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e, 1ills are such common tools in our shops that we
¥ take them for granted and tend to overlook their
=t complex character. We drill holes with them we
try to keep them sharp, and we utter some not-so-nice
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oaths when they struggle to make holes by rubbing
instead of cutting, because the drill is a cutting device,
no different in concept from our milling cutters or lathe
tool bits. It is just arranged differently. In this article,

I intend to explain some of the geometry of the common
twist drill, and give you an understanding of how to
sharpen your drills so they can be as perfect a cutting
device as possible.

Most drills have two cutting cdges, two spiral chip
channels, and sutficient body to carry the torque loads
without twisting the drill apart in the middle as the
loads increase. Therc are variations: three and four flute
@sills and one fHute, no-spiral drills made especially for

£

Eaiee deep heles, such 23 in making nifle barrels or
Secp cooling channels in plastic injection molds. We
will not discuss those here, but they all have the same
two cssentials: A cutting edge that must be sharp, and a
way to get rid of the chips as they are produced.
Nonetheless, we are stuck with sharpening our
drills now and then, and have to learn how to do it
satistactorily. When we do not put a price on our tine,
the cost of drills can be significant, and extending their
life by re-sharpening is a must. Many of us can do a
passable job with a drill in hand, 2 bench grinder, a
grinding wheel that is more-or-less straight and true,
and a tin can filled with water to keep our fingers from

being burned, and incidentally, o procect the drill from
losing its temper from the heat of being sround.

Actually, that is not a rccommended method of cooling,

as it tends to produce minute cracks between the grains
of the metal. These microscopic cracks can DTOgTess

under the stress of drilling and can result in breakage of

the drill. Yet, there are many who will buy a new drill
rather than try to sharpen 2 dull one Aftempting to gain
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long life by using one of the new Titanium Nitride
coated drills works until it too becomes dull. Regrinding
then eliminates the coating on the critical surtaces, and
their “long lifc” reverts to the same 2= the common
high speed steel drill.

Sharpening of drills in the home shep is usually a

"

trial-and-error process relying on skill EXPETICNCC,

-

atience, and too often the 3ts
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are only reasonably round and straight. We also need to
admit that if we make the holes a little bit oversize, it
won't matter atter all, and it won't require re-
sharpening the drill before every job.

Oddly enough, however, a quick call to threc local
tool and die shops with excellent reputations brought a
similar reaction to my question of how they sharpened
their twist drills. The response was universally
something like “wc have a couple of old timer's who do
it by hand at the grinding wheel.” None of thesc threc
successtul shops approached the task with any science,
logic, or cost analysis. None had a dedicated grinding
fixture in their shops or tool rooms. -

Of course, we could go to the catalogs and purchase
a device that purports to sharpen our drills for us, but
that approach has some dangers in it. I have such a
device in my shop. I don’t know why T have kept it,
cxcept that it once promised to solve all my drill
sharpening woes, and maybe T had an unshakable ides
that if T only could learn how to use it properly, I might
at last be satisficd with my $6.95 purchase from Sears,
Roebuck and Company in 1949. T should have tossed it
years ago, becausc T know now that it was hased on
taulty implementation of a not-too-good theory and
incorrect geometry, and will never be able to do what
its manufacturers said it would. This device, originally
produced by Greenline, and its identical multi-branded
progeny, are still being sold today in many tool catalogs
for much morc than $6.95, and they still won't sharpen
a full range of drills except by trial and error and
specialized touch-up corrections.

Interested in what the history of drill grinding
fixtures might be, I pulled an old McMaster-Carr
hardware catalog from my bookshelves and found an
assortment of drill grinders to sharpen drills from No.
SO up to 2-1/2" {but not all in one device!). Each of these
sxtures held the drill at a fixed angle to a grindstone,
and most arranged to swing the drill through some sort
of arc to grind the point angle and lip clearance angle in
ome step. All of them required the drill to be removed
from the fixture and repositioned in order to grind the
sscond cutting cdge. There was a noted attempt in some
of the devices to make that transition repeatable using
2 variery of stops, clamps, micrometer positioning
devices, and dial indicators. Clearly, the accuracy of

ling the second cutting edee identical to the first
vas recognized as an important part of good drill
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rpening. It still is. If the cutting
ges arc different in any way, the
drill will tend to cut with one edge
more than with the other, This results
in eccentric torque loads, which lecads

to the drill wandering and drilling a

crooked hole, accompanied with an
increase in the diameter of the hole.
It also increases the sidc forces on the 4
drill and could cause drill breakage '
especially in small sizes.

The simplest of drill grinders
in my old catalog was a hand-held
fixture with an assortment of bushings
to hold drills from No. 41 to No. 60,
and a small India oil stone to do the
sharpening. The fixture helped guide
the oilstone at some fixed angle with.
respect to the drill point. The most
expensive grinder shown cost $198.50,
including a motor. It offered a
“patented feed system” and an
adjustable end stop to assure even
grinding of the second cutting edge.

It would grind two- and four-flute
drills, “sharpening all sizes of drills

in accordance with recommended
specifications for heel clearance, chisel or web angle, and
cutting lip angle.” The photograph in the catalog revealed
at least six adjustments that must be made, presumably
with =ach different size drill that was to be sharpened.

