| 11 COVPOUND FABRI CATI ON PROCESS AND APRARATUS BACKGROUND OF THE

= INVENTION a) Field of the Invention This invention relates to a new or

i nprove 5 conpound fabrication process and apparatus therefor, and in
parti‘cul ar to the devel opnent of a nminiature machine tool for nmanufacture
of mcro, high precision conponents. b) Description of the Prior Art In
general , conventional nmachine tools are used to 10 nmanufacture mcro
conponents. Usually the manufacture of such micro conmponents requires

mul ti pl e machini ng progc N hnas..M.ero FElectrode Discharge Machi ning
(EDN), micro El ecEro=Ehem =ei BNt e b J, mMcro
turning and mcro drilling. Therefore to manufacture 'a 15 sinple part may

entai | usecHicHOUND IdR eIy dependi ng on the geonetry of the
wor kpi ecé- - FOTr _exanplé to nachine a mcron sized hole in a workpi ece one

may have to first machine an el ectrode using turning, mlling or other
processest) THE ki hddhe| Bryiadde©mi || have to be placed in 20 the spindle
of .an EDM nmachi ne to machine the ‘mcron-si.zed hole. During this process,

if the electrode i P-anarl lig%eg oh 53 eTHA Wb, respect to

t he wor kpi ece ther Zrkﬁ?és a pOSSlIC%]I Irlaéty of pr od%rc}l?eng andJl'n%ccur ate hole
because afompdhmnd elatup caidi omaghiare sy raord . afier priortleteoes aond 26

address the prohl em of conbjni mul tipl rocesses on a . single set-up,
aadress \ne ALSNLem o SO B PLE BORSPSE O hn S0 8o

for manufacture of micro, high precision components.

s b) Description of the Prior Art

et

In general, conventional machine tools are used to

10 manufacture micro components. Usually the manufacture of
such micro components requires multiple machining processes
such as micro Electrode Discharge Machining (EDM), micro
Electro Chemical Machining (ECM), micro milling, micro
furning and micro drilling. Therefore to manufacture a

15 simple part may entail use of more than one machine,
depending on the geometry of the workpiece. For example to
machine a micron sized hole in a workpiece one may have to
first machiné an electrode using turning, milling or other
processes. The machined electrode will have to be placed in

20 mthe spindle of an EDM machine to machine the micron-sized
hole. During thié procesé,-if the electrode is not properly
aligned on thé spindle with respect to the workpiece there
is a possibility of producing an inaccurate hole because of
the setQup and machine errors. The pribr art does not

25 address the probleﬁ’of combining multiple processes on a
single setnub, but is confined to simple single process
machines such as those disclosed in U.S. Patent No. |
3,998,127, U.S. Patent No. 5,439,431, U.S. Patent No. |
4,706,371, U.S. Patent No. 4,646,422, U.S. Patent No. |

30 5,117,552.




machi nes such as those disclosed in U S. Patent No. 3,998,127, U S. Patent
"No. 5,439,431, U S. Patent No. 4,706,371, U S. Patent No. 4,646,422, U.S.
Patent No. 30 5,117,552. 1 The above nentioned references do not cover any
met hod or neans for conbining conventional processes such as mlling,
turning, etc. wth non-conventional processes such as Electrode D scharge
Machi ning or El ectro Chem cal 5 Machining. Therefore when conventional and
non-conventional processes nust be applied in succession there arises the

possibility of inacgyraghggel Hle?lgiig)%%%lmre%fer\%@é@ %ﬁ)e%dodéjecox}eor tan%e]\{ fact

that they have to be repositioned for conventional and non-conventional
machi ni ngneThedeoprobhess 66 apmbnaﬁmmcumeamummMHi|ptdﬁﬁ33§ﬁﬁsqﬁhra§r0
machi ni ng re the dinmensiognal tolerances are very small. To mnimze
stch | naBlhEREr oo PRERLARr oBBRt MienrGrS CRATE A ErEd: RERFATERS | XicToul d
be desirahkeciecpesder pi Buhhirpke MERAYHAGHULNE 1t AARHSGRIIPN Processes in
a single machine and thus avoid the 15 manufacturing inaccuracies which are
i nher ettt Machimingst afeerpfocesvyhsg cpavanitdrsalSHNMARY rOR SHHEHHNENT ON

LR e 0 TE
per f or nedpossabslhgy eof r iracphizhtoem Wit Boinhengr bEPkae kefiddies WRfkpi ece
so that Vgéythe fact that they have to be repositioned for
conventional and non-conventional machining. These problems
10 are particularly acute in the case of micro machining where
<:} the dimensional tolerances are very small. To minimize such
inaccuracies, the present inventors have appreciated that it
would be desirable to perform multiple manufacturing or
fabrication processes in a single machine and thus avoid the

15 manufacturing inaccuracies which are inherent in multi-stage

processing operations.

SUMMARY OF THE INVENTION

The. objective of the invention is to provide an
improved fabrication process and apparatus through which

- 20 multiple manufacturing steps can be performed on a single

=
I
-

platform without re-gripping of the workpiece so that very
significant improvements can achieved in terms of the

dimensional accuracy of the workpiece being produced.

The invention provides a miniature machine tool
25 for performing on a workpiece at least one conventional
mechanical machining operation and at leést another
machining operation selected from electrochemical machining
(ECM) and electro deposit machining (EDM); said machine tool
including a holder in which said workpiece is clamped during

30 said machining operations; wherein said machine tool is



significant inprovenents can achieved in terns of the dinensional accuracy
of the workpi ece being produced. The invention provides a mniature machi ne
tool 25 for perform ng on a workpiece at | east one conventi onal

mechani cal machi ni ng operation and at | east another rmachining operation
selected fromel ectrochem cal machining (ECM and el ectro deposit

machi ni ng %EDN}; said machine tool including a holder in which said

wor kpi ec &ONH9Wed o parfermy salg machining opalipns igsusisession witkoutipten@ningai d

machi ne W@&én%ﬁ1tﬁtﬁ9ﬂb' Hed to performsaid machining operations in
successi on w 3ht intervening reclanping of the workpiece. For exanple

the machine can be a mcro scale universal mlling machine in which

vari ous convention form operations suych as turning, , mlling,

drilling, shaping am%m@gah% "@%‘ithlﬂﬁ R8N g’&natfﬁ'cf?bﬁ%?riﬂlved‘éa'i@'"mom, and
wher ei n ighadtinelis OwRieR St t i = lopaa I i processes
such as E? ect r(; Di g@ﬁa@e&’%gﬂ@ﬁﬁgﬁﬁnm@? ﬁ%?é&(})@% %%ﬁm%gcﬁ#rﬂﬁ%g For
exanpl e niliegn@rdiing, ehapioy polishing:and gdndiog can begeriormed msds kodwmdamdby known

mechani ca| mterial re i ocesses and.then used carry out a,mcro
El ectro &’fge(g%ﬁljtdg a%%%gﬁ,% W%CCHWGPH%”@_ _ %%Proﬁ)éﬁ“_"%?ﬂfcﬁ'nen_t can
al so be useEletiro Casdharge® Madhirfsg BAd ®16¢ts Bhelied) MASEINRGEFaE bRaiRprRn M | | ed
or turned vvorkP'j eces, or to performelectro discharge mnufacturing on

wor kpi ecdke machingrtaokcan be ysed {9 maskfackue anclestrse byNsnowse mesbaninak he pri or

art has I f I, the vie Li.st teps. pn_a
wor kpi ec%‘?ﬁ@%%&ﬁ%@? egferst %ﬁadq&%gs%sﬁt qaﬁs}éﬁfti %H"%Pg'ﬂf‘@é% Bgcﬁ@n@eat ure
machi ne tMaghirfieg operation wnnthe @ledroder Khé %g;aip@ﬁedt%ﬁtaléo el sdednecdianyi cal
machi ni n% ?EFr ation and at | east a second machini ng (gf)er ation sel écted from
ut Electro Chemical Machining operations on milled or tumed workpieces, or to
perform electro discharge manufacturing on workpieces to improve surface finish
and accuracy. No machine in the prior art has the capability to perform all the

above listed steps on a workpiece.

