1 A thernmal spraying apparatus and also a therma
sprayi ng process The invention relates to a thermal
sprayi ng apparatus and also to a ther- mal spraying
process for coating a substrate in accordance with the
pre- characterising part of the independent claimin
the respective category. "Thekrmal spraying" has been
established for a long tine in the manufac- ture of
single parts and in industrial series production. The
nost common thermal spraying processes which are in
particular also used in series production for the
coating of the surfaces of |arge nunbers of substrates
are, for exanple, flame spraying wwth a spray powder
or wth a spray wire, arc spraying, high velocity
flame spraying (HVOF), detonation spraying or plasm
sprayi ng. The above-naned |ist of thermal spraying
processes is certainly not exhaustive. On the
contrary, the person averagely skilled in the art
A thémmial spraw mndizeso af thearmadt $ pnaying
listed processes and of further processes, for
exanpl e speci al processes such as flame spray
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arc spraying, high velocity flame spraying (HVOF), detonation spraying or
plasma spraying. The above-named list of thermal spraying processes is
certainly not exhaustive. On the contrary, the person averagely skilled in
the art is familiar with a large number of variations of the listed processes,
and of further processes, for example special processes such as flame

spray welding.

In this connection thermal spraying has opened up broad areas of use.
One can certainly estimate that thermal spraying as a surface coating
process is the coating technology with probably the largest area of use
having regard to its possibilities of use. Thus a delimitation of the areas of
use of the spraying processes listed above does not seem particularly sen-

sible because the areas of use can overlap one another.



use such as for exanple the inprovenent of the
appearance of objects of personal use. The range of
substrates whose surfaces are routinely coated by
thermal spraying today is correspondi ngly broad.

Typi cal exanples are parts2of all kinds which are
subject to wear and tear, conponents of com bustion
engi nes such as the running surfaces of cylinders in
petrol or die- sel engines, pistons and piston rings
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plastics and textiles.

Special applications very often demand the application of a coating which
is constructed from a plurality of individual layers sprayed on top of one
another. Thus, by way of example, a coating which is intended to protect a
turbine blade against the extreme conditions in the turbine in the operat-
ing state, can consist of a bond layer or a connecting layer, which guaran-
tees a good connection to the substrate of a layer to be applied. An anti-
diffusion layer can be applied on this which prevents a diffusion of alloy
components out of the substrate or vice versa for example. A special hard
layer can be provided as a further layer of the surface layer which protects
against mechanical and chemical attacks in particular and finally a heat

insulating layer can be applied as a covering layer, for example on the ba-



prevail in the operating state of the turbine. As the
above- nanmed exanpl e inpressively shows one of the
great advan- tages of thermal spraying is that a
coating can be applied froma |ayer sys- temof a
plurality of individual Iay%rs whi ch can be sprayed
fromcom pletely different nmaterials and thus can
also fulfil different functions. Fur- thernore it is
al so possible in special cases to conbine different
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A quite typical example is the application of a dual layer system with a
plasma spraying process wherein the two layers have to be sprayed with
two different spray powders. Thus it is known for example to apply a coat-
ing to a substrate as protection against wear which additionally has to
satisfy certain aesthetic demands. The actual wear protection layer can
have excellent wear protection characteristics, for example, and can also,
for example, have a gleaming white colour following the application, which
is desired for aesthetic reasons. However, it can happen that the wear pro-
tection layer has very bad adhesive characteristics on the substrate to be
coated. Therefore it is current practice, prior to the application of the for
example white, aesthetically pleasing wear protection layer, to initially ap-
ply a bond layer made of another material directly to the surface of the

substrate, i.e. using a different spray material than the spray powder from



4 which wear protection layer is fornmed. The spray

powder for the bond Ilayer is selected in such a way
in this arrangenent that, on the one hand, the spray
powder has very good adheS|ve characterlstlcs to the
substrate and, on the othet hand, so that the white
wear protection | ayer adheres very well to the bond

| ayer. As a result one has a coating conprising of a
dual | ayer system which as whol e adheres very well to
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Dependi ng on the specific thermal spraying appa- ratus
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has &BERheM%Igted during the coating process, at the transition from
the spraying of one individual layer to the spraying of the next layer which
has to be sprayed using a different spray material or using a different
spraying process. This is because the spray pistol has to be exchanged, in
order to change the type of spray pistol, and/or because another spray
wire has to be installed. Depending on the specific thermal spraying appa-
ratus or the specific thermal spraying process which is used, it can also be
necessary to interrupt the spraying process to spray on a further layer, or
to install the substrate in another thermal spraying apparatus, in order to
then apply the further layer by means of the other thermal spraying appa-

ratus.

