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(57) Chalumeau a plasma incorporant une pluralit¢ de
chambres a arcs disposces symetriquement autour d un
axe et possedant chacune une premiere ¢lectrode. Une
¢lectrode commune cooperant avec I'¢lectrode de
chaque chambre de fagon a v former un arc est dotée de
passages convergents venant respectivement de chaque
chambre et convergeant vers un canal de buse commun
s’¢tendant le long de 1’axe. Un canal d’alimentation en
reactif debouche dans le canal de buse commun
coaxialement avec celui-c1 dans la zone de convergence
des passages convergents de facon a imnjecter des reactifs
dans le centre du jet de plasma form¢e dans le canal de
buse dans la direction du mouvement dudit jet a travers
le canal de buse.

l*l Industrie Canada  Industry Canada

(57) A plasma torch imcorporates at plurality of arc
forming chambers arranged symmetrically about an axis
and each contamning a first electrode. A common
electrode cooperates with the electrode in each chamber
to form an arc m each chamber and 1s provided with
converging passages leading one from each chamber and
converging mmto a common nozzle passage extending
along the axis. A reactant feed passage opens into the
common nozzle passage co-axial with the nozzle passage
1n a region of convergence of the converging passages to
1inject reactants into the centre of the plasma jet formed
1n the nozzle passage 1n the direction of movement of the
plasma jet through the nozzle passage.
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ABSTRACT OF THE DISCLOSURE

A plasma torch incorporates at plurality of arc forming chambers
arranged symmetrically about an axis and each containing a first electrode. A

common electrode cooperates with the electrode in each chamber to form an
arc in each chamber and is provided with converging passages leading one from
each chamber and converging into a common nozzle passage extending along
the axis. A reactant feed passage opens into the common nozzle passage co-
axial with the nozzle passage in a region of convergence of the converging
passages to inject reactants into the centre of the plasma jet formed in the
nozzle passage in the direction of movement of the plasma jet through the

nozzle passage.
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PLASMA TORCH
Field of the Invention
The present invention relates to a device for forming a plasma jet.

More particularly the present invention relates to a device for forming a plasma

jet wherein the reactant is fed axially into the plasma jet forming nozzle.

Background of the Present Invention

In traditional plasma spraying a plasma flame is generated using
a torch generally water cooled and having a tungsten cathode and a conical
copper anode. Reactant which may be liquid, gaseous, solid or mixtures thereof,
is entrained into the hot plasma flame by injection radially to the plasma jet.
If the reactant is a powder it is generally carried by and driven into the plasma
jet by a carrier gas.

The reactant is injected radially into the plasma flame either
within the anode channel (nozzle) or a short distance from the nozzle.

With radial injection of powders the heating and dispersion of the
injected reactant is strongly dependent on the trajectory of the reactant into the
plasma flame jet. For powders these trajectories are determined by particle size,
density, injection velocity and morphology and the range of trajectories is
dependent on, among other variables, the size distribution of the powders being
injection.

Axial injection of reactants has been used in thermal spray torches,
see for example the supersonic velocity flame spray torch of Metco Diamond
Jet, however, these spray torches are limited to reactants having low melting
points (generally below about 1600°C) and have not been able to spray higher

melting point materials.

Briefl Description of the Present Invention

It is an object of the present invention to provide an improved
plasma jet torch permitting more uniform heat application particularly to
particulate reactants.

Broadly the present invention relates to a plasma torch comprising

a plurality of arc forming chambers arranged symmetrically about an axis, a first
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arc forming electrode in each said arc forming chamber, a common electrode
cooperating with said first electrode in each said chamber to form an arc in each
chamber, plasma passages through said common electrode, said plasma passages
converging in a region of convergence into a single plasma nozzle passage
extending along said axis and a reactant feed passage opening co-axially into
said plasma nozzle passage at said region of convergence thereby to imject
reactant substantially axially into said plasma nozzle and the direction of travel
of a plasma jet formed in said plasma nozzle passage.

Preferably each said arc forming chamber will be magnetically
shielded from other of said arc forming chambers and preferably each said
chamber will be insulated to retain heat and to prevent arcing from said first arc
forming electrode to an adjacent wall of its chamber i.e. to better ensure arcing
is between each said first electrode and said common electrode in each
chamber,

Preferably the longitudinal axis of each of the chambers will be
substantially parallel to said axis.

Preferably cooling passages will be provided in said torch to cool
said chamber and said passages.

Preferably said first electrode will be moveable relative to said
common electrode to adjust the arcing distance (arc length) and more preferably
each first electrode will be individually adjustable relative to said common
electrode.

Means will also preferably be provided to adjust the electrical
power applied to the electrodes and will preferably include means to individually

adjust the power to each said first electrode.

Brief Description of the Drawings
Further features, objects and advantages will be evident from the
following detailed description of the preferred embodiments of the present
invention taken in conjunction with the accompanying drawings in which;
Figure 1 is a partial section through a torch schematically
illustrating one of the arc forming chambers.

