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(54) Title: AUTOMATED DRILL BIT RE-SHARPENING AND VERIFICATION SYSTEy

(57) Abstract

A completely automated apparatus for verifying the identity and geometry of drill bits, re-sharpening the cutting tip (12) of a drill
bit (16) and re~positioning a locating ring (22) upon the shank portion of the drill bit subsequent to the re-sharpening of the cutting tip
thereof. The apparatus comprises a housing (42) having a pair of cassette trays (54), a pair of grinding assemblies (130), a pair of optical
assemblies (118), a pair of primary cleaning assemblies (18), a pair of secondary cleaning assemblies (180), a pair of inversion assemblies
(85), a pair of workhead assemblies (96), a bumping assembly (146), and a loader assembly (62) attached thereto, The workhead (96)
and loader (62) assemblies are used to transport drill bits (16) between the cassette trays (54) and other assemblies in a selected sequence
which is controlied and coordinated by a programmable control device (46). The control device (46) is electrically interfaced to each of the
assemblies and allows the cutting tip re-sharpening and locating ring re-positioning processes to be conducted simultaneously on at least
two- drill bits. :
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typically i ncluding tens of thousands of drilled holes. :
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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

20 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

25 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

30 complete circuit board within its final housing. In 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

35 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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requirenents aff.goften 20 acconplished manually. However, as will be
recognlzedis 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
20 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 holaer'of the rotary drilling apparatus. Due to the
importance of tightly controlling the penetration depth
25 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 locating
ring upon the shank portion of the drill bit. '
30 In view of the difficulty and expense associated
‘with the manufacture of carbide drill bits with small
-diameter cutting tips, once the cutting tip of the drill
bif becomes dull, the same is typically re-sharpened
' rather than being discarded. As will be recognized, due
3$'Ito 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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time consum ng s expensi ve, and oftenti nes do not acco He

positioning of the |l ocating ring relative the cutting tip and/or t he
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thereof. 15 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
20 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-
25 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
30 ‘verification of identity and differing geometries of
' various drill bits and the re-sharpening and re-
'-.positi'oning 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
35 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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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

20 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

25 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,

30 each of which is sized and configured to accommodate .
' multlple 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

35 ‘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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directin xg & dMenR" SREAE SWAOIBY %@Eﬁérﬁib@edaportlon
pr ogr ammabl e iy evice is _electricall interf (c)1 the
WD 99/ 59777 of a drill bit generally vertlcaiiﬂ7ggggr%£520an
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- 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
20 each movably attached to the hogsing 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
25 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
30 ~ 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

35 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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si mul t aneousl y on at least two drill bits. In this respect, the
control device is operable to cause tbg_l oader assenbly to renove

the drill bits fromeach drill bit container one at a time, and return
each of the drill bits to the drill bit 1 cont iner, fromwhich .t was
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t he robotlc arm nmechani cal cou he shaf ers jn a
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el ongat e vacuum t ubenv\/ﬁ EnPTS ??ﬁ?%l?}“% l—‘tth tlﬁadgg 55&8{&? #’e‘?for
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shank portTon bit thereintq facil iatei ietentlon of the
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‘Attached to the robotic arm is a gripper which is adapted

" £o receive and releasably hold one or two drill bits, and

20 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
25 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

30 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
_j*therewithin. The creation of a vacuum within each of the
35 . 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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cl eaning putty o cl eanin S I & 4 d

assenbl y. Addi t?%%%%, Bge:%gﬁ%}:%ﬁe%Isfe%ok?l%agggkxn&cl%el ni]?léf%sis\ge@nbﬁ)esa
conpri ses aObassecemdarefrranne PoAnt asfAveépspertnpes 1y dthexradd

thgreto. The de Y&btical n@g’@@ﬁl blys HaHardd \t/)caimpm@nb EReCITCETHES Icﬁznl ged_
an retracted positiqns relative to the e er i.ncl udes a
quantity of cl e%’ﬁf%é éﬁﬁ P{ﬁ(‘:ﬁm%BB§éBgt e e‘{}ﬁteaas poﬁlgﬁd?ﬁqtr)%? SYdHase
and conveyor nepbers, IsacthsOpresenndanyondeedi agpasstubl y thenprargelan

I ndexi ng nenber . kgh LS ched e n I to

I ndex the conve?/%‘(l?r%mn%gr °§§’6fﬂé%§r ?geaklgﬁ%rggn%%?allﬁmgfgt z;‘crl]%gqv!\%g]e%t he
conveyor méfbergéreraved by orhe ttop andelitdul GRS E3DPE #ads IR ed

position. The cptiiME1pd ahbP relgudadel ldhdihovemémsestakhe iddsbditted
cl eaning putty res I ve one of the .secondary cl eaning assenblies

f
by a respecti vew‘a‘ﬁ]ég%?gt ﬂﬁsgﬁiﬁe’% LESRORAS etsh,eﬁﬁ%t%' such

Each of the primary cleaning assemblies of the
‘automated apparatus comprises a bath having a quantity of

20 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

25 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
30° 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

35 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



WD 99/ 59777 _ PCT/ US99/ 06020

- 8- i NnseNQ@S9Feécurring i nmediately prior to the final qulﬁﬁﬁlﬂn
of the cutting tip by a respective one of the optical assenblies.

Each of the workhead assenblies of the automated 5 apparatus conprises a
base nenber which is reciprocally nove&bl e rel ative to the housing
along a first axis. Rot at ably connected to the base member is a sw vel
menber whi Ghagiertionat abbarehngt bmsedimtexi pwixirendiongthe £inal

|1 di_cul I t dt
Phe u val " nenBBFPEe taop, BE ot PRurpEr 1AE %%eh%xr%sg% ede Bn B B60T
rel easably hoIdmth@aéhaﬁbemblipsrtion of a drill b|t The collet

member i s reci pogaldy eRyabbexabagd a%@d_mm&%abife @?&UEuE‘o&théé
axi s which extends in generally perpendlcular relation to 15 the second

axis. The iPsePPPa¥asiis,; COMPRASES: & RRge; Rember WhLch: i§nHeEhRTPEABIYl of

the drill bit fmroQ@aHl%l’ eﬂuatui\re toi th&cammﬁrsgledwng whefixmdeaxpssenbl y.
Each wor khead ort nmenber .which is

f h
attached to thgoﬁ"&% nggﬁ‘}a &e% r %%% @eﬁgggt]ssaa SYVSor FRBREBS t he
col l et nmenber widcht hescmqtlamglbtmp al@out abeiegpng oandshyextersbipart ine one

of the grindin%eneraﬁiie Ekﬁéndlcular réﬂ&%f@ﬁ”pth @ﬁ§e@mf%t0fa&§§

aut omat ed appara rises a seat which 1s attached to

housi ng 251% or Moviagpd| ?tr"—éggﬁﬁll kg Y—h% %Wa‘fﬂkl peshedn i6F aacatilek 'BF'E\ber In

addition to thehdidn hssgaépté@ecd)waaeﬁgeaaﬁaniséyeasabrprﬁtﬂ&@&heaghank
adj ust nent nechanlsnlmh|%$ is at andmgsed for

posi ti oni ng t h&& fh%&lsepa%%?loﬁggigean%% THm tfie
drill seat, and:es:lwqcaddp'r mmaﬁahlamadsmgrtﬂryi vivtAtalsleroalodity at thihéd to

the housi NG-ARdHSEH EPFersd GG b’gﬁg¥a?¥%%étt@1.élﬁ% W9 ation to
15 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
20 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
25 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
30 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
35 distance from the drill seat. The drill bit is
insertable into and removable from within the drill seat

via the loader assembly.



ring into abutting contact wth the drill seat subsequent to the shank

portion being WOSSPEA into the drill seat and the cutting PCEHUSIHEH20
positioned at the separation 35 distance from the drill seat. The
drill bit 1is insertable into and renovable fromw thin the drill seat
via the | oader assenbly. WD 99/ 59777~

PCT/ US99/ 06020 -9- - Each of the

i nver si on assenbl i esEa)n‘,-hth aheorimvedsion assambidescofprtiteeautdrakedenber

and a rotatable rs vhich at t he, b ﬂ%{ﬁéﬁé and
adapted to rece?%ara ¥$I Ié%ﬂ%\ adc tba%n t¥cr)latﬂ1'§§iibagréaSEarr\e%?c an

i nversi on arm mawr@ionhermnvbnshohs atta§§éﬁbltpe§h@0r]ﬁ§ﬁesébe“g’q1bm¢19 pin
which is attachgdabPed tolPecdpre smarian bak.miat aﬂaiﬂﬂoﬁh@o ctmé Ibamé

within the I nvVer si on arm Al so attachedtoa\ﬁ%e i S
air stream gencPaFBPT of 2PfAe ARYEFSLBR a2%Bnbl ¢ LPsré‘ﬁe‘E%l‘?rérmve

residual putty ssesmbhfesutbipgisep afléddleing pmldrlhld:htlsw dtiachdd® to
onversion arm cpDijlhe Bddodl Sor md HESILHAG Bhe agg}ieﬂw%%ﬁwné hi n

t he i nversion aFﬂ? R I NVEer'Si on asse Ies via e | oader
assenbly. 15 inveFgichegriup aé&épd&ﬁ@ecmtﬂh tohdher baast memkan jigh, an

there i s provi dsﬂragtﬁeaﬂnséﬁéraeéboaf Otf:hé et SHeF LN s fembly ditd dh big
havi ng a shank portion whiTh incl

% #ocatlng r|n8r p05|t|0£cl_rﬁ
t hereupon afd aufedt & IV FESE i B HtHXf TR he GUEEAGS: FpP The-hf esent -
nmet hod enpl oys @9illheitsewdthiumn ahieo Ntk g iors harpeni nbrAppabdtes ade ch

ol udes a Pal 9L e£R8ACLLE! LAY refoheh e 0 Ul ORI Ok pe s ASSEIBLL €gn

pair of optlcallﬁsse i €8 eani ng- aSSenbri es
pair of secondae§ ciacini of theas@é’fﬁnal@@ asgamblceswnaqeabeash@adﬂres a
bunping 25 assgphl¥pignd a | oader assenbly. In addition to re- _

15 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

20 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

25 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 cuttlng tip if necessitated by the

. re-sharpening thereof.
30 .. 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,
- 35 . 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



sharpening the cutting tip of the drill bit, the present met hod al so
achi eves the rWO¥%89%7 oni ng of the | ocating ring rel ative tBCI/H899/06020
cutting tip if necessitated by the re-shar peni ng thereof. 30 The
present nethod conprises the initial step of positioning at |east one,
. and .preferably multiple drill bit comt®iners onto respective ones of
the cassette trays, with each of the drill bit containers including a
plurality of darkhlbibststatdd imter eabhbaot Tnkrkeafther laﬁathagdrrimgbits

df h_dr.i | | oad
cscemly.  SucheRegpuarers ool bRECRhARrbar ol Cudtolt ! AEnFLaEHEn T,
o]

over the negaige/ PFREEuUre 1is created w1th1n the ader assembly

PCT/ US99/ 06020 a level sufficient to retd@n the drdd1ditpgpd into
contact with tﬁe Iocatlng ring positioned upon the shank portion

t hereof . THer ekbe&eWithilnegative pressure is created within the | oader
assenbly at a | enel axififli Giey ay e adriddtedrkithin tedch hef evhé hi n.

The drill bits b riented_wthi a f r i ners
such that elthgflﬁae%g a QHE8%9F5% sich Eﬁ?ﬁu?%gﬁ Ethg JS%‘%ere 95&?
directed generaidy flutg@rtpcatiqnupMeUESbf | fis dellr@:Qe@ reﬂneaalbY a
drill 10 'bit geom; g'atl.li'ynu?w%%E?Ct"if dEihL’!LnB' EhEOPLALIST . ok Ng dmi oader

assenbly i s advanced oveér Ut ed poOrtion, the drill bit
t her eaf t erl® ns@ited 59 oWiHel? oR aFEFPECELKE drl&fl ablrtes‘fféfé"iﬂﬁée%ﬂetlé? t he
i nversion aSSEFIBh'd%S: usaetnbey is Advdttedseaibithes #htkdabolheohl, ut ke

portion is dir 5 rall ti.call pva dl TIh t he
pressure ﬂ %ﬁg 5 % géggngl %sgr qéaﬁlE8d¥hﬁnfﬁg?ﬁg£#oa%£?
assenbly then l@él agne@peemw@ aney ofr Dhﬁt havdrsipnbassembligheviavehsi on
armis then rOtl%%ﬁ‘éxSH%QeEnB% 508hSHMK the AUILRHE 180 €6t 8Slrgepegal Iy

vertlcally upmar
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.

20 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

' 25 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

30 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

35 ‘drill bit from within a respective one of the drill bit

' cdntainers, the loader assembly is advanced over the

shank portion of the drill bit rather than the fluted



20 Subsequent to this "flipping" of the drill bit, the | oader assenbly
i s advanced ovwO 9#58778hank portion t hereof and into contact PGI{USINPH20

| ocating ring positioned thereupon. Negative pressure is then again
created within the | oader assenbly at a level sufficient 25 to retain the
drill bit therewithin. The drill bit is -11-then renoved fromw thin the

I nversion armvia the | oader assenbl y. After the drill bit has
been inverted gwktioryrasredt, thbydthrl |inidereeats senbby inverted prior

above-descri beoL maq:r}1 I%%n:igg.rfézf't Do, t@lng EE@ dﬁh% %ft W ptrudes

fromthe | oader he” cutiing I'S t fen
inserted into amjspm ¢n®rﬁ*ﬁmﬁhﬁ mnmmaﬂtea@mﬁ assemyldaf ®ina®ty of

one of the pri "o %?ﬁﬁ@kin%&}?ﬁ%?p'ahffead Prdtigesoatteim agaeMilokady |

during the rermv drill_ bit fromvvlthlnaregpetlve one _of the

drill bit 5 @FFEPErs Rtaﬁélefroaa@sagg%%wo@eaa@alﬁaf@ drhe girill

shank portion abit heex@ni | wibhinr ai helespeat itlae dhet esE the dArI 9YiKO777
PCT/ US99/ 06020 . . -11- . t?oé“ q:tn t hfa:]eof ,
nsexce

the drill bit reREHRRETR iR TEFHS 5P heFgofnds 123 e o tting
tip thereof vi aremoved rigspeetithdnonbe cfuamel py iafac) eandagi pyt by sefriviriees

si nce the flateag,por fﬂ{aﬁ}r%q@&n%atragsémmgbt heid oader 5 Aspenbly.

Rat her, subsequent to the renoval of thé dril bit fromwthin a
respect i vel@ne ¥#sePRLYri || bit cont ai ner s, the cutting tip thereof is

inserted into and Aft&Pelhd releamddiby tdiee pBNihd @ﬁfmaq}}eamerggumgty of
one - of thee%é ry. cl eq:(r)]%eng%a egbl i es via t edl :(.)r?t ssergilr%
After being cl %%ﬁe f eﬁ} rySctBEAT hG %srs}é%tﬁ
drill bit is i reemtefl a ntespdetivt atreblaf the mvexdien ressymadiliies oniex of
the inversion Q§§§qp$é§érvéésembly such that the shank portion thereof
15 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
20 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
25 positioned upon 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.
30 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
35 wvia 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



the | oader assenbly such that the shank portion thereof 15 is directed
general |y ver Waewi9§77upwar dl y. The pressure within the | oXGdfUSY8eRY) v
is then equalized, with the | oader assenbly 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 removéZany residual 20 cleaning putty
therefrom Thereafter, the inversion arm Is rotated such that the
fluted portionaséenbbiesi thepeby. Orpcealiwithin genespelcyiver tapfaldal
upwardly. The | e ESH vapeed er fl d sportion
of the dri??ggﬁ’lghd t?}?\ orgé}oér%da@'t_ v%%?}#?%eefocg?%ngd%% Z%E@,polg:?t I oned
upon the shankm@asered, t¥iklothe cpiling Velp beipgsndaxsd theéh t

created within.iBerbRadepodse vl Vthe wétkiled@Vadsaniilly Ci eTte tandiudiaat n t he

drill bit t herew t hin, th the driill bif the ei ng renmpved fro
Wi thin t he S nvaFLFBRaLIARvioT t{]ﬂaﬁ ngﬁﬁngss%m 9?.69%%1"3 EO ARt 1Pt ng

renoved fromwneférenceéhmoinmamdstbae oriemssteidn wf the fllutédpartion

transferred fr oade ; eg%)k gﬁﬁ@ ' :
wor khead asse %’Il%gfvle ElgI\%kr% Eﬁ?%;écu a%(f%?,?c?t% shan f%g?r%}gn%%&gt‘%ed drill
bit is i nseteethe werithead peaembpd Yonaish the dbikheait dhwsmnfitar 35

via the | oaderpbasagmbove@néeomchwaandhl ¥ heldgpthicdahi Riskembly esReaiHe/ €
wor khead assenbl ¥k¥lgggh dril bit is inserted into the interior of a

respect i vé%ne¥s opEFeEpPLY - WO 99/ 59777

PCT/ US99/ 06020 After the initial evaluation efiZxhe flutesdgwodiices
thereby. Once_withy ' L gala. .. e :ﬂﬁﬁr | ength
of the drill b?%%i ghg &%gasﬁ(r%ei(ﬁf%vﬁfﬁac?hgré&%t .S%S {-I?%) ee%ﬁ'ngﬁ eeiéeé(flto a
first r ef eP¥ne ergrpenRt M opitd cadr ansaEbly s e Futtiadahgnl @f each

orientation-of giRe1CHiti N8 didunEhald e re@pactevendne of NeAELrEAGRAIIY Nt and
the orientation ofmétl;e fluted porti 0111. {xel ative to.t heffl rslt1 ée.fl rence
poi nt are ]t'rhenaﬁﬁf &fs- In particular, the cutting tip of eac ri

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
20 Dbacked 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
25 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
30 moved into contact with a respective one of the grinding
assemblies, a porﬁion 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

35 grinding process.
‘Subsequent to being ground, the drill bits are
‘carried by the workhead assemblies in which they are



via the workhead assenbly, with the drill bit thereafter bei ng renoved
fromwithin t hWOSSPTAl assenmbly via the 10 workhead assenbly. PCT/US99/06020

After the initial evaluation of the fluted portion and the cutting tip
of each drill bit has been conpl eted by a respective optical assenbly,
the cutting tip of each drill bit is grledmd via a respective one of the
grinding 15 assenblies. In particular, the cutting tip of each dril

bit is nmoved inkeleastbiy \held atpeméc@\gﬂ pdesg of taesesdtgndaryt he

worknead assenbiycLiinl & &é‘séx%lﬂéé' | Al {m(;@xaaéaﬁ]s@%a% h&,%gr Abhet 1S

initial novemenf i ndi ng ass e cutt|
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rotated approxi geigkY S80LRErdeddivinby . cleﬁiﬁ&@qu%@@mmysushactuateaaﬁé on,
the cutting tip.is then npved bagk, into and thereafter

drawn back awayiffoHRRdRd RPREEion, aEE‘BﬁbI a“’l"rﬂ%r?aﬁf’?’ﬁml‘hé’ r ¥R ng
oper ation COﬂdU@ILeanEg Pt t &iepdsedythepeoh Fanh hiriilzonbial &Yignment

respective one i epObuthedtindi goassephli 83,15 gouer e blutbenl bl

eval uati on of tWéL n-and cu
t he correspondi R§ bpm@:aillamwthen 1Wt¢@rﬂaﬂﬂ€y thmsheanengmuttag tip

of each drill bp 115,605 eEBMSerntdle%%&hgctaé’%érﬁberE§p€tq{é VEseheiftefhe
grinding assenpl i es, méilon thé col |l et nenber o t he

associ at ed Hbr kW@&&héégeﬁﬁF Yad SPVGYSTy fredhgr of Et}ﬁp%??%ﬂdﬁyt he
support nenber efiebh&nyoakbendlasieniten actuaradtiaek theivsbratiaoted the

