1 Component manipulator for the dynamic positioning of a substrate, coating method, as well as use of a
component manipulator The invention relates to a component manipulator for the dynamic posi- 5 tioning
of a substrate to be treated in a thermal treatment process, to a coating method for use of a component
manipulator, as well as to the use of a component manipulator for coating a substrate by means of a
thermal coating method in accordance with the preamBle of the independent claim of the respective
category. 10 The coating of surfaces of various work pieces has a nearly innumerous number of
applications and is correspondingly of high economic importance in the industrial technology. In this
respect coatings can advantageousl be aplled onto the most dlfferent substrates for very different 15
gjtsta 3 ¥ Hostrales  ch as for example,
on runnlng surfa&es;mfgcigdufuﬂﬁr& @rso&zelsmmmsm Mstbeﬁmlrmmlmsﬂim;mmﬁes or compressors play a
large role. Beside the wear resistance also further requirements, such as good sliding properties, this
means good tribological properties or also excellent 20 dry rolling properties are placed on such parts. In
particular differéR¢hiervmaltspraylatethods, topartoatar therkpobat@ldemehsplspaneihpd$iave been
proven highly sugseastlfar SusliAnd sinjakeaiementhdraldhe-ognrraiangbbardigyers on highly
loaded tools, in particular 25 coatings are manufactured very successfully by arc vaporization, PVD or
CVD processes%’r@@ﬁ@ FRORBOThéPoBRERich eRMTNRGYHhAHNBY 149Ts efcWshasficatyantstise of the last
mentioned procgss isohQY¥eNes e sivaidebt diskitiied alsR inothey figldsef arpligakR for

example, for the coating of jewelry or watch housin gs or for the application of protective 30 layers or
simply for the oG hgel jiuasrordance with the preamble of the independent claim

of the respective category.

10
The coating of surfaces of various work pieces has a nearly innumerous
number of applications and is correspondingly of high economic impor-
tance in the industrial technology. In this respect coatings can advanta-
geously be applied onto the most different substrates for very different

15 reasons. For example, wear protection layers on mechanically strongly
loaded parts, such as for example, on running surfaces of cylinders or of
piston rings of internal combustion engines or compressors play a large
role. Beside the wear resistance also further requirements, such as good
sliding properties, this means good tribological properties or also excellent

20 dry rolling properties are placed on such parts. In particular different
thermal spray methods, in particular the known plasma spray method

have been proven highly successful for such and similar requirements.

For the generation of hard layers on highly loaded tools, in particular

25 coatings are manufactured very successfully by arc vaporization, PVD or
CVD processes on chip removing tools such as milling machines, drills
etc. Specifically the use of the last mentioned process is, however, also
very widely distributed also in other fields of application, for example, for
the coating of jewelry or watch housings or for the application of protective

30 layers or simply for the embellishment of utensils.



Also other method, such as for example, gas nitriding are well established methods which, amongst other
things, are of large importance with regard to corrosion protection. 5 In this respect the coating of very
large area work pieces or of components having a complicated surface geometry is generally very
problematic. Generally speaking, thermal spraying has also established itself in various 10 variants also
for these generally more problematic cases, in particuldr since thermal spraying has been established for
a long time in the manufacturing of individual parts and in the industrial serial production. The most
common spray methods, which are, in particular also used in the serial production of the coating of
surfaces of substrates in large numbers, 15 are, for example, flame spraying with a spray powder or a
spray wire, arc spraying, high velocity flame spraying (HVOF), flame shock spraying or plasma spraying.
The aforementicxied bshef ihetinad sprashretfmdsxisapie]yeastcioriciisiverclwelpessabloaftardinary skill in

the art rather know§ha ctetrgvehmhmber of va{la&s o{ the Ilstgldemﬁhods as w Il rfils furtgglar meth 20 ods, for
example, spemarflproce ures sut me spray Wersing' %ﬁ% (Pzﬁfea col‘ggas s%raymg must be

mentioned in th@me&tmnpmthiglr&spect thermal spraylng has been made available to further areas of
application.One can generally conclude that thermal spraying as a 25 surface spray method is the
coating technique with probably the largest areas of application with regard to its field of application A

limiting of the fidldsBiBaisHReAiIhS SPHENTGeYREN fidraedadsralY ATk RRCE ¥ sOh SORBRRBSAIY appear
advisable, since¢ifigld<ehanRlicRiPS FIARVESRRLRNIS §8ARELIPRery problematic.

Generally speaking, thermal spraying has also established itself in various
10  variants also for these generally more problematic cases, in particular
since thermal spraying has been established for a long time in the manu-
facturing of individual parts and in the industrial serial production. The
most common spray methods, which are, in particular also used in the
serial production of the coating of surfaces of substrates in large numbers,
15 are, for example, flame spraying with a spray powder or a spray wire, arc
spraying, high velocity flame spraying (HVOF), flame shock spraying or
plasma spraying. The aforementioned list of thermal spray methods is
surely not conclusive. The person of ordinary skill in the art rather knows
a large number of variants of the listed methods, as well as further meth-
20 ods, for example, special procedures such as flame spray welding. Also the

so-called "cold gas spraying" must be mentioned in this connection.

In this respect thermal spraying has been made available to further areas
of application. One can generally conclude that thermal spraying as a

25 surface spray method is the coating technique with probably the largest
areas of application with regard to its field of application. A limiting of the
fields of applications of the aforementioned spray methods does not neces-
sarily appear advisable, since the fields of application can overlap in this
connection.
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3 In this respect it has been a problem for a long time to provide components with a complicated surface
geometry in sufficient uniformity. A typical example for such parts are turbine vanes for land supported
turbines or air-supported turbines and/or power units of air vehicles of all 5 kind. A break-through was
made in this context by the method suggested, for example, in EP 0 776 594 B1 by Sulzer Metco by
providing a thermal low pressure process ("LPPS-metifod") which permits the manufacture of 10 uniform
coatings not only on geometrically complicated components, but also on large areas, for example on
sheet metal parts, by means of a wide plasma current. This, on the one hand, is achieved by the
geometric design of the spray gun, with it, however, also being essential that a significant pressure

difference is preSEREISETRRRSS tHE MR RS rt RRRIRTBSF B P8 8hH 86 RIRY 4 EWBPR piece or at least
the surface regioetiesheichatetnfjlieavatkspicfaedgrovinistopimectftiniprasentfsraitgatng chamber, in
which a negative pressure is produced with regard to the. interior of the, spr. un, for example, a negative
pressure of Iess%ﬁ%all% 60 %nr%]ag)\%\?vrilséué:\% %gtgrg 0 %%%gﬁ%%{gﬁ;}%ﬁgﬁgf%?g? f(‘jﬁ%ﬁﬁ%ﬁr IS present in
the spray 20 gubjies approximatelytedviroimmsstainst fes previs prasgsoByimvednsied sétaihg such a
pressure gradiept between the interior of the spray gun and the coating chamber a broad and long
coating beam can be generated by means of which the surface of the work piece can be coated in a so
far non-achievable uniformity. 25 In this respect an essential advantage of this method consists therein

that coatings are alse-Rossiigdn ¥astaluexterhin reeiang whichdimi e 'shaskowe of e coating beam
and for this reason are_generally not within reach on use of conventional plasma _coating methods; this

means that 30 STEHEBIPBhERD A e Bl RYaet with M6 5EmMEY SERERLING & HFermRT oW

pressure process ("LPPS-method") which permits the manufacture of

10  uniform coatings not only on geometrically complicated components, but
also on large areas, for example on sheet metal parts, by means of a wide
plasma current. This, on the one hand, is achieved by the geometric de-
sign of the spray gun, with it, however, also being essential that a signifi-
cant pressure difference is present between the interior and the exterior of

15 the spray gun. The work piece or at least the surface region to be coated of
the work piece is in this connection present in a coating chamber, in
which a negative pressure is produced with regard to the interior of the
spray gun, for example, a negative pressure of less than 100 mbar, while a
pressure of approximately, for example, 1000 mbar is present in the spray

20 gun, i.e. approximately environmental pressure is present. By means of
setting such a pressure gradient between the interior of the spray gun and
the coating chamber a broad and long coating beam can be generated by
means of which the surface of the work piece can be coated in a so far
non-achievable uniformity.

25
In this respect an essential advantage of this method consists therein that
coatings are also possible to a certain extent in regions which lie in the
"shadow" of the coating beam and for this reason are generally not within
reach on use of conventional plasma coating methods; this means that

30 such components cannot be provided with coatings sufficiently uniformly



at all surfaces by means of conventional coating methods and, in particular the coatings at those surfaces
which lie in a shaded region with respect to the coating beam are not generated in a sufficient quality. 5 In
this respect the basic principle has been substantially further devel- oped in the meantime. EP 1 479 788
Al for example shows a hybrid method which is based on the fundamental method of EP 0776 594 Bl. In
this connection these methods are particularly suitable*to apply differ-10 ent metallic or non-metallic
coatings, in particular also ceramic, carbidic or nitridic layer components in thin layers. In particular for the
coating of turbine vanes the so-called LPPS-thin film-process (PS-TF) of Sulzer Metco has established
itself in this connection, 15 which at the time positively reyolutionized the low pressure plasma spraying.

In this respect it & cORTEESHAY PEPEH T SRE R R i chsehange FRth i Brocedural
point of view. Inlthisespedt agspacehsstosaddbesughibly dplasmshages regftameitbrrgydpsaa beam”) is
widened and expaﬁged to.a qu)%th of up to %.5 m bX adc.uitable ﬁettin of thia spray 20 parameters, in

. o the coatin m a ot generated in, a suificie uality.
particular of the pressure par%me?ers in the process chamber and in gp?as a flame or the plasma
beam itself. The geometric expansion of the plasma leads to a uniform expansion - a "defocusing” - of a

powder beasn which,is iiegled o ﬁﬁ%i%??fﬂ%i‘ﬁff%éeﬁge%aéu@&ﬁ@éﬁmﬂ%? payer beam which

disperges to a cloud in the plasma and 25 is partially or completely molten there arrives uniformly

distributed on a PPEEdEy Exeemgad dimfadelof £<Iétatd 1AqniprRIg a sdesvsathy ’tistrate whose layer

thickness can be.smalleriiah 49 BEveAGWRIGh fionnsAIRASeRAKBHIBARS 40 Hee3gifgrm distribution. By
means of several applications of thin layers a thicker layer having particular properties can 30 be

manufactured which makes such a coating usable as a functional 5
In this connection these methods are particularly suitable to apply differ-

10 ent metallic or non-metallic coatings, in particular also ceramic, carbidic

or nitridic layer components in thin layers.

In particular for the coating of turbine vanes the so-called LPPS-thin film-
process (PS-TF) of Sulzer Metco has established itself in this connection,
15 which at the time positively revolutionized the low pressure plasma spray-
ing. In this respect it is a conventional LPPS-plasma spray method which
was changed from a procedural point of view. In this respect a space is
flowed through by a plasma ("plasma flame" or "plasma beam") is widened
and expanded to a length of up to 2.5 m by a suitable setting of the spray
20 parameters, in particular of the pressure parameters in the process
chamber and in the plasma flame or the plasma beam itself. The geomet-
ric expansion of the plasma leads to a uniform expansion - a "defocusing”
- of a powder beam which is injected into the plasma with a feed gas. The
material of the powder beam which disperges to a cloud in the plasma and
25 is partially or completely molten there arrives uniformly distributed on a
broadly extended surface of a substrate. A thin layer arises on the sub-
strate whose layer thickness can be smaller than 10 um and which forms
a dense cover thanks to the uniform distribution. By means of several
applications of thin layers a thicker layer having particular properties can

30 be manufactured which makes such a coating usable as a functional



layer. For example, a porous layer can be manufactured by means of a multi-layer application, which is
suitable as a support for catalytically active materials (see EP-1 034 843). 5 If we consider a turbine vane
as an example then a functional layer which is applied onto the basic body forming the turbine layer is
generally composed of many partial layers. For example, for a gas turbine (stationary gas turbine or
airplane turbine) which is operated at high process tenfperatures, the vanes are coated with a first one or
multi-layer partial layer 10 which has a resistance to hot gas corrosion. A second coating, which is applied
onto the first partial coating and for which the ceramic material is used forms a thermal barrier coating.
The previously known LPPS plasma spray methods were particularly well suited for the manufacture of

the first layer. THY fie/ % BRI Coathiy WS 18395 CatvAn BGEBtan YErL Y B'SARFiRtRat a coating
having a columnauiideosirugbplécattse, Wheckoi stsudtutad tayersa sporpdsedabapiraitimately cylindrical
bodies or cor- pusgcles whose igﬁgral ] zbr§ 4aggr§?d perpendicular to the substrate surface. Transfer

e ed ma

regions, in which ¢ lged%asﬁ;l% e&epOSIt terial is smaller than in the corpuscles, limit the

corpuscles laterally. A coating 20 having such an anisotropic microstructure is a structure more tolerant to

strain with regarg {o.cha0ding- tensinns woiaheresulidue, g fepeledly AiRINg AeMmBsaWRiEhanges. The

coating reacts to the changing tensions in a generally reversible manner, this means without the formation
of cracks, so thd igpéeitheniantbe barisderdplicemergiéaci eoipalamy ts 2snseaihEfiaglof a common

coating which hag QQiColuRNGF PASFRITHGEES ForeRRIspIONIS RIGOS yabRe IS GRNsIaghle by means of
a thin film method which is a vapor deposition method. In this method which is referred to as "EB-PVD"

(electron beam SPhySERINGEE AT BRRISHT Pine Rt Rishstans tatsd atfusheRrasedt fdrmal barrier

coating is brougptiaturésheheapaigase dnatdanifafislectionbaaittinaysigbatatuueyand is

evaporateﬁf rom ttr%e yapor ghase nto th omponent to be cogted. IL gu(a: (P?rfces%elt(r: meters are
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suitably se ecteav €en a columnar mlcrosf)ruc u resufts. A &sad%/an(%age 0 h|§\/apor eposition method

is, amongst othepplied onto the first partial coating and for which the ceramic material is

used forms a thermal barrier coating. The previously known LPPS plasma
spray methods were particularly well suited for the manufacture of the
first layer. The thermal barrier coating was so far advantageously gener-

15 ated in that a coating having a columnar microstructure arose. The so
structured layer is composed of approximately cylindrical bodies or cor-
puscles whose central axes are aligned perpendicular to the substrate
surface. Transfer regions, in which the density of the deposited material is
smaller than in the corpuscles, limit the corpuscles laterally. A coating

20 having such an anisotropic microstructure is a structure more tolerant to
strain with regard to changing tensions which result due to repeatedly
arising temperature changes. The coating reacts to the changing tensions
in a generally reversible manner, this means without the formation of
cracks, so that its lifetime can be considerably extended in comparison to

25 the lifetime of a common coating which has no columnar microstructure.

The anisotropic microstructure is generatable by means of a thin film
method which is a vapor deposition method. In this method which is
referred to as "EB-PVD" (electron beam - physical vapor deposition), the

30 substance to be deposited as the thermal barrier coating is brought into



5 things, the very high plant costs. In addition to this, on the manufacture of a coating including several
partial layers the same plant cannot be used for both the LPPS plasma spray method and for the EB-PVD
process. For this reason several work cycles have to be carried out for the coating. 10 This problem was
satisfactory solved by Sulzer Metco for the first time by the invention in accordance with EP 1 495 151 Bl,
whereby a plasma spray method was made available fr the first time, by means of which a thermal
barrier coating was manufacturable and which permits the appli- cation of a coating onto a turbine vane in
a work cycle which coating 15 includes the thermal barrier coating as a partial layer. This is achieved by a
novel plasma spray method. in which a material to be coated was sprayed onto a surface of a metallic

substrate in the BMYHRPY JURSEr DT Re parRRURT SRS LEABIHE FaRBNY AL R 58 e coating 20
material is injectach pricadcdldsona tefocsingiivesp @mdethe amnabardent probessoptedsifetvehich is less

than 100 mbar and is either partially or completely molten.there. In this respect.a plasma having a
sufficiently high RESSTE BRGRIE, & oot iACLh RS e AT oA B o B s Piterial, at least
5 percent by weightilis tranbferdor iritg thel \idyie vap phdseositdoenraaibowoisicastraogsedtlager is formed

on the subsirate 9%?%%8%?%1;?%@1‘8%9{9? AR ANEABARS MILOSHYHUE e AigNed standing

generally perpendicular to the Substrate surface in this layer. Transfer regions poor in material bound the
corpuscles agaifbeotratingtesI U MgeshiErrd PR Hed drasReaheittrRe Pleags ¢3t Pethisa@spect has a

further decisive gavVishiRGe WVitPregak iadNg, knp wit tRenech 8 dreaRS WwhithA sQlsanpayrstructured

layer is manufactured by means of EB-PVD: The process times for the same layer thickness are
significantly shotfds Eeason several work cycles have to be carried out for the coating.

10  This problem was satisfactory solved by Sulzer Metco for the first time by
the invention in accordance with EP 1 495 151 B1, whereby a plasma
spray method was made available for the first time, by means of which a
thermal barrier coating was manufacturable and which permits the appli-
cation of a coating onto a turbine vane in a work cycle which coating

15 includes the thermal barrier coating as a partial layer.

This is achieved by a novel plasma spray method in which a material to be
coated was sprayed onto a surface of a metallic substrate in the form of a
powder beam, in particular onto a turbine vane. In this respect the coating

20 material is injected into a plasma defocusing the powder beam at a low
process pressure which is less than 100 mbar and is either partially or
completely molten there. In this respect a plasma having a sufficiently
high specific enthalpy is generated, so that a substantial part of the coat-
ing material, at least 5 percent by weight, is transferred into the vapor

25 phase and an anisotropic structured layer is formed on the substrate.
Elongate corpuscles, which form an anisotropic microstructure are aligned
standing generally perpendicular to the substrate surface in this layer.
Transfer regions poor in material bound the corpuscles against one an-
other.

