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ABSTRACT

The object of the present invention is to achieve a deep weld penetration in a
welded portion in metal by setting appropriate conditions for welding without
deteriorating the quality of welding. That 1s, in the present invention, the weld
penetration can be made deep by using a shielding gas comprising: 0.2% by volume or
more (preferably 0.4% by volume or more) of oxygen gas; and the balance being helium
gas, and by further setting the other welding conditions, such that the concentration of
oxygen In the welded metal in the range of 70 to 700 ppm, and the scale ratio, 1.e. the
value D/W, can be made large. According to the present invention, a deeper weld
penetration can be achieved without deteriorating the quality of welding by adopting at
least one selected from the appropriate conditions of the welding current, the welding

speed, and the arc length.
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SHIELDING GAS, WELDING METHOD BY USING THE SAME AND WELDMENT

THEREOF

BACKGROUND OF THE INVENTION
Field of the Invention
The present invention relates to a shielding gas used for non-consumable
electrode-based gas-shielded welding such as TIG welding, and a welding method by
using the same and a weldment thereof.

Priority 1s claimed on Japanese Patent Application No. 2005-233162 filed on

August 11, 2003, the contents of which are incorporated herein.

Description of Related Art

As conventional welding methods for structures in which steel materials such as a
carbon steel, stainless steel are used as a base material, metal-arc active gas welding
(MAG welding), metal-arc inert gas welding (MIG welding), plasma-arc welding and the
like can be mentioned. These welding methods have been adopted when welding
procedures require deep welded portions in metal and a high efficiency:.

However, MAG welding and MIG welding have disadvantages that, among
others, the quality of welding is likely to deteriorate, and weld flaws are likely to be
generated. Also, plasma-arc welding has the disadvantage that it is difficult to use in a
workshop, or the like because the permissible ranges of its grooving precision and other

conditions for the procedures are stringent.
[n addition to the above mentioned welding methods, tungsten inert gas welding
(TIG welding) can be mentioned. TIG welding has been widely used as a welding

method for structures in which high reliability is required because this method makes it



CA 02555426 2006-08-03

possible to perform welding procedures with ease and high-quality welded portions of the
metal can be obtained.

However, TIG welding has a problem that it requires a lot of time and effort
because the penetration depth in the welded metal is superficial and there must be a large
number of weld passes in order to make a deep weld in the metal. In particular, when
austenitic stainless steels which have general-purpose uses are welded, the excessive heat
deteriorates the corrosion resistance of the materials and enlarges the distortion caused
from welding owing to the properties of the materials, and many other problems often
occur due to the welding procedures. One current problem is, when TIG welding is
applied to stainless steels which are often used at the present, the welded portion of the
metal becomes much more broader and superficial penetration and the welding is often
insufficient because the sulfuric content in the material is often less.

There has been an approach to these problems in which a mixed gas made by
adding a minute volume of an oxidative gas to an inert gas is used as a shielding gas, so
that the penetration depth is deep in a single weld pass (For example, see patent document
1).

In patent document 1, the above-mentioned shielding gas is described, and it is
mentioned that the penetration depth can be made deep by setting the concentration of the
oxygen gas in the shielding gas, for example, in the range of 0.1 to 0.4% by volume.
Furthermore, it demonstrates that about 0.7 of a scale ratio can be achieved in the welded
portion of the metal, 1.e. pénetration depth D/ bead width W (the value of D/W) in this

Casc.

Patent Document 1: Japanese Unexamined Patent Application, Publication No.

2003-19561

However, only by adopting the condition in which 0.1 to 0.4% by volume of
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oxygen gas 1s added to argon gas, which is disclosed by patent document 1, the
penetration depth is not always deep in welded portions of metal, the excellent quality of
the weldment 1s not always attained, and this has been mentioned as a problem. That is,
because the other conditions for welding are unclear and insufficient, it is difficult to

achieve welding in which the above-described value of D/W is larger than 0.7 so that the
weld penetration is much deeper.

The present invention was realized in view of the above-described problems.
The object of the present invention is to provide a shielding gas, a welding method by
using the same, and the weldment thereof, wherein the weld penetration into the welded

portion of the metal can be made deep without deteriorating the quality of the weld by

setting appropriate conditions for welding.

