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the signal from 45 deg. to go deg. is taken from the control
wire locally and is governed by a line relay, the control of which
passes through the slotted relay to the signal lever and is se-
lected through the proper switch levers to the next signal ‘n
advance, where it passes to battery through a circuit breaker
which is closed from 45 to go deg.

The approach signals are similar to the interlocking signals
hut operate on 16 volts instead of r10. As these do not furnish
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indicate as follows: “No light,” when there is no route lined
up; a “green light,” when there is a route lined up unoc-
cupied; a “red light,” when there is a route lined up that is
occupied.

TRACK CIRCUIT FEED.

The track circuits for the interlocking plants are fed by
lecops as shown in Fig. 11, from the 20-volt storage batteries
in the towers. The wires of the same polarity are joined at

Fig. 7. Rear View of Machine and llluminated Track Diagram in Lake Street Tower.

dynamic indications, a snub circuit, which closes at the proper
time when the blade is descending, is provided to stop the
mechanism gently. The signal is held clear by a clutch arrange-
ment instéad of holding coils. The normal indication of the
approach signal is given by an electric lock located on the top
of the home signal lever and locking it at the normal indi-
cation point, battery being furnished at the approach signal.
The circuit is closed by a contact on the approach signal, which
in turn is closed at or below the 45 deg. position. In all re-
spects, except giving this normal indication, the approach signal
is the same as any other automatic signal.

The return indication lock is also used for approach locking,
current being withheld from the lock until the train has passed
the home signal, by having the circuit open when the track be-
tween the approach and home signal is occupied. A rclease is
provided to restore the lock in case it is desired to change a
rcute after the signal has been given. The lights on the signal
levers are selected througzh switch levers and relay points to

the end, forming the loops and giving the current from the
switch bar two paths to any point on the loop. Thus the wires
can break at any place and all points will still receive current.
Two positive and two negative wires are run through a low-
voltage distributing board to junction boxes in the plant to be
fed. Ammeter jacks for each wire and for the main feed
wires after the loop wires are joined, are placed on the switch-
board, and a regulating rheostat is inserted in the positive
lead for cufting the battery down to 12 volts, at which it is
generally maintained. The track sections are fed through the
various points on the loop through resistance units of the en-
closed fuse type and averaging 377 ohms. The ammeter jacks
are used to determine when there is a break in any of the loop
wires. As long as the circuits are perfect the readings are the
same, while if there is a break the readings on wires 1 and 3
will be different from those on wires 2 and 4. In calculating
the sizes of wire for the loops one side of each was considered
cut off at the switchboard with every track circuit occupied
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Fig. 9. Plan of Noble Street Interlocking, Showing the Junction of New and Old Tracks on West Approach.
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Fig. 10. Plan of Carpenter Street Plant, Showing Junction of New and Old Tracks on North Approach.
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except the one nearest the cut off end. The limit to the number
of circuits that could be fed from the loop was found to be 20.
Relays of 12 ohms resistance are used on all of these circuits,
and a 12-chm resistance unit is placed in series with the relay
to obtain a quicker drop away of the armature on account of
the detector locking. The time of the drop was reduced 350
per cent by this resistance.

Where the track sections are adjacent to the towers track

i
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trolled by electric locks located on top of the lever, the circuit
being held normally open by a contact operated by a lever latch.
A white light in multiple with the lock and latch contact shows
whether or not the lock can be energized. Each lock is con-
trolled directly by the track relay of the section in which the
switch is located, providing absolute detector locking and mak-
ing it impossible to throw a switch when the section in which that
switch is located is occupied.
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Fig. 11. Diagram of Typical Track Circuit

sections. Motor generator sets, run from the depot lighting
system, running successively in six-hour periods, feed direct
to the trainshed track circuits, no storage batteries being used.
At the signal bridges at which power houses are located the
track circuits are fed from a single cell of 120-ampere hour
capacity storage battery with an eight-ohm resistance in series.
relays are placed therein. In other cases repeater relays in the
towers are controlled by track relays set adjacent to their

Fig. 12. Storage Battery, Generator, and Relay House at Auto-
matic Signal Bridge.

Four-ohm relays are used where the track circuit is fed from
these individual cells.

RELEASE ROUTE LOCKING.