30



Meanwhile the method in accordance with EP 1 495 151 B1 of Sulzer Metco has been decisively
improved and further developed and has been established on the market by way of the abbreviated
designation PS-PVD in the meantime. Since the component manipulator described in the 10 framework of
this application can be advantageously used in connection with the claimed coating method, which is
preferably the PS-PVD method known per se, this shall be explained in the following in detail, so that the
following description of the PS-PVD method forms a part of the description of the present invention. 15 It
is naturally understood that the component manipulator of the present invention can naturally be used in
any thermal treatment process and thus in principle can also be used advantageously in any coating

method. 20 PS-PYDRRRI IS ACKEETARSHOR B Bhldstiespray B by itk Tatierdeptsftion”, is a low
pressure plasméasphay idekisdlegyieritezdepokitogaaticeating & frownthecstapdriphaseads dfis respect

PS-PVD is a part of a family of new hybridic processes which the applicant has rec el- oped on
tho basio of the SEAD AaRLEN L Pt LT i o TR B e R e o
19(1-2) JanuaryT2@E1pyotre shsisirees pectitis fantillayotudésk hesiderP Signicambyngisoditier things, also
"plasma spgy - chemical vapor deposition” (PS-CVD) and "plasma spray - thin film" (PS-TF) processes.
In comparison to conventional vacuum plasma spraying and/or to conventional LPPS processes these

new processes drarstilgdbemeidpy iRcagsersra prgniehdrgypmbdul Wwhfchukeper- 8

Metco has been decisively improved and further developed and has been
established on the market by way of the abbreviated designation PS-PVD
in the meantime. Since the component manipulator described in the

10 framework of this application can be advantageously used in connection
with the claimed coating method, which is preferably the PS-PVD method
known per se, this shall be explained in the following in detail, so that the
following description of the PS-PVD method forms a part of the description
of the present invention.

15
It is naturally understood that the component manipulator of the present
invention can naturally be used in any thermal treatment process and

thus in principle can also be used advantageously in any coating method.

20 PS-PVD, which is an abbreviation for "plasma spray - physical vapor
deposition", is a low pressure plasma spray technology for the deposition
of coatings from the vapor phase. In this respect PS-PVD is a part of a
family of new hybridic processes which the applicant has recently devel-
oped on the basis of the above described LPPS technology (Journal of

25 Thermal Spray Technology, 502, vol. 19(1-2) January 2010). In this re-
spect this family includes, beside PS-PVD, amongst other things, also
"plasma spray - chemical vapor deposition" (PS-CVD) and "plasma spray -
thin film" (PS-TF) processes. In comparison to conventional vacuum plas-
ma spraying and/or to conventional LPPS processes these new processes

30 are characterized by the use of a high energy plasma gun which is oper-



ated at a working pressure of less than 2 mbar. This leads to an unconventional plasma beam
characteristic which can be used for the manufacture of unique specific coatings. An important new
property of the PS-PVD process is the possibility of forming coatings not only from a molten fluid 5
material, in that the layers are built up by so-called liquid "splats"” which solidify on being incident at the
substrate. However, PS-PVD also permits the build-upSof layers directly from the vapor phase. Thus
PS-PVD fills the void between conventional PVD techniques and the standard techniques of thermal
spraying. This possibility of transferring the coating material into 10 the vapor phase and thereby to
directly deposit layers from the vapor phase ((?)f)ens up completely new possibilities of building up other

unique layers aRtifSH R PQIEERPREVIY 2 HIGEP (ETPAE Jrape RS REN fayer structures
are considerablyaufieriarl i51dsneoingpatisondmtersaiarkiiotviciay ees uisedafoy aspeatsitfqarticular to the

layers which are manufactured by means o 'EP'PXQ" It is namely common for all therma ay
oo that LT e O e e X S P XSO0 SR s

finally formed b;peoﬁre&iiwbﬁopessibﬂmedmmymmgalrmt tbrdsslﬁrtanaoﬁntbieezofhaildstrate. This is
in contrast to the clagsical B Y Precessrs.« i whicithe £e9tnas At Jipad o8iResubgitaie in a process

chamber from the vapor phase, in which the coating material is transferred into'the vapor phase in the

process chamb&PHeldwtdsing ipridgnaspraxntatenyretes HpEevehid a3 tae therAvteoating
material is not dgRositgriantPdhrigeld auR:c2S st sl facsrQndbe. linwics e utikaenrdenses from

the vapor phase ontq the substrate surface. This leads to very characteristic proper- ties of the coating
which could not B BRI AR EeRTHABAL AN S Shrigyra RbdsthevitrRagard dsRBE Vs Rbmogeneous
as is known pertserindhispespag Wil thissieilie, dfaitaskt gesdight costindavetspatifie:30
predetermirbableclrlrél%lgg(t)l}ug ueligg 'a191d thereby to directly deposit layers from the vapor

phase opens up completely new possibilities of building up other unique

layers and/or layer systems having a novel structure.

The properties of these new layer structures are considerably superior in

15 comparison to the so far known layers in many aspects, in particular to
the layers which are manufactured by means of EP-PVD. It is namely
common for all thermal spray processes that, as already mentioned, the
layers of molten material, of the so-called "splats", are thus finally formed
by a freezing process of the liquid spray material on the surface of the

20 substrate. This is in contrast to the classical PVD processes, in which the
coatings are formed on the substrate in a process chamber from the vapor
phase, in which the coating material is transferred into the vapor phase in
the process chamber at low pressure of e.g. approximately 104 mbar. This
means that the hot coating material is not deposited onto the cold sub-

25 strate surface from the liquid phase, but it condenses from the vapor
phase onto the substrate surface. This leads to very characteristic proper-
ties of the coating which could not be achieved with common thermal
spray methods. PVD layers can be very homogeneous as is known per se,
in this respect very thin, dense, hard and gas-tight or can have specific

30 predeterminable microstructures.



The columnar structure of yttrium stabilized zirconium (YSZ), which is deposited by means of EP-PVD
(electron beam - physical vapor deposition) is, for example, particularly suitable for thermal barrier
coatings (TBC) 5 which have to be very stress relieved and/or stress tolerant. The decisive disadvantages
of the PVD-method in comparison to the thermal spraying are the high investment cost and the low
deposition rates and thus the high process costs. For fhis reason PVD processes are pri- 10 manly used
for very thin layers and in mass production. Or, however, also for the coating of very valuable or safety
relevant parts such as, for example, of running vanes or guide vanes of turbines of air vehicles. Moreover,
only layers can be coated by means of conventional PVD tech- 15 niques which are in a direct line of
sight to the coating source, i.e. do not lie in a shaded region with regard to the coating source. For this
reason it has sdTfae ablaysreaest diificute atd/at-farmethbilpab sibtetteo 4y 8@y pdmiehtssvith undercuts

or complex geometries h as for ex I bine vanes, with homogeneous layers of. high quality and
of predefined 20RO DR o LSS i Eor AN CAL g e Bt g standing
requirement in the &tatexaftipdeanniotiavedy sppatdtufant ameliod denitablénghi¢ABMjfies the

advantages;of tharipgl SREVPSANA NS YR PLACGST I FBI0G RQCESErd RIS 25 has been achieved by

Sulzer Metco by the recently developed PS-PVD process which is a further development of the original
LPPS process and which provides a method for the first time by means of which one can coat from the

vapor phase by ransoéiheralrpiiaegs 37 thal poalingsiabaidgh epiaifyMdBhredelnable

microstructure and with predefinable prop- 30 erties can be manufactured very efficiently at low cost and
in large num- 18ral spraying are the high investment cost and the low depdsition rates

and thus the high process costs. For this reason PVD processes are pri-
10  marily used for very thin layers and in mass production. Or, however, also
for the coating of very valuable or safety relevant parts such as, for exam-

ple, of running vanes or guide vanes of turbines of air vehicles.

Moreover, only layers can be coated by means of conventional PVD tech-
15 niques which are in a direct line of sight to the coating source, i.e. do not
lie in a shaded region with regard to the coating source. For this reason it
has so far always been difficult and/or formerly impossible, to coat com-
ponents with undercuts or complex geometries, such as for example tur-
bine vanes, with homogeneous layers of high quality and of predefined

20 microstructure effectively and cost-efficiently.

For this reason it has been a long standing requirement in the state of the
art to have an apparatus and a method available which unifies the advan-
tages of thermal spraying and the PVD process in a single process. This
25 has been achieved by Sulzer Metco by the recently developed PS-PVD
process which is a further development of the original LPPS process and
which provides a method for the first time by means of which one can coat
from the vapor phase by means of thermal spraying, so that coatings of
high quality with predefinable microstructure and with predefinable prop-

30 erties can be manufactured very efficiently at low cost and in large num-



bers. This new method is, in particular in the position to also coat surface regions uniformly and in the
desired thickness and quality which lie in shaded regions with regard to the coating source, i.e. are not in
the direct line of sight of the coating source. 5 In this respect the PS-PVD process is carried out similar to
the LPPS process at a defined process atmosphere and at a reduced gas pressure with regard to the
atmospheric environmental pressure, typically in an inE?t gas atmosphere, for example an argon gas in a
process chamber. 10 Typical process gas pressures lie between 0.5 mbar and 2mbar. The plasma flame
or the plasma beam is inflated, for example, to a length of more than 2 m and a diameter of 200 mm up to
400 mm by a reduced;lpr,essure the process chamber, wherejn, on a suitable selection of the pressure

parameter, also5f§er PESHAVHRIG &@Sb&fbﬂ%ﬁ%ﬁﬂlﬂééﬂéﬂ%ﬂﬂ%ﬂ&ﬁ? R r3AeHiBfTogeneous
distribution of thesggorpetatiftaaing dinel particte dpaadiistdckieved 4n theupldsynaltiiai ¢ithiiough the inflation
of the plasma flae pr.of e plasma beam, 5o at lavers oLyenuniform thicknessican alse be
generated on very compﬁe% componen §23lch as for exarﬁp?e, Urbing vanes, also in shaded surface
regions. 20 In tHiseesheighthefstirfaceadirtgessubstrate is preferably preheated and/or cleaned. This can,
for example; take place by means of the plasma beam or by means of an arc process integrated into the
process chamber. 25 Although the PS-PVD work pressure of, for example, 1 mbar is significantly higher
than the work pl@sSuie EERsptdximBiEy D pioerss dacaedad aséstor@adsichePBDrocesses, the

combination of |gy,BEQERISPHRERIHE 9%@&%@1%@'&%9@@@99@%&&@&@%& plagwa flame and/or
the plasma jet leads to a defined evaporation of the powder injected into 11 the plasma flame and for this

reason permits ¥ HOEFSREE dRPOSASH AR DG PHRE A IRE s 8B/ RISELEsIn an

inert gas atmosphere, for example an argon gas in a process chamber.

10  Typical process gas pressures lie between 0.5 mbar and 2mbar. The plas-
ma flame or the plasma beam is inflated, for example, to a length of more
than 2 m and a diameter of 200 mm up to 400 mm by a reduced pressure
the process chamber, wherein, on a suitable selection of the pressure
parameter, also larger plasma flames are by all means settable. In particu-

15 lar a very homogeneous distribution of the temperature and the particle
speed is achieved in the plasma flame through the inflation of the plasma
flame or of the plasma beam, so that layers of very uniform thickness can
also be generated on very complex components, such as for example,
turbine vanes, also in shaded surface regions.

20
In this respect the surface of the substrate is preferably preheated and/or
cleaned. This can, for example, take place by means of the plasma beam

or by means of an arc process integrated into the process chamber.

25 Although the PS-PVD work pressure of, for example, 1 mbar is signifi-
cantly higher than the work pressure of approximately 10-4 mbar, such as
is used for classical PVD processes, the combination of low process pres-
sure and high plasma energy and/or enthalpy in the plasma flame and/or

the plasma jet leads to a defined evaporation of the powder injected into



In contrast to this the transport of the evaporated material in the direction 5 of the substrate surface is a
diffusion process with limited transfer rate in an EB-PVD process and therefore finally is also a diffusion
process with a limited growth speed of the surface layers to be applied. Different in the PS-PVD process
which transports the evaporated coating material in a plasma jet at supersonic speed of approximately
2000 m/s up to 4000 10 m/s at a pressure of approximately 1 mbar and at a temperature of approximately
6.000 K to 10.000 K. This leads to high growth speeds of the layers at the substrate and the possibility of
also coating undercuts or shaded areas of the substrate in a uniform high quality. 15 Therefore the
PS-PVD process for the first time enables the coating also of very complexly formed parts, such as for
example turbine'PERESTHHARMBESPA PRABT SRR PATROH RGN EANE SRS HIMROER for example,
with thermal barfer capdingisystemsteHibeRyD2prbleseever, an increasing cost pressure also requires
further improvements here. An essential property of the above described process namely lies therein that
the component to be coated must be tempered within certain boundaries more or less uniformly. This, for
example, takes placenitralsé tnowin BR-PDspethod thethesfpetabed anla¢ating)iis previdestiiothe cham- 25

ber walls ofghe prqfess hamber B MuchIne LRALNSPHRGES SIS SATIRH LG WIARMPIQHDly, tempers the

component to be coated from several sides within certain limits, which is naturally a further disadvantage

of the EP-PVD math&t PRt etpecrsi ametpearfeusdiipHEdan) ya st ifarionmeeessritiided in the

chamber wall anghaturaliywasospas dupemORpesaterh i the LR pIrihop grperalyn and, in particular in
the PS-PVD 12 method the compagnent is only preheated by the coating beam, which has the advantage

that the additionBPHERFhETACHRS CHRIABAFARAPEEH FB S VRRCRSThETRIY R IDG 1654 1B & very
inhomogeneouspierper atute figlgeviibin dhg eoatiig phasierafely hi®ceasonuips&A@o0 that when the 5
expansion %f thef\nc mponent to be cqated is such tlina it istino longer su{ficientll_(\i/lthomoggneously tempered

by the coa]tlng bé rﬁ, o?&raetrsrﬁsp é?v?/ gﬁ%gxé%agﬁﬁon%]f ﬁ{a%%r ?5 BeCoRtE |Islrseocfarg%that the coating

beam only partigipxouetslzrfd /@) @i edope DiHe Kuiface lehthe toodmgornty tb smeslthefdbating beam to
and fro over thel&95@§%%’fe'%ﬁﬁ¥&§%‘%@methe possibility of also coating undercuts or

shaded areas of the substrate in a uniform high quality.

15 Therefore the PS-PVD process for the first time enables the coating also of
very complexly formed parts, such as for example turbine vanes, in previ-
ously not known quality, automatically and in large numbers, for example,

with thermal barrier coating systems efficiently.

20 However, an increasing cost pressure also requires further improvements
here. An essential property of the above described process namely lies
therein that the component to be coated must be tempered within certain
boundaries more or less uniformly. This, for example, takes place in the
known EP-PVD method by the fact that a heating is provided in the cham-

25 ber walls of the process chamber in which the coating process is carried
out which uniformly tempers the component to be coated from several
sides within certain limits, which is naturally a further disadvantage of
the EP-PVD method, since the relatively demanding heating must addi-
tionally be provided in the chamber wall and naturally also has to be

30 operated. In the LPPS method generally and, in particular in the PS-PVD



10 angular region with sufficient speed, so that all surfaces of the component are subsequently scanned
periodically by the coating beam during the coating, so that one after the other all surface regions are time
and again subjected to the coating beam such that the overall surface, on the one hand is uniformly
coated and, on the other hand, the component to be 15 coated is sufficiently uniformly tempered or
preheated within pre-definable parameter boundaries 1®his more or less periodic movement of the coating
beam for the scanning over of the substrate to be coated is also frequently referred as a "sweeping' of the
coating beam. 20 In order to improve the effect of the uniform tempering and coating it is also known to
mount, for example a turhine vane, onto a rotatable substrate holder, so that the substrate is also rotated

about an axis of PStAHRSh St GREHRAREN WitftHeRSGReRIR] BY tHec g HREM s & HE tRESoating beam
is subsequently ttiecatly aplgedt it thih s ulikiisiefd Mealtidg Sidese Thisrappartadlisdaiob@ per se is again
explained for reasoni ch[aIEl%)( 1\ﬁiatl rea{iasre@ge dto t%i%' %é In FiH' 1 a method I%nown fr?[m (tahg ior art is

schematically ilt&trated for the coa ng of a furbine van?’olfqar?gpﬁgﬁgotﬁ?blﬁgpiﬁal EifouTd be noted that

for a better diffevémh'micbheotméing/ghﬂmtfwnFﬂIethiR)r@rsmitéﬁelmmerntlmerwllsdp Hig. 1, Wh.iC.h relate
to a known gnethod, arg proyided %%ﬁ&h%%?%%@%o&@ﬂf@&d&ﬁe{ﬁﬁﬁt'}H'HSVEJ'E 1R ggmaining

Figures, which relate to the invention, have no apostrophe. 5 Fig. 1 shows a method well known from the
prior art for the figAtiadoracgEasarelvheMsRaret i tag«iopting keaubstpatemnienWheie present

example is a turgiRe-¥paa LolRARIRITBIAN oMb WVRIER R Gl th RRateral 200 dpdhadaseasf a coating beam
BS' is sprayed onto a surface 210' of 10 the substrate 2' at a predefined low process pressure P by

means of a plastis PR AT LHOLR S RIS i RHTeCreasBis HRRPRFIENIR illustrated in
detail in Fig. 1. m&vis thspeciting Cealingaaierkb2Oishieecethah it iknapseedsspubssure P', which

can, for example, Be ARPTOXIMAeIM L MRR% INQ 8 R¢SIA Ao ANAHNE £371Ad BSAD B2 3nd

are subsequently scanned periodically by the coating beam during the
coating, so that one after the other all surface regions are time and again
subjected to the coating beam such that the overall surface, on the one
hand is uniformly coated and, on the other hand, the component to be

15 coated is sufficiently uniformly tempered or preheated within pre-definable
parameter boundaries. This more or less periodic movement of the coating
beam for the scanning over of the substrate to be coated is also frequently

referred as a "sweeping" of the coating beam.

20 In order to improve the effect of the uniform tempering and coating it is
also known to mount, for example a turbine vane, onto a rotatable sub-
strate holder, so that the substrate is also rotated about an axis of rota-
tion simultaneously with the sweeping of the coating beam, so that the
coating beam is subsequently directly applied to the substrate from all

25 sides. This apparatus known per se is again explained for reasons of

clarity with reference to Fig. 1.

In Fig. 1 a method known from the prior art is schematically illustrated for
the coating of a turbine vane of an airplane turbine.

