4

PCT

WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 5 :
B23K 9/04, 10/02 Al

(11) International Publication Number:

(43) International Publication Date:

WO 93/19882
14 October 1993 (14.10.93)

PCT/F193/00109
22 March 1993 (22.03.93)

(21) International Application Number:
(22) International Filing Date:

(30) Priority data:

U 920268 31 March 1992 (31.03.92) FI

(71) Applicant (for all designated States except US): ROTA-
WELD OY [FI/FI]; Lepsimintie 9, SF-01800 Klaukkala
(FI).

(72) Inventors ; and

(75) Inventors/Applicants (for US only) : AHOLA, Tom [FI/FIJ;
AHOLA, Kari [FI/FI]; Lepsdmantie 9, SF-01800 Klauk-
kala (FI). -

(74) Agent: SEPPO LAINE KY; Lonnrotinkatu 19 A, SF-00120
Helsinki (FI).

(81) Designated States: AT, AU, BB, BG, BR, CA, CH, CZ,
DE, DK, ES, FI, GB, HU, JP, KP, KR, LK, LU, MG,
MN, MW, NI, NO, NZ, PL, PT, RO, RU, SD, SE, SK,
UA, US, European patent (AT, BE, CH, DE, DX, ES,
FR, GB, GR, IE, IT, LU, MC, N1, PT, SE), OAPI pa-
tent (BF, BJ, CF, CG, CI, CM, GA, GN, ML, MR, NE,
SN, TD, TG).

Published
With international search report.
In English translation (filed in Finnish).

(54) Title: WELDING ASSEMBLY FOR FEEDING POWDERED FILLER MATERIAL INTO A TORCH

(57) Abstract

This publication discloses an assembly suited for feed-
ing a powderized filler material in plasma welding. The inven-
tion is based on feeding the filler material flow first along a
first channel (6), which is next divided into two separate chan-
nels (7) that are branched aside from said first channel (6).
The forked branches (7) can further be divided into a plurality
of branches (8, 9), and according to an advantageous embodi-
ment, the manifold of feed channels exits into a feed nozzle
(5, 11, 12, 13) of shielding gas and powderized filler material,
said nozzle being provided with a plurality of grooves (11)
along which the gas and powderized filler material enter the
welding plasma of the torch and the gas flow becomes lami-
narized. The shielding gas and the filler material can be fed
along a single manifold of channels and the tip of the torch
can be made extremely small in size.
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Welding assembly for feeding powdered filler material
into a torch.
The present invention is related to a powderized filler material feed assembly

according to the preamble of claim 1 particularly suited to plasma and laser welding.

Use of powderized filler material in mechanized welding is well known in the art.
Powderized filler material is conventionally added during the welding of wide-gap
downhand welds in horizontal position as well as in plasma spray coating. In the
welding of joints the added powderized filler is similar to the parent materials to be
joined, while in plasma spray coating the powderized filler materials can be varied
widely according to the coating desired. A powderized filler material is particularly

advantagéously employed in plasma and laser welding.

In prior-art embodiménts the dosing of the powderized filler material is typically
arranged so that a stripe of the powderized filler material is applied via a nozzle
orifice at the bottom of powderized material container onto a moving support such as
a roller or band. The dosed powderized material is transferred from the support
surface by gravity or compressed gas into a transport system that conveys the
powderized filler material to the weld pool. The transport system conventionally is a
mere pipe opening in the vicinity of the plasma arc so that the powderized filler
material fed via the pipe is directed into the plasma. Occasionally the powderized
material tends to clog the feed line, whereby a pulsating feed of the powderized
material stream results. A constant feed rate of the powderized material stream has

been attempted by means of a small-diameter feed line combined with high flow

speed.

In a plasma torch the main arc used for welding is excited between the center
electrode of the torch and the work piece. The nozzle part of the torch comprises
two coaxially situated chambers. The inner chamber houses a centered tungsten
electrode and the chamber is provided with an orifice aligned at the electrode tip.
The orifice gas to be ionized into a plasma is fed into this chamber. The inner
chamber is coaxially enclosed by a second chamber having an annular exit slot

