COVPOUND FABRI CATI ON PROCESS AND APPARATUS BACKGROUND OF THE | NVENTI ON a)
Field of the Invention This invention relates to a new or inproved 5
conpound fabrication process and apparatus therefor, and in particular to
t he devel opment of a miniature machine tool for manufacture of micro, high
preci sion conponents. b) Description of the Prior Art In general,
conventional nmachine tools are used to 10 manufacture mcro conponents.
Usual |y the manufacture of such mcro conponents requires multiple
machi ni ng processe ] El e de. D sehar ge. Machi ni ng (EDV) ,

m cro E?ectro Ch Conp add = ‘?%ﬁé{ A g?éﬁsi'o turni ng and
mcro drilling. Therefore to manufacture a 15 sinple part may entail use of
nor e t harBACKSROUND 0F THE INVENTION the geonetry of the workpiece. For
exanple to nmachine a mcron sized hole in a workpi ece one may have to

first mac inz.ag 3|eftﬁ9d§ using turning, mlling or other processes. The
machi ned €l e e Al pl aced in 20 the spindle of an EDM
machi ne to nachine the mcron-sized hole. During this process, if the

el ectrode is not progey linveddidnedQntde tsPianHey Wit NnfpasReet to the

wor kpi ece there is a possibility of producing an inaccurate hole because
of the sannpghd akiciiatd @y Peesesthanst isgwagiat ugoddiaretft 25 addt 685 t he
problem %Iarcc‘l@m]@f‘% Hd F&ie%‘irog;%ﬁe%sce%fo% iR %%tch‘igfe Yoyl s
confinedto sinple single proces machi nes such as those disclosed in U S.
Pat ent Ndor FBAFalZLrd).cS rRatrent MNagh BréR9,9430 ddrfporiéattent No.

.

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 requires multiple machining processes
such as micro Electrode Discharge Machining (EDM), micro
Electro Chemical Machining (ECM), micro milling, micro
turning and micrc drilling. Therefore to manufacture a

15 simple part may entaill 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
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 process, 1f the electrode is not properly
aligned on the spindle with respect to the workpiece there
is a possibility of producing an inaccurate hole because of
the set-up and machine errors. The prior art does not

25 address the problem of 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.



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 nethod or nmeans for conbining
conventional processes such as mlling, turning, etc. with

non- conventi onal processes such as Electrode D scharge Mchining or

El ectro Chem cal 5 Machining. Therefore when conventional and

non- conventi onal processes nust be applied in succession there arises the
possibility of inaccuracies in alignnent of workpieces due to the fact
that they have to 3%5{6 ositioned for c%nventiona and non-conventi onal
machi ni ng. These p Yfo "5 lﬁélretq can frrle)pcfcsut i FEEds &t nicro
machi ni NgnaMhIE ort he isTERY Gtadb iRy AeESrAiONAr Y rotdsesTGUHHIFE ze
such inaccuracies, the present inventors have appreciated that it would
be desi r &ld i p&rFEEMTTuISE Gl & i FRACIARTRG (oo TEdh N XeAS SHESprodtdsses in
a single i Al t j.d - dngyﬁ ri i raci es which
are inhefgﬁ?ﬂf%ﬁﬁultl}§¥§6%M2%18%£§gfﬁglopergﬁﬁ%#gkn%ﬂbﬁﬁﬁ%HCF THE _
| NVENHB ONaFhe nabjgect iMhe reff drfee whevre mtarorenitsi dna lpraovd deradtorivgurtaveech 1
fabrication process and. apparat.,us, t,hrough whi.ch mul ti pl e manuf acturi ng
Stops calBESETorEd & AP e I SHTRSR AR RO T i %pi T of ¢ he
wor kpi ececu@ itdiati theryf isla@iiddLants HprLOovieiint N aiLwrd d nder ns of
the dinmensional accuracy of the workpi ece being produced. The invention

provi des t&® rfihe dawte thachithen daive 2B fagr fendsgrtdiongorfor wor kpi ece at
| east On%dﬁ%@ﬁ%ﬁéﬂgfﬂand 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
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 least 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



