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RREFACI

The author in the celection of this subject for a

thesis dia so with the following objects in mind. First, that

by so doing he would become bet'er accuainted with the theo-

retical working of a system in which he had some practical ex-

pericnoe. Second, that he might leave the institution some

compiled form whereby the incentive for further knowledge

might be hed by the ctndents, on this cubject.

The thesis itself comprises a cystem of interlock-

ing which is very important and sho 1d claim the attention

of all ctudents interested in slectric Railway or Interlock-

ing Systems. It comprises the theoretical part of interlock-

ing with drawings, tables of data and caloulatione from these

tables as to the size and capacity of a model plant, which was

modeled after the one in vce by the iichigan Central Railway

in Detroit. |

The author expresses his sincere thanks to the Gen-

ori “-ilvay Signal Comanyof Rochester, New York; the Union

Switoh and Signal Company of Swissville, Pa; and the men in

charge of the cystem at the Michigan Central in Detroit. Much

data wae received from these sources and due acknowledgment

ie made hereby.
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Part 1.



Historical and Explenation of the “ifferent Finds of

Interlocking.

Interlocking is of English origin, and the earliest

time for patents having been granted in England was about 1856.

In less than twenty years or in 1873 over thirteen thousand me~

chanical interlocking levers were employed on the London and

liorthwestern Railway alone, at which time not a single lever

was in use in the United States, the firct experimental ine

stallation haveing been made in this country bylessers Toucoey

and Buchanan at Spuyten Duyvil Junction, New York City in 1°74,

and the first important installation on a commercial basis

having becn made by the Manhattan Elevated Lines of New York

City with machine built by the Jaokson Manufacturing Comeany,

of Har:isburg, Pennsylvania in 1877-78,

Very soon the railroads eaw that a very econcmic

saving could be made by the installation of interloc:ing sys-

tems and this gave Bise to the develovment of our modern in-

terlocking systems.

Five distinct systems of interlooking are in use at

the presehS time which are as follows;

Nechandeal

Uleotro-nechanical

Electro-pneumatie

Electric D. C, and A. C.

sleotré- Dynamie

of rechanical interlocking the most commonest at this time end

the first in origin, I havo very little to say as everyone is

acquainted with this system, its good features and its failures.



Lleetro-lMechanical and Zleotro-Pneumatic the next

step in the development are very well suited to certain lo-

calities, but are not as ccmplcte cs either of the last men~

tioned, It consists of a system in whick the functions are

operated by eleotrio currents controlled by leve:s in the ine

terlocking plant, The signal or switch is operated by mech-

anical energy derived from sir pwessure or other corces,

This necessitates, in the case where the energy for the move-

ment is derived from compressed air, of having a compressed |

air machine and connecting pipes to 211 the different functions,

also, batteries whereby indication that the function has per-

formed its duty may be received at the interlocking plant,

The lnst and most modern of 211 interlocking plants

are the electrio and elcutro-dynamic systems. Of the purely

electric there are the D, B, and A, C, systems each suited to

the conditions under which they may be called upon to operate,

but limited to the point that they do not give a positive in-

dication thet the finotion has performed ita duties, except

thru the breaking of a contact, while the function is in motion,

The electro-dynomiso cystem gives an indication when, and only

When, the function has comol:.ted ite duties, This is trought

about by the reg: nerated energy of the motor, which after

producing the cwitch movement acts as a genorator and gives

back to the line an indication that the function has com-=

pleted its duties, Of the dynamis ryotem much more gan be

found in the prececing pages in which I have undertaken to

design @ model plant.
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Principles of cleotro-Dynamic Interlocking.

In the consideration of a system of interlsc::ing,

two features of vital importance must be considered in order

to insure reliability and atsolute safety to the eysten.

These are os follows;

1. Some means mst be provided to check the

correspondence of movement between lever, wwitch, signel or

otner function controlled ty it.

Ze The mecne for preventing unouthorized

movement of switch, cignal or cther controlled funotions,.

In the spstem of electro-dynamic interlocking

made by the General Railway Signal Commany, these two re-

quirements are fully met by teans of dynamic indication,

or counter “.U.F. for which, energy is furnishedbya mor-

netary dynemis current gencrated by the motor of the op-

erated function itself when, and only when, the actval op-

eration shall have been properly completed,

The unauthorized afvement of switch or derails or

the improper clearing of signals is prevented by 6 simple

and effective means of cross protection whidh I shall de-

seribe later.

