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in th i i
strangeiex;z:]txr;gbiagfon gnd cut the current off the trolley wire. Seven-
X Uy o 16 gauge is more satisfactory for the purpose of
Where guard wifese?::avzl:en; stlt?g'le \c\]'ire o > WG
A ; ed, their additional weight a
LT uSt“t/); et:xker? into consideration in determining tghe si;él aﬁznfsga‘i?onx:
: € WIres Cross curves or junctions it is practically impossible
to erect efficient protective
devices, and arrangement
should be made with the
owners of these wires to de-
flect them at such points.
The attitude of the
authorities towards tram-
_. ways on the guard-wire
qt{estion is somewhat un-
fair. They compel the
tramway to afford protec-
A tion a}gl-ainst defective work-
e part of the own manship or maintenance
i R wireseris,—l of tl.le. telephone or other telegraph wires, not
any ad.ditional wires that ma;)olj;tlon B Rade amyays, weis bullt ot
zfc?l?:liili?: le eXRense, and a sou::r: cotf (31.31'1 e A “ud ur_lSight]Y»
. T vt D nger to the tramway, as, in event
wires and pull them d , it is very liable to get caught in the guard
own. The' actual amount of protection afforded is
in most instances very slight. This refers
partlcularly to long spans, and spans cross-
ing th(f. trolley lines at a sharp angle. Co-
operation between the respective owners
\9 wegusor t}_)e wires would enable a much more
efﬁmept protection to be given, with much
!ess _dlsﬁgurement. But this co-operation
is dlfﬁf:ult to arrive at, as the owners of
the wires usually adopt an impossible
Brodle ean sl o attitude, saying, in effect: The Board of
s G row the whole responsibility on you; wh should we
o de:::i]\;es in the matter? LR
ot Britisa}? It)cc))sihg statutc')ry requirements of the British Board of
Explanatid MEtom ff.ice will be obtained from the Regulations and
e i lafestais lSSl(lied by these authorities. Care should be
i SUperseded- by n::er r;lglgllit:t)ir;sr;sas*those of an earlier date are

Fig. 160.—Guard-wire Clips

Fig. 161.—Guard-wire Standard

o
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CHAPTER VII
THE OPEN-CONDUIT SYSTEM

stems of electric traction are those in which
t from conductors fixed in a
f a current collector or plough
ous slot in the

Introduction.—Conduit sy
the moving cars are supplied with curren
conduit or tube below the track, by means o
carried by the car, and passing through and along a continu
surface of the roadway.

They may be divided in two ways:—

Open and closed conduits.
Shallow and deep conduits.

conduit systems have to contend is that

The great difficulty with which
dirt, &c., into and through the slot from

due to the entrance of mud, water,
the surface of the roadway.
Open and Closed Con-
duits.—The idea of the closed
conduit was to get over this
difficulty by the use of some
mechanical arrangement by
means of which the slot open-
ing was under ordinary cir-
cumstances closed, thereby
preventing foreign ~matter
from entering the conduit;
the arrangement being such

that the plough could force '
aside the closing mechanism, which shut again after the car had passed.

Several arrangements were worked out on this p.rinciple, but t!ley all
appear to have failed owing to dirt forcing its way in and preventing the
proper operation of the closing or opening .mechamsm. Qne form of the
Bentley-Knight,system was constructed with the slot rails supported at

lower edges and free to fall together, thereby closing the slot..
ot rails and prevented their free

Fig. 162.— Bentley-Knight System

a, Slot-closing rails.

the outer 5 3
Dirt, however, worked 1n behind these sl : :

,ement The arrangement is shown in fig. 162. All the conduits which
mov .

re open conduits. | / X
A Conduits.——The closed conduit was in reality an

e operation of the shallow conduit, which, as
| depth, the object being to avoid
quired by the deeper forms
ked with debris, and
has also pre-

have survive
Deep and Shallow

attempt to render feasible th

i i smal
its name implies, hannel of :
less considerable excavation re

The liability of the conduit becorr.xing cho
thereby preventing the operation of the particular system,

heir bein successful. ) . .
ven;\?linty shallowgconduits have been devised, some of which are interest-

i One such system consisted of a plough of 2 length s?mewhat less t.han
11}];gt of the car and constructed so as to be to a certaunh extent ﬁ(imb]c:i.
a ) A o
ts from the car truck, an
This collector was supported at two or more poin %

vou IV,

—
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was s i i
o theocf;a;gfi C::iati,t Sasw 1: w;s carried al.ong the conduit with the passage
i‘:‘tervals. These contact-P}i’ec:st“rlsggengft(:ht]g F%ﬂt;CtS i
priny : L ct with t itiv
B e e ol L P
N e i bbby m)efalgs p?ssage, made contact at the other end with
Alpme i)Y B s of a type of bayonet-switch. - When the car
b b pieces were forced outwards by spring action
i ht1s}<):onnected from the circuit. The switch-gear ’
more than that of tEe tra?r}](es’ and. the whole depth of the COﬂdUithaS ‘zzi
also employed with the Kinwaly r?ills' g R ehallow; conduit 15
stud switches. In this c is and surface-contact system for operating th
ase, however, pits are provided at interv[;ls of agboui

Fig. 163.—Love Conduit

every I5 to 20 feet, i A
the slot will be carr,ielcrlltg which, it is claimed, all debris entering through
Open and Deep Cog d?: action of the st,:rikers on the car. ; %
due to the objection made j 1ts.—The introduction of conduit systems was
trolley system, principall n some places to the adoption of the overhead
to make an arrangelﬁen{ ;)n ®sthetic grounds. One of the first ideas was
being placed above the t ILWhlch the overhead trolley wire, instead of
and reached through anrac ; S'hOul(.:l be placed underground, in a conduit,
earlier structures were dj opening in. the surface of the roadway. The
wide slots frequentl eS istinguished by being, as a rule, shallow, and with
for the purposes of cﬁ'ed?].COnstructed that the conduit could be opened up
road surface, These o'mtg by removing the detachable covers forming the
D onduit system a}:n }? are illustrated respectively very strongly in the
ment of removable cc q ich was put down in Washington, and the arrange-
Sy Confiinitug covers adopted in Dresden and Blackpool.
SRlibt a0 Ohioa ystem.——The Love conduit system, after being
in " Washington an%lo’w was installed on a length of about 1} rr;iles of track
, ) as probably the oldest line in America working on
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a conduit system, and was in more or less successful operation up to 1900,
after .which the construction was modified in accordance with modern
practice.

Fig. 163 shows a section of the Love conduit. Two conductors were
employed, consisting of copper wires carried on insulators supported from
the yokes; contact was made with these by means of a bar carried below
the. car passing through a slot in the surface of the roadway, and carrying
at its lower end a double trolley with trolley wheels pressing against the
under side of the above-mentioned conductors.

The system was ultimately replaced, owing to difficulties introduced by
the expansion of the conductors causing them to deviate from the straight,
thereby producing frequent short circuits and tendency for the trolleys to

jump the conductors.
Dresden.—The con
rails, and was made accessible over i
plates forming one side
of the slot. Owing to
these plates having a N S S B T
certain amount of lateral M e N
play the slot was wide .
and somewhat irregular, 3%
varying between I and ,/'
2 inches. Fig. 164 shows '
a section of the track and 7
%
7
F

duit in Dresden was fixed under one of the running
ts entire length by means of cast-iron

N o
,':I’(.

. 1t
2o

)
the removable covers to /%/j//,/,/ -
the conduit. é //////7%%/

Blackpool.—Fig. 165

shows a section of the
Blackpool conduit. This was also accessible over its whole length, but,

having in most places two conductors, has a cover on each side of the slot.
Although undoubtedly the Holroyd-Smith conduit had various defects
__and it must not be forgotten that the line in Blackpool was laid down
in 1884—its ultimate removal from Blackpool was due not so much to
these as to the fact that any conduit system would have proved unv.vorkable
in its position, the line being at times ﬁo9ded with sea-water h(?awly-laden
with sand, completely choking the conduit. No system of drainage could

prove effective in such a case.
Conduit lines havelbzt?n c

in America, inclu ing
;Il_,l;(imls, Washingt,on, New York, Chi'cago, and Bal
going into details of these systems it may be we
lines on which the modern conduit has been deve
which it is required to fulfil. . i
Owing to the determined and continued oppositio

cities—notably New York and Washington—to the use ;
the American street car companies were obliged to

the overhead system . : ol
seek some other method of operating their systems and avoiding these
objections. The American companies already knew what could be done

ig. 164.—Dresden Conduit

onstructed in various places on the Continent

Budapest, Dresden, Paris, Berlin, Brussels,
timore. Before, however,

1l to consider the general
loped and the conditions

n of certain American
use in their streets of
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with a frequent i :
cable syste?m.l 'Ifﬁzv‘;ia?/fyri%sdt cafr s owing to their experience with the
. of mainten
anxiou y ance’ rev
incurr's to tri some other alternative. They wer howev er, made them
T}:ngﬁco"“derable capital outlay e not afraid, therefore, of
e first section of electric Wit
: conduit in New
an experiment, an ; ew York was bui i gt
the electrical a;'rand e::e design of the conduit was so cho;)eux:lttlentlre]y d
AR Dt % ent prove unsatisfactory, the line could goeorl
R A a _comparatxvely small cost. It may gou be converted
gineers in charge of the design and consiruc(;iaddetfj’tl}:'owevei
on o 1S work
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Fig. 165.—Tra;
. nsy :
erse Section of Conduit, Blackpool Electric Railway

did not anticipate :

e}\:perimen " prcf)ved ;l‘g’r ;lecesmty for the adoption of this course. The
laid down on a similar de y successful, the lines since constructed have been
conduit system in New SS‘gn, and there are now at work some 20 miles of
conduit is a direct outco ork alone. It may thus be seen that the modern
It has been developed }"T}e of the experience gained with the cable system
and by the affiliations i)fleﬂ'y by the General Electric Company in America'
the Continent. this company and Messrs. Siemens & Halske a

Advanta ! '
ges and Disadvantages of the Conduit System. — The

great claims
made on behalf of the open-slot conduit system as designed

to-day are:—
1. That, the electsi
rical conducto i i
of reach, absolute safety is secured ti)s ttk)xi’r;)% t;elrilctlrely underground and out

~ Vienna.
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egular service on this system is as free
her system of mechanical operation.
poles, or other obstructions in the

2. That the working of the r
from interruption as with any ot
3. That there are no overhead wires,

roadway.

The great drawbacks to the system are its great initial capital cost, the
increa}sed cost of operation due to the expense incurred in maintaining and
f:leanmg the conduit, and existence of the slot in the roadway usually with
{ts at.tendant extra pair of slot rails. In this latter connection, however, it
is pmqted out that with a slot not exceeding § to 1 inch, and with narrow
slot r.alls, or still more so where the conduit is constructed under one of the
running rails, this latter objection is of small weight. Slots of 1} inches
and over, and constructions which are apt to be specially wide at points,
such as may be found in some places on the Continent, would never,

however, be tolerated in this country.

