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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 membér in a machininé 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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apparatus_with regard to a coordinate system or reference grid as-
signed to the machining apparatus. It is understood that the posi-
tioning apertures can be provided 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 defiged by two axes running per-
pendicularly to each other in X- and Y-direction as well as by the
angulaf orientation.around the Z-axis, i.e. an axis funning
through the intersection of the X- and Y-axes in perpendicuiar-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 positionélly 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 methbd 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 réquired and should be realized. '
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In German Patent No. 31 15 586, a two part work piece elamp—
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'or 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 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- 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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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'bf several hundreds
of millimeters can occur.

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, théreeis 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 te 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 firstlgreﬁp 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



I

i

defined location of the work piece carrier member with regard to a

chining'apparatus. This assumption'was based on the fact that,
by a defined cooperation of the centerlng elements during the
clamplng process, i.e. the positionally defined location of the
work 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 deflned 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, respectively, can vary within the limits of several hun-
dreds of millimeters. |

_' 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 pieces 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-ij
mally caused dimension variation of the work piece carrier member,
the dlstance 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 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 the case of
geometrically over defined clamping systems, e.g. as disclosed in
German Patent No. 31 15 586. Moreover, a differenp thermal expan-
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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 behav1or as far as thermal expan51on 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
relatlve 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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made independent of the clamping and fixing means required to con-
nect the work piece carrier member on the work table of a machin-
ing apparatus. In such a case, this means in other 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 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



‘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 plece 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 fixing the work'plece 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-
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| tance deviation. Thus, thermally caused length variations of the
work plece 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_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 piece carrier members known in the art without the dis-
~ advantage that the positional accuracy of the work plece carrier
member is impaired. '

In a preferred embodlment 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 follow1ng, an embodiment of the invention Wlll be fur-
ther described, w1th reference to the accompanylng draw1ngs, in
which: .

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

' 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 strlctly schematic representatlon 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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Fig. 1 shows an example of a work piece carrier member 1 in a
schematic top view. The work piece carrier member 1 essentially
consists ef a rigid clamping 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 pleces 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 mentioned support-
ing'afm 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 cah rest during the clamping proc-
ess. The third‘clamping bar member 9 is pfovided 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
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for fixing the work piece carrier member 1 in the measuring 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 prpvided 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 members 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 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 orieﬁtation around the Z—axis..Mbreover, in Fig.
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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 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 1ines'are drawn for the uppermoét_cylinder
shaped work piece 52.

_ In Fig. 2, the work piece carrier member 1 is shown in a lon~
gitudlnal 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 e1eménts 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



[ —

heet Has Been Reilaced

LT ——

electric power supply. Preferably, the clamping arrangement is de-
signed self-locking such that the.work'piece carrier member 1 is
safely held in position 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'clamping bar member 7 is shown in a longitudinally sectioned
view, illustrating its longitudinal profiié. ;

In Fig. 4, there is'shown, in a véry 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 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_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 well known to any 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 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
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21. Thus, the position of the measuring arm 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 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 tip of the measuring caliper 34 touches the wall of the bore,
the poéition of the measuring 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 ba51s 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-
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tions. Each measurement value is stored in the computer 45. In
this way, the position and the coordinates, respectively, of each
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-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 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 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 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-
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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
precediug 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.
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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 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. '
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In order to perform such a process of exact positional loca-
tion of the work pieces received in a work piece carrier member
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 manufacturing 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 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
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influences; based on these further measurements, the virtual coor-
dinate system or. reference grid can be corrected accordingly.

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
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the semi-conductor element or magnetic strip preferably is per-
formed in a touchless way, €.g. by neans 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 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 projectiohs, recesses, slots,
optical marks or similar means which can be unambiguously recog-
nized by a suitable position detection means.
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PATENT 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.

* [ L M S *
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6. A method according to claim 4 or 5, charactérized in that
the data determined and recorded in said measuring and aligning
station are stored and transmitted to said machining apparatus.l

7. A method according to claim 6, characterized in that said
v1rtual coordinate system or reference grid deflned 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:-
ized in that the position of the work pieces received in said work
‘piece carrier member is determined 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

R
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station by optical meane, e.g. a laser beam means, whereby each
work piece is scanned in at least two peints 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_erosibn 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 that, after fixing said work piece carrier member in said

machining apparatus, additionally the distance(s) between said
reference marks is/are measured ahd 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 measuyred deviation..

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

AR
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" 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

R R O
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and said work pieces, respectively, received in said_work'piece :
carrier member, said work piece carrier member being provided with
at least two reference marks located on said work piéce 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, respectively, is provided at its

A
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lower surface with a rest surface adapted to define its -position
in Z-dlrectlon and cooperatlng with rest surfaces provided on said
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, respectiVely, 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 additienally with at least two further reference marks
located in a certain,verticel:distance from each other to deter-
mine the position of said work piece carrier member in Z-direc-
tion.
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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 magihining apparatus.
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