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UNITED STATES PATENT OEFFICE. . 
CHARLES E. DUFFIIE, OF OMAHA, NEBRASKA. 

RAWAY SCAL SYSTEM. 

No. 90,184. 

To all thon, it may concern: 
Beit known that I, CIARLES F. DUFFIE, 

resiling at Omaha, in the county of Douglas 
and State of Nebraska, have invented certain 
new and useful InproYeº, eiis in Railway 
Signal Systems, of which the following is a 
descriptio, l'eference being liti el to tie ac 
colpanying tra Wings, for:ling a part of 
this specification, in which corresponding 
letters of reference in the different figures 
indicate like parts. 

ne of the olujects of the present invention 
is tle provision of an improved auton:atie 
electric railway signal systein. 
A lother object of the invention is the pro 

duction of an electric signal systein which 
slall give a danger sig tal upon the dera inge 
l)ient of ally of its parts. 
The invention also 'elates to an electric 

signal system comprising signal circuits 
which are not grounded, in order that high 
Voltage clients may be employed. 
The invention further relates to a signal 

System coin prising signal circuits entirely in 
dependent of each other, any clerangement 
affecting only the circuit in which it occi's. 
The it vention also relates to an electric 

signal system, in which there is no electric: 
connection between the signal circuits proper 
and the track circuits. 
The ill vel)tion also refe's to a signal syste: 

in which the circi is from wil (in current is 
luost likely to escape are comparatively short. 
The invention also refers to other improve 

ments i signal systeins and apparatus iere 
in after set forth. 

In the accompanying drawings. Figures 1. 
2 and 3 aie diagrais ist i’at 1 g portions of 
a signal system enn bodying my in veintion. 
Fig. 4 is a view illustrating the wiring of 
circuits of the signal systein as ai'i'anged at 
switches. Fig. 5 is a diagraja of the wiring 
for a signal system to be used at railway 
stations. 

In the embodiment herein shown of my 
invention, the signals are transmitted to the 
engineer along the right-of-way at stations 
wlich | shall eioi, inate signal stations l). 
E, F, G, H, etc., (stations D, E and IF only 
being shown in the drawings), said signal 
stations being preferably located approxi 
mately one half mile apat. i Bei ween the sig 
nal stations, preferably midway, are placed 
the batteries and relays which control the 
apparatus at the various signal stations. 

Specification of Letters Patent. 
Application filed August 19, 1907. 

Patented Jan. 19, 1909. 
Serial No. 389,187, 

The points at which said batteries and relays 
are located I will indicate on the drawings 
by the letters d, e, and f, etc., and will term 
battery stations. The term “train' shall be 
used throughout to designate a steam or elec 
È ric locomotive, a train ora single car. 
The track between each two adjacent bat 

tery stations is divided into five insulated 
sections. The section directly opposite the 
signal station is preferably about 200 feet 
long, and is numbered 1 in the drawings. At 
each end of the section 1 is a shorter section 
2, 3. The two track sections completing the 
distance between the battery stations are 
nintered 4 5. 

Upoil each locomotive equipped for service 
iyon a l'ailway ???à: with this signaling systein is placed apparatus adapted to be 
electrically connected at each of the signal 
stations along the road with a comparatively 
short circuit which shall be herein termed 
the contact circuit. If said contact circuit 
is clo-ed and otherwise in operative condi 
tion, the apparatus carried by the locomotive 
will not be affected, and no danger signal will 
be given, if the contact circuit is openior 
cleranged, the apparatus upon the locomotive 
will be operated to give a danger signal. 
Said contact circuit is arranged to be opened 
and closed by apparatus included in a signal 
circuit extending, in this instance, from said 
signal station to the third signal station 
ahead. Said signal circuit, in turn is ar 
ranged to be broken and closed by relays in 
cluded in a number of circuits of which the 
tirack rails and the car wheels and axles form 
a part. Said track circuits will next be de 
scribed. 
The rails 4 are connected at their left or 

west enls with a relay 6 by means of wires 
and S, the east ends of said rails being 

collected with a battery 9 by means o 
wires 10 and 11, the armature of a relay 12 
!eing included in said wire 11. The relay 
12 is connected with the rails 3 by means of 
se vi es 13 and 14. Said rails 3 are con 