One embodiment of the present invention provides a miniature

machine tool for performing on a workpiece at least a first mechanical

-machining operation and at least a second machining operation selected from
electrochemical machining (ECM) and electro discharge machining (EDM); said

~machine tool including a gripper in which said workpiece is clamped during
said machining operations; a rigid machine frame having a horizontally oriented

bed, a pillar structure rigidly attached to said bed and extending vertically

-therefrom, and a gantry supported on said pillar structure and extending
horizontally; a first carriage guided for movement on said gantry in a first

horizontal direction; a second carriage carried by said first carriage and guided
thereon for movement vertically; a third carriage supported by said second

carriage and configured to support a first element selected from a tool and a

workpiece; a fourth carriage mounted on said machine frame bed and guided

for movement thereon in a horizontal direction that is perpendicular to said

first horizontal direction; said fourth carriage being configured to support a



el ectrochem cal machining (ECM and el ectro di scharge machining (EDVM; said
machi ne tool including a gripper in which said workpiece is clanped during
sai d nmachi ning operations; a rigid machine frame having a horizontally
oriented bed, a pillar structure rigidly attached to said bed and
extending vertically therefrom and a gantry supported on said pillar
structure and extendin hori zontal ly; a first carriage guided for novenent
on sai d §&RPNY elamentisefected from a éonl @indd wedtniens; adiffecaridge aatindere carri ed

by said fjrst: [ [ . reon for enent .ventically;, a third
o 1 e O Said HREEHAS T 8l SHefoubiaf TRl e RRHRIES i §haBuels & &
first el efirectiorstHatdd prpenhditularte @hidafitdt Borizstd Riiketon;bdstidniny Gave | age
mount ed on said machicFe frame bed and guided for npbvenent thereon in a

hor i zont ANS#I% EUNESEEY Fupach spid gasniage i effeat 6hanges infthe positieniof e al

di rection b Ok L 42, I - hej Lgured.to. . gecond

el enent s%gﬁ%?%g (%lrﬁﬁ)ér#é égtggjo\{vagﬁclié% %Fﬁ%ﬁ%%ga C§¢?‘%¢f{'ﬁ8§§§? %g@e@'h@um ed on
sai'd maclivurgh faindrfithbearriagds patabt Holfler camiedeinandecthd bEead third ottty s nt al
directiongthat. is perpendicular to said first horizontal directiaon;

posi ti onilg CATRGRS: wgﬁgme%ﬁ‘?mtaam%d @a‘I?ﬁ rerpaiRing ane; of gaidi thirgtfedtt  changes
I n the pe@Htf ' ré'(ﬁ'ﬁh? | ' [ r being
carried i nuoﬂr?gr%?ﬁ%da%%g ap %%%Cﬁ?g@rﬁﬁéand F(fet8 %@a%@%ggg@%ﬁ.ﬂggp?hol der
carried ieffeet relative dneversentdbatweenl saklotoot holded and i seich meshininggelsmeat machi ni ng
el enent r i,n.the remining one. of said third, _ fourt and . fifth
carri ageg\?ﬁahegggagﬁoc% H‘f"ﬁ'&"%‘%‘% &gn@gnﬁ‘eé‘?@dg%ﬂ?r 8 %féec'qgvﬁ' RV e to

ef fect repstatives ob earBRGrkpieEYREA 526t dirst 9AH JB8bMEIocaithsSA sHidR&Himd ng .
element with respect to a workpiece carried in said gripper to effect said

machi ni n&Polopasrain saits meghisgtepl isoeaicwed tp pedorn saidtmachiring aneraiend

| ocati ong, { L Me ., | i chine tool is configured to
perform ?a#%can%ﬁ? %ﬁ@nomﬁg?;gﬁﬁgﬁ% | hﬁ9§£®§s"§q S0t hout i nterveni ng

recl anpi ng of the workpiece. An alternate enbodi ment provides a nethod of
fabricating a

An alternate embodiment provides a method of fabricating a
workpiece using a miniature machine tool comprising: providing a workpiece blank
and clamping said workpiece blank in a gripper; providing a rigid machine frame
having a horizontally oriented bed, attaching a pillar structure rigidly to said bed and
said pillar structure extending vertically therefrom, and supporting a gantry on said
pillar structure and said gantry extending horizontally; guiding a first carmiage for
movement on said gantry in a first horizontal direction; canying of a second cariage

- by said first camiage, said second carriage guided thereon for movement vertically;
- supporting of a third carriage by said second camiage and configuring said third
- carriage fo support a first element selected from a tool and a workpiece; mounting a

fourth camiage on said machine frame bed and said fourth carriage guided for

- movement thereon in a horizontal direction that is perpendicular to said first

horizontal direction; configuring said fourth carage to support a second element
‘selected from a tool and a workpiece; mounting a fifth cariage on said machine
frame bed and guided for movement thereon in a horizontal direction that is
perpendicular to said first horizontal direction; connecting positioning drive means to

each said carriage-to effect changes in the position of the associated camiage;
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wor kpi ece using a mniature nmachi ne tool conprising: providing a workpiece
bl ank and cl anpi ng sai d workpi ece blank in a gripper, providing a rigid
machi ne frane having a horizontally oriented bed, attaching a pillar
structure rigidly to said bed and said pillar structure extending
vertically therefrom and supporting a gantry on said pillar structure and
said gantry extendi ng horizontally; gu[din a first carriage for novenent
on sai d ¢&ERYINg saidl workpieee grrner rvenexel sgid tirdi fourth end fifh eariagesa camyiomd

carriage g} £ LT, | ' rria | ded_t.hereon for
moveren: %80k ' RLorPbe ooty Bl B Y ciMhlesd Sl Aarectiahg

carri age elerdentdnthegremaking ahd of Said third; &suribegfl fifth oISt ald bomirdcting ement
sel ected fror’r]"a.to | and,a workpiece; nounting a_ fourth carrlaPe on said

machi ne & HIRENHEW dive 3o gelesiveiorairinaagrid Jupelining sve i eliegtrelativer eon i n
a_hor ! zofh@lerftirt Behedh 541001 kit RAB i hiiohinfigAbfleft ] redBtd 6041 @

direction; configuring sal ourth carriage upport a sec el enment
sel ect ed viarspiece toaoiedaird saidwvgripgmretoe pffeciusaid ngaehifing t dpetationsage s\id sai d

machi ne frame bed . and, guj ded for novenent thereqn in a harizont al
di rect | ofrREoS B at%ﬁb@ﬁﬁ%ﬂﬁ%%@ﬂ? Peslions IniSpI MACHS 1oAY ReiomiRg:2 fitsh;
connect i NfedhRnichl MALAEING OpLR:tioR BRSsalPwokpebe BRINK. S WtRSIR ré-grigpgiﬁg%? changes

in the position of the associated carriage; 3a carrying sal pl ece
gri pper isaidoserkpiece hlank pgifeaning ewecondimachininglopessation shpseon, saidrsgcogd  a t ool

hol der i A | LI f an |fth carriages; carrying a
machi ni n&&ﬁ'ﬁﬁé’efﬁﬁﬁéﬁq éé]rﬁ‘r't%‘i” ﬁa'%;%\(éﬁcﬁn@”thi rd, fourth and fifth
carriages; and connecting a machining drive and selectively operating said

machining drive to effect relative novenent between said tool holder and
sai d machi ni ng el efifth&l aliemnats embadimgnt Rspviges e cempeurd fabrication! gr i pper

‘1 ; EM . _ ) . g | o
and secobPss SBRERRG SIS hERACRAMA's 1Y sHRloR ifiet Beifes BRIRG,ant ca
nmachi ni ndoopechamical removal of wetdsfal éom bl wokpictadand Bhsstbnd estationPitiang of

sai d wor%e e bl ank perfaorm ng a second nachi ni ng operation thereon, said
second &3i RIg eddPMBRY Tap ceating Net-mechanicaimensienni change in

said workpiece; locating said workpiece relative to one of said equipment stations by
gripping said workpiece in a clamping structure; providing a rigid machine frame
having a horizontally oriented bed, attaching a pillar structure rigidly to said bed and
extending vertically therefrom, and supporting a gantry on said pillar structure and
said gantry extending horizontally; guiding a first cariage for movement on said
gantry in a first horizontal direction; carrying of a second carriage by said first carriage,
said second cartiage guided thereon for movement vertically; supporting of a third
carmiage by said second caniage and configuring said third carriage to support a first
element selected from a tool and a workpiece; mounting a fourth carriage on said
machine frame bed and said fourth guided for movement thereon in a horizonta!-
direction that is perpendicular to said first horizontal direction; configuring said fourth
carriage to support a second element selected from a tool and a workpiece;
mounting a fifth carriage on said machine frame bed and said fifth carriage guided
for movement thereon in a horizontal direction that is perpendicular to said first
horizontal direction; connecting positioning drive means to each said carriage to

effect changes in the position of the associated camiage; camnying said clamping
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Anot her alternate enbodi nent provides a conpound fabrication process
conprising: providing a nmachine having a first station that includes
tooling for nechanical renoval of material froma workpi ece and a second
station that includes processing equi pnent for creating non-nechani cal

di nrensi onal change in said workpiece; |ocating said workpiece relative to
one of said equi pnent stations by ri pping said workpiece in a clanping
st ruct ur STUFHERINGNE G said tiH douriit andhithy camirgesreanying adositoldepintegecpnadr i ent ed

bed, att ' 2y rigidly ' n ext endi ng

verti cal I%g%tél grr"feq’ '?(%d%h%é}ﬁifﬂé%%%{[}?%n%ﬂ aanb%ﬁﬁhasegﬁge%i"ﬁ% O ure and
sai d gantang ehaaiththimgfdudhiandnfifihl carriagis; @hd Goanédtingta BRichintpdivey afgPvement
on said nbréll ina.first horizontal direction;, carrying of a second
carriage S%%c \&lY operating saif maghining deyeytoseffesh eelative mmayseneyiiibgbveantsaidon f or
nmovenent w&'Hdidet!dnd; i | ri saj COf

carri age andﬁc_j(!:d(ﬁfdingusrﬁgﬁgglpyaﬁ%gﬁtc‘gﬁ ?%888% iﬁ%ﬁ‘gﬁé ea(’zéjf-'iqjerdz?| é%{étfjement
sel ect ed daraping streeiuren ¢factveaickmiacbiaingrapendtiong oa satdinorkpleterinagdeash sai d
machi ne f d said.fourth gui ded for npvengnt thereon in a

or 1 zort 7t e Aet Ao i St s e o prpCasing PR WorkBech g1 936 oy

di recti omtationst sueetanibip akith fisleh of (3iid |idRolbe BERRELT SfatiBRE Wthoft ement
selected froma tool and a workpiece; nounting a fifth carriage on said
machi ne FeSRPINGERS saishvarkpiges with iespect toagpid ganpiag striidurenovenent thereon in a

hori zontal direction that is perpendicular to said first horizontal
direction; connecting positioning drive neans to each said carriage to

ef fect changes in theuphsi térodinehb eofash® Chizberlt GidrtBaC predddsy i sai d
clanmping 3b structure in one of said third, fourth and fitth carriages;

car ryi ng 2RPEEHHS hirg derforming ceypaound  Ebirigation r stepsownt 1@ amerkpleceh

