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FABRI CATI ON PROCESS AND APPARATUS BACKGROUND OF THE_FNVENTrCNraT—FfeId of
"the Invention This invention relates to a new or inpr

fabrication process and apparatus therefor, and in gmﬂﬂm@m@mﬂmm the
developnent of a miniature machine tool for nanufacture 0

preci si on. conponents. b) Description of the Prior Art Wﬁ¥6general
conventional machine tools are used to 10 nanufacture n1cro conponents.
Usual |y the manufacture of such micro conponents requires nmultiple

machi ni ng pr ocesseSOMBOUND aEABRTCAT EONC PROGESY SNIhARPARRTISI ng (EDV) ,
mcro Electro Chemcal Michining (ECM, mcro mlling, mcro turning and
mcro drilling. ture a 15 sinple part may entail use of
nmor e t had: o the geonetry of the workpiece. For
exanple to nachlne a n1cron S|zed hole in a workpi ece one may have to
first maghi ngianelactirdediadddigiddirning, mlling or other processes. The
machi ned el ectrodée wIT have to be placed in 20 the spindl e of an EDM
machi ne to machine the mcron-sized _ hole. During this process, if the

el ectrode is not pﬂﬂ&ﬁﬂ%ﬁVQHQ%ﬂﬂuF?ﬁﬁ¥%% §Pi AdPEWWPEH IMBERFEC to t he
nor kphecgohBBifd ies Idiloe s PELEUEHPY- 80y ENRRELERLE, Naly Bgpause
of e set-up an |ne er ors. e prior-art does not

particular to the development of a miniature machine tool

" for manufacture of micro, high precision components.

¢ b) Description of the Prior Art

In general, conventional machine tools are used to
10 manufacture micro components. Usually the manufacture of
such micro components requifes 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 machine an electrode using turning, milling or other
-ie’ processes. The machined electrode will have to be placed in
20 the spindle of an EDM machine to machine the micron-sized
hole. During this procese,-if the electrode is not properly
"aligned on the séindle with respect to fhe workpiece there
- is a possibility of producing an inaccurate hole because of
.the set—ep and machine errors. The pribr art does not
25 address the problemlof combining multiple processes on a
| single set—up, 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.
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25 address the problem of conmbining nultiple processes on a - single
set-up, but is confined to sinple single process nmachines 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 11O 1L 1IOLLLLL LEEEE il 111 *ce0002* The above nentioned
references do not cover any nethod or neans for conbi ning conventi onal
processes such as mlling, turning, etc. with non-conventional processes

such as Electrode Discharge Machining or Electro Chenical 5 Machining.
Therefore when convenéi gpabe aRénb@Bneanvertirefdles RIPGRISESoVRISIaRg applied
in succession there arises the tnEqss_lblllty of inaccuracies in alignnment of
wor kpi ecatetdied @B mern$ afert AANLERENIhaPEVED thenadpdyiadesres farch as
convent | gnal, and nan:epayenti anal,; FRCALALAG ., Ihese anotl eie. 40, &1 &, o
particul arl'y actte in the case of ‘mcro nachi ning whiere = the di hensiona

t ol erancess Eleesterydenbd $chdpgal Manhieisdcbr Elaetwoadirsyi dde present

i nventors have appreciated that jt would be desirable to performnultiple

manuf act MRAHY HNY abr TRAEPHAT Br BEEESESTVRNE18ARGI &R dME AN hir &b oi d
the 15 SCIAL I NG NBECHEAEE 88 WRT GlcRES sl BheeRl-d Nyl dd -l age
processi ng operations. SUMVARY OF THE | NVENTI ON The.. objective of the
I nvent i orpdssilol prtoyi o amaccwproved fabrilégnmentpiodc ess kanicappatat us
through\@g(¥ke 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

B
Nyl

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

A
L

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



20 nul ti pl e manufacturing steps can be perfornmed on a single o. : S

pl atform w thout re-gripping of the workpiece so that very significant

i nprovenents can achieved in terns of the dinmensional.. accuracy of the
wor kpi ece bei ng produced. The invention provides a mniature nachine tool

25 for performng on a workpi ece at | east one conventional nechani cal
machi ni ng operation and at |east another machining operation selected from

el ectrocherd cal chinin and el ectro depos E ; said
mehi ne. PoBieuch Boeti iy soie Bragn R Sagrelin  SeRBsign BRBSICREAGIRY dur f ng
30 said r@ﬂmhﬂhgg,fﬂw@m(p@aé, wherein said machine tool is 2 configured to

perform sai d machi ning operations in succession wthout intervening
recl anpi ng of the workpi ece. For exanple the machine can be a mcro scale

uni versal mlling FHF%%H)%I q"‘ﬁia%ﬂln\éa%pﬂa &%?ﬁﬁ)n%éﬁgﬂnn{f%éprﬂgm per ati ons

such as turning, ng, ng, ng pol’l ng an g can be
per f or metchaghiries irk ivhich \atidus vmventlomal fosmittigs @ppatidnb | sudho apetuimngl
non- conventlon | nachlnlngﬂfrocesses such as El ectro Di scharge thhlnlng

and El ecHiln ingaphaping, g gt gEnciRg £aN PeRSriRPRA A8 1 KW A%he used
to manuf WF:EFH |t?§‘al%?6§§|B%etoli)‘érﬂéﬁﬁ%n'@ﬁﬂég1l&?él m Sc%gbde%%‘é

processes and then u carry out a mcro Electro rge chi ni ng
oper ati oas (E|e¢theDa§obatgeoNlach“ﬁh© anp iGbentrot Chemicd! ddadheningeliot examapley out

El ect hi ti t d t
per for m ERUERFGE SO g HaRL bR TR Al aisBdolkEa BebRuesCr  ace
finish Al femdoing d}@cmalm th@ntd%@dFHdnG}/ro&ré i@ EIBers Bisehhfdel ¥ 1O

performall t he above listed steps on a workpi ece.
. Machining operation on the electrode. The equipment can also be used to carry

