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Abstract of the Disclosure

The nozzle 1s provided with a plurality of cooling channels
running from an annular channel located i1n an inlet region of the
nozzle through the nozzle in longitudinal direction up to an out-
let region of the nozzle. The powder supply channels provided for
thebsupply of coating material are led between the cooling chan-
nels. A nozzle support member adapted for receiving the nozzle 1s
provided with cooling ducts that are hydraulically connected to
the cooling channels of the nozzle and constitute therewith a noz-
zle cooling circulation system. The advantages of this design can
be seen in the facts that the nozzle is homogeneously and effi-
ciently cooled up to its outlet end and that the danger of build-

ing-up molten deposits within the nozzle is substantially avoided.
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NOZZLE FOR USE IN A TORCH HEAD OF A PLASMA TORCH APPARATUS

Background of the Invention

The present invention refers to a nozzle for use in a torch

head of a plasma torch apparatus, comprising a nozzle body member

of essentially cylindrical configuration having a central longitu-

dinal axis, an opening running through the nozzle body member, lo-
cated coaxially with the central longitudinal axis, and having an
inlet end and an outlet end, and a plurality of cooling channels
running through the interior of the nozzle body member and ar-
ranged symmetrically around the central longitudinal axis. Moreo-
ver, the present invention refers to a nozzle assembly for use in
a torch head of a plasma torch apparatus, comprising a nozzle as

referred to herein above as well as a nozzle supporting member.

Prioxr Art
Nozzles for use in the torch head of a plasma torch appara-

tus, 1.e. a so-called plasma gun, are known in the prior art in a

wide variety of designs and constructions. Such nozzles, on the
one hand, serve for concentrating the plasma stream in a desired
manner and, on the other hand, take on the task of the anode 1in

the sense that an electric arc required for creating the plasma
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stream 18 generated between the nozzle and a cathode located in a
certaln distance from the nozzle.

The German Patent Publication DE 1639325 discloses a plasma
jet generator i1ncorporating an anode nozzle of the kind referred
to herein. The anode nozzle is provided with bores and, if appro-
priate, with channels for cooling the nozzle. In the region of the
outlet end of the anode nozzle, there is pfovided a channel run-
ning substantially radially into the interior of the nozzle
through which coating powder can be fed to the plasma stream.
There 1s a danger associated with such anode nozzles insofar as
the nozzle heats up in the region of the powder supply channel to
such an extent that the coating powder is molten already in the
interior of the powder supply channel, resulting in undesired
residues or deposits of molten material. These deposits influence
the cross sectional area of the nozzle and, thereby, the plasma
jet, 1n a negative manner. Moreover, from time to time, such de-
posits become loose and are entrained with the plasma jet, with
the result that they are deposited as clottings on the substrate
to be coated.

Another problem arising 1n anode nozzles of the kind referred
to herein may be seen 1n the fact that the nozzle body is insuffi-
ciently or 1nhomogenously cooled. Particularly in the region of
the outlet end of the nozzle body, the anode nozzle known 1in the

art are insufficiently cooled because the cooling channels thereot
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are not led up to the outlet end of the nozzle body. The reason
for such a design 1s, on the one hand, to provide for sufficient
space for the powder supply channel! and for several powder supply
channels, respectively, and, on the other hand, to ensure that the

particular cooling channel can be led back in the interior of the

anode nozzle.

Objects of the Invention

Thus, 1t 1s an object of the i1nvention to provide a nozzle as

well as a nozzle assembly for use in a torch head of a plasma

Il

torch apparatus that has an i1improved an more homogenous cooling of
the nozzle body member. It 1s a further object of the invention to
provide a nozzle as well as a nozzle assembly for use 1in a torch
head of a plasma torch apparatus 1n which the danger of deposit

build-up 1n the interior of the nozzle body is avoided.

Summary of the Invention

In order to meet these and other objects, the present inven-
tion provides, according to a first aspect, a nozzle for use in a
torch head of a plasma torch apparatus, comprising a nozzle body
member of essentially cylindrical configuration having a central
longitudinal axis, an opening running through the nozzle body mem-
ber, located coaxially with the central longitudinal axis, and

having an inlet end and an outlet end, and a plurality of cooling
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channels running through the interior of the nozzle body member
and arranged symmetrically around the central longitudinal axis.

At least two powder supply channels are located in the region
of the outlet end of the central opening. The two powder supply
channels extend 1n essentially radial direction with respect to
the central longitudinal axis and open into the central opening.

Each of the cooling channels extends in axial direction
through the nozzle body member up to the outlet end of the central
opening, and each of the powder supply channels runs through the
nozzle body member from the outside thereof and between two adja-
cent cooling channels to the central opening.

