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(57) Abstract: A drill bit (1) has a tapered
cutting end part (2) terminating in a drill tip
(3), a shank (4) and a body (4a) extending
between the cutting end part (2) and the
shank (4). A plurality of flutes (5) are
formed in the drill bit (1) and generally hel-
ically extend along the body (4a) into the
cutting end part (2) to adjacent the drill tip
(3). Each flute (5) has a flute leading side
wall (6) and a flute trailing side wall (7). A
land (9) is defined on the body (4a)
between each of the flutes (5) and extends
to the cutting end part (2). Each land (9)
defines a secondary edge (11) with the flute
trailing side wall (7) of the leading adjacent
flute (5). Each secondary edge (1 1) helic-
ally extends to the cutting end part (2) at a
secondary edge helix angle. A plurality of
tip faces (14) are defined on the cutting end
part (2) and each extend from one of the
lands (9) to the drill tip (3). The tip faces
(14) are separated by the flutes (5) up to ad-
jacent the drill tip (3). Each tip face (14)
defines a primary cutting edge (21) with the
flute trailing side wall (7) of the leading ad-
jacent flute (5). Each primary cutting edge

(21) extends from one of the secondary edges (1 1) in a variable conic helix type manner with a primary cutting edge helix angle that
decreases from substantially equal to the secondary edge helix angle at the secondary edge (11) toward zero as it approaches the drill

tip (3).
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'DRILL BIT

Technical Field
The present invention relates to the field of drill bits and in particular relates to,

but is not limited to an orthopaedic drill bit.

Background of the Invention

Drill bits are traditionally formed from a rod/shaft of high strength metallic
material by grinding two or more helical gulleys, known as flutes, into the side wall of the
rod extending from the operative front end of the rod towards the rear end, leaving a
cylindrical shank at the rear end of the rod. The flutes are separated by lands that define
the full diameter of the rod. To reduce the drag‘ that would otherwise be experienced |
between the lands and the wall of the hole being drilled, the trailing region of each of the
lands is ground, providihg a slightly reduced‘ diameter over this portion of the drill bit
known as a relief. This leaves only.a leading portion, known as a margin of the land, -
defining the full diarheter of the drill. The leading edge of the margin defines a sharp
secondary cutting edge with the trailing side wall of the adjacent flute, which is known as
a cutting lip. During drilling operations, only the margin portion of the land engages the
wall of the hole in the material being drilled, thereby reducing drag acting on the drill bit
and, accordingly, reducing the likelihood of the drill bit binding. _

~ The cutting end part of the drill bit is formed by grinding the end region of the

rod to provide a generally conical end part, known as a point, with end or tip faces
extending from each land towards either a chiselled edge, for designs with two flutes, or a
sharp point tip for designs with three or more flutes. A primary cutting edge is defined by «
the junction between the leading edge of each of the tip faces and the adjacent trailing
side wall of the adjacent flute. It is these primary cutting edges that cut material being
drilled at the end of the drill hole. The shavings of swarf cut from the material pass along
the flutes towards the rear of the drill bit, thereby creating room for more material to be
cut or shaved and passed into and along the flutes for ejection from the rear end of the
flutes. , : |

In orthopaedic applicati'ons;, typical orthopaedic drili bits can result in potential
damage to soft tissue such as tendons, ligaments, adjacent tissue and other vital organs
due to the cutting action of the primary and secondary cutting edges. Typical orthopaedic
drill bits also lack some precision and can pfoVide a relatively unsmooth cutting action.

Flute designs in traditional drill bits also tend to engage soft tissue, resulting in the tissue
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being wrapped around the drill bit, leading to considerable tissue trauma. This can lead to

increased trauma to the patient and, possibly, in the case of arterial damage, can lead to

death. | |
In orthopaedic applications, most drilling procedures require the drilling of the bone

thrdugh the center or hollow part of the bone known as the medullary canal. Drilling to

fixate a fracture requires drilling from one side of cortex to the other. These cortices are

known as the near cortex and far cortex. Beyond the far cortex lies soft tissues such as
muscles, veins_and arteries.

| Also in some cases bone structures being drilled into generally comprise a hard,
dense, thin external layer of compact or cortical bone and an inner layer of lighter, spongy
or cancellous bone. The hardness and density of the cortical bone results in it being |
significantly fougher_ to drill through than the cancellous bone. , |

With typical orthopaedic drill biis, it is difficult to judge when the cutting end part
is about to break through the cortical bone. This breakthrough occurs almost immediately
after the drill bit has progressed through the bone to an extent where the rear end of the
primary cuiting edge (at the full diameter of the drill bit) first engages the bone surface,
providing a hole in the bone surface that is the full diameter of the drill bit.