SUMMARY OF THE INVENTION

In order to achieve the above-described object, an aspect of the present invention
relates to a shielding gas used for non-consumable electrode-based gas-shielded welding,
comprising: 0.2% by volume or more (preferably 0.4% by volume or more) of an
oxidative gas; and the balance being helium gas, wherein welding is carried out by
generating an arc between the electrode and the weldment.

In the present invention, the use of helium gas as a main gas makes it possible
that the direction of the convection in the molten pool of the welded metal suppresses a
force which acts from inside to outside (i.e. dragging force) due to the effect of the plasma

current. Moreover, the shielding gas includes 0.2% by volume or more (preferably 0.4%
by volume or more) of an oxidative gas, so that the surface tension of a central portion of
the surface becomes larger than that of the circumferential portion as the temperature

raises, and the convection in the molten pool also acts inward. Accordingly, because the
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high-temperature molten metal directly under the arc flows in the depth direction, the deep
weld penetration can be achieved, such that it is possible for the scale ratio in the welded
portion of the metal, i.e. the value of D/W, to reach 0.8 or more (preferably 1.0 or more).

Another aspect of the present invention relates to a welding method, comprising
welding a weldment by using the above-described shielding gas. The welded material
(weldment), for example, includes a metal such as stainless steel.

It 1s preferable that the welding current be 100 A or more.

[t 1s preferable that the welding speed be 3.5 mm/second or less.

It 1s preferable that the arc length be 2.5 mm or less.

In the present invention, the value of D/W can be made large by using a shielding
gas comprising: 0.2% by volume or more (preferably 0.4% by volume or more) of an
oxidative gas; and the balance being helium gas. This can achieve the deep weld
penetration.

Yet another aspect of the present invention relates to the weldment welded by
using the above-described welding method using the shielding gas, wherein the
penetration depth (1.e. the value of D/W) 1s 0.8 or more (preferably 1.0 or more) with
respect to the bead width.

In the present invention, a high-quality weldment can be attained because the

welded portion of the metal is deep, and the penetration depth is deep with respect to the
bead width.

Yet another aspect of the present invention is that the weldment welded by using
the above-described welding method using the shielding gas, wherein the concentration of
oxygen in the welded metal of the weldment is in the range of 70 to 700 ppm.

In the present invention, when the concentration of oxygen in the welded metal is

in the range of 70 to 700 ppm, convection in the molten pool occurs in the depth direction
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from a central portion of the welded metal and deep weld penetration can be obtained.

The concentration of oxygen in the welded metal refers to the concentration of
oxygen in the welded portion of the metal after welding.
With respect to the shielding gas of the present invention, the penetration depth

can be made much deeper than that of conventional gases, and the scale ratio of the
welded potion of the metal, i.e. the value of D/W can be made larger. Because of such
deep penetration, even if the weldment 1s thick, it can be welded Iin one pass, or the
number of passes can be decreased. Accordingly, the total amount of the heat input -can
be reduced.

Moreover, according to the method by using the shielding gas of the present
invention, the value of D/W can be made large and the weld penetration can be made deep
by using a shielding gas which includes 0.2% by volume or more (preferably 0.4% by
volume or more) of a oxidative gas, and the balance being helium gas. Also, in addition
to the appropriate concentration of the oxidative gas included in the shielding gas, a much
deeper weld penetration can be obtained by adopting at least one condition selected from
the welding current, the welding speed, and the arc length which are set in appropriate
ranges.

Furthermore, with respect to the weldment of the present invention, the welded

portion of the metal i1s in a form of deep weld penetration, in that the penetration depth 1s
deep with respect to the bead width. Accbrdingly, a high-quality weld can be attained.
Also, the concentration of oxygen in the welded metal should be in the range of 70 to 700

ppm, so that the deep weld penetration can be achieved.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a graph representing the relationship between the concentration of
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oxygen 1n the shielding gas and the value of D/W or the concentration of oxygen in the
welded metal, which is based on the results of Example 1.

Figure 2 shows a graph representing the same as that of Figure 1 (indicated on a 0
to 1.0% by volume scale of the concentration of oxygen in the shielding gas).

Figure 3 shows photos of welded portions and images of the corresponding
cross-sectional views of the welded portion of metal in Example 1.

Figure 4 shows a graph representing the relationship between the welding current
and the value of D/W or the concentration of oxygen in the welded metal, which is based

on the results of Example 2.

Figure 5 shows images of the cross-sectional views of the welded portion of the
metal in Example 2.