- out 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



One enbodi ment of the present invention provides a mniature nachine tool
for performng on a workpiece at |least a first nechanical machining
operation and at |east a second nmachi ning operation selected from

el ectrochem cal nmachining (ECM and el ectro di scharge machi ning (EDM; said
machi ne tool including a gripper in which said workpiece is clanped during
| ° said nmachining operations; a rigid nmachine frane having a horizontally

oriented bed, ,a piJlar structure rigidl ttache 0o said bed d

oxt ond! rrp<oBRieiemBt slesiB aior i ool aglaRbiste s Hoh tedisie Ba0GRH 1 | a
struct urg, agr @xkRnd fidhe lBid 00 gRided for rdvethertahbicd@Cin® heRshritar novenent
on said gantry in a first horizontal direction; a second carriage carried

by sai d difection ¢hatris pgependicularn toczhid first hosigontal directione positieningadivey; a third

it orenane cehfigdlas ZebnRant EaaGh i MG ARoERI vt hESioR ol Bl T g ”
nmount ed fBosRItEH ERFBYE &Gaid WIrkHiede ripper bery cavied TR\ sdidehiedn in a
hori zontal direction that is perpendicular to said first horizontal

di rect | durthang fith cafriagas; adgel holder garied in g geeand: f saiddhist fouthmands econd

el ement I I . r-k pl o | e unted on
cai d madiyenckss Bl YerB nter e fihaiing bhe Bt SAEMRDTULT, 2
di rect i cand fiftt casiapes; parida aubctining deee dohnected land i setettivdly dpemable ton;
posi tioni drive means connected . ch,said carriage to effect changes
PR°% he i Feipihe: mONameaS BRMERNCSPId ool dae Sk S aRaRB0 SePERr ber ng
carried | | t; ' | ; hol der
carried \}Iw?]h g@g%égﬁ)gga%%éﬂgtaﬁe?hﬁrgéﬂ fuguﬁiﬂ darir?géhft(?ﬁf{lebggrgrﬁi ggaecémﬂg machi ni ng
e ement aperstiehsion sdid wodspidaei ingt taast frst arad deedmdrldcatibosiin $aid amathinef t h
~carriages;, and a nmachinin rive connected and selectively operable to

ot ot riopl MR SaE B DR FSREST bt pofinerd SantrdondeiiRing ~
el ement jn8uEdedsRPRAtHoUt Rtetveid RICRIPEPINGHTthe Workpiseel d gri pper to effect said
machi ning operations on said workpiece in at least first and second

| ocations in said machine

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 subporting 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 camiage

“) ' . by said first camriage, said second carriage guided thereon for movement vertically;
supporting of a third camiage by said second camiage and configuring said third

- carriage to support a first element selected from a tool and a workpiece; mounting a
fourth carmriage on said machine frame bed and said fourth camiage guided for
movement thereon in a horizontal direction that is perpendicular to said first
horizontal direction; -configuring said fourth carmage to support a second element
selected from a tool and a workpiece; mounting a fifth camiage 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 oarriage'to effect changes in the position of the associated carmiage;
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tool, wherein said machine tool is configured to perform said machining
operations in succession wthout intervening reclanping of the workpiece.
An al ternate enbodi nent provides a nethod of fabricating a workpiece using
a mniature nmachine tool conprising: providing a workpiece blank and

cl anpi ng said workpiece blank in a gripper, providing a rigid machine frane
havi ng a horizontally oriented bed, attaching a pillar structure rigidly to

said bed and said pillar structure_ ex ' ertjeal LY. r and
suppor ¢ | RS WoPksie aribet o br SRR PRt ATL A fafde®! S o g
hor i zont gltbotholdlel B 2 Secdntliof Shid aiird) Asiethf Arid fiftlicoaigRs; eamyik) & ngohiding i N a
first horizontal direction; carrying of a second carriage by said first

car nage, elemeant indbgfemaining engeofaidibind: leurte @rdiBh capiagetan qy:
o ‘ " ; . . T . ) 4
ThPPA CAbnifiod Unld 0! SaBFel britiig SR Rachid ke RIEnETIbLAY | N9 o8

wor kpi eceajovement belgveen daitlitoohholder anad) saidmmachiningeetdmerd Witharespéetdoand sai d
fourth carriage guid or., npvenent thereop in,a.horizontal direction that

d for.
i s per peWarkPIFCEr Coges Angsaid  41PPen dpi SHiRH ARG ORSEHIPNg P17 'S ai d
fourth cgy ih Qt RISt land sé%mgcgﬁo%wgaadmcﬁﬁeqaoq p&BmidPLLlirsBNd a

wor kpi ece; unting a fifth carriage on said machine franme bed and gui ded
f or novemachaniba maachinimg apératiorzonsaid workpiees blank;rand wihoupee-gépping of ar t o

said first. horjzontal direction; connectin L ti.00jnN riv. ns to
each sai aa'één“?’*%l%‘? @8"'&P?@‘%!‘E"'%%ﬁ%@é‘dﬁﬂg?m@“%@'ﬁah‘g’h{h&?e‘{?\n ga@?%it ed
car r i agemagAinfry dpérdtidnbririd) sesdied B6rf FECNIRPEEDM. one of said third, fourth
and fifth carriages; carrying a tool holder in a second of said third,

Ffourth and fifth carriages; carrying a machining elenent in the remaining

‘onhe of said third, h i LageS;qan | B @c omchi ni ng
drive and sel ecti veAla-\?H{)e e?lgé}ﬂ%ge éﬁb&ﬁ%&%ﬂﬁtl %ﬁﬁ’g‘gde%‘r gvé&?g&gddf E%f{nc?té ative
movenent phgiess eompasiag:t rolidingl aleraching teming arfishistation tiedtemsiuidesiobling espect
to a workpiece carried in sai ripper to effect said maghi nj ng, operati ons

. d |
on sai d faomeghaniel iramayal @a@pt@%} femyagvarkpisse anskarsesaad istatiog Wakachi ne
tool; pef{RIdEs BodessingSdquipment for creating non-mechanical dimensional 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 carriage for movement on said
gantry in a first horizontal direction; camrying of a second carriage by said first camiage,
7 said second carriage guided thereon for movement vertically; supporting of a third
camiage by said second camiage and configuring said third camriage 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 horizontal -
direction thatis perpendicular to said first horizontal direction; configuring said fourth
camriage to support a second element selectéd from a tool and a workpiece;
mounting a fifth carmriage on said machine frame bed and said fitth 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; camying said clamping
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mechani cal machi ni ng operation on said workpi ece bl ank; and w t hout
re-gripping of said workpiece blank perform ng a second nachi ni ng
operation thereon, said second nachining operation being selected from ECM
and EDM Anot her alternate enbodi nent provi des a conmpound fabrication
process conprising: providing a machine having a first station that

