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1571 ABSTRACI- 
A plasma arc welding torch wherein a plasma gas is 
directed through the body of the welding torch and out 
of the body across the tip of the welding electrode 
disposed at the forward end of the body. The plasma 
gas is provided with a vortexing motion prior to exiting 
the body by a vortex motion imparting member which 
is mounted in an orifice housing member and carried in 
the forward portion of the torch body. The orifice hous- 
ing member is provided with an orifice of an predeter- 
mined diameter through which the electric arc and the 
plasma gas exits. 

13 Claims, 2 Drawing Sheets 
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inating asymmetrical weld bead shapes and related de- 
fects due to the same. The continuous circular motion 
imposed upon the arc by the vortexing thereof also 
decreases electrode and orifice degradation allowing 

5 the electrode and orifice to maintain a uniform configu- 
ration, thus eliminating arc asymmetry during long 
duration welding processes. Averting arc asymmetry 
also permits the torch to be less operator dependent and 
reduces or eliminates the need for torch rotation during 

The vortexing action of the orifice gas is achieved in 
the torch of the present invention by providing a swirl 
ring in the body of the torch. The swirl ring is mounted 
in an orifice homing member removably secured in the 

member is positioned around the electrode adjacent the 
forward portion thereof and also supports the electrode 
intermediate the ends thereof and forces the orifice gas 
passing through the torch body to be directed to an exit 

PLASMA ARC WELDING TORCH HAVING 
MEANS FOR “VORTEXTNG’ PLASMA GAS 

EXITING THE WELDING TORCH 

This invention was made with government support 
under contract NAS8-36200 awarded by the National 
Aeronautics and Space Administration- The Govern- 
ment has certain rights in this invention. 

FIELD OF THE INVENTION 

This invention relates generally to plasma arc weld- 
ing torches and more pdcUlarlY to plasma arc welding 
torches having means to provide a swirling or vortexing 

torch body. such motion provides a well defined arc 
column between the torch electrode and the workpiece. 

BACKGROUND OF THE INVENTION 

10 welding. 

motion to the plasma gas the plasma gas exits the l5 forward podon ofthe torch body. The orifice housing 

arc generally accomplished by 2o orifice of the orifice housing member through a plural- 
ity of &-& provided on the outer peripheral 

mate with angled internal passages provided in the end 

Placing a torch adjacent a workpiece and di- 

vided in the torch body and Onto a workpiece. The 
recting an inert gas across the tip of an electrode pro- 

interaction of the inert gas and hot electrode forms a 
substantially constricted arc between the tip of the elec- 25 
trode and the workpiece. 

In a typical plasma arc welding torch, the electrode is 
comprised of a refractory material and is mounted in the 

surface of the swirl ring, ne channels terminate and 

of the swirl ring to provide the vortexing or 
motion to the gas at a position adjacent the gas exit 
orifice of the orifice housing member. 

It is, therefore, an object of the present invention to 

torch body in thermally and electrically insdated rela- 
tion therewith. The electrode is enclosed by the torch 30 
body and includes a tip positioned in the forward par- 
tion ofthe torch body. The tip is in spaced relation with 
an exit orifice in the forward podon of the torch body 

provide an improved plasma arc torch’ 
It is a further Object Of the present invention to pro- 

vide Such a plasma arc welding torch with an arc shap- 
ing device which symmetry of the electric 
welding arc and thereby substantially reduce the POSSi- 

and an electric arc and an inert plasma gas exits the bility of asymmetrical weld bead shapes and other re- 
body through this exit orifice to engage the workpiece. 35 lated defects which result from asymmetrically shaped 

The inert gas (defined herein as orifice gas) acts upon arcs* 
the electric arc present between the electrode and the It is Yet a further object of the present invention to 
workpiece to constrict its shape to that of a narrow Provide the torch with such an arc shaping device 

gas also provides the necessary which may be assembled in and disassembled from the 
atmosphere which allows for electrical transfer of the 40 torch body in a 
arc across the gap formed between the electrode and It is still yet another object of the present invention to 
the workpiece. In addition, this inert (orifice) gas pro- provide such a welding torch with means for producing 
vides some shielding effect to the molten weld zone as a vortexing motion to the inert as the gas leaves the 
well as penetration control of the arc, depending on the body of the torch Whereby the VOflexing Provides the 
volume of plasma gas flowing through the torch body. 45 arc Shaping to the electric welding arc- 

BRIEF DESCRIPTION OF DRAWINGS However, typically, a greater shielding effect is re- 
quired and is accomplished by directing additional inert 
gas (defined herein as shield gas) around the outer sur- FIG. 1 is a side elevational view of the torch head of 
face ofthe orifice member and across the orifice thereof the present invention. The torch head is shown to be 
to provide a total inert atmosphere at the weld zone. 50 provided with external threads Onto Which a Shielding 
This additional inert shield gas may be the same type of gas CUP is threadably secured. The shielding gas cup is 
inefi gas and received from the Same Source as the shown in dot-dash lines SO that the grooved external 
plasma gas, if desired. Or, the additional shield gas may threading of the torch body may be better iIIustrated. 
be a different or m e  gas received from a second inert FIG. 2 is a partial longitudinal sectional view of the 
gas source, if desired. 