Chi o f sorERong, Y, FoRBedhd RRcRAvibg BaF, AR kel oBBrB: 92 ana

sel ect i vpkyfoopigasuctgssiae dperativrs oy sdid werkpieds, baetsaidstationy cltigrent

bet ween goai d ft 00| Hol.de'r and a+d machi ning el ement wWith respect to a
wor kpi ec®PURpfoLmechanical femaval 8T mptetial fiemrsaid waskpiese: the ethershichi ng

oper ati oggatRm FRIGHING HrBb&Sing b@fipth€Af for creating dimensional change in
- said workpiece; said apparatus including a clamping structure for gripping said
workpiece; a rigid machine frame having a horizontally oriented bed, a pillar |
structure rigidly attached to said bed and extending vertically therefrom, and a
gantry supported on said pillar structure and extending horizontally; a first
carriage guided for movement on said gantry in a first horizontal direction: a
second carriage carried by said first carriage and guided thereon for
movement vertically; a third carriage supported by said second carriage and
configured to support a first element selected from a tool and a workpiece; a
fourth carriage mounted on said machine frame bed and guided for movement
thereon in a horizontal direction that is perpendicular to said first horizontal
direction; said fourth carriége being configured to support a second element
selected from a tool and a workpiece; a fifth carriage mounted on said machine
frame bed and guided for movement thereon in a horizontal direction that is
perpendicular to said first horizontal direction; positioning drive means connected
to each said carriage to effect changes in the position of the associated camiage;
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first and second |locations in said machine tool; processing said workpiece
in said two stations successively, with transfer of said workpi ece between
stations without regripping of said workpiece with respect to said
clanping structure. A further enbodi nent of the present invention provides
an apparatus for perform ng conpound fabrication steps on a workpi ece,
conprising: a processing machine having first and second stations for

per f or mi §8ids GEFRRIBY v%tﬂlﬁg\e'ﬁabﬁms cefriegaind oner kbisaick thioh e faaaihd ast afiftton

i ncl udin ] I i,cal. renpyal. of rial fr sai d wor kpi ece;
the ot heariiis! & fod AREF EARRHSR G <sHBBH 2t sy B0 Toidhent SFh Sataa®Ry

di mensi ogainachiargeelement ahdiedoinkpe aefairfing dnaliTad-id wsird TeLMN M A ampi ng
structure for gripping said workpiece, a rigid machine franme having a

hor i zont &BIMAYSE; 8RE & MasAIning sirive gonngetedcand selertivaly pperable e ¢fiest sai d bed

and ext eng ' I 1 Iy J on.sapd pillar
ot uot ur SaRep HENERSR: Dethash Sefd oy Heudh o Sy PEARHY BRaBb B oy cront
on sai d gespecy fon aa wWdrkpiecdocarriedt il sdid atamping atruseed®nd effeci aarl carri ed

by said first carriage and guided thereon for _novenent vertically; a third
carriage P é’HeEﬁg'OEﬁiQﬁ‘ g@@mk@ﬁ?? iy gk legstifirst 8R¢ isgaerd lacgtienp ort a

first el gERNMaeRNBALS! F\{%Fé‘??l @nt%)\}?é?ﬁelﬂr& ﬂeﬁ%‘ﬁ?%ﬁ%ﬁ%&@iec&?ﬂb{vﬁeﬁ%ﬂd age

mount ed on said nmachine frame bed and gul men ereon in a
hor i zont &tatiens such that phetessingoafrthe vetirkpibes at bothastatidrisrein e pedomic

di rection: | d fourth rriage being.copfiqured to support a second
el ement U‘@‘Qﬁ@i?@%‘%’lﬂﬁ@ﬁ?m&%ﬂﬁw{‘g&i&ﬁ%ﬂé@%@ SBUGHES h carri age nounted on
said machine frame bed and gui ded for novenent thereon in a horizontal

direction that is perpendicular to said first horizontal direction;
positioning drive Avaiercelewetedembedisatt privitlesara i mgehine dbdledor changes

bei ng. caPerafiy e e BaRE ot SRR 0 Einverional rivchediRl B9eBihng™ oor

hol der capeiationi and: opeaosstopld erikbiédyd a8l ledUsndthan thaddHirify GYerARBES;
selected from electrochemical machining (ECM) and electro discharge
machining (EDM) using said first workpiece as an electrode, comprising: a first
workpiece gripper and a second workpiece gripper in which said workpieces are
clamped during said machining operations; a rigid machine frame having a
horizontally oriented bed, a pillar structure rigidly attached to said bed and extending
vertically therefrom, and a gantry supported on said pillar structure and extending
horizontally; a first carriage guided for movement on said gantry in a first horizontal
direction; a second camiage carried by said first cariage and guided thereon for
movement vertically;, a third cariage supported by said second carmiage; a fourth
-carriage mounted on said machine frame bed and guided for movement thereon in
a horizontal direction that is perpendicular to said first horizontal direction; said fourth
carriage being configured to support a tool; a fifth carriage mounted on said machine
frame bed and guided for movement thereon in a horizontal direction that is
perpendicular to said first horizontal direction; positioning drive means connected to
each said carriage fo effect changes in the position of the associated camiage; said
first workpiece gripper being caried in said third camiage and supporting the first
workpiece; a tool holder carried in said fourth carriage; the second workpiece gripper
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a machining elenent carried in the remaining one of said third, fourth and
fifth carriages; and a machining drive connected and sel ectively operable
to effect relative novenent between said tool hol der and sai d nachi ning
elenment with respect to a workpiece carried in said clanping structure to
effect said machining operations on said workpiece in at |least .first and
second |l ocations in said machine tool; wherein novenent of the cl anped
wor kpi ecdeing sarged daisaid ﬁftfatcamsesald]smmirm theesstang workpleeevandt i ece at

cai o o PR A (PBReGRT A, ShbtBEly. pBeahEORRes ebTiofiB Bcni ne

tool for mesid @ effed reutitefmbsdmasr E&tiveeR stid te5s holBr GAAVEIRY isBBeHd
mechani cal machining operation and on a second workpi ece at |east another

machi ni ngvAiRIeeR Vith resperidettiarifinst watkiese caaisdnisaid firstastikpieesyorimeenfo and

el ectro

eIectrodSM%ggﬁégﬁgaﬂﬁﬁﬂg%rg&ﬂ% p¢§%£§@%$%%i é%%ﬁgﬁgtgﬁﬁégégﬁﬂpiece
gri pper ilocaibhg in sazddnamm)tcmt%saﬂicﬂssmhmdt mwm@mgedbrﬁpm §ionitig
operations;, a rigid machine frame having a horizontally oriented bed, a

pi | 1ar stYQKRIEESS- ri gi diy attached to said bed and extending vertically
therefrom and a gantry supported on said pillar structure and extending
horizontally; a first carriage guided for novenent on said gantry in a
first horizontal direction; a second carriage carried by said first
carriage and guided thereon for novenent vertically; a third carriage
supported by said second carriage; a fourth carriage nounted on said
machi ne franme bed and gui ded for novenent thereon in a horizontal
direction that is perpendicular to said first horizontal direction; said
fourth carriage being configured to support a tool; a fifth carriage
nmounted on said machine franme bed and gui ded for novenent thereon in a
horizontal direction that is perpendicular to said first horizontal
direction; positioning drive nmeans connected to each said carriage to
effect changes in the position of the associated carriage; said first
wor kpi ece gripper being carried in said third carriage and supporting the
first
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wor kpi ece; a tool holder carried in said fourth carriage; the second

wor kpi ece gripper 3d being carried in said fifth carriage and supporting

t he second workpi ece; and a machining drive connected and sel ectively
operable with said positioning drive neans to effect relative novenent

bet ween said took hol der and said second workpiece with respect to the
first workpiece carried in said first workpiece gripper to effect said
machi ni ng operations on said workpieces in at least first and second

| ocations in said machi ne tool in succession wthout intervening reclanping
of the workpieces. 3e Typically the conventional nechani cal machining
operation will be perfornmed on the workpiece first followed by the second
machi ning operation involving ECMor EDM but in principle the order - of

t hese operations could be reversed. BRI EF DESCRI PTI ON OF THE DRAW NG

FI GURES The i.nvention will further be described, by way of exanple only,
wth reference to the acconpanying drawi ngs wherein: Figure 1 is a sonewhat
schematic front elevation of a mniature machine tool equipped for
carrying out the hod ,of .the present inventjon; Figure 2 is a right side
el evation of the ﬁ&ﬂ'%@tt@@lc VR 'anﬁlemfﬁﬁaﬂicaﬂn@w%@g&mr%ﬁ'ﬂn ¥flbvat i on
of the mghigaeioneelt bh! uRs radikpikct il IdbARia b0k ORl! Buhriay: Fi oure
4 is aright side elevation corresponding to Figure 3; I gure

i |1 ust r atoperatigneisvelyincthieeM obEDMy ubin prjocipts thesordier ofithese ogesationsd i n t he
machi ne tQol4 bélré:\i/e%'écfs 6, 7, 8 and 9 are schematic views

