1 Work Piece Carrier for Exactly Positioning a Wrk Piece on a Chuck and
Cl ampi ng Apparatus with a Chuck and a Wrk Piece Carrier The present
invention refers to a work piece carrier, having a central aperture for
receiving the work piece as well as twoqreference systens, each

I ncorporating positioning elenents, to rel easeably attach the work piece
carrier to a chuck nenber in two different, well defined positions. The
present invention also refers to a clanping apparatus, conprising a chuck

menber_and a_wor k_pi ece rier th n be att hereto in

0 T orWierls RitGe RarTier for FackiyRasTiontad s Work PISFE Gn.a siiick and
apparatuses to attach a work piece to a chuck nenber of a machine tool with
hi gh preci siClampingeApparatuswithi acGhuekrand aWorbPiececCavrietpi ece
carrier shall not onIy be attached to the chuck nmenber with high absolute
preci stom—but—partTcutarty arsoa fr giT repetTtromal_accuracy. 1 order 1o
enable the work piece carrier to be attached to a chuck nenber .in an
exactly defined position, the work piece carrier usuall s provided with a
reference syke@resant inventiopHefersta a woskapiese ST an %\Mﬂﬁ@jcentr ahap-
chuck menber, in other words, the reference system of the chuck nenber is
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chuck menber, the work piece carrier shall take an exact, well defined and
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its angul ar orientation around the Z-axis once it is attached to the chuck
menberto a chuck member in two different, well defined positions. The present inven-

tion also refers to a clamping apparatus, comprising a chuck member and a
work piece carrier that can be attached thereto in two different positions.

Well known in the prior art are clamping apparatuses to attach a work
piece to a chuck member of a machine tool with high precision by means of a
work piece carrier. Thereby, the work piece carrier shall not only be attached
to the chuck member with high absolute precision, but particularly also a high
repetitional accuracy. In order to enable the work piece carrier to be attached
to a chuck member in an exactly defined position, the work piece carrier usu-
ally is provided with a reference system that is matched ta a reference system
provided in the chuck member; in other words, the-reference system of the
chuck member is correspondingly designed. Once the work piece carrier is at-
tached to the chuck member, the work piece carrier shall take an exact, well
defined and well known position at least in X- and Y-directions. Preferably, the
work piece carrier should also be aligned in Z-direction as well as regarding its

angular orientation around the Z-axis once it is attached to the chuck member.



The European Patent Publication EP-A-0, 255,042 discl oses a cl anpi ng
apparatus for a tool of a nmachining apparatus, conprising a chuck nenber
and a tool holder. The chuck nmenber is provided with two pairs of centering
ribs protruding fromits bottom surface-,and having rest surfaces for
aligning the tool holder in X- and Y-diiection. Mreover, four pins are
provi ded, protruding fromthe surface of the chuck nenber, which are
responsi ble for aligning the tool holder in Z-direction. The tool holder is
provided with a flat surface adapted to rest against the front faces of the
above nent iTine&upopsanfRatendr Publhcation | ERél-0e2 56002 idiselos@e dpalarspiig
grooves, aligned with the afore nentioned centering ribs, and having
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Fi nal | the too er I's providéd th a central bore in which a

pul | - do bolt ,is recegpve neans_ of whi he..pul | - far ired
for a adlvf\g Bt FQSH:D‘?S‘Q eéc?b?a&éuaé ey G pg%\éapgo\ﬁltﬁb*\&&dﬁ%@% ogeg%?‘ltéﬁggor ned
to the tool holder. Thereby, the chuck nenber conprises a centrally |ocated
bal | cibsrpiratyuding £fnoemitsobptioan iswyfade aAndhkaving, eestesuifases fptialidning

bol t. A di sadvant age of such a known apparatus is, anongst else, that
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side. If, for exanple, a work piece has to be machined on two sides, it has

to be,released fromthe work.piece carti ce b e si e en.
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in which the other side can be machined. It is understood that such a

pr ocedugriie tool melderdnhdrdirection; ke tool helded s Ry oyided wwith e flat serfageae,
brings along inaccuracies as far as the exact position of the work piece is
concergifshted to rdSeagamBntRarRIt fAdels chth®abdelriaitioned Pins! Paether,

chuck nenber to be aftached to the spindle of a machi ne tool which can be
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For positioning the clanping frame with regard to the spindle head, the

| at t erfagas dfsther aligdidg widsh Rinaligpuhertooi holéeg iy pngvigediith graenvral bore
provi ded on both sides of the clanping franme. For fixing the clanping frane
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case The screw bolts are

connected to carrier. menber which i s novabl etwe turn-oyer, ition
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movi ng sl eeve nmenber. Moreover, the holding el ements each conprise a
pr ot r formeed bo tthertodd repdeér c Theespyntihagihudomembectargprisesss cgnbralyed i n
the spindle head to secure the clanping frame against rotation once it is
1N 1t 9oLREER baNScIBATHINGChechanism cooperating with the above mentioned pull-

down bolt.

A disadvantage of such a known apparatus is, amongst else, that a work
piece fixed to the work piece carrier can be machined only on one side. If, for
example, a work piece has to be machined on two sides, it has to be released
from the work piece carrier once the one side has been machined, and fixed to

the work piece carrier again in a different position in which the other side can

be machined. It is understood that such a proceeding, on the one hand, is time



Even if the annular rib engaging the assigned annul ar groove allows for
sone kind of positioning of the clanping frane with regard to the spindle
head, no neans are provided for exactly and accurately aligning the
clanping frame with regard to the spi_ndhe head both in X-and Y-directions
as well as in Z-direction. By providing i ndependent centering el enents,
particularly the protrudi ng portions engaging the recesses, as well as the
annul ar rib engagi ng one of the annul ar grooves, the systemis over

determ ned. Moreover, the chuck nmenber cannot be released fromthe spindle
and, iconsemuingedndatdratie dther side s pringisealon gimadasiragi@shas éar @6l thesexaet
the clamping frame is held only by neans of two screw bolts, no high forces

can bg)&%r‘ﬁgﬁrgfig Wd}@rgiegﬁl gr&%@%ri ng machining a work piece received

inth anpi ng rther antage may be seen in the fact that
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by 180 anynore w thout renoving the work piece. he Docunent
EP- A- o999 abtisciuic tb dhesspincie dfa npachinehtaolnghicko Cﬁﬂaﬂ@ sHEne@dOMardiem The
rearward portion conprises two hol ders | ocated opposite to each other by
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ers are designed according to the previously
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3,023,015 discloses a reversible bit attachnent for a drill, conp r|S|ng
t ubul anebakdaf twia\bolts o bepturred axed nd 8% suchethatewerkmvieces Glagped
engagi ng neans are provided on the rear end of the holder. A dual bit

menbernn GYPEPEHI r@oﬁtﬁhe%&k% fiaviceDoler Yy 280 °s Feerpbsitidaingithe damp-
ea

optionally engag In the open end of the holder. An annul ar stop

shoul d%E] frame with regard to the spindle head, the latter one is provided with an

annular rib, engaging annular grooves provided on both sides of the clamping
frame. For fixing the clamping frame to the spindle head, the clamping frame
is provided with holding elements which are engaged in each case by a screw
bolt. The screw bolts are connected to a carrier member which is movable be-
tween a turn-over position and a operating position by means of a rotating
and, thereby, axially moving sleeve member. Moreover, the holding elements
each comprise a protruding portion, shaped correspondingly to a matching re-
cess provided in the spindle head to secure the clamping frame against rota-
tion once it is in its operating position.