The complete installation of this svstem of inter-

locking consists of the following elerents;

1. Source of power, consisting of a storage

battery with its charging wit,

2. Power control avparatus introduced between



the cource of rower and the interlocing machine.

Se An interlocking machine with levers for

the control of the switch end signsl mechanisms,

4. Switch mechanisms, their opereting and

indicating oircuits.

5. ‘ignal mecheniems, their overating and

incicating circuits.

6. Kcans for the nrevention of unauthorized

movement of any function.

fhe source @f power from which the syetem is op-

erated is a stor:ge batterywith a working potential of 110

volte. This battery being charged by a motor gencrator,

rotary convertoror reotifier, Power is delivered to the

interlocking machine under control of nrotective apvaratus

located on the switBh board.

Interlocking liachine,

The operation of each gwiteh and signal function
1s controlled by levers, wnich rith their respective loc

ing tappets indicntions magnets, and circuit controllers are

mounted in a common frene, the whole being know as a inter-

locking machine. ‘Starting with the lever in cither of ite

extreme poritions, the atroke of the lever is divided into

two movements. The first movement locks all lovers conflict-

ing with ite new position and oneretes the function, THe

second and final movement of the ctrol:e relesses such levere,

hitherto locked as do not conflict with ite new position.

Except in the reverse poition of a cignal lover, this final
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movement cannot be made, until tne Gncmio indication hzs

been received certifing that the onerated Punsction has as-

srred a pocition corresponding vith th t of its lever,

switch Mechanicm -e-<----s8=— operating and indicating.

wach switch and derail is throvm and locked by

a switBA and lock movenent driven by a series wound direot

urrent motor. Two wires are usei for its control, one for

the rorral and the other for the reverse operation, The

same wires are used for indiie&ting purposes, the normal con-

trol wire bcing ueed for reveree indicetione and the reverse

control wire for normel indiostions, The cirouit is connect-

ed to the main contion at the switch loc:tion.

The oircrits for the switch are chown in the fol-

lowing dravinge, the opersting erd indicating currents in

the different diagrams being shorn by red lines. ‘When the

svitch is to be operated, the Tiret movement of the stroke

of the controlling lever carricgs it as far asthe reverse

indication position anc permits crrrent to flow ag chown

in Fig. 2., which cauees the mechanism to move the switoh

points to the revorse position and locks them in that pos-

ition, hen this movement has been comnicted, the circuit

thru the switch motor is automatically changed, disconnect~-

ing the motor from the battery and connecting it in a closed

circuit inoluding the indlostion magnet, Big. C., at the

game time the armature temiinzls are reversed for indication

purvocea, thus, leaving the motor connections in the proper

porition for the next operation. The motor (now a generator)
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now & gcneretcr «ith 2a monentum accuirod duming the operation

of the cwitoh movement, generetes 2a mementary current which

energizes the indicetion mignet thus vermitting the final

movement of the lever to he comnl:ted, Fig. D.

The operetion of the lever end function from the

reverse to the nérmal position is accommliched in the came

manner. The gomplete: switch moverent and final déperation of

the lever may be accomplished in from two to two and a half

seconds, the indicstion being practicnlly iuastantaneous with

the completion of the switch operation.

Sienai Orercticn.

