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in ordler to meet these i uireibents, ns weil as some other driais, the production or
these housings was a wor - involving no little skill and anxielyj.

Screwing.down gear for the horizontal toits is placeti it the usuai way an the top
-of the houings. On the housing and side frante of the miill is arr.nged screwing gear
for setting up) the vertical roll transver.ely, and simultaneously for &etting up the neces-
sary gidesfor the slahs, thsce guides extendihga considerable disinnce in front and
.nt the back of the rols. Both sets of gear are driven by a small pair of cngines
through gearing. They can be worked together ; but the practice is nos to work then
simultaneously, but altirnatiely as requiretd, so that work cani be put on the flat or edge
of Ute sIab at choice. To this end clutches arc arrangcd on the shaft of the siail
driving cngmiles.

The harizontal Toits are 28 inches diameter, ani the vertical roils about 21 inches
'The lattcr arc driven by bevel wheels on a horizontal shaft, whicih extcnds to tie
piion housings and receives its motion through a pair of whecis, ont on its exireie
.end, and which wL qks into another Ieyct on the shaft of one of the mill pinions. This
outer end of dit driving shaft is carried in bearings formed in the pinon housings.
As une of ite vertical rails has a traversing motion, the bevel wheel drivig il mîust
necessarily slide along the shaft. In order ta kcep it in gear with the crown wheel on
the roll, a special formi of yake and thlrust bearing was dcsigned, which is carrieti on
the projecting end of the vertical roll above the crown wheci. The driving wliel on
the horizontal shaft has a long boss or slecve, on which are foried collars; tlice fit
mto and run in the thrust bearing un the toi end of the vertical roll. The spindIes for
.driving the horizontal rolis are both supported in bearings, the upper onc in a manner
similar o that already descriecd for the cogging miill at Wishaw.

At dt front and back of the ruils ate dead roilers, carried in brass bcarings on
side frames, and extending a contiderable distance (ri tie rolls. Ai cach extreiity
are special carrages, ,iliiar thougha tnt ideniical in design, for iringitg the aligot ta
the Mill at one end, and reioving Uic slab to the àhears at tie othe. Thse carriages
werc atiopiedi in place of the long series of live rullers commonly uscii. They are
actuated by hydraulic rams. whose stroke Es mnultiplied by the intervention of chains
and pullcys. "Tne ras and cylintiersare placed on the grountd. a litile away front tle
centre line of the mnill. The carriage for bringing tpi the ingot was a necessity under
the special circumstances, inasmuch as the crane carrying the ingot is fixed. and can
-deliver it only ai a certain point somte listance fronm the mill. At this point is pliaced
the ingot cradlie, now so commonly uscti, but firt Itsigneiand used at lthese works.

At thc front and back of rite mîill. and in ine with the rlil lotiig at one bide of
it, are special appliances for moving the ingots or sabs. These consist of long piston
rods, having a piston at about the Middle of their length, on whicha work long pushing
-cylinders, carrying arms that extend across the centre line of the mill. The arm in
front of the mill is made ta rotate in a vertical plane upin rite piushing cylinder Iy
nicans of a small hydraulic cylinder andi ram, which can take hlid of a smaill projec-
lion on the hnck of the arm, whcn by the longitudinal movement of the pushing
-cylinder it Es inoveI out to a certain distance foin the roils. The piston roTds nre
hollow from eaci side of the piston, and through aitertures in themt the water pressure
is adinittetl by whici ti e cylinders arc moinved. The action of the uarts is as foliows:
The ingot carriage is nioved up to the cratile, which has rcceived the ingot front the
crane. The cradie is turned down, anti dcpotits the ingot on the carrage, which is
then mioved forward to the cnd of the smtili, the pushing arm having been tiled tit for
,allowing the ingut to pass under it. The armui is then lowered! ichind thc ingot and
water iressure as nitted into the pushing cylnder. which iiioves forwiarti nud pushes
the ingot over sthr rtliers up tu thge horirontal roits if the ssill tiheset seize upon it and
pass it iltrougi. Tien the corresponding 1ushcr on the other side if the mill comnes
atin action, and pushes the ingot tnck again into tie ols, and this alternie action is