In designing a conduit system & number of points have to be taken into

consideration, most of which vary according to local conditions.
Climate.—The question of climate is not of paramount importance,
as in this respect the conduit system is at no greater disadvantage than
other systems of traction, with perhaps the exception of very heavy
rainfall. Suitable provision must be provided for draining the conduit,
sufficiently ample to deal with the heaviest rainfall likely to occur, due
consideration being given to the gradients, so as to avoid the likelihood
of water accumulating at certain points of the route. Cases have occurred,
however, in which, in spite of exceptional rainfall, the car service has
been maintained through short, flooded sections of conduit without greater
difficulty than that of providing the extra leakage current consumed. This
has occurred on two of three occasions in Washington, while, on the other
hand, serious interruptions have been occasioned by the same cause in
The difference in the two cases has probably been brought about
by the extent of the track flooded in one case being much greater than
in the other, the leakage of current under these conditions being very
considerable.
State of
vision has to
finding its Way through t
According to local condl
cleaning-pits closer togel'c'hertle
i on climate.
to a‘j[‘clfét:,r;ti};gegz el adopted by different companies ope_ratir.lg with
to vary considerably. The system yielding the

H tem a ears 0
conduit sys PP it is cleared at regular

pbe that in which the condu
st sesulteanErl, In New York the conduit is cleared daily by

S.
?r?inf:egF Z.ntsélrr;terva tached to a horse wagon. The result is tha't the
actual amount of matter to be remgvedils very sma}l, and there is no
ossibility of any accumulation forming 1o the conduit.
In Brussels, where there are about 144 miles 9f .double track on the
conduit system, the cleaning of tt}e slot and conduit 1S done by a gang of
about ten mem, who go systematlcally over the whole system about once

It is perfectly clear that pro-

the Roadway and Cleaning.
1] extraneous matter

be made for the periodical removal of a
he slot into the conduit.
ditions it will be fou
n some places than in others,

nd necessary to place the
and this depends

to
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every seven days. There is li
h . is little doub ’
cleaning adopted in 1 ubt, however, that the dai
e excelﬁlent statl;\l ew Yo.rk is the more satisfactory meth (ilal]y Saumof
S e in which the New York conduit i oc ,aqd accounts
S rll-"ga,:yl: Newgork is given as 0.055 of a plenls maintained. The
ng.— . S ny per i
paved is importantgbecau:; type of paving with which z [ion((;ar'tmlle' .
P s thrée S fOn.]account of other traffic it is de i bltrac}l]{ -
¥ Jats of rails instead s desirable, there
is maintained : : ad of two )
, and so laid that it tends to throw ’r::?nat\\ztgooé SR s
-water, &c., away from

the slot; and, sec

) ) ondly, on acco
Country, where the Width unt Of: the necessit 1 . o
at the right gauge. of the slot is limited, ofy’ particularly in this

On account of :
the high :
conduit system it i igh capital cost of tram
is wa
large towns or whereug;ksg] to be used, except izstl(iznztteruta?d i thef
admiSSible In St Vi er reasons th ntral areas oO
a - ch posit : e overhead con ion is i
'?e either asphalt, wc}:od (1212;;:] € paving already in eXiStencSetr\ir]i(i;lgzn;srall?-
orm of granite sett 3 creosoted or Australi i 4
b ] ‘and will exte . ralian timber), or some
Ut(g‘r,:;i:le]e wgde width of the roarllc\iv:;t just over the width of the track
and asphalt i ;
case of wood i paving present g :
pavin : no special diffi i
e imple strength th Iz'gi?:tu?}?n has to be taken to ccl)nsctlrjllltc};’ tll):::t clor:ldth'i
soaked with wat € expansion o
er ; of the w
With wood pa:,iis aminc e closing up of :)1;): s‘;vo};en .:IhOTOUghly
. . w
according to the widtg 3? tESua‘lly laid, a space of from } tol I;e.sullt].
the paving and the curb j e roadway, is left clear on each side blrt]C 3
ance, however, is frequent]n O.rder to allow for this expansion Thise n/een
curb-stones out of pos; tly insufficient, as is shown by the 'forc' it
means easy to arrivg Slttlon, which sometimes takes place Itn?g gf e
pavir.lg is capable of exae tfl Co.rrect estimate of the pressurt;: whicllsl ! 1210
considerable, and from sor Ing in this manner. It is, however, undo 1::031 y
.2% tons per lineal metre m\;;‘)ugh experiments has been estirr;ated :t al:ou}::
1s now to lay the space :Det ere wood paving is in use the general practice
Construction.—In con “.’g-en- the tracks with well-faced granite setts
sidering the design of conduit and its equipn;ent
)

alternate meth
o OdS Of const o
discussed under the heading;u?iion suggest themselves. They may be

IC{fén.tra] v. Side Slot
Silfl(ljeu Flexible Conductors, and also
gle v. Double Insulated Conductors.

maintaining the slot

It will <

‘ probably simpli

involved  first. Y In t?]lilsfy matters to discuss the electrical considerations
namely :— respect there are two possible arrangements

I. That in which b :

) oth iti :
o plj}clf Rl St a§351t1ve and negative conductors are insulated

2. at in whi : :

Most of the é:\?lig:ectrazk_ralls are employed for the return circuit.
S e il (gll uits belong to this latter class, including the
B e Dl ol 5 e

implex system. That these systems have not re-

<
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ceivec'j further extension has been due not so much to an inferiority in
the single-conductor design as to defects in other more important details.

The difference is an important one. i
the track rails, the conduit contains con
the whole attention of the designer can be
tion of the unipolar conductor or conductors as pe
difficult problem of designing the conductor arrangemen
turn-outs is hereby also very much simplified.

Ffom an electrical point of view the problem resolves itself into two
questions: of insulation and continuity of supply Mechanically it affects
most of the details of construction, which will be dealt with as they arise.
The question of continuity arises only at points and crossings. Where
both poles are insulated, and conductors of each polarity are fixed in the
conduit, it is obvious that at crossings and points the conductor bars have
to be interrupted. The interruption is, of course, smallest at crossings,
but may amount at points and special work to lengths of 12 feet and over.
In order to meet this difficulty it is necessary either to equip the car with
two collecting-ploughs placed sufficiently far apart to enable them to bridge
any gap in the conduit conductors which may occur, oOr the car has to
travel through such gaps by its own momentum; and should by any
chance a car be stopped in such a position, external force has to be applied
to set it in motion. his, however, with good management, is seldom
likely to occur, and the principal drawback is the extinction of the car
lighting which occurs at such spots at night-time. Where, on the other
he conduit, such inter-

hand, conductors of only on€ polarity are used in t
ruptions of th tors at crossings are not absolutely necessary, and

at points, by t t of two conductors, one on each side of the
plough, the supp! whichever branch the car takes.

Rigid v. Flexible Conductors.—It may be well here to consider for
t the question of rigid and flexible conductors. Flexible con-
e continuous, rigid conductors jointed. As mentioned above,
first ideas in the construction of a conduit system was to build

ound trolley system. The Love system was designed on this
ble-conductor system. The difficulty with flexible

temperature produces an
being rigid, such expan-
vided for taking up

Where the return circuit is by
ductors of one polarity only, and
devoted to making the insula-
rfect as possible. The
ts at crossings and

e conduc

he employmen
y is continuous

a momen
ductors ar
one of the
an undergr
conductors 2 he fact that increase of
expansion of the conductor: The conductor not
sion will produce 2 sagging unless mechanism 1S prov i
such expansion as occurs. In the Love §ystem a spring mechanism was
provided, but owing to the method of fixing the cor}ductm.'s .to the insula-
tors, and the support of the latter, only 2 comParatlvely limited play was
allowed, and it was also found tha‘t the cor}tmu‘ed passage of the cars

tor in one direction. The result of this

d a motion of the conduc ;
it 117 imi ay was reached, and the spring arrange-
| in a stretched condition.

movement was that a limit of pl
t was unable to maintain - stret . .
rSn:;ging was produced, which ultimately led to short circuit or @ jumping
of the trolleys from the trolley Wiré- .
Another system employing @ flexible conductor is th
or Simplex system. In this system 1n its usual form on

rises from t

e Waller-Manville
ly one conductor
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is employed. This c
7 . s conductor is Tk
insulators, but res : not rigidly attached i
Sts Sl 1ed in ay
by the cc;llector-shoeognmt;uelated pio.lectmg arms from \\3:'{}1“'?}' t(l)'(thg
length. Th car. It is theref IS
. e conductor is kept i refore free to mov .
due to tem ept in a stretched iti oye along its
perature variati condition, and all ex :
device consisti ion taken up b ’ all expansion
sist . y means : 12
this means an;"sgagc;fi a ‘Felght attached direct tooihz:: pto\xle]arful ik
; ng of the rolley wi
the points of conductor beyond ]
; support was re yond that only natural
L A moved, and the liabili y natural between
ereby ob ; e liability of .
b B in}s'ulat‘gf_c,teg; Owing to the collecti};g-slel1 break-down from
A N the latter are subjected to 97 h.ftmg the con-
urves it is, of course, necessary ton;rost'rgms as the car
vide some means

Fi
18. 166.—Conduit, Budapest

to prevent the
conductor bei
such position eing drawn int )
e inOteds :he arrangement is modiﬁedobthc side of the conduit, and in
falls back i 0 as to allow a verti y the employment of insulated
ack: intoits nofmal 1 vertical movement of the conductor whicl
lators being placed clos position after the passage of the car Th’ T
the short lengths betwee(;r tzoget}.]e{. at curves, sagging due to éxpan:i;rris?-
'I:he Budapest system wem is inconsiderable and produces no difﬁcult;
and in all the modern lines 1a-z the first to make use of rigid conductors'
gxgd at the central insulatin; SuCiown rigid conductors have been employed,
n ; ;su?;:},lde oy necessarypf,c:;g nS;ffcnent space being allowed at the
b ion.—The desi b
duit system is a P‘°b1er§S:)gfn and arrangement of the insulators for a con-
work at the present ti no light difficulty. As practically all tramwa
volts, lower pressures t}flne is worked at a pressure of from 500 to 6 4
of consideration. The Oggh they have been employed, may be left O?JCt)
liability to break down laes:p}t;:tn tﬁf the lower voltage ,might render the
pressures no ) e question of insulati
w presents no special difficulties Theat;.lzigo;fi:mt hef L
. of even
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higher pressures might be taken into consideration were it not for the
fact that conduit-work lines are only as a rule part of a larger system,
and that it would involve the departure from the standard car equip-
ments now on the market, there being objections to the use of more
than oo volts with trolley lines.

As in the course of a longer or shorter time, depending on local con-
ditions, ‘the insulators will become covered with a coating of more or less
conducting material, therefore, other things being equal, it is desirable to
keep the number of insulators to a minimum. It is also necessary to

provide some means of cleaning them.

Various methods have been adopted for the s
employed—from the floor of the conduit, from the upper part of the yokes,
the slot-rails, or especial fixing in the roof of the conduit. Further, they
have been either entirely enclosed in the conduit or rendered accessible by
means of surface-boxes in the roadway. The method of support from the
floor of the conduit has not proved satisfactory, however, as the free pas-
sage along the lower portion of the conduit is obstructed thereby, and it is
difficult to easily remove dirt and debris collecting round the foot of the
support. The latter method, therefore, of supporting from the upper
portion of the conduit, is that now generally adopted. The question as
to whether it is necessary to provide access through the roadway to the
insulators appears, however, to be a matter of opinion. As extra space
is required in t i+ at the positions in which the insulators are
fixed, a recess is ich a certain amount of debris will collect.

In New York, where the system of fixing a surface-box over each insulator
is adopted, these openings are employed partly for cleaning the conduit, in
addition to providing access to the insulators.

But these surface- re not really necessary. A water-jet directed
on the insulators by means of a specially-shaped nozzle inserted through
the slot is quite sufficient, in all ordinary cases, to remove the dirt and
foreign matter which may have collected on them, and the absence of the
double surface-box at regular intervals along the whole lengtp of the track
very greatly improves the appearance of the roadway, particularly where
the side slot is employed- The roof of the conduit over each insulator
-« formed by @ steel plate, on which the paving rests. The necessity Qf
e n insulator occurs only at rare intervals, and in such cases it is
i emove the road paving for this purpose than to make each
?::l;gi;rt:c;essible. On removal of the paving and steel plate the insulator

ma)i ears:]lgstb es g;g;té it has been found possible to keep the number of
insu]gtors do“f’n to two for eacfh length of conductor-rail. The weight
of the conductors which the insulators have to carry may vatyreony
siderably; in addition, they have to withstand any side strains which
may be communicated to them from the plough. Where the conductor-
s interrupted the end is usually splayed off so as to allow an easy