The signal is operzted by 8 rechanism in which the

motor is directly connected to the sera-phore chaft thru a

Low reduction gearing, The eignal is held aB proceed during

snoh time as its controlling lever is in the reverse position,

soley by means of a dense magnotis flux throw across the

air go> between the motor armature and the ficsld pole vieces,

by eutting the windings on ‘he holding field poles in series

with the oper&ting field windings. Zach signal recuires for

4te operation and indicntion, one wire and 2 connection to

the common return wire,

Diagrammatic cirevite sre chon in the fol‘ owing

dravings, the path takon by the operating, holding, and in-

dicating enrrent in the diffsrent diagrams being shown by

red Llinss,

Upon reversal of the controlling lever, the sig-

nal mechanism vill receive current os shorm in Fig. B., this



casing 4% to move tno tlade to the nrececd position. ivhen

the cipnal blede has esewed this nocition tre circuit bres.c-

er ents in eceries with the oprating ficld and armature, the

high resistance holding ficld, rcléding the cignal arm at pro-

cecd Fig. C. Tne hrolidize field tindcings have a high resicte

ence, .sich reduces the crr:ext to that emmnloyed for holding

the -ignal at proceed. “hen tke clenal lever is pleged in

the nornel indile&ting position,cnergy, is cut off from the

motor and the tinde retvrens to the ctes position by rravity,

Guucing the ciprn.l iechenicn snd netaeyp arnature to revolve

backwards to the criginal pn sition, Just as the blade reaches

the stop position the action of the @ircuit breaker connects

the motor armature and operating field into thelr original

Closed circuit Fig. D., in which ig included the ladication

napnot. Do to its ec.uvired momcnutum the motor (now 2 ganer-

ator) produces an indicsting current in this clireuit which

permite the controlling lever to be moved to the fu:l nore

ral position Fire oe

Dynamic Indisetion.-----s--< Advantages.

1. The indication te not cecured from energy

existent at the S:netion vrior to the movement of the fun-=

ction, and depentent only on tne closing of <¢ single brake

in the indicetion oirevit, as in the 4.C, end battery in-

disation systeme, but being a G@ynomic durrent generated by

the moncutum of the motor, it can be cecured only after ac-

tue] operating of tie function.



 

2e The energy for the indication is develop-

ed at one ond of the strenit and the tnifeation magnet is

located at the other, hence, 3s cross betw'cn wires prevents

indicetion, while in a svstem whera a battery is used a

crose in wires vould eause an indication,

5. ‘No extra power for indicetion,

4. Indication current seases sutémeticallg

vith the stopving of the movér,

5. No sddittioncl] wires ere recvirec for ine

dication.

Cross Protection.

The cross vrotedtion system prevents the unauthor=

izedmovement of any svithe, simmel, or cther function dune

to energy improperly applied to its olrcult thru a erose

between wires, by cutting off the current from the function

inthe event of cuch an occurence,

ALL functions are normally on a olased circuit of

low resistance, Connected rith each of thease circuits is

a small polarized releay thru which all operating and indio~

ating currents must pass in a direction to maintain the

relay's contact closed, while all currents from an anauthore

ized souroe must pess in the dvposite direction thus inetant-

ly opening the contact. ( Part V1l explains the action of

the relay more fully) Thru all the cortacts in series is

controlled the retcining mognet of an elcoctro-mechanical

circuit breaker. ence a cross on the circuit of the 2imcte

ion at rest, by opening the contact of its polarized relay,

opens the circuit breaker nnd cuts off power from the inter-



losking michines, thereby rrevonting any imrreper move-

ment of the function.
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Desten of Plont, Switoh Poard Cirenit and Unit Inter-

looking System,

Drawing l,.

Tig. 1., shows how a svstem of slectrisc inter-

locking can be applied to a railroad terminel. The erve-

tem I heve undertaken to Gesien consists of five (EF) Model

4 G@witoh Machines and three (2) Model 2 Dwerf Solenoid

Sigenmel Machines. The fecien iteel? is texen uv further

-under the read of Be@ign ofPiant.

Operetine Svitch Roard,

Fig. 2., on this draving shows the overnting

switeh board for an interlocking pliant and consists, of a

ewitch board on which are morntsd ocly the apreratus er-

sential to the ofrenit breaker control, chows tre retein-e

ins magnet of the circuit breaker controlled thrn the pol-

arized relay on the ewiteh doawd and those on the inter-

locking rachine in such & ni aner, that, should any of them

reverse their pocition the clronit breceker will AImnedisate-

ly open. The polarized rolay on the cwitch bewera is to

guard arainst the eftect of an accidental oross between the

positive and indicating bres bars on the interlocking mnach-

ines

Figs 56, on the sane drawing shows the circuits

for the operating switch board, interlocking machine, switch

and seiznal function and gives © clear idea how the wiring

drawing for a two lever plant would be. From thie drawing

a coneise conception can be had of an interloc:ing plant



consisting of sight (8) levers
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sLeotre=-Dynamic Interlocking lachine.

