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words, at the smallest cost, — and if the best class of work is
also desired, it seems certain that a twist-drill, with all tie
accuracy which can possibly be imparted to it in its manufac-
ture, and with the greatest care employed in the re-sharponing,
is the only instrunfont which can be employed.

About a quarter of & century ago both SirJoseph Whitworth
and the late Mr, Greenwood of Leeds made some twist-drills ,
but it is to be presumed 1hat a large amount of success was not
achieved with them. and for some reason the system was not
persevered with, After that period the Manhattan Fire-arms
Company in Amernca produced some beautfully-finisl.ed twist.
dnlls. Though the workmanship in these was of a superior
description, the drills would not endure hardship. It was
found that the two lips wero too keen in their cutting angles,
and that thoy were too apt to drag themselves iuto the muotal
they were cutting, and finally to dig in and jam fast, and twist
themselves into fragments. Mr. Morse theu took the matter
up, and by diminishing by about 50 per cont, the keenuess of
the cutting lips of twist-drills made a great success of them.
He used the grinding line, AB, Fig. 29, and an increasing
twist, In suc%: adrill, of the standard length, and before 1t
15 worn shorter by grinding, the twist is so rapid toward the
lips that the angle they p esent, 5z what has been already re-
ferred to as the angle of the cutiiug surface, is very nearly the
same as that which the writer had previously established for
cuttera cutting metals, a3 in Fig. 21.

1f however the angle of twist i3 made to increase towards the
liﬁs, it will of course decrease towards the shank, a3 in Fig. 29,
The shorter the drill is worn, the more obtuse the cutting
angle becomes, and the less freedom will it cut with : suppos-
g of course that, when the drill was new, the angle was the
most efficient. Suppose this decrease of twist were carned still
further by lengthening the drill, a cuttingangleof 90 ° would
eventually be arrived at. The old common style of drill
usually has such a cutting edge which is so obtuse 2snot to
cut the metal sweetly, but on tho contrary to have more of a
teaning action, and thus to put so much torsional strain on the
dnll that fracture 1s certain to take place, even if what the
writer would now cousider a moderate feed was put on by the
drilling machine.

1t 15 therefore obviously advantageous to adoptfrom the first
the best cutting angle for all twist-dnils, and to preserve this
same angle through the whole longth of the twisted part, so
that, however short the drill may be worn, it always presents
the same angle, and that the most efficient which can bo ob-
tamned. This cutting angle 13 easy to fix, and becomes an
unalterable standard which will give the best attainable re
; suits. This has been adopted at the Gresley Works Manches-
j ter, and of course applies to both lips.

U A convmoun drill way * run,” as it is usually lormed, and
i produce a hole which 1s anything but straight. This means
¢ that the pointof the dnll will run away from the denser parts
, of the metal 1t is cutting, and penetrate 1nto the opposite side
i winch 13 soft aud spongy. Thiyis specially the case in cast-
; 1gs ; where, for 1nstance, a boss may be qute sound on the
i one mde, while the other side, being next to o heavy mass of
. metal, may be drawn away by the contraction of the mass 1o
woling, 4o 13 to be very soft and porsus. In such cases it 1
- perfectly 1mapossible to prevent & common dnll from running
¢ into the solt side.  This sort of imperfect hole is most trying
. tothe fitter or erector ; and if 1t has to be tapped, to receive s
. serewed bolt or stud, 13 most destructive to steel taps. The
, taps are very hable to be broken, and an 1mmense loss of time
. Ry also take place in attempting to tap the hole square wath
, the planed face. A twist diill, on the other haud, from 1ts
. coustruction, is bound to penetrate trnly, and to produce
s bules which are as perfect as 1t 18 possible to make them,
. The next important step 1n twist-dnlls has been to fix a
standard shape and angle of clearance for both lips, wiich
. shouid also give the best attainable result. This angle might
- be tampered with if the re grinding were done by hand, and
too much or too hittle clearance might ecasilly be imparted to
. tue drill from want of sufficient knowledge on the part of the
| workman. If too little clearance, Iig. 30, or in some cases
| nonu at all, is gtven to the drill, the cutting lips then cannot
i teach the metal, consequently they cannot cut. The self-

. acting feed of the dritling machme keeps crowding on the teed
uatit either the machine or the dnll gives way. Usually 1t
will be the lutter.

