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41 AN ASSEIVBLY FOR CONTROLLI NG THE GAS FLOWIN A PLASMA SPRAYI M) §P%,§F us
the present invention refers to an assenbly for controlling the gas W in
a plasma spraying apparatus that conprises a treatnment chanber and a plasnma
spraying device located in the interior of the treatnent chanber. For

pl asma coating of substrates, in nost cages a pl asma spraying apparatus is
used that conprises a treatnent chanber i'n the interior of which an

at nosphere is cre- ated that is nost suitable for a particular coating
operation. Thereby, a plasma jet is generat ed by neans of a plasmatron. In
that plasma jet, the coatin Ig@matter led to the surface of a

a e
substrate is nolten. ﬁFNet\spﬁ Bh-Yj %@R&QNFMWC\%W? GAIFLAW | ocity, up to
the ultrasonic region. ﬁrpLAthAhngNYqN@AppF\mg reat nent chanber, a

gas flowis created durlng the operation of the plasmatron, particularly
caused by the plasm jet. Such a gas flow can have a negative influence on
the purity of the surface of the substrate as well as on the quality of the
coating applied to the surface of the sub- strate. The negative effect of
Zuch a gas fleWHenptel?.enii mventicr reférst tee ahr assenmbly f@he@f‘ﬁMI:jrigStH&ggsHﬁqslm_ I?
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the surfaces of the substrates is substantia P/ roved
NOV9 plasma jet. Such a gas flow can have a negative influence on the purity of the surface of

the substrate as well as on the quality of the coating applied to the surface of the sub-
strate.

The negative effect of such a gas flow in the interior of the treatment chamber is
that loose deposits as dust, coating powder, spraying material residues and the li'ke are
whirled off the walls of the treatment chamber. Thereby, these deposits can reach the
surface of thé substrate to be coated and contaminate it. Moreover, whirled deposits
can displace into the plasma jet and are entrained therewith. In the interior of the
plasma jet, those impurities are heated and partially molten such that they are, together
with the real coating material, applied to the surface of the substrate. It is understood,
one the one hand, that a contamination of the surface of a substrate has a negative ef-
fect on the adhesion of the coating to be applied, and, on the other hand, that those im-
purities molten in the plasma jet influence the quality of the coating applied to the sur-
face of the substrate to the worse.

It is therefore an object of the invention to provide a plasma spraying assembly
for treating the surfaces of substrates by means of which the adhesion and the quality of
the coating applied to the surfaces of the substrates is substantially improved.

0905453 - 8

03 NOv 1999



-2 To neet these and other objects, the present invention provides a

pl asnma sprayl ng assenbly for treating the surfaces of substrates,
conprising a treatnent_chanber, a vacuum punp operatively connected to the
treat ment chanber and adapt ed to create a subatnospheric pressure in the
interior of the treatnment chanber, and a_plasma spraying device nounted in
the interior of the treatment chanber. Fart her, there is provided an
assenbly for controlling the gas flowin the interior of the treatnent
chanber, conprising a deflecting device |ocated at |east partially in the
interior of the treatnent chanber. The deflecting device includes a
plurality of ddbl &eet ﬁ@e%i a@ngnetbet rmiiedds.ethed Rprsent trveantior rarevides a tplasmas
flowin t r e t RN I ed e | :
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shaft. Th@lé&ﬁa SprRiyRgRIdvideSmuirted deﬂhevihtehof of thi tivatrhést dﬁiéﬁ‘ib%i’s and a
passage for % s exchange between the treatnment chanber the col |l ecting
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followi ng, an e nt o ass qr%a according to the invention will be

further ddsteribbeflithe ieatmenifchambes The deftectiog dﬁp@ﬁwqugm@ww%y of ¢|eﬂﬂ¢itleg
Fig. 1 sh i Y g
the assenigmenP Ge AR aried 1 helirer? Pk BaS AL e TRRRECLY End REHAGATE
2 shows art:hamhmdl ment of a treatment chanber in a perspective, partially
transparent view_  Fig. sho a _cr.oss sectiqnal view t he freat nent
chanber. Fi g I 2iRfbred A e St P sankiafite e o%8 AT RLHE hee-
chanber; Friog.of $he fredenent ichambief WMohideta @shédtingadhat! locaad nekt tdthearastiidny
for controlli ng the gas flow and Fi 6 shows a cross sectional, view of

t he treat rROAMbERARE cPMEynicaiing dher tt?q whereby a basic element is located in the tran-
sition area between the treatment chamber and the collecting shaft. The basic element

is provided with first baffle members and a passage for a gas exchange between the
treatment chamber and the collecting shaft. A deflection element having essentially
conical shape towers at least partially into the passage provided in the basic element.

