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To all whom it may concern.
Be it knvwn that I, Laurence A. Haw-

KINS, a citizen of the United States, resid-.

+ ing at Schenectady, county of Schenectady,
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State of New York, have invented certain
new and useful Improvements in Block-Sig-

mnal Systems, -of which the following is a

specification. , ‘

My invention relites to block signal sys-
tems for railways and consists of a modifica-
tion of the system disclosed in my companion
application, Serial No. 511,668, filed Aug.

7, 1909, In that application I disclosed a

system in which the signals are arranged
to give danger, caution and clear indica-
tions either by two 2 position arms or by
one 3 position arm, and in which the control
of the signals is obtained without line wires
by an arrangement comprising a_pair of

track relays for each block controlling the

catition and clear indications respectively,
each having two codperating windings, one
connected fo the track and the other sup-
plied with alternating current independently
of the track circuits, the currents in the lat-
ter windings of the two relays of each pair
being different in phase, with means con-
trolled by a train in one block for shifting
the phase of the track current in the pre-
ceding block so as to energize first one and
then both of the track relays of the preced-
ing block. The principal advantages of that
system, as compared with former wireless
systems are,-first, that track relays of the
most efficient type are employed so that the
current consumption is rednced to a mini-
mum ; second, that since the relay controlling
the caution indication is not even momenta-
rily deénergized when the phase of the track

current is shifted to energize the relay con-

trolling. the clear indication, it is unneces-
sary to employ a quick acting switch for
controlling the phase of the track current;
and third, if .the transformers of adjacent
blocks are reversely connected a breaking
down of the insulated joint between two
adjacent block sections will always eause
the relays.adjacent to those joints to open
their contacts so that the signal controlled
by them will be put at stop, thus the false
clear indications, which arc possible in other
wireless systems. when joints break down,
are impossible in this system. ‘

In my companion application I illustrated

_ Specification of Létters Patent,
Application filed August 7, 1909. Séial No: 511,664,

BLOGR-SIGNAL SYETEM.

Patented Sept. 10,1912,

and described a polyphase transmission sys-
tem. .

In some cases it is not convenient to em-
ploy a pelyphase transmission, and the ob-
ject of my present invention is to provide
simple and reliable means for shifting the
phase of the track current a sufficient amount
when the system must be operated with a
single phase transmission. In order tomake
the system positive and reliable, the phase of
the track current should be shifted through
nearly, if not quite, 90°. I have found that
if a resistance and reactance are provided,
each having an impedance approximately
equl to that of the track circuit itself, and
if in one position of the switch contacts con-
trolling the track circuit the resistance be

_connected in series with the source of the

track current and.the reactance in shunt,
and in another position the reactanc?l })e con-
nected in series and the resistance inf%hunt,
the phase of the track current will be hifted
through practically 90° when the cohfacts
move from one position to the other. The
exact amount of impedance and reactance
required will depend upon the power factor
of the track circuit, but with such a power
factor as is likely to be found in practice,
the values above-mentioned are approxi-
mately correct. ‘ .

By properly arranging the switch con-
tacts the change from one set of connections
to the other may be made without opening
the cireuit. so that the relay controlling the
caution indication is not deénergized.

In its broadest aspect, my present inven-
tion is not limited to the particular rela
arrangement of my companion application,
but is particularly advantageons for use
with that arvangement, since power is in-
evitably wasted in shifting the phase 6% the
track current and since with the relay ar-
rangement of my companion application, the
amotnt. of track eurrent is small so that the
amount of power wasted is correspondingly
small. ‘ > ) o

My invention will best be nnderstood by
reforence to the accompanying drawings, in
which— o
" Figure 1 shows

iy invention, and Figs. 2 to 4 arc explana-
tory veclor diagrams. ) )
-Tn Fig. 1, A, A’ ‘A% and A® represent the
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diagrammatically a hinck
signal system arranged in accordance with
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rails of four blocks which are shown seps-
rated from each other by th: customary in-
sulating joints. B-represents an alternating
current generator supplying the line wires b
from which current 1s derived for the $ignal
circuits. C, C’ and C? represent trans-
formers having their primaries connected
to the line wires b and’ their secondaries

.supplying the track circuits A, A’ and A?,

respectively.- ¢, ¢ represent resistances, and
¢’y ¢ reactances.” D to D® represent track
relays. There are two of these relays per
block or track section. These are shown
diagrammatically as of the two phase in-
duction type, each comprising a short-cir-
cuited .member d actuating the relay con-
tacts, a winding d’ connected to the track,
and a winding d? supplied with alternating
current independentgr of the track circuit.
The windings d*® of each pair of relays are
supplied with currents OF‘ different. phase.
This phase displacement between the cur-
rents may be.obtdained in the manner shown

by placing a resistance ¢® in shunt to, and’

a reactance d* in series with, one winding 42,
and a reactance d* in shunt to, and a resist-

