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AUTOMATED DRILL BIT
RE-SHARPENING AND VERIFICATION SYSTEM

Field of the Invention
The present invention relates generally to devices

for re-sharpening machine tools, and more particularly to
a completely automated system which verifies the identity
and geometry of drill bits, re-sharpens the drill bits to
within closely held tolerances, verifies re-sharpened
drill bit tolerances; adjusts the positioning of a
locatihg ring disposed upon the shank of the re-sharpened
drill bits; cleans the re-sharpened drill bits and
subsequently packages the same.

Background of the Invention
The manufacture of printed circuit boards has

experienced considerable improvement over recent years.
Technological advancements in chemistry, machinery, and
materials have resulted in the ability to consistently
produce large volumes of printed circuit boards with
dense circuitry patterns on a highly efficient basis.
One particular area of progress has been in the drilling
process associated with printed circuit boards. An
individual circuit board typically includes thousands of
small-diameter drilled holes which are used to connect
various components td the board by accommodating the
leads or pins thereof, to connect the circuitry traces of
one layer to another, to provide reference points for
subsequent processing, and to assist in mounting the
complete circuit board within its final housing. 1In one
currently known circuit board manufacturing process, a
plurality of circuit boards are drilled simultaneously by
maintaining the «circuit boards in a contiguous,
overlapped orientation. In another currently known
fabrication technique, several circuit boards are placed
on a panel for processing, with a single panel typically
including tens of thousands of drilled holes.
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As will be recognized, due to the extremely small
diameter of the holes typically drilled in the printed
circuit boards, the associated drill bits are formed
having small diameter cutting tips and are made of an
extremely hard, wear resistant material such as tungsten
carbide. Though this material is resistant to wear,
after a certain number of drilled holes ("hits"), the
drill bit will typically deteriorate and will no longer
be sharp enough to maintain the diameter and tolerance
requirements for subsequent holes. Through experience,
circuit board manufactures have approximated the rate at
which drill;bits dull. Based upon this wear rate, the
drill bit is typically replaced after a certain number of
hits. .

During the printed circuit board manufacturing
process, the depth to which the cutting tip of the drill
bit penetrates, i.e., extends into, the circuit board(s)
must also be tightly controlled. In this respect, the

‘drill bits used to facilitate the drilling operation are

typically provided with a locating ring disposed about
the shank portion thereof which serves as a stop for
accurately locating the drill bit, the collet, or the
tool holder of the rotary drilling apparatus. Due to the
importance of tightly controlling the penetration depth
of the cutting tip of the drill bit into the circuit
board(s), the distance separating the cutting tip from
the locating ring must itself be tightly controlled, thus
necessitating the precise positioning of the locatlng
ring upon the shank portion of the drill bit.

In view of the difficulty and expense associated

‘with the manufacture of carbide drill bits with small
"digmeter cutting tips, once the cutting tip of the drill

bit becomes dull, the same is typically re-sharpened

 rather than being discarded. As will be recognized, due
‘to the importance of drilling all the holes within the

circuit board(s) within closely held tolerances, the re-
sharpening of the cutting tip of the drill bit must be
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accomplished in a precise, highly accurate manner.
Additionally, since the re-sharpening procedure often
results in a slight loss of length from the cutting tip
region of the drill bit( the distance separating the
cutting tip from the locating ring must be maintained
within a certain, tightly controlled range. In this
respect, the shortening of the drill bit which occurs as
a result of the re-sharpening procedure requires that the
position of the locating ring upon the shank portion be
adjusted so as to once again achieve the desired
separation distance between the locating ring and the
sharpened cutting tip.

The re-positioning of the locating ring upon the
shank portion of the drill bit is typically accomplished
manually through the utilization of conventional
measurement techniques and devices such as calipers.
Additionally, the re-sharpening of the cutting tip of the
drill bit and subsequent measurement thereof to ensure
compliance 'with tolerance requirements are often
accomplished manually. However, as will be recognized,

" such manual re-positioning and re-sharpening techniques

are extremely time consuming and thus expensive, and
oftentimes do not accomplish the positioning of the
locating ring relative the cutting tip and/or the re-
sharpening of the cutting tip with the degree of accuracy
needed to ensure that the subsequent drilling operation
will be properly conducted.

There has yet to be developed in the prior art an
completely automated system for accomplishing the

-verification of identity and differing geometries of
- various drill bits and the re-sharpening and re-
'-positibning functions described above. One of the
‘difficulties in automating the re-sharpening process is
- that the size and condition of the cutting tip of the

drill bit often varies. In this respect, the cutting tip

" may .be dirty, worn, undersize in diameter and/or length,
chipped, or broken. Additionally, drill bits are
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typically sent for re-sharpening in large quantities,
with such quantities including drill bits that are from
different manufacturers, have different dates of original
manufacture, are of differing styles and/or series, or
are being subjected to a first or subsequent re-
sharpening procedure.

The present invention specifically addresses the
above-described deficiencies and obstacles by providing
a. completely automated system which automatically
verifies the identity and geometry of drill bits, re-
sharpens the cutting tip of a drill bit to within closely
held tolerances, and accurately adjusts the positioning
of the locating ring upon the drill bit subsequent to the
re-sharpening of the cutting tip thereof.

Summary of the Invention
In accordance with the present invention, there is

provided an automated apparatus for verifying the
identity and geometry of drill bits and re-sharpening the
drill bit having a shank portion including a locating
ring positioned thereupon, and a fluted portion which
defines a cutting tip of the drill bit. 1In addition to
functioning to re-sharpen the cutting tip of the drill
bit, the present automated apparatus functions to adjust
the poéition of the locating ring relative to the cutting
tip subsequent to the re-sharpening thereof.

In the preferred embodiment, the automated apparatus

comprises a housing or base table having at least one and

preferably a pair of cassette trays attached thereto,

each of which is sized and configured to accommodate .

multiple drill bit containers. Each of the drill bit
containers includes a plurality of drill bits stored

therewithin. Also attached to the housing is a pair of

grinding assemblies, each of which is used to grind the
‘cutting tip of a drill bit, and a pair of vision or

 optical assemblies, each of which is used to conduct an

initial verification of the identity and geometry of the
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drill bit inspection of the cutting tip of a drill bit
prior to the grinding thereof and a final inspection of
the cutting tip subsequent to the grinding thereof. In
addition to the grinding and optical assemblies, attached
to the housing is a pair of primary cleaning assemblies
which are each used for cleaning the cutting tip of a
drill bit prior to the initial inspection thereof, and a
pair of secondary cleaning assemblies which are each used
for cleaning the cutting tip of a drill bit prior to the
final inspection thereof. Also attached to the housing

" is a pair of inversion assemblies for selectively
directing one of the shank portion and the fluted portion
of a drill bit generally vertically upwardly, and at
least one bumping assembly which is used for adjusting
the position of the locating ring of a drill bit relative

- to its cutting tip subsequent to the final inspection

- thereof.

The . automated apparatus of the present invention
further comprises a pair of workhead assemblies which are
each movably attached to the housing and used for
selectively transporting a drill bit between respective
ones of the optical, grinding, and secondary cleaning
assemblies. Also movably or rotatably attached to the
housing is a robotic loader assembly of the automated
apparatus which is used to selectively transport drill
bits from the cassette trays to respective ones of the
inversion assemblies if required by the orientation of
the drill bits within the drill bit containers, from the
cassette trays or inversion assemblies to respective ones
of the primary cleaning assemblies, from the primary
cleaning assemblies to respective ones of the inversion
aésemblies, from the inversion assemblies to respective
ones of the workhead assemblies, from the workhead
assemblies to the bumping assembly, and from the bumping

- assembly back to respective ones of the cassette trays.

In the present automated apparatus, a programmable

control device 1is electrically interfaced to the
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grinding, optical, secondary cleaning, inversion,
bumping, workhead, and loader assemblies to_control and
coordinate the operations thereof in a manner allowing
the cutting head re-sharpening and locating ring re-
positioning processes to be conducted simultaneously on
at least two drill bits. In this respect, the control
device is operable to cause the loader assembly to remove
the drill bits from each drill bit container one at a
time, and return each of the drill bits to the drill bit
container from which it was removed subsequent to the
final inspection of the cutting tip or the re-positioning
of the locating ring.

In the preferfed embodiment, the loadexr assembly of
the automated apparatus comprises a robotic arm which is
rotatable about first, second and third generally
parallel loader axes, and movable linearly (i.e.,
upwardly and downwardly) along the third loader axis.
‘Attached to the robotic arm is a gripper which is adapted

" £o receive and releasably hold one or two drill bits, and
is pivotally movable relative to the third loader axis.
The gripper itself comprises a pair of shaft members
which are pivotally connected to the robotic arm. Each
of the shaft members has an aperture extending
therethrough which is sized and configured to receive the
shank portion of a drill bit. The gripper further
comprises a rotary actuator member which is connected to
the robotic arm and mechanically coupled to the shaft
members in a manner wherein the movement of the actuator

" results in the concurrent pivotal movement of the shaft

members relative to the robotic arm. In addition to the
shaft and actuator members, the gripper comprises an
elongate vacuum tube which is fluidly connected to the

- apertures for selectively creating negative pressure

35

“therewithin. The creation of a vacuum within each of the

. apertures subsequent to the receipt of the shank portion

‘of a drill bit thereinto_facilitates the retention of the
- drill bit within the gripper of the loader assembly.
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Each of the optical assemblies of the automated
apparatus comprises a top camera for generating images
which are used to verify the identity and geometry of the
drill bit and measure the overall length of a drill bit
and adjust the linear orientation of the cutting tip
thereof relative to a first reference point. In addition
to the top camera, each optical assembly includes a front
camera for generating images which are used to adjust the
angular orientation of the cutting tip relative to a
second reference point and inspect the geometry thereof.
Each optical assembly further comprises an illumination
array for illuminating the fluted portion and the cutting
tip. In the present automated apparatus, the control
device is operable to process and interpret the images
generated by the top and bottom cameras of each optical
assembly, and,. regulate the movement of the associated
workhead assembly in response thereto. '

Each of the primary cleaning assemblies of the
‘automated apparatus comprises a bath having a quantity of
cleaning putty disposed therein. The cutting tip of a
drill bit is insertable into and removable from within
the cleaning putty of each primary cleaning assembly via-
the loader assembly. Additionally, each of the secondary
cleaning assemblies comprises a base member having a
conveyor member movably attached thereto. The conveyor
member is selectively movable between extended and

retracted positions relative to the base member, and

- includes a quantity of cleaning putty disposed thereon.

. In addition to the base and conveyor members, each
secondary cleaning assembly comprises an indexing member
which is attached to the base member and operable to
index the conveyor member a prescribed incremental
distance when the conveyor member is moved from its
extended position to its retracted position. The cutting
tip of a drill bit is insertable into the cleaning putty
of a respective one of the secondary cleaning assemblies
by a respective one of the workhead assemblies, with such
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insertion occurring immediately prior to the final
inspection of the cutting tip by a respective one of the
optical assemblies.

Each of the workhead assemblies of the automated
apparatus comprises a base member which is reciprocally
moveable relative to the housing along a first axis.
Rotatably connected to the base member is a swivel member
which is rotatable about a second axis extending in
generally perpendicular relation to the first axis.
Movably attached to the swivel member is a collet member
which is adapted to receive and releasably hold the shank
portion of a drill bit. The collet member is
reciprocally movable albng_and rotatable about a third
axis which extends in:generally;perpéndicular relation to
the second axis. The insertion of a drill bit into the
collet and the removal of the drill bit from therewithin
is accomplished via the loader assembly. Each workhead
assembly further comprises.a support member which is
attached to the base member and receives and supports a
portion of the collet member when the cutting tip is
being ground by a respective one of the grinding
assemblies.

The bumping assembly of the automated apparatus
comprises a drill seat which is attached to the housing
for slidably receiving the shank portion of a drill bit.
In addition to the drill seat, the bumping assembly
comprises an adjustment mechanism which is attached to
the housing and used for positioning the cutting tip a
desired separation distance'from the drill seat, and a
reciprocal ram assembly which is movably attached to the
housing and used for selectively bumping the locating
ring into abutting contact with the drill seat subsequent

 to the_shank-portion being inserted into the drill seat

and the cutting tip being positioned at the separation
distance from the drill seat. The drill bit is
insertable into and removable from within the drill seat
via the loader assembly.
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Each of the inversion assemblies of the automated
apparatus comprises a base member and a rotatable
inversion arm which is attached to the base member and
adapted to receive a drill bit. In addition to the base
member and inversion arxm, each of the inversion
assemblies comprises a locking pin which is attached to
the base member for maintaining the drill bit within the
inversion arm. Also attached to the base member is an
air stream generator of the inversion assembly which is
used to remove residual putty from the cutting tip of the
drill bit within the inversion arm. Drill bits are
inserted into and removed from within the inversion arm
of each of the inversion assemblies via the loader
assembly.

Further in accordance with the present invention,
.theré is provided an automated method of re-sharpening a
drill bit having a shank portion which includes a
locating ring positioned'thereupon and a fluted portion
which defines a cutting tip. The present method employs
the use of an automated re-sharpening apparatué which
includes a pair of cassette trays, a pair of grinding
assemblies, a pair of optical assemblies, a pair of
primary cleaning assemblies, a pair of secondary cleaning
assemblies, a pair of workhead assemblies, a bumping
assembly, and a loader assembly. In addition to re-
sharpening the cutting tip of the drill bit, the present
method also achieves the re-positioning of the locatihg

~ring relative to the cuﬁting tip if necessitated by the

. re-sharpening thereof.

