1 Process and fixtures for setting up workplaces for
fl ow gui di ng conponents in turbines or engines The
invention is a process for setting up workpl aces for
the manufacture of flow guifding conmponents for
conpressors or turbines, in particular for vanes for
gas turbines, steam turbines, or engines, in which
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manuf actured are cl anped in a workpl ace cl anpi ng
Propgss and Stures) forgretiingupnarkpleces for flow-gulsding compopents in
tuﬁﬂhg@gy ings| oaded into the machine tool, in which

they are to be shaped by mlling. In tur bi nes or

engi nes, gas is conpressed by turbine or engi ne vanes

THefimention it £pbets for eetﬁﬁg ap WoEkpraces for'fﬁB?thlﬁfﬂbtﬁﬁe G fidbw-guiding

cofPEREs Kt 4PTPraAAR (Abthep 1 anCHER I Mpieg ot 97 furbines, steam

turblnew— cg'uendmeg., ih whidhi the woeipietais iforcthe fow-guldingctingunerits to be
mafichRed pbd uRAEba fith PlrledE dahaiiEky & RIS FBE machine too,

in Mdghtqweemnsewmﬂw ipaded into theemachine toaf, in which they are to be

Fltdag to. manufacture. This is made nore
|ff|cu by the fact that the vanes typically need to
be machined on all sides. This requires that the

In WRSIRESs ierigiivd! Gud il CBMpRassBR B WitbiRg of angiﬁ@vmdmﬁﬁbmamm
Bar. stock _Is Mcally used as the raw materla for

a rpfating, pds-cthe turking a4 «1ging vanes tmﬁa"v have g sp@plicated, thee-
dimzérfsaonﬁ wmﬂomm:moml fBEthbl flswayuldhty fuRctidhe aswel laa @ foot

and Bt secton I i et sl ety Ty Shd g shape,
asw?mgéfgltww h@hmriétgﬁﬁﬁred&we\tﬁéy ahq@rlidgﬁnnglc h| i lﬁgag
maPpraBul s i Fiae HER A i et ks M e e e to be
mathinedhen ﬂusidlea €THig/ requiredthiat thencned ba mqwlmusdauy tmachining in
sevel tup. In order t6 nove the workplace to the

second setup, the workplace is renoved fromthe
machi ne by the robot. After the danping fixture for

Bad Gk MY PSR B B3 Tal il RG Work lebelf rBRAMNEF b or the
vanes gfe sut qﬁalglamppﬂswdﬂrommmtadﬂwmgawm& Fet @g
coctd BP0 for i AR RSO Bl B bl g ol

This MaRUEREtHENg Process however bas the disadvantage of 3 éelativaly long Idie
timaMm 1Bl niddhme tbsit t er handl i ng of

It is also previously known that the workpiece is set in the machine by a robot, and then
processed in the first setup, In order to move the workpiece to the second setup, the
workpiace is removed from the machine by the robot. After the clamping fixture for the
second setup has been placed in the machine tool, then the workplace can be replaced
by the robot. This process has a risk of high manufacturing Inaccuracies, and possible
collision between the robot and the machine tool, If the collision risk is to be reduced,
then generally larger machine tools must be used, which allow better handling of
workpieces in the machine.
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is automatically clanped, then the workpi ece and the
This objective is met by the invention with a process of the type indicated, in that the
workpiece is automatically inserted in a clamping fixture outside of the machine toal, in
a first setup, the workpiece is automatically clamped, then the workpiece and the
clamping fixture together are loaded by the machine into a machine tool, in particular a
4-axis — preferably 5 or 6-axis — machine, the workpiece and the clamping fixture
together are removed from the machine tool by the machine, the workpiece is also
inserted in a clamping fixture for a second setup, different from the first setup, and then



clanping fixture together are |oaded by the machine
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al ready suggests
Although the state of the technology, e.g. in DE 35 21 285 C1, already suggests

automatic clamping of workpieces, not further specified, in a workpiece clamping fixture
for only one setup, such solutions do not exist for the application area addressed. In
particular, complete automation throughout, as is planned in the invention, was
considered to be impossible due to the complexity of the workpieces typical for the area
of application, and the high manufacturing precision required. In addition to the
advantages connected with this, the Invention also allows a high degree of fiexibility,
since all clamping processes are preferably carried out in a setup cell, which can be



automati c cl anpi ng of workpi eces, not further
specified, in a workpiece clanping fixture for only
one setup, such solutions do not exist for the
application area addressed. ,In particular, conplete
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The repositioning of the workpiece from the first to the second setup causes a risk of
processing inaccuracies, which can be caused by clamping inaccuracies. Differently
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In a preferred version of the invention, the position and orientation of at least one
reference location is contacted by a measurement probe, generally previously known, in
the second setup. Machine tools with additional measurement probes are known, for
example, in the machine models ZT 1000, STC 1000, SC051, and STC 100, which are
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Fig. 7 a further representation of the setup position from Fig. 6;
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Fig. 10 a clamping fixture with a workpiece in a second setup;
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a robot prov:ded by the Staubh AG company, Seestrasse 238, CH-8810 Horgen, under
the designation RX 170. The robot 5 is equipped with a two-jaw parallel gripper 10, with

which both workpieces and clamping fixtures can be transported.