Mulnuply these 1950 prices by about ten or so, and
vou will arrive at a point near the low end of the range of
costs of today’s professional drill sharpening devices.
These devices vary from mere toys to truly professional
tools that most of us will never afford to purchasc for our
shops, although compared to prices of the new lathes and
mills we buy, good drill sharpeners ought to be found in
more home shops than they are. Today’s professional
drill grinding machines still usc a mixture of techniques:
cylindrical, conical, and helical grinding of the hecl.
Some also add the ability to grind split points, and a
variety of other spccialized point shapes and angles.
Probably the best and easiest to use is the Drill Doctor (a
simplified version of the professional Darex fixtures that
cost over ten times as much!, available in several models
from about $69 and up. They all use a diamond-coated
grinding wheel and produce a helical point through a
manually driven, cam-coordinated rotation and advance
of the drill against the grinding wheel The less expensive
models do not provide for more than one point angles,
and cannot do anything but helical gnnding of drills
from 1/8" to 1/2". For larger dnlls, you must purchase
an additional self-centering chuck. For other point styles
or angles, you must purchase 2 more elaborate fixture
and spend more money.

But let us get back to science and theory and
geometry — and the fundamental reguirements of drills.
Figure 1 shows the conventional drill geomctry
(although somewhat exaggerated for clarity of finc
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details). At the top is an end view looking down the
shaft of the drill, secing only the cutting end. It shows
the two cutting edges, the two flutes, and the two lip
clearance surfaces, called the heels of the drill. At the
center is a curiously sianted line that denotes the
juncture of the two lip faces called the azris, or chisel
edge. We will elaborate on this feature later. Note that
the two cutting edges are not coplanar. They are each
offset from the central diameter. This fcaturc, which is
vital if the drill is to have any strength at all, is the
thing that causes no end of difficulties in grinding
cutting edges — and is a major cause of difficulty in
drilling round holes.

Below the end view is a front view that shows the
two cutting edges in true length and shape. The point
angle is shown. The point angle is the total included
angle between the two cutting edges, but often it is
specified as half of that angle, or even somctimes the
compliment of half the angle. The chisel cdge at the
center is revealed only by a very short horizontal line
at the top. That line is not shown in true length here,
as this view prescnts an oblique and thus foreshortened
view of the chisel edge. In the end view above, it is
shown in true length and position. The front vicw also
shows the narrow margins at the advancing edge of the
flutes. They do not affcct how we grind the cutting edges,
but they do establish the drill’s diameter and help guide
the drill through deep holcs. The margins arc not cutting
edges, as they are in end mills. They may burnish the
hole slightly, but they are there only to provide guidance
with minimal surface contact. The wider surface adjacent
to the margin is called the lend, and it is made to be
slightly smaller in diamcter than that of the margins.
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,f' The third oblique view, made using accurate
n.;lphmﬂl projection dmwmg techniques, is what vou
would see if vou lined yourself up along the les h--i‘: of
the cutting edge that is shown in true length |
front view. Consequently, that cutting edge :jvj:e_::‘s
in the oblique view as a single point. The oblique view
shows the cutting edge on the near side, the edges of
hoth flutes, and the margin of the near cutting
Also labeled is the true clearance angle, whlr:}*
primary reason for showing this vieiw. Dmgmrrta of tfr_c-:
clearance angle are customarily drawn in a side view,
that is, to show the clearance angle as defined by
Machinery's Handbook as “the angle between the lip
and a linc at right angles to the drill axis.” This »:. not
a completely prﬂ. se definition, and it doesn’t help in
measuring the angle because the angle’s apex can be
found at any pumt ul ng the length of the lip, which
is a sloping surface, and the angle measured between the
horizontal and the tangent so that the sloping suriace 1s
indeterminatec and cannot be measured in the side view.
The angle should be measured at right angles to the
cutting edge. The clearance angle is the angle between
the cutting edge and the material being drilled, a
definition that matches that of the clearance angle of a
lathe tool bit. The definition is thus better illustrated in
the oblique view, in which we look along the linc of the
cutting edge and see a nearly true view of the clearance
angle regardless of the position of the apex along the
cutting edge. What we don't see is the helically
elongated aﬂd sruneated cone that is swept out by the
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s _;'___.___: so show the true clearance angle in any view.
A clearance angle is necessary in all cutting tools. In
lathe tools, a clearance angle of 8° to 10° is adequate,
depending on the material we are turning, to make sure
that the cutting cdge is given a chance to cut and not
rub on the material it is cutting.
Lathe bits are sharp edged, as shown in Figure 2.
A clearance angle is created by the cylindrical work
object receding away from the sharp-edged tool. The

Figure 2

ce Angle = ZERO

angle between the point and a tangent to the work is
easily recognized and measured. As the lathe tool wears,
it presents a flattened surface against the round
workpiece, and it no longer cuts. A tool cuts by shearing
the metal away, resulting from the tool applying
pressurc against the work on an area small enough that
the pressure per square inch is greater than the shear
strength of the material. As the tool wears, the area in
contact increases, and the only wav to exceed the shear
strength of the material is to apply more tool pressure.

A quick look would make you think that the clearancc
angle is still as you first gmund it, but the tool is now
merely rubbing against the workpiece, and the heat
gencrated increascs greatly, as does the torgue required.
Cutting of some softer materials, such as brass, often
calls for a negative rake tool. Rake is the angle between
the tangent to the material being cut and the leading
cdge of the tool. The clearance angle is on the other side
of the action. Even negative rake tools for brass require
a positive clearance angle. Lathe tools often include a
slight rake on the top surface as a means of dirccting the
chips away, or to cause them to break up periodically so
they won't form dangerous yard-long spirals,

In a drill, the clearance surface recedes from the
work material in the sanie way as it does with a lathe
tool. The entire cutting edge is expected to cut.
Unfortunately, this is not without difficulty and
compromise. As one advances the drill into the work,
the outside corner of the cutting edge follows a hehcal
path defined by the rotational speed and the speed of
advancement. The inside corner of the same cutting
edge is forced to advance the same amount, resulting in
a greater helix angle, but it is doing its work without
the benefit of increased lip clearance. The very center of
the drill does not cut at all, The chisel edge merely
pushes metal ahead of it, wearing it away, or pushing it
into the path of the cutting edge. The material being
drilled becomes rather plastic in this area as a result of
compression and bearing failurc. Because of the
characteristics of “stick-slip,” common in all dynamic
friction, the material at the very center of the new hole
does not move away from the advancing chisel edge
uniformly, but in a series of jolts and starts. Inspect the
bottom of a new hole and you will seldom sce a
perfectly formed conical array of circular trails lett by
the microscopic roughness of the cutting edges, but a
wavy pattern approaching a polygonal shape instead of a
pure cone. This is evidence of non-unitorm cutting
action, and of the intermittent action of the chiscl cdge.
The drill is subjected to cyclical stresses, a rotary
vibration of sorts, that create holes that are not round
and produces additional torsional stresses on the drill.
We hear the chatter, and slow the speed and increasc
the feed, but the holes arc still not uniform or round.
Ample industrial research has shown that the action of
the drill in the hole supports my simplified cxplanation
of what is going on.

