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can be obtained between the outside edge of the rajl
division lines of the houses should be shown for the
a schedule of frontages which the Board of Trade req

and the kerb, the
urpose of making
uires,

Cost of Construction. — The cost

of Fonstruction of the permanent way

Z % 7, varies approximately between £4500
and. ,{,:6500 per mile of single track, this

variation being mainly due to the dif-
ferent classes of paving used. A fair
Cost over a system may be taken as
dm.g points, crossings, and special work,
d), including under-bed, 43 per cent (to
rtage, 20 per cent; bonding, 2 per cent;

Fig. 59.—Cross-section of an Emergency Rail

general average of Proportionate
follows: Rails and fastenings, incly
30 per cent; paving (sett or woq
50 per cent); labour, including ca
watching and sundries, 3 per cent.

\

CHAPTER Iv

RAIL BONDING AND WELDING

S Rgturn Conductg
lectric tramway
€ar motors,

r.—In the majority of cases, the
are used as the return conductor for the

ays of electric tramway work

needed to be taken. The of and that no further precautions
OWeVer, was such 1 " casszdtr]]cal Teésistance at the fish-plated joints
water, gas, and other pipes i e current to flow from the rails on to

» of the rails, and from these back
corrosion of the pipes at those
rent from the rails, they were
1€ leakage into the earth at any
in a long length of line may be

e Board of Trade requires that
ifference of potential, during the work-
oint of the uninsulated return farthest
i If at any time the difference
to reduce it below this limit,

€ Connecteq throug

20 varde - i
i hat an By g, o 27105 apart
mperes hety P )
month, ween thigm, ang , test

at least every
rom the earth
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connections to the generator shall not exceed 2 amperes per mil’e‘ of single
track, or 5 per cent of the total current output of‘thc station. These two
regulations make it imperative that the return circuit shoul.d b(:' well bonded.
The first condition means that the drop of potential in the return
circuit shall not exceed 7 volts. The drop in volts is, of course, tl}c
current passing multiplied by the resistance, and therefore, to keep within
the Board of Trade limits, it is necessary to keep the resistance of the
return as low as possible. The higher the resistance of tl.le return, the
shorter is the length of the section which can be operated without the use
of track feeders or negative boosters.
The second condition simply means that the return must be of such
a resistance that there will be very slight leakage to earth. )
Rail-return Cables and Boosters.—In the -case of some lpng lines,
even the bonding of the rails will not bring do\vx.] tl.lc potcntlal‘ at the
farthest ends below the 7 volts limit, and then special insulated rail-return
cables are connected to the rails at various points, and the othe{' ends of
these cables are coupled on to negative boostc‘rs 1:n the power station. Thel
potential at these points is thus easily kept within the regulred limits, anc
hence also that of the entire system. For further partlcillars about the
use of boosters, see the section on Cables and I)istribut!’nn System. .
Instead of copper-bonded ﬁsh-p‘lated joints, the rails are c'>fte\n \y\:lelldﬁ
together at the joints. The various forms of welded joints wi e
considered after rail bonding.

RAIL BONDING

Definition and Historical.— A railbond is a device which makes
electrical connection between two lengths of rail just in the same way as

Fig. 60.—O0ld-style Railbond

a fish-plate makes mechanical connection b.et\\'eel.l the(rln. The name rail-
S b g abbre\'iat_iOﬂ loff (;Zlieeccter:c?)lf ria:!)lr)m()l\]\’i;'e fixed to rivets
Th lies s were simply oce: ! , i :
driven ein(iil lﬁzisbci):dthe web of the rail. The wire was eltillfrﬂ[])éaxsz n?;
galvanized, and the ends were twisted 1:ound the rivet in T::tn‘cal i

way that c’onnection is made to a terminal post on any e ‘
ment (fig o .

Tlfgb\.vecsz' points about this method were that t_h.e 1T\f:t -?-;d 1:3((); ;:3:5
4 good electrical contact with the rail, and as the wire was "\[‘hgl?]e“ o
the rivet there was a large surface e.xposed to ox‘lcll)atlz);a . rivetea i
Vas to use a copper wire, or a flat piece of COpp(ISI ra]tact e
the rail (fig. 61). The trouble again was that the cor S g
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The channel-pin method was then used, and this made a fairly good con-
nection. A steel taper plug, as shown in fig. 62, was driven through a hole
in the rail with a piece of ordinary trolley wire. The groove in the side
of the plug was the same size throughout, and was made of a size to take
a standard trolley wire. The plug, being tapered, forced the trolley wire
into close contact with the inside of the hole in the rail. Channel-pins are
used even at the present day on some Continental lines and in places
where the loss in the return is not of great importance. This method
failed owing to the very small surface of contact which was obtained.

ﬁllego&?i;i,?;sb;gd?i fulfilled.—The following conditions should be ful-

I. The contact area between the bond and the r
eight times as great as the cr

is necessary, because the co
the conductivity of copper.
later, it will be found that the surface of contact betwer
the. bond terminal and the web of the rail bears telc'n‘
ratio to the cross-section of the bond, e

2. The bond must be durable both a5 regards mate-

nce. This makes it essen-
‘€en rail and bopd should
that the contact will not
te, and that the bond it-
stand being buried in the

ail should be about
OSS-.?ectional area of the bond itself. This
nductivity of stee] is only about one-eighth
In most modern types, which are described

be such
deteriora
self shall
ground,

3. The bond
It should the

' such that

appliances or EXpensive superyisio,
%h';‘htf‘:\ bof?dtmust be cheap i prime cost

0 first may be ineerir iti

oIthe commercia] ZonditciaHCd the engineering conditions, and the last
t would doubt]ess i

the two first conditions blf g o SR e ol

L ; L;it t.hey might require the use of elaborate appli-

gt i an Xing. ‘ It should never be forgotten that rail-

Mo p o COmmer.c1al undertaking which has for its object

i ot e WhiOT}ll apital expenditure. The following descrip-

AU il cbeare commonly used in this country, and alse

€N tried, but not to a sufficient extent to
value,

Fig. 61— Brooklyn”
Railbond

Fig. 62.—Channel-pin

can be easily fixed, must be one which

rgfore be composed of as few parts
it can be applied without elaborate

tw
ons,

The Chijc

bond which N copper

1d was the first bond which really

e ions already explained.
shaped terminals whicl?. U e e
s P are bent at right angles to the connecting rod.

In L Ic)losed of one solid piece of rolled copper.
e e nd, holes. are drilled in the weh of the rail, into
| ¢-shaped termipals are inserted. The slitted en’dS of

The railbong C

aving thimble-
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. ) -ail with a punch; this
the terminals are spread or clinched over on the rail with a p ;

. ol : f the hole.
prevents the bond terminal from drawing back out o

The

i R P PO an the opening in the
drift-pin B, which is about one-sixteenth larger than I o

. . . . A 1 cr.
terminal, is then driven into the terminal with a hamm

As the drift-

. . - i lose contact
pin is forced into the terminal it forces the copper fmt(zrc():Sion or elec-
with the web of the rail, so that there is no chance ot co

trolysis.  Owing to the cylindrical shape of the tf:rmm FEar
obtain a large area of contact between the terminal an g

al it is possible to
The

. TS int i diately
whole of the bond should be painted with a PTCbC“at“‘e‘pmnislilggibh_. ;
after application, as this increases the life of the bond very co :

3¢ 1
tila

The Chicago bond is made of any 1?“
Viz. 1/0, 2/o, 3/0, and'4fo B. & S. gauges;

SECTIONAL VIEW.

-

O ©O)

being as follows:—

I

Size of Wire,
- &S,
Gauge,

Fig. 63.—Chicago Railbond

ELEVATION VIEW.

oth and in four different gauges,
t:che dimensions of the four sizes

Diameter
of
Pin.

Inches.

[PRLGRAN SARSE -
TDromarer of Hole | f Hole in
: ] f Hole jameter of | Depth o
PispieE Dm'melt‘f:,\riloinlo Dni];o]c Terminal not
- ich i i in: including Point.
Connecting | which Terml'nal in Terminal. g
Wire, of Bond fits. - L §.
N —_—/Tc\’_——d Inches. Inches.
Inchgs. I"“% o TTT‘. 1
o ; B 1
3 3
0.409 7 : I
5 5
0.304 g 16 I
0.325 3
N B




04 ELECTRIC TRAMWAYS

It should be noted that with a Chic
between the terminal and the web of th
cross-sectional area of the connecting wir
is a most important point.

Crown Railbonds.—The one disadvant
it is necessary to have access to both sides
bond. This is, of course, a point ¢f conside

ing tramway is being reconstructed or whe
The “Crown” solid bond w

of the Chicago, with

ago bond the area of contact
e rail is about eight times the
. This, as already explained,

age of the Chicago bond is that
of the rail in order to apply the
rable importance when an exist-

. n bonds have to be replaced.
as designed to emb

B ody all the advantages
the additional ady

' ¢ antage that it could be
applied from one side of the rail. It will be seen that the only
dlffer‘ence bt;tween the Chicago and the Crown bond lies in the
termmal.. No §pecial tool is needed to hold the bond in place,
and so simple is the construction of the bhond that any ordinary
workman can apply it. In the latest form, to obtain qréatcr flexi-
P of small wires has been substituted for
: € terminals are welded on to the
and|the strand shoos 5 homoges;:)ll?:;thmugh the junction of the terminal

X ructure in whi A ceparate i
of the strand cannot be distinguished which the separate wires
fe ne RiinE iustrations - shoyy in detail some of t| hanical
eatultes common to Crown DL A € o 1€ mechanic

g strand, and a crogss.g

Fig. 6 shows
his ?)in AES One-si;lt]:ensttﬁe]mifp?ndlno pin used with @/ Crown bonds.
. 4 1 larg - o fhal
that, as it is driven into the terminer than the hole in the terminal SO

al, it will press the copper outwards

i ) |
Fig. 65.—Crown ”.-L

S (so]id) Bond

of the pin. The following are
styles of Crown railbonds:—

Size of Bonds, ‘ Diameter of Pins.
ey O
/ :
4/o 3 inch.
3 0 '1‘7»'»' ’
2/o 11
9 k2]
I/o ]
4 "
i A
Fig. 65 o
SCUDSURIVeS) a il e
m &f . W oof g o i .
lled ready o, nsertion in ¢} s Pt 66 maared, 2nd
S€ction, the termi

Fig. 66 shows, in cross-
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: is oiven in fio. 67, which shows the style
A full view of a flexible bond is given n fig. 6/,'.“ 68 shows in cross-
of terminal used on all flexible Crown bonds.  Fig. shows ;

section the same terminal

fastened within the web of

the rail. Notice in figs. ’
66 and 68 that the pin, - | e
as it is hammered home, .

has expanded the copper
on bthtC f;ll'tl]Cl‘l Sli)(::‘r()f t\l,]:;‘ Fie 66.— Solid Crown “S” Bond Terminal fixed in Rail
web to form A\ g 66,

special tool is required to .
produce this burr, which .cff’ectl\lce]
purpose of a shoulder or riveted head.

fastens the terminal, serving the

P
////.//,/i/////////)z: /////f//l/ 7 ,,,,
7 = 7

Fig. 67.—Crown Flexible Bond

a1 of the Crown bond takes up less room

It is evident that the termin AR e L vail as, the old

than, or rather does not project sO
Chicago type. It is
therefore possible to
use this type of bond
between the fish-plate
and the web of the
rail simply by flatten-
Mg the connecting’

Strands. lacing a bond under the fish-plate are, that it is
The advantages of placing

om m i § cdidation.
o d 5 xtent, from oxida
prot A chanica' injury and, to a cextanl1 e“'hiCh, g
eICte o s ef essity shorter than a bon

As the bond is of necess

Fig. 68.—Crown Flexible Bond Terminal fixed in Rail
ig. 68.—

Fig. 70
Fig. 69

onds for use der Fish-plates
S i ' n Bonds for use un I t
.th‘.Clﬂl Crown P

ircuit. The special
ance into the return circuit. The .spe_cl t
‘ ] - - o
de with a flexible strand, either straigh
‘ s as shown in figs. 69 and./o.
" iade with a curve, which gives
«

Plate, it introduces a smaller "?SlSt
bond for use under fish-plates 15 M obihn
Or crescent-shaped between the tejmd ;g -
In both cases every wire in the strandis
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flexibility and permits elongation of the strand itself without tension on
the individual wires. In the crescent-shaped Crown « T
of the strand readily permits the terminals to spring farther apart or closer
together when the rails contract or expand. In the straight bond, to
provide additional length of each wire to compensate for the contraction of
the rails, the strand is pressed back so that it bulges sidewise midway
between the terminals. This makes the wires long enough for the terminals
to be drawn apart } inch without putting the individual wires in tension.

