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- 1°- A METHOD FOR POSI TI ONI NG A WORK PI ECE CARRI ER MEMBER IN A FREH N- | NG
APPARATUS AND A WORK Pi ECE CARRI ER MEMBER ADAPTED TO BE POSI- TI.ONED I N A
‘MACEI NI'NG APPARATUS The present invention refers th a REIPRACHISHEETS  SG

posi tioning a work plTbnsSheea{a&BeernF r.in a mchi [#ng.eRRimelgs

as a work piece carri ed to berforn1h élgggbo
the invention refers t _
preci sely positioning wor thin the work s?mct C H]""gg\}\%}’?ﬁed _________

uch a work pie &aw“{ggg) )
apparatus. In order to operate a machi ni ng appar at fachiMeng 3
pi éce without .significant interruption, the work plRAZE 9§ %EC. hi-rregympes :
clampingly fixed to and received in a work piece car- rier nmenber before
the work N METHOD (EGR POGSDTIONINGI AcNORK PlECEf CARRIER MEMBERIEEN A i MACHIN-

appar at us onE Ap I8 RIS UD" &' ROBR! YIECE CARRIER MEMBER ADAPTED TO BE POSI-
TIONED IN A MACHINING APPARATUS

The present invention refers to a method for positioning a
work piece carrier member in a machinino apparatus, as well as a
work piece carrier member adapted-to-perform this method. More-
over, the invention refers to the use of such a work piecé carrier
member for precisely positioning work pieces within the work area
of a machining apparatus. | : | !

In order to operate a-machining apparatus for machining a
work piéce without.significant interruption, the work pieces to be
-machined are clampingly fixed-to and received in a work piece car-
rier member before the work piece carrier member is fixed in the
afore mentioned machining apparatus. This operation preferably
takes place in a specially adapted measuring and aligning station
in which the work pieces are fixed in the work piece carrier mem-
ber; thereafter, the exact position of the work pieces with regard
to the work piece carrier member is determined and stored. Usu- f
ally, the work piece carrier member is provided with clamping \
means which set the position of the work piece carrier member, not
only in the measuring and aligning station, but also in the ma-
chining apparatus. In other words, the afore mentioned clamping
meaﬁs, or at least one thereof, which serve(s) as positioning
means too, are the reference with regard to.which the position. of
the work pieces received in the work piece carrier member is de-
termined and stored. '

.f"

In most cases, these positioning'and_clamping'means are con-
stituted by clamping pin members projecting from the work piece
carrier member and engaging corréspondingly arranged clamping and
positioning apertures provided in or at the work table of a ma-
chining apparatus during clamping the work piece carrier member on
this work table; thus, the work piece carriér member and, thereby,
.the work pieces received in the work piece carrier member are
fixed in a well defined position on the work table of a machining
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tioning aper ures can be prov1ded on the work piece carrier member

and the positioning pins or studs on the work table of the machin-
ing apparatus. |

The exact position of each work piece with regard to the work
piece carrier member usually is defined by two axes running per-
'pendicularly to each other in X- and'Y-direction as well as by the
angular orlentatlon around the Z-axis, i.e. an axis running
through the intersection of the X- and Y-axes in perpendlcular di-
rection. Even if the position of the work piece carrier member and
the work pieces received therein, respectively, in the direction
of the Z-axis is also important during the machining of a work
piece, it is less critical as far as the positioning and exact de-
termining of the position, respectively, is concerned.

Methods of positionelly defined clamping of work piece car-
rier members receiving one or a plurality of work pieces to be ma-
chined are known in the art in numerous variants. The requirements
in connection with such methods are strictly dependent of the de-
sired machining accuracy of the work pieces. A further criterion:
I1f a work piece has to be machined in several steps by means of a

- plurality of machining apparatuses which can be entirely different
from each other, the work piece carrier member must be clamped to
and removed from, respectively, each machining apparatus. Thereby,
.besides the absolute positional accuracy, first and foremost the.
repetitional positional accuracy of a work piece with regard to _
the coordinate system or reference grid of the machining apparatus:
is of paramount importance. ; -

In connection with the following observations as far as the
process or methed of positioning a work piece carrier member in a
machining apparatus and/or a measuring and aligning station is
concerned, further as far as the design and construction of the
work piece carrier member itself is concerned, it is particularly
assumed that a machining accuracy of the work pieces received in
the work piece carrier member within the limits of a few thousands
of mlllimeters is requlred and should be realized.



positioning apertures provided in or at the work table of a ma- chining
tapparatus during clanping the work piece carrier nenber on this work table;
thus, the work piece carrier nmenber and, .thereby, the work pieces received
in the work piece carrier nenber are flxed in a well def THiEShedd Bias Bee®Replate
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pi ece carrier nenber and the positioning pins or studs on the work table of
the machin- ing apparatus. The exact position of each work piece with
regard to the work '

In German Patent No. 31 15 586, a two part work piece qlamp—
ing system is disclosed which is suited to clampingly receive par-
tidularly work pieces with small dimensions. This clamping system
comprises a chuck member as well as a work piece carrier member
adapted to be connected to the chuck member in a well defined po-
sition. Therefor, the chuck member is provided with a number of
projecting positioning studs or pins which engage a corresponding
number of correspondingly located positioning apertures provided
in the work piece carrier member. By means of the cooperation of
two of these pairs of studS'qr pins.ahd apertures, an exactly de-
fined position of the work piece received in the work piece car-
rier member with regard .to the chuck ﬁember is ehsured. With the
help of a first pin or stud/aperture pair, the exact position of
the work piece in X- and Y-direction is determined, while the '
other pin or stud/aperture pair determines the’angular_orientation
of the work piece around the Z-axis. )

In order to achieve a high positional accuracy with such a
clamping system, it is absolutely necessary that not only the cen-
tering pins or studs, but also the centering apertures cooperating
with the centering pins or studs_are'located.relative'to each
other with a high degree of precision. Only by this measure, a re-
liable cooperation of the centering pins or studs with the center-
ing apertures-is'ensured. However, in this way, a very high manu-
facturing precision is required. '

A further problem in such a centering system is presented by
the uéually conically designed centering pins or studs, becausé
the position in X- and Y-direction is defined by each centering
'stud. or pin/aperture pair indepenaently from each other, with the
result that the geometric position of the work piece carrier mem-
ber with regard to the clamping chuck member is over'defined,

With clamping systems of this kind having large dimensions, -
e.g. work piece carrier members of a frame like design, these
problems are even more bronounce. In the interest of a positioning
as stable and accurate as possible, the individual pin/aperture
pairs are located as far away from another pin/aperture as possi-
ble. Thus, the disadvantage occurs in such a design that the ob-
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several dfirnge lyixeawsrkfpiece carrier member with a length and/or width
' - of, let's say, 50 cm, a positional error of a work piece received
in the work piece carrier member in the region'bf several hundreds
of millimeters can occur. B
In order to mlnlmlze these problems, the appllcant has pro-
| posed and disclosed a clamplng systenm in the EP-A2 Nr. 0,403,428
by means of which the disadvantages mentioned above can be more or
less avoided. This design comprises a work piece carrier member in
the form of a frame like carrier unit provided with centering ap-
ertures. The centering apertureS'cooperéte with correSpondingly'
located centering pins arranged on the surface of a work table of
a machining apparatus. Thereby, a first group of centering aper-
tures and centering pins is prdvided which'defihes the position of
the work piece carrier member with regard to the machining appara-
tus in X- and Y-direction and, thereby, sets the origin of a ref-
erence coordinate system or grid. In order to define the angular
orientation of the work piece carrier nember around the afore men-
tiodned origin, i.e. around the Z-axis, thére is provided a second
group of centering apertures and centering pins located in a cer-
tain distance in X-direction from the afore mentioned first group
of centering apertures and centering pins. In order td addition-
ally define the angular orientation around'the-z-axis, particu-
larly in the case of very large work piece carrier members, -.a
still further group of centering apertures and centering pins can
be provided which is located in a certain distance in Y-direction
from thé afore mentioned firstlgrbﬁp of centering apertures and
centering pins. By such a design of the'clamping system, a very
high positional accuracy of the work piece carrier member with re-
gard to a‘maéhining apparatus can be achieved in which a thefmally
caused length variation is not reflected in a undefined shift of
the origin of the systemn.
All the statements and explanations given herein before have
referred to a precise and well defined cooperation of the center-
ing elements during the clamping process, i.e. the positionally




‘plurality of machining apparatuses which can be entirely different from
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from respectively, each machining apparatus. Thereby, besides the—absolute

positional accuracy, first and forenost the repetitional positional
accurdcy of a work piece with regard to The coor di riEsdh e'flerence
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wi'th the followi ng observations as far as the proces

positioning a work piece carrier menber in a machining apparatus and/or a
measuring and aligning station is concerned, further as far as the design
and construction of the work piece carrier nmenber itself is concerned, it
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by a defined cooperation of the centering elements during the
ciamping process, i.e. the positionally defined location of the
wofk piece carrier member with regard to a machining apparatus,
autohatically a correspondingly precise positioning of the work
piece carrier member and the work pieces received therein, respec-
tively, is achieved. ' —

However, practice has shown that, under certain circum-
stances, even in the case of a stable well defined'origin of the
work piece carrier membef, the position of the work pieces re-
ceived in such a work piece carrier member with regard to the cen-
tering elements and the origin defined by these centering ele-
ments, respectively, can vary within the limits of several hun-
dreds of millimeters. |

_' The reasons therefor, first and forémost, probably can be
found in thermally caused dimension variations of the work piece
carrier member and/or of the work table of the machining appara-
tus. If the dimension of the work piece carrier member is varied
under the influence of heat, the position of  the wofk piecés re-
ceived in the work piece carrier member is shifted with regard to

-its origin. The more the distance between a work piece received in
a work piece carrier menmber and the origin thereof is, the more_}s
the absolute positional error. Moreover, in the case of a ther- ~
mally caused dimension variation of the work piece carrier member,
the distance'between the centering elements provided on the work
piece carrier member is changed. A thermally caused variation of
the dimension of the work table of a machining apparatus is re-
flected by a variation of the distance between the centering aper-
tures or centering pins provided qn'said work table. Even the me-
chanical machine origin defined by the centering elements provided
on the work table of the machining apparatus can shift with regard
to the theoretically correct origin under thermal influences.

All these problems are even more pronounced in the case of
geometrically over defined clamping systems, e.g. as disclosed in
German Patent No. 31 15 586. Moreover, a differenp thermal expan-



-3- In Gernman Patent No. 31 15 586, a two part work piece clanmp- ing.system
is disclosed which is suited to clanpingly receive par- ticularly work
pi eces with small dinmensions. This clanping system conprises a chuckrerber—
as well as a work piece carrier nenber adapted to be connqﬁggg%$ﬁmEQ§”f

uc
member” in a wel | defined po- sition. Therefor; the chuck ne uﬁlﬂrﬁlﬂ‘ég _

W th a nunber. of projecting positioning studs or pins which
correspondi ng nunber of correspondingly |ocated positioning

provided in the work piece carrier menber. By nmeans of the cooperation of
two of these pairs of studs or pins and apertures, an exactly de- fined
position of the work piece received in -the work piece car-

sion coefficient between the work piece carrier member and the
work table of the machining apparatus results in further inaccura-
cies. If further factors add to these problems, e.g. heavy weight
of the'work pieces to be clamped and/or high clamping forces, the
'material of the work piece carrier member could be elastically de-
formed with the result that the positional accuracy of the work
piece carrier member with regard to the machining apperatus is
further impaired. It must not especially emphasized that larger
clamping systems incorporating larger work piece carrier members
‘react stronger on tpese negative ‘factors -than smaller ones.
| Additionally, care must be taken to manufacture such work
piece carrier members, usually cOnsiSting of a plurality of indi-
vidual elements, of absolutely identical_éteel material, since:
steel material originating from different manufacturing batches
can show a different behavior as far as thermal ekpansion and/or
elasticity is concerned. ' ' .
Furthermore, other sources of errors well known in the art
must be taken into consideration; all these errors can sum up, in
the worst case, in such a way that the final_positional'accuracy
of a work piece'carrier member and the work pieces received’
 therein, respectively, with regard to a machining apparatus is no
longer within the required linits. Some possible'causes'of'such
further errors are: - .
¢+ tolerances in manufacturing of the centering pins;
¢ tolerances in manufacturing of the centering apertures;
¢ tolerances in connecting the centering pins at the work
piece carrier member and/or in locating the centering apertures
relative to the work table of a machining apparatus.

' In order to minimize all these tolerances, a very -high expen-
diture must be taken during the manufacture of such a high preci-
sion clamping system; the results are correspondingly high costs.
for the centering elements (cooperating pairs of pins and aper-
tures) as well as for the entire work piece carrier member.

In order to avoid all the disadvantages discussed herein be-
fore, it would be desirable if the positional reference of the
" work piece carrier member could be completely isolated from and



rie? nmenber with régard to the chuck menber is ensured. Wth the hel p of é
first pin or stud/aperture pair, the exact position of the work piece in X-
and, Y-direction is determned, while the other pin or.s

det ermi nes the angul ar orientation of the work piece aro
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are |l ocated relative to each other with a hi gh degree of precision. Cnly by
this measure, a re-.liable cooperation of the centering pins or studs with

the center- ing apertures is ensured. However, in this way, -a very high
manu- f aqiade nindependent of thqublamplﬁgfanﬂhédxﬁmgbhemnswnaquined-to con-
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ing apparatus. In such a case, this means in other words that the
inevitably present inaccuracy in clamping the work plece carrier
member to the work table of a machining apparatus and the discrep-
ancy between the theoretic coordinate origin of the machining ap-
paratus and the mechanic work piece carrier member coordinate ori-
" gin mechanically fixed by the position and cooperation of the po-
sitioning and clamping elements no longer has any effect on the
positional accuracy of the work-piece carrier'member apd/or the
machining accuracy of the work pieces received therein. Moreover,
it would be desirable to replace the centering elements known in
the art which are very expensive to manufacture by simpler ones or
to completely omit.them. A final goal to be achieved would be to
determine possibly occurring dimensional variations of the work
piece carrier member and variations in the position of the work
pieces received in the work piece carrier member, respectively,
with reference to the theoretical coordinate origin of the maohin—
ing apparatus'and to aritmethically correct the coordinates of the
work-piecee received in the work piece carrier member in relation
to these dimensional variations of the work piece carrier member

and variations in the position of the work pieces received in the
work piece carrier member.

It is an object of the 1nvent10n to prov1de a method for po-
sitioning a work piece carrier member in a machining apparatus by
means of which the p051tlon of the work piece carrier member and,
thereby, the work pieces received therein with regard to the ma-
chining apparatus can be set with more accuracy than possible be-
fore. _

It is a further object of the invention to provide_a work
piece carrier member adapted to.clempingly receive a work piece or
a plurality of work pieces whose position with regard to a machin-
ing apparatus can be easily and exactly determined.

To achieve these and other objects, the inventlon provides a
novel method for pos1tlon1ng a work piece carrier member in a ma-
chining ‘apparatus. According to the invention, first, the work



the position in X- and Y-direction is defined by each centering stud or
- pin/aperture pair independently fromeach other, with the result that the

geonetric position of the work piece carrier nem ber wittrregardto the —
cl anpi ng chuck menber is over defined. Wth clanping sys}ﬁp@wgghgﬁ&gR_idyj

havi ng | arge di mensions, e.g. work piece-c&rrier nenbers [
design, these problems are even nore pronounce. In the in E#H
positioning as stable and accurate as possible, the indivi

pairs are |ocated as far away from another pin/aperture as possi-

Thus, the disadvantage occurs in such a design that the ob-
talnable positioning accuracy is inpaired e.g. by thermal influ-

piece carrier member is inserted into the machining apparatus in a
p051tlon which corresponds at least approximately to a preselected
nominal position. Then, the work piece carrier member is position-
ally fixed in the position which corresponds at least approxi-
mately to the afore.mentioned'preselected nominal position. Now,
the effective position of the work piece carrier member with re- -
gard to a nominal reference_axis of the machining apparatus is de-

termined and the coordinates of the determined effective position
are stored. '

The invention further provides a work piece carrier member _
adapted to clampingly receive a work piece or a plurality of work
pieces. The work piece carrier member is adapted to be position-
ally fixed on the work table of a machining apparatus for machin-
ing work piece and the work pieces, respectlvely, received in the
work piece carrier member. The work piece carrier member is pro-
vided with at least two reference marks located on the work piece
carrier member in a horizontal distance from each other to deter-
mine the effective position of the work piece carrier member in X-
and Y-direction as well as with regard to its anguler orientation
around the intersection of the X- and Y-axes, i.e. the Z-axis.

By this method and by means of such a work piece carrier mem-
ber, it is possible to exactly determine and set the position of
the work pieces to be machined independently from tolerances of
the work piece carrier member, of its clamping and p051tlon1ng
elements and of thermal 1nf1uences.' _ '

In a preferred embodiment of the method, it is ‘additionally
provided that, moreover, after f1x1ng the work piece carrier mem-
ber in the machining apparatus and prior to machining the work _
pieces received in the WOrk piece carrier member, the distance be-
tween the afore mentioned reference marks is measured and compared
to the distance betﬁeen the reference marks determined at the
measuring and ‘aligning station. If the deviation of these two val- -
ues exceeds a certain limit, the_coordinates of the work pieces
received in the work piece carrier member is aritmethically cor-
rected in X- and/or Y-direction. in dependence of the measured dis-



encés with the result that in a cl anpi ng system having e.g k
]
I

wor k piece carrier nmenber with a length and/or w dth ofs
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cl anpi ng systemin the EP-A2 Nr. 0,403,428 by nmeans of whi t

di sadvant ages nentioned above can be nore or |ess avoided. This design
conprises a work piece carrier menber in the formof a frane like carrier
unit provided with centering ap- ertures. The centering apertures cooperate
with-correspondingly |ocated centering pins arranged on the surface of a
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t he work préece carrier menper mngﬁ regard to the machining appara-, .

. Due to the provision of two reference marﬁ%iiééated in a cer-
tain horizontal distance from each other on the work piece carrier

. member, the effective_posifion thereof can be exactly determined
not only in X- and Y-directiohi_but also with regard to its angu-
lar orientation around the Z-axis. The result is that the center-
ing and fixing elements of the work piece carrier member can be
manufactured with a much simpler design; accordingly, the whole
work piece carrier member is much less expensive than high preci-
sion work piéce carrier members known in the art without the dis-

~ advantage that the positional accuracy of'the work piece carrier
member is impaired. ' -
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In a preferred embodiment of the work piece carrier member,
it is provided that the clamping frame member thereof be manufac-
tured of one piece. Thereby, such a design has the advantage that
the entire essential part of the work piece carrier member con-
sists of the same materiai; in other words, that no different ma-
terials having differing:characteristiés must be used. Moreover,
no tolerances in assembling the work piece carrier member can oc-
cur. | | , .