.~ order to better sustail the shock at

lough-sho€, and, in or ‘ :
usually employed. It is also essential that
lly with the slot, as otherwise

upport of insulators

rail 1
entrance of the p

such points, two insulators are

the conductor—rails should be fixed centra




186
ELECTRIC TRAMWAYS

destructive side
: pressures will be
SlLial ! produced. The i
TBIgan as to make provision for the adj Ry Cr Supports arc
lhe weight of conductor-rails may Wi ot e tn eroction
usua “'ei ht be. Vary u to 2¢ .
of the ingulato,.;ni fr0mb 18 to 22 lbs., and thi desi anlbs.dper Jpec e
e ST S pro ably one of the most im Ea R o construction
i v onomical working of a conduit B gots 10 the
B e as long as possible in ord system,, The leakage
uch a shape as not to bec rder to secure high insulati &
e e on}')le coated with dirt, and 1? thmSu e o
In connection wi ure the maximum of me dh S mestine
wit : mech
necessity or otherwiseh ;hf’ subject of insulation ::l?]ca] ety
tiE oA Ll o ;nsu]atmg both conducé e question of the
DoYe, ain advant . ors again arises. A
onl : ages a : i
};ilj(?li ltllimg tra(ﬂ( rails for retgrn cirfc:)itt)tamed by insulating one pole
e time, howeve i
America, oth i r, when the lat i
er con : er cond i :
were ciréulated . i:)d(:’lr]at‘gns had become imporl:;;imei\‘]vere (Bl down in
expected to occur from eeleci:n?ge- to gas- and water_'pipesa\:,rl?il:hg a?CE?“lfs
AL b A olysis, especially i mig e
uit system i » especially in the cent
way construction, it ywasma:n America was a modiﬁcati:)?ls cc:g 1af§1€: iy
‘t:fcl)etdfmgers of electrolysis il;iclidt};at by insulating both corfc?uct:o:;az]li
st in installing th € avoided ;
¥ e ’ and th 5 1 1
security so obtagled wzy ]Sctlem was that of constructiLaLt :; o i fibe)
initial outlay It was a;]s be well worth the extra cgm :ra‘;?n?ult‘ the
very much greater drop 0;’ argued that, both conductors Ii-))ein lvgany 1S ma(lil
than would be the case F}’ll’essure could be allowed in the regturnSu o
how‘leve.r, be borne in mir‘dw ere an earth return is adopted. It s‘l::rmlllt
a circuit of great conduc‘t‘ Fhat.- with the heavy track rails n;)w em 10u G
in the return can be red ivity is provided, by the use of which thp (c)lyed
%nert%y wasted may repre‘;;::? to a very small figure, and the sav?ngroig
urther, it ma an appreciable fi P
; y be tak : e figure in the year’ i
in the earth returns wifl?i as fairly proven that, by mainta)ilnir: e :\{]Orlémg.
or,t.say, at an average n(r)lt the limits prescribed by the Boardgof ?l‘r;gg
arn i €x { )
1’?}?:'(8?1 ﬁ.-gm electrolytic ac(t:ie:r?mg 4 volts, no bad results need be
significant poi Y
Condu.ctors lies in ths w21tl’ khowever» in the employment of two insulated
d_ep051t e el wh'- }?own fact that on exposed insulated surfaces a
tive conductor and itk 11‘t3 gradually reduces the insulation of the nega-
o oy A to eart!l potential. The following are the resElt
is connection on some of the lines in Washington :

A —IN
SULATION RESISTANCE IN OHMS

Circuit 17th October.
Number. = — 15th November. 6th December
ositive. Negati i ¥
egative. Positive. Negative. Positive. Negative
1. 19,500 :
) 7 70
2. | 16500 8300 400 6,8
3 181100 282 2290 Lf 25’822 R
4. 10,000 7 8ooo 480 29’ 56 IR
o 5200 330 o aa
’ Q10
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B.—Tests oN CircuiT NO. 4

it Resistance East R Resi N
Date. Conductor. Polarity. \Cézl:(?::t;r est | Polarity. Remarks.
Ky s X
Bcc. 6. 27,600 ohms. + g10 ohms. — Reversed
“,c. 24. 280 ,, — 2500 + after test.
Jan. 9. 5,000 4 - 780 =
Rl L

e in ohms of four separate circuits

Table A gives the insulation resistanc
11 be seen that the insulation of

on three separate dates, from which it wi
t!le positive conductor averages more than twenty times that of the nega-
tlve,‘the negative insulation varying from about 70 to 300 ohms per mile.

Each of the four circuits consists of approximately 4 miles of con-

ductors, each supported by, roughly, 1500 insulators.

The differences on the different dates are probably due to the state of

the weather, 17th October being dry; 15th November hard rain; and 6th

December dry and cold, with no rain during the previous week. The excep-

tionally low reading of the negative conductor of No. 2 circuit on 15th No-

vember was due to @ local fault in a rubber connecting-cable at a crossing.
In order to ascertain due entirely to

whether this difference was
this question of polarity, the polarity of one of the circuits was reversed,
the results being given in Table B.

The question therefore arises whether
placing an insulated negative conductor in the conduit.
In actual working, however, earths are likely to and do occur from othet

causes, both in the insulation of the conductors and in the ploughs, and in
order to meet the difficulties produced thereby it has been found necessary
to divide conduit tramway networks into independent sections. Special
arrangements are made at the switch-board so that the polarity of the

feeders, which are connected to and supply these sections, may be reversed
at any time. o keep the insulation of both conductors in a

uniform state © al to reverse the polarity at regular
intervals, usua t once every three or four weeks. This device makes
)
connect a con

it p ossible @ ductor of which the insulation is
i and in the even

t of either pole in a plough or

(f::-lgllf?p:::“: going to earth, to keep the polarity of the conductors of the
section on which the car is placed so that the fault on the car of plough is
f the system, thereby avoiding a short circuit.

earths the

any real result is obtained by

In order t
f efficiency, it is usu

kept on the negative side of t (
(Itpis clear, of course that this cannot be done if a faulty car

’ section of line.) The whole argument in favour

olar conductors, practi-

insulated side of a faulty | of ; |
of double-insulated, and the poss! ility of using unip
cally turns on the question that, where two aré em.plo)fed, although one of
them is for all practical P t earth potentlal, in the event of the
preakdown of the positive ¢ arity of bot'h may be reversed,
and a complete reserve is t Otherwise the advantages

1 In the OPi ai y a double unipolar system,

while many difficu

urposes a
onductor the pol
hereby provided.!

on of the writer the same advantage would be secured b
ulated system would disappear.

lties of the double ins
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are all in favour of )
; the single i
question as to th single insulated systems, and it si )
v freedomefrrz)?rslsg)lhtgd()f designing a unipollqut;'TPl}' remains a
Rhatires. This woint i reakdown without introd lar system giving the
. s u ¥ . .
This point alljscin}:;:? ey B it other objectionable
must be borne in min:l i.hbea.r“‘]g on the insulation of A s
a section in which either (,at it is possible that the car rc:f e}cllmpments_ It
necessary T e ie. + or —) pole may be eartl a(i\ ave to run on
line pressur equipment should 1ed. It is therefore
'\;\)"th }?to G be capable of standing the full
1 the trolley s - € 1u
. YStem in hi
magnet coils are usu , In which the :
al negative fe
only subject to a presli,uat the carthed end of t{},]e ICV,c pole is earthed, the
them, but under the abo re corresponding to the d reuit, and are therefore
cally the full line pres ve circumstances they ma rcf)p ipyoltase through
brakes should they beSl;re, lThe same remark ap);) l.e Silb_]e]Cted to practi-
Design.—Th mployed. ies to electromagnetic
. .—The conditi .
conduit are comparati ions which have to b { ¢
1. The ProvisI'J § lgyely simply stated, The considered in/ designing @
ion o e . e B
the sa suitable a y are:—
£ r’;tl?;eaggsfor the removal of f;z?gg:ments for the efficient draining of
i 1 m .
to resist the cr§:h'o fi conduit tube itsela;tter collected in the conduit.
the slot due t Ing strains due to t so that it has ample strength
0 any expansion of th raffic or the strains tending to cl
€ pavement. SN0 Rt

3' Reasonab]e i
of insula accessibility for
a0 cine xails, and tt}llIZirrefIi)k{cement if not for the inspection
difficulty Whereet ;mply questions of de;;n:]gs. ;
to deal with poi e track is simple, As sg ) al';] present no very special
themselves. nts and crossings a numbgr0 r(1)’f fowjver’d?zﬁlt is necessary
DRl s urther difficulties present
erial used i
modern installati in constructi
ations consi ction of the conduit t i
otf the tube. In this ar;sists of concrete, which forms thgbt?o?tf)opted e
iheel yokes, which carry a:§UIar intervals are embedded cast irrn St
e{%Of Pf the conduit hold in position the rails forming tl?: s?;tcijltd-
, € insulators, a : !
in some of the o s mentioned abo
; e earl ve, may be fixed in vari
Knight, the insulatoyrSSYStemS’ for example, the Love z:,:c?ot‘tl]i rrllgannlers:
practice is to attach th were attached to the yokes; the more erl’éey-
It is obvious that atezn o the under side of the slot-rail PR
§uch points four overhan rossings two conduit tubes will intersect, and
;)ngly Stfe“gthene o Sufﬁ%'mg corners occur which have to be corr’es St
24 placing the yokes as chl)ent strengt‘h for this purpose, however, is Obtp(')n (i
;)ng the slot-rails together Segs pgssxble to such a crossing-poi;lt andall)rcl)(lit
oint this difficulty i . On the other hand, i i
g Ulty iS Vv z er hand, 1n the constructi
in the track 7 ery considerably increased cHonyohig
il paving has to be effici ,as a long centre tongue
St iently supported in such a m
conductor-rails bei in the conduit f anner as to
s being i : or the passage of t
usually employed fogr lg]tiirrupted in such positions. gteel cotrllestfigggh, the
of the most expensive i purpose, and the cost SR i ions are
e items in the construction of a cond?ftc 1lz'i Fethans
it line.
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antre vex:sus Side Slot.—The lines constructed in New York,
\Vushlpgton, Nice, and Bordeaux, and the new lines of the London County
Council, are bpilt with the slot in the centre of the track. Paris at first
adopted the side slot, but after constructing about 20 miles of track the
centre-slot system was finally adopted, and is now to be used throughout.
In some cases, _however, the local authorities have objected to the centre
slot, as 1n Berlin, Brussels, and Budapest, consequently in these places,
as also in Bourpemouth, the slot is formed in the groove of one of the
track‘ral!s. This latter arrangement has the advantage that the third set
of rails is pvoided, and if no inspection-boxes are placed over the insu-
lators the _lme presents a similar appearance to that of an ordinary horse
tramway, it being practically impossible to see the slot unless the individual

is standing almost vertically over the slot-rail.

This would appear at first sight to be th conduit

e ideal solution for a

Fig. 167

systerﬁ; various other considerations, however, soon present themselves.
it is obvious that this

First, the conduit being under one of the track rails,
o be constructed of sufficient strength to carry the maximum

_loaded car, which, with those in use at the present
tons per wheel, which is considerably greater

mount to 3
ffic, which are not likely to exceed

time, may easily am ‘
than the Joads carried by ordinary tra
to 2 tons per wheel. '

g For the sEme reason it 1 ble that that slot
is also the wheel-rail, should have @ vertipal web, an
reducing the distance between the slot-rails at their thereby
the construction of the plough. A more important objection 18 that the
wheel flanges dirt on to the plough, thereby tending to
ere a single conductor conduit is em-

riguzg t:: i (or Waller-Manville) system, it is quite possible
Eo a>;ra1’1ge tical web in such a way as to be.sup-
ted during i ftf}e conduit, the s'mgle
Ord tor being placed int . under the slot-rail on the inner side of
i tu:ck (see fig- I trical conduit of this type the wheel-
thfa1 irs fully supported, an insulated collecting-shoe being out of line
ijilth the slot will not suffer from mud or water thrown to the same extent.