In the following, an embodiment of the assembly according to the invention will
be further described, with reference to the accompanying drawings, in which:

Fig. 1 shows a diagrammatic view of a plasma spraying apparatus including the
assembly for controlling the gas flow according to the invention;

Fig. 2 shows an embodiment of a treatment chamber in a perspective, partially
transparent view;

Fig. 3 shows a cross sectional view of the treatment chamber;

Fig. 4 shows a longitudinal sectional view of the treatment chamber;

Fig. 5 shows a top view of an essential element of the assembly for controlling
the gas flow; and

Fig. 6 shows a cross sectional view of the treatment chamber schematically illus-
trating the plasma coating jet.

First, the general design of a plasma spraying apparatus including the assembly

for controlling the gas flow according to the present invention will be further described



trating the plasma coating jet. First, the general design of a plasnma
sprayi ng apparatus including the assenbly for controlling the gas fl ow
according to the present invention will be further described - 3- with
reference to Fig. 1. Since the basic principles of plasma spraying
apparatuses conprising a treatnment chanber and a plasma sprayi ng device
nmounted in the interior thereof are welYkKhown to any person skilled in the
art, only the elenments and charac- teristics will be discussed in detai

that are essential for the present invention. The plasma spraying apparatus
conprises a treatnment chanber 1 and a plasnma spraying device 2 adapted to
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both conduits 16 and 17, in each case a filte and 18, respectively, for
renovi ng fariges geflestinigeglementsnioebe describeduin m@fe detall herein after. The basic ele-

ment 7 is designed such that it provides for a passage 4 between the treatment cham-
ber 1 and the collecting shaft 6. In the interior of the collecting shaft 6, a deflection ele-
-ment 8 is located that has essentially conical shape, whereby the tip of the cone towers
into the passage 4 of the basic element 7.

The collecting shaft 6 is connected to the filter member 10 for removing coarse
particles by means of a first conduit 15. A second conduit 16 leads from the outlet 11 of
the filter member 10 for removing coarse particles to the suction side of the circulation
blower, and a third conduit 17 leads from the outlet 11 of the filter member 10 for re-
moving coarse particles to the vacuum pump 12. In both conduits 16 and 17, in each
case a filter 14 and 18, respectively, for removing fine particles is inserted. A further
conduit 16a connects the delivery side of the circulation pump 13 to the treatment
chamber 1, whereby the further conduit 16a opens into the interior of the treatment
chamber 1 at its top side. By means of the circulation pump 13, gases can be sucked off
the treatment chamber 1 via the collecting shaft 6; these gases first are freed from
coarse particles in the filter member 10 and then from fine particles in the filter member



conduit 16a connects the delivery side of the circulation punp 13 to the
treat ment chanber 1, whereby the further conduit 16a opens into the
interior of the treatnent chanber 1 at its top side. By neans of the
circulation punp 13, gases can be sucked off the treatnent chanber 1 via
the collecting shaft 6; these gases first are freed fromcoarse particles
in the filter nmenber 10 and then fron1frﬁé‘particles in the filter nmenber
- 4- 14. The cl eaned gases can be | ed back to the treatnment chanber 1 via
the further con- duit 16a. The vacuum punp 12 serves for creating a

subat nospheric pressure in the inte- rior of the treatment chanber 1 as
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baf f | é memtided with of plvesdityt of autlet apertures. The blowing tube member 24 is located at the
top of the movable mechanism 3. As a gas for blowing away the deposits mentioned
earlier, preferably nitrogen or argon is used.

Fig. 2 shows in a perspective and partially transparent view the general design of
the treatment chamber together with the plasma spraying device 2 and the basic ele-
ment 7 located in the collecting shaft 6. The basic element 7 is part of a deflecting de-
vice, generally designated by reference numeral 5. Moreover, the deflecting device 5
comprises additional deflecting means interfering with the flow of the gases; that addi-
tional deflecting means can be realized in the form of baffle members 27 fixed to the in-
ner side walls of the treatment chamber 1. In order to enable the treatment chamber 1
to be sealingly closed, a rotatably supported door is provided that is, however, not
shown in the drawings for the sake of a clear illustration.

