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To all whom it may concern:

Be it known that I, Lavrexce A. BHaw-
KINS, a citizen of the United States, resid-
ing at Bchenectady, county of Schenectady,
State of New York, have invented certain
new and useful Improvements in Block-
Signal Systems, of which the following is a
specification.

My invention relates to block signal sys-
tems for electric railways, in which the rails
are contintous for all currents, comprising
sources of alternating current connected
across the rails at intervals, and a pair of re-
lays supplied with current from the tracks
between each two adjacent sources, each re-
lay responding to current from one adjacent
source only. In such a system, a block or
block section may extend from one source
to the next, or from one pair of relays to the
next, according as a pair of relays are con-
neeted to control the same or different sig-
nals. One such system, in which the block
extends from one source to the next, is de-
seribed in my former application, No.
329,347, filed August 6, 1906. In such a
system a train approaching a source of cur-
rent at the entrance to a block, reduces 1ts
voltage and gradually deénergizes the relay
supplied from that source. The point at
which the relay drops its contact and causes
the signal to go to danger is consequently
not absolutely fixed. While it can be fixed
sufficiently closely for all practical purposes
by employing transformers of good regula-
tion, and using a high frequency signal cur-
rent, so that the impedance of the rails to the
signal enrrent is high, it is sometimes advan-
tageous to provide other means for fixing
the point at which the signal goes to dan-
oer.” This may be done either to fix the
point more definitely than would otherwise
be the case, or to save power, since when
such means are employed the transfermer
needl not have good regulation, and conse-
quently the current delivered by the trans-
former, when a train is standing across its
secondary terminals, is not high. One ar-
rangement for definitely fixing the point at
which the signal goes to danger is described
in my former application, -Serial No.
378,243, filed June 10, 1907. 1In the system
disclosed in that application I employed =
short insulated rail section.

The purpose of my present invention is
to provide auxiliavy means for defining the

:

entrance-point to the block without intro-
ducing any insulated joints into the rails.
I accomplish this by providing a relay hav-
ing a winding connected in shunt to a short
length of rail near the transformer at the
entrance to the block, and arranged to con-
trol the signal jointly with the other track
relays in such manner as to render ineffec-
tive to control the signal that relay of the
pair of relays of the block which responds
to the current from the source at the en-
trance of the block.

My invention will best be understood by
reference to the accompanying drawings, in
which— -

Figure 1 shows diagrammatically a block
signai system arranged in accordance with
my invention; and Fig. 2 shows my inven-
tion applied to a differently arranged signal
system of the same general character.