Cuttong 112 G pdin2°, ebSELER-BCCSHR, moyensns, SIOIMCTR R BEND,
they are memberobaAgR My its retracted pos1tlon causes the indexing
PCT/ US99/ 06020 pmember attached to the base membe¥ of the secondary
15 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.
20 - 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
25 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
30 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
35 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



rel easably held to respective ones of the secondary cl eanin ‘
assenbl i es. AWQ999Tr khead assenbly approaches a respecti \?ngf-,se?m@a?y
cl eani ng assenbly, the conveyor menber of the secondary cleaning
assenbly is actuated to 5 its extended position, thus placing a portion of
t he cl eani ng putty disposed thereon i-A#0 horizontal alignment W th
the cutting tip of the drill bit. The cutting tip of the drill bit is

then inserted dyd ogkhe1clisani dg pinderted. dhtoha sérbhlampad «ahi hge
assenbly by the associ ated Wor, ad sepRl¥ing Theis onvepr varer of
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menber o e secondary cl eani.ng, asse 0 cQryeyor
member a 5 @P’é@%ﬂ%@?‘%\%‘?%ﬁﬁﬂ}hﬁzhﬁ ?F&ﬂe.gea Uchélﬁr%%;%%‘lt:@oﬁé BE
gonveyor bmenbe{:oﬁﬁgég%ﬁhefcuhliisn@utnpmsgobpenrlaséquenﬂ:hy drild| ddted=dril |
its to be inserted into.,di Lferen orti I h:ng tt

di sposed upon FREREBAYESSr %r@ﬁ%er].i:h 0 Lh&gﬁnﬂftg%tsggllﬁ%acc%gﬁed%l o
respecti ve onesespethive onsecofddhe creapehie assans B2 the d*‘?‘%/qe-"bi ts

are re- | N3ELLA DY W8 wopkbieacusasopbl (RS AR(TL neppers izetones  of

the optical asse I n each optic assenbl ¥ +a final t

eval uati orkQf bHetde |Joasdar jas t' WREr BERC38S ¢RSATARE Hibi e
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efi ned thereby. Su uent . to.th (‘aqmgl ' Ch OPRS s, the
drill bit is As Y’éﬁsﬂﬁ FE TR A F eﬁne opflg:gﬁgaggs'g%gl%vg a t!t:l e wor khead
assenbly in whihe dtrilld békeasabbydhtpyminedhehat nihe 3pOSELPRLF oFP®f each

drill bt inclydes q,0eLary NadONnse be dPyubaldierchdieckarat isig risg of
the drill bit i's propéerly positioned relati to, the cytti ti
thereof. 15 transportefs ddeestdvndForhdthe e a9 cﬁﬁsr?d'ld%lfy [l%% the
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portion of bit it is determined that there is a fault in the
geometry of its cutting tip, the drill bit is not
20 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
25 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
-~ 30 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
35 - 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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- 14- the dWO 998717 is inserted into a drill seat of the RV $RI/06020
assenbly, with the cutting tip then being positioned at a desired
separation di stance fromthe drill seat. Thereafter, the locating ring
is bunped into 5 abutting contact with thelfrill seat. Subsequent to the
conpletion of this bunping operation, the drill bit is transported from
t he bunpi ng assevsy theclflubed portiesmf thecdradlobit end detet contagys via
t he | oader ;%gtg , : RArdd hh! 104 teH 10

by the | oader a?é'e I?\é t %ytgﬁglgge%rg%%%tlio%%%.ﬁﬁ?lﬁetl@é SHoiar':ni]f‘lr ?Et%:i:? €.
contai ner from Whesiedfitelas PROBREAVEy PESRAWEE 1s gredred pelthddbhglibeed,

iL during the ;ilftﬁidécv%.'éé@nml 0y 8t a lewdle ésdllfiflilcbilahftdi:b ﬁ@aﬁi&% e:ruédaglfillugat
the position_of _the ogcating r need no adj ust e ri L _bi
is 15 transpor t¥F FFHREYY-Hm t%@g%r%%aﬁﬁﬁggeﬁﬁ#gl?ﬁ ?ﬁegge dridder
cassette tray bitbhyhas tbeen| taserted atseobeyther aAddrkherndl kgsemblguri ng
the final eval uaty fq ot riael L Lslt | L m the is a
fault in the aéﬂgééorarfgtlrly%%fa%i Flg Eﬁ?t?ﬁhgﬁtl:l ,_é%%%%d% 1 |&§f*-€‘t%h ?t‘%%{i %gt
transported to t¥GRIRARTY GRS cRBEFSVret Wighdni |4heyj loader cansemhdy &% one

of the Cassetteé@%zé&t withhehel Soader'£4 Iy ttheh PRAXPAKRthaeRkon by
t he | oader assegﬁb#. ... Ln the above-described steps of the present
met hod Wer &P HES S Renbly is used to transport the 25 drill

bit between the workiRead emdendrtiilds khnd tich®debinsierged inassent yeabded

bet ween the buny,ng, axSaH ytr?é"%{veesz%%‘qtd ‘éﬁcm af %[@ﬁsinv%frsi%geas%%ﬁl%ﬁ fe
trays,- such tran%gé)_rt I's acconpl i shed Tn the same manner _preévi'ously
described in  thedmildnsesttpd therbpapisn assemblyl #md theodrsdd bfitthe

30 cassette tragntdindhe lordegrazsenphy, hhsci NS€r tffhtdfinea tke drill
o ot a0t e G ek el Lk Do S ey ! Uood.! Sepechiue one
subsequent to tiHoweven nitd bk theented ioftd hedcuneinongdtfyon hdtddn eapth t he
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
20 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

25 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

30 - 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

35 - -apparatus, illustrating the manner in which multiple
drill bit containers are positioned thereupon;



35 transfer of the drill bit fromthe | oader assenbly to a ective

one of the WoOMYB®Ad assenblies. More particul arly, tWS ?{%020
assenbly is initially advanced WO 99/ 59777 _

PCT/ US99/ 06020 -15- over the fluted
portion of the drill bit and into contact™18= with the | ocating ring

posi ti oned upon the shank portion. Thereafter, negative pressure is
created within the | Bagere adsdigbly eepavievelofsihe crerghazpering n t he
drill 5 bit there t REEER PO nihe drill bit has
been inserted int om%#]?hg?tggv\gfkﬁggdﬁasse 3 {ﬁ‘y&&ﬂ%h drill_ seat of_the

bunpi ng assenbly, or theFdgpre $jis a P%Bﬁ%% n%?osfh%e‘b?%%%%]r FIFHH the
| oader assenbly is one &fuathée@hafitt hmdricetoader ta'ssegbiypehelmfbetthrrg_

retracted 10 fromthe dr|II bi t il b
inserted imo and reRBO8E 2asSERRLY. OF nttlg eér]sﬂg%n J:ar méltc’) ié ersion

assenbl y, ‘the depplrstus;of the bunping assenbl y, and the dril I bi t
container, the drill bi tFEgﬁ}ean”&é"'ta?" 8edel elevaéloasmervalew Jergngal
orientation by the | oader

However e]T inserted i nt o0 and
removed from withi ngEABReT °f\/\o‘T'IR‘F1eé839§§erﬂ§ls§?mbtlﬁfe FrhiysuRatiRgG the
mai ntained in a mﬁﬁﬁetaihywliﬁ)dihzimtﬁl pwoeuanaty apvapleheel asfiee to

assenbl y. As su oader a pi vot to 20
acconpl i sh10 t he f'gﬁs §°l:6f: aﬂﬁle dr 1&%d€~9 Qé%%“gfy vertically or
horizontally as needed Figure 4b is a peme@ftmcfmem pénthe ghipPRBW ngs

These, as well as ob@eghge§5g5g§ ggsémglptesent 25 invention, will becone
nore apparent upon reference_t dr aw ngs wher ei n: ,

Figure 1 is a per spectlvglgPEﬁ/ 8f 15 &rlﬂqrs[ﬁet‘:t ve view of one of the
inversion assemblies of the present re-sharpening

15 apparatus, illustrating the manner in which a drill
bit is maintained therein; |
Figure 6 is a perspective view of one of the
<t workhead assemblies of the present re-sharpening
_ - apparatus; R '
20 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-
25 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
30 - drill bit by each opticél 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; '
35 - . Figure 8a is a perspective view of one of the
' secondary cleaning assemblies of the present re-
sharpening apparatus;



contai ner used wi'th the re-sharpening apparatus of t he present

i nvention, il |We®¥¥seThg t he manner in 30 whi ch mul tipl e dPFFUSRI/Q6420
are stored t herewi t hi n; Figure 2 is a front perspective view
of the re- shar peni ng apparatus of the present invention

Figure 2a is a perspective view of one of The cassette trays of
the present re-sharpening 35 apparatus, illustrating the manner in
which multiple dFighrei P cénﬁapﬁétsabrer9%§r$¢@#mﬁp4hévéﬂpoﬁf

WO -99/ 59777 the bumping assembly of the ﬁ%@géﬁggfgﬁgggfpenlng

- 16- gure f I§ a top view of the re-sharpening

appar atus of -t he pre§BHFrFﬁV§mt|on Figure 4 is a partlal

cross-sectional view of Flgures Dm&&xﬂctdrk:&h&bkbyeﬁhep51Diuétwatﬁ¢m@er of

the 5 oader ass |y esent r
apparatus; ° B2°URE VAt o PEraPLidE brebEritd. Reltesr ap
gripper of the |oadedraddeiity by ldam reptiimpl lessembly of nthemeprésenhi ch

it is pivotally novagkeshﬁkﬁEhiﬁgtQpﬁgratus ihg robotic armof the |oader

assenbl y; re 4b I's a_perspective view of_the gripper

of the I|oader assenbly; Flgures 1la- 1¥?QHF%SGGP§b§ FEERPRELRSRERT EORBf one
of ‘the | NVeb§i Bhe ansefdnneRd sebubheepd £ B rateciiaepaguagedSoy
appar at us, '%Iustratkgg tggsg% ner é amhécgna grlaratu bit is

mai nt ai ned erein; p ir8°61< aP% rspectlve vi ew of one of
t he wor khead assenbl i es of the present re-sharpening

appar at us; * 20 Detailbd W foffhifor JRIdd p:Sl il WibcRiflent] o Of

the collet nmenber o € Workhead asse Yy SNOWN | N ure 6;

Referring now to the drawings wherein the s owings

are for purposes. of illustrating a preferred embodiment

15 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

20 detail Dbelow, 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

25 a cylindrically configuréd 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

30 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

35 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



Figure 7 is a cut-away perspective view of one of the og
assenbl i es of WOIR9/5BT7@sent re- 25 shar peni ng appar at us, G@%WQW?hg
t he manner in which a drill bit is inserted into the |nter|or

t hereof via one of the workhead assenbli es; Figures 7a-7d are
step-by-step illustrations of théslnltlal eval uati on procedure
conducted on a 30 drill bit by each optical assenbly of the present

r e- shar peni ng fippeeditpoxtion 14 thereof, Figused tics farmr ar@lyaakietdfve view
of one of smallt&fargéﬁég'ﬂ@l@m.{ﬁsa afid BNt aRdzen ng

apparatus; 35 gure IS a per.spec ve | ew of one_ of, the
secondary cl eamlmah%‘%’xérﬁﬁ |C§ée§9=faHPﬁél FRESHAE peards for accgupadahing
appar at us; the YOYDA6hls of the electrical components which are

PCT/U899/06020 Figure 9
is a parti & croskesEUPESAENGLY,ipFertaced to r%‘eo Clrcr}lgltasbs%r%qg/ ot "t he
present re-sharpenddgtion to thepdiamgters of the h°leF|gG¢@@n10§NﬂOC are

step-by-step 1L psiieti8B8raPs)  needindhecdingl 1REREC!y DML OGO
conducted on it by each optical assenb] resent
re- shar peni ng B@PBFaREes, arke depthto WhlchFFQGrEEtEiﬁglﬁﬁpa}% %f %y- step

il lustrat I ons drill bltofm hpepeetateed (deguences okxbprdadi dmﬂr.oc)omhect ed by
10 e presen

re- ni_n aratys.
Descr i pt| of Cthe" H’eg8 gégg gt ﬁ Bt accyzately ng nowjt%'%dt &
dr awi ngs wher einsthe propengsrillingr solerapgeposdnalf depthseeatray Jes
preferred embodigepl iy aeéoﬁﬁflgﬁgée@ﬁré@&ﬁ”ﬁh@”afﬁ&Y  pEELe TORidProf

pur poses of T _ . ]
the frictionally mounted locating ring 22 upon the shank

portion 18. 1In this respect; the extension of the shank

15 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

20 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

25 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

+ 30- 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

35 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



limting the sane Figures 2 and 3 illustrate the compl et el v aut omat ed
drill bit veriWP¥BYBAh and re- shar peni ng apparatus 10 cons?&ﬁ@lsg%o@#

accordance with the present invention. As will be described in nore 20
detail below, the apparatus 10 is ut |1I§ zed to automatical ly
verify the identity and geonetry of a dril1™" bit 16 and re-sharpen the
cutting tip 12 included on the distal end_of the fluted portion 14 of a
drill bit 16 the SHARK iPPTRIRR d81)ts tHRigAlly Srne1panyallyoF memiges 25
a cylindrical | paneiy gutagtoughankheporig®n o8 waiidhs iddspwiddmns

into the fluted portion 14 via_a tapered region_20 Posi tioned upon
t he shank port i%‘gmi%n'i"%oﬁ?\l grﬁﬂ%ﬂ]ﬁ%r FBLat M %&reglgp}:i n§YEERTS22 30
| ocating ring teci2iquesch Howeyleasethel vsg ehehsis@nprportaon Mekladdss, 30

st andar di ze OfL t 1 : S eﬂéﬁ% _d I e t 0.8
I nches from%t Ee%néagi‘:gknthtg’ss an H§ﬁ%o?§rll%ﬁﬁl ,]' éﬁg icsc,’IS ?’%Eftidoona y

mai nt ai ned at t&pes not Faqidifatgpbhet Feddkue® Inifel @f agcuracy in thes

. previously expl gineshed Noffidhrdtiord Gof StBS chPikglddp fabrddptnd dgom
carbi de or tungsgfen carbide, agd utilized in.relatjon _to ghe
manufacture of PIFTRRGE D cPPEATRCHBEr dS TRUCHIPE TAR 22, LRgmi Fhe
particul ar the locating Wh&®92%9777

PCT/ US99/ 0§Q20 - 18- fluted portion 14
thereof, is used to forma plurality of smal | dianeter holes within a
single circuit Bekkd Bit Contaimex /ity of overlapped circuit boards for

acconmodat i ng t hes prastBer | eesls Db Figurd ec) rEcRl prsuBEEIaY Hyvind are
5 to be subsequently interfaced to.the gircuit,_hoard(s).. n addition to
the di ameters o?r?%%n‘ﬁola&pﬁatettﬂsn Phe nﬁ!r&ﬁ s bg%r d{’sﬁ‘c%‘é‘éﬂ?ﬂg %R be
hel d within cl obecatingokéngacég, poisdtdepeld tthemeupon) harmutgrefetaiili2 of
the 15 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
20 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
25 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
30 1receiving 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
- 35. 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



drill bit 16 penetrates (i.e., is extended into) the 10 circuit boar g a
nust al so be WaHIE y controlled to i nsure proper drilli FgT/USIN0602
tol erances. Such depth control is ~ typically acconplished through the
axi al positioning of the frictionally nounted | ocating ring 22 upon the
shank portion 18. In this respect, the2@xtension of the shank 15
portion 18 into the collet or tool holder of a drilling appar at us ( not
shown) is Iinimadobityheﬁﬂnhenshanﬁ pdntion 18xzﬁ$idpsibgﬁdm tieereamai nst .
Since the |oca |ng er coptr

| ength of the ELQQ r|II38 t %%tﬁ %ﬁge??' %@ tgg §£+%Q8tit e 20
di stance D1 sepghgrieddyn mr@@pﬁnﬁgl@réympwaﬁﬁwhEherefr@eat i Ayt ?‘ﬁ@hzz

nust  be mai nt ghaed \éﬂzttfildm&rceebﬁtamer QkOSQllQEEEaﬂQ@ raegeiho igsure
proper CIFCUIt boarg nse.asspogci at ed

e
with the mehuf E@F&féoﬂs‘regf iD7tfh'-E>‘1"El?‘i‘ 1Go5R - t°f6£)u %‘F?g}“ap 8&%&3@5%% th%e
cutting tip aski gneepraef erlaid ypat&mhaapp.‘tmmhtmm,erthdam ¢fHeoddiharpi t
16 being discar e r (RS nggal |y
results in a de%ﬁgésggiﬁhghép?'&$¥¢J¥%é%gﬁigé(eﬂﬁ ute Eof?n8%1§29§ %é
| esseni ng t he SesfacEuped3by §ébara@thget¢@nmne%g\am pe1ntilaaednin
|l ocating ri ng Zhe preAensUChnvahtesnt Nend e-Hhar m@a&ggpreéﬁdampwaédbeen
conpl et ed, p05|t|on of the locating ring 22 upon t shank portion
18 nust bet dJ&?F? ™0 re-achieve the proper distance D1 separating the
cutting tip 12 fromTheed331li bmatcugtalmgrm usksl dinseopjercbdshywith
expl ai ned, in ar t I gshgepeqi t 12 as
wel | as the reEtl?%m £pP %F‘hgl{ls t?le cagﬁl ngg%l ng %ﬂd% g"églbﬂ\/\o gg/ 59777
pCT/U399/06020a1ternat1v y of any special deSLQQ)as requigedhdnk Portion

18 is typicall yudermeranualdditiiorslly, the nUAl |yiddrogidfeddendis epef

.various in endent
ng qnserted into respective ones of the receiving holes 40

such that the fluted portions 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
20 into a xrxespective 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
25 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

