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opposite to tha t of the indication current (as it wi ll in cases
of cro ses or grounds) the polari zed relay will open and in
tum will open the circuit breaker and cut power off fr om that sec­
tion of th e plant. If the current still flows it will find a path

General Rai lway Signal Co. The moto r is geared di rect ly to the
spindle on which the blad e is mounted and to wh ich are also con­
nected spr ings to force it back to its normal positi on when
released . The motor whi le r unning backward genera tes current
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F ig . 4. S ig n al A spects.

through a relay which is in multiple with th e point s of th e
circuit breaker and th is will cause the red lamp to be lighted;
and as long as thi s relay is energ ized the main circ uit will be
held open so that closing the circuit breaker will not restore

F ig. 5. S how in g Type of Dw a r f S ignal Use d .

the curr ent \ hile the trouble ex ists. Clear ing th e tr ouble,
however, automa tically put s out the red ligh t and closes the cir ­
cuit. A two-candle power, r ro-volt lamp wit h a suitable switch
is used as a grou nd detecto r.

Th e dwarf signals are of the Iodel 2-A type made by th e

which energizes the indication magnet and releases the lever .
The load impo sed on th e generator br ings the mechan ism 1.0

an easy stop, accomp lish ing the pu rpose of a dash pot. Th e
comm on wire for the dwarf signa ls pass th ro ugh switch boxe s
on a ll facing der ail to in ur e that the derails are off the track
before th e signal can hc cI ared.

F ig . 6. Wes t R el a y R a c k in La k e Street Tower.

T he high signa l mecha nism is of th c same type as t he d warf,
the interlocking signals being ope ra ted at r ro volts. A ll high
signals are slotted. The common wire fro m the signa l motor
is selected th rough the derails and faci ng poin t switches in
the ro ute as a eheek on the ir pos it ion. Current fo r ope ra ting
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thr signal from 4S deg. to 90 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 sign al lever and is se­
lected through the proper switch leve rs to th e next sig na l -n
advance, where it passes to bat tery th rough a circuit breaker
which is closed from 45 to 90 deg.

The approac h signa ls are similar to the int erlocking signals
hut operat e on 16 volts instead of IIO. As these do not furn ish

indicate as follows: "No light," when there is no route lined
up; a "g reen ligh t," when there is a rout e lined up unoc­
cupied; a " red light," when there is a route lined up that is
occup ied.

TRACK CIRCUIT FEED.

T he t rack circuits for the interlocking' plants are fed by
loops as sho wn in Fig. II, from th e zo-volt sto rage batteries
ill th e tower s. The wir es of the same polarity are joined at

F ig . 7. Rear View of Machine and il lum in at ed Track D iagram in La k e Street T ower.

dynamic indi cations, a snu b circu it, which closes at th e proper
t ime when th e blad e is descendin g, is provided to stop the
mechan ism ge ntly. The signa l is held clear by a clutch arrange­
ment instead of holding coils. Th e nOI mal indication of the
approach signal is give n by an elec tric lo.ck locat ed on th e top
of the home signal lever and locking it at th e norm al indi ­
cation poin t, battery being furn ished at the approach sign al.
T he ci rcuit is closed by a contac t on the app.roach signal, which
in turn is closed at or below the 4S deg. posit ion. In all re­
spects, except gi ving thi s no rma l ind ication, the approach signa l
is the same as any oth er a utoma tic signal.

The return indicat ion lock is also used fo r ap proac h locking,
cur rent being withheld fr om the lock until th e tra in has passed
the home signa l, by hav ing th e circuit open when th e track be­
twee n the appro ach and home signal is occup ied. A release i,
prov ided to restore the lock in case it is desired to change 2

route after the signa! has been given. Th e lights on the signal
levers a re selected th rou gh switc h levers and re lay points to

the end, forming the loops and giving the curr ent fro m th e
switch bar two pat hs to any point on th e loop. Thus th e wires
can break a t any place and all points will st ill receive current.
T wo positive and two negati ve wires are run through a low-­
voltage distr ibuting board to ju nctio n boxes in the plant to be
fed. Anuneter j acks for each wire and for the main feed
wire s after the loop wi res a re joined, a re placed on th e switch­
board, and a reg ulating rheostat is inserted in the positive
lead fo r cutting the batte ry down to 12 vo lts, at which it is
generally maintained . The t rack sections are fed through the
va rious points on the loop through resistance units of the en­
closed [use type aud aver aging 370 ohms. The amm eter jacks
are used to determine when th ere is a bre ak in any of the loop
wires. As long as th e circuits ar e perf ect the readings are the
same, whil e if there is a break the readings ou wires 1 and 3
will be different from those on wir es 2 and 4. I n calcu lat ing
the sizes of wire for th e loops one side of each was considered
cut off at th e switchboard with every tr ack circuit occupied



F ig. 9. Pl an of Nob le Street Inte rlock ing. ShowIng the Junction of New a nd Old Track. on West App roach.
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Fig. S. Plan of OM . lon street In terlocking, on the North Approach .