Once the drill bit breaks through the near cortex it travelsvthrough the hollow part of
the bone into fhe far cortex where it breaks through into soft tissue. The soft tissue
provides little or no resistance énd the axial load applied to the drill bit by the operator,
advancing the drill bit, can result in the breakthrough being sudden, with the drill bit
rapidly overshooting deep into the muscles, veins and arteries beyond the required hole
depth, potentially resulting in significant increased trauma and in some cases, where

arterial damage may be caused, death.

Objéct of the Invention
It is an object of the present invention to substantially overcome or at least
ameliorate at least one of the above disadvantages, or at least to provide a useful

alternative to present drill bits.

Summary of the Invention
In a first aspect, the present invention provides a.drill bit having a central axis
and comprising;: A
a tapered cutting end part términating in a drill tip at one end of said drill bit;
a shank extending from an opposing end of said drill bit;
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a body extending between said cutting end part and said shank;
a plurality of flutes formed in said drill bit and generally helically extending

-along said body into said cutting end part to adjacent said drill tip, each said flute having

a flute leading side wall and a flute trailing side wall;

a land defined on said body between each of said flutes and extending to said
cutting end part, each said land defining a secondary edge with said flute trailing side wall
of the leading adjacent said flute, each said secondary edge helically extending to said
cutting end part at a secondary edge helix angle; .

a plurality of tip faces defined on said cutting end part and each extending from
one of said lands to said drill tip, said tip faces being separated by said flutes up to
adjacent said drill tip, each said tip face defining a primary cutting edge with said flute
trailing side wall of the leading adjacent said flute; |

| wherein each said primary cutting edge extends from one of said secondary
edges in a variable conic helix type manner with a primary cutting edge helix angle that

decreases from substantially equal to said secondary edge helix angle at said secondary -

~ edge toward zero degrees as it approaches said drill tip.

In the context of the present specification, a variable conic helix is defined as a
three-dimensional curve that has the general form of a conic helix except that the helix
angle, defined between atangent to the curve at any point and the central axis of the
curve, is not coristant as with a regular helix, but varies.

In one form, said primary cutting edge hehx angle decreases to approximately
Zero degrees adjacent said drill tip. '

Preferably, each said primary cutting edge extends at least substantially
tangentially from the corresponding said secondary edge, when viewed in a plane
extending tangentially through said secondary edge at a junction between said primary
cutting edge and said secondary edge and extending perpendicular to said central axis. -

Typically each said tip face blends into said flute leading side wall of the trailing
adjacent said flute. A '

Typically, each of said flutes extends to within 0.1 mm of said drill tip, more
typically within 0.05 mm of said drill tip.

‘ Typically, the transverse cross-sectional area of a web of said drill bit, defined
between the bases of each of said flutes, decreases in size along said cutting end part
toward said drill tip.

Typlcally, each said tip face compnses o N

a leading face margin defining said primary. cutting edge; and
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a face relief extending from said face margin toward the trailing adjacent said
flute, said face relief blending into said flute leading side wall of said tréiling adjacent
flute; _

wherein; in any cross-sectional plane extending perpendicular to said central axis
through said cutting end part, said face.margin of each said tip face lies in a circle
extending about sa‘i‘d central axis and each said face relief lies entirely within said circle.

Typically, in'substantially any cross-sectional plane extending perpendicular to
said central axis through said body, said secondary edge of each said land is convexly
cﬁrved.

Typically, in substantially any said cross-sectional plane, each said s¢condary
edge has a radius of at least 0.20 mm.

In a preferred form, each said primary cutting edge has-a primary cutting edge
transition region adjoining the respective said secondary edge and, in substantially any
cross-sectional plane extending perpendicular to said central axis through said primary
cutting edge transition region, said primary cutting edge is convexly curved or chamfered.