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

machi ning (EDM ; said nachine tool including a holder in which said

wor kpi ece is clanped during 30 said nachining operations; wherein said
machine tool is 2 configured to perform said machining operations in
succession wi thout intervening reclanping of the workpi ece. For exanple the
machi ne can be a mcro scale wuniversal mlling nmachine in which various

conventi g 5 i 0 i ons. such.as turnin mllin drilling,
shapi ng p%%ﬁﬁé\rgécgnnéggﬁ%ﬁ%ﬁ}n% Scaalnébnéacf)helrr}lor}%e%]?%%a?]smk%ol\%;ﬁ, and wherein
it is al smgossiide Wit o ore oy erd d angbi ngreshi th O grdF 9sRss€es such

as Electra Discharge Machining and Electro Chenm cal Machining. For exanple
t he machi ne tool 10 can be used to manufacture an el ectrode by known

mechani cal  mat eri dl°% THATNG prive SREE T ATherf (& b S rS° a nicro
El ectro Rirscharge Machi i anonerad | o0 ik dHe, £ 8614 0dshvIhie) offlii prent can

al so be used to carry out” Electro Chem cal Machining operations on mlled
or turned e aistatorond SUE Fet florrnigiec tiiol i swhattgiel amuf act uri ng on

wor kpi ec ' \Y face fi.ni sh and accurac No machine in the
orior ar et (i S SR ] sedt S St on
wor kpi eceandA wireefeeint eidt aippatiaddlod 0y iglad riye Nee 0fid rifi heor? - diikveait 1 a1
conprises a mniature universal mlling nmachi ne havi ngﬂa machi ne frane

formed by'aiydhtty BRIt W i RS Spades dtgedfaphiint s demnect ed
at their piRR&rEMGRereal Machining. For example the machine tool

10 can be used to manufacture an electrode by known mechanical
material removing processes and then used carry out a micro
Electro Discharge Machining operation on the electrode. The
equipment can alsoc be used to carry out Electro Chemical
Machining operations on milled or turned workpieces, or to

15 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.

A preferred apparatus for carrying out the

20 invention comprises a miniature universal milling machine
having a machine frame formed by a gantry structure having
two spaced vertical pillars connected at their upper ends by
a crosshead beam which supports a carriage on which tooling
such as a universal milling head can be adjusted

25 horizontally and vertically. A machine bed positioned in a
lower part is arranged to be adjustable in a horizontal
plane and also vertically. The machine is capable of
supporting various driven spindles which can carry tools for

performing milling, drilling, grinding etc. operations.

30 The invention also provides a method of

fabricating a workpiece in a miniature machine tool as
3



a crosshead beam whi ch supports a carriage on which tooling such as a
universal mlling head can be adjusted 25 horizontally and vertically. A
machi ne bed positioned in a lower part is arranged to be adjustable in a
hori zontal plane and also vertically. The machine is capabl e of

supporting various driven spindles which can carry tools for performng
mlling, drilling, grinding etc. operations. 30 The invention al so provides
a method of fabricating a workpiece in a mniature machine tool as 3

descri bed, above, the neth conprisjng the ste of : roviding a workpi ece
bl ank an&leﬁcgﬁg)ler?tt; é’lvc?’\l\g:giﬁpi"%@o‘lol Wﬁ%%ﬁpg%ls&&%ﬁ Perforning a first
convent i @iialvidiRghanivekgTREY H1RG 0RGIAL 1AM S &lad INIRAER DI ank; and 5

Wi t hout re-gripping of said workpiece blank performng a second machining
oper at i oR 1@ dén Sadgl dodsiedtid hegdisiming copdiat swmyeantg o@lect ed from ECM

and EDM i.cal t] |l .eC ical i.ni rati will be
perfornme -%%at 6~’L<§:J°-3\>/fL\/c)r %hgglerl\ﬁf%:]rdﬁ%&%&ﬁr&&m f%%ﬁy%%psq&%%m?q%aéﬁi r??lnrag

oper at1 ons. coul & b rever sed. BRI EF DESCR PT) O OF THE. DRAW.NG.FI GRES Th
operations cou ., reversed. , e
Pvent | oR SO AR o CRE Yot BT Gl G0 & SRl B Ty G £

r ef er enceged atth@ra GRAmRA R 1RG +HAW RES EM Rl EpMii gure 1 is a somewhat
schematic front elevation of a mniature nmachi ne tool equi pped for

carrying out the _ '
Typically the conventional mechanical machining

operation will be performed on the workpiece first followed
10 by the second machining operation involving ECM or EDM, but
in principle the order of these operations could be

reversed.