The quality of the constricted plasma arc column FIG. 3 is a sectional view taken along line 3-3 of 
depends on the type of inert gas used as the orifice gas, FIG. 2. 
the tip configuration of the electrode, the size, shape FIG. 4 is an enlarged elevational view of the swirl 
and condition of the constricting orifice and the volume ring device of the present invention which imparts a 
of inert gas directed through the orifice. 60 swirling motion to the plasma arc exiting the torch 

It has been found, however, that the orifice gas can body. The swirl ring device is illustrated in the assembly 
more effectively concentrate the arc into a denser and view of FIG. 1. 
more narrow energy column if the orifice gas were FIG. 5 is an end view of the swirl ring device as seen 
provided with a swirling or vortexing motion as it co- along line 5-5 of FIG. 4. 
acts with the arc. This swirling motion allows for a 65 FIG. 6 is an enlarged sectional view of the orifice 
more narrow weld bead and Heat Affected Zone member shown in FIG. 1. 
(HAZ) as well as aiding in maintaining symmetry of the FIG. 7 is an elevational diagrammatic view of the 
dimensional shape of the arc, thereby substantially elim- torch body utilizing the principles of the present inven- 

The 
and facile manner. 

55 welding torch body of the present invention. 
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4 
tion. The vortexing action of the plasma gas is illus- 
trated. 

of aft portion 66 to a position which is spaced from the 
forward surface 74 of forward end Dortion 64 of the 
swirl ring. The spacing is designated by the letter “X”. 
A plurality of passages 76 are drilled (or otherwise 

5 provided) in the forward portion 64 of the swirl and 
DESCRIPTION OF THE PREFERRED 

EMBODIMENT 
As seen in FIGS. 1 and 2, a plasma arc welding torch extend from the distal end 69 of grooves 70 to the for- 

10 includes a body 12 having a shielding gas cup 14 ward surface 74 of the forward portion of the swirl ring. 
disposed around the forward portion 16 thereof. Cup 14 As can be seen in FIGS. 4 and 5, each of the passages 76 
includes internal threads 18 which threadably engage exit the forward surface 74 at a position which is sub- 
external threads 20 provided on the forward portion of 10 stantially in alignment with the next adjacent longitudi- 
the body. The external threads 20 are provided with nal passage. FIG. 5 also illustrates the shape of the 
grooves 22 (FIG. 1) transversely there across for rea- passages 76 at the point where the passages exit the 
sons explained hereinbelow. forward surface 74. As can be seen in FIG. 5, surface 74 

As seen in FIG. 2, the forward portion 16 of body 12 is provided with grooves 75 at each point of intersection 
is provided with an annular cooling chamber 24 15 of passages 76 and forward surface 74, the grooves 75 
through which a coolant, such as water, is circulated. are substantially radially disposed in forward surface 74 
The water enters chamber 24 through a passage 27 and aid in shaping the path of the plasma gas for flow in 
provided in an aft portion 26 of body 12 and communi- the desired direction and in providing the swirling mo- 
cating with channel 24. The water exits the chamber 24 tion thereto. 
through a passage 28 provided in the aft portion 26 of 20 In operation, an inert (orifice) gas enters the body 12 
the body and disposed in communication with channel through a passage 80 provided in the body 12 and is 
24. In like manner, a shield gas passage 29 is provided in directed onto the aft surface of 72 of swirl ring 62 and 
the aft portion 26 of body 12 to direct a shield gas from through the orifice housing member 42 and out of ori- 
a source (not shown) to the external surface of the for- fice 44 by being channelled through grooves 70 and 
ward portion 16 (head) of torch 10. The shield gas flows 25 angled internal passages 76. Responsive to exiting pas- 
through the passages 29 and exits the torch body sages 76, the gas has a swirling motion imparted thereto. 
through an orifice 30 positioned adjacent to and on the The swirling motion is further enhanced by the angled 
aft side of threads 20. The shield gas is directed through grooves 75 on the end surface 74 and the angled surface 
grooves 22 in threads 20 for flow around the forward 60 of the orifice housing member 42. Of course, during 
portion (head) of the torch. The shield gas is maintained 30 the welding process, the welding torch head is encom- 
in contact with the torch head by cup 14 as the gas is passed by the inert shield gas and is cooled by the circu- 
continuously flowed over the head and exits cup 14 lating coolant, as described above. 
through an opening 32 in the forward end 34 thereof. FIG. 7 is a diagrammatic elevational view and is 

