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(57) In a method of positioning a work piece carrier member with regard to a machining apparatus, 1t 1s provided to
insert the work piece carrier member 1nto the machining apparatus and to fix it there 1 a position which at least
approximately corresponds to a desired nominal position. Thereafter, the effective position of the work piece carrier
member 1s determined by scanning two reference marks provided on the work piece carrier member. The
determination of the exact position of the work pieces received 1n the work piece carrier member 1s carried out 1n a
separate measuring and aligning station. The positional data thus determined are transterred to the machining
apparatus. The effective position of the work pieces received 1n the work piece carrier member can be calculated on
the basis of the position of the reference marks. The mvention further provides a work piece carrier member
comprising at least two reference marks located 1n a certain horizontal distance from each other. Thereby, the exact
effective position of the work piece carrier member 1n X- and Y-direction as well as regarding 1ts angular orientation
around the Z.-axis can be easily determined. Thereby, the need 1s removed to bring the work piece carrier member 1n
an exactly predetermined position with regard to a machining apparatus.
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ABSTRACT OF THE DISCLOSURE

In a method of positioning a work piece carrier member with
regard to a.machining'apparatus, it is provided to insert the work
'piece cérrier member into the machining apparatus and to fix it

thereiin apositibn which at least approximately corresponds to a
dQSired'nominal position; Thereafter;fthe effective posifion of
”thé work plece carrier member is detérmihed by scanning two refer-

ence marks provided on the work piece carrier member. The determi-

nationlof thé’exact position of.the.work pleces rédeived in the
.WOrk'pieCécarriér member'is'carried out:in a separéte measuring
_ andaligning station. ThéPbsitiohaldafa thus détermined-are
-.transferredito the machining apparatﬁs.‘The.effective position of

‘the work piéces received in'the work'piececarrierlmember can be
‘calCuiated on the basis of thé.position'éf the reference marks. }ﬁéf

| The invention further perides a.wdrk piece carrier'member

comprising at least'two reférencelmarks located in a Certain hori-

ZOntal'distance from each other. Thereby} the exact:effective po-

- sition of the work piede'carrier memberin X- and Y-direction as

jweil as régarding its angular ofientation-around the Z-axis Can be
eésily determined. Thereby, £heneed is removed to bring'the work
'piece Cérrier'member in an exaCtly prédétermined position with re-

" gard to a machining apparatus.
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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

FIELD OF THE INVENTION

The present invention refers to a method for positioning a

work piece carrier member in a machining 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 piece carrier

menber 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 plece car-
rier member before the work piece carrier member is fixed in the

'aforementioned.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-

fber;.theréafter, the exaCt poSition of the work pieces with regard

to.the-work piece carrier member is determined and stored. Usu-
ally, the,Work piece carrier member is provided with clamping
means whidh set the position of the work piece carrier member, not

only in the measuring.and aligning station, but also in the ma-
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chining apparatus. In other words, the afore mentioned clamping
means, 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-
términed and stored.

In.most cases, these'positioning and clamping means are con-
stituted by clamping pin members projecting from the work pilece
carrier-membér and engagilng correspondingly arranged clamping and
positioning apertures provided in'or at the work table of a ma-
chining apparatus during clamping the work piéce 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
| 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 pilece carriler 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
pliece carrier member usually is defined by two axes runnlng per-
pendlcularly to each other 1n X- and Y-direction as well as by the
angular orlentatlon around the Z-axis, i.e. an axis runnlng
through the intersection of the X- and Y-axes in perpendicular di-
rection. Even if the position of the work piece carrier member and
thé work pieces received therein; respectively, in the direction

of the Z-axis is also important during the machining of a work
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piece, it is less critical as far as the positioning and exact de-~

termining of the position, respectively, 1s concerned.
PRIOR ART

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:
fIf e'work'piece has to be machined in several steps by means of a

’.plurality of machining apparatuses which can be entirely.different
fromieach other, the werk'piece carrier member must be clamped TO
.andremoved 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 fer as the
process or method of pesitioning a work piece-Carfier member in a

| machining apparatus and/or simeasuring and aligning station 1s
cohcerned, 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 werk piece carrier member within the limits of a few thousands

of millimeters is required and should be realized.