The present method comprises the initial step of

- positioning at least one, and preferably multiple drill

bit - containers onto respective ones of the cassette
trays, with each of the drill bit containers including a
- plurality of drill bits stored therewithin. Thereafter,
the drill bits are removed from each drill bit container
one at a time via the loader assembly. Such removal is
~accomplished by advancing the loader assembly over the
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drill bit and into contact with the locating ring
positioned upon the shank portion thereof. Thereafter,
negative pressure is created within the loader assembly
at a level sufficient to retain the drill bit
therewithin.

The drill bits may be oriented within each of the
drill bit containers such that either the shank portion
or fluted portion thereof is directed generally
vertically upwardly. 1If, during the removal of a drill
bit from within a respective drill bit container, the
loader assembly is advanced over the fluted portion, the
drill bit is thereafter inserted into the rotatable arm
of a respective one of the inversion assemblies via the
loader assembly such that the fluted portion is directed
generally vertically upwardly. Thereafter, the pressure
within the loader assembly is equalized, with the loader
assembly then being retracted away from the drill bit.
The inversion arm is then rotated such that the shank
portion is directed generally vertically upwardly.
Subsequent to this "flipping" of the drill bit, the
loader assembly 1is advanced over the shank portion
thereof and into contact with the locating ring
positioned thereupon. Negative pressure is then again
created within the loader assembly at a level sufficient
to retain the drill bit therewithin. The drill bit is
then removed from within the inversion arm via the loader
assembly. | _

After the drill bit has been inverted and re-grasped
by the loader assembly in the above-described manner, the
fluted portion of the drill bit pfotrudes from the loader
aSsembly. The cutting tip of the drill bit is then
‘inserted into and removed from within the quantity of
‘cleaning putty of one of the primary cleaning assemblies

- via the loader assembly. If, during the removal of the

'drill bit from within a respective one of the drill bit
containers, the loader assembly is advanced over the
shank portion of the drill bit rather than the fluted
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portion thereof, the drill bit need not be inverted prior
to the cleaning of the cutting tip thereof wvia a
respective one of the primary cleaning assemblies since
the fluted portion already protrudes from the loader
assembly. Rather, subsequent to the removal of the drill
bit from within a respective one of the drill bit
containers, the cutting tip thereof is inserted into and
removed from within the quantity of cleaning putty of one
of the primary cleaning assemblies via the loader
assembly.

After being cleaned by one of the primary cleaning
assemblies, the drill bit is inserted into the rotatable
arm of a respective one of the inversion assemblies via
the loader assembly such that the shank portion thereof
is directed generally vertically upwardly. The pressure
within the loader assembly is then equalized, with the
loader assembly then being retracted from the drill bit.
The air stream generator is then used to blow air onto
the cutting tip of the drill bit to remove any residual
cleaning putty therefrom. Thereafter, the inversion arm
is rotated such that the fluted portion of the drill bit
is directed generally vertically upwardly. The loader
‘assembly is then advanced over the fluted portion of the
drill bit and into contact with the locating ring
positioned upoﬁ the shank portion thereof. Negative
pressure is then again created within the loader assembly
at a  1level sufficient to retain the drill bit
therewithin, with the drill bit then beihg removed from
within the inversion arm via the loader assembly.

After being removed from within the inversion
assembly, the drill bit is transferred from the loader
‘assembly to a respective one of the workhead assemblies.
More particularly, the shank portion of the drill bit is
inserted into a respective one of the workhead assemblies
via the loader assembly. Once releasably held within a
- respective workhead assembly, each drill bit is inserted
into the interior of a respective one of the optical



10

15

20

25

30

35

WO 99/59777 PCT/US99/06020

-312-

assemblies thereby. Once within a respective optical
assembly, the overall 1length of the drill bit is
measured, with the cutting tip being indexed to a first
reference point via the workhead assembly. The angular
orientation of the cutting tip relative to a second
reference point and the orientation of the fluted portion
relative to the first reference point are then adjusted
via the workhead assembly, with the drill bit thereafter
being removed from within the optical assembly wvia the
workhead assembly.

After the initial evaluation of the fluted portion
and the cutting tip of each drill bit has been completed
by a respective optical assembly, the cutting tip of each
drill bit is ground via a respective one of the grinding
assemblies. In particular, the cutting tip of each drill
bit is moved into contact with a respective grinding
assembly via the workhead assembly in which the drill bit
is releasably held. After its initial movement into the
grinding assembly, the cutting tip of the drill bit is
backed away therefrom via the workhead assembly, and then
rotated approximately 180° thereby. Subsequent to such
rotation, the cutting tip is then moved back into contact
with and thereafter drawn back away from the grinding
"assembly. Importantly, the grinding operation conducted
on the cutting tip of each drill bit by a respective one
of the grinding assemblies is governed by the initial

- evaluation of the fluted portion and cutting tip of the

drill bit by the corresponding optical assembly.
Additionally, when the cutting tip of each drill bit is
moved into contact with a respective one of the grinding
assemblies, a portion of the collet member of the
associated workhead assembly is advanced through and
supported by the support member of the workhead assembly
' to reduce the vibration of the cutting tip during the
grinding process.

‘Subsequent to being ground, the drill bits are

‘carried by the workhead assemblies in which they are
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releasably held to respective ones of the secondary
cleaning assemblies. As the workhead assembly approaches
a respective secondary cleaning assembly, the conveyor

. member of the secondary cleaning assembly is actuated to

its extended position, thus placing a portion of the
cleaning putty disposed thereon into horizontal alignment
with the cutting tip of the drill bit. The cutting tip
of the drill bit is then inserted into the cleaning putty

.of the secondary cleaning assembly by the associated

workhead assembly. The conveyor member of the secondary
cleaning assembly is then actuated back to its retracted
position. | Importantly, ‘the movement of the conveyor
member back to its retracted position causes the indexing
member attached to the base member of the secondary
cleaning assenbly to index the conveyor member a

- prescribed incremental distance. Such movement of the

conveyor member causes the cutting tips of subsequently
cleaned drill bits to be inserted into different portions
of the cleaning putty disposed upon the conveyor member.
After being cleaned - by respective ones of the
secondary cleaning assemblies, the drill bits are re-

inserted by the workhead assemblies into respective ones

. of the optical assemblies. Within each optical assembly,

a final evaluation of the drill bit is conducted wherein
the length of the fluted portion is measured, as is the
geometry. of the cutting tip defined thereby. Subsequent
to the completion of such measurements, the drill bit is
removed from within the optical assembly via the workhead

. assembly in which it is releasably held. The final

evaluation of each drill bit includes a determination as
to whether the locating ring of the drill bit is properly
positioned relative to the cutting tip thereof.

If it is determined that the positioning of the
iocating ring relative to the cutting tip must be

~adjusted, the drill bit - is transported from its
associated workhead assembly to the bumper assembly via

the loader assembly. In particular, the shank portion of

PCT/US99/06020
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the drill bit is inserted- into a drill seat of the
bumping assembly, with the cutting tip then being
positioned at a desired separation distance from the
drill seat. Thereafter, the locating ring is bumped into
abutting contact with the drill seat. Subsequent to the
completion of this bumping operation, the drill bit is
transported from the - bumping assembly back to a
respective one of the cassette trays via the loader
assembly. More particularly, the drill bit is returned
by the loader assembly to the precise location in the
drill bit container from which it was initially removed.
As will be recognized, if during the final evaluation of
the drill bit it is determined that the position of the
locating ring need not be adjusted,_the drill bit is
transported directly from the workhead assembly to the
proper cassette tray by the loader assembly.
Additionally, if during the final evaluation of the drill
bit it is determined that there is a fault in the
geometry of its cutting tip, the drill bit ig not
transported to the bumping assembly or to a drill bit
container on one of the cassette trays, but,rather is
rejected to a separate location by the loader assembly.

In the above-described steps of the present method
wherein the loader assembly is used to transport the
drill bit between the workhead assemblies and the bumping
assembly and between the bumping assembly and respective
ones of the cassette trays, such transport is
accomplished in the same manner previously described in

" relation to the removal of the drill bit from one of the

cassette trays via the loader assembly, the insertion of

- the drill bit into and the removal of the drill bit from

within a respective one of the inversion assemblies by
the loader assembly both prior and subsequent to the
initial cleaning of the cutting tip thereof, and the
transfer of the drill bit from the loader assembly to a
respective one of the workhead assemblies. More

particularly, the loader assembly is initially advanced
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over the fluted portion of the drill bit and into contact
with the locating ring positioned upon the shank portion.
Thereafter, negative pressure is created within the
loader assembly at a level sufficient to retain the drill
bit therewithin. After the shank portion of the drill
bit has been inserted into either a workhead assembly,
the drill seat of the bumping assembly, or the drill bit
container, the pressure within the loader assembly is
equalized, with the loader assembly then being retracted
from the drill bit.

For each drill bit to be inserted into and removed
from within the inversion arm of an inversion assembly,
the drill seat of the bumping assembly, and the drill bit
container, the drill bit must be maintained in a
generally vertical orientation by the loader assembly.
However, to be inserted into and removed from within each
workhead assembly, the drill bit must be maintained in a
generally horizontal orientation by the loader assembly.
As such, the loader assembly is adapted to pivot to
accomplish the extension of the drill bit either
vertically or horizontally as needed.

Brief Description of the Drawings
‘These, as well as other features of the present

invention, will become more apparent upon reference to
the drawings wherein:

Figure 1 is a perspective view of a drill bit
container used with the re~-sharpening apparatus of
the present invention, illustrating the manner in
which multiple drill bits are stored therewithin;

Figure 2 is a front perspective view of the re-
sharpening apparatus of the present invention;

- Figure 2a is a perspective view of one of the
cassette trays of the present re-sharpening
-apparatus, illustrating the manner in which multiple
drill bit containers are positioned thereupon;

PCT/US99/06020
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Figure 3 is a top view of the re-sharpening
apparatus of the present invention;

Figure 4 is a partial cross-sectional view of
one of the shaft members of the gripper of the
loader assembly of the present re-sharpening
apparatus;

Figure 4a is a side elevational view of the
gripper of the loader assembly, illustrating the
manner in which it is pivotally movable relative to
the robotic arm of the loader assembly;

Figure 4b is a perspective view of the gripper
of the loader assembly;

Figure 5 is a perspective view of one of the
inversion assemblies of the present re-sharpening
apparatus, illustrating the manner in which a drill
bit is maintained therein; |

Figure 6 is a perspective view of one of the
workhead assemblies of the present re-sharpening
apparatus; R '

Figure 6a is a partial'side elevational view of
the collet member of the workhead assembly shown in
Figure 6;

Figure 7 is a cut-away perspective view of one
of the optical assemblies of the present re-
sharpening apparatus, illustrating the manner in
which a drill bit 'is inserted into the interior

thereof via one of the workhead assemblies;

Figures 7a-7d are step-by-step illustrations of

. the initial evaluation procedure conducted on a
- drill bit by each optical assembly of the present

re-sharpening apparatus;

~ 'Figure 8 is a front perspective view of one of

- the grinding assemblies of the present re-sharpening

apparatus;

. Figure 8a is a perspective view of one of the
secondary cleaning assemblies of the present re-
sharpening apparatus;

PCT/US99/06020
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Figure 9 is a partiai cross-sectional view of
the bumping assembly of the present re-sharpening
apparatus;

Figures 10a-10c are step-by-step illustrations
of the final inspection procedure conducted on a
drill bit by each optical assembly of the present
re-sharpening apparatus; and

Figures 1lla-11n are step-by-step illustrations
of the preferred sequence of operations conducted by
the present re-sharpening apparatus.

Detailed Description of the Preferred Embodiment
Referring now to the drawings wherein the showings

are for purposes. of illustrating a preferred embodiment
of the present invention only, and not for purposes of
limiting..the same, Figures 2 and 3 illustrate the
completely automated drill bit verification and re-
sharpening apparatus 10 constructed in accordance with
the present invention. As will be described in wmore
detail below, the apparatus 10 is utilized to
automatically verify the identity and geometry of a drill

~bit 16 and re-sharpen the cutting tip 12 included on the

distal end of the fluted portion 14 of a drill bit 16
(shown in Figure 1). The drill bit 16 further includes
a cylindrically configured shank portion 18 which
transitions into the fluted portion 14 via a tapered
region 20. Positioned upon the shank portion 18 is an
annular locating or setting ring 22. The locating ring
22, which is placed along the shank portion 18 at a

_standardized position for subsequent use, is normally

located about 0.8 inches from the end 24 of the shank
portion 18, and is frictionally maintained at this
position upon the shank portion 18.

As previously explained, the drill bit 16 is
typically fabricated from carbide or tungsten carbide,
and utilized in relation to the manufacture of printed
circuit boards. The drill bit 14, and in particular the

PCT/US99/06020



10

15

20

25

35

WO 99/59777 PCT/US99/06020

-18-

fluted portion 14 thereof, is used to form a plurality of -
small diameter holes within a single circuit bqard or a

plurality of overlapped circuit boards for accommodating

the pins or leads of the electrical components which are

to be subsequently interfaced to the circuit board(s).

