with apparatus
embodying my invention. In this connec-
tion, it should be stated first that the total
flux delivered by windings 4 and 4* is sub-

.stantially constant. When no current is be-

ing supplied to winding 8, under which con-
ditions, lamp 7 is extinguished, the resistance
of this lamp is relatively small, so that wind-
ir&g 6 is substantially short-circuited. The
effect of the short-circuited winding 6 is to
force most of the flux from windings 4 and
4* through core A, as explained hereinbe-
fore. VV%len current is supplied to winding
8, to light lamp 7, however, the increase in
resistance of lamp 7 tends to increase the
ratio between the flux in core B and the
total flux delivered by windings 4 and 4.
It follows therefore that the temperature co-
efficient of resistance of tungsten lamp fila-
ments of the usual type when supplied with
energy. from the output winding 6 of ap-
paratus embodying my invention assists 1n
maintaining at a high value a ratio between
the power expended in the lamp when wind-
ing 8 is enerEized and that expended in the
lamp when this winding is de-energized.
Referring now to Fig. 2, in the form here
shown, the parts are essentially the same as
in Fig. 1, but their physical arrangement is
somewhat different. Cores A and B are here

arranged side by side in parallel planes, the"

windings 4 and 4* embracing legs 1 and 3 of
core A, and also the adjacent legs of core
B. Furthermore, the secondary of the trans-
former T is made in two windings 6 and 6*
which are located at spaced points on the

. core B. The two windings 6 and 6* are con-

nected in parallel across the load 7 in such
manner that the electromotive forces induced
in these coils oppose each other but are
additive in their tendency to send current
through the load 7. The input winding 8
is located on the bridging member or middle
leg 2 of core A, and the operation of the ap-
paratus is similar in all respects to the oper-
ation of the apparatus shown in Fig. 1.
In the modification shown in Fig. 8,

transformer T is similar to that shown in-

Fig. 1, except that a short-circuited winding
or conducting ferrule 5 surrounds the bridg-
ing member 2 of core A for the purpose of

1,010,381

preventing the flow of alternating flux
through the input winding 8. The trans-
former also comprises a third magnetizable
core 10 of smaller cross-sectional area than
either cores A or B. The core 10 is a shell
type core similar to core A and links the
primary windings 4 and 4* in the same man-
ner as core A. ’

With this arrangement, if winding 8 is
supplied with current from a source of di-
rect current, it is impossible to light lamp
7 excepting when current is supplied to
winding 8. When the input winding 8 con-
tains a rectifying device such as K, if any
failure occurs in a core or a coil of the
transformer T which tends to send alternat-
ing flux through winding 8, the induced elec-
tromotive force would be rectified, and would
create in the core A, a unidirectional flux
which would operate to change the perme-
ability of this core in exactly the same way
as controlling current supplied to the input
winding. In order to prevent this, I have
provided the ferrule 5 on leg 2 of core A,
and it will be seen that should any failure
occur which would normally tend tocause
alternating flux to thread the winding 8, this
ferrule 5 will choke out such flux to prevent
improper operation of lamp 7. The core 10
assists in this protection, and is particular-
ly valuable under the most severe failure,
that is, when one of the windings 4 or 4*
becomes completely short-circuited and also
disconnected from the primary coil. Should
this occur, all of the flux paths except one-
half of core 10 would carry short-circuited
coils and the core 10, under these conditions,
would assist in by-passing flux away from

_core B, and would therefore prevent ener-

gization of lamp 7, unless current were sup-
plied to winding 8.

Referring now to Fig. 4, the transformer
T, as here shown, comprises two cores A and
B, similar to those shown in Fig. 1. Core A
is so disposed, however, that an end leg 3
of the core is adjacent the core B, and a
single primary winding 4, supplied with al-
ternating current from generator G, em-
braces this end leg and a portion of the
core B. Core B carries the output winding
6 as in the previous views. Alternating
flux from winding 4 has two paths through
core A, one through the middle leg 2, and
the other through the outer leg 1. I prefer
to provide a conducting sleeve 5* on the
middle leg 2 which carries the input winding
8, to prevent the passage of alternating cur-
rent through this winding 8 as explained in
connection with Fig. 3. If desired, the leg
2 may be made of some solid material of
high permeability and low resistivity to as-
sist in holding to a low value the amount

of alternating flux which threads this leg,

without materially affecting the reluctance
of this leg to the unidirectional flux. created
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by control current in winding 8. The op-
eration of the transformer shown in Fig. 4
is similar in all respects to the apparatus
previously described in-connection with Fig.
1. The form shown in Fig. 4, however, 1s
particularly safe from the standpoint of
short-circuited coil, because even though the
input winding is in direct inductive rela-

. tion with the alternating current winding 4,

there is always an open flux path through
the leg 1 in parallel with that through the
input winding 8. The worst condition of
alternating flux through winding 8, is, there-
fore, the normal operating condition. If
the apparatus is adjusted to prevent unde-
sirable operation, due to the amount of al-
ternating flux which normally threads leg 2,
it is obvious that no coil failure can increase
this amount of flux to cause improper opera-
ation of the device connected with the out-
put circuit.