Even if the annular rib engaging the assigned annular groove allows for
some kind of positioning of the clamping frame with regard to the spindle
head, no means are provided for exactly and accurately aligning the clamping

frame with regard to the spindle head both in X-and Y-directions as well as in



i nternmedi ate the ends of the socket is engageable with the forward end of
the hol der. Rel easabl e detent neans are provided, having cooperating
conponents on opposite sides of the holder and on opposite sides of the
dual socket. A sleeve is slidably circugposed on the hol der and operatively

engageabl e with conponents of the det'enf” neans. Finally, the docunent
EP- A- 0, 970, 769 di scl oses a holder for drill tools, having a central through
bore constituting on each side an axial receiving hole for receiving a
drill bit. The holder is provided with a radial blind hole, intersecting
the two digs@ion.nBysiesdidrirckipengefocentashgtelements, patiewanry thespop
menber for securing the drill bit against rotation. It is an object
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di fferent chuck nenbers ickly, sinply, and in different positi ,
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Nevert hel ess, such a work piece holder shall be of sinple and rigid design.

To neqihudd mandeptdminatbhereteaddt: froraste spmdietamd, ifrrequired aatbackedi ece
carrier adapted to be releaseably attached to a chuck nenber. It conprises
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position. A second reference systemis provided with second centering
el enemet dodngdarckining abwork piece received in the clamping frame. A further

disadvantage may be seen in the fact that a work piece received in the clamp-
ing frame is limited in size; if it is too large, particularly too long, the clamping
frame cannot be turned over by 180° anymore without removing the work
piece.

The Document EP-A-0,900,618 discloses a carrier plate having two flat-
tened portions. The rearward portion comprises two holders located opposite to
each other by means of which the carrier plate can be clamped to the chuck
member in two different positions. The holders are designed according to the
previously discussed document EP-A-0,255,042 and are attached to the chuck
member by means of a centrally located clamping boit.

The U.S. Patent Nr. 3,023,015 discloses a reversible bit attachment for a
drill, comprising a tubular holder having an open forward end and a rear end.
Drill chuck engaging means are provided on the rear end of the holder. A dual

bit member comprises a dual socket having first and second ends which are

optionally engageable in the open end of the holder. An annular stop shoulder



align the work piece carrier with regard to the chuck nmenber in a second
accurately defined position. First connecting nmeans are assigned to
the first reference systemfor releaseably attaching the work piece carrier
to the chuck nenber in said first positpon, whereby the first connecting
means surround the central aperture in the work piece carrier and extend
substantially in the direction of the central |ongitudinal axis of the work
pi ece carrier, and second connecting nmeans independent of the first
connecting means are assigned to the second reference systemfor

r el easgedrnvedidtacihengntibofvidrk sptleseicangageable with thediormarideend rofstied
second position, whereby the second connecting neans surround the central
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ongl pl ece Tarrier.
Due to the fact that the work piece carrier js ovided wth t reference
syst e@ Qﬁé@sgﬁé'ﬂﬁééﬁe&tﬁahf)‘ r EQQI‘P%%QS'%S;%OﬁgQﬁgq%rS% thé t he
wor k piece carrier to the chuck nmenber, extending substantially in the

di r ectsl@evefs slidabgntiraun poged wii tia holder ahd bpevatikelyl engageabiewitind
surrounding this central opening, are assigned to each reference system

t he fQ£9ﬁ5§H§ﬂE%§E§h% '5gﬁghﬁ%¥ﬁ§eated that the work piece carrier can be

at tached menber qul , sinply, safely and in an accurate, wel

defined position w thout the e o0 al.ly located, cl appi I
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a clanping apparatus with a chuck nenber and a work piece carrier adapted
 to be havingl @ aeabtdthabugbhbdre constitutingkomeasdy sidenanaxiak reegiving ihole
provided wth a reference systemfor defining the position of a work piece
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cl anpi ngly a work prece carrier attached to the chuck nmenber. The work
pi ece carrier, c rises a central aperture extendi j i i
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conprises a first reference systemprovided with first centering el enents

and adapneber forcseperingdha dnillbbié aggissemetatdgRt em of the chuck menber to
align the work piece carrier with regard to the chuck nenber in a first

accurat el y 18§ ighPbRa & B present invention to provide a work piece carrier
having a central aperture of the kind referred to herein above which can be at-
tached to different chuck members quickly, simply, and in different positions,
whereby the particular position is accurately defined and well known. Never-
theless, such a work piece holder shall be of simple and rigid design.

To meet this and other objects, the present invention provides a work
piece carrier adapted to be releaseably attached to a chuck member. It com-
prises a central aperture extending in the direction of its central longitudinal
axis and adapted to receive a work piece. A first reference system is provided
with first centering elements and adapted to align the work piece carrier with
regard to the chuck member in a first accurately defined position. A second

reference system is provided with second centering elements and adapted to



Further, it conprises a second reference system provided with second
centering elenents and adapted to cooperate with the reference system of
the chuck nenber to align the work piece carrier with regard to the chuck
menber in a second accurately defined sition. First connecting
nmeans assigned to the first reference systemare provided for rel easeably
attaching the work piece carrier to the chuck nmenmber in said first
position. The first connecting neans surround the central aperture in the
wor k piece carrier, extend substantially in the direction of the central
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adapted to be engaged by the clanping el ements of the chuck menber. Second
connecghid) d@ﬁﬁ@ﬁl gRdent of the first connecting nmeans and assigned to
the second reference systemare provided for rel easeably attaching the work
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ext end substantially in the direction of the central |ongitudinal axis of
the wiedsqablyeattaching themotapiece 6REMIET kg therehieek MRMRA NoS3d @frﬁjaged
by the clanping elenents of the chuck nenber. In the follow ng, an
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the work piece carrier and extend substantially in the direction of the central
longitudinal axis of the work piece carrier, and second connecting means inde-
pendent of the first connecting means are assigned to the second reference
system for releaseably attaching the work piece carrier to the chuck member in
said second position, whereby the second connecting means surround the cen-
tral aperture in the work piece carrier and extend substantially in the direction
of the central longitudinal axis of the work piece carrier.