continue tiuntil tihe Iab, is fini,betd to the reqtired widtih and tlickness. AIl these
optrations are controllei by one lad at tt screwing gear, one titan at the picers ani
carriages, one mait at the mill engines with lis assistant ta do the ncccssary iiing,
etc.. and thie rolaler in charge of thc miil. When thc siab is finisied, ahe biack pusier
slides forwiart, takes hold of the, near end of the sla,. antd itushes it offail the rolicrî and
uipon lite carriage whicli conveys it gn tthe shears. The carinage is long enough ta ac.
commotate long siaits; il s sliiortctl and trarch on a frane.-work of girders, onc end
-f whiclh is pivoitd. and the other rcsts on a hydraulic rani of short stroke, whiticht by
,aising thc end of the girder fraine andi the carriage rscting thercon enables the sai lo
pass forward through the siear blatdes without contact with the lower atie until the
shcaring actually begins.

lydralie S/ab.shtars.-In connection wih tie first cogging.mill the author
adiopteti hydraulic powCr for cutting the slats : and when the secoitd imiill just descriIb-
cd was constructed shtars of thc sane kind but much more powerful were rectel.
They were made by Messrs. Tannett Walkcr & Co., I.eds. On thc tour corners ttf n
mastive bed.liate are placedi c<iumnns supporting the cast.stecl entablature, in whici
arc fornid tiree cylindcrs, he centre one 3s Ences tliamctcr, andi tte two sitde ones
each a: incies diianeter. Four strong steci biolts,. passing itrough ise.plate, cWtmns
and entailature. bind lthe whole togetier into a firm strong structure. Tie rani, for
the t wo sidc cylinirrs ate matie sutTciently long to estend for sone distance into tite
basc.1 late: they ihîus aet as guides o the iliter of thc tapper shcar.blaie. Tise
boister is a strong steel casting: ils uppt centre ianrt forins tie ram of the farce centre
cylindter, while the two side rais lus through and arc atiaclicto il lby strong tap.
bolts tr scress. The lower boitter is fixed on the lac.platc: for resisting the lateral
pressure wien shcaring. it is spportted by Iwo strong steci catings, which are placed
on te bas.plate under the coltimtnt, the main ibindiin: holis pas.sing tlrouîgha tient.
These castings are also sirenithenetI ly a stron;: boit fastcnaci thruttgh thent, trans.
versely Io the shers. Iroviçion i. made for holding dTown .lie afier end of the .lat
during shearing, ly a cylindter ticsl on the cntablature, in which works a rani acting
through : cross.head tpon îwa rotds: the latter are attaciied tu a seconti cros%.heati,
which pircues down nn tc slab. AIl aite ranis arc sicignetio work again-t coritant
pressurc front the accumulator. and :ais the reuira sut oke is olinined. The acsiuu.
latttr is loaded to give a pressuire of i ton pbcr square inch. Tie peip'es or ttube. aie ail
led! to a ctnvcnient posititîn. where all the niivenicats are controlicil b)y tne msan at
the valves. On 1o of the colunisas brackets arc provitt. which sup'rt siiiiing
brackcts carrying the table aiat receives te %alt welin sheareT. This ble lias
tytdrauiic cylindctrs and rans urder it. ly which il is raised or .oweretd to suit the
strokze of the shears when cutting otT the slab,. 1ly the action of anthler ram the table
after rceiving the sieareid siab) i maide to slide oîutwart<, away fron the shetar.bladie,
and into rangic of the hydraulic cran, which lifts the tai ant loatds it ispon tie car-
riage, where it is weiged antd stanipeti, preairatory to being paseti forward tIo the
ilate-mili. In shcars of titis kind, it Es imtportant that the cut shoulti lc ronde n
rapidly as possiblc; otherwsisc te liai slat :s sa long in contact with the bliaies tsai
they become softened, the edges fail antI they' are soon rendercd usccsrs. lience the
arcas of all apertures leading t tlte hydraulic cylintiers shoult bc as large as possible.