The vices 14 shown in Fig. 2 to 11 ¢an be used as clamping fixtures, which have
interchangeable parallel adjustable clamping jaws 15, 16 for clamping the workpieces.
The clamping fixtures 14 can be provided with an Interface for clamping jaws, for
precise positioning, as well as for simple removal, In the application exampte shown,
the interface is a screw connection 17 of jaw holders. One of the two clamping jaws 15,
16 is set onto one of the jaw holders from above, and screwed in place. This provides
easy interchangeability, but also secure positioning of jaws 15, 16 when clamping



steps within the cell in connection with the
wor kpl eces 3 and clanping fixtures 8, can be a robot
provi ded by the Staubl| AG conpany, Seestrasse 238,
CH 8810 Horgen, under the %esi gnation RX 170. The
robot 5 is equipped with a two jaw parallel gripper
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of the spindle 21 protrudes out of the clanping
fixture, and this end of the spindle can be hex-shaped
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e_construct ed artl ar, on the un ersi

SPgTd&F‘ezEB’F'FHL%@”SﬁUd!Wga@F aﬁﬁf thesthgBi25. The setup stati on
6 al so has a screw device 23, shown in Fig. 2, 3, 6
pped with a shaft 25 that can

For ﬂf%gfébse&% ot thﬁ “l°5"ﬂ°¢ﬁ%?d thexFlamping jaws 28, sheywn in Bigot gnd Fig. 5,

cantbe dsteg Gorithe CANPIIY fBste of tHeffﬁst?r{‘lﬁtfél T%@se Hé@é b#r@liél Gnd mainly
r,om e ScCre an | nter

ta] ot SupRcse 28 Eash ot fréipainiind lave Jader Bismadel siesrhasiao

offstloaupfaneg 30,calighed bithogtinally 19¢hé bRnpiaf surfddes (Fig. 4).

| ongitudinally. The clanping fixture 8 is placed in a
setup position 20 in front of the screw device 23 for

For thessegang setup ofithieotoripiecess atsesoridangdél wl clampirgpjaws 32 can be
instdled in a second type of clamping fixture 18, which is shown in more detail in Fig.
10 and 11. This type of clamping fixture 18 can have a dovetall guide 27 as an interface
for mounting clamping jaws. The two opposing dovetail guides 27 in a clamping device
are arranged diagonally to each other, such that their distance increases in the direction
toward the clamp holder 19 in the clamping device, The clamping jaws 32 of the second
type can be provided with three clamping pins 33 each, which are intended to contact
the vane blade, which has already been manufactured at the time this type of clamping



spindle 21 with the longitudinal axis 24 of the shaft

25. For the first setup of the workpiece 3, the

danmping jaws 28, shown in Fig. 4 and Fig. 5, can be

used for the clanping fixtue of the first nodel.

These have parallel and mainly flat clanping surfaces
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of the second type can be provided with three
To iraplpmegt the irvedBoreéasdtup whd efanafaturing reteds,ithe handliag trobot 5

St WIS TS o o D RS PSRAn T g
stSragelsaed ¥ to theaghipngpsitan20in fronpafthe sarewidetice L'aanNexthe
R B! okl oe LI o e
storegarareaBl tp berused laathse bignk wmhmesetayfpfea vane. [Sincedhel vanenis milled
as}’\ﬂ ESIE:I g llﬂtneﬂﬁ]iélﬁ %(;ﬂgr Hi?ﬁ/&ngﬂﬁg Pﬁg@% \Xg&%%af' Ee%ef ined by the
mé&'&h’&h@’é@"fﬁ &f thetfinished vpnerndbreesipatialidirestipnsatiae workpiece 3 is
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one pr era bl y sane ng robot wth
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[ npl enment the invention's setup and manufacturi ng
rocess, the han n Fi 1 bri
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to theospindie 2hof thei caraping fietusg®, vehichaledds tcazlm:gjsfaﬂe a!antpfjaws 28
I - [ o} .
o HHF bt e fioloce e B0BnTDARE TriSveRBg 8 amBld wih
itsupndkimensios verticalde tiheeahtint sutfacesiBf and parali¢ldo the mkimpihg
sufrh ssi!?%ﬂ‘n .aﬂ:oh ctions. The
%pl ece ?qﬂsrsd t gyh"?g acedﬁ %Lcr%éeghandl ing robot 5 in
the clanping fixture 8 wth its one of its ends 3a
Now the handling robot 5 can transfer the workpiece 3 by transporting the clamping
fixture 8 to the milling machine 1, or to a buffer (hot shown), in which the clamping
fixture remains until processed. As soon as the clamping fixture 8 is inserted in the
workpiece holder in milling machine 1 by a handling device, preferably by the same
handling robot 5, the milling machine carries out a milling process on workpiece 3,
Generally, at least the geometry of the blade area 36 is created here, which is shown in
Fig. 8 to 11. Other geametries of the component are not yet generated in this setup. In



toward the offset surfaces 30 of the two clanping jaws
28. As soon as the workpiece 3 contacts the offset
surfaces 30, the controller 4 actuates the screw
device 23, whose shaft 25 wygh its internal hex is
slid onto the hex head 21 a of the spindle. The
manmlaromtrmne foot arka 37 aanalitaé heatbareh 3BIvE tHROrAY béMY MBdé &re not
g&wgg sferred to the spindle 21 of the clanping
ture 8, which |l eads to dosing of the clanp jaws 28
and cl anpi ng of the morkpiece in the clanping fixture.
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the not yet processed head area 38. The reference
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and opens the clamping jaws 28 by rotating the spindie in the opposite direction as was
used to close if.