In addition to the diameters of the holes within the

circuit board(s) needing to be held within close

tolerances, the depth to which the cutting tip 12 of the

drill bit 16 penetrates (i.e., is extended into) the

circuit board(s) must also be accurately controlled to

insure proper drilling tolerances. Such depth control is

typically accomplished through the axial positioning of

the'frictidnally mounted locating ring 22 upon the shank

portion 18. 1In this respect; the extension of the shank
portion 18 into the collet or tool holder of a drilling
apparatus (not shown) is limited by the abutment of the

locating ring 22 thereagainst. Since the locating ring
22 serves as a "stop" for controlling the length of the
drill bit 16 which extends from the tool holder, the

distance D1 separating the cutting tip 12 from the

locating ring 22 must. be maintained within a certain,

close tolerance range to insure proper circuit board
drilling. '

Due to the expense associated with the manufacture
of the drill bit 16, after prolonged use, the cutting tip
12 is preferably re-sharpened rather than the drill bit
16 being -discarded. The re-sharpening of the cutting tip
12 generally results in a decrease in the length of the
fluted portion 14, thus 1lessening the distance D1
separating the cutting tip 12 from the locating ring 22.

- As such, after the re-sharpening procedure has been

completed, the position of the locating ring 22 upon the
shank portion 18 must be adjusted to re-achieve the
proper distance D1 separating the cutting tip 12 from the
locating ring 22. As also previously explained, in the
prior art, the re-sharpening of the cutting tip 12 as
well as the re-positioning of the locating ring 22 upon
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the shank portion 18 is typically done manually or semi-
manually through the wuse of various independent
conventional grinding and measurement systems and
techniques. However, the use of these prior art methods,
in addition to being time-consuming and costly, often
does not facilitate the required level of accuracy in the
fihished configuration of the cutting tip 12 and/or the
distance Dl separating the cutting tip 12 from the
locating ring 22.

"Drill Bit Container

'As further seen in Figure 1, for processing by the
present apparatus 10, drill bits 16 (including the
locating riﬁgs 22 positioned thereupon) are preferably
stored in a drill bit container 26. The drill bit
container 26 comprises a base 28 having a cover 30
pivotally connected thereby via a pair of hinges 32. To
secure the cover 30 to the base 28, a first tab 34 of the
cover 30 mates with a second tab 36 of the base 28. As
such, the drill bit container 26 can assume either an
opened position or a closed position, and is shown in
Figure 1 in its opened position.

The base 28 of the drill bit container 26 defines a
generally flat top surface 38 haVing a plurality of drill
bit receiving holes 40 disposed therein. The drill bit
receiving holes 40 are specifically arranged in the top
surface 38, and are provided in alternately off-set rows
for purposes of reducing the overall size requirement for
the drill bit container 26. Each of the drill bit
receiving holes 40 has a diameter which is large enough

_to allow the shank portion 18 of the drill bit 16 to pass

thereﬁhrough. However, each drill bit receiving hole 40
is smaller in diameter than the locating ring 22. A&s
such, the insertion of the shank portion 18 axially into
a respective one of the holes 40 is limited by the
abutment of the lower surface of the locating ring 22
against the top surface 38 of the base 28. As such, the
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majority of the shank portion 18 resides below the top
surface 38, with the fluted portion 14 projecting
generally perpendicularly upwardly therefrom. Although
the particular container 26 illustrated herein is
manufactured by Tycom Corp. of Santa Ana, California, the
assignee of this patent application, those of ordinary
skill in the art will recognize that other containers 26
manufactured by alternative companies may be utilized in
the present invention and are clearly contemplated
herein. _

‘The drill bit container 26 used in conjunction with
the apparatus 10 may be of a standard design, or
alternatively of any special design as required by a
customer. Additionally, the drill bits 16 need not be
inserted into respective ones of the receiving holes 40
such that the fluted poftions 14 thereof project
generally perpendicularly upwardly from the top surface
38. Rather, as further seen in Figure 1, the fluted
portion 14 of each drill bit 16 may be axially inserted
into a respective one of the holes 40, with such
insertion being limited'by the abutment of the upper
surface of the locating ring 22 against the top surface
38 of the base 28. In this orientation, the shank
portion 18 of the drill bit 16 will project generally
perpendicularly upwardly from the top surface 38.

Apparétus Housing
Referring now to Figures 2 and 3, the apparatus 10

of the present invention comprises a base table or
housing 42 which defines a planar top surface 44 having
a generally reCtangular configuration. Attached to the
front of the housing 42 is a pair of control panels 46
" which house a programmable control device, the use of
which will be described in more detail below. Attached
to the top surface 44 are two (2) pairs of generally
rectangular support blocks 48. One pair of opposed sides
of_the support plate 50 are abutted against respective



10

15

20

25

30

35

WO 99/59777

-21-

pairs of the support blocks 48, with the remaining pair
of opposed sides being substantially flush with
respéctive ones of the longitudinal sides of the housing
42, The support blocks 48 and support plate 50 each
define generally planar top surfaces.

Cassette Trays
Referring now to Figures 2, 2a and 3, the apparatus

10 of the present invention comprises a pair of elongate,
generally rectangular cassette trays 54 which are
attached to the generally planar top surfaces of
respective pairs of the support blocks 48. As seen in
Figures 2 and 3, the width dimensions of the identically
configured cassette trays 54 are substantially identical
to those of the support blocks 48 to which they are
attached. In this respect, the longitudinal and lateral
sides of each cassette tray 54 are substantially flush

“with the corresponding sides of the support blocks 48 to

which it is attached.
In the apparatus 10, each cassette tray 54 is a
frame having a piurality of generally rectangular,

~equally sized openings 56 formed therein. The openings

56 are each defined by frame walls 58 which project
upwardly from a base 60. Importantly, each of the
openings 56 has a configuration which is complementary to

that of the base 28 of the drill bit container 26. In

this respect, as seen in Figure 2a, each opening 56 is
sized to partially receive the base 28 of a drill bit
container 26 and hold the same in a set position. As
also seen in Figure 2a, drill bit containers 26 may be

.placed within the openings 56 in a pattern wherein an

opening 56 adjacent the base 28 of each drill bit
contéiper 26 is used to accommodate the cover 30 when the
drill bit container 26 is'opened. However, those of
ordinary skill in the art will recognize that the bases

- 28 of drill bit containers 26 may be inserted into all of
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the openings 56 at one time provided that the covers 30
are detached therefrom.

Loader Assembly
Referring now to Figures 2, 3, 4, 4a and 4b, the

apparatus 10 of the present invention includes a robotic
loader assembly 62 which is movably or rotatably attached
to the support plate 50 and is used to remove drill bits
16 one at a time from within the drill bit containers 26
positioned upon the cassette trays 54, and return each
drill bit 16 to the precise location within the drill bit
container 26 from which it was removed subsequent to the
re-sharpening of its cutting tip 12 and re-positioning of
its locating ring 22. The loader assembly 62 is also
used to transport drill bits 16 between various
assemblies of the apparatus 10, as will be described in
more detail below.

b The loader assembly 62 comprises a robotic arm
having a generally L-shaped first arm segment 64 which is
rotatably attached to a base member 65 of the loader
assembly 62. The base member 65 is itself attached to
the top surface of the support plate 50 in relative close
proximity to the back edge thereof. As seen in Figure 2,
the first arm segment 64 is rotatable relative to the
base member 65 about a first loader axis LAl which
extends in generally perpendiéular relation to the top
surface of the support plate 50. In addition to the
first arm segment 64, the robotic arm comprises a second

arm segment 66 which is rotatably'connected-to the distal

‘'end of the horizontally extending portion of the first

arm segment 64 and is rotatable about a second loader
axis LA2 relative thereto. As further seen in Figure 2,
the second loader axis LA2 extends in generally parallel
relation to the first loader axis LAl.

In addition to the first and second arms segments
64, 66, the robotic arm of the loader assembly 62
comprises a third arm segment 67 which is rotatably
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connected to the end of the second arm segment 66
opposite that connected to the first arm segments 64.
The third arm segment 67 is rotatable about a third
loader axis LA3 relative to the second arm segment 66.
The third loader axis LA3 itself extends in generally
parallel relation to the first and second loader axes
LAl, LA2. In addition to being rotatable about the third
loader axis LA3, the third arm segment 67 of the robotic
arm is movable linearly or vertically (i.e., upwardly and
downwardly) therealong. Though not showh, the robotic arm
of the loader assembly 62 includes internal components
which allows the first arm segment 64 to be rotated about
the first loader axis LAl, the second arm segment 66 to
be rotated about the second loader axis LA2, and the
third arm segment 67 to be rotated about or moved along
the third loader axis LA3.

In addition to the robotic arm, the loader assembly
62 comprises a gripper 70 which is attached to the lower
end of the third arm segment 67 of the robotic arm. The
gripper 70 comprises a gripper housing 7l1la having a pair
of gripper arms 71b extending downwardly therefrom in
spaced, generally parallel relation to each other. The

- gripper 70 further comprises a pair of shaft members 72

which are pivotally connected to respective ones of the
gripper arms 71b. More particularly, each of the shaft
members 72 extends partially between a spaced pair of
flange portions defined by a respective gripper arm 71b.
Extending longitudinally through each shaft member 72 is
an aperture 74, at least a portion of which has a
diameter slightly exceeding the diameter of the shank
portion 18 of the drill bit 16. Fluidly connected to
each of the apertures 74 is an elongate, flexible vacuum

" tube 76 of the loader assembly 62 which is also connected

to a vacuum pump thereof. When activated, the vacuum
pump facilitates the creation of a vacuum within each of
the apertures 74 for reasons which will be described in
more detail below.
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In addition to the shaft members 72, the gripper 70
comprises an actuator member 78 which is used to
facilitate the reciprocgl pivotal movement of the shaft
members 72 relative to the third loader axis LA3. The
actuator member 78 preferably comprises a pneumatic
cylinder, the body of which is pivotally connected to one
of the gripper arms 71b. Extending axially from the body
is a piston rod, the distal end of which is mechanically
‘coupled to the pivot pin used to pivotally connected the
shaft members 72 to the gripper arms 71b and each other.

As seen in Figures 4 and 4a, the shaft members 72 of
the gripper 70, in addition to having the capacity to
rotate about and travel vertically along the third loader
axis LA3 by virtue of the connection of the gripper 70 to
the third arm  segment 67, may also be pivoted
approximately 90° to a horizontal orientation by the
actuator member 78 so as to extend along a gripper axis

. GX which is generally perpendicular to the third loader
axis LA3. In this respect, the advancement of the piston
rod of the actuator member 78 from the body thereof
facilitates the upward pivotal movement of the shaft
members 72 from a vertical orientation extending along
the third loader axis LA3 (as shown in Figures 4 and 4b)
to a horizontal orientation extending along the gripper
axis GX (as shown in Figure 4a). Conversely, the
retraction of the piston rod back into the cylinder
facilitates the downward pivotal movement of the shaft
members 72 and the return thereof to their extension
along the third loader axis LA3. The importance of the
ability to extend the shaft members 72, and in particular
their apertures 74, along the gripper axis GX will be
described in more detail below.

- As is apparént from the foregoing description of the
loader'assembly 62, the shaft members 72 of the gripper
70 thereof may be maneuvered to a position above
virtually any location upon the top surface 44 of the
housing 42 by the robotic arm. Importantly, the
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configuration of the cassette trays 54 and their
attachment to the support blocks 48 is such that a drill
bit 16 disposed within any drill bit receiving hole 40 of
a drill bit container 26 stored within any opening 56 of
the cassette trays 54 is accessible by the gripper 70 of
the loader assembly 62, and in particular either of the
shaft members 72 thereof. |

As further seen in Figure 4, the "grasping" of a
drill bit 16 by the loader assembly 62 when the drill bit
16 is vertically oriented with the fluted portion 14
thereof projecting upwardly is accomplished by initially
maneuvering one of the shaft membexrs 72 via the robotic
arm such that the aperture 74 extending therethrough is
coaxially aligned with the fluted portion 14 of the drill
bit 16. Thereafter, the shaft member 72 is moved
vertically downward along the third loader axis LA3 and
advanced over the fluted.portion 14 and tapered region 20
of the drill bit 16, with such downward advancement being
terminated when the shaft member 72 contacts the locating
ring 22 of the drill bit 16. Thereafter, the vacuum pump
of the loader assembly 62 is activated so as to create
negative pressure within the aperture 74. Such negative
pressure or vacuum causes the drill bit 16 to be retained
within the shaft member 72 when the same is moved
upwardly along or rotated about the third loader axis LA3
by the third arm member 67 of the robotic arm. As will
be recognized, the equalization of pressure within the
aperture 74 as occurs when the vacuum pump is deactivated
results in the immediate release of the drill bit 16 from
within the shaft member 72.

The "grasping" of the drill bit 16 by the loader
assembly 62 when the drill bit 16 is vertically oriented
with the shank portion 18 thereof projecting upwardly is
accomplished in the previously described manner as well.

-In this respect, one of the shaft members 72 of the

gripper 70 is initially maneuvered such that the aperture
74 extending therethrough is coaxially aligned with the
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shank portion 18 of the drill bit 16. 'Thereafter, the
shaft member 72 is moved vertically downward along the
third loader axis LA3 and advanced over the shank portion
18, with such downward advancement being terminated when
the shaft member 72 contacts the locating ring 22 of the
drill bit 16. Once again, the vacuum pump of the loader
assembly 62 is activated so as to create negétive
pressure within the aperture 74 which causes the drill
bit 16 to be retained within the shaft member 72. The
equalization of pressure within the aperture 74 resulting
from the deactivation of the vacuum pump facilitates the
immediate release of the drill bit 16 from within the
shaft member 72. _

As is apparent from Figure 4a, the "grasping" of a
drill bit 16 by the loader assembly 62 when the drill bit
16 is  horizontally oriented is accoﬁplished by
maneuvering one of the shaft members 72 via the robotic
-arm such that when the shaft member 72 is pivoted
upwardly by the actuator member 78, the gripper axis GX
is coaxially aligned with the drill bit 16, and in
particular the fluted portion 14 thereof. Thereafter,
the shaft member 72 is moved horizontally and advanced
over the fluted portion 14 and tapered region 20 of the
drill bit 16, with such horizontal advancement being
terminated when the shaft member 72 contacts the locating
ring 22 of the drill bit 1s. The activation of  the
vacuum pump of the loader assembiy 62 retains the drill
bit 16 within the shaft member 72 in the prev1ously
described manner.