Fig. 10. Pl an of Carpenter Street Plant, Sh owing Junction of New a nd Old T racks on North A pproac h.
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except the one nearest the cut off end. Th e limit to the number
of circuits that could be fed f rom t he loop was found to be 20.

Relays of 12 ohms resistance are used on all of these circuits ,
and a rz-ohm 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 50
per cent by this resistance.

Where the t rack sections are adjacen t to the towers track

trolled by electric locks located on top of the lever, the cir cuit
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 energiz ed. 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.

F ig. 11. Diag ram of Typ ica l T r ac k Circu it Feed Ar ra ngement for Interlocking P lant.

sections. Motor generator sets, run from the depot lighting
system, running successively in six-hour periods, feed direct
to the trainshed track circuits , no sto rage bat teries being used.

At the signa l bridges at which power houses are located the
track circuits are fed from a single cell of rzo-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

F ig. 12. S t or ag e Battery, Ge nera t or , and Re lay House at A uto '
m at lc S Ig na l Br idg e.

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

RELEASE ROUTE LOCKING.

Release route locking circuit s are employed at Lake, Clinto n,
and Division streets only. In operation, a train locks up all
switches, derails, and movable frogs in the route, and as thc
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 set ting up of a new route. Th e lever s are con-

Th e mechan ical locking was specially designed for sufficient
flexibility to permit effective releasing while rema ining r igid
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 Div ision and Clinton street plants the derail levers
lock the routes and the system of locking allows very nearly
the complete re lease effected by the electr ic locking and still

F ig. 13. S tora ge Batte r ies In Lake St reet
T ow er.

retains the derail protection. All facing derails lock the trail ing
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 mechanica l locking, and the
circuit s of conflicting high signals are controlled by the derails.
At the Carpe nter and Noble stre et plant s 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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are in dupl icate with a motor generator set for charging. A
three-phase 22o-volt relay operated in parallel with the motor
controlling the charging circuits provides for the possibility of
the alterna ting current fai ling or a fuse opening in the motor
end. When ever either of these happens this relay opens th e
charging circuit, preven ting the discha rge of the battery. If
the power return s after fa iling, the relay restores the charging
circuit.

Power for all uses except the operation of the Lake stre et
plant is taken {rom the power house at 6,600 volts, th ree phase,
and distributed through a condui t system. T he current is t rans­
fcr rned to 220 volts, three phase for power purposes, and to
220 volts-s-rro volts single phase for lighting purposes. Trans­
formers located near each tower supply current for the towers,
and also for the nearby signal bri dges. Th e remaining tr ans­
formers are so located as to supply two or more outlyi ng sig­
nal bridges. Th e light ing transformers are arranged in pairs,

POWE R DISTRIBUTINC S YSTEM .

~ F LOOR PLAN

OPeRATING RoOM
1\A:::J,Itz: /no}rrz;c;1 IIi?h/V1q on In;., /kJtor

high-speed dera ils lock back-up derails ; lower number locks
the higher numb er in derails of the same class j mechanical
locking is transferred from derail s to signals to allow neces­
sary freedom when the special release feature is required.

On account of the gre at mass of wires required it was
necessary to furnish detailed plans showing exactly how each
piece of work was to be accomplished i and the workmen wer e
required to foHow this plan without any knowl edge of the com­
plete circuits involved. Plans for the terminal boards in ju nc­
tion boxes, and manh oles on the ground, and on the signal
bridges, and also for the term inal boards in the towe r were
made to show which wires were to be spliced through, the

I N STALLATION OF WIRINC.

BASEIVTE IVT P LAN

Fig. 14. Floor Plans of Clinton Street T ower.

Fi~.s'" F2..o0 ,Q PLAN

FIg. 15. Floor Plans of Lake Street Tower.

wires to be connected to term inals, 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 furni shed 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 ins tead of drawn, and by description gave
each connection to be made and each cable or conduit through
which wires were run. Thi s work in the drafting room saved
an immense amount of labor in the field.

