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PART I

Practical dam for
evEery xhn:'lrl MELEL €11
the technigque of
using drills: how
to sclect the right
tvype for certain
jobs, what speeds
for efficiency and
many other pointers

ET-'-TEE: examination of & deill of any size

will reveal that there are three main
appialing parts which enabkle thiz iool io
di its important job. Ax ol will see Trom
Fig. 1, these are the shark, the flatod Tl v,
wnel the culting lips. Lilke all cutting toals
which rempve materlzl n the ferm of
chips, the lips of the deill must be ground
wilh a clearanee and rake angle, Each lip
is really a chisel, each mas have exactly
the snme clenrance and roke, and, due 1o
the characieristbes of the drill and the na-
ture of the materisls in which it must
work, the wniformily of Uese angles de-
termines lia performance.

Types of Twisi-Dieill Shanks: Fig. &
showa the four standard shanks which are
in genwrnl use, The taper-shank drill is
uged i 8 deil] press, the hollow spindle of
which las an internsl Lapwr, When the
shank does nod fit the drill-peoss aochel. @
suitabile adopter s wsed, The straight
shank is the type most commaonly ysed, 1L
Iris both I:i.l".'|]-|:|l.'l:'.|=$| el hasd-d el chucks
Eit-stock shanks may be vsed in ardinaey
it braces. The type of deill wesd Top woesd
omly has a sharper podml than di the oth-
ers and, by abserving the point angle, B s
FrI!IEILb]l.' ta |."|'.I.-.!||:|.' {I.l.‘\.r:ﬁgl,l.l:h weoie] -weorh-
ing drills feam thrse msde for metal,

Bedy nnd Flates: Tho body of the 4drill,
Fig. 3, eanskata of a spirally Nuted section
to glve strength, curl the chips, provide a

miepns whorely they may be sjocied, and
L allow for the entrance of oil or cutting
campounds o lubricaie and cool the drill.
Mole that the culside edges of the Butes
are ridged to form a margin of slightly
preater over-all diameter than the rost of
the body. The recessing back of the mor-
gin is wery shghtly tapered toward the
shank to give the drill bedy clearsmes and
prevent hinding. The angle hedwoen the
fudes and work when the deill siands pore-
pendicularly, Fig, 10, s the cake angle,
The steeper this angle, the tighter the
l|']1.||;rg are rollsl For most j|.'||,g| 1he uml_]l_l
procduced when the drll is manefeinnesd
i anii=fuciory,

Cutting Lips and Grinding Mothods:
Fram 1he |::1.if|.-:|.]||’b-i|!|| of :ul'm-p cure Lhe most
impaortant parla of the drill are the point
amdd cutting lps. Fig 4 shows nn enlaeged
podnt=on view from which it should be ab-
seevied that the faces an either slde al tle
deads=center line are ground tooa very def-
inite angle and when this s done, the
cdges of the cutiing lps are parallel ns
shown. If a gauge, Fig. 11, s placed across
thi i of & properly grownd deill with ida
adges parallel to the cutling lpe, 50 will Tse
Toviend that the Hll#ll;' is 1187, A= il is -
sihle to grind o Al meore an anee gide e
atr the ather and =ill produce this angle,
the marks an the gauge should also be ob-
werved, With the point registering with
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Fig. 10, The angle hotween a line drawn
wymrely aoree e polnt with & line drasm
belween the cutfing-sdge 1ip and the heel
or droiling edge of the lip ghould span an
angple botwern 12 and 15° far heat pesulls.

Fuor a practical method of detprmining
when the lips of & drill haye besen gromend
to & proper angle compare the twe paint-
on views in Fig. 3 with that in Fig. 4. Note
the variations in the curve of the cutling
cdges cauwsed by varying the angle. On
the other haod, when the drill is properly
ground as in Figs. 1 and 2, with the cor-
rect clearomee anple, the culting edges
will be parallel as in Fig. 4. In other
wiords, the cuiting edges are in the form
af & stralght line offset by the dead-center
lLine omd the trailing edges back of them
are rounding.

When drilling very hord mnterial, it has
been found helpbul 4o modify the rake an=
gle slightly, az zshown In Fig. 17. The
nearer this angle Is mode to #0° the tight-
or the chips will be rolled and the less will
be the likelibcod of breaking nr chipping the cut-
fing lip. This medifcation should not be made ox-
copt in those cases where very haed material b=
being drilled and when the wse of proper Jubat-
canis, s explained later, kas fniled to produse sat-
isfaciory results without damoge 1o the drill.