surrounding the nozzle of the inner chamber. This outer chamber is fed with a
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shielding gas whose exit flow protects the main arc. Obviously, the feed of the
powderized filler material into the arc of the plasma torch is difficult. The plasma
arc in itself causes a relatively strong blast which repels the powderized material,
and moreover, the arc is surrounded by a shielding gas envelope through which the
powderized material must be projected into the main arc. If large amounts of
powderized material can be used, the mass of the powderized material flow is
substantial, whereby its penetration capability into the plasma arc is also improved.
Typically, however, the feed nozzle orifice of the powderized material dosing device
in high-capacity torches is located relatively far from the arc, whereby a portion of
the filler material cannot reach the correct target point, but instead, is lost outside
the molten pool. Moreover, the long distance between the nozzle orifice and the
intended target allows the jet of powdérized material to spread resulting in a fanned
shape of the jet. The spreading angle is further widened by the distributed velocity
profile of the jet particles. For large mass rates of filler material, the proportion of
stray stream relative to the total mass rate is not decisive, whereby small changes in
the stray stream cause no greater error in the actual filler material quantity reaching
the main arc. At low mass rates, in the order of a few grams per hour, variations in
the proportion of the stray stream of filler material can easily cause high deviations
in the actual mass rate of applied filler material, thus necessitating accurate aiming

of the filler material into the plasma arc.

Conventional methods of filler material feed in the form of a wire or stick, whether
in mechanized or manual welding, cannot fully replace the use of powderized filler
material. When a very low rate of filler material feed is desired, wire feed suffers
from bead formation at the wire tip prior to the transfer of the filler material
droplets to the object being welding. Moreover, use of powderized filler material in
principle offers improved quality and productivity if the dosing and feed of the filler
material can be arranged in a reliable manner. In the prior art, a torch with
powderized material feed suited to manual welding has not been commercially
available and the fabrication of a welding torch nozzle with a sufficiently small size

down to microplasma welding has not been possibie.
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It is an object of the present invention to achieve a feed nozzle of filler material
offering a smoothed velocity profile of the powderized filler material and accurate

feed of the material into the plasma arc.

It is a further object of the invention to achieve a welding torch nozzle with a
construction allowing simultaneous feed of both the shielding gas and the filler
material to the object being welded via a common manifold of channels and thus
keeping the dimensions of the nozzle tip so small that a powderized filler material

can be employed in unusually tightly confined spaces.

In common with prior-art constructions, the transport system conveys the
powderized material to the object being welded by gravity or with the help of a

carrier gas.

The invention is based on routing the filler material flow initially along a first
channel which is then branched into a manifold comprising at least two separate

channels that are branched aside from the first channel.

The manifold of the branched channels can be further divided into a greater number
of channels, and according to an advantageous embodiment of the invention, the
plurality of the branched channels exit into a feed nozzle of the powderized material
and the shielding gas, said nozzle being provided with a plurality of grooves that
serve for guiding the shielding gas and the powderized material to the plasma arc of

the torch and for laminarizing the gas flow.

More specifically, the nozzle assembly according to the invention is characterized by

what is stated in the characterizing part of claim 1.
The invention offers significant benefits.
The nozzle construction achieves an extremely smooth filler material flow, whereby

a consistently high quality of the weldment can be attained. The filler material is

directed accurately into the arc exiting the nozzle, and a short distance can be
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maintained from the feed holes of the nozzle to the arc. As the nozzle performs
smoothing of the particle velocity variations, an extremely small spreading of the
powderized material jet results. The shielding gas flow pattern can be laminarized
easily, whereby a good coverage of the molten pool is attained in all conditions. The
present nozzle construction can be attached to the torch body thus replacing the
conventional shielding gas dome or similar structure, and it can be designed for such
a small size that permits its use in hand-held torches in very confined working
spaces indeed. The nozzle can be fabricated tﬁrough relatively simple manufacturing
steps into an integrated part of the torch, or alternatively, as a separate detachable
component, wheréby the torch can also be operated without powderized material
feed when equipped with a different type of nozzle. Obviously, a torch with an
integral 'feed manifold of powderized rhaterial can be employed in conjunction with
alternative filler materials if the powderized material feed is cut off. When the filler
material is fed in powderized form, the welder can relieve the other hand from filler
material feed, which significantly contributes to easement of work. The use of a
powderized filler material achieves appreciably higher productivity and quality of
weldment than is achievable with the use of filler material wire. The nozzle con-
struction according to the invention permits the use of powderized filler material also
in other positions than horizontal. Even overhead position welding becomes possible
with powderized filler material when the nozzle construction according to the
invention is used. By virtue of the above-described reasons, the productivity of
plasma welding can be improved substantially with the help of the nozzle according
to the present invention. The nozzle is cost-advantageous in manufacture and its

elements can be made replaceable which simplifies the servicing of the nozzle.