Since the efficiency of cutting by the inside of the
lip is reduced, the result is that it wears a lot more than
the outer portion of the lip; and it generates more heat.
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lﬁ-’ith a small clearance angle, the cutting edge is

m stricted in taking a bite out of the material being cut

" g0 it cannot be advanced into the work rapidly, which
means that the inside of the lip is holding back the
outer lip’s advancement. The outer lip is not able to cut
efficiently, either.

The entire purpose ot gnndmg a drill is to create a
cutting edge and a relief surface that is out of the way
of the cutting edge so the body of the drill won’t rub on
the bottom of the new hole and prevent the drill from
being advanced.

The lips should carve out a continuous chip of
material of uniform thickness that climbs up the flute and
out of the hole where it can be discarded. To cut with only
a portion of the cutting edge will soon result in an end to
all cutting, as the non-cutting portion, including the chisel
cdge, will simply rub and prevent the drill from advancing
any further into the hole. This is the most common result
of using an improperly sharpened drill. It just goes round
and round, makes a lot of heat, and docs not cut. Atter
trying to make a hole, the dull drill is usnally rounded off
at the point (sometimes grossly, depending on the cutting
pressure, the hardness of the material being drilled, and
your insistence). The cutting edges are rounded over or
nicked, the outsidc corner of the lip becomes dull, and the
drill point may also have lost its temper from overheating.
The chisel edge has tried (and failed) to wear away the
central portion of the new hole by rubbing and pushing,
not by cutting.

The geometry of the chisel edge, a result of
Comwentional grill manufacture and the faet that the dall
seowmwes somse matenial at the center to provide strength
and satiness, is totally wrong for a truly efficient cutting
action. It is a fact of lifc, and we put up with it.

Most simple drill grinding devices use a singular
rotary motion of a V-trough fixture to swing the drill
against a grinding wheel to cut a radius in the heel arca.
The radius is a simple way of creating clearance so the
end of the drill won’t touch the hole except at the
cutting edges. Now we should ask questions: What is
the proper radius? Where is the best location for the
center of that radius? Wh:—it is thu best : axis for E-.Wlllglllg*

The cleamncu angle is estat ~'* v the tangent to
whatever radius is ¢chosen. T1

The vizal fact is that if the
center of the radius is on the centerline of the drill, as
shown in Figurc 3a. The clearance angle at the cutting

1

edge will be less than zern, 2nd no & = Cuttmg will
occur, It the radius is shifsed abead [that is, in the
direction of rotation! to be directly under the cuiling
edge, as in Figure 3b, then the clw_w_Lf; angle will be
ZCT0, and SOIME CHtting may occur d.ffeeﬂdmg mostly on
the material characteristics of the object being drilled. It
the radius center is shified further in the direction of
rotation ahead of ke cuiting ;igf. as in Figure 3C, the
clearance ang ost any anglc dcalrcd
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dcpending on the radius, R, and the amount of the shift,
S. Cutting will be more —'mutnt with a positive
clearance angle, just as in a lathe tool bit. There arc

Positive Clearance

Zero Clearance

Negative Clearance

e |

(b) (c)
Figure 3

limitations to this, since it the shitt is excessive, the
shape of the rest of the heel may be adversely affected,
and the lip strength reduced.

The $6.95 device that I purchased in 1949 has a
fixed swinging center about 1/8" in advancc of the
centerline of the drill as established by the V-trough the
drill is held in (similar to Figurc 3C), and thus it
unchangeably creates a very large clearance angle for
small drills and a very small clearance angle for large
drills! The important distinction of most simple drill
grinding devices is that there is no way to adjust the
radius, and there is likewise no correspondingly correct
shift of the center of that radius. Thus, fixturc
simplicity certainly does not lead us down the road to
good control of our re-sharpening experienccs.

In an August 1913 article in The Model Engineer, L.
A. Van Roven proposed to swing the drill against the
grinding wheel in a conical path, Some limits were
placed on the angle used, and on the position of the
center of the cone, depending on the diamcter of the
drill {Figure 4). With a conical method, if a small drill is
placed near the apex of the cone, it will receive a very
small radius of curvature, and if a larger drill is placed
further away from the apex of the cone, the drill will
receive a larger radius of heel curvature (Figure 4.
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¥ Each size drill could thus receive an appropriate
Survaturc based on its size. The article included
geometry that demonstrated that a fixture could be
made that automatically positioncd the point of the
drill at the proper position within the conical swing
surface depending on its own diameter. This method
was further refined in a serics of subscquent articles in
The Model Engineer, October 1927 by Col. H. S. King,
and by another author who called himself “Duplex” in
the November 1951 January 1952 issucs, both of whom
described an improved fixture that provided the conical
motion and that alse included a featurc that made the
fxture adjust itself automatically for the lateral shift, as
taught by Van Roven. [Actually, the method was not
totally automatic, but still involved some manual setup
procedures for each size drill ) Based on Van Royen, and
corroborated by experimental use by Duplex, the best
radius of curvature turned out to be 0.938 times the
drill’s diameter with the point of the drill with the point
of intersection of the drill with the grinding wheel 3.0
times the diameter of the drill below the apex of the
cone. That is the true value as developed by the
geometry of the setup, but Duplex recommen ds a
distance of 1.4 ID. The latcral shift was quoted in the
original article as being cqual to D/13 ahead of the
cutting cdge, but this was questioned by Duplex, who
found through cxperimentation that this figure should
be closer to D/4 {D/13 would have produced a clearance
angle of about 3°, whereas D/4 would produce about
10°). Drawings and full descriptions of the “Duplex”
Sxsure (Figure 5) were presented in the November 1, 15,
2 December 13, 27 1951, and January 10 and 24, 1952
NN & Tho AMadel Eraornocor
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The choice of cylindrical versus conical grinding
surfaces is a matter of simplicity versus accuracy to
theory. I have nothing against the simple cylindrical
swinging fixtures, provided that you let the drill extend