The interlocking machino is ucunlly @ccipned co

thet each lever controls a fign.:l or switch mechinism. Put

in some Gates machines are made in which one lever opors:tcs

both the ewltoh and cignel function. The design of an in-

.terlocking mechine necessitates, that 1t be absolutetly

enfe in operstion «nd indicntion of the differcnt function

movemcnts, The raghinca are co decif¢ned thot;

» No lever o:n be moved from any given pos-

ition, if .ny other lcver rechonically interlocked with,

is in such ca pocition that its controlled function should

conflict with the function of the lever itcolf,

ee The full movemcnt of the lever cannot be

commleted until the function controlled by the lever itself

hes moved.

fodel ¢ Unit Intcriocking ltachine.

Drawing Ilo. &

The machine comyriscs the frame, levore with guides

indio tion msagnots, and circuit ocontrolilcrse. The locking

phates and locking, the terminsl bosrd and e machine cabinet.

Levers. nch lever with ites guide, indic tion

-mepgnet controllers, etc., commriscs 2 commicte unit in the

interlociing rochine which ¢e-n be r moved and replaced in

the machine vithort dieturbing adjacent levers in any way.

Thig rweakesg the rochine very ficxible nd eary to repair.

The machine is e-ul~ned with 2 lanm, which reccives

the indiction of tire f-netion and chows the lever ran thit

the function h2a opcratod,
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The indication selectors mounted on the ;r:chine,

es chotm on the drwing, concists of tvo clectro-mcarnots

and a contecting crmature which throvs in one direction

Vhen the levor is reversed cnd in the other when the Lever

is put norual.
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Model 4 Switching Inchine,.

The ewitoh mechconicm of the General osilwoy Sire

nel Compuny's electro-dynimiso syctem, cre exch under the

control of a2 lever in the interlocking mcchine. Por their

opcrction there is resuired two wirce only, one for normal

ond the other for reverse orerntion cf tre mochznicm. The

same wires sre ueed for indio:ting nerporce, the normal

wire being used for reverse indic:tion, while the reverse

control wire is uced for normal indicontion,

Drawing "No. 3

vhen the lever is moved from *, to F, in Fig. o

on tho indication eclector controller contucts, current is

taken from the positive buss thru the cafety magnet, S,

incic:tion selector, lever cont-cts =nd control wires thru

the ewitoch motor to the conmon. This csveées the desired

movercnt of the eviteh, which nerforrs the following fun-

ctions in the order given;

1. The detector bar S$ is reised «nd the ewitch

unlocked

oe the switeh points sre thrown.

&. The ewitch noints sre lockcd :n@ tre bor

lovered.

A. The current is cut off from the motor «nd

‘the termin-ls of the armature reversed for indieseting pur-

nores, leaving the motor nroxvcrly co7mmected for the next

moverent.

The motor is now on 2. c’oced circuit which ine

Gludes the indication moenct. Due to the momentum eaccuiroed



during the switch operation, the motor sruature continres

on eevor:l revolutions for tiie scencration of the momentary

current «rich cnergices the inédic tion tx.pnet and thereby

permits tre final movement of the levcr to be scommlicted.

The chonting of the motor connections is affected

by the mech nienl chitfting of the contrct in the pole changer.

In addition to being rcehanieslly opcrcted, this céntact

blook is wider the control of tvo cets of solenoid mairnets,

co thet chonld the ewiteh fil to cornicte its mover.ent, Bhe

controlling lever rey be chifted and tiru the cnergicing of

one ret of the mornitr carve the ynole chinger to vet un tho

circuit for the oneraticn of the switch in the opnosite dir-

ection, “his ploces the mech nicm under the control of the

lever man, ©o hat cnould the evitch vnointe beecme blocked

with enov, ioe nd co on, tre noints msy be moved bck and

forth until the obstrvetion is diclocred.

Safe Gunegds,

The ewiteh eech:intem is cafe st o11 tince, Prom

false <peration und its icver from imyproner indic:tion in

the folloving manner;

1. Fy the cross protection anparntue.

De ry the mech nierl design of the lever,

fnlcee indicntion is prevonted.