.....
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In German Patent No. 31 15 586, a two part work piece clamp-
ing system is disclosed which is suited to clampingly receive par-
ticularly work pieces with small dimensions. This clamping system
comprises a chuck member as well as a work piece carrier member
.adepted Lo be connected to the chuck member in a well defined po-
sition. Therefor, the chuck member is provided with a number of
E prejeCting_positiening 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
ith-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 K- and.Y+direction is determined, while the
other pin or stud/apefture pair determines the angular orientation
of the work pliece 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’pihs'er 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-
‘fecturing precision 1s required.

A further problem in such a centering system is presented by

the usually conically designed centering pins or studs, because
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the position in X- and Y-direction 1is defined by each centering

stud or pin/aperture pair independently 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 pilece carrier members of a frame like design,'these
problems are even more.pronounce. In the interest of a positioning

~as stable and accurate as possible, the individual pin/aperture

pairs'ere located as far awey from another pin/aperture as possi-
ble. Thus,:the disadvantage occurs in such a design that the ob-
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 carrief member in the region of several hundreds

of millimeters can occur.

. In order to minimize these problems, the applicant has pro-
posed and discloéed a clamping systemein 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 correspondiﬁgly
 located centering pins arrangedhon the sﬁrface of a work table of
amachining apparatus. Thereby,.a first group of centering aper-
tures and centering pins is provided which defines the position of

the work piece carrier member with regard to the machining appara-
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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 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
ot centering apertures and centering pins. In order to addition-
ally'definethe angular orientation around the Z-axis, particu-
larly in thé 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
fromathe afdre mentioned first group 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 apparatus can be achieved in which a thermally
cauSed.length variation is nat reflected in a undefined shift of
the origin of the sYstem.

All the statements and explanations given herein before have
referred to a precise and well defined cooperation of the center-
ing elements duringthe clamping process, i.e. the poSitionally
dafined location of the work'piece carrier member with fegard to a
machining apparatus. This assumption was based on the fact that,
by a definéd cooperation of the centering elements during the
clamping process, i.e. the positionally defined location of tha
work piece carrier member with regard to a machining apparatus,

automatically a correspondingly precise positioning of the work
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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 earrier 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-
mnents, respectively, can vary within the limits of several hun-
dreds ef millimeters.

The reasons therefor, first and foremost, probably can be
found 1in thermally caused dimension variations of the work plece
carrier member and/or of the work table of the'maehining appara-
tus. If the dimension of the work piece carrier member is varied
under the influenee of heat, the position of the work 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 1is
the absolute.positional error. Moreover, in the case of a ther-
emally caused dimension variation of the work piece carrier menber,
the distance betweehathe centering elements provided on the work
pliece carrier member is changed. A thermally caused variation of
the dimension of the work table of a machining apparatus 1is re-
flected by a variation of the distance between the centering aper-
" tures or eentering pins provided on said work table. Even the me-

chanical machine origin defined by the centering elements provided
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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 different thermal expan-
‘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 welght
of the work pieces to be clamped and/or high clamping-forces, the
'jmaterial_of the work piece carrier member could be-elastically de-
formed With the result that the positional accuracy of the work
piece carrier membeﬁiwith regard to the maehining apparatus is
'further impaired. It must not especially emphasized that larger
clamping sYStems incorporating larger work plece carrier members

reect-stronger on these negative factors than smaller ones.

.Additionally, care must be taken to manufaeture such work
pieCe carrier members, usually consisting of a plurality of indi-
viduai‘elements, of absolutely identical eteelmaterial, 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
must be taken into'consideration; all these errors can sum up, in
the worst case, in such a way that the final positional accuracy
ef a work piece carrier member and the work pieces received

therein, respectively, with regard to a machining apparatus 1is no

iiii
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longer within the required limits. 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.

Inerder.tominimize all these tolerances, a very high expen-
diture must be taken during the manufacture of such a high preci-
sion ciamping system; the results are correspondingly high costs
for the centering elements-(coeperating 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
made independent of the clamping and fixing means required to con-
nect the werkpiece carrier member on the work table of a machin-
ing apparatus. In such a case, this means in other words that the
inevitably present 1lnaccuracy 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 plece carrxier member eoordinate orli-
gin mechanically-fixed by the position and cooperation of the po-
sitioning and clamping elements no longer has any effect on the
_positional aceuracy of the work piece carrier member and/or the

machining accuracy of the work pieces received therein. Moreover,
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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 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.