30



15 is partially or completely molten there, wherein a plasma having a sufficiently high specific enthalpy is
generated, so that a substantial as high as possible part of the coating material 200' is transferred into the
vapor phase and the structured layer 20' is formed on the substrate 2'. To achieve an as uniform as
possible coating of the turbine vane 2' this is 20 arranged on a substrate plate 5' rotatable about a rotary
axis 3' and is turned in the coating beam BS'. At the s&fe time the coating beam BS' is sweeped in an
angular region if to and fro over the turbine vane 3' to be coated. 25 Unfortunately, however, it was so far
only possible to coat at most a single not too large substrate in this manner by means PS-PVD. Spatially
expanded substrates whjch are so large that their surfaces are not completely captured by the coating

beam on sweepth§ ST WIS RAUEREEH 198\ ARGtRE JHETRINALIRh ?ﬁéggéﬂgﬁ?gﬂﬁaf({f@%&?&ns, for
example, 14 onpidtating ohéheefetancelaiensertds awaydramihedbessinaxis af theooaatigtheam, so that
the coating beam no lon er ?Ciri es.there, couldhrsoc% Lar noltqgee ﬁ%ti%g\g}ggccoated witflS the ES-PVD

¢ :

method. Since tf%((]el’aanrg(;3 ar reg‘leon‘,ivtl)vefr’l WHIERY ogtiﬂvg eam s maxmaﬁl%}%%gfffl in ]ﬁﬁé{ c%ating 5

chamber is naturethalimitgdFagaras thvehsaimectimbe thélstbshenéion bbacated drasstodpe a considerable
separation gistance to the spray gun, which generates the coating beam, it was generally considered
among experts that several substrates which could theoretically be placed onto a rotary substrate holder

could not be sinflikadediRscdaredhochvisl knrwaWronsthey PrigstaBdiar sheonesyeiecture

of a functional structured layer 20' on a substrate 2' which in the present
example is a turbine vane 2' for an airplane, in which a coating material
200' in the form of a coating beam BS' is sprayed onto a surface 210' of

10 the substrate 2' at a predefined low process pressure P' by means of a
plasma spray method in a process chamber, which for reasons of clarity is
not illustrated in detail in Fig. 1. In this respect the coating material 200’
is injected at the low process pressure P', which can, for example, be
approximately 1 mbar, into a plasma defocusing the coating beam BS' and

15 is partially or completely molten there, wherein a plasma having a suffi-
ciently high specific enthalpy is generated, so that a substantial as high as
possible part of the coating material 200' is transferred into the vapor
phase and the structured layer 20' is formed on the substrate 2'. To
achieve an as uniform as possible coating of the turbine vane 2' this is

20 arranged on a substrate plate 5' rotatable about a rotary axis 3' and is
turned in the coating beam BS'. At the same time the coating beam BS' is
sweeped in an angular region Q' to and fro over the turbine vane 3' to be

coated.

25 Unfortunately, however, it was so far only possible to coat at most a single

not too large substrate in this manner by means PS-PVD.

Spatially expanded substrates which are so large that their surfaces are
not completely captured by the coating beam on sweeping or which have

30 an asymmetric geometry such that certain surface regions, for example,



Naturally even if all surfaces could be subsequently reached by the coating beam through a suitable
rotation of the rotary substrate holder on a simultaneous suitable sweep movement of the coating beam,
one was so 15 far of the opinion that one could not apply any uniform layers on the substrate by means of
a PS-PVD method. In this respect the reason for this assumption has sound physical foundations. As was
described above in the LPPS method, in particular in #fé PS- 20 PVD method it is namely essential that
the substrates must be preheated as uniformly as possible by the coating beam. This means that the sub-
strate to be coated has to at least partially be substantially constantly completely subjected to the coating
beam in the short time average, In this respect the time average means that, for example, on sweeping of

the 25 coating HEAMPEH IR Staitn T RIS S dHo Ry EARHE Psas & dPhE%bstrate are not
subjected to theingdirighhesuntiion shshottinime dratribedrgeperativesahifiese-sutthse fagions only

insignificanty redyces in.comparison o e temasraye;qf iase surfage feaigns whigh are subjected to
the coating beam. erwise such' large temperature 30 gradients arise in the substrate, or the
temperature of tregsurfaceregionhithevbich iage hetemmistemlyi netlsubjeerdd ot irecosdting beam reduce
so far, suchsthatlaygrsdiadng fiedegwrad iAaUaBhean iR IBR9ETRE dRBUEDte to be

coated has to have a considerable separation distance to the spray gun,

which generates the coating beam, it was generally considered among

experts that several substrates which could theoretically be placed onto a

rotary substrate holder could not be simultaneously coated with the

10  known PS-PVD method in a work cycle.

Naturally even if all surfaces could be subsequently reached by the coat-

ing beam through a suitable rotation of the rotary substrate holder on a

simultaneous suitable sweep movement of the coating beam, one was so
15 far of the opinion that one could not apply any uniform layers on the

substrate by means of a PS-PVD method.

In this respect the reason for this assumption has sound physical founda-
tions. As was described above in the LPPS method, in particular in the PS-

20 PVD method it is namely essential that the substrates must be preheated
as uniformly as possible by the coating beam. This means that the sub-
strate to be coated has to at least partially be substantially constantly
completely subjected to the coating beam in the short time average. In this
respect the time average means that, for example, on sweeping of the

25 coating beam or on rotation of the substrate holder, certain surface re-
gions of the substrate are not subjected to the coating beam for so short a
time that the temperature of these surface regions only insignificantly
reduces in comparison to the temperature of those surface regions which
are subjected to the coating beam. Otherwise such large temperature

30 gradients arise in the substrate, or the temperature of the surface region



In particular if the subjection to the coating beam is intermittently more or 5 less removed from a substrate
provided on the substrate holder, the corresponding substrates would cool down so far that when they are
once again subjected to the coating beam for the coating, a coating according to the high quality
requirements is no longer possible. 10 This negative effect is even massively amplified for very complexly
shaped substrates which have very deep lying or nesteel undercuts or are complexly formed in a different
manner, such as for example, double vanes for modern, extremely highly loaded airplane turbines, since,
for example shaded surface regions are heated even less frequently or less long by the 15 coating beam
so that a sufficient uniform coating having the highest requirements with regard to the layer quality and/or

the layer structufd'4rB AEFISRIEPHOLEINE Noh PGS th SRRTSEREATBNTIRSIESE SR E%ms are not
only to be 20 feasshwhen ketsiemtorginhéanqaisiy togh spveliay sibsiiatésigeorts: ajghtirrisame
coating beam. Even if only a single substrate is arranged in the coating beam the above described
problems still arise. An essential reason for this are the known 25 substrate holders which only permit a
very limited typdmfpaasitiohingf dhihe shjsstiate to beecozéich hhthensdatingelvaamentifhisosepamarily in

connection yith i fach it heteaimient @i sybRikae akss Alacs AJHIGHL EYropgental

conditions. For example, 30 the treatment infrequently takes place in a dusty environment, at high 16

pressures or at RRPPFEBEFabHratan parikhirgoddayi teeniser Haglew be i shey1 80D CsIEARR higher.

subjected to the coating beam for the coating, a coating according to the

high quality requirements is no longer possible.

10  This negative effect is even massively amplified for very complexly shaped
substrates which have very deep lying or nested undercuts or are com-
plexly formed in a different manner, such as for example, double vanes for
modern, extremely highly loaded airplane turbines, since, for example
shaded surface regions are heated even less frequently or less long by the

15 coating beam so that a sufficient uniform coating having the highest
requirements with regard to the layer quality and/or the layer structure

are no longer possible.

In this respect the previously mentioned problems are not only to be
20 feared when one tries to simultaneously coat several substrates in one

and the same coating beam.

Even if only a single substrate is arranged in the coating beam the above
described problems still arise. An essential reason for this are the known
25 substrate holders which only permit a very limited type of positioning of

the substrate to be coated in the coating beam.

This is primarily in connection with the fact that the treatment of the
substrate takes place at difficult environmental conditions. For example,

30 the treatment infrequently takes place in a dusty environment, at high



For this reason the known substrate holders are of simple design with as 5 few moveable parts as
possible, since for example known bearings, which would be required to design the substrate holder such
that the component is rotatable or pivotable about additional axes cannot be subjected to the aggressive
environmental conditions or can only be subjected to the aggressive environmental conditions for a very
short time, in particular to 10 the high temperatures. H&wever, since very long treatment times are
frequently required on thermal coating, for example, the coating process can generally take an hour or
longer, the substrate holder would then fail after a short time with known bearings for rotating or pivoting
the sub- strate. For this reason so far only very simple substrate holders were 15 available which only
permit a dynami FOSHIH OF tAE \ONhBHEtS RGs RIS IR HEHAL A TAASRN S RREAVHATS Y of the known
substrate holderspsthedackib@itwmashigoaupling of the substrate to be coated from the substrate hold-
20 er. For example, on thermal coating this has the effect that a considerable and also frequently irregular
temperature discharge from the substrate to be coated, i.e. for example a turbine vane to be thermally
coated, takes plBoe this tieesamdlindwhich substres ¢HeodibiectmnatieiraptEglidentvatbubdstrate holder
via the subgjratediplel, LR MAre: oSS NsRINAIERES 2o 2P AHER I ShAIARY Wigpmbination with
lack of alignability and movability of the ‘substrate with regard to the coating beam leads to massive losses
in the layer quafpaltiRs t6HidFefejectiorigatEsapidRpEir® feold $iopuabc EpraByenfginaesie Nt 7 For this
reason it is the gbiratehHe HIVERURALR RIBYIHE-A GRBRAN R aMHNIAIRE fan e thaapiapositioning of

a substrate to be treated in a thermal treatment process, in particular a thermal sr%ra process, by means
of which the disB885TRENECOMRAETE A MRBERRIIWIARANE Be SHIESIELAQ £06i@8d and by means
of which it is, in pasticiviaepossihledambyeribaicom fonaniarip theitieqtneinioatastabout at least

one axis, BeI’EJclillﬂ‘lﬁ sHb[strate to be treﬁed IS thermaleljy dec u‘jrqilﬁ?1 from th com Sonent manipulator in a

predeflnable manr?er,l%r atherma %(r)euspilinavgten‘é%’r%1 eat flow Of the substrate 10 be toated is settable,
change- frequently required on thermal coating, for example, the coating process

can generally take an hour or longer, the substrate holder would then fail
after a short time with known bearings for rotating or pivoting the sub-
strate. For this reason so far only very simple substrate holders were

15 available which only permit a dynamic position of the substrate in a very

limited manner.

A further disadvantage of the known substrate holders is the lacking
thermal decoupling of the substrate to be coated from the substrate hold-
20 er. For example, on thermal coating this has the effect that a considerable
and also frequently irregular temperature discharge from the substrate to
be coated, i.e. for example a turbine vane to be thermally coated, takes
place into the handling which supports the subject matter and guides the
substrate holder via the substrate holder. This more or less uncontrollable
25 temperature discharging in combination with lack of alignability and
movability of the substrate with regard to the coating beam leads to mas-
sive losses in the layer quality and/or to high rejection rates and therefore

to non-acceptably high costs.



10 able and/or can be influenced by means of the component manipulator also during the coating
process. A further object of the invention is to provide a coating method as well as the use of a
component manipulator in which the problems known from 15 the prior art are avoided in order to, in
particular also simultaneously treat several substrates ideally, so that surface layers of very high and
uniform quality are deposited cost and time efficiently hfso onto several substrates simultaneously and/or
on very large substrates and/or onto substrates of very complex geometry by means of an LPPS method,
in 20 particular by means of a PS-PVD process. The subject matter of the invention satisfying this object
are characterized by the independent claims of the respective category. 25 The respective dependent
claims relate to PAFiTHR AT TS RiSHodiHEn (8 ¥R ThiR MEGHIde PhEomRARTH thus relates to a
component mantpatisultothf tlyhamimposit gpus i iohargubttrataistbettreatbe thcattdrimal treatment

process, 30 whe&%n thef gom onept manigulator in Iud?gr%rﬂgin drii/% axle rotatable . 18 about a main

rotary axis, a conhection element and & substrats holder conhectable t%rﬁ?é%%)ﬁr?ggtigp{ element. In

accordance Withﬂh@ﬂﬁ@ﬁ@ﬁhé@dﬁ@ﬂi@ﬁé@mﬂ itha se@tﬁa@ohabiﬁigd@emnﬁtqnd a connection
segment ofdhe gybsirate RAIJELiS GARRACIARISIP e fABIaG RS- SIeRefl iR G-ryl aisiant and

e
rotationally fixed manner by means of a plug and rotate connection with regard to a connection axis of the
plug and rotate Bbhie&neHCaHte thersDBEgBtehBINE 1B S FotRIASRS AR Atha ckifséction axis. 10

Essential for the,inveptioniisthalihe cannnaign alementda R Eesanic sRINEaHep giemarbBecause the
connection element is made of a very pgorly conducting ceramic material, the substrate holder and

therefore the subdtrSRB B BO AR R HALY TharBEr S ThB RtaIRARSu e d (BRI 8t the
component manipisiatan ity aecokeancowitbftiitei sveysicnteHor 36 ¢bistcdasosettithpgssikiador the first time,

to reduce, for ex le, a heat floy from a substrate to a corpponent manipulator to a small predefinable
degres on e S ety AL e Bt TR i e oA TS

also during the coating process.

A further object of the invention is to provide a coating method as well as
the use of a component manipulator in which the problems known from
15 the prior art are avoided in order to, in particular also simultaneously
treat several substrates ideally, so that surface layers of very high and
uniform quality are deposited cost and time efficiently also onto several
substrates simultaneously and/or on very large substrates and/or onto
substrates of very complex geometry by means of an LPPS method, in

20 particular by means of a PS-PVD process.

The subject matter of the invention satisfying this object are characterized

by the independent claims of the respective category.

25 The respective dependent claims relate to particularly advantageous em-

bodiments of the invention.

The invention thus relates to a component manipulator for the dynamic
positioning of a substrate to be treated in a thermal treatment process,

30 wherein the component manipulator includes a main drive axle rotatable



is also uniformly discharged from the substrate to be treated, i.e. for example a turbine vane to be
thermally coated, to the component manipu- 20 lator via the substrate holder, so that the damaging
uncontrollable temperature flows known from the prior art do not occur and the layer quality is significantly
improved already due to this effect, to reduce the rejection rates and therefore to arrive at acceptable
cost. 25 Because the ceramic connection element mak8ively reduces the heat flow from the substrate into
the component manipulator via the substrate holder, it is also possible for the first time to provide a drive
unit and/or transmission unit by means of which the substrate holder is rotatable about the connection
axis without which the transmission unit being 30 influenced or even destroyed in the operating state due
to the excessive® AP AUZALR BPREX AT TRERSEHIR SRR ﬁaﬁfb‘%ﬁ%&f@%a component
manipulator haviog acstotdeplandianotiasstivssklamehis. ilnod darge anperkatice hin ipaeictitar for such

specific embodlr?ljents in which %Plurarlﬁy. of connection elemgﬁns are S|mtélgarpg%us%gre%\ﬁded at the com-

5 ponent manipﬁ Ator 101 the reception of Several substrate holders. Th this case afl Connection elements

can simuItaneo@grperdriwbﬂlviamﬂv@@ht@élmam dfﬁivem@tabmear@cf@mmmmprovided at
the component franipyiptor a0 620 He %%Q{?&?Qlwtﬁié’&aﬂ%ﬁ@Lt‘ag{“i'ﬁe%?{g‘SFH%&é'Enﬁo that, for

example, on thermal coating of several substrates, these 10 are rotatable in the coating beam, whereby a

particularly everAfitereR2BasHebIaEfae st denfevaBregtiamar p i dheimE I BerdusdEake connection
segment for the gihisicate haldgrisconpssiakiantndbe LRt elememinAbul-rasissat and

rotationally fixed manner 15 by means of a plug and rotate connection with regard to a connection axis of
the plug and rotaEE8ANEFon the substrate holder can very simply be exchanged without complex
mounting work having to be carried out at the component manipulator. In a particularly preferred
embodimeyy; the-plug and FARCRNISHIGT s Aosiqnedin e form gt.a,8ayqn¢t closwre mecha-
connection element. Because the connection element is made of a very
poorly conducting ceramic material, the substrate holder and therefore the
substrate to be coated arranged thereon is thermally decoupled very well
from the component manipulator in accordance with the invention. For
15 this reason it is possible for the first time, to reduce, for example, a heat
flow from a substrate to a component manipulator to a small predefinable
degree on thermal coating, whereby the temperature flow simultaneously
is also uniformly discharged from the substrate to be treated, i.e. for
example a turbine vane to be thermally coated, to the component manipu-
20 lator via the substrate holder, so that the damaging uncontrollable tem-
perature flows known from the prior art do not occur and the layer quality

is significantly improved already due to this effect, to reduce the rejection

rates and therefore to arrive at acceptable cost.

25 Because the ceramic connection element massively reduces the heat flow
from the substrate into the component manipulator via the substrate
holder, it is also possible for the first time to provide a drive unit and/or
transmission unit by means of which the substrate holder is rotatable
about the connection axis without which the transmission unit being

30 influenced or even destroyed in the operating state due to the excessive



20 nism as is known per se. In a preferred embodiment a base plate is provided which is rotationally
fixedly connected to the main drive axle for receiving the connection element with the substrate holder at
which one or more connection elements 25 can simultaneously be provided, preferably but not
necessarily, for example, three connection elements can simultaneously be provided, so that several
substrates can simultaneously be provided at one and the same component manipulator. The plurality of
connection elements is in this respect particularly advantageously provided at the base plate with regard
30 to the main rotary axis eccentrically, so that, in the operating state, for 20 example during a coating
process, the substrates arranged at the substrate holders can be brought into contact with different

regions of the cYBHHEHEAM BYabtiarig SossRrst e AR QRs RETSSHAT pstftuidPtRe uniformity of
the coating of theoaupstrate neanipalsignificantly i3 Fqpeth dtaoydanios tok exampleisustber improve
the layer qualitylof the substﬁrate on thermal coati g, th conne.(ftion e{)endent can be. in cq{mection with a
contact element Vi a drive unit for thé %Eﬂ i0h about the connection : aﬁslﬁ)eg? the' swu]Bls(iraﬁa holder, this
means for the rathuyadiiyeobf-tirensgbistnatéchoidés albe stinhel tone@asiynpaxisidf dnet shlsstete- holder,
wherein in & parficHatly, REGIENAd GMRAAMERL e BRIy ddve, X6 )18 ORRgRANMaRiRulator is

rotatably arranged with regard to the contact element.
case all connection elements can simultaneously be driven via the single

main drive axle by means of a transmission unit provided at the compo-

nent manipulator and can be displaced into rotation about the connection

axis, so that, for example, on thermal coating of several substrates, these
10 are rotatable in the coating beam, whereby a particularly even uniform

coating of so far non achievable quality is producible.

Because the connection segment for the substrate holder is connectable to
the connection element in a pull-resistant and rotationally fixed manner
15 by means of a plug and rotate connection with regard to a connection axis
of the plug and rotate connection the substrate holder can very simply be
exchanged without complex mounting work having to be carried out at the
component manipulator. In a particularly preferred embodiment the plug
and rotate connection is designed in the form of a bayonet closure mecha-

20 nism as is known per se.