In Tig. 1, A represents the track rails,
which may be made conductively continu-
ous for all currents thronghout their length.
B represents a third-rail, or other supply
conductor, and C the generator of the
power-current, which has one terminal con-
nected to the third-rail B, and the other to
the track-rails A through the differential
choke-coil ¢. The power-generator C may
deliver either direct or alternating current.
Dt D? represent alternating-current gener-
ators for supplying the signal current. The
currents delivered by these generators dif-
fer from each other in frequency, and, if
the power-current is alternating, they dif-
fer in frequency from that current. o, d*
and d? represent transmission wires sup-
plied with current from the generators D*
and D2 A three-wire transmission system
is shown with the wire ¢ serving as common
return for both frequencies. ! and E*
represent transformers having their pri-
maries supplied with current from the gen-
erators D' and D2, respectively, through the
line - wires, and the secondaries connected
across the track-rails at a distance apart,
which, in the drawing, corresponds to the
length of a block. Impedances ¢ may be in-
serted in series with the transformer sec-
endaries to prevent saturation of the sec-
ondaries by the power-current and to limit
the short-circuit current with a train stand-
ing on the track at the transformer. ¥ rep-
esents a transformer having its primary
connected across the rails between the sup-
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ners E and E: H' and 2
a gm* of relays, Whlch are shown
well-known two- -phase induction
wpe eachi comprising a short-cireuited see-
ondary rember A carrying the l"‘lay‘ con-
facts ;md two cobperating windings for pro-
d u(mo the torque in the sccondfu’ member.,
The \"III(J*H“S it of the two 1'011)s are both
connected to the secondary of the trans-
former and are consequently supplied
with current from the track between the
two transformers W' and 182 The other re-
Iny windings 2% are connected to different
lIine-wives through step-down transformers
Jtand J°, 1’0%13r>cm ely, so that they are sup-
plied with currents of diffevent frequency.
Thus, altl ioufh the windings 4* of both re-
are 11“111)‘&1]} traversed by cm‘lent sup-
plied to H track by both tranzformers ot
fum 1%, the relay I1* vesponds only to cur-
from ransformer Y and the relay I3
iﬂy to current from transformer K2, Any
suitable mieuns, such as condensers 4, may
be en olm ed for producing a proper phase
velation between the currents of windings
At and /1- of each relay, K Mpr ents a sig-
nal guarding the portmn of track between
the Lr‘mwo mers Tt and 12 , the direction of
trafiic being as mmca‘ud by the arrow, 1.
w;‘z'(‘mnis a third relay, which may also e
of the two-phase mdnctlon type. This relay
has two track windings, zl which are con-
nected in shunt to short 1ot1w of rail op-
posite each other and md]ﬂc nt to trans-
Tormer f22, while the winding 72 is suppliel
-nuenonum ty of the track cireuit with cur-
§ nt of the same frequency as that delivered
mer i°, ‘Lh e volta rge impressed on
is that due to the voltage drop in
lengths shunted by them, which
heeause of the “skin effect ™ pro-
W the alternating signal current is
mutch highes Hmn would be produccd by di-
veet eurient of the same amount. As long
as a bleck s clear, both relaye T* and T2
are euergized, as shown, ﬂ el from contacts
completing the cire mc for the operating
mechanism of signal T, so that signal X
stands at clear, mhy L is normalh de-
l“mmwm, ginece Lhe normal current that
flows from the secondary of 11"11151'01'111“1‘ k2
through the U ack io the vight of the trans-
former, is i suflicient in amount to produce
enougl ¢ nz*‘rent in the track windings 7' to
give the relay enough torque to hold its
contacts closed,
ow, if a frai
that is appr mchmf
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1 s approaching the block,
frqnsmrmnl 2y o1 the
inerea SJ,ng carrent from
and at the same fime re-
voltage snpmmd to the frack by
ormer. i\.da} EH, which res| bonds
crent fr om b. ansformer ! , 18 not
i velay H* has its torque gradu-
~d,as the train comes near the
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block, and when the train is a cortain dis-
tance away from transformer B¢, relay H*
will f>pen its contf\cfs This would put sig-
nal I a dangel 1[ Jt were not for the rela y
L. DBefore velay 2 opens its contact, LhC
mue ased cvumnt drawn from transformer

* by the approaching train increases the
I")p of potential in the rails 11unﬁ,cdiate1)r’
to the UOht of this !‘1‘fm,sm1‘mu', £0 as to in-
crense 1]1@ current in the track wmdmo £
of the velay L. This ncrease is suflicient
to cause I'LLLV I. to close its contucts, and
its upper front contacts shovt-civenit the
contacts of relay H® Thus, although.
velay II* opens ifs conmctb, signal K
Is not thrown to danger until the
train passes over the short lengths of
il spanned by the track windings 7t
of rve ]ay L. When the train reaches brans-
former E?, relay L is wholly deBaergized
and drops its contacts, the ereby causing

g sig-
1wl K to go to d’ll"“"el".