Due to the fact that the work piece carrier is provided with two reference
systems that are independent of each other, whereby means for fixing the
work piece carrier to the chuck member, extending substantially in the direc-
tion of the central longitudinal axis of the work piece carrier and surrounding
this central opening, are assigned to each reference system, the fundamental
prerequisite is created that the work piece carrier can be attached to a chuck
member quickly, simply, safely and in an accurate, well defined position with-
out the Qse of a centrally located clamping bolt member.

According to a second aspect, the present invention provides a clamping

apparatus with a chuck member and a work piece carrier adapted to be re-



which: Fig. 1 shows a perspective view of the work piece carrier, seen from
one si de; Fig. 2 shows a perspective view of the work piece carrier,
seen fromthe other side; Fig. 3 shows a | ongitudinal sectional view
of the work piece carrier, together with a work piece clanped therein;

Fig. 4 shows a |ongitudinal sectional view of a chuck menber and of a work
pi ece carrier attached thereto in a first position; and

leaseably attached to the chuck member. The chuck member is provided with a
reference system for defining the position of a work piece carrier attached to
the chuck member as well as with clamping elements for clampingly hold a
work piece carrier attached to the chuck member. The work piece carrier com-
prises a central aperture extending in the direction of its central longitudinal
axis and is adapted to receive a work piece. It comprises a first reference sys—
tem provided with first centering elements and adapted to cooperate with the
reference system of the chuck member to align the work piece carrier with re-
gard to the chuck member in a first accurately defined position.

Further, it comprises a second reference system provided with second
centering elements and adapted to cooperate with the reference system of the
chuck member to align the work piece carrier with regard to the chuck member
in a second accurately defined position.

First connecting means assigned to the first reference system are pro-
vided for releaseably attaching the work piece carrier to the chuck member in
said first position. The first connecting means surround the central aperture in
the work piece carrier, extend substantially in the direction of the central longi-
tudinal axis of the work piece carrier, and have a clamping vsurface adapted to
be engaged by the clamping elements of the chuck member. Second connect-
ing means independent of the first connecting means and assigned to the sec-
ond reference system are provided for releaseably attaching the work piece

carrier to the chuck member in said second position. The second connecting



Fig. 5 shows a |ongitudinal sectional view of a chuck nmenber and of a work
pi ece carrier attached thereto in a second position. Fig. 1 shows the
wor k piece carrier 1, together with a work piece 4 clanped therein, in a
perspective view fromone side. The worg piece carrier conprises a
circular, disk-1ike base body nmenber 2 which is provided with a central
aperture 3. The dianeter of the aperture 3 is not constant, but the
aperture 3 has a portion with a first, smaller dianeter and a portion with
a sec- ond, larger diameter. The work piece carrier 1 i.s provided 'gag%two
r ef er eneans\aitreaynd, thelceny@heaertpin i) taeWors PILeR ka6 ‘Fm@f}cﬁéugﬁ " of
the work piece carrier 1. In Fig. 1, the first reference system5 is fully

vi si b't%]lwﬂ ke Qifctio P OFtthencantrahtosgitadihal e is eofches yarknpietedzarries,
seen. Irst reference system5 conprises a protrusion 6 having
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the central longitudinal axis L of the work piece carrier 1 constitutes the
Z- axi ©ofdhe deuakimepikers carrier 1. The front face 7 of the protrusion 6 is
provided with a nunber of centering elenents; in the present exanple, the

centering ghefRFSIGWING, 08 tdrhboetimantfefithe epparabigs gcoondingstaetkelipven-
di stributed around the central aperture 3 and provided in the front face 7

of the,prot.rusien. 6. T : t efid I it ey 4,ha
vor k. gigeavildie Mrther qERTHEEd, Bt PeRIRTkB e o baling dRmIEs 18 1
X- and Y-directions as well as with regard to its angular orientation
aroundwhigh:z- axis. Sinultaneously, the flat front face portions 7 of the
annul ar protrusion 6 serve as a stop surface in Z-direction upon clanping
the work pimge 1cetioiera perspectivetviehoohthewokk PEeCR Carmer cSeeméraBednNen
Fig. 1, the one end region of the central aperture 3 is radially surrounded
by theiégrst ref erence system5. The rear side of the protrusion 6,

opposi% to the front face portions 7, exhibits an annular shoul der portion
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other side;

Fig. 3 shows a longitudinal sectional view of the work piece carrier, to-
gether with a work piece clamped therein;

Fig. 4 shows a longitudinal sectional view of a chuck member and of a
work piece carrier attached thereto in a first position; and

Fig. 5 shows a longitudinal sectional view of a chuck member and of a
work piece carrier attached thereto in a second position.

Fig. 1 shows the work piece carrier 1, together with a work piece 4
clamped therein, in a perspective view from one side. The work piece carrier
comprises a circular, disk-like base body member 2 which is provided with a
central aperture 3. The diameter of the aperture 3 is not constant, but the ap-

erture 3 has a portion with a first, smaller diameter and a portion with a sec-



of a chuck member, as will be further explained herein after in connection
with Fig. 4. It should be noted that the above nmentioned annul ar
protrusion 6, coaxially surrounding the central aperture 3, conprises not
only the centering elements 8 adapted tg@ accurately position the work piece
carrier 1 in X- and Y-directions with rgbard to a chuck nenber, but also
the stop surfaces 7 for positioning the work piece carrier 1 in Z-direction
as well as the shoulder 9 serving as a clanping surface to be engaged by

cl anpi ng el enents incorporated in a chuck nenber. Thus, the protrusion 6
conbi nesd skigealdiehrstent Theeworkgpibae dhirffesr s provitecdmgth wver ezfprenee
centering elenents in the shape of grooves 8 and the stop surfaces 7

servi ggqﬁgnwg %éfv}%éa @Mﬁﬁgﬁc R btiét 8ntthe twbdidesiofrigreoskst em

5. Th ouldér esta npi ng surface, thereby, is directly
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carrier is constituted by an axially symetrical body member; thus, it is
al so pmipdrtioneof thavsecondi teférenceesysten ild cam Henhseen. The fikstsigbarenas
noted that other elenents can be provided that serve as centering el enents;
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rier 1. Simultaneously, the central longitudinal axis L of the work piece carrier
1 constitutes the Z-axis of the work piece carrier 1. The front face 7 of the pro-
trusion 6 is provided with a number of centering elements; in the present ex-
ample, the centering elements are constituted by four centering grooves 8
evenly distributed around the central aperture 3 and provided in the front face
7 of the protrusion 6. These centering grooves 8 serve for positioning the work
piece carrier 1 with regard to a chuck member (not shown in Fig. 1) in X- and
Y-directions as well as with regard to its angular orientation around the Z-axis.
Simultaneously, the flat front face portions 7 of the annular protrusion 6 serve
as a stop surface in Z-direction upon clamping the work piece carrier 1 to a
(not shown) chuck member. As can be seen in Fig. 1, the one end region of the
central aperture 3 is radially surrounded by the first reference system 5. The
rear side of the protrusion 6, opposite to the front face portions 7, exhibits an

