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A metal-Working twist drill is provided With inner cutting
edges that form a point (18) having an angle, A, of 130°. An
outer, peripheral, part of each cutting edge (55, 57) forms an
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outer cutting portion (59, 61). The outer cutting portions slope
in the opposite direction to the corresponding inner cutting
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edges and form an angle B, of 3° With respect to a plane
normal to the axis of rotation of the tWist drill. The Width of
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the outer cutting portion, D as measured at the cutting edge, is
10.5% of the diameter of the tWist drill. The metal-Working
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tWiSt drill produces bores having a reduced exit burr height.
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TWIST DRILL

piece (also knoWn as ‘chip’) to be directed into the ?utes,
Which in turn move the material aWay from the cutting tip and
out of the bore.

[0001] The present invention relates to tWist drills, in par
ticular ?uted carbide tWist drills for cutting metals and com

posites.
[0002]

[0011] During use the cutting edges 5,7 simultaneously
engage the Work piece that is to be drilled. As discussed

above, as the cutting tip (i.e. point 17) ‘breaks through’ the
surface of the Work piece, high temperatures and pressures

TWist drills (also known as tWist drill bits) include a

shank at one end for attachment to a device for rotating the

are created at the cutting edge. This causes plasticisation of
the Workpiece material. This plasticisation can occur in metal

drill (eg a drill chuck) and at the opposite end, a cutting tip
having a cutting edge, for cutting into the material that is to be

less steel and alloys and combinations thereof). A similar,

bored or machined (i.e. the Work piece). In the case of metal

Working tWist drills for drilling metal Work pieces the cutting
edge typically extends substantially radially from a central
part of the cutting tip to the outer edge of the cutting tip. In
betWeen the shank and the tip there is usually a ?uted body
portion that provides stability to the tWist drill as it forms a
bore and assists in removing the excavated material from the
bore.
[0003] A vast number of tWist drill designs are knoWn and
the geometry of the cutting tip is tailored for speci?c Work
pieces. For example, tWist drills for Wood have a different
geometry to those used for metal Work pieces. It is recognised
that even small changes in geometry can signi?cantly affect

performance.

or metal-containing Work pieces (e.g. Al, Ti, Ni, steel, stain
related problem of ?bre pull-out can occur in certain compos
ites such as carbon ?bre and glass ?bre reinforced plastic

Workpieces. There is also a problem of burr, ?bre pull-out and
de-lamination in Work pieces that include tWo or more layers

of different material eg metal and composite (e.g. carbon
?bre reinforced plastic) layers in the same Work piece.
[0012] Plasticised material formed at the cutting edge does
not behave in the same Way as normal ‘chips’ and it is not

readily de?ected into the helical ?utes by the rake faces 19.
Instead, it can ?oW to the outer edge of the cutting tip at the
sides of the rotating drill, Where it cools and forms an exit
burr. A similar mechanism can also cause burr caps.

Examples of exit burr and burr caps produced by knoWn
metal-Working tWist drills are shoWn in FIG. 3A.
[0013] The presence of exit burr and/or burr caps on the

Within the speci?c sub-class of tWist drills for

Work piece is highly undesirable because it requires further

metal-Working, it is knoWn that When a bore is created by a
tWist drill, some of the material removed from the Work piece

machining, or de-burring, to remove the excess material. This
can add an entire step to a manufacturing process, With the

(i.e. the material being drilled) to form the bore is plasticised
due to the localised high temperatures and pressures experi
enced at the cutting edge. The plasticised material ?oWs to the
outer edges of the bore and is effectively ‘extruded’ past the

resultant increase in production complexity and costs. This is

[0004]

edges of the drill to form an exit burr around the circumfer
ence of the exit opening of the bore. In addition, a ‘burr cap’
of material is often formed as the cutting tip of the drill

‘breaks through’ the Work piece.
[0005]

An example of a conventional carbide metal-Work

a particular problem With hard metal and metal-containing
Work pieces.
[0014] Several attempts have been made to address this
problem, but they have failed to signi?cantly reduce exit burr
to an acceptable level, and/or have had at least some detri

mental affect on the performance of the tool. For example, it
has been suggested that a chamfer should be applied to the
outer circumferential edge of the cutting tip or that the point

ing tWist drill for drilling metal Work pieces is shoWn in FIGS.

angle of the cutting tip should be increased (to make a ‘?atter’

1A and 1B. The cutting tip 1 of the tWist drill has in a central
portion a chisel edge 3 formed betWeen Web thinnings 4.

point). In both cases, exit burr is still a problem.

Cutting edges 5,7 extend from an inner part of the cutting tip
Where they are joined to respective ends of the chisel edge 3,
to the outermost edge of the cutting tip. First and second

ing a cutting edge that has an outer part that is turned inWard
toWards the centre of the cutting tip to form an acute angle

[0015]

A further attempt at reducing burr involves provid

relative to the outer periphery of the drill as seen from the

facets 9,11 (also knoWn as ?rst and second or primary and

axial direction of the drill (U.S. Pat. No. 5,078,554). This

secondary clearances) extend behind the cutting edges to
provide clearance for the cutting edge. The chisel edge 3 is
formed during grinding of the facets.
[0006] The cutting edges 5,7 and ?rst and second facets

acute angle feature is said to cause machined material to be
directed to the centre of the machined bore. Thus, this

(clearances) 9,11 form a ‘point’ 17 having an angle of about
130°. When the drill is rotated, the chisel edge 3 extrudes the
metal Work piece and cutting edges 5,7 cut into the material of
the Work piece.
[0007] The tWist drill also has a cylindrical land or margin
13 on the outermost side of the tWist drill to support the drill
in use.