OBJECTS OF THE INVENTION

It is an object of the invention to provide a method for po-
sitiening 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 position with regard to a machin-

ing apparatus can be easily and exactly determined.

-----

....
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SUMMARY OF THE INVENTION

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
piece carrier member is inserted into the machining apparatus in a
.pesitioh 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 tethe afore mentioned preselected nominal position. Now,
-the effective position of the work piece carrier member with re-
gard to a nominal refereece axis of the machining apparatus 1s de-
termined-andthe coerdinates of the determined effective position
are stered.

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-
lally fixedon the work table of a machining apparatus for machin-
ing work pieee and the work pieees, respectively, received in the
work piece earrier ﬁember. The work piece carrier member 1s pro-
vided with at least two reference:marks located on the work plece
'carrier member in a horizontal distance from each other to deter-
‘mine the effective position of the work piece carrier member in X-
and’Ymdirection as well as with regard to its angular orientation

around the intersection of the X~ and Y-axes, i.e. the Z-axis.
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By this method and by means of such a work piece carrier mem-
ber, 1t 1s 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 positioning
élements and of thermal influences.

| in.a préferred enmbodiment of the method, it is additionally

' provided that, moreover, after fixing the work piece carrier memnm-
'ber.in'the machining apparatus and priOr to machining the work
piéces received in the work piece carrier member, the distance be-
tween the afore mentioned reference marks is measured and compared
to thadistance between the reference marks determined at the
measuring and aligning station. If the deviation of these two val-
uesexceeds.avcertain limit, the coordinates of the work pieces
recaived in the work piece cafrier|member is aritmethically cor-
rected in X~ and/or'Y~direction in dapendence of the measured dis-
tance deviation. Thus, thermally caused length variations of the
work piece Carrier member can be compensated for to a high degree.

. IDue 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 oriéntation around the Z-axis. The result is that the center-
ing andfixing 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-

......
-
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advantage that the positional accuracy of the work plece carrier
member 1is impaired.

In a preferred embodiment of the work piece carrier member,
it is provided that the clamping frame member thereof be manufac-
' -tnred 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 oOC-

'nCUr.
BRIEF DESCRIPTION OF THE DRAWINGS

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 longitudinal sectional view of the work piece
carrier member of Fig. 1, but without the work pieces clamped
therein,gtaken along the line.AfA'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. 1l; and
' Fig. 4 shows a strictly schematic-representation of a measur-

ing and aligning station as well as of a wire erosion apparatus

.....
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equipped with a work piece loaded work piece carrier member and of

a computer.

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT

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 of 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 parallelepiped 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.

The two lateral frame members 3, 4 are provided each with a

step shaped'recess 11 running along their edges facing the inte-

riof bf the clamping frame and being equipped with threaded bores

12. In order to enable the three clamping bar membérs 7, 8 and 9

tb 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

42781\120794P1
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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'itslower edges and serving as a stop member on. which the work
pileces 50 and 51 to be clamped.can rest during the clamping proc-
 éss. The third 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
fClamping_bar members can be used,Within the scope of the present
inventidn.

_lIn the embodiment discussed herein, the work piece carrier
menber 1 1s provided with four clamping elements 21 projecting
from-the lower surface of the clamping frame member 2 and serving
for fixing'the work'piece carrier member 1 in the measuring and
aligning station and in the machining apparatus. The four clamping
mémbers 21 are generally arranged in thé 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:membér S in
ofder to provide for an'unambiguous drientation 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

| .
...................
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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 1s understood

that numerous other designs of clamping members could be used. For

'~example, it would also be possible not to provide the work piece

cérrier 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-

ing elements.

An essential characteristic of the present invention, how-

ever, is that the work‘piece‘carrier menber 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 réference 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 Filig.

1, two further continuous bores 24 and 25 are outlined 1in broken

22781\120794P1
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lines. These two additional continuous bores 24, 25 are located in
the region of the two remaining opposite corners of the clamping
frame mémber 2. Thereby, it should be pointed to the possibility

- that the clamping frame member 2 may be provided with three, four
- or even more continuous reference bores.