Figure 6 shows a graph representing the relationship between the welding speed
and the value of D/W, which is based on the results of Example 3.

Figure 7 shows photos of welded portions and images of the corresponding
cross-sectional and horizontal views of the welded portion of the metal in Example 3.

Figure 8 shows a graph representing the relationship between the arc length and
the value of D/W, which is based on the results of Example 4.

Figure 9 shows photos of welded portions and images of the corresponding

cross-sectional and horizontal views of the welded portion of the metal in Example 4.
Figure 10 shows photos of welded portions and images of the corresponding

cross-sectional and horizontal views which are characteristic of the results of the
speed-variation experiment in the Variation Example, in which 0.6% by volume of carbon
dioxide gas was used as an oxidative gas.

In the Figures and the corresponding Tables, “% by volume” is abbreviated as

“vol.%”’.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Hereinafter, the embodiments for the shielding gas, the welding method by using
the same, and weldment thereof are explained based on Figures 1 to 10.

In the shielding gas and the method for using the same according to this
embodiment, a shielding gas which includes 0.2% by volume or more (preferably 0.4% by
volume or more) of an oxidative gas and the balance being helium gas is used for
non-consumable electrode-based gas-shielding welding in which welding is carried out by
generating an arc between an electrode and the weldment.

Herein, the oxidative gas is a gas which dissociates and then becomes oxidative
in the high-temperature arc, and, for example, oxygen gas, carbon dioxide gas, and the like
can be used because of their lack of hazardous effects to humans. The shielding gas can
' be prepared by simply adding the oxidative gas to the helium gas.

In this way, if helium gas is used as a main gas, then, 1t 1s possible for the
direction of the convection in the molten pool of the welded metal to suppress a force
which acts inside to outside (dragging force) due to the effect of the plasma current.
Moreover, by including 0.2% by volume or more (preferably 0.4% by volume or more) of

the oxidative gas therein, the surface tension of the central portion of the surface becomes

larger than that of the circumferential portion as the temperature raises, and the convection
in the molten pool (Marangoni convection) also acts inward.

Therefore, the high-temperature molten metal directly under the arc flows in the
depth direction and deep weld penetration i1s formed, so that it is possible for the scale
ratio in the welded portion of the metal, i.e. the value of D/W, to reach 0.8 or more
(preferably 1.0 or more) as it improves compared to 0.7 which is conventionally disclosed

(explained in detail in Examples).
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Moreover, because the weld penetration can be made deeper in this way, it can be
welded 1n one pass, or the number of passes can be decreased even if the weldment is
thick. Accordingly, the amount of the heat input can be reduced.

Moreover, if the concentration of the oxidative gas in the shielding gas is less

than 0.2% by volume, the value of D/W 1s less than 0.8. Also, if the concentration of the
oxidative gas in the shielding gas 1s between 0 to 10% by volume, then, the value of D/W
becomes stable. The upper limit of the concentration of the oxidative gas is about 10%
by volume because the degree of oxidation increases as the oxidative gas increases.

Furthermore, the efficiency of welding can be improved, and a much deeper weld
penetration can be obtained without detertorating the quality of welding when welding is
carried out by adopting at least one condition selected from the welding current of 100 A
or more (preferably 120 A or more), the welding speed of 3.5 mm/second or less
(preterably 2 mm/second or less), and the arc length of 2.5 mm or less (preferably 1 mm
or less) in addition to the above-described shielding gas, which includes the oxidative gas
In the appropriate concentration.

In addition, the value of D/W will be less than 0.8 when the welding current is
less than 100 A, the welding speed is more than 3.5 mm/second, and the arc length is more
than 2.5 mm.

The weldment according to this embodiment is a weldment welded by using the
above-described method, wherein the shielding gas, which includes the oxidative gas in
the appropriate concentration, and the penetration depth is 0.8 or more (preferably 1.0 or

more) with respect to the bead width. In this case, the concentration of oxygen in the
welded metal is in the range of 70 to 700 ppm. A deep weld penetration can be achieved
and a high quality welding can be attained in this range.

As described above, the concentration of oxygen in the welded metal refers to the
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concentration of oxygen in the welded portion of the metal. This concentration of
oxygen in the welded metal can be obtained by measuring the concentration of oxygen in
the welded portion of the metal after welding, for example, by way of the
infrared-absorption method after fusion under inert gas.