Wh ere storage batt eries are located at the signal bridges they

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 gene rat ion sets are p rovided
in duplicate for each battery located in the towers. The gen­
erators are shunt wound with wide variation of voltage. A
motor genera tor is running continuously in multiple with each
battery, taking most of the load, the battery helping out on
the peaks. Automatic underlo ad circuit breakers ar e provided
for opening the generator circu its in case of failure of the
alternating CUTTent supply. All motor generators are of the same
type, the votage range being from four to 40. The generators are
capable of charging fro m one to 16 cells of battery.

Current for the lever locks of the interlocking machines is sup­
plied from a 220 to SS volt tr ansformer and the illuminated track
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diagram is fed from a 220 to 14, 12, an d 10 volt t ransformer.
If the alternating current fai ls an emergency switch wi ll con­
nect up th e locks, and th e plants a re then operated without the
diagra ms.

T he Lake str eet plan t receives powe r from three single-phase
tran sfo rmers delta connected, locat ed in the powe r hou se and
furnishing 320 volt s. T he electric lighting is normally on direct
current from the power house but may be put on- alternating
cur rent, and provision is made for charging the batt eries from the
d. c. mains in case of failu re of th e al te rnating cu rrent .

T he range of volt ages use d is shown in the following list :

(8 ) IIO-vOIt direc t current for int erl ocking machine and
tdautog rap hs;

(9) ao-volt direct cur rent for auxi liary ci rcuits, emergency
lever, locks, and telephones and int ercommunication systems ;

( 10 ) 16-volt direct current for automatic signa l operation;
( II) rz-volt dir ect current for track ci rcu it ligh ts ;
(12) One -volt direc t current for ind ivid ual t rack circuits.

I N STALLATION .

For the present needs and future requiremei.ts of power
dist ribut ion for the signa l, telephone, and telegr aph systems all

STAT ISTICS OF MATERIALS AN D UNITS ON THE NORTH-WESTERN TERMINAL.

Lake
St reet

In te r locking

Clinton Carpenter Divisi on Noble
St reet St ree t Street Street

Interlockin g Interloeking Interlocking Interfockieg

Wisconsin Galena
Division Divis ion

Automatic Autom atic Station
T otals

Signal motors . 1·6 h.p ' .' , ..
Switch mo to rs , 1 h .p . . . . . . . . . . • . . . . . ....
Motor generators. 110 v. d .c . . . . . . ... . . . . . • ..
Motor generators, 20 v . d .c .
Moter aeneratora, 4 Y . 40 v , d .c ... . . . . . . . •.

67
98

2- 12.5 h .p.
2- 12. 5 h .p.

~ a u u
77 32 51 30

2- 12.5 h. p. 2-5 h. p. 2- 7.5 b.p. 2-5 h .p.
2- 2.5 h. p. 2-l h .ji. 2-1.6 h .p. 2- 1 h.p,

16

4~2 ·b.P.
4-2 h .p.

15

2~t h.P.
2-t h.p.

235
288

10
12
8-

5.53 motors
30 generators

Storage battery , 110 v _ .57 cclls400a .b.
Storage ba ttery, 20 v . . .... •.. . .. . ....• . . . _ 10 ceUs400a.b .
Storage battery, J6 v , _ .

Storage bat te ry, 2 v , . .. . .

57-400
IlHOO

57-160
IIH60

57- 240
10-240

57-160
10-160

set&-8'cells se~~'celJs
120 a .h . 120 e .h .

38-120 a.h . 30-128 a .h .

285
60

128

68
r----

531cells sto rage
battery

Lamps--

g:T=~'12 C~:"5~1~~..::: ::::::::::::::::::::
On illu m ina ted t ra ck diagram, 4-watt. 14 v .
On intercommunicating diagram, 20 v. tel .
On telepbone switch board. 20 v , tel. .
On cond uctor, towerman, gatem a n, 20 v .
On conductor, towerman, gateman, 2 c.p . 20 v .
On to wer lighting , . . . . .. .. .

Relays and indi cato rs .
Rel .ays, in te rcom mun ica t ing ... . . • . .. • . . . . . . . .
Relays. tel ephone _. _•. . .. . .. . ....

134
196
924
22
51
96

255
22
57

68
183
419
158

160
158

30
72

'M'

46
54

46
114

45

92
45

27
70

.ii '

32
II

32

31

30

29

274'

32

367
635

1343
290

51
96

274

3Q.56 lamps

677
290
57

1024 relay

Tran.sformers-
Power, sing le phase, 220 v . . _. . .. . . . .. . . ..
P ower, three phase, 220 v , . •. . • . . . . _. .
Li gh t , single phase , 220 v , . .. .. . .. . , .