The problems which were explained previously by way of example using
the spraying process known from the prior art and the known thermal
spraying apparatus, naturally lead to a considerable complication of the

coating procedure as a whole. This requires additional equipment and re-



t he spraying process known fromthe prior art and the
known thermal spraying apparatus, naturally lead to a
consi derabl e conplication of the coating procedure as
a whole. This requires additional equipnment and re 5
suits in the tying up of mn@king resources, leading in
particular to an in- crease in the working tine during
coating and thus to a clear cost in- crease of the
correspondi ng products. At |east in sone cases, i.e
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(or nore) different layers one after the other onto
the surface of a substrate and thus to forma coating
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the plasma beam and is thrown onto the surface of a substrate which is to
be coated, so that a surface layer made of the material of the spray powder

forms on the substrate.

If now, by way of example, two feeds are provided for the spray powder,
which can be fed with spray powder from two different spray powder sup-
plies, then it is possible in this way to apply two (or more) different layers
one after the other onto the surface of a substrate and thus to form a
coating of a multiple layer system without changing the spraying process.
A corresponding known thermal spraying process can for example be car-
ried out in the following manner. A shutoff device is provided between the
spray powder supplies, in which a certain spray powder is stored for sup-
plying the feeds with spray powder, and the corresponding feed itself, so
that the supply of the feed with spray powder can either be enabled or

prevented.



spray powder supplies, in which a certain spray powder
is stored for sup- plying the feeds with spray powder,
and the corresponding feed itself, so that the supply
of the feed with spray pomd%r can either be enabled or
prevented. 6 To illustrate”the process reference wll
be made in the following to the dual |ayer system

al ready nmentioned above, which conprises a bond | ayer
whi ch for exanple has a black col our due to the spray
powder used and a wear protection |ayer applied to
this which should have a gleam ng white colour for
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formation of e white wear protection layer, is
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plaspAHET® 15 throYR O ochesser etq%et%ﬁombm%? teiym a layer.

initially be applied to the substrate. Wen the

application of the bond |l ayer is conplete the feeding
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supply is discontinued, so that no further spray
sprayopoeder aupply Wbitdhecobeminaghki sgpray powder for the formation of

the white wear protection layer, is first interrupted so that no spray pow-
der for the formation of the wear protection layer can be supplied to the
corresponding feed. However the connection between the feed and the
powder supply which contains the spray powder for formation of the bond
layer is open, so that the powder for the formation of the bond layer can

be supplied to the plasma flame.

By this means in a first process step the bond layer can initially be applied
to the substrate. When the application of the bond layer is complete the
feeding of the spray powder to the feed from the spray powder supply is
discontinued, so that no further spray powder can any longer be supplied

to the corresponding feed from this powder supply.

Thereafter the connection is established between the feed which is associ-

ated with the powder supply which contains the spray powder for the for-



to the corresponding feed fromthis powder supply.
Thereafter the connection is established between the
feed which is associ- ated with the powder supply

whi ch contains the spray powder for the for 7 mation
of the white wear protectioh |ayer and the powder
supply so that the spray powder for the fornmation of
the white wear protection layer is supplied to the
pl asma flame and correspondingly the white wear
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spray powder are sucked out of the feed dur- ing

further spraying together with another spray powder
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the afrrasponding apesy powder still exist. The result of this is that by
means of the considerable negative pressure which the plasma flame pro-
duces, these remnants of the spray powder are sucked out of the feed dur-
ing further spraying together with another spray powder which is supplied
to the plasma flame as describe above from another feed for the spraying
of a further layer and thus the spray powder, which is actually intended
for the formation of a further layer, is contaminated. This means that the
further layer contains certain constituents of the spray powder which was

actually intended solely for the formation of a first layer.

It is obvious that pollutants such as these can have considerable negative
consequences. If for example pollutants are introduced into the white wear
protection layer described above by that powder which should actually
only form the black bond layer, the white covering layer will not have the

lovely aesthetic white colour but rather be dyed more or less grey or con-



It is obvious that pollutants such as these can have
consi der abl e negative consequences. If for exanple
pol lutants are introduced into the white wear
protection | ayer described above by that powder which
shoul d actually only form&he black bond | ayer, the
white covering |layer will not have the |ovely
aesthetic white col our but rather be dyed nore or |ess
grey or con 8 tain black spots. If aesthetic
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of view of the apparatus and the technical process
are characterised by the features of the independent
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heatli ng device for heating up
The subjects of the invention which satisfy these objects from the point of
view of the apparatus and the technical process are characterised by the

features of the independent claim in the respective category.