annular shoulder portion 9 extending along the periphery of the protrusion 6,

serving as a clamping surface. This shoulder can be engaged by clamping balls



view shown in Fig. 1. In Fig. 2, the second reference system 11l is shown in
nore detail. Again, the second reference system 11 conprises a protrusion
12 having essentially annul ar shape, extending parallel to and coaxial with
the central longitudinal axis L of the york piece carrier 1. The front face
13 of the protrusion 12 is provided th%1 a nunber of centering elenents; in
the present exanple, the centering elenents are constituted by four
centering grooves 14 evenly distributed around the central aperture 3 and
provided in the front face 13 of the protrusion 12. As is the case with the
previ @fsd yhdekomidmbef, astwitldfe fardersgxplaimed harein afterr imgogneeties withof
the second reference system 11 again serve for positioning the work piece
carrigﬁ 14mjth regard to a chuck nenber (not shown in Fig. 1) in X- and
Y-direc?iohs as well as with regard to its angular orientation around the
Z-axis. Sinultan sly, . t f front face portjon 3 of the. ul ar.
prot rusi on Iifwgi?%\éoéegﬁbﬁk gbﬁf %13@¥eirﬂeﬁt'@ir\edcgpﬁH}qrpgﬁo%ngf%? ﬁg Ct%ﬁ]é("
work piece carrier 1 to a (not shown) chuck nmenber. As can be seen in Fig.
2, thallyt serrcemtiingdibencentrat apeatere Sp adneprises Glodn Y EhEicgnteringselehe
central aperture 3 is radially surrounded by the second reference system
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13, e s an annul ar shoul dér portion 15 extending al ong the periphery

of the,protrusiaon 12, serving,as,a clappin ul, , IS be
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herein after in connection with Fig. 4. - 12 - Fig. 3 shows a
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piece 4 is clanped. In the interior of the work piece carrier 1 and the

base .l?ﬁﬁyaé@”aﬁh%ngﬁétﬁ%éitéebé,eﬁ@@g‘éd yyecRimpinte ¢léventbanpongoritdd in

positiohing a wor ece 4. In the present exanple, these nmeans conprise a

slotted glappin i Ng-oenb 7 . t I
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of the clanping screws 19. The operating principle of tgﬁ]clanﬁin rin
menberdifferest unttians: wherebynthe ceategnoeelemgats in §ResHaRs PhIreP¥Rpithg
screws 19, the clanmping ring nmenber is noved to the left, i.e. in the

di r ectd thevaropssiitfacés A serdher eothesysxisistoptsunfaees cohstitate bhadirst
pl ate nmenber 18. Since the clanping ring nenber 17 is radially surrounded

by at , Vi i . ' ' r
ot TR RINGESVEGCH TR ISR T S RpRERET RIS Gipiiy et Fioredl
conpr essed b¥ the thrust plate nenber 18, with tge esul t that .the work

pi ece I8 dicecliy goseelarem §oithe §E$‘i FRErancs fyshem s IWQH@CRJ?F? carrier
positioned. As far as the positioning in Z-direction is concerned, is

shoul di be ofigiagticutently simapledesighront face 22 of the work piece 4 rests on
a protrusion 23 of the base body nenmber 2. Upon tightening the clanping

screws 19, Oﬁ‘ﬁ%“b{gggﬁ%@%gaﬁnb%,%ﬁg@ﬁ%@%ﬂ?@rﬁsp&&iéﬁﬁk@ﬂ (B awnagi- t he

i nfl uence I rin hus it is ensured that the work

Phe. pralby BYmymesdcal bory matabaaaghieniis Sogmarticaly Weligied Siate O 2
direction. .
e LIISOEd in a lathe.

It should be noted that other elements can be provided that serve as
centering elements; for example, instead of centering grooves, centering pins
can be used.

Fig. 2 shows the work piece carrier 1, together with a work piece 4

clamped therein, in a perspective view from the other side, as compared to the



- 13 - Clearly visible in Fig. 3 is also the shoulder 9 |ocated at the
rear end of the annular protrusion 6, constituting a clanping surface for

cl anping balls provided in a chuck nmenber. In contrast to a turn-over
chuck assenbly, the work piece carrier #‘gccording to the invention is
fully rel easeably attached to the assid‘ed chuck nmenber; in other words, it
can be renoved fromthe chuck nenber whenever required and, if appropriate,
attached to another matching chuck nmenmber. This is an inportant
characteristic particularly in those cases in which a work piece has to be
machi veewkghowaris Big. di.ffreFint 2 nefubiseeondoreference systencadds siawndndesi gn
according to the present invention, the work piece 4 has not to be renoved

from tnli'Sréff‘ﬁJr ag{/ %g\‘;aiﬁf‘fﬁé ReconBNbfEPeh &S &8s m&%&ﬂgg@@s APristnisien 12

carrier, ere oi'ding inaccurate positioning of t wor k piece with

regard to the machi pe tool axes. [n th resen X | . .

refer g\@é’éngfsst 'aipvaﬁanﬂafaﬁaai?%c&%&%“?m Rgrgll@n@sgﬁﬁ %'E& V\}'pﬁﬁh}gﬁg
parallel to each other. However, if appropriate, the planes of the

r ef er eeatralylsngitudinahdxisl Lafuthe wiork pieceosartigr hnghe. front face s ehdher

t he described cl anpi ng assenbly conprising a clanping ring nenber 17 and a

i PIRIOTETY S PRI oot ankenn e s oo

carri @p?épgi}ae,%gég elrgxaﬁ ﬁg&{angcsg%é Egp‘é\ﬁwte% BYSotir ity GFoBlES A 4
evenly distributed around the central aperture 3 and provided in the front face
13 of the protrusion 12. As is the case with the previously described first refer-
ence system 5, the centering grooves 14 of the second reference system 11
again serve for positioning the work piece carrier 1 with regard to a chuck
member (not shown in Fig. 1) in X- and Y-directions as well as with regard to
its angular orientation around the Z-axis. Siﬁwultaneously, the flat front face
portions 13 of the annular protrusion 12 serve as a stop surfaces in Z-direction
upon clamping the work piece carrier 1 to a (not shown) chuck member. As
can be seen in Fig. 2, the other end region, as compared to the view shown in
Fig. 1, of the central aperture 3 is radially surrounded by the second reference
system 11. The rear side of the protrusion 12, opposite to the front face por-
tions 13, exhibits an annular shoulder portion 15 extending along the periphery
of the protrusion 12, serving as a clamping surface. This shoulder can be en-

gaged by clamping balls of a chuck member, as will be further explained herein

after in connection with Fig. 4.