[0008] The ‘point’ 17 and the cylindrical land 13 are char
acteristic of metal-Working tWist drills and these features are
not normally found on other types of tWist drill.

approach does not directly address the problem of plasticisa
tion of machined material, rather it seeks to redirect the plas
ticised material. The ‘acute angle’ feature is more prone to

damage.
[0016] The present invention seeks to address the problem
of formation of exit burr and burr caps Whilst maintaining drill

performance.
[0017] At it’s most general, the present invention proposes
that a cutting edge of a metal-Working tWist drill (eg for
drilling steel) should have an outer cutting portion that is
inclined in the opposite direction to the ‘point’ formed by
inner portions of the cutting edge, so that the plasticisation of
the substrate is reduced and the ?oW of plasticised material is

[0009] Holes 15 extend through the tWist drill and alloW
cutting ?uid to be delivered to the cutting edges 5,7 during

disrupted.

use. These holes or conduits are characteristic of some metal

tWist drill having

[0018]

In a ?rst aspect, the present invention provides a

Working tWist drills.

[0019]

[0010] The tWist drill is ?uted and rake face 19 causes
machined material that has been cut aWay from the Work

[0020] an axis of rotation about Which the tWist drill
rotates during use, and

a shank,

Apr. 2, 2009

US 2009/0087275 A1

[0021] a cutting tip, the cutting tip having a cutting edge,
Wherein an inner cutting portion of the cutting edge

pieces such as steel. Preferably, the outer cutting portion
extends to the outermost edge (periphery) of the cylindrical

forms a point, the point angle being in the range 1 10° to
160°, characterised in that a radially outer part of the

land.
[0034] The tWist drill can include double cylindrical
lands4one on the leading edge of the ?utes and one on the

cutting edge includes
[0022]

an outer cutting portion that is inclined in the

opposite axial direction to the inner cutting portion.
[0023] In this arrangement, the outer cutting portion can be
thought of as having a ‘negative’ angle in the axial direction
because the slope is opposite to that of the rest of the cutting

edge (i.e. the point formed by the inner cutting portion),

trailing edge of the ?utes. This improves stability and support.
[0035] Furthermore, it is preferred that the combined
length of the inner and outer cutting portions is at least as long
as the diameter of the body of the tWist drill.
[0036] Embodiments of the present invention are believed
to reduce the pressure on the Work piece material as the tWist

Which by convention is normally regarded as having a posi

drill breaks through the surface of the Work piece. Embodi

tive angle.

ments may also bring about a loWer temperature at the cutting
edge, compared to conventional tWist drills. Test results indi

[0024] Suitably, the shank includes a rearWard attachment
end for engagement With means for rotating the tWist drill,
and it folloWs that the cutting tip is located at the forWard end
of the drill.
[0025] Suitably, a radially outer part of the outer cutting
portion is axially spaced in a forWard direction With respect to
a radially inner part of the outer cutting portion.
[0026] The terms ‘point’ and ‘point angle’ are familiar to
the person skilled in the art, as is the fact that point angles are

sure, but also assists in breaking up or interfering With the
plasticisation and ?oW of the Work piece material as the tWist

regarded as positive, by convention. For example the point

drill breaks through the Work piece surface.

angle of an embodiment of the present invention is shoWn as
feature A in FIG. 2B. For the avoidance of doubt the point

[0037] In any case, embodiments of the present invention
produce bores having a reduced exit burr height as discussed
more fully later. Furthermore, even if embodiments of the
present invention produce an exit burr cap, it is removed more

angle is the included angle betWeen the primary and second
ary cutting edges projected upon a plane parallel to the drill
axis and parallel to the tWo cutting edges.
[0027] The term ‘body’ is familiar to the person skilled in
the art. For the avoidance of doubt, the body is the portion of
the drill extending from the extreme cutting end to the com
mencement of the shank.
[0028] The terms ‘forWard’ and ‘rearWard’ as used herein
are intended only to assist in the understanding of the struc
tural features of the tWist drill. They are not intended to be a

cate that these bene?cial effects are caused by the outer cut

ting portion. In particular, it is thought that the ‘negative’
angle (‘dishing’ angle) of the outer cutting portion is respon
sible for these improvements. It is also believed that the
‘valley’ or ‘trough’ not only loWers the pressure at the cutting
tip and/or results in a more favourable distribution of pres

easily compared to burr caps produced by knoWn metal
Working tWist drills because the thickness of the material
connecting the burr cap to the Wall of the bore is much
reduced.

[0038]

The outer cutting portion is preferably inclined at an

angle of from 1° to 15° With respect to a plane normal to the
axis of rotation of the tool, more preferably 2° to 10°, even
more preferably 2° to <10°, even more preferably 2° to 8°,

reference or limitation to the drill in use.

even more preferably 2° to 6°, even more preferably 2° to 5°

[0029]

and most preferably 2° to 4°. This angle is shoWn as feature B
in FIG. 2B.

Preferably the cutting tip includes 2 or more cutting

edges (eg 2, 3, 4, 5, or 6 cutting edges). Most preferably there
are only 2 cutting edges, i.e. primary and secondary cutting

edges.

[0039] As mentioned above, the inclined outer cutting por
tion can, by convention, be regarded as having a negative

[0030] Suitably, each cutting edge includes an inner cutting
portion that forms the point. Preferably each cutting edge

angle (dishing angle). In Which case, the preferred angles of
the burr-reducing edge given above are negative angles.

includes an outer cutting portion.