_rail, which in this case
d this has the effect of
base, thereby confining

outer wall o
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Where points occur it is obvious that the plough must be guided to take

The inherent diffi
culty, however, of -
With the centre slot a , of the side slot is the poi
] Ot a Comparati ] . € pOlnt.
to guide : vely light mov :
in g:e t:}':_ plough, but in the case of the side Slat:lehtong“e can be used the same path as the car; failure in this respect is one of the sources of
position to deflect and carry the car whe ]0 the tongue will have breakdown to which conduit systems are liable. Serious accident, however,
els, requiring therefore to can be guarded against if the plough is free to move on a slide passing the
whole width of the car, so that, in the event of i
) 3 j plough and car taking
along the slide (and either fall out

different roads, the plough can travel
or move clear of the car; this, however, is se
driver will probably notice the failure before th

his car).
In connection with the question of side-slot lines a further point arises,
he same side, the inside or the

as to whether the slots should be on t

outside of the tracks. Where the plough is suspended from a sliding
arr.angement enabling it to travel freely the full width of the car, this becomes
quite immaterial from the point of view of the designer, and in such a
case placing the slots on the two inner track rails will have the advantage
that the slot-rails will be at the highest part of the roadway, and will have

ldom likely to occur, as the
is happens and reverse

Fig. 168.—Centre-slot Switch

be much stiffe

A r and stronger i
necessitating the surf: ger in order to carry the strains i
Further, where only tE;f: O;Ier its whole length b}e’ing ﬂusfla ::iihlr;;owedc’l e
maydbe made much moxiol:l:l%}rllthas éo be deflected, the angle ot§3 :1?: pv;?gt.
spondi - an
ponding overhang is conSGQUent’l tl}e length of the tongue and corre- : FRAT

In order to avoid this di y considerably reduced (fig. 168) : : :

isadvantage in point construction' with.the side Fig. 170.—Washington Tramways (Metropolitan Railroad Company)