When the rails expand, the already curved wires will ¢
more tightly, and the terminals may come } inch ne
distorting the bond. As rails are never allowed muy

space between them, this bond provides amply for the most severe cases of

expansion and contraction. [n order to use these bonds under the fish-
plate it is necessary to have at least a clearance of 1o inch between the
fish-plate and the web of the rail.

bonds the curve

lose together
arer together without
ch more than 1 inch

Fig.

71.—Neptune Bond

Neptune Bond (fig. ,py_ .. :
is almost identical (fig. 7 )—This bond is of Ger

with the Crown b
. ‘ ond, Y i :
differs from the Crown terming] ip the follo?;'he e B however,

Ul i . ing way: T.he hole in the ter-
hout its length, whereas
. the lower end, and thig
this construction gives a better contact
It S€€ms more probable that the drift-pin
1€ point where diameter is reduced, wou](f

out of the ; N Ve wouls
the sides, hole in the rail instead of forcing it

Mman manufacture, and

sim_ply drive the metal

radially against
The Neptune bond i i

N 1d is made iy the following gauges, and of any length

Gauge of hong

\ 5 ) X 300 pag 1/o0 2/o0
Se.monal area, square inch o 0/82 Py s 4o
Diameter of hole in raj] e 0951 01256 o 169
A y cee 5 ':Z“ 3
Diameter of 1) 19 bond-heaq 5 H : §
lameter of Pin,. | is 16 16 1
o0 3 3 1 2
8 0 295
& g 16
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Columbia Bond (fig. 72)—This bond consists of a c«i::l}:;xiﬂ:(l \’\I'l]t]l:‘
solid truncated cone ends and two specially shaped COPI?C‘ i m;t.si(lc i
inside of the thimble is tapered to fit the bond-head, anc
tapered in the opposite direction. ‘ T T
| The conc-hcal(lls are placed in the holes in the 1.1.11, 2:§1<t11;'(:121'i[)1)e(1 A
slipped over them from the opposite side. The tl\\lo '11;] 1\ S i
a portable screw or hydraulic press, and the bond-hes: Sct\\-gcn i
thimble. In this bond there are two cnntucts—.—onc i tes fond, T
thimble, and the other between thimble and main bq( _\\1 i 7k
Cl““““‘: however, that such intimate contact is ()!)tal;lllcc(t() simke i
possible for these surfaces to oxidize or for the t'hl[m' Nchgmieis 2
Plastic Bonds.—All bonds described so far have
Principle, but have differed
in mechanical details. Mr.
Harold p, Brown, who was
Ormany years with dison,
introduced the plastic bond,
Which differed absolutely
from anything that had
€en previously attempted.
The first form of plastic
bond consisted of two cork
cases and two plugs of plas-
tic amalgam. The cork
“ases are placed under the
sh-plate as near the ends
of the raj] as possible, and
are then filled with the
Plastic amalgam. The fish-
Plate s then fixed in place, Fig. 72.— Columbia Bon
and a cireyit s established ] the fish-plate, and the_n
o the rail through the plastic BenS astic plug to the rail.

‘ l o
the fish-plate and back through th(l:) (ztl?:;‘npthe R 2 thc(; t‘l‘;‘i
N or ' d contact betwe G
and thglf(i]elr t? Znalxe gﬁ(t)qct spot was cleaned on the tw :
sh-plate, a conte

. f a stick.
i in the form of
Spot wag amalgamated by means of a special a;li—ycases are only mte}lfied
he plastic Dlubﬁs really form the bond.d The cand o ecep it in_position,
. = oxidation, Ty
O protect astic metal from > 1 and fish-plates.
OPposite thetl:;Clc)il;lbly Prepared spots on the il

1 inch
: stic p
act aregy between the rail and the pla

4, End and Thimble, full size

along

is ted to be §
lug is calcula. et
Thusba go-1b. rail requires a con

: i - yard. ickness
A e, weight ohast B lchras‘es are made so that tée ftlzilce rail
tact gy i The cork ¢cd: v nd the web o {
“quals tfiiccee (::i 1.51;::'1:1.1@ between the fish-plate a
S 1e cleara

N T d be used.
i thick shoul »
1 inch Il wooden boxes, each of w hich

b i -k case
o a clearance of }inch a cork Fuic
‘ one contact between rait

A e ced in sma
1 1€ plastic compound is Pad_‘, 2o oAl
‘olds the exact amount necessar)
Sh‘l)late.

t spots on rails and fish-
The soliq alloy for amalgam

ating the contac
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plates is in hermetically-sealed cylinders containing
of alloy should be sealed up when not in use, as the metal softens on
exposure to air. When track is being laid, the plastic bonds should be
applied by the platelayers. One extra labourer to clean the contact spots,
and one to amalgamate them and put the bonds in place, should be

about 1 Ib. The rod

——

——— ——
Fig, 73-—Portaple Emery Grinder

afided to the gang, The s
either with , flat-nosed dri

is illustrated ip fig. 73.

A later type of bong ;
bond was devised ip order

Pots on the

ail and fish-plate can be cleaned
“ or by me

ans of a speciai emery grinder which

S that known
to oby

% as the “Copper” plastic. This
late the necessit

v of using the fish-plate

Fig

- 74.—Plastic Copper Bond in p.

osition, ready for Fish-plate

NeIE Plastic cq er bond consists egee
gular piece of rolled ¢ Pt R

The oPper made to fit between the fi
, 3 e o 1 1 { 1 {
end holts of the fish-plate ?:(:etl:ﬁ il e

d of thi 8574 and 75). A cup-shaped projection
Plece of copper in order to ensure a good
Web of the rajl. Ty it 3
€ rail. 1€ entire surface of the

ntially of a
sh-plate and
between the

. . s . 99
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; alcamated with a plastic
copper strip or bond, as it may be called, is 111]1'1(.13?211;)1:11;;1 :nld spolts i
alloy similar to that used with the old-type plas )
cleaned on the web of the rail
to correspond with the two
projections on the copper. In
order to keep the bond in con-
tact with the web of the rail,
strong  spring  washers are
placed inside the cupped pro-
jections, and these are of such
a size that they exert a pres-
sure of about 2000 lbs. on the R
Copper when the fish-plate is Fig. 75.—Front View of Plastic Cof .
screwed up tight. In order tt(t) - throuch the copper, a sheet of thin steel
prevent the washers from cutting 8
is interposed.

WELDED JOINTS

i in railway work,
/ ioints would not do in r y worl
i i —Welded joints wot Bl
G 1 Considerations. | : Py A
as th:rﬁlii \\Could then become twisted and bent 01.1t (tcmpu-am,-e_ i
t 7 ' .’ v . . ... = - ] ;
the expansion and contraction caused by \leldthl]thl]lC R
‘ i - .- - . . c : e
g réil% however, being held in position b]\ e kil SN
matel'iall;'n which 'the\' are embedded, as well as by
' ir place.
cannot be so bent out of th'eu p! 1 R o
The only effect of variations in tempers oottt e
Compressive stress in the rails. The amount 01 ( eas sct STl ol
. - ress - : - 1ot .y ®
Variation in temperature can be easily calculated o e
( etty 4 ° I, in the
. 3 ticityv of the s wi Bt AR
ansion a modulus of elasticit) el ol
i = 18 lllzd :’he ich a calculation shows that a vari
sult of such a ca ;

5 -ails.  AsS

X the rails. S
- gquare ll]Ch m

temperature will set up a stress of 1 ton per sq

s per square
; ss than 19 tons Pe it
s Clastic strength of steel rails is deotm iei)ber square inch, it 1s l(?dbllty
i : = ' t 35 tons g - in a climate
Inch, ; i strencoth about 3 ’ oht occur ;
seen :]?ft :’he uitlrr\l/zfationsbin temperature tha}; nll)lg set up in the rails.
; or ai ) by be & e g
such gg Britaiil 1)1,0 dangerous stresses can th?l-e]ti have over ordinary ﬁbh,
Ti Al v bmcres which welded joints - uch more smoothly
i lle principal a}i‘val t{]?lt the ,-olling-sto_ck ml.]bconcerned’ Ahe it are
Overesc] ones are: | rst, far as the welded joints atlfiml conductivity of the
Practj lem‘,nd?e ,50‘. secondly, that the elec] tc £ the yaill tselfdand
j0i11ct i contmuousé sometimes better thanl,\ tllato remain so, and not
1S - S .. :1. ’

]astly btl?:tggfél jz(l;i;]'tlnif prOPel'ly weldde_d]v ul':’ {;Oﬁjed joints do. e
- _’ ) - d ording ) A Of'too orea
eterjors sh-plated an : application g .

lmdte.’ as many fish P. 1ding is that by the apE -eat extent destroyed;
One disadvantage of welding 15 ; temper to a great € i
heat the pqi : 8 be burnt, and its temj J that the stress set up
and .fle 1.a11 1s apt t‘? . metimes SO weakene ! . eufficient to cause
5 5 5 S . >
i i '1thlb happens it is th the joint after W elding, e, \oh fiqther
r ing a " ery S :
raCtuarle, dfue.tol co.O'l_llﬂgmS been in use for a \fel'; il require renewal, due
isa vanta (tyex t 1§11d111 ;t any time a length ,9 'lit iih b boi) Ends
O ordinary o, b]Oul Ct ar it is necessary to saw :
ary wear and tear, ;

o set up a tensile or
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before it can be taken out, and this entails considerable time an;]_ laboolll]r_.
It would seem to be best practice to weld only every three o; «j)ur ?C -
secutive joints, and then copper-bond thg fourth or ﬁftl). -T]ele']lmno\(v
number of ways in which the actual welding of the rails has up ti
beer‘i‘l::rgzcllkoégst Weld.—One of the earljest methods is that employed
in the Falk cast weld. The ends of the rails' to be so welded are brought
close together, or if the rails are already laid, anq do not butt close. uP
against one another, a thin piece of steel of th‘e same section as the rail is
slipped in between the rails so as to make a tlg!}t Joint.  The ends of the
rails are then treated to a strong sand blast, \\'}'nch cleans away any scale,
&c., on the rails, so as to allow the cast iron which forms the Joint to come
in direct contact with the body of the rajl, The sand used in this blast is
very fine, and is specially dried before it js used.
The power for the sand blast

is usually obt
compressor or blower on a specia] car. The sai

or bunker, also in the ¢
which comes from the b
with the ajr into the fle

ained from 2 motor-driven
1d, which is stored in a box
ar, is led into the air-pipe
lower, and is carried along
xible pipe and nozzle, from
a great velocity againgt the
ar is usually €quipped with
receives its Power, both for
nd for driving the blower,

verhead trolley wires, which are erected
rails are welded,

Coming poy to the actual
Ton mould s fiyeq

) - before the
Fig. 76a.—Section of Falk
Weld Joint

elding, 5 special
firmly in Position round the
which has been mel

poured intq ¢
fore heateq most. T}

( , on Coming
of .the mould, coolg there first and partly solidifies, and the gr
which is get up, due to the €Xpansion of the cast iron on ¢
ot act so mycp between the cast iron and the mould as bety
1ron and the et and i i

€at pressure
ooling, does
een the cast

intense,
causes the Cast iron, while yet liquid, to he forced

he interstices_in the metal of the wel and flange
a very satisfactory and highly conductjye joint is
g A 3 :