The civeuit of the
wmdmo I of relay I passes through con-
tacts & on the signal, so arranged that wLmL
Lhe signal has gone to danom. the civenls
of this winding 1s opened. The purpose of
this are: xn%nﬁent is te avoid the possibilit ty,
when a train has passed transformer 102
some distance, but has not reached trans-
former I, so that velay II* is still energized
of a second train appr ()ndnno rwnslurnm*.‘
B* and drawing sufficient cnumt from the
transformer to energize relay Vmamoa o,
thereby causing l‘ddY L to shunt the contact
Since the
winding /* runs through contacts & on the
signal its circuit is open when the signal is
at dangcr relay L can only serve to prevent
the signal from being thrown to <Lm<>er by
relay it , when the sigual is at cleas ; but
cannot cause the 510'1(11 to clear 1f it is (;n(m
at danger and Ielay I1* is open. The open-
ing of relay I will always throw the ,slonal
K to danger, regardless of the condi tmn
of relay L, so that a train fxpplo wehing the
block cannot prevent the signal from bmn<"
thrown to danger by a train 1)&L‘I\UJ rinto the
block at the other end.

In addition to the contacts slmﬂtm“ the
contacts of relay % velay L has a second
pair of front contacts connected in parallel
with back contacts on relay Hi This ar-
rangement is not absolutely ¢ cs)onh ul, but has
the following ady antage. If these contacts
were not ﬂlnmloyu and if the block were
already occupied by a train so that o second
train, ﬂppl(ﬂ(‘hl’ﬂ“ the Dblock and finding
signal K at danger, waited for it to cle ar,
then when the frsé train ran of the
block, allowing relay H* to close its contacts,
the signal K \"onld not dmr becavse the
second train would be clo 56 o.lmwn to trans-
former E* to prevent relay T * from picking
up, while the winding 72 of Idd y L would
be opened at contacts &y so thab relay T,
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would nct pick up its contacts. The second
train would thus be unnecessarily delayed.
This is not a serious matter, since in auto-
matic block signal systems 1t is ordinarily
the rule for a train, on finding a signal at
danger, to wait a certain length of time and
then proceed through the block under con-
trol. ~The additional contacts, above men-
tioned, however, avoid unnecessary delay.
The first train, as long as it is in the last half
of the block, holds relay H* deénergized, so
that the back contacts of this relay are
closed. These back contacts are in shunt to
the contacts % on the signal, ag well as to the
lower front contacts of relay 1., so that with
relay H* deénergized, winding 72 of relay
L is energized. Therefore, if a train is wait-
ing at the signal for it to clear, relay L will
be energized before the train ahead leaves
the block. Consequently relay Li shants the
front contacts of relay H?, so that when re-
lay T{* picks up its contacts as the train
aliead leaves the block, the circuit of the
operating mechanism of signal K is closed,
and this signal clears. The opening of the
back contacts of velay I, when this relay
picks up, does not desnergize relay winding
/2. since the lower front contacts or relay L
are in shant to the back contacts of relay H*,
s0 that when relay 1uis energized, it remains
energized as long as a train is standing near
transformer E2, and to the right of the fer-
minals of windings 7. Thus, by the use
of these auxiliary contacts, the signal K is
caused to clear as soon as the first train
passes out of the block, but would be imme-
dintely returned to danger, if the first train
should again back into the block.

My invention is not limited to systems in
which the adjacent sources of current are
of different frequency, ov of different char-
acter; but is applicable to any system in
which the sources of current ave connected
across the rails at intervals, and pairs of
relays are supplied from the track between
two adjacent sources, each relay respond-
ing only to current from one source. While
in Fig. 1, in ovder to render each relay re-
sponsive to current from one source only,
the adjacent souvces are caused to supply
currents of different character, in Tig. 2,
each relay is rendered responsive to cuurent
from one source only by its connection to
the track., This connection is such that nor-
nally no currvent flows through the track
winding of the relay, except that from one
adjacent source, and any current that does
flow through the track winding of the relay
frem the other adjacent source cannot actu-
ate the relay., because it is of the wrong
phase.