BRIEF DESCRIPTION OF THE DRAWING FIGURES

The invention will further be described, by way of
15 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;

20 Figure 2 is a right side elevation of the machine

tool of Figure 1;

Figure 3 is a front elevation of the machine tool

illustrating a different tooling configuration;

Figure 4 is a right side elevation corresponding

25 to Figure 3;

Figure 5 illustrates three further tooling

configurations which can be used in the machine tool;



met hod of the present invention; 20 Figure 2 is a-right side elevation of
the machine tool of Figure 1; Figure 3 is a front elevation of the nachine
tool illustrating a different tooling configuration; Figure 4 is a right
side el evation corresponding 25 to Figure 3; Figure 5 illustrates three
further tooling configurations which can be used in the machine tool; 4
Figures 6, 7, 8 and 9 are schematic views illustrating nmechani cal

machi ni ng operations that can be perforned in the machine tool of Figures
1 to 4, and Figures..10, 11 and, 12, are hematic views 5 .il]lustrating

t wo- st age corrpoundSFnla%%riensi nG:cj} gﬂder atalncginggctaﬁaet 54 aeﬁ“ate)celcpérr]fe&'srred; and Fi gures
13, 14 anid Ihbstaree: M ewedHdrisialatrayg itrhieg myafactdnL wfata comenent

t hrough a series of successive two-stage conmpound machi ni ng operations. 10
Fi gure 16979184 tEs thife MG EDMosl sthiddtuaasatl t@ard‘béngsed in the
machine tool of Figures 1 to 4. Figure 17 and 18 illustrate the operation
of the nunerical coMyls Sitst em angd howd.te IS HIMLYAted jo the nachine.
15 DESCRI PTI ON OF THE PREFERRED EMBODI MENTS As shown in Fi gure 1, a nmachine
tool 10 il lusdcwtdart €Wttt adee domgemnd mactripriinge ore dedsierfs aifmtl2 upon
which is dsaq,p%oertpeedr%r%gei({; OanbEds 14, 16 each of which is

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 tcol 10 in
accordance with the invention comprises a base frame 12 upon
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



i ndependently noveabl e under a controlled drive system (not 20 shown) to
nove in the fore-and-aft direction of the nachine tool as indicated by the
arrow 18 in Figure 2. Each of the beds 14 and 16 as will be nore fully
expl ai ned hereafter forns one conmponent 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 ich ans the width,of the base frane as seen in Fiqure 1.
In known Cr?é)nsns\g]%arrf hzt?oé";lolsc Sam Pr g\;}edé’sldg:h ﬁ?itﬁ?ntb SGYEFES &° SRhent of
a carriagen Ziduderaon, this 5 carriage in turn providing gui dance for
vertical nmovenent of a linear slide 26 therein. The linear slide in turn
provides a nounting for various tooling or work grippin conmponents such
as the indexing headd ZBX¥RoRMRTE T Jlte$TPSSRHFF™D PTEY 1fse Basi ¢ machi ne

ool conticguraian descid bedk ik d10l Gsclengd Jin ape et aidsi nce i

is well under st ood those skilled in the art. It || be seen at the

i ndexing deead a8 daec dmnyd gtrey fddung eyldaresblfer tveoltiimg lomogrenepdar et s 30
extendin . anqul ar. in | s aof 15,90 _t.hereon., .l n known manner the
nmachi ne 'tgaoélqenc N elgedﬁzg/\éc%eﬁée&ﬁls' sgqheectJiJ\Peelaf esr}glé%ed‘lﬁjl &WE apply a
pover ed grioi@de® 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

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 (¢} 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



rotation of a selected one of the tooling sets/grippers 30 when it is
desired to performa nechani cal machining process 20 on a workpiece. As is
known in such machine tools, the nmechanical machining process can be
selected fromdrilling, mlling, 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 dependi ng upon the
requirenents it could equally well be replaced by the conponents shown in