Welding.\A m : . )
means of Ty TiH Ore recent method of rall}j‘.ve(l;dllng, 115 %y
n Germany, and Y Dr. Goldschmi t

er his patents, To

13 — i FOCCHS ail-welding
Yig. 77.— Thermit Process of Rail-y
5¢ S
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a certain ex T Ty .
of rcqulill?i;:ft;(lzl:)t():'ttzlli;l:;l :‘:tmll,] to e el G \\'cl(!,.but the inconvenience
as follows: pola is done away with. The weld is carried out
m()ul(ll]: ilLl'l(]:df;t(t)I(ltl:(L)ul;;l(lll ttl:)‘b‘c'“.ddg('] are clamped in position, and special
compressed into shape : L]J‘;lflt-. I'hese 111'0uld5 are fo.rnw(l of rock sand,
the mould and thAc (l'l'lil ;111( ?‘}1\0(1 hard. The small mt?rsticcs between
closed by being l)ain(tcgl m-t. .lh,'.\\'hcrc Shie mould. ﬁth: against the rail, are
the surface of tT]C rail \()f\Ll iEh fine c.la'\', \\'luc:h is also used to cover
parts of the rail Zlf: ti]c After fh‘c mould is ﬁ.\'ccl. in place, both it and the
blow-lamps, &5 it is nec \J.(‘)'“ft' (u? thnrnug.hl'\' dried b:\' means of portable
before the tl]Cl‘n]it‘ig ,-lL»"ll'\ that all moisture be driven from the mould

o o s run in.
e e S e
crucible placed immedi'lt(;l ‘ ‘b ')1..][)0\\-(9 is ﬁ]lcd into a comcul-slm’pcd
bottom of the crucible h("w i s‘a Ul\lL tjc- joint, as :\‘ho\\'n in fig. 77. The
of a small iron rod. Th;.s: l"O(i m)?o'eoclt)("n(;ng' i ;'b ]bt“lfl')Cd' D
the thermit is melted it is kno}:l—;]l . '0\,\- i aue o .t . crucible, and \\'h'en
implement 1 \(j( up ms‘lde the crucible by a spade-like
actii ].L_n’ and the molten metal runs into the mould. The chemical
ther(z:l;ftl;- Sztlall't)eocle-bfi\;t'mim]]‘sl Of a %peciul firing pm\'dE:r, and immediately
ST this conitenits b ) n,“l])T .1( 1S I)]dced over the Cl'l'lCIb]C .tO l)l'e\'Cl]F Pﬂl't
The action is ‘(ll e“t‘o : own out all ar'ound, th-e action being very violent.
great affinit o .16 'O'(Tt ‘e'l)rt)pel't}' which aluminium lms.of having a very
with o }. r oxygen at lngh'tempemtures: this it seizes from the iron

1 great evolution of heat, which causes the whole mixture to pass into

a molten state.

Cl'uc’Ii‘lillz .fusi(.)n. temperature d.e\'elopcd is about 3000° C., and when .the

the foot 1s glelvced the hea}'y iron flows first into tl.le tpould,. and heating

i ; ’an web of tlu.: rail melts them together with itself into a homo-

geneous mass. The lighter aluminium oxide flows after and fills the
ing a partial

t?;‘éld right up over the head of the rail and heats it, caus
e ‘illlfl mn _thls way a better and truer weld is caused than that due to
cast iron in the “ Falk ” process. Dr. Goldschmidt introduced a special

e gradual, other-

1 . s . A
‘?Stllod of mixing and firing so as to make the action mor
ise the lid of the crucible would almost certainly be blown off and the

gﬁ?fte“ts spilt.  After the joints are cool, the moulds are broken o.ff and the
i t?ce of the rail ground down sO s to do away with any slight inequality
i le_surface of the rail at the joint. This is done by an emery wheel,

tich is driven by means of a belt from a motor, the whole being mounted

Oon g S[)ecia] car.

\\'elg‘iﬂi danger Of. overhe '
are In'b: allc-l care 1s .therefore requnred t e
the ml.\ed ‘in the rlght proportions. The presenc
Catise ‘zrld, or too thick a layer of' clay on the top of
and by i thermit to t.ake longer in setting, }\'1th C(?l]b
joints, rning at the joint. Fracture then ultimately ta

Electric Welding — Lorain Ste

in a finely

ating occurs to a certain extent with thermit

hat the ingredients of the powder
e of any moisture in
f the rails, seems to
equent overheating

kes place at these

el Company's Process. — Electric
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welding was introduced by the Johnson Comp
was later carried on by the Lorain Steel Comp,

This method consisted in welding, by
plates to the rails at the joint, one plate
plates had three bosses or projections
centre and one at each end

any of Boston, U.S.A., and
any, Ohio, U.S.A.

means of an electric current, two

on each side of the web, These

on one side of them, one at the

- These were aboyt ¢ inch deep and about

3 0r 4 square inches in area (see

fig. 78). The plates were placed

<> with the plane sides against the

<> web of the rails, the bosses being

used for Concentrating the cur-

rent on the part to be welded.

They were, during the process of

welding, crushed almost flush

with the plate by the hydraulic

i ress 'hi Z rought

Fig. 78.—Plate used in Wclding {)0 pblz;e (‘)‘l“ll“:ll]]e::]’,ls E?El:e: \\'(3gldS

Were required to make a joint, one
ntre, i.e, exactly at the joint.

€ cars: (1) the sand - blast car;

car; (4) booster and motor-car;

shing. The cars were run on the

T - TROLLEY

CB - CIRCUIT BREAKER
RR - RHEOSTATS

N - MOTOR
B - BOOSTER

R? - Rotary "

ANSFORMER
WT . YELDINg TRANSPORHER
SW - gy TCH

Tig, 79,~

RC - REACTIVE CoOIL
WC - WELDING CLAMP

(33)

I i
i S
B ST |

S

i, 8o.— Welding Car with Hydraulic Press
. 80.— {

Zosace IV, 102
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The welding current ran

maintained : . .
naintained at the welding clamp terminals.
| view of the welding

iy hlgh as 25000 amperes. Fig. 8o shows the enc

£ Wit h:"dm““C press, in p(»\itlinn ready for making a weld.
]atn?rfl-f;lgt;.ht Wel.d.f—'l‘his method has bccx} intr'({(lucccl b\ the Accumu-
“’Cldil;u‘ .}"]“.Ct“"‘.”!s‘ Company, Ltd., of l'%crlm. The earlier methods of
SUCCCs:'fu]l-(“.h, direct, by means of continuous current, Were not very
of \\'1;{c11 il l* fl]c great heat developed caused the st.ructurc of the stccl‘
Soon  the ].L_A"}ll s _C‘{“‘I’Uscd to change and (.letcnorate, SO tha't very
ﬁSh-p]-lt,«P.de at the joint became damaged. Nowadays, therefore, tilc
(at t] - L"‘ are \_\'L:l(](:(l to the flange and head of the rail at the midc !c
?‘l(n(l ,’:f“l’ or joint) and at the gn‘uls. on the top of t'hc. flange of the rail,
the }()_bt ll};}(]cmcuth the head. The ﬂz}llgc of the rail is strcngthem’ad at
- SIJ]()'“' by means of a foot-plate \\'th.h becomes welded to the ﬁ.dl‘lg(?:
shown in fig. 81.  Arc light welding is also used to repair worn joints
cg)nl\ii?n? Og new [))ieces. The current is taken from the overhead line and
Supply C»(o y a I\()se|1l?crg (]}'l?ilm() to a 50-volts
to m;-l'»\_: tC]) tlnu)@rcs !Jf:mg r%'ql.nrcd at this voltage
POsitive 1 weld.  The r;u! is connected to the
pole and the negative pole to a carbon

More . . d : |

[()enOl-e recently a special form of Swedish steel) NG
a olc‘tl‘l Between the two there exists an arc of §¢\

1 : ; "

¢ nch long ‘\\\\\\\\/&\\\\

th N2 s,

hav(};]sfctric and thcr.mit joints, if properly made,
rail jtg tl(;“ a COlldLlFtlx'it}' greater than that of the
prOCe;‘e , and a]l‘ joints properly welded by any 1 iy e
satisfglz add considerably to the smooth runmng of the Cfll‘lb. s
tory results are, perhaps, those obtained: by the arc light Metiow

Fig. 81.—Arc-light Welded Joint

CHAPTER \Y%
CABLES AND DISTRIBUTION SYSTEM
: st sui ing
arraGener"’ll Considerations.—The question of the most L.mtaZI'e fet(z)dthge
Circ;]geme“ts for a traction system is one to be answ%red ta&ccor (l)nbgviously
Mstances : arti . case under consideration: )
es governing the partxculan cas i i

©Xam it ° : tice to design the supply

ple, it would be just as bad practi g
: - se voltage-
re”l(l)lr Uroy track in some primitive nelghbourhood for ?)s cl(;lefor ) lii;ne
i ‘\-1 Ation and limitations of rail-potential rise as would be LLS] PR
b ‘imodem city, as to atéempt to secure an efficient and txout (:’_Oundqtions
ang | Stalli . icati oured-concrete é
anq alling amid all the complication® of arm N £ 9
. ™an water. oas. electricity, telephone, telegraph, &¢. L B ized
Y would pe ’e,t;tir’el)’ qppropriate in a Sparsely-pz})umti DB o
4 ) . . idered on its s;

Once - =Very case, i word, must be consl b o sign 1S

gr e 0“’eve-} e 1 8 ft'l e principles underlying correct .d.ehl*’
% " the ratjonale ot 7/ i for any local conditions can

y A § 1c . h‘s!“
Ariveq Z?tlsfactor}' solution of the Provt
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The limitations imposed upon British pr
are not unnaturally chafed at by m
attitude of the Board is somewhat unsympathetic to electric traction, and
though the utility of certain of its requirements is o
can be no doubt that, broadly speaking
does result in the avoidance of vex

actice by the Board of Trade
any engineers; but although the

pen to question, there
» compliance with its regulations

atious troubles with other authorities.
The fact that in America, where there is no statutory limitation of rail-

drop, large electric traction companies are at great expense installing
negative boosters and rail-return cables for their own protection against
ruinous claims for the destruction of metallic property by electrolytic
corrqsion, is proof-positive of the wisdom of the strinqcn't rules as to the
maximum potential-differences of any points of the rails insisted on by the
British Government. Gr € provision and upkeep of boosters
and negative cables, wit} tendencies to break down through
;iamp Inseparable from thf? latter, are g serious outlay, the collapse of the
fx(‘)cl)lrlrzdiile?t]:oloyftii l?:ggnguj:elsilblO}Ck.FlTrUl]g]] ic weakening of the steel
A R expam“g forz) 1fe l)mntmg ('tf its cnncrct(.r envelope .fr(v)m
in claims for damarre; which ((3"0 'tf]e e of he (?XIdC’ i 15‘5‘11(‘?
B i Zs iy ,m\ ifl 1 lun.s'uc<:.essfu], would mvo.]\'e suf:h l()h.?c'\
i R Ehirlithize thel b axe t.l(: s:l\’l.n{?r.effecte(l by dispensing with

. schievous activities of vagabond currents the

very falsest of fac ies : . : i
ho‘}' ’ alse €Conomies, [t i considered best, accordingly, to detail
vV an urban network complying

i i with British practice would be laid out:
€xigencies of S tish pre ;
Shozld i reasdpacg IZ]rec'IUde the consideration of more than one type, and
he can readily (;31‘ 'tn }:"mself untrammeljed by regulations in his decisions

" omit whatever he may fi ey

Factors Involved, ¥ find unnecessary.,

e ool —The Principal factors entering into the calculation
cquired on any tramway route are:—

(i) The wejo

ght of the cars,

anted that th
1 the inherent

'{ € gradients to be negotiated.