- 14 - Fig. 4 shows a |ongitudinal sectional view of a chuck nenber
25 and a work piece carrier 1, attached to the chuck nenber 25 and
accurately positioned with reference to the chuck member 25 by neans of the
first reference system5 provided on_t work piece carrier 1. To this end,
t he chuck nenber 25 is provided with areference system 26 as well; that
reference system 26 is adapted to cooperate with both the first reference
system 5 and the second reference system 11 of the work piece carrier 1.
The reference system 26 of the chuck nmenmber 25 conprises four centering pin
menbers 27 Fig. Beshows asboregibilidined tsestionad o/ipwr of e veark pigca garrer 1, in
Z-references and adapted to be engaged by the front face portions 7 of the

annul g p RE04 IWSHORidEOh ishAaWms&d PiEReGALENSF of the Wk pi¥cdeaeriat eantle
t

Z-axis position o e work piece carrier 1 with reference to the chuck

ot ovi 856 basi P BIRMAST o2 tesectius Ry SeTahidgd sBFEebifiglnd,

in the sqqtipna! view of Fig. 4, only one rest surface 28 and two centering
pi ns Positienirigiabwerk Mieeevkrin the present exaraplethaseMRanfeaOMANSea
central aperture 29 as well as with a ball clanping nmechani sm 30, which

conpri t i ' ' 1 -
ol anpis?g&ggl ?Ié?gﬁzfngfﬂﬂgoﬁ%rﬂbbi‘glﬁ' §ttAfuS pifteeldmberd bsnaeiltas afnum

n the present ‘exanple, the operating piston 31 is of

The.cdirest RETBPIL Soreerkep i d b sl HEF b sy B Rheid the

Ele(ra(r:]:ct(i:trnrpli?\rg s,lcr(el\j\i/sgiQ.l)T’hea(S)pz:?;tiﬁa ;;rri]gi:irplg lf)rpjt(lawre 313%18%39' E‘iin%nmiesm%%?-ﬂ is
similar to the one of a collet; upon tightening the clamping screws 19, the
clamping ring member is moved to the left, i.e. in the direction towards the
first reference system 5, by means of the thrust plate member 18. Since the
clamping ring member 17 is radially surrounded by a thrust surface 21, having
conically decreasing diameter towards the first reference system 5, the clamp-
ing ring member 17 is radially inwardly compressed by the thrust plate mem-
ber 18, with the result that the work piece 4 is clamped along its peripheral
surface and simultaneously positioned. As far as the positioning in Z-direction
is concerned, is should be noted that an annular front face 22 of the work piece
4 rests on a protrusion 23 of the base body member 2. Upon tightening the
clamping screws 19, the work piece 4 is pressed against this protrusion 23 un-
der the influence of the clamping ring member 17. Thus it is ensured that the
work piece 4 and its annular front face 23, respectively, positively rests on the

protrusion 23 of the base body member 2 and thereby is positioned in Z-

direction.



- 15 - Upon cl anmping the work piece carrier 1 to the chuck nenber 25,
the clanmping balls 32 are pressed radially inwards under the influence of
the operating piston 31, with the result that the clanping balls 32 rest on
the shoulder 9 (Fig. 3) of the work piq_ _carrier 1 to pull it in
Z-direction against the chuck nmenber 25 For a nore detail ed expl anati on of
the operation of the clanping ball nechanism 30, reference is nade to U. S
Patent Nr. 6,367,814 and U. S. Patent Nr. 6,378,877. Wien the work piece
carrier 1 has been |oosely attached to the chuck nmenmber 25, the centering
pi ns 27 of Qlbarlghuislblarnbiig. Zigpalset the shoudderdtlocabed gtdheesed endtafe
work piece carrier 1; thereby, the work piece carrier 1 is positioned with
" egar dnboy hAGIAIMHOE- IBIREE, EBNLrit@ifgYa UdRping BurfdceRbr cRmpirdibeRgard to
its angular position arountl the Z-axrs. he work piece carrier 1
havi ng been set onto the chuck nenber 25, there is a small gap between the
Z- axi sprpé’i@‘irﬁ'&@ GRHEKIBEMIBELf t he chuck member 25 and the Z-axis
reference surfaces 7 of the work piece carrier 1, said gap having a size in
t he regi on Iof cotrasttodr tun-aiver childck assemblputhagvorie pieeaacacriangi aer
stage, this gap is reduced to zero by pushing the centering pins 27 of the

chuck d@mrgéftgfg;w&{gdm@f&ﬁf rERIHRIHHN AEAAVES t8 thle ébﬁgwaeakcmh@ce

carrier the centering pins being driven intfo the centering

grooves, the natural elasticit f the matetial .of i e
el | 5 MEmbericd PHer g, rian 2 bRnded s hie PEGR SRR Bhelfyr, |
resilient centering elenents, as disclosed for exanple in U.S. Patent Nr.

4, 855 r@GRineh abd, af appedpricte catiachidd/te kaotbear natchibgiChide membeareThis i s
aligned with re- - 16 - gard to the chuck nenber 25 not only in X- and

Y-dir “1‘§td'brﬁ{}ﬁg|%2t3ﬂ thafactetfiticepartcliariyl i emese aasestiatwhithas work phece

Z- axi s, O WMth regard to 1ts Z-axis position. Thereby, the central

RS L B8 B PRRBSE Sl SO A OB S B 4

provided with a central aperture 29, the work piece 4 attached to the work
pi ece dasigheaccording éettiedpresent inentinen  the wark piece 4 has not to be re-

moved from the work piece carrier 1 and re-inserted into another work piece
carrier, thereby avoiding inaccurate positioning of the work piece with regard
to the machine tool axes.

In the present example, the two reference systems 5 and 11 are located
in two planes E1 and E2, running parallel to each other. However, if appropri-
ate, the planes of the reference systems 5 and 11 could also enclose an angle.

Instead of the described clamping assembly comprising a clamping ring
member 17 and a thrust plate member 18, a suitable collet member could be
provided of the kind that is well known in the prior art, or another different
clamping assembly, even a simple clamping of the work piece 4 to the work

piece carrier 1 by means of screws, is possible.