Hereinafter, an explanation 1s given for the Examples to demonstrate the

shielding gas, the welding method by using the same, and the weldment thereof according

to this embodiment.

EXAMPLES

At first, the conditions which were commonly adopted in each of Examples 1 to 4
are explained. With regard to the weldment, SUS 304, namely a board of stainless steel
100 mm thick, in which the concentration of sulfuric content was low (sulfuric content: 5
ppm, and oxygen content 10 ppm), was used as a sample material (base material). The

composition of this stainless steel 1s shown in Table 1.

Table 1
| Composition C | S | Mn | NI | Cr P [ S | O Fe
Content -
o : 0.06 | 0.44 0.96 8.19 18.22 | 0.027 | 0.001 | 0.0038 | the balance
| (/o by welght) | _ [ !

The Examples were carried out by using the method of TIG welding in which a
W-2%ThO2-type electrode (a tungsten electrode including 2% thorium oxide) whose
diameter 1s 2.4 mm and whose angle of apex 1s 60° was used, and the polarity of the
electric current was DCEN. The shielding gas was a mixed gas made by adding oxygen
gas (O2), 1.e. a oxidative gas, to helium gas (He), 1.e. an inert gas, which is a shielding gas
used for non-consumable electrode-based gas-shielded welding. The flow rate was 10

[/minute. In addition, the nozzle used in each of Examples 1 to 4 was a single nozzle

from which the shielding gas flowed to the circumference of the electrode.
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Examples 1 to 4 were conducted based on these common conditions. The
index representing the property of the obtained weld penetration, i.e. a scale ratio of the
welded portion of the metal “penetration depth D / bead width W” (hereinafter,
abbreviated as “value of D/W”) was confirmed in each of Examples 1 to 4 while varying
the concentration of oxygen gas (% by volume) in the shielding gas in Example 1, the
welding current (A) in Example 2, the welding speed (mm/Second) in Example 3, and the
arc length (mm) in Example 4. In the Examples, the values of D/W were evaluated by
considering the value of 0.8 as a first threshold, which was further improved by more than
10% of the value of D/W of 0.7. This value of 0.7 is disclosed in, for example, Japanese
Unexamined Patent Application, Publication No. 2003-19561, and is a value of D/W (the
bead width: 5 mm, and the weld penetration: 3.5 mm) in which the weld penetration was
improved compared to the prior art. Furthermore, they were further evaluated based on
the value of 1.0 as a second threshold, which was improved by more than 40% of the

value of D/W of 0.7.

Hereinafter, Examples 1 to 4 are explained in detail.

(Example 1)
In Example 1, a shielding gas prepared by adding oxygen gas to helium gas was

used. The welding current was 160 A, the welding speed was 2 mm/second, the arc
length was 1.0 mm, and the other conditions were based on the above-described common

conditions. The values of D/W were measured and the cross section of the welded
portion of the metal was observed while varying the concentration of oxygen in the

shielding gas in the range of 0 to 10% by volume.

Figure 1 shows a graph representing the relationship between the concentration of

oxygen in the shielding gas and the value of D/W which is based on the results of
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Example 1. Figure 2 shows a graph representing the same as that of the Figure 1

(indicated on 0 to 1.0% by volume scale in the concentration of oxygen in the shielding

gas). Figure 3 shows photos of welded portions and images of the corresponding

cross-sectional view of the welded portion of the metal in Example 1. In addition, the
relationship between the concentration of oxygen in the shielding gas and the oxygen
concentration in the welded metal is also shown 1n Figures 1 or 2. The results of the
measurement in Example 1 are shown in Table 2.

In Examples, the concentration of oxygen in the welded metal was obtained by

measuring the concentration of oxygen in the welded portion of the metal after welding

based on the infrared-absorption method after fusion under nert gas (JIS H 1620 (5)).