(V) The curves to be encountered.

growth of traffic has to be kept in
g events, have ¢ 5. ) » lor example, as crowds due to sport-

made arefully considered and the necessary allowances
A convepj
1ent method :
cloth-m of procedure is t

ounted for durah
colour wi]| b

0 use squared Paper—opreferably
millimetres, A reddish-brown

to the eyes than blue of green. On
marked off oy, o ie ale 1 centimetre to a furlong, the line is
A of the cars for maximum service in both

o T
PO o oo ?he ]e?(.i pos_}tlons be'mg found
L R s t-hc lincem[l)enF t(}l\:en, as influenced
it is g simple matter to comb; e - 2 o
OMbine them tg 4 single resul-

’ ility~divi(lcd in
€ tound much Jegq trying
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re of the route,

: : ad cent AL i
tant. The point of action of this resultant is the lo e

and marks the most economical position of the fec:g;ngnf:il;tl;m il
value (the sum of the various car-loads) represintds e i
demand. The whole system should be so analyse g Al L

An analogous construction determines the mos i e
for the power-house. For this a skeleton tragx;;gb S e G
veniently taken off a six-inch Ordnance map, Wi o dara e
and on it the positions and values of the various 3hich they are taken is
off.  These are joined up in pairs—the .order in \S AL e
qQuite immaterial—and the joins divided'mversgly a o e th'e
4 series of resultants. These are joined up In PP';;ally 2 single point is
Joins again divided inversely as the resultants. 11 )
found, ang this point is the situation .requxred..

Practical Example.—The following practica
Make the method of procedure clear.

N a proposed line to a pleasure resort 0
& one-minute car-service at an average out-and- 5
Per hour was to be maintained by cars weighing el
B 3°‘h01‘Se-power motors. The length of th.e i::?a T
S a preliminary, a table is constructed giv e%d G

the ho S€-power required, and the maximum sp
€ €ar in question up various gradients.

| example will, it is hoped,

i large city,
a hill-top near a :
g-aome speed of fifteen ml!::;
tons, equ.llpped wi
as two miles.
current in amperes,
miles per hour for

MAXIMUM SPEED,
SE-POWER. MiLes PER HOUR.
Per Cepy | CURRENT 1N AMPERES. | ELECTRICAL HOR: ———’,"”—E;T]J“
Gl’a(liem. BBy : Parallel. Serics. L——————-——
R L Series. Parallel. Scn_e_s.’— AR e S04
7‘4 i 2
28 18.77 06 13.5
? L0 23 1?.‘)2 25.45 2?5 11.9
e e | s A
23. / > 37-¢ 10.
3 28.0 GO 18.75 ;2.8 4(23 9.44
it 32.0 04 2134 48.2 508 8.76
5 145 72 24.] 6 3 8.54
6 Zo o So 26.8 gg 3'457; 8.16
\ : .2
4 44.0 b? ;2; 64.6 g_lz 7-23
9 48.0 96 3485 69.7 508 7
52.0 104 75 AR
Yo 56.0 112 37-5 | ;
o oyl ni ety
e ; int of the route
1 starting-point o1 here is
Fr find that the feet; the

. 6
P the Ordnafice map we the terminus 55 dient of
Proye _level, and imate up-gradic
ey : O be 147 feet above se; els giving an app?;fc;n:hat full attamalt)lle
4 per Cnse of 409 feet in 2 ?roﬂ; our table we er hour; conseq“e".n}:
SPeeq osnat Jrshe averagdt?- nt is just over 10 m‘}:iﬁ,f will have to be mal
on th 4-per-cent gradie per

. . er hour.
: 20 miles f 15 miles P
tainede cturn journey a speed Oft-and-home average of 15

! as we
i d ou T8 e minute’ IHSHE, als
0 obtain the schedule 3 mile in on ur line interv
10 m: covers ff along OUr the
haye miles per hour a car ith, we mark © rs in motion at
of 1 a one-minyte service to deal With thirteen ca 59

2 . 'Ourne)’,
' giving, on the outgoing ]
L Iv,
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same time. On the cityward run the speed is 20
miles per hour, hence our intervals are } mile, and
we have six cars inward bound in motion at the
same time. It is to be noted that one car only
is conceived as at the terminus, outgoing and in-
coming runs being regarded as one continuous
movement,

From the route survey we find the gradients,
&c, at the various car positions, and the corres-
ponding amperes taken to be as in fig. 82; a total
of 884 amperes for the uphill run. Theoretically,
the inward-bound cars will take no current, as we
find they are running downhill all the time; actu-
ally, we shall do el to credit them with 10 am-

Ing and contingencies. This
ximum demand to 944 amperes.
various amperages as a system
of paralle] forces, we find them equivalent to a
single load of 944 amperes at a distance of approxi-
Mately 6500 feet from the commencement of the
line, € point so determined is the load-centre
of the route, anq is, from a power-supply point of

View, the most economieal situation for the feeding-
Point,

Regarding the

To ascertain the load-centre of a system, let us
take an imaginary diagram of a network (fig. 83).
The figures fepresent cars; a unit which it is some-
times convenient to use as an alternative to the
absolute valye of the loads in amperes.

n the route A, 7 represents the position of
the. load-centre apart from the extra demand at K,
RANEtolsharp curves there, equivalent to three
cars. From 1 to x is 1500 yards; loads at I and K
are 12 and 3 respectively ; hence they are equivalent
to a single Joaq L equal to fifteen cars, situated 300
yards from 1 apq 1200 yards from K—obviously so,

Since the moments of I and K about 1, are equal;
300 X 12 beip

g in this way
from s and o,

CABLES AND DISTRIBUTION SYSTEM 107

A off
in the natural order of things that the ideal glte fognd m?yarll)]inlé?;,ogg’t 3/
the route, but an impossible one from consx.d.e.ratlonstge Aeliveey oRau
land, want of a cheap water-supply, poor facilities ford carefully balancing
machinery, &c. A compromise has then to be ef‘{ccte }’ eap water and fuel
all the various pros and cons. Generall){ S-peakmg"dce]rat?onS, despite the
supply will on the whole prove the deciding cons.lh. h may be involved.
enhanced cost of the cables and extra lost watts wi l]Cde o s R
Let it however, be clearly kept in view that material dep

»

H
Fig. 83
in cable and
: increase 1n ca
tdeal load-centre is apt to issue in an unsuspected t uni-
Powlgr Costs, tsSimple Lines.—It 1115 al\s;?ess Jad
Ositi i rrangements— two trolley-wires,
Versally ttll:: Frii?it:l:ageeen ox% single lines, to I:;Z?ble, breakdowns due tr(;
2 SeCtionalizp th ’in order that, so far as po the overhead Condu(:ttohe
“Chanica] e to failures of insulatlo.rf,m stem prevent‘?d' I.n-ded
2y be loc (?usc(lis Ord :i)islocation of the entll}:’ st}r,olley-wires being divi
British Islesa tllf?s s:c?tionalizing is obligatory, the

P into lengths of half a mile. i
tisa safe plan, if somew he cars
trolle -Wire as g reservoir of energy f:i ;t)art of the ¢ the conduc-
cableS, rather than as forming an m;z%ot be done, andlw}ll:trions This is
. is ¢ 4 cu 4 (i
S arise, however, w}3ere thLSst enter into our t‘:; to which, indeed,
Y of the trolley-wm?s Te 1iaht1y-1°aded routcs,
Ily the case in simp &)

erfection,

to be kept full by s

at of a counsel of p

to regard the

feeder system Proper.
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it is alone properl i
y applicable. One .
the fe i ¥ ! method of effi -
eder in at each section insulator, thus feedingecttlllzgot}:rsh ,Sdto &P
rerhead wires

at either end of the sections (fi

d ns (fig. 84). This no d o

advantage the trolley-wires as a portion of tl?: bstu;;ll;zesirtcou'tth : fu(;]e'St
it, and in

addition allows of

S a faulty section of

out without permanentl cable or overhead work being cut
mainder of the

. . . 3 j re 1 nd
lln i

trolley - feeders are
\ an undesirabl :
potential at the cars will be anyth?n:{nl()luexpenswe il ion, and ithe

t constant and uniform; but the

O FEEDER
s/ :S A
1% S";S
N ~
TROLLEY

FEEDER

e R I

TROLLEY

RAIL

Fig.
that the middje Th w

in .
ast half ¢, the system described above, and with

CABLES AND DISTRIBUTION SYSTEM 109

On any particular route the .load-centre as previously determined is,
%e”?m”y speaking, as was said, the best spot at which to place our
eeding-point. It may chance, however, that the load concentrated there
may be such that it is preferable to resolve it into two or more com-
ponents, located at other points along the route. Or again, if our feeding-
point is to interconnect (as it ought) with another or others, considerations
(t)}facab]e economy may decide us to locate it nearer a junction of routes
the“ﬂ“’e Shf:)uld otherwise.do, rather than run the interconn_ectors out to
i 1eoret.1cally be§t position—which, as a matter of fact3 is really or‘lly
1 approximately ideal location. Then, we may find it good' policy
O run a feeder directly to some important junction, where traffic is dense
and where seconds count as silver in an interruption of supply. Or we
may have some severe curves or sharp gradients to contend with, and these
?ay deflide us to locate our feeding-point there. Any particulzfr case must
e studied on its merits with due regard to all the factors coming into the
Problem. 2
IOC:;rgm our feeding-points distributors convey the current to sec.tion-boxes
i € mldway of the half-mile sections of the trolley-wires, which are ffad
s});oc";‘bles passing up the poles. Interconnectors, as has already ]Jeen s§1d.
fed ufd be arranged for, for the double purpose of allo.wm.g of the lines being
N rom otl?ex: feeding-points should a feeder or distributor break d?wn,
B of permitting of their being assisted on rush days by feeding them from
or more cables in parallel.
A system so arranged allows of a fault being rapidly located and cleared

e i 1 . . - . Yy
Ven in a complicated section, provided the job is gone about in a syste
bridge over the section

E:ltlllc manner; and, even should it be necessary to 420 peAaR
ators on an outlying line, owing to the failure of a distributor or 1€
W.here there is no available interconnector, the time necessary to do lso,
cgl;v?n the smart emergency men and motor tower-wagons and pri)p:]r )1’;
noilgm“:d section-insulators one expects on 2 large, upéto'd:.t en.si)r’xilflat,ors
oH serious, Paralleling the trolley-wires at feed-ears and sectio B
i Sures their most efficient use. No doubt a fault ont Hheohe idabl
newtably involve the other; but considering that the wires are unavg(; : );
Paralleled gt every cross-ov’er or turnout, it is difficult to se€ the validity ©

5] 3 : . .

Bbjectlons raised to the practice. Ny
ha etermining Cable Areas.—In determining t
Ve to use, we aim at minimizing Ouf voltage-

m .

is tch as possible a uniform potential at the cars. /
r of really capital importance; fluctuations of lig
i}t’;ng to the temper, and passensers will be .foun‘d t @
;fly about such irregularities than of varlatl.onso}nesliaerg}; R M

o 2 ost, installed, is

s interest upon its total ¢ ns
No dolﬂralt afociglil Shto wa %Cmall e i neralizations arising from
ally true; y

ike many other ge¢ .
oelumber of particulars, these particulars are & (1)‘urbclzse’ Is??)rv?xl;yt:lalnf?\i'lil}t’
™" ketermination that the law i PraCticanY inappiiEs ‘m a large number

% unless in the very exception .
SCparate stations, we find ourse

he areas of the cables we
drop and at securing as
This latter condition
t in a car are most
o complain far more

al case of supply fro
lves compelled,
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uniform potential and minimum loss, to design our cables not for their
current-carrying capacity, but for their voltage-drop; which should never
exceed 10 per cent from bus-bars to cars.

Limits of Direct-current Feeding.
about 5 miles on average roads, feedi
from a single direct-current station is q
radius, in a system of any size, sub-statio
with high-tension alternating current should be employed. Over-com-
pounded rotaries will be found the best all-round form of converting
machinery, not only on account of cheapness and ePﬁciency, but from their
valuable property of condenser-effect in improving the power-factor of the
alternating-current system. It is not, however, good practice to multiply
the number of these sub-stations unduly. A single station of decent size
costs much less than two others of half its capacity; while the expense of
attendance is the same in each, In comparing the cost of extra feeder
cables as against an extra sub-station, the cost of the cables installed
comple_te, together with their [2R losses, upkeep, and depreciation, must
be capxtalxz.ed against the capitalized cost of the station, erected con’1plete
together with insurance, upkeep, depreciation, stand-by charges runnin :
cxpenses, and I®R losses in the smaller cables required ; kceping’ in vie\,\fg
too, the future developments of the district. Too much power, however:

ought not to be concentrated in a s i
ugh ngle station, el i ircui
will involve trouble and éxpense i : Al L R

—For distances radiating up to
Ng at a potential of 550 volts
uite feasible; but beyond such a
ns fed from a central power-house

1 sioned by the booster itself coy led
Warrant the yeo avy drop which g feeder will certainly need to’ havg to
» mounts up very rapidly, as will be
) SupPose it becomes nece
Ot 4 miles from the generating station an

current to the extent of 1
ent 00 vol
4 miles is to he 440 volts, It i iy

CornPounding of the generator i : g tha't thssfullivalye of the over-

SSary to transmit 310 amperes a distance

d it is decided to boost this

at the station, The numb o s utilized, giving 550 + 100 = 650 volts
; er of kilowatts f h 3

31, and th s furnished by the b

e € combined efﬁc:ency of boo Y the booster will be
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in the booster
we will assume 8o per cent. There \yi}l thc{{'lclfofrjlb;ol:tg;o to 440, or
7.75 kilowatts. The potential in the line wi iltl. “beorb 65.1 kilowatts.