Primary Cleaning Assemblies

Referring now to Figures 2 and 3, the apparatus 10
of the present invention further includes a pair of
'identiéally configured primary cleaning assemblies 80
‘which are each used to facilitate the cleaning of the

- cutting tip 12 of a drill bit 16 prior to the grinding or

‘re-sharpening thereof. Although not by limitation, in
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the preferred embodiment, the primary cleaning assemblies
80 each comprise a rectangularly configured bath or
container 82 which is attached to a respective one of the
support blocks 48, and more particularly the longitudinal
side thereof disposed adjacent the support plate 50.
Each of the baths 82 contains a quantity of cleaning
putty 84.

in the apparatus 10, if a drill bit 16 has initially
been grasped by a shaft member 72 of the gripper 70 via
the advancement of.the'shaft member 72 over the shank
portion 18, the cutting tip- 12 of the drill bit 16 is
cleaned immediately subsequent to the removal of the
drill bit 16 from within a drill bit container 26. Such
cleaning is accomplished by maneuvering the loader
assembly 62 such that the shaft member 72, and more
particularly the fluted portion 14 of the drill bit 16
protruding therefromh is wvertically aligned with the
cleaning putty 84 of one of the primary cleaning
assemblies 80. Thereafter, the shaft member 72 is moved
downwardly aiong the third loader axis LA3 by the third
arm segment 67 of the robotic arm so as to facilitate the
insertion of the cutting tip 12 of the drill bit 16 into
the quantity of cleaning putty 84. The shaft member 72
is then moved upwardly along the third loader axis LA3 by

. the third arm segment 67 so as to facilitate the removal

of the cutting tip 12 from within the cleaning putty 84.
It will be recognized by those skilled in the art that
alternative cleaning systems such as laser systems;

. carbon dioxide systems; fluidic bath systems and the like

are expressly contemplated herein.
As will be recognized, if the drill bit 16 has been

- grasped by one of the shaft members 72 of the gripper 70

in the manner shown in Figure 4 (i.e., the shaft member
72 is advahced over the fluted portion 14 of the drill
bit 16), the drill bit 16 must be inverted to accomplish

. the cleaning of the cutting tip 12 thereof via one of the

primary cleaning assemblies 80. Such inversion is
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accomplished through the use of one of the inversion
assemblies of the apparatus 10 as will be described in
more detail below. '

Inversion Assemblies

Referring now to Figures 2, 3 and 5, the apparatus
10 of the present invention further includes a pair of
identically configured inversion assemblies 85 which, as
will be discussed in more detail below, are each used to
facilitate the selective inversion or flipping of a drill
bit 16. The inversion assemblies 85 each comprise a base
member 86 which is attached to the top surface of the
support plate 50. Rotatably connected to the base member
86 is an inversion arm 87 which extends in a generally
horizontal direction. The inversion arm 87 is rotatable
relative to the base member 86 via a rotary actuator (not
shown) disposed therewithin. Attached to the distal end
of the inversion arm 87 is a holder block 88 having an
dperture extending therethrough which is sized to have a
diameter slightly exceeding that of the locating ring 22
positioned upon a drill bit 16. '

Each inversion assembly 85 further comprises an
elongate locking pin 89 which is movably attached to the
base member 86 and defines a distal end which is
reciprocally movable into and out of the aperture
extending through the holder block 88. Also attached to
the base member 86 is an air stream generator 90 which is
adapted to direct a high pressure air stream against the
cutting tip 12 of a drill bit 16 for reasons which will
be discussed in more detail below.

' As indicated above, if the shaft member 72 of the
gripper 70 has initially been advanced over the fluted

- portion 14 of a drill bit 16 and into contact with the
‘locating ring 22, the drill bit 16 must be inverted via
one of the inversion assemblies 85 to allow the cutting
tip 12 thereof to be. initially cleaned by one of the

primary cleaning assemblies 80. Such inversion is
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accbmpliéhed by maneuvering the shaft member 72 via the
robotic arm of the loader assembly 62 such that the shank
portion 18 of the drill bit 16 protruding therefrom is
coaxially aligned with the aperture extending through the

-holder block 88 of one of the inversion assemblies 85.

Thereafter, the shaft member 72 is moved downwardly by
the third arm segment 67 of the robotic arm along the
third loader axis LA3 so as to facilitate the insertion
of the shank portion 18 into the aperture of the holder
block 88.

After the drill bit 16 has been inserted into the
holder block 88, the operation of the inversion assembly
85 is initiated by the actuation of the locking pin 89 so
as to cause the same to move into engagement with the
shank portion 18 of the drill bit 16. As will be
recognized, the engagement of the distal end of the
locking pin 89 to the shank portion 18 effectively locks
the drill bit 16 within ‘the holder block 88. The
equalization of the pressure: level within the shaft
member 72 and retractidn thereof from the drill bit 16
(i.e., upward movement of the shaft member 72 along the
third loader axis LA3) occurs subsequent to the
engagement of the locking pin 89 to the shank portion 18
of the drill bit 16.

As will be recognized, subsequent to the locking of
the drill bit 16 within the holder block 88 and
retraction of the gripper 70 therefrom, the fluted
portion 14 of the drill bit 16 projects generally
vertically upwardly. Thereafter, the inversion arm 87 of
the inversion assembly 85 is rotated approximately 180°
by the rotary actuator so as to cause the shank portion

18 .of the drill bit 16 to be directed generally

vertically upwardly. Subsequent to such inversion, the
robotic arm of the loader assembly 62 is used to maneuver
one of the shaft members 72 of the gripper 70 such that
the aperture 74 thereof is coaxially aligned with the
shank portion 18 of the drill bit 16. The shaft member
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72 is then moved downwardly along the third loader axis
LA3 by the third arm segment 67 and advanced over the
shank portion 18 of the drill bit 16. Upon the creation
of a vacuum within the aperture 74 sufficient to maintain
the drill bit 16 therewithin, the locking pin 89 of the
inversion assembly 85 is retracted so as to remove the
distal end thereof from its engagement to the shank
portion 18. Such.disengagement allows the drill bit 16
to be removed from within the holder block 88 by the
upward movement of the shaft member 72 along the third
loader axis LA3. As will be recognized, upon the removal
of the drill bit 16 from within the holder block 88, the
fluted portion 14 of the drill bit 16 protrudes from the
shaft member 72, thus allowing the. cutting tip 12 to be
cleaned via one of the primary cleaning assemblies 80 in
the above-described manner.

In the apparatus 10 of the present invention, each
'drill bit 16 must be inverted via one of the inversion
assemblies 85 subsequent to the cutting tip 12 thereof
being cleaned via one of the primary cleaning assemblies
80 in the above-described manner. In this respect, after
the cutting tip 12 has been initially cleaned, the drill
bit 16 must be grasped by the gripper 70 of the loader
assembly 62 such that the shank portion 18 rather than
the fluted portion 14 protrudes from one of the shaft
members 72.

The inversion process following the initial cleaning
of the cutting tip 12 is accomplished by maneuvering the
shaft member 72 having the just cleaned drill bit 16
therewithin such that the fluted portion 14 of the drill
bit 16 is coaxially aligned with the aperture extending
through the holder block 88 of one of the inversion
assemblies 85. Thereafter, the shaft member 72 is moved
downwardly along the third loader axis LA3 by the third
arm segment 67 of the robotic arm so as to facilitate the
insertion of the fluted portion 14 into the aperture of
the holder block 88. After the fluted portion 14 has
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been advanced through the apertﬁre of the holder block
88, the locking pin 89 is actuated so as to cause the
distal end thereof to extend into engagement with the
shank portion 18 of the drill bit 16. As explained
above, the engagement of the distal end of the locking
pin 89 to the shank portion 18 effectively locks the
drill bit 16 within the holder block 88. The shaft
member 72 is then moved upwardly along the third loader
axis LA3 by the third arm segment 67 so as to retract the
same from the drill bit 16.

As will be recognized, when the drill bit 16 is
locked within the holder block 18 and gripper 70 of the
loader assembly 62 retracted therefrom, the shank portion
18 is directed generally vertically upwardly, with the
fluted portion 14 being directed generally vertically
downwardly. The air stream generator 90 of the inversion
assembly 85 is then activated, and is caused to direct a
high pressure air stream against: the cutting tip 12 of
the drill bit 16 in the 'manner shown in -Figure 5.
Importantly, the impingement of air against the cutting
tip 12 effectively removes any residual cleaning putty
therefrom. Thereafter, the inversion arm 87 of the
inversion assembly 85 is rotated approximately 180° so as
to cause the fluted portion 14 to be directed generally
vertically upwardly.

~ Subsequent to the inversion of the drill bit 16, one
of the shaft members 72 of the 'gx"ipper 70 is maneuvered
such that the aperture 74 thereof is coaxially aligned
with the fluted portion 14. The shaft member 72 is then
moved downwardly along the third loader axis LA3 via the
third arm segment 67 of the robotic arm and advanced over
the fluted portion 14. The vacuum is then created within
the aperture 74 at a level sufficient to maintain the
drill bit 16 therewithin. Thereafter, the locking pin 89
of the inversion assembly 85 is retracted or disengaged
from the shank portion 18, thus allowing the drill. bit 16
to be removed from within the holder block 88 by the
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upward movement of the shaft member 72 along the third
loader axis LA3 by the third arm segment 67 of the
robotic arm. As will be recognized, upon the removal of
the drill bit 16 from the inversion assembly 85, the
shank portion 18 thereof protrudes from one of the shaft

members 72 of the gripper 70.

Workhead Assemblies

| Referring now to Figures 2, 3, 6 and 6a, the
apparatus 10 further comprises an identically configured
pair of workhead assemblies 96, each of which is used to
transport a drill bit 16 between other assemblies of the
apparatus 10 as will be described in more detail below.
Each of the workhead assemblies 96 comprises a generally
rectangular base member 98 which is reciprocally moveable
along a base member axis BX (as shown in Figure 3). The
base member axes BX of the workhead assemblies 96 extend
in co-planar, parallel relation to each other.

e

= The movement of the base member 98 along its base

member axis BX is facilitated by an actuator 100 of the
workhead assembly 96. As best seen in Figure 2, the
actuator 100 of each workhead assembly 96 preferably
comprises a pneumatic cylinder, the body of which is
attached to the top surface 44 of the housing 42 and
disposed underneath a respective one of the cassette
trays 54. Extending axially from the body is an elongate
piston rod, the distal end of which is attached to the
base member 98. As will be recognized, the advancement
of the piston rod of the actuator 100 from within the
body thereof results in the movement of the base member
98 along its base member axis BX away from the cassette

-trays 54. Conversely, the retraction of the piston rod

of the actuator 100 into the body thereof results in the

“movement of the base member 98 along its base member axis

BX toward the cassette trays 54. Those of ordinary skill
in the art will recognize that the actuator 100 used to
facilitate the movement of the base member 98 along its

PCT/US99/06020



10

15

20

25

30

35

WO 99/59777

~33-

base member axis BX may comprise devices other than for
a pneumatic cylinder.

In addition to the base member 98 and actuator 100,
each workhead assembly 96 comprises a swivel member 102
having a swivel member housing 103 which is rotatably
connected to the base member 98 via a bearing 101. The
swivel member 102 is rotatable about a swivel member axis
which extends in generally perpendicular relation to the
base wmember axis BX, and thus extends in generally .
parallel relation to the first, second and third loader
axis LA1l, LA2, LA3. The rotation of the swivel member
102 relative to the base member 98 is accomplished by the
selective activation of a first stepper motor 104 thereof
which extends from the swivel member housing 103. The
rotation of the swivel member 102 relative to the base
member 98 may alternatively be accomplished through the
use of a pneumatic cylinder rather than the first stepper
motor 104. ,

Each workhead assembly 96 further comprises a collet
member 106 which is attached to the swivel member 102.
The collet member 106 includes a collet member housing .
107 having a cylindrically configured collet shaft 108
extending therefrom. Attached to the distal end of the
collet shaft 108 1is a 1locking sleeve 111 which
accommodates a collet head 110. In the workhead assembly
96, the collet shaft 108, and hence the collet head 110,
is reciprocally movable relative the collet member
housing 107 along a collet axis CX (shown in Figure 6).
In addition to being movable along the collet axis CX,
the collet shaft - 108 is rotatable thereabout.  The
movement of the collet shaft 108 along and about the

- collet axis;CX is facilitated by a second stepper motor

112 of the collet member 106 which extends from the
collet member housing 107 thereof. The collet axis CX
extends in generally parallel relation to the plane of
the top surface 44 of the housing 42 throughout the
rotation of the swivel member 102. The first and second
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stepper motors 104, 112 may comprise servo motors, or
linear servo motors. Since the second stepper motor 112
facilitates the rotation of the collet shaft 108 about
the collet axis CX, such motor provides a prescribed
rotational positioning of the cutting tip 12 of the drill
bit 16 as will be described in more detail below.
Referring now to Figures 4, 4a, 6 and 6a, in the
apparatus 10, a drill bit 16 is insertable into and
removable from within the collet head 110 of each
workhead assembly 96 by the loader assembly 62. In this
respect, the collet head 110 is sized and configured to
slidably receive the shank portion 18 of a drill bit 16,
with the advancement of the shank portion 18 into the
collet head 110 being limited by a stopper within the
collet head 110 which is adjusted so that only about one-

- eighth of an inch of the shank portion 18 of the drill

bit 16 is inserted into and locked within the collet head

'210. Since the collet axis CX extends horizontally, a
‘drill bit 16 held vertically within a shaft member 72 of

the gripper 70 in the above-described manner must be
pivoted to extend aldng'the gripper axis GX (as shown in
Figure 4a) prior to being insertable into the collet head
110. 1In addition to the shaft member 72 being pivoted by

the actuator member 78 to facilitate the extension of the |
drill bit 16 along the gripper axis GX, the shaft member
72 must also be maneuvered by the loader assembly 62 such
that the gripper axis GX is coaxially aligned with the
collet axis CX in order for the shank portion 18 to be
insertable into the collet head 110. -The gripper axis GX
must also be coaxially aligned with the collet axis CX
for the shaft member 72 to be advanced over the fluted
portion 14 of the drill bit 16 and into contact with the
locating ring 22 to facilitate the removal of the drill

- bit 16 from within the collet head 110.