In a preferred embodiment a base plate is provided which is rotationally
fixedly connected to the main drive axle for receiving the connection ele-
ment with the substrate holder at which one or more connection elements
25 can simultaneously be provided, preferably but not necessarily, for exam-
ple, three connection elements can simultaneously be provided, so that
several substrates can simultaneously be provided at one and the same
component manipulator. The plurality of connection elements is in this
respect particularly advantageously provided at the base plate with regard

30 to the main rotary axis eccentrically, so that, in the operating state, for



15 In this respect in an embodiment particularly relevant for practice the contact element is a toothed
wheel arranged with a shaft jacket stationary with regard to the main drive axle which is toothed for the
drive of the connection element by means of the drive unit. 20 In this respect it is particularly preferred
that the connection axis of the plug and rotate connection is tilted at a predefinable tilt angle with regard to
the main rotary axis, so that, for example, on the one B8nd, an asym- metric movement of the substrate to
be coated in the coating beam is possible, so that also geometrically asymmetrically designed
components 25 which are possibly provided with undercuts, such as for example turbine vanes, are
coatable on all surfaces very uniformly, in particular also at the surfaces of poorly accessible undercuts.

Furthermore, it ISB0%BI6IE HERif 58 HERErITEF ST Er HEWRY BB ARS8 AL IHSHEHES are tilted
relative to one astotitertasidesisncdtaneohstynrdiate abooth thetrwedp edfivecaxisepfiGsrofation against one
another, differerg:t sél%lbgtr%tease tiopésto{i}\l/voa%%tﬂt %% strates Cfru‘l:;se tilsen}%%gartg one aré%hce& agd that
coating material O & substrate Sufacecan be reflectad onto the surtace of & différant su]gstrate, so that
also coating effébts imafeiredyonf dhe posdible eftich dobstmataorms pensignifheaditbeiion of the coating
beam. 5 In this ¢ the connection element can be supported in a bearing housing by a bearing
element, wherein three bearing elements are preferably provided in the bearing housings, which form a
three-point bearing. 10 In an embodiment particularly relevant for practice the base plate has preferably

been rotatably fixpdhyepnpersedtathsinain-diieimpeoda teanpestipmaignaert indhissepnrection for the
supply of a cooling liquid tq the substrate. In practice the cooling fluid can be supplied, for example, from

the connection QBHRATRHFORHREe L5 P eRASEHOR IS Y CoihbE-in connection with a

contact element via a drive unit for the rotation about the connection axis
10  of the substrate holder, this means for the rotary drive of the substrate

holder about the connection axis of the substrate holder, wherein in a

particularly preferred embodiment, the main drive axle of the component

manipulator is rotatably arranged with regard to the contact element.

15 In this respect in an embodiment particularly relevant for practice the
contact element is a toothed wheel arranged with a shaft jacket stationary
with regard to the main drive axle which is toothed for the drive of the

connection element by means of the drive unit.

20 In this respect it is particularly preferred that the connection axis of the
plug and rotate connection is tilted at a predefinable tilt angle with regard
to the main rotary axis, so that, for example, on the one hand, an asym-
metric movement of the substrate to be coated in the coating beam is
possible, so that also geometrically asymmetrically designed components

25 which are possibly provided with undercuts, such as for example turbine
vanes, are coatable on all surfaces very uniformly, in particular also at the
surfaces of poorly accessible undercuts. Furthermore, it is possible, as will
be described further below that because the substrates are tilted relative
to one another and simultaneously rotate about their respective axis of

30 rotation against one another, different substrate sections of two sub-



15 tion segment of the substrate holder via a cooling distributor arranged at the base plate and a cooling
line. In this respect the bearing element can also be cooled by means of an indirect contact with the
cooling fluid in an embodiment particularly relevant for practice. 20 In order to ensure a secure connection
of the substrate holder and/or of the connection segment to the connection element, the connection seg-
ment can be secured against a rotation with regard todke connection element by means of a security
against rotation, wherein the security against rotation, is a locking pin, in particular preferably is a ceramic
25 locking pin which can, for example, be secured by means of a safety tape provided at the connection
element. In this respect the connectjon element is, for example, encapsulated in a capsule for protection

against temperattha T RS T AT B St LRED A Ps ARANTE: QD ERAG HEHRS IS TEe oM &gainst other
damaging influesabstrdtchk aafaaifeshtbe cofieeeiiDorelemensin-thesopferaliii@ siates dinettavention further
relates to a coatingtﬁ1aetth?sdo%r(1) ua% 02 t%eccc%m onent 5 manigulator ts%lwellhasﬁodthe %se[ of a component

a
. ﬁO s in a direction ]t‘ﬁ 6)'O§Sl € WnicC O?S (0] . .
manlpulator of the invention, wher e substrate Is, In particular a urbiné vane for an alrplane turbine,

for a gas turbinesdoreap@pdteuthbindioedtiva whtbe tosbineg Imrthis respect the coating method in
accordanceswith the invention, in particular relates but not only relates to a coating method for the
manufacture of a functional structured layer on a substrate. In this respect a coating material is sprayed
onto a surface diatBibHsaPEGH the o ertaccbalipe4aINPSE stRReL eAdmBdrearansredefined low

process pressungolihimeans of djasmacsnrayieediodnwherriarhe epatiedmaterighis injected into a

plasma defocusing the coating beam at a low process pressure which is less than 200 mbar, wherein a
plasma with sufficRMyPE AL ErthenBrap P R Ras g LB U QU BJEFRRIPOLE R9RERBating

material, a part of at least 5 percent by weight of the amount of the coat- 20 ing material, is transferred
o e v DS SRS i et e il I s o substete o

preferably been rotatably fixedly connected to the main drive axle via a

connection element in this connection for the supply of a cooling liquid to

the substrate. In practice the cooling fluid can be supplied, for example,

from the connection element to the connection element and to the connec-

15 tion segment of the substrate holder via a cooling distributor arranged at
the base plate and a cooling line. In this respect the bearing element can

also be cooled by means of an indirect contact with the cooling fluid in an

embodiment particularly relevant for practice.

20 In order to ensure a secure connection of the substrate holder and/or of
the connection segment to the connection element, the connection seg-
ment can be secured against a rotation with regard to the connection
element by means of a security against rotation, wherein the security
against rotation, is a locking pin, in particular preferably is a ceramic

25 locking pin which can, for example, be secured by means of a safety tape

provided at the connection element.

In this respect the connection element is, for example, encapsulated in a

capsule for protection against temperature radiation, for protection



such that a first surface of the substrate and a second surface of the substrate are aligned with regard to
one another, so that at least a part of 25 the coating material transferred into the vapor phase is deflected
from the first surface of the substrate onto the second surface of the substrate on plasma spraying. 23 for
the first time by the component manipulator in accordance with the invention due to the dynamic
positionability of the substrate, by means of the comp8Rent manipulator, for example in a coating beam: 5
On the one hand, it is possible to substantially maintain the preheating temperature of the substrate in the
predefined technically required boundaries also at those surfaces which at least intermittently are not or
are not directly subjected to the coating beam, as the corresponding surfaces are intermittently or partially
turned out of théFHOShfafPEGBR BFAB RE ORI WL, 367 BB tHANGR THe Flion of the
substrate holdernateasiithceitaikfease e lduapesite atfentof theheadperaince efacuniformly
distributed preheating temperature over the substrate is even supported and amplified by the very good
thermal decoupling which the ceramic connection element enables for the first time. 15 An analog
advantage considts fowvtgserstnfdbes wiidksfor exarapieg foregeoetrivseagonsarepnegert or

insufficiently subjegted 1o, 1B crating beaw«As e SIESPRNAING FUHRGAS QNS S¢haitate are shaded

completely or partially from the coating beam, for example, due to undercuts 20 or through further
substrates arrarijEaHithe winssard roRIePsTItcHisg dfiRAsHEHIAY affecbkp®WATEOIRTtAB prior art can

indeed be preventeq e the-firaklite thepldoh igdésad Ahegimpensnlraaniulales deraggordance with
the invention in the most cases. Since namely the substrate, for example, due to the tilted arrangement of

the substrate hd¥&f-and/or 25 due to the rotation of the substrate about two different rotary axis, is
namely simultaneously positionable about the main rotary axis and the connection axis, extremely flexibly
and dynar%:allyi n ttkrlle coatlggtl% am. Itis naturtfillll understood that far.ex reme‘% ctqg}{),hi%ated substrate

geome- tried the PraYOLEIY noeritsried ShitiHg SRS AR SeVerbe tarpiatel)

particular relates but not only relates to a coating method for the manu-
facture of a functional structured layer on a substrate. In this respect a
coating material is sprayed onto a surface of a substrate in the form of a
coating beam in a process chamber at a predefined low process pressure

15 by means of a plasma spray method, wherein the coating material is
injected into a plasma defocusing the coating beam at a low process pres-
sure which is less than 200 mbar, wherein a plasma with sufficiently high
specific enthalpy is generated so that a substantial part of the coating
material, a part of at least 5 percent by weight of the amount of the coat-

20 ing material, is transferred into the vapor phase and the structured layer
is formed on the substrate. In this respect the substrate to be coated is
arranged with the substrate holder rotatable about a main rotary axis,
such that a first surface of the substrate and a second surface of the
substrate are aligned with regard to one another, so that at least a part of

25 the coating material transferred into the vapor phase is deflected from the

first surface of the substrate onto the second surface of the substrate on

plasma spraying.

Important for the coating method of the present invention are in this

30 respect, amongst other things, the following effects which can be realized



30 excluded. 24 It is achieved by means of the invention that also such surfaces can be maintained at
the required pretreatment temperature and in that two surfaces of one or two substrates are arranged at
the substrate holder 5 with regard to one another, such that a part of the coating material which is present
in the vapor phase is deflected and/or reflected from a first surface to a second surface, whereby hot
coating vapor is incident also at those surfaces in a sé#fficient amount which are not subjected to the
coating beam for a considerable time period or even never. 10 In this respect a "considerable time period"
is to be understood as a time period which is so long that the substrate, at least in regions of the surfaces
not subjected to the coating heam, is cooled down so strongly without the reflection effect in accordance

with the inventidfaHIdFwhidis PRDEr S RRVREThE R A BF AR A TEATIRS SHH 1BS that when the
corresponding siwfaaearence toatysisbiactpdditieaboatingflibenpd ceataghatieasidrothe required

quality, would ngﬁlgnc%er be npe%ésiblaeﬂilnu?ig,orre%le%tx tahr(]?1 "fg{\sigecragtllentin%e aPer.iod" IS massively increased,
since due to the ermrapd)ecoupﬁhg Via'the Ceramic connection elément the 20 heat discharge is slowed
down extremely on the use of a component manipulator in accordance with the invention. This means that

the aforementiopgd problems,already B@EIE@W&&‘S&Q}?MM%ﬁ%&?ﬁ&%ﬂ@fé%emem’ apart

from the reflection effect in accordance with the invention. 25 On the other han bstrates which are

very complicatetFRIMATAGESMéEfRE solRsbraR IR RTef eiaerbiec haieallFricsigiifidant undercuts,
whereby, for exgpple sHEaeesAtISENWRCH N Al Wenld pRihe sukissReifhacoalngbeam, are not

only sufficiently preheated, but can_ . .
are not directly subjected to the coating beam, as the corresponding sur-

faces are intermittently or partially turned out of the influential region of
10  the coating beam, for example, through the rotation of the substrate
holders at least in certain cases. This positive effect of the maintenance of
a uniformly distributed preheating temperature over the substrate is even
supported and amplified by the very good thermal decoupling which the
ceramic connection element enables for the first time.
15
An analog advantage consists for those surfaces which, for example, for
geometric reasons are never or insufficiently subjected to the coating
beam, as the corresponding surfaces of the substrate are shaded com-
pletely or partially from the coating beam, for example, due to undercuts
20 or through further substrates arranged at the substrate holder. This
negative shading effect known from the prior art can indeed be prevented
for the first time through the use of the component manipulator in accor-
dance with the invention in the most cases. Since namely the substrate,
for example, due to the tilted arrangement of the substrate holder and/or
25 due to the rotation of the substrate about two different rotary axis, is
namely simultaneously positionable about the main rotary axis and the
connection axis, extremely flexibly and dynamically in the coating beam. It
is naturally understood that for extremely complicated substrate geome-
tries the previously mentioned shading effect can never be completely

30 excluded.



25 even also be coated by use of the method in accordance with the invention. At this point it should be
noted that specifically the different LPPS meth- 5 ods are known to also coat shaded surfaces in principle,
i.e. that surfaces which are not directly subjected to the coating beam can, in principle, be coated. In
contrast to other thermal coating methods, such as for example the conventional plasma spraying or
flame spraying, in which the surfaces to be coated alvédys have to be directly subjected to the coating
beam. The 10 possibility of the coating of shaded surface regions by means of LPPS is in this connection
already explained in EP 2 025 772 Al with reference to the example of a single turbine segment which
respectively includes several turbine vanes and, for example, forms a double vane for highly loaded
airplane turbines. 15 However, also the capability of the LPPS method, in particular of the PS-PVD
method naturallytHasthikwid by pasicidasfttion inhentkaveraltsulsiraies aiersicudtanadusly arranged at a
substrate holder which are Iﬁo flather co ‘glexe)( for rI<laeciﬂts chasf ql%amale the forementloned 20
double vanes fomhldht@/ ﬂ)aded alrpfaﬁe iRES o' onger all suraces o?{he su lfes to be coated can
be coated unifosmisfaras mftheer@qme:dSqumm;a\mmememammdrmmbdssmmmﬂn tttéctmor art. Through

the arrangegnent.inAECoLIaNGE W@@Hlﬁﬂ%‘fe@ih%%ﬁ}ea (HQI@%PH%%%H&H% ogieratiggemponent

manipulator several significant problems from the prior art are therefore simtltaneously solved 26
constantly or at ieadeRfBiHRtEmNIY2E/TONEE Trolh dsdlernitec: andieutiprflertadyfr e 2 d88Hg beam through

a rotation of the qulgtiat® Roldebnd surface, whereby hot coating vapor is incident also at
those surfaces in a sufficient amount which are not subjected to the coat-
ing beam for a considerable time period or even never.

10
In this respect a "considerable time period" is to be understood as a time
period which is so long that the substrate, at least in regions of the sur-
faces not subjected to the coating beam, is cooled down so strongly with-
out the reflection effect in accordance with the invention and/or which

15 never achieves the required preheated temperature, so that when the
corresponding surfaces are once again subjected to the coating beam, a
coating, at least in the required quality, would no longer be possible. In
this respect the "considerable time period" is massively increased, since
due to the thermal decoupling via the ceramic connection element the

20 heat discharge is slowed down extremely on the use of a component ma-
nipulator in accordance with the invention. This means that the aforemen-
tioned problem is already significantly alleviated by the ceramic connec-
tion element, apart from the reflection effect in accordance with the inven-
tion.

25
On the other hand, substrates which are very complicated from a geomet-
ric point of view which for example, have very significant undercuts,
whereby, for example, surfaces arise which normally would not be sub-

jected to the coating beam, are not only sufficiently preheated, but can



Secondly, surface regions of the substrate which could not be sufficiently 5 preheated without the
application of the method in accordance with the invention can be brought to the required preheating
temperature without a problem, even if they are never subjected to the coating beam during the overall
coating process. For this purpose generally no additional heating is by the way required like, for example,
for an EP-PVD method, in which an 10 additional heaiRg must necessarily be provided in the chamber
wall of the coating chamber. And thirdly through the use of the method in accordance with the invention it
is possible for the first time to coat the aforementioned surfaces and 15 therefore the overall surfaces to
be coated of the substrates uniformly and in the desired high quality. Furthermore, it is possible for the
first time by me&YSHAH8 RiefRSdssH e e iR Rt s ACRET Rt RV A ARG ™Y PRtirality of
substrates, in pattiaular substrates which are also arranged at small separation distances from one
another at one and the same sub- 20 strate holder and to coat these in a single work cycle. Therefore, the
coating method of the present invention is extremely efficient in comparison to the methods known from
the prior art in whidthonpyoontei sstgersbimplicdtat thaistizei Ganllyethesgdttinely EBR@ drsithultaneously in

awork cyclg. 25, this. [REBGEAT S e anapiasized.ivat e elieal accordange witipenvention

cannot be achieved either with the classical PVD method nor with a classical thermal spray method nor

with the well knSWHEFR PR diFRsALA s hisetasl isocHmm etk gikease el drdsiRsiRing T hus none of
the aforementiopggtkRoyy ¢pathasls teostH aire sentribsies fortharibisolution ot the eRigelié the

invention or even provide a single indication 27 theretq. It is namely a r.ec‘c%g?nition of the present invention
that essentially 1S SPBERRISDBAERIBSBARREFES AltioR S BERERS dRdVORIFR B'S. fiféthod in
particular are regiubectsatibhthieyrctiaed o aecartante witjdbe inventierceatimeedinbealiseiccessfully

used for the) Coalng Ol B PR Al B SHRSRES L f0n ageral Sy Dstates T i e gysly-

this connection already explained in EP 2 025 772 A1l with reference to
the example of a single turbine segment which respectively includes sev-
eral turbine vanes and, for example, forms a double vane for highly loaded
airplane turbines.

15
However, also the capability of the LPPS method, in particular of the
PS-PVD method naturally has its limits. In particular then when several
substrates are simultaneously arranged at a substrate holder which are
also rather complexly formed, such as for example, the aforementioned

20 double vanes for highly loaded airplane turbines no longer all surfaces of
the substrates to be coated can be coated uniformly and in the required

quality with the coating methods known in the prior art.

Through the arrangement in accordance with the invention of the sub-
25 strates to be coated at the component manipulator several significant

problems from the prior art are therefore simultaneously solved

On the one hand, it is prevented that the substrate or parts of the sub-

strate are cooled down to an unallowed level, when, for example, they are



In contrast to the method in accordance with the invention, both for classical PVD methods and also for
EP-PVD processes, the transport of the evaporated material in the direction towards the substrate surface
is a 10 diffusion process, i.e. a process which is not directed or if at all has a weakly directed character.
Thus, also the reflection processes which pos- sibly, if at all, arise at the surfaces of the substrates to be
coated are substantially undirected, i.e. they have a n#te or less diffuse characteristic. It is evident that
no specific and no sufficient heating and/or coating 15 of shaded parts of the substrate surface is thereby
possible. It is indeed known from a classical PVD and/or from an EB-PVD process to use a rotatable
substrate plate which can simultaneously be loaded with several substrates. However, this does not
specifically serve¥sSLBPHYeelidrRSt SUrERit BORFGHOSY R e CUEELSHPIREHRBthod in
accordance withtébthghinkentirtitg berwete hhsens dhe mitipasef ahesnpensairigoddesttain
inhomogeneity of the diffuse distribution of the vapor of the coating material in the process chamber. On
classical thermal coating, such as for example on classical plasma 25 coating, at comparatively high
process pressurdscsudly asuidaexaagitesoof tlas mabspraying aichtmosishent peesstireiontdy flame

spraying a girecied,coatinaneany isindesdMsed Angrtis A KPR R U5t ARl HpsLrate holder

which is simultaneously loaded with several substrates. However, also here the effect in accordance with
the invention is §E{fErHMATSIHBS-BOEHIE thitre Wovdrad Rished g Hanpsiay pro desbesitthe coating
material 28 is nABRly REACUSRHY NGRS AEQTSRF 1655 MQlaN ol fhd L HRIRO I asSiANIth State at the

substrate surface and thus is not incident at the substrate surface in the vapor phase, as is the case in the

method in accord4riee RRAHAE ALRHRSH FPRithispeEnsaIsTRe A Ao & ditivrs) 1672 BP6 {his known
coating processbs.ths wayg pegvitresl ik fiorsdinghe foiracduERWIthTegasd, ttnthasekrawn methods

the coatings are formed by sorcalled liauid,‘splats: hich, solidiy fiom the meltpt the sybstiate on
incidence theredi and are not forme Lby 8ep08|t|0n oPvapor-like matenal. 18 Ratura y uncPerstood that if
substantially liquicemagdbhimirgident 10 on the surface of the substrate to be coated, practically no
reflection of the
And thirdly through the use of the method in accordance with the inven-
tion it is possible for the first time to coat the aforementioned surfaces and
15 therefore the overall surfaces to be coated of the substrates uniformly and
in the desired high quality. Furthermore, it is possible for the first time by
means of the method of the present invention to simultaneously arrange a
plurality of substrates, in particular substrates which are also arranged at
small separation distances from one another at one and the same sub-
20 strate holder and to coat these in a single work cycle. Therefore, the coat-
ing method of the present invention is extremely efficient in comparison to

the methods known from the prior art in which only one single compli-

cated substrate can be respectively coated simultaneously in a work cycle.