5. Puring ihe time the current is flowing

thru the lever magnets for tre ope stion of tre function,

the exnfety marnet inevres egein t the norsible reccipt, of



any improper indiesation dre to an secidental crors hetween

the ecntrol wirce cf the fonction. The scafcty maicnct is

mounted under the indication megnct with the indiocstion

mepnet's armature resting on ite polcs, rome diet:nee from

the rolcs of the indiontion marnet. The safety megnet coils‘

2re °o commected in the operating tiat the whole oner: ting

ovrrent flows thru them, hence ony current flowing thru the

indiesation rsenet, «ne to a crocs tetweon the centrol wires

of tre funetion c nnot ecrce dad the current thru the cafety

racn?te

“he indio tion sclector insures crninst the pos-

eible receipt of improrer inciestion, tcing so ocomnected

that the operiting current vill attract the armature snd

Glore the contact for the reverse in’ ioction only, hen

the lever is moved reverse, and tne contact for the norral

indietion, when, the lever is moved norral. The indic~

ation ond selector and cafety marnet coils sre gonnected

in reries with the control circuit, therefore, if the cur-

rent thru thom ie not intsct, onernation of the fvnction

will be prefented,

The migmnetio control of the pole changer preventa

the switenh from being moved by hand from the position oc-

cupied, except, thru brenzine the operating Gironites by

some such reine ae removing the motorxburmshes. nanivulation

of the pole oh«nrer by hand will not canse movement of the

ewiteh ont of correcnondence with its lever.

odel 4 Switching 2?.schine.

Drawing Ilo. &

Fie. 1. shows en end nd ton vicw of Model 4



Switeh Lachine. This tyne is ext-cnsively ured in intecr-

locking pvl-nte for its rirylicity, ond beenuce the height

of the entire -nohine is very enoll, thus 2110. ise much

Glesrcnnece for the jovrnel bores of the locomotives «nd carr,

Tre onernating rairts sre i, a scries direct co:rrent

motor, c train of cnur gears, tie main or cam gear D, the

pole ckhanrer 1, tie throw rod J, end loci:ing ber F. Tho

motor tiru the medium of tire train cf gears drives tho cam

seer D, fron which fear, the v-rious vurte of the rvitch

michine cre onerxrted. Tho intervittent movercnt of the

locking bur and detector bar is scoornlictred ty the cne

geeerent of rollerr on the loci:ing tor with tke esm slot

on tke unner ©14@ of tre main poor. The throw rod is op-

erated in both extreme pnociticne of the cvltch bolt oper-

ated from the o m moverent. The cxm precr is Gesifned to

rerz it a free run of the motor at tre end of the overct=

fon of ts reernism for tre nurrore of fpenerntine s strong

vocitive indicaticn current. ‘ fibre clutch, dgerirned with

lorre surfaces and lincd ith fibre srotcets the rechaniem

npninct erock shonld tre rechonism beecmo obsitrected.
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Model 2 Solenoid Dverf Siernol,.

The eolenold dwirf sienal is desicned to oncrnte

in two nositions, urvrer or lower -undrent, with 2 45, 60 or

90 derree travel of the arm, vo cets of narnet windings

are provided, wich consists of oner ting coils of low re-

eistance and holding ccile of hirh recictunce. The move-

nent of tne colcnoid mipnet niungere is transritted by moans

of enitakle eonnection to the dwirft enectacle or arm.

Dwarf Sifn.l Control.

Praving 4.

.ach of there -ecchiunisma recuire for its oneration

a2 ecntrol wire, since it is imprsctic:ble to secure . dyn-

anig dndiso..tion from a sifn.l of the colenoid type, an ade

ditional vireo is re:uired for indicstion purnores.

Leverecing centrol lever in Fig. 3 (lever in poc-

ition showh reversed), current is tnzen from the noritive

buseg bar teru tie lever contcots, ti:e coutrol wire solenoid

oner'ting coils 41 and Ac to the common. This causes the

movenent cf the circn:l orm from ctop to prpcecé position.

AS the arm reaches proceed position, the cirounit btreeker

cont:ct C opens, w::ich Génnects the hich resistance hold-

ing coils Ry ond By in scrics with tho opercting coils,

the flow of the current thereby being reduced to the mini~

mum re uired to rotain the arm at procecd,.

~hen the sipnel lever is placed at its normal ine

Cie:ting norition, 211 cnergy is cut off the colle and the

@etfennl crm returns to the cton nocition. ‘“s the arm reaches



this porition, contsct PT is closed, thus rerrittics tre ine

Cietion matnet to be enerrirced by eurzent tul:en from the

main battery hich affect: the relesce f t'e controlling

levor ond xliows its nornsl movercsnt to be comnleted.

lodel ¢ twarf Solenoid “imemol.