30 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

35 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



conventional grinding and neasurenent systens and techni qu ,
the use of th¥®IWNTBr art nethods, 5 in addition to being tﬁ%@”@%ﬁ@%ﬁ%

and costly, often does not facilitate the required | evel of accuracy in
t he finished configuration of the cutting tip 12 and/or the ' :
di stance D1 separating the cutting tip 12 Fm t he | ocating ring 22. 10
Drill Bit Container As further seen in Figure 1, for processing by
t he pr esentpabparef Ushe 0SUBPPTE blpeks 148 ( | WiFlidihe) Temaining Ra}y ng

rings 22 pOSItlafled Bb%éaporguﬁrse pﬂs@iﬁgabbﬁbééanﬁaawﬁ | Flasl i ldidht

cont ai ner The - bi t ntai ner 26 _c ses ase 28 .haV| ng a
cover 30 pl’&%?%?‘i’"yl%%rﬁfé%?ébf t‘%’@r (Lelﬁ‘?g\}l g%&nﬁgnglf;?sh?ﬁg@é %?
secure the coves230 tThd hsupysset 2Bloaksi B8t dmmb Sdppdrt hplate (S@veasacﬂﬁ)

nmates Wt h Se&QP:‘.’néﬂ%eé%‘%il}tr;ﬁlm g%} éﬁﬁl’o such, the drill bit

cont ai ner can assu 05|t|on or a closed position,
and is shomn I n .Figure 1 inits opened posi tion. The base 28

of the drill biéagggg@én@fa 6 defines a generally flat top surface 38
having a plurali ~ bit cei ving hql es 40 d|s osed therein.
The drill bit re%%%%?ﬁbnﬂo?%"é % a?rgé‘r?pqe%l' %@a?i”é 3rr5 SePRIFIHE t op

surface 38, andiare&f p:rlm/pate@kem ahvennabe| gompfised o pasr of ébongakeoses

f d he t
%6, “Each st L RENGFR vy, FEGhEAMLER T basRhces  APRIET 54, MIERN BN,
| arge enough att@ClaeﬁovxﬁPhetbﬁanﬂiep@r@fbﬂ JBl@IFa¥het‘élP| | upfaces tof pass

theret hrough. HougMe&tifacBadk! bfbther%%%bhrlﬁgﬂl@cﬂks‘ule AS sd@llgf in

di aneter than the Tocatin such, the_i ert on of
Chank. por i1 on 1BEaHPEE| 3 Tad o S, widhh. s SaRESopE RES et il
limted by the confaguraéncas)éette tovyey Sguafracsubstahelhbtatldlgmlmgl 22

against the 4 oP8UkR e Obnk i 8o188k8Y4 EdCunich tnellP L5777
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.
20 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
25 openings 56 has a configuration which is complementary to
that of the base 28 of the drill bit container 26. 1In
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
30 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
35 ordinary skill in the art will recognize that the bases
- 28 of drill bit containers 26 may be inserted into all of



- 20- mejority of the shank portion 18 resides bel ow the t op

surface 38, WMOY¥$@7% | ut ed portion 14 projecting gener al | § CT/US99/06020
per pendi cul arly upwardly therefrom Al though the particul ar contai ner
26 illustrated herein is 5 manufactured b Tycom Corp. of Santa Ana,
California, the assignee of this patehn appl I cation, those of ordinary
skill in the art will recognize that other containers 26 - manuf actured
by al ternative thempgendaigsa\bto@tuoniel tdmei providedetpresthe ravensi 3R and
are clearly contemjateeeld tHege®dm. The drill bit container 26
used in conjunction wth the apparatus 10 may be of a standard
design, or alternatlvely of any special design as required by a

customer. Addi tijcaead gsstém;ggjj ill bits 16 need not be 15 inserted into
respective gnes of ecei vin 5SU h that t rtions
14 t hereof Project tl{]ef &érrt‘élrgalrf&;” B‘gér’pghél cu?arl’ %u wa{r rom he 8 :
surface 38 .aprRatdtars lé)sOﬂfutbhePrs%elhtlm\H!W@ J;nqlmlefa at eQbOtlc

portion 14 of %%}étrl alsls el 162 L O 1as><tnatra)51yn§§&t&¢t%@>1y teachiea

respective one hol és_ 40,  with ch i nsertion hei ng i mted
by the abut menttSfthen @u@é’ﬁéﬁt Plat?u??a%%dotst‘h%eq FaEsPvE Ag133 Bdkenst
the top surfacas one3&toh tliﬁebﬁSOmZ\SJ.thlﬂlr’tﬁéN(ﬁ:ﬂr]l &rittatconlainkle gbank

Cpver dly Him ERERtaenar gl e | cRBELEE PERRL LY BRa BELRERCLEMLATTY
Referring now tdxlﬁtlgﬁnl@s 18 hﬂdﬂg& Rﬂﬁ@laﬁpépaausomwlthl@fthmdrprlélsbﬁ;t:

I nventi-on Corfprao%ﬁﬁﬁté}a% tfeetnewatcﬁolt h@é@f@n&?ed@méa@cein'ﬂe%oatﬁlaanar
top surface 44 having general | 1itrect angul ar nfigurati.on., Attached

to the frorﬁe'cﬁhatrﬁl,?%‘ﬁt%Pﬁglﬁﬁ ¢ %%ltrmoﬁzc%‘h (o ionimg of i ch
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assemblies of the apparatus 10, as w1ll 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
20 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
25 base member 65 about a first loader axis LAl which
extends in generally perpendi'cular 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
30 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. '
35 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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the first loader axis LAl, the second arm segment 66 to
be rotated about the second loader axis LA2, and the

15 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

20 gripper 70 comprises a gripper housing 7l1a 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

25 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

30 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

35 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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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

bi t
The

Iy

Fi gure

their apertures 74, along the gripper axis GX will be

described in more detail below.
- As is apparent 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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about or noved wdaonically alhgried wdthoclerflastiesl pA3tion 14 of the drill

15 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

20 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

25 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

30 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
a'ccomplis.hed in the previously described manner as well.

35 '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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which is used to facilitate the reciprocal pi novenen
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mechani cal | y codys de tappErenti \fapnpanguxedtlao pheot'gkhgpingneeted t he
15 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
20 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
25 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 prev:Lously
described manner.
30 :
Primary Cleaning Assemblies
. Referring now to F;Lgures 2 and 3, the apparatus 10
of the present invention further includes a pair of
identlcally configured primary cleaning assemblies 80
35 '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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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

20 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

25 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

30 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

35 Dbit 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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PCT/ US99/ 06020 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
20 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

25 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

30 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

35 ‘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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limtation, in 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

20 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.

25 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

30 - 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

35 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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the drill bit Ehamk POrtiami8qotyhbs QFé%g Ribstfue P o STERGIER of

t he drill Wi al¢atnom within thelrEigdrthire gensaf fitei@ft tSushintain
cl eaning is.ac | i.shed veri t.he |.gader_: I h t hat
the shaft n%nbe%&‘r%gn?ralld ]%tr & q}he%;ér‘{l%éhq’ar |t3’aet ﬁé’#ﬁ%‘?é%@%???i g% B8t the

drill bit 16 inyeuwsiaonlizgsemieiibnisizeveacted! 59 afi jaedemrvh the
cleaning putty $4:Qf1 0BRqOfcHdYed¥ | FREY GltRANEAGagemedSSeddl t8s 8Rank
Thereafter, the shaft nenber 7%}1%} noved 20 d%\/\ard# glgoag %he third

| oader axis LAPIRFIME thi r FUCh GSAERFRART S PP Eh &PPoRSE e & 28 as to
facilitate the to bénsembved dfranhewithin nghéi pholdeaf Hlloekdras | bpi the6 into
t he quanti of [ ) e t r 42 [ hen .qpved
upwar dl y aﬁéng R%aﬁil?%v%%%%rgéx?ggLigggé 2 _% ?%i? og?mﬁgég%ﬁ' 67 SO
as to facilitatloader eesisy&R3 . Afwilde beureragnirpdiupenhhs wemevele

cleaning putty $f.the gdifipile Be FeemowiZRinbynd hesrasKidllRdk ig3,t Rgeart
t hat - al te:nrs]&:[ i ve_cl eani ng syste

2 o sont B, SLeA N0 YSLp SUEh, R, L aSEl SISLSI el ST
contenpl at ed heslfit member 72 Astinid lallewierpgter edhttiilhgt hdpdnkl kobibe 16
has been ggasnOd edA Llodd 0 S PAL! pHEARE] ScrdarPind e UndIRs 69 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
20 Dbeing 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
25 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
30 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
35 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



in the manner shown in Figure 4 (i.e., the shaft nenber

over the flutewopwsymon 14 of the drill 35 bit 16), the drill

72 i s advanced

bPET/U§IHG6E20

be inverted to acconplish the cleaning of the cutting tip 12 thereof
via one of the primary cleaning assenblies 80. Such inversion is
WD 99/ 59777 -31- PCT/ US99/ 06020
- 28- acconpl i shed through the use of one of the inversion
assenblies of theempagvahced lOhasughl| théeagescnuirbedfi the holviese ddtcaid

Del ow. 5 I nvelsl o ASTeIRLEES pin 89 1o FEIALLLNY DOVALOLE! guCes

5, the apparat Fesent i nvention her

I'nclu

2he and
a pair of

i dentical | y conlisakdendy&heirenfadsemutend sbntpi ehgagement wikh e
di scussed In mye, et gbhc_%h%s as£ eaeh dised tB;40 1fgaci | hkatddiBined
I p inversi on

M t he
top surface of gie 89 tsupphet shhake pottidel atébéffectuheslydlbekshemse
menber 86 i i pyersjon arm 87 i gh: ngds i gene Iy,

R L R i P AT
base member 86 wémberrd2aiy temarered mpwardlymleng dilspddeidrd Heraggx hi n.
Attached to the,distiads i the tALrANSrh V&SR & BBEs! So ardit LS diidck 88
havi ng an aperture extending therethrough which is sized to have a 20
posi ti oned
upon a drill bit 16.As will beFatdcodivited onwhsseithley &5 furbier 16omy | ses

sel ective inversion o

ping of a dril| . bit 16.. The
assenbl i es 85 ARIVRonpPesengagauent °fnﬁﬁﬁeﬁ1§§a;hﬁeﬁ Pg e

hori zontal dire e Tnversion arm IS rota

di amet er sEPght$3mexEeemi Hee tfatl bPithetq ocating ring 22

menber 6 and akriied Bghlp FrdhEled? SRIA0Y TSRS a5 SRS

and out of the kprdenrassembly 62 retracted therefrom, the shank portion

15

20

25

30

35

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



ext endi ng through the hol der block 88. Also attached to t he base nmenber
86 is an air NOQ8¥MIFenerator 90 which is adapt ed to dir ect PGI/HP§¥P6020
pressure air stream agai nst the - cutting tip 12 of a drill bit 16 for
reasons which will 30 be discussed in nore detail bel ow. As

i ndi cated above, if the shaft menber 72 of-33te gripper 70 has initially
been advanced over the fluted portion 14 of a drill bit 16 and into
contact with thepward| mowenegtrofigthe, shagtdmelmbelri (721 &longt the ithierd ed
via 35 one of 1ggal fv%ﬁ]' Owsg)yﬁ'tﬁé #hika aélLrRWse efit! g0 cid P 12

thereof to be ini cl eaned one of ry cleanin
assenblies 80.roboid ﬁmerﬁ%r\" be recogpgpzed) 5’91?91? the removal of

PCT/ US99/ 06020 the drlll bit 16 from the 1nver§§bn asseﬁEB ”BB'Shﬂﬁaby
maneuvering the shaft nmenper

boti_c _arm of
ety o3k eehtRk pPELGh A cet ol pron 3 EEad Moot Ifd 25T
protrudi ng thermémbarss72 of cobeigtipped ihed with the aperture extending
through the 5 hol der block 88 of one of the inversion asseriblies 85.
Thereafter, the shaft nenber 72 i's nmoved downwardly by the third arm
segnent 67 of t¥RLEABI ARat8%g t he third | oader axis LA3 so as to
facilitate the i nserﬁé@grrlngofndmetahami% dél @) 18,imng oahaebaagrtﬂﬁ@ of g
t he hol der O bl ock e dri S been inserte
e oL der 180, PhSSKaPla 1 Funsnedbabe iz athbl Labhls 16 Ao been st
85 is initiatedpdirtdt workizadmaHfentid dso®i6i,ngaphno89wkich is assdd txause
t he sane to nov S p t anI
it 16 Ao w [T-gPofEOflenit Jiy g Beckaens DEREE Rt Ll ide e o]
t he | ockl ngam%r%'ewﬁ ol@ has s‘MaH( %r@fpwalse%f%dw%lc}eq%lksbelow{ he

drill bit 16 witdtR dhechwlvitekHT las®@mbliE_E96 comprises a generally
15 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.
S The movement of the base member 98 along its base
20 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
25 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
30 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
35 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



equal i zation of the pressure level within the shaft 20 nenber 72 and
retraction theweob/ssr7®emthe dri'll bit 16 (i.e., upward noveRERUSSVO60RL
shaft menber 72 al ong the third | oader axis LA3) occurs subsequent to

t he engagenent of the locking pin 89 to the shank portion 18 of the
drill bit 16. 25 As will be recogni zetB- subsequent to the |ocking of
the drill bit 16 within the hol der bl ock 88 and retraction of the

gri pper 70 therphsemmemberf butisdBX mapoctinprnisd dévibesdethérbthadefor

proj ects generall t i.Gal pwardly. Thereafter, the inversion arm
87 of 30 the iﬁvé?g}ngﬁ)é%sgﬁgwagg'i S rotated_approxi matelg 180[ err
Y

by the rotary actuatdn addatien tauske thases membeioPsi sRd actygtopilope

drill bit 16 toghendivbeshaddogreeabliy g6 cumptisakl ¥ ypiwell yemSepsegpent

to such inversion, .the rohotic armg&dthe I(iég_er assenply 62 js f}sred to
e

0
maneuver 35 2 onBaBENEhE sHEHYeRETPET 75085 1PH i W%O‘%u’éﬂti’ﬁ%
t he aperture 74cbhaeeekd socahari bhby membeedo8i vhat hebearisgah@lporThen 18

f the drill bi f A :
gCT;U%QQ;bGOZOIgw}gelTH&mﬁg? fof?ﬂ??Btatable agg@g%ééga%%l7gepgefh%ﬁlﬁnved

downwar dl y al onghikb entendsoidcgensyally parpensiqHan nrdatiem Seghbat 67
and advanced ovgpghhenembesNaHeLPOBK] OMhrl8 @hukheefdhds Piih 1§enkpaniyhe

creation of a vacuym wi.thin the aperture 74 sufficient o intain 5
Che drill bi% 1BSFRLIEN FRIACIPRe PoLRENG 5P, 85S6PPEnand thirgetCRane
assenbly 85 is agtisatidad Ii23S LAB.r ermhee tdisation doft he eswlivakr membérom

I ts engagenent th Yo] A Mol u | (o) t he
aritt b 16 18P PELEPERE ro p w%ﬁbﬁﬁegﬁo%%?%ﬂ%a%dﬁgh hBe 10
upwar d novemnent sefechévehactivabhber o agfangtt pecPPe¥ dotor 1g4dehensps LA3.
As wi |l be recoghizgdextRedd oMl swive Ofmdnieedriddsing 163 froppwi thin

the hol der 1b5I Ocioggtitogeof 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

20 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

25 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,

300 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

35 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



fluted portion 14 of the drill bit 16 protrudes fromthe shaft _nenber
72, thus all oWOR9/®9AE cutting tip 12 to be 15 cleaned via one FGiT/Y§7/06020

primary cl eaning assenblies 80 in t he above-descri bed manner.
In the apparatus 10 of the present invention, each drill bit 16 nust be
I nverted via one of the inversion assemfli es 85 subsequent to the

cutting tip 12 thereof 20 being cleaned via one of the primary cl eaning
assenbl i es - 8Gsteprdre mbooesdeféri H4@R mEIecompIitdi serv@pMOLorsit @

the cutting tip. S ggﬁp' il | wigleapad, sLBELET &id widorl G y3ust be.-
grasped by theag%]r%pa{p}grs ofrddty}?tglﬁqoa. é’%hg P'ﬁgsgengll-‘y 62 %%%IF\ thaot t he shank
portion 18 rat Hacikidirtss the Fotrbioporfi Bhe1£0pd6tr §h8Lt 0B GROW the

slhaft nenb?&%]?gollet axis T&®, | BUGhS inq;rtlda:r ﬁpﬁéﬁi&@él awip¥pddidibad ti al
cl eani ng of the cuttjng tin 12 is acconplishe A e ' .

Chatt nonbed 7EFHAEIThEYIRE s BRF oy T Aas I RE A
that the flutediorié cos Wikl beadasgribed imhimoxks detaddadiedlomy: al i gned
with the aperture exiendi hggu hql def, bl ckn88saf qpe e t he
I nver si on asserrbx’f"l es )g%lgTﬂ%Jrﬂe%?t glrigh?%g %hfafetl{a?'man‘nerr1 72 1S m)vede
downwar dl y al orRPR3eatws r a0l otlefrakis QI3 BY tife iPFeXFaBLe aiRfSedRtht 67
of the robotic PdmeebBS tfrdnacCitithahe the collidwsemndadn ofiot hef f layed

tion 14_into t t f t he, hol der. bl ock 8 ter.the fluted
Bg:t : 82 14 1:qgsowogc%g£§r§%%@q§@% by %heoa.og.gier ggsemgly ﬂ el r-{‘S'n.s ute
PCT/ US99/ 06020 respect, the collet head 110 is sizdd and cdydairgunediriced

through the apesi 458,05 }{Iﬁem 4‘3.{%?5%% gotrﬁ%n ?ﬁeokoék&f‘ﬂl?iﬁﬁggld,s

actuated so as to cause t en hereof to extend into
engagenent witHitHe the adygmcsseptorfidhs shank, PPFthePR 18. 10k &4% ai ned
5 above, the engsupsenhegl t1he Gedird) Ensitdd the hoskopper within the

15 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
“110. Since Ehe collet axis CX extends horizontally, a
--drill bit 16 held vertically within a shaft member 72 of
20 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 |
25 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
30 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.
35 - 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



pin 89 to the shank portion 18 effectively |ocks the drill bit 16

wi thin the hol WQ9IBIGFTK 88. The shaft menber 72 is then nREfUS99/06020
upwardly along the third | oader axis LA3 by the third arm segnent 67 so
as to retract the 10 sanme fromthe drill bit 16. As will be
recogni zed, when the drill bit 16 is | o8Red within the hol der block 18
and gri pper 70 of the | oader assenbly 62 retracted therefrom the shank
portion 18 isupgicwct wemigeneldl | in velbbealgyoxipviaryd| Yo whieh tdye 2hd

fluted portian ' di ec r W icalls A ._<The
air st rgam gene%giep‘%?% J%f aﬁhgﬁgﬁggggi %# wgf%tgsle%b%l%egs alngoytéﬁye&%%glé%ﬁ%_t ed,
and i s caused t &islddably reqqige Shesdeckizgr sdeevanlidai nds whdlcbeting
tip 12 ofI L f&éé&ﬂﬂﬂed)iihtﬁ5¥érdé$ﬁm1_ lgarwt,ﬁlaawn%dt:ekfﬁglgfﬁe_‘ire %‘2&1 is

I mportantly, _the_i,npi,ngene 0 I/ .agai.ns e cuttin |

e?]PectiveI y ?emf\}égioaﬁﬂg’ raég"lmda&’étfﬂ%ﬁﬂbe RRgFLure Jt%%r%?rBﬁFg of the
Thereafter, therovemssiodn rarsh8¥pehihgethe cuttwidigitip i’i%@lgblt}‘xeSErtL&14

rot at ed appr oxi el OLer the t ort.d on to
be directed genémrigatl ﬁ% %% El\%erE%D_i %g}% 5%%%‘%§%%er&eg %ug‘soe%ﬁéﬁf 8% he
i nversion of th®IGVEMt mACepEiveribratgion mef stixé t dnbbbebit 726ofvithén
gripper 70 is mapUQIadt headdhot Hﬁ&-ih?etﬁBeEEU%ﬁaﬁégf?hggelﬁ%o?%ggﬁmx' ally

al i gned ith the fluted portion 14. The shaft ne then 30
nmoved domn\/\b&ndly along the third | oader axis LA3 via the Cthird arm
segrment 67 of toptridadt Asssmiblied advanced over the fluted portion 14.

