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BREFACE,

The author in the selection of this subject for o
thesis did so with the following objects in mind, First, that
by s0 doing he wonld become bet:er accuainted with the theo-
retical working of a system in which he had some practiocal ex-
pericnce, Second, that he might 1eav§ the institution some
compiled form whereby the incentive for further knowledge
might be hed dy the etndents, on this rubject,

The thesis itself comprises a cystem of interlock-
ing vhich is very important and sho ‘1d claim the attention
of all ctudents interected in slectriec Railway or Interlock-
ing Systems, It comprizes the theoretical part of interlock-
ing with drawings, tables of data and caloulations from these
tables as to the cize and cepaoity of a model plant, which wnsg
modeled after the one in vre dy the iichigan Central Railway
in Detroit, _

The author exprecses his sincere thanks to the Gen-
er2l T ilvay Signal Commany of Rooheeteg. New York; the Union
Switoh and Signsl Company of Swissville, Pa; &nd the men in
charge of the cystem at the lichigan Central in Detroit, Much
data was received from thess sources and due soknowledgment
is made heredy.

Author
T. H. Reid.
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Part 1.



Hietorical and Explaration of the Tifferent I'inds of
Interlocking.

Interlocking is of English origin, and the earliest
time for patents having been granted in England was about 1866.
In less than twenty years or in 1873 over thirteen thousand me-
chaenicel interlocking levers were employed on the London and
NHorthwestern Rallway alone, at which time not a single lever
was in use in the United States, the firrct experimontal in-
"gtallation haveing becn made in this country by l'essers Toucey
and Buchanan at Spuyten Duyvil Junction, New York City 4inm 1874,
and the first important installation on a commercial basis
having becn made dy the Manhattan Eleiated Lines of KNew York
City with machine built by the Jackson Manufacturing Commeny,
of Har:isburg, Pennsylvania in 1877-78,

Very seon the rallroads esaw that a very econcmic
saving oould be made by the installation of interloc:ing sys-
tems and this gave $#ise to the develovment of our modern in-
terlocking systems,

Five distinct systems of interlooking are in use at
the presetff time whioch are as foliows;

Mechandeal
Zleotro-mechaniocal
Eleotro-pnoumatie
Electric D. C, and A. C.
£Zleotré- Dynamie
of rechanical interlocking the most commonest at this time gnad

the first in origin, I have vory little to say as everyone is
aoquainted with this system, its good features and its failures.



Eleetro-liechanical and Zleotro-Pneumatic the next
etep in the development are very well suited to certain lo-
calities, but are not as ccmplcte cs either of the last men~
ticned, It consistes of a system in whick the funoctions are
operated by eleotric curreats controlled by levc:rs in the ine~
terlocking plant, The signal or switch is operated by mech-
anical energy dar;ved from air psessure or other cources,

This necessitates, in the ocase where the energy for the move-
ment is derived from ocompressed air, of having a compressed .
air machine and connecting pipes to 211 the different funotions,
also, batteries vwhereby indication that the funotion has per-
formed 1ts duty may be faceived at the interlocking plant,

The last and most moderm of 21l interlocking plants
are the electric and elcetro-dynamic systems. Of the purely
electrie there are the D, D, and A, C, syostems each cuited to
the conditions under which they ray be ealled upon to operate,
but limited to the point that they do not give a positive in-
dication that the finotion has psrformed its duties, except
thru the breaking of a contoot, while the function is 4in motion,
The electro-dynomic cystem gives an indicution when, and only
When, the funotion has comnlcted its éuties, This is brought
about by the reg:nerated cnergy of the motor, which after
proéucing the cwitch movement acts as a generator and gives
back to the line an indication that the function has com=
pleted its duties, Of thse iynamiu system rmoch more gan dbe
found in the preceding pages in vhich I have undertaken to
design a model plant.
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Principleces of Zleotro-Dymamie Interlocking.

