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PLASMA ARC CUriSe: WTH SWRL FLOW 

Robert J. Wickham, Fairfield, and Willian P. Keane, 
Arlington, N.J., assignors to Union Carbide Corpora 
tion, a corporation of New York 

Filed July 20, 1964, Ser. No. 383,788 
5 Claims. (C. 219-12.É) 

This invention relates to a plasma arc process and, 
more particularly, to plasma arc cutting of metals. 

Plasma arcs of the type referred to in this invention are 
distinguishable from ordinary electric arcs in that such 
plasma arcs are characterized by a plasma stream having 
a high energy density relative to an ordinary electric arc. 
Such high energy density plasma stream is created by 
passing a gas between a non-consumable electrode and a 
cooled nozzle having a central arc constricting passage. 
The gas is heated by the energy of an arc established from 
the non-consumable electrode to create the plasma which 
usually contains neutral gas, ions, and electrons at high 
energy levels. In plasma arc cutting, the plasma is di 
rected to a workpiece through the constricting passage of 
the nozzle at a high temperature and momentum, which 
combine to cut the work. 
A typical plasma arc is described in "Arc Torch and 

Process,” U.S. Patent No. 2,806,124. 
Various modifications have been made in the plasma 

arc cutting process in an effort to improve cut quality, 
speed of cutting, and economics of the process, among 
other things. Investigators have studied the effects of 
the way the gas is introduced into the arc Zone in hopes 
of discovering a way to improve cut quality and speed. 
These investigators have introduced the gas in a swirling 
or vortical manner in an effort to make some improve 
ment in the basic process. However, up until now none of 
the investigators, in the field, have fully realized the phe 
nomenon created by swirl flow of the arc gas nor have 
they fully recognized how to control such phenomenon to 
improve the plasma arc cutting process. 

It is a primary object of the invention to provide a 
plasma arc process wherein gas is introduced into the arc 
Zone in a particular swirling mode. 

It is another object to provide a plasma arc cutting 
process wherein gas is introduced into the arc zone in a 
particular swirling mode to achieve optimum cutting con 
ditions. 
A further object is to provide such a plasma arc cutting 

process wherein gas is introduced into the arc zone in 
a particular swirling mode and then passed out of such 
Zone in a multiplicity of streams. 
Another object is to provide a plasma arc process 

wherein arc gas is introduced in such a manner so as to 
produce a swirling gas vortex having a pressure of be 
tween Zero gage and Zero absolute at the center thereof 
when there is no arc present. 
These and other objects will either be pointed out or 

become apparent from the following description and 
drawings wherein: 
FIGURE 1 is a schematic diagram of a typical system 

for practicing the invention; and 
FIGURE 2 is a curve of pressure at the electrode tip 

vs. gas flow obtained by practicing the invention. 
While for purposes of simplification, the description will 

be directed to the application of the inventive concept to 
plasma arc cutting, such concept should not be construed 
as being limited thereto. For example, the plasma arc pro 
duced by the invention may also be used for heating gases 
such as inert gas, air, oxygen, etc. 

Typical apparatus for carrying out the invention is 
shown schematically in FIGURE 1. Referring to such fig 
ure, a torch noted generally at T is connected to one side 
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of a power supply P. The torch, shown diagrammatically, 
includes a nonconsumable electrode 1 consisting of a 
holder 2 and an insert 4, inside of a nozzle 5. The in 
sert material can be, for example, zirconium or tungsten. 
The non-consumable electrode is in axial alignment 
with the center passage 7 in the nozzle and set back from 
the mouth of such passage so as to form an arc chamber 
9 therein. The center passage 7 is surrounded by a plu 
rality of passages 11. This type nozzle will be referred to 
throughout this disclosure as a multiport nozzle and is 
the preferred type nozzle for use with the process of the 
invention. However, a single port nozzle, that is a nozzle 
without the surrounding passages i1, may also be used in 
the practice of the present invention. 

In plasma arc cutting, a workpiece W is connected to 
the other side of the power supply P. However, if the 
plasma arc produced by the present invention is to be 
used to heat gases such as argon, helium, air, oxygen, 
nitrogen, etc., the other side of the power supply P will be 
connected to the nozzle 5. 

In operation, the arc gas is introduced into the torch T 
through tangentially arranged gas ports 13, positioned 
not more than 1 inch behind the arcing surface 15 of the 
electrode . If the gas is introduced beyond 1 inch from 
the arcing surface 5, the pressure condition necessary 
for practicing the invention will not be obtained. Pref 
erably four symmetrically arranged gas ports are pro 
vided. The gas is introduced at at least sonic velocity and 
is caused to swirl around the electrode 1 in an annular 
stream defined by the annular chamber 16 formed between 
the electrode 1 and the wall 17 of the nozzle 5. The an 
nular stream should be between 4 in. and 42 in. in width. 
It has been found that in order to achieve the improve 
ment in cutting speed and cut quality not only should the 
gas be introduced not more than 1 inch behind the arcing 
surface but also the annular stream must be maintained 
within the limits indicated above. 
We have found, in order to improve cutting speed and 

better cut quality, the pressure at the arcing point i5 of 
the electrode 1 or the center of the swirling gas must be 
between zero gage and zero absolute measured when there 
is no arc. This condition is obtained according to our in 
vention by introducing the gas tangentially at at least 
sonic velocity and maintaining the swirling annulus be 
tween 4 and 42-in. in diameter. These conditions are ob 
tained without an arc being present. When the arc is es 
tablished, the pressure condition will change but, never 
theless, it has been discovered that the best arcing condi 
tion is achieved when the above conditions are established 
prior to initiation of the arc. 