i ncludes tooling for nechanical renoval of material froma workpiece and a

second station_that ncl.udes processin ui pment for, creatin
non- mec hEMciuse maqrmﬁw@ Aaird, g}ﬁ’ﬁiﬁ d? hca Paeqﬁﬂﬁgmﬂ%ééoo' heldgtin A %ggn(h
wor kpi ecr &6} @il Vf@u&fPaﬁH’ﬁmPéarﬁﬁqéi 3 ORQ?T%%aéHﬁF\%) RIEEndi in B! BRiafhg i d

wor kpi ece 1n a clanping struct ding a rTgid machi ne franme having
a hori zoonebf yaudrtmlehtf@dtrbem fith caciages andconnrectisg rutiashisingi drivel 3nd o sai d

bed and xt.en ertic therefrqm d ortin ntry o ai d
o1 o oA RO e Rt Eve IR e TP Sieaftrt Bl 77 <
carri ag etobPhold&V SitE BAid Qﬁacﬁﬁilﬁ% clhatdnt thhnregpédt & ta \W@ﬂ(bk@étc@hééﬂ ihegdd on;

y said first carriage sai d second carrlage

carrying of a second carnage
gui ded t ¢lampig Stf@'ﬁtuﬁ%tﬂe@ﬁ,ﬂﬁé S@dma@mmg 0p§@,§p@$ on ﬁ@ld)woé@ﬁﬁ?ﬁlr'l at fegst i age by

sai d sec 8 a first
el ement @rgeecﬁééﬂo?‘gg%ggcq]sgﬁggan a worg|| ﬂ%‘%:cggé' 5%{"0'{6‘8“ e{:cg d)@\éc}r nage on
said nosthtiores fsuecassiveld, avith sansterf of! rstatd wirkisebd betwarre statibng veitheah in a
horizontal _ direction that is_perpendicular tg said first horizontal

di r ect i of®9riERIRG OfERIT MeTKRIPEE Wil TasRectda sadLampind syt a second el enent
selected froma tool and a workpiece; nounting a fifth carriage on said
machi ne frame bed and said fifth carriage guided for novenent thereon in a
_Dori zontal directiAnfartter emboeimentdicfutter presemnti dnventisn phovidesoreral

- t 1 d t d t
cf f oot CRERRIBLIY of ndeRBEnhoorFogpdund eBBentehqsEREnale-d CHRIDISHE: sai d
danpi ng &hn§ﬁ§.h§>t W rbébézmg %aéﬁin@ iahirh frstrdr agsbonid tohatkafy irages:

carrying a tool In a second of sald third, fourth and fifth
carri age;serf@rmmgusugcasm Apearatignsiameaid werkpiese; @nausmdr@tatl@mmwdlrm d

third, Toufihd i Wedidridh FENEVE06FmaRNh FREMEEId Wb RhilBENHY Ohef Skl and

station including processing equipment 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 carriage;
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sel ectively operating said machining drive to effect relative novenent
between said tool holder and said machining elenment with respect to a
wor kpi ece carried in said danping structure to effect said machining
operations on said workpiece in at least first and second |ocations in
said machi ne tool; processing said workpiece in said two stations
successively, with transfer of said workpi ece between stations w thout

i ppi ng. of sai d wor kpi ece with r. t to said ing structure. A
oot hor S odemaie STUERS dreitarfaTied SRt pok g Sorta B3R teB, 2R " or
per f or M AgrisEwE AUBE| AGRE! ERFib@Th §58BSNPBf SaiMMilDifGHE and AR Chfideds; a

processi ng nmachi ne having first and second stations for performng
successi & aghiniag ietementincarried invdhek persainingaee ©fisaids third, deuntim @nd diftiy

ling for. hanj cal , ' i d iece:
sai d e . me BB SPBhE B and P SRL BBRERS SRt
change irlativai Movericpt BeRvesthdidaterhhaldes dnaicsaidi gclinkigasiehiemt Mithict ur e

for gripping said workpiece; a rigid machine frame having a horizontally
ori ent edeseact f0 pa| varkpiege s@ried ipj sl wlampinghetuetyre dpd efieet gaid

ext endi | ; f _ ; L i | ar
st uot un PREp g Geeririone R <sRfwoilod ibaoEk RSPERA SeCollitBlitdln | =0 o rent
on sai d ggditmgchime dodiwiseéreimmaveniat ofithe cdarmped avorkpieoadetween gl carri ed

by said first carrjage and gui ded thereon for venment vertically, a third
a1 agetaliTpicLing) pukessBac T wartmagChrin SRR ante boTahr ¢ o
first elgimalt réYrippingthfith® WoRkdiodd inddild BlaWiiriPsGure?  fourth carriage

mount ed on sai d ‘machrne frame bed and gui ded Tor novement thereon in a
horizontal direction that is perpendicular to said first horizontal

“direction; said foyrth carpage, bein onfigured to support a.second el ement
sel ected froma toBORRE aturicy abdodment P piovides, ) JRaRhR 480151054 o

machi ne pdifaing o A ficktavbripidcbait IsaMeasrE bbnidiftioAaNmeehanicar inaehinig

direction that 1s perpendicular to said first horizontal direction;

posi t i orepgjation andreans sesandcwetkpiace ahdenst aanetherr maghining aperatian changes
In the p@ééétlag n er)fmt Q%c%ﬁﬂ&jn?éa?d n?éacrhriﬁ.iﬁ@e'(ECM) and electro discharge '
machining (EDM) using said .ﬂrst workpiece as an electrode, comprising: a first
| workpiece gripper and a second wolrkpiece 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
ANy direction; a second carriage carried by said first camiage and guided thereon for.
N movement vedically; a third carriage supported by said 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 camage mounted on said machine
frame bed and guided for movement thereon in a horizontal direction thét iS
perpendicular to said first horizontal direction; positioning drive means connected to
each said cariage to effect changes in the position of the associated camiage; said
first workpiece gripper being carmied in said third camiage and supporting the first
workpiece; a tool holder carried in said fourth camriage; the second workpiece gripper
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3c said clanmping structure being carried in one of said third, fourth and
fifth carriages; a tool holder carried in a second of said third, fourth
and fifth carriages; a machining elenent carried in the remaining one of
said third, fourth and fifth <carriages; and a nachining drive connected
and sel ectively operable to effect relative novenent between said tool
hol der and said machining elenment with respect to a workpiece carried in

id clammi t ruct ur, ffect said hi pi £ i d
wor kpi € BB CAMA0o R §aid V1B CARES B00 RPPORE: BRSHoRNS SiHTPRER I 2 00!
wher ei n Hﬁﬁﬁiﬁhgt ditle bOhettcRRE YIG0LIR CShPaiINRath SRidd positighihggriveuch t hat