Figure 5

a proper distance from the pivot, and that the swinging
radius and lateral shift are known, fixed, and adjustable
within a range that produces satisfactory clearance
angles. However, none of the instruction sheets I have
scen, nor any recent articles T have read, give any help in
determining these factors, nor do they cven come closc
to explaining what is going on. These fixtures still rely
on a lip stop, and the drill must be rotated 180° in order
to grind the second lip.

Lip stops have also been addressed in various Mode/
Engineer articles, and they vary from a simple picce of
thin metal that projects into the tlute space, and to
which the drill’s cutting lip must be rotated to register
against, to a fixture with a small diameter wire
stretched across the center of the drill so that the drill
can be aligned by eve through a centered peep hole.
Neither of these techniques is without problems, and
the general consensus is that a self-centering device
would be much better than having to unclamp, rotate,
and re-clamp the drill for the second cutting edge,
provided that it is accurately made. Darex, a
commercial supplier of drill grinding cquipment, for
instance, uscs self-centering four- or six-jaw chucks and
a two-fingered lip stop that is adjustable for the
diameter of drill, applying the lip stop as a gage against
both cutting edges at the same time, thus canceling out
any errors. Using a lip stop with drills smaller than
about 1/8" is questionable, since the flutes arc very
small, the lip stop even smaller, and the whole process
becomes delicate and more subject to human error. An
optical method is definitely called for here.

For holding the dnill, the collet technique seems to
be the most popular in the literature, but several collets
are required to cover a range of drill sizes. Making
collets is a very precise job since it involves drilling and
horing very deep holes in which the concentricity of the
hole with the outside diameter is paramount. Four- and
six-jaw self-centering chucks are used in the most
expensive professional drill grinding equipment, but
making one is not casy and buying onc is cxpensive. A
common three-jaw chuck, such as used in drill presses,
will not adequately center a drill that has nearly half of
its mass missing. The jaws simply do not span enough
length of the drill to bear on ¢nough points on the
true diameter of the drill established by the
margins, and the drill ends up being
clamped askew. Most three-jaw
chucks also do not include a through-
hole for the body of the drill to pass
™ through so you can grip the drill near

its pointed end.

Most home shop drill grinding
fixtures rely on a V-shaped trough that supports
all sizes of drills. But in doing this, although it at
least provides three-dimensional guidance, the
height of the drill above the bottom of the trough
will vary with the drill diameter. Consequently,
in order to grind the second cutting lip, the drill
has to be removed from the fixture, manually
rotated 1807, and re-clamped, presumably against

4
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¢ sort of lip guide. This introduces considerable error,
d the chance of grinding both lips to be geometnically
rqual is diminished severely, but the chisel edge of the
drill still has to rub the material away so the cutting edges
can dig in and cut.

Visualize this typical scenario of drillinga hole in a
piecc of aluminum or steel or what-have-you that is harder
than cold butter, keeping the previous discussion in mind,
and you can see what has been troubling your dalling
experiences: You center-punch the hole, then drill 2 pilot
with a center-drill. Then you chuck up the intended dnll
and start drilling. The first fcw thousandths of an inch
proceed easily. Two perfect curls of metal come out of the
new hole, but then the pressure required suddenly
increascs. From therc on, the cutls arc produced more
tediously. One curl may disappear completely, and chips
tend to break up and get clogged in the flutes. What is
happening is the first part of the holc is being drilled only
by the outer ¢dges of the cutting lips. The center-drill pilot
hole has helped hold the drill on center, as its shape has
provided a conical sink to help guide the drill. The chisel
edge is not touching anything, as the center-drill produced
a cavity in the center of the hole. Suddenly, however, the
chisel edge touches virgin metal, and now it must push
metal at the center of the holc away and into the path of
the cutting lips, and the pressure required increascs
dramatically. At this point, the drill is subject to stick-slip
friction, and may develop torsional vibrations, which are
retarded as the chisel edge is forced to push metal ahead of

itself, then suddenly gulping up new metal as it flies
forward when the stresses arc higher than the metal being
drilled can stand. The material being drilled resists and the
drill is suddenly forced upwards out of the hole for a few
thousandths of an inch, and it then tries to take another
bite as the drill pressurc pushes the drill back into contact.
The vibration is nncontrolled, and the whole drill
oscillates, both torsionally and axially. The outer lip edges
may be flung into the sides of the hole, and that adds to
the vibration as they stick, then gouge metal away. The
result often is a hole that is not round, is oversize, and
may have wandercd off the intended position. All of this is
operating on a minute, almost microscopic, scale, of
course, 0 you can’t see what is going on, but scrious
research has produced corroborating cvidence of what is
really happening. Unfortunately, this scenario is more
common than onc would want to admit.

