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words, at the smallest cost, - and if the beat clas of work ie
aise desared, it seems certain that a twist-drill, wits ail t'ats
accuracy which casa possibly he inspartcdl to it iu ite manuifac-
ture, and with tIse greattst care employed iu the re.slarpeuing,
le the only instru ufant which can bie employed.

About a quarter of a century ago botis SittJosepls Whitworth
and the lae Mr. Greeîawood of Leeds made somte twist.drills,
but it le te be presunied ilhat a large amouat of success nias iut,
aehievod witis theni. and for sorte reasort tia systent, was not
porsevered with. After tliet peaiod the Manhattan Fire-arnas
ComFauy iu Amaraca, îroduced sornie beaittafuIlyfinsl.dd twist-
dIrille. Thougla tho worknittiîship iu these was of a superior
description, thse drills would asot endure hardehip. It waa
foutid tlaat the two lips woro ton kean in tiacir cutting asagle.s,
and that thoy mere teet apt te drsg tsemiaelves iuto tihe miotai
tiîey mere cuttiug, and fiually te dig in and jamt fast, aud twist
theinelves into fragments. Mr. Morse theu took tisa anatter

up, and by dimiuishuig Ly about 50 per cent. tsa keenuess ef
tls1 cuttiug lips of twiet.drillg made a great success of tient.
lie used the giuding lino, AIB Fi. 19, end au incereesiaag
twist. Iu sucia a drill, of tise standr u gh u coea
is worn shorter by grindaag. the twist is so rapid toward the
lips that tise angle tlaey li uent, z what lias beau already te-
ferred te as the angle of the cut:iug surface, je very nearly the
sanie as tliet wlaich the writer lied previouisly established for
cutters cntting matais, as in Fig. '21.

If howevar the angle of twist is made te increasa towards the
lipp, it will of course decrease towards the sank, sa in Fig. 29,
Tise tihorter the drill is more, the more obtuse the cutting
angle heomes, and the les8 freedoni will it cut rvith :suppos-
aug cf course that, miteu the drill was asew, the angle wa.q the
uit efficient. Suppose this decreaseofe twist vere carraad stli
furtiser by lengtheniug the drill, a cutting angle ef 90 0 would
aventually Lie arrived at. Tite old cornu-on style of drill
usoally lias sncb a cutting adga which je se obtuse as net te
cnt thse maetaI sweetly, but on tho contrary te have msore of a
teaniug actioni, and thug te put ee iasuch tersienai straiîn on the
drill that fracture is certain te teke place, aven if wlaat tue
writer would now cousider a mnoderate food wses put on Ly the
drilling machine.

It is tharefore obvieusly advantagaous te adoptfrom thse first
the Lest cutting angle for ail twist-drills, snd to presarve thie
saine angle throughi the ivhole loaagta of the tyristed part, so
tlaat. howevar short tbe drill may Le mura, it al waya preseute
tie sanie angle, and that tise moar: efficit which cau lie ob-
taîed. Tis cnttang angle se easy te fax, and becomes an
unalterable stanidard wlîsclx will give the best atteinablo re-
anits. This lias beau adopted at the Gresiey Works blanches-
ter, sud of course applies to bnth lips.

A cuommsun drill usay ' run," as it is usually Lernued, sud
produce a isole winhsci a aîything but strsaght. Tis means
that tIsa poantof tise drill will rua away froni tise danser parts
of thse nietaI it ini cutting, aaad penetrate into tho opîposite aide
wriic i sit aud spoisgy. TPhis as qpecially the case in cast.
iugs ; wliere, for instance, a boss inay La quita souud on tlae
eue .4ide, whilo tlae otiier suIe, biug next te a heavy mass ef
niea, may be draw asway hy ilie contraction of tise miass iu
ttîolaaag, 4ao as tu Le very suft aud puiso. lu sudsi cases it a
îîerf,-ctiy ailbossiWie t0 preveat; a comuins drill froan runîsiun
iuto, tha seit sida. Tis sort ef imperfect isolo iq anoat trying
te tue futuer or erector ; and if st lias te Le tapped, te, ree-cvc a
scruwed boit or stud, as meat destructive tu steel tains. The
it.ps are vcry fiable t0 be larokeai, aaad an imlanuse Ions of tîrna
aaaay aisen take place iii éttteanptîaîg to laia iseola square avitia
ti. lt laîivd face. A twist djill, on the ealaer lisudi, front its
consatructiona, is bùaaud te peaietrate trîly, and te laroduce
isoles wlaaclsare sas perfect as it se possible tu make tise:,.

Thie naîxt iampîortaant step su twist-drills ias heen te fax a
stsîadard shape îand ang9le of clesarance for LotIs liîua, whaia
slsonld aise gave tiae brst attaauablc resîsît. This anagle maight
bue taaaiîîrets with if tise re griudsig wera doue lsy haud, ani
tue mucii or too hutie clearance maght essily Le impartr.d te
tue drili frein waut of nufficient kuowledize oas thse part et tise
workman. If tue little clearanace, Fig. 30, or ia soais cases
asonu at ail, in gtvaaa to the drill, the cuttaug lips then casînot;
tiea tise usatal, coasequausiy tiae% cannot cnt. Tise self-
Actinag leed of tise drillang machsine kaeepq crowdtng on tise ltd
silitit eitiser tisa machinea or the drill gives way. Usually it
wili Le tise lutter.

Again if tee basuch clearance je gavan, Fig. 31, the keen
edges et the lips dig auto the moea, and embed theanselvas
there, sud of course break off.

