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ELECTRIFICAT.10N OF tl'HE BALTIMORE AND OHIO TUNNELS 

IN BAL'l'lMORE 

A PIONEER PROJECt.- the history ~f the electri­

fication of the Baltimore and Ohio tunnel s at Baltimore is 

of importanc e beca.use 1 t was the first a,pplicatlon of 

electric! ty a.s a motive po wer on a trunk line. Wi th 

co predeces s ors to lead the way and necessity demandi Lg it" 

the Baltimore a~d Ohio Railroad went ahead and performed 

ttlis engineerirJg task a ndffiade it a succeS8, thus p aving the 

way for others a nd oringi ng the railroad up to a higher 

lavel of efficiency and service. Jorking ~~ conjunction 

wlth theffi wap the General Electric Company, whiCh supplied 

then; wi th el ectr ieal equ ipment. 1 t is partly due to thi s 

corripany that the electrification was 80 well planned arid 

executed. Si r ce that ti ~ e ffianv railroads have reeorted to 

electrification. to abate the smoke nuiss,'nce, relieve ttain­

line co£r.j estion, COflse~ve fu.el and otherwtt::!e lower onet"at] ng 

co s.ts. 

UAJSE OF ELECTRIJT1CA'rION. - The B&O tunnels at 

Baltimore comsist of & ~ain tunnel called the Howard Street 

Tunnel a nd a e eries of small er on.es. Previous to their 

electrlflcaticn, it was necessary to ferry the trains acr088 

an arm of the PatapBco River ir~ stead of p\§;nni ng tnerTJ thru 

the 01 ty. there were two rea.sons for thlS: first" an 

ordi na nce of Baltimore governing the constrnction of the 

line tbru the city reuired that the trains be operated 
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electrically inside the city limite and 8ecordlv, 

the numi'. er a.nd length of the tunnels was teo great f'or 

steam locomotives to operate in them due to difficulties 

in removing the gas and sMoke from them. Such were the 

conditions when the 3&0 decided to electrify the tunnels. 

DESCRIPtION OF tH~ RLiOtRIFIED ZONE.- · t~e B&O 

electrified a section 3.75 miles in length. lt included 

all the tunrels and was located wholly within the city. 

The zone extend d from Camden Station on the west to 

Wa.verlv lnterlocking Tower on the ea.st. This space 1.8 

occupied by the eight tunnels to the extent of 48~ of the 

tot~l length. 'llhe longest tunnel has a, length of 7300 

feet. The map shows the lace. t ion and length 0 f the tu~~nel~ 

'Jlihich a.re lluQlOered in ord.er that they n-:av ~e reaJdily foand 

on the ' profile ChE3.rt: Ae ma.y be 'see'n, ' the entire section he,s 

two tracks except that pa.rt which lies between Mt. Royal and · 

Hu.r..tington Ave. this place has four tracks making the 

The profile: 

shows that the entire section is 'lpgrade from, west to eaet. 

THE SERVICE.- On Jure a7 J 1894; the first trial 

trip was made although regulE.t.r operatlon was not begun 

unti~ May l, 1895. The equipment consisted of 3 96-ton 

gearless locomotives" de81g~ated as clasp LE-l, WhlCh 

handled the east bound upgrade trains. A~ th. downgrade 

to the west is rather steapJ TO electric hauling was done 

in that direction; the steam locomottves handling their 

own trains down the grade. This method has ~een vsed up 

to the present without any great difficulty. This service 
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differs from the so called "helper ~erv1ce" in that the 

electric locoffiotive receives no aid from the stea~ engine 

whose load it is pulling. in other words, when 8, train 

arrives at the went end of the elect~lfied zone, t~o 

electric locomotive attaches itself to the steam :).locomot1ve 

ar.,d its train and drags them up the gra.de thru the tunnels. 

Due tQ the gra.de in this zone, the electric engines mu'S·t 

develope approximately twice tbe tracti·,e effort that the 

steaffi loooffiotiTes, whioh they drag thru the tunnels, 

develope in running fr0M Baltimore to Phil1adelphia. 