The vacuumis then ck A0 .0, eLt une t lLevel sufficient
to maintain the 5%%%6}99# ?lgq't_'ﬁgr grl t %% 5Thré:'r ggx tgl', gPﬁeaPBEEf §5pi n
89 35 of the iAfer SMEHNETseRBIPTEEeEs 2 etPREX ecPor Wissomgaged bpodrahe
shank portion 1@sslehtd iald ovdag EQ@hdHﬂ|w$&é%é%§9%g§ﬂ%é¥3E@”BéﬁgrBEQm
y&?bgggpgﬁgd%%a@e%ckp%éfQ%aﬁfy? digital V\Pmage§321_sed 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

20 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

25 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

30 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

35 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



upward novenent of the shaft nenber 72 along the third | oader axis LA3
by the third ¥OP¥8¥Aent 67 of the robotic arm As will be PEHUH06039,
upon the renoval " of the drill bit 16 fromthe inversion assenbly 85,
the 5 shank portion 18 thereof protrudes fromone of the shaft menber s
72 of the gripper 70. Wor khead Assem3fi-es Referring now to
Figures 2, 3, 6 and 6a, the 10 apparatus 10 further conprises an
identically corﬁs quff ethe worghendoassenkhe @b adsewpthesb@be membemwfaxdfs ch i s
used to tragpsport a drill bit 16 between other assenblies of the

apparatus 10 as wll be descrl bed in nore detail bel ow Each of the
wor khead assenbl i es Despeagd i Wwiddhip jhsedateyior of cehempiigabhsusimeer 98

which is reci prmlllsyanewabharly céﬁ%ﬁe@&&@.uﬁﬁm@ﬁoﬁxtﬁn York &% r@ROWN in
Fi gure 3) ]y)ﬁ{khead asse Iles 96 "ext end

h
1 os bl anar, R4S A eoax i leaahioprdith CheEpRBTBeit? of hte base
menber 98 al onglllmnimtelédﬁ) am;bmtlaplrefBXabiyf aocmprise=ch Beqreradialat or

100 of the h w%ﬁ]:: erly; 36 ?mfngQaat ASGRR.. in thgeﬁea tgh%he

actuat or 100 of ed ad assenb onpri ses

pneunati ¢ cyl i rtfedevahk iy emmﬁqaé gouﬁf—?ﬁch Ot@RH@#fﬂ) §lhaftace 44
of the housing #Z-Bidir$ tﬂesmgdngnci@rmeﬁéb@sé@sm@iém 98€a0fF e

cassette trays 54. g axtally from.th s an el ongate

pi ston rod%he® %’i‘%’f%ﬁ%&eﬂh‘iﬁ% lFiia‘-ﬁ%eé{@tY Etia‘%t Tf‘ ta & 98.
As wi || be reco@f zedotthdeadinhoetbat interdabrt bé& put&t mptumﬂloﬂzmjﬁng
actuator 100 fr W n o) d&sel élﬁ t t. of

t he base nenber 129, ém Tﬁgfuq?%)ss %a‘g%ré% axi's il 1%%0%\6%]eﬂegassette
trays 54. Oon\Fé?%’é’ra}llY héh%éct‘?’d%h oPOFhe thest @Heneag 122f apdhe thst uat or
100 into the bomadmiae@:toﬂi%ﬂ'é 172 then addiBYEAERS e thofas@mgber 98

or di nar tyss%gf P RS tffc%%ss%%&anﬁ% FASPERRE 4R cHero Joded t o
facilitate the wmﬁ afftadhedase tinenbop €€ whengptiisal 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
20- 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
25 Diego, California.

Grinding Assemblies _

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

° 10 further comprises a pair of grinding assemblies 130
30 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

35- 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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- 33- baseWRHM58T77axi s BX may conprise devices other than f&CT/USI9/96020
pneumati c cyli nder. In addition to the base nenber 98 and actuat or
100, each wor khead assenbly 96 conprises_a swi vel nenber 102 5 having
a swivel nenber housing 103 which is rot at?ﬁﬂy connected to the base
menber 98 via a bearing 101. The swi vel nenber 102 is rotatable about a
swi vel nember agpsnecteghiteh tdhg fRIEONG geiedar| foperpdddi cif a2 setandon to
the  base nepherudikiyBlonBiguiBEsgexh@8dsnédqgenerally 10 parall el
relation to the first, second and third | pader axis LAL,_ LA2, LA3. The

rotation of the sw v&P FRERRPATatug) 30, Fhe; JEipdingLanre ofetber £oBsts
acconpl i shed byahlesecondaieirider heaidsvaBBoniebd wyfidcsllwidepper artend104

t her eof i G . t iy el r using-103., The_1
rotation of é{‘ﬂ;gﬁyﬁgﬁ@%&%&?@ﬁ%@} é\lené%éﬁvggfo@{%eé asséuzgfaé)erre%e?f Qghﬁ‘ay
al ternativel y bBougébfipl4shdent hratlaert pre angwamdly obhesett relayivader
rather than thethegstoSt €pPPEr each MHAIAIHY assembly 168Ch vy khg

f lar
TSRS Y I T C e M R R R
housi ng 107skaevhdggainger redads=alBg ,coadi el etivel tetthiehabp d08face '
Ca o ook iy o sy Hay) BE ool EIEeERY Oan (His ettt Theine
wor khead assenbgyinderggounfe 17 | tickidgs a0®aiandthearcuatmly othapediead
110, i s reckppesallay n@vabbsed evathyg tagldifle NBIDST of cHWPUSLPY 107
along a collet axis,CX (%h wn _Ln El?) ure 6) . In addition to belng
tovabl e al ong tREFEGPPE: S5k BeE thedebyne’ Tha ac RenoRY sthe Sk e
t her eabout . Tapd secondegenhdef mbeorsl|iBi, shaéttdOBhal 9agnast abaewt t he
col et axi X ysfaQy | £18f £ DY@ 59(:%% S}&Q@fﬁt m<.)>tformoum:ing 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

20 maintains the mounting shafts in a desired location

~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

25 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  grinder motors 134, 136 are

interconnected, and thus move in unison when the angular

30 orientations of the grinding faces of the first and

second grinder heads 138, 140 are adjusted in the above-
_described manner.

Secondary Cleaning Assemblies

35 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



112 of the collet nmenber 106 which extends fromthe col l et menber
housi ng 107 t Weresef9777 The col l et axis CX 35 extends in gener alRGI/GEPA6028|

relation to the plane of . the top surface 44 of the housing 42
t hroughout the =~ rotation of the swi vel nenber.102. The first and second
WD 99/ 59777 -38- PCT/ US99/ 06020
- 34- stepper notors 104, 112 rmay conpri se servo notors, or | i near

servo notors. Sifnathd heossimnd4 8t eppwardmyopfljz&spectfia@i |orteg esf t hbe
rotation of t h%a%%leltgtesé.?'%&g 498 §RQAULeonah %%gfrﬁfen@)é's%e%’liﬁgc?ggm or

provi des a prescribe atronal” positionin cutting tip of the

drill bit #geaysed robtachkitatrdhen chenalng: af |thriikting tip 12

E_e:e; g i ng now b;f El: wiqta ‘i’)itgal,s Sriked @2 ltihléf ttheal tiﬁ_%?ététibﬂslt?;@feﬁfda i Ill10
i is insertable into and ., ~.renpvable fr wit hi, e golle a

of each 10 SwoP¥h8RE 9EsEh®ISPYEy alsﬁg“\%&&ﬁ’@r ]O'gés%wlg']ﬁg’.e gﬁﬁcFﬁP§8
respect, the cdhn @oreecaldthlid ikeleowzed and configured to slidably

_ receive the shank pgtj,on a | ' , s o WM an nt of

t he shank portion 1?aldn ootl":ﬁemle %%++1lé?§]ﬁ%agfglef(fubneqlmntggls{e?n‘%tlg%\ébyEEBE

st opper wit hi ncompriBesc@ basehvgauber0ol fhiehich inljardacdhesy tonkheohPy about

one- ei ght kefran inchhPftRdenshaivg PPst i OMod8bDy hb€adhéll to thBit 16
is inserted into angbelsr%:ﬁlglfed %%thl n thelcoll t head ]t%'_% §é£ce 'r.hF1

col l et axi £0 CxPagee i LAt 4F| fR £10093%S |FOGYORs #RY oL18Rr PRASH v

within a shaft imediuetes/?2 aof pa@r t b€ groppeyor 0 rollidrs alidée- desatabdyg
manner nust be ol ool 9 ifinth P80 LRErEbEPRS A 2 £ (8goghown in

et hea 110. In

Figure 4a) pri (S:rontnq el ng ?héertaal e into the co I
addition to th@®rerimityekperespestivey MsPHOEILEy oPPosek eadsuthereninber 78
to facilitate the RHRNSEBN Ghet RFE 2Bhedrdddvdyidr 16calierg t1®s griopan axis

Gx. the shalt Temher, o widef™Phs 3 58: b5 TRnEHNELed,RY L ey oadey gssen! y

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

20 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 clean'ing assembly 180, the base

25 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

30, 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

' 35 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



that the gripper-axis GXis coaxially aligned with the colletgﬁx'
F%@m ad

in order for wewseImk portion 18 to be insertabl e into theP%

110. The gripper axis GX 30 nust also be coaxially aligned with the coll et
axis CX for the shaft menber 72 to be advanced over the fluted

portion 14 of the drill bit 16 and into co®act with the | ocating ring
22 to facilitate the renoval of the drill bit 16 fromw thin the collet

head 110. 35 positioleséssben im Fheemydgemanth abridieati stalernd ob
further conprises an_ el ongat 0 1% 10l LSee1l 1@d aGHed to
the base nenbergg%.lﬁé?%ﬁ ?ngeﬁﬁggu% zgﬁgb%%e &%dq%ﬁ gg/SS???

PCT/ US99/ 06020 manner facilitating the indexing of jHie conveygrBeit dtfber 14

in close proxi r@.t#ré@cfﬂ?e&%&ﬂﬂnentaﬂ RIst@ndes amhapenbueredd ofhileh is
si zed and confi gured to indanyeégceiye #ge é£cking sl eeve 111.
I

As
will be SdesePRBe¥ern hetk dt?%i i ehErow Ve 35Ty T e VETETE 5
slidably advanc@gahbieytde clpedine plithyad sgaintof hohézontapralkigrneit
re-sharpeni ng t hgtﬁu'[éﬂengcggﬁnfaéz aqzipér Qexdr&l{én theb'éan?% ig aéoé)?i?jhifw the

support nenber ik 0 gui dé event excessive vibration o e dril
bit 16 within alighedcwlikdt thea®Perdngulizzg thehe-asmwPeied PPoteRs. 10
Optical Assenbl jgsembiy 118.Referring now to Figures 2, 3 and 7, the

appar at us 10 further conprises a pair of vision or optical
assenbl i es P18, each of which is adapted to generate 15 inages preferably
digital inages peggihg xesemplyhe identity and geonetry of the dril

the - “outting tip TotsruibR poR 8TFiGhEEy 57 8°Gar0R Che HRARLARE P
thereinto, as wiPl fvrtdescreomerisespre kimming 2essrmbly FAE oftictnl is
assenblies 118 grgaefeR atbacd %@p surface 44 of the housing 42
15 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.
20 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
25 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
30 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
35 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



the top surface 44 of the housing 42 and are di sposed under respective
ones of the ca¥ee¥sy7trays 54. - As best seen in Figure RCT/E3%/)6030
‘the opti cal assenblies 118 conprises an optical housing 120 having a 25
circularly configured opening 122 di sposed wi thin one of t he sidewalls
thereof. The opening 122 is sized and ~4@onfigured to receive the

| ocki ng sl eeve 111 of one of t he workhead assenblies 96. Wen the
optical assenblissslightl$ dreegesunireddismeherhddsimgtle, appsturet 4% 30

separating the OUSI%Z%:&falQ?ChtHPéﬁ@?' ewsaeglﬁ%eat hlagm t heyfeop

surface 44 of t 42 1 s such the callet axis CX of _.one of
t he wor khead amqjesawtureWb‘éfCEE% 5PPY Bepgndd2width 397idddi ng

122. Such dalai rgéHTEf m;tlthskﬁned%qaéxfnﬁ#d owse, dr%ﬂd l&hhs161ﬂeldblamtdm n Sﬁ
the coll et hea 10 o avvor sse 96, t 0. be e o the
interior of thé DR HEHER ‘gﬁizg ngfgua%\n?%ea’éfﬁﬁnoﬁg l%l&tp" %’lt% el%t
novenent of thelrsesetednydro the dridiD XS IASL

PCT/ US99/ 06020 A n Figure 9, the di3®al portdrPfokN&ne
wor khead assenbly 96 Sal gﬁent hle bas%urrerrber axi s BXp Di_sposed

within the int #§RrraE ?H%rBBF?céF‘*hdﬁsu%fb‘-argedianu sigecitec @apiiplly
configured il urddedveOrcHd ng:am:lafgr aing5222fovhit Lbned wpewialdnildl igied

wi th the openi 122. _The, . atl n agta 4 preferably .conprj ses a
sequent L al 10 T o of AL EBE WKPERCER « Py Tiafeter e LERES SR

sidewal | of thewptieml shbgbthy gxceepiposmee di\%meter ohiclthei Ngpadtd ngpeni ng
122 di sposed thefgd mj S A dH ¥He antﬁaﬂarafleﬁeoénwfg@&t SAli s Hhly 118.

The front canera 126 protrudes.intqQ the interior of the opt| cal_ Housi ng
120, and i ncl udesightely c]LFf%r“f m}laabmegwé&fq Bhsohnthe jecating guing|3a,
aligned with bakd Ehetheenigegpr22narigure 9, ithleunembdtgemerit apfldthe | n

addi tion tg the féé&i §§P€£8n 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

20 drill bit 16 is inserted 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

25 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

30. 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

35 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



15 126, each optical assenbly 118 includes a top canera 128 which is

attached to tWOt9959737 t he optical housing 120. Li ke the fr @QT/USaNB4G020
126, the top canera 128 protrudes into the interior of the optical _
housi ng 120, and includes a circularly configured Iens which extends in
20 generally perpendicular relation to thetlollet axis CX ~ when a drill
bit 16 is inserted into the interior of the optical housing 120 by a

wor khead assenbégpdBatfbnhaligitance vabi ousImptaiddilt iopst tems thee mpmiﬁml at ed
herein, a PLELEEL G S Kokelh) stggglaﬁ;gqs%%%t%e\é@lavg sl cdlfi-1 s 2N 25

D ego, Californ I'i"es %'nowto
Figures 2, 3 anHeBerﬁh]élapﬂd-FWs actuatpy uPFh@rtQRI?ﬁéfrl@é%O?é iehofis

grindi ng assen‘oai oé§@f mhtmtn Chhar elﬁélafr%hfedotfo the tl’ﬁﬂlrslﬁ.gfegfs ag@ 4nof the
h t | se |

o ndor mouft TBSTRIER FACLOMSANS ASA TR OR0 WLEBNFF R AT Roval y
attached to theegténsgtblenfmoml1ded retractabieobethb beeestepber arstdqor ti ons
defined therebygaren3 gféﬁ%lf;?dfzs&?m %o@“@% B‘Eagﬁé fgad g'é?'r?w 160

Rotatably = connected”to t i rst grin not or fTT
circul arly config@REiprgatag C}Yé-a‘dld]?a@am cenféguradl pin Portlon \WE 2

99/ 59777 Whl%h defﬁnes a béunt distal FBgTégg%y(a¥£Hgﬁﬁf of the
-37- nnected tao t he cQn or sec
circul arl yg‘@onf? HarR Y h H‘@a gtfy ss than, egéﬁ‘ﬁﬁFSFu%f e t he

grinding faces aperteréi 150, thusnch]ﬁmm_l; gthendetn hpedsidld81624@ o yﬁéhcal |y
do not extend ra&%er p@f@ér?éﬁ‘.k?fe :ﬁlt%t ?:%S%e%@e& 8§ Eof.)séuéna’l verAi:41coa].cl]:[ €

housi ng 42, but are angu arl
g moveable therew1th1n

In the apparatus 10, the bumping assembly 146 is

15 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

20 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

25 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

30 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 -

35 prior to bumping the locating ring 22, the drill bit 16
must typically be lowered within the drill seat 148 so as



thereto. In each grinding assenbly 130, the angul ar orientations of the
grindi ng facegoebsdtre first and second grinder heads 138, PEBMUSEYR2% e
to the top surface 10 44 may be sel ectively adj usted. In this respect,
t he grinder nmount 132 includes a pair of arcuately shaped slots 142
di sposed within respective ones of the ear42- portions defined thereby.
The attachnment of the first and second grinder notors 134, 136 to the
gri nder nmount &b p#32isel{amoditixdredheycukéingceoptldwikim Ehg tasers
ext endi ng fron%gach of the first and second grinder: notors 134, 136
into respectiv 8fes of the slots 142. __The tightenjng, of a clanping
nmenber 144 di sposedTbe fleweringdiot sthe &idllos Q&tI%%$Y15h%no?h?h@rg£ﬁnting
shafts 20 mai pLgingabhes REEshHT SHad 15y ddtivaitasig etel seappbep motowi t hin
the slots 142. . As wll| be recgo niagd, %ae Ig{qnnéng ogethe cl anmpi ng
menber 144 %l | dfs & hBaNBe%: SGHe1nY Jhe] hleAGufEERY sHat t 2w PNen The®sl ot s
142 to be dewaahirde wertdjasdt edii zesctismtedwhibchl tier tumm arruses Lhe
orientations of,. gr i ngi es, s LS n c ' r
heads 138, 1409 %F}%tl i véelﬂ?og?hfgﬁtg o}lg%r#%tjé{bﬁ tldsf% (C)Lfo .t%%%ogggﬁgéﬁggﬁl n
each grindi ng #wdsbip Fhe3eperhare 15¢; r tingmdhaRfte™ §rchdér Ofnbh6r s
134,I 1§8 ar @hank b&t&ﬁ@)?lnﬂﬁcﬁgdab&!&deﬁpﬁgam‘ée itﬂeu?;mopon/aeant he2 .
angul ar orientations.o .grindi ng f.aces the first econ
grinder hetds ¥ P:ﬁ&?a?ﬁlé%j%@gedn$nlghén&§&9giy 1nse2Ed e %aﬁﬁ%r
Secondary O eadiidlAssenbiinés 8be downwaed enovenemowi ¢he pinepoztignand
8a, the appara&%%_cﬁuség tyetd éﬁﬁqggf%féﬁ P8 P& b lreteaRRed Y nebeaRkng

i C to the top sur

assenbl i es 180 are attache 1 face 44 WD
99/ 59777 drill seat 148, thus lowering theTlieseb/9Eobhe cutting
tip 12. _ '
15 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