The main purpose of the basic element 7 is to pick up excess coating material
that passes the substrate during the coating operation. Moreover, the basic element 7
prevents collected particles from moving back into the treatment chamber 1. Further-
more, the basic element 7, together with the deflection element 8 and the baffle mem-
bers 27, has the effect that the flow of gases caused by the coating jet of the plasma
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ner side walls of the treatment chamber 1. In order to enable the treatnent
chanmber 1 to be sealingly closed, a rotatably supported.door is provided
that is, however, not shown in t he drawi ngs for t.he sake of a clear
illustration. The main purpose of the basic elenent 7 is to pick up excess
coating material that passes the substrate during the coating operation.
Moreover, the basic elenent 7 prevents cbllected particles from noving back
into the treatnment chanber 1. Further- nore, the basic elenent 7, together
with the deflection elenment 8 and the baffle mem bers 27, has the effect
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the central deflection elenent 8, there is an open passage 4 through
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I nterruptigg Thus, at the back side of those baffle members 31, damming chambers 32 are
formed. Moreover, a sheet metal member 29 ié attached to the outside of the dish
member 30 that towers into a free space between the inner side of the treatment cham-
ber 1 and the outer side of the dish member 30, once the (not shown) door of the treat-
ment chamber 1 is closed. Again, that sheet metal member 29 serves for interrupting
and soothing the gas flow. The baffle members 27, provided at the inner wall of the
treatment chamber 1 and located above the basic element 7, form damming chambers
as well at their back sides.

Fig. 5 shows a top view of the basic element 7. This illustration clearly shows the
essentially oval shape of the basic element 7 as well as the course of the baffle mem-
bers 31. The recess at the back side of the basic member 7 improves the freedom of
motion of the mechanism 3 located in the interior of the treatment chamber 1.

Fig. 6 shows the treatment chamber 1 in a cross sectional view again, whereby a
plasma coating jet 34 generated by the plasma spraying device 2 is illustrated. in the
present example, the plasma coating jet is directed downwards towards the basic ele-
ment 7. Thereby, as can be seen in Fig. 6, the plasma coating jet 34 is deflected and



and soothing the gas flow The baffle nenbers 27, provided at the inner
wal | of the treatnent chanber 1 and | ocated above the basic elenment 7, form
damm ng chanbers as well at their back sides. Fig. 5 shows a top view of
the basic element 7. This illustration clearly shows the essentially oval
shape of the basic elenent 7 as well as the course of the baffle mem bers
31. The recess at the back side of the b8sic nmember 7 | nproves the freedom
of nmotion of the mechanism 3 located in the interior of the treatnent
chanber 1. Fig. 6 shows the treatnment chanmber 1 in a cross sectional view
agai n, whereby a plasnma coating jet 34 generated by the plasma spraying
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chanber 1. Coarser "particles are renoved fromthe gas by nmeans of the
filter Together with the sucked-off gases, also the excess coating particles as well as other

particles whirled and entrained by the gas flow are removed from the interior of the
treatment chamber 1. Coarser particles are removed from the gas by means of the filter
10, and finer particles are removed from the gas by means of the filter 18. After the
coating operation has come to an end, the pressure in the interior of the treatment
chamber 1 is increased to a value equaling atmospheric pressure such that the (not
shown) door can be opened and the coated substrate can be removed from the interior
of the treatment chamber 1.

It is understood that the treatment chamber 1 for the coating of substrates can be
admitted with a non-reactive, preferably an inert gas.