The apparatus shown in Fig. 4 may con-

load, but as here shown, is part of a system
of automatic train control. In systems of
this type, alternating train controlling cur-
rent is ordinarily supplied to the rails ad-
jacent the exit end of each section when traf-
fic conditions in advance are safe. As
shown in the drawing, section E—F is sup-
plied with alternating current from trans-
former H when the track relay RP next in

.advance is energized. A train indicated dia-

grammatically at W is provided with a re-
ceiver 11 located in inductive relation with
the track rails and arranged to have in-
duced therein, an electromotive force in ac-
cordance with train controlling current flow-
ing in the track rails. The receiver 11 is
connected through a filter C and rectifier K
with the input winding 8 of transformer T.
The output winding 6 of transformer T is
connected through another rectifier K! with
a relay Q. When section E—F is supplied
with train controlling current, a correspond-
ing current is supplied to winding 8 of
transformer T and sufficient current is then
supplied to relay Q from winding 6 to en-
ergize the relay. The relay Q may control
governing means of any suitable type, but
as here shown, when relay Q is energized,
current is supplied from battery 15, over
front contact 16 of the relay to a lamp 17.
If the supply of train controlling current is
for any reason interrupted, winding 8 be-
comes de-energized and relay Q is then re-
leased to deenergize lamp17andlightlamp 18.

In systems of the type described the
amount of energy available in the receiver 11
is comparatively small and in order to ob-
tain a large change in the permeability of
core A of transformer T in response to small
changes in current in a winding 8, it may be
desirable, under some conditions, to con-
struct the core A of permalloy or of some

suitable

3

other material having the characteristic of
exhibiting large variations in its permea-
bility in response to comparatively small
changes in the density of the flux through
the material.

It may also be desirable to introduce
another stage or stages of amplification be-
tween the receiver 11 and the the relay Q.
Thus the output winding 6 of transformer T,
instetlld of feeding relay Q directly, might
supp
transformer similar to that here shown, and
the output winding of which would/in turn
supply the relay Q.

In the form of
the transformer T comprises three magne-
tizable cores of the shell type and each hav-
ing three legs connected in parallel. The pri-
mary winding 4 embraces a middle leg of

the core B! and an end leg of each of the

cores A' and A% The secondary or output
winding 6 is located on the middle leg of
core B! and is connected with the load 7.
One input winding 8 is located on the mid-

dle leg of each of the two cores A* and A?* "’

and these middle legs are also provided with
conducting sleeves 5* to prevent the passage
of alternating flux from winding 4 through
the input winding 8. - When no current is
supplied to the windings 8, sufficient flux is
by-passed through cores A! and A? away
from the winding 6 so that load 7 is de-ener-
gized. If current is supplied only to wind-

-ing 8, as winding 8 on core A, the perine-

ability of the corresponding core is decreased
and the reluctance of that core is increased,
but flux from the winding 4 can still thread
the other core A? without passing through
the output winding 6. If both of the wind-
ings 8 are energized, however, the permea-
bilities of both cores A and A2 are decreased
and flux from the winding 4 is then obliged
to pass through core B! and winding 6.
The load 7 may be adjusted to become ener-
gized when and only when the windings 8
are both supplied with current.

One advantage possessed by the appara-
tus shown in Fig. 5 is that 1t permts the
control of a load in such manner that the
load is energized only when two wholly in-
dependent circuits are energized. It should

be noted in this connection that this result .

can not be obtained by the use of two inde-
pendent input windings on a single core A,
such as is shown in Fig. 4.

Although I have herein shown and de-
scribed only a few forms of electric trans-
lating apparatus embodying my invention,
it is understood that various changes and
modifications may be made therein within
the scope of the appended claims without
departing from the spirit and scope of my
invention. '

Having thus described my invention, what
I claim 1s:

energy to the primary of a second.

%pparatus shown in Fig. 5,
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1. In combination, a first magnetizable
core comprising two magnetic paths having
a bridging member in common, a first wind-
ing linking one of said paths, means for
supplying periodically varying current to

said first winding, a second winding on said
member, a second magnetizable.

bridgin _
core linking said first winding, a third wind-
ing on sai§ -second core, and means for at
times supplying current to said second wind-
ing to vary the electromotive force induced
in said third winding.