Slab-cutng shtars of great power were made b Mlessrs. iluckton & Co., to work
in connection with the cogging.mill ai Wishaw siel wok-s The machine wili cut a
iot slab up to 42 incites wide and tainches thick. It is driven by coupied engines,
with cylinders z6 inches diameter and 30 inches siroke, through gearing with a amulti.
plying pt er of thirty to one. The ccentric shaft is 2a inches diameter in the necks;
ahc caps o! tle ecccntric shafts are ISCI down hy four boits of to} inches diametcr,

passing through site uprights fromli% top ta bottom. White a siab is being cut off, it is
held dlown on the anvid of the machine by a self-acting hytratlic.irtessure foot, giving
a fatd of twenty tois; this prevents tie sab from tilting upîîwarls under tlh action of
ste cut. The remaining portion of the bloom tests on a roller crade, which is sup-
parted by a hydr.ulic cylinler ltaded ta a constant pressure of 20 tons, so that the
blhom i-tupheld and preventei frum tilting downwards untier the action of the cut.
Tis batfi parts of bloai are compelled :. re'main approximately horizontal; in con.
seqtuetce hie severed ends are cul square, and are not sensibly scarfed. The cradle of
live rollers which supports the bloomî becomes depressed under the pressurc of the
siear slide, and recovers its position when the slide goes ap again. The cradle is
arranged ta feed the lonts into the machine, and the cut slabs are tdclivered over the
anvd. Th object of this arrangement is that the live rollers which feed the bloom
in tmay be brought as close ta the knives as possible. At the delivery sitde of the
machine there is a hytraulic teasuiring stop, for gaugiig the cut siabs to measured
lengths from 6 incies to 8 feet long. I lias a pointes and gradiuateti scale for meansur-
ing; and is made with a hydratilic tilling cylinder, go sving the to) f(ree above the
travelling bloon. Wih this gauging stop. the biloos can bc stoppesd while travelling
on the live rollers, ansi can aiso be pushied bak %.îo exact position fur cuttmsîg. and be
regulated easily ta a frat.tion of ta inch.

Plate Aits. -In this country it is almost the universal practice for plates or, say,
-inch thickness and upwards to be rolled in reversing mîlils, especially if they are of

considerabie area and wcight ; the difficulty in hantiIing licavy sats and plates no
doisbt conduces ta this practice. Weicther il Es tie most econonical iethod ot manu
facture. especially for whaiat may be described! as plates of medium thickncss and weight,
nay, perhaps, he open to discussion ; but for handling hie lieav'y plates now produced
il is undloubtedly the safest, and, perhap, alo tise most econoitcal. The plate milis
supplied ta lite Wishaw works by Mssrs. Latberston & Co. arc excellent illustrations
of ptresent practice. For general use in producing plates of medtium width, the mill is
itrovideti with two stands of rills, the ti * *ng pair beitg chliei, as Es cusiamary.
The rois arc 8 feet long and 30 ichlies diameter. Bloth top rolils are supiorted on
hydraulic balances, and have a lifi of iS inchies. Mechanical screwing.gear :s applied
to tie roughing rolls, and is driven by ba pair of siali horizontal engines geared to give
the required speed. Th chilled roll is screvetd dlo%% n iy hand in tiis case ; but there
is no satisfactary reason why tie screwing shouldlt be donc mechanically ai bath
soils. Arrangements exist which admit o! accuracy of gauge being obtained with
certainty wien mechanical screwing is applied to taie finishing as well as ta the rough-
ing rolis. One simple method which may be mîentionti is uhe insertion of what may
be termed a short screw.jack hetwtecn tise citock and screw in one of the housings; a
slight alteration of this, made by ttc roller when nuecessary, will at once correct any
small inaccuracy in the setting or position of te main screws. Live roliers are fitted
in the front and at the back of the rolls, andi are driven by a pair of vertical engines
conveniently placed! so that the driver cao sec the operations a the mill. The live
roliers extend a considerable distance in frmt of ttc rnlis. but only a shoit distance at
the back here they are supplemicented by live rollers fitted into a table, which traverses
the tswo sets of tolis. carrying the slab or plate ncross front ste rougting to te finish.
ing rolls. The table and rollers arc actuaieti by a pair of vertical engines in tie usuail
mtanner. The table travels in a pis : andtits roller-s bcing on a let-ei with the mill
floor, the ftnished plate is rapîidly and teatlily dteliveretd upon il. In a line tilt this
mill is a stand of rolls for handihg plates tf the greatest weight and width. Thc roils
are t: feet long and 4o inches diaiieter, the top one suportetd on hydraulic inlances.
Tie chocks aie ail of stccl with hCavy brasses.