: y 5 w :
210 volts, which, with 310 amperes ﬂo\}‘ng-, tts. Assuming this loss to
The total loss will therefore be 72.85 kilowatts.

i f‘or tram-
continue for an average of 15 hours per day 1:\ l;,lic]h‘ ; ut ]

AP ir price for power

Assuming this to cost 14. per kilowatt-hour, Wth.h 1st§efatl:,t§1 value of the

as generated by a tramway station of average Siz¢, The upkeep of the

loss in feeder and booster will be £1661 per annu;;lst £1670 per annum.

booster and motor will bring the total cost up to at eres for 4 miles with

The size of feeder necessary to transmit 310 a?nltahis cable, with paper

a loss of 210 volts will be 0.25 inch. 'I:he COStlg be about £1896. The

insulation, lead-covered, exclusive of laying, “{?u atts each, would be (at

i of the booster and motor ORISR leOWf capital, upon which the
£5 per kilowatt) £310, making a total of £22006 0

o —

r_vclaours i FEEDER
|
L - | 1 EY o TR
o TROLL o
3 A
©0
>
RAIL —_{' %
Fig. 86

cost of £1780. T(}
Its at the end O
d assuming that the full extent

. der
require a fee
able, would e (slame grade of

a total annual

H ) (.
nterest at 5 per cent would be £110,0 d maintain 440 VO

transmit this same amount of current, an
the feeder without the aid of the b.oost-er, irlil
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does not alway
layouts.
Negative Feeders.—Rail-re
they are used at all. If they are not, their ex
to their usefulness. A booster for such WO
on an extension of the rotary or dynamo s
the line current of one or more fee
negative feeder or feeders are conn
field, while the negative current passes through t
regulating action is thus introduced.
upon the feeder the booster plainly ac
back the current from the rail;
diminishes in proportion

When there is a he

ts more energetical]
when the demand js lig

—

TROLLEY WiRg (T o

BOOSTER FiELD

W

BOOSTER
ARMATURE
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The boosting
rail points, as shown by the
Overboosting will introduce as
the formation of an area whose
current, towards which a flow is set
€rground conductor with disastrous results

W zero ¢
up along any and

in the way of elect

Teates a sink of
every und
rolysis,
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ill not confine itself to them, b

t is obvious that the
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haft, and is so arranged that
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ils is used to excite its
he armature. A self-
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i to the rails
itself into the earth all along their length, rCtlll'lllf]g}Orf;;(d)L;:iss:r ° el
at the station end. Probably had we any means oOn i Whgle sl
sweep of the current streams we shou!d find ;hcm on e Rl
curvilinear paths, something like the lines of f)r?c' e A
south poles of a bar magnet. The :m:llogfv, how t(zl\ CII;] ey
nodes appear at different points of the lme', anl o' zne\—pected i
out tests on a tramway network can .rf?ahze ; ](?“tionslof I e
plicable are the complicated and capncxous.\an'z; fons of e ok LR
We shall, however, be erring on the safe ._<1dc ;e curre?]t Ml
forming an insulated conductor along which 't]] Tl it
Ieakagé back to the station and along which

| . - extension, we
Pxoll):f)rrét::c;?(;al Example.—Taking as a f:oncretlcj cg::j c::d ec_\r.(t)ix;bon,ded’
shall assume it laid with four rails, efficiently olzlr RS i
Weighing 100 lbs. per yard. For our present'lrpofpsuch s
aCcurate to take the resistance in ohms per ml‘c of sich 8 0y IR
to 001, With our outgoing and incon_nng cars s]; od o e
Plainly the currents marked ﬂc?\\]'ixlgt Ll;,etsfri;ils ;. andiicie ris}(: (ai
Voltage drop = [ R, the potentials at : ' g R
Showi) f('ironrl) 1.57 volts atpthe beginnmg olf the i:xfgm;?)ovc A et
T o N e mammum'v? :?ag:e of our rails to zero some-
rade limit; hence we must reduce the voltag of o g e
Where betwe’:en stations 2 and 3. The rise bet\:an 1 2 8 1)
the distance being } mile. Difference betwe
g’ = 49 — 449 = 0-4‘I,
5 1.20 : 041 :: 0.167 : %, :
herefore, we have to carry ou

2 . i t t
Whence » = 281 feet. The point to which, feet from the commencemen

- : : 2000
egative feeder is situated a little over

A f the cable
Ot the extension. eres, and the area ot th i

It with = 775 amperes, the station is away,
or 3:11;13 Cu:re?)t t?;s}();l d\i?ll depend on the d-IStanc::ahOOSe, of course, break
and one:heoranege of the booster. We may if we

lan. For
the better p .
hould that seem oster maxi-
UP the load into components Sils]olud, miles away, and our bo

ation :

inch cables in

ing two 0.8- 1SR

Ve S ?rilntgof 775 amperes. Tltlsls,WhiCh i

; ab(;uovercome of nearly 33 v?ve ’have b

i ver,

een said, howe ol

o8 !lasoxl])ditions much more }mfa:nYthing
omldcrlot find ourselves wasting

hou

d by 775 amperes at 33 volts.

cfiniteness, suppose our st
Mum 5o yolts negative; we
Paralle], 5 drop of 28 volts wit
4.9 Volts, gives us a total drf)P to
OOsters can readily deal with.
o1 an assumption which malkes
ifban they are in reality, and we S
i

rs.— Tramway
€ the amount of units represenl\t;ains— Overhead Feede
Installation of Tramway

d; laid
e run overhea )

: . us ways: they may b

rcders may be installed in vari

into Ui h their
x : drawn into ichtly, thoug
‘rectly in the earth ; laid soltlji;n (1); a5 a rule, rather unsightly,
Verhead feeders are cer )

i jon is given to
. cized if a little considerati
Uglinesg may be greatly minimize

squ are-
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appearances. Neith
} €r span carri :
ungraceful, and if ers nor insulators
T thea ;t);a;ded galvanized-steel span be ntecc} necessarily be
e e Vo s Poper stapended by i rained between the
ry so formed, the result is by nca>ngers of graduated
means unpleasin
g.

. . N B .
i ]led i i

ng, two

pressures, blow 20 steel tapes, galvani
) s, or direct c K joint, give prot » 8alvanized and com-
i l‘UShmgf ; the wire Il)ayei:-cgzn aiamst transverse

of the stri ~ beneath protecti
f L Eachszzlps' Finally, twop co;ct;ng ghe
of compoung which ep of the serving and arp i .ed
should be followeq ChelB i v ithe whole A
; _for i ngineering Standards erlIto ool
i ommittee
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Solid-lai :

the grOUndallc)ic,?eitt)llles'_SOhd-laid cables, when the work is carefully done
undoubtedly give ,Sou”d‘ and the traffic over the cables not too heav i
shares in an znhaszecg“;nt S i_“ the way of reliability; but the systegn’
common to all buried ’egree the disadvantage of inflexibility to extension
be of almost anythin .“ 9rk. The chases in which the cables are laid may
except the third-namga iron, stoneware, asphalt, wood, are all used. In all
contact with the b te , insulating bridges to support the conductor out of
belof suitable m ottom are required, and it is important these should
ot o aterlal.. Wooden bridges are fruitful sources of trouble
Hard StOnewareeilt]rOlytlc’ an‘d should under no circumstances be used.’
coated, is a suitéb]eorOUgh-]y ‘cooked” in hot compound until perfectly
e et material, but the best of all is hard bituminous com-
the body of the bd-‘ce amalgamates perfectly with the filling compound while
e ’udge preserves its rigidity. ,

fsulator. no bri\c\]ard s‘ystcm.the troughing being of asphalt, itself an
5 f i Iges are rcquxred. The conduit is supplied in pieces about
STitls ot Z’ithe 1in sheet-iron former supporting the asphalt which projects
]ength iz ther .el.]d. The sections are burned together into a continuous
Rin in with meljt(:gts smoothed off with suitable jointing-irons; the cable
Concrete, applied 1 compound, and the trough topped off with asphaltic
o T 1ot anc'l polished down smooth with heated moulding-
sides. The regr; impervious domed covering welded on to the asphalt
Materials and l‘alllnct)?] I‘al‘e very good indeed, but the system is expensive in

Earthe
nwar .
ware chases give good results, but under heavy traffic failures at

€ joints 1 .
have been noticed; an observation which equally applies to iron
d troughing of generous

tr()u h
Size ggijes ‘ic;r all-round work, stout creosoted wWoo
_ Filling é’ofﬁtxsfactory results, }vith the added advantage of cheapness.
tumen: byt pound.— For filling-in nothing is superior to genuine
Name. if much of what is offered for sale has no proper right to the
procurable, that from Venezuela is best. It is of low specific
It is always well

8ravit i
¥, and so it goes far, and it is exceedingly pure
ired degree oneself; there

e and paying carriage

Upon jt. ;
6o ;arltt » 1t can, as a rule, be procured on the spot. A composition of
Stone oi E\E’é’ weight) of Venezuela bitumen, 40 parts of ﬁqely-ground lime-
and stirred instone, and 5 of puré acid-free petrpleum residue, well.melte'd
Strength IuP together, will be found to_excel in toughness and dleleqtrxc
Compou,;d 't is, however, expensive, running to ;6 5 or more per ton. Pitch
is, of « if properly made up from good materials, g1ves excellent results,
be Us’ do course, very much cheaper- Only the best gas-works pitch must
freedoe » and with it and the tempering oil stringent guarantees as to
is quitm from acid or alkali hould be insisted on. Blast-furnace pitch
Olid‘le.unsmtable, physically and chemically, and <hould never be used.
somald cables, like those laid directly in the earth, should have a covering
€ sort some little distance above them to warn excavators of their

presenCe
ining up fixed termini,

A L
Duct System Preferable.-——For a route JO
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on which the power demand can be determined once for all and cable
provision made accordingly, the solid or

faction; at least, until a cable breakdow
it is likely to be somewhat qualified be
a weak point with the solid system th

direct-laid system will give satis-
N occurs, when the admiration for
fore the repair is effected; for it is
at wet weather makes satisfactory
business indeed, and in the uncer-
wn is just as likely as not to take
troublesome fault-locating test and
f the roadway. Taken all round, for
most suitable way of installing cables

tion. In laying

: €asy in ducts, For le, tak bl feet

lon ; . €Xample, take a cable 20,000 fe

theg}azll:ht Om;{ltlil]c?les averaging 400 feet apart, one cut midway narrows
'thin 10000 feet, 5 second cut midway of the faulty half

reduces the limit to i
625 feet, a sixth to gooo feet, a third to 2500, a fourth to 1250, a fifth to

four extra cuts h bI3, or less than g manhole stretch. At most, then,
the fault was 7, ave been madeftwo is the minimum in any repair unless
a manhole, which inspection would have shown—a short

day’ P 3
thg, va;(;;lze&:)rf ?;n,;(l)(l_nter and his mate, This compares favourably with
cable. The fay]t locmg @ single opening down to a solid or direct.laid

