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THE CONSTRUCTION OF LOCOMOTIVES.
At the meeting of the Institution of Civil Engineers, held

on Tncsday, Match 9, Sir Froderick J. Bramwell, F. R. S.,
President, in the chair, the paper read wau en IlThe Construc.
tion of Locomotive engines, and.sorne Resuits of their Work-

igon the London, Brighton, anid South Cosat Railway," by
Wiliam Stroudley, M. Inet. C.E.
The author, on hie appointient to the London, Brighton'and South Coast Railway, in 1870, had to consider what kind

of lo.comotive engine aud rolling stock would hast meet the
requiremants of the service, as, owinq to the. great increbase
and complication of the liues and traffic, the orgial primitive
engines and rolling stock were flot abl. to do so. e, thprefore,
in the same year, designed a large goode engine, class IlC,"
arranging the details go that they would enable him to cou-
struot the several classes illtastrated, aIl the principal parts be-
ing interchangeable. Uaving had long erperience with both
outaide and inside cylinder engines, hie adopted inside cylin.
dors, but placed tbe crank-pins for the outside rods on the
saine aide of the axIs as the iaside crank, the. outsideýpin, how-
ever, having a shorter stroke; and he thus obtained the ad-
vantages of both syitems. He adopted the method of putting
the coupled wheels in front, instead of at the back as usual,
which permitted the use of small trailing wheels, lightly
weighted, and a short ontaide coupling rod for the fast ranniflgengines, and also a mueh larger boiler than could be obtainel
when the coupled wheels were at the hack. The author ad-
Opted a somewhat hi gh centreof gravity, beîieviug that it
niade the engin. travef more easily upon the. road, and more
safelv at high speede ; the slight rolling motion, caused by the
irregâlarities of the road, having a much les disturbing in-
fluence than the violent lateraf oscillation peculiar to engines
with a low centre of gravity. The high centre of gravitv also
threw the greateet weight nion the outside or guiding wrheel
when paissingr round curvas;: and this reîieved the. in ner wheelm,
and enabled thein to slip readilv. The author used six wheels
in preference to a bogie fort hese engluei, to, avoid complication
and unnecessary weight. The engines were very light for their
Power. Several apringe vere used for the. middle axle, aud
these had a greater -range than thie end ones for thie saine
weight. The. two cylinders of the large englues were cast ini
one piece, with the valves plaoad below, givinq lightness,
Closenesa of centres, and easy exhanat and steam passageq. The
crank.axle vas the. only disadvantsge lett iu an iriside cylinder,
infide..framed engine, and, viien this was of good proportions,
it offared but a amail objection. Owing, howaver, to the nar-
50v gang. of the rails in thia country, the. crank-axle c.utd not
b. made go strong as it onght to h., or there vould b. no reason
why a crank.axle should break. Whou the Sauges of the.
driviu.g wheels were turued down thin, go as te avoid the. aide-
shock given by crossinga and check-rails there ouly remaiued
thea strain of the steam upon the pistons to cause breskag);
the action of this vas precisely the sme as the. metbods used
bY the litte Sir William Fairbairn in testing to destructionà th:3
Model tube for the. Menai Bridge, by lettiugr a heavy weight
t'est upon it suddenly at fi equent intervuls. -The deflectiofi if
sufficient, cansed a crack at thse weakeet place, viiich graduallY
extendel until fractura took, place. This was preeisely vhat
occurred ln the azle ; the crack invariably commrnecîg Ou the
aide of tise axle opposite to that te whioh the iteum vas
applied.

The author, after thirty years' expe.sence, belleved thut -hl
separate parts of locomotives, inclading tires, ailes, piston

odide rode, boite, cottare, and carniage and wraggon &8ION
brokte from the saine cause ; they did not-break incaful
deslgned, and made witis proper materials sud workinaldohie.
As thse crank axIa could not be mnade or the proper etreugth, It
'ras eli to cousider isow te, avoid, as far as poasible, riait of
accident by its failure. By making the. azl,.bozOO and homu-
blocks deep and strong givlng large flat surfaces agaînst the
boas of the. wheel sud the outaide of the cranit ars, ,tiie driving
'heel vas kept in position atter thie aIe vas broken, if tise
fracture occurred in the usual place, namnely, tisrough the in-~
aide weh near the oratik.piu, or through tise centre part where
it joine i the inaide veb. An azle, broken in this manuer,
Would Mn safeiy over auy part of the road, eîcept St a throngii
Me'Osing, viiere the guiding rail. was let, sud the Slauge was
lahi. te take the wrong aide of the. next point ; this, hovever,

had neot happened in tise author's ex erence. The autiior isad
sivaYs hooped tise larger cranka, andlad for seme time hooped
every new crauk lu the saute proportion as adopted On tise Great
Northern Railway, thug rednciug the. risk te a minimum. Tise

angines had been arrauged that part of the exisaust etearn
miglit ha turned into the tender or tanks, se tisat the food
water might b. beated. This was a apecial açdvautage in a tank
englue, by incressing the total quautity o! water ; it also kept
the water eupply of greater purity, aud it reliaved the. houer of'
a certain amounit nf duty in heating thse water from the ordi-
nary temperature to that viiich food water required. Tii. fred