[0040] Suitably the tWist drill includes a chisel edge. In
Which case, preferably the inner ends of the cutting edges are

[0031]

Suitably, a shalloW V-shaped ‘valley’ or ‘trough’ is

formed betWeen the inner cutting portion and the outer cut

joined to respective ends of the chisel edge.

ting portion. This valley or trough formed because of the
opposite slopes of the inner cutting portion and the outer

[0041] Suitably the cutting tip includes Web thinnings.

cutting portion (i.e. as a result of the ‘dishing’ of the outer
cutting portion), may help direct Waste material from the bore
aWay from the edges of the tool and into the ?utes of the drill.
It is also believed that the outer cutting portion breaks up or
interferes With the plasticisation and ?oW of the Work piece
material as the drill breaks through the Work piece surface.

can be in the range 110° to 155°, more preferably 115° to
150°, more preferably 115° to 145°, even more preferably
1 18° to 140° and most preferably about 130° to 140°. Indeed,
a loWer limit for the point angle can be selected from 110°

[0032] It is preferred that the cutting edge is continuous, i.e.
that the outer cutting portion is part of the cutting edge that

[0042]

The point angle, indicated as feature A in FIG. 2A,

115°, 120°, 125°, 128° and 130° (i.e. there is a point angle of
at least the selected value). An upper limit for the point angle
can be selected (independently from a loWer limit) from 140°,
145°, 150°, 155 and 160° (i.e. there is an angle of no more

extends continuously (unbroken) from an inner to an outer

than the selected value).

part of the cutting tip. Suitably, the inner cutting portion and

[0043] These upper and loWer limits can be applied indi
vidually or in any combination to de?ne a range. Particularly
preferred ranges include 128° to 160°, 128° to 155°, 128° to
150°, 128° to 145° and 128° to 140°. Other preferred ranges
are 130° to 160°, 130° to 155°, 130° to 150° and 130° to 145°.

the outer cutting portion are joined.
[0033] The radially outermost part of the outer cutting por
tion is preferably located on the outer peripheral edge of the
cutting tip. Suitably the tWist drill includes a cylindrical land
(also knoWn as the margin), for providing stability and sup
port When drilling into the Work piece, in particular hard Work

[0044]

It is preferred that the Width of the outer cutting

portion is in the range of 5% to 50% of the diameter of the
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twist drill, more preferably in the range 5% to 40%, even more
preferably 5% to 30%, even more preferably 5% to 20% and
most preferably 10% to 20%.

[0045] More generally, the Width of the outer cutting por
tion is preferably at least a value selected from 5%, 7.5%,
10%, 12.5%, 15% and 17.5% ofthe diameter ofthe tWist drill.
Preferably the Width of the outer cutting portion is no more
than a value selected from 12.5%, 15%, 17.5%, 20%, 22.5%,
25%, 27.5% and 30% of the diameter of the tWist drill. These
values can be applied individually or in any combination to
de?ne a range. Particularly preferred ranges include 5% to
17.5%, 5% to 15%, 5% to 12.5% and 5% to 10%. Also

[0051] In preferred embodiments, the cutting tip includes at
least one ?ank face (also knoW as a facet or clearance) that

extends behind the (preferably each) cutting edge in the oppo
site direction to the cutting direction, to provide clearance.
Preferably the ?ank face forms a clearance angle of about 5°

to 20°, preferably about 6° to 10°. Preferably the cutting tip
includes tWo, also preferably three, facets/ ?ank faces associ
ated With the or each cutting edge. Suitably a second ?ank
face extends behind the ?rst ?ank face. Preferably the angle of
the second ?ank face is about 10° to 30°, preferably about 17°
to 25°.

[0052]

Preferably the cutting tip has a ?rst ?ank face that

extends immediately behind the (preferably each) cutting

preferred are 7.5% to 15%, 7.5% to 12.5% and 7.5% to 10%.

edge to form a clearance angle of about 5° to 20°, preferably

[0046] For the avoidance of doubt, the Width of the outer
cutting portion is measured from the point at Which the inner

about 6° to 10°, and a second ?ank face that extends behind
the ?rst ?ank face to form a clearance angle of about 10° to

and outer cutting portions meet (i.e. the “valley” referred to
above) to the outer tip of the outer cutting portion. This is

30°, preferably about 17° to 25°.

indicated as feature D in FIG. 2A.

faces extending behind the outer cutting portion, in the oppo
site direction to the cutting direction. Suitably the clearance

[0047]

The Width of the point (feature C in FIG. 2A) is

preferably in the range 50% to 90% of the diameter of the
drill. Preferably the Width is at least a value selected from

50%, 55%, 60%, 65%, 70%, 75%, 80% and 85% of the
diameter of the drill. Preferably the Width is no more than a

value selected from 75%, 80%, 85%, 90% and 95% of the
diameter of the drill. These values can be applied individually
or in any combination to de?ne a range. Particularly preferred
ranges include 70% to 95%, 70% to 90%, 70% to 85%, 70%
to 80%. Also preferred are 75% to 95%, 75% to 90%, 75% to
85%. Also preferred are 80% to 95% and 80% to 90%.
[0048] The drill diameter is the diameter over the margins
of a drill measured at the cutting tip.