Jn Tig. 2, the adjacent transformers It
and 182 are supplied from the same gener-
ator D. In place of the transformer I of
Fig. 1, a low 1impedance f is connected across

i

the rails, and the track winding 2* of relays
H* and H? are connected in shunt to short
lengths of rails on opposite sides of the im-
pedance f. This impedance may be connect-
ed diagonally across the rails, as shown, so
as to cause the track connections of relays
1 and H2 to overlap, as described in my
former application, Serial No. 435,801, filed
June 1, 1908. With this arrangement of
the relays, they are more conveniently
placed at the middle of the block, instead of
near the signal, as in Fig. 1, in which figure
the relays are placed near the signal simply
to reduce the number of wires to the small-
est amount. The relay L, as before, has its
contacts connected in shunt to the contacts
of relay 1% so that when the relay L is en-
ergized, relay H? is rendered ineffective to
put the signal at danger. As befove, the ve-
lay winding 7% has its civcuit carried through
contacts & on the signal, for reasons above
pointed out. The other set of contacts on
relay L shown in Fig. 1 in shunt to back
contacts of relay H* ave omitted in Fig. 2,
in order to simplify the wiring. As has
been pointed out, the addition of these con-
tacts is not essential. The connection of
the track winding 7', of relay L, is some-
what different in [Fig. 2 from that of ¥ig. 1.
Instead of heing cennected in shunt to short
rail-lengths lying wholly to the right of
transformer K2, they are connected in shunt
to short rail-lengths lying equally on oppo-
site sides of the transformer. 'Thus, nor-
mally, there is no current flowing through
the windings 7%, but a train approaching
transformer T2 from the right produces a
flow of current through these relay wind-
ings because the voltage drop in the rails
to the right of the transformer is then
greater than that to the left. Either con-
nection of the relay windings I* may be used
with either the system of Kig. 1 or that of
I'ig. 2, the arrangement of I'ig. 1 giving a
somewhat greater maximum torque to the
relay L, while that of Fig. 2 gives a wider
range of torque if the transformer E? is of
poor regulation, so that the current does not
increase very greatly when a train ap-
proaches, and furthermore gives the relay a
back torque to force it open very positively
when the train passes to the left of trans-
former HE2

T do not desire to limit myself to the par-
ticular connections and arrangement of
parts here shown, 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, 1s:

1. In a Dblock signel system, in combina-
tion with a railway having both rails con-
ductively continuous for all currents, sourees
of alternating current connected across the
rails at intervals, adjacent sources differing
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in chavacter, a p( ir of velays supp]wd with
current from the track between two adjacent
sourees, each responding to current irmn one
adjacent sonrce only, a signal near one of
sald sources controlled by the pair of re-
lays, and o velay having a winding connect-
od in shunt to'a 1;()111()11 of rail near the

GurCe qd],wem to the g Juml. the said por-
t o of rail ncmﬂ ot such lenoih that uh
relay is novnmlly deduer gized but Tesponds
to the incr lb@(] current fiow in the rail Pro-
dneed by an appreaching train, said relay
being arrange 1 when worouad to render in-
effective to control the signal that relay of
suid pair which res sponds to the current from
said source near the s signal.

2. In o block ']0}131 system, n combina-
Hon with a railway having both rails con-
ductively continuons for all currents, sources
of (\im na wting mment connected across the
rails at int tervals, adjacent sources dlherlno
in character, a ])all' of relays .supphcd wit
cuvrent from the frack between two aoja—
cent sources, ecach responding to current
frow one adjacent source mlly, a gignal near
one of said sources controlled by the pair of
relayvs, and a 1 Lw having a. Wm(hno con-
nectod