- ance d°® in series with, the other winding 42,
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or any other suitable arrangement for pro-
ducing a 90° displacement between the cur-
rents in the windings d? may be employed.
E’, E? and E? represent signals for the
blocks arranged to give thrge indications,
danger, caution and clear. have illus-
trated one-arm three-position signals, but it
will be understood that my invention is
equally applicable to two-arm two-position
signals. ¢ and ¢’ represent contacts mounted
on the signal shaft as indicated diagram-
matically in dotted lines and e? to e rep-
resent stationary contact fingers. These con-
tacts and contact fingers control the phase
of the current supplied to the track circuit
by the secondary of the transformer by
means of resistance ¢ and reactance ¢’.

The usual contacts for controlling the
signal mechanism, as well as the signal
mechanism itself, are omitted from the
drawing in order to avoid complication,

since many suitable arrangements of mech-

anism and controlling contacts 'are well
known in the art. It will be understood that
the conductor led to the lower side of the
blade is common to the circuits for caution
and clear indications, the circuit extending

directly from the upper side of the blade

to the contacts of relay D, D2, or D* being

that for the control of the caution indica-

tion, and the circuit extending directly to

. the contacts of relay D”, D® or D¢, that

80,

for the control of the clear indication. In
accordance with usual practice, the, circuit

- controlling the clear indication is controlled

by the caution position relay (D, D* and
D*) but it is understood that this arrange-

1,038,364

ment'of control is unnecessary in the normal
working of the system and is employed only
as a precaution to msure the signal moving
to danger in case the contacts of the clear
position relay should stick in the closed po-
sition. )

When a train is in a block, as indicated
in block A%, the track windings of both track

' relays D* and D® are deénergized, so that
‘the relay contacts are open and the signal E*

stands at stop. The windings 4* of the two
relays are energized with currents differin

in phase by approximately 90°, as indicate

in Fig. 2, in which o¢’ indicates the phase of
the current in the winding d* of relay D*
and o¢* the phase of the current in the wind-
ing d% of relay D® With the signal E2 at
stop the contacts ¢ and ¢’ are in the positions
shown, and it will be seen that the reactance
¢’ is in series with the secondary of trans-
former C? while the resistance ¢ is connected
in shunt to the track circuit. These connec-
tions may be traced from the left-hand ses-
ondary terminal of transformer (?, through
contacts e*, e, ¢?, reactance ¢, to the upper

rail of block AZ while the shunt circuit ex--

tends from- the upper rail to resistance c,
contacts ¢ ¢” and ¢® to the right hand seo-
ondary terminal of transformer, C*, which
is connected to the lower rail. The react-
ance being in series and the resistance in
shunt to the track circuit the connections of
the track circuit are similar to those of the
winding d? of relay D?, and if the power
factor of the track circuit and of the wind-
ing d% were the same, the phase of the cur-
rents in the windings 4’ and @2 of relay D?
would be approximately in phase and the
relay would consequently be without torque,
if the resistance d* and reactance d* bore the
same relation to the impedance of winding
d* that the resistance ¢ and the reactance ¢’
bear to the impedance of the track circuit.
But in practice the power factor of the track
circuit and of the winding @2 are not the
same but may differ by as much as 45°. The
track circuit is ordinarily of considerably
higher power factor than the winding 42, so
that the track current is more advanced and
does not lag in ifs phase so much as the cur-
rent in the winding @*. The cohditions in
the windings of relays D? and D? may, con-
sequently, be represented by the vector dia-
gram, Fig. 3, in which 0i" and 0¢? represent
the currents in the .vindings d? of the relays
D? and D3, as in Fig. 2, the same vectors
represented the currents in the windings o*
of the relays D* and D?, while oi represents
the phase of the track current, displaced aK—
proximately 45° from the currents in the
other windings of the pair of relays but
leading the current in winding @* of relay
D? and lagging behind the current in the
corresponding wifiding of relay D* This
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displacement of 45° is due to the difference
in the power factors of the traclk circuit and