In a preferred form, each said land comprises:

said secondary edge of said land;

a land margin adjoining said secondary edge of said lémd;

a land relief extending from said land margin toward the trailing adjacent said
flute; and '

a land transition region blending said land relief iﬁto’ said flute leading side wall
of the trailing adjacent flute;

whérein, in any cross sectional plane extending perpendicular to said central axis
through said body, said land margin of each said land lies on a circle exténding about said. "
central axis and each land relief and each said transition region iies entirely within said
circle. '

Typically, said drill bit has three said flutes.

Typically, said drill bit is an orthopaedic drill bit.

Brief Description of the Dfawings |
A preferred embodiment of the present invention will now be described, by way
of an example only, with reference to the accompanying drawings wherein:
Figure 1 is a perspective view of a drill bit; | »
Figure 2 is an enlarged perspective view of the cutting end part of the drill bit of
Figure 1;
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Figure 3 is a front elevation view of the drill bit of Figure 1;
~ Figures 3a through 3e are each cross-sectional views of the drill bit of Figure 1
taken at sections A-A to E-E of Figure 3 respectively;
Figure 4 is an end elevation view of the drill bit of Figure 1;
Figures S through 8 are each perspeciivé/ fragmentary perspective views of the
drill bit of Figure 1 as viewed from various angles. - ‘
Figure 9 is a graph depicting axial load vs time for the drill bit of Figure 1

drilling into bone material.

Detailed Description of the Preferred Embodiments
Referring to the accompanying drawings, a drill bit 1 has a tapered cutting end

" part 2 terminating in a drill tip 3 at a front, operative end of the drill bit 1, with a shank 4

extending from an opposing rear end of the drill bit 1. The shank 4 is configured to be -
received within the chuck of a drill in the usual way, and will typically be cylihdrical
although it may be hexagonal in cross-section or Iany other suitable shape. A body 4a of ‘
the drill bit 1 extends between the cutting end part 2 and the shank 4. A plurality of flutes

5 are formed in the drill bit 1. In the embodimeni depicted there are three flutes S that

each generally helically extend along the body 4a from adjacent the shank 4 into the
cutting end part 2. Each of the flutes 5 extends into the cutting end part 2 to adjacent the

drill tip 3. Each of the flutes 5 comprises a flute body region 5b extending along the body

-4a, and a flute end region 5a extending along the cutting end part 2 from the junction

between the cutting end part 2 and body 4a to adjacent the drill tip 3.
. Aland 9 is defined on the body 4a between each of the flutes 5. As best depicted

in the cross-sectional view of F igure 3a, each land 9 has a land leading edge region

defining a secondary edge 11 adjoining the adjacent flute trailing side wall 7 of the
adjacent flute 5 directly leading the land 9. A land margin 10 is defined adjoining and
trailing the secondary edge 11. Each land 9 also has a land relief 12 which extends from
the land margin 10 towards the adjacent flute leading side wall 6 of the flute S directly |

~ trailing the land 9.

Referring specifically to Figure 2, the tapered cutting end part 2 of the drill bit 1
comprises three tip faces 14, one corresponding to each of the lands 9. Each tip face 14
extends from the corresponding land 9 to the drill tip 3 and effectively' constitutes a
tapered end of the corresponding land 9. The tip faces 14 define an included drill point.
angle, which is about 60° in the embodiment depicted, althoqgh the drill point angle may

be altered as desired to suit the material to be drilled. Drill point angles of between 40°
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and 80° would be typical. The tip faces 14 are separated by the flutes 5 (in particular the
flute end regions 5a) up to adjacent the drill tip 3, at the end of the flutes S.

In the embodiment depicted, the drill bit 1 is configured to be rotated in a
clockwise direction when viewed from the rear of the drill bit 1. Throughout this
specification, various features of the drill bit will be referred to as “leading” or “trailing”, -
with this terminology indicating features that lead or trail respectively as the drill bit
rotates in the intended manner. As described above, each of the flutes 5 has a flute
leading side wall 6 (which faces against the intended direction of rotation) and a flute
trailing.side wall 7 (which faces in the intended direction of rotation). The flute leading
side wall 6 is joined to the flute trailing side wall 7 by way of a flute base 8 located
therebetween. As best depicted in the cross-sectional views of F igures 3a thfough 3e, the
flute leading side wall 6, flute base 8 and flute trailing side wall 7 effectively form a
smooth continuous surface. The flute leading side wall 6, flute trailing side wall 7 and
flute base 8 may be divided into end and body regions, in the same manner as each flute 5
has been divided into a flute end region 5a and flute body region 5b, and numbered
accordingly. That is, the flute leading side wall 6 may be divided into a flute leading side '
wall end region 6a and flute leading side wall end region 6b, the flute trailing side wall 7
may be divided into a flute trailing side wéll end region 7a and flute traili_ngfside wall
body region 7b and the flute base may be divided into a flute base end region 8a and flute
base body region 8b. |