In the foilowing, an embodiment of the invention will be fur-
ther-described, with reférence to the aécompanying drawings}'in
which: ' , |

- Fig. 1 shows-a_top view of a schematically drawn work piece
carrier member:; ' o _

' Fig. 2 shows a longitudinal sectional view of the work piece
carrier member of Fig. 1, but without the work pieces clamped
therein, taken along the line A-A in Fig. 1; o

_ Fig. 3 shows a cross sectional view of the work piece carrier
member of Fig. 1, but without the work pieces clamped therein,
taken along the line B-B in Fig. 1; and ' .

Fig. .4 shows a strictly schematic representation of a measur-
ing and aligning station as well as of a wiré erosion apparatus
eduipped with a work piece loaded work piece carrier member and of
a computer. ' '



tus’in X- and Y-direction and, thereby, sets the origin of a ref- erence
~coordinate systemor grid. In order to define the angular orientation of

'the work piece carrier nenber around the afore nen- tionedorigrn,—ie:
around the Z-axis, there.is provided.a second group [ ures
and céntering pins located in a cer- taim ¥sTance |ﬁ[fh5% &Iﬁéﬂé&}{% g‘%grjnthe
afore mentioned first group of centering apertures and J!: m’ut Hs I n
order to addition- ally define the angular orientation L axi s,

particu- larly in the case of very large work piece carrier menbers, a,
still further group of centering apertures and centering pins can be
provided which is located in a certain distance in Y-direction fromthe .
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achi eved conghsth afthemmguuyclamplng frame member 2 or generally rectangu-
' lar shape which can be made of one piece and comprising two lat-
eral frame members 3 and 4, two cross frame members 5 and 6 as
well as a plurality . of clamping bar members 7, 8 and 9. Between
the first clamping bar member 7 and the second clamping bar member
8, two rectangular paralleleplped shaped work pieces 50 and 51 are'
clamped, and between the second clamping member 8 and the third
clamping member 9, three cylinder shaped work pieces 52, 53 and 54
are clamped. o . '
The two lateral frame members 3, 4 are provided each with a
‘step shaped recess 11 running along their edges facing the inte- '
rior of the clamplng frame and being equipped with threaded bores
12. In order to enable the three clamping bar members 7, 8 and 9
to be fixed to the clamping frame member 2, both ends of the
clamping bar members 7, 8 and 9 are provided with a short support-
ing arm member 14 incorporating a longitudinal slot 15. The clamp-
ing bar members 7, 8 and 9 rest with the afore mentioned support-
ing'arm members 14 in the recesses 11 of the lateral frame members
3 and 4 and are fixed thereto by means of sCrews 16 penetrating
- the assigned longitudinal slot 15 and received in one of.the
threaded bores 12 of the lateral frame members 3 and 4.
' Two of the three clamplng bar members, i.e. the members 7 and
8, are provided with a progectlng rib member 18 running along one .
-of its lower edges and serving as a stop member on which the work
pieces 50 and 51 to be clamped can rest during the clamping proc-
ess. The fhird‘clamping bar member 9 is provided with V-shaped re-
cesses 19 in which cylinder shaped bodies 52, 53, 54 can be re-
ceived. It is understood that the three clamping bar members 7, 8
and 9 are but exemplary embodiments and many other designs of
clamping bar members can be used within the scope of the present
invention. ' | |
In the embodiment discussed herein, the work piece carrier
member_l is provided with four clamping elements él_projecting
from the lower surface of the clamping frame member 2 and serving



caused length variation is not reflected in a undefined shift of the 6rigin
of the system Al'l the statenents and expl anations given herein before have
referred to a—e%eekse—aﬁd—we++—def|ned cooperation of the center- ing

el ements durin L e r cess, i.e. the positionally defined
| ocati"on of th¢ er nenberl&tTlregard to a machi ning
apparatus. This based on the fact that, by a defined

cooper.ation of t | ements during the clanplng process, i.e. the
pos1tional|y_def|ned | ocation of the work piece carrier nenber with regard
to a machining apparatus, automatically a correspondi ngly precise
positioning of the work piece carrier nenber and the work pieces received
therein, fQSPEIking the work p1ece carrier member 1 in the measurlng and

aligning station and in the machining apparatus._The four clamping
members 21 are generally arranged in the region of the four edges
of the clamping frame member 2, and the distance between the two
clamping members 21 provided on the left side lateral frame member
6 is somewhat smaller than the distance between the two clamping

- members 21 provided on the right side lateral frame member 5 in
order to provide for an unambiguous’orientation of the work piece
carrier member 1 in the measuring and aligning station and in the
machining apparatus. The clamping members 21.serve for coarsely
'centering and positioning the work piece carrier member 1 with
reference to the measuring and aligning station and the machlning
apparatus, respectively.

Basically, such work piece carrier members 1 are well known
in the art. For instance, a work piece carrier member of this kind
is disclosed in U.S. Patent Nr. 5,201,502. Thus, it is not neces-
sary to further describe details of such a work piece carrier mem-
ber. The arrangement and the principle of the clamping members 21

- shown in the drawings are for illustration only; it is understood
that numerous other designs of clamping members could be used. For
example, it would also be possible not to provide the work piece
carrier member 1 with clamping and/or centering nembers at all,
but to provide the measuring and aligning station as well as the
machining apparatus with suitably designed clamping and/or center-
1ng elements.

An essential characteristic of the present 1nventlon, how-
ever, is that the work piece carrier member 1 is provided with two
reference marks. In the present example, each of the two cross
frame members 5 and 6 of the clamping frame member 2 are provided
with a reference mark in the form of a continuous_bore 22 and 23,
respectively. These two reference bores 22 and 23 are located di-
agonally opposite to each other in the region of two corners. of
the clamplng frame member 1. The continuous bores 22, 23 serve as
reference marks and help to deflne the pos1tlon of the work piece
carrier member 1 in X-direction, in Y-direction as well as regard-
ing its angular orieﬁtation around the Z—axis..Mbreover, in Fig.



tivély, |s achleved However, practice has shown that, under certain
circum stan_§s+_ﬁyen_+n—%he—ease of a stable well defined origin of the
work pi ece carr|er nenber he position of the work pieces re- ceived in-

such a work -pi er with regard to the cen- tering elenents
and ‘tFKe origin “ se centerimgld e- nents, respectively, can
vary within th eral hun- dreds of n1II|neters. The reasons
t herefor, first and forenost, probably can be found in thermally caused
dlnen3|on vari ati.ons of the mork pi ece carrier nenber and/or of the work
tabl e of the machi ni ng appara- tus. If the dinmension of the work piece
carrier nmenber is varied under the influence of heat, the position of the

wor k 3' £aGS thits AR | K FohBEnNORS BHLES 24T Ahar 26eERe outlieid dth Wirdken
regard 1q 1S Oihde tws adafeidfafl S630ERuORE"BSRed B, 2B 252 LS in
' the region of the two remaining opposite corners of the clamping
frame nmember 2. Thereby, it should be p01nted to the possibility
that the clamping frame member 2 may be prov1ded with three, four
or even more continiuous reference bores.
A coordinate system or reference frame 26 which is deflned by
the two reference marks in the form of continuous reference bores
22, 23 is schematlcally shown in Fig. 1 by an abscissa 27 (X-axis)
and an ordinate 28 (Y-axis); the Z-axis runs along a line perpen-
dicular to the X- and Y-axes through the intersection or origin
thereof. To illustrate the bosition(s) of the clamped work pieces
50, 51, 52, 53 and 54 with reference to the coordinate systenm 26,
‘a dash-dot line designated with x is drawn from the rectangulér
'parallelepiped shaped work piece 51 to the ordinate 28 and a dash-
dot line designatéd,with y is drawn from the rectangular paral-
lelepiped shaped work piece 51 to the abscissa 27. Correspond-
ingly, equivalent lines are drawn for the uppermoét_cylinder
shaped work piece 52.

_ In Fig. 2, the work piece carrier member 1 is shown in a lon-
gltudlnal sectional view along the line A-A in Fig. 1. For the

. sake of clarity, the work pieces clamped by means of the clamping
frame member 2 and shown in Fig. 1 as well as several hidden lines
are not shown in'Fig. 2. F#om this figure, two of the four down-
“wardly projecting clamping-eleménts 21 are evident. As already
mentioned, these clamping elements serve,'on the one hand, for
coarsely positioning the work piece carrier member 1 with refer-
ence to a measuring and aligning étation.and a machining appara-
tus, and, on the other hand, to firmly fix the work piece.carrie:
member 1 to a work table of a measuring and aligning station and a
machining apparatus, respectively. The real fixing and clamping
operation is performed mechanically, e.g. by the force of springs,
and the releasing of the clémping elements is performed pneumati-
Cally.'Thus, it is ensured that the work piece carrier member re-
mains fixed in its ﬁosition, even if there is a leak in the pneu-
matic or hydraulic system or in the case of an interruption in the



a work piece carrier nmenber and the origin thereof is, the nore is the
absol ute p05|t|onal error. Moreover, in the case of a ther- mally caused
di nensi on var+attonofThe work pi ece carrier nenber, the distance between

‘the centering fh Qiﬁsﬂéﬂké -on the work piece carrier nenber is
changed. A the riation of-th® di mension of the work table of

a machi ni ng app Iected by a variatiaon of. the di stance between
the centering a enterlng pi ns provided on said work table.
Even the ne- chanlcal nachlne origin defined by the centering el enents
provi ded--on"the work table of the machining apparatus can shift with regard
to the theoretically correct origin under thermal influences. Al these

probl ens gr&cEyEd ﬁ@nerpsappmgce@remetrlamqgsa;na‘ dlemiFing catrangomentie s nde-

K,L?ggl,g? s:ggs'ttaqags %?gﬁt lpﬁg}dnlgfgl Oéa% rerr%«r%rlzl)catpeinetce caxsrlelil':’ égrﬁber 1l is
safely held in p051t10n also in the case of failure of the elec-
tric and/or pneumatic power supply. _

In Fig. 3, the work piece carrier member 1 is shown in a
Cross sectional view along the line B—B in Fig. 1. In this view,
the clamplng bar member 7 is shown 1n a longltudlnally sectloned
view, illustrating its 1ong1tud1na1 proflle.

In Fig. 4, there is shown, in a very schematic manner, a
measuring and aligning station 30, a wire erosion apparatus 40 as
well as a computer 45. The measuring and aligning station 30
serves, as is already implied by its designation, for determining
the exact position of the work_pieces 5x received in the work
piece carrier member 1 with reference to the work piece carrier
member 1. As such measuring and aligning stations.30 as well as
the measuring and aligning proceeding for.determining the position
of the work pieces are known in the art and do not form, per se,
an essential part of the invention, the follow1ng explanations are
limited to those facts which are essential for the invention.

The measuring and aligning station 30 essentially-comprises a
measuring table 31 as well as a measuring arm member 33 supported
by a frame structure 32. The measuring arm member 33 is provided
with a measuring caliper 34 mounted to its free end. The computer
45 required.for the operation of such a measuring and aligning
station 30 is_conneéted-to the latter one by means of a symboli-
cally shown data conductor 35. The measuring arm member 33 and,

- thereby, the measuring caliper 34, are displaceable in X-, Y- and
Z-direction. As is wei; known to ény person skilled in the art,
the actual position of the measurinq arm member in X- and Y-direc-
~tion as well as its position with regard to a reference point can

‘be determined and recorded with high accuracy with the help of
measurement processing means well known in the art. In order to
achieve an exactly defined poéitioning of the work piece carrier
member 1 in Z-direction, the measuring table 31 is provided with a
rest surface (ndt shown in detail) on which the work piece carrier
member rests, preferably in the region of the clamping elements



-6- sion coefficient between the mork pi ece carrier negber and the work

- tabl e of the—ﬁﬁﬁmﬁﬁﬂﬂ}ﬁﬁﬂﬁﬁéﬁ+§ results in further inaccura- cies. If
. fuct her facto&ﬁs o_th s¢ obIenB e.g. heavy wei ght of the work pieces

'-to be cl anped i ng forces the material of the work piece
carrier rrenber] Elﬁg Iﬁﬁlcally de- fcf‘rred with the result that the
posi-tional acc rk piece carrier nmenber with regard to the
machi ning apparatus is further ifnpaired. It nust not especially enphasized
that | arger clanping systens |ncorporat|ng | arger work piece carrier
nmenbers react stronger .on these negative:factors than smaller ones.

Addi tional ly, care nust be taken to manufacture such work piece carrier
menber s, 2usuhlg, cbhsi posifion ohitheaineaswiingigirm member 33 in Z-direc-

tion just not be determined because the height pos1tron of the
work piece carrier member 1 is exactly known. On the other hand,
the deflection or path of displacement of. the ‘measuring arm member
can be digitally determined, processed and stored by means of the
computer 45 without difficulties and with a high degree of accu-
racy. _ , | '

Preferably prior to determining the position of the work
pieces, indicated by reference numeral 5x and received in a work

' piece carrier member 1 as shown in Fig. 4, first, the exact posi-
tions of the reference bores 22 and 23 provided in the clamping
frame member 2 are determined. For this purpose, the tip of the
measuring caliper 34 is introduced in the reference bore 22 and
23, respectively, and the wall of the bore is contacted by the tip
of the measuring caliper 34 at least three times, in positions
which are preferably offset to each other by 90-150°. As soon as
the t1p of the measuring caliper 34 touches the wall of the bore,
the position of the measurlng caliper 34 and the measuring arm 33,
respectively, in X- and Y-direction is determined with ‘regard to a
reference origin of the measuring and aligning station 30 and
stored. By determining three points of the wall of the reference
bore 22 and 23, respectlvely, the axis of the bore can exactly and
unambiguously be determined electronically. Thereafter, a virtual
coordinate system or reference frame is arltmethlcally superim-
posed to the work piece carrier member 1, the determined centers
of the two reference bores 22 and 23 serving as the basis of the
sald virtual coordinate system or reference frame. .

. Now, the position and the exact coordinates, respectlvely, of
the work pieces 5X received in the work piece carrier member 1 can
be exactly determined with regard to the afore mentioned virtual’
coordlnate system or reference frame. For this purpose, the meas-
uring caliper 34 is moved towards the clamped work pieces 5X at
least twice, in different -directions, preferably offset by 90°, in
order to determine the position of the measuring arm member 33
upon the occurrence of a contact between the tip of the measuring
caliper 34 and the surface of the work piece S5X in X- and Y-direc-



el enents, of absolutely identical steel material, since stee

material originating fromdifferent manufacturing batches can show a
di fferent behavior as far as thermal expansion and/or—etasticity—+s
concerned. Furth

. urthernore, other sources of errors well known in the art nust

be taken into consideration; all these errldrs can sunu uME
rU

carr|er nmenber and the work pieces received therein,

in such a way that the final positional accurac

a
ﬂmﬂece |
W t h

regard to a machining apparatus is no |onger within the required linits.
Some possi bl e causes of such further errors are: [err] tolerances . in
manuf acturing of the centerlng pi.ns; [err] tolerances in'nanufacturing of

the cent etfik&gs a%éﬂrﬁéashﬁéﬁbntolvﬂaecs& stored s ithe wanplﬁﬁx.eMSlQ i ns

at the mor

I ece carrier in |logatin h
é)way,_the pOSltlon ang tge coordinét % tr%éﬁggt vé¥& fturgg

work piece 5X received in the work piece carrier member 1 is de-
termined with regard to the afore mentioned virtual coordinate
system or reference grid. The entire measuring proceeding is con-
trolled by the computer 45 and the measured values are stored
therein. In this way, the exact position and orientation of the

" work pieces 5X, with reference to the virtual coordinate system or
reference frame imposed on the work piece carrier member 1 and de-
fined by the position of the two reference bores 22 and 23, is
known and ready for further processing. )

In the present.example, a wire erosion apparatus 40 is used
as a machining means for machining the work pieces 5X received in
the work piece carrier member 1. The essential parts and elements
of such a wire erosion machine 40, evident from the strictly sche-.
matic view of Fig. 4, are a work table 41, preferably in the form
of an open frame member as is well known in the art, a wire guid-

"~ ing head member 42 dlsplaceable in X— and Y-dlrectlons, as well as
the real erosion wire 43. The wire erosion apparatus 40 is con-
nected to the computer 45 by means of a schematlcally shown data

. connection 46. . :

In the following, the process of determining the exact posi-
_tion of work pieces in a work piece carrier member and of exactly
positioning the work pieee cerrier member 1 in a wire erosion ap-
paratus 40 is explained in more detail, with reference to Figs. 1
and 4. It is understood that the process of the invention or a
similar process within the seope of the present invention can be
performed also in connection with another machining apparatus and
is not limited to the wire erosion apparatus 40 serving as an ex-
ample herein after. :

-As a first step, the exact positions of the work pieces 50,

" 51, 52, 53 and 54 received in and clamped to the work piece car-
rier member 1 are determined with regard to the two reference
bores 22 and 23 in the measuring and aligning station 30. Thereby,
a virtual coordinate sYstem or reference grid is superimposed on
the work piece carrier member 1. Thereafter, the position coordi-



relative to the work table of a machining apparatus. In order to mnimze
‘all these tolerances, a very high expen- diture nust during the
‘manuf acture of such a high preci- sion clanping systen1 t he results are

correspondi ngly high costs for the centeréd? elenents (& & o
pins and aper- tures) as well as for the ITe work plﬂ '
In order to avoid all the di sadvantages di scussed herei mould

be desirable if the positional reference of the work piece carr|er
could be conpletely isolated from and -7- made i ndependent of the

clanmping and fixing neans required to con- nect the work piece carrier
menber on the work table of a nmachin- '

nates of the work pieces, referenced to said virtual coordinate
system, are stored in the computer 45 and transferred to the ma-
chining apparatus, in the present example the wire erosion appara-
tus 40, by means of the data connection'46. As a next step, the
work piece carrier member 1 is removed from the measuring and
aligning station 30, displaced to the wire erosion apparatus 40
and firmly clamped to the work table 41 thereof. An exact posi-
tlonlng of the work piece carrier member 1 in, Z-dlrectlon, i.e.
with regard to its helght position, is performed by the coopera—
tion of the plane surface of the work table 41 of the wire erosion
apparatus 40 with the plane lower surface of the work plece car-
rier member 1. '