of the windings @® of the relays, as ex-

plained above. If the relays are so wound
or connected that they close their contacts
when the current in the track winding leads
that in the othef, then relay D? will close its
contacts, as shown, while relay D* will be
held in open-circuited position both by grav-
ity and by a reverse torque in the relay.
Relay D? in closing its contacts closed the
circuit from the right-hand secondary ter-
minal of transformer C’, through the relay
contacts and' through the signal mechanism
to the left-hand secondary terminal of the
transformer. The signal has accordingly
moved from danger to caution position. In
making this movement the signal shifts con-
tacts ¢ and ¢’ to the position shown. The
change in connections thereby produced may
be understood by comparing the contacts of
signal B with the contacts of signal E*. 1In
moving from one position to the other, the
first change in connections that occurs is
npening the circuit of the resistance ¢ at
the Anger % so that the resistance which
‘was connected in shunt to the track circuit is
open-circuited. *Next contact ¢ engages
contact ¢*, so as to connect the resistance ¢
in parallel with the reactance ¢’.  Contact ¢
then leaves contact €%, open circuiting the re-
actance, and finally contact ¢’ engages con-
tact ¢" connecting the reactance in shunt to
the track circuit.” Thus the transformer C
has the reactance in series and the resistance
in shunt, while the transformer C’ has the
resistance in series and the reactance in
shunt, the change being made without open-
ing the connectinns from the transformer to
the track. The result of this change is to
advance the phase of the current supplied
by transformer €7 to the track by about
90°, so that the conditions at relays D and
D’ are as shown in the diagram, I'ig. 4, the
track current of being advanced 90°, as com-
pared with its position in Fig. 3. The track
current now leads the current in windings
a* of both relays, so that both relays D and
The relay D’ closed a cir-
cuit which may be traced from the right-
hand secondary terminal of transformer C,
through contacts of relay D, contacts of re-
lay D’, and through the mechanism of sig-
nal E’ to the left-hand transformer ter-
minal, so that the signal E” has moved from
caution to clear. Duyring this movement the
contacts ¢ and ¢ of this signal have been
moved to the position shown, but this move-
ment of these contacts produces no change in
the circuit connections.

Tt will be noted that during the inter-
medigte ' connections established by the
switch contacts, when the signal is moving
from stop to caution so as to shift the phase

8

of the track circuit from the position shown
in Fig. 8 to that shown in Fig. 4, the track
circult is never opened and the phase of the
current is advanced step by step, first in a
direction to increase the phase displacement
between the track current and that in the
windings @2 of relay D?and thus slightly to
increase the relay torque, and then after
this phase displacement has reached 90°, to
reduce the relay torque again until the phase
displacement of 135° is reached, which is the
final condition shown in Iig. 4.

Tt will be noticed that the transformers
of adjacent blocks are peversely connected
to their track-circuits. This relative re-
versal of connections has not been men-
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tioned in the preceding description, since -

the track windings of the relays of the ad-
jacent blocks are also relatively reversed, so
that, so far as normdl operation of the sys-
tem is concerned the relative reversal is im-
material. The reversal becomes of impor-
tance when an.insulated joint breaks down.
In this event the current which flows
through the broken down joint to the adja-
cent relays is reversed 180° in phase from
the current which normaily is supplied to
the relays and, therefore, is always of a
phase to create a reverse torque in the relay
controlling the movement of the signal from
danger to caution. Since the contact con-

‘nections of the other relay are carried

through this relay, the result is always to
put the signal at stop regardless of its posi-
tion prior to the breaking down of the joint
and regardless of the positions of trains.
Thus, the same advantage with respect to
protection against broken joints is obtained
in the present arrangement as is obtainable
in the arrangement of my prior application.

T do not desire to limit myself to the par-
ticular arrangement of parts shown and de-

seribed, but aim in the appended claims to

cover all modifications which are within the
scope of my invention. . '

What I claim as new and desire to secure
by Letters Patent of the United States, is,—

1. Tn a block signal system, signals for
the blocks adapted to indicate danger,
caution, and clear, track circuits including
sources of alternating current for the blocks,
a pair of track relays for each block having
windings included in the track circuit and
controlling the caution and clear indications

according as one or both relays are ener-

gized, a resistance and a reactance for each
source, and connections including switch
contacts controlled by a train in one block
controlling the circuit of the source for the
preceding block arranged in one position to
connect the resistance in series and the re-
actance in shunt to said circuit and in an-
other position to connect the reactance in
series and the resistance in shunt to said
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: circuit,\ one of the Ytack relays of said pre-

ceding- Mlock being responsive. to current
fromn said source with either of said connec-
tions. and the' other to current from said
source with one vonnection only. '
2. In o biock signal system, signals for
the’ blocks adapted to indicate danger,
caution and clear, track circuits including
pources of alternating current for the blocks,

 pair of track relays for each block con-

trolling the caution and clear indications,
according as one or both relays are ener-

ized, each of said relays having a winding
melided in the track circuit and a second
cotperating winding supplied with alternat-
ing current independently of the track cir-
cuits, the currents supplied to said second
windings differing in phase in the two re-

lays of each pair, a resistance and a react-

ance for each source, and connections in-
cluding switch contacts controlled by a train
in one block controlling the circuit of the
source for the preceding block arranged in
one position to connect the resistance in se-
ries and the reactance in shunt to said eir-
cuit and in another.position to connect the
reactance in series and the resistance in
shunt to said circuit. ‘