Due to the fact that the cooling channels continue in axial
direction throughout the nozzle body member up to the outlet re-
gion of the nozzle, and further due to the fact that the powder
supply channels run between the cooling channels radially through
the nozzle body member, both a uniform cooling of the nozzle up to
1ts outlet region 1s ensured and an improved cooling of the powder
supply channels 1s achieved.

According to a second aspect, the present invention provides

a nozzle assembly for use 1n a torch head of a plasma torch appa-

ratus, comprising a nozzle including a nozzle body member of es-
sentially cylindrical configuration having a central longitudinal
axls, an opening running through the nozzle body member, located

coaxially with the central longitudinal axis, and having an 1inlet
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end and an outlet end, and a plurality of cooling channels running
through the interior of the nozzle body member and arranged sym-
metrically around the central longitudinal axis.

At least two powder supply channels are located 1n the region
of the outlet end of the central opening. The two powder supply
channels extend in essentially radial direction with respect to
the central longitudinal axis and open into the central opening.

Each of the cooling channels extends 1n axial direction
through the nozzle body member up to the outlet end of the central
opening, and each of the powder supply channels runs through the
nozzle body member from the outside thereof and between two adja-
cent cooling channels to the central opening.

Further, the nozzle assembly comprises a nozzle support mem-
ber having a central opening adapted for receiving the nozzle body
member, whereby the nozzle support member 1s provided with cooling
ducts that are adapted to be hydraulically coupled to the cooling
channels provided in the nozzle body member such as to constitute

a nozzle cooling circulation system.

Brief Description of the Drawings

In the following, an embodiment of the apparatus according to
the invention will be further described, with reference to the ac-

companying drawings, 1n which:
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Fig. 1 shows a ftront elevation of an embodiment of the nozzle

according to the invention;

Fig. 2 shows a cross sectional view of the nozzle of Fig. 1;

Fig. 3 shows a longitudinal sectional view of the nozzle of
Fig. 1, taken along the line A-A in Fig. 2;

Fig. 4 shows a longitudinal sectional view of the nozzle of
Fig. 1, taken along the line B-B in Fig. 2;

Fig. 5 shows a longitudinal sectional view of an embodiment
ot a nozzle support member; and

F1g. 6 shows a longitudinal sectional view of the nozzle sup-

port member of Fig. 5 having a nozzle according to Figs. 1-4 1in-

serted thereiln.

Detalled Description of a Preferred Embodiment

Figs. 1-4 show an embodiment of a nozzle 1 for use 1n the

torch head of a plasma torch apparatus i1in a front elevational
view, 1n a cross sectional view, and in two different longitudinal
sectional views. In the following, the design of that nozzle 1
shall be further explained, with reference to the above mentioned
drawing figures. In view of the fact that the general design and
function of such nozzles are well known to any person skilled in
the art, only those characteristics of the nozzle 1 will be dis-
cussed in detail that are essential 1in connection with the present

invention. Moreover, it 1s assumed that the nozzle 1 shall serve
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as an anode for creating a plasma torch and that the plasma gas
flows through the nozzle 1, as seen i1n Figs. 3 and 4, from the
left side to the right side.

As can be seen from Figs. 1 and 2, the nozzle 1 comprises a
nozzle body member la of essentially cylindrical configuration
that 1is provided with a central opening 2 as well as with a plu-
rality of cooling channels 13, in the present example twelve cool-
ing channels 13 that are arranged around the afore mentioned cen-
tral opening 2. As seen 1in the flow direction of the plasma gas,
mentioned above, the central opening 2 comprises a first conical
portion 3, a first cylindrical portion 4, a second cylindrical
portion 5 and a second conical portion 6. The first conical por-
tion 3 constitutes the inlet region 8 of the nozzle 1, and the
second conical portion 6 constitutes the outlet region of the noz-
zle 1. The nozzle 1 1s provided with two powder supply channels
11, 12 that run radially through the body member la of the nozzle
1 and open i1nto the central opening 2 thereof 1n front of the out-
let region 9, as seen 1in the flow direction of the plasma gas. The
powder supply channels 11, 12 are designed 1n such a way that a
thorough mixing of the coating powder fed into the plasma torch 1s
ensured that 1s as uniform as possible.

The nozzle body member la is preferably made of copper or of
a copper alloy, whereby the interior of the nozzle body member 1la

can be constituted, as is well known in the art, by a tungsten in-
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sert (not shown i1n the drawings) that substantially prolongs the
operating life of the nozzle 1.