processing o he workpi ece at both stations can be perforned without
r e- gr i ppinegnsftotéftectwelatiies owviemendibetweempaidgtookrhalderr and saisk Begondl t er nat e

enbodi ment provi des a hj. n |, f. r m. | 1L.St. pi ece at
| east onwegﬁ’{?é:ﬁtm@}ﬁ?peﬁg%gﬁﬁiéwwgﬁﬁ'ﬁé& g‘p%%@ﬁ‘lsgﬁlog(ﬁgécgr#" ggggéond

wor kpi ecgffédt daRPRiachinfg eperaBsHy on RaidoReAdiddes in e lest disstf arehsecond

el ectrochem cal machining (ECM and el ectro discharge mnachinin

cal mac ectro di ( EDV)
usi ng salogationssin saist rR)sEchRe taal 'QrﬁUé’P@%ﬁ'QeréhO‘étdﬂtﬁNe@ng@C@mn"ﬂ%Pgﬂ\ﬁor kpi ece
gri pper ggﬂgﬁﬁggcond wor kpi ece gripper in which said workpieces are
cl anped du ‘aid machi ning operations; a rigid machine frane 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 carnage 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 machine 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
nount ed on said machine frame bed and guided for novenment thereon in a
hori zontal direction that is
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perpendicular to said first horizontal direction; positioning drive nmeans
connected to each said carnage 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 tool holder carried
in said fourth carriage; the second workpiece gripper 3d being carried in
said fifth carriage and supporting the second workpi ece; and a mnachi ning
drive connected and sel ectively operable with said positioning drive neans
to effect relative novenent between said took hol der and said second

wor kpi ece with respect to the first work piece carried in said first

wor kpi ece gripper to effect said machining operations on said workpi eces
in at least first and second |ocations in said machine tool in succession
wi t hout intervening reclanping of the workpieces. ~i 3e Typically the
conventional nechani cal machining operation will be perfornmed on the

wor kpi ece first followed by the second nachining operation involving ECM
or EDM but in principle the order of these operations could be reversed.
BRI EF DESCRI PTI ON OF THE DRAW NG FI GURES The invention will further be
described, by way pipiefyTRi¢ coRlentiolimetRiieansachRing'8pBRARFPAVI NG
drawi ngs wherein: Figure 1 is a sonewhat schematic front elevation of a

mi ni at urkee -parbdrmes tasolthe quiopgriece oﬁrst;afpﬂqwﬁg bmtthteheenmmanaolmntrtge present

i nvention | eva chi ne tool of
Fgure opergliordifiyBung ECharkBy blCimrihioie Srert HBEE SPerafS i ng a
di ffer endodl®pkiregergedf i guration; Figure 4 is a right side el evation :
_porresponding to Figure 3;
)

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;

Sy : Figure 3 is a front elevation of the machine tool 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:



Figure 5 illustrates three further tooling configurations which can be
used in the machine tool; 4 Figures 6, 7, 8 and 9 are schenatic views
illustrating mechani cal machining operations that can be perfornmed in the
machi ne tool of Figures 1 to 4; and Figures 10, 11 and 12 are schematic
views 5 illustrating two-stage conpound machining operations that -can be
performed; and Figures 13, 14 and 15 are views illustrating the

manuf acture of a component through a series of successive -, two-stage
conpound machi ning operations. 10 Figure 16 illustrates the wire EDM
attachment that caigheessed i theandchiawe tosHemdt ¢ gute@ss1 to 4. Figure
17 and 18_illustrate the operatlon Qf, the nunerical control system and how
it is integrateatiad ReCheRdsdte M ifEdSR PG O 190 I HED PREFER

EMBODI MENI 5 ASmeRoWR kReFh@Whe nb JB¥ rtelgm_ls 10 i 4 acgofdance with the
i nvention conprises a base frame 12 upon which is supported a pair of beds

14, 16 each of which is independently noveable under a controlled drive
system (not 20 shoWapuresndWe ild tand flot @xehdscdfamati yectiews of t he machi ne

I i ndj . h h f_t.h b d
as i f) b REFESFaRG, HBE-RERY, Rl St bt ond e * 10

machi ni ngafit Bei parffefrmeal;r yindg out operations on mnrkpleces

Figures 13, 14 and 15 are views illustrating the
manufacture of a component through a series of successive

Y 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

o
i’

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. FEach 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



25 Rigidly attached to the base frane 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 crossbeam 22 which spans the width of the
base.frame as seen in Figure 1. In known manner, the crossbeam provides a
hori zontal guide for novenent of a carriage 24 thereon, this 5 carriage in
turn providing guidance for vertical novement of a linear slide 26 therein.
The linear slide in turn provides a nounting for various tooling or work
gri pping components such as the indexing head 28 shown in Figures 1 and

2. 10 The Basife MG R ilQp! st | ae alii @8nd88CEhBeBa s@bPYRresS dW0tseen
disclosed in any detail since it is well understood by those skilled in

the art. int Riigurebd .seen that the indexi ng head 28 acconmodates four
repl aceabl e tooling or gripper sets 30 extending at angular intervals of

15 90 t hereon. §21WG}O appIuLQF n@ﬁglggg%?géa#ggkgggaegrlve nmeans

sel ectively engage y a powere rotati 6n of a sel ect ed

one of therticente]d setislgriqpeicvafienthefi atcasrdeger ed thepeidgr Mk s
mechani cal nachi ni.ng process‘% 20 on a, workpiece. As i.s known in such
machi Re €88ELa%nd™ FEdam %&%.whaabﬁ:%cégg ¥sntheaderoyeadnt &h

drillingg 10idd NG i$RARINGhdAL M NO. Tige i 00h8gyr 30dqROkhShiRg In the
machine tool as illustrated in Figure. 3, _

provides a mounting for various tooling or work gripping
components such as the indexing head 28 shown in Figures 1

and 2.