In the preferred embodiment the arc and arc gas are 
caused to pass through a multiport nozzle. The arc column 
passes through the center passage and the remainder of 
the arc gas passes through the peripheral holes. It unex 
pectedly has been found that swirl flow of the type de 
scribed above, in combination with a multiport nozzle, 
forces a larger proportion of the gas through the periph 
eral holes than through the center hole. It is theorized 
that this is due to the pressure gradient created in the 
arc chamber. Higher presure is created over the peripheral 
holes than over the center, thus causing the unexpected 
gas distribution. 

It was found that the flow rate of cold gas through the 
peripheral holes was about two times that through the 
central hole. The term “cold gas' is used to indicate that 
there was no arc present. This occurs although the total 
peripheral hole area is only /3 the center hole area. When 
radial or axial gas introduction was used, it was found 
that flow in the center and peripheral holes divided ac 
cording to their relative areas; this demonstrates that 
swirl flow gas introduction according to the invention con 
tributes to the desirable multiport action. 
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At typical arc conditions, i.e. with the arc on, with a 
/8 in. (4 x 12 Mi) diameter multiport nozzle cutting /2 - 
inch carbon steel at i40 i.p.m. gas distribution was as 
follows: 

Total air flow -------------------------- c.f. h. 250 
Center hole flow ----------------------- c.f. h.-- 50 
8 peripheral holes flow ------------------ c.f.h... 200 
Arc voltage ----------------------------volts. 55 
Arc current ------------------------- amperes-- 275 

The main difference between conditions obtained with 
a multiport nozzle and single port nozzle is the average 
temperature of the gas in the center hole. 
The gas flow in the center passage is much less when 

using a nultiport nozzle with Swirl flow and consequent 
ly the effluent gas attains nearly twice the gas temperatire 
observed with a single port nozzle. This doubling of the 
average gas temperature is a remarkable advantage be 
cause, for example, oxygen at 7000 K. is not ionized 
whereas oxygen at 13,000 K. is far into the ionization 
region. The combination of Swirl flow of the invention 
and multiport nozzles perimits extremely high average gas 
temperatures in the center passage and at the same time 
permits larger volumes of gas at high velocity to sweep 
past the electrode and nozzle and thus inhibit secondary 
arcing between the electrode and nozzle. 
While the Swirl flow of the invention has remarkable 

utility with multiport nozzles, it also improves operation 
with single port nozzles. The high volume, high velocity 
flow of gas inhibits secondary arcing. The Swirl of the 
invention, in combination with a single port nozzle, pro 
duces an arc column which remains in axial alignment 
with the electrode even when going around corners and 
turns. This is especially significant in shape cutting. For 
example, with a single port nozzle and swirl flow produc 
ing positive pressures at the electrode arcing surface, it 
was found that when a circle was cut in a workpiece the 
side of the cut would have beveled portions. With swirl 
flow producing pressures between zero gage and zero 
absolute, all portions of the sides of the cut were equally 
straight. 
The family of curves in FEGURE 2 summarizes a num 

ber of experiments performed with multiport nozzles (des 
ignated by the M) and single port nozzles. The size des 
ignation for the nozzles shown in F.G. 2 is interpreted 
as follows. The first figure is the diameter of the center 
passage given in thirty-seconds (32d's) of an inch, i.e. 
for a 4 X 12 M nozzle the center passage has a diameter 
of 332 or /8 of an inch. The second figure represents the 
length of the central passage, i.e. 1282 or 3/8 of an inch in 
length. The M designates multiport which means 8 pe 
ripheral holes around the central passage. In each case, 
gas was tangentially introduced through four (4) sym 
metrically arranged orifices not more than 1 inch behind 
the electrode arcing surface at at least sonic velocity. The 
Swirling gas was passed through an annular chamber 
having diameter of between /8 in. to about 42 in 
usually and preferably about A6 in. The electrode set back 
from the central passage orifice was .219 in. Under these 
conditions it was found that for each nozzle, as the flow 
rate was increased, it was possible to approach zero ab 
Solute pressure at the arcing surface of the electrode and 
that when a cut was made under these conditions the 
highest speed and best quality was obtained at the mini 
mum point of the curve for each nozzle. It was also found 
that good cuts and cutting speed could be obtained at 
lower gas flows near the minimum point. For example, 
With a 4 x 12 M multiport nozzle, that is a nozzle having 
/8-in. diameter center passage and 8.026 diameter pe 
ripheral holes on a 5Ag-in. hole circle, best cuts were ob 
tained at about 400 c.f.h. which produces -6 p.s.i.g. pres 
sure. However, satisfactory cuts could be obtained at 250 
to 400 c.f.h. 
The following example is provided to il ustrate the 

improvements made by the present invention and so that 

O 

5 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

4. 
those skilled in the art will have a clear understanding of 
how to practice the invention. 