25 In this respect it must be emphasized that the effect in accordance with
the invention cannot be achieved either with the classical PVD method nor
with a classical thermal spray method nor with the well known EP-PVD
method and insofar is completely unexpected and surprising. Thus none
of the aforementioned known methods could have contributed to the

30 solution of the object of the invention or even provide a single indication



liquid drops takes place. This namely only condenses on striking the relatively cool surface of the
substrate instantaneously to solid "splats" and adheres to the surface, so that a reflection is practically
excluded. 15 In practice, at least one substrate including the first surface and at least a second substrate
including the second surface is advantageously arranged and aligned at the substrate holder with regard
to one another such that at least a part of the coating fifaterial transferred into the vapor phase is
deflected and/or reflected from the first surface of the first substrate onto 20 the second surface of the
second substrate on plasma spraying, so that the second surface of the substrate is coated and/or
preheated by the coating material deflected and/or reflected from the first surface of the first substrate. 25

In this respect it FePertbif iPAPENGURT SIANOMIRE LSRRGS AT AT IR RadetRsR b3t/ or reflected
from the first sutiaocespatifibsasanit swiane SPRS suethtwithgesecand sdriddcadsRBavidined at a

predefinable surfage (epparature when the second syriace ieng lander directly subjectedfo the coating
beam. In this reSpéct several measures are possible y means of which the amount of deflected
and/or reflectedttmatingniéze-c28 Aalealybkessitabdpsetlly s ddpeshenptatihg ofieatation of the first

surface withyreggid jg fESEGANMLSWIACE GRARSEoLasRoRUINAN: ORIMIZRE RbAUigrent spray

parameters, such as'the heating power of the plasma, the process pressure in the process chamber, the
ultrasonic 5 speed of the coating beam or other spray parameters can be correspondingly set. Also the

rotatable substrateda@lelalseap beeraiaiaw akrULdbe-malnd Qi axisiaveRiAhaM thegkoargction axis at a

predetermined set or variable
sical PVD methods and also for EP-PVD processes, the transport of the

evaporated material in the direction towards the substrate surface is a

10 diffusion process, i.e. a process which is not directed or if at all has a
weakly directed character. Thus, also the reflection processes which pos-
sibly, if at all, arise at the surfaces of the substrates to be coated are
substantially undirected, i.e. they have a more or less diffuse characteris-
tic. It is evident that no specific and no sufficient heating and/or coating

15 of shaded parts of the substrate surface is thereby possible. It is indeed
known from a classical PVD and/or from an EB-PVD process to use a
rotatable substrate plate which can simultaneously be loaded with several
substrates. However, this does not specifically serve to set a reflection of a
directed coating beam, as is the case with the method in accordance with

20 the invention, but merely serves the purpose of compensating a certain
inhomogeneity of the diffuse distribution of the vapor of the coating mate-

rial in the process chamber.

On classical thermal coating, such as for example on classical plasma

25 coating, at comparatively high process pressures, such as, for example, on
plasma spraying at atmospheric pressure or on flame spraying a directed
coating beam is indeed used and it is also known to use a rotary substrate
holder which is simultaneously loaded with several substrates. However,
also here the effect in accordance with the invention is generally not pos-

30 sible. In the aforementioned thermal spray processes, the coating material



10 rotary speed and/or its rotary speed can be set or regulated such that the amount of deflected and/or
reflected coating material or any different coating parameter is optimized. Preferably the coating beam is
pivoted to and fro over the substrate to be 15 coated for a predefined spatial angular region in a manner
known per se, which is also referred to as "sweeping" and has already been described in detail in the
introduction for the mentioned purposes or for other péfposes, for example, to uniformly temper the
substrates to a predefined temperature. 20 Also a separation distance between the component
manipulator and a plasma source generating the plasma can be changed in a predefined path interval.
This can, for example, take place in that the position of the plasma squrce and/or the position of the

component maripHaF % RRANGERMY SRS MALME AULGSF SBRUFRdr iRt dREeBRENEENSHR component
ma- nipulator aritjihiel ptasmeasatceudtskitatthesitay gud mnolisdisgthdpiedema aodwteegsishanged. 30 In
this respect the process pressure in the coating chamber is frequently.selected in .practice to be less than
20 mbat, preferAB 1est HAT L0 Hkar 1 SaRIEtTSY Betne 1 5t 5 TRKar 513 hid tagpect the coating
beam is generalpoperaith theaiswpationiclipeds spadiigealio v sprec temistéen ir6porty/sfand 3,000

m/s, and is preferably,opcrated ahanproxinately ¢.00Q Bl ARy the £a3Hg heaLhas,3 temperature
between 4,000 K and 20,000 K, preferably has a tem-
duction with regard to these known methods the coatings are formed by

so-called liquid "splats" which solidify from the melt at the substrate on
incidence thereon and are not formed by deposition of vapor-like material.
It is naturally understood that if substantially liquid material is incident
10  on the surface of the substrate to be coated, practically no reflection of the
liquid drops takes place. This namely only condenses on striking the
relatively cool surface of the substrate instantaneously to solid "splats"

and adheres to the surface, so that a reflection is practically excluded.

15 In practice, at least one substrate including the first surface and at least a
second substrate including the second surface is advantageously arranged
and aligned at the substrate holder with regard to one another such that
at least a part of the coating material transferred into the vapor phase is
deflected and/or reflected from the first surface of the first substrate onto

20 the second surface of the second substrate on plasma spraying, so that
the second surface of the substrate is coated and/or preheated by the
coating material deflected and/or reflected from the first surface of the

first substrate.

25 In this respect it is preferred if an amount of vapor-like coating material
which is deflected and/or reflected from the first surface onto the second
surface is set such that the second surface is maintained at a predefinable
surface temperature when the second surface is no longer directly sub-
jected to the coating beam. In this respect several measures are possible

30 by means of which the amount of deflected and/or reflected coating mate-



10 perature between 6,000 K and 10,000 K. For most cases relevant in practice, the coating material is
provided in a manner known per see in form of a spray powder in this connection. 15 In this respect the
process parameters and/or the geometric parameters described above of the coating apparatus are set
such that more than 10 percent by weight parts of the coating material are transferred into the vapor
phase, preferably more than 50 percent by weight, in B8rticular more than 80 percent by weight are
transferred into the vapor phase in a 20 preferred embodiment. In this respect the method in accordance
with the invention is particularly suitable to simultaneously coat a plurality of turbine vanes, in particular a
plurality of double vanes in a coating process, wherein the structured 25 layer is frequently a thermal

barrier coating KiBWi PSS HAPALREE: THE SRR SR TR P8I RLENPE WG e i PaFatus for carrying
out one of the abayexcesdtibed gaeithndtha seaaidancegasthcthe eventies ponthia ghaoptacture of a

functional structured r substrate. In this re- 30 spect the coating apparatus in accordance with
e menion dEd B A B e A B B e rfaces of
a substrate in thelésmmrofthecpatiees bares atieepre defiaideckachroodss pres sutedspmieans of a plasma

spray methgd, V%'ﬁ%%"d%ﬁ%&%%ﬁag beam or other spray parameters can be correspond-

ingly set.

Also the rotatable substrate holder can be rotated about the main rotary

axis and/or about the connection axis at a predetermined set or variable
10 rotary speed and/or its rotary speed can be set or regulated such that the

amount of deflected and/or reflected coating material or any different

coating parameter is optimized.

Preferably the coating beam is pivoted to and fro over the substrate to be
15 coated for a predefined spatial angular region in a manner known per se,
which is also referred to as "sweeping" and has already been described in
detail in the introduction for the mentioned purposes or for other pur-
poses, for example, to uniformly temper the substrates to a predefined
temperature.
20
Also a separation distance between the component manipulator and a
plasma source generating the plasma can be changed in a predefined path
interval. This can, for example, take place in that the position of the plas-
ma source and/or the position of the component manipulator is changed
25 such that the mutual separation distance between the component ma-
nipulator and the plasma source and/or the spray gun including the

plasma source is changed.

Naturally it is also possible that a component manipulator is pivoted as a

30 whole with regard to the coating beam in a predefined pivot region.



material is injectable into a plasma defocusing coating beam at a low 5 process pressure, which is less
than 200 mbar, and is partially or com- pletely meltable there. In this respect a plasma source and/or a
spray piston including a plasma source is/are provided by means of a which a plasma with a sufficiently
high enthalpy is generatable, so that a substantial part of the coating material, a part of at least 5 percent
by weight of 10 the amount of the coating material, is @&nsferable into the vapor phase and the structured
layer is formable on the substrate. In accordance with the invention a component manipulator in
accordance with the present invention is provided for the dynamic positioning of the substrate to be
treated. 15 In this respect the coating apparatus in accordance with the invention is preferably configured
with the component manipulator such that the substrate to be coated can be arranged at the component
manipulator, such tias aéﬁﬁésutfw@mmmﬁaie andleesecnmdgsoanehef kefizgguhslyate can be
aligned with regard t e another att bstr te hglder, so that urin p[acess. at least a part
of the coating maeignz ns?e?r%%c |nt8 e \?apo?lp aggls eﬁ’e%{ege gadi/g%r re Ia(’e[tié1 #r%m € first surface
of the substratemnmrhelsbtrdmtwuﬁfadé bfetheé uindteate on plasma spraying. 25 It is naturally understood
that in specific embodiments the coating apparatus in accordance with the invention and/or the
component manipulator in accordance with the invention can be configured from a construction point of
view so that alsétothés ReERRSH Varigeatisgdreagiv serrradly spmatrdiive SHFEIes e carried out. 32

speed having a sonic speed between 1,500 m/s and 3,000 m/s, and is

preferably operated at approximately 2,000 m/s and/or the coating beam

has a temperature between 4,000 K and 20,000 K, preferably has a tem-
10  perature between 6,000 K and 10,000 K.

For most cases relevant in practice, the coating material is provided in a

manner known per see in form of a spray powder in this connection.

15 In this respect the process parameters and/or the geometric parameters
described above of the coating apparatus are set such that more than 10
percent by weight parts of the coating material are transferred into the
vapor phase, preferably more than 50 percent by weight, in particular
more than 80 percent by weight are transferred into the vapor phase in a

20 preferred embodiment.

In this respect the method in accordance with the invention is particularly
suitable to simultaneously coat a plurality of turbine vanes, in particular a
plurality of double vanes in a coating process, wherein the structured

25 layer is frequently a thermal barrier coating known per se in practice.

The invention further relates to a coating apparatus for carrying out one of
the above-described methods in accordance with the invention for the
manufacture of a functional structured layer on a substrate. In this re-

30 spect the coating apparatus in accordance with the invention includes a



In the following the invention will be explained in detail with reference to the drawing. There is shown: 5
Fig. 1a method for the coating of a turbine vane of an air- plane power plant known from the prior art; Fig.
2aa first very simple embodiment of a component ma- nipulator in accordance with the invention; 10 Fig.

2b Fig. 3 15 the embodiment in accordance with Fig.32i';1 in a demounted state;

process chamber in which a coating material is sprayable onto the sur-
faces of a substrate in the form of a coating beam at a predefinable low
process pressure by means of a plasma spray method, wherein the coating
material is injectable into a plasma defocusing coating beam at a low
5 process pressure, which is less than 200 mbar, and is partially or com-

pletely meltable there. In this respect a plasma source and/or a spray
piston including a plasma source is/are provided by means of a which a
plasma with a sufficiently high enthalpy is generatable, so that a substan-
tial part of the coating material, a part of at least 5 percent by weight of

10 the amount of the coating material, is transferable into the vapor phase
and the structured layer is formable on the substrate. In accordance with
the invention a component manipulator in accordance with the present
invention is provided for the dynamic positioning of the substrate to be
treated.

15
In this respect the coating apparatus in accordance with the invention is
preferably configured with the component manipulator such that the
substrate to be coated can be arranged at the component manipulator,
such that a first surface of the substrate and a second surface of the

20 substrate can be aligned with regard to one another at the substrate
holder, so that during a coating process at least a part of the coating
material transferred into the vapor phase is deflected and/or reflected
from the first surface of the substrate onto the second surface of the
substrate on plasma spraying.

25
It is naturally understood that in specific embodiments the coating appa-
ratus in accordance with the invention and/or the component manipula-
tor in accordance with the invention can be configured from a construc-
tion point of view so that also other method variants, such as those de-

30 scribed above, can also be carried out.



a particularly preferred embodiment of a component manipulator in accordance with the invention; Fig.
4athe embodiment of Fig. 3 without encapsulation; Fig. 4ba view onto the embodiment of Fig. 4a from the
direc- 20tion | in accordance with Fig. 4a; Fig. 4c 25 Fig. 4d Fig. 4e Fig. 4a and/or Fig. 4b in a
perspective view without a base plate; base plate in drive direction in accordance with Fig. 4a and/or Fig.
4b; shaft jacket with main drive axle; 32

In the following the invention will be explained in detail with reference to

the drawing. There is shown:

S Fig. 1 a method for the coating of a turbine vane of an air-

plane power plant known from the prior art;

Fig. 2a a first very simple embodiment of a component ma-

nipulator in accordance with the invention;

10
Fig. 2b the embodiment in accordance with Fig. 2a in a de-
mounted state;
Fig. 3 a particularly preferred embodiment of a component
15 manipulator in accordance with the invention;
Fig. 4a the embodiment of Fig. 3 without encapsulation;
Fig. 4b a view onto the embodiment of Fig. 4a from the direc-
20 tion I in accordance with Fig. 4a;
Fig. 4c Fig. 4a and/or Fig. 4b in a perspective view without a
base plate;
25 Fig. 4d base plate in drive direction in accordance with Fig. 4a

and/or Fig. 4b;

Fig. 4e shaft jacket with main drive axle;



33 Fig. 5asetup of a bearing housing with connection elements in a perspective view; Fig. Sbbearing
housing in accordance with Fig. 5a without a 5connection element; Fig. 5ca ceramic connection element;
Fig. 6amanufacture of the plug and rotate connection be- 10tween the substrate holder and the
connection ele- ment; Fig. 6bplug and rotate connection between substrate holder and connection
element; 15 33

Fig. S5a setup of a bearing housing with connection elements in

a perspective view;

Fig. 5b bearing housing in accordance with Fig. 5a without a
5 connection element;
Fig. 5¢ a ceramic connection element;
Fig. 6a manufacture of the plug and rotate connection be-
10 tween the substrate holder and the connection ele-
ment;
Fig. 6b plug and rotate connection between substrate holder

and connection element;
15
Fig. 6¢ security against rotation of the plug and rotate connec-

tion by means of a locking pin;

Fig. 6d security against rotation of the plug and rotate connec-
20 tion in a partially transparent view of the connection

element;

Fig. 7 a method in accordance with the invention for the
simultaneous coating of several turbine vanes; and
25
Fig. 8 a view of the embodiment of Fig. 7 from the viewing

direction B.

Fig. 1 was already described in the introduction during the discussion of

30 the prior art, so that the discussion can directly start with the embodi-



Fig. 6¢csecurity against rotation of the plug and rotate connec- tion by means of a locking pin; Fig.
6dsecurity against rotation of the plug and rotate connec- 20tion in a partially transparent view of the
connection element; Fig. 7a method in accordance with the invention for the simultaneous coating of
several turbine vanes; and 25 Fig. 8a view of the embodiment of Fig. 7 from the viewing direction B. 34
ments in accordance with the invention according to F§. 2 to Fig. 8 at this point.

ments in accordance with the invention according to Fig. 2 to Fig. 8 at this

point.

With reference to Fig. 2a and Fig. 2b initially a first very simple embodi-

S ment of a component manipulator in accordance with the invention will be
illustrated which in the following will be referred to generally with the
reference numeral 1. The embodiment according to Fig. 2a is shown in the
demounted state in Fig. 2b for emphasizing the function of the plug and
rotate connection, this means that the plug and rotate connection is

10 released between a substrate holder 5 and a connection element 4 in Fig.

2b, the connection element 51 is pulled out of the connection element 4.

The simple embodiment of a component manipulator 1 in accordance with
the invention according to Fig. 2a and Fig. 2b only allows the reception of

15 a single substrate holder 5 with a substrate 2 for the dynamic positioning
of a substrate 2 to be treated in a thermal treatment process. In this very
simple embodiment the component manipulator includes a main drive
axle 30 rotatable about a main rotary axis 3, a ceramic connection ele-
ment 4 and a substrate holder 5 connectable to the connection element 4

20 as essential elements. In accordance with the present invention the ce-
ramic connection element 4 is connected to the connection segment 51 of
the substrate holder 5 in a pull-resistant and rotationally fixed manner by
means of a plug and rotate connection with regard to a connection axis V
of the plug and rotate connection such that the substrate holder 5 is

25 arranged rotatable about the connection axis V.

With reference to Fig. 3 to Fig. 6d an embodiment particularly relevant for
practice of a component manipulator in accordance with the invention will

now be presented.