In the consideration of a system of interl-ciing,
two featuree of vital importance must be considered in order
to incure relisbility and atsolute cafety to the system,
These are os followsaj

1, Some means muct be provided to check the
correspondence of movement between lever, wwitch, esignel or
otner funotion controlled bty it.

2, The mecne for preventing unnuthorized
movement of cwitch,'eignal or cther controlled functions,

In the spetem of electro~dynamic interlocking
made by the General Railway Signal Comvany, these two re-
quirements are fully met by means of dynamic indication,
or counter *,lL,F. for which, energy is furnished by & mom-
netary dynomie current gencrated by the motor of the op-
erated funotion itself when, =and only when, the actual op=-
eration shdll have been properly ccmpleted.

The unauthorized mfvement of switch or derails or
the improper clearing of signals is prevented by & simple
and effective means of cross vprotection whidh I shall de-
soribe later.

The complete installation of this system of inter-
locking consists of the following elerents;

1, Source of power, consisting of a storage
battery with its charging unit.

2, Power control acnparatus introduced between



the cource of rower and the interloc ing machine,

S5 An interlocking machine with levers for
the control of the ewitch cnd signol mechanisms,

4, Switch mechanisms, their opersting snd
indicating oircuite,

5, “igmal mechoniems, iheir overating and
incicating circuits.

6, licans for the rrewention of unouthorized
movenent of any function.

The source #f power from which the system is op-
erated is a stor ge battery with a working potential of 110
volte, This battery being charged dy a motor generator,
rotary oonvertcr,ér rectifier, DPower is delivered to the
interlocking machine under control of rrotective apnaratue
located on the swithh board.

Interlocking l'achine,

The operation of each gwitoh and signal funotion
is controlled by levers, wiich with their respective loock-
ing tappets indicntiona magnets, a2d oircuit ccntrollers cre
mounted in a common frome, the whole being known as a inter-
locking machine, rtarting with the lever in ecither of its
extreme pocritious, the stroke of the lever is divided into
twvo movements, The first movement locks 21l lovers conflict-
ing with its new position snd operestes ths function. e
second and final movement of the ctrol:e releascs such 1evors;
hitherto locked as do not conflict with its new position.
Except in the reverse po ition of a eignal lover, this finnl
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movement cannot be made, until tne &y nomic indication hos

been received certifing that the onerated funotion hae as-

evred & pocition corresponding vith th t of its lever,
Switeh l'echanirm -e~=~~ee- operating and indiczating.

Lach switch end derall is throwvm and locked by

a swithh and lock movement driven by & series wound direoct
urrent motor. Two wires are used for ite control, one for
the rorcal and trhe other for the reverse operation, The

same wires are used for indiocating purposes, ti:e normal eon-
trol wire bcing used for reverse indicetione and the reverse
control wire for normel indiocstions, The cirouit is oonnect-
ed to the main common at the switoch locntiorn.

The oircuits for the switch are chown in the fol-
lowing dravinge, the operzting erd indicating currents 4n
the different diagrams being sho'm by recd lines. Vhen the
gritoh is to be operated, the Tirst movement of thie stroke
of the controlling lever carrice it as far asthe reverce
indication position anc permits crvrrent to flow agz chown
in Fig. B., which cauees tho mechaniem to move the switoh
points‘to the rovérse position and locks them in that pos-
ition, When this niovement has been complcted, the oircuit
thru the switch motor is autometically changed, disconnect~
ing the motor from the battery and connecting it in a closed
cirouit inoluding the indication magnet, Pig., C., at the
game time the armature terminzls are reversed for indication

purnoced, thus, leawing the motor connections in the proper
position for the next operation. The motor (now a generator)
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now 8 gcnergter with 2 monentmm aconired deming the operation
of the rwitch movement, generstes a momcatary current which
energizes the indicnation mognet thus permitting the finel
rovement of thec lever to bhs cormpnl:uted, Fig. D,

The opceretion of the lever end f+nction from the
reverse to the mérmal position ic acecompli-hed in the cuome
manner. The domplete: switch movement and final éperation of
the lever may be zccompliched in from two to two and a helf
seconds, the indic.tion teing przeticelly instantancous with
the eompletion of the switch operation.