By means of the clamping elements ‘21 provided on the work
pieCe carrier member 1, the latter one is coarsely positioned in
X- and Y-directions with regard to a reference origin of the wire
erosion apparatus 40; in fact, a deviation of positional accuracy
in the region of a few tenth of a millimeter does not have any
significant influence. Should it be required under-any'particular
circumstances to more exactly position the work piece carrier mem-
ber 1 with regard to the abdve'mentioned reference origin of the
wire erosion apparatus 40, the work piece carrier member 1 can be
provided with more .exactly operatlng clamplng and positioning -
means, e.g. as disclosed in U.S. Patent Nr. 5,065,991. _

As the position of the reference bores 22 and 23 with refer-
ence to the position of the clamping elements is known from the
preceding measuring process performed in the measuring and align-
ing'station 30, a clamping accuracy of the work piece carrier mem-
ber 1 in the wire erosion apparatus 40 within the limits of a few
tenths of a millimeter is sufficient to ensure that the wire ero-
sion apparatus 40 can find the approximate location of the refer-
ence bores 22 and 23 and can introduce the erosion wire 43 through
the reference bore 22 and 23, respectively, in a known way, e.g.
by means of a liquid jet guiding the erosion wire 43 as is well
known in the art. Thereafter, well known in the art too, the ero-
sion wire 43 is collected at the underside of the work piece car-
rier member 1 and tensioned.



ing apparatus. In such a case, this means in other words that the

inevitably present inaccuracy in clanping the work piece carrier menber to
the work table of a nachlnlng appar atus and the discrep- anqymbgkmgggﬂkmglmmd

theoretic coordinate origin of the machining ap- paratus and
wor k- pi ece carrier nmenber coordinate ori™ 19 i mechanical |y flamugﬂlﬂ:mﬁlﬂm
position and.cooperation of the po- sitioning and cl anmping el

| onger. has any effect on the positional accuracy of the work piece carrier
menber and/or the nmachining accuracy of the work pieces received therein
Moreover, it would be desirable to replace the centering el enents known in

the art which are very expensive to nanufacture by sinpler ones or to -
conpletely oni tag hﬁmnﬂaélﬂeé a@@hbﬁ werachBeysdgraspedoenido tesisdoniedy the
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plece Calgreticathinees Zﬁsbgcreﬂatyvely moving the erosion wire 43 and the
work piece carrier member 1 relatively to each other. Such a rela-
tive movement preferably takes place three times in order to en-
sure that the erosion wire 43 touches the wall of the reference
bore 22 at locations which are offset to each other by 90-150°. By
measurlng the re51stance between the erosion wire 43 and the work
piece carrier member 1, ‘it can be exactly determined at which
point of deflection of the measuring arm member 33 and at which
exact X/Y-position thereof, respectively, a contact between the
erosion wire 43 and the wall of the reference bore 22 occurs. By
means of this method, based on the position of these three contact
points, the center of the reference bore 22 can be exactly com:
puted. This method has the further important advantage that the
position of the reference bores 22, 23 which are the basis of the
afore mentioned virtual coordinate system or reference grid are
determined with the help of the real machining tool, i.e. the ero-
sion wire 43, with the result that in this way positional errors -
are minimized and mechanical tolerances avoided.

~ Thereafter, in the same way as described above, the exact po-

sition of the center of the reference bore 23, and, iflnecessary :
of further reference bores 24, 25, is/are determined. on the basis
of these measurements, the afore mentioned virtual coordinate sys-
tem or reference frame previously superimposed on the work piece
carrier member 1 is recognlzed by the machining apparatus, i.e. in
the present example.the wire erosion apparatus 40. Thus, this vir-
tual coordinate system -or reference frame, together with the work
piece p051t10n coordinates prev10usly determined in the measuring
and aligning station 30, can be superimposed to the reference co-
ordinate system of the wire erosion apparatus 40. The result is
that, finally, the exact positidns of the work pieces 50, 51, 52,
53 and 54 received in the work piece carrier member 1 with' regard
to the X- and Y-axis and regarding its angular orientation around
the Z-axis is known to the wire erosion apparatus 40 Based on
thls data, the real machlnlng process can start.



with reference to the theoretical coordinate origin of the machin- I-ng
apparatus and to aritnmethically correct the coordinates of the work pieces
regeived in the work piece carrier nenber in relation to1mheﬁennm

variations of the work piece carrier menber and varlatlons on
of thé work pieces received in the mork'bﬂété‘carrler
a mor plec

obj ect of the invention to provide a nmethod for po- S|t|on
carrier nenber in a machi ning apparatus by neans of which the p05|t|on of
the work piece carrier nmenber and, thereby, the work pieces received
therein with regard to the na- chining apparatus can be set with nore
accuracy than possible be- fore. It is a further object of the invention to
provi de a vvor k T ensdenrto egpenfolmr sadhpaepgroceskaofi eybhgtr posiitd onalodioca-

piece or a pl uralily &érﬂﬂﬁkeBéECEEc&QQES RﬂshtMBQkaEQc%e@@rrJEQ'%mﬁﬁﬁﬂ?”'
with regard to reference marks provided- thereon, it is required
that the machining apparatus, in the present example the Qire ero-
sion apparatus 40, has the corresponding software at it's dis-
posal. Since such:programs are well known in the art, the need ‘is
removed to further describe such software in detail. _

'The exchange of data between the measuring and allgnlng sta—
tion 30 and the machining apparatus 40 can be performed, if .de-
sired, by means of a software storage means, e.g. a floppy disk,
if the machining apparatus 40 comprises a suitable storage means
reading unit, e.g. a floppy disk drlve. '

The method according to the invention ensures that" the posi-
tions of the work pieces 50, 51, 52, 53 and 54 are exactly known
with a previously unknown degree of accuracy prior to the start of
a machining process, independently of the positional accuracy with
which the work piece carrier member 1 is fixed to the machining
apparatus'40, further independently of the tolerances unavoidable
at the manufacturihg of the work piece carrier member 1 and also
independently of the tolerances occurring dﬁring the clamping and
aligning of the work pieces 50, 51, 52, 53, 54 in the and with
reference of, respectively, the work piece carrier member 1.

In the following, some further, not excluslve p0551b111t1es
shall be illustrated which are offered by a process according to
_the invention or a process derived therefrom.

If the work piece carrler member 1 is provided with three
reference bores 22, 23 and 24, the third reference bore 24 can be
used as a cross check reference; thereby, this third reference
bore 24 is measured in the-same'way as the two other reference
bores 22 and 23, and a mean value is arithmetically derived from
the results of these measurements. o

If the work piece carrier member 1 is provided with four ref-
erence bores 22, 23, 24 and 25, it is possible, besides the deter-
mination of the exact location of the afore mentioned virtual co-
ordinate system or reference grid, to determine possible Iehgth or
width variations of the work piece carrier member 1 due to thermal



i ng” appar at us can be easily and exactly determ ned. -To achi eve these and
ot her obJects——%he—rﬁvenrrﬁﬁ‘ﬁF6V|des a novel nethod for positioning a work

pi.ece carrier kB face@Ni Ni ng- apparatus. According to the
i nvention, f|r plece carrier, menber is inserted into the :
machi ni ng appar |on mhlch(u%%esponds at | east approximately

to a preselecte ion. Then, the work piece carrier nenber is
position- ally flxed |n the posiﬂion whi ch corresponds at | east approxi-
mately to the afore nentioned presel ected nominal position. Now, the
effective position-of the work piece carrier menber with-re- gard to a

nom nal reference axis of the machining apparatus is de- term ned and the
coor di natigef nferidess détased nenl théset Furthesi megsurenents, . the virtual coor-

dinate system or. reference grld can be corrected accordlngly.

The location of the reference bores can be freely selected
accdrding to the special circumstances. Thus, for instance, it is
possible to providé the clamping bar members 7, 8 and/or 9 with
reference bores. This would shown the advantage that the reference

‘bores. are closer to the work pieces to be machined, minimizing the
influence of thermal length deviation. '

| Accordiﬁg to a particular variant of the process of the in-

vention, the origin of the virtual coordinate system or reference
grid could be placed in the center of the work piece carrier mem-
ber 1. In this way, it can be achieved'that possibly occurring
length deviations of the- work plece carrier member 1, measured
with regard to its origin, influence the overall accuracy only by
maximally S0% of the-entlre length deviation. .

In a breferred embodiment of the process according to the in-
vention, it is provided that, after the work piece carrier member
1 having been fixed in the machining apparatus 40, the distance
between the centers of the reference bores 22 and 23 are measured
and compared to the distance there between measured at the measur-
ing and aligning station 30. If a certain degree of deviation be-
tween the two measured distance occurs, the ‘positions of the work
pieces 50, 51, 52, 53 and 54 are arithmetically corrected by the

.machlnlng apparatus 40, in ‘dependency of the said measured devia-
tion of distance: between the reference bores 22 and 23. Thereby,
the influences of for instance thermally caised length variatioﬁs
of the work piece carrier member 1 can be essentially fully com-
pensated in X- direction as well as in Y-direction. '

In a further embodiment of the process according to the in-
vention, it is provided that the coordinates of the work pieces 5X
determined in the measuring and aligning station 30 are trans-
ferred to and stored in an electronic storage means .provided on
the work piece carrier member 1. As a storage of this kind, semi-
' conductor elements or magnetic strips could be suitable which can
store the t:ansferred information and data without the need to re-
quire a power supply means. The transformation of the data from



are stored. The invention further provides a work piece carrier nenber
adapted to clampingly receive a work piece or a plurality of work pieces.
The work piece @@gg}km{a{@ggbﬁ?ﬁbﬁ adapted to be position- ally fixed on the

~work tabte of a atus for nmachin- ing work piece and the work
pi ece$, respecti | in the wor ROi-ece carrier nenber. The work

pi ece carrier ded wth at | east two reference marks o
| ocated on the work piece carrier nenber in a horizontal distance from each
other to deter- mne the effective position of the work piece carrier

nmenber in X- and Y-direction as well as with regard to its angul ar
orientation around the i-ntersection of the X- and Y-axes, i.e. the Z-axis.

By this @@%mﬁ%&ﬁdm elehent 6r\walnptieestzipi prefemablyr is tpers-
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system, while an inductive alternate current field may be provided
for the transformation of energy. By the use of such storage ele-
ments,. an unambiguous assignment of the relative data to the work
pieces clamped in the work piece carrier member 1 can be realized.
_ In sum, it can be pointed out that the position in X- and Y-
-direction in which the work piece carrier member 1 is fixed to the
measuring and aligning station and to the machining apparatus, re-
spectively, is of minor importance because the position of the
work pieces clamped in the work piece carrier member is well and
exactly known with regard to at least two reference marks. In
other words, this means that the work piece carrier member can in-
accurately fixed to the work table of the measuring and aligning.
apparatus and to the work table of the machining apparatus, re-
spectively, since, in the measuring and aligning apparatus, the
virtual coordinate system or reference grid is created and, in the
machining apparatus, the before created v1rtua1 coordinate system
or reference grid is recognized and serves as a basis for the ma-
chining ‘of the work pieces. In this way, it is possible to use
much simpler clamping elements which can be manufactured in a nmuch
less expensive way. '

An element which has a certain significance in such a process
is the software as it has a decisive influence on the accuracy and
the possibilities of corrections. However, with a well designed
software, it is possible to determine the position of the virtual
coordinate system or reference grid and, thereby, ‘the position of
the work pieces received in the: work piece carrier member and to
be machined with a nearly perfect accuracy.

Finally, ‘it should be pointed out that, instead of the. afore
mentioned reference bores, other kinds of reference marks could be
provided on the work piece carrier member 1. Such alternative ref-
erence marks could be. in the form of projections, recesses, slots,
optical marks or similar means which can be unambiguously recog-
nized by a suitable position detection means.



the work piece_carrier nmenber, of its clanping and positioning el enents and
of thermal influences. In a _preferred enbodi nent of the nethod, it is

addi tionally pr ki a gbver, after fixing the work piece carrier
mem ber in the atus and prior to machining the work pieces
‘received in the i er menber,2lhe distance be- tween .the afore

mentioned reference marks is nmeasured and conpared to the distance between
the reference marks determ ned at the neasuring and aligning station. If
the deviation of these two val - ues exceeds a certain linmt, the _
coordi nates of .the work pieces received in the work piece carrier nenber is
aritmethically cor- rected in X- and/or Y-direction in dependence of the
neasur ed PABENT CLAIMS -

1. A method for positioning a work piece carrier member in a
machining apparatus, comprising the steps of:

1nsert1ng the work piece carrier member 1nto the machining
apparatus in a position which corresponds at least approximately
to a preselected nominal position; '

positionally fixing said work piece carrier member in said
position which corresponds at least approximately to said prese-
lected nominal pesition;

determining the effective position of said work piece carrier
member with regard to a nominal reference axis of said.machining .
apparatus; and )

storing the coordinates of said effective position.

2. A method according to claim 1, characterized in that said
effective position of said work piece carrier member is determined
by scanning at least two reference marks provided on said work
piece carrier member_in a horizontal distance'frcm each other.

3. A method according to claim 2, characterized in that a
v1rtual coordinate system or reference grid is established by said
at least two reference marks.

4. A method according to claim 3, characterized in that the
position and the coordinates, respectively, of each work piece re-
ceived in said work_piece carrier member is/are determined and re-
corded with reference to said virtual coordinate system or refer-
ence'grid in a measuring and aligning station, prior to position-'
ally fixing said work piece carrier member in said machining appa-
ratus.

5. A method according to claim 4, characterized in that addi-
tionally the distance between said at least two reference marks is
determined and recorded in said measuring and aligning station.
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-9- tance deviation. Thus, thermally caused length variati ans of the work—
pi ece carrier nmenber can be conpensated for to a high degree. Due to the

provi sion of two reference narks |ocated in a cer- tain hom?b H
fromeach other on the work piece carrier nber, the effecti
t hereof can be exactly determ ned not oﬁlf n X- and Y-dlrect

wth regard to its angu- lar-orientation around the Z-axis. The result |s
that the center- ing and fixing elements of the work piece carrier menber
can be manufaactured with a nuch sinpler design; accordingly, the whole work
pi ece carrier nenber is.much |less expensive than high preci- sion work .
piece carrier nmenbers known in the art wthout the dis- advantage that the
positi onal acclfady méthdd acchrgingetoacladm Aeoweb,i shaxggteadzed ip that

preferrE“Lﬁgﬁﬁgkémﬁgté%miﬂédmgﬁ& PLE62ded ihtsaf@hdasuring and aligning

station are stored and transmitted to said machining apparatus.l

7. A method according to claim 6, characterized in that said
virtual coordinate system or reference grid defined by said at
least two reference marks and determined in said measuring and
aligning statlon, together with the coordinates of the work pieces
received in said work piece carrier member, is arlthmetlcally su-
perimposed to the coordinate system or reference grid of said ma-
chining apparatus.

8. A method according to one of the preceding claims, charac-
‘terized in that the position of said work piece carrier member in
Z-direction is mechanically determined.. '

. 9. A method according to one of the claims 1-7, characterlzed

- in that the p051tlon of said work piece carrier member in Z-direc-
tion is determined by scanning at least two reference marks which
are provided on said work piece carrier member in a vertical dis-
tance from each other. - ' ' '

_ 10._A.method according to one of the claims 4-9, character-
ized in that the position of'said reference marks is mechanically
or optically'scanned_at said measuring and aligning station.

11. A method according to one of the claims 4-10, characte:-
jzed in that the position of the work pieces received in said work
‘piece carrier member is détermined at said measuring and aligning
station by means of a measuring caliper by touching each of said
work pieces in at least two points which are offset to each other
by an angle of 90°. ' - '

12. A method according to one of the claims 4-10, character-
jzed in that the position of the work pieces received in said work
piece carrier member is determined at said measuring and aligning
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it is provi ded that the clanplng frame menber thereof be manufac- tured of
one piece. Thereby, such a design has the advantage that the entlre

essential part of the work piece carrier member con- sists ofhi
material; in other words, that no different_ma- terials havin “l
characteristics nust be used. Moreover, T#3 ot erances i.n asse

wor k piece carrier rrenmber can oc- cur. In the follow ng, an enbodlnent of
the invention will be fur- ther described, with reference to the
acconpanyi ng drawings, in which: Fig. 1 shows a top view of a schematically
drawn work piece carrier nenber; Fig. 2 shows a |ongitudinal sectional view
of the work piece carrier nenber of Fig. 1, but wthout the work pieces
cIanpediﬁthnon bykeptiatahgmebhns) i eegi- A lasEmgbehm means, whereby each

work piece is scanned in at least two p01nts which are offset to
each other by an angle of 90°.

13. A method according to one of the preceding claims, char-
acterized in that said machining apparatus is a wire erosion appa-
ratus and further characterized in that said reference marks are
constituted by continuous reference bores provided in said work
piece carrier member, whereby the position of said reference bores
are scanned by means of the_erosien wire of said wire erosion ap-
paratus. ' '

14. A method according to claim 13, characterized in that,-
for determining the position of the center of each of said refer-
ence bores, the wall of each of said reference bores is touched by
said erosion wire in three different points each offset to each
other by .an angle of 90-150°;'whereby, in each Case, the position -
of said erosion wire is recorded as soon as it touches the wall of
said reference bore and whereby the position of the center of said
reference bore is arithmetically calculated on the ba51s of the
position of said three touching points.

15. A method aecording to one of'the claims 5-14, character-
“ized in thet, after fixing said work piece carrier member in said
machining apparatus, additionally the distance(s) between said
reference marks is/are measured aﬂd compared with the distance(s)
between the reference marks measured in said measuring and allgn-
ing statlon, whereby, in the case' of a predetermined deviation of
the measured values, the coordinates of each work piece received
in said work piece carrier member are aritmethically corrected in
said machining apparatus with regard to said virtual coordinate
system or reference grid and depending on the measured dev1ation..

16. A method according to one of the preceding claims, char-
acterized in that the origin of said virtual coordinate system or
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Fig. 3 shows a crgss sectional V|em10f t he work piece carrleF—“*ﬁﬁET—Uf———~————
Fig: 1, but without the work pieces clanped therein, taken alqmgsgggiih&%Rekmw

B-Bin Fig. 1; and Fig. 4 shows a strictly schematic represent
nmeasur- ing and aligning station as well as of a wire-erosion m,m m
equi pped wWith a work piece | oaded work ptet% Tarrier member an

conput er. - 10 - Fig. 1 shows an exanple of a work piece carrier nenber
1in a schematic top view. The work piece carrier menber 1 essentially

consists of a rigid clanping frame menber 2 or generally rectangu- |ar
shape whi ch can be nmade.of one piece and conprising two | at- -

" reference grid is selected to be approximately in the center of a
straight line running through said two reference marks.