Again if too much clearance is given, Fig. 31, the keen
edges of the lips dig 1nto the metal, and embed themselves
there, and of course break off.

Fig. 32, is drawn exaggerated, in order to show tho ill effect
of grinding oue lip of adrill longer than the other. It is
found that the centre point P of the drill will be kept, by the
pressure of tho feed in the direction shown by the arrow, in
the ceutre of the hole which is being drilled. Then there isa
long hip and a short one sweering round :he hole drilled will
therefore Lo 1u diameter twice w6 radins of the lunger lip R,
or larger by the distance D than the size of the drill itself,
This is verv undesirable. A much graver defect, arising from
this incorrect grinding, 13 that the dnill can only penetratointo
the metal it 13 boring at about half the speed 1t ought toattain
if it were accurately ground, For eawic Lip can only take a
certain thickness of slmvin%)pcr tevolution , and if this maxi-
mum thickness were taken by tho two lips they would remain
comparatively uninjured. But the portion Cof the long lip
would have a double cut upon it (tho other hip not cutting at
all at this outer portion of the conical iole): hence it would
not stand such usage, and would either rapidiy blunt itself or
would break.

The grinding line A B, Fig. 29, was introdueed in the
Unsted States, to assist the operator in keepin{; both lips of
the dnll identically the same, To arzive at this however 18
more than can be accomplished by hand-grinding, as not less
than three points have to bo carcfully watched, namely —

1st. That both lips are exactly the same length ;

2nd. That both have the same clearance angles ;

3rd. That both make the same angle with the centre line on
the body of the drill.

If these are not attended to, the arill Jips may for instance
be both ground so as to converge exactly to the grinding line
at the point or centro of the drill, and may still be of such
gi[liei;ent lengths and angles as to produce very bad resnits in

rilling.

Much ingenuity has heen expended on machines for the
grinding of the two lips with mechavical a~curacy. The one
which has been the most successful in the United States has
three motions, ingemously combined with each other. So
wany motions however entail comphcation, and this, added
to a system of holding tho drill which was not sufliciently re-
liable, fuiled to produce the extreme accuracy it is requisite to
im{:art to the two angles,

The grindi ,g line too 18 found to be more or less a source of
weakness. It 15 therefore advisable to dispense with it 1f pos-
sible ; and where a good twist-drill grind.1g machine 18 used,
the grinding line 13 seldom or never looked at, and in that
case 15 useless. I 1t 1s st1ll desirable to have grinding lines
(as 1n some cases where the haud grinding has to be rehied
upon), they should be made as faint as possible, and not cut
deeply into the thin central part of the drill, so asto weaken it.

A sunple sud eflicient twist-drill grinding machine was so
much needed that within the last three years the write., aided
by Ins firm, bas designed one. The twist-drill in this machine
has only oue motion 1mparted to it, to produce the two lips of
euch drill as perfect facsimiles of each other and with the de-
sired amount of clearauce. Many of these machines are now
at work. That the dnils ground by them are accurate is prov-
ed by the holes drilled being so neariy the size of the twist.
drill atself that i mauy cases the drill will not afierwards
drop verticaliy through the drilled hole by its own gravity ;
in other words, the hole 1s nu larger than the drill which has
drilled it. 1t 1s not generally known that this iv  .e most
severe test which can be made of the accuracy of re-grinding,
and of the umtormnty of all paris of the twist drill.

One of the smallest-sized machines 1s exnibited.  The lar.
gest wachine grinds drills of 3 w. diam. ; and there are inter-
mediate sizes.

The whole of the dniling 1 many establishments is now
dane enuirely by twisi-dnils,  Swnce ther tioduction 1t is
tound that the self-acting feed can be mcreased about 90 per
cent. ; and 1 some engineering works the feeds in some ma-
chines have been increased by fully 200 ver cent., and conse-

uently three holes are now being dnifed in the same tume
that one was originally drlled with the old style of drill and
with old machines.

It mny be interesting to give a few results out of numerous
tests and experiments made with twist-deills,

Many thousands ot holes 3 1n. wiam. and 23 in. deep have
been dnlled, by Swith and Coventry's §-1n. twist-drills, at so
high a rate of foed that the spindle of the drilling machine
could be seen visibly descending and driving the drill before
it. The time occupied from the starting of each hole, in a
hammered scrap-iron bar, till the drill pierced through it,