As can be seen in FIG. 2, an elongated electrode 36 is provided to illustrate the swirling motion of the orifice 
mounted in the torch body 12 and includes one end 38 35 gas around the electrode tip 40 in the orifice housing 
which is disposed for connection with a source of elec- member 42. The view also illustrates the enhancing 
trical power (not shown). The electrode 36 includes a effect that the inner angled surface 60 of orifice housing 
second end 40 which terminates inside an orifice hous- member 42 provides to the swirling motion of the ori- 
ing member 42 adjacent a central orifice 44 thereof. The fice gas as the inner angled surface 60 aids in directing 
orifice housing member 42 (more clearly seen in FIG. 6) 40 the plasma gas to the orifice 44. 
includes a body 46 having an externally threaded por- It is to be understood that the swirl ring is preferably 
tion 48 for threaded engagement with internal threads removably camed in the orifice member and that the 
50 (FIG. 2) Drovided on an internal annular wall 52 of orifice member is Dreferablv removablv carried in the 
an opening k4 provided in the forward portion 16 of 
body 12 (FIG. 1). As seen in FIG. 6 orifice housing 
member 42 includes a forward portion 56 having an 
arcuate outer surface 58 and an angled internal surface 
60 which is angled forwardly and inwardly from the 
inner surface 61 of a rear cylindrical portion 62 toward 
the central orifice 44. The angular disposition of the 
internal surface 60 aids in providing a swirling motion 
to the inert orifice gas as will be seen hereinbelow. 

A swirl ring 62 is disposed for mounting in orifice 
housing member 42 as shown in FIG. 1. The swirl ring 
serves to direct plasma gas out of orifice 44 of member 
42 in a swirling motion. The swirl ring is more clearly 
seen in FIGS. 4 and 5 which are, respectively, side and 
end views of the swirl ring. As seen in FIG. 4, the swirl 
ring 62 includes a forward end portion 64 and an aft end 
portion 66. Aft end 66 is provided with a larger diame- 
ter than forward end 64 and forms a shoulder 66 which 
is disposed for abutting relation with an aftmost surface 
68 (FIG. 6) of orifice housing member 42 when the 
swirl ring is mounted in the orifice member as is shown 
in FIG. 2. 

The swirl ring 62 is shown in FIG. 4 to be provided 
with four equally spaced longitudinal channels or 
grooves 70. Grooves 70 extend from the aft surface 72 

forward portion 0; the torch body. Such assembly per- 
45 mits rapid and facile removal of these components from 

the torch body to facilitate the cleaning or replacement 
thereof. 

It is to be further understood that although a specific 
construction has been discussed herein, it is for illustra- 

50 tive purposes only and various modifications and ad- 
vantages will be readily apparent to those skilled in the 
art. For example, while four gas channels are disclosed 
for the swirl ring, more or less channels may be used, as 
desired. In any event, the scope of the present invention 

55 should be determined by reference to the claims ap- 
pended hereto. 

We claim: 
1. A plasma arc welding torch comprising: 
a body having aft and forward end portions; 
an electrode supported in said body, said electrode 

having an aft portion and a forward portion includ- 
ing a tip, said electrode disposed for producing an 
electric arc from said tip; 

first passage means provided in said body and dis- 
posed for directing an inert gas across said tip of 
said electrode; 

vortexing means positioned around said forward por- 
tion of said electrode adjacent said tip to provide a 

60 

65 
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6 
vortexing motion to said inert gas and to direct the said forward portion of said body and said shield mem- 
vortexing of said inert gas around said tip of said ber. 
electrode, said vortexing means being defined as a 8. A plasma arc welding torch as in claim 7 including 
swirl ring, said swirl ring having a central chamber cooling means disposed in said body and disposed for 
therein to receive said electrode, said swirl ring 5 communication with a coolant source for providing a 
disposed for supporting engagement with said e k -  cooling effect to said forward portion of said body. 
trode intermediate said aft and forward Portions 9. A plasma arc welding torch as set forth in claim 8 
thereof, said swirl ring including an aft shoulder wherein said cooling means is defined by an inner annu- 
forming portion, an intermediate portion and a lar cooling chamber in said forward portion of said 
forward Portion including a forward end surface, 10 body and passage means extending from said rear por- 
said aft and intermediate Portions having an outer tion of said body to said cooling chamber, said passage 
surface Provided With a Plurality ofC0-on &an- means disposed for connection to said coolant source 
nels disposed therein, said channels terminating in for directing coolant into and out of said cham- 
said forward portion at a predetermined distance ber. 
from said 10. A plasma arc welding torch as set forth in claim 9 end said forward POr- 15 
tiOn Of said Swirl ring being provided with a like 
plurality of holes extending each 
hole Of said like plW&ty Of holes having first and 

comaPonding One Of said like Plurality Of 

wherein said orifice housing in said 
forward portion of said torch body in removably se- 
cured relation therewith. 

