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This invention relates to impedance bonds,
and more particularly to means for supplying
the magnetizing current to such impedance
bonds.

An impedance bond is a device for connect-
Ing two adjacent insulated track circuits for
the flow of propulsion current. In applying
impedance bonds to connect the ends of ad-
jacent track circuits of a railway system of
the propulsion type, it has been found that
the core structure for these bonds must be
rather large to provide sufficient impedance
when using a comparatively small number
of turns of wire thereon and further to avoid
saturation of the core, due to the propulsion
current flowing from the track rails of one
track section to the track rails of another
track section, when the propulsion current is
unbalanced in the two rails. Furthermore,
these impedance bonds must have a rather
high impedance to.produce the desired coun-
ter electro-motive force for the signal fre-
gquency. It is of course understood that the
magnetizing current to produce this counter
electro-motive force has heretofore been
drawn from the track circuit itself, and has
therefore robbed the track relay, connected
across the track rails at the end of the track
circuit, of a large portion of the current which
could otherwise have been used for energiz-
ing the track relay. In accordance with the
present invention it is proposed to separately
excite the impedance bond, so to speak, so
that the current of the track circuit itself is
to a large extent available for operation of
the track relay. More specifically, it is pro-
posed to connect the in-put side of an ampli-
fier across the track rails and have the out-
put side of said amplifier inductively con-
nected to the impedance bond to supply the
magnetizing current to such impedance bond.

Other objects, purposes and characteristic
features of the present invention will in part
be apparent from the accompanying draw-
ing and will in part be more specifically
pointed out hereinafter.

In describing the invention in detail ref-
erence will be made to the accompanying
drawing, which illustrates the invention ap-
plied to an impedance bond of an alternating
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current track circuit on a direct current pro-
pulsion railroad.

Referring to the drawing the track rails 1
have been shown divided by insulating joints
2 into blocks, of which the block I and the ad-
jacent ends of blocks H and J only have been
illustrated. At the entrance to each block
thereisconnected across the track rails a track
relay TR, which is normally fed by a track
transformer T connected across the rails at
the exit end of such block, the normal diree-
tion of traffic being from left to right as
indicated by the arrow. Since the apparatus
at the entrance end of each block is the same,
such apparatus has not been shown for the
block d. The track relay TR is preferably an
alternating current relay of the three-posi-
tion induction type, although a single phase
alternating current relay may be used, if de-
sired, of which the local winding 10 is con-
nected across the transmission line TL, which
supplies the signalling current, and therefore
als% supplies energy to the track transform-
er T. :

The impedance bond EB, in the particular
embodiment of the invention illustrated,
comprises an inductance 11 wound on a suit-
able laminated core, preferably including an
air gap, and a similar inductance 12 also in-
cluding a suitable laminated core preferably
having an air gap therein, these two induct-
ances having the midpoint of their windines
connected together as by a wire 13. Their air
gaps are used to prevent saturation of the
core by flux due to the propulsion current.
It may be stated here that although the pro-
pulsion current is usually direct current it
may also be alternating current preferably of
low frequency. From this structure it is ap-
parent that the flow of current equally di-
vided between the two rails of the track will
produce no magnetism in the cores of the in-
ductances 11 and 12, but that the flow of
alternating signalling current tending to flow
from one track rail to the other of the same
block is restricted to the magnetizing current
required to build up the necessary counter
electromotive force and it follows that the
voltage induced in 12 is substantially equal
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and opposite to the track circuit alternating
current voltage.

Insofar as the inductance 11 of the im-
pedance bond EB is concerned, this is not so
important since 1t is located near the track
transformer and can readily be supplied with
the necessary magnetizing current. In order
to supply the greater part of the magnetizing
current for the inductance 12, this inductance
has a second winding 18 inductively associ-
ated therewith, which for convenience is
called the primary winding, and this wind-
ing 18 is included in the plate circuit includ-
ing the plate P of an amplifier A, the plate
votential being derived from the eliminator,
conventionally shown by dotted rectangle I5,
and including a transformer 20 and two recti-
fiers 21 and 22, it being, of course understood
that any other suitable source of direct cur-
rent potential may be employed, if desired.