Table 2
Concentration of T Cg:;:;:?:l“:ﬁ:f
ooy DIV welded metal
(vol.%)

— _(ppm)
9 048] 189
_ 0.1 0.5 369
_0.2 097 o 77 .9
031 093 N 77.4
04 o 1.02 o 87 5
0.5 0951 113.0
0.6 - 0.99 o 123 .4
- 0.7 0.8 T 129.1
0.8 096 146.8
05 097 154.9
1.0 099 - 167.1
. 100 201.4
1.6 - 1.02 e 2373
20y 1.05 2694
2.4 ~1.03 2854
2.8 102 3706
3.2 101 ~ 446.8
4.0 1.08 4790
50 1.31 5437
6.0 1.34 591.2
8.0 1.39 674.5

%0 1.39

100! 1.49 6845
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As shown in Figures 1 to 3 and Table 2, the value of D/W suddenly increases
when the concentration of oxygen in the shielding gas is in the range of about 0.1 to about
0.2% by volume. Also, it is evident that the value of D/W satisfies the first threshold of
0.8 or more when the concentration of oxygen in the shielding gas is 0.2% by volume or
more. In particular, when the concentration of oxygen in the shielding gas is 0.4% by
volume or more, the value of D/W 1is stable around 1.0, and almost satisfies the value of
1.0 or more although several values of D/W between 0.4 to 1.2% by volume are a bit less
than the second threshold of 1.0.

As shown 1n Figure 1, it can be confirmed that the higher the concentration of
oxygen in the shielding gas is, the larger the value of D/W is in general. Also, as shown
in Figure 3, it can be confirmed that the bead width W of the welded portion of the metal
tends to be narrow, and that the penetration depth D tends to be deep.

Therefore, it is preferable that the concentration of oxygen in the shielding gas be
0.2% by volume or more (preferably 0.4% by volume).

Also, with regard to effects of the concentration of oxygen in the shielding gas on
the welded metal, the following assumption can be made.

In order to achieve the deep penetration in a welded portion of the metal, the

direction of convection in the molten pool needs to be inward in general (the direction in
which it flows down in the depth direction from a central portion of the surface of the
welded portion of the metal, and flows up along the side of the metal workpiece to the
surface, and back down through the central portion).

In general, surface tension causes a flow form a part in which the surface tension

is small to a part in which the surface tension 1s large, and the surface tension decreases as

the temperature of substance raises. Due to this, the central portion of the surface of the
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welded portion of the metal directly under the arc becomes high-temperature, and the
surface tension becomes smaller than that of its circumferential portion in which the
temperature 1s lower. Consequently, the convection in the molten pool acts outward.
However, the surface tension of the central portion of the surface can be made larger than
that of its circumferential portion by adding a predetermined amount of oxygen gas (as
well as carbon dioxide gas) to the stainless steel used as a sample material as the
temperature 1ncreases, so that the convection in the molten pool acts inward. Therefore,
the high-temperature molten metal directly under the arc flows in the depth direction and a
deep penetration can be formed.

The value of D/W becomes large and a deep weld penetration was confirmed in
the results of Example 1 when the concentration of oxygen in the shielding gas was 0.2%
by volume or more. In this case, the concentration of oxygen in the welded metal was 70
ppm or more. Moreover, 1t was found that the concentration of oxygen in the welded
metal became almost stable (about 700 ppm) in the range of 8 to 10% by volume. From
this analysis, it can be assumed that the above-described direction of the convection
reversed itself from outward to inward when the concentration of oxygen in the welded

metal 1s in the range of 70 to 700 ppm, and a deep weld penetration can be achieved in this

range.

(Example 2)

In Example 2, a shielding gas was prepared by adding oxygen gas to helium gas,
such that the concentration of oxygen in the shielding gas was 0.4% by volume. The
welding speed was 2 mm/second, the arc length was 1.0 mm, and the other conditions
were based on the above-described common conditions. The values of D/W were

measured and the cross section of the welded portion of the metal was observed while
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varying the welding current in the range of 80 to 250 A.

Figure 4 shows a graph representing the relationship between the welding current
and the value of D/W which is based on the results of Example 2. Figure 5 shows photos
of welded portions and images of the corresponding images representing cross-sectional
view of the welded portion of the metal in Example 2. In addition, a relationship
between the concentration of oxygen in the shielding gas and the oxygen concentration in

the welded metal is also shown in Figure 4. The results of the measurement in Example

2 are shown 1n Table 3.