Although the west -hound trains operate thru the tunnels 

~hder their ow~ power, electric as s istaDce is given to 

start therr. Under these conditions, the electric 1000-

motive ret-urns, after each haul, without a. load. 

'!'HEOH1Gi.NAL POVJER SYS'1'EM .. - At that tittle all the 

power wa s supplied to the line directly from riTe generators 

at the west end Qf the electrified section. The power 

station wa.s built especially to supply electricity to the 

zone under discussion aT"d cOT\~ipted of five 500-1<..\11. 700 

volt direct curreDt generators which were direct-connected 

to ta r dem compou .... "d non-condensing Corliss engines. These 

were the largest direct-connected generators then in use. 

iT) order t<D reduce the cost of operation and improve the 

voltage on the line" a. storage battery subs tation was 

erected,at a later date~near Mt. Royal; a distanoe of one 

and tn:ree-quar teTE' miles froIt the power house. The · 

generated or bus-bar voltage was lowered to 500 volts so 



( 

that the excess ourrer.t could <-)e used for industr ia1 

purposes. This made neces 2ary the use of a booster sy s tex 

of control to give the locolliotives sufficient power for 

efficient operation during the period of pea.k loa.d~ The 

power available for the tra.in service wa.s 1i.1j).i ted to 900 

kilowatts by the capacity of the booster set. This 

maximum power was sufficient tG handle ~ne frei ght tra.in of 

1,000 tons weight and a 1ight pasRenger train. A overhead 

distribution system was used. the contact conductor was 

fliade by pla.cing two Z ba.rs. together t() fQrrrJ a 0ox-like 

structure with a slot in the bottom. This wa·s supported 

in the tunnels by direct cUrrent ha.ngers ard outside of 

Q1Jtside of them by tower's and oatenery supports. A 

OQl1ectQr shoe was mounted UpOYl a. par·'top:ra;ph a.nd e.l1Qwed to 

slide in the slot of the conductor. This type proved to> 

be very de f eo t i v e du e t CD the ac t i 0 rl 0 f t n.e ga s e sin the 

tunnel upon the metal at the point of contact and 

consequently was replaced at a later date by a third rail 

system. 

CLASS LE-1 LO'()OMO'l'IVE.; USED.- '1'lle first electric 

locomot~ves used in this zone were Qf a design that 

fQllevved the conimen. lacOlllotive pract1ce in the Uni ted 

States. The B~O was supplied with three of them by the 

Venera1 Electrlc Co~pany. Ea.ch wa.s ca.pa.ble of hauling a 

2,300-ten freight train at a speed of ten miles per hour, 

a l,8{ll'O-ton tra.in a.t twelve miles per hour Gr a 500-ton 

train at thirty-five mile'S ~o e r hour. Thev were the 
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heaviest lecoffiotives built for ~lectrio service in the 

world at that time; each weighihg 87 metric tons. they 

were rated at 300 horse power at 300 volts and had a total 

tractive effort at full load of 2,800 pounds altn~u.gh their 

starting tractive effort was 4#800 PQunds~ It is inter~6t­

ing to note that, in spite of their great weight, th'~1' were 

only one-third 8.8 powerful as those 'Jsed on the New York 

uentral Railroad~ 

UO~STRuUTION OF THE CLASS LE-I LOCOMOtlVE.- The 

truck of this type of l(;)OO fY,O ti ve was built up of wrought 

iron. hars welded together to form a trussed fra~ e which 

rested on four wheels a~d carried two gearless motors. 