is 

second ends, said first end Communicating with a 

and said second end opening through said end 
surface of said rings; and 

orifice housing means mounted in said forward por- 

posed for receiving the vortexing said gas from said 
vortexing means and having an orifke therein for 
directing the vortexing said gas and said electric 
arc out of said torch body. 

11. A plasma arc welding torch as set forth in claim 
20 10 wherein said vortexing means is removably carried 

in said 
12. A plasma arc welding torch as set forth in claim 

11 wherein said body is provided with a central inter- 

25 said orifice housing member is provided with external 
threads thereon for threaded engagement with said 
internal threads to provide the removably secured rela- 
tion of said orifice housing member in said forward 
portion Of said body* 

housing means. 

Of said said" Orifice housing dis- nally threaded bore in said forward portion thereof and 

2. A plasma arc welding torch as set forth in claim 
wherein said orifice housing member is carried in said 
forward portion of said body and disposed for housing 30 
said swirl ring and said forward end portion of said 

13. A plasma arc 
a body having aft and 

torch 
end  portio^; 

an electrode supported in said body, said electrode 
having an aft portion and a forward portion includ- 
ing a tip, said electrode disposed for producing an 

orifice housing means mounted in said forward por- 
tion of said housing in enclosing relation with said 
electrode tip, said orifice housing means including 
a forward portion having an internal and an exter- 
rial surface; 

first and second discrete passage means provided in 
said body, said frrst passage means disposed for 
directing an inert plasma forming gas across said 
tip of said electrode, said second passage means 
disposed for directing a Cooling gas across said 
external surface of said orifice housing means; 

vortexing means positioned around said forward por- 
tion of said electrode adjacent said tip, said vortex- 
ing means being defined as a single member having 
a plurality Of longitudinal channels therein, a like 
plurality of angled openings in an end thereof, and 
a like plurality of passages connecting said chan- 
nels and said like plurality of openings whereby 
said inert plasma gas is sequentially directed 
through said channels, said passages, and said open- 
ings to said tip of said electrode in a vortexing 
movement to produce an electric arc; and 

said orifice housing means having an orifice therein 
for directing said electric arc out of said torch 
body, and, vortexing enhancing means for enhanc- 
ing the vortexing action of said gases across said tip 
to aid in producing an electric arc having a dense, 
narrow energy column, said vortex enhancing 
means being defined by said internal surface of said 
forward portion being angled toward said orifice of 
said orifice housing means to direct the vortexing 
said gases thereto. 

electrode therein. 
3. A plasma arc welding torch as set forth in claim 2 

wherein said orifice housing member is provided with a 
forward portion and a rear portion including a rear end 35 
surface, said rear having a cylindrical configu- 
ration provided with an annular internal wall disposed 
for mating, substantially snug fitting relation with said 
outer surface of said swirl ring, said rear end surface of 
said orifice member disposed for abutting relation with 4o 
said shoulder of said swirl ring, responsive to assembly 
of said swirl ring in said orlfce housing member. 

4. A plasma arc welding torch as set forth in claim 3 
wherein said forward portion of said orifice housing 
member is provided with an internal angled surface, 45 
said internal angled surface extending forwardly and 
inwardly from said internal wall of said housing 
member, said internal angled surface disposed for en- 
hancing the vortexing motion of said inert gas and for 
directing the vortexing said inert gas toward said orifice 50 
of said orifice member. 

5. A plasma arc welding torch as set forth in claim 3 
wherein said forward end surface of said swirl ring is 
provided with a plurality of angled grooves therein, 
said grooves being angled substantially radially out- 55 
wardly from said holes in said swirl ring to enhance the 
swirling motion of said inert gas responsive to said gas 
exiting said holes. 

6. A plasma arc welding torch as set forth in claim 5 
including shielding gas means for providing a shielding 60 
effect at said forward portion of said torch body to and 
thus provide an inert atmosphere at the weld zone. 

7. A plasma arc welding torch as set forth in claim 6 
including a shield member positioned around said for- 
ward portion of said body for retention of said shielding 65 
gas means in contact with said forward portion of said 
body, and passage means provided in said body to direct 

arc from said tip; 

said shielding gas means between the outer surface of * * * * *  