Phis cignm:l conctsts of tre colenoid nerncts,

tq. ‘os. Fy, Te, @ raexn G@ and pinion rovement H, and orsnk

J, is movnted in & cease which currorts the dwerf cnectacle

shaft. he movement of tre OKO F connecting the colenoid

plunrer .4 end Js is tranemitted thru tthe scdium of the

racy G ond vinion E, to ersnk J, hence by reans of the ccne

necting ekhcft to the dwarf erect: cle.

™ne cireuvits for the control are broken thru prirs

of enrings, which make cont ot at the proner time vith metal

pileccse, fcestened to 2 commutator mounted un-n the sare shaft

as tne pinion —. The oporsting cont«ct C is desiened to

héld its circuit cloced thruout the movement, until the blade

hes accumed the yvrocecd poeition. The indicating contact

D is closed only = ren the blnde is in the etop position,

Vote. The ecncctscle of the sirenal is tre arm on

the rienal rcohine, which -ives the enrineer on the looo~

motive the indtontion tr:t the track is cither clesr or

blocked by the position thut the enect:che is in.
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Polarized selcy.

The policrized relay as shown by the ceocompneying

draving, is mountec on the terminal board of ithe interlock-

ing machine, directly beneath the lever. It is made vith a

soft iron core(&) which lies lengthvise between the poles of

& permanent ragnet. T:e degign of the relay is snch, that as

long ee the current is fléwing in one direction the contact

(C) is maintained closed, Teing a permanent mepnet (B) one

end is a north pole and the arrature end (1) is a south pole

or visa vergea, Now if tho soft iron coil is so desifnoed that

when normal flow of current, ite end (F) is magnetized couth

or the sa:.e as thet of the armature, it will ronel the arr

ature and thie vontect will be cloced.

While if tre current te reversed the polarity of

the coil (13) will be change to north and being of greater

strenght, than that of the nerranent magnet, it will attract

the armature thereby brecking the auxiliary circuit and oren-

ing tie circuit brea:ers. Pecavee of the senscitivoness of the

relay it is used in preforence to any otter type.

In orcer to understard why the ovr:ent flows in the

reverse direction when there is 2 cross on the interlocking

machine or line, I have drarn the diagram as s!.own on the fol-

lowing pege. This is a modified form of Figure 3 Drawing No.

il. 2By refering to Fig. 5, the direction of the normal indice

ating current is chown by heavy srrows. The orrrent for fen-

eration ie developed in the motor of the function ( acting as

ao generator) end flows to the ccmmon roin thru the polarized

relay to the indiceting brush bar, thru the polcrized reley

and indication magnet to the lever.
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If we had © cross betweon thebuss bare or wires on

the interlocking machine (shown on the drawing by dotted lines)

the current would flow in the di:cction as shown bythe dotted

arrows wich is onvosite to the normal flow and would magnotize

the coil of the polarized relay in the onnosite direction and

inmediately open the circuit brooker,.

The drawing on the following nage rhows the same ac-

tion and as before, heavy errows denote the nermal flowof cur-

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

cross on the line.
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Lead Stornee Fatteries in use in lynomio cysten.

The batteries used in this system consists of two

lesd nistes or sets of lend niates sevr~ended in a adllute

eolntion of Sulvhuric Acid. “hen the battery coneistse of

two lead pPintes, the nective plxtes sre une more in nue

ber tran the poritive.

Pilot Cell.

4 gell in the batiery is scelccted to be veed to

follaw the daily overstion of the b-ttery. “neoifie pra-

vity re:dinge sre trxen coach dny of the clectrolyte. The

electrolyte of this cell ie kent at a fixed heieht one half

(+) inch above the top of the plates, by adéing a ereall

cuantity of ercmically nure waiter ench day.

The battery is not charred till the cpecific

persvity of the pilot ccll hoa fnllcn at lcast ten (10)

points below tne preccding overcharge maximum, the battery

being thon about one third (1/3) discharged. The charging

should be at normal rated amps, or as nesr as poesitle and

continued until tre cnecifie er-vity of the pilot cell has

ricen three (2) points below the moximum reachod at the pre-

ceding overchrrre, ( srich is «bout 1.507). Once every

tro 2) weeks prolong the rerular charge until fifteen (15)

minute readings of the cnecific gers=vity of the pllot ecll

end of the battcry Yoltege, teen from the time the cell

commcnees to gare shows no rice for five (6) cnuocessive

readings, thus having been et a mexirmum for one hour. This

overc:arge should be riven voter the bst‘erics heave been



Discharging.