Grinding High-Speed Drillss When grinding
carhon=stecl drills they are sooled by immcersion
in water to nvedd burning, This practice must st
be used with high-speed deills as sudden chinnpes
of tempernture chock, crack. and weaken them,
They will stand high tempecatures if heated show-
Iy. Accordingly, they shauld be ground slowly io
avedd sudden evorhenting and must be allowed 10
ce=al In the air 19 provenl checking, For prinding
dellla, & geod grade of vitrifed Alundum wheel
should be seleeted, the most acceplable type being
grade K, groin B Thi grinder should be operated
al a surface speed of hetween 4,000 and 5000 feot
per mimuete. A gond rule for finding the speed in
Fpam required is to divide the diameetor of the
wheel i inches indo 100, The a 1018, wheel
ghould rin at 1AM cpen. The dell is earefully
braigght wp to the edge af the grinder s shawn in
Figa, 1 anal 2, and should bo held Fgidly, the anpte
between the wheel and the deill bing maindained
at 59%, Aller a Little procties, this is a simple op-
otation and the eye will be adeauate te neure oo
accurate fab, Ag the drill is brought up to the
wheel, & should be rotated clockwdse while a1 the
sme time the angle 4 gradually decreosed 1o pro-
duee dhe olearance
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the center “0 line, the resilings
1 ot the points where the edies of
thie lips meet the gaope she II-'I 1]
the same to insure thod the cut-
ting lips mre ot the same simgia
with respeet fo the cenfer lin
the drill. In the case showis, 1his
value reads one o bodh oo,
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Sizest, Feed and Speeds: The
ordimnry jewelers' drills, or, os
they are sometlmes called, stecl
wire=gnugo drills, aee numhbered
froeo 1 1o 8, the Na, 1 deill helng
the lamgest and Mo, B0 helng the
amallest, Lotter-gized drills bonr
the alphaboedical letlers fram A to
Z, the A dgill being the smnllest
arsl the 2 deill the Eaegest of the
anrlea, In mddition 1o wire-gauge
dville @l lettor dellls, jebbors
drills are made In sizes ranging
upward in stope of Yo In., from
s Im. te several Inches in diams=
pter, To make it convenlent to
srloct the proper size of drill for
aby pikrpose, refer 1o Fig, 13 which
Inelisdes the varloes skee deills of
anch type Hated i the opder of
inereasing slees, Althowgh power-
dFiven deill prossos constituite the
mueal sylisfaclory means of using
diills, warisia drill slocks, bath
hll‘llnlll“:r amel |_-||:\'|_'|I'il_'|?|!|3,I driven,
Flg. 15, are in conirsan wae, Aany
e aciing |,]I'|||i.|l.;g opeTRlinhs  are
alga handled i (ke lathae a= in
Fig. 8, For amall deills, light-
wilght kkgh-spesd goared hand-
delll stacks shoeuld be selected
Tl 11TEH1‘ aleas of hand-<dgill
alocks &re made so thatl the driv-
ing whiel can be 5ot for either
ane af bwa spesd rofios, the low
watba Lasiing weied for lorger dlls
Tl ol alse can be adjusted
to inereace the leverage, Ordinary
drill presses are useally equipped
with Y-hp, motors These are
aptisfoctery for drilling holes up
13 35 in, in dimmiler, For heavier
work, larger molars should be
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used, as indicated in Fig, 18, Seanll deikls
mast be -operated at much higher spesds
than larger ones. To calculate the propar
speed with the vorious mefals and in con-
neciion with both carbon steel and high-
speed drills, make use of Fig. 5. This chagt
will be found a great shop convenience as
it condenss severnl pages of hard-io-
read fgures into eastly wsed forme
g Oui Work for Drilling: In Lay-

imr ot drillimg pobs, 8 eombinatbon sguare
may b= uaed far measuring angles, for lo=
ehting eonters, obe. A seriber and other
toels are indizpensable te securate work.
Having losated the ooact point to be
dirtlled, it next remning 1o impress into it
& conber punch maek of suficlent depth 1o
ifgwrne thal ithe paaifl of ihe delll will be
puideed properly as in Fig 14,

sy & Wandering Dirill: Semetimes
a drill will ahew & =tubborn tendency 1o
weanelor off the punch mark whes starting
the hale., Twe correct this vou frat check
p on the conditien of the deill and e
1hat e work s bevel, Afier I_l-\]h'llil‘ll'lﬂll.g
1 p-ﬁg-q:l"lil!illl.'w. remsember that ihe pe-
Taticn between the cirele described '|:|_|.| il
demd—vender line af the detll ane the diam-
wler of the punch imprision hoas o delinite
hearing an acourate saring of the dell
IF the firat circle j= lamger than the second
the punch mark will hove o wedging or
“drawing” oot oo the drill, thus failing
to held it on center undil the lips begin ia
cul. The remaady iz lo use sither o punch
with o sharter bevel, Fig, 14, or spot the
hale with a smaller drill before introduc-
ing the larger siee, Where the wark ne—
gulires exlpome sccuracy, holes are fre-
:]l..ll'l':ltl_l,l a.pl'ﬂlll‘:l willh several pragressive
deill slzen. Amather method osed wlhere
dimonstons are nol eritical = thai in Fig
16, Here the drill, starting all-cenier as af
A, g drified back by means of cold-chisel
impressione a= af B and C,

Dieill Bbocks: Blocks and flat sections of
steel are useful oround the delll press
When sections af cold-rolled steel plaies
ahout ¥ in. thick are used os pads under
thaer woerk, tlee delll Friay b allewed ia Bo
throuph wilhout damaging the drill-press
table. Maiaferizls which tend 1o forem &
burr on the boliom are drilled clean if o
Mote is used wnder the wark.