20 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

25 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

30 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

35 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



- 38- of the housing 42 outwardly of respective ones of th

cassette trayswWOP¥59HE secondary cleaning assenblies 180 argcﬁgéﬁm@@ﬂ“
facilitate the cleaning of the cutting tip 12 of adrill bit 16 prior

to the final inspection thereof 5 by one of the optical assenblies 118 as

wi |l be described in more detail bel ow43- Each of the secondary
cl eani ng assenblies 180 conpri ses a base nenber 182 which is attached

to the top wavément 4af gthe [foddo hsiagy 152 .- I\/BSaprgvawakYietndbcattmd,lo

base member 182 }8 aewﬁbaeaahetﬁaeyssiobfb%el%dmIr@&a 153 NedgieBss aspai r

of conveyor roIIers 186 rotata connected to_a common S|de thereof I n
rel ative close the b?S%Fﬁ?gyr%Bgr%%h%%%?$e°%5%§cﬁﬁdt%% oPHIReY" ¥
t her eof . At baspefigt sugfiacef 166e dediviedoabout aise %ﬂ:&a]araﬁértmf@exi ng

wheel 188, t | 186

coﬁfinuous wgonvgggrgp g$$:§§§3; Eﬁ% §§@¥?X§naflthe(% %%H%&g F&nghgzﬂ%%e
menber 182 is abhe tophdbgadglh2nbeeraomesnthé émehusnmbwaromyesmu t he
i ndexi ng wheel {885 éﬁeﬁ@%‘f 't'hé:'lg!ééﬁlﬁ rifng @@@f&p&h&%h@ﬁkt I &

rovided with uantltles o] L eanin ereon each such
guantlty of cl géﬁl R§ Bhet ?rl(il ?’9 gé d)é GHineddg i3 pair
0}‘ ri bs f or aeenwardbe ﬁgm/&)'rmé:tﬂiﬁlgtmc)&ﬂﬁact with thd I&o@aﬁﬁrﬁﬁéém y

cl eani ng asse 0 a

sel ecti 8e| ¥ ac?uatgl t%r 111 éec%t‘znv ?/g‘ra ed ghe n§°ﬁ§ﬁ%%9t ﬁéngor‘?\?eyjo? bel t
190, bet weeabuttedr agaeusposheu ana§lmf@m iUP8Fi duir e.sBasracednfrom

ext ended pOS't'Qﬁea%d¥%¥M§'Ehﬁmiﬁt@@'fhg'ﬂﬁ%grﬁﬁ éﬁgﬂbn bipe cqﬂ%gyor
belt 190 is in the extendéd position, one of quantltles of eanlng

putty 194 d.spo%%atheseBhn$s22 lS|Hr%E%E@%}YhB?WE%@t%W1%ﬁ|Eﬁﬂﬁhﬁ &eh t he
axis of the hepéni sy, Witlothe Féspechings mninefuting zed teafonsserhd i es

i Lren e PEONEHEE AL 200! SobOihs SRS Shon ppRCBRL Rl dlE
substantial ly bepdw ahd §h¢35%¢on@ebump bpitmy ngt 1PPzed nporiettison tdmy
movenent of thergofdRYPr £1ash bkt adidl; & r ored tene Xt Saiethdasidd op to its
retracted As seen in Figures 2 and 3, the ram assembly of the
bumping assembly 146 is movably mounted to a base

20 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

25 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

30 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
35 with reference to Figures l1lla-1ln. In the apparatﬁs 10,
' the programmable control device(s) disposed within either
or both of the control panels 46 or within the interior
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- 39- posMO W Bsul ts in the engagement of the distal end F§T/US99/06430
i ndexi ng nenber 192 to the indexing wheel 188 in a manner facilitating
t he i ndexing of the conveyor belt 190 a prescribed increnental

di stance. This novenent of the 5 conveyor “B&Ft 190 effectively places a
successi ve quantity of cl'eaning putty 194 into horizontal alignnent
with the col | ebfathe BXuatiog ¢hcfungtians teagpatrel and gdapddaakier Kbehe
openi ng 122 of fhe Assd at§f ORheCAl1oader?SSeikib1M 8. 630  invBYEEbRY
Assenbl y Referring now to-Figures 2, 3 and 9, th appg{rr@&us 10
further conpri &SR dRS ﬁg'ag‘é@ﬁlb??dfrf@%}ﬂléﬁ% 26, oPLHqaRES tRE top
surface 44 of tijhe hougidgdinglS asseabldek ali3o | nt secendaty thdecandngtte

trays 54.. he pi N senbl 46 i.S _US ci.l it ate e -
pos?/t I oni ng;of aﬁ'?«?“%glg%ﬁ %&%ﬁi'ngaré tj?ﬁg'lﬁli‘gdrggfé‘ﬁﬁ’}al&%t' i fﬂ]negggg
subsequent to tMespespl dhieonontrohadgwice is eharprhfatlyfinterfaned fig tip
12 of the dril |t_l-@ tva]:@ton%.? ngh%mset&f i lg%emg li%nr‘(%r_gqf, ¢peLati on

of the bunmpi ng asse 6 I's described in detail in Pat ent
No. 5,472,298 ?FS&’@O@%&?PR@RPR@%GH OYRG fronhpmRLANScpPRTaS
RE- SHARPENED DRRi2d, BI2B, fHuied Badesbeétnd, grindddAfotde 134, naedi,sandsur e

of which is.incarporated 25 herein.by reference, he burpi ng.
Sssenbly 138 gator ey TEafy, CEREFRT AR kR 25 arbepdids WhiveRY: o
attached to theyldmdans acndi4 the ofaquvem hauwsicng wid.chExegrdi ngedxi &l y
through the drigde;yicsi8at M8 IcHn@RoaPELEUT Stilef fUmsbdddatl ¥ Jrecenyi ng
the 30 shank portiogon 18 of a drill bit 16. The dianeter of the
aperture 150 i #5§8MR} &P as to slightly exceed the di aneter of the

shank portion 18, tinis diaciddllaing Bhiecussion of the operation of the
15 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
20 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
25 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
30° 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

35 operations.
In using the apparatus 10, a drill bit container 26
including a plurality of drill bits 16 stored therewithin



sl i dabl e receg})t ‘of the shank portion 18 thereinto. In addlw #?%
sysibetad
;

drill seat 14¥WO¥7Hunpi ng assenmbly 146 35 has a reciprocal ra

assenbly which includes an enl arged tool head 152. The tool head 152
defines a central aperture 154 extendi ng_ axi all'y therethrough which

WD 99/ 59777 - PCT/ US99/ 06020 - 40-

is slightly larger in dlarreter L han the aperture ext endi %lally
through the driiiS pesdtiengd wighin an ing 568 6r%a§§9ft'6? EIF@! 3 head
152 is coaxial hyith tigéigoedrwsthothetmedtite BEO, condatihes 26 dmsidcl 5

alignment wt hn%gr%_& %ngi Eudlﬁéneéxgdgsﬁlpﬁbu lIJ& Vedl'gropaFﬁgsg%§5d2§ nto

the drill seat n df the
central apert urdhusbéxposdmigathedfluted zoxbions tMaIOIfythe drdédihits Hé

locating rigg 2??%1&&'99951 UPOfn&r & ftéy P Ita 191n91ﬁe drinat mﬁtrgspeicg
the di ameter of 't enl ar ortion. sl I g exceed di_anet er
the locating 1lifGefy out Q\#tﬁh‘t‘ h‘grﬁ%bt HlE)ZCBPtPHQQé'nI &y SJéf'd tglﬁ e ng
slightly less tis?ébrﬁﬁug;vazit handl iof ;téae;h:lmatr g §ha|rfg: Fember 75 dfurgHeer |
seen in Figure 9,, the errent the 15 t entra
a%#’tl?‘f%ﬁ e's Fg ﬁ orlnanﬁg% iR ichlﬂ t%e NS

aperture 154 f an-annul ar i hg sur face

156 whi ch cassmmaantss?- ﬁmcteausedoomm andaetliegseot tlmell;emtr: ale
aperture 154, and i bBovant agt ttﬂée L-,@e%&bag EbPPioned 2oV | |
be described in nore detail below, when a 20 bit 16 is_.inserted into
the drill seat MSEETREY ¢ héis Wl]r]arﬁeas%%qﬂﬂryl?%dac‘i%t%‘ﬁ“i?]f #8V319%E t he
downwar d nMueeipofatle 100s Rtshrdmed hih cutrianges ivhieh 411dwes

the driil bit %éieii?searff S veneies oot nahpral “ApeFr Ve THAPS 11 the.
| ocating ring 2htwiaxgial alignment with any drill bit 16 in a drill bit
15 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
20- 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
25 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
30 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
prev1ous1y descrlbed in the section captioned Inversion-
35 Assemblies.
After the drill bit 16 has been removed from within
the holder block 88 of an inversion assembly 85, the



"bunped” by the bunping surface 156 so as to force the | ocating ring 22
into abutti ngvOOAMSEIT with the top surface 158 of the dri| FCIARP9/406020
The bunpi ng assenbly 146 further conprises an 30. adjustnment nmechani smfor
positioning the cutting tip 12 of a drill bit 16 inserted into the dril

seat 148 at a desired separation di stzh®e SD fromthe top surface 158
of the drill seat 148. The adjustnent nechani smincl udes an opti cal

ref erence systéwibhi bhti ésagapnsporsegr Biutbe3ioageraagseRehn 82 wke ch

travel s per penggsﬁga-% 1y’ taddtnbly $ONOWEHHI fdle asualefg tigp dipl | bit
16 and is spac t he tog surface 1 8 of th %rlll t, 14ghby t he
WO 99/ 59777 then being :Lnsert remo / GESBY

-41- Sepalathﬁng@h&ﬂQe 8. vikn atidi t loader t hesepblyal 62 to
: : g :
Eene "o S o LBE g VAL EOba R USRS O gy pERVEESMN S, |

| i near act uat
of the housi ngdégcanbeds inclthiessgstapsngaaeti sd@réparsy Gheeping

sel ectively p sSﬁxbs%&%'sbl erhé Qp-and H:.Q;t &ecméhetfmspéf&csmwmnaﬁor
Ext endi ng axi a F omt he tgg end_of the |ead scre

el ongat e, cyllﬁBVF€§PP?-€6ﬁF ﬁYe%P[544 pBEErGRdeY © 3‘39ﬂ$35haﬁ§?%ﬁ%¥ a
bl unt distal esd. 1ﬁhe dhamiicddeaf blbek188 puechpahhiconhé68hasksppghiby | ess

03" o B LA LR S8 WiFscted? Eﬁ&??li?o’vé%scaﬁl 1y ekl bl 1 BAEL! O

162 to be enS|b €'rn ertur ertica
noveabl e t her eadgehinn. the insertipp ?ﬁet}a?)pf&?%hs}n@ lg H@tmﬁﬁﬁngoé%Enbl y

146 is 15 utibhzed bysi Niki abt¥ohmpBeshéedd ihe whankapeeti oprédishsly a
drill bit 16 into th perture 150 of the dril eat t he | oader
asserbly 62  IRECEADEE tOnCHF FHEEon SRIMCTS DFYRTdoPnbg ERELARE  ure
150 is |imtedafiyetrhehe drill bit 16 has been inserted into the holder
15 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 inversi_.on arm 87 1is zrotated
approximately 180° such that the fluted portion 14 is
directed generally vertically upwardly. The drill bit 16
20 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
25 initially oriented with:_i.h 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
30 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 '-10-p§:oceeds directly from the removal of the
35 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



abut nent of “the end 24 t her eof agai nst the distal end of 20

portion 162 wWWeRYS9HE previously indicated, resi des withi n%Fﬁ@S”’o‘mo
aperture 150. Subsequent to the insertion of the drill bit 16 into
the drill seat 148, the optical |aser beam|L is transmtted

hori zontal ly, and nor e particularly 2'§7'perpendi cularly relative the

| ongi tudi nal axis of the drill bit 16 inserted into the drjll seat 148.
The | aser ttegsribed ot SRleFicm &9 Fdopaesdpdr at Tae f IR EFECR GIFeP

SurfaCfe 15§| of éhctmi&éﬁédfl %ﬁ@tsg&;ﬁ&nlay tgg tIRPai AL t a1 clddtﬁrxlﬁlr@”lcfeftsh&kv&l ch
is prefera the sum of . i stance
|OCg.tI ng ri né attina,t f‘ﬁ‘e‘?L agr P PWBI tan% ‘?%s?lfﬂ'}lf‘?%n r\lé%'@%rl@& e‘ti’ﬁo t he

drill seat E:Ag&;ré hele utistngrlway s Joe scomml eed ylmsqpﬂm;h.m)wfe tthee

| evel of the | DEABLs exfie i o5 eggﬁlcu&y B¢ yicnthPe Sy be
posi tioned at t e separa I on tance riror to urrpl ng t At | ng
ring 22, the dribit ¢prtaiper 2§mst typically be | owered within the drill
S?:?'} Uégg/ 88038 AFtdP 91%5(9:?111 bit 16 has been lifted out of t'The

P reci se
position the cPYIRF Pt 8%t FPR ?ﬁﬁu?‘é@’érmemberbga?mof chd & lppezﬁ'he0

| owering of theigriddtibsateld mpt has tdee dothkte thseahaf48 membersnpt2 shed

by activat t e 160
0y move. nig SSEERPRL B dinder SR e FUEI NbIdR S B GG

di stal end of tarﬂeorpﬁntbertgr@@pfe”z PeLa0GE dFianaes! yla angyj LhEN -t heChe
aperture 150. 3 dkdert hgsHombDy €0d1id4tabnt RAneuvesanledPald it BidBly

"nserted nto 1SR theBFREEE SRS BRovabinind SR EReArs 'ﬁcneo%t%a' Y

portion 16 vapekisesad tdrseniialnk €or t Subsé&ulentbéor euchoabrigmmmt,t hehe
15 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
20 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
25 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
30 - 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-7d, the movement of the
35 '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



drill seat 148, thus lowering the level of the cutting tip 12. 15

The downwar d WO $9/59317 noverent of the |ead screw 160 i s coGHURAep0
such time as the cutting tip 12 is di sposed bel ow the | aser beam L.
When it is determ ned that the cutting tip 12 is disposed bel ow t he

| evel of the laser beamL (i.e., a conffiuous | aser beamL is 20
transmtted and uninterrupted by the cutting tip 12), the st epper not or
i s deacti vat ed ianict itdle igeopestidnyert¢cmluationmfe that fhated PoEEPE difew 160

stopped. Thereaffer i 51 €PPS EHO optSiELT CASSSBEY 1082 MMyIRY

facilitating ag&fh%u%@ﬁn/agdtt%rt i ngly rmverr%%t of the |ead screw 16Q and 25

pin portion 16P& 4 h . f 0
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facilitates they s Mdd@Ned Usediniy tHOwr@ardlloflengtt ef aiMet idyg 1l (it

toward the |aser_ beam L. ., At .the Cj he . ti |
interrupts fhe ]rsas%?g] lndﬁé‘ar%tkﬁ ‘f'lﬁtetis)éipggg %ié gé%%%i vr[alzt%eeé%eq}%us
resulting 30 ipointe tHidurey Td)p 1Theeifnpriparnedad g Hdiamngenagrayies

158 of the dril{py WASCRY ke SRRAr A1 fRadteandfe SBiameter of WD the
cutting tip 12 1s positioned within t

¢ he . ..laser beam L and thuys spaced
fromthe top suf¥uead 1Borpion 14 4f Eléﬁaiiﬁf‘?%n%&Fstlénc(glgﬁ,rea 723l§i'ghtIaf;ap
will typically 8% beigeéteedobebweeanllihd dnerai iof) theagd22lanbithaét aps
surface 158 of the drjill,se 4 ereaft.ern, r .a eérrtg S
act uat ed tgof actT1e%t &°t RE ?%BI égﬁo%v\/gg%cg%md Q%%Fg&/?ﬁ/‘% 2111
PCT/ US99/ 06020 bit will be rejected from furthexy3processipgegEnttHis t he
tool head 152. Agydrevigush s gated piyhendowrsaid Reldsal iZgn Hfe t he

X '?Egi' %@Ia@ : ] \
ool head 152 results in he lNocating ring 22 being contacted or
"punped” by thedlso eeedi Fy BeRTHER 'gee‘fsf £ 1ctgfhe° ?a&‘ﬁ'ﬁedrture
5 154. | nportanpdytiséherbumidigef7dihe babaegugnti 6g BAthythe didmetenl
head 152 OV & Collks tmrz]a%gjirni Cct.&%]ﬁll&{ B'festsﬁéi 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
20 ° 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,
25 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
30 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
C7e) . _
Importantly, the control device is operable to
35 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



engagenent of the locating ring 22 upon the shank portion

drill bit 16 aM@99/59%és the |ocating ring 22 downwar dl y i nt SCKWQ/PW@”
contact with the top surface 158 10 of the drill seat 148. Once the

|l ocating ring 22 is abutted against the top surface 158, it is spaced

from the cutting tip 12 at the desired4fstance D1. The | ocati ng

ring 22 is preferably bunped tw ce by the tool head 152, with the first
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fromthe drill ge®icé48, WRUSWRIDVIKE ngeabgasset) tdMering apertimiecddP to
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WD 99/ 59777 evaluation of the drill bit 16, the Rahd)3%9r86020ted out
- 44- 15 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

20 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

25 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

30 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

35 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



of the housing 42 functions to control and coordinate the erations_of
the | oader as¥@BY$PT8D, inversion assenblies 85, workhead a ggygp?og@zo
96, optical assenblies 118, grinding assenblies 130, secondary
cleaning 5 assenblies 180, and bunping _assenbly 146. In this

respect, the control device is electrical I'?Oi'nterfaced to t he various
conponents of these assenblies (e.g., first and second stepper notors
104, 112, frontlegkingpsdapreasill isogeceiged | iBtoaridies8BAY gFen@®
notors 134, 136yp 1Qush9ngumtl ¥ €pat rsz evi GRsmsEchias sel ani d

val ves, cyI|n ndt vacyuum p n’g are used to facilitate
the control df°%f é g phgecelpgsgmqn&s excessive |
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sequence of cst I gg% I t | ng of
the cutting t| g?%féhé?% C}{q Qq% PE gf té‘g ﬁ%irﬂ; %&l??éﬁ%@%f%%%

| ocating ring is beingqam@indhrough the use of one of the cassette trays

54, the | oader asserﬁpﬁtyeﬁ&th@nec@éti %ﬁ@tlaermsxoé%nmpwéeahqrﬁrd pper

70, one of the an| g as of the ver si
assenbl i es 85, "ffet %\@Fﬂ'ﬁgéa‘gag%ﬁ'bﬂfe‘éhg ’6?1% Sﬁf“f‘#er g’;ﬁ"ﬁdcal
assenbl i es ]13]8, tdm sdcdid ghreppEmnassemil es Ja’iﬂ;lmtead)fsd s to

d E NGk | 5
scconder y shears g5 soseall o g aDB0EL BTG 5 oSGy
the appar at us 1mﬁmc|t@@escollebaume§lhﬁr phPHEARIC| E¥hi AT V\B\iklh@%%ls Gp‘-[ i cal ,

grindi ng angh- e al m-;zlxeﬁnga@ peeqah eﬁeaéuwehhga@u@ PRIInPfthe
shaft nmenbers 72 on Iher‘%’%ﬁq 70 a%d ap caase te 30 tra%s 54, the

cutting tip re-Fht 5’8§F? gefirn (jhe Sepand SEePRET P oddses as
wi || hereinaftets becdeyateﬂecm as nhp bmwsmdtbeedodilmtl tsimebusig8ortmt

R R e T
In using the apﬁ}e%tmtamora (816l BeBPRdCBRERPAE MoboT 117 et Rty ated
plurality of drédlabi ts bhce idd hefeliiti¥e 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
20 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
25 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
30 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
35 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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- 45- is pYEIWISHEd within an opening 56 of a cassette tray PKF/US99/06020
with the cover 30 of the drill bit container 26 being noved to its
opened position or renoved fromthe base 28, t hus exposing the fluted
portions 14 of the drill bits 16 5 (Figuréiia). Thereafter, a single
drill bit 16 is lifted out of the drill bit container 26 by the | oader
assenbly 62, and-in patércuhar catshagt cdpniier héld Bedhere-shappgmpal P