The dependent claims relate to particularly advantageous embodiments of

the invention.

The invention thus relates to a thermal spraying apparatus for coating a
surface of a substrate by means of a coating material. The thermal spray-
ing apparatus includes a spray pistol with a heating device for heating up
the coating material in a heating zone and also a charging apparatus with
a feed through which the coating material can be introduced into the heat-

ing zone. In this arrangement the thermal spraying apparatus is designed



the coating material in a heating zone and also a
chargi ng apparatus with a feed through which the
coating material can be introduced into the heat- ing
zone. In this arrangenent the thermal spraying
apparatus is designed 9 i P such a nanner that a
relati ve position between the feed and the heating
zone can be altered in the operating state. Due to the
fact that the relative position can be altered in the
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sprayi ng apparatus the heating device of the thernmal
sprayi ng apparatus is a plasma burner and/or a
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device for detonation
substrate in a particularly simple and efficient manner, without the spray-
ing procedure having to be interrupted during the change from spraying a
first layer of a layer system to be applied to the spraying of a further layer
using a different spray powder in such a way that a feed for the spray
powder is changed and/or that the substrate for applying a further layer
onto a first sprayed layer has to be installed into another spraying appara-

tus.

In a preferred embodiment of a thermal spraying apparatus the heating
device of the thermal spraying apparatus is a plasma burner and/or a
heating device for flame spraying and/or a heating device for detonation
spraying and/or another thermal heat source. This means that the ther-
mal spraying apparatus in accordance with the invention which is to be
~ explained in the following can essentially be carried out using all known

thermal spraying processes, i.e. the type of heating device and thus the



sprayi ng and/ or another thermal heat source. This
nmeans that the ther- nmal spraying apparatus in
accordance with the invention which is to be

expl ained in the foll ow ng %?n essentially be carried
out using all known t her el Sprayi ng processes, i.e.
the type of heating device and thus the 10 type of
the spraying pistol which a thernmal spraying apparatus
in accor- dance with the invention includes, can be
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accordance with the in- vention can be enpl oye
heatimg dewsaisl ynawt frems th¢ ghier fdr Tépp thevgppadag appatdtys in
any concejvable thermal coating using any_desired ,
accos@ange vy thdher inyentionoonblie ®rogees He ACsprdaneryWibdndae in-
Oor_ sprayin ire.or_.a _spraying .mate- [i in , .
vencin £RPAH Srufiave UnRer s T uliabledos Shillving prpet-
{ IR ' h i i j
cally SRR PRSP SRt il Bhyldsird p@fhving material,
no midtders whetheprapehiyng pbhelet er smlayspg ayira@r appprafitg mate-
_ _desi@gned in such a way in this ar- rangenent that the
rial iepdhffsrent Krige ds eppbednarviah substraleamyght ¢an lhe made of
eat - .i ng, devi ce...This can, for exanple, be realised
any Fﬂl‘ii ﬁéﬁnghf'e“%]p%?rﬂpi stol itself has a position in
relation to the spraying apparatus per se which can
not be altered in the operating state, whereas a
In apeshibodiment titichashamioudhelyi iamporttant Her hedbistriplzonetice
in other words for exanple in relation to the posjition
the thermad sprggnag fARiesadns as geamredpr auchp piast vl thisrabe

altered. Fqr this. purpose,. in a.s ial e di ment
rangBici Sthpt e s is BHRERER t5.5r Sutade T I Hevag e heat-
i & AR A S Nd SexirpPIAAsaPL Aidddy [P HRAL 599 i
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but not necessarily, as will be explained |ater on )
be aliprer in dhegpgrating state, whereas a position of the feed in relation
to the heating zone, in other words for example in relation to the position
to the plasma flame of a plasma spraying pistol can be altered. For this
purpose, in a special embodiment, the feed can, for example, be mounted
on a movable carriage which is displaceable in relation to the heating zone
which 1s, for example, defined by the plasma flame of a plasma spray pis-

tol.