Table 3
| He + 0.4 vol.% O2 [ Pure He l
Weld; | Concentration of Concentration of
elding Current Oxygen in welded | O ' ided
| (A) D/W yg e D/W Xygen in weide
| metal metal
| | (ppm) | 1 (ppm) j
| 80 0.65 71.9 0.57 19.2
100 0.66 76.6 0.59 19.2
120 0.93 8§2.8 0.58 18.1
140 0.95 90.1 0.50 19.0
160 1.02 87.5 0.48 18.9
180 0.99 108.3 0.49 18.9
200 1.04 110.25 0.46 18.7 !
230 1.07 112.25 0.43 19.6 |
250 1.13 107.65 0.41 20.8

As shown 1n Figure 4, Figure 5, and Table 3, when the welding current was over

about 90 A, the slope of the graph of the value of D/W increased. That is, the value of
D/W increased as the welding current increased. It is evident that the value of D/W can

be made 0.8 or more, which is the value of the first threshold, by setting the welding
current to 100 A or more. In particular, by setting the welding current to 120 A or more,
the value of D/W can be made 1.0 or more, i.e. the value of the second threshold.

Therefore, the appropriate range of the welding current is 100 A or more, more preferably



CA 02555426 2006-08-03

15

120 A or more.

Also, the concentration of oxygen in the welded metal was about 75 ppm when
the welding current was 90 A at which the rate of increase of D/W escalated. This is why
it can be assumed that the direction of the convection in the welded metal reversed itself

from outward to inward at this point.

In addition, in Figure 4, the case in which the shielding gas was a simple helium
gas (pure He) was also shown. According to this, the concentration of oxygen in the
welded metal was stable around 20 ppm when the welding current is in the range of 80 to
250 A. Moreover, the value of D/W decreases when the welding current 1s 80 A or more.
That is, unless the oxidative gas is added to the shielding gas, the concentration of oxygen
in the welded metal is not in the range of 70 to 700 ppm, which was considered as an
appropriate range in Example 1. This is why it was assumed that the reversion of the

convection did not occur and that the penetration depth became superficial.

(Example 3)
In Example 3, the same shielding gas as in Example 2 was used. The welding
current was 160 A, the arc length was 1.0 mm, and the other conditions were based on the

above-described common conditions. The values of D/W were measured and the cross

section of the welded portion of the metal was observed while varying the welding speed
in the range of 0.75 to 5.0 mm/second.

Figure 6 shows a graph representing the relationship between the welding speed

and the value of D/W which is based on the results of the Example 3. Figure 7 shows
photos of welded portions and images of the corresponding cross-sectional and horizontal
views of the welded portion of the metal in Example 3. The results of the measurement

in Example 3 are shown in Table 4.
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Table 4
Welding speed Congﬁngealt(iizg ge?:lygen |
(mm/second) (ppm)
0.75 76.1
1.0 94.9
Lo | 101.5
2.0 | 87.5
2.5 | 94 .4
3.0 | 92.2
4.0 | 82.5
5.0 | 78.0

As shown 1n Figure 6, Figure 7, and Table 4, it was confirmed that the value of
D/W was 0.8 or more, 1.e. the value of the first threshold, when the welding speed was 3.5

mm/second or less. In particular, when the welding speed was 2.0 mm/second or less,

the value of D/W was 1.0 or more, i.e. the value of the second threshold. That is, it is

evident that the weld penetration grows deep as the welding speed becomes slow.
Theretore, 1t 1s preferable that the welding speed be 3.5 mm/second or less (preferably 2.0

mm/second or less).

Moreover, as shown in Table 4, it is confirmed that the concentration of oxygen in

the welded metal be 70 ppm or more in all.

In addition, the case in which carbon dioxide gas (mixing concentration: 0.6% by
volume) was used as an oxidative gas is also shown in Figure 6. This detail is explained

in the Variation Example as described below.

(Example 4)
In Example 4, the same shielding gas as in Examples 2 and 3 was used. The

welding current was 160 A, the welding speed was 2.0 mm/second, and the other

conditions were based on the above-described common conditions. The values of D/W
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were measured and the cross section of the welded portion of the metal was observed
while varying the arc length in the range of 1to 7 mm.

Figure 8 shows a graph representing the relationship between the arc length and
the value of D/W which is based on the results of Example 4. Figure 9 shows photos of
the welded portions and images of the corresponding cross-sectional and horizontal views
of the welded portion of the metal in Example 4. The results of the measurements 1n

Example 4 are shown 1n Table $.