In either of the other

ray from them.
e to have a considerable

d matter swept aw
lots will be liabl

nearly all roa
e or both of the s

\\ﬁi if ‘f‘"::~i~_ca=_Lef______; 0 50 100 150 200 IncHES

~~~~~ N R S arrangements, on :
S R portion of the road sweepings swept into them. ) g
s == This arrangement has the add}tlonal advantage during construction
: - ] that it confines the deeper excavation work to ?he centre of the roadway,
and if it is possible to take in hand the. construction of the full width of the

track at one time, it allows both conduits to be put n together.
Details of Construction.-—ln the New York and Washington systems
e shown in fig. 170; that is, in addition to the central
ing the slot-rails, the

, is of the typ y
ﬂE:Ziii(c))lr{leforrrling th{e section of the cqndunt and carryl .
okes have an extension on e.ach side cgrrymg .the t'rack rails, and to
which the latter are bolted. This construction was mhe-rlted from the caple
conduit, and a similar arrangement has been ?.dopted in other places W.lth
; ver, as is usual in this country, @ good foundation

slot. Where, howe o Ry A
Z?tg:;ﬁi o frof,rl 7t09 inches in depth 1S laid under the full width of the ’
of the yokes are unnecessary, as the track is suffi-

‘ track, these extensions

40

Il oNINNID3E

_saun

q

T

: TR0
RACT:h’.‘. DEAD PLOUGH
T i

Fig. 169, — ? P
g. 169.—Deflection of Side Slot to Centre Slot
siently solid without them. s ) e
hich 18 involved in designin

g the yokes is the
on the size, section,
he insulators to be

w

This depends, in the first place,

The first question

slot system, th
) e slot i i
thereby leaving the trazkdll)‘;?rtted Lefits Tenrenatotle) ek glitet
n . 5 ) -
z;ack (Sti:e fig. 160). Where thi: :jle same as w1th. an .Ordmary tramway depth of the conduit. RVt A Jeepi
pori]:;zs ‘; .HSOpted with a side-slot ::er]x%irir;el']tt ffnd“’er t;lng the slot to the and weight og ths condllx]ctcc{rs fntﬁljhl]réte; rﬁe t:l Sa:) ot}c)) M B R
which would no : , it follows that the number of employed, an the method of NXT/S ! A ;
to the extent of the pol;r:tzllv};hoccur with a centre-slot system is increased i epclass of paving to be used, as this latter point determines the depth
: er 4 ;
centre, ie. one extra for every br:ng]]e g s entilon e SRR | ob i i
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Slot-rails.—
Depth of Slot-rails—With granite-sett paving the slot-rail depth cannot
!)e much less than 6 to 7 inches; with asphalt paving, on the other hand
it may be reduced to about 4 inches. £ i
The slot-rail forms in reality the crown of the conduit, and, as it has
the.refore to be sufficiently strong to carry the weight of a’.ny r:)aa traffic
whxch1 rga_v pass over it, a certain minimum strength is necessary, but the
:(;tvuiz;g tzp;l: zcsioz;l)lt)gc\]r.e mentioned, is really determined by the class of
As regards the width of the head of the slot-rails, from considerations
LR R of traffic it is desirable that these should be
A kept as narrow as possible; on the other
hand, it is necessary to provide a sufficient
space below the head in order to accommo-
date the nuts of the tie-bars which connect
the.s-lot-rails to the yokes and hold them in
position. As these tie-bars are of necessity
run at an angle to the vertical, these nuts will
not lie flush on the inner surface of the slot-
rail, but would be required to be supported
by a bevelled washer, and the head of the

R / slot-rail has to be of sufficient width to cover
I 2 these and at the same time allow sufficient
Z clearance for the passage of the plough.

I In the construction adopted on the London
l conduit system this width has been reduced
| R somewhat by the device of
I A W™ ! putting in a bend in the
i _—r-—é g tie-bar just before passing
- al 73 through the slot-rail, the

A DR A "~ web of the rail being vertical.

fe Baa 8 T (See fig. 172.) Experiments

l made on these bars show that

i it requires about 11 tons to
i::;lgtl;ltend.them, and that. the breaking strain is about 13 tons, sllqwing
the disadvantage of introducing this bend is by no means SCrous.

Fig. 171 shows a section of the slot-rail. The two rails are set so as to
make the slot § inch in width, and the surface so as to be 3 inch higher
than that of the wheel-rails. ,

Width of Slot—The width of the slot is much more important with
Cent‘re-slot systems than with side-slots, where a rail groove of I to
; }‘mches already exists. Where the side-slot is adopted in this country
it is probable that the bottom of the groove will be narrowed by a lip
on one of the slot-rails, reducing the slot to about 4 inch, as in the centre-
slot system.

An all-important consideration in large towns is to reduce, however, the
depth of the conduit as much as possible, so as to reduce to a minimum
the outlay which it may be necessary to make in shifting heavy gas- and

Fig. 171.—Section of Slot-rail, 6o Ibs, per yard

——— e —
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water-pipes from beneath the track, the cost of which work may involve in
some cases very great expense.
Also, in order to prevent any closing of the slot due to the expansion
of the paving, the yokes have to be sufficiently strong to resist any strains
that may occur, and it is obvious that any increase in the conduit depth
will considerably increase the weight of the yokes necessary to ensure
this.
Detailed dimensions of the yokes which are being employed on the

A —

st
s/

2

&
TS A
N AN AN

Fig. 172.—London County Council Yokes

iven i he design being

7 1 tramways are given in fig. 172, the des
i COllmty' C?: tc])(x::cla. The general form of the yoke 1s similar to the
let ex“em?l%ll SItmp of the yoke is provided with a seat for the slot-ral!s, to
s i g for the tie-bars. There 1s, In

- d also with a lu
which they are,c ?gitid}ﬁe hich comes at the bottom flange of the slot-

iti ea
ad.dmon, ?exszent ok o mparatively weak corner of cqncrete there from
rail, to P The yokes are spaced every 3 feet g inches from centre

i way. . -
bres:ri?li ) T{Iis comparatively close spacing of the yt():lkest }tl;.s th«:n zd;a::e
it . iri i i vy yoke, and at the sa
tage of not requiring an inordinately heavy yOXe %

vou. IV.
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making a better provision agai
gainst the dan f
on the slot-rai ger of slot closure
TR ks tsothraxl§ between the yokes. Vertical and horizontal 2 B he i
5 o the right and below respectively S sectiong,are
earan : .
desirable tociat:lilzw lcongUCtor-ralls'_Expef ience has shown that it i
SRR £ clear depth of not less than 6 inches, but f i
PR oreé between the under side of the conducto’r 'lpre erably
R ﬁcon uit, in o.rder to readily carry off any wat -rails and the
ay ‘nd its way into the conduit, without S e other' asbrs
conduetoE il making contact with the
Where the conductor i
s only cleaned 5 SE .
much more ; periodically it is desi
B t,hseay 8 hnc.hes. at l.east. In cases where the grad'eSlrable 5 h;'we
s tcortl1 u1t.lme itself are likely to lead, in thlents SHjhe side
R décr(; 90d1ng of_the line, this contingenc’y can lfe:tvgnt of very
il e asing the distance between the drain B oo
nglng the size of the conduit channel segaaeber than
Jnless speci . ?
absolute mirll)ierfll::n retallls: nsS :Z{ 1Stb for reducing the conduit depth to an
) ‘4
taken at 7 inches. pace below the conductors may therefore be
Height of Cond :
S o theur((:;o;-sr::}:.ce—!n d(;a(;qmining the distance of the con-
sufficient clearance h » In addition to the depth of i
; as 3 pth of the slot-
dimension in this res ectt(') be allowed for air insulation, and the lim;:’ p
e A ] pect is that between the top of the cond B
i s d’ptr of the yoke seat (see ﬁg 172) onductor-rails and
istance ORI
2 inches in the }’01320521;1 -l;ardly be less than 2} inches, which, with 1} to
e 11 self,‘ gives 4 to 4} inches between the top of‘ the
IT to 11} inches from t?leel; SI?C B slonals, oF it & aneEioted!
; > surface
duC,tI?}:-rall as the minimum distancegf e T
e actual di . i
fixing the insulelxizncgylsx’vl}:'o BV sreapinedlsgy By Lhe et iosel
SOmZWhat increased,’ ich this minimum distance will probably be
ssuming, h X
at this heighgt’ i t:at the insulators can be fixed to support the rail
basis for Ol‘dir’]ary purog uctor-rail 3} inches deep, we obtain on the above
minimum depth of thp pES 7_+ 4(3)+ 34 +7 = 21} to22 inches as the
If the height of the condulF for ordinary construction.
i e fe slot-rall‘can be reduced below the size above given
o T (()jr §hort distances (as in crossing railway bridges) thé
By s onduit bel.ow the conductors is also reduced, the mini-
AR abzv; r:;ay be still furth(?r lessened accordingly; but, generally
G presents the minimum depth which it is advisable to
Width i :
ot ductor.r:iisc:ngUI;'-The conduit width depends on the width of the
sary for insulat’ior? Putr e dlSta]}CC between. than plus, healpeteonipiater
oses. . :
amounts to 14} inchesF.) n the London County Council conduit this
With ¢ : :
shis. (P v:;g“:t?l;—.rallls of opposite polarity it is hardly possible to reduce
i ) lgo ar.system to be adopted, or in particular a single-
ystem, there is no doubt a reduction is possible.
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In the Waller-Manville system, where a flexible conductor is employed
the width is reduced to about 7 inches (see fig. 173). ’

Conductor-bars.—In the above calculation the depth of the conductor-
bars was taken as 3% inches. It might in some cases be reduced, but it
must'be borne in mind that the surface of contact has not only to have
sufficient f:onductmg area, but also a good bearing surface so as to suffer
no appreciable wear.

Contact may be made either vertically or horizontally. The form of
anductor now most usually employed consists of a T angle-iron turned
sideways = b=, the flat heads being turned inwards and forming the work-

ing contact surfaces.-

showing Carrier-arm and Collector

ion of Conduit at Hatchway,

Fig. 173,—Cross-sect
used at Blackpool and in some other
a much greater conductivity than iron
does not wear so well, and the section
act and bearing surface is in most
loyed, to carry the current without

Copper conductors have been
instances. Copper has, of course,
or steel, but, on the other hanq, it
provided to secure good working cont
cases quite sufficient, when steel is emp

b
excessive droP- 1 guisability of subdividing the line o }-mile

Ifurthz;, ::::,:)r::grlt of the security it gives in dealing with possible insula-

i ctxfgnsft the employment of copper conductors loses what slight advantage
itéo::ﬁ;ﬁt Sl;ave had. Where the line has not been sectipnized in'this way,
and it has been found necessary to increase the carrying capacity of the
y laying a copper cable of

conductor-bars, this can be more cheaply done b A
suitable capacity at the back of each conductor-bar than by using cOpper

conductors. They are electrically bonded at sufficiently short intervals to
the steel conductor-bar to prevent any possible electrolytic action between

the two metals.
The materia

time is mild steel, w

of copper, of speaking generally, t

itable up to the present
f about one-tenth of that
n by the formula

1 which has proved itself most su

hich has a carrying capacity 0

he drop (per mile) is give
A

2R =N QAN By
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where B denotes th i
e sectio i .
amperes. ional area in square inches, and A the current in
At the ends of i
g sections, and at points
two insu et points and crossi !
Fixixlazo;i' 1 ﬁ?ed’ to give additional mechanical stre here gaps occur,
: r
S the insulat::'ls, ?rtl:ors..—.Varxous arrangements have i;;%tll" d
e i position. Thopmay b divided und Ry for
fixing the iI:lsul,atemployed in most of the earlier co uc[i] B e s
abandoned owi ors to the yokes. This method E Qs thatiof
SIVE wing to the necessarily confi » however, has been
points. ned space available at thes
A second met . 5
supporting the in:;)]gt of fixing was tried in New York
or at the top of a pillar from tt:’ nt?me]y' Enatiof
e bottom of the

/!
/,:L/,\I IR
. 7| \i\ NI \\\:\ 3

A7
T/

2

°
Ll
i 1 15

Fig. 174.—In Washington
Central Condui Fig. 175.—In Paris
nduit.  Insulators and suspended Conductor-rails.

conduit. This method has
- R ho :
o o i e g el
e ghome
without difficulty, the wicc)lr?.l between the yokes it is possible to enlarge
o L SO em’plo o th of the conduit in these positions, and leave:
fixed in position eithé’r bentb of a large and efficient insulator. They are
i whic}},l oltl.ng direct to the slot-rails, or by being fitted
i 1031'3 in turn bolted to the rails. Both these latter
ﬁgS'II74l Sl ployed in comparatively recent constructions (see
n place
i g III])l tteds t\i&;zfrfh:;hgbuse of these road-boxes is objected to—and it must
el sence of these boxes, two at intervals of say every
e O ces the appearance of the roadway—it becomes
o beybolts?l]k the insulators, and in such cases it is usual for
e Insulatoe to the under side of the slot-rail, as in fig. 175.
rs,—The primary considerations to be borne in
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mind in designing the insulators are those of insulation and mechanical
strength.

Insulation.—As in most systems
of about 15 feet apart, it follows that t
350 per mile, or a total for both conductors, on a system of 10 miles of
conduit, of not less than 7000 insulators. The design of an insulator which
shall be t'h.oroughly effective, and which shall maintain its insulation under
the cond}txons of conduit working, is therefore very important.

The insulators employed on the first line installed in New York were

built up of mica, &e, round a central bolt; they failed, however. In
Brussels the insulating material employed is an india-rubber composition,
It has the disadvan-

which has on the whole proved fairly satisfactory.
tage, however, of being expensive, and deteriorates in the course of time
by exposure to the atmosphere.
The material which has proved itself thoroughly satisfactory is porcelain,
and there is no reason that can be urged against its employment.
| that the insulators

From the circumstances of the case it is only natura
should be liable to become covered with mud and dust, and for this reason

the insulating surfaces should be as far as possible vertical or inverted.
shape is a type ©

The most satisfactory f «petticoat insulator”, in which
ts underneath and carries the rai

the insulators are fixed at distances
here will be for each conductor about

1, while the whole

the central bolt projec
of the upper portion is enclosed in a metal cap, provided with a lug or
lugs for bolting the insulator in position, and a cape for throwing off any

water or mud which may fall on it. . ' ‘
The central bolt is fixed in the insulator, and the insulator in the

cap, by means of Portland cement, the opposing surfaces being corrugated

i hown in the drawings.

& tﬁ;:;:;gasl Strength of the Insulators.—The insulator must .bc
sufficiently strong to carry, first, the conductor-rail, and also to provide

against any stresses produced by the passage of the codtact-ploughs.
\Where T conductor-rails are employed, the rails being 11 lengths. usually
nd weighing about 20 lbs. per yard, the weight of rail to be
ach insulator will be about 100 lbs.; the pressure exerted by the
i i{s case will probably not exceed 3 to 6 1bs., this
t right angles to that of the

i i irection a
ng, however usually 1n a dlrdc : :
2 es a’ct at a point which is probably some 3 to 5 inches

f the insulator.
ive sections of the insulators us€

he insulator is accessible by a
i le: in the latter the insu
bably fixed as high as possible; in t .

g;)o; tyhe xslot_rail,g probably represents the minumu
ns, both for securing mechanical strength and providing
i he height of this insulator 1s

d in Washington
road-box, and is
lator is entirely
m advisable
sufficient
7 inches,

away from the axis ©
Figs. 174 and 175 8
and Paris; in the former t

dimensio
length of insulating surface: T :
or, including the length of the stalk, 12 lflches. . .
1 course adopted in constructing a conduit system
he trenches

Roadwork.——The usua
. to first of all clear the surface of the track and excavate I
IS te blocks spaced at the correct distances are

duit. Small concre
{Eixzhglzgzd in position, and the yokes placed upon them, levelled, and