Preferably but not necessarily, as will be explained later on with a special
example, at least a first feed and a second feed are provided, with at least
the first feed, in a special case the first and second feeds, being arranged

to be movable in relation to the heating device. In this arrangement a first
coating material can be feed via the first feed and a second coating mate-

rial can be fed via the second feed. An arrangement such as this allows

the spraying of two or more different layers of a coating system using two



exanple, at least a first feed and a second feed are
provided, with at least the first feed, in a special
case the first and second feeds, being arranged to be
novable in relation to the geati ng device. In this
arrangenent a first coatidg material can be feed via
the first feed and a second coating mate- rial can be
fed via the second feed. An arrangenent such as this
allows the spraying of two or nore different |ayers
. [N ' t dj f :
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the spraying procedure as a whole and w t'hout
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ferent spray powders. Thus with the first feed, a
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a second, different spray powder,” for spray--iIng a
encesgabrechtagiar anoahie sécatd)| differenanpbey potsdedyéadspray-
) into the heating zone via the second feed, wthout
ing af segoryd layeopntht rfirshlaycriaes bedphwdunsdaintpshedreating

wi.th.the fir spray, powder. it is naturally also
zone it dbrvsiond 32t THRBELIGHio & santetufromelad fecond
: i Af heate i f -
spray B AREI, he e P bt P A 98 dffecivifole
that thé Iseeone feetl ishenlgaabived intmnehe Pahgerdihflvancamishedieat-
, be preferred depending on the spraying procedure,
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the feed. This neans that as an alternative to the
spragfigodPRaftueKsEdi ned previously it is, for exanple,
al so possible for two different feeds

In a further special embodiment of a thermal spraying apparatus in ac-
cordance with the invention the heating device is movably arranged in re-
lation to the feed. This means that as an alternative to the embodiment
explained previously it is, for example, also possible for two different feeds
to be present, which are, for example, connected to two different spray
powder stores for the delivery of spray powder, with the position of the two
feeds in relation to the thermal spraying apparatus as such being fixed in
the operating state. In this case the spray pistol is movably arranged in
relation to its position to the two feeds. The spray pistol can be arranged
on a movable carrier for example, so that the spray pistol is arranged in
relation to the first feed for spraying in such a way that a first spray pow-

der can be introduced into the heating zone via the first feed and the spray



to be present, which are, for exanple, connected to
two different spray powder stores for the delivery of
spray powder, with the position of the two feeds in
relation to the thermal spraying apparatus as such
being fixed in the operatildg state. In this case the
spray pistol is novably arranged in relation to its
position to the two feeds. The spray pistol can be
arranged on a novable carrier for exanple, so that
: he ra istol is arrapged in_ relation.to the first
pistol ST FIRCe) B Pt inBal Bh PS g raiB i rRF BTl ayvh that
spraf Pyt 6P (HE SefbhipERTITbE hbRdIRYd Btgidinddfing
zonepwHity g firspfeddh®s nmovahger karateéiinithestigiyeaofaflidiate of
spray powder fromthe second feed can be introduced
the Haating Aenhekt atgapparaiusitle ashidis it 51 ppesibld to gpray two
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possi bl e, in another enbodi nent of a thermal spraying
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In particular, for example, in an apparatus in accordance with the inven-
tion, when a substrate is to be provided with different layers alternately
using a spray pistol for flame spraying or for HVOF spraying and a plasma
spray pistol, a layer can first be applied by means of flame spraying and a
second layer can be applied by means of plasma spraying. Since in the
known apparatuses for flame spraying or for HVOF spraying the powder
feed takes place as a rule axially via the feed and not radially from the
outside, the feeds are, for example, swung out of the range of influence of
the heating zone during the coating step by means of flame spraying, since
the feeds are not required during flame spraying. When the coating step
by means of flame spraying is complete, the spray pistol for flame spraying

is exchanged for a plasma spray pistol and the feed for conducting the



using a spray pistol for flame spraying or for HVOF
spraying and a plasma spray pistol, a |layer can first
be applied by neans of flanme spraying and a second

| ayer can be applied by ne%gs of plasma spraying.
Since in the known apparatttses for flame spraying or
for HVOF spraying the powler feed takes place as a
rule axially via the feed and not radially fromthe
outside, the feeds are, for exanple, swing out of the
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put ieud 0f iddd darngieiosf forrd kubsegueht thetihgapiorgeduzene so
that the feed can be cleaned by the cleaning unit, as
is sufficiently famliar to the person averagely