In order to enable the interior of the treatment chamber 1 to be freed from depos-
its, the pneumatic cleaning device 23 is provided. At a time when no coating operation
is in progress, loose deposits in the interior of the treatment chamber 1 can be blown
away and transported into the collecting shaft 6 by means of the pneumatic cleaning
device 23. Preferably, the operation of the cleaning device is supported by the circula-
tion blower 13 in a way such that the gases in the interior of the treatment chamber 1

are continuously circulated through the conduit 15, the filter 10, the conduit 16, the filter



10, and finer particles are renoved fromthe gas by nmeans of the filter 18.
After the coating operation has cone to an end, the pressure in the
interior of the treatnment chanber 1 is increased to a val ue equaling

at nospheric pressure such that the (not shown) door can be opened and the
coated substrate can be renoved fron1theﬂjnterior of the treatnent chanber
1. It is understood that the treatnent cHanber 1 for the coating of
substrates can be admtted with a non-reactive, preferably an inert gas. In
order to enable the interior of the treatnent chanber 1 to be freed from
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coating opét and de randuit Hhabackds the deatmentychanmberitn Tbﬁeehyncmnserpanﬁcleélen-

Lreat mon! FHABSY o GRR o, BIOMMANDNANG HEATSRAGRR MHAeh NeaRlesrs)

shaft 6 by neans o e pneumati c eani hg devl ce
oper at i on gds flowe ace mmveg idéhe filteri1<. Thppdrdutationy's trizdntained wintt thiei r@ﬂunbé@ﬁ@-r

13 in awa t ases in the interior of the treatnent chanber 1
are conti nﬁt&?iﬁ% é%i]s?ec?d% aé% a‘nrough the conduit 15, the filter 10, the
condui t 16 t hEB;i iielans of the MecAzhiond, ithe b@ﬂdg“ttﬁbelﬁénib%@ o4t @l bE shivedd RNt

chamber % nﬁﬁl coars articles en- trained the gas flow are
r enoved | rections yithfhe resiit that thecg%ﬂ%tcaaméure@gﬁdmes%@@eﬁ arRaseefe

remved i ihRatinbhtthatber T8 opfintha'ddihiicog@bidrai ned until the requi red
pu- rity of the gases is reached means O e nechani sm 3, the bl ow ng

t ube menber 24 Toastmeapsitiivéa be notedithet thedeflatting devieas NeNhntSHeosesattk:letshat
Egeogﬁs 1 awggan ddeddt PR i, ' Bafifl) 7641806 AL ﬁaﬁhefnkhhﬁ " S 3RAEn
def | ect i ndraleed be tite ﬂﬂwmégasgemmatedpmd iocmesopésamnsdf thepladara gaayingldesice
Frow of gar GHEREbAT e Eotlodcomralivhoris Bfed entilie af H9RnRpFel Be 2,
parti cul ardoflecting steaft e@ndmtremgv@d)ﬁbm iHeNgasSiew byansanglerpe mt@r@ﬂ@ 191284
renoved fromthe gas flow by neans of

back in t ﬁﬁim |%tl ng § t 6 and/ or
the filter®-1%Ordel tggha ‘PHGBM%’F GhgMbiraH @ henead BamrRavsInbnEAMAINIng 4& be
freed frorpdess Sth@'pheﬁﬁﬁﬁb Bieﬁﬁlng%ev%%é B prBﬂSedPB?Hﬁ@éds%foﬁ&P&@&éﬁ@‘@nctﬁeB
is provided by nmeans of eposits on
walls of the treatment chamber 1 can be blown away and transported into the collecting
shaft 6.
By means of the assembly described herein before, not only deposits are pre-
vented from being whirled during the coating operation, but for example also in the case
if a substrate is cleaned by means of the plasma spraying device 2 or if it is idling. Dur-
ing that cleaning operation, known to the person skilled in the art as “sputtering”, an

electric arc is created between the plasmatron and the substrate.
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8- PATENT CLAIMS 1. A plasma spraying assenbly for t ' ces of
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(12) oper dPAVENY GloAlMSt ed to said treatnent chanber means " apt ed
to create a subatnospheric pressure in the interior of said treatnent
chanber neans (1), and a plasma spraying means (2) nmounted in the interior
of said treat nmeiniA plasrbeprayirgesseinbly fontreating thezaufaces bhadibstiates) lcamiprising
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exchange between said treatnent chanber nmeans (1) and said collecting shaft

means (6). 4. An assenbly according to claim2, characterized in that said
defl ecting means aon assembly according to claim 1, characterized in that said assembly for

controlling the gas flow further comprises a collecting shaft means (6) located adjacent
to and communicating with said treatment chamber means (1).