[0049] The cutting edge, including the outer cutting por
tion, may have a straight pro?le in the radial direction, i.e.
When vieWed along the axis of rotation of the tWist drill
(looking end-on at the cutting tip). In other Words, the cutting
edge extends linearly from the inner part of the cutting tip to
the outer part-(for example as is knoWn from the cutting tip of
FIG. 1A). HoWever, the cutting edge pro?le can also be non
linear or curved. In certain preferred embodiments the cutting

edge pro?le, in particular the pro?le of the inner cutting
portion, is curved. It can be curved (or boWed) so that it is
convex or concave. Preferably it is convex. Examples of con

vex cutting edges are given in GB2184046A, Which is incor

[0053]

Preferably the tWist drill includes one or more ?ank

angle of such a ?ank face or faces is/are the same as those

described above With respect to the ?rst and second ?ank
faces respectively. Typically, each of the inner and outer cut
ting portions have at least one ?ank face associated thereWith.
Preferably the ?ank face or faces associated With the outer
cutting portion are tapered so that they get narroWer at greater

distances behind the outer cutting portion. Preferably the
taper extends behind the outer cutting portion for a distance
equivalent to about 5% to 40% of the circumference of the
tWist drill, more preferably about 5% to 20%. In certain
embodiments this corresponds to ?ank face or faces length of
about 1 mm to 10 mm, preferably about 1 mm to 5 mm.

[0054] Alternatively, the ?ank faces associated With the
outer cutting portion can be untapered so that the edges of the
?ank face remain parallel.
[0055] Preferably the Width of the ?ank face associated
With the outer cutting portion, as measured at the outer cutting
portion, is the same as the Width of the outer cutting portion.
In other Words, the Widest part of the ?ank face is preferably
the same as the Width of the outer cutting portion With Which
it is associated.
[0056] Preferably the tWist drill has tWo or three helical
?utes.
[0057] Preferably the tWist drill has a diameter in the range

porated herein by reference, in particular the example shoWn

1 mmto 50mm, preferably 1 to 20 mm, more preferably 1 mm

in FIGS. 3 and 4 and described at page 1, lines 45 to 106 of
GB2184046A.

to 15 mm, and most preferably 2 mm to 15 mm.

[0050]

invention provides a tWist drill having
[0059] a rearWard attachment end for engagement With
means for rotating the tWist drill,

In preferred embodiments the outer cutting portion

shares the same pro?le in the radial direction (as vieWed along
the axis of rotation, i.e. end-on) as the rest of the cutting edge

(eg the inner cutting portion). HoWever, in alternative pre
ferred arrangements the outer cutting portion has a pro?le in
the radial direction that is different from the pro?le of the rest

of the cutting edge. For example, in preferred embodiments
the outer cutting portion forms an angle, in the radial direc

tion, With the rest of the cutting edge (eg the inner cutting
portion), When the cutting tip is vieWed axially (end-on). For
example, the outer cutting portion is inclined in the radial
direction With respect to the inner cutting portion. The outer
cutting portion may form an angle of less than 1800 With the
rest of the cutting edge, eg an angle in the range<180° to
140°. Preferred angles are in the range<180° to >160°. In this
Way the outer cutting portion may extend in front of the rest of
the cutting edge, in the cutting direction of the tWist drill.

[0058]

In a particularly preferred embodiment, the present

[0060] an axis of rotation about Which the tWist drill
rotates during use,

[0061]
[0062]

a forWard cutting tip, and
a cylindrical land to provide body clearance,

the cutting tip including
[0063] primary and secondary cutting edges, respective
inner edges of Which form a point, the point angle being
in the range 1 15° to 155°, Wherein a radially outer part of

each of the primary and secondary cutting edges
includes an outer cutting portion that is inclined in the

opposite axially direction to the respective inner cutting
portion, Wherein the angle formed by the outer cutting
portions With respect to a plane normal to the axis of
rotation of the tWist drill is in the range>2° to <10°, and
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the Width of the outer cutting portions as measured at the
cutting edge is in the range 5% to 30% of the diameter of
the tWist drill.

[0064]

Preferably the Width of the outer cutting portions is

in the range 5% to 15% of the diameter of the tWist drill.
[0065] In some embodiments the tWist drill includes one or
more channels or conduits for delivering coolant or lubricant

to the cutting tip. Suitably these channels or conduits extend
from the rearWard end of the tWist drill to the forWard cutting

tip.
[0066]

In embodiments, the outer comer of the outer cut

ting portion is chamfered. This extends drill life. A chamfer
radius of 0.2 to 0.8 mm, preferably 0.2 to 0.5 mm, is appro
priate, depending on drill radius. The chamfer can be pro
vided by an aside of about 45°.

[0067] Preferably the metal-Working tWist drill is made of
carbide. A preferred carbide is tungsten carbide. Alternative

[0083]

Preferably the point angle is in the range 130° to

160°.

[0084] The optional and preferred features of the ?rst
aspect may also apply to this aspect.
[0085] In a further aspect, the present invention provides a
method of manufacturing a tWist drill for drilling metal sub
strates, including the steps of
[0086] (i) ?uting a drill blank to produce a helical ?ute;
[0087] (ii) forming a cutting edge at the end of the ?ute,
Wherein an inner cutting portion of the cutting edge
forms a point having a point angle in the range 110° to
160°; and
[0088] (iii) forming an outer cutting portion on a radially
outer part of the cutting edge, Wherein the outer cutting
portion is inclined in the opposite axial direction to inner

cutting portion.

HSCo and HSCoXP, silicon nitride and PCD (polycrystalline
diamond), or combinations thereof (for example PCD

[0089] Preferably step (i) includes forming 2 or 3 helical
?utes. Preferably step (ii) includes forming a facet at the end
of each ?ute, preferably to produce 2 or 3 cutting edges.
[0090] Alternatively, step (ii) includes applying a conical

mounted on a metal drill).

grind to the cutting tip to produce the cutting edge.