Release route locking circuits are employed at Lake, Clinton,
and Division streets only. In operation, a train locks up all
switches, derails, and movable frogs in the route, and as the
wheels leave each track section the switches, derails, and mov-
able point frogs in that section are released so that they may
be moved for the setting up of a new route. The levers are con-

Feed Arrangement for Interlocking Plant.

The mechanical locking was specially designed for sufficient
flexibility to permit effective rcleasing while remaining rigid
enough to give protection. In the Lake street plant signal lock-
ing only is employed. The signal levers lock their routes, and
the switch levers do no locking except in a few special cases.

In the Division and Clinton street plants the derail levers
lock the routes and the system of locking allows very nearly
the complete release effected by the electric locking and still

Lake Street

Fig. 13. Storage Batteries in
Tower.

retains the derail protection. All facing derails lock the trailing
derails and facing point switches in their routes.

At Clinton street, where two derails are used in some cases,
the slow-speed derails do all the mechanical locking, and the
circuits of conflicting high signals are controlled by the derails.
At the Carpenter and Noble street plants the route ahead of
a high-speed train is locked, and on all slow-speed movements
detector locking only is installed. In these plants the mechanical
locking is as follows: Derails lock all switches in the route;
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high-speed derails lock back-up derails; lower number locks
the higher number in derails of the same class; mechanical
locking is transferred from derails to signals to allow neces-
sary freedom when the special release feature is required.

INSTALLATION OF WIRING.

On account of the great mass of wires required it was
necessary to furnish detailed plans showing exactly how ecach
piece of work was to be accomplished; and the workmen were
required to follow this plan without any knowledge of the com-
plete circuits involved. Plans for the terminal boards in junc-
tion boxes, and manholes on the ground, and on the signal
bridges, and also for the terminal boards in the tower were
made to show which wires were to be spliced through, the
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Fig. 14. Floor Plans of Clinton Street Tower.

wires to be connected to terminals, and the locations of terminals
and resistance units. Plans of the conduits were made to show
the location and size of each, and tables were furnished giving
the number and size of the wire in each duct, the total length
of each wire, its number, destination, and the number of feet
to be left out at each end. In addition plans were furnished
showing the backs of relay racks, combination boards, interlock-
ing machines, releases, etc., giving the details for connecting the
wires, using the tag numbers to identify them. The circuit
sheets were written instead of drawn, and by description gave
each connection to be made and each cable or conduit through
which wires were run. This work in the drafting room saved
an immense amount of labor in the field.

Where storage batteries are located at the signal bridges they
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are in duplicate with a motor generator set for charging. A
three-phase  220-volt relay operated in parallel with the motor
controlling the charging circuits provides for the possibility of
the alternating current failing or a fuse opening in the motor
end. Whenever either of these happens this relay opens the
charging circuit, preventing the discharge of the battery. If
the power returns after failing, the relay restores the charging
circuit.

POWER DISTRIBUTING SYSTEM,

Power for all uses except the operation of the Lake street
plant is taken from the power house at 6,600 volts, three phase,
and distributed through a conduit system. The current is trans-
fcrmed to 220 volts, three phase for power purposes, and to
220 volts—r110 volts single phase for lighting purposes. Trans-
formers located near each tower supply current for the towers,
and also for the nearby signal bridges. The remaining trans-
formers are so located as to supply two or more outlying sig-
nal bridges. The lighting transformers are arranged in pairs,
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Fig. 15, Floor Plans of Lake Street Tower,

with secondaries in multiple so that there are two sources of
power for each circuit, either transformer being able to carry
the total load. Induction-motor generation sets are provided
in duplicate for each battery located in the towers. The gen-
erators are shunt wound with wide variation of voltage. A
motor generator is running continuously in multiple with each
battery, taking most of the load, the battery helping out on
the peaks. Automatic underload circuit breakers are provided
for opening the generator circuits in case of failure of the
alternating current supply. All motor generators are of the same
type, the votage range being from four to 40. The generators are
capable of charging from one to 16 cells of battery.