One-half inch carbon steel was connected in circuit 
between a power supply and a torch provided with a 
4 x 12 M multiport nozzle. The electrode was a non-con 
sumable electrode comprising a zirconium insert in a 
water-cooled copper holder. The electrode was set back 
0.219 in. from the mouth of the center passage in the 
nozzle. The diameter of the arc chamber between the elec 
trode and walls of the nozzle was A6 in. About 250 c.f.i. 
of air was introduced through four symmetrically placed 
tangential holes about 1 inch behind the arcing surface 
of the electrode. The pressure at the electrode tip was 
measured at about -5 p.s.i.g. An arc was then established 
by high frequency betwee; the electrode and work, at 275 
amperes and 140 volts. The cutting speed was 140 i.p.m. 
Under identical conditions except that the annular cham 
ber 6 was greater than % in. in diameter, the cutting 
speed was only 100 i.p.m. 
While the invention has been described with reference 

to a preferred embodiment, it is to be understood that 
certain modifications may be made in the practice of the 
invention without departing from the inventive concept 
disclosed and all modifications should be construed as 
being within the scope of the claims. For example while 
the multiport nozzles described herein all had eight pe 
ripheral holes and a center passage area three times the 
total area of the peripheral holes, it is possible to modify 
this relationship without affecting the practice of the in 
vention. 
What is claimed is: 
. A method of producing a plasma arc between two 

electrodes at least one of which is a non-consumable 
electrode having an arcing portion thereon which com 
prises: 

(a) tangentially introducing a gas at a selected flow 
rate and at at least Sonic velocity behind the arcing 
portion of said non-consumable electrode and up 
to about 1 inch therebehind to provide a swirling 
annulus of gas; 

(b) maintaining the width of said annulus of gas be 
tween about 42 to about /8 in...; 

the combination of steps (a) and (b) producing a pres 
Sure of between zero gage and zero absolute at the 
arcing portion of said nonconsumable electrode when 
there is no arc; 

(c) establishing an electric arc between said two elec 
trodes while maintaining the conditions in steps (a) 
and (b); 

(d) introducing at least a portion of said swirling 
annulus of gas and said arc into a passage the Walls 
of which confine said arc to produce a high energy 
density arc column. 

2. A method for cutting with a plasma arc established 
between a non-consumable electrode and a workpiece, 
said non-consumable electrode having an arcing portion, 
which comprises: 

(a) tangentially introducing a gas at a selected flow 
rate and at at least sonic velocity behind the arcing 
portion of said non-consumable electrode and up 
to about 1 inch therebehind to provide a Swirling 
annulus of gas; 

(b) maintaining the width of said annulus of gas be 
tween about 32 to about /8 in...; 

the combination of steps (a) and (b) producing a pres 
sure of between zero gage and zero absolute at the arcing 
portion of said non-consumable electrode when there is 
IO arc; 

(c) establishing an electric arc between said non-con 
sumable electrode and said workpiece while main 
taining the conditions in steps (a) and (b); 

(d) introducing at least a portion of said swirling 
annulus of gas and said arc into a passage the walls 
of which confine Said arc to produce a high energy 
density arc column. 
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3. A method for cutting with a plasma arc established 
between a non-consumable electrode and a workpiece, 
said non-consumable electrode having an arcing portion 
at least partially surrounded by a cooled multiport nozzle, 
said nozzle having a central passage and a plurality of 
peripheral holes surrounding said central passage, which 
comprises: 

(a) tangentially introducing a gas at a selected flow 
rate and at at least sonic velocity behind the arcing 
portion of said non-consumable electrode and up 
to about 1 in. and behind to provide a swirling 
annulus of gas; 

(b) maintaining the width of said annulus of gas be 
tween about 42 to /8 inch; . 

the combination of steps (a) and (b) producing a pres 
sure of between zero gage and zero absolute at the arc 
ing portion of said non-consumable electrode when there 
is no arc; 

(c) establishing an electric arc between said non 
consumable electrode and said workpiece while main 
taining the conditions in steps (a) and (b); 

(d) passing a portion of said swirling annulus of gas 
and said arc through said central passage and the 
remainder of said swirling annulus of gas through 
said peripheral holes in said nozzle; and 
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(e) directing such arc and gas effluent from said nozzle 

against said work to be cut. 
4. A method according to claim 3 wherein at least 

three times as much gas is passed through said peripheral 
passages as is passed through said central passage when 
said arc is established. 

5. A method according to claim 3 wherein said annulus 
of gas is about 46 in. 
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