Figure 5 pn L.y (&) L. ng..head .34, (h) a pglishing. head 36, or (c) a
grindi ng © %cra%}lf - Fﬁélu[g@lf Showe i ﬁ%érraoalnﬁqea Cicolé/I %%&rﬁdﬁgﬁﬁogd to 30
per f or m ihp1sacERsiieN corfdiglimgl aperatiponandakdHMeon BeMPH wper@ation. In
this set-up the dowmnwardly directed tool holder 30 is configured to grip

t he wor karéef@%%aé%\ﬁeﬁwld%%é@ F6t AcamaEHaiage o6 W isy madtiaded by

turning, BlAlea 1SN %&%&ﬁ@ﬂ%%@e%&ﬂ g 4poly 4% held in a5

tool nount 42 carried on the bed 16. "By sul mani pul ati on of the
rel atiove tposi moong: df2 tdee nderck pireddelbeahd &.he Byoauinmlnite 42, a required

turni ng qper.ati,on .can erfornmed on the workpi Was .it, is rotated by
e hor aBRERIORAEAN ° LR TS T R e i 4. o

t he wor kpirecehy aaid 1benduransfgr red-dgn it agatine) Hermdiddik cAf Hearri ed
on the left hand bed 14 as seen in Figure 1) for the perfornmance therein

of an EDISSE O freatiBikP L esepdt arse itariies nate ipsbdy g EbM keifr ECM
operat i ong. FahdlfartdY ORA(AY YbiliNeddifed hichid e pideAlf eetric
10 the workpiece W 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.
Separate tanks are used for EDM and ECM operations. For an
EDM operation, the tank 44 is filled with dielectric medium
15 whereas for ECM operations the ECM tank 44 will be filled
with electrolyte. The use of two different delivery systems

avolds the possibility of cross contamination.

Figure 3 shows the machine tool 10 set up to

perform a micro milling operation on the workpiece. The

20 workpiece is held in a gripper 35 that is mounted on the
linear slide 26, 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 is rotated to effect the

25 desired milling operation. This is graphically illustrated

in Figure 7.

Figure 6 shows an alternative machining operation
wherein the rotating spindle 46 carries the workpiece for

machining by the tool 41.



15 whereas for ECM operations the ECMtank 44 will be filled wth

el ectrolyte. The use of two different delivery systens avoids the
possibility of cross contam nation. Figure 3 shows the machi ne tool 10 set
up to performa mcro mlling operation on the workpiece. The 20 workpi ece

is held in a gripper 35 that is nounted on the linear slide 26, the
wor kpi ece then being brought into the vicinity of the mlling tool 37 held
inthe mlling head, the relative positions of the tool 37 and the

wor kpi ece W Dbei ng gmanj.pul ated as .the tool, is_ rotat tp effect. the 25
desi rped mlling ogeﬁgqlflgen.@ﬁ?}%wsl 1t arpcﬁci%tajrr?%/ Sl'ﬁ”rrh‘gfer af%acalfwjr—l?%u?’e 7.

Fi gure 6 hiowsiran wideelr ril i fer rpahi drinitich @ perad i i nghss et 4 ihe ¢otetd ng
spindle 46 carries the workpiece for nachining by the tool 41. 7 Figure 8
shows t hé Fay SfRHReas arrying a  grinding wheel 50 for perforning
a grinding operation on the stationary workpiece W Figure 9 shows the

rotating spindle 46CAlrey i Nibyd 0 1 SNNG ADUL Brafora pesd orping 2
pol i shing operation on the workpiece W Figure 10 illustrates two

oper atd o ighdfrige dtoohyis | b et el iora fori syl mg crre bt esn dm Ei gur e
10a the i . held in the driven spindle 46 is machined by the 10
t ur ni ng ﬁﬁg%Kﬁfgﬁgi%%% uce an electrode 54. In a subsequent step as
indicated in Figure 10b the electrode 54 is then wused in a mcro EDM
operation to producdcquidwll® iillaistrates two operations to effect

hybrid machining for forming micro holes. In Figure 10a the
workpiece W held in the driven spindle 46 is machined by the

10 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
15 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

20 an electrode 58 used in an EDM process to act upon a
workpiece W. 1In 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
25 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