The concept of swinging the drill about a vertical
axis that is both a certain distance away from the drill
point and a certain distance latcrally away from the
drill’s axis is valid ONLY if wc concede that the drill
will be swung freely about the vertical (or even tilted)
axis, unlimited by position or amount of back and forth
motion. This is the foolproof premise in which the
craftsman can make no mistakes if he swings the drill
too far in either direction. Accepting this premise forces
us into complex gecometry that providces a clearance
angle only by shifting the pivot axis laterally the proper
amount, which complicates the fixture. The'simple

n
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ture compromises by not providing this shift, and is
thercfore wrong most of the time.

But, shift your mind and allow the drill fixture to be
pivoted only a fixed amount. Figure 6 shows a drill
oricnted 8° from the perpendicular to a grinding wheel as
in a typical V-trough fixture as viewed from above. The
vertical cutting edge is shown as a point. The relief
surface is depicted as the curved line to the right of the
cutting edge, and it shows the shape you would get if you
rotated the drill fixturce counterclockwise with respect to
the grinding wheel, with the pivot axis on the centerline
of the drill. This is cxactly the shape we would like to
have. It is, incidentally, identical to the intuitive method
of grinding drills by hand with no fixture.

Achieving it is superbly simple: Limit the rotation
of the drill-grinding fixture so you can never fail to
provide a proper clearance angle at the cutting edge. The
pivot point can be directly below the centerline of the
drill, which is better than the Duplex method, since the
8° is constant regardless of the drill diameter. The drill
will have a flat at the cutting edge, and the width of the
flat area depends on the clearance angle you choose. The
larger the angle, the wider the flat will be, but with the
ordinary range it should not produce any problems.
Building in the ability to change the radius and adding
the stop complicates the fixture and the pivot structure
must be below and well clear of the grinding wheel. The
simple V-trough fixture cannot easily provide this
adjustment. But wait! There is even a better solution.

There is another possibility for grinding drills that
turns out 10 be both simpler and better than crcating
curved clearance surfaces in some elaborate fixture and
climinates all the troubles just described. This grinding
technigue produces what is called a Split Point drill. For
those who are not familiar with the split point drill, it
has a very short cutting edge, measured circumfcrentially
in the direction of the cut, and the heel is separately
ground to just be “out of the way.” Split Point is another
term for the four-facet method of grinding, such as is
uscd in grinding the end of an end mill.

24

With four-facet grinding, as shown in Figure 7, the
primary lip clearance is easily cstablished by just touching
the drill to a grinding wheel at the proper angle to c¢reate a
lip with a very short span. The secondary clearance may
be performed with a swing, or with conical or helical
advance, but most commonly with no curvature at all.
The second clearance grind is independent of the primary
cutting edge. The width of the cutting face remaining is
only half of the web thickness, and the two lip’s receding
edges become coincident with the diameter of the drill.
They form a straight line across the center of the drill
point as vicwed from the end of the drill. All four surfaces
mect at the point of the drill, and cause the drill to be self-
centering. Typical with four-facet grinding is to cstablish a
primary clearance anglc of 10°-12° and a secondary
clearance angle of 25°-30°.

The four-facet method of drill sharpening turns out
to be close to the ideal, and also is the simplest of all
mecthods, because grinding is only a matter of positioning
the drill in two very accurate fixed positions, independent
of diameter, rather than moving the drill through a curved
path that may or may not be ideal. The arris produced
mherently turns out to be slightly pointed, rather than flat
as in the chisel point drill, so the drill tends to keep itself
centered and true running. Holes can be started without
pre-drilling a starting hole, and often without center
punching. With a magnitying glass, you can see that the
cutting cdges extend almost all the way to the point rather
than stopping at a broad chisel edge. The chip produced is
wider and morc uniform in thickness, which translates
into more efficient drilling of holes, with less heat and
wear. Proof of the improved cutting action is evidenced by
a reduction in pressure required to drill a hole compared
with a conventional drill.

Since the heel of a split point drill is mercly ground
away to prevent it from rubbing on the new hole, one
does not have to go to great Iengths to produce a
cylindrically-curved heel, a conical heel, or any other
special-shaped heel. A perfectly flat heel is good enough
since it is never going to touch the bottom of the hole
anyway. The method is the same for all size drills,
different only in scale depending on the diameter of the
drill. A well-dressed grinding wheel is required. Any
wander or instability in the grindstone or holding fixture
could cause the stonc to grind away at the wrong cutting
edge. It is very doubtful if even a strong-handed
craftsman could hold a drill stcadily enough and precisely
enough to manually grind a good split point, which
probably accounts for its rarity in home shops. It requires
a precision fixture to re-sharpen a split point drill.

Another variation of the four-facet split point-drill
uses the six-facet method, also shown in Figure 7,
which requires, after the first four facets are ground,
that the drill be rotated about its axis, and two more
facets ground to the center of the drill point. The point
created is even sharper and more defined than with the
four-facet method, and therc is an improvement in
cutting action and additional lowering of the pressure
requirement. A refinement of the four-facet drill is the
Renault-Peugeot method, used in industrial production
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Cutting Lip , Lip Relief Cutting Lip and is later lﬂmc-ked out, or if a through
10° Cutting { ‘ﬁ"éuttih i hole, it ﬂ}t:rcl}-’ falls away. It too
Farit ¥ : Ng FACeL - yequires forced lubrication through

' - internal passageways., Modern industry

has accepted the split point drill for

N\ 25° Heel Facet many reasons. Aircraft manufactures

- use it because it requires less pressure

45° Heel Facet vt hand-held pistol grip drills and is
self starting, so the drill wanders less.

1 Automotive and other industrial firms use it because

the drills last longer, and have to be changed less often,

which speeds up production and reduces costs.