BRIEF DESCRIPTION OF THE DRAWING FIGURES

The invention will further be described, by way of example only,
with reference to the accompanying drawings wherein:

Figure 1 is a somewhat schematic front elevation of a miniature

machine tool equipped for carrying out the method of the present invention;
Figure 2 is a right side elevation of the machine tool of Figure 1;

Figure 3 is ‘a front elevation of the machine toot illustrating a
different tooling configuration;

Figure 4 is a right side elevation corresponding to Figure 3;

Figure 5 illustrates three further tooling configurations which can
be used in the machine tool;



illustrating mechani cal machi ning operations that can be perfornmed in the

" machine tool of Figures 1 to 4; and Figures 10, 11 and 12 are schematic

views. 5 illustrating two-stage conmpound nmachining operations that can be
performed; and Figures 13, 14 and 15 are views illustrating the

manuf acture of a conponent through a series of successive two-stage
conmpound machi ning operations. 10 Figure 16 illustrates the wire EDM-
attachnment that can be used in the nachine tool of Figures 1 to 4. FlguLe
17 and 18 illustrate;ibfiecaprer ayi og af 4t ke o puUNERGal, ;conkr system and how
it is integrated to %%e hachi né. 15 DE%Oﬁﬁéﬁggyéﬁ% fEE ﬁﬁ%EERRED _

EMBODI MENTEL st shbhngi meEhgoieal, machaakiinge opeala ti®nisn thadc araganose MAEhbtge
invention copprises.a base frame 12 upon which is supported a pair o eds
14, 16 eadh of "R ol ERE' mgcﬁﬁagpﬁﬂﬁgnﬂfy\ﬁhﬁ%?ﬁl ¢ (fdér &%¢bntrol | ed
drive system (not 20 shown) to nove in the fore-and-aft direction of the

machi ne tool as indigared by,the arhHOW218 Heh skihguiz® i vEagh of the beds
14 and 16, as will be nore fully explained hereafter fornms one conponent of

a mach? ni iyl $sFpbANPoEWeaPERPRgCETPOUBPe PaIChdng ngn CRSITRBilenss thats Rigi dly

attached t are a pair of laterally spaced verti cal
pillars ﬁ%g?hggu %ggogﬁgg?o%gdmhich are rigidly connected to opposite ends

of a horizontal
Figures 13, 14 and 15 are views illustrating the

manufacture of a component through a series of successive

two-stage compound machining operations.

10 Figure 16 illustrates the wire EDM attachment that

can be used in the machine tool of Figures 1 to 4.

Figure 17 and 18 illustrate the operation of the
numerical control system and how it is integrated to the

machine.

15 DESCRIPTION OF THE PREFERRED EMBODIMENTS

As shown in Figure 1, a machine tool 10 in
accordance with the invention comprises a base frame 12 upon
P which is supported a pair of beds 14, 16 each of which is
; independently moveable under a controlled drive system (not
20 shown) to move in the fore-and-aft direction of the machine
tool as indicated by the arrow 18 in Figure 2. Each of the
beds 14 and 16 as will be more fully explained hereafter
forms one component of a machining station for carrying out

operations on workpieces,

.25 Rigidly attached to the base frame 12 are a pair
of laterally spaced vertical pillars 20 the upper ends of

which are rigidly connected to opposite ends of a horizontal



5 crossheam 22 whi ch spans the width of the base frame as seen in Figure

“ 1. In known manner, the crossbeam provides a horizontal guide for novenent
of a carriage 24 thereon, this 5 carriage in turn providing guidance for
vertical nmovenent of a linear slide 26 therein. The linear slide in turn
provides a nounting for various tooling or work gripping conponents such
as the indexing head 28 shown in Figures 1 and 2. =tr 10 The basic nachi ne
tool configuration described above is not disclosed in any detail since it

is well d,bhy i hose_skilled in.the art. It will be seen that the
i ndexi ng %gggggégﬁc%gnﬁ% §ﬁe§5?ﬁﬁr%ﬂ$pW&6§§bP PSoREsg FrEaRs st s 30
ext endi ngiat Faggukar.i ntervals of 15 90 thereon. In known manner the
machi ne tool includes drive neans selectively engageable to apply a
powered drive for rotation of a selected one of the tooling sets/grippers
30 when it is_desiFEdkEBWBeWFBPﬁ¥a_ﬁ@@héﬁp@ébeﬁﬁbﬁﬁﬁWﬁgeﬁr@Cess r 20 on a
wor Kpi €ceno Az batkBOYRi hE SUE MEBERLAE LROLS calhd o JIPoharieal. Jrchify g
process can be selected fromdrilling, mlling, shaping, turni g,

gri ndihg, candipoki $hi hgrnl prohedimghiynédisoce dori Meusticatiethdventdrglrees 3,

t he i ndexing, head 28,1.s placed.by a_drill head 32, and 25 dependi ng upon
the requite ﬂ?%ri?ﬁﬁgﬁlége%ﬁﬁF?§nmelF Sellnear slide in turn

provides a mounting for various tooling or work gripping

components such as the indexing head 28 shown in Figures 1

and 2.

(}10

The basic machine tool configuration described
above is not disclosed in any detail.since it is well
understood by those skilled in the art. It will be seen
that the indexing head 28 accommodates four replaceable
tooling or gripper sets 30 extending at angular intervals of

15 90° thereon.

In known manner the machine tool includes drive
‘means selectively engageable to apply a powered drive for
rotation of a selected one of the tooling sets/grippers 30
when it is desired to perform a mechanical machining process
'6} 20 on a workpiece. As is known in such machine tools, the
-mechanical machining process can be selected from drilling,

milling, shaping, turning, grinding, and polishing.

In the machine tool as illustrated in Figure 3,
the indexing head 28 is replaced by a drill head 32, and
25 depending upon the requirements it could equally well be
replaced by the components shown in Figure 5 namely (a) a
milling head 34, (b) a polishing head 36, or (c) a grinding.
head 38.

Figure 1 shows the machine tool 10 configured to

30 perform in succession a turning operation and an EDM or ECM
6



repl aced by the conponents shown in Figure 5 nanely (a) a mlling head 34,
" (b) a polishing head 36, or (c) a grinding head 38. Figure 1 shows the
machi ne tool 10 configured to 30 performin succession a turning operation
and an EDM or ECM 6 operation. In this set-up the downwardly directed tool
hol der 30 is configured to grip an el ectrode workpiece 64 in a power
driven rotatable holder 40 to be machined by turning, nmetal renoval being
performed by a cutting tool 41 held in a tool nount 42 carried on the bed
16. By suitable manipulation of the relative positions of the workpiece
64 and the tRMFarRnt 42 Biseqaitrae ttienideynwepdl ut fonechad beopkr f or med on

the el ectr K4 - ity LS rat.at I 40, Thereafter,
whi |l e stiﬁﬁggﬁggﬁg%eﬁffﬁﬁﬁhgﬁg%ﬁoFgéﬁgig,%ghgxgkgg?ggdggﬁg%& %ﬁe@% 64 can
be transfer¥ed teovdie dooan owteftadlteahloldéd @0atoiled machhe=d ¢ hand bed
14 as seen | i qur far th er.f ormance therein of an, EDM or. an ECM
oper at i on. &q%égéﬁhﬁ%%%géIF%mﬁgingfﬂﬁﬁégeE © Eﬁﬁo?yEimﬁ?Eth%c%ﬁp%n t he
tank 44 and41 He=lkd et raodeolomkin®C @ 264 airg iwgednf 6he BB&OL G NGy t he wor kpi ece
in the tank 44. Sﬁgarate tanks are used for EDM and ECM operations. For an
EDM oper at i 9 "2 He BHPWA H19% Of] &deniteh 28l 8rebP? i b1 oRei o Wher eas for
ECM oper at iwassk he-EQM tank thd Wodl beuhicl ked wi t:@clluﬂ@&w@hyi@g The use of

two different deljvery systens avoids the possibility of cross
cont am nat iYgreration can be performed on the electrode workpiece 64

as it is rotated by the holder 40. Thereafter, while
still engaged within the holder 40, the electrode
workpiece 64 can be transferred to the location of a tank
44 (carried on the left hand bed 14 as seen in Figure 1)
for the performance therein of an EDM or an ECM operation.
The workpiece to be machined by EDM or ECM is placed in
the tank 44 and the electrode workpiece 64 is used for
machining the workpiece in the tank 44. Separate tanks are
used for EDM and ECM operations. For an EDM operation,
the tank 44 is filled with dielectric medium whereas for
ECM operations the ECM tank 44 will be filled with
electrolyte. The use of two different delivery systems

avoids the possibility of cross contamination.