30 ECM {(electrical chemical machining) to improve its surface
8



wor kpiece W Figure 11 illustrates a mlling tool 48 held iin 15 the driven
spindl e 46 and nmani pulate to cut a desired profile in an el ectrode 56. The

el ectrode is
process to s
first holds
wor kpi ece W
wor kpi ece i s
hybrid machi

then inverted as shown in Figure |ib and used in an EDM
hape the workpiece W As shown in Figure 12a the spindle 46
20 an el ectrode 58 used in an EDM process to act upon a

In a subsequent operation as shown in Figure 12b the

further processed in an ECM operation by an electrode 60. The

i.ng operatipns descri.bed in the 25 foregoing in relatjon to
t he apparsé%ot?sq:hé%(fv% FH (HEFEA s 35OV + RE i Sad\?é’%t Eag?ct%lﬁ)tdet hey
enabl e t heanmagining (Wed M0 rGAHMONPM DpfraaiRal taf GHRHYE 1\Wulrdzout

changi ng t he

machi ne set up. For exanple an el ectrode machined by mcro

turni ng FANAERaNH 19GRPAEIT e I (S iisedss & doy snivdrieB3E

(el ectri cal, cham.cal, smae

di nensi onal accuracy, angh%%is sane
EDM oper atliignirtagerdeconfi gure functional conmponents. In these neans errors

whi ch coul d
el i m nat ed.
machi ni ng op

19 JOAIREONS it S faae, 4 snrothpess, and

tro

ot herwi se arise due to clanping or set up tol erances can be

It wll_  be. i ated t.hat i t.h hybrid, mcro
era??o&gl?ﬁﬁﬂgg%%égggFﬁﬂﬁgﬁvygrl 9%%%55%%| édhﬁ&ﬁﬂﬂions to

ensur e t hdtc A0 eIt Al dHadued caM e iggrvet divjersn®iali rdccur acy.

For exanpl es

Fi gures

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

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.

n then be used in a mcro

5



10 13, 14 and 15 illustrate successive steps in a hybrid machining process
for producing in a workpiece Wa nmould cavity configuration as shown in
the right hand view of Figure 15. Initially, as shown in Figure 13 a
turning tool 41 is enployed to produce the desired dinensions of an 15

el ectrode 64 that is rotated in the driven spindle 46. Thereafter this

el ectrode 64 is enployed to produce in the workpiece Wa prelimnary cavity
6la corresponding to the profile of the el ectrode. subsequently, as shown

in Figure 14, wthout 20 .renoyi.ng t.he el raode 64 fr.om t.he .ndl e 46, the
| ower end of the élec erpolcf:gt@i louEtr%c?éld:eaglcéa[t B AL e lefrehisEﬁjﬁpt & 41,

wher e af ten tde spiadiel 4% ithdisgrdiddld reensf emd he reih e electrode to
produce %ﬁfan EDM process rounded depressions 65 providing a nodified
recess 6IFI¥ER Y 2 Wrddivdtiehvmakes the tHere sioife 3@ Witbwn The Figure 15

the tur@ﬂﬁhéﬂ%@nf“%ﬂﬁ1&9%ﬂ1&5§qx§%uﬁﬁ%%gﬂéyﬂﬁa&f&%f% C&é cd4 10

provide a small dianeter extension 67. "Thi s extension then used as
shown 3 n shet g ightarharchq@art deFispate sy B damerpr dougerdaucn £EGqir ocess a

central hole through th rkpiece W .9 depi,ct in Figure 16, a
portabl e WiT¥ Eﬁ\ﬁ %ﬁo‘fe W%éc%cgﬁ‘beﬁgd JtsoAétﬁ‘r?é"Edirh UG 1%Lr;e wire EDM 100
is driven by a notor which nakes the wire nove around. The attachnent can
be tilted to any angverdhtey def e praoduts TEigirertfs ¥ @hecHe such

arrangenfggof(%ég(g¥¥¥ééiéﬁé§r 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

contreolled 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.