The cnocific eravit- of the rilot eell shovld never

be alloved to f211 thirty (.0) pointe below the nre@cding

overchsrse maxima (1.207). hile the voltage eho-ld never

be elloved to foll bk.low 1.85 volts per cell,

| Readings.

readings echould be trken of the cvecific gravity

of the nilot celis and bvttery voltage just before start-

ing and ending every chaorre, torcebher with the tcrmeroture

of the eleotrolvte. In commering epccifioc gravity readings,

trey chopladbe corrected to a standard terpersture of reventr

(70) desrees Fehrenheit, by atding one (1) point for evcry

three (©) derrees above anf? eubtracting one (19 point for

every three (2) derrecs below.



Wires and “‘iifring.

Sspecific::.tions,. |

Ll. d}ubber covered wire emaller thin No. 14 8.2 8

fauee chall not be used.

“i. Har@ drawn conner line wire shall not te erslle

er then No. 10 E.& “. pouge.

Se TO Common return shelt be less then No. le Be

& S. fuuge

rumbere and eirces of track oiro: it wirce shall be

ce follows;

Track Patterics to rail 1 conductor Noe 9 B25.

relays to rail " " i" "

Shunt connections 2 " " "

Switeoh circuit control R " " n

Wire trunking "12"

These wires chill te lsid loosely in the conduite

without ctretehine or crovding and no more tran two wires

Gan te connectcd to one binding port.
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Desizn of Plisnt.

‘moere hour cs. acity re ulired for oncr:tion of

Plant fe obtnincd Ly multinlying the number of lever move-

rents ner dey by the number of cays between charges and by

a function conetent. This function constant is inflvenced

mainly by tro tings;

l. ‘verare lenght of time that elenols core

held in prooeed pocition and ratio of number of rignal move-

ments to ewitBA movercnts, This cinstant is taken usurlly

2s .006.

Canacity of Fattery wien Number of Voverents is not

KNOWN¢

The dnt in the following t-tle is sufficiently

la fe enourh to ec: re for ordinury conéditons.

Inte end Cslculations,.

Model 4 Switeh Lachines nm eseennnnwcaeeonamewmne §

Model 2 Solenodd Lwarf Vipnal -s-sess-cecewenenee 5

Interlocking Urching em-memmeenwomnwwecnmanwnmeree § levers

From tables on the following chcets we kave these

recuits for an elig¢eht lever plant.

Table l.

Interlocking *cchine ----- 8 levers

Cenacity of Tattery -«-«--40 ammere hr. - 110 volte,

Humber of Eatterice ---=-9-55 to 57 and pilot coll.

Table 2,

Sisco of Dattery canaity ---- 40 amp. hrse

Normal chaurfing current «-e-- 8 hr. rote=- 5 ann.

Vumber of plates ver ccll «<< 6§



bimencions of battery jar

Length wocesem=

VLdth emeennene

Noleth «-----<<

cand Tray

Length eonswcos

VAdth wnmnenne

TnNLiGEnces seoe=

Cell Cover

Tidth ecnce-en-

LEneth wmaceene

7=7/6

4~1/4

11

9-1/2

6-1/2

27/8

6

inches.

inchcs{

inches.

inches.

inchcs,

inches,

inches,

inchcs,

epprozinute \.elght of cell cormlete ----------20. 27,55 nounds

“pproxinnite Leicht of = ectrolyto ---«-ese.---6 10.75 "

Prom able 3,

hequdires a motor penerator cet with ao ccpecity

which is es follows;

Input GD6D OD>CDaD HOOD EbGO ED OwODOD ODOS 1.25 eve

Floor “n2ce «-enewmmnrewne 45 ¥ 15 inches

Cenerator Ounacity -~e-== 160 volt min. = 1.00 £7,

Dimexzcions of Motor Generator,

Input OPODADGbGDODGD 4m000 Ot ae ae ODOw 1.25 vr oe
Sretie

Input te motor at ----2-= £220 volte - spproz. 7

RR. P, Ye SRennwnsanneeeen L500

Width of cet <2) GD on OE Ge OD ER ww OD wD we

59 inohes,.

cl inche S$.

20=2/8 inches.





 



 