Figure 2 is a section along the line 2-2 ot Figure 1.
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Figure 3 is a section along the line 3-3 of Figure 1.
Figure 4 is a schematic illustration of the adjustment of the first
electrode (cathodes) to the body of the torch.

Figure S is a schematic illustration of a control system that may

be used with the present invention.

Description of the Preferred Embodiments

As shown schematically in Figure 1 the plasma torch 10 has a
main body portion 12 formed at least in part by thermal and electrical insulating
matetials and which includes a plurality of different discrete elements connected
together preferably by threaded engagements and incorporating a plurality of
cooling passages for circulation of coolant (the precise arrangement of the
cooling passages, etc does not form part of this invention and can vary
significantly and thus while some have been indicated the precise details of the
cooling passages has not been described in detail).

The main elements of the present invention are the arc forming
chambers 14 which are symmetrically positioned around the longitudinal axis 16
of the torch 10. There will be a plurality of chambers 14 in any torch,
preferably three (3), however more chambers may be provided if desired.

Each of the chambers 14 are substantially the same thus only one
will be described.

Each of the chambers 14 is provided with a central electrode 18
exiting along the longitudinal axis of the chamber and preferably will combine
with the walls of the chamber to define an annular portion of the plasma gas
passage 20 connected to the plasma feed inlet 21. The annual portion of the
passage 20 surrounding the electrode 18 may be formed as a helical passage so
that the plasma gas downstream of the electrode 18 will have a tangential
component of velocity and will tend to form a vortex flowing helically along the
wall of the chamber 14.

The inner periphery of the chamber 14 is formed by a ceramic
insulating liner sleeve 22 to retain heat in the chamber 14 and prevent arcing
between the wall of the chamber 14 and the electrode 18. The insulating sleeve

22 is preferably shrunk fit within a cylindrical sleeve 24 which defines the outer
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surface of the chamber 14, Preferably the outer sleeve 24 will be made of a
material that provides a magnetic shield as such a shield will aid in stabilizing
the arc struck in each chamber 14.

Each of the arc forming chambers 14 is contained within its
respective substantially cylindrical cavity 26 in the body 12 and spaced relative
to the walls of the cavity 26 to provide a circumferentially extending annular
channel 28 for coolant (cooling water) circulation to cool each of the chambers
14.

The outer surface of the torch 10 surrounding the chambers 14 1s
formed by a sleeve 30 that helps to connect the various elements of the body 12
of the torch together.

The outlet end of each of the chambers 14 is formed by a common
electrode 32 which preferably is a copper anode. This electrode 32 is provided

with a separate cavity 34 forming the axial end of each of the chambers 14.

'Each of the cavities 34 is axially aligned with the axis of its respective chamber

14 and has a cross sectional area corresponding to the area of the chamber 14,
i.e. the cross sectional area of the passage 20 defined by the inner surface of the
sleeve 22. A plasma passage 36 leads from each of the cavities 34 preferably at
the longitudinal axis of the cavity 34 and converges toward the axis 16 of the
torch and intersects with the passages from the other chambers 14 of the
plurality of chambers at a region of convergence generally indicated at 38 into
a single plasma nozzle passage 40 extending along the axis 16.

The cooling water passages 28 surrounding each of the chambers
14 open into an annular area 42 surrounding the nozzle 40 and the anode 32.

An axial reactant passage 44 is provided through the torch 10 for
injection of reactant feed material which may be in the form of a hquid, gas,
particulate or solid eg. a wire) into the nozzle 40 and the plasma jet formed
therein. This passage 44 opens substantially axially into the passage 40 in the
region of convergence (point of intersection) 38 between the plasma passages
36 into the plasma nozzle passage 40 whereby the reactant material 1s
introduced into the plasma jet substantially along the axis of the plasma jet and
in the direction of flow of the plasma jet through the nozzle 40.

The cooling water or other cooling fluid passing through the

,,,,,
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passages 28 surrounding each of the chambers 14 feeds into the areas 42 and 46
to cool the electrode 32 and the outside of the nozzle 40 and is continuously
circulated though the torch in known manner.

As shown in Figure 4 it is preferred to be able to axially adjust
simultaneously all of the electrodes 18 within their respective chambers 14. This
can be done as schematically illustrated in Figure 4 by a suitable drive
mechanism 48 operating on the post 50 connected to the yoke 52 in which each
of the electrodes 18 is clamped. The drive 48 may be antomatically controlled
by signals received via the line 54 to move the three electrodes 18 as indicated
by the arrow 56.

Each of the electrodes 18 are mounted to be moved relative the
yoke 52. Each is clamped to its respective sleeve 58 the position of which may
be axially adjusted relative to the yoke 52 by a suitable drive schematically
illustrated at 60. These drives 60 (one for each of the electrodes 18) are
controlled by signals transmitted to the drive via line 62 to move its respective
electrode 18 as indicated by the arrow 64,

As illustrated in Figure 5, a controller 66 may be used to control
the operation of the system.

The controller 66 has a power input 68, a main control 70 to
control the total power to the electrodes 18 and 32 and individual control 72A,
72B and 72C each controlling the power to one of the electrodes 18. If desired
a slight difference in power consumption in each of the electrodes may be
provided or the power may be balanced to be equal and used accommodate
slight differences in the operations of the individual chambers 14.