TWO of these trucks were c01.lpl eo, together ·~o form the under 

frame of the locomotive. The motors were of the General 

Electric tvpe A X B 70 railway motor. The armature was 

spring-suspended upon a qull1 surrciin1nding the a"xle. A 

spring-supported field. wa.s oentered upon this Quill by 

means of bear ings . The power was transmi t ted fro lL the f(,otor 

to the wheel s by the use of 8.'$pJO,cke.t , and ru~)her driving 

cu shions" thus elimina.ting gears entirely. Since that time 

ma.ny type s of geared eleotric metors have beerr de1reloped but 

the good qua lities of this type are s hown by the fact that 

at pres en t gearless motors are used for pas s enger service on 

the U08.st Division of the Chicage" Milwaukee a.nd St. Pa.ul 

Railroad. The prinoipl e differe rc e in the ~oto rs is that 

the former are operated O~ a lower voltage than the latter. 

CLASS LE-c: LOCOMOtlVF .- In 190~~, the B&O ho"ght 
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two new two unit lQcoffiotives from ' De General electric Co. 

for use in the tunnel s a t Ba.ltimore. They were known as 

Clas s LE-2 . Each weighed 146 t~nB or 73 tons per unit 

a r d developed ~600 horse pewer since they were made in two 

sections having 4-900 horse power motors per eect10n. lt 

wa.s required that ea.ch two uni t locon~ot1. ve should h£~ndle a. 

tra i n of a wei ght of 1,450 metric tons in addi tlon to the 

weight of the locorr;otive i tee1f on. the B&O trunk line thru 

toe tunnel s over a 1.5~ grade at a speed of 9 miles per 

hour on a d25-volt circuit. This performance re qulred a 

a tra.ctive f<::>rce of 92,000 pounds per motor. 

CONS'1'HUUT10N OF THE CLASS LE .... 2 LOCOMO'l'lVE.- The 

cab was of the hox type, havi ng two set s of eontrols l ocated 

in dia.g0nally opposi te co r ners of each cab . Gla.s :~ door s a.nd 

large glas s windows permitted the operator to s ee in ~ll 

directlons from wi thin the cab . 'l'here was a.mple space under 

the cab floor tCl> inspeot the motors and truck goar. 'l'he 

motor s w ~re operated thru a mu~tlple unit control system 

so a.rra.nged th.at ea.ch section might be operated indepe ndently 

or i n conjunc"tio D. 'y! th two or more sections co"pledtogether. 

Four heavy pieces of cast steel, two s ide frarc es and two end 

piecies, for rr; ed the rriain body of the truck.. Stremgth and 

r1gidi ty wa.s ob tained 1')Y ma.chining the parts at th.e er.ds 

where they were fitted together8 The a nd'S of the fra.me s 

were used a s buffer beams. To them wa s attached draft gear 

which wa s ca.pable of withotanding a tractive fOTce of 

100,000 pounds . 1.'hj.:s gear wa s so designed as to allow both 
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l a tera.l and longintudinal motion.. The truck fra.me wa.s 

supported by e quali sers at four points. The e r'lualizers 

rested on half-elliptic springs, the ends of whiCh rested on 

journal boxes. The co ~s triction of the bras ~ es was such 

that they roight be readily removed without mowlng the 

wheels a nd axles or other parts of the truck. The motors 

were of the Ge neral Electrld type 65 B, developi ng 200 

horse power at 625 volt'S. They were geared to the driving 

wheels wi th a. 81/ is ratio. 'l'ne eight motorE' supplied the 

power thru s ixteen driving wheels. 

THE THiRD RAiL SYSTEM lNS'l'ALLED.- , .1n i908, the 

thlrd ral1 system wa.s ins ta.lled. Most of the original 

ins tallation is still in use, althou gh, after ten years of 

se rvice, it was necessary to renew the third rail in the 

Howard Street 'runnel due to the effect of locomotive gases 

and electrolysi s upon it. A new type of insula tor a r.d boa.rd 

support was used to improvj the third rail sy s tem in this 

tunnel. 