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



using the wwire EDM attachnent is shown in Figure 16. Myvenents of the
various conponents of the nachine tool are driven under a program provided
by a central processing unit connected to a nunerically controlled system
10 which can be designed to carry out various hybrid machining processes
in predeterm ned conbinations. Figures 17 and 18 are flowcharts show ng
the systemlogic for nunerically controlled machining. Briefly stated, the
machi ne tool and the processes 15 described above deliver at Ieast t he
fol |l owi ng advant ages: 1. virtue of t antry structure of nmcro
machi ne qldol the stalsi ISHY-0F A 5&? %&P&éﬁ&h OrfuturFem s
enhanced mMl d1ke tdHIRRS gty REC WG 1 wirt@idt idhnidRrkPitee mdchiteer ef ore
i nproved. 20 2. The described system provides the capability to machine

m cro corfséné®t-s using conventional and non- conventional hybrid nachining
processes which can include two or nore of the following: mcro mlling;
mcro turning; m ing; i ndi ng,
25 al l pespf or med oﬁrq%hgqsggﬁegﬂ I%vﬁngéést ?&g% ﬁgqse}gtoe% prrroP\ﬂ é‘ﬂsng{

capabid i wimef curamifMactaumiong panr-teydliencrtitealhnEdM .and/ or ECM el ect rodes in
the single tool. 10 4. The system provides 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 performng '

11



5 wire cut EDMusing a portable attachnment. 11 CLAIMS: 1. A mniature
machi ne tool for performng on a workpiece at |least a first nechanica
machi ni ng operation and at | east a second machi ning operation sel ected
fromb5 el ectrochem cal machining (ECM and el ectro deposit machining
(EDM) ; said machine tool including a gripper in which said workpiece is
cl anped during said machining operations; wherein said machine tool is
configured to perform 10 said machining operations in succession w thout

i nt erveniéag]A bﬁse-d anpi ng of the workpiece. 2. A mniature machine tool as
claimed ifn'claim1 conprising: a rigid machine frane having a horizontally
15 oriented bed, a pillar structure rigidly attached to said bed and

ext endi ndL verti cal |z rirereafumsmmaattd ree gasdlr VoS Uppofdatiron saig pil | ar
structure and extending horizontally; a first carrjage guided for novenent
on said "‘Zb‘”ﬁ%ﬂrﬁ‘?ey th HF9T & Hord Lz e Gk riash it e QRRE ek et age

carried yhpald fddsl LAIIAL mAME HHALLI IR KA dOfe SVENEY, Verti cal ly;

a third carriage supported by said second carriage and configured to
support efd4gisrodiamerl seldtieid r i 2514 colectnb adswrkigi ece; a fourth

carriage mrEaDé’hnitneidngon(ﬁﬁ,I)d; rrsaacih r}r?ac}cl{ianrzae tool including a gripper in
which said workpiece is clamped during said machining

operations;

wherein said machine tool is configured to perform
10 said machining operations in succession without intervening

reclamping of the workpiece.

2. A miniature machine tool as claimed in claim 1

comprising:

a rigid machine frame having a horizontally
15 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

20 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

25 tool and a workpiece;

a fourth carriage mounted on said machine frame

bed and guided for movement thereon in a horizontal

12



bed and guided for novenent thereon in a horizontal 12 direction that is
perpendi cular to said first horizontal direction; 5 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 is perpendicular to
said first horizontal direction; positioning drive nmeans connected to each
said carriage to effect changes in the position of the associated 10

carriage;,.sai d workpi ece gripper bei carried in one of said third,
Four t n et T A Gl P R G o b b L 1P b R Rt s o
third, fowddriand fifth carriages; 15 a nmachining elenent carried in the
remai ning one of said third, fourth and fifth carriages; and a nachi ni ng

drive connected and selectively operable to effect relative novenent
bet ween sai d tool FotHerOWHd! &R FEhi M P SRR T SHIRRATE F a 20

wor Kpi eces Lalifd & drfl @i & QLA RRET ¢ £ & f@&édl &?aAai JREIN I ke Oper ati ons on

said workpiece in at |least first and secon ocations 1’ n said machine
tool. 3. A mniature nmachine tool as clained in claim2, wherein said
pillar® structure conprifsds capaiagoindunterdldy 25 G pacddinerfitaed hed | ars,

each Sa'%ﬂ%ld&?&é&”@é¥yﬁ%éé¥ggtE%ngeon 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 assocciated

10 carriage;

said workpiece gripper 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;

15 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 machining element with respect to a

20 workpiece carried in said gripper to effect said machining
operations on said workpiece in at least first and second

locations in said machine tool.