skilled in the art o that the feed is _agai. t
1t gofs it Gekitie B fif ADe SHanstime ilgutas he foed
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and RORRSHEAUnE!GRce MR heatYalthe L8 oPe Rt Emovably
arrafigsd &% Ay of Aelrideanang rempéctivety jindividvatipvaidarly
arranged by neans of a drive or are respectively
movalplyi aiTamgedyralativatpyna@nabisr. arranged rel ative to

one another. In this arrangenent the relative novenent
of the previously nanmed com ponents of a thernal
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oes not have to be a linear novenent. pen
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on the spraying conditions, the path of the relative
doesmichare te i dcriermvemait. Saperidinghen ithe ¢ircumstances

or the s écli(a:fl E’gc?uirements placed on the spraying conditions, the path of

the relative movement towards one another can also be more complicated
than simply linear. Thus the feed and/or the heating device and/or the
cleaning unit can, for example, be rotatably arranged relative to each
other by means of a drive, which can be of advantage in particular when
during a spraying procedure changes should be made between more than
two different spray powders, and/or when changes should be made be-

tween more than two different types of spray pistol.

In this arrangement the drive for producing the relative movement can be
a pneumatic drive and /or a hydraulic drive and/or a magnetic drive
and/or an electrical drive, in particular a linear motor or a rotary machine

or of any other kind.



than sinply linear. Thus the feed and/or the heating
device and/or the cleaning unit can, for exanple, be
rotatably arranged relative to each other by neans of
a drive, which can be of agvant age in particular when
during a spraying procedur 4changes shoul d be nade
between nore than two different spray powders, and/or
when changes shoul d be nmade be- tween nore than two
different types of spray pistol. In this arrangenent
9 | .
The biEsfion Bt Blp QRS 0 WHELhE) ShR R sERk POe lirried
out iPREAEIIf &her thee maAnsrekiad aplhaeh fild) deédVBed labove, with a
particular a linear nbtor or a rotary machine or of
surfargy obahmebiirate beng Thatddwenint & @oatung herterial dyemenasaf a
thermal spraying process é_o be carried _out in_ one of .
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chargi ng apparatus with a feed, with the coating

ing zomiecby ahele¢atgng meviceoand editlithetiedafiee goisitieon Heeween the
heating_zone and being heated in the heat- ing zone by
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between the feed and the heating device being changed
in the operating state. The invention wll be

The BXRIBIAS HilMbERLBLAREAI b Mokb dchgil REkR Bfe HAS OF @W Afhwing

in the follow ng. There are shown, in schenatic

in thiel follstwiall GherBiage dhsoven) hresochémeprafihugrappar at us
known fromthe prior art; Fig. 1 an enbodi nent of a
thermal apparatus in accordance with the invention

: i.t h I d feed; Fig. 2 a dif
R L e B e
arranged feeds; Fig. 3 a third enbodi nent with
pi vot abl y arranged feeds;

Fig. 1 an embodiment of a thermal apparatus in accordance with the

invention with a movably arranged feed,;

Fig. 2 a different embodiment in accordance with Fig.1 with

rotatably arranged feeds;
Fig. 3 a third embodiment with pivotably arranged feeds;
Fig. 4 an embodiment with a movably arranged spray pistol.

Before a few embodiments of thermal spraying apparatuses in accordance
with the invention are explained further with the help of the drawing, a
typical arrangement of a thermal spraying apparatus 1' known from the
prior art will be explained with reference to Fig. la as briefly as possible
for the sake of clarity. The features known from the prior art are charac-

terised in this arrangement by reference numerals with dashes.



Fig. 4 an enbodinent with a novably arranged spray
pi stol. Before a few enbodi nents of thermal spraying
apparatuses in accordance wth the invention are

expl ai ned further with the | p of the drawing, a
typi cal arrangenent of a thermal spraying apparatus 1'
known fromthe prior art will be explained with

reference to Fig. la as briefly as possible for the
sake of clarity. The features known fromthe prior art
are charac- terised in this arrangenent by reference
nuneral s with dashes. 15 A typical known thernal
A typRiadWrigy AP atdlssprayine bipgesands 11 Iddadest ad illustrated
schematically in Fig. la, essentially a spray pistol
scheshatinallginhBig. d shessentiallyey speay postod >5aﬁwh¢5:fa hplsa rating
bur kes ayail abl e. a pl asma in the

devige, %@W&T%@g&alﬁ%gl% HETIET, W, hl@kgé@alses A¥ag a kg2 Rlasma
lam3BH 5ol & ndBiIPAlSe & & BRI s HIEATLOMd ObISS pis-
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spray powder 4', which can be conducted to the heating