As best seen in Figure 6, each workhead assembly 96
further comprises an elongate support member 114 which is
attached to the base member 98. Extending through the
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support member 14 in close proximity to the top end
thereof is an aperture 116 which is sized and configured
to slidably receive the locking sleeve 111. As will be
described in more detail below, the locking sleeve 111 is
slidably advanced into the aperture 116 as part of the
process of re-sharpening the cutting tip 12 of the drill
bit 16 so as to allow the support member 14 to guide and

prevent excessive vibration of the drill bit 16 within

the collet head 110 during the re-sharpening process.

Optical Assemblies

. Referring nowﬂto”Figures 2,'3 and 7, the apparatus
10 further comprises a pair of vision or optical
assemblies 118, each of which is adapted to generate
images preferably digital images used to verify the
identity and geometry of the drill bit as well as conduct
initial and final inspections or evaluations of the
cutting tip 12 and fluted portion 14 of a drill bit 16
inserted thereinto, as will be described in more detail

-below. The optical assemblies 118 are each attached to

the top surface 44 of the housing 42 and are'disposed
under respective ones of the cassette trays 54.

As best seen in Figure 7, each of the optical
assemblies 118 comprises an opfical housing 120 having a
circularly configured opening 122 disposed within one of
the sidewalls thereof. The opening 122 is sized and
configured to receive the locking sleeve 111 of one of
the workhead assemblies 96. When the optical assemblies
118 are mounted to the housing 42, the distance
separating the opening 122 of each optical housing 120
from the top surface 44 of the housing 42 is such that

‘the collet axis CX of one of the workhead assemblies 96

may be coaxially aligned with the opening 122. Such
alignment is needed to allow a drill bit 16 held within
the collet head 110 of a workhead assembly 96 to be

. insertable into the interior of the optical housing 120

via the opening 122 upon the movement of the base member
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98 of the workhead assembly 96 along the base member axis
BX. _

Disposed within the interior of the optical housing
120 is a circularly configured illumination ring or array
124 which is coaxially aligned with the opening 122. The
illumination array 124 preferably comprises a sequential
ring of LED’s which emit red light. Attached to the
sidewall of the optical housing 120 opposite that

‘including the opening 122 disposed therein is a front

camera 126 of the optical assembly 118. The front camera
126 protrudes into the interior of the optical housing
120, and includes a circularly configured lens which is
coaxially aligned with both the opening 122 and the
illumination array 124. In addition to the front camera
126, each.opticél assembly 118.includes a top camera 128
which is attached to the.tdp of the optical housing 120.
Like the front camera 126, the top camera 128 protrudes

into the interior of the optical housing 120, and
‘includes a circularly configured lens which extends in

generally perpendicular relation to the collet axis CX
when a drill bit 16 is inserted into the interior of the
optical housing 120 by a workhead assembly 96. Although
various optical systems are contemplated herein, a

preferred system is manufactured by Volution, Inc. of San
Diego, California.

Grinding Assemblies _
Referring now to Figures 2, 3 and 8, the apparatus’

° 10 further comprises a pair of grinding assemblies 130

30

35

which are attached to the top surface 44 of the housing
42. Each of the grinding assemblies 130 comprises a
grinder mount 132 which has a generally U-shaped
configuration. Mdvably attached to the grinder mount 132

‘and disposed between the ear portions defined thereby are

first and second grinder motors 134, 136. Rotatably
connected to the first grinder motor 134 is a first
circularly configured grinding head 138, while rotatably
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connected to the second grinder motor 136 is a second
circularly configured grinder head 140.

In the apparatus 10, the grinding faces of the first
and second grinder heads 138, 140 typically do not extend
in perpendicular relation to the top surface 44 of the
housing 42, but rather are angularly off-set relative
thereto. In each grinding assembly 130, the angular
orientations of the grinding faces of the first and
second grinder heads 138, 140 relative to the top surface
44 may be selectively adjusted. In this respect, the
grinder mount 132 includes a pair of arcuately shaped
slots 142 disposed within respective ones of the ear
portions defined thereby. The attachment of the first
and second grinder motors 134, 136 to the grinder mount
132 is facilitated by the receipt of mounting shafts
extending from each of the first and second grinder
motors 134, 136 into reépective ones of the slots 142.
The tightening of a clamping member 144 disposed on the
distal end of at least one of the mounting shafts
maintains the mounting shafts in a desired 1location

~.within the slots 142. As will be recognized, the

loosening of the clamping member 144 allows the location
of the mounting shafts within the slots 142 to be
selectively adjusted as needed to alter the angular
orientations of the grinding faces of the first and
second grinder heads 138, 140 relative to the top surface
_44 of the housing 42. 1In each grinding assembly 130, the
first and second _-g'rinder motors 134, 136 are
interconnected, and thus move in unison when the angular
orientations of the grinding faces of the first and
second grinder heads 138, 140 are adjusted in the above-

_described manner.

Secondary Cleaning Assemblies

Referring now to Figures 2, 3 and 8a, the apparatus
10 further comprises a pair of secondary cleaning
assemblies 180 which are attached to the top surface 44
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of the housing 42 outwardly of respective ones of the
cassette trays 54. The secondary cleaning assemblies 180
are used to facilitate the cleaning of the cutting tip 12
of a drill bit 16 prior to the final inspection thereof
by one of the optical assemblies 118 as will be described
in more detail below. '

Each of the secondary cleaning assemblies 180
comprises a base member 182 which is attached to the top
surface 44 of the houéing 42. Movably attached to the
base member 182 is an elongate conveyor bar 184 which
includes a bair of conveyor rollers 186 rotatably
connected to a common side thereof in relative close
proximity to respective ones of the opposed ends thereof.
Attached to one of the conveyor rollers 186 is an
indexing wheel 188, while extending about the conveyor
rollers 186 is a continuous conveyor belt 190.
Additionally, attached to the base member 182 is an

indexing member 192 which extends upwardly toward the

indexing wheel 188. As seen in Figure 8a, the conveyor
belt 190 is provided with quantities of cleaning putty
194 thereon, with each such quantity of cleaning putty
194 being disposed between a respective pair of ribs
formed on the conveyor belt 190.

In each secondary cleaning assembly 180, the base

" member 182 is operable to selectively actuate the

conveyor bar 184, and hence the conveyor belt 190,
between a retracted position as shown in Figure 8a and an
extended position as shown in phantom in Figure 8a. When
the conveyor belt 190 is in the extended positibn, one of
the quantities of cleaning putty 194 disposed thereon is
in general horizontal alignment with the axis of the
opening 122 of a respective one of the optical assemblies
118. When the conveyor belt 190 is in its retracted
position, the quantities of cleaning putty 194 disposed
thereon are oriented substantially below the axis of the
opéning 122. Importantly, the movement of the conveyor
belt 190 from its extended position to its retracted
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position results in the engagement of the distal end of
the indexing member 192 to the indexing wheel 188 in a
manner facilitating the indexing of the conveyor belt 190
a prescribed incremental distance. This movement of the
conveyor belt 190 effectively places a successive
quantity of cleaning putty 194 into horizontal alignment
with the collet axis CX when the same is coaxially
aligned with the opening 122 of the associated optical
assembly 118.

Bumping Assembl
Referring now to Figures 2, 3 and 9, the apparatus

10 further comprises'a bumping assembly 146 which is
attached to the top surface 44 of the housing 42
substantially intermediate the cassette trays 54. The
bumping assembly 146 is used to facilitate the re-
positioning of the locating ring 22 upon a drill bit 16
if needed subsequent to the completion of the re-
sharpening of the cutting tip 12 of the .drill bit 16.
The complete structure and manner of operation of the
bumping assembly 146 is described in detail in U.S.
Patent No. 5,472,298 entitled LOCATING RING POSITIONING
APPARATUS FOR RE-SHARPENED DRILL BIT issued December 5,
1995, the entire disclosure of which is incorporated
herein by reference.

The bumping assembly 146 generally comprises a drill
seat or anvil 148 which is attached to the top surface 44
of the housing 42. Extending axially through the drill
seat 148 is an aperture 150 for slidably receiving the
shank portion 18 of a drill bit 16. The diameter of the
aperture 150 is sized so as to slightly exceed the
diameter of the shank portion 18, thus facilitating the
slidable receipt of the shank portion 18 thereinto. In

addition to the drill seat 148, the bumping assembly 146

has a reciprocal ram or hammer assembly which includes an

'énlarged tool head 152. The tool head 152 defines a

central aperture 154 extending axially therethrough which
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is slightly larger in diameter than the aperture 150
extending axiaily through the drill seat 148. The
central aperture 154 of the tool head 152 is coaxially
aligned with the aperture 150, and thus in coaxial
alignment with the longitudinal axis of a drill bit 16
inserted into the drill seat 148.

As seen in Figure 9, the distal portion of the
central aperture 154 is enlarged in size to partially
receive the locating ring 22 positioned upon a drill bit
16. In this respect, the diameter of the enlarged
portion slightly exceeds the diameter of the locating
ring 22, with the depth D2 of the enlarged portion being
slightly less than the width W1 of the locating ring 22.
As further seen in Figure 9, the enlargement of the
distal portion of the central aperture 154 facilitates
the formation of an annular bumping surface 156 which
circumvents the reduced diameter portion of the central
aperture 154, and is adapted to contact the locating ring

'22. As will be described in more detail below, when a

drill bit 16 is inserteéd into the drill seat 148 and the
ram assembly is actuated to facilitate the downward
movement of the tool head 152, the cutting tip 12, fluted
portion 14, tapered region 20 and upper end of the shank
portion 18 of the drill bit 16 are received into the
central aperture 154, with the locating ring 22 being
"bumped" by the bumping surface 156 so as to force the
locating ring 22 into abutting contact with the top
surface 158 of the drill seat 148. '

The bumping assembly 146 further comprises an
adjustment mechanism for positioning the cutting tip 12
of a drill bit 16 inserted into the drill seat 148 at a

‘desired separation distance SD from the top surface 158

of the_drill seat 148. The adjustment mechanism includes
an optical reference system .which is adapted to produce
a laser beam L which travels perpendicularly relative the
longitudinal axis of the drill bit 16 and is spaced from
the top surface 158 of the drill seat 148 by the
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separation distance SD. In addition to the optical
reference system, the adjustment mechanism comprises a
reversible linear actuator or stepper motor which is
disposed within the interior of the housing 42 and
includes an elongate lead screw 160 which is selectively
extensible from and retractable into the stepper motor.
Extending axially from the top end of the lead screw 160
is an elongate, cylindrically configured pin portion 162
which defines a blunt distal end. The diameter of the
pin portion 162 is slightly less than the diameter of the
aperture 150, thus allowing the pin portion 162 to be
slidably extensible-into the aperture 150 and vertically
moveable therewithin.

In the apparatus 10, the bumping assembly 146 is
utilized by initially inéertihg the shank portion 18 of
a drill bit 16 into the aperture 150 of the drill seat
148 via the loader assembly 62. The insertion of the
shank portion 18 into the aperture 150 is limited- by the
abutment of the end 24 thereof against the distal end of
the pin portion 162 which, as previously indicated,
resides within the aperture 150.