Signal Operction,

The signal 1eg opernated by 2 ncchanism in vhich the
motor is directly connected to the cema~-phore chaft thru a
low reduction gearing, The eigral is held ag prooeed dmring
such time as its ocontrolling lever is in the reveree position,
gsoley by means of a dense magnotic flux thrown across the
ailyr ga> between the motor armaiture and the fisld pole vieces,
by eutting the windings on *‘he holding field poles in series
with the oper&ting f£i01d winiings, Iach signal recuires for
ite operation and indicntion, one wire and 2 gonnection to
the common return wire,

Diagrammatic circrite are cho'n in the fol'owing
dravings, the path taken by the operating, holding, and in-
dlicating enrrent in the diffsrent dingramm being chown by
red lin-s,

Upon reversal of the contirolling lever, the oig-

nal rechanism 11l receive currcnt as showm in Pig. B,, this



caucing 1t to move tiie tlade to thie nrcocecd position. when
the rcipgnal blede has esrwred this position the eircuit brev.-
er ¢uts In eeries with the op.rating ficld and armature, the
high registance holding Picld, rclding the cignal erm at nro-
gecd FPlg. Co The holding rield windinge have a Lilgh reeicte
ance, ' iich reduces the current to thot emnloyed for holding
the ignal ut proceed. “hen tre cigral lever is plesed in
the uorral 1-dle8ting position,cnergy, is cut off from the
motor and the Tlode returns to tlhe cten vposition by rravity,
cuusing the olpr.l cechoniom ond notop armature to revolve
backwarde to the -riginal p sitions, Juct as thec blade reaches
the stop pocition the action of the eircuit breaker cornnects
the motor armature znd operating fleld into thelr originzl
closed oircuit Pig. D., iu vwhich is incluced the iadication
vagnot, Do to ite me.uvired morcutum the motor (now 2 gmmer-
ator) produces an indicoting ourrent in this eilrcuit which
vermite the contiroliing lever to be moved to the fu.l nore
rsl pocition Fig. .

Dynanic Indicetiones=-=-w--=-e Advantages.

1. The indication is not secured from energy
existent at the M™netion vnrior to the movement of the fun=
ction, and depculent only on the closing of ¢ single dbrake
in the indicntion circuit, a8 in the 4.0, cnd battery in-
dicatlon systems, but being a &ynomic durrent gensrated dy

the morcntum of th.e motor, it can be coecured only after ac-

tuzdl operating of tihe functiam.



2e The energy for the indication is devslop=-
ed at one end of the sircult and thoe indication nagnet is

located at the other, hence, 5 oross bvastw-en wires prevents

indication, while in a system where a battery 1s used 2
croge in wires would esuse an indication.

3 To extra power for irdicction,

4, Indiocation current sceases cutémotioslly
with the stoprring of the modéy.

5, No sddittioncl wires cre recuvirec for ine-
dication,

Croas Protection,

The oross vrotedtion ayetgm prevents the unauthot«l
ized movement of any swithe, sipgnzl, or otrer function dne
to energy improporly applied to its oclrcuit thru a grossz
betwcen wirea, by cutting off the current from the function
inthe event of cuch an occure:ce,

A1l funetions are normally on a olased circuit of
low reaistance, Connected with each of thess circuits is
a small polarized relay thru which all operating ard indio-
ating currents must pees in a direction to maintain the
relay's contast closed, while all currents from an anauthore
ized source muct pess in the évposite direction thus inetant-
1y opening the contact., ( Part V1l explains the action of
the relay more fully) Thru all the contaets in series is
controlled the retoining mognet of an elecotro-mechaniocal
circuit bresker. TFence a croes on the circuit of the Xmecte
ion at rest, by oncning the contact of itc polarized relay,

opens the circuit brecker ond cuts off power from the inter-



loskirg maghines, theredby rrev-onting any imrreper move-
- ment of the ftinotion.