The current flowing in this plate circuit
is derived from the secondary winding of the
transformer 20 through one or the other of
the rectifiers 21 and 22, depending upon
whether a positive or negative wave of alter-
nating current is flowing in the primary
winding of this transformer 20. This plate
circuit comprises the wire 23, primary wind-
ing 18 of the inductance 12, wire 24, plate
P of the amplifier A, to the filament I! of this
amplifier, and through wire 25 back to the
midpoint of the secondary winding of the
transformer 20. The pulsating current flow-
ing in this plate circuit is by reason of the
potential of the grid G of a frequency and
phase relation to induce an alternating po-
tential in the inductance 12 corresponding to
the voltage across the track relay TR, this
current resulting in response to the poten-
tial applied to the grid G of the amplifier
A. The grid potential is preferably propoz-
tional to the voltage of the track circuit, and
for this reason the grid is connected to an
intermediate point of a resistance connected
across the track relay TR. This interme-
diate point is preferably adjustable so that
this resistance unit with its adjustable tap
comprises a potentiometer AI. The filament
or heater I is energized from a filament bat-
tery 80, or from any other suitable source of
direct or alternating current.

Briefly the apparatus of the present in-
vention functions m the following manner:
The alternating sigpal potential across the
track relay TR, o7 a definite fraction there-
of, is applied to the grid G of the amplifier
A, so that a pulsating current is produced in
the plate circuit including the plate P. This
pulsating current is of the proper irequency
and phase relation to supply the magnetizing
current to the primary winding 18 of the in-
ductance 12.

From this construction it will be noted that
the amplifier shown is connected in a regen-
erative circuit, in that the current applied for
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exciting the core of the inductance 12 results
in a potential which is applied across the
in-put or grid connection of the amplifier A.
In practice, however, the various constants
are so selected that this regenerative effect is
insuflicient to maintain oscillation and main-
tain the track relay TR energized, this es-
pecially being true if there is a train in the
track circuit of the block I. Furthermore,
should an alternating current be generated
by the amplifier A due entirely to regenera-
tion, this alternating current would probably
be of a slightly different frequency, and
would be out of phase with the current ap-
plied to the local winding 10 of the track re-
lay TR, so that the current generated by re-
generation would not be able to maintain the
track relay TR energized. In fact that de-
gree of regencration may be so adjusted by
the adjustable potentiometer AT as to cause
the amplifier A to supply either magnetizing
current for the inductance 12 or an apprecia-
ble portion-of such magnetizing current, as
desired. It is thus noted that substantially
all of the:current available at the entrance end
of the block I may be used for maintaining
the track relay TR energized, whereas if the
means for exciting the impedance bond EB
of the present invention were omitted, a large
part of this track circuit current would be
required to build up the necessary counter
electro-motive force or E, M. F. of the in-
ductance 12. :

Having thus shown and described one
rather specific embodiment of the present in-
vention, it is desired to be understood that the
partictlar embodiment of the invention
shown in the drawing has been selected for the
purpose of describing the underlying prin-
ciples and operating characteristics of the in-
vention and has not been selected for the pur-
pose of showing the exact construction prefer-
ably employed in practicing the invention nor
has it been selected to show the scope of the
invention, and it should be understcod that
various changes, modifications and additions
may be made to adapt the invention to the
particular problem encountered in practicing
the same, all without departing from the

spirit or scope of the invention or the idea of i

means underlying the same.

What T claim as new is:—

1. Inarailway signal system, the combina-
tion with track rails divided into blocks by
insulating joints, impedance bonds connect-
ing said blocks, a track circuit for each block
including a track relay and a source of alter-
nating current, and means independent of the
energizing circuit for the relay, for supplying
magnetizing current to the bond at the relay
end of said track circuit to induce an alter-
nating current voltage therein substantially
equal and opposite to the track circuit alter-
nating current potential across said relay.

2. Ina railway signal system, the combina-

70

75

80

86

90

95

100

105

116

120

130



10

15

20

25

30

35

40

&
[=33

G0

1,852,377

tlon with railway track rails divided into
blocks by insulating joints, impedance bonds
connecting said blocks to permit propulsion
current to flow from block to block, a track
cireuit for each block including a track relay
and a source of alternating current, and
means exterior of the track relay energizing
circuit for supplying magnetizing current to
the bond at one end of said track circuit to
induce an alternating current voltage therein
in phase opposition to the track circuit alter-
nating current potential at said bond.

3. In o railway signal system, the combi-
nation with track rails divided into blocks
Ly insulating joints, impedance bonds con-
necting said blocks to permit propulsion cur-
rent to flow from block to block, a track cir-
cuit for each block including a track relay
and a source of alternating current, and an
amplifier for supplying magnetizing current
0 the bond at one end of said track to induce
an alternating potential therein, said ampli-
fier having its input leads connected across
the track rails near the bond at said cne end.