5A coordinate system or reference frame 26 which 1s defined by
the two reference marks in the form of continuous reference bores
22,23'is schematically shown in Fig. 1 by an abscissa 27 (X-axis)
and an ordinate 28 (Y-axls); the Z-axis funs along a line perpen-
dicular to the X- and Y-axes through the intersection or origin
théreof. TQ illustrate the position(s) of the clampéd 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
parallelepipedshaped 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 uppermost cylinder
shaped work pliece 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
séke of clarity, the work piéces 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-
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ence to a measuring and aligning station and a machining appara-
tus, and, 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
eperation is performed mechanically, e.g. by the force of springs,
and the releasing of the clamping elements is performed pneumati-
cally. Thus, it 1s ensured that the work piece carrier member re-
mains fixed in its position, even 1f there is a leak in the pneu-
matilc er hydraulic system or in the case of an interruption in the
'electric pOwer supply. Preferably, the elamping arrangement is de-
signed eelf~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 sectienal view along the line B-B in Fig. 1. In this view,
the clemping bar member 7 is shown in a longitudinally sectioned
view, illustrating its longitudinal profile.

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 5% received 1n 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 measuting and aligning proceeding for determining the position

of the work pieces are known in the art and do not form, per se,
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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 symboli-
cally Shown data conductor 35.‘The measuring arm menmber 33 and,
thereby, the measuring caliper 34, are displaceable in X-, Y- and
Z—difeCtioh..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
meaeurement 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 detaill) on which the work piece carrier
'member rests, preferably in the.region of the clamping elements

21. Thus, the position of the meesuring arm member 33 in Z-direc-
tion just not be determined because the height position of the
_'wotk-piece carrier member 1 1is exactly known. On the other hand,
the deflection or path of displacement of the measuring arm member
can be diglitally determined, processed and stored by means of the

cOmputer 45 without difficulties and with a high degree of accu-

racy.
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Preferably prior to determining the position of the work
pieces, indicated by reference numeral 5x and received 1in 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 1is 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
whichﬁare 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, 1in 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, respeCtively, the axis of the bore can exactly and
unambiguously be'determined electronically. Thereafter, a virtual
coordinate system or reference frame is aritmethically 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
said virtual coordinate sYstem or reference frame.

 Now, the positlon and fhe,exact coordinates, respeotively, of
the'work pieces 5X receilived 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 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
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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-
tions. Each measurement value is stored in the computer 45. In
,this way, the position and the coordinates, respectively, of each
 work-piéCe 5X received in the work piece carrier member 1 is de-
terminéd with regard to the afore mentioned virtual coordinate
system.br reference grid. The entire measuring proceeding is con-
trolled by the computer 45 and the measured values are stored
"therein.'Ih this way, the exact positiOn and orientation of the
WCrk pieCes.SX, with referenée to thé virtual coOrdinate system or
referenCé.frame imposed on thé work piece carrier mémber 1 and de-
‘fined by the position of the two réference bores 22 and 23, 1is
'known.ahd.réady'fbr 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 pieéecarriermember 1. The essential parts and elements
of such a wire erosionmachine 40,'évident from the strictly sche-
maticuviéw'bf Fig. 4, are a work table 41, preferably in the form
of ah open frame member as 1is well known in the art, a wire guid-
iﬁg héad nember 42 displaceable in X- and Y-directions, as well as
the real erosiOn wire 43. The wiré_erosion apparatus 40 1s con-
nected to the computer 45 by means of a schematically shown data
connection 46. o
. ~In the following, the prOcess‘of determining the exact posi-