Design of Plant, Switokh Poard Cirenit ord Unit Inter-
Jooking System,
Draving 1,

Tig. 1., shows how a svatem of electric inter-
locking can be applied to 8 railrosd terminel. The eye-
tem I hove undertaken to dzsien consists of five (E) Yodel
4 Switoh lachines and three (Z) licdel 2 Dwerf Solenocid
Siemel l'achines, The fecign iteelf 1o tolien up further
- nnder the nead of Pelign of Plant.,

Opereting Switeh Roard,

Fig., 2., on thias draving ahows the overating
switoh board for an interlooking plant onéd consists, of a
switch hoard on which are morateod ocly the apraratus ee-
sential to the oircuit brecker control, chows the retoine
in3 moguet of the circuit breaker controlled thru the pole-
arized relay on the =witch bomed and those on the inter-
locking machine in such & n npner, thst, shounld any of them
reverse thelr pocition the c¢ironit brecker will immediate-
ly open. Thne polarized rolay on the switoch bosmd is to
guard against the ef"ect of an msoccidental oross between the
positive and indicating dbmes bars on the interlocking mach-
ine.

Fige 3., On the sane drawing shows the eircuits
for the operating switch board, interlocking machine, switaeh
and f2ipnal funotion and gives 2 clear 1dea how the wiring
drawing for & two lever plant would be. PFrom thie 4rawing

8 conoise conception can be had of an interlociing plant



consisting of sight (8) levers
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. leotro~-Dynamic Interlocking liachine,
The interlocking machino is urually decipned ro

that ecch lever controls & rign:l or switch mech:inlsm. Tut
in some carec machines are made in which one lever ovorates
b;th the switch ond cignel function. The design of an in-
. terlocicing rnchine nccessitetes, that 1t be absolutetly
enfe in operation ~nd indication of the 4iffercnt function
movencnts, The ndohigcs are o derigned that;

» I'0 lever o:n be moved from any given pos=-
ition, if ~ny other lcver rechinically interlocked with,
is in such ¢ po:ition that its controlled function rchould
conflict with the function of the lover itrelf,

’ 2e¢ Theo full movemcnt of the lever cznnot be
cormleted until the function controlled bty the lever itsel?
hes moved,

model Z Unit Intcerlocking ! achine,
Drawing o, £

The r.achine comprires the frame, levore with guides
indic tion riapnots, and oircuit controilcre. The locking
vlztes «nd looking, the terminal bosrd and a2 machine c¢abinet.

Levers, Jach lever with its guide, indic tion
magnet eontrollers, eto., commrises a cormlete unit in the
interloclking r:6hine whdch ¢-n be r moved and replaced in
the rmnchine withent diesturbing adjacent levers in any way,
Thieg r:liea the riochine very flicxidble 2nd enry to repair.

The machine is e -ul»ned with o lamp, which reccilves

the indic tion of tirc f-netion 21d chows the lever ran thot

the function h:s opcrated,
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The indication re’ectore monnted on the rachine,
28 chom on the dr: wing, concipte of two electro-mognots
"ond o oontaciing creature vwhich throws in one direotion
vhen the lever 1s reverced cnd in the other when the lever

is put norial,
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lodel & 3witching I'»chine,
The cwitoh mech-nism of the CGeneral loilwny 3ig-
n-1 Compuny's eleoctro-dynomie syctem, cre ecch under the
control of z lever in the interlocling n~chine., Por thcir
oprcration theore is rezuired two wirce only, one for norral
ond the cther for reverse oreration of tre rmechonirm. The
sanc wires nre used for indic~ting »urnorce, the normal
wire being ueced for reverse indic:tion, while the rcverse
control wire is uced for norm:l indicntion.
Drawing o, 3
vhcen the lever ie moved from ¢, to T, in Plg, &
on tho indication cclecetor controller contiucte, current 1s
taken from the positive buss thru the cafety megnet, 8,
indic~tion relector, lever cont-cte 2nd control wires thru
the owitch motor to the common. This cuivees the desired
movcricnt of the ewiteh, vhich norforrs the following fune-
ctions in the order given;
1., The detector bar 3 1g rniced ~nd thre ewitch
unlocked
2+ The switeh pointe ore thrown,
2. The cwitch noints ore locked 'nd tre b r
lovered.
4., The currcnt is cut off from the motor -nd
‘the termin-1lr of the armature roverced for indieczting pur-
nores, leaving the motor nrowerly conmeccted for the next
moverent,
The motor is now on 2o c¢’oced circuit which in-