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
L} 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



t he indexing head 28 is replaced by a drill head 32, and 25 dependi ng upon
the requirenents it could equally well be replaced 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 machine tool 10 configured to 30
performin succession a turning operation and an EDM or ECM 6 operati on.
In this set-up the dowwardly directed tool holder 30 is configured to
grip an el ectrode workpiece 64 in a power driven rotatable holder 40 to be
machi ned by turning, netal renoval being perforned by a cutting tool 41

held in a | nt 42 carried on ed 1 sui t ahl i,pul ation of
t he relatiéégﬁ%s% ?bnsg%fgéh% 9%§ﬂﬁ%ﬁ§g§<%ﬁ”§ﬁ3§¥ﬁgCﬁggﬁgﬁﬁhﬁﬁgiz, a
requi red thohdag 30pes atowhi @aredet pegf s nad daredtmde ectrkpdecsorldpi ece 64

as it is rotated by the, holder 40. Thereafter, while still engaged within
The hol der Thos BHEYE| SR Tl St R b B D I (e MRS BY t e

| ocati on ofugnimgK mddal Caémdesl ae il p&f fohant ded htasngeedolln Figure

1) for the performance therein of an EDM or an ECM operation. The
wor kpi ece b Beldathi hctrdy DM oriEaMisigl fedhs Pahd d-afy 44 and the

el ectrode wo{KphE&enSii hs1 4SE0h fOF +HBCH TH NG, d he WarikRiL el ithet he tank 44
Separate tanks are wused for EDM and ECM operations. For an EDM operati on,

the tank 44orkpi¢¢eeeld windh dhel eeek irowndidn wheresas fest tuEQMNgper at i ons
the'ECNlta85e§§tY6A|c§§ gé'éé¥k3¥$éﬁ 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



el ectrolyte. The use of two different delivery systems avoids the
possibility of cross contam nation. Figure 3 shows the nachine tool 10 set
up to performa mcro mlling operation on the workpiece. A mlling tool
37 is held in a gripper 35 that is mounted on the bed 16, the workpiece

t hen 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
bei ng mani pul ated as the tool 7 is rotated to effect the desired mlling

operation. . i?%! S I | Ve, gachi nd t.i Qn wherein the
rotating sp}{ e ﬁ%g%a?(?},\éefsﬁ?%@é E%;}%%le%% fo{r]ﬁrl{arg%ioﬁaloe%aq:blyo ‘he tool 41.
Figure 8 shows the rotating spindle 46 carrying a grinding wheel 50 for

perform ng a grinding.operation on the stationary workpi.ece W Figure 9
shows the rotating sg?h(gﬁl’ée4 %}é‘?"ﬁ/i% a t?)%rl‘?%h‘f%d“élcd’olln%’? for perform ng
a pol i shi ngopped ol b where iMer WO kit £cEn Vs i gire 40 dddisdy atres two
operations to effect _hybrid machining for forming mcro holes. In Figure
10a the el BIFRARC St KpiRrS B HeIRY iHe HePdki4%en spindle 46 is machined
by the turning tool 41 to produce an electrode 54. In a subsequent step as
indicated in Figure |Ob the electrode 54 is then used in a mcro EDM
operation to producef Wt 8 i Thewswiigieeatyng 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. 1In 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 11lb and used in an EDM process

to shape the workpiece W.



Figure 11 illustrates a mlling tool 48 held in the driven spindle 46 and
mani pul ate to cut a desired profile in an electrode 56. The electrode is
then inverted as shown in Figure Ilb and used in an EDM process to shape
t he workpiece W 8 As shown in Figure 12a the spindle 46 first holds an

el ectrode 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 el ectrode 60. The hybrid nachi ni ng
operations descri bed in the foregoing in relation to the apparatus shown
n the drawings, proyide; f he Rl 2Avanade Lhal. Yaek §aabhe e qmachi ni ng
of m cro conponents o gr eat” accuracy Wit A changl ng the machine set up.
For exanplela@teé@e:tﬁs&)dmemmhlarectm prccres st Utronlamg; apomi ero mlling can be
further processed t}’?/ ni'cro E (eI ectrical chem cal . machi.ni E,g) t 0.

i mprove i t2°ERIECR Y B8 SIS SPETE tdioRe AS SR adluf A8y ®and this
sane el ectlwethé:abbﬁhere&e Usefhrither ProceskloMd apexat EQN bpeka€gshi gure
functional conmponents. In these neans errors which could otherw se arise
due to cl i ¥y okeseiodp i erances can be 5 elininated. It will be
appreci ated that various other hybrid

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



m cro machi ni ng operations can be perfornmed by conbining selected
operations to ensure that workpieces are produced wth inproved

di mensi 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 dinmensions of an 15 electrode 64 that is
rotated in the driven spindle 46. Thereafter this electrode 64 is enpl oyed
t 0 producendat lifes swakyi dtreba ophal akichaizy yGainidy thlas cnie SPnsekt Agds 0 t he
profile of the electrode. Subsequently, as shown in Figure 14, w thout 20

r enovi ng 437 Ererthedesed FPOﬁ]PH€r§p£PHIQP@G§tﬂM@IQﬁMﬁeQ9ﬂf1QP§eof t he

el ectr odes,j g by tt.h ni (o]ol e t he
spi ndl e ider?Cs{ usedﬁg%&tﬁgrjgﬁesa?g?'t hgn %&:é%l g%gg%e%trrrgﬁs t%p#%d“ﬁ%%f%y an EDM
process radihreiediselepriessi dne 66 plewmpdnggoz wedi fuped alecesscdslram e 25
wor kpigece W _In @.%urther stage as shown in Figure 15 the turning tool 41

i s agal n UseY ¥ $%configure the el ectrode 64 to provide a small diameter
extension 67. This extension 67 is then used as shown in the right hand
part-of Figure 15 3fk twiplodecappyeanaEc phaeess ra RNttdle el 844 ough
the workpiece W 9

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
SN 20 removing the electrode 64 from the spindle 46, the lower end
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 process rounded
depressions 65 providing a modified recess 61lb in the

25 workpiece 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.



As depicted in Figure 16, a portable wire EDM 100 can be attached to the
spindle 46. The wire EDM 100 is driven by a notor which nakes the wire
move 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. Mvenents of the various
conponents of the machine tool are driven under a program provided by a
central processing unit connected to a nunerically controlled system 10
whi ch can be designed to carry out various hybrid nmachining processes in

predet er m ned ConbiN@lt&j@ﬁﬁctgﬁgﬂﬁesi%ﬁrénﬂﬂ-e’a poe thiaw Ghatd £mhowog t he
systemlogic for nunerically controlled machining. Briefly stated, the

machi ne 1&gt kPthchedcessele Binelerfibed EBsvEigel EPY 10 icast the
fol | ow n%%@%ﬂ;ﬁgf%i)rﬁﬁ?:gl%?%%tH&ké’g LRE GADET ¥oFhr .‘é(itolé{?(;%l .Oim’[t&e mcro

machi ne to e various conmponents int ineis
enhanced sytthdineentt neansi oaat i Atedr aoyany angial thngrderkpicegaoduzd her ef ore

i mproved. 20 2. The descrij bed s%sten1 rovides the capability to machine
mi cro TorfpdHehtE RRNERIHG ent PBRaPUGH R RBARIEBRVENELORFCHNAST iBd S&thi ni ng

pfocesse%é’ﬂﬂd:rtr?é‘ﬂnif‘&| HOR afVRcRReNP! £s05nbhg gl 'E‘Q\éf'u'i% 1g.cro mlling;
mcro turning; mcro EDM mcro ECM mcro polishing; and mcro grinding,
25 all performed on the sane machine tool. 3. The system provides the
capability of manlfecenenhy abntikg| vanipeal cemprasitsr oECHhel actohddes in

tool are driven under a program provided by a central
processing unit connected to a numerically controlled system
;(}- 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.