Figure 3 shows the machine tool 10 set up to
perform a micro milling operation on the workpiece. A
milling tool 37 is held in a gripper 35 that is mounted on
the bed 16, the workpiece then being brought into the
vicinity of the milling tool 37 held in the milling head,
the relative positions of the tool 37 and the workpiece W

being manipulated as the tool



. Figure 3 shows the machine tool 10 set up to performa mcro mlling
operation on the workpiece. A mlling tool 37 is heldin a gripper 35 that
is nounted on the bed 16, the workpi ece then being brought into the
vicinity of the mlling tool 37 held in the mlling head, the relative
positions of the tool 37 and the workpi ece W being mani pul ated as the tool
7 is rotated to effect the desired mlling operation. Figure 6 shows an
alternative nmachining operation wherein the rotating spindle 46 carries the
wor kpi ece for chining by the tool 41. Figure 8 shows the rotating spindle
46 carrying-® arr% fg WHdac B reodesdirsr Rithging gpPaBr FtPBper ati on on
the stationary workpiece W Figure 9 shows the rotating spindle 46 carrying
a polishing tool 52 for performng a polishing operation on the workpiece
W Figure 10 ill ustrdtie8inand Ghemat eonglterapftéve naghintngachi ning for
formng mc, qure 1 el r.ode Lkpiece 64 held in the
driven spiHg%gﬂﬁgﬁﬁ}ghﬁggﬁghgﬁeb%%ﬁﬁgqggrﬁ?%éd?%oﬁgg . %l%?dtd%e an
el ectrode WwWarkpiece Sdrseqedrimisigepyashendiboat éd.in Figure 10b the
el ectrode 54 is then used in a mcro EDM operation to produce a hole in.a
- workpiece W Figure 11 illustrates a mlling tool 48 held in the driven
spindl e 46 and mani pHiated @ cllows d@si Fedating spindle 46 carrying

a grinding wheel 50 for performing a grinding operation on

the stationary workpiece W.

Figure 9 shows the rotating spindle 46 carrying
a polishing tool 52 for performing a polishing operation

on the workpiece W.

Figure 10 illustrates two operations to effect
hybrid machining for forming micro holes. In Figure 10a
the electrode workpiece 64 held in the driven spindle 46
is machined by the turning tool 41 to produce an electrode
54. In a subsequent step as indicated in Figure 10b the
electrode 54 is then used in a micro EDM operation to

produce a hole in a workpiece W.

Figure 11 illustrates a milling tool 48 held in
the driven spindle 46 and manipulate to cut a desired
profile in an electrode 56. - The electrode is then
inverted as shown in Figure 1lb and used in an EDM process

to shape the workpiece W.

As shown in Figure 12a the spindle 46 first holds an

electrode 58 used in an EDM process to act upon a




profile in an el ectrode 56. The electrode is then inverted as shown in
Figure |l b and used in an EDM process to shape the workpiece W As shown
in Figure 12a the spindle 46 first holds an electrode 58 used in an EDM
process to act upon a 8 As shown in Figure 12a the spindle 46 first holds
an electrode 58 used in an EDM process to act upon a workpiece W In a
subsequent operation as shown in Figure 12b the workpiece is further
processed in an ECM operation by an electrode 60. The hybrid machining
operations described in the foregoing in relation to the apparatus shown
in the draw ng@prid\dde ith&igiirs adeafhagerihdtet heyfengblleoldre ammachi ni ng
of mcro conponeniss ofs giedl saceur [ Bl prbboul cshagglfgodhe machy ne set up.
For exanple an el ectrode nachined cro turning or mcro mlling can be
further prsvdgsiEegey -niley @ E@Wlseqheottr ppakathem aal sieahi im rig)gume | nprove
its surfac n n |ona accur an s _sane el ectrode
can then bgl%ge% i (r%}ora}% %C% g g%}a:ﬁa i BAOTBE T e o i%?%éMf%%ﬁnte
conponent s.by rart haé&etrmmﬂes 6®r.rors whi ch couI d otherwi se arise due to

cl anping or set up tolerances can be 5 elimnated. It will be appreciated
that various other hybrid mcro machining operations can be perfornmed by

conbi ni ng The hybrid machining operations described in the
foregoing in relation to the apparatus shown in the
drawings provide the main advantage that they enable the
machining of micro components of great accuracy without
changing the machine set up. For example an electrode
machined by micro turning or micro milling can be further
processed by micro ECM (electrical chemical machining) to

improve its surface

8a



sel ected operations to ensure that workpieces are produced wth inproved

" di nensi onal accuracy. For exanples Figures 10 13, 14 and 15 illustrate
successive steps in a hybrid machining process for producing in a

wor kpi ece Wa nould cavity configuration as shown in the right hand view
of Figure 15. Initially, as shown in Figure 13 a turning tool 41 is

enpl oyed to produce the desired dinensions of an-15 el ectrode 64 that is
rotated in the driven spindle 46. Thereafter this electrode 64 is enpl oyed

to produce,| pi relimnary cavity 6la corresponding to
the prof ?nggbgt% ﬁgmgﬁlléctdﬁgn%eng%uﬁ%gqaucecnqq Y 1 AT oA F nSERGUF LS AU OGR t hout
20 renovi ngnt haeel tet neael G4 o amdie B e Abion heo | poeEn £, r& ", Of the

el ectrode_i s roundid as at 64a by the turning tool 41, where after the
spi ndl e 46UPSTESBAL: GOMPRRSTETS ¢ heln dATe @Padiecarodes tehilbduweldy an EDM

process rgupdedisdenresel RS Q§>Qﬁ2%ﬁﬁi | T8 cess.81b in the 25
wor kpi ece W Inlg further stage as s ov[\ir%)gi‘:ﬁT %gdurl‘{e&3 %f%eanﬁﬁ ncf% }?%ol 41
is agaPn @saéwineatedeconfigure the electrode 64 to provide a snmall dianeter
extension 67. This extension 67 is then used as shown in the right hand

The Vorkptoce W oL s HrcdRHt T Gheel H6ta oI & wiee M0
micro machining operations can be performed by combining
selected operations to ensure that workpieces are produced
with improved dimensional accuracy. For examples Figures

(} 10 13, 14 and 15 illustrate successive steps in a hybrid
machining process for producing in a workpiece W a mould
cavity configuration as shown in the right hand view of
Figure 15. 1Initially, as shown in Figure 13 a turning tool
41 is employed to produce the desired dimensions of an

15 electrode 64 that is rotated in the driven spindle 46.
-Thereafter this electrode 64 is employed to produce in the
-workpiece W a preliminary cavity 6la corresponding to the

profile of the electrode.

Subsequently, as shown in Figure 14, without

20 removing the electrode 64 from the spindle 46, the lower end

o
.

of the electrode is rounded as at 64a by the turning tool
41, where after the spindle 46 is used to transfer the
modified electrode to produce by an EDM pProcess rounded
depressilons 65 préviding a modified recess 61b in the

25 .workplece W.

In a further stage as shown in Figure 15 the
turning tool 41 is again used to reconfigure the electrode
64 to provide a small diameter extension 67. This extension
67 is then used as shown in the right hand part of Figure 15
30 to produce by an ECM process a central hole through the

workpiece W.



can be attached to the spindle 46. The wire EDM 100 is driven by a notor

“which nakes the wire nove around. The attachnent can be tilted to any

angle.in order to produce 5 slots of any angle. One such arrangenent to
produce a slot using the wire EDM attachnent is shown in Figure 16.
Movenents of the various conponents of the machine tool are driven under a
program provi ded by a central processing unit connected to a nunerically
controll'ed system 10 which can be designed to carry out various hybrid

machi ni ng processes ,i.n ermn conbi.nations. Figures,17 and 18 are
f1 ow charts showi ngAtShéj%gégtecteer%{ Ilcr)lg;%ggf%e r%un@er‘_i‘ Y gﬁ%n‘t’%%‘FI@aMnﬁgﬂi ni ng.
Briefly stahete thearhehki ne tor syiddike 49 0cemsesyidd ggscldpegdsabove

deliver at least the follow ng advantages: 1. By virtue of the gantry
struct ur e98FVERe M &r 810U MtHE tkashdha avide 190w akeundr i dlise f
conponent §+kA-LRABHLEMRGRI BE I4S 3 e e onal accuracy o

resul ti ng wor (lgpi etr:les is theref g:%glai%%p%o e%‘.r{ggoe gi.rve‘lé:%ée eg%?i%lé%d‘é‘f/_ tem
provi dés sheteapabihivt yntgd e .naEhien esurihe o reomEonad StdlSpRgEeavensional and

non- convention hybri d hini ng processes which can include two or nore
of the foPF%anhemX’&Fg [1-;{5 iaﬁ&;acﬁ:in% ﬁf’rrﬁi’ﬁd{n T e L& cro ECM

mcro polishing; and mcro grinding, 25 all performed on the sane nachine

tool. 3. The systenvpierictes oFe ttaPalidiidiy HomdBHEHECIAY 1M1 nachine
non-cylindrical EDM and/or ECM el ectrodes in the single tool.
_ tool are driven under a program provided by a central

processing unit connected to a numerically controlled system

pn—

(: 10 which can be designed to carry out various hybrid machining
processes in predetermined combinations. Figures 17 and 18
are flow-charts showing the system logic for numerically

controlled machining.