cludes the indication magnct. Due to the momentum acruired



during the switch opcrution, the motor =rinture continnes
on ecver:1l revolutions for tie gencration of the momentary
current - Lich cnergizes the indic tion ri.gnet =nd thereby
perrito tre final movement of the lever to be ocommleted.

The chonring of the motor connections is affected
by the mech nici:l Fhifting of the cont-ect in the pole changer.
In addition to bteing rcehanieslly opcrzted, this cént-ct
blook ic vnder the control of two rets of colenold mupmete,
£o th:t chonld the switeh {:11 to cornlcte its moverent, Bhe
controliing lcover roy be chifted nnd tiru the crergicing of
one ret of the mircnctr earre the vole changer to set up the
c¢ircuit for tre oncraticn of the =witeh in the opnoeite dir-
ection, This ploces the mech nicm under the control of the
lever mon, €0 hat skrould the switeh mointe dbececome blocied
with enow, ice =nd co on, the voints roy be noved b- ok ond
forth nntil the obstrnetion is dirlocped.

Safe Gumedlds,

The ewitch rcch ngem ie cafe ot 211 tince, from
falee ¢peration :nd its lever from improvner indicntion in
the folloving ranner;

1; Py the crocs protection appafatue.

2; Ty the mech nie~l decipgn of the lever,
folee indlicntion is prevonted.

3. Turing ‘e time the ourrent 1s flowing
thru the lever magnete for the opc otion of the function,

the cofety mormet inemres agnint the noecible reccipt, of



any impropcr indication drne to mn necidental orors hetween
the ¢rntrol wirce of tre fnnction.‘ The cafcty nagnect 1e
mountcd uvnder the indication rngnct with the indicntion
nafnet'e arcatvre resting on ites poles, rome diet-:nee from
the nolce of the indicntion rupnet, The sgafety rognet coile
are ro comneocted in the opcroting tint the whole ovner-ting
current flows thru them, hence ~ny current flowing thru the
indication raoenet, “ne to o crocs tetween the control wires
of the function ¢ nnot oce @ trhe current thru the cofety
racnct.

The indio tion cclector inrureo ceninet the pos-
eible receipt of improver incdioztion, teing so comneocted
that the oporiting current w111 attract the armature snd
clore the contaet for the reverse in‘iec~tion only, mhen
the lever is moved reverse, and the contact for the norral
indic~tior, when, the lever is moved norrzl. The indioc~
ation and relecctor and cafety marnet ocoils nre donnected
in reries with the control circuit, therefore, 1f the ocur-
ront thru thom ie not intoct, overation of the frnetion
will be prefented.

The mrnetioc control of the pole chunger prevents
the switeh from being moved by'hand from the position oc-
cupied, evcept, thru breanizing the operating eircmites by
some such newns ae removing the motorzbmmshes, !'mniovulation
of the pole el nrer dy hond will not canse moverent of the
sewiter ont of correcrondcnoe with ite lever,