N v

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



the single tool. 10 4. The system provides the capability of using EDM or
ECM el ectrodes produced therein w thout changi ng the machine set up. 5.
The system provides the capability of performng 5 wire cut EDM using a
portable attachnment. L ",1 11 CLAIMS: 1. A mniature nmachine tool for
performng on a workpiece at least a first mechani cal nmachi ni ng operation
and at | east a second machi ning operation selected from el ectrochem cal
machi ning (ECM and el ectro discharge machining (EDM; said machi ne tool
including a gripper i'n which said workpiece is clanped during said-
machi ni ng operati ORge aydlil PBRSGH f bRE 1@ QK

orientedgbed, a piﬁ%ﬁfiX%ﬁ%?ure r%g?%l§H§$€§gﬁgggggyégfdé%g?@agﬁﬁ or

ext endi n§Cleptliecdidogeashareddwrrd aplke ze ganvitheuppohbedion thai dhawHilres
structure _and _extending horizontally; a first carriage guided for novenent
on said 88 tP?' in a first horizontal direction; a second carriage carried
by said first carriage and guided thereon for novenent vertically; a third
carriagessupport ed Thye sajdtaeqonsh Ddss i elge capdbeontiyguregetr@osuapeyt a

first elenment selected froma tool
- wire cut EDM using a portable attachment.

11



and a workpiece; a fourth carriage nounted on said machine frane bed and
gui ded for novenent thereon in a horizontal direction that s

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 machine 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; E?kﬂvx%‘m kpi ece gripper being carried in one of said third,
fourth and " carriages; 12 a tool holder carried in a second of said
third, fourth and fifth carriages; a machining elenment carried in the
rensi ning gne  of sahd,rmartc&refﬂyéﬁlmea@@oi E&h gakL on2Qd a machining
drive connected and selectively operable to effect relative movement

bet ween saW@rkpiicendtdeeasng . §arat RREIPAFAY RASHBART VfRSTaEESPect to a

wor kpi ece ﬁﬁﬁrét_ediela@tsé-l Secdid RRERidhEbhestt SRl deMBENifR@mOPEr ati ons on
sai d workpi ece in | east first and second |ocations in said nmachine

t ool , wher @llﬁc'é%ﬁcd‘el‘?'éﬁﬁ} MGG g s (ROt pRar etF g opet#dtandesai d machi ni ng
oper at i ONSmhBh SAMGRESEDAN; Wdiliohkchidermoeni igeluaayanpi ng of the workpiece.

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

e

and extending vertically therefrom, and a gantry supported on
said pillar structure and extendihg 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;

fi) 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
éarriage 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



13 2. A mniature machine tool as clained in claim1l, 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;
sai d machi ne including powered drive systens connected to each of said
novabl e carriages to effect precisely controlled novenents of said
carriages; said powered drives being operated under control of a central
processor unit which |§xﬁrggL§¥nqg iL® £ queggcghdgﬁgggggrgLﬂgp sequence of
novenments in perfornlng the sel ect i'ning operations on a workpiece.
14 3. A nmi Apertdy engathitie ceoblagssiclaimed in clainms 1 or 2, wherein said

at least a first rreCQaTmc@lahlﬁr@Céve%ﬂg opariabi QH tt@rﬂéﬁh§§§n@-toneeaSt one
conventional mechani cal nach |n|(g(1f égeratlon . A mniature nachi ne too
é

as cl ai medof nSaify thnedoffoURED i Rgcximdicggs: Wit ein the first

nmechani cal nachi ni nga m&aih@mﬁaap&bmmcm@igalecrtea@yﬁlo&fraﬁmé eri al
fromthe MDF%PIEC 2 . A nlnlatuge machi ne t ool cl aimed in any one of

the precell? ritf "8 FE2WiIYEr BP LA A PaE"TEhsP 1 PRt o&géﬁaﬁ? & fachi ni ng

operation m3cﬁmﬂnagteﬂbﬁdnlnwmtnrmespebt|ﬂ@,a workpiece carried in said
gripper to effect said machining operations on said workpiece in
at least first and second locatibns in said machine tool,
wherein said machine tool is configured to perform
R said machining operations in succession without intervening

reclamping of the workpiece.

13



mcro turning, mcro grinding and mcro polishing. 6. A mniature machine
tool as clainmed in any one of the preceding clains, further conprising a
portabl e attachnment that is engageable with said machine tool, and is
configured to performwire cut EDM 7. A mniature machine tool as clai ned
in any one of the preceding clainms, in conbination with one or nore

det achabl e spindles for mcro mlling; mcro drilling; mcro grinding;
mcro polishing; mcro EDM wire cut mcro EDM and ECM 8. A mniature
machi ne tool as clained in any one of the preceding clains, configured to
perform said second machi ni ng operation after conpletion of said first
machi ni ng operation. 9. A nethod of fabricating a workpiece using a

m ni ature 2pachi ne tdatirdepre stavpinesterbvisdichgieedwirkplete bl ank and
clanpi ng sgi&re WPl 5@8e;?ﬁlglraggrlﬁ(ﬂ:tﬁ'egEbﬂ;pﬂ‘sespﬁoﬁégﬁ NG akbgid yrachine
frame having a horizontal oriented , attac pillar structure

rigidy tosg%ﬁ?P-H@dtl%ﬁﬁ19§§ﬂar%1Iq%%h §?%?uﬁﬁhl§re9?%ﬁﬂﬂ ﬁgl9%?ﬁl?§% ly

t herefrom tpgd isSHRPROALY RG@ndcgoed rty> enigabdl pinkl af wigeuckHae and said
or, novenent on