Lever li ght, 55 v "" ." " """" " " . ,, ,, .
Illuminated track diagram, 14 v .

3- 10 k .w.

1- 2:5'k .w.
auto.
I-I k.w.
1-5 k .w.

1-20·k:w.
2-3 k .w.

II -I k .w.
- 5 k.w.

1- 7.5 k.w .
1- 3 k .w.

l-t k .w.

H :5'k .w.
1- 3 k. w.

I-t k .w.

1-7:5'k.w. 1- 2"" k. w. 1- 2" ·k .w.
1- 3 k.w. 2-3 k. w. 2- 3 k. w.

1- l k .w .

3
6

10

5
2

26 transformers
48,710 feet ru bbe r lead cable 1,214,500 feet of WIre.
13.890 feet paper lead cable 910.650 feet of wire.
90,600 feet linen lead cable 122,500 feet of wire.

578,835 feet loose wire rubber covered .

153,100feet lead co vered ca ble 2,826,485 feet of wire.

Levers
High signa ls _ .
D warf signals , , .. , .
Switches _. _ .
Doub le s lip swi tc hes (ends)_ . __ . • •. • . . .. . . . _.
Movable point frogs , . . . . . .. . . • . • • . • . . . . . .
Derails _. . . . . . . . . . . .• . . • . ... .. ..
Trs.ffip. !()(!lcJl..

'67
29
46
23

29
33
26
12
6

33
14

8
15
7
8
4

13
6

12
21
25
6
3

17
6

10
II
7
8
4

II
4

59
147
94
60
40
74

~
5.53 motors
30 generators

Storage battery , 110 v _ .57 cclls400a .b.
Storage ba ttery, 20 v _ 10 ceUs400a.b .
Storage battery, J6 v , _ .

Storage bat te ry , 2 v , . .. . .

57-400
IlHOO

57-160
IIH60

57- 240
10-240

57-160
10-160

set&-8'cells se~~'celJs
120 a .h . 120 e .h .

38-120 a.h . 30-128 a .h .

285
60

128

68
r----

531cells sto rage
battery

Lamps--

g:T=~'12 C~:"5~1~~..:::::::::::::::::::::::
On illu m ina ted t ra ck diagram, 4-watt. 14 v .
On intercommunicating diagram, 20 v. tel .
On telephone switch board. 20 v. tel. .
On cond uctor, towerman, gatem a n, 20 v .
On conductor, towerman, gateman, 2 c.p . 20 v .
On to wer lighting , . . . . .. .. .

Relays and indi cato rs .
Rel ,ays, in te rcom mun ica t ing ... . . • . .. • . . . . . . . .
Relays. tel ephone _. _•. . .. . .. . ....

134
196
924
22
51
96

255
22
57

68
183
419
158

160
158

30
72

'M'

46
54

46
114

45

92
45

27
70

.ii '

32
II

32

31

30

29

274'

32

367
635

1343
290

51
96

274

3Q.56 lamps

677
290
57

1024 relay

Tran.sformers-
Power, sing le phase, 220 v .. _. . .. . . . .. . . ..
P ower, three phase, 220 v , . •. . • . . . . _. .
Li gh t , single phase , 220 v , . .. .. . .. . , .

Lever li ght, 55 v "" ." " """" " " . ,, ,, .
Illuminated track diagram, 14 v .

3- 10 k .w.

1- 2:5'k .w.
auto.
I-I k.w.
1-5 k .w.

1-20·k:w.
2-3 k .w.

II -I k .w.
- 5 k.w.

1- 7.5 k.w .
1- 3 k .w.

l-t k .w.

H :5'k .w.
1- 3 k. w.

I-t k .w.

1-7:5'k.w. 1- 2"" k. w. 1- 2" ·k .w.
1- 3 k.w. 2-3 k. w. 2- 3 k. w.

1- l k .w .

3
6

10

5
2
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oth er two. Three-inch bitumin ized fiber conduit laid in concrete
was used th roughout. Across th e subway approaches and ex ­
ten ding 10 ft. on either side a four -inch iro n pipe was run for
each duct, and the fiber put through it. T he manholes are built
of br ick, with iron covers. Branc h systems of conduits were
installed for int erlocking wir es, following the same general
type of construction as for the main line exce pt that concr ete
j unction box es were built instead of manholes. T wo-inch
iron conduit is used for short runs. As a great many of th e
switches ar e on str uctural steel work the ducts were often laid
in the concrete protection of the floor s, t he concrete junction
boxes built as a part of th e floor, and th e wate rproofing made
continuous up to and arou nd them. Loricate d tu bing was used
exclus ively for wires and cables in the to wers and stan da rd
bushings and condulets were employed for branches and at ends .
T hree-inch and four- inch yellow pine trunking was used where
connections were made with loose wi res, as between ju nction

boxes and ma nholes and switches and signals. W here more
than six wi res were fun in one duct cables covered with a lead
sheath were employed. For the intercommunicatin g system
paper insulated wire in cables of th e telephone type wer e used
and for th e power distr ibut ion the cables were made up of
three NO.4 B. & S. coppe r conductors insulated with linen and
cove red with lead.