(Figure 11Db). o gﬁ?“i e,hgader enhly func lons to
grasp and rel eagggar%mﬁ ngn é{‘%% lb lE3§éscr %egrilg%vélmtl nf %?I on
“captioned Loademaneuvesednislyy. the erhgédr BEEeMoAad, 96 heuc;bnttrhat delvé ce of

the apparatus 1901§eer9££§r&5@d1é reoumrlgf ambﬁ@dahheﬂfsthe oﬁéﬁlﬁg 30
maneuver a shaft  nepber 72 of , %gn i nto axial Ilgnrrent wth

any drill bit 18iFRiBR &Pe I°p§|1tc %ﬁ n%?ozefsta& QPLHFRY n2E§TBkEni ng
56 of a cassettgls. tThy Tbnveyor barAfi®t bei ng lsekondaeyt efeddengrill

L T S o e
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t he | oader asseﬂ%t?néédln@%lt-h@nhom@fﬁ resubtm 88 oife pl@cmrwm sehrearm

87 such that thguiheiegd of cPQ&i&iﬁl@ %&%?Ogsﬁsﬁggﬁafé@ﬁ@é Grﬁéi%éfﬁééy

upwar dl y tgure 1 e inser

hol der bl od#® 8813§°a]%‘8’6+r%?’?%#ec?1ﬁ$’i‘??é‘% FubGing B8P Y2sefitHRel in
the section cap@rbhkd HiwelLsion Raeeehftes, the Aktenatbe drod | olgi ttH& has
been inserted i h ockln pi n.89 extended
So as to engage \%Pkﬁ%'%d Sg Xrtlon(}'%S 42 ﬁI% aé‘f'rl T 575%e %‘? hi n

t he hol der bﬂ'—)éRCBBOnt Héfl rﬁl@ S|Ri|$tamm 8'Dd4 s ingpat tde 30bodppr oxdiwat el y
180[ err] such tPééulEfnéhﬂﬁktﬁérfnb@@méﬁtof:ft I&?Le basd; inldmeit 6 dF @k?é ect ed

generallyv rtically upwardl | IS then renoved Trom
wi thin the ol dxg?rk}\{ea IW'@%?GI ﬁ2°¥18aﬁ}é? %%%"erﬂﬂ egoaxhsi BE wRwARd al so

previously descthéedpticahe assembdly. CaE J onsdchnmmnt 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).
20 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
25 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
30 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

35 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



35 Assenbli es. After the drill bit 16 has been rerrovg%rl;dsg%s%

W thin t hWORIISE® bl ock 88 of an inversion assenbly 85, th
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- 46- - drill bit is transported by the | Qader assenbly 62 to a -
primary cl eaning assenbly 80, with the cuf??ﬁg tip 12 t hen bei ng
inserted into and renoved fromwithin the =~ cleaning putty 84 via the

| oader assenbl £he2 comtzolf deviceate EREIGRERNAPIHEWNGH afhe fFRAdr

previously i@;%?fédé«l%'id} Ehg1688E1bAMTCE AHd ere iRy FRpyLLAaNiflated
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A
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the inversion ddwenprygin cgpdirignr f11de i flewed naarkiopr &¢i diidigpre
described in theyc). segidedagaii] OfRE LOWEKSI0MASTRITH 4 e6perable to AS
previously explained, if the drill bit 16, is 25 initialéo?g) orientfeﬁd within
the drill bit GURSETRIAYS REFFPret (1 IR RPFRE DY & Bt &R S han
the fluted portdmh top tamelresedf26i,s 1did,ecdarstl geoeeakhy detei cddtained

upvardly, §Be £yt &fiddlV ek ideQbn! EbPPyO8: ENEa LA loPido1 kG aRided 1O
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

20 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

25 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.

30 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 . 11g. . 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



the initial cleaning of the cutting tip 12 thereof as 30 shown

described i nWO¥¥¥i7on to Figure 1lc is el i m nated si rFééT"H‘f?é’“m
fluted portion 14 (as opposed to the shank portion 18) already
protrudes fromthe shaft nenber 72. In_this respect, the operational

- sequence of the apparatus 10 proceeds” éprectly fromthe renoval of the
35 drill bit 16 fromw thin the drill bit container 26 as shown and
descri bed in rexmiflilofpitto 16 glirpoBEs withia the gemainigdoshafd amembiexg tip
12 in the mannes,)shgwa, 8@ into the v)&@k@x%/a@aégembly 96 without having

PCT/ US99/ 06020 §%ﬁ§cr|bed in
relation to Fi d:lﬂ’ aangpve £he) GERpRRF ST phack EBnBBEt =3 % the
initial cleani rig s t9ae  If Cuhidimgy tthe Firmmd a#vmﬂmaa:ri@rﬁeﬁcruﬂme@nﬂl

relatlonto e, 11 S C f 5
bt an or Bt RA bR G nE AVEPFRRHBNIERE: (O qaSferty P Uilq Khediddl® |
26. Afttigr JIZne-SdrflllaMeldl prlsahaseéeenponftb@ Fetlbfbithd 6 being der
bl ock 88, the aGlunlly mcﬂ&&ftwqcﬁraeqp%s@m 625 aMd \whid 180

to rotate the shaft_nenbers 72 10 wa}%& g in_a rranner cggil n% t he dr|II
bit 16 to exterdmediafielyy ‘iwiﬁqr&ﬁéﬂr hexl PRfiGHr 8§58ROIKA°F1EP. @ The
| oader assenbl wefiddts bhian saneivdnied sboaationaxi alspumingal tigat t the

gri pper a GX_wi.t.h the, colle Q Kk e

Subsequent 5‘?0 sq}’c%lé’rq% #}e tlﬁeﬁf% %s%aéjnek Sio[as |%\ﬁélggggt?§§ gtﬂ‘él %blt 16
i s horizontal | ynust @d'vaneenosmtbonh@, cdihet lioagi¢riiesaembhy co? | é?themenber

106 of the wor fﬁﬁ&%@ﬁé %6-and digcked ddraifl humped Bl Hin®i1ll
When the drill 61s initial I?'%El nserted I nto tgﬁ égH‘iol | et head 110,

the orientati on"‘IEiF insexrdH Foe ABABkrrPapaion 18QF f RYF 1 Wksber
106 of the wor kpadimssendéye 148 96fi sheubamphalb blesemblllyetl 4aXi (FiGhdes

coaxi al l'y ?E' gnle.i.qn) . The re-positioning of the locating ring 22 of the
drill bit 16 by the bumping assembly 146 is accomplished

in the manner previously described in the section
captioned Bumping Assembly. '
~ After the locating ring 22 has been re-positioned
20 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
25 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
30 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
35 1limitations of alternative devices within the spirit and
scope of the invention.



with the opening 122 within the optical housing 120 of an opLl
assenmbly 118. W%ngs&"(??uator 100 of the workhead 25 assenbly 969%:15@%5%%(’20

activated to cause the retraction of the piston rod into the body, thus
resulting in the novenent of the base nenpber 98 of the workhead
assenbly 96 al ong t he base nenber axi sT®¥X toward the opti cal

assenbly 118. Such novenent is continued until such time 30 as the fluted
portion 14 and WHAT §§ €LAIMBDoISthe drill bit 16 are properly

pOf!tifned “L%PinlahQ.LUtﬁhiQ&uﬁ&m%ﬁ&ﬂkjaffﬁEh&%§| Forsireg shadpehihbe 2

optical assenbly -i gyres, n . erring now to
P ouras 7ac7d BReLoRRatng 1 SBa0k PAFEIFP 789 A G 1HEDaPrESLon

assenbly 118 cawh&chh@efinesoat cattilnygi tept othei goparithes peomer hedee: of
verificatio% of the iQeﬂghgxnggeonetry of the drill bit and the

WD 99/ 59777 PCT/ US99/ 06020

-48- . initial inspectén laasdy apnat icasssttehet¥ayit abtpehefortolqathe and
cutting tip 12 by thgogBtihgal cassawphy 513-be@ﬁ?epositﬂéﬁébﬁé|@§&ﬂ’tﬁ@e top
canera 128 generates i nmages which are used fo neasure the overal

length of the drill GPES5*T86TEAY: i ndex the cutting tip 12 to a first

ref erence poi nt (Fi guaé Yaast Tdme fqmirMdiaierssehiti vt henaghedr abeshe

OE A b Yol ok adhBTERE GOLLNS wip 111 26, oLl on
the drill bit 16 is 10 fatndepsthensupprdcasds aspenblycattarkedneesthehe
drill bit will bacheliagt edrf cOfMhet 1M aPri36aSHINdndbebBidn of the®.
The i mages generapedc§¥tthe fr.ont canera 6 .are i al so gsedogoéggﬂsure
the margin condition thE 43R R 56 (5 FEIRERAr Ehegpois @Rt qRent
to both the di aneter £ibalarisspecgioncafditheoncwitide fiptsubpegienn 4
bei ng qﬁgsured b¥hEh§r§5895gC€H§£§o%?6f the same is then used
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
20 to the housing for selectively 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
25 between the cassette tray, the cleaning assembly,
and the workhead as'sém.bly.
2. The apparatus of Claim 1 further comprising:
at least one inversion assembly attached to the
. housing for selectively directing one of the shank
30 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
35 inversion assembly, the cleaning assembly, and the
workhead assembly. — |

A



to generate i mages which are used to adjust the angul ar ori i on.
the cutting t|‘ﬁ822’5?757 ative to a second reference point (Fi gﬁi@géf%h&f

This adjustnment to the 20 angular orientation of the cutting tip 12 is
acconplished through a first rough rotation thereof via the collet

shaft 108 of the workhead assenbly 96, Whi P s I nmedi ately foll owed by
a fine rotation thereof via the collet shaft 108. Inpportantly, the

wor khead assenbly 963-25 ThadappreapasteEufieiy 2 Hehexebh tRe «PHRANIRT or
112 t her eof 555 8mBPHr 88MBriLeHt OVi de p03|t|onal accur acy to t he
angul ar orlentatlon of thecttlng ngtOWI hjc Tglooo 05

i nches. After the angul ar3br i%&R8k | BR° oPTIMALH, cC ‘E??H‘% la1sﬁe Yeen
set relative to the skeaning0 theef @mgpotmp piiot ofrccabtbea iRBcidkn
gener at es i nages st the orientation of the fluted
portion 14 relative f‘nSPﬁgtig Fﬁ Eé’?éﬁ%}é&pm nt (Figure 7c).

| nportantly, the control abvileasts %rﬁﬁﬂ@@%?l%@é&sﬂﬂﬁiﬂbw k¥ et

the images generat ed-P¥ahiggf r eAE cutemﬂgtoelﬁan§f§§r12éo 128 afthal

regul ate the novenent of thehwor Pead assenbly 96 (i.e., the novenent
of the base WeSBeFE§9R ythereo .
PCT/U899/06020 the loader assembly selddtively utratspoBBimdong

Lne pase MERer Xl ScRX aafiet DG pedl! Gl cHigeEok! chospal lefl®

about the collet axis in resgonse 'S needed

acconpl i sh the | hgvRragonnasasnh Yrrehhesplép@amésél@%@wg neg2emplyn to
5 Figures 7a-7d.  Ihq d%hé Obbekﬁegdfragbéh31ynltwﬁth th@vawaaﬁh@aaof
the drill bit 16 is store {1 cont rol dewceﬁor ﬁ:ig&
reference and for puffBs 'se e‘ﬂ'_p‘d"éﬁ]%gttrﬁQSBPFF?Pgl ahs nfEtlilgetl of
t he cont r ol devi betweeAs \wihle! h:_g:t:rmxzdgm zg:nh,ndm,l ngartche sacondhrit0
eval uati on 4 ocess, wgagkﬂgegsgg%iggsﬁ and cutting tip

' 4. The apparatus of Claim 3 wherein the drill bit

includes a 1locating ring positioned wupon the shank
portion thereof and the apparatus further comprises:
at least one bumping assembly attached to the
20 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
25 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,
30 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
35 - . which includes a plurality of drill bits stored
therewithin; and

\\!\\\\l\\\\\}\\\}\\\\\!\\\\j\ :



12 of the drill bit 16 are properly illum nated via the ”'@/G&E}o%o

array 124 of WRI¥P¥Tcal assenbly 118. | Subsequent to t
conpletion of the initial eval uation of the drill bit 16, the sanme is
retracted out 15 of the optical assenbly 118 by the workhead assenbly 96
and transported to a grinding assenbly 1305§hereby. The process of
transporting the drill bit 16 to the grinding assenbly 130 is

acconpl i shed by the acti ¢hei epnbrol rdevice heing grergblieoteagausenehe

extensi on or advanceggRkrObskbBRb29 t8i sbaBvEOLnEr agilhephedy rrBinchagRrsul t's
I n the novenent of of _.the_wor khea a;;ggglz 96 al ong

d' . ghg.gasegenber 98

t he base menber Skt BXCaGRYCRIBRTt KBS0 BaF 0S5 eABPY T achye
swi vel nmenber 102 obft lvhewdiriidadidss dblthed6drsll hent contaiaéedfbymt he
activation of the fj stepp t 2 o plac he i ng
tip 12 of tie drill %’E)lli{:hwg.gt %agotﬁéem%%é%e%ué%%u ar&tor?gnt gP%onf%g%i@ét I ve
to the grinding ipgpecsfionphefs thet cykrhagr theatiheBeoHf the gri nder

assenbly 130 based en th@h'bngg)%afagugl gat c08ihher @Rérein: The col l et shaft
108 of the collet nenber 106,0

t.he 30 . workhead assenbl 6 | s the
i ndexed toward the grindPng3*f CisSEWSFE3F-IRY H%reac?tre;aa‘fg’?%cﬁw BP Fﬁ%
second st epper oueing}2and The novenent of the collet nmenber 108 is
controlle o as to placeykh hn ' 2; of LI | into
cont act V\ndlt? the rotati ngh%r %r?gl:&%glf gicée‘}%el.Btg Pkggflg%t _té)r i.cnadie)éré h%g%l 138
(Figure 11i). | npotPaferyasgsmbly peeyrBo¥pythadiralédbits fremcerehng tip

12 of the drill diil 1161 t chiftiditheadparsed ohewanoh he ratbades vhegge 138,
t he WO 99/ 59777 ) PCT/ US99/ 06020
- 50- | ocki ng sP&ebBe 19355 1% &&AYEI OPFt BT A& Hifer ARG TEFUTD e3P por t

bushing 116 of the efippdet dredBebiltkl taf tthee drillwbkheadnesirebl fro6.

Such receifs prevenihiehcese Was refididd | Yl Und ¥R Lhe Ol £1figy cO! | ot
ea an - '
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
- 20 used to measure the overall length of the drill bit
B 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
25 . '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
30 and interpret the images generated by the top and
front cameras, and regulate the movement of the work
head assembly in response thereto.

35 : 9. The apparatus of Claim 5 wherein the primary
cleaning assembly comprises:

' * C L M S *



5 hence the cutting tip 12 of the drill bit 16 as the sane IS bhein
gr ound. WO INSX78T the cutting tip 12 has been placed into PCT’UE%M%%
with the grinding face of the first grinder head 138, the second
stepper notor 112 is activated so as to 10 facilitate a slight retraction
of the collet shaft 108" into the col | é®ferber housi ng 107 for purposes
of creating a narrow gap between the cutting tip 12 and the

grinding face. Thereaftera E’ﬁéh’sel%ﬁmlgstép@#aﬂ’ﬁé{t&r qfi pcleaningaRUttaf ed so
as to cause the col |&i5§g§éa dSrdPn 15 rotate the drill bit approximtely
180[err]. Subsequent to. such rotatipn, the secon t.epper tor 112 is
acti vat ed so as to ontB®ag@tht13%i 1 Fi8t & he® %lvéﬂrc‘énle B’Jd‘:f e Rg

coll et shaft 108 froihsdetable etimsrbandonempgablé afidom withinn thee

cutting tip_.12 of th [ bj ' t., e grinding face.
As will be rsecogni ze%}ganiﬁgﬁét%}?o%{e%&%@n]ﬁ%a%g %%%%T%V]\é{} to achieve the

shar peni ng of bot®. f | Thesapparafaus qft Hgim § wherein the segjondampt h
flutes of the Célié-‘;lq._gnéigsggmbgyec ises: I €-sharpened by the grinding
face of the first grinder 25 head , the sane process as descri bed above
i s repeat ed in relatidanPedsth ¥hding face of the second grinder

head 140. In this respeca,coieeyal tnenpen molAblly hheacheddtolthdidadd i s

advanced by .a wor khe e Y. 96 | ' C ] t [
grindi ng fé‘ge of the%%%%‘%%dgﬁ% Sge%l'enég]{éﬁlgagl o%%%fl%r ie’? g%’%?%dg?%éer?&e% oér%lgiand
r ot at ed appr oxi neeergctigd[ pesitiong sebatiienthsrefvandial ¢RRVEYIR o

contact with the grigdhpdrfapgcnDiaihe %?P‘E‘ﬁﬁnﬂ'i't@debfhe@ﬁeaniné4_cbu@?' ng
t he conpl ete grindi ng,géoce s,. the grinding of the cutting tip 1Z via
the grinding face of “+FROFF s{:h%ﬁeaﬁ?fn%l% head 138 acconplishes a "rough"

grind, with the gr i ndangimdexivey menbeny atitpch2dvica the opsathaenpdnce of

Lhe secondqrinder heag 140.agReOP! LSN fade’ TLPE" GLhMMbor membed©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
20 assembly comprises:

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

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

25 ‘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

30 ' 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 via the loader
35 assembly.

AN T



-51- After the cutting tip 12 has been re-sharpened )
grindi ng asseMQ$PZG, the drill bit 16 is then mneuveredqywlvﬁ?gk%o

wor khead assenbly 96 such that the collet axis CXis coaxially aligned
with the opening 122 5 wthin the optical housing 120 of an optical
assenbl y 118. The conveyor bar 184 of "a secondary cl eaning

assenmbly 180 is then actuated fromits ret actedt its, ext ended
position, thus resudng T ERPFRLUSRA: CLR1Y L cl'tﬁ}%ﬁﬁ’? t@eoVOERgﬁﬁfing
putty 194 on ”&%s@@ihlqyofu:b@hér laamiaﬁh.sleatmheupportalmeathegnnelmichvi s t he

cutting tip 12 8 (e ro Yild balld fiper THE $20abes LAR 26EHALEE 200, Of

t he wor khe 1 § ac SO as ' to action
of the piston mpodttimm cpfletbedpoltllﬁts membq::eSuhennghen QHE R ehEPt 16f t he

base nenber 598 nf r%p ::Jc'ixl d/\%é'k g/a%@ea._lbg_ t he base nmenber axis
BX toward t he optlcal as enbly 118 ,¢§h novement i s co %F
until such tine as tie cBhg mPRIALS | of (daimeP i Wegrein E % B{ 'ty of

cl eani ng putty ab¥enlon dduprdeesayor bel t 190 of the secondary cl eaning

assenbly 180. (Figure 11j) b su S , eyor
bar 184 is act uat ed bacﬁgf’té?#t%?@e rac"{%dle %Q,olu@ ?ii‘%ﬁuss%@f%ﬂ\ég
in the renpval of tHhdigwt tyerexabivophraklatt HlOrﬁidteFFe axes gaBRft Moyabile

cleaning pypty 194. 51ong the %lgrde\y&lagﬂa%_@ aigpgd in the section
captioned 25 Secondary "Cl eaning Assenbl i es the return, of ,the conveyor

bar 184 to its retracted 3poSFiPBRT atahed tRe FhRieFPRgtic
conveyor belt 190 aaiarpmi:rtdi)edeceméema a&eleasaibm am:ladv\bhehdlxﬂ&ures

(1t e CULNG ) B3 L2 o orip SURSST Lot a300f it} S0 0 1 o

previously cl eaned ditis Ithmrt% lp@derAfatX@S the cutting tip 12 of the

drill bit 318 has beemn ! e¢{Lappbrdthins d:rf Id1bind 13 whileih i@l RSQLRE | NtO
t he opti cal assenbl 118 (F| gure 11k), with such insertion being

acconpl i shed iIf manner previously described in relation to
Fi gure 11h. Ref esr r shgfnovmembeEi:glpiemtlaﬂaleC;:nnheteé- | res ercthieon

of the drill bit 16 i4(Q {he gpticalg am&’ 1P Cf%re extending
v .therethrough which 1is sized and configured to
20 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
25 to the robotic arm; and
| an elongate vacuum tube fluidly connected to
the aperture for selectively creating negative
pressure therewithin;
the creation of a wvacuum within the aperture
30 . 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.