unmps had beau dosigned to meet the requiremauts of pumiping
ot fed wte.Tii. proportions o! the. valve gear gave an ad-

mission of 78 par cent. or steam lu full gear, whicii could ha
rednced to 12 per cent. with excellent resultu ; sud as at hi gh
speede the. steai vas nover exhausted, the. temporatur. of tEi
cylinder vas maintained, and as mucii steani vas Io-,ked up in
the cylinders as raised the pressure at the end of the stroke to
near that in the stearu cheet. This made the engin. run very
amoothly at high speeds, and turned visat wonîd otiiervisa ha
an extravagant coaI humner into au economicai machine. Aud
for the same reason tise compouunding of fast passenger or fre-
queut stoppiug locomotives was not ikeiy to show macii. if
any, ecomy over a well.desigued, simple englua. Tii. ce
vas different, however, lu heavy goodseangines, workiug wlth
a late cnt-off moot o! the tume, sud wher. the. conditions ap.
proîimated closelv to those of a land or marina englue with a
constant load. Tii. back pressure ohservad lu tii. diagrama
or the. high.speed locomotives vas not tiserefore %s deorét, but
an advautage, and tiie author accordiugly usad emaîl st.am
ports sud short travel of elida valve. These remark'i as to hack
pressure did net apply to, the pressure lu the exhanet pipes,
viiere it shonld ha as smaii ais possible, but ouiy to tise bacit
pressure lu thse cylinder. Tii. latter vas greateat at iiigii speede,
viien a small volume o! steam vas passing tiirnugh ih. cylin.
dors, aud amsll pover vs required, sud ieast vien vorking
full power with tiie amallest expansion. Ail tise passengier
englues sud mauy o! the. goods enginues ver. fitted vitii the
Westinghouse auternatic air brake, as vere aloo the. vÂoIe ô!
tise carniages. Tii. braite gave entire sitistaction and comploe
coutrol of tise trains. Tii. author tocit considerable ains vith
tii. fittinga and clstals viien it vas firat introduz, sud ar.
ranged the gear for the.origines, se that the braite acted upon
eacii vhoel indepeudently, allovsng the apringe frdedom te
aot ; or 1h scted upon tihe front o! ail the *hW@l, ais lu the.
tank engines, tise braite of visics wau moved by h.;urd as wel
as hy the air pressure. Tii.- Westinghouse air ptitup b&s been
Sctted vith a plunger at tii. bottom end of tise rod, If lu. in
diameter, sud this pumpedvwatr iuto, tii. bolers of tiie goods
engle isen they were lu didinge or vere &#lay.dby signala.
Forth. exrpress sud large geode engines, thse greateit possible
amont of heating sufac haid beu provided ; tise fireboz vas
capaclous, vitis amaîl tubes of cousiderable Iength lu propor.
tion ho their diameter, hittle or no flaie h.î gouerated vîth
tise coal nud, sud s very amll amont 0! soot. Tise fuel
wbich vas fouud choapee to'consume lu this loeaiity, vas
amokelees ceai from Soutis Wales, -mix.d vitii a; iall qnantity
of bituminons coal froru Derbyshire. Tise bosp vere made
of thse best Yorkshire iron, vitis plates having - TUned edgea;
Isoles vers dilled after tii. pistes hsd baga bout ; tise joints
vere buth-joiuts, sud they were baud rivetted. 'Tii. couatraie-
tion. of thse asi-pan sud its dampee prforated plates, vator
suppîy sud tise arrangement of fiebr, brick arcis, firedoor
sud deflector, vero shovu. Tise in&leator diagrame, tiken by
eue of the. Crosby Steam Gang. Valve Compauy'a indicators,
ah varions speedst snd under varyiug conditions of gradient,
afforded s fitir ides of thse vorklng capahilihies of tises englues,
the. acoomicat value of vhich vas beut shows hby qnoting the.
consumption of fuel for the. ialf.year ending tise 3Oth ofJune,
1884, viien the. average of tise visole of tise .uginei ou tuas lin,
vas 29.74 lb. per engin. mlle, lucludiug the coal ued lu rais.
ing bteam. A great uîner of carefal tests had heen made of
the amousit e! coul reiluired te raise steamn lu trio englues froiu
çoh<I water, and aloo frem the partialiy heatad irater vian the
boler iiad net beau emptied, and this amouuhed on an averagm
te about 3 lb. par maile rua. Some donbt had beau expressqed
as to the valuse e! h.atiug f.ed vater by the exisaut steam. nii
autiier, tiserefore, hadt a number o! tests made with tise o-,i.
uary heatlug apparatus ramovad, aud water fed to tise boîleri
by the food pnmps, and lu oue merles by a Boriand's injecter.
Tii. amont of pover required to vont the pumpa vas luappra.
ciable, sud tiie heated food vater brought about recluction, lu
the consumption o! fuel ho the. exteut o! over 2J lb. per train.
mile. it had also been found that iieatiugç the food vater by
direct contact of the ateam did not, on tis railway, iajuniously
affect thse hoiler plates. With a vlew to ascertain vhat vas
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