In the home shop, four and six-facet drills can be
ground on the Quorn Universal Tool and Cutter Grinder
using the same technique as used to grind the end of an
end mill but with the addition of rotating the tool
holder about the Y-axis to establish the point angle. All

Four Facet Drill Four Facet Drill with Lip Relief  Six =acet Drill

g

_ that is needed is a set of collets or a self-centering chuck

st to hold a varicty of drills, The work holder and drill are
as it is more efficient and more economical than not swung through the conventional evlindrical or
conventional drills. Their refinement of the split point conical path during the grinding, but arc clamped in
drill includes a bit of web thinning to further enhance either of two positions to grind the two lips using the
the center point’s cutting ability. Japan’'s Dijct Hosoi graduated index scales to reposition the drill exactly
split point drill uscs forced lubrication, and its cutting 180° for the second cut and by fixing the limit of the
faces are specially contoured to cut to the center of the forward micrometer advance along the front slide to
hole much like a center-cutting end mill. Mitsubishi determine and limit the width of the cutting edge, and
has its own version, with no center at all. The drill is thus to ensure that both cutting edges are identical. The
hollow and both cutting edges cut like an end mill. The grind is performed by moving the tool fixture with its
un-drilled center plug is swallowed up inside the drill rocking lever, rotating the toolholder about the X-axis




50 the drill’s lip is traced across the face of the grinding
wheel. Therc are simpler methods, even if you do not
have a Quorn. Read on.

All this points out the prime fault of the simple
V-trough grinding fixtures that you can buy at Sears and
from various through-the-mail tool catalogs: There is no
control over the lip clearance angle and there is no
adjustment for the position of the pivot. Duplex taught
us that the drill should be positioned to onc side of the
swinging axis in order to create the lip clearance angle.
This is good geometry, but difficult to cstablish in a single
fixture for all drill sizes, since the amount of lateral shift is
dependent on the drill diameter. Every drill has to be set
differcntly, but this is only because there was no limit to
the swing of the fixture. Duplex chose to carcfully position
the drill’s axis to onc side of the swinging axis by an
amount that was correlated with the drill’s diameter, as
shown in Figure 6, and then let the machinist swing away
with no limits. 1 propose that it is much better to limit the
swing so that the grinding wheel can never over-cut, and
not to worry about the amount of lateral shift. It is much
simpler this way. Anyone with a swinging V-trough
fixture that doesn’t always work very well might want
to experiment with mcans to move the pivot point and
to make a set of stops that will limit the swing. The
mechanism to do this is not all that casy to construct, as it
involves slides in two dircctions as well as rotary motions
with limit stops, and it still requires you to remove the
drill and reposition it for the second cutting edgc.

My simple method involves a Dremel belt-disk
sander. or eguivalent, and a small, simplc fixture to
hold the drill while grinding. Figure 8 shows all the
dimensions for a fixture that will accommodate drills
from 1/16" to 1/2". If you have larger drills to grind,
vou could enlarge the fixture proportionally.

The new fixture includes a V-trough that is oriented
horizontally. Its shape allows you to turn the drill and
fixturc over for grinding the second lip without having
to unclamp, reposition, and re-clamp the drill. T made
mine in two mirror-imaged parts and fastened them
together with screws. It is vital that all screws be
countersunk below the surface and that the two face
surfaces and the two edges be square and smooth, and
the opposite sides parallel to each other. The clamping
arrangement rclies on a screw, a link, and a long bar
that presses against the drill to force it into the wedge of
the V-trough. A complete set of drawings is included
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Figure 8

here, and therc is no particular difficulty in making any
of the parts, except to say that accuracy is important.
Despite all our efforts to do things preciscly in our
home shops, sometimes things turn out just a little bit
off. There are ways to correct for these crrors if you
follow the sequence of operations described here.

The V-trough is made in two parts. The sequence of
milling is important. First, you should trim the pieces
to the approximate shape, including the pointed end,
and as usual, it would be helpful to square things up so
you can clamp them in the mill vise. The two halves are
mirror images of each other. Clamp the first part
perfectly flat in the mill vise with the length of the part
cross-wise to the mill table, pointed end toward you,
checking for squarencss and flatness with a dial
indicator. Find the right-hand edge with an edge findcr
and move over .750" plus half the diameter of a .375"
milling cutter plus half the diameter of the end of your
edge finder. Lock the mill table in the X-direction. Cut a
375" wide groove back and forth in the Y-direction to a
depth of .260" to leave .115" of stock according to Figure
8. Check the depth after a few passes by measuring the
remaining thickness at both ends of the groove. If the
two measurcments are different, you should shim the
part in the vise to make a correction. Cut this same
groove in both right-hand and left-hand picces. If you
turn the second piece so the pointed end is away from
you, then the same setup can be used without
introducing other errors and without having to find the
cdge and move over to position the groove. With the
two grooves cut, tip the hcadstock over to 45° to the
right and cut the beveled edge (Photo 1) in both pieces
with the end of a 1/2" end mill {a .375" end mill won’t
quite span the width of the bevcled surface). Lower the
headstock so the milling cutter will cut the beveled side
but not the squared side. Unlock the mill table and
move over and down, cutting off successive layers until
the lower corner of the mill cutter just barely touchces
the bottom of the original groove, then raise it a couple
of thousandths. Lock the vertical position of the
headstock. From therc on, increase the cut by moving
the mill table only, not the headstock. Cut the beveled
surface until the cutter just leaves the horizontal part of
the groove. This will leave .625" to the edge of the part,
but that dimension is difficult to mcasure. If it isn't
exactly .625" on both parts, we will correct for that Jater
on. As you cut the bevel in the second part, you can
stop the mill and match the squarcd up end of the first
part against the groove of the sccond part. This gives
you a double-check on progress and helps make both
parts identical. Tf you have a larger mill, it would be~
prudent to cut both parts at once in one pass in the Y-
direction, then cut the piece apart in the center to make
two identical parts. The grooves then match perfectly,
but that method is more susceptible to tilt of the piece
about the X-axis. If you check the depth of cut on each
end as you cut the squarc part of the groove, you should
be all right by shimming the part in the vice to correct
for this error.