3. An assembly according to claim 2, characterized in that said deflecting means
(5) comprises a basic element means (7) located in the transition area between said
treatment chamber means (1) and said collecting shaft means (6), said basic element
means (7) being provided with first baffle means (31) and at least one passage means
(4) for a gas exchange between said treatment chamber means (1) and said collecting

shaft means (6).

4. An assembly according to claim 2, characterized in that said deflecting means
(5) further comprises a deflection element means (8) having essentially conical shape
and towering at least partially into said passage means (4) provided in said basic ele-

ment means (7).

5. An assembly according to claim 2, characterized in that said collecting shaft

means (6) is located vertically below said treatment chamber means (1).



(5) further conprises a deflection elenment neans (8) having essentially
¢oni cal shape and toweri ng at least partially into said passage neans (4)
provided in said basic ele- nent neans (7). 5. An assenbly according to
claim2, characterized in that said collecting shaft neans (6) is |ocated
vertically bel ow said treatnment chanber geans (1). -9- 6. An assenbly
according to claims 2 and 3, characteriZ&d in that the top side of said
basi c el enent neans (7) towers above said collecti ng nto
said treatnent chanber neans (1). 7. An assenbly acc m‘ m,ﬂﬁ\m
characterized in that said basic el enent neans (7) conpricses a di sh
menber neans (30 tapered towards said collecting shaft neans (6), the inner
wal | s of said Lenhadiv 55 V, I . Of
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accordi ng alm7, cha cst ized in that said dish nenber neans (30) has
an essentially oval shape. 9. An asserrbly according to clains 1 and 2,
characterized in that said assenbl ntroII| t he S flowfurther
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sai d condu:f'?(?ésflrtlseilasr?gd ?’fgg}gfﬁéﬁegn%%ﬁﬁ%%ﬁeé 50 said collecting shaft neans (6)
and the other end thereof being connected to said suction side of said

circulation bl %WeAn gsesaer}nbl§/ 1a?é)cbrding to claim 7, characterized in that said dish member

means (30) has an essentially oval shape.

9. An assembly according to claims 1 and 2, characterized in that said assembly
for controlling the gas flow further comprises a circulation blower means (13), whereby
said collecting shaft means (6) is operatively connected to the suction side of said cir-

culation blower means (13).

10. An assembly according to claim 1 and 2, characterized in that said collecting

shaft means (6) is operatively connected to said vacuum pump means (12).

11. An assembly according to claim 9, characterized in that said assembly for
controlling the gas flow further comprises a conduit means (15, 16) and at least one fil-
ter means (10, 14) operatively inserted into said conduit means (15, 16), one end of
said conduit means (15) being connected to said collecting shaft means (6) and the
other end thereof being connected to said suction side of said circulation blower means
(13).



-10- 12. An assenbly according to claim1, characterized in that said

defl ecting neans further conprises second baffle nenber neans (27) |ocated
in the interior of said treatnment chanber neans (1). 13. An assenbly
according to claiml1 and 3, characterized in that sagptasta-spraying

means (2) is located vertically above said basic ele
assenbly according to claim1l and 3, chadQcterized i '&ﬂﬁgmmlﬂﬂﬂgt
spraying nmeans (2) is fixed to a novabl e support rrea enbly
according to clainms 1 and 2, characterized in that ‘it further conprises a

pneumati cal ly operated cl eaning neans (23) adapted to create a gas flowin
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conprises a blow ng tube neans (24) provided with a plurality of outlet
apertures. 17. An assenbly according to clainms 14 and 16, characterized in

that said bl ow13.Nth byQEnBIPBEoldiY td SlalfPUNARSH 30BhSACREEY AP kitat S4RP Bldsma
means (3).
spraying means (2) is located vertically above said basic element means (7).

14. An assembly according to claim 1 and 3, characterized in that said plasma

spraying means (2) is fixed to a movable support means (3).

16. An assembly according to claims 1 and 2, characterized in that it further
comprises a pneumatically operated cleaning means (23) adapted to create a gas flow
in the interior of said treatment chamber means (1), such that deposits in.the interior of
said treatment chamber means (1) are transported into said collecting shaft means (6).

16. An assembly according to claim 15, characterized in that said pneumatically
operated cleaning means (23) comprises a blowing tube means (24) provided with a

plurality of outlet apertures.

17. An assembly according to claims 14 and 16, characterized in that said blow-

ing tube means (24) is mounted on said movable support means (3).