3. A miniature machine tool as claimed in claim 2,
wherein said pillar structure comprises a pair of laterally
25 spaced vertical pillars, each said pillar having a lower end

that is rigidly connected to said bed and an upper end;

13



that is rigidly connected to said bed and an upper end; 13 said gantry
conprising a horizontal beam having opposite ends which are rigidly
affixed to the upper ends of said respective pillars; said nachine

i ncludi ng powered drive systens 5 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 progranmable to effect a predeterm ned sequence of novenents in

performng the 10 sseal.ecf:t %% nrachioni riﬂ_soper ati Qs ,an talwga%kﬁxi C&r 4. A

ni ni at ure nmachine t001° &5 é:l di medH ér%g 6”n«£1 2 p eCedi r?g &ai s,
wher ei n sgipdsattd easts arHiighstararachariicala ArdcRkidnit’Rg teRe LigipbledN cg@Fpiifses at
| east one conventional nechanical nachining operation. 15 5. A mniature
machi ne 55619 F$SPSGHY® i ldRFBne of the preceding clainms, wherein the
first nmechanical machining operation conprises nechanical renoval of

material fromthe WMOIKRHRER.nD 1 IMAIRL Wi JRRENINE vie0Qly 3%l ai med in any
one of 20 the preceding clains, wherein Ssaid at |east afirst nechani cal
machi d nFoopeciadird sasll edft ed ifd omvebdieo cannildaeg, tel efdedr ni ng, micro

grindi ng_and..m cro pol.ishin 7. A m.njature .machine tool as clainmed in any
one of Pﬁéacﬂrsggé’dic%éltcﬁozr}ilﬁeg% mfol}fretrrﬁaélrtScéjnf;rslasﬁr%é:aé‘ﬂrﬁgr “A6l e 25 attachnent
that is engageable with said machine tool, and is configured to perform

wre cut EDM 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

10 selected machining operations on a workpiece.

4, A miniature machine tool as claimed in any one of
the preceding claims, wherein said at least a first
mechanical machining operation comprises at least one

conventional mechanical machining operation.

15 5. A miniature machine tool as claimed in any cone of
the preceding claims, wherein the first mechanical machining
operation comprises mechanical removal of material from the

workplece.

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

milling, micro turning, micro grinding and micro polishing.

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

configured to perform wire cut EDM.

8. A miniature machine tool as claimed in any one of

the preceding claims, in combination with one or more

14



8. A mniature machine tool as clainmed in any one of the preceding clains,

in conbination with one or nore 14 detachable spindles for mcro mill

mcro drilling; mcro

EDM

providin
gri pper;

and ECM 9. A miniature machine tool as clainmed in any one of

preceding clains, configured to perform said second machi ni ng operati
after conpletion of said first machining operation. 10. A nethod of
fabricating a workpiece conprising: providing a mniature machi ne tool; 10

YIRS R R A

wor Kpi eceydilranikig and oMd Rt Srer@y; RBid ofpvsaid MOTKR egie-l aes;15
perform ng a second nachi ni ng operation thereon, said second nachin
oper at i ort5eiH!-sel ected from ECM and EDM 11. A nethod as clained in claim
10, wherein the first nechanical machining operation conprises a fir

conventi anal mecharny ¢alp 5 I NI NG HORET atdpn. sz%l]aﬁj:mé%l ngt hod, g, £l@k med in
[ al® machi

claim 10 or 11, wherein the Tfirst nechanic
mechardi cdlhe peremealingf alstiers,alcdrriomudtes) wor ki ecerm 5311 dA gwetdodl as cl ai ned
in any o
conpri se

8.

10

15

20

25

chi ne tool,

i ng;

grinding; mcro polishing; mcro EDM wire cut mcro

5 the
on

ng

st

ni ng operation conprises

f. clains 10 to 12, wherein the mniature I
SRF TG (R 25 AR ISR GOITES G it 0 arky. ‘e CA T 1 to

operation.
10. A method of fabricating a workpiece comprising:
providing a miniature machine tool;

providing a workpiece blank and clamping said

workpiece blank in a gripper;

performing a first mechanical machining operation

on 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.

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

conventional mechanical machining operation.

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

removal of material from the workpiece.

13. A method as claimed in any one o¢f c¢laims 10 to 12,
wherein the miniature machine tool comprises a miniature

machine tool as defined in any one of claims 1 to 8.