This mill is fitted with mechanicai screwt-ing gear, driven by horizontal engines
which are fixed on the top of onc of tie housings: and it is so arranged that cither of
thc scres can be nioved alone. lience, lhe roller hins fusll control, and can moudifythe screwing at picasure, even to the extent of rolling plates of taper cross section if
required. Ttc arrangeaient is as follows :-On the crankslaft of the engine is keyed
a pinion, which through a stur whecl drives the main shaft that extends over both
housings: and an each of the main screws is a warm swhiel, which is driven ly a
worm on the main shaft These wvorns are loose an the shaft, and rim in collar ieat-
ings in pillow blocks. They have thrce.irongcdi clutches on their outer ends, ino
whicht can engage correspomtiiig clutches sliding on keys or feathers on the shaft;
eithcr or bott of the clutches can te thrown in or out o! gear, and eiter o the main
scie-s ca lthercthy lbe moved or stoppeid ai pleasure by thc screwer, who stands on a
platform near at hand, and obeys the instructions of thc rller. Thc pinions for driv-
ing both milis are placed hetven then. The spindiles for tiriving ttc large rolis are
of considerabile length, mi as s-o reduce the angle a t which they drive. They, as well
as ilîcir coupling boxes, are of stecl. In front and at iback of tiis mill are compicte
sets of live rollets, driven ly a pàîir of vertical cngines, whicht are convenicntly placed
for triving cither these or thc live rolUers of tihe S.fect roughing rolls, as may be t-
quired. A usefusl appliatce is hre prosilei for adjusting the position of -#e plate in
front of %ie rells cà that it shali pass itrugh them as nearly square at possible. and at
equal distances from the hnusings. Suscit an appliance was first designed by Msr.
DuT for the large platc.mill at ilochtairn works, but has been indifiei for use here
lby Mr. Willianîm«n. A long pisihcr.i.ir i% connected to a hydraulic ram and cylindrr
fixed! ai oneside of tte live-rillcr fraies : it is ntovedi ta and froacrss the front of the
rolt in grooves tbctween tie live roiters; holes are pirovitile in il. into which Iegs can
be temporariily put. for moving the plage sideways or otherwisc adjusiing it. These
mills are driven by a niassive and powterful lait of rcversing engines, constructed by
Messrs. Duncan Stewart and Co.. of Glasgow: they have cylindlers 5: icchcs liameter
by 6o inches stroke, andi the gcaring Es in tite ratio of two one.

Threr.high /'lair .1/i/. -Although mîills of tis kind havc not belen adopted to
anygreat catent En thiscountry,it is kownthat theyarc iargeiyemployed En America;
ant En tie author's opinion they are worthy o! murc ore considteration tihan itey
appear ta have receivei here. W%'hen well tesigned in ail parts and dîeails, thc three.
hig mills used in the United! State, wthich have Itwo larger rolls and ont smaUi,
are capable of doing moure worak in a given time, and protuhtlSy ai Ic.s cot, thian thc
r-crr<ng mills so comnonly tied htere. The grounds of this opinion are:-Firstly,
that far driving thrce.hrgh miiii engines can be useti which arc haighly cconomincal in
steam consimption. and if sufficient waesr can be obtained, they nay te of triple-
clunsion with autminuatic valve gear : secon Iiy, the mills can te ilven ai a higher
speet : thirdly the loss of lime duc to rcversing can bc savet ; fourthly, plates cai
therefore te finiiteI more quickly. and thin plate of large area can be ruledi and fin.
ishied with grcatcr accturacy of gauge and in bciter condition for testing : tifthly, a
larger output is obtained in a given aime. These are aduantages of considerailc im.
portance. The lisatlvantags arc:-Firstly, that the cost of the three.high nUilT ant its
ta!les, &c., i-. perhap<, samcwhat greater titan that or the ordinary tcversing mill ;
and, seconIly atat thc cost of maintenatce is slightly greaesr. But i may le r-epatied
that, if lthe details were carefuliy designeti, it is doubt ul if these disadvantages would
exisl a% ail, or. if they did, whcthcr they woult lie worth much consideration. It is a
pleasure t sece tnc of aite tlree.high mills at work, when in otol ortiesr: anid the
contrast with an rdinaryreversin.miti is rs'mewhat striking. \\ith propetrappliances
few men are required, anti there is littile, if any, larger denand on their sk1li. The

se of the thre.higth mili-. ho)wcvcr, shoull be limited ta tc production of plates of
lighît or iedium wcight and f n.cdiuim widthlî.