The work piece being clanped in the chuck nenber as expl ai ned herein above,
one side of the work piece can be machi ned; for exanple, the front face 4a
of the work piece 4 can be ground flat. Fig. 5 shows anot her

| ongi tudi nal sectional view of a chqpklmpgber 25 and a work piece carrier

1, attached to the chuck nmenber 25 and accurately positioned with reference
to the chuck nmenber 25 by neans of the second reference system 11 provi ded
on the work piece carrier 1. Thereby, the work piece carrier 1 is turned
over by 1800 as conpared to the situation shown in Ftﬁé 3. The cl anpi ng of
the work pFRf.e4aiowsa Ibrigitddiaat seckiomaiivéew2st arahucksmersber ot agdwat h
regard thereto is acconplished exactly as descri bed herein before, except

that &{l’k&l\(g@f%c? {:%rglé’r‘ qs g%?raeég{eé bG éﬁ'éuajfu ?ﬁ?h@gﬁg%ﬁd‘%céé%@{/ s ooves

14 as abov i oned secon erence system 11, and the

front face portions 13 assigned to the sec referenc t t._on
the. ztiorias! aHe rerRTEnse ioabe8 Cow ik MATBDER ik Heba 58" o TR edis 4
being clanped in this second way, the other side of the work piece 4 can be
machi gydterrob sromgiee or biee fwork piece cabrief 1t ko thiskepd etiee £huckimembgh be
ground flat, with the result that both front faces 4a and 4b run exactly

par al :%f#clg ﬁg@@%d‘g tH a retff:ren&’%g%féé hoef e vdiRahdthereranad sgstianl 2632 of

the c Irectl'y engage the annul ar protrusion 6 assigned to

and being part of the first referenc stem5 or the a rat jon 12
assi g @&@Rtgdaﬁﬂjcggpﬁﬁaﬁ%\”ﬂt"bbom &F‘?eﬁfﬁ?é'erf@f eRencY SE% S[}q‘ﬂ@%hgg%grpﬁﬁe

cl anping el enents provided on the work piece carrier 1, for exanple

cl anpiraferderidessysterhel 1 iofehecaworkepiaveiatwdierthus, a particul ar cost
effective manufacture of the work piece carrier is possible. Since each

annul ar  pr ghfdisd f%'?'eﬁcejséls% A 9P thETHRIK ArdmdRer1SIcendpEsds ifsupicentesd

with an integral peripheral shoulder 9, 15, the clanping elenents 32 of the

chuck nmenher 25 can age conpar abl,y | ar i A ch
Cho wihd BINCEETRRETs & 35 FLRS Severd resh sEBR G PBHInS 6 Ponifa Bs 2
force to the chuck nenber 25. The provision of a central planykg% bolt or
pul | - ireférdncesaand b ptedctmbenengagedwy khgi iseat fase iparsionss/ @iitheginkad
nor possible due to the central aperture. Mreover, the design of the work

e R e B et e P
sition of the work piece carrier 1 with reference to the chuck member 25. Par-
ticularly, a total of four curved rest surfaces 28 are provided, each extending
between two adjacent centering pins 27. However, in the sectional view of Fig.
4, only one rest surface 28 and two centering pins 27 are visible. Moreover,
the chuck member 25 is provided with a central aperture 29 as well as with a
ball clamping mechanism 30, which comprises at least one operating piston 31
as well as a plurality of clamping balls 32. In the present example, the operat-
ing piston 31 is of annular design and adapted to be actuated hydraulically or
pneumatically. The centering pins 27 correspond to the centering grooves 8 of

the work piece carrier 1 (Fig. 1), as far as their number and position is con-

cerned.



Wthin the scope of the present invention, it is understood that it is also
possible to provide the work piece carrier with a plurality of protrusions,
for exanple three or four protruding portions, each having essentially the
shape of a portion of annulus, instead qf_providing a single annul ar
protrusion. -18- Wuat is clained is: fi A work piece carrier adapted to be
rel easeably attached to a chuck member and having a central |ongitudinal Z
axi s, conprising:

Upon clamping the work piece carrier 1 to the chuck member 25, the
clamping balls 32 are pressed radially inwards under the influence of the oper-
ating piston 31, with the result that the clamping balls 32 rest on the shoulder
9 (Fig. 3) of the work piece carrier 1 to pull it in Z—dire.ction against the chuck
member 25. For a more detailed explanation of the operation of the clamping
ball mechanism 30, reference is made to U.S. Patent Nr. 6,367,814 and U.S.
Patent Nr. 6,378,877. When the work piece carrier 1 has been loosely attached
to the chuck member 25, the centering pins 27 of the chuck member 25 pene-
trate the centering grooves 8 of the work piece carrier 1; thereby, the work
piece carrier 1 is positioned with regard to the chuck member in X- and Y-
directions as well as with regard to its angular position around the Z-axis.

The work piece carrier 1 having beeh set onto the chuck member 25,
there is a small gap between the Z-axis reference surfaces 28 of the chuck
member 25 and the Z-axis reference surfaces 7 of the work piece carrier 1,
said gap having a size in the region of some hundreds of a millimeter. During
the final clamping stage, this gap is reduced to zero by pushing the centering
pins 27 of the chuck member 25 further into the centering grooves 8 of the
work piece carrier 1. Thereby, i.e. the centering pins being driven into the cen-
tering grooves, the natural elasticity of the material of the pins and/or groove
walls is turned to account. The result is that the provision of elastically resilient
centering elements, as disclosed for example in U.S. Patent Nr. 4,855,558 can

be avoided. Once finally clamped, the work piece carrier 1 is aligned with re-



a central aperture extending in the direction of the central |ongitudinal
axi s and adapted to receive a work piece; a first reference system
provided with first centering elenments arranged to contact the chuck nenber
when the workpiece carrier is attached thereto and adapted to align the
work piece carrier with regard to the Ck menber in a first accurately
defined position; a second reference system provided with second
centering elements arranged to contact the chuck nenber when the workpiece
carrier is attached thereto and adapted to align the work piece carrier

Wi th regared tee I ckEmBRRIDS nok ohigaaoXd amecYrdirettiodsfasert!ipas ivition;
a fir protrusion associated with the first reference systemfor

rel easeabl y attaching th ' = er .10 : ' first
pos ¢ roaard 4B Anetiat aBrdb Aol g sep kb RIS WAt TRERA tbledze
work piece carrier and extending substantially in the direction 3 the

cent r a@ixi$ @egitioni Therakys the ralaRefiusee2 3 frthg chygly member, ge‘écﬁﬂi
protrusion i ndependent fromthe first protrusion and associated with the

seconcyyigf &5 BREchitpaeapEAIUrees dathabvpritpiechicayricrel wbuke o the faar thatr to
t he chuck nenber in a second position different fromsaid first position,

sai d gecond 0f GhENTIR"28 S SHUHIEE WiER £ BBHEAN ARSHLINE 29, HHROIR! fiepbes e
attached to the work piece carrier 1 can extend into that aperture 29.

The work piece being clamped in the chuck member as explained herein
above, one side of the work piece can be machined; for example, the front face
4a of the work piece 4 can be ground flat.