nected with a battery 15 by means of wires 
16 at 7. The rails 1 are connected at their 
west ends with an electro-magnet 18 by 
wires 19 and 20. Upon the armature of the 
imagnet S is a locking projection 18 adapt 
ed to engage the armature of the relay 12 
and prevent said relay-armature from con 
tacting its contact point. 
The rails l are connected near their middle 
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portion with a battery 21. At their east ends 
the rails 1 are connected with an electro 
magnet 22 by means of wires 23 and 24. The 
rails 2 are connected with a battery 25 by 
means of wires 26 and 27, and with a relay 
28 by means of wires 29 and 30. The west 
ends of rails 5 are connected with a battery 
31 by means of wires 32 and 33, the wire 33 
including the armature of the relay 28. The 
east ends of rails 5 are connected with a re 
lay 34 by means of wires 35 and 36. 

Fig. 4 illustrates the arrangement of the 
track circuits at switches, draw-bridges, etc., 
37, 3S and 39 being insulated rail sections, 
40 a track battery, and 41 a relay for open 
ing the signal circuits to be hereinafter men 
tioned. A wire 42 connects the rails 38 and 
39, a circuit-breaker 43 being inserted in 
said wire. The movable contact 44 of the 
circuit-breaker is connected with the switch 
points so as to be moved to open or shut the 
track circuit when the switch is set for the 
siding. An open switch leading from the 
main line to the siding, therefore, will cause 
a danger signal to be given to an approach 
ing train as will appear hereinafter. IFig. 4 
also illustrates the means for giving a 
danger signal in case a car be left standing 
on a siding in such a position that a passing 
train cannot clear it. The sections 45 and 
46 of the siding rails are insulated from the 
remainder of the siding and connected with 
the rails 37 and 38 by means of the wires 47. 
It will be seen that a pair of wheels resting 
upon the rails 45 and 46 will short-circuit 
the battery 40 and cause the relay 41 to 
break the signal circuit. Said signal circuits 
will now be described. At signal station D 
a relay 4S is connected with the common re 
turn wire 49 and with a signal wire 50 ex 
tending to signal station A (not shown), a 
relay similar to relay 48 being there con 
nected in series with said signal wire 50 and 
the common return wire 49. At the signal 
station D another relay 51 is connected in 
series with the common return wire 49 and 
a signal wire 52 running eastward to signal 
station G (not shown), a similar relay being 
there connected in series with said signal 
wire and the common return wire. Simi 
larly, at signal station E a relay 53 is con 
nected in series with the common return 
wire 49 and a signal wire 54 extending to 
signal station B. At signal station E an 
other relay 55 is connected in series with the common return wire and a signal wire 56 
running eastward to signal station II. At 
signal station F the relay 57 is connected 
with the return wire 49 and a signal wire 
58, extending to signal station C, and a re 
lay 59 is connected with the common return wire and a signal wire 60 extending east 
ward to signal station I. The contact points 
61 of the relays 48, 51, 53, 55, 57 and 59 are 
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by means of the wires 62. The armatures 
of the relays 48 and 51 are electrically con 
lected through the wire 63, as are also the 
armatires of relays 53 and 55, and 57 and 
59. Midway between the said arnatures 
and connected between the wire 63 and the 
common return wire 49 is a relay (4 and a 
battery 65. it will be seen that when either 
of the relays 4S aid 51 is energized a circuit, 
will be closed through the relay 64 and the 
battery (35. 

In each of the signal wires 50, 52, 54, 56, 
58 and 60 is placed a lain battery (36 con 
nected il parallel with the common rett'?n 
wire 49, said batteries being located at the 
battery stations. At opposite sides of said 
battery, relays (37 and 68 are included in 
said signal wire, the contact points of said 
Irelays being connected with said signal wire 
and the como return wire by neats of 
wires (59 and 70. Each of the signal wires 
50, 52, 54, 56, 58 and 60 is connected with 
the armatures of the relays (3 and 34, the 
springs of said relays tending to move said 
armatures in tle direction to open Said 
wires. 