O AG ¥ ated) haulin
one, jointing it up and

I g out the faulty stretch, hauling in a new
- maxing it alive tters of hort time.
Contras : a » are matters of a very short ti

ness and ﬂetx?l;;r'ttl So.h - and Direct-laid Systems.—Contrast this handi-
either a direct i WI.th t}.le unwieldiness and rigidity of its rivals. With
by the dilemm;orfsslld-.lmd System, when laying out a line one is faced
interest on th S pury '8 a mass of expensive but unproductive copper,
AR beneﬁi cofst of which wil] have to be paid no matter what happens,
distant future; °' @ problematica] increase in load in the more o less

again to lay addoi:-Of ﬂl]aki:g up one’s mind to have to dig up the roadway
; 4 lonal cables whep th it % 4
in 50 doing not only heay the demand necessitates them, incurring

; Y €xpense and a very real risk of damaoi those
al v maging

Ozzilic:]y lzntdhe ground, b ntment of the lieges. As for
has begen hint:jpa;{)lgli ! or direct-laid cable, it is, as
Drawn-in cables’, ol sk as could well be selected.

and workmanship the layi
: ) ng of
manlike, the bonding ying of the cable

- \ > 2y / 17
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. : i own
after, will be found to last a very long time' indeed \Ylth:)l]]ti:ri?ll;llensgafe by
from’corrosion of their sheathings, while solid- and dllricis- a
no means entirely free from such accidcnts_as electro )s‘ix'cableS, Saterand

Comparative Cost.—As to cost, certainly up to r;lber the position is
manholes are the most expensive; but above thaft ?ol:]rable e
reversed, and the figures become more and more 22]\/ M L
System the more cables there are to be mstz§lle . i on;: is prepared
reaches the limit one can lay direct or ]‘ay solld,tejvztn ettt T
to go the length of absolutely underpaving the s lree only to be taken in
arrange a solid system in tiers would be a me?:;“ct system, on the other
extremely exceptional circumstances. With a g u Efw or more cables in
hand, there is no difficulty at all in arranging for hity
a sin nhole. almost any-

D{ﬂgt;n—iMetal.—Ducts may be, and have bee;l, r:at?r?dga where there
thing. For very shallow work, such as, for examp;S, ted hot with Angus
is but little available cover, steel steam-P‘pes_t_"e:lS well screwed home,
Smith’s composition, and united with ferruled Jmtllle best. They are cer-
bedded in strong fine shingle concrete, are about‘ 1 th and the short dis-
/s cpensive, by consideet eSSl c?trcnogt add seriously to _the
tances for which they have to be used, they do r'lte free of “fins” inside,
total cost of a line. They must, of course, be quo‘othly rounded off from
and the sharp edges at either end must be s{rllar thin-walled steel tubes,
the inside in each length, ' Mannesn G s o ertainly cheaper, lighter,
Jointed it spigot and fancck 1ead.-cau1ked, Z"e :ed from their treatment
and more easily handled, while belpg wel_l 51‘ aiitable for carrying cabl?:S
to resist corrosion. Though otherwise entirely s and in shallow \vork. this
they are necessarily not so strong as Steam'plges;m pipes from their brittle-
©Xtra strength is a decided advantage. Cast-iro

q ed, the
ver metal 1S uscd,
Ness are for shallow work inferior to both. Whate R th lone anothér

: to e
ducts should be in perfect metallic contact e}rlld ot soundly
throughout their length, and they as well. as the Jectrolytic troubles. For
onded to the manhole’earth-plates to minimize f; o dvantages; it cer-
€ general run of the ducts metal presents f‘?w’nl duct; are to be used tflle
tainly does not prevent electrolysis. If any 110 pipes should be properly

i the ften
==¢ quality only should be cons‘dered::la?r?ternal smoothness. Too ©

r water

ST IR g S AL WL (o L,
bbish reJeCthee foundry at a prlclt:
o ains work; thoug

of internal con-
tions workmen

and severely tested for straightness an
't seems to be imagined that an);] rl;ble fro
thority’s inspector, and so purc aj h for electrical m
4Pproaching that of scrap, is good €no té;]e cable sheathings
€ disastrously destructive effects o1

bstruc
e array of ©
Strictions, blisters, core-pins, anca, axlriigtll:t be foreseen. h satisfactory
exPressively name “rat-catchers ,largely used; but thoug

It

ther forms.

fnlined, duct g tf(tae?s not so good as .sorgetoo a thickness of

v i ; e :

CI(:ou.gh when cgrefu.lly lzld’hzzll RE wrougl‘{t 1ron,£2 ends small cast-iron
Dsists of a thin riveted s st carrying at T A
Inch with Rosendale cement,

ining has been foun short
: ment lining . while the very
Sgrlgot 1and faucet rmlgs. 'If‘htfiti?nen-sheathed cables, wh
-"ously on some makes 0



118 ELECTRIC TRAMWAYS

joint is a decidedly weak spot. It tends with careless laying to gape or even
to allow the duct to get out of alignment, and so to admit surface water;
and should the ducts be bedded, as they may be when contractors of the
baser sort are left to their own devices, in engine ashes dusted over with
cheap cement, the seepage which percolates through into the ducts will be
found to corrode away the sheathing of a lead-covered cable in a very short
time indeed. The duct is in itself mechanically weak and easily injured,
and its price is by no means low.
Stoneware.—The well-known square multiple stoneware ducts made
by Doulton are somewhat troublesome to install in good alignment and
free from cement in the joints, but when well laid are quite satisfactory.
The material is strong and impervious, and a good point is that there is

less friction with them than with those of round bore, and consequentl
a cable is pulled into them with less labour. The Sykes duct mciide by
the Albion Clay Company, is very good indeed; material anci form ar};
excellent and the duct is readily laid. The self-aligning Stanford joints
when .well payed with hot rosin and tallow and driven home areratiS-’
factorily water-tight; while, if found necessary to do so, the c’onduit line
can be easily conformed to a smooth curve. Labour }s economized b
using clus_te'r-form ducts, but if the slight danger of a cable failure just }::
the duct joint burning out others, owing to the existence there of a:] ussm:II
space where there are no barriers between the cables, be apprehended
smg]l)e-way ducts can of course be used. , e
i ;cots,s v;/:]?::&irn theflr form, should.be purchased from a good maker.
$ of successful designs are on the market, but in few

cases will satisfaction follow thei
47 : eir use. A usefi i :
striking experiment, is to take 3 ul test, besides being a

dwelt. on. Stoneware, not e
] Fllbre.—Fibre duct, ma
argely used and gives goq
handled, but it requires Exo
[ts cost, laid, is on the whol
through than does a stone
£ b P

00 tight for it, its inner layers have been found to shell off, and the whole

duct coll :
apse afld g0 to pieces under the longitudinal compressive stress,

de of wood-pulp and a bituminous bond, is
d results. From its lightness it is very ea;ily
T€ concrete round it than does a stoneware pipe.
€ higher. It seems more “dead ” to draw a cable
ware duct, and under a severe pull with a cable

ctricity, nor can
It certainly is
it gives off so
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be continued. Ducts, whatever their material, should not be under 3% inches
in clear internal diameter, and should be laid with a very gentle rise from
each end to the centre of the stretch to drain moisture into the manholes.
There should be no sudden rises or falls of level, and no sag to produce an
accumulation of stagnant water. | ?

The side-walk is, of course, the preferable situation in .Wthh to put the
cables, provided there are no cellars beneath it, but it is not often that
the chance of occupying it exists. Generally speaking, other services have:
secured the option, and tramway cables have to be laid in the rqadway,
between tracks, or in the rag in single-track roads. If_they are laid _\vhlle
the rails are being put down a great saving in duct-installation will be
effected. Whatever their position, however, the cables ought to !36 kept at
a minimum distance of 3 feet from the nearest point of thfz rails 1f_thls czIm
be done. The bugbear of tramway cables is electrolytic corrosion. In
a duct of non-conducting material, provided it be dry, there is no reasolr:
why a lead sheath should not last indefinitely, but dry ducts are very muc
the exception. Even if surface water is successfully excluﬁed—and every
effort should be made to do so, especially in towns—there is always afcot?-
densation of moisture going on. The slight varying temperature 1(: t.g
cables sets up an air circulation which draws into the ducts the un;lrt
atmosphere of the manholes, with a consequent deposition of water, 21[53 ¥
altogether from and in addition to what is attracted to negative poin
the lead by electrical osmosis. . :

Electrﬁlytic Dangers.—Experiment indicates that in the caszncg :ar:;g
in a tramway track the potential gradient between the conc.luctailol’ver G
Is so steep that practically the whole fall takes place 1In Al )t,he Jd
distance, the slope then becoming so flat that at 3 feet away e dali iy
the potential difference over a considerable length R with any
Now, though it is an undoubted fact that electrolysis g?e;e(z:rtlricity CRIL
difference of potential, no matter how small, a co_ulomb obe IR
veying a fixed number of metallic ions, whe_ther its ﬂg“’ icchief is done
or 1 milliampere, it is plain that the time in whl;h ]\te keep our cables
is influenced most vitally by the rate of flow. JALERs; shall very greatly
3 feet away from the riearest point of the rails web t a very bad one,
lengthen their useful lives. It is @ common practice, W € K80 10 o
to bond rails and cables together in every manho e.h inos in parallel makes
directly towards trouble; for putting rails and sh.eat 1ngith a consequent
both part of the anode of the great electroly t-lrftfa,wet stratum, a large
tendency for the current to jump R o ositive to ground. For
Water main, &c.—where the rails and cables are tF-) e boosting points, and
one or two manholes on either side gpsns ne;g 21nllV be efficiently bonded
at the station ends, cables and ra}ls ShOUIﬁ Czr }?outy the network is quite
together, but haphazard paralleling-up * I‘Oerig carthed in every manhole,
Wrong, The cables, however, shoul(j1 be P”OFI; z ade by burying below the
and a cheap and excellent connection cai : f the manhole, 7 or 8 feet o
level, and clear of the sides of the foundarang ﬁ to ensure its keeping wet,
clean olq rail, rammed hard up with broken cose

i les.
nd leading stout bonds from each into the manholes
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Testing.—The potential between rails and cables should be carefu}l_v
studied under working conditions, and wherever the latter are found positive
to the former, a bond or “drain-wire”, to use the graphic American term,
should be used to connect them together. A word of warning is necessary
as to this testing. The readings are generally low, consequently the
contact piece for touching the metallic sheathing of the cables or for
exploring the potential around them must be of the same metal as the
sheathing. If a copper, brass, or steel point be used upon or near the lead,
the contact force of the dissimilar metals in the former case, and the
different electropositive value of the exploring pole in the latter, will quite
vitiate the results.

Manholes.—Between-track tramway manholes having to support very
great weights, well over 100 tons in some cases, require to be strongly built.
They need not be very broad, but should be of a reasonable length, as this
very greatly facilitates drawing-in cables. It is an advantage to have the
walls curved.