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bolted up to the slot-rails. When this has been completed, formers, con-
structed either of wood or metal sheeting in such a way as to allow of their
easy removal after the concrete has set, are placed inside the yokes.to
shape the walls of the conduit, enlarging pieces being put in to prov1§1e
the extra space required by the insulators. The concrete is then put 1n,
forming the walls of the conduit and the under - bedding of the t.ra.ck.
When this has set, the formers are removed by loosening them and shdmg
them along the conduit; insulators and contact-rails are then fixed in
position, and after the track rails, tie-bars, insulator-boxes, if any, have
been fixed in position, the track may be finished off in the usual manner.
Fig. 176 shows plan, horizontal, longitudinal, and vertical sections of
the conduit put down by the London County Council.
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Fig. 177

th
. ' i ich i be noted that the .dep
s sions are given, from which it may . o !

of the conduit is about 24 inches, and the total excavati
from the level of the surface. . -
The insulator chambers are also shown, the extreme Wl:th r?gr:::u;ﬁm
duit at these points being 2 feet 8 inches, as against 14} Inc esembed them
At the yokes the concrete is 8 inches thick, sO a3 fllye?
except at the inner surface. sl o g ove
lg)rainage and Feeders.—The method of cor.lStl’UCtllon l;nd;;aetei ra;t,)]ge-
is straightforward enough, but it is broken at interya'g -i’s into which
ments required for draining. These consist of sump -pl ﬁ’ndS its way
the dirt and other debris which falls into the concll}llt S
or is carried by means of the scrapers. In the firsh gleinches wide by
New York these pits were very large, beingyz feit They occurred at
4 feet deep, and extended the full width of the track. »
every rail joint, ie. 30 feet apart, the idea being to re 3
the slot and conductor-rails and the main msulatorsl efrack a
In Brussels they are placed in the centre of the double ;
in fig. 177, and occur at intervals of every 130 feet.

der the joints in
ly accessible.
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The design of such a pit must be such that it is easily accessible for
e so designed as to carry off

cleaning out, while the water outlet must b
fap{dlthUCh large quantities of water as might possibly find their way
in in the event of flooding or heavy downpour, while at the same time
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retaining the solid matter and stopping any gases which may tend to come
pack from the sewer. The distance apart at which these pits should be
placed depends on local conditions, Jiability to heavy rain, and other con-

siderations.

On the
them at distances of
outside the track, and are connect

n considered necessary to space
They are placed entirely

London tramways it has bee
duits by means of a 12-

about 40 yards apart.
ed to the con
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inch pipe having a fall of 1 in 10. The chambers are built of conctete,
have an internal diameter of 3 feet and a total depth of about 5 feet
10 inches from the surface of the roadway. Over the connection to the
sewer a cast-iron hood is placed, as shown in fig. 178, to keep back any
gases which may come through from the sewer, the outlet being placed
at such a height as to leave about 2 feet from
the bottan of the pit to the water-line. This
construction may be much more readily cleaned
out than the ordinary siphon trap.

Be_fore finally leaving the question of the
conduit design, special attention may be called
to the Waller-Manville system, as affording
a contrast to the rigid double-insulated deep
f:ondmt being employed at the present time,
in that it utilizes a single-insulated conductor,
with an earthed return, the conductor being
flexible, and also as being the only conduit
system essentially differing from the above
) which it has been seriously attempted to in-

Fig. 180.—Tension-gear troduce within recent years.

4 As has already been explained, the grea
Ob‘]eCthTI made to the employment of ﬂexibleyconductorz is th; difﬁ%ult;
of keeping the conductor strained. This is effected in the above system
by ’fhe employmen.t of a special straining device shown in fig. 180. The
flexible condyctor is supported at the position where this gear is fixed by
an arm carrying three pulleys, round which it passes to the tension-weight,
which keeps the conductor taut. The arm is free to rise and fall with the
conductor as the
car passes; and as
the last pulley
carries the con-
ductor through the
point of suspension,
and the pull of the
conductor on one
side of the arm is
balanced by the
corresponding pull
on the other, these
forces are in equi-
librium, and no
~ twist is exerted on
_ the insulators. At curves, arms of similar construction are employed,

which hold the conductor in such a way as to leave it free to move.

Where such arms are used two insulators are fixed. Further, it is claimed

that as, with the exception of curves and some special positions, the con-

ductor is not attached but only rests on the insulators, from which it is
lifted by the plough, no strain is thrown on the irsulators by the latter

Fig. 181
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in passing, and that therefore a much smaller and lighter insulator can
be employed.

Fig. 181 shows a section of the track and conduit between hatchways,
from which it will be seen that the running slot-rail is directly carried
by the yokes and the wall of conduit; the conductor, being carried under
the overhung side, is thus protected from anything entering accidentally
the slot. Owing to the comparative lightness of the special copper con-
ductor employed, it is not necessary to place the insulators closer than
about every 30 feet, ie. only about half the number are necessary, and
they may be conveniently fixed in an inspection-box formed by two yokes
placed close together at the rail joints. It is also possible to remove an
renew the conductor through the slot, and this operation can be performefl
in a very short space of time. The great claim made on behal'f of this
system is that the actual depth required for the conductor being only
that necessary to allow for the sag in the same between insulators, the
total depth of conduit required may be considfzrab]y reduced, the shape of
the conduit being such as to allow of its being very readily kept clean
either by hand or by an attachment to a certain numl?er of the cars. The
shape and size of the conduit renders t}}e construction of Pomts in the
side-slot much simpler than when the wider conduit necessitated by the
use of double insulated conductors is employed. .

The Plough.—We now come to t!le construction o{ the plougl}, which
is probably the most difficult problem mvolvve.d in conduit construction.

The plough must be so designec} that it is of ample strgngtl.l to res;)st
the various shocks to which it is subjected, and at the same time 1; rlrlll:t l‘:
aufficiently weak, SO that, in the event of obstruction, the plough shall brea
el ¢ e, :,'ather than that injury should be caused to the conductor-
:m'd b it In addition to this, the plough is that portion of the
rallEgr msulatox_'s.h is subjected to most wear and tear, while at the same
“{hOle T Wl.’llc l;tion of its parts is of vital importance to the working
time the proper %, dimensions, owing to the space available, have to be
of the systesh andiea ' mini It consists of three portions,

reduced to the 51T k, and the suspension gear.

b or “ flappers ”), the shan ens f
the ;?nt?gg S;ic\,rzss the congg'uctio’n adopted on the conduit lines in London.
ig.

i _iron shoes which are ressed outwards against
The conﬁactS cons;?tt%fe Ccajrtlciz?tlor-bars by means %f semi-elliptical springs
e vertlc?l fa&ces ressure of about 3 lbs. The work of moving the contact-
vl afp e of these conductors, however, is not performed by
shoes along e tgc erformed by links attached to the shank, as shown
Fhese N % ﬁscﬁ are SO arranged as to limit at the same time the
in) o s ‘thl of the shoes. This has the advantage that it only
outwafd tmovecr:; aratively small splay in the conductor-bars at points of
{‘lCCCSSlta.CS i d [:'eatly Jessens the shock caused when the plough enters
lofe b a;n %& copper fuse is inserted between the contact-shoe a.nd
ati et b the shank, which would blow in the case of the insulation
the cono i : eby cutting the faulty plough out of

i ther
of the ploueh bresklng pir ges connected by two

i teel cutting ed
ircui he shank consists of two s . .
Ay nZlosing the conducting leads, and thickened on each side by

plates e
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reqew}?ble hard-steel wearing-pieces, the thickness of the latter being about

g 1rlc : hIn the boxcd' space formed .by these plates the insulated con-
uctors have to be carried, either of which may be subjected at any time t0 |
the full }vorklng pressure of the line. The thickness of the wholey'lrran e-

ment with a -inch slot does not exceed about } inch, as with tilc m{ést
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Section obcd

Fig. 182

careful setting the slot has been found under some circumstances to close

The ll’lSL.llatiO.n of the two conductors in the plough is one of the
;;/eakest points in a conduit system, and probably gives rise to more
reak-downs 'fha'n any other cause. As a rule no difficulty arises in dry
\_)veather, bu'? incipient faults begin to develop directly wet weather sets
in. In Paris the plan is adopted of providing a double equipment of
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ie. a duplicate set is kept in depot, and after a wet day the
ploughs on Fhe whole of the cars that have been out are changed, those
taken off being thoroughly dried out and well soaked in insulating com-
pqund. This plan has proved thoroughly successful, and breakdowns from
this cause have been reduced to a negligible quantity.
Another method of constructing the shank is to m
slightly thicker than the box portion in the centre.
carry all the strains, but are
subject to all the wear, and
must in consequence be
easily replaceable. As these
cutting edges must form the
main groundwork of the
shank, the first construction
is probably much the simpler
to maintain as regards wear,

ploughs,

ake the cutting edges
They then not only

Ty (e

structed in this way, and is
shown in fig. 183. There
being only one conductor M 7
the contact is on one side Tk Ve F N
only, and forms 2 bed on i ERINNEREaE o
which the flexible conductor E e et e J
rests. The centre portion 15
easily renewable.
Suspension Gear. —
Where the cars will only
have to run on a conduit __[ _ T
track, and it will not be ne- Ly ; —
cessary to raise t_“.he plough T lml..,num ul — |
out of the conduit, the sus- { gttt e i St

pension gear is compara-
tively simple. For reasons

lained it is very
ngei;:gl))’l: Xé::tl the plough should have a free movement across the full

width of the car, and slides should be provided for this purpose, but they
should be so constructed that while allowing the plough freedom to turn

slightly to follow freely the course of the slot, they must at the same
any slight obstruction met with in its

time prevent any tilting due to an obs BwLE
In Brussels, where the side conduit is used, provision 1S only
f the conduit, the driving arrangement

while in the second the in- fi 1ife
sulated conductors may be o
2 ; B | | insufated, | B
more readily accessible. The === 1O Gndictr HORE SRR
i con- : i
Simplex plough was i .
' @
; £ 1%

bl iy (s

Fig. 183.—Details of Collector. *‘Simplex Conduit

progress.

made for lifting the plough out ©

being designed with a certain amount of lateral play so as to allow the
freedom for taking CUrves, &c. As the conduits are constructed

ecessar it
n y y the conduit will be on

on the inside
the other side o

of the track, and on the return journe

f the car, it be

comes necessary at the end of the journey to
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provide conduits under each track rail, the cars being fitted with two sets
of ploughs.

Where, however, a mixed system is employed, the construction becomes
complicated with the gear necessary for raising the plough out of the
conduit, and becomes practically part of same.

Mixed Systems.—Owing to the cost involved in its construction, the
conduit system will never be employed for the outlying portions of a tram-
way’s network, and it follows therefore that while its employment in the
central portions may be justifiable, unless a special set of cars are to be
put aside for the working of the section so constructed it will be necessary
to so arrange the car equipment as to be able to work on the overhead
or some other systems as well as the conduit.

This involves either (1) the disconnection of the plough from the car,
or (2) its removal from the conduit, i.e. either the plough shall be carried
continually on the car, being raised up when not in use, or removed and
replaced on the car at each junction of the two systems.

'.I‘he latter would appear to be the simpler method, a manhole of con-
venient size being provided under the track, arranged so that a man can
carry out the necessary operation each time the car arrives at these points.
Very .lnttle consideration, however, will show that this arrangement is
undesirable and rather expensive. It has, however, been successfully used
at Washington, the point in question being a natural stopping-place for
traffic purposes, and the plough is removed without lengthening the stop
made by the car. It is quite true that in some such positions, where points
at the same time occur and where there is a very heavy traffic, it will
bfe necessary to keep an extra man in attendance; but, even under these
circumstances, he is likely to be of more use above-ground.

.An arrangement, therefore, which retains the plough on the car is one
Yvhlch is more to be récommended. The simplest and neatest solution
Is to raise the plough out of the conduit through the slot without any
special alteration to the slot. This has been successfully done both in
Brussels and Berlin, the plough being so designed as to allow of its
removal from the ordinary width of slot in use at those places.

Plough-raising Gear.—At Berlin, in fact, the arrangement is almost
automatic. A wheel is fixed to the under side of the plough, and, an
inclined plane being constructed at the end of the conduit section, when
the car reaches this point the wheel comes in contact with this plane and
forces the plough gradually out of the slot, when it is raised clear of the
track by turning a crank. All that is necessary, therefore, is for the
conductor at the same time to release the trolley pole and bring the wheel
on to the overhead trolley wire. In Brussels the arrangement is slightly
different, the plough being always raised by hand through the slot by
the motor-man.

A second arrangement, also in use at Berlin, is shown in fig. 184. The
plough is so constructed that it is automatically lifted out of the conduit
in the event of the slot being obstructed by any foreign substance.

Where it is not possible to raise the plough through the slot, plough-
hatches similar to that shown in fig. 182 have to be used. A mark is made

generally (roug

of running separate ger.leratin.g P
specially for the conduit sections,
separate feeders and switch-gear.

that the neg

e l;:ctit?:otg each other, except at the feeding-points, through cut-outs.
nec

same machines might
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on the track showing the driver the exact position in which to stop his car.
The driver raises the plough out of the slot, while the conductor opens the
trap and places the trolley-pole in position. In Paris, where both side and
centre conduits are in use, slides are provided to enable the plfmgh to
move the full width of the car frame, and at the same time hoisting-gear
is provided for raising the plough out of the slot in the central position.
Earth Returns with Mixed Systems.—In connection with the sub-
ject of mixed systems it might be mentioned here that tht-e usual practice,
owing to the one side of the trolley system being earthed, is to employ f.or
the conduit sections entirely separate circuils and generating plant, with