In the following the invention is examined in greater detail with the help of the

annexed drawings in which
Figure 1 shows the longitudinal section of a nozzle according to the invention.

Figures 2...5 show sections A—A, B—B, C—C and D—D of the embodiment
illustrated in Fig. 1.
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Figure 6 shows an alternative embodiment of the invention.

Figures 7...10 show sections E—E, F—F, G—G and H—H of the embodiment
illustrated in Fig. 6.

Figure 11 shows another alternative embodiment of the invention.
Figure 12 shows section I—I of the embodiment illustrated in Fig. 11.
Figure 13 shows section J—J of the diagram of Fig. 11.

The feed assembly of powderized filler material according to the invention can be
fabricated, e.g., for _embodi-ment§ illustrated Figs. 1...10 by casting or working the
necessary channels into the torch body 1 made of an easy-to-machine plastic
material. In Figs. 1...10 the torch proper is illustrated diagrammatically to comprise
a body part 1, a control knob 2 of the plasma arc electrode and a plasma nozzle
piece 3. The feed manifold of the powderized filler material is formed by channels
6, 7, 8, 9 and 12 of the torch body part 1 and a two-part shell part 4, 5 which
encloses the body part 1. The feed channel manifold 6, 7, 8, 9 is contoured onto the
outer surface of the body part 1, whereby the channels are still open on this surface.
The two-part shell 4, 5 adapted about the body part 1 delineates the open channels
into closed flow channels. The upper shell part 4 can be designed as an integral part
of the torch, while the lower shell part 5 can be detachable, whereby the shell parts
4, 5 are dividable along a seam 14. The fixing of the detachable shell part 5 can be
arranged with the help of threading the parts or a joining sleeve. The fabrication
material of the upper shell part can be selected freely, whereby the part can be made
of plastic, for instance. The lower shell part is advantageously made of copper due
to its high thermal conductivity, while also other materials of sufficient durability

are also feasible.

The filler material feed to the handle part of the torch can be arranged along one or
two feed lines. The actual feed manifold starts as two separate channels 6 which first

run inside the torch body part 1, then diverting to the outer surface of the body part,

PCT/F193/00109
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where they are further divided into two branches 7. These first branches 7 are each
next divided into further two branches 8, 9, thus forming eight feed branches
symmetrically disposed on the outer surface of the torch body part. The branching
points of the channels are rounded to improve steady flow of the filler material.
These eight channels finally exit into an annular space 10 encircling the entire tip of
the torch, said space further exiting into a purpose-designed nozzle part formed by
the detachable shell part 5 as well as longitudinal grooves 11 and interposed ridges
12 on the lower body part 1 of the torch. The inner surface of the detachable nozzle
shell part 5 can be provided with similar grooves and ridges or it can be smooth. In
the embodiment illustrated in Figs. 1...10, the inner surface of the detachable nozzle
shell part 5 is grooved and the surfaces of the nozzle shell part 5 and the ridges of
the body part 1 do not touch each other. The tip 13 of the nozzle shell part 5 tapers
toward the center line of the nozzle tip, thus converging the shielding gas and the
filler material flow so as to focus accurately about the plasma arc at a distanée of

approx. 5 mm from the tip of the plasma nozzle piece 3.

The powderized filler material enters the torch nozzle part along one, or as shown in
Figs. 1...10, two feed channels 6. These channels 6 are routed via the torch handie
part to the filler material feed equipment that feeds the filler material to the nozzle
conveyed by a carrier gas travelling at a high speed. As the feed distance of the
filler material is relatively long, typically in the order of a few meters, the carrier
gas flow speed must typically be in the order of approx. 20 m/s which requires
efficient retardation of flow speed prior to the entry of the carrier gas with the
conveyed powderized filler material into and about the plasma arc. At low volume
rates, the carrier gas flowing at excessively high speeds cannot form a shielding
envelope about the plasma arc, and moreover, the high velocity of the filler material
particles easily throws them away from the intended landing site. According to the
invention, the retardation of the carrier gas/filler material mixture is accomplished
by diverting the flow direction of the mixture and increasing the cross section of the
flow channels at the diverting points of the mixture flow. The carrier gas/filler
material mixture reaches the nozzle tip part of the torch along feed channels 6 and
then is divided into manifold branches 7, whereby the flow is branched aside and

simuitaneously meets a two-fold total cross section of the flow channels. The flow is
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diverted and divided a second time when proceeding from the first branches 7 to the
second branches 8, 9. At this stage, a sufficient degree of gas flow retardation has

been attained.