gantry extending horlz nt al | a first carriage
daa antryin e i TSl ROPEEYRE AR PER Y GIRELERT YA H Bt ey bond carr age
by sai d fiogpositer kage,which are rigidly affixed to the upper ends of
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



sai d second carriage guided thereon for novenent vertically; supporting of
a-third carriage by said second carriage and configuring said third
carriage to support a first elenent selected froma tool and a workpi ece;
nounting a fourth carriage on said nachine frane bed and said fourth
carriage guided for novenent thereon in a horizontal direction that is
perpendi cular to said first horizontal direction; configuring said fourth
carriage to support a second elenent selected froma tool and a workpi ece;
mounting a fifth carriage on said nmachine frame bed and guided for

movement thereon in 2 forizenlal, dlitecthon hal. s, perpendheyl ar bo said
first horizontal direécti"eR; "connec i ng posfilonlng drive neans to éach said
carri age tehefdigctsaciangdsaish & hel pxds mbrhanigfalt hechssion avedaticar ri age;
carrying saj pLec [ r.l . ' L, : and fifth
carriages;g%a.¥§%%ggg %%ot gggdggnfﬁ&gogéégﬁﬁﬁg%ggé?dm¥%§g%§g fourth and
fifth carrpagextiogarrying a nmachining elenent in the renmaining one of said
third, fourth and fifth carriages; and 16 connecting a machining drive and
selectively operating said machining drive to_effect relative novenent

bet ween saffd tool hof dEMIZAYrE AMFHRENEAP hfeCéAeRtd it RPY e A th8 a

wor kpi ece pasdéddithgl B1SDY] Gheppes the €hfe€tmeiab i AT MdvhAging:

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 tocol 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 tool comprising:
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operations on said workpiece in at least first and second |ocations in
said machine tool; performng a first nmechani cal machi ning operation on
sai d wor kpi ece bl ank; and without re-gripping of said workpiece bl ank
perform ng a second nmachi ni ng operation thereon, said second nachining
operation being selected fromECM and EDM 10. A nmethod as clained in claim
9, wherein the first nechanical machining operation conprises a first
conventional mechani cal machining operation. 11. A nmethod as clained in
claim9 or 10, wherein the first nechanical nachining operation conpri ses

mechani cal renoval of ng&er %Jw%& 1ec sy%nﬁple m thhod as clainmed
in any one of clains U511 WNEFEPHE°% He (8 ﬁa 2%i$d % ool conpri ses
a m ni at ur evoriphepe Hleok as adBﬁmmed,ln any one of claimts 1 to 8. 13. A

met hod as claimed in ar@%ffec% ed ”E‘gaé-lj] 2 }?amé"‘]]%{v?th %%rnghxt_éf % ndi ng

machi ni ng operation i's se turni ng,
and pol i shiargentgd %%?ﬁéﬂcwwaapmhéla# rﬁtéﬁytbh% g igL #i s S@ltiob@.@

wherein  sajrfh %se&%m&hg@w&&@e@m%dé v@MébSn@gtﬁep@fgoabl &nd
attachment on said mniature machine tool. 15. A conpound fabrication

process coer’tpPgFHbr?g 2 AREBY| X 7518 REEHMME RGN &0Fi Fatd SPREEBN t hat
i ncl udes t ealtengih@rmarmebanacy); renoval of material froma workpiece and a
second Station that bnghyggﬁagﬂgg%scar§aage 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 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 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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equi pnent for creating non-nechani cal di nensional change in said

wor kpi ece; | ocating said workpiece relative to one of said equipnent
stations by gripping said workpiece in a clanping 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 carriage for novenent on said gantry in a
first horizontal direction; carrying of a second carriage by said first

carriage, said second carriagelgyided thgreon fgr Movenen vertically;
. . onnectin a chinin riv an seleCctlv . . .
supporting of a third carrlaae by said"Seton carriage an %onflgurlng sai d

third carrppgeattiogseppdrachihingtdrisleerent f Ssiteckddt fveomogehemt and a

wor kpi ece; QQH?; : r rJ o hj ape, be sai d
fourth guiﬁed 5#g%ﬁéé%%ﬂt%P%ggédﬁﬁgﬁaggﬁgﬁé%ﬂﬁéléﬂ%r%%bg?gﬁ:%ﬁﬁgggs
per pendi cukara terkaiges i gair ikdr tz ottid grippextticosffeehfsagdr maghigaing f ourt h

carriage tgoSthiRht 8nS&LNdorRbedmNtinsghecdad fh o0t aadPakcang a workpi ece;
nounting a ?Ifth carriage on said machine franme bed and said fifth
carriage glPRdFSr LRoVRiteMEPhR? €1Pliin a horizontal direction that is

perpendi cul ar to saigeffidridingh®r izt abcHakRGl @Achining operation on
said workpiece blank;
and without re-gripping of said workpiece blank
performing a second machining operation thereon, said second

“3' machining operation being selected from ECM and EDM.

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

conventional mechanical machining operation.

11. A method as claimed in claim 9 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 claims 1 to 8.

13. A method 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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connecting positioning drive neans to each said carriage to effect changes
in the position of the associated carriage; 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 carri ages;
carrying a machining elenent in the remaining one of said third, fourth
and fifth carriages; and connecting a machining drive and sel ectively
operating said machining drive to effect relative novenent between said
tool hol der and said nachining element with respect to a workpiece carried

in Sa!d clanping 5tr¥ﬁ%9£§i$&eﬁkigﬁ£né41@ingagﬁhﬂkQ9599§ﬂ>tkﬂgg_0” sai d
wor kpi ece in at least first and J second T 0cations in said machi ne tool
processi ng Swilddepriqsildag for seickepheabtrpogps oS yetessaldinpm aith transfer

of said worddikgeecbeiieansstatd arivh W hediddPrg-0fsisql d wor kpi ece
with respect to said clanping structure. 16. A conpound fabrication
process as SI'GPREUT i TP CAPATHE PORABFERINISAL dtvAsingahtcheqigg R ridst ati on
i s adapt ed doakphikest renoval of material from said workpiece by a process
selected fromturning, mlling, drilling, i ndi ng, and polishing. 17. A
conpound fabricationngSEé%% 9 M BFRRIFS nrgﬁ%ﬁﬁﬁelgoo?“e:é% S@h@rein said
processi ng eguibpaentstattisas bwerdpdisd afdiednwbskpiece 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 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 mo&ement 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 thereon in a horizontal
direction that is perpendicular to said first horizontal
direction; _
{i) 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

carriage;
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sel ected from el ectrode di scharge nmachi ning (EDM equi pnent and