35

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

* C L L - *



WD 99/ 59777 ' PCT/ US99/ 0602

-52- t he WsD9F98T7 device to trigger the performance of a fi /US99/06020

i nspection or evaluation of the cutting tip 12 and fluted portion 14

t her eof . In particular, the top canera generates i mages which are
used to neasure the length of 5 the drill 5% 16 so as to determnine how
much of the fluted portion 14 has been renoved by the grinding

process (Fi gurghe ¥dotic ama ahd ccuncwansntb@y pisotialdy movahdadruttdee

i mages whi ch are_us f urd ' f f tion
14 and i nspect i%%t?%oﬁgﬁe“m;e%srfettlrh%g (‘:)r%l gtﬁ he. Eﬁ??%ﬁlﬁ#pﬂﬁiﬁ géuéfierrﬁao as
wel | as t hetoregagh @briche iapefurere 9f fthey WAL FembersE gure 10c¢) .

Once again, the cont{®| deyd eGPty JH e1hem 5 whESEDS St diivirimet the

i mges generated by the front, .and top cameras 126, 128, and store the
data obtai nfd 13SSETRNY (FEBIHIFS bval uation for verification of tolerances
and for future reference amshdormenguati ng the artif.icial I ntelligence

of the control device. 1T JdyioN Yiviraior bOR 2LPIPREAI 0D chdGtld 11

bit 16 is determ ned to be out'si process tolerances,,
is rejected 20 frormémpencandradapehdtatrednive ithe drided &idiuat ed for

addi tional re-sharpeni ng ProseEiH®Spin DHstdddd Odo ttiee basd im@hbeay agaat i on,

posi 11 0n 0ROt he | oo AR MR IRPEIEE it RFCWRRHR PoF: I BReIs Hhetrb

position o e |l oca e _ t e

adj usted due to the ad shortening of the fluted portion 14 resulting from

the ~ grinding process. gs,ipdicaked gga)\é%atbpeaﬁ;%a%ﬂ@ap%q Yhe padd the
g process), wll t'ypi cal |

cutting tip 12 (i.e., the grinding p _ C necessitate
the re-positioni ng ohember |igageAgving repydual (Harning PHARK BHPRiEe 18 of

the drill bit 16. 30cuttingUe®p 6eMehet ided1af dife Withiln avad updvORsidihe
drill bit 16 is transferred fromthe workhead assenbly 96 back to

t he | oader &@ssenmbly 39™(Fi gure 111). As will be recogni zed, this
process i s acconpli shed ifnhe heppavatge of Claim 5 wherein the bumping

assembly comprises:
a drill seat attached to the housing for
slidably receiving the shank portion of the drill
20 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
25 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;
30 ' 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
35 housing;
pair of optical assemblies attached to the
housing; '

s *
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manner to that previously described in relation to Figure 35 ]lﬂcg'/lng@kd%ﬁ

the gripper 7Wa¥99#des a pair of shaft menbers 72, a drill

be renoved fromw thin a wor khead assenbly 96 and another drill bit 16
(i.e., the WO 99/ 59777 -60- : '
PCT/ US99/ 06020 - 53- drill bit 16

di sposed within the remai ni ng shaft nenber 72) inserted in t he

wor khead assenmbly 96 wit fﬂ)ma%ﬁaﬂfn@rlmarl’ocm’cﬁéra% 'eﬁpgﬁzg?ﬁgﬁgék to
one of the cassette ¢o tHd HSudihg; during the final evaluation of the

drill 5 bit 16 it is determnedtha "the ry : tip 12
is flawed or faulted, updh tR&%ri? bFFc%ggg%& e ah?rﬁg %err t:)Lg'gk to
t he | oader assenbly a&z:,adﬁmi sworeclies housiingvedi at eI y transported by the

| oader assepbly 62 to a Pif- vas é'égé&mllwta&&cheﬁ%uwhw t hat
the 10 cutting tip 12 is 2 ot the | ocating ring 22 nmust be

re-positioned, the Imnmsﬁé?ﬂ)ly 62 then transports the drill bit 16

to the bunper assenbly 146,pair cFdnvegeibs hbsembanss patrtaded &oftHehe
drill bit 16 into "~ the Cﬁ’l“ seat 148 of the bunping assembly 146
(Figure 15 11n). Th*9¥IRZitioning of the locating ring 22 of the
drill bit 16 by the bunpitige asseniolydduice sapdomiplinshand coondinatiiag

manner  pr gyi ously .g&ﬁgé%gfgfgflsﬁg bhecnsestigling, SARdANCGIUINY

Assenbl y. ocating ring 22 has be I e- posi |one 20 via
t he bunpi ng assenbl ychemninge H‘PY‘F’FSJcﬁ’IE' 1134‘1‘%1119' we t DRI a
cassette tray 54 by i4€ehoBdes in a Rannebl 31 Hdwing Ieortanihy, hedrd devader

assenbly 62 is neuvered by the cqntrol. devi t e
drill bit 16 to ther%?%ﬁ’%%l’a? 2t losatin %g horad a0 By éf\%ﬁgﬁ&gﬂhe‘}]dri |
bit container 26 froprobtessesttabks condu@tedaﬁiwl]rf@fﬁﬁwlﬁyoﬁh%tll@éﬁ?
assenbl y G%S(Flgure fwd)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
20 least one grinding assembly, at least one optical
assembly, at least one primary cleaning assembly, at
least one secondary cleaning assembly, at least one
wofkhead assembly, and a loader assembly, the method
comprising the steps of:
25 (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
30 cleaning assembly; _
(d) transfefring the drill bit from the loader
assembly to the workhead assembly;
(e) inspecting the fluted portion and the
_ dutting tip of the drill bit via the optical
35 assembly;
(f) grinding the cutting tip via the grinding

e

assembly;




thus re-packaging the drill bit 16 within the contai ner 26.
Addi ti onal noMWOP¥SRTWbns and i nprovenents of the 30 present i nvBGTUSHH/Q6AZ0

al so be apparent to those of ordinary skill in the art. Thus,
the particular conbi nati on of parts and steps described and
il lustrated herein is intended to repré3ent only one enbodi ment of

the present invention, and is not intended to serve as 35 limtations of
alternative devices wi thi @kt heelgsinding she cuttiwepdrofiahithé meswridary
‘WD 99/ 59777 eanm assembly; PCT/ US99/ 06020
-54- VWHAT | S CLAI gS An aut onat ed apparatus for
re-sharpening a drill l'Hl t W%lé‘gshﬁhﬂ porutesh RRgtdon wred fdeion
\A\hi ch defines a cut tdurgirid, tiﬁﬁerwmafeawﬁ;lwmras%mlyHS and ] a
ousi ng; ' at,Jeast sette,tray, att.ached tq_the
housing, thd drill bit beﬁlr?g ch sPoﬁ: ng ug" &E t 1L R %fférét {5h& r ay;
at | east one grindi mprkhwad| asaenbivieda othee qmssette lroayi ngidorthe
grinding the cutti nggddér assembl at | east one optical assenbly
attached to the ousi nﬁq’&Pffr conduct i ng an initial inspection of

t he cutting%ip % dre RE riaHmng®t HBpEBLnakleadrill bit fjpal-
i nspection of t:hﬁ:lmﬁds ne tlccsubﬁgquﬁrﬁg t @ckitioned thpoﬁr | gk ng;kidi*ﬁcr eof ;

gf egﬁ?ﬁ; '? (qu} ?ﬁ?eo%gl)%érl a{:ﬁ%g%}ﬁ tFﬁe 4 msﬁaiPegﬁg%fS :aﬁ%aratus
i nspections th@-mﬁher incdudegaat dneshorhécoumpise dd semivlablanditsttaphed 20

to the housing (;9r RGldae!thd RO ;N the drill bit between
the optical and grinding . .
(1) transporting the drill bit from the

workhead assembly to the bumping assembly via the
15 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

20 : 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
25 ~ 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 '

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

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

—_—
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assenbl i-es; and a | oader assenbly novably attached _to t
housi ng for sWMEWIN¥El y transporting the drill bit 25 betp\ﬂ'éﬁ?rsgt"ﬂgozo
cassette tray, the cleaning assenbly, and the workhead assenbly.

2. The apparatus of Caim1l1 further conprising: at | east one
I nversi on assenbly attached to the '52ﬁousing for selectively
directing one of the shank 30 portion and the fiuted portion of the

drill bit general |y ddti cardiyanping dike flnadgn ggsggbleover

| oader assenbly to be adwapced e ¥ ion of the drill {Bec!gadeindgsenbly
sel ectively transporting | pit Dbetween .the_ cassette

the _drjl
tray, the 35 inveFQQE?c§s¥éﬁgI§Pet REF i TR PO P edn HPPRe
wor khead assenbly. théDshankOpéFtion;
PCT/ US99/ 06020 cay .. -55-
apparatus of Caim2 wherein t(ﬁ'él)cl_ear_licrfgeatmgasgenlﬁ?‘{/e,lcor?pfri gégéFB}S
at least one prinmary cl e®esgureswithynfhe loader asgemidiynguffidcéenti ng

tip prior to the initial 3 retain R3REEHi21 Vher eQbiredthin; . at
| east one secondary cl eaning ssenblé foi, ) N cl eani ng Lgﬁﬁcut ing tip
prior to the final i ndpedt i BAURhEFLRE, the pressure within FRgqer

assenbl y sel ectively tradspaer pgstbly; anghe drill bit between the
cassette jgay, - the ijQver si opy éggg%%,t Re Prd ya%ES%BiQQ
Y, th ea

assenbl y, _ and the mo#k ead assen the wor
assenbly sel ectively trafseer ttheg deid Ldbiitl. bi t bet ween t he

optical, grinding, @!2(?! Sm‘iﬁ&ftﬁo@of.cllaiﬁi 9@nhﬁ§ré§§€nb| I es. 4.
The apparatus of Caim 3svt\'fhe%retar1]) tchi\mgnr:‘:li.lslesblptositioning at least one
drill bit container having a plurality of drill bits
15 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

20 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

25 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.

30 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:

35 ' (1) inserting the drill bit into a rotatable

inversion arm of the inversion assembly via the

T



i ncludes a 'locating ring positioned upon the shank portion thereof and
t he appar at usWQI%39T7 conpri ses: at | east one bu %599/0602"
assenbly attached to the 20 housi ng for adjusting the position of the
| ocati ng ring relative to the cutting tip subsequent to the

final inspection thereof; t he3foader assenbly sel ectively
transporting the drill bit between the cassette tray, the 25

i nversi on assenbl y, loadepr i amsgmisl easunl) ddwdnbtihe fluted porfeiowr kBead
U Cher comp i sing. S RecestESERRtRLY worcisniyy SREEEROIC) 2 1) comnect

further conprising a progr amma e elecfrically connected
to the grinding, opti2dal equaddgiag: fhecprasswee Withiet&eohoagder

bunpi ng, workhead, anr@emPager assenblies for controlllng and

coordi nating the operatio t her eof The a s _of aim5
wher ei n: 5 th‘gica§§§trta§ttlpgy Ghe s]r%ch n%ls%grﬂ?ai ?Eﬂm Sge
accommodat e nul ti pl @xddill bili;t contai ners, each of 35 whi ch i ncl udes
a plurality of drill bit tor i 1DSeWi R B7-m@8dch that tH@

99/ 59777 9 ?%%atlng the,E ep%%%usggwo%oﬁo .

- 56- shaakepRELSPRJRY i the Kaildd BhEripIdnestes generally

| oader assenbly to w@m@m%auhg-@@WArdgyts from each drill bit

cont ai ner e at a tine, @dr%turne I}: deo t he r|II bltﬁtothe
drill bit % ntai ner from he g8 Feﬁﬁﬁ?@b Jub¥eTtie to
the final sihagyke poirtn oof of Hehe:udztmlrigbun:pandetrdm contact with

The apparatus of C i tioned fhR3LL gg.cassette trays
are attached to tkléEH@ QC%Qﬁﬁﬁgﬂgﬁﬁg Pand 10 . P2Phe control device

i s operable to cause the (6) Cr"—""“-llé'ﬁde‘T'1 a?&‘@r?‘bl ¢t d@%ﬁéetlﬁ’é‘e&rsufrle bits
from each within the loader assembly sufficient to retain the

15 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
20 . 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 quantity of cleaning

25 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:

30 (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

35 assembly;

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

\
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drill bit container positioned upon a respective one gé ,p
cassette trayé"’@ﬂ%ﬁa"a time, and return each of the cﬂt 5%9/({6020

the drill bit container from15 which it was renoved subsequent
to the final i nspection of the cutting tip thereof. . 8.
The apparatus of Claim5 wherein the optic&#4- assenbly conpri ses: a
top canera for generating i mges which are 20 used to neasure the

overal |l length of the dri(4) bixotating theanihvwafsisin @wn |Susdarthat dheati on

of the cutting tip g1yted réc?ﬂ‘@:!dﬁ’e 30 acﬁé r drief engince PO Mirected
a front canera for enerat| | mages whi ch are used to adjust the

angul ar orientation gﬁnfe ]25 vertlcaél(}ty[ iURYa5d ¥iel ative to a second
ref erence point and (5) |aw;mmlﬂg1et§eonﬁa@ezt hessaiblyndver the

an illum natsl on arraéllégéd P'ﬁ’é ‘gﬁt |ng tg‘e\/.%rllbl bltf laﬂﬁeq.ln Qr téo(}ﬂ:aa&d t he

cutting tip; ei’'ng operabl'e 1o process 30
and interpret the imajds gbeedscatibg ttiea apositiioned uponf thet shank as,
and regul ate the- rmvl%’@@{ogftﬁg?egprk head assenbly in response

t her et 0. 35 9. ealpéaaratus of _Clajm5 wherein the rlmaé/

cl eani ng assenbly conpri s&% ating, gg/bevey ©of negative pressur

PCT/ US99/ 06020 within the loader assembly sufficient to retain théath

the cuttingtrip of e bE F e depins @ SPRCET SO i Mo and
removabl e from wi thin thel(® remov;:,r@m:hg patidyl Bt t fromoadshinsddiml y.
' inversion arm via the loader assembly; and
(8) inserting the shank portion of the drill
. bit into the workhead assembly via the loader
15 agsembly.
28. The method of Claim 19 wherein step (e)
comprises:
' (1) inserting the drill bit into the optical
assembly via the workhead assembly;
20 (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

25 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

30 (6) removing the drill bit from within the
optical assembly via the workhead assembly.
29. Thé method of Claim 19 wherein step (f)
comprises: _
(1) wmoving the cutting tip into contact with
35 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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10. The apparatus of Claim5 wherein the secondary cl eani ng?assg%%lﬁxz
C 0

conpri ses: WO 99/59777 a base nenber; a convey

novably attached to the base 10 menber and sel ectively novabl e

bet ween extended and retracted positions relative thereto, the
conveyor nmenber including a quanti®3~ of cleaning putty

di sposed t hereon; and an i ndexi ng nenber attached to the base
menber 15 and operébie robatingesthe heutebngeydp apPPHeximately
prescribed increnent ggodl‘ﬁ,ganggem@ggkﬁggdcggym - menber is noved

fromthe extended positio r et rac}{ed osi tion. ) 11.
The apparatus of aim5 Rﬁireﬁ“ﬂv%ﬂ% E\B‘?kﬂ\éﬁﬁl% tiRg VCRTRFE sEkth
a base nenber reciproheldyinmdisedlassaimbly aia the workheast aasé&bly, and

a swivel nmenber rotatably nn e ﬁrrb

rot at abl e about a second ég?s @ﬁ{r?ﬁg %ﬂé] cg@ﬁf‘gndfél?n ge er%h’ the

per pendi cul ar rel at i gnindipgeassembly viarighe ;moxichegd assembly. a
col l et menber ”DVab|Yoatt@ﬁéeﬁetﬁoah%fSWﬂﬁﬁh 29 whereifEHi@psA ehadﬁﬂaed to

recei ve and rel easabl o] t he shank porti, of the dr|I bit,
said collet 30 147 ayﬁéhbﬁf’mpﬁé?ﬁg aqvaning af *‘g bl RIT o thFQuIkn £
rot at abl e about sappbrtd mambenhi cfi eclfeendorkhead assembdgerabdl yreduce

per pendi CU| 6&8‘%%\9905 fh.‘.qles %%(E@(;.n%{f%lduzflnoqnthet ﬁrln§2 ' o

being i nse abI errn colil?’é °v1 a the
| oader 35 assedbty. The methgiogpiotiaim 19 wherein step (g)

PCT/ US99/ 06020 comprises 1nsert1ng the cuttlng tip3®¥F the drill bif idt¥
apparatus . of nglgh%%tgggrgfqtleanlng pué%y of the secondary cleaning
assembly via the workhead assembly.
15 32. The method of Claim 19 wherein step (h)
comprises: _ ‘ -
(1) inserting the drill bit into the optical
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;

R D



assenbly further conprises a support nenber which is attachéd g$
/{éﬁ?@ 20

base nenber aMD %987V es and supports a portion of the col 1’&T

when the cutting tip is 5 being ground by the grinding assenbly. _

13. The apparatus of Caim5 wherein the | oader assenbly conpri ses:

a robotic armrotatable about first, secom®&éand third generally
paral l el | oader axes and novable 10 along the third | oader axis; and

a gripper attached to the(alobotlieardmy itk cutting tHgsptwd trespestiive and
rel easably hold the drill s 0 AP ReIshinggri votal |y novabl e
Stide'of, thp pripldy cl¥aflidRes

relative to t r "axi s. ...14. ~The_apparatus of
Claim 13 wherein the gripfdy transffxying: the drill bitg % Fdifer

pivotally connected 16addie assembly H®htddgectiive ek dRwWhe warkhegert ure
ext endi ng t her et h#)u h which is sized and configured to 20 :
recei ve theSshank pdtTTWPttFhe drill bit: an act uat or
menber connected to the rbdbotiinspepting the fidtescrpertiony spdpltde t o

t he shaft nenber in . . 0y Y 4 at or
%%t}o?%o%né?meihm?fei?h%ﬂ%] NPMe RIML e HREe R

results in 1 nmovenment, O ) aft nmenber relative 25
to the robotic arm @hdhe optical assepbli®figate vacuum tube fluidly
connected to t he(epergririiny ©ied epittvigly wimatving rageddnbere

pressure therew thin; . e creati.on of a vacuumwi thin the
aperture 3 o su réeesqu%%ttl?% qlﬁlenérlec%iapﬁéeé'qutqheeg’shank portion of

the drill bit thereinto f&&)|ickedming Hehe esutfting tips via xgspentide | |

bit within the grippskedfot hend MRdSndary cleardSREHYEmb1i¥; 15.
The apparatus of Claim 14 erein the gri gggr flute%o rises a %ldr t(ﬂe shaf t

menbers pivotal ly connect 8% t oinspecting | ortions
cutting tips via respective ones of the optical

15 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
20 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
25 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