The retarded flow must next be laminarized to attain smooth flow of the shielding
gas and the filler material into the plasma arc. This is accomplished by guiding the
flow from the second branches 8, 9 into an annular, contiguous space wherefrom it
proceeds into a laminarization part of the nozzle in which grooves 11 and ridges 12
pointed toward the tip of the torch perform the laminarization of the flow profile.
Finally, the flow is converged toward the working point with the help of the tip part
13 of the detachable shell part 5.

Figs. 6...10 illustrate an alternative embodiment of the invention. In this
embodiment the shielding gas and the filler material are separated from each other at
the level of the annular spéce 10. Such an embodiment is suited to spray-coating and
similar welding applications in which the area of the molten pool is large and the
shielding gas must be guided to protect a wide area. Separation of the shielding gas
from the gas flow is implemented by providing the detachable shell part with holes
17 covered with a micromesh screen. The pore size of the micromesh screen is
typically in the order of 20 pm. Obviously, the mesh size can be varied, and
preferably the mesh is in the range of 10...25 um, while due to the oblique
impinging of the filler material particles onto the screen, a mesh as large as 50 um
can still perform almost complete separation of the filler material pérticles from the
conveying flow of shielding gas. The shell section is divided at the level of the holes
17 into an inner sleeve 16 acting as the laminarization nozzle envelope in the same
manner as in the above-described embodiment, and into a bell-shaped skirt 15
surrounding the inner sleeve. When the shielding gas/filler material mixture enters
the annular space 10, the shielding gas diffuses via the holes covered by the mesh
screen into the space delineated by the inner sleeve 16 and the skirt 15, wherefrom
the skirt 15 directs the shielding gas to surround the moiten pool. The filler material
itself is routed via the laminarization part of the nozzle to the plasma arc. Otherwise

this embodiment is not different from that illustrated in Figs. 1...5.

PCT/F193/00109
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Figs. 11...13 illustrate a nozzle construction according to the invention suited
fabrication into a separate, detachable part of the torch. The detachable nozzle is
comprised of annular, coaxial chambers 20 and 22 delineated by walls 19, 21 and
23. The outer wall 19 is provided with an inlét connection 18 of the filler material
flow that exits into a first chamber 20. An interchamber wall 21 separates the first
chamber 20 and the second chamber 22 from each other, whereby said wall is
provided with two holes 24 exiting into the second chamber 22. The holes made to
the interchamber wall 21 are circumferentially shifted by 90° within the nozzle from
the inlet connection 18 of the powderized filler material. The tapered cylindrical
inner wall 23 forms a shielding gas chamber about the plasma arc and is further
provided with four holes 25 which exit the second chamber 22 pointing obliquely
downstream toward the tip of the nozzle. The holes 25 in the inner wall 23 are

circumferentially shifted by 45° from the holes 24 in the interchamber wall 21.

The powderized filler material is fed along with the shielding gas flow via an inlet
connection 18 to the first chamber 20 where the material flow is divided into two
branches and allowed to enter the second chamber 22 via holes 24 provided in the
interchamber wall 21. In the second chamber 22 the once-divided material flow is *
again divided and allowed to enter the plasma-arc chamber via holes 25 in.the inner
wall 23. In each dividing stage, the material flow speed is reduced and flow speed
variations are smoothed out as the flow is branched abruptly aside both when
entering a chamber via an éntry hole, whereby the flow hits the chamber wall, and
when diverted into the adjacent exit hole. This operating principle of the nozzle

construction is thus analogous to an exhaust muffler.

The nozzle is attached with the help of a threaded sleeve 29 to the plasma torch
body part 30. Then, the nozzle forms a shielding gas bell that delineates a chamber
28 for guiding the shielding gas flow. The center of the torch nozzle forms a plasma
gas chamber 27 with a center electrode 26. Injection holes 25 made to the inner wall
23 of the plasma gas chamber exit close to the excited plasma arc, and by virtue of
the downstream and radially inward alignment of the holes 25 relative to the plasma
arc, the flow of the filler material particles meet the plasma arc accurately and

homogeneously. The distribution of the powderized material flow pattern is further

PCT/F193/00109
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smoothed by the fact that the injection holes 25 in the inner wall 23 that form the
last portion of the feed channels are extremely short in length. This prevents any
speed pulsing reoccurring in the filler material flow that is smoothed in the chambers
20 and 22.