'odel 4 Switching I'achine.
Drawing Ilo. &

Fig. 1. shows 2n cnd nd toop vicew of !odel 4



Switeh lachine., This tyrne is ext necively ured in inter-
locking vl-nte for ite rirnli.ity, ond b-onure thre height
of the entire : nchine ir very small; thus cllo inz much
clearance for the jorrnzl bozxes of the locomctives ~nd cares.
Tre oncrating rarts sre i, & ccries direct c rrent
motor, o train of ~momr geare, tie main or eom gear D, the
pole chancer L', tiie throw rod J, crd lociing bar F. Tho
motor thru the mcdium of tic train of gecers drivec tho enm
geer D, from which gear, tlie v-rious vnirtc of the rwitch
rmachine ore opernted. Tho intermittent rmovercnt of the
locking brr ond detector bar is =coomplicted Ty the cn-
geerent of rollere on the locizing 1 r with tre cuom elot
on the unrer ~144 of tre main greor, The throw rod is op-
erated in both extrcre pocitions of the cwitoh bolt oper-
atcd fror the ¢ m moverent. 7The com penr is decifned to
rerrit o frce run of the motor at trhe end of the overct-
ion of tr¢ reech nism for tihe vurrore of ponerntine o ctrong
voritive indicatirn eurrent. * fibre clutch, deriFrned vith
lorre srrfocoes and 1lincd with fitre rrotcets tihe rechaniem

apain~t erock chonld tne reehnicm beccro obutr-cted.
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Liodel 2 Solencid Dw-rf Siencl,

The ecolcnoid dwsrf eilencl is desgicned to oncrate
in two nositicne, urmer or lower -uadrant, with o 45, 60 or
90 degree travel of the arme Ywo coets of nagnct winddngs
are vnrovided, vi:ich consiste cf orver ting coile of low re-
eistunce and holding cclile of hirh reciet.nce, The rove-
vent of tihe colenoid rurmnet rlungeres ie transmitted by means
of enitatle eonnection to trhe dwnrf cpectacle or arm.

Dwarf 3ignal Control.

Draving 4.

Jach of “here :cchaniecrma requvire for its operction
a ecntrol wire, since it ir improctic:ble to secure n dyn-
arie irdiec.tion from a sign~l of the rolcnoid tyre, an ode-
ditionul wire is re.uired for indicoticn purmores.

levercing centrol lover in Fig. 3 (lever in poce
ition showh reverred), current is token from the roeitive
busg bur tiru tie lever contamote, tihe control wire solenoid
oner-.tinx coils 41 and Az teo the common. This oauses the
rovenent of the rirsncl orm from ctop to pepceecd position.
As the arm reaches procecd position, The circuit brecker
cont:et C opcna, wi ich cénnects the hich resistance hold-
ing coils By ond By in ecries with iLc opercting coils,
the flow of the current thereby boing rcduoced to'the mini-
mur re uvired to rotain the arm at procecd.

“hen the sipnal lever 1s placed at ite normal in-

die: ting norition, 211 cnergy is out off the colle and the

eipn:l crm ret:rne to the ctop nocition, ‘8 the arm reacies



this porition, contnet I ic elored, thus vorvittine the in-
die-tion ramnet to te cuncrrised by eirrent tolien from the
mein battery wiich cffect: the relence £ tre controlling
levor ond 2l7ows its nornol rovermont to bte commleted.

lodel & Twurf Solenoid “irmul.

"his cirmil concdsts of tre rolecnoid nnr~nets,

%1e ‘24 B1, Ip, 2 raci G und pinion movemeunt H, and orank
J, iz morrted in & ease which curports tle dw-rf cmeotacle
chnft, “he moviment of tre yoike F connecting the rolenoid
plunrer 1 ond . 18 tronemitted thru the :-dlum of the
rzci G ~nd »inion K, to eronk J, hcnco by reans of the cone
neetirg eheft to the dwarf srect: cle.

The circuits for t'e conirol are broken thru p-irs
of enringe, winich ncke cont ot at thce prorer time with metal
pilecce, fostened to = commutator mounted up-n the eare chaft
a8 the pinion I, The opecrnting cont-ct € is desismed to
heéld its circuit clored thruout the moverent, until the blade
hes cocumed the vroceced voeition. The indicating contnct
D 1ie clo-ed only “nen the tl:de is in the etop position,

lote. The cncotucle of the riemal 1o the arm on
the ripnnl r-ochine, which gives the eungineer on the loo0~
r.otive the iadiontion tr:t the track is cither clenr orx

blocked by trhe porition tih:t the crnectrole is in,
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Polarized :elcy.