In ﬂﬂl]l.l‘lg fher, wall mital, ]1-'.||5|i|_'5. aiel
other materials which tend € form a burcr
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or japged edpge as the drill culs, it s od-
wisable to clamp a thin picce of metal oo
Leg af the wark as well as place o drall pad
under it If the work, fogether with the
top plate and drill pad. is clamped to the
bed of the press, it is possible o drill
throupgh the assembly withoot forming
buarrs on either top or bottom, Where it is
r pussible fo drll through o fop plate, o
hule of the required dinmeter is drilled in
a pieee of flat metal and this is placed over
thi contor-punched flhor, With the drill
lined uwp with the punch mark, through
the hale in the top plate, the clamps nre
tightened and the job completed.
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Useful information for the
shop on setting up work,
avoiding drill breakapge,
drilling hard rubber and
plastics and a table of
tap and bodvy-drill sizes

e

A MAJORITY of drilling operations "‘E"EE OF NEW | THICRNESS)
are carried out with drills which iz

have heen ground 8 number of times. As B-WEE OF DRILL FILOT HOLE
the weh, or centrsl section tapers, re- E:,Eﬁj,?g;m' ,\.__.HL :"{_;'h" iz
peated prinding causes it to grow thicker it ~
ps in Fig. 1% There comes a time when =
the web section at the point is so thick
that the drill will ne longer operate prop=
erly, Fig, 20, To correct this condition
the regular grinding procedure should he
followed by thinning the web as in Fig,
19, The drill is applied to the wheel as
shown, first on one side and then the
other. The resultant thinning brings the
web back to normal thickness,

Drrilling Large Holes: Large drills have
thick wehbs and therefore require con-
siderable power. For many purposes il
ks more practical te drill a lead or pilot
hole as shown in Fig, 21. The pilot hole
should be of the same diameter as the
thickness of the webh. The hole should
not be made larger than the thickness
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MECHANICS

of the web as thiz would result in chat-
tering and possible drifting.

Drilling Deep Holes: If the depth of a
hole exceeds the flute length of the drill,
Fig, 28, there will be no means for the
escape of chips, In this cese, it is, of
course, advisable to use a longer drill. If
this ks impessible, then the next best thing
is to lift the drill every few segonds and
clear the flutes and the hole of chips, con=
tinuing thiz precaution until the hole has
been finished to the required depth.

Drilling Out Thrends: The enlarging of
threaded holes presents a problem which
can be overcome most readily by the use
of left-handed drills. If an n;,:rl;!inﬂr}r right-
handed drill is wsed to enlarge & hole
which has right-hand threads, it will be
drawn into the hole more mapidly tham it
should, jom, and probably break the drill.
Left-hand drills must be revolved in the
reverse direction by crossing the belt be-
tween the motor and the drill press,

Fixtures and Accessories for Drilling:
Although drills will perform fairly well
even when improperly used, they can be
made to do many apparently impossible
jobs if a little time is spent in preparing a
number of simple acceszsories and fixtures.
The most useful items are V" blocks.
These can be purchased at little cost or
can be made as needed. A form of V block
ig eazily made from a length of pipe as in
Fig. 22, The pipe iz marked with a scriber
and the vee cut out with a hack saw. The
base and “veed” surfaces are then filed
smaooth and true, Fig, 23 illustrates a sim-
ple method of sceuring a picce of stock to
the table of the drill press. The hold-
down clamps are simply flat pleces of steel
with the outer ends supported on packing
blocks, holes being drilled through the
centers to facilitate bolting down. Fig, 27
shows s commen error in supporting work
while drilling. Hetre the drill has been
started at a considerable distance from the
supporting blocks, Under pressure of
drilling the work will zspring. The result
iz almost imvariasbly 8 brolken drill bit,
When drilling small holes in solid stock
that rests sgquarely on the drill table, the
work can be held safely in the hand but
when drilling larger holes in irregular-
shaped stock the practice is dangerous, as
the drill may “hite” unexpectedly and jerk
the piece out of the hands, Better to set
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up the job az in Figs. 24 and 25 vzing an
angle plate or a step block, hoth these sup=-
porting members being bolted or clamped
to the drill table. Another [requent source
of trouble and sometimes iJrl'.'a[-li.'lgE'l iz the
ltndi_‘nc}' to undue lUghlening of a preci-
gion drill chuck, Fig, 26, Drawing the
chuck unduly tight, particularly on s small
drill, will eventually cause the chuck jaws
to be inaccurate. Helease of the drill is
also difficult. Another accessory which is
easily made up as needed, is the delll stop,
Fig. 35. This is particularly wseful when
a number of holes must be drilled 1o the
same depth with a drill press which has
no sgale or adjustable stop.