17. A method according to claim 4 or 5, characterized in that
the values measured in said measuring and aiigning station are
transmitted by means of an interface member, e. g. a network, to
said machining apparatus.

18. A method according to .claim 4 or 5, characterized in that
the values measured in said measuring and aligning station are re-
‘corded in a data storage means and are read in said machining ap-
paratus by means of a readlng means adapted to read the data
stored in said data recording means.

19. A method according to claim 4 or 5} characterized in that
the values measured in said measuring and aligning station are re-
corded in a data storage means which is arranged on or connected
to said work piece carrier member.

20. A method. according to claim 19, characterized in that the
values measured in said measuring and aligning station and re-
corded in said data storage means which is arranged on or con-
nected to said work piece carrier member are tbuchlessly'read by
means of a reading means assigned to said machinihg apparatus and
stored in a memory means provided in said machining apparatus.’

21. A method according to one of the preceding claims, char-
acterized in that said work piecetcarrier member is positionally
fixed in said meaéuring and aligning station and/or Said machining
apparatus by mechanlcal means, preferably by spring means, and re-
leased by pneumatical means.

22. A work piece carrier member adapted to clampingly receive
a work piece or a plurality of work pieces, said work piece car-
rier member being adapted to be positionally fixed on the work ta-
ble means of a machining apparatus for machining said work piece
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eral frane'nenbELs_ﬁ_gﬂg_ﬁL_ng_cross frame menbers 5 and 6 as wel | asla
plurality of clanplng bar nenbers 7, 8 and 9. Between the first clanping

bar nenber 7 & asEenR hm&anplng bar nenber 8, two rectangul ar
par al | el epi ped eces 50 and 51 are clanped, and between the

second- cl anpin 'ﬂg- the third Ctéﬁbrhg menber 9, three cylinder
shaped work pieces 52, and 54 are clanped. The two |l ateral franme nenbers

3, 4 are provided each with a step shaped recess 11 running along their
edges facing the inte- rior of the clanping frame and being equi pped with

t hreaded bores .12. In order to enable the three clanping bar. nenbers 7, 8
and 9 to be fixed to the clanping frame nenber 2, both ends of the clanping
bar nmenbedrsd 7safd aneirk ptecespvrdsﬂemtﬁlveayshmebeﬂ.Mnm saigl avorknpirce 14

LS AR R o S e B i
at least two reference marks located on said work piece carrier
member in a horizontal distance from each other to determine the
effective position of said work piece carrier member in X- and Y-
direction as well as with regard to its angular orientation around
the intersection of said.x— and Y-axes, i.e. the Z-axis.

23. A work piece carried4 member according to claim 22 com-
prising two reference marks located diagonally opposite to each
other. -

24. A work piece carrier member according to claim 22 or 23,
characterized in that said work piece carrier member has an at
least'approximate rectangular shape whereby at least two diago-
nally opposite corners thereof are provided each with one of said.
reference marks. |

. ‘25, A work piece carrier member according to claim 24, char-
acterized in that said work.piece carrier member is provided with
three reference marks located in the region of three .corners
thereof.

. 26. A work piece carrier member according to one of the
claims 22-25, characterized in that said reference marks are con-

stituted by continuous bores provided in said work piece carrier
member. '

27. A work piece carrier member according to one of the
claims 22-26, characterized in that said work piece carrier member
comprises a clamping frame member'brovided with stop means for the
positioning of said work piece carrier member in Z-direction.

28. A work piece carrier member according to one of the-
claims 22-27, characterized in that said work piece carrier member
and said clamping frame member, respectlvely, is provided at its
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|ngeumnmmaeﬁﬁ+ﬁ4#%%%&%es110fthelmemﬂfrmmrmﬂmm 3 and 4

and are fixed t er to of screws 16 penetrating the assigned

| ongi t udi nal sl d in one of the threaded bores 12 of the
lateral franme nme WJM the three clanping bar nmenbers, i.e.
t he menbers 7 an ed with & Eﬁbjectlng rib menber 18 running

along one of its Iomer edges and serving as a stop menber on which the work
pieces 50 and 51 to be clanped can rest during the clanping proc- ess. The

third clanping bar menber 9 is provided with V-shaped re- cesses 19 in

whi ch cylinder shaped bodies 52, 53, 54 can be re- ceived. It is understood
that the three clanping bar nenbers 7, 8 and 9 are but exenplary

enbodi Wem&we’m’lcbmc@thﬁthdesrgst stirfhaepadgplad fendefinean tise pasidion

WLhin LS SEORE Of5%2&ngggssgapéﬁxe%lgoauhnrL_-@% SR b I EWRE Gh said

her ei n,
measuring and allgnlng apparatus and said machlning apparatus, re-

spectively.

29. A.work piece carrier member according to cla1m 28 or 29,
characterized in that said clamping frame member is made of one
piece. ' '

30. A work piece carrier member according to one of the
claims 22-29, characterized in that said work piece carrier member
is provided with a data storage means for storing the position of
the work piece(s) and the coordinates thereof, respecti#ély, re-
ceived in said work piece carrier member, and, if appropriate, for
storing further data.

31. A work piece carrier member according to one of the
claims 22-30, characterized in that said work piece carrier member
is provided with clamping means adapted to clampingly fix said
work piece carrier means in said measuring and aligning station
and in said machining apparatus, respectively.

32. A work piece carrier member according to claim 31, char-
acterized in that said clamping means are simultaneously'designed
as centering elements for at least coarsely centering and unambi-
guously aligning said work piece carrier member in said machining
apparatus. ' .

33. A work piece carrier member according to. one of the
claims 22-32, characterized in that said work piece carrier membe:
is provided additidnally with at least two further reference marks
located in a certain,verticél:distance from each other to deter-
mine the position of said work piece carrier member in Z-direc-
tion.
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menber 1 is provided with four clanping elenents 21 projecting fromthe

| ower surface of the clanping frane nenber 2 and serving - 11 - for
fixing the work piece carrier nmenber 1 in the measuring and aligning
station and in the machi.ning apparatus. The four clanping nenbers 21 are
generally arranged in the region of the~f8&dr —edges of the clanping franme
menber 2, and the distance between the two clanping nenbers 21 provi ded on
the | gft side |lateral frame menber 6 is sonmewhat smaller than the distance
bet ween the two cl anping nenbers 21 provided on the right side |ateral
f.rame nenber 5 in order. to provide for an unanmbi guous orientation of the
wor k piece carrier menber 1 in the neasuring and aligning station and in
the ' 34. Use of a work piece carrier member designed according to

one of the claims 22-33 as .a work piece clamping member adapted to
be fixed in a machining apparatus for machining the work pieces
received in the work piece carrier member, particularly to be
fixed in a wire erosion maéhining apparatus.

-
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machi ni ng apparatus. The cl anpi ng menbers 21 serve for coarsely centering
and positioning the work piece carrier nmenber 1 with reference to the
measuring and aligning station and the machi ni ng apparatus, respectively.
Basically, such work piece carrier nenbers 1 are well known in the art. For
instance, a work piece carrier nmenber cﬁzépis kind is disclosed in U S.
Patent Nr. 5,201,502. Thus, it is not neces- sary to further describe
details of such a work piece carrier mem ber. The arrangenent and-the

principle of the clanping memnbgsfrrdT SHERHE NpESErLdsarEngs are for
illustration only; it is understood that numerous ot her. desi gns of clanping

T ot e A eSO $O8 oS PEGHANE. £ ubke "B kel CRREPERPHENBERINCA bRcyine-

ST

menber s aIN@IAmem@ EDVACk@ORHEPBEBEUCAREIERdMEMBQRI RDABTEDi TQ aE msm-

as the nachlnlng apparatus mnth SUItab desi gned_cl anpi.ng and/ or center-
~TIONED IN A CHINI G APPARATUS

In a method of positioning a work piece carrier member with
regard to a machining apparatus, it 1s provided to insert the work
piece carrier member into the machining apparatus and to fix it
there in a p051tion which at .least approximately corresponds to a
desired nominal position. Thereafter, the effective position of
the work piece carrier member is determined by scanning two.refer—-
ence marks provided on the work piece carrier member. The determi—
nation of the exact position of the  work pieces received in the
work piece carrier member is carried'out in a separate measuring
and aligning station. The p051tiona1 data thus determined are
transferred to the machining apparatus. The effective position of
the work pieces received in the work piece carrier member can be
calculated on the basis of the position of the reference marks.

The in#ention further provides a work piece carrier member

~ comprising at least two reference marks located in a certain hori-
zontal distance from each other. Thereby, the exact effective po-
sition of the work piece carrier member in X- and Y-direction as
well as regarding its angular orientation around the Z-axis can be

| easily determined. Thereby, the need is removed to bring the work
piece carrier member in an exactly predetermined position with re-
gard to a machining apparatus.

This Skeet Has Been Reilac
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] . .
ing elenents. A preferred characteristic of the present .invention, how
ever, is that the work piece carrier nenber 1 is provided with two
reference marks. In the present exanple, each of the two cross frame
menbers 5 and 6 of the clanping frane nenber 2 are provided with a .
reference mark in the formof a continuoustbdre 22 and 23, respectively.
These two reference bores 22 and 23 are | ocated di- agonally opposite to
each other in the region of two corners of the clanping frame nenber 1. The
conti nuous bores 22, 23 serve as reference marks and help to define {he
position of the work piece carrier rrenmber 1 in X-direction, in Y-direction
as well as regard- ing its angular orient aQ on around the Z-axis. I\/br@ver,

in Fig. T 0
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- 12 - 1, two further continuous bores 24 and 25 are outlined in broken-
lipes. These two additional continuous bores 24, 25 are |located in the
.region of the two renmaining opposite corners of the clanping frane nenber
2, Thereby, it should-be pointed to the possibility that the clanping frane
menber 2 may be provided with three, four or even nore continuous reference
bores. A coordinate systemor reference frane 26 which is defined by the
two reference marks in the formof contid{dus reference bores 22, 23 is
schematically shown in Fig. 1 by an abscissa 27 (X-axis) and an ordinate 28
(Y-axis); the Z-axis runs along a line perpen- dicular to the X- and Y-axes.
through the intersection or origin thereof: To illustrate the position(s)

of the clanped work pie 51, 52, 53 and 54 with reference to the
coordi nate system 26, 34 f?n}IEQF designated with x is drawn fromthe

rect angul ar
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p'ar:al | el epi ped shaped work piece 51 to the ordi nate 28 and a dash- dot l|ine

dgsignated with y is drawn fromthe rectangul ar pagiodheet!Hal Bieh R@thc&haped
-Woxk piece 51 to the abscissa 27. Correspond- ingly. i nes are
drawn for the uppernost cylinder shaped work pi eceﬂﬂﬂﬂnmmﬁ t he wor k
pi ece carrier nenber 1.is shown in a |lon- gitudinal® w al ong
the line AAAin Fig. 1. For the sake of3gBarity, the work pieces clanped by
nmeans .of the clanping frane nmenber 2 and shown in Fig. 1 as well as sev%_al
hidden lines are not shown in Fig.' 2. Fromtgis figure, two-of the four =
down- wardly projecting clanping elenments 21\are evident. As already .Q\
menti oned, these clanping el enents serve, on \he one hand, for coarselylyg

positioning the rier nmenber { wipkfr rerer- ence to a neasuring
and. al'igning stafjion and a hi %ﬁng %)para- u$, and, on.the other{ hand,
to firmy fix the work piece :arrgler \
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menber 1 to a work table of a nmeasuring and aligning station andqgsqﬂ_‘ e
~machi ni ng apparatus, respectively. The real fixing and clanping operation
is perforned nechanicaltly, e.g. by the force of springs, and the releasing.
of the clanping elenents is performed pneumati- cglly REFIUSCEDtSHEEESISUr e8iG
t hat t_he wor k piece carrier nmenber re- mains fixe 'Degc;igﬁ&psi,gg{;@m_\mqu@gd'df,,: ,,,,,,
there is a leak in the pneu- matic or hydraulic sYgf&ms) ! n. 418d 285%00h @n:—
interruption in the - 13 - electric power suppl [ ors
cl anpi ng arrangenent is de- signed self-locking s
carrier nmenber 1 is safely held in position also i
the elec® tric and/or pneumatic power .supply.

DPi]m@ g%)ab 2ped the to paged ..ccveee
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A METHOD FOR POSITIONING A WORK PIECE CARRIER MEMBER IN A MACHIN-
" ING APPARATUS AND A WORK PIECE CARRIER MEMBER ADAPTED TO BE POSI-
TIONED IN A MACHINING APPARATUS

...................................

The present invention refers to a method for positioning .a
work piece carrier mewber in a machining apparatus, as well ‘as a
work piece carrier member adapted to berform this method. More-
over, the invention refers to the use of such a work piece carrier
member for precisely positioning work pieces within the work area
of a machining apparatus. : ' ' '

In order to operate a'machining apparatus - for machining a
work piece without significant interruption, the work pieces to be
machined are clampingly fixed to and received in a work piece car-
rier member before the work piec_é carrier member is fixed in the
afore mentioned machining apparatus. This operation preferably
takes place in a specially adapted measuring and aligning station
in which the work pieces are fixed in the work piece carrier mem-
ber; thereafter, the exact position of the work piéces with regard
to the work piece carrier member is determined and stored. Usu-
ally, the work piece carrier member is provided with clamping
means which set the position of the work piece carrier member, not

" only in the measuring and aligning station, but also in the ma-
chining apparatus. In other words, the afore mentioned clamping
mearis, or at least one thereof, which serve(s) as positioning
means too, are the reference with regard t(.i vwhich the pbsition of
the work pieces received in the work piece carrier member. is de-
termined and stored. : o

In most cases, these positioning and clamping means are con—
stituted by clamping pin members projecting from the work piece
carrier member and engaging correspondingly arranged clamping and
positioning apertures provided in or at the work table of a ma-
chining apparatus during clamping the work piece carrier member on
this work table; thus, the work piece carrier member and, thereby,
the work pieces received in the work piece carrier member are
fixed in a well defined position on the work table of a machining

REPLACEMENT SHEETS SG
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In Fig. 3, the work piece carrier nmenber 1 is shown in a cross sectional

view along the line B-Bin Fig. 1. In this view, the clanping bar nenber 7
is shown in a longitudinally sectioned view, illustrating its |ongitudinal

profile. In Fig. 4, there is shown, in a very schematic rmanner, a neasuring
and al i gning statlon 30, awre er05|on3€pparatus 40 as well as a conputer
45. The neasuring and aligning station serves, as i.s already |an|ed by
its designation, for determ ning the exact position of the work pieces 5x
received in the work piece carrier nenber 1 with reference to the work

pi ece carrier member 1. As such neasuring and aligning stations 30 as wel |
as the neasuring and allgnlng proceedi ng for determning the position of

t he wor k piappasatus withwhegard ite ard¢ocxddndbe nsitstenror nefererce yridssent i al

part of thejignu@néd Ahe hh&xi:ﬁh'go%ﬂ&aﬁf&%' apetiPWndarSedddehed e phese
facts whi Crti%%ingsa%e'}ttl\: esfgan Eae provieded 8n the work piece carrier member

and the positioning pins or studs on the work table of the machin-
ing apparatus. . :

The exact position of each work piece with regard to the work
piece carrier member usually is defined by two axes running per-
pendicularly to each other in X- and Y-direction as well as by the
angular orientation around the Z-axis, i.e. an axis ‘running
through the intersection of the X- and Y-axes in perpendicular di-
rection. Even if the position of the work piece carrier member and
the work pieces received therein, respectively, in the direction
of the Z-axis is also important during the machining of a work
piece, it is less critical as far as the positioning and exact de-
termining of the position, respectively, is concerned.

Methods of positionally defined clamping of work piece car-
rier members receiving one or a plurality of work pieces to be ma-
chined are known in the art in numerous variants. The requirements
in connection with such methods are strictly dependent of the de-.
sired machining accuracy of the work pieces. A further criterion:
I1f a work piece has to be machined in several steps by means of a
plurality of machining apparatuses which can be entirely different
from each other, the work piece carrier member must be clamped to
and removed from, respectively, each machining apparatus. Thereby,
besides the absolute positional accuracy, first and foremost the-
repetitional positional accuracy of a work piece with regard to _
the coordinate system or reference grid of the machining apparatus
is of paramount importance.

In connection with the following observations as far as the .
process or method of positioning a work piece carrier member in a
machining apparatus and/or a measuring and aligning station is
concerned, further as far as the design and construction of the
work piece carrier member itself is concerned, it is particularly
assumed that a machining accuracy of the work pieces received in
the work piece carrier member within the limits of a few thousands
of millimeters is required and should be realized.

This is the replacement shest
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The neasuring and aligning station 30 essentially conprises a measuring
table 31 as well as a neasuring arm nenber 33 supported by a frane
structure 32. The neasuring arm nenber 33 is provided with a nmeasuring
caliper 34 nounted to its free end. The conputer 45 required for the .
operation of such a neasuring and aligning station 30 is connected to the
| atter one by neans of a synboli- callvy3kown data conductor 35. The
measuring arm nenber 33 and, thereby, the neasuring caliper 34, are

dirsplaceable in X-, Y- and Z-direction. As is well known to any person
skilled in the art, the actual position of the nmeasyring arm nenber in X-
and Y-direc- tion as well as its position with regard to a reference point
can be deterninag gegnieeatdad zm t I31his¢ss%;c§; 86y phirthwéiie giekd @famp-
measur enen 835 0 r ve an
exactly de?‘nﬁ éc)f 05| ? ?o#a&l%s%t‘ﬁ c\%@?ﬂ élﬂl'ef'tcee §§ élam#;'lng%g%ac%‘lvé‘igﬁre

Z-di rect i oficy a'eahlﬁ’fqeabv%tlsfmél H‘W\fé‘&nﬁ\nt is clamping system

comprises a chuck member as well as a work' piece carrier member
adapted to be connected to the chuck member in a well defined po-~
sition. Therefor, the chuck member is provided with a number of
projecting positioning studs or pins which engage a corresponding
number of correspondingly 1ocatéd'position1ng apertures provided
in the work piece carrier member. By means of the cooperation of
two of these pairs of studs or pins.and apertures, an exactly de-
fined position of the work piece received in the work piece car-
rier member with regard to the chuck member is ensured. With the
help of a first pin or stud/aperture pair, the exact position of
the work piece in X~ and Y-direction is determined, while the
other pin or stud/aperture pair determines the angular orientation
of the work piece around the Z-axis.