separate jfeeders from the generating or sub-stations. 41
Unless this is done it means that the negative pole of the conduit line

A

Fig. x84.—Plough-raising Gear, Berlin

the trolley sections, and it is not possible to ascertain, there-
i -bar. 3

i ion of the negative conductor-bar.

o thehmsiltallat:)?"r; opinion, however, no special dxsadvgntage would occur
In‘ T ecative pole were earthed at the generating or st{b-statlons,

eVl ‘f. i nt%e drop in the conductor-bars, the greater portion of the

& O‘Ymgbt: would be slightly above earth potential, tending to improve

negative ba

the insulatior. i 186, the negative conductor-bar is
i sts given on p. ) :

Jdetag by tlhealt;j)ut ;go to 15 volts) delow earth potgntla]. .

B tive pole would therefore obviate the necessity

lant, or the putting down of sub-stations

even if it were still necessary to retain

is earthed by

The earthing of the nega

i f a double-insulated system is

al argument in favour o ns . ‘

If the on;}t’ifencondfctor forms a reserve to the positive, tl}en it would
have two positive conductors used in parallel, entirely discon-

iable unipolar conduit system to be designed, the
Wersis thomichy sl ons, while the complicated

be run on both secti

e s

———
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arrangement of the switch-board, with the throw-over switches, feeder-

reversing switches, earth indicators, &c., would all be avoided with the
negative pole put to earth.

CHAPTER VIII
SURFACE-CONTACT AND OTHER SYSTEMS

Introduction.—The earliest method of conveying electrical power to a
moving vehicle appears to have been by means of a third rail supported on
wooden blocks close to the surface of the ground.

It was very soon discovered that this method of transmission was
limited in its application, and that it was wholly unsuited to use in con-
nection with tramways, as it was necessary to place the conductor so that
the danger from accidental contact would be reduced to a minimum.

There were two obvious methods—one to carry the conductor over-
hea‘d and the other to place it beneath the surface. Both ideas proved
entlrely'practicable, but the overhead system, on account of its low cost,
was rapidly developed, and soon became the standard practice.

It was soon demonstrated that the conductor or conductors could be
successfully worked when placed in an open conduit beneath the surface
of the street or road, but to ensure reliability a large well-drained conduit
was required, which entailed a very heavy capital outlay. This state of
affairs naturally led to a demand for a system that would avoid the use
of tl?e unsightly and, as then erected, dangerous overhead wires without
entailing the prohibitive cost of an open conduit.

T(? meet this demand inventors and engineers endeavoured to develop
what is now known as the Surface-contact System.

This system essentially consists of a sectional conductor laid nearly
ﬂ'ush with the surface of the street or in a small shallow conduit; a con-
tinuous conductor connected with the generating station, and insulated in
any convenient manner; a series of switch devices which automatically, as
the car passes them, make a connection between the continuous conductor
and the respective sections of the sectional conductor when immediately
beneath the car.

The earliest inventors in the field were the late Dr. John Hopkinson
and Messrs. Ayrton & Perry, who both devised what were in effect surface-
contact systems, but their object appears to have been to prevent excessive
leakage from a long length of third rail

There are two general forms of making connection between the sec-
tional conductor and the moving car. In one case the sectional conductor

is mechanically continuous, having but short insulated gaps, and the contact
is made by a brush or wheel carried on the car. In the second method the
sectional conductor consists of a series of studs projecting slightly above
the surface of the roadway, and usually placed 6 or 8 feet apart. The
collector in this case is a skate-shaped shoe of sufficient length to reach

e————— T
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between two of these studs, and often so designed as to come in contact
with three or four at the same time. Either of these methods of collection
are applicable to most systems, although the stud system has been more
generally used.

The waste of power in surface leakage is a factor that at first sight
would appear to be a serious drawback in all systems of this class, but in
practice it is found that under the worst conditions this does not reach an
amount that would seriously interfere with the success of the line, varying
from practically nothing in dry weather to about 5 amperes per car at
500 volts, the skate being in contact with two studs, and would probably
not exceed 5 per cent of the total power required under average conditions.
This, although a serious item on a large tramway, is not prohibitive. The
amount of leakage current will not vary greatly whether the sectional rail
and brush or the skate and contact-stud be used, for it is not practicable
to raise the studs enough above the surface of the street to keep the skate
clear of mud and water, and as the skate is always alive it presents as
much surface for leakage as would a sectional rail. .

Closed Conduits.— Another series of inventions, having the same
object as the surface-contact systems, were known as close'd conduits.
They were small shallow conduits, having one or more continuous con-
ductors, and they were provided with some means for keepx'ng the conduit
closed so as to exclude mud and water,.except at that portion of the con-
duit beneath the car necessary to admit the plough to make connection

1 ctors. 8
wm}*‘?tfd(;?lrllgtlital Requirements.—'l‘he fundamental requirements of a

follows:—
surface-contact system arc as fo’ :
Certainty of the contact being established.
5 Certainty of the contact-stud being cut out after the car has passed.
2.4Ce

Minimum projection above the surface of the street and minimum
3.

amount of met:a:i surfac;e exposed.

% Modefa'te hey number of moving parts.

o Smelgl ltt}c,) a'cl;]de nrf;lrt.:,ltmrl::cr;uirement it has bgeeF:1 established that the

Ir.1 regaff ick-up is greatly enhanced by energizing the stud or sec-
i i 3 ptor before the collecting-device touches it. -
el yo irement is in some respects even more important than

ihe seconfi requt d or sectional conductor is left alive in the street,
i g a;'f;lllaccidents, either to horses or foot-passengers, will
R o) ?ta This, besides rendering the tramway liable for
PR II‘SSU ;tainly ,cause the authorities to prohibit the.system..
damaﬁes,l;vciser (ga stem.— L he Dolter system is shown in dfagram in
fi ‘11.85e frc?m whic];1 the working of .the system can be-readltl.y trac;c.ad.
Tg}’].e cor,ltact-switch is clearly shown 1n fig. 186. It. conﬂ;tsho a;a tci:gra;?-
drical box made of an insulating fvaterproof mgterlal, and herm s y

Into the lower part of this box are laid the connections irom

g in feeder, which are permanently connected to a carbon cor}tact
fhe tr:; IZt one s’ide of the cylindrical chamber. The contact-lever itself
oca

AN shaped, very loosely pivoted at the top of the box, and falls by
i - )
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Fig. 185.—Diagram of Dolter System

embedded in a non- i
e mat:rit:lagbnetl'(l:‘ k};locl;, almd separated from each other by 2
AL A whole contact-stud i
I cons?ltsCh:f!r; F, embedded in an asphalt blac;rclz(lic 1:.0: re’i?;i: xcri)na:
wo long magnets energized by se\,ren r.nagnet coils
placed at suitable intervals.
) Both these contact-skates are alive, and
aid in collecting the current. Upon their
coming into contact with blocks BB, 2
g;agnetxc circuit is established from the
c1ocks BB.and contact-lever L, which is
Iér;;;wn up into the position shown in fig
; , making contact with the carbon con-
act above referred to and one of the blocks
f}-l Upon the contact-skate having passed
1e stud, .t}'.le lever L falls back into its ori-
ginal position by gravity. The whole box
can be lifted clear for inspection or replace-
ment b){ raising the two catches shown in
dotte.:d lines on fig. 186. Sufficient slack is
t:ftll? Ehe cable to allow the whole box to
) == e lifted clear of the hol
T e, when the upper
Iter Contact-stud {)art of the box can be unscrewed frompIt)he
Ao B i ower as indicated in dotted lines on fig. 186.
e position};ndalt:aizsingc;;;f:zl \évhllcfh, in event of the contact-lever L stﬁ:king
i fu‘SIf: el ud alive, would form a short circuit and blow
- The Lorai ,
Nk ];eiyi:::tln.g-The mfechanical and electrical details of this
rked out with exceptional care, and considerable

.

pillars are usually placed
diagrammatical]y in fig. 189.
and it will be seen that this is :

of this description.
connection.
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J.udgnu':nt has been shown in selecting the most suitable materials for
ll1Sll]€lt_lOll anc! general purposes. The contact-boxes are placed between
the rails at distances of about 10 feet, varying somewhat with the type
of car used. A convenient number of these are connected to a distribufing

CONCRETE NCRETE

Fig. 187.—Dolter System—Skate approaching Stud, Circuit open at Automatic Switch

Jonds to the trolley wire, and is carried in a suitable duct

ach contact-box.
then carried to a switch-pillar located on the

is made to the main feeder. Any con-
e run into one section-feeder pillar. These

main which corresj
with a Y-branch pipe at €

The distributing main is
footpath, where the connection
venient number 0

f groups can b

CONCRETE

CONCRETE
Circuit closed at Automatic Switch

Fig. 188.—Dolter System—-Skatc over Stud,

a couple of hundred yards apart. This is shown

9. The contact-box is shown in figs. 190-93,

t is possible to make a switch

arts, one of which is a flexible

9o, but shown more clearly
66

as simple as i
It has but two moving p
The base of the contact-box W (fig. 1

voL. IV.
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in fig. 193) is composed of reconstructed granite
been reduced to powder, pressed into the desired
a temperature of about 3000° F. The
great . strength and durability, entirely non-
absorbent, acid-proof, and not affected by heat '
or cold—in fact, a material which is particul

arly
suited for this class of work.

Into this insy-

lating block is fitted and secured by bolts a ‘f‘zf‘E
metallic cover 1,1/ (fig. 190), 12§ by 6% inches, ;Ej
To this cover is fastened the mechanism of the 1=
switch, so that, by removing the two nuts shown, 3 !"-‘§
the entire switch can be removed for examina- 3 §
tion or replacement with ?

a good deal of ease,
The cover of the contact-be

sections, two of which (LL*
third (the centre-piece
netic steel.

This is extremely hard and tough, and par-
ticularly wel] adapted to resjst the wear of the
collecting-shoe . This part of the cover is
the.highest, and is about { inch above the
paving of the roadway. In the switch between
the cover and the base is secured an insulatino
cup_ V'V, which contains the Switch contacz
Th1§ cup is made in two sections, and is her-
metically sealed by means of gasket and an
{mnula.r SCrew-ring. The cup is of a moulded
msulation, similar to that employed for over-
head' trolley-wire insulators, byt of improved
guallty, and has brass-screw terminals moulded
nto the top ang bottom, The top terminal is
screw'ed into the steel cover O, and holds the
CUP In position, The bottom terminal is &
SPring clip forced over solid contacts which are
connected to the distributing main, and the

whole is held i Place by the main bolts hold-
mg down the cover,

Into the circylar hole in the base of the
contact-block is fitted a brass gland, which is ,
held in place by an annular screw-ring. This
gland is screwed into the top of the Y-branch
pipe above referred to, and has a disc fitted in
the bottom, which is provided with two stuffing-
boxes, through which are passed the ends of
the distributing main,
- Sheathing,
material carrying the
contacts for

)X consists of three
J are of iron, and the
0) of special non-mag-

MAIN CURRENT CABLE UNDER FOOTPATH

100 TO 200 YARDS ———

SECTION FEEDFER PILLAR

i

connecting to the distributing main,

[

0

e’
r——--r— —f—p3 53 4 0

)

¢

NE

|

Fig. 189.—Lorain System—Diagram of Connections between Cantact-boxes and Main-current Cable

that is, granite which has

shape, and subjected t(;
. . . g~ )

result is an insulating material ¢

and the stuffing-boxes are packed tight on the lead
In the top portion of the gland is placed a disc of insulating

Spring contacts above referred to, and also screw

I —
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inside of the gland
The entire space around the ou.tsidc.;)i; il:.?niug Z‘:Salgr specific gravity
RGNk }‘;'itl:h?s hrf;'lc‘a\nam\b\tgg:'ni ?:]f(c::(tuall; pre\'.entt?d fol'?l:‘lhcf)f‘f‘iih;)‘:lé:
than.water't' 1)5 of the circuit. Another method, which 11'3 ns ~s£em. i
A P_Z" }Ocli referable, is to lay the cables on the sodlﬁlli)nrr e
LA L0 dele;J I;nto the l;ottom of the switch-bl?ck, an oft-i?on i)
A1 thelen Svigl bitumen. The switch itself consists of ansCes el
agoﬁfcltu]ezmb;/ 2 inches by & inch, \\'eigl1f|1gl bUtinSiéi:::wter:
?gcured a carbon-contact disc E about 2 1nches

and Magnet System on Car

b acts -shoe,
100.—Section of Contact box, Contact-s
F‘g 9

aCt D 1S SeCUled tO the bIaSS tel l“]llal mou (le(l

i ont
A similar carbon disc ¢

he cup-

into the top of t sibbon, _
i A hard-rolled COPF;errlnl;) the electrical COIllﬂfe

i . 191, tor he insula
as/ e o ﬁg’ a? i’n thelbetiol o rmature no } 102. The
A and the terminal in ain. The a 1y shown in fig. 192. 10

cted to the distributing m in fig. 190, and clearly he car, which is ener-
0. indicated in dotted lines i errnet carried upon t 1 th(; yoke KK, the
it h is eculc')msbof force pass throug 1h A Tk
. | ; >

S“;:S by t he hle spaces SS, the-cmei‘dof atn g A et S
&t th . ng magnetic field, an The electric
cores CC), A A is thus in a strong carbon disc D.

ture
The arma

: with the o
disc E forming contaf:t T L e et st
ward, its gagaon blished from the distributing
L .t 1o thus esta
circuit 18

on itself in Z shape,
ween the armature
1 con-

11 inches wide, fol‘ded I;Je[z
; ction e
d cup, which is in turn c¢
rmally lies in the position

actuated by et ?I]‘
he coils M M. A
e pole-pieces FI',
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Fig. 101

Lorain System— itudi T
1 System—Longitudinal and Transverse Sections of Contact-Box
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. litltll]cc E;lf{'?llﬁl f?()“cc‘t‘or is :1l)uuF 12 feet long, or of sufficient lepgth to
oy {'U”' than h”flf{(-‘ the distance between two studs. It is com-
131(1):]051 iiyogdz::':l']“)“;r:;:'[;_c P}dtt I, a piece of heavy rubber or linen hose R,
AT N e I})lc ; l').- : his latter is secured to the yokes of the magnets
$ adjustable.

pullesf :::; ;;’12']‘3 l)tt“(ﬁ” the discs D and E is entirely dependent on the
S acZordin‘(rl ltl(.( lnn the car, several of these magnets are required,
The pole-picces of each magnet are provided with strips of

2 feet 6 inches in g '11:1,,11Lt .Tl(,‘ [)l.()\' 1C (,('. with s 11‘1,5 OLgdr .
oth and 5 or 6 inches in width, placed longitudinally

with the car o . :
ar. The extended pole-pieces of the six magnets nearly touch

ron about

r
""" 7N . 1§ R 9l
' }
{
|
{

Fig. 193.—Parts of Contact-box (Lorain System)

bolted to wooden distance-pieces, thus forming

two continuous and parallel electric magnets, so that the magnetic attrac-
tion on the armature A A is practically constant during the whole time that
it is under the skate. Details of the magnets and contact-shoe are shown
in figs. 194 and 195. These parallel magnets are made somewhat longer
than the collecting-skate, the result of which is that the stud is energized
before the skate comes into contact with it. This adds greatly to the
certainty of the contact being established before it has been broken on the
preceding contact. The contact-skate also breaks contact with the stud
before the stud passes out of the influence of the magnet. Consequently,
if any arcing takes place it occurs between the stud and the skate, and not

in the contact-boxes.

each other, and are securely

The magnet coils are provided with two windings, a series and a shunt.