Briefly stated, the machine tool and the processes

15 described above deliver at least the following advantages:

1. By virtue of the gantry structure of the micro
machine tool the stability of the various components in the
machine is enhanced and the dimensional accuracy of

resulting workpieces is therefore improved.

o

- 20 2. The described system provides the capability to
machine micro components using conventional and non-
conventional hybrid machining processes which can include
two or more of the following: micro milling; micro turning;
micro EDM; micro ECM; micro polishing; and micro grinding,

25 all performed on the same machine tool.

3. The system provides the capability of
manufacturing non-cylindrical EDM and/or ECM electrodes in

the single tool.

10



10 4. The system provi des the capability of using EDM or ECM el ectrodes

" produced therein w thout changing the machine set up. 5. The system

provi des the capability of performing 5 wire cut EDM using a portable
attachnent. 11 CLAIMS: 1. A mniature machine tool for performng on a
wor kpi ece at |east a first mechanical machining operation and at least a
second nmachi ning operation selected from electrochem cal nmachining (ECM
and el ect ro discharge machining (EDM ' sai d machine tool including a

gri pper wh| ch sai; wor kpi ece i s durl ng, . sai d machj ni 2%3 :
operat i on a rigi d c e S BTeY rﬁ?ri?az‘blrﬁjaqﬁf ;Pf SHeHI ePMedt a
pi llar stEgRt ylectirgiadlsy paldaaehed t%r%@rﬂ v&%o@@dc NG SRAlig ALY
therefrom and a gantry supported on said pillar str e and extendi ng

hori zont aff¥y; UR-first carriage gui ded for novement on sal d gantry in a
first horizontal direction; a second carriage carried by said first
carriage gnd guide her. vert| all hi rd carri age
supported by said sggtgn yggr%ﬂ otﬂ\a%gecon ig a% Jbt'ys é)retrdfaojfri”rréq

el emend seleet edtf EOM astiagl a @bdtab\lkl@r lam’d%ﬁﬂlmé:hﬁ ourth carriage nounted on
sai d machi ne frame bed

11



and gui ded for novenent thereon in a horizontal direction that is
perpendi cular to said first horizontal direction; said fourth carriage
bei ng configured to support a second elenent selected froma tool and a
wor kpi ece; a fifth carriage nounted on said nmachine frame bed and guided
for novenent thereon in a horizontal direction that 1is perpendicular to
said first horizontal direction; positioning drive nmeans connected to each
said carriage to effect changes in the position of the associated
carriage; said workpiece gripper being carried in one of said third,
fourth and duafivB: carri ages; 12 a tool holder carried in a second of said
third, fourth and fifth carriages; a nmachining elenent carried in the
remai ning one of said third, fourth and fifth carriages; and a nachi ni ng
drive connected and $ehéniatweleymepeimdblteclt Horefeefbrmisicatonve novenent

bet ween sai&rtkggécmtd%%é@da Al de Iu@&ly'frgicgg %&gﬁﬁn%%%ﬁé}afﬁéi?eﬂ to a

wor kpi ece carr In sal gripper to effect sali hi'ni ng operations on
sai d wor kpiasgeatnleatt peagtord perhanths opshgt ot aelonsed freai d nachi ne

tool, whereiR $abehdMCHl NEad1BG)i nksS (EARS gkl 8fediQoPaEEQIPgesai d machi ning .
operations in_ succession wthout intervening _reclanping of the workpiece.
13 2. A ni Mestdprerda@iihe 106 mashérqited tRCHIHERM 1,

a gripper in which said workpiece is clamped during
said machining operations;

a rigid machine frame having a horizontally
oriented bed, a pillar structure rigidly attached to said bed
and extending vertically therefrom, and a gantry supported on
said pillar structure and extending horizontally;

a first carriage guided for movement on said gantry
in a first horizontal direction;

a second carriage carried by said first carriage and
gulided thereon for movement vertically;

a third carriage supported by said second carriage
and configured to support a first element selected from a tocl
and a workplece;

a fourth carriage mounted on said machine frame bed
and guided for movement thereon in a horizontal direction that
is perpendicular to sald first horizontal direction;

said fourth carriage being configured to support a
second element selected from a tool and a workpiece;

a fifth carriage mounted on said machine frame bed
and guided for movement thereon in a horizontal direction that
is perpendicular to said first horizontal direction;

positioning drive means connected to each said
carriage to effect changes in the position of the associated
carriage:

said workpiece gripper being carried in one of said

third, fourth and fifth carriages;

12



wherein said pillar structure conprises a pair of laterally spaced
vertical pillars, each said pillar having a lower end that is rigidly
connected to said bed and an upper end; said gantry conprising a horizontal
beam having opposite ends which are rigidly affixed to the upper ends of
said respective pillars; said machine including powered drive systens
connected to each of said novable carriages to effect precisely controlled
novenents of said carriages; said powered drives being operated under
control of a <central processor unit which is programmable to effect a
predet er m ned sequeneetobl nnierentsriiedpenfarsdaegdt b8 sdldechedd, nmachi ni ng
operatlonszgﬂw@h <¥Qﬁ%€ﬁ %A”%_ A.mniature machine tool as claimed in
claims 1 or ereln sal Feast a first mechanical machi ni ng

oper ati on corrprl ses aafafusingpécrYMy @Atk berdl inmébh ardredinipacdriani ng

operation. 4k sélmtml%ur eohBahing Eooln @%rﬂ_%égedaha any one of the
preceding cl ai s, wherein the first nechanic nachlnlng operation

conpri ses mechani cal 2 BAGYETGF dFhTRrGoaneFEeinale SehRridpyicd ¥ eopaabhe

m ni ature nackitpect aelladsve | ivdRdnt baRkeansaaf tobe neracedhagsLlai ms,
wherein saidcﬁﬂpleast a first nmechani cal nachlnlng eration is selected
€a

from m cro "RPHHYE SLHEPFD YUFhERGPEHi &R0 gf P HERLIRG e artl Tisdr & pttidshi ng. 6.

A m ni at ur gnigebr N teddkchssaildampedinimganpeoaiel aofs bhesaid workpiece in
at least first and second locations in said machine tool,
wherein said machine tool is configured to perform
said machining operations in succession without intervening

reclamping of the workpiece.

13



preceding clains, further conprising a portable attachnent that is

" engageable with said machine tool, and is configured to performwre cut
EDM 7. A miniature nmachine tool as clained in any one of the preceding
clainms, in conbination with one or nore detachable spindles for mcro
mlling; mcro drilling; mcro grinding; mcro polishing; mcro EDM wre
cut mcro EDM and ECM 8. A mniature nachine tool as clainmed in any one
of the preceding clainms, configured to perform said second nmachi ni ng
operation after conpletion of said first machining operation. 9. A nethod
of fabricating a workpiece using a mniature nmachine tool conprising: 15

provi di ng & wor kpi ece, Qi ank. and, gl Jo2aldl o MORKRI £EEALANK 1D 2
gripper; providing a rigid machine Trane having a horizontally oriented
bed, attachiegeanpsrihridtieucitypeteigiaprieesa dabedef drgesal W pil | ar

structure exseadi farteihi g8l1arst heref rony ﬁﬂglaé%ﬁl@@ﬁt%iilg.oﬁegaéﬁcfy on said
pillar structure and said gantry extendi ng horizontally; %gldlng a first

carriage fd™aovEnEHIUY SHREGEALFY S5iF 8ot 2hoHPRYNEER! di rect i on;
carrying of a second seadr @ yoyossiithifigl §t h&aZond@ge, bed@hdvsggond carri age
[ her eon for Y nt_verti ; rting of hir, rei
gul ded t ed)%%om_ge gr?dsegglct:h ae::et rgng_clllyj af%gggg tto t eouppaért ends(,:i ona age by
sai d secon
said respective pillars;
said machine including powered drive systems
connected to each of said movable carriages to effect precisely
controlled movements of said carriages;
said powered drives being operated under control of a
central processor unit which is programmable to effect a

predetermined sequence of movements in performing the selected

machining operations on a workpiece.