2. A transformer comprising a first mag-

netizable core having two magnetic paths
including a bridging member in common, a
first winding linking one of said paths and
supplied with periodically varying current,
a second winding for supplying energy to an
output circuit, a third magnetic path linking
said first and second windings, and a third
winding located on said bridging member
and operating when supplied with current
to vary the coupling between said first and
second windings.

3. A transformer comprising a first mag-
netizable core having two magnetic paths
including a bridging member in common, a
first winding linking one of said paths and
supplied with periodically varying current,
a second winding for supplying energy to an
output circuit, a third magnetic path linking
said first and second windings, and a third
winding located on said bridging member
and arranged when supplied with current to
vary the permeability of said first core to
flux resulting from current in said first
winding.

4. A transformer comprising a first mag-
netizable core having two magnetic paths
including a bridging member in common, a
source of periodically varying current, a first
winding connected with said source and link-
ing one said path in such manner that flux
created thereby threads a portion of said
core but not said bridging member, a second
magnetizable core linking said first winding,
a second winding on said second core, & cur-
rent consuming device connected with said
second winding, and a third winding on said
bridging member arranged when supplied
with current to reduce the amount of flux
from said first winding which is forced to
traverse said first core by the current in said
second winding.

5. In combination, a first magnetizable
core comprising two magnetic paths having
a bridging member in-common, a first wind-
ing linking one of said paths, means for sup-
glymg periodically varying current to said

rst winding, a second magnetizable core
linking said first winding, a second winding
on said second core, a device connected across

_said second winding and having the proper-

ty of varying its resistance in response to

1,010,381

variations in the electromotive force ap plied

thereto, a third winding on said bridging

member, and means for at times supplying
current to said third winding to vary the
permeability of said first core to flux from
said first winding.

6. In combination, a first ma,
core comprising two magnetic paths havin
a bridging member in common, a first wind-
ing linking one of said paths, means for sup-
glying periodically varying current to said

rst winding, a second magnetizable core
linking said first winding, a second windin
on said second core, a device connecte
across said second winding and having the
property of increasing its resistance in re-
sponse to increases in the electromotive force
applied thereto, a third winding on said
bridging member, and means for at times
supp%ying current to said third winding to
increase the proportion of flux from said
first winding which threads said second core.

7. In combination, 'a first magnetizable
core comprising two magnetic paths having
a bridging member in common, a first wind-
ing linking one of said paths, means for sup-
plying periodically varying current to said
first winding, a second winding on said
bridging member, a second magnetizable
core%inﬁing said first winding, a third wind-
ing on said second core, and means for at
times supplying unidirectional current to
said second winding to decrease the perme-
abilit{ of said first core.

8. In combination, a first magnetizable
core comprising two magnetic paths having
a bridgin% member in common, two primary
windings linking said two paths respective-
ly, means for supplying alternating current
to said two primary windings in parallel in
such manner that the resultant flux in said
bridging member is substantially zero, a sec-
ond core linking both said primary wind-
ings in such manner that the fluxes created
thereby are additive in said second core, a
third winding on said second core for sup-
plying energy to an output circuit, and a
fourth winding on said bridging member
and adapted when supplied with current to
modify the electromotive force induced in
said third winding.

9. In combination, a magnetizable core
comprising two magnetic paths having a
bridging member in common, a primary

winding supplied with periodically varying -

current and linking one said path, means
for preventing the flow of varying flux
through said bridging member, a second
winding inductively related with said pri-
mary winding, a third winding on said bridg-
ing member, and means for at times supply-
ing current to said third winding to vary the
electromotive force induced in said-second
winding.

. 10. In combination, a magnetizable core

etizable
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comprising three legs connected in parallel,
a first winding supplied with periodically
varying current for supplying flux to one
of said legs, means for preventing flux from
said first winding from flowing through an-
other one of said legs, a second winding on

said other leg, a third winding inductively

related with said first winding, and means
for at times supplying current to said sec-
ond winding.

11. In combination, a magnetizable core
comprising two magnetic paths having a
pridging member in common, a first winding
linking one said path and supplied with al-

_ternating current, a second winding induc-

tively related with said first winding for
supplying energy to an output circuit, a
third winding on said bridging member,
and means for at times supplying unidirec-
tional current to said third winding.

12. In combination, a magnetizable core
comprising  two magnetic paths having a
bridging member in common, a first winding
linking one said path and supplied with al-
ternating current, a second winding induc-
tively related with said first wintfing for
supplying energy to an output circuit, a
short-circuited winding on said bridging
member, a fourth winding on said bridging
member, and means for at times supplying
unidirectional current to said fourth wind-
ing.