In order to achieve a high positional accuracy with such a
clamping system, it is absolutely necessary that not only the cen-
tering pins or studs, but also the centering apertures cooperating
with the centering pins or studs are located relative to each

~ other with a high degree of precision. Only by this measure, a re-
liable cooperation of the centering pins or studs with the center-
ing apertures is ensured. However, in this way, a very. high manu-
facturing precision is required. .

A further problem in such a centering system is presented by
the usually conically designed centering pins or studs, because
the position'in X- aqd'Y-direction is defined by each centering
stud or pin/aperture pair indepenaently from each other, with the
result that the geometric position of the work piece carrier mem-
ber with regard to the clamping chuck member is over defined.

With clamping systems of this kind having large dimensions,
e.g. work piece carrier members of a frame like design, these
problens are even more pronounce. In the interest of a positioning
as stable and accurate as possible, the individual pin/aperture
pairs are located as far away from another pin/aperture as possi-
ble. Thus, the disadvantage occurs in such a design that the ob-
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rest surface (not shown in detail) on which the work piece carrier nenber
rests, preferably in the-region of the clanping el enents - 14 - 21

Thus, the position of the nmeasuring armnmenber 33 in Z-direc- tion just not
be detérm ned because the height position of the work piece carrier nmenber
1 is exactly known. On the other hand, the deflection or path of

di spl acenent of the nmeasuring arm menber4can be digitally deternined,
processed and stored by nmeans of the conmputer 45 without difficulties and
with a high degree of accu- racy. Preferably prior to determ ning the
position of the work pieces, indicated by reference,nuneral 5x and received

in a work
’ ' tainable positioning accuracy is impaired e.g. by thermal influ-
ences with the result that in a clamping system having e.g. a
frame like work piece carrier member with a length and/or width
of, let's say, 50 cm, a positional error of a work piece received

_in the work piece carrier member in the region of several hundreds
of millimeters can occur. .

In order to minimize these problems, the applicant has pro- .
posed and disclosed a clamping system in the EP-A2 Nr. 0,403,428
by means of which the disadvantages mentioned above can be more or
less avoided. This design comprises a work piece carrier member in
the form of a frame like carrier unit provided with centering ap-
ertures. The centering apertures cooperate with correspondingly
located centering pins arranged on the surface of a work table of
a machining apparatus. Thereby, a first group of centering apexr-
tures and centering pins is prdvided which defines the position of
the work piece carrier member with regard to the machining appara-
tus in X- and Y-direction and, théreby, sets the origin of a ref-
erence coordinate system or grid. In order to define the angular
orientation of the work piece carrier member around the afore men-
tioned origin, i.e. around the Z-axis, there is provided a second
group of centering apertures and centering pins located in a cer-
tain distance in X-direction from the afore mentioned first group
of centering apertures and centering pins. In order to addition-
ally define the angular orientation around the Z-axis, particu-

. larly in the case of very large work piece carrier members, a
still further group of éentering apertures and centering pins can
be provided which is located in a certain distance in Y-direction
from the afore mentioned first grbup of centering apertures and
centering pins. By such a design of the clamping system, a very
high positional accuracy of the work piece carrier member with re- '
gard to a machining appafatus can be achieved in which a thermally
caused length variation is not reflected in a undefined shift of
the origin of the system. _

All the statements and explanations givén herein before have
referred to a predise and well defined cooperation of the center-
ing elements during the clamping process, i.e. the positionally
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pi ece carrier nenber 1 as shown in Fig. 4, first, the exact posi- tions of
the reference bores 22 and 23 provided in the clanping frame nenber
‘determ ned. For this purpose, the tip-of the nmeasuring caliper 34 is
introduced in the reference bore 22 and 23, respectively, and the wall of
the bore is contacted by the tip of the geasuring caliper 34 at least three
times, in positions which are preferaply offset to each other by [err] As
soon as the tip of the neasuring caliper 34 touches the wall of the bore,
the position of the neasuring caliper 34 and the measuring arm 33, _
respectively, in X- and _Y-direction is determned weth regard to a -
reference origin of the neasuring and aligning station 30 and stored. By
det er m ni ngefiined Jwationoéf tthe wark pifecehearxifear wewkenhwidh?2fegard 28, a

respect i velgachifign@xipbathtads 1HAECasApPIaft has Yaded "G ingueEEE LHaE,
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clamping process, k.e. e p&gitionally defined location of the

' ' work piece carrier member with regard to a machining apparatus,
automatically a correspondingly precise positioning of the work
plece carrier member and the work pleces received therein, respec-
tively, is achievgd. _ ) _

However, practice has shown that, under certain circum-
stances, even in the case of a stable well defined origin of the
work piece carrier member, the position of the work pieces re-
ceived in such a work piece carrier member with regard to the cen-
tering elements and the origin defined by these centering ele-

ments, respéctively, can vary within the limits of several hun-
dreds of millimeters.

2 are

The reasons therefor, first and foremost, probably can be
found in thermally caused dimension variations of the work piece
carrier member and/or of the work table of the machining appara-
tus. If the dimension of the work piece carrier member is varied
under the influence of heat, the position of the wofk piecés re-
ceived in the work piece carrier member is shifted with regard to
its origin. The more the distance between a work piece received in
a work piece carrier member and the origin thereof is, the more is
the absolute positional error. Moreover, in the case of a ther—gk
mally caused dimension variation of the work piece carrier member,
the distance between the centering elementé'provided on the work
piece carrier member is changed. A thermally caused variation of
the dimension of the work table of a machining apparatus is re-
flected by a variation of the distance between the centering aper-
tures or centering pins provided on said work table. Even the me-
‘chanical machine origin defined by the centering elements provided
on the work table of the machining apparatus can shift with regard
to the theoretically correct origin under thermal influences.

All'these problems are even more pronounced in ;he case of
geometrically over defined clamping systems, e.g. as disclosed in
German Patent No. 31 15 586. Moreover, a different thermal expan-
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posed to the work piece carrier nenber 1, the determ ned centers of the two
reference bores 22 and 23 serving as the basis of the said virtual

coordi nate systemor reference frame. Now, the position and the exact

coordi nates, respectively, of the work pieces 5X received in the work piece
carrier menber 1 can be exactly deterningd_ with regard to the afore
mentioned virtual coordinate systemor reference franme. For this purpose,
the neas- uring caliper 34 is noved towards the clanped work pieces 5X at
least twice, in different directions, preferably offset .by [err] in order
to determine the position of the measuring arm nenber 33 upon the
occurrence of a contact between the tip of the neasuring caliper 34 and the
surface of siee geekfisiient bpiweenxthe wprk pieee carrier member and the

work table of the machining apparatus results in further_inaccura—
cies. If further factors add to these problems, e.g. heavy weight
of the work pieces to be clamped and/or high clamping forces, the
material of the work piece carrier member could be elastically de-
formed with the result that the positional accuracy of the work
piece carrier member with regard to the machining apparatus is
further impaired. It must not especially emphasized that larger
clamping systems incorporating larger work piece carrier members .
react stronger on these negative :factors -than smaller ones.

- Additionally, care must be taken to manufacture such work
piece'carrier members, usually consisting of a plurality of indi-
vidual elements, of-absolutely identical steel material, since
steel material originating from different manufacturing batches
can show a different behavior as far as thermal expansion and/or
elasticity is concerned.

Furthermore, other sources of errors well known in the art
nust be taken into consideration; all these errors can sum up, in
the worst case, in such a way that the final positional accuracy
of a work piece carrier member and the work pieces received
therein, respectively, with regard to a machining apparatus is no
longer within the required linits. Some p0551b1e causes of such
further errors are:

+ tolerances in nanufacturing of the Centering pins;

. ¢ tolerances in manufacturing of the-centering_aperturesi

¢ tolerances in connecting the centering pins at the work
piece carrier member and/or in locating the centering apertures
relative to the work table of a machining apparatus. _

" In order to minimize all these tolerances, a very-high expen-
diture must be taken during the manufacture of such a high preci-
sion clamping system; the results are correspondingly high costs.
for the centering elements (cooperating pairs of pins and aper-
tures) as well as for the entire work piece carrier member.

In order to avoid all the disadvantages discussed herein be-
fore, it would be desirable if the positional reference of the
work piece carrier member could be completely isolated from and
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tions. Each neasurenent value is stored in the conputer 45.

In this way,
t.he position and the coordi nates,

. . ( respectively, of each work pi ece 5X
'received in the work piece carrier nenber 1 is de- termned with regard to

the afore nentioned virtual coordinate systemor reference grid. The entire
measuring proceeding is con- trolled by the conputer 45 and the neasured
val ues are stored therein. In this.way, % fe exact position and orientation
of the work pieces 5X, with reference to the virtual coordi nate system or
reference franme inposed on the work piece carrier menber 1 and de- fined by
‘the position of the two reference bores 22 and 23, is known and ready for
further processing. In the present exanple, a wire erosion apparatus 40 is

used as a HRGYI fHdageHBANS JOLhEBETHNPIAG AP FiRLKg Nheaamds réyuimee koecbnin t he
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wre erosi ?.ggrrgpcparatus. In such a case, fs SnE,eraln%t E.X cst(ixer words that the
inevitably present inaccuracy in clamping the work piece carrier
member to the work table of a machining apparatus and the discrep-
ancy between the theoretic coordinate origin of the machining ap-
paratus and the mechanic work piece carrier member coordinate ori-
gin mechanically fixed by'the position and cooperation of the po-
sitioning and clamping elements no longer has any effect on the
positional accuracy of the work piece carrier member and/or the
machining accuracy- of the work pieces received therein. Moreover,
it would be ‘desirable to replace the centering elements known in
the art which are very expensive to manufacture by simpler ones or
to completely omit them. A final goal to be achieved would be to
determine possibly occurring diménsional variations of the work
piece carrier member and variations in the position of. the work
pieces received in the work piece carrier member, respectively,
with reference to the theoretical coordinate origin of the machin-
ing apparatus and to aritmethically correct the coordinates of the
work pieces received in the work piece carrier member in relation
to these dimensional variations of the work piece carrier member
and variations. in the position of the work pieces received in the
work piece carrier member. : '

It is an object of the inventioﬁ to provide a method for po-
‘sitioning a work piece carrier member in a machining apparatus by
means of which the position of the work piece carrier member and,
thereby, the work pieces received therein with regard to the ma-
chining apparatus can be set with more accuracy than possible be-
fore. . - :

It is a further object of the invention to provide a work
piece carrier member adapted to clampingly receive a work piece or
a plurality of work pieces whose pcsition with regard to a machin-
ing apparatus can be easily and exactly determined.

To achieve these and other objects, the invention provides a
novel method for positioning a work piece carrier member in a ma-
chining apparatus. According to the invention, first, the work
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matic view of Fig. 4,-are a work table 41, preferably in the formof an
_open frame nenber as is well- known in the art, a wire guid- ing head nmember
42 di spl aceable in X- and Y-directions, as well as the real erosion wire
43. The wire -erosion apparatus 40 is con- nected to the conmputer 45 by
-nmeans of a schematically shown data connection 46. In the follow ng, the
process of determning the exact posi--tien of work pieces in a work piece

carrier nmenber and of exactly positioning the work piece carrier menmber 1
in awre erosion ap- paratus 40 is explained in nore detail, with
reference to Figs. 1 and 4. It

i s understood that the process of the
process within the scope of the present invention

b f
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nominal position. Then, the work piece carrier member is position-
ally fixed in the position which corresponds at least approxi-
mately to the afore mentioned preselected nominal position. Now,
the effective position of the work piece carrier member with re-
gard to a nominal reference axis of the machining apparatus is de-

termined and the coordinates of the determined effective position
are stored.

i nvention or a simlar

The invention further provides a work piece carrier member
adapted to clampingly receive a work piece or a plurality of work
pieces. The work piece carrier member is adapted to be position-
ally fixed on the work table of a machining apparatus for machin-
-ing work piece and the work pieces, respectively, received in the
work piece carrier member. The work piece carrier member is pro-
vided with at least two reference marks located on the work piece
carrier member in a horizontal distance from each other to deter-
mine the effective position of the work piece carrier member in X-
and Y-direction as well as with regard to its angular orientation
around the intersection of the X- and Y-axes, i.e. the Z-axis.

By this method and by means of such a work piece carrier mem-
ber, it is possible to exactly determine and set the position of
the work pieces to be machined independently from tolerances of
the work piece carrier member, of its clambing and positioning
elements and of thermal influences. ‘

In a preferred embodiment of the method, it is additionally
provided that, moreover, after fixing the work piece carrier mem-
ber in the machining apparatus and prior to machining the work
pieces received in the work piece carrier member, the distance be-
tween the afore mentioned reference marks is measured and compared
to the distance between the reference marks determined at the
measuring and aligning station. If the deviation of these two val-
ues exceeds a certain limit, the coordinates of the work pieces
. received in the work piece carrier member is aritmethically cor-
rected in X- and/or Y-direction in dependence of the measured dis-
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As a first step, the exact positions of the work pieces 50, 51, 52, 53 and
54 received in and clanped to the work piece car- rier nmenber 1 are
determined with regard to the two reference bores 22 and 23 in the
measuring and aligning station 30. Thereby, a virtual coordinate system or

reference grid is superinposed on the mogk pi ece carrier nenber 1.
Thereafter, the position coordi- - 167- nates of the work pieces,

referenced to said virtual coordinate system are stored in the conputer 45
and transferred to the na- chining apparatus, in the present exanple the
wire erosion appara- tus 40, by neans of the data connection 46. As a next
step, the work piece carrier nmenber 1 is renoved fromthe measuring and

' - tance deviation. Thus, thermally caused length variations of the

work piece carrier member can be compensated for to a high degree.
' Due to the provision of two reference marks located in a cer~-
tain horizontal distance from each other on the work piece carrier
member, the effective position thereof can be exactly determined
not only in X- and Y—direction,,but also with regard to its angu-
lar orientation around the Z-axis. The result is that the center-
ing and fixing elements of the work piece carrier member can be
manufactured with a much simpler design; accordingly, the whole
work piece carrier member is much less expensive than high preci-
sion work piece carrier members known in the art without the dis-
advantage that the positional accuracy of the work piece carrier
member is impaired.

In a preferred embodiment of the work piece carrier member,
it is provided that the clamping frame member thereof be manufac-
tured of one piece. Thereby, such a design has the advantage that
the entire essential part of the work piece carrier member con-
sists of the same material, in other words, that no different ma-
terials having differing characteristics must be used. Moreover,
no tolerances in assembling the work piece carrier member can oc-
cur. : .

In the following, an embodiment of the invention will be fur-
ther described, with reference to the accompanying drawings, in
which:

Fig. 1 shows a top view of a schematically drawn work piece
carrier member, .

Fig. 2 shows a 1ongitudinal sectional view of the work piece
carrier member of Fig. 1, but without the work pieces clamped
therein, taken along the line A-A in Fig. 1; -

Fig. 3 shows a cross sectional view of the work piece carrier
member of Fig. 1, but without the work pieces clamped therein,
taken along the line B-B in Fig. 1; and .

Fig, 4 shows a strictly schematic representation of a measur-
ing and aligning station as well as of a wire erosion apparatus

equipped with a work piece loaded work piece carrier member and of
a computer. :
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aligning station 30, displaced to the wire erosion apparatus 40 and firmy
cltanped to the work table 41 thereof. An exact posi- tioning of the work

pi ece carrier nenber 1 in Z-direction, i.e. with regard to its hei ght
position, is perfornmed by the coopera- tion of the plane surface of the
work table 41 of the wire erosion apparatus 40 with the plane | ower surface
of the work piece car- rier nenber 1. T%}Qﬂéané of the clanping elenents 21
provi ded on the work piece carrier nenber 1, the latter oneis coarsely
positioned in X- and Y-directions with regard to a reference ori.gin of the
W re erosion apparatus 40; in fact, a deviation of positional accuracy in
the region of a fewtenth of a mllineter does not have any significant

i nfluence. Shoul Bigt 1behows) tin edample ofaaywdEk piege ataryies Ln@iberc @Sii @ nore
exact|y poSidienBtidaofPview! 9% GOEE SllecdPBarPfir helibéd 1 @98Etkial1Ne above
rent | oned rgnesr:l.ggsc eoto Ta! g:ig'igfcltamging frame member 2 or generally rectangu-

lar shape which can be made of one piece and comprising two lat-

eral frame members 3 and 4, two cross frame members 5 and 6 as

well as a plurality.of clamping bar members 7, 8 and 9. Between

the first clamping bar member 7 and the second clamping bar member

8, two rectangular parallelepiped shaped work pieces 50 and 51 are

clamped, and betweén the second clamping member 8 and the third

- clamping member 9, three cylinder shaped work pieces 52, 53 and 54
are clamped. -

The two lateral frame members 3, 4 are provided each with a
" step shaped recess 11 running along their edges facing the inte-

" rior of the clamping frame and being equipped with threaded bores
12. In order to enable the three clamping bar members 7, 8 and 9
to be fixed to the clamping frame member 2, both ends of the
clamping bar members 7, 8 and 9 are provided with a.short support-
ing arm member 14 incorporating a longitudinal slot 15. The clamp-
ing bar members 7, 8 and 9 rest with the afore mentiohed support-
ing arm members 14 in the recesses 11 of the lateral frame members
3 and 4 and are fixed thereto by means of screws 16 penetrating
the assigned longitudinal slot 15 and received in one of the '
threaded bores 12 of the lateral frame members 3 and 4. '

Two of the three clamping bar members, i.e. the members 7 and
8, are provided with a projecting rib member 18 running along one

-of its lower edges and serving as a stop-ﬁember on which the work
pieces 50 and 51 to be clamp'ed' can rest during the clamping proc-
ess. The third clamping bar member 9 is provided with V-shaped re-
cesses 19 in which dylinder shaped bodies 52.' 53, 54 can be re-
ceived. It is understood that the three clamping bar members 7, 8
and 9 are  but exemplary embociiments and many other designs of
clamping bar members can be used within the scope of the present
invention.