nectedne #'pawdemnsapgplofl Of,hehfcdedoBtginsadatatg trheteciadtd' nfpr ex-
material 4' can be heated.in th heati ng zone

ample, SRTeRP el el i hIFoCR PR NG B thy eﬁﬁ@é‘%ﬁ?lh%ﬁ by
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meal50l e RaHC e BRATAR ESL gL Syl DN HASESE one

heaﬁﬁg abhees PosH tthen &an kRt AESsHed he m@%dl&tr@ﬂéds fo@he forma-
heati ng zone 6' remains unaltered, at |east during a

tion @breplagtee. Svaryicherispe cfoe tloe &natve fthe smsd/ upohys@apywatus 1

the point with t ref erence nuner al The Fig
in th@se‘aaagﬁgeemnlst ﬂ@&@a H@e @&Sifé%%gn@eftWSEﬂttﬁ@ fssdrﬁ and
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procetiuredwhich 1é’|§3ﬁﬁi’tﬁ:§hdad9§jr the I:fblﬁf YiflatHE defdtence numeral 9'.

illustrations of hermal sprayi ng apparatuses in
accordance with the invention and do not represent

The E:hg%s [?’?};4%1%5‘5 hﬁl OQBYV&‘% %@r]ﬁ)%’g‘?ﬁs@m ghpeoqg% of view
of the type of illustration, to a vertical section in accordance with the type
of illustration of Fig. la. However Figs. 1- 4 are naturally illustrations of
thermal spraying apparatuses in accordance with the invention and do

not represent the prior art like Fig. la.

Fig 1. shows, in schematic illustration, a thermal spraying apparatus in
accordance with the invention which will be given the reference numeral 1

in the following.

This embodiment which is particularly important in practice, is particu-
larly suitable, for example, to spray on a coating made of two layers using
two different spray powders 4, 41, 42 onto a surface 2 of a substrate 3 one

after another and one over the other. In the arrangement illustrated in Fig.



accordance with the invention which will be given the
reference nuneral 1 in the following. This enbodi nent
which is particularly inportant in practice, is
particu- larly suitable, for exanple, to spray on a
coating made of two layersléising two different spray
powders 4, 41, 42 onto a surface 2 of a substrate 3
one after another and one over the other. In the
arrangenent illustrated in Fig. 16 1 the substrate 3
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cont ai ner are provided as ay powder supplies

10, 101, 102, which contain two differ- ent spray

powders 4, a first spray powder 41 and a second spray
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so that when the second feed 82 is |located in the

first fegyl 8i 'R a fiest ket Lhg, sorthas theHerss spoay Epvdsr podweer be
oo s SR ek D o o 0081 ELR O
secoB EEN 858kt B chERoRt b330 LIE sccond

lead 0y 86 RBAHIWIge h @RESeBdndHéeaBR & IdiRite8anThePReson RY the
closing of the cut-off valve 131, 132 or can be made

heatpys gohe &, theoprond aprayf poweles42 hande bodfightiintesthe heat-

] 131, 132. Th -of f | 1, .82 i ded
ing 20550 DTEH 138 AOVAEIS [AYer - ol alved Slerdd Brgspec-
‘ G138 AoV 1 ef

tivelf GREGRID i fhe 10503 T2 N 1E958InbEe P Wfder ShEhOfrom the

contdzhdrs 4l sphaeetty) eofrespbadhs ael & Takh edyetther deudtogped
ar- row 9. As shown in Fig. 1, the substrate 3 is
by clesmgof Whercwt-effvadve d3d; 1385 egycan be made possible by open-
ing of one of the cut-off valves 131, 132. The two cut-off valves 81, 82 are
provided together on a movable rail which will be referred to generally in
the following as the powder injector holder 12. The fact that the powder
injector holder 12 is displaceable is shown symbolically by the double ar-
row 9. As shown in Fig. 1, the substrate 3 is coated with a first layer using
the spray powder 41. When the coating procedure, i.e. the coating with the -
spray powder 41 has been completed, the powder injector holder is dis-
placed towards the left-hand side along the double arrow 9 in accordance
with the drawing, by means of a drive not shown in Fig. 1, until the feed
82 1s positioned in such a way that spray powder 42 can be brought into
the melting zone 6 by means of the feed 82. Thus a second layer can then
be sprayed onto the first layer which was sprayed on with the spray pow-
der 41 without fear of a pollution of the second spray powder 42 by the
first spray powder 41.