[0068]

[0091] Preferably the step of forming a facet at the end of
each ?ute includes the steps of forming a primary facet behind

materials of construction include high speed steel (HSS),

Preferably the tWist drill is coated, partially or fully,

With a surface coating such as titanium aluminium nitride

(TiAlN). Preferably the coating is a Wear resistant coating,
suitably having a loWer coef?cient of friction than the

uncoated tool. Other coatings include TiN, TiCN, AlTiN,
DLC (diamond-like carbon), diamond and AlCrN.
[0069]

In a further aspect, the present invention provides a

tWist drill having
[0070]

a shank,

[0071] an axis of rotation about Which the tWist drill
rotates during use,

[0072] a cutting tip, the cutting tip having a cutting edge,
Wherein an inner cutting portion of the cutting edge
forms a point, the point angle being in the range 1 10° to
160°, Wherein a radially outer part of the cutting edge
includes an outer cutting portion that is inclined in the
opposite axial direction to the inner cutting portion,
[0073] a cylindrical land Wherein the outer cutting por
tion extends to the outermost edge of the cylindrical

land,
and

[0092]

Preferably, the step of forming each facet includes

grinding.
[0093]

Preferably the step of forming the outer cutting por

tion includes forming a facet at a radially outer portion of the

cutting edge. Alternatively, the outer cutting portion can be
formed using a conical grind.

[0094] The optional and preferred features of the previous
aspects also apply to this aspect.
[0095] In a further aspect, the present invention provides a
method of modifying a tWist drill having a cutting tip With a
point having a point angle in the range 1 10° to 160°, Wherein
the method includes the step of forming an outer cutting
portion on an outer part of the cutting edge, Wherein the outer
cutting portion is inclined in the opposite axial direction to an

inner cutting portion of the cutting edge.
Preferably the step of forming an outer cutting por

tion includes reforming (preferably regrinding) the cutting
edge of the tWist drill. Suitably, this involves regrinding the

primary and secondary facets.

[0075] a secondary ?ank face extending behind the pri
mary ?ank face in the opposite direction to the cutting
direction.

[0076] The optional and preferred features of the ?rst
aspect may also apply to this aspect.
In a further aspect, the present invention provides a

tWist drill having
[0078]

facet.

[0096]

[0074] a primary ?ank face extending behind the cutting
edge in the opposite direction to the cutting direction,

[0077]

each cutting edge and, behind each primary facet, a secondary

a shank,

[0079] an axis of rotation about Which the tWist drill
rotates during use,

[0097] Preferably the tWist drill to be modi?ed has primary
and secondary cutting edges and a point angle in the range
1 15° to 155°.

[0098] The optional and preferred features of the previous
aspects also apply to this aspect.
[0099]

In a further aspect the present invention provides a

method of drilling a laminate material Wherein a tWist drill
according to any one of the previous aspects is used to drill the
laminate material.

[0080] a cutting tip, the cutting tip having a cutting edge,
Wherein and inner cutting portion of the cutting edge

[0100] Thus, the present invention includes the use of tWist
drills according to any one of the previous aspects in a method
of drilling a laminate material.

forms a point, the point angle being in the range 128° to
160°, Wherein a radially outer part of the cutting edge

[0101] The tWist drill of the present invention is particularly
suitable for drilling into laminate (i.e. multilayered) materials

includes
[0081] an outer cutting portion that is inclined in the
opposite axial direction to the inner cutting portion, and
[0082] a cylindrical land Wherein the outer cutting por
tion extends to the outermost edge of the cylindrical
land.

because it reduced the problem of delamination.
[0102] Delamination or the pulling apart of layers, of a
laminate material is a problem When conventional tWist drills
are used. In particular, the problem is signi?cant for the aero
space industry that utilises “stack” material comprising car
bon ?bre-aluminium laminates (i.e. a layer of carbon ?bre
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material and a layer of aluminium, sometimes known as

[0115]

CFRP/Alicarbon ?bre reinforced plastics/AL). Further
more, the carbon ?bre layer frays and splinters on the entry

present invention in Which the metal-Working tWist drill is
made from carbide. Other materials are also possible, for

side of the drill hole. Substantial exit burr is formed on the
aluminium exit side.

example HSS, etc.
[0116] The cutting tip 51 of the tWist drill has many features

[0103]

tion not only reduce the problem of delamination, but they
also reduce the problem of fraying and splintering of ?brous

in common With the conventional tWist drill shoWn in FIGS.
1A and 1B and the same reference numerals have been used
to identify common features.

or ?bre-containing material such as carbon ?bre composites.
Thus, in the method of the present invention the laminate

[0117] This embodiment differs from the conventional
tWist drill of FIG. 1 in that the cutting edges include inner

material preferably comprises a ?bre-containing layer, eg a
carbon ?bre-containing layer. Preferably the laminate mate

cutting edges 55,57 and, radially outWards of these inner
portions, outer cutting portions 59, 61.

rial includes a metal-containing layer, eg an aluminium

[0118] The inner cutting edges form a point 18 that has a
‘positive’ angle, A, in this case 130°. Other point angles can
also be used, preferably in the range 115° to 155°.
[0119] On an outer, peripheral, part of each cutting edge
55,57 is a outer cutting portion 59,61. The outer cutting por

Embodiments of the tWist drills of the present inven

containing layer. Suitably the laminate material comprises a
?bre-containing layer and a metal containing layer (prefer
ably a carbon ?bre-containing layer and an aluminium-con

taining layer). It is particularly preferred that the laminate
material is a CFRP/Al material4carbon ?bre reinforced

FIGS. 2A and 2B shoW an embodiment of the

plastics/AL.

tions are inclined at an angle, B, of 3° With respect to a plane
normal to the axis of rotation. Because the slope of the outer

[0104] Suitably, drilling starts on the carbon ?bre-contain
ing layer (i.e. the entrance hole is on the carbon ?bre-con

angle of the outer cutting portion can be regarded as a nega

taining layer). Suitably the aluminium-containing layer is the
last layer to be drilled (i.e. the exit hole is on the aluminium

containing layer).

cutting portion has an opposite slope to the point angle, the
tive angle, i.e. —3°. Other angles are also possible, preferably
greater than 2° (—2°) and more preferably in the range>2° to
1 5°.