In the embodiment discussed herein, the work piece c—arrigr
member 1 is provided with four clamping elements 21 projecting
from the lower- surface of the clamping frame member 2 and serving
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W re erosion apparatus 40, the work piece carrier nenber 1 can be provided
with nore exactly operating clanping and positioning neans, e.g. as '
disclosed in U S. Patent Nr. 5,065,991. As the position of the reference
bores -22 and 23 with refer- ence to the position of the clanping elenments
is known fromthe precedi ng nmeasuring process perfornmed in the neasuring

and align- ing station 30, a cl anpi ng=atturacy of the work piece carrier
mem ber 1 in the wire erosion apparatus 40 within the limts of a few
tenths of a mllineter i

im is sufficient to ensure that the wire ero- sion
apparatus 40 can find the approximate location of the refer- .ence bores 22

and 23 and can i ntroduce the erosion wire 43 through the reference bore 22
and 23,

re%BECHMZ\ Y thé N F V@bri@rgned%\érm:aﬂs thfe Medéuping ped gui ding
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wor k pi ece mga.bers 21 are generally arranged in the region of e four e

of the clamping frame member 2, and the distance between the two
clamping members 21 provided on the left side lateral frame member
6 is somewhat smaller than the distance between the two clamping
members 21 provided on the right side lateral frame member 5 in
order to provide for an unambiguous orientation of the work piece

~carrier member 1 in the measuring and aligning station and in the
machining apparatus. The clamping members 21.serve for coarsely
centering and positioning the work piece carrier member 1 with
reference to the measuring and aligning station and the machining
apparatus, respectively. ' '

Basically, such work piece carrier members 1 are well known
in the art. For instance, a work piece carrier member of this kind
is disclosed in U.S. Patent Nr. 5,201,502. Thus, it is not neces-
sary to further describe details of such a work piece carrier mem-
ber. The arrangement and the principle of the clamping members 21
shown in the drawings are for illustration only; it is understood
that numerous other designs of clamping members could be used. For
example, it would also be possibie not to provide the work piece
carrier member 1 with clamping and/or centering members at all,
but to provide the measuring and alighing station as well as the
machining apparatus with suitably designed clamping and/or center-
ing elements.

An essential characteristic of the present invention, how-
ever, is that the work piece carrier member 1 is provided with two
reference marks. In the present eiample,-each of the two cross
frame members 5 and 6 of the clamping frame member 2 are provided
with a reference mark in the form of a continuous bore 22 and 23,
respectively. These two reference bores 22 and 23 are located di-
"agonally opposite to each other in the region of two corners of
the clamping frame member 1. The continuous bores 22, 23 serve as
reference marks and help to define the position of the work piece
carrier member 1 in X-direction, in Y-direction as well as regard-
ing its angular orientation around the Z-axis. Moreover, in Fig.
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rier menber 1 and tensioned. - 17 As soon as the erosion wire 43 is
grasped and tensioned, the erosion wire 43 is brought into contact with the
wal | of the ref- erence bores 22 by relatively nmoving the erosion wire 43
and the work piece carrier nenher 1 relatively to each other. Such a rela-
tive novenent preferably takes place three tines in order to en- sure that
the erosion wire 43 touches the wall ofl2he reference bore 22 at |ocations

which are offset to each other by [err] By neasuring the resistance between
the erosion wire 43 and the work piece carrier nmenber 1, it. can be exactly

determ ned at which point of deflection of the neasuring arm nenber 33 and
at which

1, two further continuous bores 24 and 25 are outlined in broken
lines. These two additional continuous bores 24, 25 are located in
the region of the two remaining opposite corners of the clamping
frame member 2. Thereby, it should be bointed'to the possibility
that the clamping frame member 2 may be provided with three, four
or even more continuous reference bores.

A coordinate system or reference frame 26 which is defined by
the two reference marks in the form of continuous reference bhores
22, 23 is schematically shown in Fig. 1 by an abscissa 27 (X-axis)
and an ordinate 28 (Y-axis); the Z-axis runs along a line perpeh—
dicular to the X- and Y-axes through'the intersection or origin
thereof. To illustrate the position(s) of the clamped work pieces
50, 51, 52, 53 and 54 with reference to the coordinate system 26,
a dash-dot line designated with x is drawn from the rectangular
parallelepiped shaped work piece 51 to the ordinate 28 and a dash-

"dot line designated with y is drawn from the rectangular paral-
lelepiped shaped work piece 51 to the abscissa 27. Correspond-
ingly, equivalent lines are drawn for the uppermoét_cylinder
shaped work piece 52. .'

_ In Fig. 2, the work piece carrier member 1 is shown in a lon-
gitudinal sectional view along the line A-A in Fig. 1. For the
sake of clarity, the work pieces clamped by means of the clamping
frame member 2 and shown in Fig. 1 as well as several hidden lines
are not shown in Fig. 2. From this figure, two of the four down-
wardly projecting clamping elements 21 are evident. As already
mentioned, these clamping elements serve, on the one hand, for
coarsely positioning the work piece carrier member 1 with refer-
ence to a measuring and aligning station and a machining appara-
tus, énd, on the other hand, to firmly fix the work piece carrier
member 1 to a work table of a measuring and aligning station and a
machining apparatus, respectively. The real fixing and clamping
operation is perfotmed'mechanically, e.g. by the force of springs,
and the releasing of the clamping elements is performed pneumati-
cally. Thus, it is ensured that the work piece cafrier member re-
mains fixed in its position, even if there is a leak ih the pneu-
matic or hydraulic system or in the case of an interruption in the
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exact X/ Y-position thereof, respectively, a contact between the erosion
wire 43 and the wall of the reference bore 22 occurs. By neans of this

nmet hod, based on the position of these three contact points, the center of
the reference bore 22 can be exactly com puted. This nethod has the -
further inportant advantage that the position of the reference bores 22, 23
which are the basis of the afore nmentrok®d-virtual coordinate system or
reference grid are determined with the help of the real machining tool, *

i.e. the ero- sion wire 43, with the result that in this way positional
errors are mnimzed and nechanical. tol erances avoided. Thereafter, in the
sane way as descri bed above, the exact po- sition of the center of the

Irg er ence E?%&nﬁg; pané;t: é\fpéﬂ%??eﬁ?é;fe‘éﬁﬁiyi WieeLaksfify QBSEndMent 24 de5, .
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t he work piseggly held in position also in the case of fallure' o t&e ech—

: tric and/or pneumatic power supply. . .

In Fig. 3, the work piece carrier member 1 is shown in a
cross sectional view along the line B-B in Fig. 1. In this view,
the clamping bar member 7 is-shown in a longitudinally sectioned
view, illustrating its longitudinal pfo_file.

In Fig. 4, there is shown, in a very schematic manner, a
measuring and aligning station 30, a wire erosion apparatus 40 as
well as a computer 45. The measuring and aligning station 30
serves, as is already implied by its designation, for determining
the exact position of the work pieces 5x received in the work
piece ‘carrier member 1 with reference to the work .p:i.ece carrier
member 1., As such measuring and aligning stations 30 as well as
the measuring and aligning proceeding for determining the position
of the work pieces are known in the art and do not form, ¢per se,
an essential part of the invention, the following explanations are
limited to those facts which are essential for the invention.

The measuring and aligning station 30 essentially comprises a
measuring table 31 as well as a measuring arm member 33 supported
by a frame structure 32. The measuring arm member 33 is provided
with a measuring caliper 34 mounted to its free end. The computer
45 required for the operation of such a measuring and aligning
station 30 is connected to the latter one by means of a synboli-
cally shown data conductor 35. The measuring arm member 33 and,
thereby, the measuring caliper 34, are displaceable in X-, Y- and
Zz-direction. As is well known to ény person skilled in the art,
the actual position of the measuring arm member in X- and Y~direc-
tion as well as its position with regard to a reference point can
be determined and recorded with high accuraéy with the help of
measurement processing means well known in the art. In order to
achieve an exactly defined positioning of the work piece carrier
member 1 in Z-direction, the measuring table 31 is provided with a
rest surface (not shown in detail) on which the work piece carrier
‘member rests, preferably in the region of the clamping elements
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carrier menber 1 is recognized by the nachining apparatus, i
present exanple the wire erosion apparatus 40. Thus, this vir- tual :
"coordi nate systemor reference frame, together with the work piece position
coordirnates previously determned in the neasuring and aligning station 30,
can be superinposed to the reference co- ordinate systemof the wre
erosion apparatus 40. The result is t hat4 Tinally, the exact positions of
the work pieces 50, 51, 52, 53-and 54 received in the work pi ece carrier
menber 1 with regard to the X- and Y-axis and regarding its angul ar
orientation around the Z-axis is known to the wire erosion apparatus 40
Based on this data, the real machining process can start. In order to
perform sugy, arpysQCERe pgifsitxas toPahk!l hediringCarm member 33 in Z-direc-

tion just not be determined because the height position of the

work piece carrier member 1 is exactly known. On the other hand,

the deflectiop or path of displacement of the measuring arm nember

can be digitally determined, processed and stored by means of the

computer 45 without difficulties and with a high degree of accu-
racy.

.e. in the

Preferably prior to determining the position of the work
pieces, indicated by reference numeral 5x and received in a work
piece carrier member 1 as shown in Fig. 4, first, the exact posi-
tions of the reference bores 22 and 23 provided in the clamping
frame member 2 are determined. For this purpose, the tip of the
measuring caliper 34 is introduced in the reference bore’ 22 and
23, respectively, and the wall of the bore is contacted by the tip
of the measuring caliper 34 at least three times, in positions
which are preferably offset to each other by 90-150°. As soon as
the tip of the measuring caliper 34 touches the wall of the bore,
the position of the measuring caliper 34 and the measuring arm 33,
respectively, in X- and Y-direction is determined with regard to a
reference o6rigin of the measuring and aligning station 30 and
stored. By determining three points of the wall of the reference
bore 22 and 23, respectively, the axis of the bore can exactiy and
unambiguously be determined electronically. Thereafter, a virtual
coordinate system or reference frame is aritmethically superimr
posed to the work piece carrier member ‘1, the determined centers
of the two reference bores 22 and 23 serving as the basis of the
said virtual coordinate system or reference frame.

Now, the position and the exact coordinates, respectively, of
the work pieces 5X received in the work piece carrier member 1 can
be exactly determined with regard'to the afore mentioned virtual
coordinate system or reference frame. For this purpbse, the meas-
uring caliper 34 is ﬁovea towards the clamped work pieces 5X at
least twice, in different directions, preferably offset by 90°, in
order to determine the position of the measuring arm member 33
upon the occurrence of a contact between the tip of the measuring
caliper 34 and the surface of the work piece 5X in X- and Y-direc-
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tion of the work pieces received in a work piece carrier nmenber with regard
t.o reference marks provided thereon, it is required that-the machining

apparatus, in the present exarrpl e the wire ero- sion apparatus 40, has the
correspondl ng software at it's dis- posal . Since such prograns are wel |

known in the art, the need is renoved to further describe such software in
detail. The exchange of data between th¥sneasuring and aligning sta- tian
30 and the.machi ning apparatus 40 can be perforned, if de- sired, by neans

of a software storage neans, e.g. a floppy disk, if the machining apparatus
40 conprises a suitable storage neans reading unit,ye.g. a floppy disk

drive. The nmethod according to the invention ensures that the posi-

O oo LB Bl deitar Vit b iecgoiy chpuensid) o

process, i FAEDAMentP % 1t?"F'ng ?‘F‘én %@'@ﬁgﬁ% sh%h%l@ BRCad N
work piece SX received in the work piece carrier member 1 is de-
termined with regard to the afore mentioned virtual coordinate
system or reference grid. The entire measuring proceeding is con-
trolled by the computer 45 and the measured values are stored
therein. In this way, the exact position and orientation of the
work pieces 5X, with reference to the virtual coordinate system or
reference frame imposed on the work piece carrier member 1 and de-
fined by the position of the two reference bores 22 and 23, is

" ¥nown and ready for further processing.

In the present example, a wire erosion apparatus 40 is used
as a machining means for machining the work pieées 5X received in
the work piece carrier member 1. The essential parts and elements
of such a wire erosion machine 40, evident from the strictly sche-.
matic view of Fig. 4, are a work table 41, preferably in the form
of an open frame member as is well known in the art, a wire guid-

* ing head member 42 dlsplaceable in X- and Y-directions, as well as
the real erosion wire 43. The wire erosion apparatus 40 is con-

nected to the computer 45 by means of a schematically shown data
connection 46.

tions

_ In the following, the process of determining the exact posi-
_tion of work pieces in a work piece carrier member and of exactly
positioning the work piece carrier member 1 in a wire erosion ap-
paratus 40 is explained in more detail, with reference to Figs. 1
and 4. It is understood that the process of the invention or a
similar process within the scope of the present invention can be
performed also in connection with another machining apperatus and
is not limited to the wire erosion apparatus 40 serving as an ex-
ample herein after.
As a first step, the exact positions of the work pieces 50,
51, 52, 53 and 54 received in and clamped to the work piece car-
rier member 1 are determined with regard to the two reference
bores 22 and 23 in the measuring and aligning station 30. Thereby,
a virtual coordinate system or reference grid is superimposed on
the work piece carrier member 1. Thereafter, the position coordi—
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which the work piece carrier merber 1 is fixed to the machi ni ng appar at us
40, further independently of the tol erances unavoi dable at the
~manufacturing of the work piece carrier nenber 1 and al so i ndependent|y of
the tolerances occurring during the clanping and aligning of the work
pieces 50, 51, 52, 53, 54 in the and with reference of, respectively, the
work piece carrier menber 1. In the foldéw ng, sone further, not exclusive
possibilities shall be illustrated which are offered by a process according
to the invention or a process derived therefrom If the work piece carrier
menber 1 is provided with three reference bores 22,:23 and 24, the third
ref erence bore 24 can be used as a cross check reference thereby ‘this
t 2} ;?eggfe HaaeCo goé rksp gr Eég%fh\;iﬁ%a 86 'Bu108¥1 AEudiN @oby@iiniteer
t he resul t§y%:ﬁmf h@g% g ﬁr computer 'ig ax?d q_f,JaLQEnge%u,ytggrﬂaved from

chining apparatus, in the present example the wire erosion appara-

tus 40, by means of the data connection 46. As a next step, the

work piece carrier member 1 is removed from the measuring and

aligning station 30, displaced to the wire erosion apparatus 40

and firmly clamped to the work table 41 thereof. An exact posi-

tioning of the work piece carrier member 1 in Z-direction, i.e.

with regard to its height position, is performed by the coopera-

tion of the plane surface of the work table 41 of the wire erosion

apparatus 40 with the plane lower surface of the work piece car-

rier meﬁber 1.

By means of the clamping elements 21 provided on the work

piece carrier member 1, the latter one is coarsely positioned in

X~ and Y-directions with regard to a reference origin of the wire

erosion apparatus 40; in fact, a deviation of positional accuracy

in the region of a few tenth of a millimeter does not have any

significant influence. Should it be required under any particular

circumstances to more exactly position the work piece carrier mem-

ber 1 with regard to the above mentioned reference origin of the

wire erosion apparatus 40, the work piece carrier member 1 can be

provided with more;exactly operating clamping and positioning

means, e.g. as disclosed in U.S. Patent Nr. '5,065,991.

As the position of the reference bores 22 and 23 with refer-

ence to the position of the clamping elements is known from the

preceding measuring process performed in the measuring and align-

ing station 30, a clamping accuracy of the work plece carrier menm-

ber 1 in the wire erosion apparatus 40 within the limits of a few

tenths of a millimeter is sufficient to ensure that the wire ero-

sion apparatus 40 can find the approximate location of the ‘refer-

ence bores 22 and 23 and can introduce the erosion wire 43. through

the reference bore 22 and 23, respectively, in a known way, €.d.

by means of a liquid jet guiding the erosion wire 43 as is well

known in the art. Thereafter, well known in the art too, the ero-

sion wire 43 is collected at the underside of ﬁhe work piece car-
rier member 1 and tensioned.
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1f the work pi ece carrier nenber 1 is provided with four ref-

22, 23, 24 and 25, it is possible, besides the deter- mnation of the exact
|location of the afore nentioned virtual co- ordinate systemor reference

grid, "to deternm ne possible Iength or width variations of the work piece
carrier

menber 1 due to thernal - 19 - influences; based on these

further neasurenents, the virtual coot 17drnat e systemor reference grid can
be corrected accordingly. The location of the reference bores can be freely
sel ected according to the special circunstances. Thus, for instance, it is

possible to provide the clanping bar nmenbers 7, 8 and/or 9 with reference
bores. This would shown the advantage that the reference

As soon as the erosion wire 43 is grasped and tensioned, the
erosion wire 43 is brought 'into contact with the wall of the ref-
erence bores 22 by relatively moving the erosion wire 43 and the
work plece carrier member 1 relatively to each other. Such a rela-
tive movement preferably takes place three times in order to en-
sure that the erosion wire 43 touches the wall of the reference
bore 22 at locations which are offset to each other by 90-150°. By
measuring the resistance between the erosion wire 43 and the work
piece carrier member 1, it can be exactly determined at which
point of deflection of the measuring arm member 33 and at which
exact X/Y-position thereof, respectively, a contact between the
erosion wire 43 and the wall of the reference bore 22 occurs. By
means of this method, based on the position of these three contact
points, the center of the reference bore 22 can be exactly com-
puted. This method has the further important advantage that the
position of the reference bores 22, 23 which are the basis of the
afore mentioned wirtual coordinate system or reference grid are
determined with the help of the real machining tool, i.e, the ero-
Slon wire 43, with the result that in this way positional errors.
are minimized and mechanical tolerances avoided.

' Thereafter, in the same way as described above, the exact po-
sition of the center of the reference bore 23, and, 1f.necessary

- of further reference bores 24, 25, ‘'is/are determined. On the basis
of these measurements, the afore mentioned virtual coordinate sys-—
ten or reference frame previously superimposed on the work piece
carrier member '1 is recognized by the machining apparatus, i.e. in
the present example. the wire erosion apparatus 40. Thus, this vir-
tual coordinate system or reference frame, together with the work
piece position coordinates previously determined in the measuring
and aligning station 30, can be superimposed to the reference co-
ordinate system'of the wire erosion apparatus 40. The result is
that, finally, the exact positions of the work pieces 50, 51, 52,
53 and 54 received in the work piece carrier member 1 with' regard
to ‘the X- and Y-axis and régarding its angular orientation around
the Z~axis is known to the wire erosion apparatus 40. Based on
this data, the real machining process can start.

erence bores
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bores are closer to the work pieces to be machined, mnimzing the

i nfl uence of thermal |ength deviation. According to a particular variant of
the process of the.in- vention, the origin of the virtual coordinate system
or reference grid could be placed in the center of the work pi ece carrier

mem ber 1. In this way, it can be achlﬁ%ed t hat possibly occurring length
devi ati ons of the work piece carrier 1, neasured with regard to its

origin, influence the overall accuracy only by nmaximally 50% of the entire
| ength deviation. In a preferred enbodi mrent of the process according to the
in- vention, it is provided that, after the work piece carrier nmenber 1
havi ng been fixed in the nachlnlng apparatus 40, the distance between the
centers of the Ioferdsw&obperfordp suckl Q@msesae%mqtmzsi@éqpal d¢cro t he
di stance tfgse JTetHE SorIE pIUEES! ridcelited AU Work Il ezadcatt i@t Rgmisémt i on 30.
I'f a cert ahfttgwggﬁdoéo dQ\Ee3bhES mi%Xs provided thereon, it is required

that the machining apparatus, in the present example the wire ero-

sion apparatus 40, has the correspoﬁding'software at it's dis-

posal. Since such programs are well known in the art,-the need is

removed to further describe such software in detail.