Current for the lever locks of the interlocking machines is sup-
plied from a 220 to 55 volt transformer and the illuminated track
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diagram is fed from a 220 to 14, 12, and 10 volt transformer. (8) 110-volt direct current for interlocking machine and

If the alternating current fails an emergency switch will con- telautographs;

nect up the locks, and the plants are then operated without the (9) 20-volt direct current for auxiliary circuits, emergency

diagrams. Iever, locks, and telephones and intercommunication systems;
The Lake street plant receives power from three single-phase (10) 16-volt direct current for automatic signal operation;

transformers delta connected, located in the power house and (11) 12-volt direct current for track circuit lights;

iurnishing 320 volts. The electric lighting is normally on direct (12) One-volt direct current for individual track circuits.

current from the power house but may be put on-alternating

current, and provision is made for charging the batteries from the e
d. c. mains in case of failure of the alternating current. For the present needs and future requiremeits of power
The range of voltages used is shown in the following list: distribution for the signal, telephone, and telegraph systems an

STATISTICS OF MATERIALS AND UNITS ON THE NORTH-WESTERN TERMINAL.

Lake J Clinton Carpenter | Division Noble ‘Wisconsin Galena
Street Street | . Street Street Street_ Division |. Division Totals
Interlocking |Interlocking Interlocking Interlocking|Interloe Automatic | Automatic | Station
Signal motors, 1-6 h.p................ i T b e 67 62 23 31 21 16 15 sees 235
Switchmotors, 1Th.p. .......cooviiiiiiiinnnn.. 98 7 32 51 30 inih L T 288
Motor generators, 110 v.d.C........oovveennen.. 2-12.5 h.p. 2-12.5 h.p. 2-5 h.p. | 2-7.5 h.p. 2-5 h.p. e e 2-% h.p. 10
Motor generators, 20 v.d.c...........ooo....... 2-12. 5 h.p. 2- 2.5 h.p. 2-1 h.p. | 2-1.6 h.p. 2-1 h.p. 4-2 h.p. e 2-% h.p. 12
Moter generators, 4 v.40v. dee.. ..ol R Seskss - Sy wiriy 4-2 h.p. 4-2 h.p. el 8
553 motors
30 generators
Storage battery, 110 v.. 57 cells400 a.h.| 57-400 57-160 57-240 57-160 S %iise 285
Storage battery, 20 v 10 cells400 a.h.|  10-400 10-160 10-240 10-160 fiuch g S 50
Storage battery, 16 v.. 8 sets—8 cells|8 sets-8 cells| 128
120a.h, 120 a.h.
Storage battery, 2 V.........ccooiiirieinnnn.. 38-120 a.h. | 30-128 a.h. 68
531 cells storage
battery

Lamps—

Onsignals, 2 0.0 HO Y. woiviss s masssnsansss 134 68 30 46 27 32 30 SEoR 367

Onlevers, 1 6.p. 85 V. veunenonnneiosansmanns 196 183 72 114 70 635

Onilluminabedptrackdiagmm.l—watt.li Fiws 924 419 1343

On intercommunicating diagram, 20 v. tel..... 22 158 54 45 11 - - R

On telephone switch board, 20 v. tel. .. ....... 51 51

On conductor, towerman, gateman, 20 v..... .. 96 96

On conductor, towerman, gateman, 2 ¢.p. 20 v. 274 274

On tower lighting .........occcvvieriinnnn...

3056 lamps
Relays and indicators..........cocvvevninanins 255 160 46 92 32 31 29 32 677
Relays, intercommunicating o 22 158 54 45 11 Ve e —_— 290
Re[ays,te[ephone ______________________________ 57 — s 57
1024 relay

Transformers—

Power, single phase, 220 v. 3

Power, three phase, 220 v. 1-20 k.w. 1-75kw, | 1-T.5kw. | 1-7.5kw,. | 1-2 kw.|[1-2 k.w. 6

Light, single phase, 220 v. 2-3 kw. | 1-3 kw. 1-3 kw| 13 kw| 2-3 kw.| 2-3 kw 10

Lever light, 55 v............. =) W 11-1 kw. | -4 kw.| -3 kw| 1-} kw 5

Tiluminated track diagram, 14v. ... ... 1110 -5 kw. -5 k.w. - N . 2

26 transformers

48,710 feet rubber lead cable 1,214,500 feet of wire.
13,890 feet paper lead cable 910,650 feet of wire.
90,500 feet linen  lead cable 122,500 feet of wire.
578,835 feet loose wire rubber covered.

153,100 feet lead covered cable 2,826,485 feet of wire.