The flute body regions 5b are each formed with a constant helix angle of about
13° in the embodiment depicted, although the helix angle may be adjusted as desired for '
different applications. Typical helix angles will be between 10° and 45°. The secondary

_edges 11 are formed with the same constant helix angle. The helix of each of the flutes 5

is configured such that the rear end of each flute 5 trails the front end as the drill bit 1
rotates in the intended direction. The flute base trailing regions 8b have a slight taper of
about 1 degree with respect to the central axis A of the drill bit, reducing the depth of the

_ﬂute trailing regions 5b towards the shank 4. The flute base end regions 8a have a larger

taper with respect to the central axis A of the drill bit such that the area of the transverse
cross-section of the web defined between the flute base end regions 8a reduces towards
the drill tip 3 thereby allowing the flute end regions 5a to extend to adjacent the drill tip 3.
The flutes 5 would otherwise terminate at a greater distance from the drill tip 3 as a result
of the taper of the cuttihg end part 2. Typically, the flute end regions 5a extend to within
0.1 ;xlm of the drill tip (ecjuating to within about 0.02 times the diameter of a 4.5 mm
diameter drill bit),.or more typically within about 0.05 mm (0.01 times the drill bit
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diameter). In the pai'ticular embodiment depicted, the flute end regions 5a extend to
within about 0.04 mm of the drill tip 3. '

As best depicted in the various cross-sectional views of Figures 3b to 3e, each tip
face 14 defines a primary cutting edge 21 with the flute trailing side wall end region 7a of
the flute 5 that is directly leading the tip face 14.

Each‘ flute end region Sa is formed to provide a primary cutting edge 21 that
extends from the corresponding secondary edge 11, at the intersection between the body
4a and cutting end part 2, in a variable conic helix type manner with a primary cutting
edge helix angle that decreases from substantially equal to the secondary edge helix angle
at the secondary edge 11 toward zerovdegrees as it approaches the drill tip 3. As noted"
above, in the context of the present specification, a variable conic helix is defined as a
three-dimensional curve that has the general form of a conic helix except that the helix
angle, defined between a tangent to the curve (here the primary cutting edge 21) and the
central axis of the curve (here the central axis A), is not constant as with a regular helix, -
but varies. Acéordingly, the prirné.ry cutting edge 21 gradually “straightens up” towards
aligning with the central axis A as is perhaps most apparent in Figure 4 which shows the
primary cutting edge helix angle of each primary cutting edge 21 decreasing to zero
degrees adjacent to the drill tip 3 such that, when viewed from the drill tip end of the drill
bit 1, the primary cutting edges 21 initially extend radially from adj acént the drill tip 3.
As is perhaps best depicted in Figure 8, in the particular embodiment depicted, each
primary cutting edgé 21 extends at least substantially tahgentially from the corresponding
secondary edge 11 when viewed in a plane extending tangentially through the secondary
edge 11 at the junction between the priinary cutting edge 21 and the secondary cutting
edge 11 and extending perpendicular to the central axis A. As a result, the flute end
region 5a and flute body region 5b merge smoothly, particularly along the flute trailing
side wall 7 and from the primary cutting edge 21 to the secondary edge 11.

As best depicted in Figures 3b and 8, each primary cutting edge 21 has a primary
cutting edge transition region 21a extending forward partway along the primary cutting
edge 21 from the intersection with the secondary edge 11. In the primary cutting edge
transition region 21a, the primary cutting edge 21 is convexly curved, with the radius of
the primary cutting edge 21, taken in a cross-sectional plane extending perpendicular to
the central axis A, increasing to blend the forward, sharp region of the primary cutting
edge into the secondary edge 11 which, as discﬁssed below, will typically be convexly
curved. In the primary cutting edge transition region 21a, the primary cutting edge 21

will typically have a radius, measured in the cross-sectional plane, that increases from
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zero at the forward end of the primary cutting edge transition region 21a to a radius equal
to that of the secondary edge 11 (discussed further below), which will typically be at least
0.2 mm, typically between 0.2 mm and 0.5 mm, and .here is about 0.3 mm.