I will next describe the contact circuit at 
each of the signal stations. At each signal 
station there is placed along the track at a 
short distance outside of the traffic rails two 
contact rails 71 and 72, preferably of inverted 
V-shape in cross-section. These contact rails 
are arranged to le contacted by suitable 
brushes, shoes or similar devices carried by 
the locomotive, said brushes being connected 
with cab apparatus (not herein described ) 
for noting the condition of the signal appa 
I'atus for the purpose of (obtaining a signal. 
The contact rail 1 is connected with the 
arnature of the relay (3-4 by means of the 

The contact rail 72 is connected 
with the coil tact point of said relay by 
means of the wire 74. The apparatus car 
Iried by the locomotive may be of any suit 
able character, adapted to be affected by the 
condition of the contact circuit. Such appa 
"atus is indicated diagil'amatically at 2 
(IFigs. 1 and 3). With certain for has of 
cab apparatus it may be desirable to include 
a resistance 75 in tle wire 74. 

In Figs. 1, 2 and 3 are shown successive 
portions of a signal systein embodying my 
invention, the live circuits being indicated 
by heavy lines and the dead circuits by light 
lines. The track circuits are shown in no1'- 
mal condition in Fig. 2. Rails 4 are in 
cluded in the circuit comprising the relay 6, 
battery 9, and the relay point of the relay 12. 
The relay 12 is in circuit with the rails 3 
and the battery 15. The western ends of the 
rails 1 are connected with the electro-magnet 
18, the armature of which carries the lock 
ing projection 18 adapted to engage with 
the armature of the relay 12 for holding 

connected with the common return wire 49 the relay points of said relay open. It will 
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be seen that so long as the rails 4 are elec 
trically cotinuous and unoccupied by a 
pair of wheels the relay 6 will be energized 
by the carret from battery 9 and will at 
tract its three armatures, closing the points 
of said relay as shown in Fig. 2, and making 
the signal wires 52, 54 and 58 electrically 
coltii is. But the relay (3 will not be 
energize? umiess tle relay points of the relay 
12 are closed so as to complete the circuit of 
the sittery 9. Said points will be closed so 
long as the circuit is completed froin the 
lattery 15 through the rails 3 unless while 
the it in:It tre of the relay 12 is in its upper 
(st position, the magnet 18 is leprivel of 

cirrent, in which case the locking projection 
i S* pom tle armature of Said magnet will 
engage the arn at tire of the relay 12, and 
i ld it oleil. The purpose of this interlock 
will be explaic hereinafter. Assiining 
now that air of wheels coil facts the rails 4. 
the électrical conditions just described will 
io alie'e to those illustrated in Fig. 1. The 
wheels / have si rt-circuited battery 9 and 
this derived relay (3 of current, break 
ing the signal wires 50, 54 and 5s. Said 
sign: wires also would be opened by the 
presence of a pair of wheels across the rails 
3, said wheels slort-circuiting the battery 
15. this derivis the relay 12 of current, 
at breakiig the circuit in which the relay 
is is inclisle. If now, while there is a pair 
« If xivl, els : (' ' oss f le rails 3. a secol pair of 
w els ente's upon the rais 1, (as would 
(recir in the (*ase of a train traveling in the 
tire 'tion of the arrow, Fig. 1), a short cir 
cuit will be established through the pair 
of wheels tipon rails 1, depriving the mag 
met 18 of current, whereupon its arma 
tie will be released and the locking pro 
jection 1S will engage the arnature of 
tie relay 12 which has previously receded. 
The circuit through battery 9 and the relay 
(; "a not low he again closed, even though 
the s!}{}rt circuit : cross the rails 4 le re 
1) io\'eitil, so long as the magnet 1S is de 
prived of current. As soon as the short cir 
cuit is ren loved from across the rails 1, the 
lmagnet S again receives current, and at 
tractii g its a 'nature, permits the armature 
if the relay 12 to close the circuit through 
the relay 3 and close the signal wires 50. 54 
and 58 through the armature and relay 
poini s of si relay. IBut it will be seen that 
to aii will in it remove said short-circuit 
left 'e short-cii citing the battery 25 lby en 
tering tot in the rails 2. 