tion of work pieces in a work piece carrier member and of exactly
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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 1s understood that the process of the.invention or a
similar,precess within the scope of the present invention can be
 _ perfOrmed also in connection with another machining apparatus and
.ia.not limited to the wire erosion apparatus 40 serving as an ex-
ample hereih after.
'Ae”a first step, the exact poSitions of the_work pieces 50,
51, 22, 53‘and 54 receilved in and clamped.to the work piece car-
'. rier'member'l are determined With regardto the two reference
bores 22 and 23 in-the.meaSuring and aiigning station 30. Thereby,
.a'virtual coordihate'system or reference grid is superimposed on
the work piece carrier'member‘l, Thereafter, the positiOn coordi-
nates cf the'work pieces, referenced'to said'virtuai coordinate
'system,-are stored‘in the computer'45 and tranSferred to the ma-
chining apparatus, in the presentrexample the wire erosion appara-
tus 40, by means of the data conﬁection 46. As a next step, the
Qork'piece carrier member 1 is remcved from the'measuring and
alighing'station.BO, 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-
'd,tionof 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 member 1.
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By means of the clamping elements 21 provided on the work
plece oarrier 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 eny
;Significent influence. Should it be required under any particular
'ciroumstances to more exactly position the work piece carrier mem-
jberil.with regard to the above mentioned reference origin of the
.wire erosion apparatus 40, the workpiece carrier member 1 can be
..provided with more exactlyoperating'clamping and positioning
‘ means,Te.g. as'diSClosed.in U.S; Patent Nr. 5,065,991l.
‘ ' rAS‘the position of thereferenoe bores 22 andi23 with refer-
‘_ence.to thepoeition of the clamping elements 1s known from the
preceding measuring process performed in the measuring and align—
ing station 30, a olamping aCcurecy,of the work piece carrier mem-
ber l'in.the wire erosion apparatus 40 within the iimitS'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-
enoe-bores_zéand'ZB and cen introduce the erosion wire 43 through
the reference bore 22 and 23, respectiVely, in a known way, e.d.
bpmeansof a liquid jet guioing the erosion wire 43 as is well
'known in.the art. Thereafter; welliknoWn in_the art too} the ero-
eion wire 43 1is collected at the underside of the work piece car-
'-rier member 1 and tensioned.
- As soon es the erosion wire 43 is'grasped and tensioned, the

erosion wire 43 is brought into contact with the wall of the ref-
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erence bores 22 by relatively moving the erosion wire 43 and the
work pilece 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
pliece carrler member 1, it can be exactly determined at which
p01nt of deflection of the measurlng arm member 33 and at which
exact X/Y~p081t10n thereof, respectively, a contact between the
,erosidn'wire 43 and the wall of the reference bore 22 occurs. By
'means of thiS'method, based on the positibn of these three contact
o points, the Center of the reference bore 22 can be exactly com-
| puted.'This method has the further important advantage that the
_positibn 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 ahdmechanical tolerances avoided.

- Thereafter, ih the same way as described above, the exact po-
sition of thé center of the reference bore 23, and, if necessary
of further reference bores 24, 25, is/are determined. On the basis
of these measurements, fhe afore mentioned virtual coordinate sys-
tem or reference frame previously superimposed on the work pilece
carrier'member 1 1s récognizéd by the machining apparatus, i.e. 1n
the presént example the wire erosion apparatus 40. Thus, this vir-

tual coordinate system or reference frame, together with the'work
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piece stition 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 wérk pieces 50, 51, 52,
53 and'54 received in the work piece carrier member 1 with regard

- to the'Xu and Y-axis and regarding 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.

Ih order to perform such a process of exact positional loca-
tioanf the work pieces received in a work piecé carrier member
with regafd'to reference marks provided thereon, it is required
that the machining apparatus, in the present example the wire ero-
sion apparétus 40, has the COrrespbnding software at it's dis-
'poSal. Since such programs are well known in the art, the need 1is
removed to further describe such software in detall.

The exchange of data between the measuring and aligning sta-
tion 30 and the'maChining apparatué 40 can be performed, 1if 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 tb the invention ensures that the posi-

' tibns 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 prdcess, independently of the positional accuracy with
Which'the'work pilece carrier‘member 1 is'fixed to the machining

apparatus 40, further independently of the tolerances unavoidable
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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 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 24, the third reference bore 24 can Dbe
used as a.cross check reference; thereby, this third reference
boré 24viS'measured in the same way as the two other reference
borés 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 295, 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 length or
“width variations of the work piece carrier member 1 due toO thermal
influenCes; based bn these further measufements, the virtual coor-
dinéte system or reference grid can be corrected accordingly.