[0105] The tWist drills of the present invention are also
particularly suitable for use With laminates comprising more
than tWo layers, e.g. three, four, ?ve or six layers.
[0106] In a further aspect, the present invention provides a
method of drilling a ?bre-containing material Wherein a tWist
drill according to any one of the previous aspects is used to

[0121] A third facet 69 extends behind each outer cutting
portion, to provide clearance.

drill the ?bre-containing material. As noted above, the tWist
drills of the present invention can reduce the problem of

[0122] The Width of the point, C, is 75% of the diameter of
the tWist drill. Other point Widths are possible, preferably in

fraying and splintering of ?bre-containing materials.

the range 50% to 90%.

[0107] The optional and preferred features of any one
aspect can also apply to any of the other aspects. Furthermore,

[0123] The pro?le of the inner cutting edge as vieWed axi
ally (end-on or plan vieW of the tWist drill) is straight, just like

[0120] The Width of the outer cutting portion, D, as mea
sured at the cutting edge, is 10.5% of the diameter of the tWist
drill. Other Widths are possible, preferably in the range 10%
to 30%.

any one aspect may be combined With one or more of the other

the conventional tWist drill of FIG. 1. HoWever, in other

aspects.

preferred embodiments, the inner cutting edge has a boWed
(suitably, convex) pro?le in the radial direction. In the
embodiment shoWn in FIG. 2A, the pro?le of the outer cutting
portion is curved such that the outer peripheral edge of the
outer cutting portion lies in front of the rest of the cutting
edge, i.e. in the direction of cutting. In other Words, the curved
outer cutting portion leads the cutting edge. Other pro?les are
possible, for example a straight cutting edge, or a curved inner

BRIEF DESCRIPTION OF THE FIGURES

[0108]

Embodiments of the invention, tests and experi

ments illustrating the principles of the invention Will noW be
described With reference to the accompanying draWings in
Which:
[0109] FIGS. 1A and 1B shoW a tWist drill ofthe prior art;
[0110] FIGS. 2A and 2B shoW a tWist drill, being an

cutting edge and straight outer cutting portion.
[0124]

The cutting edge of this embodiment has been

embodiment of the present invention;

honed With a diamond grinding tool. Other knoWn cutting

[0111] FIGS. 3A and 3B shoW the results of an exit burr test
for a tWist drill of the prior art (FIG. 3A) and a tWist drill of the

edge ?nishing and honing techniques can also be used.

present invention (FIG. 3B);
[0112]

FIGS. 4A and 4B shoW the results of a test on CFRP/

[0125] In this embodiment, the tWist drill has a diameter of
6.0 mm. Other diameters are possible, preferably in the range
1 mm to 50 mm more preferably 1 to 20 mm.

Al laminate material using a tWist drill of the prior art; and

[0126]

[0113]

drill shoWn in FIGS. 2A and 2B are set out in the table beloW.

FIGS. 5A and 5B shoW the results of a test on CFRP/

Measurements of key structural features of the tWist

Al laminate material using a tWist drill of the present inven
tion.
DETAILED DESCRIPTION OF EMBODIMENTS
OF THE INVENTION AND SUPPORTING
EXPERIMENTS

Drill O — 6.0 mm

Item
A

[0114] FIG. 1 shoWs the cutting end of a conventional tWist
drill, for example a CDX tWist drill as manufactured by Dor
mer Tools (Shef?eld) Ltd. This drill has already been dis
cussed.

B

C
D

Nom.
13 0
—3 °

4.50
0.63

Tolerance
:2 °
:1 °

10.05
10.10
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Method of Making Twist Drill
[0127]

The following method illustrates how an embodi

[0142]

The Cutting Condition Requirements in AMG 1.2

(similar to EN 3B) are as follows:

ment of the present invention can be made.

Spindle Speedi3500 rpm

[0128]

[0143]

A drill blank was subjected to the following machin

ing and grinding steps:
[0129]

Formation of double helical ?utes

[0130] Grinding of body clearance (i.e. forming margin

13)

Penetration Ratei875 mm/min

Drilling Depthi39 mm
[0144] The twist drill cut for about 25.5 minutes, which
equates to 654 holes at the above drilling depth.

[0131] Grinding of Secondary Clearance (11)
[0132] Grinding of Primary Clearance (9)

Drill Depth and Wear Studies

[0133]

[0145] Tests with the twist drill of the present invention
show it is capable of achieving drill times in excess of 38

Grinding of Third Facet (69) on Primary Clear

ance (9)

[0134] Grinding of Thinning (4)
[0135] Honing of Cutting Edges (55, 57, 59 and 61)
Method of Modifying Conventional Twist Drill
[0136] A conventional CDX drill, available from Dormer
Tools (Shef?eld) Ltd, was regrinded to form an outer cutting
portion as shown in FIGS. 2A and 2B.
[0137] The procedure was as set out above for making the
twist drill, except that there was no need to form the ?utes or

body clearance. The regrind therefore comprised regrinding
the primary and secondary facets, followed by grinding of the
third facet, to form the outer cutting portion

minutes, using the following operational parameters.
[0146] The applicant normally recommends that a drill be
capable of a drilling time of 30 minutes, so this requirement is
met comfortably by the new twist drill.
[0147]

Tests to establish the wear characteristics of twist

drills of the present invention indicate that the cutting e?i
ciency and failure rate of the twist drill is comparable to the
performance of standard metal-working twist drills of the sort
shown in FIG. 1.