4. In arailway signal system, the combina-
tion with track rails divided into blocks by
imsulating joints, impedance bonds connect-
ing said blocks to permit propulsion current
0 {low from block to block and to restrict the
flow of alternating current within a block,
a track circuit for each block including a
track relay and a source of alternating cur-
vent, an amplifier for supplying magnetizing
current to the bond at one end of said track
to induce an alternating potential therein,
said amplifier having its input leads con-
nected across the track rails near the bond at
said one end, and means for varying the cur-
rent out-put of said amplifier.

5. In a railway signal system, the combina-
tion with track rails divided into blocks by in-
sulating joints, impedance bonds connecting
snid Blocks, a track circuit for each block in-

> at s2id one end, and means for varving
the ratio between the voltage across the track
rails and the potential induced in said bond.

6. An impedance hond for permitting the
flow of propulsion current from block to block
comprising, two inductances each having a
middle tap and each connected acress the
track rails of one block of two adjacent blocks
ingulated from each other and with their taps
sonnected together, a vacuum type amplifier
having a filament, a grid and a plate, a scurce
of current for energizing said filament, a
plate eivenit including a source of current
said filament and said plate in series, and
means for impressing the potential existing
across the track rails between said filament

3

and grid and for inductively connecting said

plate cireuit to one of said bonds.

7. An impedance bond comprising, two in-
ductances ench having a middie tap each con-
nected across the track rails of one block of
twoadjacent blocks insulated from eacit gther
and with their taps conmected together; a vac-
vuin type amplifier having a filament,; a grid
and a plate, a source of current for energiz-
ing said filament, a plate circuit inciuding a
source of current said filament and said plate
in series, means for impressing the potential
existing across the track rails between said
filament and grid and for inductively con-
necting said plate circuit to one of said bonds,
and a variable impedaiice included in series
with said grid.

8. An impedance bond for permitting the
flow of propulsion current from block to
block but restricting the flow of alternating -
current within a block comprising, two in-
ductances each having a middle tap each
connected across the track rails of one block
of two adiacent bloeks insulated from each
other and with these taps connected together,
& vacuum type amplifier having a filament, a
grid and a plate, a source of curvent for ener-
gizing said filament, a plate civcuit including
the direct current output leads of an alter-
nating current fed eliminator said filament
and said plate in series, means for impress-
ing the potential existing across the track
reils between sald filament and grid and for
inductively connecting said plate cirenit to
one of said bonds,

9. An impedance bond comprising, two in-
ductances each having a middle tap each con-
nected across the track rails of one block of
two adjacent blocks insulated {rom each
other and with their taps connected together,
and adjustable means for supplying alter-
nating magnetizing current to one of said
bonds to induce therein an alternating cur-
rent potential of a predetermined value, fre-
quency and phase relation. '

10. An impedance bond for permitting the
flow of propulsion current from block to
block comprising, two inductances each hav-
ing a middle tap each connected across the
track rails of one block of two adjacent
blocks insulated from each other and with
these taps connected together; a vacuum type
amplifier having a filament; a grid and a
plate; a source of current for energizing said
filament; a plate circuit including the direct
current out-put leads of an alternating cur-
rent fed eliminator, said filament and said
plate in series, and inductively connected to
one of said bonds, and a potentiometer for
impressing a portion of the voltage across the -
track rails upon said grid.

11. In a railway signal system, the combi-
nation with track rails divided into blocks by
insulating joints, impedance bonds connect-
ing said blocks to permit propulsion current
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_to flow from block to block, a track circuit

for each block including a track relay and
a source of alternating current, and means
separate from the energizing circuit for the
track relay, for supplying magnetizing cur-
rent to the bond at one end of said track cir-
cuit to induce an alternating current voltage
therein substantially equal and opposite to
the track circuit alternating current poten-
tial at said bond.

12. In a railway signal system, in combi-
nation, track rails divided into blocks by in-
sulating joints, impedance bonds connecting
said blocks to permit propulsion current to
flow from block to block, a track circuit for
each block including a track relay and a
source of alternating current, and an ampli-
fier for supplying magnetizing current to the
bond at one end of said track to induce an
alternating potential therein, said amplifier
having its input leads connected across the
track rails near the bond at said one end.

13. In a railway signal system, in combi-
nation, track rails divided into blocks by in-
sulating joints, impedance bonds connecting
said blocks to permit propulsion current to
flow from block to block, a track circuit for
each block including a track relay and a
source of alternating current, an amplifier
for supplying magnetizing current to the
bond at one end of said track to induce an
alternating potential therein, said amplifier
having its input leads connected across the
track rails near the bond at said one end, and
means for varying the ratio between the volt-
age across the track rails and the potential
induced in said bond. '

In testimony whereof I affix my signature.

WADE H. REICHARD.