Fig. 5 shows another longitudinal sectional view of a chuck member 25
and a work piece carrier 1, attached to the chuck member 25 and accurately
positioned with reference to the chuck member 25 by means of the second ref-
erence system 11 provided on the work piece carrier 1. Thereby, the work
piece carrier 1 is turned over by 180° as compared to the situation shown in
Fig. 3. The clamping of the work piece carrier 1 to the chuck member 25 and
its positioning with regard thereto is accomplished exactly as described herein
before, except that the centering pins 27 of the chuck member engage the
centering grooves 14 assigned to the above mentioned second reference sys-
tem 11, and the front face portions 13 assigned to the second reference sys-
tem 11 rest on the Z-axis reference surfaces 28 of the chuck member 25. The

work piece 4 being clamped in this second way, the other side of the work

piece 4 can be machined; for example, the front face 4b of the work piece 4



- 19 - extending substantially in the direction of the central |ongitudinal
axis of the work piece carrier. 2. The work piece carrier according to
claim1l in which said first and second protrusions each define a shoul der
constituting a clanping surface and adapted to be engaged by cl anpi ng

el ements provided in the chuck nmenber. . The work piece carrier according
toclaim2 in which said first and second centering elenents for aligning
the work piece carrier with regard to the chuck nmenber are |ocated on said
one or nore protrusion. 4. The work piece carrier according to claim1l in

whi ch & Bef grdiind fidts diith TRearGult ehatubotn$renatcfacasaiared @b aumexactly
protrusion coaxially surrounding the central opening. 5. The work piece

Carri3§F%ﬁﬁ$i83¥%$f§gﬁé&£n]4 in which the outer surface of the annul ar

protr th a shoul der constituting a clanping surface

adapted to be engaged by cl anpi ng el enent rovided in th huck .
Due togthge factythat tnhpe cl%mping ba?lspS Vo'f the <|:l[|]uck Efmc-:mulger ggng.gr

rectly engage the annular protrusion 6 assigned to and being part of the first
reference system 5 or the annular protrusion 12 assigned to and being part of
the second reference system 11, separate clamping elements provided on the
work piece carrier 1, for example clamping bolts or the like, can be avoided.
Thus, a particular cost effective manufacture of the work piece carrier is possi-
ble. Since each annular protrusion 6, 12 surrounds the central aperture 3 and
is provided with an integral peripheral shoulder 9, 15, the clamping elements
32 of the chuck member 25 can engage a comparably large clamping surface
to attach the work piece carrier 1 safely and, if appropriate, with high clamping
force to the chuck member 25. The provision of a central clamping bolt or pull-
in bolt, as used in conventional work piece carriers, is not required nor possible
due to the central aperture. Moreover, the design of the work piece carrier ac-
cording to the invention ensures a highly accurate positioning thereof with re-
gard to the assigned clamping chuck member.

Within the scope of the present invention, it is understood that it is also
possible to provide the work piece carrier with a plurality of protrusions, for
example three or four protruding portions, each having essentially the shape of

a portion of annulus, instead of providing a single annular protrusion.



6. The work piece carrier according claim2 in which each of said first and
second protrusions is provided at |east partially with a flat front face
portion serving as a Z-axis reference {fgor the chuck menber. 7. The work

pi ece carrier according to claim6 in which said shoulder serving as a

cl anpi ng f.ace i vided at a rear side of the flat front face portion.
-20- 8. V\?ﬁ%t '%ocﬁﬂ'"fs‘?‘gisg carrier according to claim1 in which said first

and second reference systens each conprise at |east three centering
el enents by neans of which the work piece carrier can be aligned in the X-
and Y-directions. 9. The work piece carrier according to claim21 in which

said firdt refeverkqrees saisieriadaptashiode mieasaably adadied i9ea GBHEK pi ece

carrier in a first plane, and said second reference systemis |ocated on
t he oppofidnebei atel bavibha cemtial foneitadival Ziaxis,icongpriséepnd pl ane, said first
and second pl anes running parallel to each other.

a central aperture extending in the direction of the central longitudinal axis

and adapted to receive a work piece;

a first reference system provided with first centering elements arranged to
contact the chuck member when the workpiece carrier is attached thereto and
adapted to align the work piece carrier with regard to the chuck member in a first

accurately defined position;

a second reference system provided with second centering elements
arranged to contact the chuck member when the workpiece carrier is attached
thereto and adapted to align the work piece carrier with regard to the chuck

member in a second accurately defined position;

a first protrusion associated with the first reference system for releaseably
attaching the work piece carrier to the chuck member in a first position, said first
protrusion surrounding the central aperture in the work piece carrier and
extending substantially in the direction of the central longitudinal axis of the work

piece carrier; and

a second protrusion independent from the first protrusion and associated
with the second reference system for releaseably attaching the work piece carrier
to the chuck member in a second position different from said first position, said

second protrusion surrounding the central aperture in the work piece carrier and



10. The work piece carrier according to claim1 in which said first
reference systemis |l ocated on one side of the work piece carrier in a
first plane, and said second referencegystemis located on the opposite
s:de ofdtpe work piece carrier in a second plane, said first and second

pl anes defining a ngl e between h r | ﬁ%q% us with
a chuck ﬁ’é‘ﬁBQF%aﬂﬁsia’ﬁkﬂ?'x "blhé%glr §fbﬁ %ﬁkgggs{rgﬁl%pgﬁéﬁh?g%ggfea ygg{tached
to the chuck nmenber, said chuck nenber having a reference system for

def i ni ngP¥Ik€ G964%% i on of a work piece carrier attached to the chuck nenber
as well as clanping elenents for clanpingly hold a work piece carrier
attached to the chuck nenber, said work piece carrier having a central

| ongi tudi nal axis and conpri sing: a central aperture extending in the
directiop. of ThewsRipiede tamigr huchrdilg taxtlsinamdn adigt saidtfivstrarcesecond wor k
pi ece; - 21 - a first reference systemprovided with first centering

el ement s ﬂgﬁﬁ&%ﬁ)ﬁ@& &é’ﬁr@&%ﬁbafd%r%h&ithbf% aeflahpiees EisTeaiRdPAdddted euck

nmenber t8 gn the work piece carrier W regard to the chuck nenber in a
first ac BY re%tg%bgd %@félgr%girﬁoé'e]ﬂe%é provided in the chuck member.

3. The work piece carrier according to claim 2 in which said first and second
centering elements for aligning the work piece carrier with regard to the chuck

member are located on said one or more protrusion.

4. The work piece carrier according to claim 1 in which said first and said
second protrusions each comprise an annular protrusion coaxially surrounding the

central opening.

5. The work piece carrier according to claim 4 in which the outer surface of
the annular protrusion is provided with a shoulder constituting a clamping surface

adapted to be engaged by clamping elements provided in the chuck member.