' The exchange of data between the measuring and aligning sta-

tion 30 and the hachining apparatus 40 can be performed, if de-

sired, by means of a software storage means, e.g. a floppy disk,

if the machining apparatus 40 comprises a suitable storage means

reading unit, e.g. a floppy disk drive. '

The method according to the invention ensures that" the posi-
tions of the work pieces 50, 51, 52, 53 and 54 are exactly known
with a previously unknown degree of accuracy prior to the start of
a machining process, independently of the positional accuracy with
which the work piece carrier member 1 is fixed to the machining

. apparatus 40, further independently of the tolerances unavoidable
at the manufacturihg of the work piece carrier member 1 and also
independently of the tolerances occurring during the clamping and
aligning of the work pieces 50, 51, 52, 53, 54 in the and with
reference of, respectively, the work piece carrier member 1.

In the following, some further, not exclusive possibilities
shall be illustrated which are offered by a process according to
the invention or a process derived therefrom. .

. If the work piece carrier member 1 is provided with three
reference bores 22, 23 and 2@, the third reference bore 24 can be
used as a cross check reference; thereby, this third reference
bore 24 is measured in-the same wey as_the two othexr reference

" bores 22 and 23, and a mean value is arithmetically derived from
the results of these measurements. '

If the work piece carrier member 1 is provided with four ref-
erence bores 22, 23, 24 and 25, it is possible, besides the deter-
mination of the exact location of the afore mentioned virtual co-
ordinate system or reference grid, to deterﬁine possible length or .
width variations of the work piece carrier member 1 due to thermal
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tween the two measured di stance occurs, the positions of the work pieces
50, 51, 52, 53 and 54 are arithnmetically corrected by the machi ni ng
.apparatus 40, in dependency of the said neasured devia- tion of distance
bet ween the reference bores 22 and 23. Thereby, the influences of for
I nstance thermally caused | ength variations of the work piece carrier
menber- 1 can be essentially fully con¥ Mmsated in X- direction as well as
in Y-direction. In a further enbodi nent of the process according to the in-
vention, it is provided that the coordinates of the work pieces 5X
determned in the nmeasuring -and aligning station 30 are trans- ferred to
and stored in an el ectronic storage nmeans provided on the work piece
carrier neffivehcedd BhseldObadthede Flitthdd ﬁdasﬁﬁﬁentsontlm:tvﬁmtuhb nERlrs or -
magnet 1 ¢ SALLAS Goutdh ! %%%!?&feﬁlc% ge%& e BeSEOfedkll AcaiifiagLod _
I nformatio ha %o gu”’e 2oPVE r1y5%89 Xt ans.
The transfornatlbﬁ cationqaf th 5 erence bores can BeFiée e
according to the special circumstances. Thus, for instance, it is
possible to provide the clamping bar members 7, 8 and/or 9 with
reference bores. This would shown the advantage that the reference
bores ate closer to the work pieces to be machined, minimizing the
influence of thermal length deviation. )

According to a particular variant of the process of the in-
vention, the origin of the virtual coordinate system or reference
grid could be placed in the center of the work plece carrier mem-
ber 1. In this way, it can be achieved that possibly occurring
length deviations of the work piece carrier member 1, measured
with regard to its origin, influence the overall accuracy only by
maximally 50% of the entire length deviation. :

In a ﬁreferfed embodiment of the process according to the in-
vention, it is provided that, after the work'piece carrier member
1 having been fixed in the machining apparatus 40, the distance
between the centers of the reference bores 22 and 23 are measured
and compared to the distance there between measured at the measur-
ing and aligning station 30. If a certain degree of deviation be-
tween thé two measured distance occurs, the positions of the work
pieces 50, 51, 52, 53 and 54 are arithmetically corrected by the
machining apparatus 40, in dependéncy of the said measured devia-
tion of distance between the reference bores 22 and 23. Thereby,
the influences of for instance thermally caised length variations
of the work piece carrier member 1 can be essentially fully com-
pensated in X- direction as well as in Y-direction. :

In a fﬁrther embodiment of the process according to the in-
vention, it is provided that the coordinates of the work pieces 5X
determined in the measuring and aligning station 30 are trans-
ferred to and stored in an electronic storage means provided on
the work piece carrier member 1. As a storage of this kind, semi-
conductor elements or magnetic strips could be suitable which can
store the transferred information and data without the need to re-
quire a power supply means. The transformation of the data from
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- 20 - the sem -conductor elenent or magnetic strip preferably is per-
formed in a touchless way, e.g. by means of a carrier frequency system
.while an inductive alternate current field may be provided for the
transTornation of energy. By the use of such storage ele- nents, an

unanbi guous assignnent of the relative data to the work pieces élanped in
the work piece carrier. menber 1 can e Z0e3

ar . edlized. ' In sum it can be pointed
out that the position in X- and Y- direction in which the wor k pi ece

carrier menber 1 is fixed to the nmeasuring and aligning station and to the
machi ni ng apparatus, re- spectively, is of mnor inportance because the
position of the work pieces clanped in the work piece carrier nenber is
wel |l and the semi-conductor element or magnetic strip preferably is per-

formed in a touchless way, e€.g. by means of a carrier frequency
system, while an inductive alternate current field may be provided
for the transformation of energy. By the use of such storage ele-
ments, an unambiguous assignment of the relative data to the work
pieces clamped in the work piece carrier member 1 can be realized.

In sum, it can be pointed out that the position in X- and Y-

-direction in which the work piece carrier member 1 is fixed to the
measuring and aligning station and to.the machining apparatus, re-
spectively, is of minor importance because the position of the
work pieces clamped in the work piece carrier member is well and
exactly known with regard to at least two reference marks. In
other words, this means that the work piece carrier membér can in-
accurately fixed to the work table of the measuring and aligning
apparatus and to the work table of the machining apparatus, re-
spectively, since, in the measuring and aligning apparatus, the
virtual coordinate system or reference grid is created and, in the
machining apparatus, the before created virtual coordinate system
or reference grid is recognized and serves as a basis for the ma-
chining of the work pieces. In this way, it is possible to use
much simpler clamping elements which can be manufactured in a much
less expensive way.

An element which has a certain significance in such a process
is the software as it has a decisive influence on the accuracy and
the possibilities of corrections. However, with a well designed
software, it is possible to determine the position ‘of the virtual

' coordinate system or reference grid and, thereby, ‘the position of
the work pieces received in the work plece carrier member and to
be machined with a nearly perfect accuracy.

Finally, -it should be pointed out that, instead of the afore
mentioned reference bores, other kinds of reference marks could be
provided on the work piece carrier member 1. Such alternative ref-
erence marks could be in the form of projections, recesses, slots,
optical marks or similar means which can be unambiguously recog-'
nized.by a suitable position detection means.
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exactly known with regard to at |east two reference marks. |In other words,
this neans that the work piece carrier nmenber can in- accurately fixed to
the work table of the neasuring and aligning apparatus and to the work

tabl e of the machini ng apparatus, re- spectively, since, in the neasuring

and al'i gni ng apparatus, the virtual cooaglnate systen1ahmsm£ﬂm33aﬁ la@dd i S
created and, in the machining apparatus; the before. creaF Tﬁ
e

coordi nate systemor reference grid.is recogni zed and s s for

the ma- chining of the work pieces. In this way, it is possible mo use nuch
simpl er clanping el enents which can be manufactured:in a nuch | ess
expensi ve way. An el ement which has a certain significance in such a
process | SPAMENB@IAXMSe as it has a decisive influence on the accuracy and
the possibilities of corrections. However, with a well designed softmare

it is possible tlo iehgtlmd.'%thSoQﬁ?iom.ﬂa waog?:epﬂéé li:%:rier member in a

‘machining apparatus, comprising the steps of:

inserting the work piece carrier member into the machining
spparatus in a position which corresponds at least approximately
to a preselected nominal position:;

positionally fixing said work piece carrier member in said
position which corresponds at least approximately to said prese-
lected nominal position,

determining the effective position of said work piece carrier
menmber with regard to a nominal reference axis of said machining
apparatus; and

storing the coordinates of said effective position.

2. A method according to claim 1, characterized in that said
effective position of said work piece carrier member is determined
by scanning at least two reference marks provided on said work
piece carrier member in a horizontal distance from each other.

3. A method according to claim 2, characterized in that a

virtual coordinate system or reference grid is established by said
at least two reference marks.

4. A method according to claim 3, characterized in that the
position and the coordinates, respectively, of each work piece re-
ceived in said work piece carrier member is/are determined and re- '
corded with reference to said virtual coordinate system or refer- o
ence grid in a measuring and aligning station, prior to position—

ally fixing said work piece carrier member in said machining appa-
ratus. '

5. A method according to claim 4, characterized in that addi-
tionally the distance between said at least two reference marks is
deternined and recorded in said measuring and aligning station.
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coordi nate systemor reference grid and, thereby, the position of the work
pi eces received in the work piece carrier nmenber and to be machined with a
nearly perfect accuracy. Finally, it should be pointed out that, instead of
the afore nentioned reference bores, other kinds of reference marks could -
be provided on the work piece carrier mber 1. Such-alternative ref-
erence marks could be in the form of prdfj ections, recesses, slots, optical
marks or simlar neans which can be unanbi guously recog- nized by a

suitabl e position detection nmeans. - 21 - PATENT CLAIMS 1. A nethod for
positioning a mprk pi ece carrier nmenber in a o

6. A method according to claim 4 or 5, characterized in that
the data determined and recorded in said measuring and aligning

station are stored and transmitted to said machining apparatus.

7. A method according to claim 6, characterized in that said
virtual coordinate system or reference grid defined by, said at
least two reference marks and determined in said measuring and
aligning station, together with the coordinates of the work pleces
received in said work piece carrier menber, is arithmetically su-

perimposed to the coordinate system or reference grid of said ma-
chining apparatus.

8. A method according to one of the preceding claims, charac-
terized in that the position of said work piece carrier member in
Z-direction is mechanically determined.

9. A,methpd according to one of the claims 1-7, characterized
in that the position of said work piece carrier member in Z-direc-
tion is determined by scanning at least two.reference marks which

are provided on said work piece carrier member in a vertical dis-
tance from each other.

10; A method according to one of the claims 4-9, character- ‘
ized in that the position of said reference marks is mechanically
or optically scanned at said measuring and aligning station.

11. A method according to one of the claims 4-10, character-
ized in that the position of the work pieces received in said work
‘piece carrier member is determined at said measuring and align;ng
station by means of a measuring caliper by touchirg each of said

work pieces in at least two points which are offset to each other
by an angle of 90°.

12. A method according to one of the claims 4-10, characfer-
ized in that the position of the work pieces received in said work
piece carrier member is determined at said measuring and aligning
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machi ni ng apparatus, conprising the steps of: inserting the work piece
carrier nenber i'nto the machining apparatus in a position which corresponds

at | east approximtely to a presel ected noni nal p05|t|omhdy%%;ﬁ§§&gk
fixing said work piece carrier nenber in said position mh$ﬂ

| east approximately to said prese- |ected nom nal positio
ef fective position of said work piece & ri er nenber with
nom nal reference axis of said machining apparatus; and storlng the
coordi nates of said effective position. 2. A nmethod according to claim1,
qharacterlzed in that said effective position of said work piece carrier
nenber i's determ ned by scanning at |east two reference marks provided on
sai d wor k glig@88n 08¢ ldpticHEins) Ne og Nl 1aset Meati stanse wheeeby aachot her .

work piece is scanned in at least two points which are offset to

each other by an angle of 90°.

13. A method according to one of the preceding claims, char-
acterized in that said machining apparatus is a wire erosion appa-
ratus and further characterized in that said reference marks are
constituted by continuous reference bores provided in said work
piece carrier member, whereby the position of said reference bores

are scanned by means of the erosion wire of said .wire erosion ap-
paratus.

14. A method according to claim 13, characterized in that,
for determining the position of the center of each of said refer-
ence bores, the wall of each of said reference bores is touched by
said erosion wire in three different points each offset to each
other by .an angle of 90-150°, whereby, in each case, the position
of said erosion wire is recorded as soon as it touches the wall of
said reference bore and whereby the position of the center of said

reference bore is arithmetically calculated on the basis of the
position of said three touching points. '

15. A method according to one of the claims 5-14, character-
ized in that, after fixing said work piece carrier member in said
machining apparatus, additionally the distance(s) between said
reference marks is/are'measured and compared with the distance(s)
between the reference marks measured in said measuring and align-
ing station, whereby, in the case’ of a predetermined deviation of
the measured values, the coordinates of each work piece received
in said work piece carrier member are aritmethically corrected in
said machining apparatus with regard to said virtual coordinate
system or reference grid and depending on the measured deviation.

16. A.methcd according to one of the preceding claims, char-
acterized in that the origin of said virtual coordinate system or

This is the replacement sheef

| Date:
, 7 -
R RO O o 27 SEP 199




3. A nethod according to claim?2, characterized in that a virtual

coordinate systemor reference grid is established by saidat least two
reference marks. 4. A nethod according to claim3, characterized int

) hat
the position and the coordinates, respectively, of each worK ay Been Replaced
ceived in said work piece carrier nmenpey, Ls/are deternined ar’t I IHH I
with reference to said virtual coordinate system-or refer- e ;

measuring and aligning station, prior to position- ally fixing said work |
pi ece carrier nenber in said nmachining appa- ratus. 5. A nethod according

to claim4, characterized in that addi- tionally the distance between said

at least two reference marks is determ ned and recorded in said neasuring

and al i gnitiRfe¥eRee (Frid is selected to be approximately in the center of a

straight line running through said two reference marks.

17. A method according to claim 4 or 5, characterized in that
the values measured in said measuring and aligning station are

transmitted by means of an interface member, e.g. a network, to
said machining apparatus.

18. A method according t6 claim 4 or 5, characterized in that
the values measured in said measuring and aligning station are re-
corded in a data storage means and are read in said machining ap-

paratus by means of a reading means adapted to read the data
stored in said data recording means. '

19. A method according to claim 4 or 5, characterized in that
the values measured in said measuring and aligning station are re-

‘corded in a data storage means which ‘is arranged on or connected
to said work piece carrier member.

20. A nethod according to claim 19, characterized in that the
values measured in said measuring and aligning station and re-

. corded in said data storage means which is arranged on or con-
nected to said work piece carrier member are touchlessly read by
means of a reading means ' assigned to said machining apparatus and
stored in a memory means provided in said machining apparatus.

21. A method according to one of the precéding claiﬁs, char- .
acterized in that said work piece" carrier member is positionally
fixed in said measuring and aligning station and/or said machining

apparatus by mechanical means, preferably by spring means, and re-
leased by pneumatical means.

22. A work piece carrier member adapted to clampingly receive
a work piece or a plurality of work pieces, said work piece car-
rier member being adapted to be positionally fixed on the work ta-
ble means of a machining apparatus for machining said work piece
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- 22 - 6. A nethod accor di ng to claim4 or 5, characterized in that the

data determ ned and recorded in said nmeasuring and al i@m'“*ng—ST ation are
stored and transm'tted to said machining appar at us.

to claim6, characterized in that said virtual coord| n stk Rip R
_reference- grid defined bysaid at | east two reference nmar m iﬂ% 1“ ed
in said neasuring and aligning station, s‘[ogether with th

reference grid of

the work pieces received in said work piece carrier nenber, is
arithmetically su- perinposed to the coordi nate system or
said ma- chining apparatus. 8. A nethod according to one of the preceding
clainms, charac- terized in that the position of said work pi‘ece carrier
menber in ahdlisatdtwerk iplegeshamispattivelat ereceiwed in said work piece
carrier member, said work piece carrier member being provided with
at least two reference marks located on said work piece carrier
member in a horizontal distance from each other to determine the
effective position of said work piece carrier member in X- and Y-

direction as well as with regard to its angular orientation around
the intersection of said X- and Y-axes, i.e. the Z-axis.

23. A work piece carrie4 member according to claim 22 com-

prising two reference marks located diagonally opposite to each
other. -

24. A work piece carrier member according to claim 22 or 23,
characterized in that said work piece carrier member has an at
least approximate rectangular shape whereby -at least two diago-

nally opposite corners thereof are provided each with one of said
reference marks.

25. A work piece carrier member according to claim 24, char-
acterized in that said work piece carrier member is provided with

three reference marks located in the region of three .corners
thereof.

26. A work piece carrier member according to one of the
claims 22-25, characterized in that said reference marks are con-

stituted by continuous bores provided in said work piece carrier
member.

. 27. A work piece carrier member according to one of the
claims 22-26, characterized in that said work piece carrier member
comprises a clamping frame member provided with stop means for the
positioning of said work piece carrier member in Z-direction.

28. A work piece carrier member according to one of the

claims 22-27, characterized in that said work piece carrier member
and said clamping frame member, respectively, is provided at its
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9. A. met hod according to one of the clains 1-7,

position of said work piece carrier nenber in Z- d##ee——%+{ﬁ¥*frfﬁﬁ1ﬁﬂﬂ ned

"by scanning at |least two reference marks which are prOV|ded 0
‘piece carrier nmenber in a vertical dis-

q{sal

tance frorft REC A rrethod
‘according to one of the clains 4-9, cha.‘;éalcter- | zed mmg ﬂ osition of
said reference marks is mechanically or“optically s nmeasuri ng
and aligning station. 11. A nethod according to one of the clains 4-10,
character-"ized in that the position of the work pieces received in said
wor k ‘piece carrier nmenher is determ ned at said nmeasuring and aligning
station by neans of a neasuring caliper by touching each of said work

pi eces in kwdrcsurfacwm withna sredti shrface @dppbed the g&@#PQnﬂ%?rPB§ itiPangl e of

[err] 12. fh Eeidiedceidd atidngodperantingfwitie rekti suxfacéd, pxdvidadt en -said.

measuring and aligning apparatus and said machining apparatus, re-
spectively.’

characterized in that the

29. A work piece carrier member according to claim 28 or 29,

characterized in that said clamping frame member is made_of-oﬁe
piece.