When the bevel is cut in both halves, fit the two
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picces together with a short length of half-inch drill rod
nested firmly in the “V™ created by the two beveled
sides. This will assure that both halves of the “V"” are
parallel and matched. Don’t be surpriscd if the V-trough
ends up not being exactly parallel with the edge
surfaces, It is very easy for the intersection of a flat and
an angled surface to be slightly askew, but we will
correct for that. Once you are satisfied that the pointed
ends of the beveled groove match, and the squared end
is as close a match as you can get, clamp the parts
tageﬂxer and drill, tap, and counterbore for the three
larger screw holes as shown in P-*ot; 2. Fasten the two
paris together with three 10-32 X 1/2" socket head cap
screws and then remove the par&llel clamps. Be
especially careful as you drill and tap for the 4-40 screw
on the pointed end, as there is not much clearance for
the countersink. The location of these four screws is not
critical, and if you measure over from the edges as
shown in the drawing, you will be close enough, even

though subsequent steps may throw the holes slightly
out of perfect position. Fasten the two halves together
with all four screws and malke sure the heads are below
flush and the ends of the screws are trimmed flush or
below. Now, place the assembly in the mill vise with
the V-trough pointing downwards in preparation for
making a cut on the exposced upper edge (pointed end ot
the assembly to the left] Using the halt-inch drill rod
resting in the “V,” align the fixture with the mill table
s0 that both ends of the drill rod are the same distance
above the mill table. This assures that the bottom edge
of the part (the tap edge as you now see it in the mill
vise] will become parallel with the mill table and
aligned with the V-groove. You can measure this with
a pair of inside calipers or a height gage, or by inserting
spacers to exactly fill the gap to insure that the rod is
parallel to the bed while still resting firmly in the V-
trough. You can also use a pair of slide calipers, as in
Photo 3, standing them on the mill table and measuring
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to the top of the rod. Now, rcmove the test rod and
make a skim cut on the exposed upper cdge of the part,
just enough to make the ¢ntire edge planar. Next, tum
the part over in the mill vise and take a similar skim
cut to make the other edge parallel with the first edge,
which should be resting squarely in the mill vise. You
can now use thosc two parallel cdges to clamp the part
in the mill vise and square up the blunt end and take a
skim cut on the pointed end to make the parts match
exactly all around. Add the 30° side bevcels at the
pomted end- iThe end surfaccs are not important, but
are trimmed just to make the part look professional and
to keep it from interfering as you grind the end of a
drill.) Deburr all outside edges. The 30° side bevel is not
critical, and can be done on a disk sander by eyec.

The final dimensions (width, thickness and length)

of the asscmbly arc not nearly as important as the
parallelism of the two edges and the two flat surfaces
with the orientation of the V-groove. If there are errors
here, the drills being sharpened may not be ground
symmectrically, which is our major objective.

Now, take thc assembly apart and proceed to cut
the cavity for the clamp assembly in both parts. The
objective is to make the cavity slightly over 0.500" in
total width to contain the clamping parts regardless of
the depth of the V-groove. Be especially careful about
matching the sloping side of the two halves, as that
surface is used to cam the clamp upwards as the
clamping screw pushes it toward the pointed end of the
fixture. You may have to assemble and disassemble the
fixture several times to check the match betwecen the
two surfaces before you are satisfied. Clean out the area
where the clamp gocs, using a .250" diameter or smaller
c¢nd mill to make the radius in the corners. The cavities
in the left- and right-handed parts must match. Note
here in Photos 4 and 5 that [ used bed clamps to make
sure I didn’t over-cut the cavity, as it takcs many passcs
to clean out the part to the required depth and with bed
clamps you don’t have to watch the dials. The clamp
parts are shown in Figures 9 through 12 and should be
made to the dimensions shown then fitted Larcfully S0

they slide frecly together in the cavity. £,

To avoid drilling a hole for the clamping scr f:w and
tapping it on the intcrface surface of the two hal;ﬁ::rt:s a
hole that would ccrtainly tend to wander or even break

the drill, tilt the hecadstock 45° to the left and cut a vound

hottom groove with a .187" diameter end mill, widening
it sufficiently to clearthe screw. The hex nut gives you
some steel threads for the clamping screw to work with,
prevents wear on the aluminum body parts, and also &
provides non-critical alignment for the clamping pdrtcﬂ
since the hex nut is intended to be slightly loose in its
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Figure 9 Figure 10 Figure 11 Figure 12
pocket (but fitted so it won't rotate). The clamp is made Check again to make sure the clamp is free over its

trom aluminum. Cut to shape, mill the 0.250" slor, make rangc. The pins may catch and prevent free motion.
the angle cuts, but leave the left end a bit long, as it will
be trimmed to shape later. The beveled cuts are :
casily madec by clamping the part in the mill vise
and tipping the headstock to the right at 457,
Cut the right side of the roof with the end of
the end mill, and then cut the left side with
the side of the end mill without having to
reposition the headstock. The clamping screw
in Figure 12 is made from a 1-1/2" 10-32 socket
head cap screw with the end grooved to receive a
holding pin in the slider. The length of the link may
vary depending on how your parts fit in the cavity,
Assemble the clamping screw, clamp, and slider block.
Slide the clamp to the lower left corner and the slider
block to the right. Measure the distance between the two 6