3. In a block signal.system, signals for
the blocks adapted to indicate danger, cau-
tion and clear, track circuits including
sources of alternating current for the blocks.
a pair of track relays for each block having
windings included in the track circuit and
controlling the caution and clear, indications
according as one or both relays are ener-
gized, & resistance and a reactarce for each
source, and connections including switch
contacts controlled by a train in one block
controlling the circuit of the source for the
preceding block arranged in one position to
connect the resistance in series and the re-:
actance in shunt to said circuit and in an-
other position to connect the reactance in
series and the resistance in shunt to said
circuit, the contacts which establish the

_ series connections of the reactance being ar-
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ranged to close before the contacts which
break the series connection of the resistance
open, one of the track relays of said pre-
ceding block being responsive tocurrent
from said source with either of said. con-
nections and the other to current from said
source with one connection only.

4. Tn a bleck signal system, signals for
the blocks adapted to indicate danger, cau-
tion and clear track circuits including
sources of alternating cnrrent for the blocks,
a pair of track relays for each block con-
trolling the caution and clear- indications'
according as one or both relays are ener-
rized, ench of said.relays having a winding

_included in the track circuit and a second

65

cooperating winding supplied with alter-
nating current independently of the track

-the preceding

' 1,038,364

£

circuits, the current supplied to said second
windings differing in phase in the two re-

lays of each pair, a resistance and a react-:

ance for each source, and connections in-
cluding switch contacts controlled by a train
in one block controlling the- circit of. the
source for the preceding block arranged in
one position to connect the resistance in
series and the reactance in shunt to said cir-
cuit and in another position to connect the

reactance in series and the resistance in.

shunt to said eircuit, the contacts which es-
tablish the series connections of the react-
ance being arranged to close before the con-
tacts which break the series connection of
the resistance open.

5. In a block signal system, éignals for

the blocks adapted to indicate danger, cau-,
tion and clear, track circults including

sources of alternating current for the blocks,
a pair of track relays for each block havin~
windings included in the track circuits and
controlling the caution and clear indications
according as one or both relays are ener-
gized, a resistance and reactance for each
source, and connections including switch
contacts controlled by the movement of a
signal from danger to caution controlling
the circuit of the source
block arranged in one position to cormect
the resistance in series and the reactance ‘in
shunt to said circuit and in another ‘fosition
to connect the reactance in series and the re:
sistance in shunt to said circuit, one of the
track relays of the preceding block being
responsive to current from said source with
either of said connections and the other to
current from said source with one connec-
tion only.

6. In a block signal system, signals for
the blocks adapted to indicate danger, cau-
tion and clear, track circiits including
sources of alternating current for the blocks,
a pair of track relays for each block con-
trolling” the caution and clear indications
according as one or both relays are ener-
gized, ench of said relays having a winding
included in the track circuit and a second
codperating winding supplied with alter-
nating current independently of the track
circuits, the currents supplied to said- sec-
ond windings differing in phase in the two
relays of each pair, a resistance and a re-
actance for each source, and connections in-
cluding switch contacts controlled by the
movement of a signal from danger to cau-
tion controlling the circuit of the source for
block arrarged in one posi-
tion to connect the resistance in series and
the reactance in shunt to said cireuit and
in another position to connect the reactance
in series and the resistance in shunt o said
circuit.

7. Tn a block signal system, signals for
the blocks adapted to indicate danger, cau-

for the preceding-
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tion - and clear, track gircuits. including
sources of alternating current for the blocks,

a pair of track relays for each block having

windings included in the track cireuit and
controlling the caution and clear indications

-according as one or both relays are ener-

gized, a resistance and reactance for each
source, and connections  including switch
contacts controlled by the movement of a
signal from danger to caution controlling
the circuit of the source for the preceding
block arranged in one position to connect
the resistance in series and the reactance in
shunt {o said circuit and in another position
to connect the reactance in series and the re-

.sistance in shunt to said circuit, the con-

tacts which establish the series connections
of the reactance being arranged to close be-
fore the contacts which breal the series con-
nection of the resistance open, onme of the
track relays of the preceding block being re-