%3. In combination, a first magnetizable
core comprising two magentic paths having
a bridging member in common, two primary
windings linking said two paths respective-
ly, means for supplying alternating current
to said two primary windings in parallel in
such manner that the resultant flux in said
bridging member is substantially zero, a
second core linking both said primary wind-
ings in such manner that the fluxes created
thereby are additive in said second core, a
third winding on said second core for sup-
plying energy to an output circuit, a fourth
winding on said bridging member, means
for supplying current to said fourth wind-
ing to control the electromotive force in-
duced in said third winding, and a third
magnetizable core having two magnetic
paths linking said two primary windings re-
spectively.

14. A transformer comprising a primary
winding and a secondary winding in induc-
tive relation with said primary, a core of
permalloy for shunting a portion of the flux
from said primary winding away from said
secondary winding, and a winding associat-
ed with said core and arranged when sup-
plied with current to vary the permeability
of said core. ,

15. In combination, a magnetizable core
comprising three legs connected in parallel,
a first winding supplied with periodically
varying current for supplying flux to one

5

of said legs, a sleeve of conducting material
on another one of said legs, a second wind-
ing on said other leg, a third winding in-
ductively related with said first winding,
and riieans for at times supplying current to
said second winding.

16. In combination, a magnetizable core
comprising three legs connected in parallel,
a first winding located on one said leg and
supplied with periodically varying current,
means for preventing flux from said first
winding from flowing through another one
of said legs, a second winding on said other
leg, a second magnetizable core linking said
first winding, a third winding on said second
core, and an electro-responstve device con-
nected with said third winding and arranged
to be energized when and only when current
is supplied to said second winding.

17. In combination, two magnetizable
cores each having three legs connected in
parallel, s first winding embracing the mid-
dle leg of one core and an end leg of the
other core and supplied with alternating
current, a second winding located on the
middle leg of said one core for supplying
energy to an output circuit, a third winding
on the middle leg of said other core, and
means for at times supplying current to said
third winding to vary the permeability of
said other core. '

18. In combination, three magnetizable
cores each having three Jegs connected in
parallel, a first winding supplied with alter-
nating current and embracing the middle
leg of a first one of said cores and an end

leg of each of the other two cores, two input

windings one located on the middle leg of
each of said other two cores, an output wind-
ing located on the middle leg of said one
core, and a current consuming device con-
nected with said output winging and ar-
ranged to be energized when and only when
current is supplied to both said input
windings. ’

19. In combination, a primary winding
and a secondary winding inductively related
therewith, and two additional windings sep-
arately supplied with current and operating
to separately produce additive variations in
the coupling between said primary and sec-
ondary windings.

20. In combination with two windings lo-

cated in inductive relation, two cores each

linking at least one of said windings, and
means for separately varying the reluctances
of said two cores to produce additive varia-
tions in the coupling between said two
windings.

21. In combination with two windings lo-
cated in inductive relation, a source of pe-
riodicaly varying current connected with one
said winding, a load receiving energy from
the other winding, two ma,
each linking at least one of said windings,
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and means for separately vz?mg the re-
luctances of said cores to produce additive
;mr(ilations in the current supplied to said
oad. '

6§ 22. In combination, primary and seoond-/"/
ary windings in inductive relation, means .
for supplying such primary winding with
periodically varying current, two magnetiz-
able cores each linking at least one of said

10 windings, a third winding for controlli
. the reluctance of one core in accordance wit
the current supplied thereto, a fourth wind-
ing for controlling the reluctance of the re-
maining core in accordance with the current

18 sulgylied thereto, and a load connected with
sald secondary winding and arranged to be
energized when and only when both said -
third and fourth windings are supplied with
currents of predetermined values. '

20 23. In combination with a primary wind-
ing supplied with periodically varying cur-
rent, a first core linking said primary wind-
ing, a secondary winding on said first core,
two other cores each linking said primary

28 winding but not said secondary winding,
means for independently varying the reluct-
ances of said two other cores, and a load re-
ceivin energg from said secondary winding.

24. In combination with a primary wind-

30 ing supplied with periodically varying cur- -
rent, a first core linking said primary wind-
ing, a secondary winding on said first core,

 two other cores each linking said primary
winding but not said secondary windin

35 two input windings one located on each o
said other cores and each operating to vary
the reluctance of the associated core in re-
sponse to the current supplied thereto, and
a load receiving energy from said second-

‘40 ary winding. '

25. In combination, a winding supplied
with periodic current, two magnetizable
cores each linking said winding, and means
for independently varying the reluctances of

"48 said two cores to cause independent additive
variations in the effective impedance of said
winding. -

In testimony whereof I affix my signature.

PHILIP H. DOWLING.
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