Subsequent to the insertion of the drill bit 16 into
the drill seat 148, the optical laser beam L is
transmitted horizontally, and more particularly
perpendicularly relative the longitudinal axis of the
drill bit 16 inserted into the drill seat 148. ' The laser
beam L is oriented so as to be separated from the top
surface 158 of the drill seat 148 by the separation

~distance SD which is preferably the sum of the distance
D1 and the width W1 of the locating ring 22. When the

drill bit 16 is initially inserted into the drill seat

. 148, the cutting tip 12 is typically disposed above the
‘level of the laser beam L. As such, since the cutting

tip 12 must be positioned at the separation distance SD
prior to bumping the locating ring 22, the drill bit 16
must typically be lowered within the drill seat 148 so as
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to precisely position the cutting top 12 within the laser
beam L. ' '

The lowering of the drill bit 16 within the drill
seat 148 is accomplished by activating the stepper motor
in a manner causing the lead screw 160 to move in a
downward vertical direction, which in turn causes the
distal end of the pin portion 162 to move downwardly
within the aperture 150. Since the bottom end 24 of the
shank portion 18 is abutted against the pin portion 162
when the drill bit 16 is initially inserted into the
drill seat 148, the downward movement of the pin portion
162 causes the shank portion 18 to be retracted into the
drill seat 148, thus lowering the level of the cutting
tip 12. _ '

The downward vertical movement of the lead screw 160
is continued to such- time as the cutting tip 12 is
disposed below the laser beam L. When it is determined

" - that the cutting tip 12 is disposed below the level of

the - laser beam L (i.e., a continuous laser beam L is
transmitted and uninterrupted by the cutting tip'12), the
stepper motor is deactivated and the downward vertical
movement of the lead screw 160 stopped. Thereafter, the
stepper motor is re-energized in a manner facilitating
the upward vertical movement of the lead screw 160 and
pin portion 162 thereof. The upward movement of the lead
screw 160 facilitates the simultaneous upward movement of
the cutting tip 12-toward the laser beam L. At the
precise moment the cutting tip 12 interrupts the laser
beam L, the stepper motor is deactivated, thus resulting
in the cutting tip 12 being spaced from the top surface
158 of the drill seat 148 by the separation distance SD.
"~ When the cutting tip 12 is positioned within the
laser beam L and thus spaced from the top surface 158 by
the separation distance SD, a slight gap will typically
be defined between the locating ring 22 and the top
surface 158 of the drill seat 148. Thereafter, the ram
assembly is actuated to facilitate the rapid downward
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movement of the tool head 152. As previously indicated,
the downward actuation of the tool head 152 results in
the locating ring 22 being contacted or "bumped" by the
bumping surface 156 defined about the central aperture
154. Importantly, the bumping of the locating ring 22 by
the tool head 152 overcomes the frictional or press-fit
engagement of the locating ring 22 upon the shank portion
18 of the drill bit 16 and forces the locating ring 22
downwardly into abutting contact with the top surface 158
of the drill seat 148. Once the locating ring 22 is
abutted against the top sﬁrface 158, it is spaced from
the cutting tip 12 at the desired distance D1. The
locating ring 22 is prefefably bumped twice by the tool
head 152, with the first bump being utilized to force the
locating ring 22 in abutting contact with the top surface
158, and the second.bump-being utilized to jettison any
residual flash or debris from the locating ring 22.

As seen in Figures 2 and 3, the ram assembly of the
bumping assembly 146 is movably mounted to a base
carriage 164 of the.bumpihg assembly 146 and linearly
moveable between extended and retracted positions.
relative to the drill seat 148. When the ram assembly is
in its extended position, the central aperture 154 of the
tool head 152 is coaxially aligned with the aperture 150
of the drill seat 148. Conversely, when the ram assembly
is actuated to its retracted position (as shown in
Figures 2 and 3), the same is spaced horizontally away
from the drill seat‘148,_thus providing access to the
aperture 150 to allow the loader assembly 62 to insert
the drill bit 16 thereinto in the above-described manner.

Apparatus Operation

Having thus described the various assemblies of the
apparatus 10, the operation thereof will now be explained
with reference to Figures l1lla-11ln. In the apparatﬁs 10,
the programmable control device(s) disposed within eithexr
or both of the control panels 46 or within the interior

PCT/US99/06020



10

15

20

25

30°

35

WO 99/59777

-44-

of the housing 42 functions to control and coordinate the
operations of the loader assembly 62, inversion
assemblies 85, workhead assemblies 96, optical assemblies
118, grinding assemblies 130, secondary cleaning
assemblies 180, and bumping assembly 146. In this
respect, the control device is electrically interfaced to
the various components of these assemblies (e.g., first
and second stepper motors 104, 112, front and top cameras

126, 128, first and second grinder motors 134, 136), and.
to auxiliary control devices such as solenoid wvalves,
cylinders and the wvacuum pump which are used to
facilitate the control of other components of the
assemblies. .

In the following discussion of the operation of the
apparatus 10, the sequence of steps will be described in
relation to the re-sharpening of the cutting tip 12 of a
drill bit 16 and the re-positioning of the locating ring
22 thereof through the use of one of the cassette trays
54, the loader assembly 62, one of the shaft members 72
of the gripper 70, one of the primary dleaning assemblies
80, one of the inversion assemblies 85, one of the
workhead assemblies 96, one of the optical assemblies
118, one of the grinding assemblies 130, one of the
secondary cleaning assemblies 180, and the bumping
assembly 146. However, those of ordinary skill in the
art will recognize that since the apparatus 10 includes
pairs of primary cleaning, workhead, optical, grinding
and secondary cleaning assemblies as well as a pair of
shaft members 72 on the gripper 70 and a pair of cassette
trays 54, the cutting tip re-sharpening and locating ring
re-positioning processes as will hereinafter be described
may be conducted simultaneously on at least two drill
bits 16, with the control device being specifically

-adapted to control and coordinate such simultaneous

operations.
In using the apparatus 10, a drill bit container 26
including a plurality of drill bits 16 stored therewithin
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is positioned within an opening 56 of a cassette tray 54,
with the cover 30 of the drill bit container 26 being
moved to its opened position or removed from the base 28,
thus exposing the fluted portions 14 of the drill bits 16
(Figure 11a). Thereafter, a single drill bit 16 is
lifted out of the drill bit containexr 26 by the loader
assembly 62, and in particular a shaft member 72 of the
gripper 70 - (Figure 11b). The manner in which the loader
assembly 62 functions to grasp and release a drill bit 16
is described above in the section captioned Lpader
Assembly. As will be recognized, the control device of
the apparatus 10 is programmed in a manner which allows
the same to maneuver a shaft member 72 of the gripper 70
into axial alignment with any drill bit 16 in a drill bit
container 26 stored within any opening 56 of a cassette
tray 54. ; )

After being lifted out of the drill bit container
26, when necessary, the drill bit 16 is transported by
the loader assembly 62 to an inversion assembly 85, and
is inserted by the loader assembly 62 into the holder

block 88 of the inversion arm 87 such that the fluted

portion 14 is directed generally vertically upwardly
(Figure 1lc). The insertion of the drill bit 16 into the
holder block 88 is accomplished in the manner previously
described in the section captioned Inversion Assemblies.
After the drill bit 16 has been inserted into the holder
block 88 and the locking pin 89 extended so as to engage
the shank portion 18 and lock the drill bit 16 within the
holder block 88, the inversion arm 87 is rotated
approximately 180° such that the shank portion 18 of the
drill bit 16 is directed generally vertically upwardly.
The drill bit 16 'is-then removed from within the holder
block 88 by the loader assembly 62 in the manner also

previoug}y'deSCribed in the section captioned Inversion

Assemblies.
After the drill bit 16 has been removed from within

the holder block 88 of an inversion assembly 85, the
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drill bit is transported by the loader assembly 62 to a
primary cleaning assembly 80, with the cutting tip 12
then being inserted into and removed from within the
cleaning putty 84 via the loader assembly 62 to
facilitate the cleaning thereof in the manner previously
described in the section captioned Primary Cleaning
Assemblies. The drill bit is then transported back to an
inversion assembly 85 and inserted by the loader assembly
62 into the holder block 88 such that the shank portion
18 is directed generally vertically upwardly. Once
again, the insertion of the drill bit 16 into the holder
block 88 is accompiished in the manner previously
described in the section captioned Inversion Assemblies.
After the drill bit 16 has been inserted into the holder
block 88 and the locking pin 89 extended so as to engage
the shank portion 18 and lock the drill bit 16 within the
holder block 88, the inversion arm 87 1is zrotated
approximately 180° such that the fluted portion 14 is
directed generally vertically upwardly. The drill bit 16
is then re-grasped by the loader assembly 62 and removed
from within the holder block 88 of the inversion assembly
85 (Figure l1lle) in the manner previously described in the
section captioned Inversion Assemblies.

As previously explained, if the drill bit 16 is
initially oriented withih the drill bit container 26 such
that the shank portion 18 rather than the fluted portion
14 thereof is directed generally vertically upwardly, the
step of inverting or flipping the drill bit 16 prior to
the initial cleaning of the cutting tip 12 thereof as
shown and described  in relation to Figure 1lc is
eliminated since the fluted portion 14 (as opposed to the
shank portion 18) already protrudes from the shaft member
72. - In this respect, the operational sequence of the

-apparatus‘lo-pfoceeds directly from the removal of the

drill bit 16 from within the drill bit container 26 as
shown and described in relation to Figure 11b to the
cleaning of the cutting tip 12 in the manner shown and
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described in relation to Figure 11d. The inversion step
conducted subsequent to the initial cleaning of the
cutting tip 12 as shown and described in relation to
Figure lle must always be completed irrespective of the
initial orientation of the drill bit 16 within the drill
bit container 26. '

After the drill bit 16 has been lifted out of the
holder block 88, the.actuétor'member 78 of the gripper 70
is activated so as to rotate the shaft members 72
upwardly in a manner caﬁsing the drill bit 16 to extend
along the gripper axis GX (Figures 4a and 11f). The
loader assembly 62 is then maneuvered so as to axially
align the gripper axis GX with the collet axis CX of a
workhead assembly 96. Subsequent to such alignment, the
shank portion 18 of the drill bit 16 is horizontally
advanced into the collet head 110 of the collet member
106 of the workhead assembly 96 and locked therein.
(Figure 1l1g).

When the drill bit 16 is initially inserted into the
collet head 110, the orientation of the swivel member 102
and hence the collet member 106 of the workhead assembly
96 is such that the collet axis CX is coaxially &dligned
with the opening 122 within the optical housing 120 of an
optical assembly 118. The actuator 100 of the workhead
assembly 96 is then activated to cause the retraction of
the piston rod into the body, thus resulting in the
movement of the base member 98 of the workhead assembly
96 along the base member axis BX toward the optical
assembly 118. Such movement is continued until such time
as the fluted portion 14 and cutting tip 12 of the drill
bit 16 are properly positioned within the interior of the
optical housing 120 of the optical assembly 118 (Figures
7 and 11ih).

Referring now to Figures 7a-74d, the movement of the

‘drill bit .16 into the optical assembly 118 cause the

control device to trigger the performance of verification
of the identity, geometry of the drill bit and the
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initial inspection or evaluation of the fluted portion 14
and cutting tip 12 by the optical assembly 118. More
particularly, the top camera 128 generates images which
are used to measure the overall length of the drill bit
16 and index the cutting tip 12 to a first reference
point (Figure 7a). The front camera 126 then generates
images which are used to measure the diameter of the
fluted portion 14 of the drill bit 16 (Figure 7b). 1If
the diameter or overall length of the drill bit 16 is
found to be outside of specified tolerances; the drill
bit will be rejected from further processing at this
time. The images generated by the front camera 26 are
also used to measure the margin condition of the fluted
portion 14 (Figure 7d). Subsequent to both the diameter
and margin condition of the fluted portion 14 being
measured by the front camera 126, the same is then used
to generate images which are.used to adjust the angular
orientation of the cutting tip 12 relative to a second
reference point (Figure 7b). This adjustment to the

- angular orientation of the cutting tip 12 is accomplished

through a first rough rotation thereof via the collet
shaft 108 of the workhead assembly 96, which is
immediately followed by a fine rotation thereof via the
collet shaft 108. Importantly, the workhead assembly 96,
and more particularly the second stepper motor 112
thereof, is operable to provide positional accuracy to
the angular orientation of the cutting tip 12 to within

about 0.000005 inches. After the angular orientation of

the cutting tip 12 has been set relative to the second
reference point, the top camera 128 then generates images
which are used to adjust the orientation of the fluted
portion 14 relative to the first reference point (Figure

" 7¢) .

Importantly, the control device is operable to
process and interpret the images generated by the front
and top cameras 126, 128, and regulate the movement of
the workhead assembly 96 (i.e., the movement of the base
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member 98 along the base member axis BX and/or the
rotation of the collet shaft 108 about the collet axis
CX) in response thereto as is needed to accomplish the
indexing and adjustment steps described in relation to
Figures 7a-74d. The data obtained from the initial
evaluation of the drill bit 16 is stored within the
control device for future reference and for purposes of
updating the artificial intelligence of the control
device. As will be recognized, during the initial
evaluation process, the fluted portion 14 and cutting tip
12 of the drill'bit 16 are properly illuminated via the
illumination array 124 of the optical assembly 118.
Subsequen't to the completion of the initial
evaluation of the drill bit 16, the samé is retracted out
of the optical assembly 118 by the workhead assembly 96
and transported to a grinding assembly 130 thereby. The
process of transporting the drill bit 16 to the grinding
assembly 130 is accomplished by the activation of the
actuator 100 to cause the extension or advancement of the
piston rod from the body which results in the movement of
the base member 98 of the workhead assembly 96 along the
base member axis BX away from the optical assembly 118.
The swivel member 102 of the workhead assembly 96 is then
rotated by the activation of the first stepper motor 104
so as to place the cutting tip 12 of the drill bit 16 at
the proper angular orientation relative to the grinding
face of the first grinder head 138 of the grinder
assembly 130 based on the initial evaluation thereof.
The collet shaft 108 of the collet member 106 of the
workhead assembly 96 is then indexed toward the grinding
assembly 130 by the activation of the second stepper
motor 112. The movement of the collet member 108 is
controlled so as to place the cutting tip 12 of the drill
bit 16 into contact with the rotating grinding face of
the first grinder head 138 (Figure 11i). Importantly, as
previously indicated, as the cutting tip 12 of the drill
bit 16 is being advanced toward the grinder head 138, the
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locking sleeve 111 is received into the aperture or
support bushing 116 of the support member 114 of the
workhead assembly 96. Such receipt prevents excessive
vibration and or movement of the collet head 110 and
hence the cutting tip 12 of the drill bit 16 as the same
is being ground.