‘sponsive td current from said source with

either of said connections and the other
to current from said source with one con-
nection only. ,

8. In a block signal system, signals for
the blocks adapted to indicate danger, cau-
tion and clear, track circuits for the blocks,
a single phase transmission system extend-
ing along the roadway, a pair of track re-
lays for each block controlling the caution
and clear indications according as one or
both relays are energized, each relay having
two codperating windings, one connected to
the track circuit of the block and the other
supplied from the transmission system in-
dependently of the track circuits, means for
producing a difference of phase between the
currents in the last-mentioned windings of
each pair of relays, a transformer for each
block having its primary supplied from said
transmission system and its secondary con-
nected to the track circuit of the block, and
means controlled by a train in the block
in advance for controlling the phase of the
current supplied by said transformer to the
track circuit. ’

9. In a block signal system, signals for
the blocks adapted to indicate danger, cau-
tion and clear, track circuits for the blocks,
a single phase transinission system extend-
ing along the roadway, a pair of track re-
lays for each block controlling the caution
and clear indicatipns according as one or
both relays are energized, each relay hav-
ing two cobperating windings, one connected
to the track circuit of the block and the
other supplied from the transmission system

_independently of the track circuits, means

for producing a difference of phase between
the currents in the last-mentioned windings
of each pair of relays, a transformer for
each block having 1its primary supplied
from said transmission system and its sec-
ondary connected to the track circuit of the

-former and said devices for controlling the
-phase of the current supplied by said trans):

G

block, phase shifting means in circuit with
said transformer, and connections including
switch contacts controlled by a train in the
block in advance in circuit with said trans-

former to the track circuit.

.70
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10. In a block signal system, signals for” -

the blocks adapted to indicate danger, cau-
tion and clear, track circuits for the blocks,
a single phase transmission system extend-
ing along the roadway, a pair of track relays
for each block controlling the caution and
clear indications according as one or both
relays are energized, each relay having. two
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codperating windings, one connected to the -

track circuit of the block and the other sup-
plied from the transmission system inde-
pendently of the track circuits, means for
producing a difference of phase between the

85

circuits in the last-mentioned windings of

each pair of relays, a transformer for each
block having ils primary supplied from said
transmission system and its secondary con-
nected to the track circuit of the block,
phase shifting means in circuit with said
transformer, and connections including
switch contacts controlled by the signal next
in advance operated upon the movement of
said signal from danger to caution and ar-
ranged to vary the connections.of said de-
vices to vary the phase of the current sup-
plied by said transformer to the track cir-’

cuit.

11. In a railway signaling system, a track
circuit, a source of alternating signaling cur-
rent for the track circuit, a resistance and
a reactance, means independent of the track
cireuit for connecting the resistance in series
and the reactanee in shunt with the track
circuit and- for connecting the reactance in
series and the resistance in shunt with the
track circuit; and two relays connected with
the track circuit, one of which is respon-
sive to current from the said source with
either of said connections and the other
of which is responsive to current from said
source with one only of said connections.
12. In a railway signaling system, a track

-circuit, a source of alternating signaling cur-

rent for the tyack circuit, a resistance and a
reactance, means independent of the track
circuit for eonnecting the resistance in series
and the reactance in shunt with the track
circuit, and for connecting the reactance in
series and the resistance in shunt with the
track circuit; and two relays each having
a winding included in the track circuit and
a second codperating winding supplied with
alternating signaling current independently
of the track circuit, the currents supplied
to said second windings differing in phase
whereby one of the relays is responsive to
current from the said source with either of
said connections and the other relay is re-
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sponsive to current from said source w1th !

10

one only of the said connections.

13. In-a railway signaling system, a track
circuit, a source of alternating 51gnallng'
cuxrent two relays each having a windin
included in the track circuit and a secon
cobperating winding supplied with alter--
nating signaling current independently of
the track circuits; means for causing .the
currents supplied to the two said second
windings to differ in phase, said means com-
prising a- resistance in shunt to and a re-
actance in series with the second winding of
one relay, and a reactance in shunt to and

rent of either of said phases and the other

1,088,364

i rekistance in series w1th thesecond wmdmg 15
ofithe other relay; and means for supplyin
currents of two different phases to the trac

‘circuit from the said source, one of the re-

lays being responsive to track circuit cur-
26
relay being responsive to track circuit cur-
rent of one only of said phases.

In witness whereof, I have hereunto set

my hand this 5th da ‘of Augu st;-1909.
" LAURENCE A. ’WKINS
Witnesses:

Bensamin B. HULL,
Epwarn Winriams.