' 30. A work piece carrier member according to one of the
claims 22-29, characterized in that said work piece carrier member
is provided with a data storage means for storing the position of
the work piece(s) and the coordinates thergof, respectively, re-

ceived in said work piece carrier member, and, if appropriate, for
storing further data.

31. A work piece carrier member accordlng to one of the
claims 22-30, characterized in that said work piece carrier member
is provided with clamping means adapted to clampingly fix said
work piece carrier means in said measuring and aligning station
and in said machining apparatus, respectively.

32. A work piece carrier member acéording to claip 31, char- -
acterized in that said clamping means are simultaneously_designed
as centering elements for at least coarsely centering and unambi-..

guously aligning said work piece carrier membeg in said machining
apparatus. : .

.33. A work piece carrier menber according to.one of the
claims 22-32, characterized in that said work piece carrier member
is provided additionally with at least two further reference marks
located in a certain vertical distance from each other to deter-

mine the position of said work piece carrier member in Z-direc-
tion.
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ized in that the position of the work pieces received in said work piece
carrier nenber is determ ned at said neasuring and aligning C L M S *
- 23 - station by optical neans, e.g. a | aser beam neans, whereby each work
piece is scanned in at |least two points which are offset to each other by
an angle of [err] 13. A method according to-one of the preceding clains,
char- acterized in that said machining Bpératus IS a wre erosion appa-
ratus and further characterized in that said reference marks are
constituted by continuous reference bores provided in said work piece
carrier nmenber, whereby the position of said reference bores

34. Use of a work piece carrier member designed according to
one of the claims 22-33 as a work piece clamping member adapted to
be fixed in a machining apparatus for machining the work pieces
received in the work piece carrier member, particularly to be
fixed in a wire erosion machining apparatus.

is Sheet Has Been Reﬂlaced
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are scanned by neans of the erosion wire of said wire erosion ap- paratus.
14. A nethod according to claim 13, characterized in that, for deternining
‘the position of the center of each of said refer- ence bores, the wal | of
each of said reference bores is touched by said erosion wire in three
different points each offset to each other by an angle of [err] whereby,
each case, the position of said erosiomrdfire is recorded as soon as it

touches the wall of said reference bore and whereby the position of the
center of said reference bore

Aﬁsmb‘rhﬁﬁt'h{‘zabkdcﬂﬁm| ated on the basis of
the position of said three touchrng pornts.

od accordlng to one
of the clai @Eupridh roRapEHiGoNING G wollk | Piior éﬁfu@fm{ MEMBER SR A MORIMNBL €Ce
carrier nmenD

3 Abtadol it U Gk TLRLR" Soens Tl UBAEE ADLetdl o0 o 0T °)

bet ween sai-d >
di stance(s) ~TIONED IN A MACHINING APPARATUS

In a method of positioning a work piece carrier member with
regard to a machining apparatus, it is provided to insert the work
pliece carrier member into the machihing apparatus and to fix it
there 1n a position which at .least approximately corresponds to a
desired nominal position. Thereafter, the effective position of
the work piece carrier member is determined by scanning two refer-
ence marks provided on the work piece carrier member.  The determi~-
nation of the exact position of the work pieces received in the
work piece carrier member is carried out .in a separate measuring
and. aligning station. The positional data thus determined are
transferred to the machining apparatus. The effective position of
the work pieces received in the work piece carrier member can be
calculated on the basis of the position of the reference marks.

' The invention further provides a work piece carrier member
 comprising at least two reference marks located in a certain hori-
zontal distance from each other. Thereby, the exact effective po-
sition of the work piece carrier member in X- and Y-direction as
well as regarding its angular orientation around the Z-ax}s can be
easily determined. Thereby, the need is removed to bring the work

‘piece carrier member in @n exactly predetermined position with re-
"gard to a machining apparatus.

"Figure' 1
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bet ween the reference marks nmeasured in said neasuring and align- ing
station, whereby, in the case of a predeterm ned deviation of the neasured
val ues, the coordinates. of each work piece received in said work piece
carrier nmenber are aritnethically corrected in said nmachining apparatus
with regard to said virtual coordinate systemor reference grid and
dependi ng on the neasured devi ation. 16. Alpgthod according to claim3,
characterized in that the origin of said vitfual coordinate system or

reference - 24 - grid is selected to be approximately in the center of a
straight line running through said two reference marks. 17. A nethod .
according to claim4 or 5, characterized in that ' Ny
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t he val ues neasured in said neasuring and aligning station are transmtted
by nmeans of an interface nenber, e.g. a network, to said machi ning
apparatus. 18. A nethod according to claim4 or 5, characterized in that

t he val ues neasured in said neasuring and aligning station are re- corded
in a data storage neans and are read in said machi ning ap- paratus by neans
of a readi ng neans -adapted to read the data stored in said data recording
means. 19. A nethod according to claim4 or 5, characterized in that the
val ues neasured in said neasuring and aHgﬁﬁ%@ station are re- corded in a
data storage neans which is arranged on or connected to said work piece
carrier nmenber. 20. A nethod according to claim 19, characterized in that

the val ues neasured in sai uring and aligning station and re- corded
i.n said data storage neang is arranged on or con-
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nected to said work piece carrier nenber are touchlessly read by neans of a
rieadi ng neans assigned to said machining apparatus and stored in a nmenory
‘nmeans provided in said machi ning apparatus. 21. A nethod according to one
‘of the preceding clains, char- acterized in that said work piece carrier
menber is positionally fixed in said nmeasuring and aligning station and/or
sai d machi ni ng appar atus by nechani cal neans, preferably by spring neans,
and re- |eased by pneumatical neans. 22.374 work piece carrier menber
adapted to clanpingly receive a work piece or a plurality of work pieces,
sai d work piece carrier menber being adapted o be positionally fixed 5#
work table means of a machi ni ng apparatus for ymachi ni ng said work piecelnr
said plurality of work pieces, said work piece -.E:

S N

L\

N/
\
5.
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_ _ _ : Abo3 1444 oreoep evt
- 25 - carrier nmenber being provided with at | east two referef®® nmarks

-l ocated on said work piece carrier nmenber a horizontal distance from each
other, said two reference marks for determ ning the effective position of
said work piece carrier member in the X, -Yignd Z directions, said work
pi ece carrier nenber being approxi mately rectangular in shape and havi ng at
| east two diagonally opposite corners, each of said diagonally opposite
corners being provided with one of said at least two reference marks. 23. A
wor k pi ece carrier nenber according to claim?22, char- acterized in that

said work piece carrier nmenber is provided with.three reference marks
| ocated in t hEo¥ &ddRIokhe foxk Pé:%?%é%aéfrgﬁ’ér"ée&bf*r in 'the neasuring snd

aligning station and in the machining apparatus. The four clamping
members 21 are generally arranged in the region of the four edges
of the clamping frame member 2, and the distance between the two
clamping members 21 provided on the left side lateral frame member
6 is somewhat smaller than the distance between the two clamping
members 21 provided on the right side lateral frame member 5 in
order to provide for an unambiguous orientation of the work piece
_carrier member 1 in the measuring and aligning station and in the
machining apparatus. The clamping members 21.serve for coarsely
centering and positioning the work piece carrier member 1 with
reference to the measuring and aligning station and the machining
apparatus, respectively. ' '

Basically, such work piece carrier members 1 are well known
in the art. For instance, a work piece carriep member of this kind
is disclosed in U.S. Patent Nr. 5,201,502. Thus, it is not neces-
sary to further describe details of such a work piece carrier mem-
ber. The arrangement and the principle of the clamping members 21
shown in the drawings are for illustration only; it is understood
that numerous other designs of clamping members could be used. For
example, it would also be possibie not to provide the work piece
carrier member 1 with clamping and/or centering members at all,
but to provide the measuring and aligning station as well as the
mhchining apparatus with suitably designed clamping and/or center-
ing elements.

A preferred characteristic of the pres_ent invention, how-
ever, is that the work piece carrier member 1 is provided with two
reference marks. In the present eiample, each of the two cross
frame members 5 and 6 of the clamping frame member 2 are provided
with a reference mark in the form of a continuous bore 22 and 23,
respectively. These two reference bores 22 and 23 are located di-
agonally opposite to each other in the region of two corners of
the clamping frame member 1. The continuous bores 22, 23 serve as
reference marks and help to define the position of the work piece
carrier member 1 in X~direction, in Y-direction as well as regard-
ing its angular orientation around the Z-axis. Moreover, in Fig.
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24. A work piece carrier nenber accordlng to one of the clainms 22-23,
characterized in that said reference marks are ton- stituted by continuous
bores provided in said work piece carrier nenber. 25. A work piece carrier
nmenber according to one of the clains 22.244 characterized in that said
wor k piece carrier menber conprises a clanping frane nenber provided with
stop neans for the positioning of said work piece carrier nmenber in
Z-direction. 26. A work piece carrier nenber according to one of the clains
22-25, characterized in that said work piece carrier nenber and said

ctanpi ng frane menber, respectively, is provided at its lower surface with
a rest surfacgnﬁﬂﬂbﬂﬁﬂl¥% define its position in Z-direction and

cooperating with rest surfaces provided on said neasuring and aligning
apparatus and sai d jmaghhdtHdd #B8PPsEiUSoniRy SRRk YEdde carrier member in a
machining apparatus, comprising the steps of:
inserting the work piece carrier member into the nmachining
apparatus in a position which corresponds at least approximately
to a preselected nominal position;
positionally fixing said work piece carrier member in said
position which corresponds at least approximately to said prese-
lected nominal position;
determining an effective position of said work piece carrier
member with regard to a nominal reference axis of said machining
apparatus; and

storing the coordinates of said effective position.

2. A method according to claim 1, characterized in that said
effective position of said work piece carrier member is determined
by scanning at least two reference marks provided on said work
piece carrier memwber in a horizontal distance from each other.

3. A method according to claim 2, characterized in that a
virtual coordinate system or reference grid is established by said
at least two reference marks.

4. A method according to claim 3, characterized in that the
position and the coordinates, respectively, of ea¢h work piece re-
ceived in said work piece carrier member is/are determined and re-
corded with reference to said virtual coordinate system or refer-
ence grid in a measuring and aligning station, prior to position-

ally fixing said work piece carrier member in said machining appa-
ratus.

5. A method according to claim 4, characterized in that addi-
tionally the distance between said at least two reference marks is
determined and recorded in said measuring and aligning station.
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27. A work piece carrier nenber according to claim26, characterized in
that said clanmping frame nenber .is nade of one piece. C L M S

26 28. A work piece carrier nmenber according to one of the clainms 22-27,
characterized in that said work piece carr@3er nenber is provided with a
data storage neans for storing the position of the work piece(s) and the
coordi nates thereof, respectively, re- ceived in said work piece carrier
menber, and, if appropriate, for storing further data. 29. A work piece

carrier nmenber according to one of the
station by optical means, e.g. a laser beam means, whereby each

work piece is scanned in at least two pqiﬁts which are offset to
each other by an angle of 90°.

13. A method according to one of the preceding claims, char-
atterized in that said machining apparatus is a wire erosion appa-
ratus and further characterized in that said reference marks are
constituted by continuous reference bores provided in said work
piece carrier member, whereby the position of said reference bores

are scanned by means of the erosion wire of said.wire erosion ap-
paratus. '

14. A method according to claim 13, characterized in that,
for determining the position of the center of each of said refer-
ence bores, the wall of each of said reference bores is touched by
said erosion wire in three different points each offset to each
other by .an angle of 90-150°, whereby, in each case, the position
of said erosion wire is recorded as soon as it touches the wall of
said reference bore and whereby the position of the center of said
reference bore is arithmetically calculated on the basis of the
position of said three touching points.

15. A method according to one of the claims 5-14, character-
ized in that, after fixing said work piece carrier mewmber in said
machining apparatus, additionally the distance(s) between said
reference marks is/are measured and compared with the distance(s)
between the reference marks measured in said measuring and align-
ing station, whereby, in the case of a predetermined deviation of
the measured values, the coordinates of each work piece received
in said work piece carrier member are aritmethically corrected in
said machining apparatus with regard to said virtual coordinate
system or reference grid and depending on the measured deviation.

16. A method according to claim 3, characterized in that
the origin of said virtual coordinate system or reference

This is the replacement sheet

Date: 1 ac
2 0 AUG 1938
[




clains 22-28, characterized in that said work piece carrier nenber is
 provided wth clanpi ng neans adapted to clanpingly fix said work piece
carrier neans in said nmeasuring and aligning station and in sai d-nachi ning
apparatus, respectively. 30. A work piecggqcarrier nenber according to
claim 29, char- acterized in that said clanping neans are sinultaneously
desi gned as centering elenents for at |east coarsely centering and unanbi -
guously aligning said work piece carrier nenber in said nachining
apparatus. 31. A work piece carrier nenber according to. one of the clains
22-30, characterized in that said work .piece carrier nenber is provided
addi tional |y gkifh is sehectedote e epprexinately nin kkhe antar 9f Acertain
vertical di st a8eaighonlene hravhingt thdetgh - said etwd erqsienan mdrissi d wor k

pi ece carrier nenber in Z-direc- tion.

17. A method aécording to claim 4 or S, characterized in that
the values measured in said measuring and aligning station are
transmitted by means of an interface member, e.g. a network, to
said machining apparatus.

18. A method according to claim 4 or 5, characterized in that
the values measured in said measuring and aligning station are re-
corded in a data storage means and are read in said machining ap-
paratus by means of a reading means adapted to read the data
stored in said data recording means. ’

19. A method according to claim 4 or 5, characterized in that
the values measured in said measuring and aligning station are re-
corded in a data storage means which is arranged on or connected
to said work piece carrier member.

20. A method according to claim 19, characterized in that the
values measured in said measuring and aligning station and re-

. corded in said data storage means which is arranged on or con-
nected to said work piece carrier member are touchlessly read by
means of a reading meansiassigned to said machining apparatus and
stored in a memory means provided in said machining apparatus.

21. A method according to one of the preceding claims, char-
acterized in that said work piecetcarrier member is positionally
fixed in said meaéuring and aligning station and/or said machining
apparatus by mechanical means, preferably by spring means, and re-
leased by pneumatical means. '

22. A work piece carrier member adapted to clampingly
receive a work piece or a plurality of work pieces, said work
piece carrier member being adapted to be positionally fixed on
work table means of a machining apparatus for machining said

work piece or said plurality of work pieces, said work piece
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32. Use of a work piece carrier nenher designed according to one of the
~clains. 22-31 as a work piece clanping nenber adapted to be fixed in a
machi ni ng apparatus for nachining the work pieces received in the work

pi ece carrier nenber, particularly to be fixed in a wire erosion machining
appar at us. - 27 - 34. Use of a work Qigge_carrier menber desi gned
according to one of the clains 22-33 as a“Work piece clanping nenber
adapted to be fixed in a machining apparatus for machining the work pieces
received in the work piece carrier nenber, particularly to be fixed in a
wire erosion machining apparatus. * C : N S *

carrier member being provided with at least two reference marks
located on said work piece carrier member a horizontal distance
from each other, said two reference marks for determining the
effective position of said work piece carrier member in the X,
Y and % directions, said work piece carrier member being
approximately rectangular in shape and having at least two

. diagonally opposite cormners, each of said diagonally opposite
corners being provided with one of said at least two reference
marks.

23. A work piece carrier member according to claim 22, char-
acterized in that said work piece carrier member is provided with
three reference marks located in the region of three .corners
thereof.

24. A work piece carrier member according to one of the
claims 22-23, characterized in that said reference marks are con-
stituted by continuous bores provided in said work. piece carrier
menber.

25. A work piece carrier member according to one of the
claims 22-24, characterized in that said work piece carrier member
comprises a clamping frame member provided with stop means for the
positioning of said work piece carrier member in Z-direction.

26. A work piece carrier member according to one of the
clainms 22-25, characterized in that said work piece carrien member
and said clamping frame member, respectively, is provided at its
lower surface with a rest surface adapted to define its position
in Z-direction and cooperating with rest surfaces provided on said
measuring and aligning apparatus and said machining apparatus, re-
spect;vely.

27. A work piece carrier member according to cléim.26,
characterized in that said clamping frame member is made of. one
piece.
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28. A work piece carrier member according to one of the
claims 22-27, characterized in that said work piece carrier member
is provided with a data storage means for storing the position of
the work piece(s) and the coordinates thereof, respectivély, re-

ceived in said work piece carrier member, and, if appropriate, for
storing further data.

29. A work piece carrier member according to one of the
claims 22-28, characterized in that said work piece carrier member
is provided with clamping means adapted to clampingly fix said
work piece carrier means in said measuring and aligning station
and in said machining apparatus, respectively.

30. A work piece carrier member according to claim 29, char-
acterized in that said clamping means are simultaneously designed
as centering elements for at least coarsely centering and unambi-.

guously aligning said work piece carrier member in said machining
apparatus. '

31. A work piece carrier member according to. one of the
claims 22-30, characterized in that said work piece carrier member
is provided additionally with at least two further reference marks
located in a certain vertical distance from each other to deter-

mine the position of said work piece carrier member in Z-direc-
tion.

32. Use of a work piece carrier member designed according to
one of the claims 22-31 as a work piece clamping member adapted to
be fixed in a machining apparatus for machining the work pieces
received in the work piece carrier member, particularly to be
fixed in a wire erosion machining apparatus.
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ABSTRACT OF THE DISCLOSURE ' :

A METHOD FOR POSITIONING A WORK PIECE CARRIER MEMBER IN A MACHINE-

_<ING APPARATUS AND A WORK PIECE CARRIER MEMBER ADAPTED: TO BE POSI-
=TIONED IN A MACHINING APPARATUS

In a method of positioning a work piece carrigr member with
regard to a machining apparatus, it is provided to insert the work
piece carrier member into the machiﬁing apparatus and to fix it
there tn a position which at.least approximately correspohds to a
desired nominal position. Thereafter, the effective position of
the work piece ca;riér member is determined by scanning two refer-
ence marks provided on the work piece carrier member. The determi-
nation of the exact position of the work pieces received in the
work piece carrier member is carried out in a separate measuring
and. aligning station. The positional data thus determined are
transferred to the machining appafatdg. The effective position of
the work pieces received in the work piece carrier member can be
calculated on the basis of the position of the feference marks.

' The invention further provides a work piece parrier member
~ comprising at least two reference marks located in a certain hori-
zontal distance from each other. Thereby, the exact effective po-
sition of the work piece carrier member in X- and Y-direction as
well as regarding its angular orientation around the Z-gx;s can be
éasi;y determined. Thereby, the need is removed to bring the work

piece carrier member in an exactly predetermined posiﬁion with re-
gard to a machining apparatus.

"Figure 1
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