The nozzle illustrated in Figs. 11...13 is advantageously made from copper by
brazing, thus ensuring improved heat removal from the nozzle. High thermal
conductivity is crucial for the operation of the nozzle, since the filler material tends
to accumulate onto the nozzle if the temperature of the filler material is allowed to
rise above 200 °C. Obviously, the material and dimensioning of the nozzle piece can
be varied. The locazion of the holes in the nozzle can be slightly varied from the
oblique>angles illustrated in conjunction with the above embodiments provided that
the distances-between the inlet and outlet holes in each chamber are kept sufficiently
large. In principle the number of the holes can be increased, although little benefit
would be gained over the described numbering scheme 1-2-4. The direction of the
injection holes 25 in the inner wall 23 can be varied, while they are advantageously
aligned to exit obliquely downstream relative to the plasma arc. The cone tapering
angle of the inner wall 23 in the nozzle construction can be varied, and in special
cases, even a straight-walled inner part of the nozzle can be employed. In addition to
the use in a plasma torch as described in the above embodiment, the nozzle

construction is advantageously suited to laser welding.

In all above-described embodiments the feed channel manifold can be employed for
feeding the filler material alone. Obviously, in such applications the torch must be
provided with separate channels for the gas. Furthermore, the filler material and the
shielding gas can be brought to the torch along different lines and then mixed first in

the torch.

PCT/F193/00109
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Claims:

1. An assembly for feeding, in addition to other materials, a powderized filler

material in a welding torch, said torch comprising

cha

— a body part (1),

— elements adapted to the interior of the body part, suited to establish a

welding flame,

~ a nozzle piece (3) enclosing the welding flame at the tip section of the body

part (1) of the torch, and

— nozzle elements (5, 11, 12, 13) for directing a filler material flow into the

welding flame at the tip section of the nozzle piece (3),
racterized by

— at least one inlet channel (6) for conveying the filler material to the tip

section of the torch,

— at least two first branches (7) forked from the end of said inlet channel (6),
suited to divide the filler material flow and divert its flow direction and guide

the flow to said nozzle elements (5, 11, 12, 13).

2. An assembly as defined in claim 1, characterized by at least two

second branches (8, 9) forked from the end of each of said first branches (7), suited

to diverting the filler material flow in'a second stage prior to guiding the flow to

said nozzle elements (5, 11, 12, 13).

3. An assembly as defined in claim 1 or2, characterized in that the

number of said inlet channels (6) is two and said channels are located symmetrically

on both sides of the body part (1) of the torch.

9



WO 93/19882

10

15

20

25

30

11

4. An assembly as defined in claim 2, characterized by an annular space
(10) adapted between the exit ends of said second branches (8, 9) and said nozzle

elements (5, 11, 12, 13).

5. An assembly as defined in any foregoing claim, characterized by
ridges (11, 12) formed to the tip of the body part (1) of the torch, suited to act as a

flow-laminarizing section in the nozzle elements 3, 11, 12, 13).

6. An assembly as defined in any foregoing claim, characterized in that
at least the branching section (7, 8, 9) of the feed channel manifold is formed on the
outer surface of the body part (1) of the torch and said branching manifold is then
delineated into ducting channels with the help of a shell (4, 5) enclosing said body
part.

7. An assemﬁly as defined in claim 6, characterized in that said shell
(4, 5) is dividable into two parts and the shell part (5) enclosing said nozzle
elements (11, 12, 13) is detachable.

8. An assembly as defined in claim 4, characterized by at least one hole
(17) made in the wall of said annular space (10), said hole being covered with a

screen for separating the shielding gas from the filler material stream.

9. An assembly as defined in claim 1, said assembly being adaptable to a welding
torch or similar equipment so that the inner wall (23) of the assembly at least
partially encloses the welding flame,

characterized by

— a first annular chamber (20) having a powderized material feed connection
(18) adapted to it,

— a second annular chamber (22), adapted coaxially to the interior of said first
chamber (20),

PCT/F193/00109
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— at least two holes (24) located in the interchamber wall (21) between said
first and said second chamber, said holes being circumferentiaily shifted at a

distance from said powderized material feed connection (18),

— at least four injection holes (25) located in the inner wall (23) of the
second, inner chamber (22), said holes being shifted within the nozzle circum-
ferentially at a distance from the holes (24) routed from the first chamber to
the second chamber and said holes exiting at the inner perimeter of the inner

wall (23).

10. An assembly as defined in claim 9, characterized by elements (29)
suited for detachably mounting the assembly to the tip of the body part (1) of the

torch.

*y

-
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