BUILDINGS.

The towers ar e of brick, three stor ies high. T h e floor plan
of the Lake st ree t tower is show n in F ig. 15·

The Clinton stree t tower is mounted on top of a peculiarly
shape d bridge abutment, which accounts for its shape as shown
in F ig. 14.

All of the tow ers are heated by steam; th e Lake st reet tower
direc t from th e powe r house, while the others have individual
heatin g units . Th e invert ed lighting system is shown in F ig. 7.

There are eight bridge power houses. In one section of each
ho use are the storage batteries in dupli cate sets for signal and
tr ack purposes. The oth er sect ion is divided into two parts.
One conta ins the motor generato r and switchboard while th e

othe r contains the relays. The doors of th ese houses ar e spe­
cially construct ed 'for protection against dust and dirt.

MAINTAINING AUTOMATIC SIGNALS WITH
SECTION FORCES.

For the past year the Union Pacific has been maintaining auto,
matic block signals on double track with the regular section
forces on that part of the Nebraska division between Kear­
ney, Neb., and North Platte, a distance of 95 miles. Previous
to this lime the signals in this territory were maintained by a
separate corps of men working under a district maintainer and
independent of the track depa rtrnent, as on other part. of the
system. The .scctions on this district are nine miles long, and each
section foreman bas an assistant and from 10 to 15 men. At the
time the maintenance was turned over to the track department
the district maintainer was made an assistant roadmaster, and
the ruaintaiuers were made assistant foremen, except in one
Or two cases where rnaintainers with track experience were
made foremen, The pay of the foremen was raised at the same
time from $65 to $75 per month. While the former maintainer,
have practically all left by this time, the section foremen have
rapidly learned the work.

Previous to taking lip the signal work nearly ali the foremen
had enrolled in the correspondence courses of signaling' pro­
vided by the educational bureau of the Union Pacific. These
lessons were of much help to the men in handhng their new
duties. As was to be expected, the number of signal failure;
increased at first, bot they came down to about the average
number within a short time. Signal maintenance has largely been
regarded as a work requiring mechanical and electrical knowl­
edge and skill beyond those of the average foreman, but they
have mastered it readily.

This method "f maintaining signals. with the track forces has
several points of merit. In the first place, it eliminates the
double daily inspection, as the foreman call inspect the s ignals
at the same time that he is making his track insilectioll. Again,
under the old system it was necessary [or the maintainer to call
011 the section forces for help whenever he had any heavy work
to do, and in such cases much time was lost by the men in wait­
ing for one another. The presence of the men from the two
departments also frequently led to trouble. Its economy is the
result of doing away with the "lack of co-operation" often exist­
ing between section alit! signal forces.

The increase in salary offered an incentive to the better class
of foremen to study the operation of signals and increased their
efficiency as a class. This plan has worked out even better than
was expected by the local officers, and is regarded by them as a
«uceess. It has been carriod 011t under the direct supervision of
Thomas Scott, roadmaster.

"Ur IN" nus PART of the country, where they do some mighty
good railroading, is a big-hearted general officer, who once,
during a blizzard, directed his superintendents to order train
and engine crews to disregard block signals forced out of corn­
mission by the elements. A section Ioreman went out to change
a rail with the traditional one 111M who could not flag both
ways. $0 the section Joreman, with the rail out, relied upon
the (automatic) block signal for protection. Along came the
train with orders to disregard the signal-and the engine landed
in the ditch. There was some official talk of discharging the
section foreman . The big general officer faced the music and
said, in effect, that if any enforced vacancies were to occur he
himself must be the man. 'Furthermore,' he added, 'we have
learned something; if wc are ever again tempted to disregard
block signals, we will first notify everybody 011 the railway, ill­
eluding the section foreman, Such manliness is the rule rather
than the exception among railway officers. It is a practical kind
of honesty which counts iu the gl eat art nf handling mell."­
D. ,/1. D., in "Letters From "" Old Raiht,-ay Official 10 His SOft,

A General \ltJlltlg,·r," cOf>)'I'ightqd by Railroad Gazette (htC.).