el ectrochem cal machining (ECM equi pnent. 18. A conpound fabrication
process as claimed in claim15, for processing a nmetal workpi ece wherein
the workpiece is first processed in said first station using tooling
selected from equipnment for turning, mlling, drilling, grinding, and
polishing; 17b and is then processed at said second station by processing
equi pnent sel ected from el ectrode di scharge machi ning equi pnent and

el ectrochem cal machi ni ng equi prent. 19. Apparatus for perform ng conpound

fabrication steps op, Hﬂg{kggggqﬂfgggpélgggggtuge I 0GeaSLPY fachi ne having

first and second statlo for per g successive operations on said
wor kpi ece; tiohed.sficdrsh aanibf ifhke| erXinigoedol i ng for mechani cal renoval of

material from said workpiiegea E&Ei‘ﬁbﬂ@ér&ﬁi% §Eé&ﬂéﬂbﬂ gggydhngdproce33|ng
equi pnent | for creating dinensional change in said kpi ece; said

appar at us FREYUHEeRG AitHumsrAge et ucture for gripping sald wor kpi ece; a
rigid machine frane Bawylgxgaahaadrmahgl éVemedltl @Atk ReMaididy lonarostructure
rigidly atta.$t§1to S ed aE xt endj n vegtlcally therefrom and a
gantry suppdt 58 %‘?rcf PPfatt &t &8?&%%‘5L§'nd Bt endi ng horizontal ly; a
first carriage gui dedodrgrctiinyeaenichanisaidkigantng selectively
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 said two stations
successively, with transfer of said workpiece between stations
without regripping of said workpiece with respect to said

clamping structure.

l6. 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
ﬂ,) 16, wherein said processing equipment at said second station is
selected from electrode discharge machining (EDM) equipment and
electrochemical machining (ECM) equipment.

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 selected from:
equipment for turning, milling, drilling, grinding, and

polishing;
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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 and configured to support a first

el enent selected froma tool and a workpiece; a fourth carriage nounted on
said machine frame bed and guided for novenent .. thereon in a horizontal
direction that 1is perpendicular to said first horizontal direction; said
fourth carriage being configured to support a second el enment selected from
a tool and a workpiece; a fifth carriage nounted on said machine frane bed
and gui ded for movesRnt st BRESPLJRsBeHUY Zs%@h%e@dr{de%%@{‘o_ﬁhﬁ}_ s
perpendi cular to said first horizontal direction; 17c positioning drive
means conmXIE§SLpd REHPESRE S%%ﬁqqeégér?W)QﬁeFéé?d%kﬁ%ﬁjgérgﬁ Ra&ipé8eti on of
the assocCi & fipmefar dARGAecsabehdliaBi NPcISldiket Ug@idRIntg carried in one of
said third, fourth and fifth carriages; a tool holder carried in a second
of said third, fourth and fifth carriages; a machining elenent carried in
the remai ning caparatusafdk toeirfdrmiourdohpaand fidfitrhceatrdd ages; and a

machi ni ng Sgg%gogogq;cggq_gnd(§%l%ggixe1y operable to effect relative
nmovenent be en sai'd t ool hol der and" Sai d machi ni ng el enent with respect
to a workpi ece carriaedropgesainy machine having first and second stations

for performing successive operations on said workpiece;

one said station including tooling for mechanical

removal of material from said workpiece;
= the other said station including processing equipment
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

{L> 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 suppért 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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cl anping structure to effect said nmachining operations on said workpiece
in at least first and second |ocations in said nmachine tool; wherein
novenent of the clanped workpi ece between said stations such that
processing of the workpiece at both stations can be performed w thout
re-gripping of the workpiece in said clanping structure. 20. A machi ne
tool for performng on a first workpiece at |east on conventi onal

mechani cal nmachi ni ng operation and on a second workpi ece at | east another
machi ni ng operation selected fromelectrochem cal machining (ECM and
electro discharge meh i fg,(ERM, L3lnd. saldLirst JoLkpi ece, as an

el ect r ode, conpr|5|ﬁg. a first mof?plece gripper and a second workpi ece
gri pper i ncahridues&prdeibedtpicbersearian chanpeshitden n§ Ya dsspacdtiad ng
operations.,a {ifi,d machine franme having a horizontally oriented bed, 17d
a pillar structure rigidly attached to said bed and extending vertically
‘therefrom and a gant?id sUppBiredEioncssre Ping grrstedidrupee aifd séttlendi ng
hori zontal kyird fAci$tnCaHd iragenged dadqsbar novenment on said gantry in a
first horizontal direction; a second carriage carried by said first

carriage and gui ded®tRHebRIRSF TAFFeRENI” VESSCERAISE SRifhFRrirtarri age
supported byus@ai Gnse€ofth calrihages;

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

to effect relative movement between said tool holder and said

N
-
.'/

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 workpiecé 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 horizontally oriented

bed,
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a fourth carriage nounted on said nmachine frame bed and guided for
novenment 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 nounted on said nmachine frame bed and

gui ded for novenent thereon in a horizontal direction that 1is

perpendi cular to said first horizontal direction; positioning drive neans
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 SU%p?EtI%%r%§%jlrSt %HTKQL cﬁtgogéhyq)gp garrled in

said fourth carriage; the®§eto WOr kpl ce grlppe el ng cartied™n said
fifth carredgadand support L ngthdrefsenomhdrer kpnece  suppdr tedrachisaidg drive

‘connect ed @ﬂqﬁeggﬁgét\{ﬁjey g&)e&@@n@m walsl%'“ga%%’ tioning drive nmeans to

effect relative novenent etween said took ho r and sald second
wor kpi ece with respectfirsp edwrifgesguigtacdk frsceotamantedni ppishigdntry st

wor kpi ece g iPReEst tib8b8EL1 SBidcRBGRI Ni ng operations on said workpieces
inat least first and second | ocations in said machine tool in succession

wi t hout i ntervening & SEFARPI TRY GPIEnEP MrRpPEcRAd frgst carriage and

guided thereon for movement vertically;

a third carriage supported by said second carriage;

a fourth carriage mounted on said machine frame bed
and guided for movement thereon in a horizontal direction that
-”j 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;

pbsitioning 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 tool holder carried in said fourth carriage;

the second workpiece gripper being carried in said

fifth carriage and supporting the second workpiece; and
{:D a machining drive connected and selectively operable
with said positioning drive means to effect relative movement
between said took 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 locations in said machine tool in

succession without intervening reclamping of the workpieces.
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