After the cutting tip 12 has been placed into
contact with the grinding face of the first grinder head
138, the second stepper motor 112 is activated so as to
facilitate a slight retraction of the collet shaft 108
into the collet member housing 107 for purposes of-
creating a narrow gap between the cutting tip 12 and the
grinding face. Thereafter, the second stepper motor 112
is activated so as to cause the collet shaft 108 to
rotate the drill bit approximately 180°. Subseguent to.
such rotation, the second stepper motor 112 is activated
so as to once again facilitate the advancement of the
collet shaft 108 from the collet member housing 107 and
return the cutting tip 12 of the drill bit 16 into
contact with the grinding face. As will be recognized,
this procedure must be followed to achieve the sharpening
of both flutes of the cutting tip 12.

After both flutes of the cutting tip 12 have been
re-sharpened by the grinding face of the first grinder
head 138, the same process as described above is repeated
in relation to the grinding face of the second grinder
head 140. 1In this respect, the cutting tip 12 of the
drill bit 16 is advanced by a workhead assembly 96 into
contact with the rotating grinding face of the second
grinder head 140, retracted therefrom and rotated
approximately 180°, and subsequently advanced back into
contact with the grinding face of the second grinder head
140. During the complete grinding process, the grinding
of the cutting tip 12 via the grinding face of the first
grinder head 138 accomplishes a "rough" grind, with the
grinding of the cutting tip 12 via the grinding face of
the second grinder head 140 accomplishing a "fine" grind.
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After the cutting tip 12 has been re-sharpened by
the grinding assembly 130, the drill bit 16 is then
maneuvered by the workhead assembly 96 such that the
collet axis CX is coaxiélly aligned with the opening 122
within the optical housing 120 of an optical aésembly
118. The conveyor bar 184 of a secondary cleaning
assembly 180 is then actuated from its retracted to its
extended position, thus resulting in the placement of a
quantity of cleaning putty 194 on the conveyor belt 190
into horizontal alignment with the cutting tip 12 of the
drill bit 16. Thereafter, the actuator 100 of the
workhead assembly 96 is actuated so as to cause the
retraction of the piston rod into the body, thus
resulting in the movement of the base member 98 of the
workhead assembly 96 along the base member axis BX toward
the optical assembly 118. Such movement is continued
until such time as the cutting tip 12 is inserted into
the quantity of cleaning putty 194 upon the conveyor belt
190 of the secondary cleaning assembly 180 .(Figure 11j).
Subsequent to such insertion, the conveyor bar 184 is
actuated back to its retracted position, thus resulting
in the removal of the cutting tip 12 from within the
quantity of cleaning putty 194.

As previously explained in the section captioned
Secondary Cleaning Assemblies, the return of the conveyor

~ bar 184 to its retracted position results in the indexing

of the conveyor belt 190 a prescribed incremental
distance which .insures that the cutting tips 12 of
subsequently cleaned drill bits 16 will not be inserted
into the same portion.of cleaning putty 194 as the
previously cleaned drill bits 16. After the cutting tip
12 of the drill bit 16 has been re-cleaned, the drill bit

16 is re-inserted into the optical assembly 118 (Figure

11k), with such insertion being accomplished in the same

manner previously described in relation to Figure 11h.
Referring now to Figures 10a-10c, the re-insertion

‘of the drill bit 16 into the optical assembly 118 causes
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the control device to trigger the performance of a final
inspection or evaluation of the cutting tip 12 and fluted
portion 14 thereof. In particular, the top camera
generates images which are used to measure the length of
the drill bit 16 so as to determine how much of the
fluted portidn 14 has been removed by the grinding
process (Figure 10a). The front camera 126 then
generates images which are wused for measuring the
diameter of the fluted portion 14 and inspecting the
geometry of the cutting tip 12 (Figure 10b) as well as
the margin condition of the fluted portion 14 (Figure
10c). Once again, the control device is operable to
process and interpret the images generated by the front
and top cameras 126, 128, and store the data obtained
from the final evaluation for verification of tolerances
and for future reference.and for updating the artificial
intelligence of the control device. If through this
final inspection, the drill bit 16 is determined to be
outside of process tolerances, the drill bit is rejected
from further prdcessing at this time or re-evaluated for
additional re-sharpening procedures. As part of the
final evaluation, a determination is made by the control
device as to whether the position of the locating ring 22
upon the shank portion 18 must be adjusted due to the
shortening of the fluted portion 14 resulting from the
grinding process. As indicated above, the re-sharpening
of the cutting tip 12 (i.e., the grinding process), will
typically necessitate the re-positioning of the locating

ring 22 upon the shank portion 18 of the drill bit 16.

Upon completion of the final evaluation, the drill
bit 16 is transferred from the workhead assembly 96 back
to. the loader assembly 62 (Figure 111). As will be

recognized, this process is accomplished in the reverse

- manner to that previously described in relation to Figure
35 ]

llg. . Since the gripper 70 includes a pair of shaft
members 72, a drill bit 16 can be removed from within a
workhead assembly 96 and another drill bit 16 (i.e., the

PCT/US99/06020



10

15

20

25

30

35

WO 99/59777

-53-

drill bit 16 disposed within the remaining shaft member
72) inserted into the workhead assembly 96 without having
to maneuver the gripper 70 back to one of the cassette
trays 54. If, during the final evaluation of the drill
bit 16 it is determined that the geometry of the cutting
tip 12 is flawed or faulted,'upoﬁ the drill bit 16 being
transferred back to the loader assembly 62, the same is
immediately transported by the loader assembly 62 to a
reject bin or similar location. Assuming that the
cutting tip 12 is not flawed and the locating ring 22
must be re-positioned, the loader assembly 62 then
transports the drill bit 16 to the bumper assembly 146,
and inserts the shank portion 18 of the drill bit 16 into
the drill seat 148 of the bumping assembly 146 (Figure
1lm) . The re-positioning of the locating ring 22 of the
drill bit 16 by the bumping assembly 146 is accomplished
in the manner previéusly ‘"described in the section
captioned Bumping Assembly.

~ After the locating ring 22 has been re-positioned
via the bumping assembly 146, the drill bit 16 is
transported back to a cassette tray 54 by the loader
assembly 62. Importantly, the loader assembly 62 is.
maneuvered by the control device so as to return the
drill bit 16 to the precise drill bit receiving hole 40
within- the drill bit container 26 from which it was
initially removed by the loader assembly 62 (Figure 11ln),
thus re-packaging the drill bit 16 within the container
26. '

Additional modifications and improvements of the
present invention may also be apparent to those of
ordinary skill in the art. Thus, the particular
combination of parts and steps described and illustrated
herein is intended to- represent only one embodiment of

_ the present invention, and is not intended to serve as

limitations of alternative devices within the spirit and
scope of the invention.
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WHAT IS CLAIMED IS:

1. An automated apparatus for re-sharpening a
drill bit having a shank portion and a fluted portion
which defines a cutting tip, the apparatus comprising:

10

15

20

25

30

35

a housing;

at least one cassette tray attached to the
housing, the drill bit being positionable upon the
cassette tray;

at least one grinding assembly attached to the
housing for grinding the cutting tip;

at least one optical assembly attached to the
housing for conducting an initial inspection of the
cutting tip prior to the grinding thereof and a
final inspection of the cutting tip subsequent'to
the grinding thereof;

at least one cleaning assembly attached to the
housing for cleaning the cutting tip prior to both
the initial and final inspections thereof;

at least one workhead assembly movably attached
to the housing for seléctively transporting the
drill bit between the optical and grinding
assemblies; and

a loader assembly movably attached to the
housing for selectively transporting the drill bit
between the cassette tray, the cleaning assembly,
and the workhead assémbly.
2. The apparatus of Claim 1 further comprising:

at least one inversion assembly attached to the
housing for selectively directing one of the shank
portion and the fluted portion of the drill bit
generally vertically upwardly for allowing the

- loader assembly to be advanced thereover;

. the loader assembly selectively transporting
the drill bit between the cassette tray, the
inversion assembly, the cleaning assembly, and the
workhead assembly. —

T
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3. The apparatus of Claim 2 wherein the cleaning
assembly comprises:

at least one primary cleaning assembly for
cleaning the cutting tip prior to the initial
inspection thereof; and

at least one secondary cleanipg assembly for
cleaning the cutting tip prior to the final
inspection thereof; '

the loader assembly selectively transporting
the drill bit between the cassette tray, the
inversion assembly} the primary cleaning assembly,
and the workhead assembly, with the workhead
assembly selectively transporting the drill bit
between the optical, grinding, .and secondary
cleaning assemblies.

4. The apparatus of Claim 3 wherein the drill bit
includes a 1locating ring poéitioned upon the shank
portion thereof and the apparatus further comprises:

at least one bumping assembly attached to the
housing for adjusting'the position of the locating
ring relative to the cutting tip subsequent to the
final inspection thereof; '

the loader assembly selectively transporting
the drill bit between the cassette tray, the
inversion aésembly, the primary'clganing assembly,
the workhead assembly, and the bumping assembly.

5. The apparatus of Claim 4 further comprising a
programmable control device electrically connected to the
grinding, optical, secondary cleaning, inversion,

- bumping, workhead, and loader assemblies for controlling
and coordinating the operations thereof.
6. The apparatus of Claim 5 wherein:

_ the cassette tray is sized and configured to
accommodate multiple drill bit containers, each of
which includes a plurality of drill bits stored
therewithin; and

o \\\\\}\\\}\\\\\!\\\!\\
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the control device being opérable to cause the
loader assembly to remove the drill bits from each
drill bit container one at a time, and return each
of the drill bits to the drill bit container from
which it was removed subsequent to the final
inspection of the cutting tip thereof.
7. The apparatus of Claim 6 wherein:

a pair of cassette trays are attached to the
housing; and .

the control device is operable to cause the
loader assembly to remove the drill bits from each
drill bit container positioned upon a respective one
of the cassette trays one at a time, and return each
of the drill bits to the drill bit container from
which it was removed subsequent to the final
inspection of the cutting tip thereof .
8. The apparatus of Claim 5 wherein the optical

assembly comprises:

" a top camera for generating images which are
used to measure the overall length of the drill bit
and adjust the linear orientation of the cutting tip
relative to a first reference point;

a front camera for generating images which are

used to adjust the angular orientation of the

cutting tip relative to a second reference point and
inspect the geometry thereof; and

an illumination array for illuminating the
fluted portion and the cutting tip; _

the control device being operable to process
and interpret the images generated by the top and
front cameras, and regulate the movement of the work
head assembly in response thereto.

9. The apparatus of Claim 5 wherein the primary

cleaning assembly comprises:

: * C L M S %
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a bath having a quantity of cleaning putty
disposed therein; _ '

the cutting tip of the drill bit being
insertable into and removable from within the
cleaning putty via the loader assembly.
10. The apparatus of Claim 5 wherein the secondary .

cleaning assembly comprises:

a base member;

a conveyer member movably attached to the base
member and selectively movable between extended and
retracted positions relative thereto, the conveyof
member including a quantity of cleaning putty
disposéd thereon; and

an indexing member attached to the base member
and operable to index the conveyor member a
prescribed incremental distance when the conveyor
member is moved from the extended position to the
retracted position. . )

11. The apparatus of Claim 5 wherein the workhead

assembly comprises:

a base member reciprbcally movable along a
first axis;’ _

a swivel member rotatably connected to the base
member and-  rotatable about a second axis which

‘extends in generally perpendicular relation to the

first axis; and

a collet member movably attached to the swivel
member and adapted to receive and releasably hold
the shank portion of . the drill bit, said collet
member being reciprocally movable along and
rotatable about a third axis which extends in

- generally perpendicular relation to the second axis;

.the drill bit being insertable into and
removable from within the collet wvia the loader
assembly.

AN T
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'12. The apparatus of Claim 11 wherein the workhead
assembly further comprises a support member which is
attached to the base member and receives and supports a
portion of the collet member when the cutting tip is
being ground by the grinding assembly.

13. The apparatus of Claim 5 wherein the loader
assembly comprises:

a robotic arm rotatable about first, second and
third generally parallel loader axes and movable
along the third loader axis; and

a gripper attached to the robotic arm and
adapted to receive and releasably hold the drill
bit, the gripper being pivotally movable relative to
the third loader axis.

14. The apparatus of Claim 13 wherein the gripper
comprises:

a shaft member pivotally connected to the
robotic arm and having an aperture extending
.therethrough which 1is sized and configured to
receive the shank portion of the drill bit;

an actuator member connected to the robotic arm
and mechanically coupled to the shaft member in a
manner wherein the movement of the actuator results
in the pivotal movement of the shaft member relative
to the robotic arm; and

an elongate vacuum tube fluidly connected to
the aperture for selectively creating negative
pressure therewithin;

the creation of a vacuum within the aperture
subsequent to the receipt of the shank portion of
the drill bit thereinto facilitating the retention
of . the drill bit within the gripper of the loader
assembly. )

. 15. The apparatus of Claim 14 wherein the gripper
comprises a pair of shaft members pivotally connected to

: * C L M - *
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the robotic arm and concurrently pivotally movable by the
actuator member, the vacuum tube being fluidly connected
to each of the apertures of the shaft members.