: en m ihc %wnal oi such 10110ﬂi
Mid relay 13 mmmllv dwncrm/“rl but
) o the inereased current-flow in the
oduced by an approaching train,
Lay when energized venders {ineffec:
U\o to u*nhd the %Jnn(ll that relay of said
pair which re ,)'m.d.; to the current from
sald gonre e near the signal.
Blocle signal system, in combina-
tion with o railway ld\mg both rails con-
qu tive i\ continucus for all cmren‘.\. sources
i urvent connected across the
I s adjacent sources dhiev'm«r
in el 1“‘(1', a pair of relavs supplied with
current {rom the track relayvs between two
adjucent souvees, each responding to current
ron one m]a ent souree rm]\' a signal near
oie of said sourees co 1;{‘.'0[]@(1 by { {he > pair of
relays, :mu a relay having a Wmdma con-
nected i shunt to'a portion of rail near the
SPHIERY mln("sni to the signal, of such length
that soid velay iy im'mdlly detnergized but
espeads to the increaged current-flow in the
Is produced by anappreaching train, said
v ohaving frent contacts connected in
allel w {111 front contacts of that velay of
fpai ich vesponds to the enrrent from
sidd sotree near e sional.
4. 0n o bloek signal system, in combina-
tien with o railway having both eails con-
i ':'x'iwl}' continuous for all enrrents, ourees
ling enrrent connected across the
‘ m vals, adjacent sources differing
i character, o pair of _L\,s \u]),)]wl with
current frem the frack belween two acent
sotrees, cach er;pmndmg fo current from one
adjacent souree enly, a signal neav one of

[
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said couvces controlled by the pair of relays,
and a velay having a winding connected in
shunt to a portion of rail near “the source ad-
Jacent to the signal and jointly with said
pair of relays contrelling said signal, the said
portion of rail being of such len sth that the

relay is normally deiner gized bub responds
to the increased current flow in the vail pro-

4

duced by an approaching $rain.

5. In a bleck gignal system, in combina-
tion with a railway having both rails con-
Quetively continuous for all currents, sources
of alternating current connected across the
rails ab intery (11,, adjacent sonvces differing
n character, a pair of velays supplied with
current from the track between two 2 djacent
souirces, each responding to current from one
adjacent source only, a signal near one of
said sources controlied by the pair of relays,
a relay ha \mﬂ a winding connected in shunt
to a portion of rail ne v the gorce w]acent

o the gignal an(t Jonulv with said pair of
velays controliing said signal, hg mf[ por-
tion of rail bom;{ of such length that the re-
lay is normally defnergized bt re sponds to
the increased curvent flow in the 1&11 pro-
duced by a an approaching train, and contacts
controlled by said s wnfﬂ confrolling o cir
cuit of the last-mentioned relay.

6. In a block signal system, in combina-
tion with a railway having both rails con-
uctively continuous for all LDL""!U%. sotirces
of 411011me> cuivent connected across the

v

rails at intervals, a‘(L,“(Wm sources differing
i character, a pair m relays supplied with
current from the track between two adjacent
sourees, each responding to current fr om one
adjacent sonrce only, a s gnal near one of
md sources controlled by {he pair of 1'01:1),75’,
a relay having a winding connected in shunt
to 2 povtien of rail neay the source acu‘wom
to the signal and jointly with said pair of
1‘01;15's controlling said signal, the smd por-
tion of rail being of such hmﬂth that 4!\0 re-
lay is normally deéner owﬂ s responds to
the increased current flow in the }“wl DLo-
duced by an approaching train, and means
controlled by said signal for vendering the
lagt-mentioned s elay mopo rative.

7. In a bl 1\ mggnal system, in combina-
tion with a railway having both ,Aiis Con-
duetively continuons for all enrrent 3, sourees
of altern: ating current connected “‘ms“ the
rails ab intervals, A(!JMCM sources differing
in character, o pair of velays stpplied with
enrrent from the track hebween tyvo (1(1 acent

- cach responding to current from one
adjacent souree onlv, a sional near one of
sndd seurees cont )Hul by the pair of relays,
a relay having o w lh(x.x‘ connected in shunt
ton portion of rail near the seree adjacent
to the swm\‘x and Jointly with said mir of
relays contiolling si sl mw}, he said por-
ticn of rajl heing of such length that
Iny is normally deénergized hut res
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the increased current flow in the rail pro-
duced by an approaching train, and contacts
controlled by said signal in circuit with a
civenit of the last-mentioned relay and ar-
ranged to open said circuit when the signal
is at danger.