15



15 14. A nethod as clainmed in any one of clainms 10 to 13, wherein said
first machining operation is selected from drilling, mlling, turning,
grinding, and polishing. 15. A method as clained in any one of clains 10 to
14, 5 wherein said second machi ning operation is EDM using a portable
attachnment on said mniature machine tool. 16. A conpound fabrication
process conprising: providing a machine having a first station that

i ncl udes tooling for nmechanical renoval of material froma 10 workpi ece and

a second .station that incluyudes pracessi.n equi pnent for, creating

non- rrechaln4|t'cal di ng%nﬁeot%ﬁ&jcar?aﬁ“gﬁli“}?dsﬂlg&%rq{%i eoﬁ;c%adﬂ[}ﬁi y il
wor kpi ecerHe it Ve itdD fOiNes tOfmase ith 1 rRfl Wt o aitd Qs davt < i fRing sai d
workpi ece in a clamping 15 structure; and processing said workpiece in

sai d two Bidtliigiy idclclexhi Va1sningt wiimehsTer agtd fild skortigi ece bet ween

stations without regripping of said workpiece with respect to said

clampi ng 15f.r ucture . Hbchbd A LURAML HADIRAYRN IF QeRHAS £ M 1 n

claim 16, wherein sald tooling at said first station 1s adapted to effect
renmovdl ofherstier isHlid ramnoal dnawdrikpiner edeyr st Jmmoces DM el sdigteedh f rom

turning, mlli rillin rindi.ng, .and polishing. Zﬁé%ﬁ: A conmpound
fabri cat ipéjﬁ‘“tparboq%esagctaascweg’itrrg)d’l isr?lcqgéqlrﬂlal ot Hfff}%\ﬁ}?er ‘sai d processing
equi pnent at said second station is selected from el ectrode di scharge
machi ni ng §.EDM A compound fabrication process comprising:

providing a machine having a first station that
includes tooling for mechanical removal of material from a
10 workpiece and a second station that includes processing
equipment for creating non-mechanical dimensional change in

sald workpiece;

locating said workpiece relative to one of said
equipment stations by gripping said workpiece in a clamping

15 structure; and

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.

20 17. A compound fabrication process as claimed in claim
16, 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.

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

equipment and electrochemical machining (ECM) equipment.

16
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equi pnment and el ectrochem cal machining (ECM equi pnent. 16 19. A conpound
fabrication process as clainmed in claim 16, for processing a netal

wor kpi ece wherein the workpiece is first processed in said first station
using tooling selected from equipnment for turning, mlling, drilling, 5
grinding, and polishing; and is then processed at said second station by
processi ng equi pnent selected from el ectrode di scharge machining equi pnment
and el ectrocheni cal machi ning equi prrent. 20. Apparatus for perform ng

compound .fabricatign 10 steps. qQn .a warkpiece, conprising: .processi ng
mechi ne Having firdt SRR D LR b HGICar Fot iy TS0k dds & bre ™

oper at i 0nss ,0rF ¢aigh o MY KPILCL MmN S rkSitedld Grhd Ml dineg Woaadgirg:d or
mechani cal 15 renpval of material from said workpiece; the other said
station iffcliidiTg BiEEESihd D &fdihrieitst srtadried vy i tsiidal change in
sai d wor ki 1ecie 3 ArAPPUAL S| A46H NG, & 1G] ARG, 11 Uehung ey, gripping
sai d wor kpi'ece an ]{%ndexi r%{lg%lue% prent  f or rrlD\P:'rrenlt 50 do'f txﬁe cn?@ed

wor kpitec gy igtdieen saidl pstlatstomgy;such that processing of the workpiece at
both stations can be performed w thout re-gripping of the workpiece in
said clanping str%&&yq% f%én processed at said second station by
processing equipment selected from electrode discharge

machining equipment and electrochemical machining equipment.

20. Apparatus for performing compound fabrication

10 steps on a workpiece, comprising:

a processing machine having first and second
stations for performing successive operations on said

workpiece;

one sald station including tooling for mechanical

15 removal of material from said workpilece;

the other said station including processing

equipment for creating dimensional change in said workpiece;

said apparatus including a clamping structure for
gripping said workpiece and indexing equipment for movement
20 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.
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