16. The apparatus of Claim 5 wherein the inversion
assembly comprises:

a base member; _

a rotatable inversion arm attached to the base
member and adapted to receive the drill bit;

a locking pin attached to the base member for
maintaining the drill bit within the inversion arm;
and |

an air stream generatof attached to the base
member for'removing residual cleaning putty from the
cutting tip of the drill bit within the inversion
arm. '

17. The apparatus of Claim 5 wherein the bumping
assembly cbmprises:

a drill seat attached to the housing for
slidably receiving the shank portion of the drill
bit; ' _

an adjustment mechanism attached to the housing
for positioning the cutting tip a desired separation
distance from the drill seat; and

-a reciprocal ram assembly attached to the
housing for selectively bumping the locating ring
into abutting contact with the drill seat subsequent

- to the shank portion being inserted into the drill
seat and the cutting tip being positioned at the
separation distance from the drill seat;

the 'drill bit being insertable into and
removable from within the drill seat via the loader
assembly.
18. The apparatus of Claim 5 including:

a pair of grinding assemblies attached to the
housing;

pair of optical assemblies attached to the
housing; '

L s *
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a pair of primary cleaning assemblies attached:
to the housing;
a pair of secondary cleaning assemblies
attached to the housing;
a pair of workhead assemblies attached to the
housing; and
. a pair of inversion assemblies attached to the
housing;
the contxrol device controlling and coordinating
the operations of the grinding, optical, secondary
cleaning, inversion, bumping, workhead, and loader
assemblies in a manner allowing the cutting head re-
sharpening and locating ring re-positioning
processes to be conducted simultaneously on at least
two drill bits. .
19. 2An automated method of re-sharpening a drill
bit having a shank portion and a fluted portion which
defines a cutting tip using an automated re-sharpening

-apparatus which includes at least one cassette tray, at

least one grinding assembly, at least one optical
assembly, at least one primary cleaning assembly, at
least one secondary cleaning assembly, at least one
workhead assembly, and a loader assembly, the wmethod
comprising the steps of:
(a) positioning at least one drill bit on the
cassette tray; '
{b) removing the drill bit from the cassette
" tray via the loader assembly;
{(c) cleaning the cutting tip via the primary
cleaning assembly; _
(d) transfefring the drill bit from the loader
assembly to the workhead assembly;
_ (e) inspecting the fluted portion and the
cutting tip of the drill bit wvia the optical
assembly;
(f) grinding the cutting tip via the grinding

e
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(g) cleaning the cutting tip via the secondary
cleaning assembly; |

(h) inspecting the fluted portion and the
cutting tip via the optical assembly; and

(i) transporting the drill bit from the
workhead assembly to the cassette tray wvia the
loader assembly. -

20. The method of Claim 19 wherein the drill bit
includes a locating ring positioned upon the shank
portion thereof, the automated re-sharpening apparatus.
further includes at least one bumping assembly, and step
(i) comprises the steps of:

(1) transporting the drill bit from the
workhead assembly to the bumping assembly via the
loader assembly; _ _

~ (2) bumping the locating ring into a
prescribed position relative to the cutting tip via
the bumping assembly; and -

(3) transporting the drill bit from the
bumping assembly to the cassette tray via the loader
assembly.

21. The method of Claim '20 wherein step (2)
comprises: '

(i) inserting the shank portion of the

- drill bit into a drill seat of the bumping
assembly;

(ii) positioning the cutting tip at a

desired separation distance from the drill
seat; and -

(iid) bumping the locating ring into
abutting contact with the drill seat.

22. The method of Claim 20 wherein steps (i), (1),
and (3) each comprise:

_—
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(i) - advancing the loader assembly over
the fluted portion of the drill bit and into
contact with the locating ring positioned upon
the shank portion;

(ii)" creating a level of negative
pressure within the loader assembly sufficient
to retain the drill bit therewithin;

(iii) equalizing the pressure within the
loader assembly; and

o (iv) retracting the loader assembly
from the drill bit.
23. The method of Claim 20 wherein:

step (a) comprises positioning at least one
drill bit container having a plurality of drill bits
stored therewithin onto the cassette tray;

step (b) comprises removing the drill bits from
the drill bit container one at a time via the loader
assembly; and _ _

. step (3) comprises returning each of the drill
bits to the location in the drill bit container from
which it was initially removed.

24. The method of Claim 20 wherein step (b)
comprises:

(1) advancing the  loader assembly over the
drill bit and into contact with the locating ring
positioned upon the shank portion; and

(2) creating a level of negative pressure
within the loader assembly sufficient to retain the
drill bit therewithin.

25. "The wmethod of Claim 24 wherein the loader
assembly is advanced over the fluted portion of the drill
bit in step (1), the automated re-sharpening apparatus
further includes at least one inversion assembly, and
step (c) comprises the steps of:

' (1) inserting the drill bit into a rotatable
inversion arm of the inversion assembly via the

e
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loader assembly such that the fluted portion is

directed generally vertically upwardly;

(2) equalizing the pressure within the loader
assembly;

(3) retracting the loader assembly from the
drill bit; |

(4) rotating the inversion arm such that the
shank portion of the drill bit is directed generally
vertically upwardly; |

(5) advancing the 1oadé_r assembly over the
shank portion of the drill bit and into contéct with
the locating ring positioned thereupon;

(6) creating a 1level of negative pressure
within the loader assembly sufficient to retain the
drill bit therewithin;

(7) removing the drill bit from within the
inversion arm via the loader assembly; and

(8) inserting the cutting tip of the drill bit
into a quantity bf cleaning putty of the primary
cleaning assembly via the loader assembly.

26. The method of Claim 24 wherein the Iloader
assembly is advanced over the shank portion of the drill
bit in step (1), and step (c) comprises inserting the
cutting tip of the drill bit into a guantity of cleaning
putty of the primary cleaning assembly via the loader
assembly.

27. The method of Claim 24 wherein the automated
re-sharpening apparatus further includes ‘at " least one
inversion assembly and step (d) comprises the steps of:

(1) inserting the drill bit into a rotatable
inversion arm of the inversion assembly via the
loader assembly such that the shank portion is
directed generally vertically upwardly;
| (2) equalizing the pressure within the loader
assembly;

(3) retracting the loader assembly from the
drill bit;

_
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(4) rotating the inversion arm such that the
fluted portion of the drill bit is directed
generally vertically upwardly;

(5) advancing the loader assembly over the
fluted portion of the drill bit and into contact
with the locating ring positioned upon the shank
portion thereof;

(6) creating a level of .negative pressure
within the loader assembly sufficient to retain the
drill bit therewithin;

(7) removing the drill bit from within the
inversion arm via the loader assembly; and

(8) inserting the shank portion of the drill
bit into the workhead assembly via the loader
agsembly.

28. The method of Claim 19 wherein step (e)

comprises:

comprises:

(1) inserting the drill bit into the optical
assembly via the workhead assembly;

(2) measuring the overall length of the drill
bit; .

(3) indexing the cutting tip to a first
reference point via the workhead assembly;

(4)° adjusting the angular orientation of the
cutting tip relative to a second reference point via
the workhead assembly;

(5) adjusting the orientation of the fluted
portion relative to the first reference point via
the workhead assembly; and

(6) removing the drill bit from within the
optical assembly via the workhead assembly.

29. Thé method of Claim 19 wherein step (f)

(1) moving the cutting tip into contact with

the grinding assembly via the workhead assembly;
(2) woving the cutting tip away from the

grinding assembly via the'workhead assembly;

_—
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(3) rotating the cutting tip approximately
180° via the workhead assembly; ' '
(4) moving the cutting tip into contact with
the grinding assembly via the workhead assembly; and
S (5) moving the cutting tip away from the
grinding assembly via the workhead assembly.
30. The method of Claim 29 wherein steps (1) and
(4) each comprise advancing the drill bit through a
support member of the workhead assembly to reduce
10 vibration of the cutting tip during the grinding thereof.
31. The method of Claim 19 wherein step (g)
comprises inserting the cutting tip of the drill bit into
a quantity of cleaning putty of the secondary cleaning
assembly via the workhead assembly.
15 32. The method of Claim 19 wherein step (h)
comprises: ' '
(1) 1nsert1ng the drlll bit into the optlcal
assembly via the workhead assembly;
(2) measuring the 1length of the fluted
20 portion; - |
(3) méasuring the geometry of the cutting tip;
and :
(4) removing the drill bit from within the
optical assembly via the workhead assembly.
25 . 33. An automated method of re-sharpening a drill
 bit having a shank portion and a fluted portion which
defines a cutting tip using an automated re-sharpening
apparatus which includes-a pair of cassette trays, a pair
of grinding assemblies, a palr of optical assemblies, a
30 pair of primary cleaning assemblies, a pair of secondary
cleaning assemblies, a pair of workhead assemblies, and
a loader assembly, the method comprising the steps of:
. (a) positioning multiple " drill bits on
respective ones of the cassette trays; _
35 _ (b) removing the drill bits from each of the
cassette trays via the loader assembly;

)
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(c) 'cleaning the cutting tips via respective
ones of the primary cleaning assemblies;

(d) transferring the drill bits from the
loader assembly to respective ones of the workhead
assemblies; _

(e} inspecting the fluted portions and the
cutting tips of the drill bits via respective ones
of the optical assemblies;

(f) grinding the cutting tips via respective
ones of the grinding assemblies;

(g) cleaning the cutting tips via respective
ones of the_seéondary cleaning assemblies;

(h) inspecting the fluted portions and the
cutting tips via respective ones'of the optical
assemblies; and

(i) transporting the drill bits from the
workhead assemblies to respective ones of the
cassette trays via the loader assembly.

34. The method of Claim 33 wherein each of the
drill bits includes-a locating ring positioned upon the
shank portion thereof, the automated re-sharpening
apparatus further includes at least one bumping assembly,
and step (i) comprises the steps of: .

(1) transporting the drill bits from the
workhead assemblies to the bumping assembly one at
a time via the loader assembly; .

(2) bumping the locating ring of each of the
drill bits into a prescribed position relative to
the cutting tip via the bumping assembly; and

(3) transporting each of the drill bits from
the bumping assembly to the cassette trays via the

- loader assembly.

35, The method of Claim 34 wherein the automated
re-sharpening apparatus further includes a pair of
inversion assemblies, and step (c) comprises the steps
of:

TR
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(1) inserting the drill bits into a rotatable
inversion arm of respective ones of the inversion
assemblies via. the loader assembly such that the
fluted portions are directed generally vertically
upwardly;

(2) rotating the inversion arms such that the
shank portions of the drill bits are directed

. generally vertically upwardly;

(3) removing the drill bits from within the
inversion arms via the loader assembly; and

(4) inserting the cutting tips of the drill
bits into a quantity of cleanihg'putty of respective
ones of the primary cleaning assemblies via the
loader assembly. -

36. The method of Claim 34 wherein the automated
re-sharpening apparatus further includes a pair of
inversion assemblies, and step (d) comprises the steps
of:

(1) inserting the drill bits into a rotatable
inversion arm of respective ones of the inversion .
assemblies via the loader assembly such that the
shank portions are directed generally vertically
upwardly; .

(2) xrotating the inversion arms such that the
fluted portions of the drill bits are directed
generally vertically upwardly;

' (3) removing the drill bits from within the
inversion arms via the loader assembly; and

(4) inserting the shank portions of the drill
bits into respective ones of the workhead assemblies
via the loader assembly.

37. The method of Claim 34 wherein step (g)

. comprises inserting the cutting tips of the drill bits
into é‘quantity'of cleaning putty of respective ones of
the secondary cleaning assemblies via respective ones of
the workhead assemblies.
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38. The method of Claim 34 wherein:

step (a) comprises positioning multiple drill
bit containers which each include a plurality of
drill bits stored therewithin onto respective ones
of the cassette trays; :

step (b) comprises removing the drill bits from
each of the drill bit containers one at a time via
the loader assembly; and

step (3) comprises returning each of the drill
bits to the location in the drill bit container from
which it was initially removed.
39. An automated method of re- sharpenlng a drill

bit having a shank portion which includes a locating ring

a positioned thereupon and a fluted portion which defines

a cutting tip using an automated re-sharpening apparatus
including at ‘least one cassette tray, at least one
optical assembly, and at least one grinding assembly, the
method comprising the steps of:

(a) conducting an initial evaluation of the
fluted portion and the cutting tip via the optical
assembly;

(b) grinding the cutting tip via the grinding
assembly in accordance with the initial evaluation
thereof; and

(c) conducting a final evaluation of the
fluted portion and the cutting tip via the optical
assembly. '

40. The method of Claim 39 wherein the automated
re-sharpening apparatus further includes at least one
bumping assembly and the method further comprises the
step of:

(d}) re-positioning the locating ring upon the
shank portion of the drill bit via the bumping
aésembly'in accordance with the final evaluation
conducted by the optical assembly.

41. The method of Claim 40 wherein the automated
re-sharpening apparatus includes a pair of cassette

* c L M S *
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trays, a pair of optical assemblies, and a pair of
grinding assemblies, and steps (a)-(c) are conducted
simultaneously on at least two drill bits.
42; The method of Claim 40 wherein:
S step (a) comprises positioning multiple drill
. bits upon the cassette tray and transporting the
drill bits to the optical assembly one at a time;
step (b) comprises transporting each of. the
drill bits from the optical assembly to the grinding
10 assembly;
step (c). comprises transporting each of the
drill bits from the grinding assembly to the optical
assembly; and . .
. step (d) comprises transporting each of the
15 drill bits from the optical assembly to the bumping
assembly and from the bumping assembly back to the
cassette tray. '
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