. ‘The location of the reference bores can be freely selected
'according to the specilial circumStances.-ThuS, for instance, 1t 1is
possible to provide 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, mininizing the

influence of thermal length deviation.
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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 piece carrier mem-
ber-l. In this way, it can be achiéved 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 preferred embodiment of the process according to the in-
-vention; it is provided that, after the work piece carrier member
l-héving been-fixed'in the machining apparatus 40, ‘the distance
between the'cénters of the reference bores 22 and 23 are measured
and'compared to the diétance there between measured at the measur-
ing and aligning station 30. If a certain degree of deviation be-
tween fhe two measured distance occurs, the positions of the work
pieces 50, 51, 52, 53 and 54 are arithmetically corrected by the
maéhining apparatus 40, in dependency of the said méasured devia-
tion of distance between the reference bores 22 and 23. Thereby,
the influences of for instance thermally caused length wvariations
~.of the WOrk piece carrier member l.can be essentially fully com-
penSated in X- direction'as weli.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 inthemeasuring and aligning station 30 are trans-
ferred to énd 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
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store the transferred information and data without the need to re-

quire a power supply means. The transformation of the data from

the semi-conductor element or magnetic strip preferably is per-

formed in a touchless way, e.g. by means of a carrier fredquency

system, while an inductive alternate current field may be provided

for the transformation of enerqgy. 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-
diréCtion in which the work piece carrier member 1l:-'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 apparatns; 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 1n such a process

is the software as it has a decisive influence on the accuracy and

--------
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the possibilities of corrections. However, with a well designed
software, it is possible to determine the position of the virtual
Coordiuate 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
imentioned reference bores, other kinds Of reference marks could be
provided on the work piece carrier member 1. Such alternative ref-
erenCe marks could be 1in the form.of projections, recesses, slots,
.opticallmarks or similar means which can be unambiguously recog-

niZed by a suitable position detection means.
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1. A method for positioning a work piece carrier member with
work pieces received therein in a machining apparatus,
comprising the steps of: determining and recording the
coordinates of each of said work pieces received in said work
piece carrier member with reference to a virtual coordinate
system in a measuring and aligning station prior to
positionally fixing said work piece carrier member in said
machining apparatus, said virtual coordinate system being
defined by at least two reference marks provided on salid work
piece carrier member which are a horizontal distance from each
other; transmitting the coordinates of each of said work
pieces determined and recorded in said measuring and aligning
station to said machining apparatus; inserting the work piece
carrier member into the machining apparatus in a position
which corresponds at least approximately to a preselected
nominal position and positionally fixing said work pilece
carrier member in said position; determining the coordinates
of an effective position for said work piece carrilier member
in said machining apparatus by scanning said at least two
reference marks with regard to a nominal reference coordinate
system of said machining apparatus and storing the coordinates
of said effective position in said machining apparatus; and
arithmetically superimposing said virtual coordinate system

defined by said at least two reference marks provided on

- Page 1 of Claims -
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said work piece carrier member, together with the coordinates
of each of said work pieces received in said work piece

carrier member, onto said reference coordinate system of said

machining apparatus.

2. A method according to claim 1 in which additionally the
distance between said at least two reference marks provided

on said work piece carrier member is measured and recorded in

said measuring and aligning station.

3. A method according to claim 2 in which, after fixing said
work piece carrier member in said machining apparatus,
additionally the distance(s) between said at least tTwo
reference marks is/are measured and compared with the
distance (s) between said at least two reference marks measured
in said measuring and aligning station, whereby, 1in the case
of a predetermined deviation of the measured distance(s), the
coordinates of each of said work pieces received in saild work
piece carrier member are arithmetically corrected in said

machining apparatus with regard to said virtual coordinate

system.

4. A method according to claim 1 in which the position of said
work piece carrier member in the Z direction in said measuring
and aligning station and in said machining apparatus,

respectively, is mechanically determined.

- Page 2 of Claims -
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5. A method according to claim 1 in which the position of said
work piece carrier member in the Z direction, in said
measuring and aligning station and in said machining
apparatus, respectively, is determined by scanning at least
two reference features on said work piece carrier member which

are a vertical distance from each other.

6. A method according to claim 1 in which the coordinates of
each of said at least two reference marks are determined by
mechanically or optically scanning each of said at least two

reference marks at said measuring and aligning station.