Levers—
%izhsigna]s .................................. . 3 gg lg ;% i(l) lig
Bwitches. .................. 29 26 7 25 7 ik s i 94
Double slip switches (ends). 46 12 8 6 8 o i P S 80
Movable point frogs....... 23 6 4 3 4 40
121 T AR S S SR 33 13 17 11 74
Trafficloeks SESUNUINE N — 6 14 6 [ 4 s , 2R
553 motors
30 generators
Storage battery, 110 v....ooooeeeeniiinnnnnn... 57 cells400 a.h.| 57-400 57-160 57-240 57-160 s ameie 285
Storage battery, 20 v.. 10 cellsd00 a.h.| 10400 10-160 10-240 10-160 Ses e Sy 50
Storage battery, Sslgtés—shcells sets-8 cells| 128
a.h, a.h.
Storage battery, 2 ¥........cccciiiiiieninnn., 38-120 a.h. | 30-128 a.h. 68
531 cells storage
battery
La.mpa—-
Onsignals, 2 ¢.p. 110 V. .oevevevennnnanennnn.. 134 68 46 27 32 30 A 367
Onlevers, 1 €.p.55 ¥..veveennnnenncnnacnnnn, 196 183 114 70 635
On illum.i.uahedptrack diagram, 4-watt. 14 v. .. 924 419 PEos se 1343
On intercommunicating diagram, 20 v. tel..... 22 158 45 11 290
On telephone switch board, 20 v. tel. . ........ 51 51
On conductor, towerman, gateman, 20 v 96 o 96
On conductor, towerman, gateman, 2 ¢.p. 20 v. - 274 274
Ontowar HEhHINE . o\ o omenienionivnsisibans
3056 lamps
Relays and indicators................. i 255 160 46 92 32 31 29 677
Relays, intercommunicating 22 158 54 45 11 Gos TR 290
Relays, telephone 57 57
1024 relay
Transformers—
Power, single phase, 220 v..............coueun. 3-10 k.w. 3
Power, three phase, 220 v... s M 1-20kw. |1-7.5kw, |1-T.5kw. | 1-7.5kw. |1-2 kw. |1-2 kw. 6
Light, single phase, 220 V......ccooovvvvniann. 1—5.;65 kow. 2-3 kw. | 1-3 kw.| 1-3 kw| 1-3 kw)| 2-3 kw.| 2-3 kw. 10
auto. - .
Lover Hght,; B5 W, ..cocovianisiessssvessosans 1-1  kow. 11-1 kw. | 1-% kw.| 14 kw| 1I-} kw. 5
Tlluminated track disgram, 1dv. ... .. .. .. -5 k.w. -5 k.w. eens swes cves 2
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other two. Three-inch bituminized fiber conduit laid in concrete
was used throughout. Across the subway approaches and ex-
tending 10 ft. on either side a four-inch iron pipe was run for
each duct, and the fiber put through it. The manholes are built
of brick, with iron covers. Branch systems of conduits were
installed for interlocking wires, following the same general
type of construction as for the main line except that concrete
junction boxes were built instead of manholes. Two-inch
iron conduit is used for short runs. As a great many of the
switches are on structural steel work the ducts were often laid
in the concrete protection of the floors, the concrete junction
boxes built as a part of the floor, and the waterproofing made
continuous up to and around them., Loricated tubing was used
exclusively for wires and cables in the towers and standard
bushings and condulets were employed for branches and at ends.
Three-inch and four-inch yellow pine trunking was used where
connections were made with loose wires, as between junction

Fig. 16. Wiring on the Backs of the Relay Racks in Lake

Street Tower.

boxes and manholes and switches and signals. Where more
than six wires were run in one duct cables covered with a lead
sheatlh were employed. For the intercommunicating system
paper insulated wire in cables of the telephone type were used
and for the power distribution the cables were made up of
three No. 4 B. & S. copper conductors insulated with linen and
covered with lead.
BUILDINGS.

The towers are of brick, three stories high. The floor plan
of the Lake street tower is shown in Fig. 1s.

The Clinton street tower is mounted on top of a peculiarly
shaped bridge abutment, which accounts for its shape as shown
in Fig. 14.

All of the towers are heated by steam, the Lake street tower
direct from the power house, while the others have individual
heating units. The inverted lighting system is shown in Fig. 7.

There are eight bridge power houses. In one section of each
house are the storage batteries in duplicate sets for signal and
track purposes. The other section is divided into two parts.
One contains the motor generator and switchboard while the
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other contains the relays. The doors of these houses are spe-

cially constructed ‘for protection against dust and dirt.