0.125" holes to determine the length of the link. Mine The last check is to insert the half-inch rod again
came out to be .835". Yours may be slightly different. using the clamp you just assembled to hold it securely in
Cut the link and make the final assembly with pins. the V-trough and lay the assembly flat on the mill table
You will need to make three pins, .125" diameter by or a granite surface plate. Measure from the surface to the
S00° long. There is no need to fix the hinge pins or the rod at both ends. You should find the rod to be exactly in
SOSCuRE pin, 3s taey are all esptured at assembly and the center as measured at both ends of the assembly. If
cannot come loose. Test the action of the link, and when not, then a very slight skim cut may be in order on the
the clamping screw is able to move the clamping bar broad surfaces of the assembly, but only if the rod is
freely across its full range, add the top picce and fasten excessively skewed. If vour measurements at cach end
the assembly together with four screws. You may have to  differ by less than .015" over a span of the rod of about 4",
round off some corners and edges and sharpen the radius then your drill’s cutting cdges will differ only by about

of the corners in the process to allow the clamp parts to 257, which is tolerable. More than that calls for a very
achieve a full range of motion as shown in Photo 6. ahght skim cut to hnng the surfaces of the fixture into
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allelism with the V-trough. To prepare for this, clamp
e assembly in the mill vise with one flat surface
upwards and clear of the vise jaws. Measure from the
mill table to the bottom of the 1/2" rod clamped in place
and shim the part as neccssary to make the distances the
same at both ends. Clamp the vise firmly (you can leave
the rod in place as long as it is clamped securely in the
V-trough) and take a minimal cut on the upper surface.
Invert the part and clamp it again, this timc resting it

in the mill vise on top of a pair of patallels, and take a
minimal cut on the upper surface. This brings both
surfaces into parallelism. Recheck the centering of the
rod to make sure you have brought the skew to less than
015", Tighten the clamp fully and trim off the extended
end of the clamp, bringing it flush with the end of the
body. Once you are satisfied, it is almost time to start
creating split point drills.

One last thing must be done. The optical device
shown in Figure 13 is important in aligning the drill in
the fixture. The dimensions depend largely on the size
of loupe you intend to use. It should be at least 10X, and
an inexpensive one can be found in most machine tool
catalogs. The spacer is intended to provide a platform to
place the assembly on for checking. The important
thing is to makc the optical axis coincide with the
center of the V-trough when it lays on the platform.
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Figure 13

To use, insert and clamp a drill in the V-trough,
tightening the clamping screw lightly. The cnd of the
drill should be close to the pointed end of the fixture,
protruding just enough to be sure you will grind the drill
and not the fixture. You don’t have to measure
anything. Orient the drill so the two cutting lips are
exactly horizontal as compared with the horizontal
lines of the reticle, as shown in Photo 7. If you err in
alignment at this point, the two cutting edges will be
incorrectly and unequally ground. Rotate the drill until
the two edges arc both horizontal and clamp them
sccurely, making sure the drill is not disturbed from its
position as you tighten the clamping screw.

Tilt the sanding table 10° downward. Set the miter
gage to 31°. [You may prefer to set the miter gage at 22.5°

to greate a 135° drill point.) Placc the fixture’s broad face
on the sanding table and against the mitcr gage riding in
the slot in the table. Using at lcast an 80-grit Aluminum
Oxide disk, gently touch the point of the drill against the
rotating sanding disk while sliding the fixture smoothly
back and forth across the sander table. For smaller drills,
a better choice would be a 120-grit disk. Inspect your
grind often with the loupe. The tlat you are creating
should not exceed the width of the margin of the drill,
but it should be slightly morc than onc half the web’s
thickness. Now, turn the fixture over. Do not remove the
drill to rotate it. Since the V-trough operates in the
horizontal aspect, you don’t have to worry about the
position of the drill changing. It is still the same height
off the sanding table and the two cutting cdges are still
horizontal. Now grind the second cutting edge. When
properly and cqually ground, the two cutting cdges will
meet in the center, creating a very short arris or chiscl
cdge. If you grind one edge more than the other, the two
edges will meet, but NOT in the center. If you are
satisficd at this point, sct the fixture aside but do not
remove the drill. Tilt the sanding tablc to 30° down as
shown in Photo 8. Place the fixture back on the tabie
against the miter gage as before, and slowly grind the
second relief surfaces, inspecting often with the 10X
loupe. You can do one side first and then the other or you
can switch sides frequently. The object is to make both
sccond surfaces also mect at the center of the drill,
forming a very pointed drill with no conventional chisel
edge. When complete, the drill should look like the one
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Photo 9 — all four
cets meeting at one
common point. It you
err, you can touch up
or start over. Note
that if you grind a lot
of metal away, the lip
edges will rotate
slightly, disturbing
the alisnment of the cutting edge with the fixture. If you
must grind a lot in order to get rid of a nick or chip, then
reposition the drill to bring the cutting lips to the
horizontal before the final touch up of the four tacets.

Although this method does not rely on the precision
that a Quorn would provide, it is simpler and, if some
care is paid to inspection and alignment, will produce
split point drills that are very efficient in drilling round
holes. Admittedly, this method of grinding drills seems
motc tedious and more demanding than just blindly
swinging a drill in some uncertain fixture that once
deceivingly promised to solve all your drill grinding
problems. Your new split point drills will cut better, will
require less pressure, and will stay sharp longer. They
also will cut round holes that often do not require a
center drill or even a center punch. Once you usc your
new split point drills, you may never go back to
cylindrically ground drills! Remember: the easiest way to
drill a triangular hole is to not clamp the picce being
drilled! Treat your drill press as if it were a vertical mill,
and put the workpiece in a vise. Beware, also, of cheap
imporied drills. They often have misshapen or erratically
Sormed flutes, resulting in curved cuiting edges.

My thanks and appreciations go to my good friend
and collcaguc, Mr. John E. Morse of Fairport, New York
for supplving some of the historical data quoted. His
inspiration and encouragement urged mc on to this
article’s completion.
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