7. A method according to claim 6 in which the coordinates of
each of said work pieces received in said work piece carrier
member are determined at said measuring and aligning station
by a measuring caliper which touches each of said work pieces

in at least two points which are offset from each other by an

angle of 90°.

8. A method according to claim 6 in which the coordinates of
each of said work pieces received in said work piece carrier
member are determined at said measuring and aligning station
by optical means which optically scans each of sald work

pieces in at least two points which are offset from each other

by an angle of 90°.

- Page 3 of Claims -
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9. A method according to claim 1 in which said machining

apparatus is a wire erosion apparatus and each of said at

least two reference marks 1s constituted by a continuous

reference bore in said work pilece carrier member, whereby each

of said reference bores provided in said work piece carrier

member is scanned by an erosion wire of said wire erosion

apparatus to determine the position of said work piece carrier

member in said wire erosion apparatus.

10. A method according to claim 9 in which, for determining
the position of the center of each of said reference bores,
a wall of each of said reference bores is touched by said
erosion wire in three different points of fset from each other

by an angle of 90°-150", whereby the position of said erosion

ire is recorded as soon as said erosion wire touches the wall

of each of said reference bores and the position of the center

of each of said reference bores 1s arithmetically calculated

from the position of the three touching points for each of

said reference bores.

11 . A method according to claim 1 in which the origin of said
virtual coordinate system lies in the center of a straight

line running through said at least two reference marks.

12 . A method according to claim 1 1in which the coordinates

measured in said measuring and aligning station are

- Page 4 of Claims -
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transmitted by an interface member to said machining

apparatus.

13. A method according to claim 1 1n which the coordinates

measured in said measuring and aligning station are recorded

in a data storage means and are read into said machining

apparatus by means for reading the data stored in said data

storage means.

14. A method according to claim 1 1n which the coordinates
measured in said measuring and aligning station are recorded

in a data storage means which 1s arranged on or connected to

said work piece carrier member.

15. A method according to claim 14 in which the coordinates
recorded in said data storage means are touchlessly read by

reading means assigned to said machining apparatus and are

stored in a memory means provided in said machining apparatus.

16. A method according to claim 1 in which said work piece
carrier member is positionally fixed in said measuring and
aligning station and/or said machining apparatus by mechanical

means, and is released from said measuring and aligning

station and/or said machining apparatus by pneumatic means.

17. A work piece carrier member adapted to clampingly receive

- Page 5 of Claims -
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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
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 Z directions, said work piece carrier
member being approximately rectangular 1in shape and having at
least two diagonally opposite corners, each of said diagonally

opposite corners being provided with one of said at least two

reference marks.

18. A work piece carrier member according to claim 17 in which
said work piece carrier member 1s provided with three

reference marks located in three corners of said work pliece

carrier member.

19. A work piece carrier member according to claim 17 in which
each of said at least two reference marks is constituted by

a continuous bore provided in said work pilece carrier member.

20. A work piece carrier member according to claim 17 in which
said work piece carrier member comprises a clamping frame

member provided with stop means for positioning said work

- Page 6 of Claims -




1. A work piece carrier member according to claim 20 in which

said clamping frame member is provided at its lower surface

with a rest surface adapted to define the position of sald

nd which cooperates

with a plurality of res

respectively.

aligning station and said machining apparatus,

29 . A work piece carrier member according to claim 21 in which

said clamping frame member is made of one pilece.

23. A work piece carrier member according to claim 17 in which

said work piece carrier member is provided with a data storage

means for storing data which includes the coordinates of the

work piece(s) received therein.

adapted to clampingly fix said work piece carrier means in

apparatus, respectively.

25. A work piece carriler member according to claim 24 in which
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aligning saild work piece carrier member in said machining

apparatus.

6. A work piece carriler member according to claim 17 in which
said work piece carrier member is provided additionally with
at least two reference features located a known vertical

distance from each other to determine the position of sald

27. A work piece carrier member according to claim 17 in which
said work piece carrier member serves as a work piece clamping
member adapted to be fixed in a wire erosion machining
apparatus for machining said work plece Or said plurality of

work pieces received in said work piece carrier menmber.

BARRIGAR & MOSS

81 Metcalfe St., 7th Floor
Ottawa, Ontario
K1P 6K7

Agents for the Applicant
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