Precisely similar electrical conditions ob 
tain to the right of any signal station upon 
the approach of a train, but affecting, how 
ever, the relay's 2s and 34 and the magnet 22. 

I aving now described the operation of 
the instruments in the track circuits, the 
operation of the signal circuits will next be 
explained. Referring to battery station e 

(Fig. 2): The battery 66 at this point is 
connected in the signal wire 58 extending 
to signal station F and is connected in 
para??el between said signal wire and the 
common return wire 49. A part of the cur 
rent from said battery flows through the 
relay 67 to the relay points of the relay 34 
at battery station e and the relay points of . 
the relays 6 and 34 at battery station d to 
the relay corresponding to relay 51 at the 
signal station C, thence to the common re 
turn wire and back to the battery 66 at bat 
tery station e. The remainder of the cur 
rent from said battery flows east through the 
Pelay 68, the relay points of the relay 6 at 
battery station e, the relay points of relays 
34 and 6 at battery station f through the 
relay 57 at signal station F, thence to com 
mon return wire 49 and back to battery 66 
at battery station e. It will be seen that so 
long as current is flowing in each direction 
from said battery 66, the relay before re 
ferred to at the signal station C and the re 
lay 57 at signal station F will both be ener 
gized and will attract their armatures, mak 
ing an electrical connection between said 
armatures and the wires 62. If, however, 
the signal wire 58 be open at any point be 
tween battery station e and the signal sta 
tion C, the relay before referred to at said 
signal station and the relay 67 at battery 
station e will both be deprived of current. 
When the armature of the former relay 
drops, the circuit between said armature and 
its wire 62 will be opened. The dropping of 
the armature of the relay 67 at battery sta 
tion e will have the following effect. A 
circuit will be closed from the battery 66 
through wires 49 and 69, the armature of 
the relay 67, wires 70 and 58, and relay 68. 
This will short-circuit the current from bat 
tery station e, and it can no longer flow to 
the relay 57 at signal station F. The latter 
relay, thus deprived of current, will allow 
its armature to fall, and the circuit will be 
broken between said armature and the wire 
(32 leading to the common return wire 49. A 
break in the signal wire 58 at a point east of 
the battery station e will, of course, have the 
same effect on the relays at signal stations 
F and C, except that in this event the short 
circuit would be formed by the relay 68 and 
would occur between the battery station e 
and the signal station C. It will be ob 
served, however, that when the current from 
the battery 66 at battery station e is short 
circuited as first described, said current con 
tinues to flow through the coils of the relay 
68 at said battery station, because said short 
circuit is formed outside of the connections 
of said relay. As soon, however, as the 
circuit is restored between the battery 66 
at battery statione and the signal station C, 
the relay 67 will again be energized, and, 
attracting its armature, will remove the 
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bination, means for transmitting a signal 
to a train; means located in front of said signal-transmitting means, for controlling 
said signal-transmitting means; means llo 
cated in the rear of said signal-transmitting 
means, for controlling said signal-trans 
mitting means; a forwardly-extending sig 
nal circuit in which the first mentioned con 
trolling means is included; and a rear 
wardly-extending signal circuit in which the 
second mentioned controlling means is in 
cluded. 

19. In an electric signal system, in com 

bination, a circuit comprising a relay and a 
source of electrical energy, both connected 15 
in parallel in said circuit; a signal circuit 
arranged to affect said circuit at one side of 
said relay; another signal circuit arranged 
to affect said circuit at the opposite side of 
said relay; and signal means controlled by 20 
said relay. 

CHARLES E. DUFFIE. 
Witnesses: 

H. S. DANIEL, 
MABEL C. HIGGINs. 

It is hereby certified that in Letters Patent No. 910,184, granted January 19, 1909, 
upon the application of Charles E. Duffie, of Omaha, Nebraska, for an improvement 
in "Railway Signal Systems,' an error appears in the printed specification requiring 
correction, as follows: In line 21, page 2, the word “shut' should read shunt; and 
that the said Letters Patent should be read with this correction therein that the 
same may conform to the record of the case in the Patent Office. 
Signed and sealed this 9th day of February, A. D. 1909. 

sEAL.) C. C. BILLINGS, 
Acting Commissioner of Patents. 
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