Subsequently, the handling robot 5 can remove the workpiece 3 from the clamping
fixture 8 and, if needed, replace it in the clamping fixture storage area. Now the
clamping fixture 8 is exchanged with a different clamping fixture 18, which already is
equipped with the clamping jaws 32 shown in Fig. 10 and 11. These have either
positive fit clamping surfaces, or the at least three clamping pins 33 that are not



made possi ble by reference | ocations on both the foot

and the head area 37, 38. On the foot and head areas

37, 38, in particular, at least three reference
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arédmtﬂl‘gﬁrsﬁsét?a second setup, in which the head and the
foot areas 37 extend past the sides of the

cl anpi ng j aws 32 and these areas are thus accessible
Nofvahe milling process can begih in the second setup, in which both the head area 38

and the foot area 37 are generated on the workpiece. Since compensation is made for
any deformation of the workpiece, the geometries of the head and foot areas 37, 38 can
be manufactured correctly relative to the blade area 36. After this processing, the
clamping fixture 8 is removed from the machine tool and returned to the setup position
20. Using the screw device 23, the clamping fixture 8 is opened, so that the handling
robot § can remove the completed workpiece, shown in Fig. 13, and set it down in a
storage [ocation for further transport.



processing. In conparison to the first setup, the

wor kpi ece is tipped 90 about its longitudinal axis in
the second setup. The clanping fixture 8 can thus be
nmoved by the handling robotys to the mlling nachine
1 or again into a buffer, where it remains until the

mlling machine 1 is free for processing. In both
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with two tracks 45 is shown, on which additional

handl i ng devices 46 are nounted for transport. If the
production capacity of the machine tools 1 exceeds the
setup capacity of the setuQsceII 2, then either
several setup cells, or just one expanded setup cell,
Bt  Glanip jewehotdernore handling robots 5 (Fig. 1), wth
£0e 0. vRgl ew devices 23, or with additional
storage areas, can be planned. Reference List 1

# 1| i ngitudinglraxis27 Dovetail guide 2 Setup cell 28

48 ampspg j aws 3 Workpi ece 29 d anping surfaces 3a
Front side 30 Stand surface 4 Controller 32 C anping
Bws Intemalhexi ng robot 33 Clanping pin 6 Setup
station 36 Blade area 7 Canping fixture storage 37
Foot area 8 Canping fixture 38 Head area 9 Wbrkpi ece
storage 40 Reference surface 10 Two jaw parall el

gri pper 41 Reference surface 14 Vise 42 Reference
surface 15 Clanp jaw 40" Reference surface 16 O anp
jaw 41" Reference surface 17 Screw connection 42

Ref erence surface 18 Canping fixture 44 Transport
device 19 O anp holder 45 Rail 20 Setup position 46
Handl i ng device 21 Spindle 21 a Hex head 13 22 d anp
j aw hol der 23 Screw device




24 Longi tudinal axis 25 Shaft 26 Internal hex 14

Cainms 1. Process for setup of a workpiece for the

manuf acture of a flow guiding conponent for a

conpressor or a turbine, in,particular a vane for a

gas turbine, steamturbine, or engine, in which the

Wiaikpi ece (3) for the flow guiding conponent to be
manufactured is clanped in a clanping fixture (8, 18)
outside of a machine tool (1), in order to be
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f1 ow gui di ng conponent w be generated in a
subsequent setup is used for clanping the workpiece
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18) with a two-jaw vice (14) wth parallel, flat
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which the foot and/or head (37, 38) of the flow-guiding component will be

generated in a subsequent setup is used for clamping the workpiece (3) in the
first setup.

4. Process as in at least one of the prior claims, characterized in that the
workpiece (3) is inserted into a clamping device (8, 18) with a two-jaw vice (14)
with parallel, flat clamping surfaces for its first setup, in which the workpiece (3)
is aligned with its side surfaces parallel to the ¢lamping surfaces of the clamping
fixture, and is clamped on these side surfaces.

5. Process as in at least one of the prior claims, characterized in that af least the

foot and/or head (37, 38) of the flow-puiding component is shaped in the second
setup.



is aligned with its side surfaces parallel to the

cl anpi ng surfaces of the clanmping fixture, and is

cl anped on these side surfaces. 5. Process as in at

| east one of the prior claigg, characterized in that
at least the foot and/or head (37, 38) of the
rom#gU|d|ng conmponent is shaped in the second setup.
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