30



With reference to Fig. 2a and Fig. 2b initially a first very simple embodi- 5 ment of a component
manipulator in accordance with the invention will be illustrated which in the following will be referred to
generally with the reference numeral 1. The embodiment according to Fig. 2a is shown in the demounted
state in Fig. 2b for emphasizing the function of the plug and rotate connection, this means that the plug
and rotate connection is 10 released between a substfae holder 5 and a connection element 4 in Fig. 2b,
the connection element 51 is pulled out of the connection element 4. The simple embodiment of a
component manipulator 1 in accordance with the invention according to Fig. 2a and Fig. 2b only allows
the reception of 15 a single substrate holder 5 with a substrate 2 for the dynamic positioning of a
substrate 2 to bé e SRBRA e FRHIRERN SNt PRRESY AT WHY S oy eMisStRNERt Romponent
manipulator inclusi®sea 3nfain éveyamden3O potsitadierabofih astisinrsatalytaXie Ireacedaimia connection
element 4 and at%;éllbrsﬁtg?tt% hQ[Ircrmll%rr%l ?iconnectalbrlletﬁq Str(lae cr%nqg%tiag uellotfmﬁlné# 20 as essential elements. In

. (& TOCESS, Xa c 1me vane .
accordance with the presen?lnve Bn t?'le ceramic connecﬁlon element connected to the connection

segment 51 of th@cli;udsgratmmdrﬁei:naalpuﬂOr.egist@hlamibmammip fme@il]mantby means of a plug
and rotate connggtion WilhreRard 1e 2 sarnedints i \heldbe Blug AN rofLeGapRectinRsuch that the

substrate holder 5 is 25 arranged rotatable about the connection axis V. With reference to Fig. 3 to Fig. 6d

an embodiment tiirtielaEantcteJantysr feReiceivfaceardpgasent iHatlpuiasib e dbiviaABe with the

invention will noMebgdtieseniert $3sTeEamReRSRHRANRUEAH N ACKPIINe e Wbk Hae invention
according to Fig. 3 for the dynamic positioning of a substrate 2 to be treated in a thermal treatment

process, in this ERANSRAREASICiBTERIESE iReldgE L d HaRRIE LR 186 FAARETEYDout a main

rotary axis 3, a element 4 in a pull-resistant and rotationally fixed manner with regard to

10  a connection axis V, by means of a plug and rotate connection. In this
respect each connection axis V of the plug and rotate direction is tilted at
a predefinable angle of tilt a with regard to the main rotary axis 3, wherein
the angle of tilt a in practice is generally larger or smaller than 90° and in
a preferred embodiment amounts to approximately 30°. In this respect it

15 is preferred if each individual substrate holder S is rotatable about its
connection axis V in the operating state and that all substrate holders 5
are commonly rotatable about the main rotary axis 3 via the main drive

axle 30.

20 As can clearly be seen, a plurality of connection elements 4 are eccentri-
cally provided at the base plate 6 with regard to the main rotary axis 3 for

the reception of several substrate holders 5.

As will be explained in more detail in the following with reference to the

25 detailed drawing, the connection element 4 is encapsulated in a capsule
12, for example, for protection against temperature radiation, for protec-
tion against a coating beam BS not illustrated in this example, or for
protection against other damaging influences which could influence the
connection element 4 in the operating state.

30



5 connection element 4 and a substrate holder 5 connectable to the connection element 4. In this respect
in accordance with the invention the connection element 4 is a ceramic connection element 4, wherein a
connection segment 51 of the substrate holder 5 is connected to the connection element 4 in a
pull-resistant and rotationally fixed manner with regard to 10 a connection axis V, by means of a plug and
rotate connection. In this respect each connection axiS® of the plug and rotate direction is tilted at a
predeflnable angle of tilt a with regard to the main rotary axis 3, wherein the angle of tilt a in practice is
generally larger or smaller than 90 and in a preferred embodiment amounts to approximately 30. In this
respect it 15 is preferred if each jndividual substrate holder 5 is rotatable about its connection axis V in the
operating state Shd il STPSTHLRaERTHETS 8 AREBIACAR S RRabeRIBE PR ARy axis 3 via
the main drive afidedR. 2inAscad cledhly hebedn w plkialdy ofidonneatore stdrigniela@ne-eccentrically
provided at the ba§ee Péatre1 giwita re E% t ﬁpermaSiB rotg%%zc(ig 3 ngr thaesrggegti n of geverfglsl substrate
holders 5. As will be explained in more de aiinhe f%lfowmg With Teference 1o t elz%1 detaiied drawing,
the connection éterheatr4dsminwapdulatechinre capsutte i Hortewdinpgles fonipsttettibolalgainst temperature
radiation, fof protec- tion against a coating beam BS not illustrated in this example, or for protection
against other damaging influences which could influence the connection element 4 in the operating state.
36 In this respeétfifecepseteb thecormticiatesanBdes PrsereasnatiBabiysikidip ddanddfed to the main

drive axle 30 whigh isacevisrad ByWhetarsHeat b iuhig idand iHhis-teasenkrannalbeseen as essential
elements for the reception of the connection element 4 with the substrate haolder 5. 5 Also covered by the

capsule 12 and i8R SRHREHIRE FRTG PR 1Ak thestUnaly 8hanrartenblathAE aRddly
connected to thehvaiordiigiaxis R iard canaeciior itemeantadec thw suply afom eosdané fluid KF and

the conne %on elemtg%t?oé% e irnO ftgggvgf%sgn% tigtr} ieﬂfqglég?t %ele-e 1OSm?n§ g rf{%re th(%'1 lrotation of the
substrate oldernéegy Mmeans of 4 drive unit 7 also 1ocated i the capgurl% f?, tRis meanslt]ha’f, in particular

the main d!rive aK_IeISO Isqatatablytherangediwiit?rehasdnedhe tbata@nei‘emtqulsir thmmme contact
element 8 is parggylady prefeially: 3 aothed Whssh atanged-akashal lagked 8disiatigpary with regard to

the main drive axle
wherein the contact element 8 is particularly preferably a toothed wheel

arranged at a shaft jacked 31 stationary with regard to the main drive axle
15 30 which is toothed for the drive of the connection element 4 by means of

the drive unit 7.

The components of the embodiment of a component manipulator 1 in
accordance with the invention according to Fig. 3 and Fig. 2, insofar as
20 they are present in the embodiment of Fig. 2 are described, in detail with

reference to the following Fig. 4a to Fig. 4e.

With reference to Fig. 4a the embodiment of Fig. 3 is presented without

encapsulation, this means it is shown with a removed capsule 12, so that
25 the components in the interior of the capsule 12, as well as their coopera-

tion can be better recognized. The substrate holder 5 with the substrate 2

is removed also for reasons of clarity.

As one can initially clearly see the main drive axle 30 is rotatable about

30 the main rotary axis 3 which is guided by a non-rotary shaft jacket 31, i.e.



15 30 which is toothed for the drive of the connection element 4 by means of the drive unit 7. The
components of the embodiment of a component manipulator 1 in accordance with the invention according
to Fig. 3 and Fig. 2, insofar as 20 they are present in the embodiment of Fig. 2 are described, in detail
with reference to the following Fig. 4a to Fig. 4e. With reference to Fig. 4a the embodiment of Fig. 3 is
presented without encapsulation, this means it is showr with a removed capsule 12, so that 25 the
components in the interior of the capsule 12, as well as their cooperation can be better recognized. The
substrate holder 5 with the substrate 2 is removed also for reasons of clarity. 37 by a stationary shaft
jacket 31 with regard to the main driye axle 30. In this respect the main_drive axle 30 is displaced into
rotation in the op&ratS AL SAE RPaHdRSHEs e atdd areRat Exdhprealy) ddvsasts A8ctfc motor or a
hydraulic motor tiprespaata neobosior diriycihée SWtabiE pthieerl tHte cotdaicielankatopisarranged at
the shaft jacket 31 isnaﬂgi%h the mai dr#gtaéle 30 is guided as mekptioned.ta%q tké?ec?ntact element 8 is

rotationally fixedyecorhected to the sha jac egrjlsﬁdsglrnetﬁs{n &gmﬁealﬁut]h% contact element 8 is a

toothed wheel amangedrat thpdshaitifatketiod ostationamg tigtnegara teriieobhain sdritetdxle 30 which is
toothed for the djjyg.of the connection element 4 by means of the drive unit 7. The three connection
elements 4 which are respectively arranged in a 15 bearing housing 41 are provided at the base plate 6.

The contact element 8 is arranged at the shaft jacket 31, in which the
main drive axle 30 is guided as mentioned and the contact element 8 is
rotationally fixedly connected to the shaft jacket. Thus, in this example
10 the contact element 8 is a toothed wheel arranged at the shaft jacket 31
stationary with regard to the main drive axle 30 which is toothed for the

drive of the connection element 4 by means of the drive unit 7.

The three connection elements 4 which are respectively arranged in a

15 bearing housing 41 are provided at the base plate 6.

The base plate 6 is rotationally fixedly connected to the main drive axle 30
by means of a connection element 32 not visible in Fig. 4a, so that the
base plate 6 can be displaced into rotation by the main drive axle 30

20 about the main rotary axis 3.

Since the connection elements 4 are respectively in rotationally fixed
engagement with the contact element 8 via the drive unit 7, which for its
part is respectively in rotationally fixed engagement with the contact

25 element 8 designed as a stationary toothed wheel with a toothed wheel 71,
the ceramic connection elements 4 are also displaced into rotation on
rotation of the base plate 6 with regard to the stationary contact element
8. This type of drive, which in principle can be a very simple transmission,

is known to the person of ordinary skill in the art from other applications



The base plate 6 is rotationally fixedly connected to the main drive axle 30 by means of a connection
element 32 not visible in Fig. 4a, so that the base plate 6 can be displaced into rotation by the main drive
axle 30 20 about the main rotary axis 3. Since the connection elements 4 are respectively in rotationally
fixed engagement with the contact element 8 via the drive unit 7, which for its part is respectively in
rotationally fixed engagement with the contact 25 elemént 8 designed as a stationary toothed wheel with
a toothed wheel 71, the ceramic connection elements 4 are also displaced into rotation on rotation of the
base plate 6 with regard to the stationary contact element 8. This type of drive, which in principle can be a
very simple transmission, is known to the person of ordinary skill in the art from other applications 38 and

the function of tﬁ@?o’igﬁlf&t?\‘félfﬁltﬂgt&’c?n?@@ﬁgrfié’lgﬁ%mfi§‘fﬂﬁ§%téﬂl-’e§]ﬁ%5r@%%B%erson of
ordinary skill in wfarklamdtigyda. A qarsisodieraetegnizdd]lthe dookling flistibugord arranged at the
base 5 plate 6 is respectively connected in line connection via connections at the bearing housings 41 to
the connection elements 4 via separate cooling lines KL. As will be explained later on in detail, the cooling
distribution 9 is fos ¢@readsn e, rrengaikeduphliethulithgadisbling tihui @ KFraiagdwe ahdlredrageaxle 30, or as

is i”usnateqiin Fﬂgat%béq@ ?%Xt%@?iggﬁ@éé%q%nﬂﬁgt%nection via connections at the
bearing housings 41 to the connection elements 4 via separate cooling

lines KL.

As will be explained later on in detail, the cooling distribution 9 is for

10 example, centrally supplied with a cooling fluid KF via the main drive axle
30, or as is illustrated in Fig. 4b via supply openings at the connection
element 32, which cooling fluid KF can then be guided further for the
cooling of the substrate holder 5 and/or the substrates 2 at the connec-
tion elements 4 via the cooling lines KL. In this respect, any suitable

15 cooling fluid comes into question as a cooling fluid KF, in particular a gas
such as nitrogen or a noble gas or any other suitable gas-like or liquid

cooling fluid KF suitable for the corresponding machining process.

In this respect it is generally also possible that the base plate 6 is also
20 cooled either by means of the cooling fluid KF or, however, additional

units are provided for the cooling of the base plate 6 which units cool the

base plate 6 by means of a further cooling fluid, for example, water or a

suitable gas.

25 Fig. 4b once again shows the embodiment of Fig. 4a for purposes of clari-
fication, this time in a view from the direction I in accordance with Fig. 4a.
In this side view the connection element 32 is now also clearly seen via
which the cooling fluid is supplied to the cooling distributor 9 via lateral
supply openings.

30



element 32, which cooling fluid KF can then be guided further for the cooling of the substrate holder 5
and/or the substrates 2 at the connec- tion elements 4 via the cooling lines KL. In this respect, any
suitable 15 cooling fluid comes into question as a cooling fluid KF, in particular a gas such as nitrogen or
a noble gas or any other suitable gas-like or liquid cooling fluid KF suitable for the corresponding
machining process. In this respect it is generally also p8ssible that the base plate 6 is also 20 cooled
either by means of the cooling fluid KF or, however, additional units are provided for the cooling of the
base plate 6 which units cool the base plate 6 by means of a further cooling fluid, for example, water or a
suitable gas. 25 Fig. 4b once again shows the embodiment of Fig. 4a for purposes of clarification, this
time in a view frgmttHe SFACHRIA i 22e8faheRFRH L LIS eI THeBohASRIBH element 32
iS now also cleasheseasryialvdrigh The: canling floidrssu @ leditmtie oal ity istiibtieeDivia lateral supply

openings. 39 In thtis exa Elt? th&;lmode of P, r{';gi%\ of the drive m chel?rlli§ can also be z%len very

t t .
clearly. The contact efement 8.d |gcr?erl &S atoothed \S/'vtﬁelé)ﬂg%ta iona ?/ ixet ysc%rr?r%sct %o the

stationary axle mmm;aﬁhézdm@éwm@mmo 3B¢§a¢$@smddcﬁhmcts@d§ionary axle sh_aft
31 5 and/orgo tﬁ%ﬁﬁp%%g%éﬁ%ﬁﬁw885@1&%‘1@%&{%%%Ct‘?{érﬂeaq@%ﬁée&%'?}e%%b%sm'onary with

regard to the main drive axle 30 and/or or with regard to the base plate 6. In this respect the cooling

distributor 9 is rétgtesRIy fis Aiatsmaertad iy meacidanhesaséntivsane AStare (Athcthis in the
operating state.atHige & iR crAingIfuidcKmisHQ suppliedifieradbenstationanneonoeastion element

to the rotating cooling distributor via a central line, by means of which the cooling distributor 9 in a

connection elem@ft 3ot BraditiceRresird cethsutaiatablsdasiiy s hetLes

with this in the operating state. In this respect the cooling fluid KF is

10  supplied from the stationary connection element to the rotating cooling
distributor via a central line, by means of which the cooling distributor 9
in a connection element 32 are conductively connected but not rotation-

ally fixedly connected.

15 Figs. 4a and/or Fig. 4b are shown again for a better understanding of the
previously described drive mechanism for the drive of the connection
element 4 via the toothed wheels 71 without a base plate 6 in a perspec-

tive view in Fig. 4c.

20 Fig. 4d and Fig. 4e both finally show the base plate 6 with a drive unit 7
and/or the stationary axle shaft 31 having the main drive axle 30 in ac-
cordance with Fig. 4a and/or Fig. 4b again separately respectively in

detail.

25 As can be seen from Fig. 4d the base plate 6 is rotatably arranged about
the main rotary axis 3, wherein the toothed wheels 71 of the driving unit 7
are in engagement with the toothed wheel shaped contact element 8, so
that a rotation of the base plate 6 about the main rotary axis 3 displaces
the non-illustrated connection elements 4 into rotation about the connec-

30 tion axis V.



15 Figs. 4a and/or Fig. 4b are shown again for a better understanding of the previously described drive
mechanism for the drive of the connection element 4 via the toothed wheels 71 without a base plate 6 in a
perspective view in Fig. 4c. 20 Fig. 4d and Fig. 4e both finally show the base plate 6 with a drive unit 7
and/or the stationary axle shaft 31 having the main drive axle 30 in ac- cordance with Fig. 4a and/or Fig.
4b again separately respectively in detail. 25 As can Bseen from Fig. 4d the base plate 6 is rotatably
arranged about the main rotary axis 3, wherein the toothed wheels 71 of the driving unit 7 are in
engagement with the toothed wheel shaped contact element 8, so that a rotation of the base plate 6 about
the main rotary axis 3 displaces the non-illustrated connection elements 4 into rotation about the connec-
30 tion axis V. 40 The setup and function of the main drive axle 30 can clearly be seen from Fig. 4e
which is arrangéathwiseiru fhersdafinnetiy shdftiackeiidldiotatakle Sloocdthelenain betapeaxisod 5 With
reference to Fi9F156} gpe Sglu osf grbg%”g‘%&?ﬁ%%‘w“h cggg%ctiosr}le n;%rf{tg,ti {”%8{5%%01 schematically in
a perspective view with parﬁallly cu op%n ousings. fos}f‘s can lafearf’)l/ Séénthe Connection element 4
is supported in thedvsarigrhausimgad lydsedring elements 42, wherein three bearing elements 42 are
provided in ¢he bearing housing 41 which form a three point bearing. Only two bearing elements can be
seen in the cut open region of the bearing housing 41. The third bearing element cannot be seen in Fig.

5a, as it 15 is lodAdHIsérEaretie Pigit of tHeFReAHRPhEURNG AL WAIEHTE NBt BUtBPes£tIte support of the

connection elemgaivia threr imesivacheaiingraliess 22wasthetsignificariadvsiagahat the play
between the connection element 4 and the bearing rollers 72 is well definable. Furthermore,

comparatively shHIWRSTAEP L8 RESes between the connection element 4 20 and the bearing rollers 72 are
defined, so that comparatively little heat is transferred and that these bearings can also be held small
which in tulr5| sayes cost..In thi conneci;[ign the bearin e{emen%s 42 are man[ufflctug d {)or operating
S can. clear. ztt? toen the connection elemen 4fﬁ supporte € bear=
ranges of up to approximate )y 0T from a combination of CrNrwith a amic. € temperatures up to
approximately 80@hdorsing 41 by bearing elements 42, wherein three bearing elements 42
are provided in the bearing housing 41 which form a three point bearing.
Only two bearing elements can be seen in the cut open region of the bear-
ing housing 41. The third bearing element cannot be seen in Fig. 5a, as it
15 is located beneath the part of the bearing housing 41 which is not cut
open. The support of the connection element 4 via three times two bearing
rollers 72 has the significant advantage that the play between the connec-
tion element 4 and the bearing rollers 72 is well definable. Furthermore,
comparatively small contact surfaces between the connection element 4
20 and the bearing rollers 72 are defined, so that comparatively little heat is
transferred and that these bearings can also be held small which in turn
saves cost. In this connection the bearing elements 42 are manufactured
for operating ranges of up to approximately 500°C from a combination of
CrNi with a ceramic. The temperatures up to approximately 800°C, for
25 example, a SizN4 ceramic can advantageously be used for the bearing

elements 42. Principally, also Al2Os comes into question as a material for

the bearings, wherein even temperatures of up to 1900°C are possible.