Fig. 32, la drawu exaggarated, iu order te shoew tise ill effect
of grindaiig eue Illj ef a drill lenger tuais thse other. It le
fouaîd tiiet tlae centre peoit l' cf the drill will Lie kelît, by the
pîressure et tlao feed in tlae directiona slaewa LY thae arrow, lu
tue censtre of slo Isola wiaiclî je beiag drilled. Thon tuera le a%
lonag lip aaad a short eue sweelr'îîg round tueIsole drilicd will
tlacrelore bce inii l.îaeter twice t..e radias of tise longer lip n,
er larger by the dis4taisce D tianî tIsa alie ef tIse dril1 itel.
This ie verv uiadesir.ibie. A uuel graver daefeet, arisiaag front,
tîs inîcorrect graadaîg, a tinet tise drill caîa ouly Iseaitreto jisto
tIse metal at a bisuag at about liaf tlae sîseed atouglat touattsiin
if it werc accurately gruuaad. For eat'. hpl eau oaal taku a
certain tlithiess of shaaving per rovolu,ïîa , and if this maxi-
mumi tlsiekness more takez by tîae tive lijas tiaey woaîld romain
comDaratîvely uîaiijured. But tic portion C of tise long lip
would have a double cut upen it (tlae otatr lhp net cuttiug et
aIl at thais enter piortioni of tlao ceaulcal isole) : hence it weuld
net stsad sudsi usage, and would citier rapiday blunt itealf er
weuld break.

Thoe griudiuag liue A B, Fig. 29, was iutrodueed lu the
Uia'ted States, te a.ssist tue eperater lu keepiugi botîs lips ef
the drill ideutically tue saine. Te arrive et tis ishowever ai
nmore tais caus Le accemplhleca by Iiatad-grin-iing, as flot les&
tiau tisree points have te Lie carefully watcised, namely

let. Tîsat beth hues are exactly tise saine length;
2nd. Tiat Lotis have tlîe semae clearance asni;ee;
Srd. iliet both niake tise saine angle wîth tise centre hueo on

tise body of tise drill.
If thesa are uiet atteusded te, tis aurll lips nsay for instance

Lie Lotît greund se as te converge exacthy te tlao griudiag liue

et, tlte point or centre of thse drill, and usay stili Le ef such
differenit lesagtbs ausd asagleà as te produco very Lad resalts lu
drilling.

Maîci itsgeuuity lias ieen expeasded on machineas for the
grinding of the two lips with meclianical, P-curacy. Thlo oe
wich lias Leeîs tise most succeseful au the Unaited States lias
titree motions, srageisusly combined witht cadis otiser. Se
many motionis Iaowever, entail conmplicatien , and liais, added
te a systeni of holding t ie drill %çlaîcli tças net suflicaeaatly ra-
liable, tailed te îareduco tise extrema accuracy it is requieite te
ina pat te tise two angles.

re grindi ag hune tee is feuud te be more or less a source of
weakness. It as tiserofore advisabhe te dispenise with it if pos.
sible ; and wîaere a good twist-drill griiid.aig machaine tausesd,
tise griuuîing linoae sosldent or neyer looked et, and iu tisat
case a tissless. If at 5.5 sutî desiraLlo te have griudiug hinte
(as au suaise cases wlaere tie Issud grinding lias te Le relîed
upeni, t iey s$li Le 8made as faint as possible, al) flot cut
deply iuto the tis central part ef tise drill, se as te weakeu jr.

Asaimaple ud oll'acieaat twast.drill griasdiig muachinea was se
inuci nteled tiset wîthin tise lent three yeara the write., aided
by lis firna, bas desigaiud eue. Tite tvrist-drill in titis msachsine
ha% ouly oaae moationi inip1 arted te i, to produce tise two, lilis of
eacla drill as perfect tacsinsiles cf taeh other anal uith, tue do.
sired amount of clearsince. Mauy cf thunse macinaes are uow
at work. That tise drills grouud Ly tîii are ssccur.ste la prev-
ed by tue Isolica arilîad, Leing se uiearly tU alize of tIse twist.
drill iuatac that sas usaaîy cases tic drill wili saut afku-maids
droit verticalîy tîarengs tise (lrillad lide Ly Uts owis gravity;
iu ether werais, tise liole as siu largar taa tise dlrill wiki lias
drsiied it. It as uot Rouerallv kaaew tîsat tis iý e meet
severe test wlaiel eau Le misade of tise aeauracy of re-gidang,
sud cf tue unistoriisty of ail iras cf the tu ist drlal.

Via et tise sii.Liltstt.size.1 awiiei isa exîsibateul. Ti. 1er.
gest nuciie gramads drille of 3l ta. diaia. ; aand tisera tard inter-
iiiehiaste sizes.

Thse wîiocf the drallaaîg auain m saîisaaîais ia now
doui, eutarely Ly twast-drills. Sauvei tiar iiitîoduiî:tiou st je
luniud tisat tise seif-actaasg feed eau Lu iiscreased about 90 per
catit. ; and sas soe enagineering %orks tise féedas in soinsusa-
cinaes havé Leesa iisereaseîl býy tuliy 200 uper cent., anad ceusie-

q uenitiy timec isoles ara nom Lasîag drilleà1 ii tie saine taie
dit eue was omîgaaîaiîy drilled watia tise old at> le et drill aud

watla old umachsinss.
It iiiîsv La iateresting te give a tewv restilte out et nusuerons

tests and exiseriieasas amade watli twiet-drisl.
Mauy tîtossansid et Iiuias j an. dtaan. and 2î lu. deep have

beau drilleti, by Siaitis aud Ceventry'a J-in. twist-drille, at se
igh a raste of feed tisat tise spindle ef tise drilling machine

çould Lie seau visily descending aud driving tlae drill Lefore
it. Tisa tîsne occupied fro'u t he starting ef ech isole, lu a
hammared se.rap.ireu bar, tili tise drill pierced tbrough it,
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