The polarized relay as chown by the cccommnoying
drewing, is mounted on the terminal toard of ihe interlock-
ing mochine, directly beneath the lever. It is node with o
soft iron core(A) vhich lies lenmgthwise between the poles of
o permanent ragnet. Tie design of the rclay is snch, that as
long ss¢ tho current is fldwing in one direction the contact
(C) is maintained closed. ZITcing 2 permanent mogmet (B) one
end 18 a north pole and the arrzture end () is a esouth pole
or visa verga, low if tho soft iron coll is so designed thot
wien normal flow of current, its end (F) is magnetized couth
or the ra:.e as thet of tie armature, it will remnel the arn-
ature and tho contect will be clored.

While 1f tre current te revcreed ;he polaerity of
the coil () will be changef to north and being of greater
strenght, than that of the vner-anent magnet, it will attrect
the ermature thereby brecking the svxiliary circuit and oren-
ing tie circult breaiers. 2ecouse of the sencitivenees of the
relay it 1s uced in preference to any otrer tyve.

In order to understard why the orvr:-ent flows in the
reverse direction when therc ie 2 croes on the interlooking
machine or line, I hLave drawvm the diagram ao tiown on the fol-
lowing page. This is a modified form of Figure 3 Irawing o,
1. Ry refering to Fig. &, the direction of the normal indic-
ating current is chown by hecavy srrows. The curreant for gen-
eration ie developed in the motor of the function ( aoting ae
o generator) end flows to the common roin thru the polarized

relay to the indiccting dbrush bar, thru the polorized relay
and indication magnet to the lever.
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If we had a cross betwecn the buse barc or wires on
the interlocking machine (ehown on the drawing by dotted lines)
the current would flow in the di:cction 28 chown by the dotted
arrows vhich is ovvosite to the normol flow and would magnetise
the 00il of the polarized relay 1n the onpnosite direction and
i'mediately open the circuit droalker,

The drawing on the following rage rhows the same ag-
tion and as‘before, heavy errows @enote the normal flow of ocur-

rent, while the dotted errowe cenote the flow if there was a

cross on the line,
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Lead Stornge Faotteries in uece in l'ynomio Tyestem.

The batteries used in this syetem conelste of two
lecd nlotes or rets of lcad nlates sue-cnded in 2 dilute
solntion of Sulvhurie Acid. Then the battery conciste of
two lead plates, the nec tive plutes are mne more in nur=
ber tran the ponitive,

Pilot Cell,

4 0ell in the batiery is selcoted to be ured to
folldw the daily overation of the b-ttery. “mecific gra-
vity re-dinge are ta:en cach dny of the clectrolyte. The
electrolyte of thies cell is kent ot a fixed heisht one hdlf
(%) inch ctove the top of the plates, by 2dfing a ermall
cuantity of chcomieally nure wator each aay.

The battery is not charged till the epecific
provity of the pilot ccll hza f£nllen at lcast tem (10)
points below the preccding overchorge moximum, the battery
being trcn about cne third (1/3) dieckarged. The ehorging
should be gt normal reted amps, or as near as poesitle and
continurd nntil tre rmecific grovity of the pilot cell has
riren three (Z) pointe below the moximum reached at the pre-
ccding overchrrge, ( wrich is cbtont 1.,207). Once every
two é2) weeks prolong the rerular charge until fifteen (15)
rinute readings of the spcelfic gravity of the pilot eccll
end of the battcry foltege, tolen frorm the tire the cell
comrcnocs to gas chows no rice for five (6) cuccessive

readingrc, thus having been ot o reoxipum for one hour. This
overcrarge chould be given wioetiier the batieries hove been



Discharging.

mhe rnocific gravits of the nilot eell shovld never
be allowed to €211 thirty (.0) pointe beclow the rrededing
overchoree marimm (1.,207). while the voltace sho—1ld never
be 21llowed to £211 bilow 1.85 volts per cell,

\ Feadings.

feadinge chould be tnlken of the rnccific gravity
cf the milot celis and b.ttery voltage juct before start-
ing ond ending every chaorpge, togebher with the termernture
of the eleotrolyte, In commaring spceific gravity readinge,
trey rhopld be corrected to a rtandard terpersture of eeventy
(70) decrces Fahrenheit, by adding one (1) point for every
three () degrees aobove nn” suhtracting one (19 point for

every tiree (Z) desrece below.