14



carriage and configuring said third carriage to support a first elenent
selected froma tool and a workpi ece; nounting a fourth carriage on said
machi ne frame bed and said fourth carriage guided for novement thereon in
a horizontal direction that is perpendicular to said first horizontal
direction; configuring said fourth carriage to support a second el enent
selected froma tool and a workpi ece; nounting a fifth carriage on said
machi ne frane bed and guided for novenent thereon in a horizontal
direction that 1is perpendicular to said first horizontal direction;

connect i ng posi ti oni ;gminiveirreanshire each saidained rirageatsas ef feack, changes

i n the posifbion,of.1he .pspoclated,  canilage; . arrylng: saldopor kpi ece
gripper in one of said third, four?% and f1fth carriages. carrying a tool
hol der in ayecdaes oft dapst tdne donvémuionhl amektanfichl gerghiiages; carrying a
machi ni ng elengpt,in the remaining one of said third, fourth and fifth
carriages; and 16 connecting a nmachining drive and sel ectively operating
said machining drive to effect relative novenent between said tool hol der

and sai d machi ni ng elrep®AlatMdchnk 8SRRC ool Oad MREKPE 6GE 263" bhedhd Rpsai d
gripper to effect sald_nachlnlnga_ggeratlons on said workpiece in at |east
[

first and SEESRE™Y STALTPBNSISTe freciPhettdpnical machining

operation comprises mechanical removal of material from the

workpiece,

5. A miniature machine tool as claimed in any one of the
preceding claims, wherein said at least a first
mechanical machining operation is selected from micro milling,

micro turning, micro grinding and micro polishing.

6. A miniature machine tool as claimed in any one of the
preceding claims, further comprising a portable attachment that
is engageable with said machine tool, and is configured to

perform wire cut EDM.

7. A miniature machine tool as claimed in any one of the
preceding claims, in combination with one or more

detachable spindles for micro milling; micro drilling; micro
grinding; micro polishing; micro EDM; wire cut micro EDM; and

ECM.

- 8. A miniature machine tool as claimed in any one of the
preceding claims, configured to perform said second
machining operation after completion of said first machining

operation.

9. A method of fabricating a workpiece using a miniature

machine tecol comprising:
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performng a first mechani cal machining operation on said workpiece blank;
- and w thout re-gripping of said workpi ece blank performng a second

machi ni ng operation thereon, said second nachining operation being

sel ected from ECM and EDM 10. A nethod as clained in claim9, wherein the

first mechanical machining operation conprises a first conventional

mechani cal machi ni ng operation. 11. A nethod as clainmed in claim9 or 10,

wherein the first mechanical nmachi ning operation conprises mechanica

renoval of material fromthe workpiece. 12. A nmethod as clainmed in any one

of claims 9 to 11, whebeidind hewatkpiaicer Bl4rmc hndecl atdingoapid ses a

m ni ature mac igg‘ggﬁgngsianfigedeip any one of clains 1 to 8. 13. A

met hod as cl%aiRed T n any one FF8P&t/ms 9 to 12, wherein said first

machi ni ng operation pgcsedect edrigoimmiichihe Nramenhévimyga horiangalgyi ndi ng,

and pol i Shiige,tdy yAdTPLEOHASCLaLIBA.I 0 AN 810 000 ALgS 9P L3, Wherern

sai d second machining operation is using a portable attachment on said
m ni at ure r@c¢hFAE ROSLAT 1SETURTEEAPOXITRI IR aBr TEEticoA L pr Beess rednpyidsi ng: 17
provi di ng apRebi &y RAYLAGr @ dd E8taStahhensthatcurknghdldas ot gohdng for

mechani cal renoval of material froma workpiece and a second station that
i ncl udes precE8SiHY PR&4EPPRNY If or creating non-nechani cal di nensiona

change in said workpue@eng a first carriage for movement on said gantry

‘in a first horizontal direction;

carrying of a second carriage by said first carriage,
said second carriage guided thereon for movement vertically;

supporting of a third carriage by said second
carriage and configuring said third carriage to support a first
element selected from a tool and a workpiece;

mounting a fourth carriage on said machine frame bed
and said fourth carriage guided for movement thereon in a
horizontal directicon that is perpendicular to said first
horizontal direction;

configuring said fourth carriage to support a second
element selected from a tool and a workpiece;

mounting a fifth carriage on said machine frame bed
and guided for movement thereon in a horizontal direction that

is perpendicular to said first horizontal direction;

connecting positioning drive means to each said
; carriage to effect changes in the position of the associated
carriage;

carrying said workpiece gripper in one of said third,
fourth and fifth carriages;

carrying a tool holder in a second of said third,
fourth and fifth carriages;

carrying a machining element in the remaining one of

said third, fourth and fifth carriages; and
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| ocating said workpiece relative to one of said equipnment stations by

" gripping said workpiece in a clanping structure; providing a rigid nachine
frame having a horizontally oriented bed, attaching a pillar structure
rigidly to said bed and extending vertically therefrom and supporting a
gantry on said pillar structure and said gantry extending horizontally;
guiding a first carriage for novenent on said gantry in a first horizonta
direction; carrying of a second carriage by said first carriage, said
second carriage guided thereon for novenent vertically; supporting of a
third carriage by sak@n&ecandg@amabmgﬁm@ﬂdrmm@hhgu@bﬂgﬁﬁahdythird carriage
to support &%E§£ %pgn sel cted fron1%fgggl n a wor Kk Egge nount i ng

a fourth ca rlage %%%E salav?éﬁwF gui ded for

nmovemnment trhﬁt@@ﬁnl$ﬁ¥ﬁ W@pﬂzhwﬁdﬂr agil rexitd onchhaing slpeependicbutaspdet sai d
first horizontakordhi&et 'cQPn&P%' QHIA ’bg_—l%leg E@LérfthcEaéJ daﬂgcﬂ}?m?q‘éppo” a

second elenent selected froma tool a wor kpi ece; nounting a
carri age oﬁ¥§%ﬁalﬁ&%Hﬁhéaﬁﬁdﬁﬁmﬁéﬁce&HHa§a#6a$FfﬁM¥S§a@®i&ﬁﬁogﬁlded for

movenment theJeeAchd & SRORI ZeuHiak dbsection that is perpendicular to said
first horizontal direction; connecting S|t|ongﬁg_drive means to each

said carriage to ef FEFEOFRHIEs LT RSt RS PERIEF bGP iRiRg £PEBRT P
carriage; said workpiece blank;

and without re-gripping of said workpiece blank
performing a second machining operation thereon, said second

machining operation being selected from ECM and EDM.

10. A method as c¢laimed in claim 9, wherein the first
mechanical machining operation comprises a first

conventional mechanical machining operation.

11. A method as claimed in claim 2 or 10, wherein the first
mechanical machining operation comprises mechanical removal of

material from the workpiece.

12. A method as claimed in any one of claims 9 to 11, wherein
the miniature machine tool comprises a miniature machine tool as

defined in any one of c¢laims 1 to 8.

13. A methed as claimed in any one of claims 9 to 12, wherein
said first machining operation is selected from drilling,
milling, turning, grinding, and polishing.

14, A method as claimed in any one of claims 9to 13, wherein
said second machining operation is EDM using a portable

attachment on said miniature machine tool.

15. A compound fabrication process comprising:
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17a carrying said clanping structure in one of said third, fourth and
fifth carriages; carrying a tool holder in a second of said third, fourth
and fifth carriages; carrying a machining el enent in the remaining one of
said third, fourth and fifth carriages; and connecting a machining drive
and selectively operating said machining drive to effect relative novenent
bet ween sai d tool holder and said nmachining elenment with respect to a

wor kpi ece carried in said clanping structure to effect said machining
operations on said workpiece in at least first and second |ocations in
said machi ne tool; preoessimygasaadhiver kpivéce d rfisat dstamdost ahatons

successi Vel WiLh {J D8] el Bkl IO KBISES NGl IEEN, Shall.gps, wi thout
regripping of sard vvorl%p ece wth respect to sard clanping structure. 16.
A conpound Weoalspieat iagn proeess! gsaticl mbdti hinelugiem nEoceaghegei n sai d

tooli ng at e%ﬁgigméﬂ-lﬁ‘ Sftorst:ﬁée;ﬁmgj ﬁoﬁd@e&hﬁ@ikgl ecifn%%%ioﬂﬁm%%hg?fimtagﬁi al

fromsaid workpi ece by a process selected fromturning, mflling, drilling,

grindi ng, afMFB6FF¥hing. 17. A conpound fabrication process as clained in

claim15 or 16, wheneta:tsa ¢aRROGESS RGeEHM AHTRAL talorsald second station
is selected from el ectrode di scharge nachi ni n}g%& ES equi_.pnent and

el ect r ochefiaP fiak FMAFAGT BEMP TS At g dh&FEB T ¢at i on

process as sfractrecki n claim 15, for processing a netal workpi ece wherein
the workpiece is fir%&oviding a rigid machine frame having a horizontally

oriented bed, attaching a pillar structure rigidly to said bed
and extending vertically therefrom, and supporting a gantry on
said pillar structure and said gantry extending horizontally;

guiding a first carriage for movement on said gantry
in a first horizontal direction;

carrying of a second carriage by said first carriage,
said second carriage guided thereon for movement vertically;

supporting of a third carriage by said second
carriage and configuring said third carriage to support a first
element selected from a tool and a workpiece;

mounting a fourth carriage on said machine frame bed
and said fourth guided for movement therecn in a horizontal
direction that is perpendicular to said first horizontal
direction;

configuring said fourth carriage to support a second
element selected from a tool and a workpiece;

mounting a fifth carriage on said machine frame bed
~and said fifth carriage guided for movement thereon in a
horizontal direction that is perpendicular to said first
horizontal direction;

connecting positioning drive means to each said
carriage to effect changes in the position of the assoclated

carriage;
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processed in said first station using tooling selected from equi pnent for