In operation, at start-up the electrodes 18 are moved relatively
close to the electrode 32 and power is applied while the plasma gas is
introduced by a passage 21 to pass through the plasma gas passages 20 and an
arc is struck between each cathode 18 which preferably is a tungsten cathode
and the common anode 32 which preferably is a copper anode in each of the
chambers 14. The cathodes 18 are then moved axially away from the anode 32
to establish the desired length of electric arc as indicated at 74 in Figure 1 and
form the desired plasma exiting through passages 36 into the main passage or

jet nozzle 40 to form a plasma jet. Reactant is fed via the passage 44 into the
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jet 40 to permit the jet to act on the reactant feed. Generally the plasma torch
of the present invention will probably be useable, for example, for plasma
spraying, powder synthesis, powder spheriodation, rapid solidification, etc.

It will be apparent that optimum operating parameters for
achieving quality coatings or powders will be empirically determined in the
conventional manner for the specific reactant composition being used.

While only 3 chambers 14 have been illustrated, it will be apparent
that more chambers may be used as desired. However, they should be
concentric with the axis 16 and converge uniform into a single nozzle passage
40 co-axial with the inlet from the reactant feed passage 44. If two chambers
14 only are used to form a torch it may be desirable to specifically shape the
cross sections of the plasma passages 36 to facilitate convergence. For example
the cross section of the passages 36 may be substantially D-shaped and arranged
with the straight portions of the D-shapes in substantially parallel facing
relationship or C-shaped and arranged with the ends of the C-shapes in opposed
facing relationship.

In the above description all of the chambers 14 of the torch are
symmetrically arranged about the axis 16 and have their longitudinal axes
substantially parallel to the axis 16. It will be apparent that, if desired, the
longitudinal axes of the chambers 14 may be oriented at an acute angle to the
axis 16 and approach each other more closely at the electrode 34 eg. with their
axes spaced about an imaginary cone formed about the axis 16 and intersecting
with the axis 16 downstream from the region 33.

Having described the invention, modifications will be evident to
those skilled in the art without department from the spirit of the invention as

defined in the appended claims.
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Claims
1. A plasma torch (10) comprising a plurality of arc forming chambers (14)
arranged symmetrically about an axis (16), a first arc forming electrode (18) in
each said arc forming chamber (14), a common electrode (32) cooperating with
S each of said first electrodes (18) in said chambers (14) to form an arc in each
of said chambers (14), a plasma passage (36) through said common electrode
(32) opening into each of said chambers (14), each of said plasma passages (36)
leading from its respective of said chamber (14) and converging toward each
other in a region of convergence (38) into a single plasma nozzle passage (40)
10 extending along said axis (16) and a reactant feed passage (44) opening axially
into an end of said nozzle passage (40) in said region of convergence (38)
thereby to inject reactant substantially axially into said plasma nozzle passage
(40) and in the direction of travel of a plasma jet formed in said plasma nozzle
passage (40) by plasma passing from chambers (14) through said plasma
15 passages (36) into said plasma nozzle passage (40).
2. A torch as defined in claim 1 further comprising magnetic
shielding means (24) encircling each said arc forming chamber (14).
3. A torch as defined in claim 1 further comprising electrical insulating
means (22) for each said chamber (14) tending to prevent arcing from said first
20 arc forming electrode (18) to an adjacent wall of its respective said chamber.
4, A torch as defined in claim 1 wherein each of said chambers (14)
has its longitudinal axis substantially parallel to said axis (16).
d. A torch as defined in claim 2 wherein each of said chambers (14)
has its longitudinal axis substantially parallel to said axis (16).
25 6. A torch as defined in claim 3 wherein each ot said chambers (14)
has its longitudinal axis substantially parallel to said axis (16).
7. A torch as defined in claim 3 further comprising cooling passages
(28) in said torch to cool said chambers (14) and said passages (36).
8. A torch as defined in claim 7 further comprising means to
30  simultaneously move (56) all of said first arc forming electrodes (18) relative to
said common electrode (32).
9. A torch as defined in claim 8 further comprising means to

individually adjust (64) each said first arc forming electrode (18) relative to said
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common electrode (32).

10. A torch as defined in claim 9 further comprising means to

individually adjust (72A, 72B, 72C) the electrical power to each said first arc
forming electrode (18).

5 11. A torch as defined in claim 1 wherein said plurality is three.
12. A torch as defined in claim 2 wherein said plurality is three.

13. A torch as defined in claim 3 wherein said plurality is three.

14. A torch as defined in claim 4 wherein said plurality is three.

13. A torch as defined in claim 5 wherein said plurality is three.

10 16. A torch as defined in claim 6 wherein said plurality is three.
17. A torch as defined in claim 7 wherein said plurality is three.

18. A torch as defined in claim 8 wherein said plurality is three.

19. A torch as defined in claim 9 wherein said plurality is three.

20. A torch as defined in claim 10 wherein said plurality is three.
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