At the outside of the nozzle body member la, close to the
above mentioned i1nlet region 8, there is provided a circumferen-
tial rib 15. Adjacent thereto and behind that rib 15, as seen 1in
the flow direction of the plasma gas, an annular channel 16 1is
provided. All the afore mentioned cooling channels 13 are con-
nected to that annular channel 16. Starting from the annular chan-
nel 16, all cooling channels 13 run 1n a direction parallel to a
central longitudinal axis L of the nozzle 1 through the nozzle
body member la. At the end of the outlet region 9, the nozzle body
member la 1s provided wilith an annular rear face 18; all the afore
mentioned cooling channels 13 open into that rear face 18. Moreo-
ver, the rear face 18 of the nozzle body member la 1s provided
with an annular groove 19 surrounding the cooling channels 13,
whereby the i1nner side of the annular groove 19 adjoins to the
cooling channels 13. The powder supply channels 11, 12 are located
opposite to each other, whereby the distance between the cooling
channels 13A and 13B, as well as between the cooling channels 13C
and 13D (see Fig. 2) 1s greater than the distance between the
other adjacent cooling channels 13; thus, the powder supply chan-
nels 11, 12 can extend between the afore mentioned cooling chan-
nels 13 onto the interior of the nozzle body member la, 1.e. 1nto

the central opening 2.
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In Fig. 5, there 1s shown an embodiment of a nozzle support
member 20, provided with a central opening 22 adapted to receive
the nozzle 1. At 1ts outside, the nozzle support member 20 com-
prises a circumferential collar 23 1n which are inserted a plural-
ity of fixing bores (not visible 1n the drawings). The other side
of the nozzle support member 20, opposite to the collar 23, 1is
provided with a collar 25 prétruding into the central opening 22.
That collar 25 comprises a recess 26 having a shape and a dimen-
sion that correspond to the ones of the annular groove 19 of the
nozzle 1 (see Fig. 4). Moreover, the nozzle support member 20 1is
provided with a plurality of cooling ducts 29 running along the
longitudinal extension of the nozzle support member 20 and opening
to the exterior in the region of the left front face 30 of the
nozzle support member 20. Passages 28 provided in the nozzle sup-
port member 20 interconnect the recess 26 and the cooling ducts
29.

Further, the interior of the nozzle support member 20 1s pro-
vided with an annular groove 31 corresponding 1n shape and posi-
tion to the annular channel 16 of the nozzle 1 (see Fig. 3).

Fig. 6 shows a longitudinal sectional view of the nozzle sup-
port member 20 of Fig. 5 having a nozzle 1 according to Figs. 1-4
inserted therein. Upon inserting the nozzle 1 into the nozzle sup-
port member 20, the circumferential rib 15 of the nozzle 1 acts as

a stop member and, thus, defines the position of the nozzle 1 1n
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the nozzle support member 20. It 1s clearly evident from Fig. 6
that the cooling ducts 29 of the nozzle support member 20 are hy-
draulically connected to the cooling channels 13 of the nozzle 1,
with the result that, 1n this way, a cooling circulation system 1s
constituted in which the cooling medium circulating in the system
is forced to flow through the bores, ducts and channels 13, 28 and
29 provided 1in the cooiing circulation system. By providing the
annular groove 19 of the nozzle 1 and the recess 26 of the nozzle
support member 20 communicating therewith, 1t 1s ensured that no
substantial narrowing of the cross sectional area exists 1in the
transition region.

It has to be noted that the cooling circulation system 1s de-
signed in such a way that not only the inlet 35, but also the out-
let 36 open up into the left front face 30 of the nozzle support
member 20. Further, 1t i1s to be noted that the sealing ring mem-
bers required for a proper sealing of the cooling circulation sys-
tem are not shown in the drawings for the sake of clarity. As a
cooling medium, preferably water can be used.

The advantages of a nozzle assembly having a design as de-
scribed above can be summed up as follows:

- Homogenous efficient cooling of the nozzle 1 up to 1ts out-

let end;
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- Additional cooling of the powder supply channels, resulting
in the further advantage that no molten deposits of coating pow-
ders can build up i1n the interior of the nozzle 1;

- Forced circulation of the cooling medium, resulting in the
further advantage that no dead storage of standing water occurs;

- Simple design and easy replacement of the nozzle 1;

- Increased useful service life.
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WHAT IS CLAIMED IG5:

1. A nozzle for use 1n a torch head of a plasma torch appara-
tus, comprising:

a nozzle body means of essentially cylindrical configuration
having a central longitudinal axis;

an opening running through said nozzle body means and being
located coaxilally with said central longitudinal axis, said open-
1ng having an inlet end and an outlet end;

a plurality of cooling channels running through the interior
of said nozzle body means and being arranged symmetrically around
sald central longitudinal axis;

at least two powder supply channels located in the region of
sald outlet end of said central opening, said at least two powder
supply channels extending in essentially radial direction with re-
spect to said central longitudinal axis and opening onto said cen-
tral opening;

each of said cooling channels extending in axial direction
through said nozzle body means up to said outlet end of said cen-
tral opening; and

each of said powder supply channels running through said noz-

”

zle body means from the outside thereof and between two adjacent

cooling channels to said central opening.