Wires and Yiiring.

Specific:.tione,. |

1. hubber covercd wire emaller than Ilo., 14 B.,2 3
gaunge chall not be ured,.

2o Haré drawn covper line wire £hall not te frselle
er then No. 10 B.& e gruge,

Se Mo common retirn shall be less then I'o, 12 B.
& S. gouge

Yumbere 2nd eires of track oircrit wiree shall de

ce follows;

Track Patteries to rail 1 conduotor Tiose 9 B.23,
telays to rail " " " "
Shunt conncections 2 " " "
Switoch circuit control 2 " " n
Vire trmnking A

These wires rhnll te 1:1d loorely in the conduite
without ctretehine or crowding 2and no more ‘han two wires

c:n te connectcd to one Linding port.
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Table No 3
General Data 4Lead Storeyge rPBaottcrics
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Desipn of Pl-nt.

‘moere hour cu acity re ulred for oncration of
plant ie obtaincd ty multinlying the number of lever nove-
rente ner d-y bty the mumber of daye betwecn oharges and by
a function conetant, This function conctant is influenced
r..inly by two tringc;

1. “verare lenght of tiroe that eiennle ore
hecld in prooeed porition nnd ratio of nuvmber of rignal move-
rments to swithlh movercnta, Thia cinstant is talken usurlly
28 0006,

Caracity of Zattery wien I'nmber of l'overments is not
Knovm,
The dnt~ in the following t-tle is sufficicntly
12 e enourh to c-re for ordinury conéitons.
Patn end Cszleulations,
Yodel 4 Switoh 1n0hines === ececcccccccccccecec=e §
Yodel 2 3olenoid Lwurf lipnal S E—— S
Interlocking lirching ==-=eeccccccccwcccccvcenc—eeece 8§ levers

From tables on the following chceoets we Lave these

reculte for an eight lever plant.

Table 1.
Interlocking 2'2ching =<--- 8 levers
Caracity of Lattery -«-«-<40 ampere hr. = 110 voltr,
Hurber of Datterice ee=<=epf5 to 657 and pilot coll,

Table .

Iormal chuarging current eee-- 8 hr, rote= § anmn.

umber of plutes ver 6cll e=- §



Dimencions of battery Jar

Length e=-eee-e 7-7/6 inches.

1/1dth w==eeeee= 4-1/4 inchcs{

lelpgth eeceeee= 11 inches,
Jand Troy

lenpgth eee=ee-e 9-1/5 inches.

71dth eese=eee 6-1/2 inchcs,

Thiclncegs eew=~ - inches,
Cell Cover

T1dth =e-eceeess Z-7/8 inches,

Iength =eeeees= § inches,
Approxirnte \elght of cell cormlete =e=ee=meceaeeas ¥7,55 nounds
‘pprozinmnte Leicht of T ectrolyte -ececcceeeaeae 10,75 "
Prom ficble 3, ‘

Leruires a motor gcneratof ret with a c pecity
wrieh 1is as follows;

Input ~cccccccccccccaaase 1,55 I,

Floor "n00e -~ewewe=cee<= 45 X 18 inches

Cenerator ounacity =~e==e 160 volt r:x, - 1,00 1,7,
DMipexncions of iotoxr Genmerator,

Input wececceccceccanaca 21,25 ¥V,

Input ¢e motor at e=-e=-< 20 volte =~ npprox. 7

Re Py V4 ee=ceccccacnass 1500

Lencth of cet weew<<w-w<s 39 inghes,

i/1dth of ret =e<=~<eee-ee-a 1 inches,

Tedpth ==m-emesemecececee 20-7/8 inches.