6. The work piece carrier according claim 2 in which each of said first and
second protrusions is provided at least partially with a flat front face portion

serving as a Z-axis reference for the chuck member.

7. The work piece carrier according to claim 6 in which said shoulder serving

as a clamping surface is provided at a rear side of the flat front face portion.



a second reference system provided with second centering el ements and
adapted to cooperate with the reference system of the chuck nenber to align
the work piece carrier with regard to jhe chuck menber in a second
accurately defined position; a first protrusion assigned to the first
reference systemfor rel easeably attaching the work piece carrier to the
chuck nenber in a first position, said first protrusion surrounding the
central aperture in the work piece carrier, extending substantially in the
directiof- of The vwarkipiege caFgr ecerrdig @alaim in whichosaid firg@ndseGoney  and
havi ng a cl anping surface adapted to be engaged by the clanping el enents of
t he chuckefemriversystamis each compsise@idegst threesiamteringlelesrerdabyimeans dle fir st
connecting means and assigned to the second reference system for

r el easeafhichethbatdrktedd1Baiier kanibrcalighadrin éie Xo ahbier-directiorienber in a
second position different fromsaid first position, said second protrusion

surroundi ng the central aperture in the work piece carrier, extending
substantially in the direction of the central |ongitudinal axis of the work

[ [ d i cl ' f d_i b h
01 ampi ngdel erdhe ok R ek BRanane BioRGh o MR w8 L BRPR8%E .Y i ng
to claim1l in which said first and second protrusiops al'e eacg prdovi ded

with a shviiedes leered onanagide s the wepk Ripce Farkgidn a tirst plane, and sal

second reference system is located on the opposite side of the work piece carrier

in a second plane, said first and second planes running parallel to each other.

10. The work piece' carrier according to claim 1 in which said first reference
system is located on one side of the work piece carrier in a first plane, and said
second reference system is located on the opposite side of the work piece carrier
in a second plane, said first and second planes defining an angle between each

other.

11. A clamping apparatus with a chuck member and a work piece carrier
adapted to be releaseably attached to the chuck member, said chuck member
having a reference system for defining the position of a work piece carrier
attached to the chuck member as well as clamping elements for clampingly hold a
work piece carrier attached to the chuck member, said work piece carrier having a

central longitudinal axis and comprising:

a central aperture extending in the direction of the central longitudinal axis

and adapted to receive a work piece;
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13. The cl anpi ng apparatus according to claim11l in which the

outer

surface of each of said first and second protrusions is provided with a
constituting the clanping surfpce. 14. The cl anpi ng appar at us
according to claim11l in which said first and second centering elenents are

shoul der

| ocat ed

the refe
centerin
el enent s

second pipiraecarsaswith regand tedbehuek aaembasin @ fird @ceuratelyidedined dasitios;
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er eby

I ted to b by . the first A d '
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to claim11l in which the front face of at |east one of said first and

16.

The cl anpi ng apparatus according to claim1l in which the front face of at
| east one of said first and second protrusions is configured as a Z-axis

rest sur
Z-di rect

The cl anpdapteapipasaaipesatecsitir thengfe@nce aystebl of themhudk membeh be kligre theer

conpri se
attached

face @rsagongefaieno®pysipmep®Vvidad with sesord ppoiefiag alements and
I on upon clanping the work piece carrier to the chuck nenber.

17.

s a central aperture adapted to receive a portion of a work piece

woPk bitte®drlie PvR fe§ad to&he chuck member in a second accurately

defined position;

a first protrusion assigned to the first reference system for releaseably
attaching the work piece carrier to the chuck member in a first position, said first
protrusion surrounding the central aperture in the work piece carrier, extending
substantially in the direction of the central longitudinal axis of the work piece
carrier, and having a clamping surface adapted to be engaged by the clamping

elements of the chuck member; and

a second protrusion independent from the first connecting means and
assigned to the second reference system for releaseably attaching the work piece
carrier to the chuck member in a second position different from said first position,
said second protrusion surrounding the central aperture in the work piece carrier,
extending substantially in the direction of the central longitudinal axis of the work
piece carrier, and having a clamping surface adapted to be engaged by the

clamping elements of the chuck member.

12.  The clamping apparatus according to claim 11 in which said first and
second protrusions are each provided with a shoulder constituting the clamping

surface.



18. The cl anpi ng apparatus according to claim117 in which the central
aperture - 23 - of the work piece carrier and the central aperture of the
chuck menber are coaxial to each other,,once the work piece carrier is

cl anped to the chuck nenber. 19. The cl anpi ng apparatus according to claim
11 in which said first reference systemof the work piece carrier is

| ocated on one side of the work piece carrier in a first plane, and said

second refere e stemis |located o the I te he rk i ece
carrier if a 3@6%“8!”9@9%%”& aTCICPE‘{]'”Q o 1dmp‘1v§'ﬁg§h? BHiﬁr ‘9%, lel to
each other. 20. The cl anping apparatus according to claim11l in which said
first reeeclenéea@jgsteamd)sew@ REStIISisinsds pEayided withsa pBeWdetcorstBingi de of
the work piece carrier in a first plane, and said second reference system
i s | ocat ¢tk clanipheg epifasé.t e side of the work piece carrier in a second
pl ane, said first and second planes defining an angl e between each ot her.
14.  The clamping apparatus according to claim 11 in which said first and
second centering elements are located along an annulus coaxially surrounding
the central opening, whereby the reference system of the chuck member is

provided with corresponding centering elements adapted to be engaged by the

first and second centering elements of the work piece carrier.

15.  The clamping apparatus according to claim 11 in which the front face of at
least one of said first and second protrusions is provided with at least three

centering elements.

16.  The clamping apparatus according to claim 11 in which the front face of at
least one of said first and second protrusions is configured as a Z-axis rest
surface on which the work piece carrier is supported in the Z-direction upon

clamping the work piece carrier to the chuck member.

17.  The clamping apparatus according to claim 11 in which the chuck member
comprises a central aperture adapted to receive a portion of a work piece

attached to the work piece carrier.

18.  The clamping apparatus according to claim 17 in which the central aperture
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of the work piece carrier and the central aperture of the chuck member are coaxial

to each other once the work piece carrier is clamped to the chuck member.

19.  The clamping apparatus according to claim 11 in which said first reference
system of the work piece carrier is located on one side of the work piece carrier in
a first plane, and said second reference system is located on the opposite side of
the work piece carrier in a second plane, said first and second planes running

parallel to each other.

20. The clamping apparatus according to claim 11 in which said first reference
system of the work piece carrier is located on one side of the work piece carrier in
a first plane, and said second reference system is located on the opposite side of
the work piece carrier in a second plane, said first and second planes defining an

angle between each other.