8. Ina block signal system, in combination
with a railway having both railsconductively
continuous for all currents, sources of alter-
nating current connected across the rails a
intervals, adjacent sources differing in char-
acter, a pair of velays supplied with current
from the track bhetween two adjacent sources,
each responding to current from one ad-
jacent source only, a signal near one of said
sources controlled by the pair of relays, a
relay having a winding connected in shunt
to a portion of rail near the source adjacent
to the signal and jointly with said pair of
relays coutrolling said signal, the said por-
tion of rail being of such length that the
relay is normally deénergized but responds
to the increased current flow in the rail pro-
duced by an approaching train, and contacts
controlled by said signal in circuit with a
winding of said velay and arranged to de-
encrgize said winding when the signal is at
danger.

9. Inablock signal system,in combination
with a railsvay having both rails conductively
continuous for all currents, sources of alter-
nating current connected across the rails at
intervals, adjacent sources differing in
chavacter, a pair of relays supplied with cur-
vent from the track between two adjacent
sources, each responding to current from
one adjacent source only, a signal near one
of said sources controlled by the pair of
relays, a relay having a winding connected
in shunt to a portion of rail near the source
adjacent to the signal, the said portion of
vail being of such length that the relay is
normally dednergized but responds to the
increased current flow in the rail produced
by an approaching train, and means con-
trolled by said signal for rendering the last-
wentioned relay noperative, that relay of
said pair which responds to current from
the source not adjacent to the signal hav-
ing back contacts comnected in shunt to the
contacts controlled by the signal.

10. In combination, a stretch of railway
track, a souvce of signaling current con-
nected with the rails thereof, a relay sup-

>

plied with current from the rails, a signal
controlled by said relay, a second relay hav-
ing a winding connected in shunt to a por-
tion of rail adjacent said source the differ-
ence of potential between opposite ends of
said portion due to the normal flow of cur-
rent through said portion being of such an
amount that the velay is normally deéner-
gized but that the rvelay responds to the cur-
rent-flow in the rails due to an approaching
train, and means controlled by said second
relay when energized for rendering the first-
mentioned relay ineffective to control said
signal.

11. In combination, a stretch of railway
irack, a source of signaling current con-
nected with the rails thereof, a relay having
a winding connected in shunt to a portion
of rail extending to the rear from the con-
nection of said source, said portion of rail
being of such length that the relay is nor-
mally deénergized but responds to the cur-
rent-flow due to an approaching frain, and
a signal controlled by said relay.

12. In a railway signaling system, in com-
binatien with the rails of a railway, a
source of current connected across the rails,
a relay having one winding connected in
shunt with a portion of rail adjacent the
source, the portion being of such length that
the rvelay is normally deSnergized but re-
sponds to the current-flow in the said rail
due to an approaching train, and a signal
controlled by the relay.

13. In combination, a stretch of railway
track, a source of current connected across
the rails of said stretch, a relay having a
winding connected in shunt to a portion of
rail adjacent said source, the difference of
potential between opposite ends of said por-
tion due to the normal flow of current be-
ing such that the relay is normally deéner-
gized, but the difference of potential between
opposite ends of said portion due to an ap-
proaching train being such that the relay is
then energized, and a signal controlled by
said relay.

In witness whereof, T have hereunto set
my hand this 20th day of July, 1908.

LAURENCE A. HAWKINS.

Witnesses:
Bexnsamin B. Huorr,
Hrerex Orrorp,

Copies of this patent may be obtained for five cents each, by addressing the “ Commissioner of Patents,
Washington, D. ¢.”
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