As is apparent from Figure 3b, the convex curvature applied to the primary

cutting edge 21 in the primar§ cutting edge transition region 21a might be construed as

being applied to the adjacent radially outer region of the flute trailing side wall 7a of the

leading adjacent flute 5, rather than being applied to the primary cutting edge 21 itself.
With a configuration either applied or cdnstrued in such manner, the convex curvature of
the adjoining radially outer region of the flute trailing side wall 7a results in the primary
cutting edge 21 defining an increased included angle between the flute trailing side wall
21 and the adjoining tip face 14 equally results in a significantly less aggressive brimary '
cutting edge 21 in the primary cutting edge transition region 21a. An equivalent effect
could be achieved by, for example, providing a chamfer in the radially outer region of the
flute trailing side wall 7a at the primary cutting edge 21 in the primary cutting edge

transition region 21a, rather than providing a convexly curved configuration. With such

-configurations, the included angle defined between the flute trailing side wall 7a and

‘adjoining tip face 14 will typically increase towards the adjacent secondary edge 11,

thereby reducing the aggressiveness of the primary cutting edge 21 as it approaches full
diameter where Iit adjoins the secondary edge 11. ‘

Typical prior art drills having a stréight primary cutting edge and/or a primary.
cﬁtting edge that ends well short of the drill tip. In such configurations, the cutting action
provided toward the drill tip, being the first point of contact with the material to be -
drilled, is relatively unaggressive, with increased cutting power and aggressiveness being
provided toward the rear end of the primary cutting edge toward the body. Toward the
drill tip, the gradual redﬁction in depth of the flute generally results in a smalier included
angle between the trailing side wall of the flute and the tip face, defining a less sharp
<£utting edge toward the tip, contributing to the low cutting aggressiveness and efficiency
compared to the rear end of the primary cutting edge which generally provides a sharper
primary cutting edge due to the steeper trailing side wall of the leading adjacent flute and
greater speed of travel (owing to being located a greater distance from the centre of
roatation). According to at least a preferred embodiment of the present invention,
providing a primary cutting edge that extends in the general manner of a variable conic
helix with a decreasing helix angle, a more aggressive and powérful cutting action may be
achieved right up to toward the drill tip 3. Referring to Figure 4, this is understood to be a
result, at least in part, of the fact that the rear portions of each primary cutting edge 21
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rotationally lag the forward portions of the primary cutting edge 21 when the drill bit 21
is rotated in operation. Put another way, when viewed from the drill tip end of the drill
tip 1 asin Fighre'4, the rear portions of the pﬁmary cutting edge 21 can be seen to “fall
behind” a radial line extending from the central axis A along the front portion of the
primary cutting edge 21. This particular configuration canalso be seen in Figure 4 to be
akin to a ship’s propeller. As a result of the configuration, at least of the preferred
embodiment, more precise drilling of bone material in orthopaedic applications can be
achieved more efficiently and more smoothly, reducing the possibility of damage to soft
tissue by reducing the possibility of the radially outer portions of the primary cutting edge
aggressively biting into soft tissue. ' = |

This is also enhanced by the configuration of the primary cutting edge 21 in the

primary cutting edge transition region 21a, greatly reducing the aggressiveness of the

. primary cutting edge in the rear and radially outer portions of the primary cutting edge 11

towards the full diameter of the drill bit 1. ,

The particular effect of the configuration of the primary cutting edge 21 of the
drill bit 1 of at least the preferred embodiment can be further explained with reference to |
Figure 9, which depicts the axial load against time requiréd to be applied to a 4.5 mm
prototype example of the drill bit 1-to achieve a constant axial feed rate of 5 mm/s
through c_brtical bone material. The graph shows that the axial load applied roughly
linearly increases as the drill tip 3 first engages the bone material until a peak load is
rapidly achieved at point “a” (note that the load applied is dep'icted on a negative scale in
Figure 9) following which the load gradually reduces, believed to be in part a result of the
curved configuration of the primary vcutting edge 21. The drill bit 1 further advances with
reducing load until the primary cutting edge transition region 21a of the primary cutting
edge 21 engages the surface of the material at point “b”, just prior to the drill bit -
advancing through to the secondary cutting edge at full outer diameter of the drill bit. At
this point, the gradual reduction in load is arrested or “braked” due to the greatly reduced
cutting efficiency in the primary cutting edge region 21a of the primary cutting edgé 21.