CHANGE IN SOURCE OF POWER.- The demand upon the 

electriC s ervice grew so rapidly that, in 1909, the great 

wei ght and ntrffib er of trains rrad,e it YleceS S8,l'V to i T'l creas e 

the electI'lc power capacity of the system. A con:plete 

ctla nge in the method and location of power genera.tion was 

made. The railroad decided to buy their power from the 

Uon~ Gas, ElectriC Light ard Power Company. Si nce thi s 

po wer was i n the for m of three phase, 13,000 volt, 25 cycle 

curr en t, a rotary converter suhsta tion was necessary to 
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supply the line wi th direct current. ' A rota.TY converter 

eu bs tatlon was conse ,~uently constructed at Mt. Royal inwhlch 

3-1000 K.W., ;650 volt syncronous converters with aUJ:ll1arie s 

we rei r~ e, t a.ll e 4 .; the ~uildl~g Wj 8 made of 2uch size that 

addItional converters could he added whenever it ~ eca.me 

necessary to increase the capacity of the plant. The 

battery unit was retair~ ed to aid ecoLo "y lcal service at peak 

load. After the Mt. Royal 8~~ station went into operation, 

the power plant that had been used up to this time to supply 

the total power was neither necessary nor desirable s o it 

was dismantled. 

CLASS OE-! LOUOMOtlVE.- Another addition was 

madejo the locomotive equipment in 1910 when the railroad 

seoured two new electric lOCor(otlves of the Detroit '1'unr el 

type. They were made by the Genera.l Electric Company 

working in conjU'l";ctl.on wi tn the Arr:erlcan Locomotive lJorr:pany . 
I 

and consist of a. main cab with a sloping a.uxiliary cab on 

each end. Their design is such aB to n:a.ke then! worthy of 

a detailed study. 

MECHANICAL CQNSrRuCTION OF tHE OE-l.- This 

locomotive was built for great we1 ~ht and strength. The 

runmung gear is forrrled by two fOlJ.r wheel trucks connected 

together thru a massive hing~ which allows lateral motIon 

although the tru.cks support and gUlde ea.Jh other. Grea.t 

weight was tne ruling factor in designiT'lg the fra.ming; the 

side pieces consisting of steel caRtlngs . flve inches thick, 

which were "01 ted together thru steel end frames and bolster 
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to form the fra~ e structure are a proof of thi~. The 

draft gear and buffers were carried on both ends. The 

wheels a.re s teel tired a.nd fifty i nches in diameter, having 

gears mounted near their hubs. The weight of the locomotive 

is carried on cast steel journal bo~es which are mounted on 

pedlstal jaws between nine inch shoes. the weight is 

carried to the boxes thru semi-elliptiC journal box springs 

deslgned to give a.s uil ifoI' n"] a distribution of weight as 

possible over groups of spring"s. '1'h18 construction 

relieves the platform a.nd cab of most of the operatifJg 

stresses. 

ARRANGEMlLN'l' OF APPARATUS. - II'he ma.in air reserVOlX 

is looated well up in the end of the auxiliary cab. Behind 

this in order na.med is the sander for the forwa.rd wheels, a 

set of rheostats and the contactors. Perforated side 

sheets provide ~entilation for the rheostats . the Co ntactors 

are banaed facing the ma.in cab and are available from it. 

Ord1narlly asbestos lined doers shut theiT• off from the main 

cab. This auxiliary cab is so constructed that in can be 

removed as a unit from the locorootive. in the main cab 

are the sand boxes on the sides and the air compres sor i n 

a central p02ition. 'l'hl.s compressor has a capacity of 

100 cu. ft. of air per minute when pumping against a pres sure 

eff 130 pounds. in going from the low pressure to the hi gh 

pressure cylinder, the air pass es thru 35 feet of 2 inch 

pipe on the roof to cool it. it is cooled in a like manner 

in passing from the high pressure cylinder to the reserV01r. 
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A blower uni t next to the compre sr::or supplies the mo tor s 

with forced ventilation. the control apparatus is 

provided in duplicate at ea.ch end of the ca'J . It is 

located at each end of the cab in the right har d cor ner , 

a ~d consists of the ma s ter controller, air b rake valves, 

a ir gauges and amaieters. the handles for the oel1 and 

whistle ropes, the switches for headlight s and valves for 

sanders are withi n reach of the operator. 