©turning, mlling, drilling, grinding, and polishing; 17b and is then

processed at said second station by processing equipnent selected from

el ectrode di scharge nmachi ning equi prent and el ectrochemni cal nachi ning

equi pnrent. 19. Apparatus for perform ng conpound fabrication steps on a
wor kpi ece, conprising: a processing nmachine having first and second
stations for perform ng successive operations on said workpiece; one said
station including tooling for nechanical renoval of material from said

wor kpi ece; the ot her ceairdisg atiianclagingi sgrpracessh ngheeqdi paeht  f or
creating dinensi opa rt%hgggefifjchsgggrymr lépl ece; said apparatus including a
cl anpi ng structUre > o i ‘ppi ng “sai cfl%t‘kpl ece; a rigid machine frane
having a horizontal | y:ar@n@mtaedotaédlolalem ih & serodtef eaidgtidind.attached to

sai d bed afb@r@gt%@iﬂgtgegggﬂ%ggg therefrom and a gantry supported on
said pillar structure and extending horizontally; a first carriage gui ded

for noverment on sai d C§arYESe & Raghipims eheRsorifaFheli TEREneRY Aesegond

carri age caddiliednbyg,sadrfh ratd ¢aEfh agde rafdes guinded thereon for novenent
vertically; a third carriage supported by said second carri age and

configured to suppor CORMEFT Y & BRAgh L8] 866 PFoRt IRy

operating said machining drive to effect relative movement
between said tool holder and said machining element with respect
to a workpiece carried in said clamping structure to effect said
machining operations on said workpiece in at least first and
second locations in said machine tool;

processing said workpiece in sald two stations
successively, with transfer of said workpiece between stations
without regripping of said workpiece with respect to said

clamping structure.

16. A compound fabrication process as claimed in claim 15,
wherein said tooling at said first station is adapted to effect
removal of material from said workpiece by a process selected

from turning, milling, drilling, grinding, and polishing.

17. A compound fabrication process as claimed in claim 15 or
16, wherein said processing equipment at said second station is
selected from electrode discharge machining (EDM) equipment and

electrochemical machining (ECM) egquipment.

18. A compound fabrication process as claimed in claim 15, for
processing a metal workpiece wherein the workpiece is first
processed in said first station using tooling selectéd from:
equipment for turning, milling, drilling, grinding, and

polishing;

17b



and a workpiece; a fourth carriage nmounted on said machine franme bed and
- guided for novenent thereon in a horizontal direction that is
perpendi cular to said first horizontal direction; said fourth carriage
bei ng configured to support a second el enent selected froma tool and a
wor kpi ece; a fifth carriage nounted on said machine frame bed and guided
for novenent thereon in a horizontal direction that 1is perpendicular to
said first horizontal direction; 17c positioning drive nmeans connected to
each said carriage to effect changes in the position of the associ ated
carriage; said cl arrpinldgisttrhmlt precdeietgatasaiesecnnangashosaryd third,
fourth and I i d
thiTd, folrth e I FERRa T I Ser S e o g ol enar " cer 5 Th Phe
remai ni ng cﬁ%llpeﬁn%aﬁlr@ eheedodheui el awdhinfnd Q%llipiﬂergies, and a machi n| ng
drive connected and selectively operable to effect relative novenent
bet ween sai d tool holder and said nmachining elenment with respect to a
wor kpi ece carri dBPPPRAEET dFOrcPRRRTHERgt FARATE FoPefFddPlsai d machi ni ng
oper ations gRpsabdl a WokpPi s |cam§£lgle@5t first and second |ocations in
said machine tool; wherein novenent. of the r kpi ece between sai d
efal?t%tbﬁﬁ secon

stations such that proE&SSTHyg 6f "t %Pﬁﬁ?‘%% stati

for performing successive operations on said workpiece;

one sald station including teooling for mechanical
removal of material from said workpiece;

the other said station including processing equipment
for creating dimensicnal change in said workpiece;

said apparatus including a clamping structure for

gripping said workpiece;

a rigid machine frame having a horizontally
oriented bed, a pillar structure rigidly attached to said bed
and extending wvertically therefrom, and a gantry supported on
said pillar structure and extending horizontally;

a first carriage guided for movement on said gantry

in a first horizontal direction;
a second carriage carried by said first carriage and

guided thereon for movement vertically;

a third carriage supported by said second carriage
and configured to support a first element selected from a tool
and a workpiece;
| a fourth carriage mounted on said machine frame bed
and guided for movement thereon in a horizontal direction that
is perpendicular to sald first horizontal direction;

said fourth carriage being configured to suppert a
second element selected from a tool and a workpiece;

a fifth carriage mounted on said machine frame bed
and guided for movement thereon in a horizontal direction that

is perpendicular to said first horizontal direction;
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stations can be performed w thout re-gripping of the workpiece in said
clanping structure. 20. A machine tool for performng on a first workpiece
at |least on conventional mechani cal machining operation and on a second
wor kpi ece at | east another machi ning operation selected from

el ectrochem cal machining (ECM and el ectro di scharge nachining (EDV
using said first workpiece as an el ectrode, conprising: a first workpiece
gri pper and a second workpiece gripper in which said workpieces are

cl anped during said machining operations; a rigid machi ne frame having a
hori zontal |y ori ent e¢posbeithnibfddai pé Idegnsstonretated té giadhysatd ached to sai d

bed and  ex},60di00 wedreeal o Lherelf o, B0d: & gant! ioupgrickon said

pillar structure”and extending horizontal Irst carriage qguided for
novemnent onﬁgaﬂéggantry ina first horizontal direction; a second carriage

carried by said firsts 6ar&iAQ8ngnderitidedni NEY ean-{of _Jﬁoxﬁm weptical ly;
athird carrlage supported by said second carriage; a fourth carriage

nount ed on 4itd: nBeHi e 2P o tHeB2r 5HPSFEi ded for novement thereon in a

hori zont al dlrectlonatmabl HA deer pendicauliar a taaudof idaSt BRifgont al
di rection; ald éngﬁarrla ge bei ng configured to support a tool a

fifth carrl tﬁnﬁ% SHi'd*Hathi ne franme bed

a machining element carried in the remaining one
of said third, fourth and fifth carriages; and

a machining drive connected and selectively coperable
to effect relative movement between said tool holder and said
machining element with respect to a workpiece carried in =said
clamping structure to effect said machining operations on said
workpiece in at least first and second locations in said machine
tool;

wherein movement of the clamped workpiece between
said stations such that processing of the workpiece at both
stations can be performed without re-gripping of the workpiece

in said clamping structure.

20. A machine tool for performing on a first workpiece at
least on conventional mechanical machining operation and on a
second workpiece at least another machining operation selected
from electrochemical machining (ECM) and electro discharge
machining (EDM) using said first workpiece as an electrode,
comprising:

a first workpiece gripper and a second workpiece
gripper in which said workpieces are clamped during said
machining operations;

a rigid machine ‘frame having a horizentally oriented

bed,
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and gui ded

perpendi cular to said first horizontal direction; positioning drive neans
carriage to effect changes in the position of the
carriage; said first workpiece gripper being carried in said
third carriage and supporting the first workpiece; a tool holder carried
said fourth carriage; the second workpi ece gripper being carried in said
fifth carriage and supporting the second workpi ece;
connected and selectively operable wth said positioning drive nmeans to

connected to each said

associ at ed

for nobvenent thereon in a horizontal direction that is

effect relative nnveaepilLbe&m&eau&aidi@@@kyhﬂkdehe@nﬂ>saﬁd Iser and

wor kpi ece mn%h ect
wor kpi ece gripper “to €

%hf t mnrk |ece arrl in
e TOIR, . orte

ndl el iy ctJ] aald flrst

and a machining drive

aid
Sal HBC |n|ng era IO on Sald morkpleces

in

|n at Iea$ulﬂarsvuawdusecnﬁﬂek@ea@nungornzgmhailnach|ne tool in succession
wi t hout intervening EeflﬁﬁpkggrgggéQﬁﬂﬂ@&kﬂhgﬁgéeméggcxlsaid gantry

in a first horizontal direction;
a second carriage carried by said first carriage and
guided thereon for movement vertically;
a third carriage supported by sald second carriage;
a fourth carriage mounted on said machine frame bed

and guided for movement thereon in a horizontal direction that

is perpendicular to said first horizontal direction; said fourth

carriage being configured to support a tool;

a fifth carriage mounted on said machine frame bed
and guided for movement thereon in a horizontal direction that
is perpendicular to said first horizontal direction;

positioning drive means connected to each said
carriage to effect changes in the position of the associated
carriage;

said first workpiece gripper being carried in said
third carriage and supporting the first workpiece;

a teool holder carried in said fourth carriage:

the second workpiece gripper being carried in said

fifth carriage and supporting the second workpiece; and

a machining drive connected and selectively operable
with sald positioning drive means to effect relative movement
between said toock holder and said second workpiece with respect
to the first workpiece carried in said first workpiece gripper
to effect said machining operations on said workpieces in at
least first and second leocations in said machine tool in

succession without intervening reclamping of the workpieces.

17e