For a six-duct manhole on a straight run a generous internal size is
7 feet long by 5 feet wide at the centre, by 3 feet wide at the ends. The
side-walls can follow a circle of 9 feet radius without the necessity of
specially curved brick. The concrete floor should be 7 inches thick, smoothly
finished off with a granolithic layer, and graded to a corner in which a sump
covered with a grating should lead to the sewer by a trapped drain. The
sump should never be in the centre of the manhole, as dirt speedily chokes
it in such a position. A depth of 6 feet 6 inches from the street surface to
the floor is ample. The walls should be g to 14 inches thick, soundly built
of good brick, and the earth between the brickwork and the sides of the

here the bonds from the old rail earth-

concrete, preferably reinforced,
Two light channel bars, siz

€ 2 inches by 1 inch, sunk 3 inches into the
concrete floor and rag-bolted j

nto the walls at the top, serve on either side
€ large brass hooks in which the cables lie.
each quite to the roof, to prevent vibration

rough the sheathings. For the same reason
roof hangers should be absolutely barred, and the cables supported from
the floor or walls only. A convenient situation for these channels is, in

a manhole 7 feet long, 2 feet 6 inches from either end, thus supporting
the cables at points 2 feet apart

For heavy traffic the r
strong concrete. Where
be used; but cast-iron
unsatisfactory in every r
should be cast in steel

These columns should not r
which might in time cut th

oof is best made of old rails, well bedded in
traffic is light, 1-inch steel buckle-plates may
Plates should be avoided as heavy, brittle, and
éspect. The manhole frame, dust-pan, and cover
for heavy city work; for average traffic, however,
quality is quite suitable. The cover may be round,
Pes named standing in the general order of merit.
ound is preferable; for small, shallow manholes the

o g ; ;
val has some advantages} the square possesses no outstanding merits at
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all, and has a conspicuous demerit (which it shares with ‘the o;ral (tﬁ:[;i)
of being liable to fall bodily into the manhole through cm]eless, 11:)111 ﬁ]]eb(i
The portions of the covers which come to the street leve dmfl) '?th 5
with fine concrete or asphalt, or with jarrah blocks groute ",1 '“mnnina
pitch, or they may be faceted into small squares by deep gtroca:(eis is quitz
at right angles to one another. The last is the' chea[éeil,e T
satisfactory. Efficient ventilation holes are essential, and the tiog i
should be carried clear through; pocketed holes are an abomc;nzll-e t.c]ean
manholes should be regularly inspected, washed down, e b P <G
and free from water. In laying off a new road where there is m;)hO]e to,
it is an easy matter to run a pipe beneath the duct.s fron.1 marcrStamce
manhole, and even if it is necessary to run-outfall drains qull(t'e a inl g
from the various lowest points it is well to do so, for soaking LR
is bad for cables. Part of the equipment of every mains departmen

be an efficient pump. That illustrated
in fig. 88 can be recommended with
every confidence; it is simplicity i%-
self, and almost the only part of it
liable to wear out is the rubber dia-
phragm, which is readily renewed.

It is a great luxury to have the
manhole faced with white brick, but
is a most decidedly expensive one.
Such a manhole as has been described
above can be built in first-class style
of the best materials at about £23
inclusive; while with white enamelled L
facing its price runs up to over £ 33. Fig. 88.—Diaphrag

Draw-in Wires.—Draw-in wires 14 steel, but unless the ducts
should be of 12-gauge tough galvamzec.l mi tS oo‘d policy to wire R e
are going to be used in the near future it 1S no § To rod and wire well-
The wires rust away and cause trouble in clearing. )
laid ducts does not take long. A . ed ash or hickory

Rods.—Rods are bettergmade of sound S“f“g? t-gci‘ilrr;iilityy and cheap-
than of malacca cane, on the grounds of efficiency, rties if the ducts

’s sinuous prope ;
ness; there should be no need for the cane 5;’?}% beF;)ermitted. Clearing-
run straight or in such easy curves as alone sho

hich
[ of cun-metal, w :
bells are for some mysterious reason gen?]l; ”s}t]eglligiih a Zase-hardened lélp
: B k; mi1 . f the rods
r in serious WOrk; g ouplings o
iirl?g;};rczlnrgpx}ﬁzolgparably superior. The screw coup i

lly are.
should be twice as long as they ustuaiy

G ith a po A
raving-in i lij: cc;?‘:)l‘(:lgh stgel, extra flexible, and should
Strong jib. The rope is best ma

1 inches in

Y ss weakens it._ Such a LI lv'“nch barrel,

:iort befgalvamze_clli a}x)se t}:;fdrotcg conform .readlly tor ami':ll;d;g;‘_wi;ch manila

anéuItI;l s:,el;f?n;‘;lh higher in first cost, \Vlllfout\:::. e a‘s A

r(’Pés Itgshould be carefully attended to, Odc?)ue wound directly on a light
the b.arrel of the winch in drawing-in shoul

60
YoL. 1V,

werfully-geared winch and
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i in the yard the rope should be frequently passed through a
g:t';)d;;'l T:ax;mlilot motc}:f grease. ?I‘ehe eyes should be parcelled and wire-
served, and left-hand spliced; and connection to the eyes of the ca'ble clips
should be made by swivels. The clips used should not be galvanized, and
should only be purchased from first-class makers. The double-eyed pattern
is the best. When put on the cable it is a good plan to cross-lash three
pieces of draw-in wire through the eyes and over

the duct and so increase the life of the clip. Clip
greased with hot lubricant, In preparing cable end
be wiped together into a solid mass about 6 inch
may come on copper as well as lead. _
risk, especially with loosely-papered oily cables, of having the lead strip
off, involving very often the scrapping of a large portion of the cable
from damp, and in any case a great loss of time in backing out the

damaged length. When ordering cable this extra length ought to be
remembered; thus, the stretch between two manholes whose centres are

s ought to be kept well
s lead and copper should
es long, so that the pull
If this is not done there is a great

“400 feet (= length between centres) 4

6 feet (=7 -: 5, mean breadth of manholes) +

length for end wiping) +
= jointing allowance);

6 inches (=
6 inches (
total, 407 feet.”

Soft soap should not be used,
» as its free alkalj is deleterious to lead. All cables
D ﬁn-iShed off should be deeply stamped with their full designations.
S.ectlon Pillars, famway section pillars should be as fool-proof as
possible. - Switches should be plainly lettered, and an explanatory tablet
should be affixed to the inside of the front door. The telephone jack-box
should have 5 positively-closing guard to keep out dirt. Anything not
strictly necessary shoylq be excluded. It does not make for efficiency to
€ about amid 5 forest of switches. Fuses, reactance
plie lightning-arresters, &e, are qQuite right in their proper place, but that
Bl (Rlace is certainly not the section pillar.  That illustrated in fig. 89
1S a product of evolutjop and the survival of the fittest, and has been found
to stand up to CVery test in the hard service of the Glasgow tramways.

It is in three parts, bolted together, which amongst other advantages
allows of the ventilation-wa

: Y$ at top and bottom being of a labyrinthine
formation which defies the access of bits of wire to the interior, in the
hands of mischievous or malicious persons.

. The panel frame is bui;? up of wrought-iron bars, and though not heavy
'S very strong. The switches are mounted, with pads of thin soft lead

2 Oun

N
NP &

|

oo

-
~

Switch Pillar (back view)

Switch Pillar (front view)

Tojace 11 vaa




CABLES AND DISTRIBUTION SYSTEM 123

interposed, on insulators of genuine porcelain, the insulation of which is
independent of surface glaze. This mounting is done by causing the brass
holding-down tap-bolts to screw into a tapped plate fitting loosely into an
oblong hole in the body of the insulator, below the heel and jaw of the
switch. When the switch has been adjusted to its correct position and
the tap-bolts screwed home, the tapped plate is fixed immovably in its
position by being run in with hot hard bitumen compound till the hole is
quite full.  Should it be necessary at a future date to replace the switch,
this can be done by taking out the screws, with the certainty that the
new switch—which has been bored off a standard templet—will fit into
its position. All springs are genuine phosphor-bronze; steel rusts and
brass breaks spontaneously. The insulators are secured to the panel-bars
by a similar arrangement of lead pads to equalize irregularities, tapped
plates and tap-bolts. All power cables terminate in strong glazed-earthen-
ware heads, screwed into tail-pieces of cast solder, by which they are wiped
on to the lead sheathings, the heads being filled up with bitumen compound.
Care should be taken that the tail-pieces of the end connections are not
made of white metal, the zinc in which will “poison” the solder used to
make the joint, necessitating “burning out” the zinc with sulphur or
scrapping the whole pot of metal. The telephone and test cables end
in lead pot-heads.

Marble or slate or even wood panels are or have been used—the la§t,
of course, only tolerable as a temporary makeshift — but none is satis-
factory. Even when well bushed with ebonite, ambroin, &c, meta}llc
stains appear, the insulation is poor, and the material and construction
weak mechanically.

Trolley-wire Feeders.—Connection with the overhead work is made

by means of flexible cables. Lead-covered rubber has been recommended
for this work, but wire armouring is lighter and mechanically stronger,
em soundly

though care must be taken to turn the wires back and lash th ;
down when the armouring is taken off. Silicate-rubber sheathing 1s very
satisfactory in every way. Rubber-insulated cables are confessedly subjects
connected with which the uhexpected often happens. A sheathing made
by a good maker to a specification calling for 40 per cent of pure fine hgrd
Para rubber proved imcomparably less durable than did one 1psulated with
something which had practically no elasticity at all, and wthl:l, whatever
its other ingredients, contained such a quantity of ground mica that or;
incineration a greyish skeleton practically the same size as the on%ma
remained. The wisest policy seems to be to buy under a guarantee {rom
a good maker what he recommends as best. i 7]
For connections between the section pillar and the pole it 15 convtamﬁn

to use two wrought-iron pipes, one above the other, of some 2 ",ifhes
internal diameter. The mouths at either end are well round(eid. Ey
screw home into the pole, which is tapped to receive them, and gassth'ﬁ
clearance holes into the pillar, inside of which they are secure )1'1 ld
nuts, using, if the positions of pillar and pole render it necessar)trils.nap;ge
iron packing-pieces. The trolley feeders are left of such a le[?g 11 e
pillar that when connected up they are forced well back into the pole an
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so prevented from coming in contact with and chafing against the ends
of their tubes. Where the cables come out at the top of the pole they pass
through well-rounded brass bushes.

Points in Cable-construction.—Pole and section pillar are, of course,
bonded to the rails. It is a distinct advantage to block up with clay the
ducts leading into section pillars to prevent sweating from the damp air
from the manholes condensing in the pillar in cold weather. It is also
good policy, especially where extra-high-tension mains run in manholes, to
coat the cables with a plastic fire-resisting composition to a thickness of
about § inch. For drawn-in work lead-covered, paper-insulated cables are
practically standard. A serving of compounded jute over the lead is an
advantage, but an armoured cable once drawn in is likely to stay there for

good, and to resist all efforts to pull it out. For solid work vulcanized
bitumen has advantages: the intense heat of t

to stress a lead sheathing objectionably,

% b . Coyle and Howe’s book, Electric
: ction and Cost (published b Messrs. Spon), to which
the c;eader is reﬁ?rred. Here it neec(lpon]y be sa}i,d that in t[l)le gxands of a
%0(; maker. one is safe, the only stipulation—especially with foreign manu-
acturers—is the m51st1.ng On a stringent guarantee as to the absolute
electric from wood-pulp, as this very objectionable in-

Sl pontaneous disintegration of the paper.
el ::Vllizzle%.:n]é)mtmg should be done with a ferrule of pure soft copper,
i Vv compressed on to the core, and the insulation made up
g st tl;r egnaged manila paper, or, wholly or in part, with impreg-
il l}:e:; most all the so-called “linen” tape on the market
N "thu o¢s well enough. A lead sleeve_:, soundly wiped on
RS andp wll compoum‘i,.completes the job. Joint-boxes should be
g 1,0 e on X competent jointers able to wipe a soum.i lead joint should
o iIs) d'l};ty. andsg?vgsui){ ff_for cc;?per,. brass, or lea'd, no.thlpg equals stearin;
QU IRf e cstinn 4 suflocating fume, while acid is, of course, quite
resufl«;(;rdﬁlhqtg qp. the sleeve,.pure hard acid-free paraffin wax gives good
5 kesp1 e its hygrqscoplc properties, provided allowance is made for
$ shrinkage before closing the upper pouring-hole. It has the advantage
ner than any other should the joint ever require re-
€ in testing whether damp has got at the core
To do the test it is only necessary to pour
over the suspected cable-end and to catch the

or insulation of a cable,
smoking-hot paraffin wax

CABLES AND DISTRIBUTION SYSTEM 125

molten wax in a baler, which must be dry and hot. If now th? C?!'ltter?.t]-;'
of the baler be poured back into the kettle, the merest trangc.e o ‘r:eis“;n
cause so sharp a crackling as to be quite unmxsfakable.. c11tume ATy
excellent if somewhat messy filler, but some hlghly-pnci concVhether
with fancy names froth up in such a fashion that one never nox;s'; e
or not a sound fill has been made. Whatever compour}d is useh l'oint i
to depend upon it merely for mechanical strength, making up the Jit may
well with the solid dielectric that it is equal to whatever stress

have to sustain.