The load then rapidly reduces to close to zero from point “c” where the drill bit breaks

~ through the cortical bone. This is felt by the operator as a gradual reduction in pressure

needed to be applied to the drill bit as it is advanced through the bone, with a short arrest
in this load reduction providing tactile feedback to the operator to indicate that the drill is
about to break through the cortical bone. The operator can use this feedback to reduce the

axial load applied to the drill bit, arresting the rate of advancement of the drill bit as
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breakthrough is approached. Overshoot of the drill bit beyond the cortical bone into the

soft tissue can thus be greatly reduced.

At thé cutting end part 2, each tip face 14 blends into the flute leading side wall 6
of the flute 5 that is immediately trailing the tip face 14. In particular, in the arrangement
depicted, each tip face 14 has awleading face margin 20 which defines the primary cutting
edge 21 with the adjacent flute trailing side wall 7. In the embodiment depicted, the face
margin 20 is particularly thin and is represented by a poirit in the cross-sections 3b
through 3e. A face relief 22 extends from the face margin 20 towards the adjacent flute 5
immediately trailing the tip face 14 and smoothly blends into the flute leading side wall 6
of the trailing adjacent flute 5. Rather than blending smoothly into the flute leading side
wall 7, it is also envisaged that the face relief 22 might blend into the flute leading side
wall 6 by way of a series of chamfers when manufacturing capabilities are limited in their
ability to grind a éontinuous smooth profile. As best depicted in Figure 3c, in any cross-
sectional plaﬁe extending perpendicular to the central axis A through the cutting end part
2, the face margin 22 (here effectively defined by the primary cutting edge 21) of each tip
face 14 lies in a circle C extending about the central axis A and each face relief 23 lies
entirely within the circle C. .

As can be seen in Figures 3b through 3e, the depth of each flute end region 5a
reduces toward the drill tip 3 and the flute base leading region 8a éradua_lly moves closer
to the primary cutting edge 21 side of the flute profile, with the flute trailing side wall end
region 6a remaining relatively straight so as to maintain a relatively sharp primary cutting -
edge 21 toward the drill tip 3. '

The land leading edge reglon forming the secondary edge 11 of each land 9 may
be convexly curved when viewed in any transverse cross-sectional plane extendmg
perpendicular to the central axis A of the drill bit (such as the cross-sectional plane
depicted in Figure 3a). The convex curvature may effectively be achieved by a series of
discrete chamfers at the secondary edge 11. This may be contrasted to typical prior art
drill bits that define a sharp cutting edge at the interé¢¢tion between the leading edge of
each land and the adjacent flute trailing side wall. Asa resu.lt, the body 4a of the drill bit
1 may be provided with no secondary cutting edge, as is the case with typical known drill
bits, leaving the entire cutting operation to the cutting end part 2, as will be described in

further detail below. As aresult, in the event that the operator moves the drill bit off-

_centre during the drilling process, there will be less tendency for the drill hole to be cut

and widened by the misaligned body of the drill bit as compared to where sharp

secondary cutting edges are provided on the body. ' A similar effect may be achieved by
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chamfering the land leading edge region. There is also a reduced possibility of dam?ge to
soft tissue in orthopaedic applications, reducing the possibility of the body of the drill bit
biting into soft tissue and having soft tissue engaged and wrapped around the body.
Providing a convexly curved or chamfered land leading edge region on each land also
improves the smoothness of operation of the drill bit, reducing the aggressiveness of
engagement of the drill bit, enabling provision of a smooth cutting process under
decreased torque. These benefits may also be achievedeithou_t adversely affecting the
structural integrity of the drill bit, maintaining a signiﬁcént moment of inertia of the drill
bit by not needing to reduce the amount of material in the body of the drill bit at full -
diameter to accommodate a greater angle between the ﬂﬁte’trailing face and land to soften
a secondary cutting edge. v

For each land, the seééndary edge 11 will typically have an average radius of at
least 0.2 mm., 'In the particular embodiment depicted, the radius of the secondary edge 11