MOTOR EOU I PMENT OF '1'HE~ OE - 1.- This lOCor'IJottve 

has four motors des igmated as G.E.2cB. They are of the 

s ix pole commuta ti ng type. the rotor s haft i s geared to 

t~e wheels at both endR. Great care is tak en to have 

absolute alignmer: t of the pi nion a '-d gea.r te eth, thus 

reducing the strains oc the gear teeth to a minimu~. 

OfERA'1'10N OF tHE OE-l.- the ~a~i~'m tr~ct1ve 

effort developed by this locomotive is 40,000 pounds at a. 

speed of 14 miles per hour; giving an output of 1;700 

horse power. At s tarti ng it will exert a tractive effort 

up to th ~ slipping point of the wheels. i\s all it s 90 

tons weight is upon the driving wheels as is not the cas e 

with a steam locomotive it is capabl e of exerting a. greater 

tractive effort wi thout slipping than a stearn lGCOtTIoti.ve 

of the saU,e we ight. It is a good frei ght locomotive and 

at the 8a~e time is fast and well adopted for passenger 

s ervice i n the tunnel s . By coupling two of these units 

together they can ~ e ope·ated by the engineer in the 

forwa rd one t~J 8 doubling the power. 
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FOURTH PURCHASE OF LOCOMOTIVES. - A second o',,· ir 

o f loc o l oti vee o f ~he DJtroit tunnel ty e were 0rovided 

for the tunnel se r vice . in 1912 80 tha t this type ffi~Y 

now be consider ed a. s stCl.ndard for the prese n t electrifi­

cation. 

ALTERATiONS 1.N POWER SYS'l'EM.- 1n 1914 Durchased 

power wa~ ueed for a·ll the li,;~;h t and power requirements 

of electricitY .for the railroad at Balti~ore. This exten­

pion of electric service so 1mnrov ed the load factor that 

t :le Mt. Roya l battery wae r.ot ne cee-sary and we..~ cont=:eollen'b-

di srtiant led. A 2,000 K.W. rotary c~nverta r was then 

inst~~11ed i n the pubstat10n g iving- it enough c apaci ty to 

s llpply power to two tr a ins, of a. tra iling weight 0 f 2,840 

·tons e~ch. All the rotary converters mentioned were 

seCllr ed frorn the 9-eneral Electric Company and alt'S in use 

at present 80 that the e '!uiprr;ent of the sl.lbsta tion 

consists of 3-1000 K.W. and 1-2000 K.W. rotary converters, 

g iving the plo.nt ,':L·n output cap~citv of 5000 K.W. 

OEERAT10N lN 1921.- The ~aximl~ trRffic over the 

Bel t Line in 192'1 was a bout 2250 tons including the steat!' 

locon.otives of D .. bout 230 tOilS. These tra.ins can be hauled 

up the maximum grade bv two OE-1 or OE-2 looomotives a t 

at a bout 15 wiles per hour. This about twice the speed 

ofwhich the M/j.llet ete&;:r; locomative is ca;pahle l1na.er sin;ilar 

conditions. 

A BUS1 NESS ASSET. - The B&O look s 1JPOr. this e lectr i-
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about it. They have geIle 80 far as tG> advert ise this 

electrifica tion on car cards showing one of tkeir Detroit 

tunnel typ~ lGCOl1'Jotlves in service at the tunnels, Their 

8t&ten:ents con cerning the electrifiaatl0n leave no dou bt 

In the readers mind thAt they are justlY proud of this 

engineeri ng feat. 


	univarch-014578-0001
	univarch-014578-0002
	univarch-014578-0003
	univarch-014578-0004
	univarch-014578-0005
	univarch-014578-0006
	univarch-014578-0007
	univarch-014578-0008
	univarch-014578-0009
	univarch-014578-0010
	univarch-014578-0011
	univarch-014578-0012
	univarch-014578-0013
	univarch-014578-0014