across the main circuit, and requires about

The shunt winding is connected
[ ampere of current, and is always in use while the car is running. The
series coils have a resistance of 0.175 ohm, and are connected in series with

the motors, thus giving a contact pressure on the carbon discs D and E pro-
portional to the amount of current transmitted.
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starting.
moving it from the car.

ELECTRIC TRAMWAYS

Fig. 194.—Lorain System—Longitudinal Section of Track and Motor Truck

Fig. 195.—Lorain System—Plan and Sectional Flevation of Magnets and Shoe

The small storage battery is provided for picking up the frst switch on

Arrangements are made for charging this b

attery without re-
A diagram of the car wir

Ing is shown in fig. 196.
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. . Cear o > run cither from
It will be noted that it is so arranged that the car can l)L] run e chansis
. woenret ’ > simple allg
the overhead trolley or by the surface-contact sy stem by (t]"L'\”t"ld\"lHl":e
of a switch. The ease with which this can be done is a distinct advantag

2
-

rd /O/scrhtad Trolley

Overhean — -
Switch *; N I . g v —
< : 5
fuset Fuse
Arrester+ | B
§| Plug ..’,\ulo@qll_c_ﬁglgcr_\rl_Snltchw - _
%l =_Foot Battery Battery |
S L S-Owich — 2 -
R —— Motor Motor- !
SSES L J .
e M XX L
A Magnet Coils T S
Safety Switch ... Y — P o
V‘L A e—————— C»(Zl‘ll: céo_x:_Sng:: pr——
__Contact Box —

Fig. 196.—Diagram of Car Wiring as arranged for Combined Contact and Trolley Lines

of this system. An earthing device is provided whereby any stud left alive
after leaving the magnets is short-circuited to earth, blowing the fuse or
safety device in the switch-pillar.

1 1 1
M| o2 M[Oo—lz MF»&
0—-| RAIL
X X,|® Xs té_
; -H H SHUNT CoiL— g H

]
1— | SERIES COIL —

SEiS=] | J%ﬂ
MAIN FEEDER 2 K

Diagram of Switch Connections {Westinghouse)

PoweRrJHouse

T

| LA

=i

G
CONTROLLER

STORAGE

CAR WIRING BATTERY

EIIMMTMH

Pick up BAr

A
CONTACT BARS

COLLECTOR BAR

Fig. 197.—Diagram of Car Connections (Westinghouse)

The total weight of the magnets, collectin
is about 2000 lbs,, equivalent to about 12
The Westinghouse System.— The Westinghouse sy
shunt and a series coil to be used at each switch. 3
contact between the feeder and the contact-stud, and

g-devices, storage-battery, &c.,
per cent of the weight of the car.

stem requires a
The former establishes

the latter increases the
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: 1€ use y actuate
ressure of this contact.  There are two series of studs, e o . urrent.
L ‘ [ FAWInoG 3 M C
{he shunt coil of the switch, and the other for draw ing oft lth“ l'” e liaoram.
i eneral arrangeme f-the system clear ¥ In Clagtasts
Fig. 197 shows the general .m.m_\:'unu‘n u' \ 2 Ao i e
Each car is provided with two Spring contact-skates, Q, : i- Cand 2
skates are mounted the same distance apart as the contact-studs s at
-~ C H . ) " . :
skates are long enough to come into contact with two stt )
The contact-skates are 1o g g : It T S it
i If a car is standing with the contact-skates in cont: :
the same time. a car is ¢ g wil S ot e i contact
their respective studs, for example at X,, the switch A is first clo: ‘fh he
¥ acce . P
allows the current from the small storage ]‘illt(_'l'_\' D to pass throug

CHANNEL IRON -

d g
WRO'T IRQN PIPE 2

Fig. 20t.—Westinghouse System—Section of Track equipped for Tramway Service

conductor R, to the skate Qp stud No. 1, and shunt coil H, to the rail. l- hi
current passing through the shunt coil H draws up the armature P, c]uslf]:',
the switch and establishing a connection between the 500-volt main fcc(lf:f lx,
and stud No. 2, through the carbon contacts Jj and series coil I. ’1‘11‘/
switch C is now closed and switch A opened, cutting out the battery. lhc1
switch X, is kept closed by the current flowing through series coil 1, stud
No. 2, skate @y conductor T, controller, and motors to rail. The current to

ough resistance L, switch C,

close the advance switches now flows from T thr \s
. w4 A D
» conductor M, and coil 1 to the ail. s

conductor R, skate Qp, stud No. g .
. . N N
the car advances and act-skates make connection with the ne

the cont

12V = STORAGE BATTERY
4 =

CONTACT BAR

Q

Fig. 202.—=Westinghouse Systcm—Di:\gram of Car Wiring

pair of studs at Xy the operation becomes a
not brought into action at all.

utomatic, and the battery 15
As soon as the skates leave the studs the
armature P falls back by gravity, As the
is in service with the car, it cannot open
ing, so no arc occurs in the switch.

etic switch are shown in figs. 198 and 192
(see Plate). The switch magnet M is protected by an iron casing, and‘f——
Provided with a fine-wire or shunt coil for the pick-up current, and a coarse
wire coil, which is i series with the main current. This magnet attracts al:
armature attached to g bridge-piece J, each end of which carries a Cal'b?"(:
dise N, RR are guides for the bridge-piece. The carbon discs N mak

coil holding the g
while there is any

Details of the electromagn

vitch closed
current floyw

- ba‘

’ Jhowing Switch
n o Details of Contact-Box, showing
. ‘house Systet :
Fir 1o Westinghou

w

o Switches removed
-Box, Switches

Testi e System  Details of Contact

Fig. 199.  Westinghouse Sy

Q - Railways
“ontact-Stud for
Fi Westingt Sy stem —Switch-Box and Con
1. 200, - “estinghouse Sy

(38)

7o face IV, 216
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se of
contact with the carbon discs O, which are attached to th(l: m?(r)Eiltcivzar::ain
the switch. One of these is permanently E:onnectcd with ttslfuld e P |
feeder, and the other through the series coil to the contaclg : t'ile B
It will be noted that the switch provides a.doublc b‘rea‘ Of‘m AL
A pan ¢ (fig. 199) is provided with four pins F. These Sie. ):111 AT
receptacles G in the switch base; they are insulated from pan C,

: g rail, and
are provided with terminals for connection to the main feeder,
contact-studs. The whole

pan is filled with pm'aﬂin-wax.after tht;. con(-1
nections have been made, The upper part of the switch is then s lppcnt
over the pan and sealed, on the diving-bell principle. This arrangeme ;
S made to provide for the easy removal of the switch for replacemen
Or protection, | .
When the switch is designed for use on a railway it is combined with
two contact-studs E, as shown in fig. 200 (see Plate facing p. 216), and
Supported by the four

-ties. If intended for use on a

studs, embedded in s

€ from the track. If it is
_studs ick-up current must be at
Under these circumstances
used. Syi

tch A is first closed, which
motor-generator .

switch B is closed,
to contact-skate Q, and then thro
described. As
the motor-generator may be stopped,
advantage where the track is
Thomson-Houston Syste

¢ m, as will b i
ring to fig. 203, two rows of contact-studg are re o Bty )
about 1 foot from the rail ang

tact shown in section A B, fig. 204, and the
in section CD, fig. 205. In both
a block of wood. In the high
chair, which is

m.

tension stud shown
tact-stuq

is embedded in
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first movement of the controller closes the switches

of the switch k brings into action a smal] storag

The current passes through a portion of the
motor, the skate E, contact-stud A,, coil
Cy, to the rail, and thence back to the
battery. The battery current energizes

T el
|

and K.
e battery.

Fig. 205.—Section of Contact-stud at c

[TTTTTITITTTTITT LTI h,

TTLLLILIILIIILIIIIITIP

Fig. 203.—Thomson-Houston System— Plan of Track

Fig. 204.—Section of Contact-stud at A B

the coil C,, which attracts the a

mature p
with three carbon contacts electri

1 Which consjs

: ts of an iron bar
cally connecteq to it.

These carbon con-

The closing

: ; e
starting resistance of tb
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studs B, and B,, from which it is collected by the skate F, and c?ll\b}t;cé
thence to the motors. From the motors it passes 'througl} skate E to “
low-tension stud A,, thence through coil ¢, to the rail. While the contro e‘j
is on the first notch, and the switch K closed, the current from the motors
divides, part of it passing through the storage battery to earth and part
through the coil C,. This arrangement keeps the storage battery auto-
matically charged.
The next movement of the controller opens switch K and all?ws all the
current to pass through the coil c,. The skate will reach low-tension contact
A before it has left Ay The current from the motors then divides, part of it
flowing through Cy and part through ¢. This closes both switches D and‘ Dy,
S0 that high-tension contacts B, B,, and B, are all alive at the same time,
and it will be noted that the high-tension contact B is energized before the
skate ¥ comes in contact with it, which adds greatly to the certainty of an

g O

T 5=
YA 1 -4

Fig. 206.—Thomson-Houston System—Diagram of Connections

electric contact being made. As soon as the sk

ate E leaves the stud A, the
current ceases to flow through the coil ¢,

and the armature D, falls by gravity.
The switch is so designed that, should any current be flowing through

the switch when the armature D, falls, a magnetic blow-out extinguishes
the arc without damage to the contacts. It would be impossible for a
leakage current to hold the switch C, closed, as, in order to do so, it would
have to pass from the high-tension contact B, to the low-tension contact
A or A, and the low-tension contacts are provided with a metallic shield,
already described, which would short-circuit any leakage current to the

rail, the iron case above referred to being securely connected to the rail,
The distance between the studs B, and A, is considerable. The only pos-
sibility of the high-tension studs being left alive is that of armatures b, D,, and
Dg failing to fall, owing to some mechanical obstruction. It would, of course,
le to provide the car with a short-circuiting skate to guard against

this somewl.lat remote chance, but it does not appear to have been done.
ged in groups located in watertight chambers
beneath the surface of the road. It will be noted that the high-tension
contact-studs are very close to the rail, the distance being about 1 foot,
This is so close that a leakage current might in bad weather be quite a
serious item. Also, that the distance between the low-tension studs and
the iron box, which is connected to the rail, is very small, and that a con-
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nection established between these two would short-circuit the magnet coll;
and prevent the switches from acting. The difference of potential betwe€

these two points is, however, small, being only the fall of potential in the

magnet coil itself, so this could not be 2 serious danger. The chief dra%¥

pack b this system is the necessity for two sets of co:?tac':t-studs.
Griffiths-Bedell System.—Fig. 207 shows a contact- and switch-p1a¥

as used at Lincoln, where the Griffiths-Bedel] system is employed. Thi
f:ontatt:)t-plates are extremely simple, consisting of T-shaped pieces of %
iron, bedded with bitumen into 5 setting of solid granite. The stem ‘
the contact Projects downwa ;

lotted rd into the outlet of the conduit. The loweg
¥ slotted out, and i . . idin
switch-piece of iron, the only o oe fork so formed a simple slid f

ly moving part, is ing ©
Phosphor-bronzc wire, and slid betw 20 Suppor'ted on a.Sp§ the
lower end of the switch-piece :scaertb“ ol conturs o Loccs in the fork. A

On contact is secyred by copper clif
ectrical connection with the stem D¢
g made by flexjble copper leads. |

The mode of operation is as folloW?’
When the magnet carried by the €2

el
in

= [ = Passes over the contact-plate, the Stehe
45 ﬁgg of the contact is magnetized, and t

NN

NINN

slxdmg-piece moves downward, Partly
through attraction, towards the Cabl‘]:
beneath, ang partly repelled by mutu?
Mmagnetic action between itself and th®
iron of the fork. Thus the carbon blo¢
comes in contact with the cable, and the
current passes to the head of the co™”
tact-plate, where it is received by the cO*
ecting-skate on the car. Directly the ca"
S passed, and the contact-plate ceasé’

© D€ magnetic, the pull of the spring
Wléhdraws the carbon block from th¢
cable, a.nd the plate is left absolutely dead:
il allless_ Overhead Electric TfaC;
o, "—tngineers have, during the pas
it years,.endeavoured to arrive at 2
Fig. 207.—Griffiths-Bedell §¢,q 0¥ €m which combined the advantage?®
ectrical energy at 2

the use of a vehicle
ails,

Il

i
AR

1111

.&Iﬁ;
- _, E
S

AX
S

7
N,

moving freely on an ordinay station with
Y road w;

The result has been the adop"t"ilshom the use of r

System, where a vehicle runnin o tl}e SO

overhead trolley-wi
one for conveying
back to the generating-statj

= station the other for conveying it
his is not really a tramwa

B Y Syst
obtaining power from an overheag li(;ne1 at all, but that of a set of buses
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The principal difficulty has been that of getting a sultal')le f(?:cni )(;:‘1‘
collector for the current from the trolley wires. There are two pri 'IEhe
systems in use, viz.. The flexible system and the po!e sg'sten;. v
flexible system has a collector in the form of a truck with four gro i
wheels, two of which run on the positive and two on the nega.tlvel v d
A heavy, swinging weight ensures a good contact between the wheels 3n
the wires, and hooks are provided so as to prevent the truck from leav 1tt}1]g
the wires. The truck is drawn along by means of a cable a.ttachedl to the
car, and this cable can be lengthened or shortened by a special mec 1an-1sm
SO as to suit the varying distance between the car and‘ the overhead wm.asi
On routes where there are only one pair of overhead wires erected a specia
detachable contact-box is fixed near the driver’s seat, and two cars going
in opposite directions exchange collectors when they ‘meet.

In the pole system of connection the poles are simxlax: to those used for
ordinary electric cars with the overhead trolley system. The two poles are
connected together at their lower ends so as to be always parallel to one
another, and, being somewhat long and flexible, do not cause an excessive
side-pressure on the trolley wires when the car is running at some distance
to one side of them. The pole system has the advantage of being able to
use the wires of an ordinary overhead electric tramway system, provided

there be a “return” wire installed, either for both the tramway cars and
the railless buses or for the buses only.

Railless buses can thus be run over the re
extra service is required, or the trolle
buses only, can, later on, be used b
have been laid, ie. when the tra
extra cost.

The Accumulator System.
derive power to drive a car alon

gular tramway routes when an
y wires, erected at first for the railless
y the regular tramway cars after the rails
ffic has risen sufficiently to warrant the

—The use of a battery from which to

g rails is the oldest form of electric traction
known; it did not, however, develop to any great extent, due to the diffi-

culty of obtaining a good portable battery. Modern developments have,
however, produced much more satisfactor

y accumulators for this purpose
than were possible in the earlier days of electric traction. Mention may

be made of the Edison and Wolff cells, which, from the point of view of
durability, leave little to be desired. Tl}ere are also a number of other cells
of the older lead type, which can be satisfactorily used for traction work.
The great advantage of the accumula}tor system is that each of the cars
is a separate and independent unit, and it is impossible that the system can
ever fail as a whole (which does sometimes occur with all the other systems,
due to a severe breakdown in the machinery at the power-station), or fail
over a certain section (due to a short in the cable distribution-system, or
some fault, either mechanical or electrical, in the overhead, underground,
or surface-contact lines).
The use of accumulators on buses is a further development, which, at
the present day, seems to have a more promising future than that on
tramway cars, but this, like the railless trolley system, is not really

a tramway system at all, and thus does not come within the scope of
these articles.