Telephone Cables.—Telephone cores for tramway l‘gogk O?"g 6ob$<t)tl(::
made with impregnated than with dry insulatlon,.and shoulc ; e pbe
standard. Despite their capacity, cables of this .type, with cto e
wire, No. 18 S.W.G,, give excellent talking over d;§tanc];35hup ara ‘;rxemaliai
they are handy for testing purposes and do away with a ct] e Sore-zir-space
of air-compressors, &c., on the cables, necessary when the' ry- iy
type is used. For jointing, paper tubes or cotton sleeylng S i
lation on the cores, which, if soldered at all, should be just to}:JC A
ends of the twists. The test cores necessary to allow tht :a?nue cable.
recording of the rail potentials should be .made up 13 t einsulation s
For them a strand of 3/18 or 7/20 SW.G. is usual, and an
withstand 660 volts. Sl

Negative Cables.—Since by the Board of Tradehrule;:1 ul;tli :Zcfosjg;l);
for the negative rail feeders to be regularly featet & ety be joined to the
into disconnecting-boxes at the points where they areb (;,ak i
rails, Negative cables have an inherent tendency to br

i i menon of electrical .osmosis;
dampness, owing to the water-attracting pheno or of Ol e

consequently great care should be taken to fill up R RaL e
absolutely non-hygroscopic substance. Bl}tlumenor:;)y z pressure of a few
thoroughly satisfactory. Although they have able for rail-return

: -volt ¢
volts to withstand, it is just as wel]. to use 6610t;/g e
work, to avoid the risk of having a lightly-insula

for full-voltage work. A of three-wire

Miscellaﬁeous Feeding Systems.— Various kmtehtgojrsdinar)’ arrange-

feeding have been suggested, but for urb-anﬂ;‘éozheapeSt and most satis-

ley and rail return. 1S SR

ment of overhead trolley Ld for inter-urban traffic the‘r d_bﬁ o
factory all round. For longer Laminated-fie

o ing current. :
R b smgle-phastil 2:11:1(3;1:: lo?v—period alternating current
: excelle
compensated series motors run

New York, for
and direct current alike. In Balton and Schenectasdt};;n while on,the
e Or; lr}']?C 7z un on the ordinary dlrect-currel?t SIY ha,se alternating
l_xamP e, the carshr two towns they operate on sing C-Pwin [ Fibetusd
AR f‘rvence to the saving in dlstrl.buhon,eg ingcomparisoﬂ
glflr{ﬁnt' % m(?r<13 ri(‘; to the fractional electrol)’sxsbcauasid ’here il e
witl l%: p(;)'tentlamient must complete all thalt< can be s

1 the direct ¢ ) ; working. ;
most attractive and interestl.nlg l:]leth];)ga?cg of Tra%e requirements.thg mi;-
ing.—To comply with the -eoularly determined. By
lati’resmr'l-g of thep\\)f,hole network must be lc(fgmltmyeter AN e
i "’fswtanﬁe tation or sub-station a standard vo :
ving in each sta
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the positive bus-bar and furnished with a lead long enough to reach any
cable, the insulation resistance of the feeders, distributors, interconnectors
section-pillars, and overhead work in series can be determined by
noting what deflection is given when the feeder-
terminal of the voltmeter lead. For, suppose the reading on the voltmeter
when the lead is connected to earth is V,, and the reading when the lead is
connected to the cable is V,, and that the resistance of the voltmeter is G,
it is easy to prove that the insulation resistance of the object under test is
(—V:‘.\; Vs) X G X 1075 megohms,

2

merely
switch is touched with the

if V, and V, are in volts, and G in ohms,

{{$18Us_ BAR
____S40VoLT

It simplifies calculations greatly

i 1771 m EARTH

TO FEEDER
S L

I5 OHMS

=
=
S
-~
=

I3S OHMS

readings (V) got during the nightly tests call for immediate investigation.

) -h?fni :bflzejsramr.cult-breaker. opens it is a common practice to close it
it ope’n sl galfz, ’C? clos<? it after an interval of three seconds; but if
Pooaruil Nt me, 0h cave it open; it being concluded that there is a
il somewhere, _ This rough-and-ready. procedure is open to

€ objection of possibly causing damage to plant or to life from the shock

it-brea

To obviate this danger the Short Indicator designed by Mr. G. G. Braid of

the Glasgow tramways is notably useful. The principle of the instrument
will be understood from fig. go.

A double-throw switch

‘;l:]rtzggh a fuse'F1 with the positive bus bar, and its top and bottom contacts
5 e sa(lime side bridged together. On the other side the top contact is
Nected to earth; the bottom is 4 dummy and the middle point is con-
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nected to a resistance of 13 ohms, which has its other endb J()tlnedc(t)?ltzlli
end of a resistance of 135 ohms which is conncctcd.to the .otlolln on e
of the left-hand side. The wire joining up the resistances is le i bgUt
a fuse F, to an ammeter A which gives a full dc’a,ﬁ.ectlon ‘for 4 aTih w’ould
the scale of which is arranged to read “CLEAR" in the bp?c:eh“\:rould WiK
normally read “0—-2" amperes, ax;d “ SlIIORI r,:?n;l]]a:)fwtltllce i
mally read “3-4” amperes. The other ter ‘
furni)shed with a lead for application to the feedelr undfesr tf:itx.]ly L0
With the switch on the bottom contacts the voltage is p i
directly to the cable through the resistance of I35iohms ona)l'l.Sin i
is a short, a current of 540 = 135 = 4 ampere? WIIII] paSS_,tsh i gthe o
deflection, and thus indicating a short on A. With the sw;1ms il
contacts the voltage passes the guard-resistance (;f Ih35uoh S
part going through the ammeter and part to ea.rtl t rof%he Tl
resistance. Now 15 ohms represents the cold resnstanc;fo e e
of 37 cars, supposing carbon lamps are ﬁtted'; hence if € e oeTienl
number of cars were on the feeder with .thelr lamp c1;;cu1 S
we should still have only 2 amperes passing through t f? ar:rse su,Fﬁcient
would in consequence read “CLEAR”. With a sh?rt, o C}?ORT”’
current would shunt through the ammeter to md1cat<: i i n;
Fault-locating.—For the location of faults on m}t foryany s
usual methods are, of course, available. First and foremotsel, bl o
in locating a fault the length of the cable.must be acc'urat ru% e e
out this the most skilful determination with the beStflf?rss i
useless. The instruments used should be robust and o hdgorn i
as simple as may be. It would seem needless to ;gy ;x?om AR
be carefully done, did one not so constantly see t lsd o Rt e
In tramway work trouble is at times expeUEles ' (o - e trolley
obtaining anything in the way of a return for }C:OPcore B R
wire, if it can be thrown dead, may be used, or lt e A ET
test’cable. In any case, where the cable 1s Ofill:t be calculated. This
different area the equivalent length of the lgopof{n the cable to be L feet,
is a very easy matter. Suppose the el it is looped to a conductor
and its esistance perj{optACiENp 3% fthlit <l)hms then clearly the total
ot long [with resistagceLplgF_:O(I)f 1‘; ol;ms an’d its equivalent length
resistance of the loop will be 11 J

in feet of the cable under test will be
LR+LiR o 4

I

ains the

R
_potential test, the
FLeri han a fall-of-poten

: eh s ik . nothing is better t 5 s the deflec-
B For multicore C};lb.leb ;:)()opedbto a sound one. Theb;tl‘ielzrxl learth P |
t'roken-down 5 ilengl and earth, and D, that got i, O
‘:’c})]n Bot bet\;’veen cr?ent flows round the loopl, it is easy

€n a slfeaay cur K fault 1s
distance from the testing-station to th;

21055 I_)1 L Dg’
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i];)12 sb(}l)ng tgesmaller deflection and L the length of the cable. The read-
re%erse‘l:i an Muir?yg:tkl:gpa»:eraged t;xior]? readings got with the current flow
) 1s so well known that it i
e ) scarcely requires an
100ere:ce, -beyond a caution that the contacts of the slide \vir;l writ; ath)fg

P terminals must introduce no resistance, and that one must not be

i :
deluded into balancing to false

T o FONVISISIY
| zero.  Any deflection on the
I ; ga!va_nf)meter, noticed when
| g It 1s joined up but the testing
| & 2 voltage not impressed, is
_,'l ) H § 3! merely due to some battery
: | : A £ actlo]rl) at the fault. Another
: o : g excellent ~null method s
: di k 5 s!<etched In fig. 91. If, be-
3 | i 5 sides the broken-down cable,
Z ___T 5 there are available two sound
| ltezephone or tes.t cores, the
¥ : atter should be joined up to
| ¥ ! VA the dlstan.t end in such a way
! i : as not to introduce any resist-
l (i ance at the joj i
E : i joint 6. One of these is
| l rev.o tmeter lead only, the other is a
g i : by 41 sistance (R,)_, determined by mea-
5 lé 2 5 Suring the resistance of the looped
- & AR
: : ; F;}alr and dividing the result by two.
: 8 ; © the near end of the cable (B) a
g 18 5 uniform slide-wire is joj i
5 B ; slide-wire is jointed in such
: 3 2
: l § : \za}g as to 1qtroduce no resistance,
B nd brought in contact with R, in
e such a way that no resistance is in-
troduced. By sliding along the wire

a pqsition is found at which no de-
flection is got on the voltmeter V
when a wire tapped through a bank
of lamps on to the trolley wire or 4
live cable is applied to a. Then plainly
the distance away of the fault js
R,
155 RIERIR

CALVANOMETER,
AF—

STATION

In the case of a cable with its
from eacth. i 4 core broken in two, but wel] j
s ; well insulated
B Sg[;(t)ssﬁéle to apply a capacity test, but it is not often that
sheathed 1y Vulcarllizedent?'r:“y the cable is well earthed. For cable
] ! itumen, without lead coverin
; g or armour
A trianls] sometimes successful. A frame in the shape of ::
gwt?t }:vxth sides 1 y'a-rd long wound with 250 turns of No. 30
a4 very sensitive telephone receiver js suitable, 'i'he
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fault should be well broken down to earth, so as to admit of a currerzt
swamp the cable’s

being sent through it amply large enough to cnt'irely e fsl
capacity-current, and the current should be sent with a d.xstmct iﬁ of s %‘Z
thythmical pulsations; such a signal as * - - - —" being reactly té

£ ables. For lead-

out above the squealing sounds emitted by loaded c¢
; ; ure. When successful,

covered cables, especially laid solid, the test is a fail : e
the signals cease abruptly or become very much fainter when the fau

is passed. Care must be taken to have the overhead wprk dead if oFe
is going to tap the current through the fault from a sectx_on-box, e]sit e
surging of the current in the trolley wires will be heard in the ‘telc;,_]p one
and prove utterly confusing. A better arrangement 1S shown in fig. 92.

If a current of a few amperes be sent through the fault to earth, and a
is applied along the ratl,

millivoltmeter with steel (not copper) contacts 1S & i et
deflections will be obtained which on the faults being passed will abruptly

MILLIVOLTMETER MILLIVOLTMETER

==

% _ BROKEN-DOWN kgl
w T GEBREAULY
H STATION
2 DYNAMO
=
a
a3
= WUVETROLLEYWIRE _ __ __.

Fig. 92

. 1 d
change their direction and diminish greatly. This test can only be applie

i i i ing in the rails.
Whe he testing current flowing 1n - |
S : ansformers, coupled up with their

For breaking down a cable, three tr g 1 e
3 e i will give
low-tension windings in parallel and their l.ngh tension m;en;:-;, T lgow-
thrice the voltage of one of them, which is usua]ll))f amp:m- 1o v
tension circuit a water resistance whose plates can be readily

i to be changed
is a great advantage, as it enables the arc at the 'briakd:‘:,\?hich A
from its almost explosive character to a quiet discharg

up a satisfactory contact with earth.
Of course there is danger in suc :
familiarized with the procedure necessary 1
Notwithstanding its cost, the Polmotor o
resuscitation that one should be available

Concern.

be
d all concerned should
D ina case of electric shock.

so remarkably successful at
in every electricity-supply

SN a8 T

CHAPTER VI

OVERHEAD CONSTRUCTION )
ivided into
General Considerations.—The overhead system may be div
tl . . . il i L y .
e Ifoléowmg _Céazscj:r?;titulstion (fig. 93) adaptable to practically all possible
* pan-wir

conditions of working.