the spray powder 41. Wen the coating procedure, i.e.
the coating wwth the spray powder 41 has been

conpl eted, the powder injector holder is dis- placed
towards the | eft-hand side along the double arrow 9 in
accordance with the drawi g, by neans of a drive not
shown in Fig. 1, until the feed 82 is positioned in
such a way that spray powder 42 can be brought into
the nelting zone 6 by neans of the feed 82. Thus a
second | ayer can then be sprayed onto the first |ayer
whi ch was sprayed on with the spray pow der 41
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2. In the enbodi nent |IIustrated here three different
f eeds 8, nanel afirst feed a second feed 82 and
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apparatus 1 in accordance Wt anal ogousl y 't
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of Fig. 1. The essen- tial difference is to be found

1 in jyst Hee paste Wast InHerinpElgithg doadmpreodeshregiundtigms with
Xa Ie of the first fed81 anot her

the $AY 56 SRRAIASIST I PEeSy G Bt or ARaTogously to
R S 10 8 ST L PR
tial differsnot i@to be found in the fact that the changing from one feed 8,
for example of the first feed 81, to another feed 82 or 83 takes place by
means of a rotary movement of the powder injector holder 12 about a rota-
tional axis 14, as symbolised by the double arrow 9 and not by means of a
linear movement as in the powder injector holder in accordance with Fig.

1.

A third embodiment with pivotably arranged feeds is illustrated in Fig. 3.
This spraying apparatus 1 is also suitable for coating the substrate 3 with
two different spray powders 41, 42 one after the other. The essential dif-
ference is merely that the changing of the feeds 81, 82 takes place due to
the fact that the feeds 81, 82 can be pivoted, preferably simultaneously,
about respective pivot axes 14, as is shown symbolically by the double ar-
row 9. This means that, for example when a first layer has been sprayed

with a spray powder 41 from the container 101 onto the surface 2 of the



I i near novenent as in the powder injector holder in
accordance with Fig. 1. Athird enbodinment with

pi votably arranged feeds is illustrated in Fig. 3.
This spraying apparatus 1 is also suitable for coating
the substrate 3 with two di&ferent spray powders 41,
42 one after the other. The essential dif- ference is
merely that the changing of the feeds 81, 82 takes

pl ace due to the fact that the feeds 81, 82 can be
ivoted, preferably sjmultaneousl ¥ about respectjve
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about the axis 141 in accordance with the draw ng and
powderdfledd 8re ppenai vl ¢legedbpracisele asdngs piready beemegle-

.ra of - th eating zon . _The val ves 13 which
scribdi date fohéie 5 o SRECSPEgts powder 41, 42 are

opened or closed, precisely as has already been de-

scri bed above for the two other enbodi nents. Finally
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- wth the invention with novably arrangldspray o

inveptisnowittemapblyarrasgehopnay pistods 5, H1, TR, 9s sshesvmalin Fig.
enbodi ment i.s parti.cul arl ui.t abl. en. for exanpl
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matically in Fig. 4 can be a Sulzer Metco F4-MB plasma spray gun for ex-
ample while the spray pistol 52 is a Sulzer Metco Triplex II plasma spray
gun. Layers of considerably higher quality can be sprayed using the latter
for example, so that an optimum surface is achieved while a bond layer is,
for example, sprayed on using the F4-MB plasma spray gun, for which
fewer demands are made as regard its surface, since this is subsequently
covered by the very high quality layer, sprayed with the Triplex spray pis-
tol 52. Whereas the two above-named types of spray pistol 5 are both
plasma spray pistols 5, the two spray pistols 51, 32 could also be two
spray pistols 5 which work according to different principles. Thus for ex-
ample the spray pistol 51 can be a flame spray pistol or a wire Spray pistol
52. It goes without saying that any other combination of typeé of spray
pistols 5 is also possible.
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It is clear that the embodiments which have been explained in more detail
above can also be combined in any suitable manner. This means that
thermal spraying apparatuses 1 are in particular possible in which a plu-
rality of the same or different types of spray pistols 5 can be provided, as
well as one or more different feeds 8, which are movable relative to one
another separately or jointly, so that layer systems can be sprayed which
can be sprayed from different spray powders and/or according to different
spraying processes such as for example, plasma spraying, wire spraying,
HVOF etc.
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argagpraying and/or a heating device for detonation
sprayi ng and/or another thermal heat source. 3. A
thermal spraying apparatus in accordance with claim1l
or claim2, ti wherein the coating material (4) is

2. préesbharmad S@paﬁmg)@m@rat(ws) in accordance with claim 1, wherein

the heating device is a plasma burner and/or a heating device for

flame spraying and/or a heating device for arc spraying and/or a
heating device for detonation spraying and/or another thermal heat

source.