Study 1
[0148]

Tests were carried out with a twist drill similar to

that shown in FIGS. 2A and 2B, using the following machine
set up and parameters, in AMG 1.2 (similar to EN 3B):

[0149] Vertical Machining Centre
Burr Height Studies
[0138] Twist drills of the present invention have proven
successful in the reduction of exit burr height. FIG. 3A shows
the exit burr created when a conventional metal-working twist
drill (in this case, a CDX drill available from Dormer Tools
(Shef?eld) Ltd) was used to drill holes in a steel work piece
(EN 3B). In addition, the drill produced a burr cap that was
dif?cult to dislodge.
[0139] Using the same drilling conditions and same work

piece (EN 3B), a twist drill according to the present invention
(i.e. very similar to the one shown in FIGS. 2A and 2B)

produced holes having a much smaller burr height. In addi
tion, fewer burr caps were produced and those that were still

attached to the work piece were easily dislodged because they
were connected to the substrate by only a thin piece of burr
material.
[0140] Twist drills of the present invention can be used to
cut a bore in a variety of metals and composites and in all
cases it has been shown to reduce the exit burr height. How
ever, the most bene?cial results are exhibited with work

pieces made of carbon steels, Ti, stainless steel, aluminium,
copper, brass and composite materials such as carbon ?bre
and glass reinforced plastics. Embodiments have also led to a

reduction in ‘de-lamination’ whilst drilling composite mate

[0150]

20 bar Through Tool Coolant

Speed rpm

3500

Feed mm/min
Depth mm

875
40

[0151] In this test, drill diameters of 10.1 mm and 8.2 mm
were used for through holes.

[0152] After completing 516 holes (258 holes perbillet) the
cutting edge was still cutting e?iciently. The exit burr height
was consistently low and testing continued until drill failure.
[0153] Test results showed a large reduction in exit burr

height control, whilst cutting performance was maintained.

Study 2
[0154]

Multiple tests were carried out using twist drills

similar to the one shown in FIGS. 2A and 2B.
[0155] The machine set up was as follows:

[0156] Vertical Machining Centre
[0157] 20 bar Through Tool Coolant
[0158]

7-8% Coolant Concentration

[0159] The drill diameters were 8.2 mm and the optimal
drilling parameters were found to be as follows:

rials (i.e. work pieces comprising layers of different mate

rial).
[0141]

In AMG 1.2 (similar to EN 3B) the exit burr height

was shown to reduce by up to 80-90%. FIG. 3A shows the
results of a test with a standard drill of the sort shown in FIG.

1. The standard drill produced an exit burr height of 0.8-1 .0
mm. In contrast, the twist drill of the present invention, of the
sort shown in FIG. 2, consistently produced an exit burr
height of between 0.1-0.2 mm.

Speed rpm

5240

Feed mm/min

1048

(mm/rev)
Depth mm

[0160]

(0.2)
37.40

In each case, the 8.2 mm drills performed well with

an average drill life of 38.85 meters of cut. The target was to
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achieve a consistent performance of at least 30 meters, and
this Was comfortably exceeded.

[0161] The drill produced acceptable sWarf, With short
chipping, in particular short start and exit chip. The produc
tivity Was good and comparable to the performance of knoWn
metal-Working tWist drills.
[0162] The main performance criterion Was With regards to
the minimised burr height and the tWist drill geometry of the
present invention achieved this With a consistent minimised
entry and exit burr height of a maximum of about 0.1 mm. In
some cases, there Was an ‘exit cap’ produced, but this Was

easily removed Without damage to the Work piece.
[0163] As noted above, the continuing groWth of carbon
?bre and carbon ?bre aluminium stack material in the latest

aircraft designs (e.g. A380/B787/A400M/JSF) bring With it
an increased need to drill this neW laminate material Whilst

maintaining strict tool performance criteria in terms of hole
siZe, surface ?nish and exit burr. These laminate materials
bring With them the added dif?culty of machining carbon
?bre such as delamination, fraying, hole erosion, splintering
and excessive tool Wear.

[01 64]

The combination of carbon-?bre and aluminium in a

laminate provides a challenge because the machining charac
teristics are very different for each material. Nevertheless, the
use of embodiments of the tWist drills of the present invention

results in reduced delamination, fraying, hole erosion and
splintering, as illustrated in the test beloW. Furthermore,
increased tool life has been achieved, compared to knoWn
tWist drills.
CFRP/Al Test Results

(A) Prior Art TWist Drill

[0165] Current drill designs used by the aerospace industry
do not produce the required hole speci?cations When drilling
carbon ?bre aluminium stack material (CFRP/Al). FIGS. 4A
and 4B shoW an example of the results produced by the
current drill geometries.
[0166] FIGS. 4A and 4B highlight the common problems
When drilling CFRP/Al stack material With conventional
tWist drillsziFlG. 4A shoWs fraying and splintering of the

[0176]

This is an improvement in tool life of 10 times the

current standard.

[0177] It is to be understood that variants of the above
described examples of the invention in its various aspects,
such as Would be readily apparent to the skilled person, may
be made Without departing from the scope of the invention in
any of its aspects.