2. A nozzle according to claim 1 in which the outside of said

nozzle body means is provided with an annular channel located in

Y —— A .
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the region of said 1nlet end of said central opening, each of said

cooling channels opening into said annular channel.

3. A nozzle according to claim 1 in which said nozzle body
means comprises an annular end face means located in the region of
said outlet end of said central opening, each of said cooling

channels opening into said annular channel.

4. A nozzle according to claim 3 in which said annular end
face means 1s provided with an annular groove communicating with

salid cooling channels.

5. A nozzle according to claim 1 i1n which said cooling chan-

nels extend substantially parallel to said central longitudinal

axils.

6. A nozzle according to claim 1 i1n which said nozzle body
means 1s provided with an insert means made of a high melting ma-

terial, preferably of tungsten or a tungsten alloy.

7. A nozzle according to claim 1 in which said nozzle body

means 18 provided with twelve cooling channels.

8. A nozzle assembly for use in a torch head of a plasma

torch apparatus, comprising:
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a nozzle means including a nozzle body means of essentially
cylindrical configuration having a central longitudinal axis;

an opening running through said nozzle body means and being
located coaxially with said central longitudinal axis, said open-
1ng having an i1nlet end and an outlet end;

a plurality of cooling channels running through the interior
of said nozzle body means and being arranged symmetrically around
sald central longitudinal axis;

at least two powder supply channels located in the region of
sald outlet end of said central opening, sailid at least two powder
supply channels extending in essentially radial direction with re-
spect to said central longitudinal axis and opening onto said cen-
tral opening;

each of said cooling channels extending in axial direction
through said nozzle body means up to said outlet end of said cen-
tral opening;

each of said powder supply channels running through said noz-
zle body means from the outside thereof and between two adjacent
cooling channels to said central opening;

a nozzle support means having a central opening adapted for
recelving sald nozzle body means;

sald nozzle support means beling provided with cooling duct
means that are adapted to be hydraulically coupled to said cooling
channels provided in said nozzle body means such as to constitute

a nozzle cooling circulation system.
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9. A nozzle assembly according to claim 8 in which said noz-
zle support means 1s provided with a collar means protruding into
sald opening adapted to receive said nozzle means, said collar

means being provided with a recess corresponding in shape and di-

mension to an annular groove provided in an annular end face means

of said nozzle body means, whereby said cooling duct means of said

nozzle supporting means communicate with said recess.

10. A nozzle assembly according to claim 9 in which said
cooling duct means of said nozzle supporting means communicate

with said recess via radially running passages provided in said

nozzle support means.

11. A nozzle assembly according to claim 8 in which said
cooling duct means provided in sald nozzle support means are run-
ning up to a front face of said nozzle support means that is lo-

cated 1n the region of said inlet end of said central opening.

12. A nozzle assembly according to claim 8 in which said noz-
zle support means 1s provided with a recess provided 1in the inte-
rior thereof, said recess corresponding 1n shape and position to

sald annular channel provided in said nozzle body means.

13. A nozzle assembly according to claim 12 in which said re-

cess 1s led to a front face of said nozzle support means that 1is

VAR PRI R -



CA 02273382 1999-05-28

24280US.doc

located in the region of said inlet end of said central opening by

means of channels provided i1n said nozzle support means.

14. A nozzle assembly according to claim 8 in which both the
in let and the outlet of said nozzle cooling circulation system
open up to a front face of said nozzle support means that is lo-

cated 1n the region of said end region of said central opening.

Barrigar & Moss

81 Metcalfe Street
7th Floor

Ottawa, Ontario
Canada, K1P 6K7

Agents for the Applicant




CA 02273382

15 / 1a |

30 —

23

16

20
29

NN
Pln!i

. Fig3
12

30

| //M/u

U 28

I
|

A

22

31 —

32
26

- 25

/

7777/
%/ Fig. 5

1999-05-28

'////'7// 7117////4”////////[.’ ..../_ 18
NI

T

p

77— 19

2 N

13
16

Fig.4

B et AIA AN
At
G

I—1s
r,,,/'y/jv;///////

IR
WA )

T ]

m 26

19

2/

5 &0
#'

1%

—
AR

g

]

%

Fig. 6




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - drawings