3. A thermal spraying apparatus in accordance with claim 1 or claim 2,
wherein the coating matenial (4) is present as spray powder [(4)

and/or as spraying wire (4).

4. A thermal spraying apparatus in accordance with any one of the
previous claims, wherein the supply (8) is movably arranged relative

to the heating zone (6).

5. A thermal spraying apparatus in accordance with any one of the
previous claims, wherein at least a first supply (81) and a second
supply (82) is provided and at least the first supply (81) is movably

arranged relative to the heating zone (6).



10.

11.

and/or as spraying wire (4). 4. A thermal spraying
apparatus in accordance with any one of the previous
cl aims, wherein the supply (8) is novably arranged
relative to the heating zone (6). 5. A thernal
sprayi ng apparatus in accodance with any one of the
previous clains, wherein at least a first supply (81)
and a second supply (82) is provided and at | east the
first supply (81) is novably arranged relative to the
heating zone (6). 21 6. A thernmal spraying apparatus
i n accordance with any one of the previous clains
croi . oAl teri _ i
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(82). 7. A thermal spraying apparatus in accordance
wivid thayirshesugply 181) pndva sasond @ioatingheradenal (E2) can be
spraying, apparatus is so designed that the heating
z SHPRIE v §§¢®n§. EngEIative to the heating
zone (8, 81, 82). 8. A thermal spraying apparatus in
accordance with any one of the previous clains,
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duction of a first heating zone (61) and a second
heatviogidelains whereimhthespouahgapmdraausas oddésghiedghat
zone (2) .are provided and the spraying apparatus is
déBedrealing zeheHOh ivaoTahly asranged relatwer jor e heating zone
hzgté ggégne (61) is novably arranged relative to the
f eed ?8, 1, 82). 9. A thermal spraying apparatus in
accordance with any one of the previous clains with a
cl eaning unit being provided. 10. A thermal spraying
appahermsal spraviogr appastvistin acmerdaacefwitheanypoee afuthe

cl ai wherein the s I 8, 81, 82 nd/ or. the
hé)gpgf@‘ls c a?ms, wherelilg patyleg—,lst a first e)atg'lg device for the pro-

duction of a first heating zone (61) and a second heating device for
the production of a second heating zone (2) are provided and the
spraying apparatus is designed in such a way that at least the first

heating zone (61) is movably arranged relative to the feed (8, 81, 82).

A thermal spraying apparatus in accordance with any one of the

previous claims with a cleaning unit being provided.

A thermal spraying apparatus in accordance with any one of the
previous claims wherein the supply (8, 81, 82) and/or the heating
zone (6, 61, 62) and/or the cleaning work are linearly movable rela-

tive to each other by means of a drive.

A thermal spraying apparatus in accordance with any one of the
previous claims wherein the supply (8, 81, 82) and/or the heating
zone (6, 61, 62) and/or the cleaning unit are rotably movable rela-

tive to one another by means of a drive.
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zone (6, 61, 62) and/or the cleaning work are linearly
novabl e rela- tive to each other by neans of a drive.
11. A thermal spraying apparatus in accordance with
any one of the previous clains wherein the supply (8,
81, 82) and/or the heating22zone (6, 61, 62) and/or
the cleaning unit are rotably novable rela- tive to
one anot her by means of a drive. 22 12.. A thernal
sprayi ng process wherein a surface (2) of a substrate
(3) is coated with a coating material (4) by neans of
a thermal spraying apparatus (1) including a spray
pistol (5) with a heating device and { further
including a charging device with a feed (8), wherein
the coat ing material (4) is introduced into the
heati ng zone (8) through the feed (8) and is heated
by the heating device in the heating zone (6),
characterised in that a relative position (9) between
the feed (8) and the heating zone (6) is changed in
the operating state. 1.

12. A thermal spraying process wherein a surface (2) of a substrate (3) is
coated with a coating material (4) by means of a thermal spraying
apparatus (1) including a spray pistol (5) with a heating device and
further including a charging device with a feed (8), wherein the coat-
ing material (4) is introduced into the heating zone (8) through the
feed (8) and is heated by the heating device in the heating zone (6),
characterised in that a relative position (9) between the feed (8) and

the heating zone (6) is changed in the operating state.