1.-69. (canceled)
70. A tWist drill having
a shank,
an axis of rotation about Which the tWist drill rotates during
use, and

a cutting tip, the cutting tip having a cutting edge, Wherein
an inner cutting portion of the cutting edge forms a point,
the point angle being in the range 1100 to 160°, charac
teriZed in that a radially outer part of the cutting edge
includes
an outer cutting portion that is inclined in the opposite axial
direction to the inner cutting portion.
71. A tWist drill according to claim 70, Wherein the point
angle is in the range 125° to 160°.
72. A tWist drill according to claim 71, Wherein the point
angle is in the range 128° to 160°.
73. A tWist drill according to claim 72 Wherein the point
angle is in the range 130° to 160°.
74. A tWist drill according to claim 70, Wherein the outer
cutting portion is inclined at an angle of from 2° to <10° With
respect to a plane normal to the axis of rotation.
75. A tWist drill according to claim 74, Wherein the outer
cutting portion is inclined at an angle of from 20 to 80 With
respect to a plane normal to the axis of rotation.
76.A tWist drill according to claim 70, Wherein the Width of
the outer cutting portion is in the range of 5% to 30% of the
diameter of the tWist drill.
77. A tWist drill according to claim 76, Wherein the Width of
the outer cutting portion is in the range of 5% to 15% of the
diameter of the tWist drill.
78. A tWist drill according to claim 70, Wherein the tWist
drill includes a cylindrical land.
79. A tWist drill according to claim 78, Wherein the outer

cutting portion extends to the outermost edge of the cylindri

CFRP material; and FIG. 4B shoWs large ‘croWning’ burrs,

cal land.

Which are not an acceptable result When drilling.
[0167] The above tests Were run at the folloWing condi
tions:

80. A tWist drill according to claim 70, Wherein the radially
outermost part of the outer cutting portion is located on the

[0168] Dry Drilling
[0169] Speedi3130 rpm
[0170] Feedi239 mm/min
[0171] Depthi24.0 mm (A1 12.0 mm/CFRP 12.0 mm)
[0172] A 118° conical ground point drill Was used (there
Was no inclined outer cutting portion).

[0173]

The tool life achieved With the conventional tWist

drills Was betWeen 10-15 holes prior to tool failure.

(B) TWist Drill of the Present Invention

[0174] FIGS. 5A and 5B highlight the performance bene?ts
of the neW point geometryziFlG. 5A shoWs minimal splin
tering and no fraying of the carbon ?bre composite; and FIG.
5B shoWs no exit burr produced When exiting the aluminium.
[0175] The above results Were produced using the same
cutting conditions as mentioned above but using a drill simi
lar to the one shoWn in FIGS. 2A and 2B. As Well as the

highlighted drilling bene?ts the tool life Was also increased
from 10 holes to 100 holes.

outer peripheral edge of the cutting tip.
81. A tWist drill according to claim 70, Wherein the outer

portion and the point meet each other.
82. A tWist drill according to claim 70, Wherein the cutting

tip includes 2 cutting edges, Which form the point.
83. A tWist drill according to claim 70, Wherein the tWist
drill includes double helical ?utes.
84. A tWist drill according to claim 70, Wherein the tWist
drill is made of tungsten carbide.
85. A tWist drill according to claim 70, Wherein the tWist
drill comprises polycrystalline diamond mounted on a metal
substrate.
86. A tWist drill having
a shank,
an axis of rotation about Which the tWist drill rotates during
use,

a cutting tip, the cutting tip having a cutting edge, Wherein
an inner cutting portion of the cutting edge forms a point,
the point angle being in the range 130° to 160°, Wherein
a radially outer part of the cutting edge includes an outer
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cutting portion that is inclined in the opposite axial

89. A method according to claim 87 Wherein the step of

direction to the inner cutting portion at an angle of from

forming an inner cutting portion includes the step of grinding

2° to 8° With respect to a plane normal to the axis of

a facet at the end of the ?ute and the step of forming the outer

rotation, Wherein the outer cutting portion and the point

cutting portion includes the step of grinding a further facet.
90. A method of modifying a tWist drill having a cutting tip
With a point having a point angle in the range 110° to 160°,

meet each other; and
a cylindrical land Wherein the outer cutting portion extends
to the outermost edge of the cylindrical land.
87. A method of manufacturing a tWist drill for drilling

metal substrates, including the steps of
(i) ?uting a drill blank to produce a helical ?ute;
(ii) forming a cutting edge at the end of the ?ute, Wherein an

inner cutting portion of the cutting edge forms a point
having a point angle in the range 110° to 160°; and
(iii) forming an outer cutting portion as a radially outer part

of the cutting edge, Wherein the outer cutting portion is
inclined in the opposite axial direction to the inner cut

ting portion.

Wherein the method includes the step of forming an outer

cutting portion on an outer part of the cutting edge, Wherein
the outer cutting portion is inclined in the opposite axial
direction to an inner cutting portion of the cutting edge.
91 . A method of drilling a laminate material Wherein a tWist

drill according to claim 90 is used to drill the laminate mate
rial.
92. A method according to claim 91, Wherein the laminate
material includes a layer of carbon ?ber composite and an

88. A method according to claim 87, Wherein the point
angle is in the range 130° to 160° and the outer cutting portion

aluminum-containing layer.

is formed so as to have an angle of from 2° to <10° With

material is a CFRP/Al material.

respect to a plane normal to the axis of rotation of the tWist
drill.

93. A method according to claim 92, Wherein the laminate
*

*

*

*

*