Drilling Holes in Round Stock: Diffi-
cullies in r'lrjllir'l.,g hales I.]'.u.'uugl:'t rospned
bars and rods may he overcome esily B
the method shown in Fig, 2% is used, A
short lenpgth of round stock of the size
which is to be drilled transversely is
drilled longitudinally as in Fig, 29, This
section of drilled stock may then be used
as a collel to guide 1he deill. For this pur-
Post it iz essential that o 1]ri.i]-|'||'D::.h; e
be wsed, A drill block of widlh s]igh[l'_-.'
lesz than the dismeter of the round stock
is placed In the bottom of the vise and on
top of thiz the shaft to be drilled. Next,
the collet s set an Lop of thiz section at
the exact location where the hole is ta be
drilled,

Making Slots in Shafts: Another prob-
lem is thet of meking slots in shafling,
This job is easy if a drill collet of the type
just described iz set up in the drill-press
vise just as shown in Fig. 26. After drill-
ing the first hole, the gollet i3 shifted to
the next pl:rsll'J.uH and the !ﬂll'."l."-l'.'ll:tl'l. third and
other holes as required are drilled. Fol-
lewing the drilling of the required number
of holes the excess metal is removed.

Drilling Small Parts: Small parts such
as machine screws, rods, etc., present
drilling problems which can be handled
easily by the application of a few tricks,
For example, a small machine screw which
must have a tiny hole drilled through it
as shown at the left in Fig, 31, The only
itemn needed for this job iz a bar of steel
dressed true and square. First, lay owt
seriber marks and center punch for drill-
ing a hole of exactly the size which iz to
be drilled through the screw . Next, you
consult the table of tap=drill sizes, Fig., 30,
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and drill another hole at right
angles which can be tapped to
g depth sufficient to allow the
serew o be inserted far enough
to properly locate the trans=
verse hole, Having tepped the
hole, the sorew is run in over a
nwt which can be used to lock
it in plage. Then yvou drill
through the screw, the first hole
acting as a guide. This fixture
can be uzed repeatedly. Details
at the right in Fig. 31 show an-
other casy method of solving a
common problem. In this case
it iz required to drill a hols into
the end of a machine screw or
tapped rod. When it is neces=
sary to drill the hole into the
end of an unthreaded rod a set
screw iz provided in the work=
ing plate. Holes which are to
b= threaded should be drilled
under=ized o that the tap will
ciib & thread deep enough to
hold securely. Although the
table presented in Fig. 30 iz
rather more complete than
wsual, it i3 handy 1o have a
rule which can be applied for
finding tap=drill sizes for odd
screws, The zimplest method
of doing this is to first divide
tho number of threads per inch
ot the serew into 9 and sub-
tract the guotient from the
body size of the serew, To il=
lustrate the method, suppose
you have a 3g=in. screw which
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has 14 threads per inch. Dividing
A by 14 vou get 06 Subtracting
this [rom & in. which in decimal
numbers s 375, leaves 311, the
Lap=drill size, Mext you consult
a drill=size table such as was included in
Jnrt 1 of this serics of articles and find
that the nearest drill less than this diam-
cter is ey ine The “N"=sized drill is also
elose enough so we may use either of these
which bs at hand. In of SCTOWS
awver 1 in. in diameter, selact the nesresl
smaller size af tap deill as Hgured above,
For sorews smaller tham 1 in,, the nenrest
drill larger than the required size is ze-
lected. Centering & tap drill through a
larger-zized body drill hole is & job which
frequently causes difficulties. A simple
method of accomplizhing thiz is illustrai-
ed fen Fir, 32, First a drill af the same size
am the laroe hole is inserted to locate the
center. After this the smaller tap drill
will easily Tollow the start made by the
Countersinks counter-
bores are so much used In connectbon with
drilling operatioms that Fig, 35 has heen
included to make elear their application
in this work.

Drilling Hard REubber and Plastices: If
standard high-zpeed drills are used those
smaller then Y5 in. should be ground 1o an
:||u:3l.: af 457 rather than the stan i 5%
anele. Drills larpger tham Yy in should be
ground as usual, Fhg, 34 contakns the val-
ues of speeds and feeds which have been
found satisfactory for drilling these types
of material. The drill should be backed
out Trequently to insure ithe removal of
chips and prevent overheating.
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