-~ is approximately 0.3 mm. The radius of the secondary edge 11 may vary in any cross-

sectional plane (that is, the land secondary edge 11 need not be formed as a constant

radius arc). In any cross-sectional plane perpendicular to the central axis A extending

through the body 4a, the average radius of each secondary edge 11 would typical’l‘_y beat

least 0.04 times the overall diameter of the drill bit. It is also envisaged, however, that the
secondary edge 11 of each land 9 may alternatively be df a standard sharp configuration.
In the particular arrangement depicted, a’lan_d transition region 13 blénds the land
relief 12 into the flute leading side wall 6, as best depicted in Figure 3a. This may be
contrasted with a typical prior art drill bit wherein the land relief and flute leading side
wall meet at a sharp edge (although it is envisaged that the c_urQed land leading edge
region described above may be used in conjunction with a conventional land relief/flute
leading side wall). The transition region 13 will typically be curved so as to smoothly
blend the land relief 12 into the flute leading side wall 6. The land transition region 13
will preferably have a radius, when measured in a cross-sectional plane pefpendicu]ar to
the central axis A of the drill bit (such as the cross-sectional planes depicted in Figures 3a
through 3e) of between 0.2 and 0.3 times the overall diameter of the drill bit 1. In the
specific embodiment depicted, the drill bit 1 has an overall diameter of 4.5 mm, and the
land transition region 13 has a radius of 1.15 mm. Rather than being curved, the land
transition regions 13 could each be defined by one, or preferably two or more, chamfered
surfaces. o _
The land margin 10 constitutes a part cylindrical portion of the land 9 which 1s
not ground away from the cylindrical shaft from which the drill bit 1 is formed. The land
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margin 10 has a width (measured in a cross-sectional pléne) of about 0.2 mm in the
embodiment depicted, however, it is. envisaged that the land margin 10 may have a
minimal width, effectively defined by the intersection of the secondary edge 11 and the
land relief 12. The land margins 10 each lie on a circle B extending about the central axis |
A and having a diameter equal to the overall diametér of the drill bit (being equal to the
diameter of the shank 4 in the embodiment depicted). The secondary edge 11, land relief
12 and land transition region 13 of each land are ground away from the cylindrical shaft
from which the drill bit 1 is formed. Accordingly, at any cross-sectional plane extending
perpendicular to the centfal axis A through the lands 9, each secondary edge 11, land
relief 12 and land transition region 13 lies entirely within the circle B as depicted in
Figure 3a. The land relief 12 is convexly curved and is typically inclined with respect to
the land margin 10 towards the central axis A, defining an edge between the land margin /
10 and the land relief 12. Alternatively, the land relief 12 may gradually curve inwardly
from the land margin 10 towards the central axis A without leaving any definite edge
therebetween. In the embodiment depicted, the land relief 12 is inclined with respect to
the land margin 10, when measured in a cross-sectional plane, by about 11° degrees at the
junction therebetween. As such, the land relief 12 provides a greater area between its
surface and the circle B than typical prior art designs, which are generally part cylindrical -
with a diameter only slightly less than the overall diameter of the drill bit.

The land relief 12 provides a clearance between the bulk of the land 9 and the
wall of the hole being drilled, thereby further reducing drill bit drég. As stated above, this
clearance is generally greater than that provided with typical prior art designs, parficularly
towards the land transition region 13. This increased clearance, together with the

additional clearance provided by the land transition region 13, provides an additional,

‘secondary flow path for swarf to pass along the drill bit 1 as the flutes 5 begin to fill and

increase pressure. The land transition region 13 also provides an opportunity for swarf
material that is not immediately passed into the flutes 5, but has travelled into the land
relief 12,‘ to flow into the flutes 5. The land transition region 13 is believed to create a
region of reduced pressure which actively draws swarf from the land relief 12 into the
adjacent flute 5. Efficiency of the drill bit 1 is thus not affected by a build-up of swarf
material caught within the land relief region 12. "

Each of the flute body regions 5b and adjacent secondary edge 11, land transition
region 13 and land relief 12 is formed by grinding the shaft from which the drill bit 1 is
formed in a single grinding operation with a single shaped grinding wheel. The flute end

regions 5a and adjacent face reliefs 22 will typically be formed in a subsequent grinding