Necessary seals, for example, at the bearing or at the safety tape 11 de-

30 scribed further down can preferably be manufactured from a needle fleece,



25 example, a Si3N4 ceramic can advantageously be used for the bearing elements 42. Principally, also
Al203 comes into question as a material for the bearings, wherein even temperatures of up to 1900C are
possible. 41 for example, a needle fleece 3.5 mm, which enables operation temperatures of up to 1100C
without a problem. In this respect the bearing elements 42 are brought into indirect contact 5 with the
cooling fluid KF and can thus be cooled with the coolifid fluid KF via the cooling lines KL. Fig. 5b shows
the bearing housing 41 in accordance with Fig. 5a without connection element 4 for a better
understanding. The three bearing ele- 10 ments 42 which form a three point bearing for the connection
element 4 are clearly shown. In this_respect the bearing housing 41 can, for example, be cladded with a
needle fleece foffoﬁr%@&Bka@é?ﬁgfiﬂfég%ﬁﬁﬁjérﬁcé%%hml%S%B%§ AR HpRPatfigREMperatures of up
to, for example, 168G 1ip Kig 1 $0GTOwWstA@anagetisisletement 4 for use in the bearing housing 41. The
reception grooves N for the reception of the bearing rollers 72 can clearly be seen. The through going
opening DG through which the cooling fluid KF can be guided into the interior of the connection element 4
can 20 also be diedHisseepeThehowearsrgor aME mistHe conerfectioghé|eme nndithategandaot the drawing

serves for tge regaRlign. of 2 1e0IRd yReel Which]S RIRIY2RY-MRAAGOf metal g whighibripgs about the

coupling to the drive unit 7. In this respect the connection element is, for example, manufactured from
Al202, Si02 or avipfféreseslimgblingsckhical ceramic. Fig. Sc. 25 The more or less rectangular opening
500 in the upper region of the connection element 4 in accordance with the illustration can clearly be
seen, which opening 400 serves for the reception of the connection segment 51 of the substrate holder 5

and therefore fof HreYoraaTGh s HiRgdr e eiase doihactorbatGredithEigunardithedbier 5 and the

connection connection element 4 for a better understanding. The three bearing ele-

10  ments 42 which form a three point bearing for the connection element 4
are clearly shown. In this respect the bearing housing 41 can, for example,
be cladded with a needle fleece for protection against heat influences
which also allows high operating temperatures of up to, for example,
1100°C.

15
Fig. Sc shows a connection element 4 for use in the bearing housing 41.
The reception grooves N for the reception of the bearing rollers 72 can
clearly be seen. The through going opening DG through which the cooling
fluid KF can be guided into the interior of the connection element 4 can

20  also be clearly seen. The lower region WZ of the connection element with
regard to the drawing serves for the reception of a toothed wheel which is
preferably made of metal and which brings about the coupling to the drive
unit 7. In this respect the connection element is, for example, manufac-
tured from Al2O2, SiO2 or a different suitable technical ceramic. Fig. 5c.

25 The more or less rectangular opening 500 in the upper region of the con-
nection element 4 in accordance with the illustration can clearly be seen,
which opening 400 serves for the reception of the connection segment 51
of the substrate holder 5 and therefore for the formation of the plug and
rotate connection between the substrate holder 5 and the connection

30 element 4.



30 element 4. 42 Bores 101 for the ceramic locking pins of the security against rotation 10, as well as the
safety groove 111 for the safety type 11 for securing the ceramic locking pins into the bores 101 can also
be clearly recognized, 5 this will be referred to in detail in the following Figs. 6a to 6d. With reference to
Fig. 6a it should be emphasized how the plug and rotate connection is manufactured between the
connection segment 51 of the substrate holder 5 and % connection element 4. As was already men- 10
tioned the connection element has an, for example, approximately rectangular opening 400 into which the
connection element can be introduced. Wherein the opening 400 can naturally also have any other
suitable shape. In this respect the connection element 51 also has an approximately rectangular closure
part 511, and/or any other type of suitable 15 form, which allows to form fittingly introduce the closure part
511 in a certain Busssat®n foio Heccepeniitgl 46King thinsawmertisacelenyentdinkt tisatespend, the

connection part 51 is(ﬂesi ned as hollow in t resent ex le, so on introductign into the opening
300 It can be reRSEe A S by THE St i A0 T e B e 400 T e inple, be 20
composed of a 8@21tfiséethusgtpjns oftantiaé2bGramidriakenalyotieclegttevyenaizad, resistant

material. When fig.conneetianhalhay, I IHEeaSAd AL i‘oﬁ’l@gﬂg‘fggg%ﬁ‘ﬂ@t@éhe opening 400 the

substrate holder 5 and/or the connection part 51 is turned abou ertain angle, for example, of about 90
or of 180 or of any different angle, wherein the 25 closure part 511 is interlocked with a closure groove in

the interior of thW@ﬂPﬁf@ﬂ&é‘@Qei@@F’ig’i@h@&'@l%ﬁlcp%Sﬁn%%é@éé&%@%ﬂ@&@ﬂﬁ@éﬂcﬁ%&ﬁaﬁéed|y
anchored into the opening 400. This means that the connection part 51 is essentially ng longer movable

in the direction GPINBCIHEBBRRBHA SHES RETESATS PR SRR ESS I Bh Seement 51 of the

substrate holder 5 and the connection element 4. As was already men-

10 tioned the connection element has an, for example, approximately rectan-
gular opening 400 into which the connection element can be introduced.
Wherein the opening 400 can naturally also have any other suitable
shape. In this respect the connection element 51 also has an approxi-
mately rectangular closure part 511, and/or any other type of suitable

15 form, which allows to form fittingly introduce the closure part 511 in a
certain orientation into the opening 400 of the connection element 4. In
this respect, the connection part 51 is designed as hollow in the present
example, so that on introduction into the opening 400 it can be received in
a position by the guide pin 401. The guide pin 401 can, for example, be

20 composed of a SiO2 (fused quartz) or of an AloO3 material or any other
high temperature resistant material. When the connection part 51 is
introduced at a predefined depth into the opening 400 the substrate hold-
er 5 and/or the connection part 51 is turned about a certain angle, for
example, of about 90° or of 180° or of any different angle, wherein the

25 closure part 511 is interlocked with a closure groove in the interior of the
opening 400 in a manner known per se, so that the connection part 51 is
fixedly anchored into the opening 400. This means that the connection
part 51 is essentially no longer movable in the direction of the connection
axis. This state is illustrated in Fig. 6b.

30



43 As can also be seen from Fig. 6a, the guide pin 401 has a central bore, via which the cooling fluid KF
can be guided into the substrate holder 5 via the connection part 51. In this special embodiment in
accordance with Fig. 6b the substrate holder 5 is configured such that the cooling fluid KF 5 is guided
further into an interior of the substrate 2 which in the present example is a turbine vane and thereby cools
the substrate 2, for example, during a thermal coatingstrocess. The cooling fluid KF flows through the
substrate 2 and flows, as should be indicated by the two arrows KF, finally from the substrate 2 into the
environment, for example, into the process 10 chamber in which the substrate 2 is currently being coated.
When, for example, the substrates 2 to be coated are turhine vanes, then coolin%bores are_ frequently

designed within 5" RIEIROVER SERBGTR Tikichea EoRYdaBRIR ARG JutIG SaIEa R e dfiRrating state
of the 15 turbinemtdnas;tsodbeli ilpefiadek Bk hette padddedintdst hatsidlyt tinddioktepd iat these cooling
bores are not allc%vgecd fo bet%cr)lsegr(?)g(fo?gr{%m%teri:ellggg{]in tcne %%z;[ltiggaprc%cr%%s.cléo&] mlls reason, the
cooling fluid KF is pr(%réctﬁy carfied away Via the&f6rementoned coohng Hores (Ijlurlng a coating process
in accordance whilg.tied ittve stidrs watehhloddethe posiivB 20 edfectich dahtietbeatimgifigidliid fickving out of

the cooling Horeg of 1k SFRINE MR KEGPS, IERE BEeLN S93URY MRieiial iff I,615L LAt the connection

part 51 only has to be secured against rotation about the connection axis V in the opening 400 this will be

briefly 25 explaifS3nams isfarBHciRG FRNGENOtHABY RadbIthsappesitaie thefebarartds part 51
rotates in the opeRiNgARMGHLNab M Gan SHsie it phiheoneRiM APR RIRIG:s thRAdal hares 101 are

provided at the connection element 4 and at the 30 connection_part 51 in order to prevent a rotation of the
connection part substrate 2 and flows, as should be indicated by the two arrows KF, finally

from the substrate 2 into the environment, for example, into the process

10 chamber in which the substrate 2 is currently being coated.

When, for example, the substrates 2 to be coated are turbine vanes, then
cooling bores are frequently designed within the turbine vanes through
which a cooling gas is frequently guided in the operating state of the

15 turbine vanes, so that the vanes are better cooled. It is naturally under-
stood that these cooling bores are not allowed to be closed by coating
material during the coating process. For this reason, the cooling fluid KF
is preferably carried away via the aforementioned cooling bores during a
coating process in accordance with the invention which has the positive

20 effect that the cooling fluid KF flowing out of the cooling bores of the

turbine vane keeps these free from coating material.

It is clear that the connection part 51 only has to be secured against

rotation about the connection axis V in the opening 400 this will be briefly
25 explained with reference to Fig. 6¢c. Otherwise it could happen that the

connection part 51 rotates in the opening 400 such that it can glide out of

the opening 400 again.

Radial bores 101 are provided at the connection element 4 and at the

30 connection part 51 in order to prevent a rotation of the connection part



44 51, which bores, in the in-built state of the connection part 51 in the opening 400, correspond to one
another such that a security against rotation 10, for example, in the form of a metallic or a ceramic locking
pin can be inserted into the bores 101 of the connection element 4 and the 5 connection part 51, so that
these locking pins prevent a rotation about the connection axis V of the connection part 51 with regard to
the connection element 4. The locking pins can, for exmple, be manufactured from a CrNi steel or any
other suitable material. 10 In Fig. 6d in which an upper part of the connection element 4 is transparently
illustrated in accordance with the illustration, it can clearly be seen how the security against rotation 10,
i.e. the locking pins 10 can_secure against rotation. So that the locking pins are_not released from the

radial bores in the opEisthgYkie 7 &RadHA LG BIR, ThENS ARG HTHSArRaTis8 1 8%sHkured with a safety
tape 11 in accorsiasicitgitio G gootewhiciiisqoerddatbith dres cicbuthterendisd witectigaiallout the connection
element 4 in the safet ve 111 and therepy effectively preyents a radial displacement of the locking
i 0. 20 1t 1 PRty OIS IRAE Qe e RE o e e O f ST R ioiator 1 1
accordance withcéire eviersgotediilngo dhiy oore orl $8vef dhsubsirate tholdelsrBeare‘apaddéd at a connection

element 4, for exgmple 0 AGERIARNCE, WKl HE 80 %%%iwéﬁﬁ%eﬁ%%Z%%i%f&féﬁé?ﬁﬁ}?ﬁfﬁggre are

additionally rotatable about the connection axis V, and 25all furt

holders known [FOnSEegiaEhaars Mraphharrandss o maTAIR ivedn fgaT fetfath e engsHonent
manipulator 1, i geaiediot agditionaliv soatabia Ab &xeanprCtiaNAXE Ma QulReWeYST avhich is the

preferred case in practice, all substrate holders 5, are arranged at a rotatable connection element 4 and
therefore are addFVu8tiehaliy*retadE SBEaPIRdHEtion axis V, for example, in accordance with Fig.
6b. In Fig. 7 respectively in Fig. 8 a method in accordance with the invention 5 for the simultaneous
coating of ﬁcjrverlarll %Lfbsggtes 2,in the rPresent exatmqu turbine vanes 2 is/are;c acpsegaticag illustrated by

means of a componé%‘nt malﬁllpﬁﬁla{%lr |nug@c%r gﬁce Wi et%oenil;'lls(él’ll |8ne.IE51rer%asons Oafré? Il )7 the
particulars of therdmpbrena mdnipalatordaaceovddnteewlthstration, it can clearly be seen
how the security against rotation 10, i.e. the locking pins 10 can secure
against rotation. So that the locking pins are not released from the radial
bores in the operating state, i.e. do not slide out, the locking pins are also
15 secured with a safety tape 11 in accordance with Fig. 6d which is provided
in the circumferential direction about the connection element 4 in the
safety groove 111 and thereby effectively prevents a radial displacement of

the locking pins 10.

20 It is naturally understood that depending on the application of a compo-
nent manipulator 1 in accordance with the invention either only one or
several substrate holders 5 are arranged at a connection element 4, for
example, in accordance with Fig. 6b at a rotatable connection element 4,
and therefore are additionally rotatable about the connection axis V, and

25 all further substrate holders are substrate holders known per se which are
simply arranged rotationally fixedly with regard to the component manipu-
lator 1, i.e. are not additionally rotatable about a connection axis V. Or,
however, which is the preferred case in practice, all substrate holders 5,

are arranged at a rotatable connection element 4 and therefore are addi-



the invention were omitted in the illustration of Figs. 7 and Fig. 8. The 10 component manipulator 1 of Fig.
7 respectively Fig. 8 can, for example, be a component manipulator in accordance with Fig. 3, wherein
instead of three substrates 2, for example, four substrates 2 are simultaneously coated in this example.
15 The turbine vanes 2 in accordance with Fig. 7 respectively Fig. 8 are so-called double vanes 2 known
per se for highly loaded airplane turbines. For reasoné ®f clarity the process chamber 2 was not illustrated
in detail and four turbine vanes 2 are shown on the component manipulator 1 by way of example. In this
respect Fig. 8 is a view of Fig. 7 from the viewing 20 direction B and merely serves for a better
understanding of the mechanism of reflection of the coating. material 200. For this reasqn the following
description simU&ARBY SR PARES 28R, P ARaEIGCEOR RS rdfy GRaRIGoliAAR_Yhat also less
than four substrated Fi2b 6buld be provided at the component manipulator 1. However, it is an advantage
of the method in accordance with the invention, as well as of the component manipulator 1 that also more
than four substrates 2 can simultaneously be coated, which makes the method of the present invention
extremely efficidnt Fig6 Witts pefeieabeito IHg). § sheretfooe arpeaferrdd eesbuidiment ofeenbtiating apparatus
in accordange with fhe uentian andlota MmeshacinacaosaBlee Yathhg, inyension o the, panufacture of
a functional structured layer 20 on a substrate 2 is schematically illustrated, in‘'which method a 5 coating
material 200 is $PfaljP Bty AN AcE HREYBShaBaticali dlystrateddayraieanim eha M of a coating

beam BS in a prasgsatchambsaniatsr predefined i o oceastREess R RY Meeaea Qs Riasma spray
method which is the PS-PVD method described in the introduction in the present example, In this respect

the coating matSHHIIBOEHS RAEHRH ML PresHPeBER CHSRIPING T athg 35e5rBS A ilow process
pressure P whicthiithe ptesemaxoonpit diesratiapphosthatiy bhihgs. andmdietzispaially or completely

molten the][rs, wherein aglasma with. a, su ICI?%%S? h specific Ienlgl}alpé/ is eperated so that a

substantial part ot toa Fnréleﬁ%%ﬁglt% g transferre Fr‘ft%"i% va%'or ﬁﬁaSef)]i'ﬁ}e{as%g‘fant?al part of

evaporated 15 raatenghomenis @mﬁml@ltgs at abw@é@@méhtl.ﬁgm&i.gm&ﬁ@ strefctadedflayer 20 is '
formed at the sybsirate, 4,40 1his respecLin Acaerdanee Wil ie-Lvenion; e sHRsHALS,2 to be coated is

arranged at a component manipulator 1 in ac ordance with the invention as described above, such that a
first surface 211ceptRe susiarsa2mAtEa second surface 212

15 The turbine vanes 2 in accordance with Fig. 7 respectively Fig. 8 are so-
called double vanes 2 known per se for highly loaded airplane turbines.
For reasons of clarity the process chamber 2 was not illustrated in detail
and four turbine vanes 2 are shown on the component manipulator 1 by
way of example. In this respect Fig. 8 is a view of Fig. 7 from the viewing

20 direction B and merely serves for a better understanding of the mecha-
nism of reflection of the coating material 200. For this reason the following

description simultaneously relates to Fig. 7 and Fig. 8.

It is naturally understood in practice that also less than four substrates 2

25 could be provided at the component manipulator 1. However, it is an
advantage of the method in accordance with the invention, as well as of
the component manipulator 1 that also more than four substrates 2 can
simultaneously be coated, which makes the method of the present inven-
tion extremely efficient.

30



20 of the substrate 2 are aligned with regard to one another at the component manipulator 1 so that at
least a part of the coating material 200 transferred into the vapor phase is deflected and/or reflected from
the first surface 211 of the first substrate 2 onto the second surface 212 of the second substrate 212 on
plasma spraying, so that the second surface 212 25 is coated by the vapor-like coating material 200
deflected and/or reflected by the first surface 211 and¥8 simultaneously supplied with heat energy and is
thus maintained at a sufficient temperature.  In this respect the process of reflection of the vapor-like
coating material 30 200 can be particularly clearly seen in the view of Fig. 8. It can clearly be 47
recognized how a first turbine vane 2 including_ the first surface 211 and the second turbine vane 2

including the seduihd SEIACRS1Y A o fr A RGEd U ALEE PSR RatiRAgioP 12 S8 Mt&hey are aligned
relative to one anpjlaentss thah ecpadiaeiddh ey ttbating imeteartia? 00 drosrsternedtbtbitha &cvapor phase is

deflected and/or reflecte frgﬂw the firstt surtfgc%gll of ti}e first su strfate 1 onto tthe econd surface 212
c%n%ce W, h ? mvention r € anu achHre Ol a nc IOI}F S cture .
of the second substrate 2 on plasma spraying an IS can thus also be ideally coated at shaded regions

with regard to tﬁemaﬂﬁg)beaﬁub&raoelﬁ ﬂsiwhspmtigalbygiﬂlmmtﬁfih@swﬂ?énhmﬂ?@ described
above, can @'SOJ?)%&HQ'H?Q@}Yaﬁ%%esﬁﬁg%g‘&ﬁ%@%%H‘?Qc@%? Yiipsaddition to hexrgiafign of the

component manipulator 1 about its main rotary axis 3, so that alternatively different surfaces 211, 212 are
oppositely disposesfice ch&afstierin of e fogtHghaaRe BId taFreeefctivmhonatife 15 first

surface 211 0nt@ﬁ@@&ﬁfémﬂawdﬁ?&@egé%f@gsiﬁ%emiﬁﬁﬁl@aﬁﬁﬂeét{aﬁagmgrs@;rg'?f%em@éngIes, whereby
the formed functional structured layers can be manufactured even more uniformgqgnd in an even higher

| factur . nifor
quality. Depend®lioh iidBppirdnon ethatheramiPeidbiRedaispdustiend > BoRIERS Blare arranged
at the componeskaiapipuliaiahisifeageetdanrcecsitin gt ireenti @0 dois axgenple, atoaidingsindig. 6b on a

rotatable clq?ne(éti n %IgereQ éel a(r)1dt}her8for1¢;31 %ggigggall%rot%agge a?ggst &Qg g0 {ac%i?n a?cjs V, and all
further substraté ROlGers gre subStratePnorders Kndwh per && Witich Bre sSimply ro atlonerﬂly xedly

arrangeq with .repgambm m@z@b@ﬁ@aeapmpnmm hebaxandtwh@ﬁﬁnimﬂynﬁ@étabie about a
connection axis 3 n%}&@%@l%%ityﬂ‘{%%"Wﬁe%?rpEegqgﬁ%&%ﬁﬂ%péﬂ?ﬂ%xﬁ%ﬁﬂ%ﬁr bgiders 5 are
mple a and are ther

arranged, for exa ccording to Fig. 6b, at a rotatable connection element efore
additionally rotataislecdpnis BRIEEAIREGtRN thas a/substantial part of the coating material

200 is transferred into the vapor phase. The substantial part of evaporated
15 material in this example lies at above 60 percent by weight. The struc-
tured layer 20 is formed at the substrate 2. In this respect in accordance
with the invention the substrate 2 to be coated is arranged at a compo-
nent manipulator 1 in accordance with the invention as described above,
such that a first surface 211 of the substrate 2 and a second surface 212
20 of the substrate 2 are aligned with regard to one another at the component
manipulator 1 so that at least a part of the coating material 200 trans-
ferred into the vapor phase is deflected and/or reflected from the first
surface 211 of the first substrate 2 onto the second surface 212 of the
second substrate 212 on plasma spraying, so that the second surface 212
25 is coated by the vapor-like coating material 200 deflected and/or reflected
by the first surface 211 and is simultaneously supplied with heat energy

and is thus maintained at a sufficient temperature.