30 (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
'35 inversion assemblies, and step (c) comprises the steps
of:

TR



WO 99/ 59777 ’ PCT/ US99/ 06020

- 50- t he WwoB®597¢7 ar m and concurrently pivotal |y novabl e byPERES9/06020
actuat or nmenber, the vacuum tube being fluidly connected to each of the
apertures of the shaft nenbers. 16. The apparatus of Claim5
wherein the inversion 5 assenbly conprises67- ~a base nenber;

a rotatable inversion armattached to the base menber and adapt ed

to receive the drill bit; (1) j_nsehrtjang lti'hébfafﬂs_im_g]ﬁ_m;g ghtachetbi oA base
menber for 10 mai ntaji ning the_dri it wthin the i.nversion arm
and ar BV FEEA R A oREr EGPeSELYEn AP0 Hnd M civeraLon
menber for renovi ng assendbbies| edai teputdaddr cnssdrebly such thaittitigetip
of the drill bit wtp§ e} 500,45 43 A 1 s a8
apparatus of Claim 5?%”%%% ﬁb?ﬁg&gﬁrr%lrng lrecé:s?se ﬁ%/ercag' r |‘§ée%tlJ Y

a drill seaf attache@P¥axdh%/ housing for slidably receiving the
shank portion of éhe drilk%QO rotatidy tthe ﬁpversiop arménsﬁgﬁuﬁﬁﬂ?Fﬂhe y
mechani sm attached to_t he housi.n : of_pasiti,onin e.cuttin i p
a desired separati ongh‘-’uI;lk porscﬁog’tsangg £ F % t‘{i‘eﬁgri hlg§ea ,rean%ll’recm‘iJ

‘a reci procal ram asseebéyably aceetticalihapardly; housing for selectively

bunpi ng the locating ringe) removiﬂ&ckﬁgyﬁkigg.Bgega%EdMEﬁiéﬂfi(gﬁél o
seat subsequent . to the shank partion being Inserted into the drill
seat and tR€ cutti nglRYPFHEPHATR | Fiddde Aoadpr assemblyisand ation

distance fromthe drill seal; Mserting the chbeingrithps bift tHeeidwill
insertable into arﬁgl.

| oader assenb ?/.into a &Sggﬁg.gg’%ercggéﬁgitﬁ%gu%%dgg:"lf’f%%’s?e%t"\(/F[d?nzg:he
a pair of grinding aemesblifesthe t prhearyo alleard®g assemplisémgyvia the
loader assembly. -

15 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

20 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

25 : 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
30 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

35 the secondary cleaning assemblies via respective ones of

the workhead assemblies.
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pair of optical assenblies attached to the housi ng;

WO
99/ 59777 WO 99/59777 PCT/ US99/ 06020  PCT/US99/06020
- 60- a pair of primary cleaning assenblies attached
to the housing; a pair of secondary cl eaning assenblies
attached to the housing; 5 a pakB-of workhead assenblies
attached to the housi ng; and a pair of inversion
assenblies attached 3g t fthe method dfoldiadey 34 wherein: the contro

devi ce controlling and COQ&%E'¥§)'H%ﬁB}ﬁses poéyifaﬂi gthﬁﬂ§ &etgﬁlll

grinding, optical, secondar eani'ng, 1 nver nf
wor khead, and | oadeit contaimexenwhich Bﬁcljl rideaiden| 3 o wgalhey coft i ng

head re- sharpenit s atbrdd Gad i tHiRd ortd E%%b%'c@[i'v@gones
processes to be conducted si rrultaneouslyy on at |east 15 two drill
bits. 5 19, Af fhomasseth& i re-sharpening a drill bi t

havi ng a shank portion arstep f(bmtedmpnisesrremmdmg thedéfihkdixscdirbng tip

Cosaginn prom od TSA UPND Bri11 AT LA RCRRISS (el §A31 One
cassette tray, at 26-Teast —one grinding  assenb "east oné
opti cal assenbl yrheatloadesn agremliira@pc| eani ng assenbl y, at | east

one secondary cleaning assesghl () ébmb@é%ésoﬂéturmﬂgFé‘ékﬁii(bﬂ&mkdlland a
| oader assenbly, t he ,met hod

posi ti oni n§%at " | eastPidrie W& TP {)‘??ng{\‘l”?lﬁégé’e drlﬂslé ecﬁrg"aﬁw trom ()

(b) renoving the driwHidh titf rvas tive iaddat removed. tray via the | oader
assenbl y; 39. Af)aGt&RtdE hdensat BE”QeLEHai‘bénRHS Br igny
bit having a shank portion which includes a locating ring
a positioned thereupon and a fluted portion which defines
15 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

20 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

25 ) (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

30 Dbumping 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

35 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 *



30 cl eani ng” assenbl y; (d) transferring the drill bit

fromthe | oadew099/59777  assenbly to the workhead assenbly; PCT/US99/06020
(e) inspecting the fluted portion and the cutting tip of the drill
bit via the optical 35 assenbl y; (f) grinding the
cutting tip via the grinding asseqgyy; WO 99/ 59777

PCT/ US99/ 06020 -61- (9)

cleaning the cugthpg,tidd phdrt ef sependaly assemblies) eanidNda apsdd! ¥
(h) inspecting the fluted por ijan and_t he cytring tip via th
opt i cal assentl g iafinos adsemsiiba’"5hd® srana o) FI51 ' s | Botectes,
from the . simulbakbeudlypserndt yleast hewoadskllebitay via the

| oader assenbly. 42. Tﬁg:met]__ﬂ&an@f h@f'aﬁ% &%ﬁé%%iﬁ\herei nthe drill bit

includes a locating ring positioned upon t ank 10 portion_thereof, the
aut omat ed r & shar peni ng aBp8Patl@l comprifencPofhtiondnganultipieodsiblinpi ng

assenbly, and step bpitél hpoR"HHe eSadersd €pgaff 'and transporting (fhe
transporting the drildl git 'E‘r:or’q_—thela oy V\Drkhggf asser%tl_'y to, the

bunpi ng assenbly vi aSFha*1B1tS O the @ptical ppgembly one at’a tipe;
bunping the locating réhgp iWo comprises transportimd pashtiah tkéative
to the cutting tip via; ; J s%érshé ; s 3

(3) transporting tﬁgllér?ﬁs fﬁ%&ptprggﬁ#etgﬁ§§2 %lﬁ%%nﬁlhﬁggﬁérsl%ﬁ%?y to
the cassett¥® tray vi 8SFREPLYader assenbl y. 21. The net hod
of Claim20 wherein step é€¢p (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. '

N



conpri ses: ' (1) I nserting t he shank portion'of t he 25

drill bit intwoesssr?l seat of the bunping as s entfIGE/US99/06020
(ii) positioning the cutting tip at a desi red separation
di stance fromthe drill seat; and 30 (i)
bunmping the locating ring into 14}0 abutting contact with the
drill seat. 35 22. The method of C ai'm 20 wherein steps (i),
(D, and (3) each conpri se: WO 99/ 59777

PCT/ US99/ 06020 : _6%6

(1) advanci ng the | oader assenbly over ' the fluted portion
of the drill bit and into é% act wiAth the locating ring
posi tioned upon t he shank Rgrt‘ 12 (i)
creating a |level of negative 30 D o thin the | oader

assenbly sufficient 4 bl4 therewithin

égper assenbl y; and

|
-

2 - Qi 20 mheﬂ?ﬁg; :;
step (a) conprises pogi#Ton Rg ak $ e | Ari |1 bt htai ner

S hin onto the

cassette tray;,
.'/'
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step (b) conprises renoving the drill bits from the drill bit

cont ai ner onew19%s971Me vi a t he | oader assenbly; and PCT/US99/06020
step (3) conprises returning each of the drill 20 bits to the:

| ocation in the drill bit container from which it was initially
renoved. ' 24. The nethod of O gi/@0 wherein step (b) '
conpri ses: (1) advancing the | oader assenbly over the 25
drill bit and into contact with the locating ring M posi ti oned upon
the shank portion; and (2) eat 'Hng L evel of negative
pressure within the | oader assenblg . sutficilen g.retain the
drill bit therew thin. 30 ~25.  The net hdd S{\

| oader assenbly is advanced over the fl utes

bit in step (1), the aut@mated re-sharpeni ngdIpPNA

at |least one inversion ass ly, and St &

35 (1) inserti the drill bit Ju
i nversion armof the inversion aq-senblé viee &b
PCT/ US99/ 06020 To) 2 OQ _

assenbly such that the fluted portiNon i g =
vertically upwardly; o= \ore
| oader ass@rbi y; b5
fromthe digl!l bit; ©
such that the shank
vertically upwardly; 1O

t he ©. \\

140

108
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shank portion of the drill bit and into contact with the | o e}
ring positi ong golerUpPON; ' (6) creating a |evel P&fmfﬁ?@i qz{))
pressure wi thin the | oader assenbly sufficient to retain the 15
drill bit therewthin; (7) renmoving the drill bit from

wi thin the Il nversion armvia ??p oader assenbly; and

(8) inserting the cutting tip of the d bi t _ into a quantity of
cl eani ng putty of the primary 20 ¢g | eani ng gssenbly via the | oader
assenbly. 26. Tge nethod 6 i mM220wWBr ei n t he | oader

assenbly is advanced oveq-theghank ortfon=d thd drill 8 bit in step
(1), and step (c) conpris&s ingertingyth uttfing tip=o§ the drill bit
into a quantity of cleanin U == € preFary clleanimg assenbly via
t he | oader assenbly. @ =71 1Ih o¢ rm wherein the

aut onmat ed r e- shar OBRIR ppar at fus ) er i fr S hst one
I nversion assenbly an¥ ghe co il's t : (D)

inserting the drill bitOQutola Lo '[ “ ,r§i ar of the
i nversi on assenbly vi &t he r' fass ( ge shank
portion is d cted} generalll'y 1 eyl ﬂly, g

(2) equalizing the pressu ton t -e_r__:350 F'l oly;
1

(3) retractlngthelo r as y firomjfhay_ ; WO
99/ 59777 i B:é, / 6(9£
- 64- \’h(4)qrota i ng mimtiee sgpo Rt b at the

of

fluted portion e dpy S i n 1y vertically
upwar dl y; (5) dvan_i_ng/ 2 +0ade Q | y=over the

b

#

56

5

88"
o/
8
/

[

65 62 5
|
Fig. 3
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5 fluted portion of the drill bit and into contact with the

| ocati ng ri ngwmsd/sd7ehed upon the shank portion ther eoPE€T/USY9/06020
(6) creating a |l evel of negative pressure wi thin the | oader
assenbly sufficient to retain the 10 drill bit therew thin;

(7) renmoving-the drill bit fromwthi I nversion armvia the
| oader assenbly; and (8) Inserting the shank portion of the
drill bit into the workhead assenbly via the | oader 15

assenbl y. 28. The nethod of Caim 19 wherein step (e)

conpri ses: ~T% 1 jgg the drill bit into the optical
assenbly via the workh i iy, 20 (2) med e
overall length of the dffi!| l éLt; (§ e ?ﬁ%
cutting tip to a first l;<“fé? ce poigpis Vi agt he wal senbl y;
(4) adjusting the ¢ lg:: I/%' of the B4, 4acut ' 28 ve
to a second reference e i 7he workhead assf

(5) adjusting the orie g uﬁ he‘pfated portl ve L0
the first reference poig: = the wogkhead a . 0

(6) renoving the drillpg iy thin the gfic. ybl'y via
t he workhead assenbly. ’A The nethoé of Clggi _ tep (f)
conpri ses: . #-ng t he =agtiPiinto c 5

t he gri ndi n£d§en4y 4 Wiihead asse T A= — ~ |ing
the cutting tip away fr o\ 7 gri? I ng S ey ot wor khead

assenbl y;

22
PCT/ US99/ 06020
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- 65- (3) rotating the cutting tip approxi mately

180[ err] via MR9%EATRhead assenbly: : (4) noving tﬁ@“&@?&’qsﬂ@
tip into contact with the grinding assenbly via the workhead
assenbly; and 5 (5) noving the cutting tip away fromthe
grinding assenbly via the workhead assegpi@. 30. The nethod of
Claim?29 wherein steps (1) and (4) each conprise advancing the drill
bit through pport menber of the workhead assenbly to reduce 10

vi bration oF!g' @f

| gtlp durlngthe grindi ng thereof. 31. The

rein tep (9 P:@rrprl ses | nserting the
blt;I nto aquntI y of cl®ning putty of the
3 - ekhead assenbl yl415 12 32.

method of Claim 19
cutting tip of the d |II
secondary cl eani ngf/
The nethod of '
(1) inserting the r|I-lI.1|t1\ ] = SSTNby-v+ a t he
wor khead assenbl y; '

portion; éy of the cutting tip;

and (4) r enovi ng bi't omw thin the

optical assenbly via the wor kheadBassenbl y. 25 33. An autonmated

nmet hod of re-sharpening a drill bit hayeg a shank portion and a fluted
portion which defines a cutting tip usi ut omat ed re-shar.peni ng
appar atus whi ch ilHo| udes a pai g OB c fﬁj a pair of grinding

tt
6}@ 30 pair of primry cleaning
os#nd | Qs senbligg a pair of workhead
(Abdlhet hod c,yprisi ng the steps of:

0 respective ones of the
é é1e drill bits fromeach of

assenblies, a pair
assenblies, a pair
assenbl i es, andi4
(a) positioning
cassette trays; 35 |f ; S QY i

t he caq$ett Ak Tgddr as q:@tac-t Y,

Fig. 6

X

104 1ol
- na
128 /
—— 126
E——— - / ’/
SRS
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WD 99/ 59777 ) _ ' PCT/ US99/ 06020

- 66- WO 99/5970t) cl eaning the cutting tips via respectivBCT/USI/06020
ones of the primary cl eaning assenbli es; (d) transferring the
drill bits fromthe | oader assenbly to respective ones of the

wor khead 5 assenbl i es; 6/1 e) inspecting the fluted
portions and the cutting tips of the drill bits via respective

ones o Of optical assenblies; . (f) grinding the
cutting ti pFlé’» ?Z&)ect ive 10 ones oFlg; gbdi ng assenblies;
(g) cleaning the cuttirgts viqziespective t he secondary

cl eani ng assenbl i g (h) inspecting t on I ons and
t he Spective ones of tHe Apt] 1 12
as'senbl i es; 4 gagfrting t ri b f he

wor khead assent 0 /4s A Qe t he o e v‘g%
the | oader asspNbidE=nag=N @Al \The et hod of AT 33, in

the 20 drill IO HERBIe pllf ng ring posilt - -—}'§hank
portion thereo Ffie aut ghar peni ng | ppar ur r Ji fcl udes
at least one b and step (i) rises L Stepp pf:
(1) transporti from the 25 ea lies
to the bunping a d q ' atinme via oa S ly;
(2) bunping the | ocCa | 6f each of the BT L2”into a
prescribed position relative to the cutting tip vra the bunping

assenbl y; and 30 bi t
t he bunpi ng assenbly
assenbl y.

r e- shar peni ng|qpp

(3) transporting each of the dril

Sl é? a o m i dd :nd
LN udes a pai.r of

128

om
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35 inversion assenblies, and step (c) conprises the steps

WO 99/ 59777 WO 99/59777 PCT/ US99/ 06026"’""599’06020
-67- (1) inserting the drill bits into a rotatable

i nversion arm of respective ones of the inversion assenblies via
t he | oader assenbly such that the 7/10 fluted portions are directed
general ly ve:glgl I9 5 upwar dl y; (2) rotating the

i nversion ar ¢h”that the shank portions of the drill bits are
directed generally vertically upwardly;

renoving the di48 bits fro thin the 10

| oader assenbl y; \and —~— (4) inserting

drill bi iMoo a qphgpptity of clegey ng 4

ones of the prinmary ckEarhg senblies via thg

15 36. Thegget Wd of 434 wherein

re- shar peni ng appar at Iudes a pai

assenbl i es, and syep ( the steps

\‘,
. . [ A:V\ ‘“
i nserting the dri alfot af dbl e 20
BT assepi\ly
B shan portlons %

respective ones off thi2i CTE
assenbly such that tig ;

vertically - ggakk
arms such that the.LEL__
general ly verticaILf—upm!!ﬂ
fromwithin the .

Wi

148

are directed

& msEFg't rlﬂ%der asef’TE|e¥;;|nlj bits
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(4) inserting the shank portions of the drill 30 bits into respective

ones of the wawébessirassenbl i es via the | oader assenbl PCT/US99/06020
37. The nethod of daim 34 wherein step (9) conprises inserting
the cutting tips of the drill bits into a quantity of cleaning putty of
respective ones of 35 the secondary(ﬂéfwbng assenblies via respective
ones of t he wor khead assenbli es. WO 99/ 59777

PCT/ US99/ 06020 - 68- 38. The

met hod of C ai m 34 wherein: step (a) conprises positioning
mul tiple drill bj2_contai ners whi ch each include a plurality of
drill bits e ewi thi\n onto respective ones 5 f!?i te
trays; Fllg dli]a )} congri ses renpving tgreekis 7glt g)‘m%fb
each of the drill bit cont.';ers one at a tinme vi t he | oader
assenbly; and it (3) conprises ret g each of the dril
10 bits to the ati oh 'n Big dr|II b|t onf 5

f%@f%od of

re-sharpening a driII F4lF<aed/i ng G%hank por'"ﬁ‘ gweah i ncl udes a
| ocating ring t|o i I eupdn and a fl udly ' ch defines
15 a cutting tip u5| é < re- sharpéﬁ-rq I ncl udi ng

at | east one cassette tra east one opyi
| east -one grinding assenb met hod conprHZAZRg
(a) conducting an initial evaluatlon of the 20

’IIII .y

The cutting tip ypad .réﬁi“?,ihvdzng assemly:
14~ “j\\
22\
88\L‘|' 0 I | 16
Ui'\ ) | 84 Fig. 11e

82

Y
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assenbly in accordance with the initial evaluation t hereof ; and 25

(c) conduct i wg99s9tiTnal eval uation of the  fluted REWVINN0ERA
the cutting tip via the opti cal assenbl y. 40. The net hod
of Claim 39 wherein the automated re- shar peni ng apparatus further
i ncludes at | east one 30 bunping assengll g;md the nethod further conprises
t he step of: (d) r 3 sitioning the locating ring upon
t he shank portion of the drill bit via the bunping
assenbly in accordance with the final evaluation 35 conducted by the
optical assenbly. 41. The nethod of O aim 40 wherein the autonmated
re- shar peni ng apparatus includes a pair of cassette WO 99/ 59777
PCT/ US99/ 06020 - 69- trays, a pair of
opti cal assen‘%{.es, rf a pair of grindi ng assenblies, and steps
(a)-(c) are c (lgtei h simul t usly on at least two drill bits.
42. The nethod of O aim 40 wg Ha 5 |Fger (a) conprises
positioning multiple drill bi tsldgon thejcassette pray and
transporting the Il 22drid=kids to optiekl gpsenbyy Qut Hiti me;
step (b) conmpuis edc Sthe  \jii fi 1] Affls famt he
optical asse T y assen\i:§N At $tep (c)
conpri ses tr &gt U 0 (& y  dril NANts,fr % ‘ g
assenbly to y; and ‘ t (d)~108
conprises t HQA portin@%acﬂﬁnf the 15 drill ¥tdI6rom loptical
assenbly to the bunping 114 :“ ll

1

Fig. 11i
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assenbly and from the bunping assenbly back to the cassette tray.
PCT/US99/06020

WO 99/59777

10/10

Fig. 11k
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