WO 2012/106773 PCT/AU2012/000130

13

operation with a single shaped grinding wheel extending along the cutting end part 2 from
a position aligned with the central axis A and located very close to the central axis A and
- then prog_reséing along the cutting end part 2, moving away from the central axis A and
pivoting so as to blend into the flute body region 5b with the primary cutting edge 21
s extending tangentially from the secondary edge 11 at the helix angle.
The drill bit will typically be formed of stainless steel when configured for use as
* an orthopaedic drill bit, but other suitable high strength metallic materials may be utilised

as desired to suit various applications.
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CLAIMS:

1. A drill bit having a central axis and comprising:
a tapered cutting end part terminating in a drill tip at one end of said drill bit;
‘a shank extending from an opposing end of said drill bit;
s | a body extending between said cutting end part and said shank;
a plurality of flutes formed in said drill bit and generally helically extending
albng said body into said cutting end part to adjacent said drill tip, each said flute having
a flute leading side wall and a flute trailing side wall; »
a land defined on said body between each of said flutes and extending to said
10 cutting end ‘part,' each said land defining a secondary edge with said flute trailing side wall
of the leading adj acent said flute, each said secondary edge helically extending to said
cutting end part at a secondary edge helix angle;
a plurality of tip faces defined on said cutting end part and each extending from
one of said lands to said drill tip, said tip faces being separated by said flutes up to
15 adjacent said drill tip, each said tip face defining a primary cutting edge with said flute.
trailing side wall of the leading adjacent said flute; .
wherein each said primary cutting edge extends from one of said secondary
edges in a variable conic helix ‘type manner with a primary cutﬁng edge helix angle that
decreases from substantially equal to said secondary edge helix’ angle at said secondary

20 edge toward zero as it approaches said drill tip.

2. The drill bit of claim 1, wherein said primary cutting edge helix angle

decreases to approximately zero degrees adjacent said drill tip.

25 \ 3. The drill bit of claim 1, wherein each said primary cutting edge extends
at least substantially tangentially from the corresponding said secondary edge, when
viewed in a plane extending tangentially through said secondary edge at a junction
between said primary cutting edge and said secondary edge and extending perpendicular
to said central axis. | '

30

4, The drill bit of claim 1, wherein each said-tip face blends into said flute

leading side wall of the trailing adjacent said flute.

S. ' The drill bit of claim 1, wherein each of said flutes extends to within 0.1

35 mm of said drill tip.
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6. The drill bit of claim 1, wherein each of said flutes extends to within
0.05 mm of said drill tip.
7. | The drill tip Qf claim 1, wherein the transverse cross-sectional area of a

web of said drill bit, defined between the bases of each of said flutes, decreases in size

along said cutting end part toward said drill tip.

8. The drill tip of claim 1, wherein each said tip face comprises:
a leadiné face margin defining said primary cutting edge; and
a face relief extending froiﬁ said face rriargin toward the trailing adjacent said
flute, said face relief blending into said flute leading side wall of said trailing adjacent
flute; _
‘wherein, in any cross-sectional plane extending perpendicular to said central axis
through said cutting end part, said face margin of each said tip face lies in a circle

extending about said central axis and each said face relief lies entirely within said circle.

9, The drill bit of claim 1, wherein, in substantially any cross-sectional
plane extending perpendicular to said central axis through said body, said secondary edge

of each said land is convexly curved.

10. The drill bit of claim 1, wherein, in substantially any said cross-sectional

plane, each said sécondary edge has a radius of at least 0.20 mm.

11. - The drill bit of claim 1, wherein each said primary cutting edge has a

primary cutting edge transition region adjoining the respective said secondary edge and,

_ in substantially any cross-sectional plane extending perpendicular to said central axis
 through said primary cutting edge transition region, said primary cuttmg edge is convexly

: curved or chamfered

12. The drill bit of claim 1, wherein each said land comprises:

said secondary edge of said land; _

a land margin adjoining said secohdary edge of said land;

a land relief extending from said land margin toward the trailing adjacent said

flute; and
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a land transition region blending said land relief into said flute leading side wall
of the trailing adjacent flute;
wherein, in any cross sectional plane extending perpendicular to said central axis
through said body, said land inargin of each said land lies on a circle extending about said
s central axis and each land relief and each said transition regioh lies entirely within said

circle.
13. The drill bit of claim 1, wherein said drill bit has three said flutes.

10 14. The drill bit of claim 1, wherein said drill bit is an orthopaedic drill bit.
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