In this respect the process of reflection of the vapor-like coating material

30 200 can be particularly clearly seen in the view of Fig. 8. It can clearly be



48 In this respect the amount of vapor-like coating material 200 which is deflected and/or reflected from
the first surface 211 onto the second surface 212 can be set such that the second surface 212 is then
also maintained at a predefined surface temperature and is sufficiently coated 5 when the second surface
212 is not directly subjected to the coating beam BS, as, for example, is shown in Figs. 7 and 8 the
component manipulator 1 is rotated about the main rofdry axis 3 at a predefined rotary speed VD during
the coating process. 10 In addition to rotating the component manipulator 1 about the main rotary axis 3
and/or the substrate 2 around the connection axis V the coating beam BS can be pivoted to and fro over
the substrate 2 to be coated during the coating process. in the predefined angular spatial region Q as
shown in Fig. 7 K B2 0y Was %B(Qr‘ﬁBfél,evVﬁé’r%&/lﬁﬁlggé’?lgrﬁgfefTétuﬁﬁ’éfﬁﬁesgﬂ)j]e of the
substrate 2 to ththecaitogdeanvBs cande actiededy shsultanecuslyrthediiisamiarizegd which a

substrate 2 is not directly subjected to the coating bea so that also an even.more uniform tempering
o the substrate D 1SR B0 PN 2 s Aol b SRS B Bt S
manipulator 1 apdcthtasma Soureep@rgealeatingatin pasirainl & PPettefirsder pedhiitethal X, Y in one or

more spatiay dir%&%%ﬁlsﬁiﬁa%eet%béf‘eﬁbﬁﬁgd%?ﬁﬁ LroRodimeR, R hatIlher Ihe plasmagiqyce Q can be

displaced along its path X in one or more spatial directions and/or the position of the compo- 25 nent

manipulator canfsetcHabpriatih dhevinibresssand aiieiarms Horigthfessand. siheiertsote, the

component mar&auiﬁggrﬁacggﬂa iRyeied with regaradQ alsthecapting kerm-BatirRatedefined pivot
(0]

region in the specific em-30 iment of Fig. 7 r_espectivelﬁ Fig. 8. 49
regions with regard to the coating beam BS.

10 In this respect one or more of the substrates 2, as described above, can
also be additionally rotatable about the connection axis V in addition to
the rotation of the component manipulator 1 about its main rotary axis 3,
so that alternatively different surfaces 211, 212 are oppositely disposed
from one another in a reflecting manner, so that the reflection from the

15 first surface 211 onto the second surface 212 can take place one after the
other at different angles, whereby the formed functional structured layers

can be manufactured even more uniformly and in an even higher quality.

Depending on the application then either only one or several substrate

20 holders 5 are arranged at the component manipulator 1 in accordance
with the invention, for example, according to Fig. 6b on a rotatable con-
nection element 4 and therefore additionally rotatable about the connec-
tion axis V, and all further substrate holders are substrate holders known
per se which are simply rotationally fixedly arranged with regard to the

25 component manipulator 1, i.e. are not additionally rotatable about a
connection axis V. Or, however, which will be the preferred case in prac-
tice, all substrate holders 5 are arranged, for example according to Fig. 6b,
at a rotatable connection element 4 and are therefore additionally ro-
tatable about the connection axis V.

30



For example, a fine grain spray powder known per se for the formation of a thermal barrier coating on a
turbine vane 2 can be used as a coating material 200, wherein the coating beam itself is operated at
supersonic 5 speed having a sonic speed which in the present example amounts to approximately 2,000
m/s, wherein shock-like waves or states can be formed in the coating beam 6. The coating beam 6 in the
present example has a temperature between 6,000 Khd 10,000 K. 10 It is naturally understood that the
invention is not limited to the described embodiments and, in particular that the embodiments in
accordance with the invention described in the framework of this application can naturally also be
combined with gne another in any suitable manner. 50 Claims 1.A component manipulator for the

dynamic positioffh§d? AeSRSSE A0S @RRBY PLEARPIAIEEPRERE SRAHER HrE 8 iR dSein the com-
5ponent manipulattsdteiuaes fomaiflative axim (80 fatatabiefadoata maib tatageaxisl(3), a connection

element (4 and & substrals holder, (9) conneciablefo.the connegtion.elsment (), characterized in thar
the connection elemen is'a ceramic connection elemen (%r and a connection segment (51) of
the substrate holden@)iisdort-a predefined surface temperature and is sufficiently coated
5 when the second surface 212 is not directly subjected to the coating beam
BS, as, for example, is shown in Figs. 7 and 8 the component manipulator

1 is rotated about the main rotary axis 3 at a predefined rotary speed VD

during the coating process.

10 In addition to rotating the component manipulator 1 about the main
rotary axis 3 and/or the substrate 2 around the connection axis V the
coating beam BS can be pivoted to and fro over the substrate 2 to be
coated during the coating process in the predefined angular spatial region
Q as shown in Fig. 7 and Fig. 8 by way of example, whereby an even more

15 uniform subjection of the substrate 2 to the coating beam BS can be
achieved, simultaneously the time is minimized in which a substrate 2 is
not directly subjected to the coating beam BS, so that also an even more

uniform tempering of the substrate 2 is achieved.

20 Furthermore, a separation distance between the component manipulator 1
and a plasma source Q generating the plasma in a predefined path inter-
val X, Y in one or more spatial directions is settable in the present em-
bodiment, in that either the plasma source Q can be displaced along its
path X in one or more spatial directions and/or the position of the compo-

25 nent manipulator can be changed in one or more spatial directions along

the path Y.

Furthermore, the component manipulator 1 can be pivoted with regard to
the coating beam BS in a predefined pivot region © in the specific em-

30 Dbodiment of Fig. 7 respectively Fig. 8.



10nectable to the connection element (4) in a pull resistant and rota- tionally fixed manner by means of a
plug and rotate connection with regard to a connection axis (V) of the plug and rotate connection and the
substrate holder (5) is arranged rotatable about the connection axis (V). A component manipulator in
accordance with claim 1, wherein a base plate (6) is provided which is rotationally fixedly connected to the
main drive axle (30) for receiving the connection elem&®t (4) with the substrate holder (5). A component
manipulator in accordance with claim 2, wherein the base plate (6) is rotationally fixedly connected to the
main drive axle (3) via a connection element (32) for the supply of a cooling fluid (KF). A component
manipulator in accordance with claim 1 or claim 2, wherein a plurality of connection elements (4) are
eccentrically provided at the base plate (6) with regard to the main rotary axis (3) for receiving a plurality
of substrate holdweiisdkamples aAicenpaitespragnijowaiar khasaoisanse foithtanfoena tbthefcdaims 1 to 4,
wherein the con%ec}ionl%%rq?ngég ? in 9 er%ég\/r%ﬁl%n‘r]\aegg@gglirtlhb%cl:i)snetgcgselaepo%n&r@) via a drive unit
(7) for the rotation of the SUbstrate holder be &

material 200, wherein the coating beam itself is operated at supersonic

S speed having a sonic speed which in the present example amounts to
approximately 2,000 m/s, wherein shock-like waves or states can be
formed in the coating beam 6. The coating beam 6 in the present example

has a temperature between 6,000 K and 10,000 K.

10 It is naturally understood that the invention is not limited to the described
embodiments and, in particular that the embodiments in accordance with
the invention described in the framework of this application can naturally

also be combined with one another in any suitable manner.



6. A component manipulator in accordance with claim 5, wherein the main drive axle (30) is rotatably
arranged with regard to the contact element (8). 10 7.A component manipulator in accordance with one of
the claims 5 or 6, wherein the contact element (8) is a toothed wheel arranged at a shaft jacket (31)
stationary with regard to the main drive axle (30) and which is toothed for the drive of the connection
element (4) by means of the drive unit (7). A componett manipulator in accordance with any one of the
preceding claims, wherein the connection axis (V) of the plug and rotate connection is tilted at a
predeflnable angle of tilt (a) with regard to the main rotary axis (3). A component manipulator in
accordance with_any one of the claims 3 to 8, wherein the cooling fluid (KF) is suppliable to the
connection elengﬁll—@-? and to the connection segment (51) of the substrate holder (5) via a cooling
distributor (9) arranged on the base plate (6) and a cooling line (KL). A component manipulator in
accordance withlany ope of thg nprr(i:;[cre]rtlzleilrrl1 clj\ims Op%%ir%%%he connectigp element (4 {)ss%eptgorted ina

bearing housing (41) by aogle%rln% eleme 1(1 %OI\;V erein three bea -i%sgl elements (5145 are preferably

provided in the bearin@th(bqsbﬁgtl(aal)eMim‘ademmahMeqﬁmmmggammnmemewing element
52 (42) cangpe cooled by means,of aMidre AL ARREaCE With ihg faolng.fialg) (kA agrmponent

manipulator in accordance with any one of the preced- 5ing claims, wherein the connection element (51)
is secured against a tiSRHIhIRGAVRRI tHE leheriiISAtEIENS &Rt ndéxha sPRSiEatrity against

rotation (10), wherein {8 &&CLSjtAARRSE FEAUPTHELBYifha dBeNadib AR PAIiqHas &ereiadic or a
ceramic locking pin, Whicthhis secured by means of a safety tape provided at the connec- 10tion element

(4). in that the connéction element (4) is a ceramic connection element
(4) and a connection segment (51) of the substrate holder (5) is con-
10 nectable to the connection element (4) in a pull resistant and rota-
tionally fixed manner by means of a plug and rotate connection with
regard to a connection axis (V) of the plug and rotate connection and
the substrate holder (5) is arranged rotatable about the connection
axis (V).

15
2. A component manipulator in accordance with claim 1, wherein a

base plate (6) is provided which is rotationally fixedly connected to
the main drive axle (30) for receiving the connection element (4) with
the substrate holder (5).

20
3. A component manipulator in accordance with claim 2, wherein the

base plate (6) is rotationally fixedly connected to the main drive axle
(3) via a connection element (32) for the supply of a cooling fluid
(KF).

25
4. A component manipulator in accordance with claim 1 or claim 2,

wherein a plurality of connection elements (4) are eccentrically pro-
vided at the base plate (6) with regard to the main rotary axis (3) for
receiving a plurality of substrate holders (5).

30



12. A coating method for use of a component manipulator (1) in accordance with any one of the claims 1
to 11. 15 13. A coating method in accordance with claim 12 for the manufacture of a functional structured
layer (20) on a substrate (2), in which a coating material (200) is sprayed onto a surface of a substrate (2)
in the form of a coating beam (BS) in a process chamber at a predefined low process pressure (P) by
means of a plasma spray method, 20wherein the coattg material (200) is injected into a plasma defo-
cussing the coating beam (BS) at a low process pressure (P), which is less than 200 mbar, and a plasma
with sufficiently high specific enthalpy is generated, so that a substantial part of the coating material (200),
a part of at least 5 percent by weight of the amount of 25the coating material, is transferred into the vapor
phase and the structufé§¥RPESEN iTFIPHRENESAT IR Q6BAABTR )V IREB RS ShBLF S8 @Pto be coated
is arranged with the subsiratewtoddein(Dh eotatahte ado Wl enteait (A)tay YraiseiEB)tiseaothadaitirst surface
(211) of the substrate ‘(f'z and a second surface (212) of the substrate are 30aligned with regard to one
another so that at leas }}%é‘rtCSP t ‘r’leCQ[c((c’giét3 - |%rgljgr?1 tglr‘lr’laﬁ(%l(y)et}gr%f r efa ri%?c? tﬁ%g%%%rog#és?g is deflected
from 53 the first surfasal§gtrBtefibklsuliStrate (2) onto the second surface (212) of the substrate (2) on
plasma spraying. 14. A coating apparatus for carrying out a method in accordance with 5claim 12 or claim

13 for the ma””@““@x%&ﬁﬂﬂﬁ@?ﬂ%%ﬁ%wa%r in accordance with claim 5, wherein the

main drive axle (30) is rotatably arranged with regard to the contact

element (8).

10 7. A component manipulator in accordance with one of the claims 5 or
6, wherein the contact element (8) is a toothed wheel arranged at a
shaft jacket (31) stationary with regard to the main drive axle (30)
and which is toothed for the drive of the connection element (4) by
means of the drive unit (7).

15

8. A component manipulator in accordance with any one of the preced
ing claims, wherein the connection axis (V) of the plug and rotate
connection is tilted at a predefinable angle of tilt (a) with regard to
the main rotary axis (3).

20
9. A component manipulator in accordance with any one of the claims

3 to 8, wherein the cooling fluid (KF) is suppliable to the connection
element (4) and to the connection segment (51) of the substrate
holder (5) via a cooling distributor (9) arranged on the base plate (6)

25 and a cooling line (KL).

10. A component manipulator in accordance with any one of the preced-
ing claims, wherein the connection element (4) is supported in a
bearing housing (41) by a bearing element (42), wherein three bear-
30 ing elements (42) are preferably provided in the bearing housing (41)

which form a three point bearing and wherein the bearing element



layer (20) on a substrate (2), which coating apparatus includes a process chamber in which a coating
material (200) is sprayable onto the surface of a substrate (2) in the form of a coating beam (BS) at a
predefinable low process pressure (P) by means of a plasma spray 10method, wherein the coating
material (200) is injectable into a plas- ma defocussing the coating beam (BS) at a low process pressure
(P), which is less than 200 mbar, and is partially or coppletely meltable there, and wherein a plasma
source (Q) and/or a spray pistol in- cluding a plasma source (Q) is/are provided by means of which a
15plasma with a sufficiently high enthalpy is generatable, so that a substantial part of the coating material
(200), a part of at least 5£ercent by weight of the amqunt of the coating materijal, is transferable into the

vapor phase and the Sffa¢EAENGyEPtS8)R% BRI AR UL SRE @St SHEP & A RBthat a

component manipulatdr2@i(kagcordance with any one of the claims 1 to 11 is provided for the dynamic
positioning of the substrate (2) to be treated. 15. A use of a component manipulator (1) in accordance

with any one of t’ie cIaArQ:s 110 1:eLrl r r%fa a.£9 gggralplpaégtl%a a!1rrl1 accordance with O%E&%alrpe%é or coating a

. . OImMpo ne .
substrate (2) with a coating thethod in accordance With claim 12 or claim Xf wherein the substrate (2) is
in particula®a turbine vageoimas aitptaeia tthbinenforciigasiarban, ot )avaporrerbarabrsbra water

turbine. twist with regard to the connection element (4) by means of a secu-

rity against rotation (10), wherein the security against rotation (10)
is a locking pin, in particular a metallic or a ceramic locking pin,
which is secured by means of a safety tape provided at the connec-

10 tion element (4).

12. A coating method for use of a component manipulator (1) in accor-

dance with any one of the claims 1 to 11.

15 13. A coating method in accordance with claim 12 for the manufacture
of a functional structured layer (20) on a substrate (2), in which a
coating material (200) is sprayed onto a surface of a substrate (2) in
the form of a coating beam (BS) in a process chamber at a prede-
fined low process pressure (P) by means of a plasma spray method,

20 wherein the coating material (200) is injected into a plasma defo-
cussing the coating beam (BS) at a low process pressure (P), which
is less than 200 mbar, and a plasma with sufficiently high specific
enthalpy is generated, so that a substantial part of the coating ma-
terial (200), a part of at least 5 percent by weight of the amount of

25 the coating material, is transferred into the vapor phase and the
structured layer (20) is formed on the substrate (2), wherein the
substrate (2) to be coated is arranged with the substrate holder (5)
rotatable about a main rotary axis (3), such that a first surface (211)
of the substrate (2) and a second surface (212) of the substrate are

30 aligned with regard to one another so that at least a part of the coat-

ing material (200) transferred into the vapor phase is deflected from



10

15

20

14.

53

the first surface (211) of the substrate (2) onto the second surface

(212) of the substrate (2) on plasma spraying.

A coating apparatus for carrying out a method in accordance with
claim 12 or claim 13 for the manufacture of a functional structured
layer (20) on a substrate (2), which coating apparatus includes a
process chamber in which a coating material (200) is sprayable onto
the surface of a substrate (2) in the form of a coating beam (BS) at a
predefinable low process pressure (P) by means of a plasma spray
method, wherein the coating material (200) is injectable into a plas-
ma defocussing the coating beam (BS) at a low process pressure (P),
which is less than 200 mbar, and is partially or completely meltable
there, and wherein a plasma source (Q) and/or a spray pistol in-
cluding a plasma source (Q) is/are provided by means of which a
plasma with a sufficiently high enthalpy is generatable, so that a
substantial part of the coating material (200), a part of at least 5
percent by weight of the amount of the coating material, is transfer-
able into the vapor phase and the structured layer (20) is formable
on the substrate (2), characterized in that a component manipulator
in accordance with any one of the claims 1 to 11 is provided for the

dynamic positioning of the substrate (2) to be treated.
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