Table 5
| :

e | o | e R
| (ppm) |
1 1.02 14.0 87.5 |

2 0.89 16.7 | 109.9

3 0.75 18.7 152.4

4 0.69 20.5 | 178.5

5 0.65 22.1 214.3
6 0.62 23.7 242.2 |
! 0.59 | 25.0 253.5 |

As shown in Figure 8, it was confirmed that the value of D/W could be 0.8 or
more, 1.e. the value of the first threshold, when the arc length was 2.5 mm or less. In

particular, when the arc length was 1.0 mm or less, the value of D/W was 1.0 or more, i.e.

the value of the second threshold (see Table 5). That is, as shown in Figure 9, the arc
width became wide and the weld penetration grew deep when the arc length was 2.5 mm
or more. However, 1t was evident that the bead width W also became wide and that the

value of D/W became small as it was below 0.8. Therefore, it is preferable that the arc
length be 2.5 mm or less (preferably 1.0 mm or less).

Next, the effect of the use of helium gas in the above described Examples 1 to 4 is

explained.
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[t was confirmed that the pressure to the surface of the molten pool in the welded
metal brought by the addition of helium gas was lower than that of the case in which argon
gas 1s added. From this point, it 1s assumed that the plasma current of helium gas is
smaller than that of argon gas. That is, it 1s also assumed that, due to the effect of the
plasma current, the force which acts from inside to outside (i.e. dragging force) when
using helium gas is smaller than that of argon gas. Consequently, the force which
hampers the inward convection (the direction in which the weld penetration goes ahead)
can be made small. Also, the temperature at the central portion of the molted pool
increases due to the constriction of the arc and its thermal gradient increases, so that the
inward Marangoni convection acts more strongly.

Thus, 1n the present invention, the use of helium gas as a main gas makes it
possible to suppress the dragging force. Furthermore, the weld penetration can be made
deeper by setting the welding current, the welding speed, and the arc length in the
appropriate ranges which were demonstrated in the above-described Examples 1 to 4.

Next, the Variation Example according to the shielding gas, the welding method

by using the same, and the weldment thereof of the present invention is explained based

on Figure 10.

(Variation Example)
Figure 10 shows photos of welded portions and images of the corresponding

cross-sectional and horizontal views which are characteristic of the results of the
speed-variation experiment of the Variation Example. In this experiment, 0.6% by
volume of carbon dioxide gas was used as an oxidative gas.

In the present invention, carbon dioxide gés can be mentioned as an example of

the oxidative gas in addition to oxygen gas. In the Variation Example, the value of D/W
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was confirmed while varying the welding speed in the same way as in Example 3 except
that carbon dioxide gas was used as the oxidative gas instead of using oxygen gas (See
Figure 6).

The conditions for the Experiment using carbon dioxide gas shown in Figure 10
were a welding speed of 2 mm/second and welding current of 160 A. In this case, the
weld penetration was slightly superficial compared with the results of the Example 1n
which 0.4% by volume of oxygen gas was used under the same conditions (See Figure 7).

Also, as shown in Figure 6, the value of D/W in the 0.6 vol% carbon dioxide gas
was smaller than that of the 0.4 vol% oxygen gas. From this, it is considered that a
deeper penetration can be obtained when using oxygen gas, as opposed to carbon dioxide
gas. Accordingly, it is expected that carbon dioxide gas needs to be added in a larger
amount compared to oxygen gas.

Furthermore, the transition of the graph of the 0.6 vol% carbon dioxide gas is
almost the same as that of the 0.4 vol% oxygen gas. From this point, it is assumed that
the same effects as in the case of oxygen gas can be obtained in the case of carbon dioxide
gas. However, 1t 1s preferable that the appropriate welding conditions such as its mixing
concentration, the welding current, and the arc length, etc. be confirmed by carrying out
the same experiments as Example 1 to 4.

S0 far, the preferred embodiments and the Variation Example of the shielding gas,
the welding method by using the same, and the weldment thereof of the present invention
are explained. However, additions, omissions, substitutions, and other modifications can
be made without departing from the spirit or scope of the present invention. Accordingly,
the invention is not to be considered as limited by the foregoing description and is only

limited by the scope of the appended claims.

For example, TIG welding is adopted in the above-described embodiments and
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the Variation Example, but the welding method is not limited to this. It was confirmed
based on the results of Examples 1 to 4 that the deep penetration was due to the use of
hellum gas. Moreover, it was also confirmed that the deep penetration due to the
addition of thé oxidative gas to heliﬁm gas was an effect caused from the reversion of the
convection due to the oxygen present in the welded metal, and the suppression of the
dragging force on the surface of the molten pool.

From this point of view, the welding method is not limited to TIG welding, and
the other gas-shielded arc welding methods such as MIG welding, MAG welding, or the
like may be applied.

Also, a single nozzle was used in the embodiments and the Variation Example,
but it 1s not limited to use of this. For example, the electrode is easily damaged due to
the oxidation because the above-described shielding gas includes the oxidative gas. In
order to prevent this, it is preferable that a double-nozzle be used. This double-nozle is
comprised of an inner nozzle which supplies the shielding gas from the vicinity of the
electrode generating the arc, and an outer nozzle which supplies the shielding gas from the
outside of the inner nozzle. They are arranged doubly and concentrically around the
electrode. For example, the electrode can be prevented from deteriorating and the value
of D/W can be also made large by discharging simple helium gas from the inner nozzle in
the vicinity of the electrode, and by discharging the shielding gas prepared by adding
oxygen gas or carbon dioxide gas to helium gas from the outer nozzle which is an outer
circumference of the inner nozzle.

If this embodiment is adopted, it is effective that the use of simple helium gas in
the inner nozzle and the combination of helium gas and oxygen gas ih the outer nozzle are
optimized as Follow-up Experiment 1 in terms of the appropriate conditions of the

concentration of the oxidative gas in the shielding gas, the welding current, the welding
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speed, and the arc length, as well as the above-described Examples 1 to 4. As Follow-up
Experiment 2, 1t 1s better that the use of simple helium gas in the inner nozzle and the

combination of helium gas and carbon dioxide gas in the outer nozzle are optimized in the

same way.

Also, the arc-start will be inferior 1f simple helium gas is used as the shielding gas
which 1s supplied from the inner nozzle. This inferior arc-start may be improved by
adding an appropriate amount of argon gas thereto.

Moreover, the high-temperature surface of the welded portion will be oxidized
because the oxidative gas 1s added to helium gas. This oxidation can be improved by
adding, for example, 9% or less, preferably 3 to 7% of hydrogen gas thereto, and the
appearance can be improved. Therefore, the same effect can be obtained in the outer
nozzle by using a gas in which the oxidative gas is added to the above-described gas used
in the inner nozzle.

It this embodiment is adopted, in view of the above-mentioned Follow-up
Expenments, the combination of helium gas and hydrogen gas in the inner nozzle and the
combination of helium gas and carbon dioxide gas in the outer nozzle as Follow-up
Experiment 3; the combination of helium gas and argon gas in the inner nozzle and the
combination of helium gas, argon gas, and carbon dioxide gas in the outer nozzle as
Follow-up Experiment 4; and the combination of helium gas, hydrogen gas, and argon gas
In the inner nozzle and the combination of helium gas and carbon dioxide gas in the outer

nozzle as Follow-up Experiment 5 can be done. It is also effective that, with regard to

these, the appropriate conditions of the concentration of the oxidative gas in the shielding
gas, the welding current, the welding speed, and the arc length are optimized, as well as

the above-described Examples 1 to 4.
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What is claimed is:
1. A shielding gas used for non-consumable-electrode-based gas-shielded welding,
comprising:
0.2% by volume or more of an oxidative gas; and
the balance being helium gas,
wherein the welding 1s carried out by generating an arc between an electrode and a

weldment.

2. A shielding gas used for non-consumable electrode-based gas-shielded welding,
comprising:

0.4% by volume or more of an oxidative gas; and

the balance being helium gas,

wherein the welding i1s carried out by generating an arc between an electrode and a

weldment.
3. A welding method, comprising:

welding a weldment by using the shielding gas according to claim 1 or 2.
4, The welding method according to claim 3, wherein the welding is carried out at a

welding current of 100 A or more.

5. The welding method according to claim 3, wherein the welding is carried out at

a welding speed of 3.5 mm/second or less.
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6. The welding method according to claim 3, wherein the welding is carried out at
an arc length of 2.5 mm or less.
7. A weldment welded by using the welding method according to claim 3, wherein

the penetration depth is 0.8 or more with respect to a bead width.

8. A weldment welded by using the welding method according to claim 3, wherein

the penetration depth is 1.0 or more with respect to a bead width.

9. A weldment welded by using the welding method according to claim 3, wherein a

concentration of oxygen in a welded metal of the weldment is 70 to 700 ppm.
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