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(57) Abrége/Abstract:

A TIG welding apparatus comprises a welding current supply means for supplying an electric current, a shield gas supply means
for supplying shield gases, a tungsten electrode connected to the welding current supply means, a welding torch disposed
coaxlally around the tungsten electrode and provided with inner and outer double gas shields having gas jetting nozzles through
which the gases are jetted, a plurality of wires to be fed to a portion at which the gases are jetted through the gas jetting nozzles,
a wire feeding means, and a heating means connected to the wires, except at least one wire, for heating the wires. A TIG
welding method is carried out by using such welding apparatus through the steps of supplying shield gases into the inner ana
outer gas shields and jetting the shield gases through the jetting nozzles to a portion at which a welding arc Is generated,
feeding continuously wires, except at least one wire, under a condition heated by the heating means to that portion as hot wires
through the wire feeding means and feeding continuously the at least one wire under a condition not heated to the portion as
cold wire through the wire feeding means substantially at the same time of the feeding of the hot wires.
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ABSTRACT OF THE DISCLOSURE

A TIG welding apparatus comprises a welding

current supply means for supplying an electric current, a

shield gas supply means for supplying shield gases, a

means, a welding torch disposed coaxially around the
tungsten eleétrode and provided with inner and outer double
gas shields having gas jetting nozzles through which the
gases are Jetted, a plurality of wires to be fed to a
portion at which the gases are jetted through the gas
jetting nozzles, a wire feeding means, and a heating means
connected to the wires, except at least one wire, for
heating the wires. A TIG welding method is carried out by
using such welding apparatus through the steps of supplying
shield gases into the inner and outer gas shields and
jetting the shield gases through the jetting nozzles to a

portion at which a welding arc is generated, feeding

hot wires through the wire feeding means and feeding

continuously the at least one wire under a condition not
heated to the portion as cold wire through the wire feeding

means substantially at the same time of the feeding of the

hot wires.
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TIG WELDING METHOD AND WELDING APPARATUS

BACKGROUND OF THE INVENTION

The present invention relates to a TIG welding

method and apparatus suitable for welding a building or
structure having a 1large size such as power plant,
particularly, for carrying out an entire welding attitude

including vertical and upward welding attitudes of an

welding apparatus in a stable manner 'with high fusing
efficiency.

The TIG welding method has been widely utilized,
as a well known welding method, for various welding
workings requiring high quality of a wélded portion
because, by the TIG welding, a portion to be welded is shut
off from an environment air by a shield gas jetted around
an electrode to thereby prevent oxidation and nitriding of
that portion. However, since, in such TIG welding method
since a non-fusible tungsten electrode is used, the welding
efficiency is not good in comparison with an MIG welding
method or other method using a fusible electrode. Moreover,
in an occasion that a feeding speed of a wire to be fed as
a filler material is excessively increased over a limit of
welding penetration depth of the wire, there may be caused
a case where a portion of the wire which has not been

completely melted abuts against a bottom portion (portion

1
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not to be welded or solid portion such as previously welded
bead) of a molten pool, which will result in an instable

welded condition.

In a known art, various efforts have been made
for solving the problems mentioned above. For example,
there 1s provided a double-gas-shield method in which inner
and outer double gas shields are formed around the
tungsten electrode to enhance a thermal pinch effect and
hence to create an arc throttled si:ate and increase the
welding penetration depth. Examples of T.IG welding methods
utilizing such double-gas-shield technique are disclosed in
Japanese Patent Laid-open Publication No. HEI 6-~71446 in
which it 1is attempted to make constant the welding
penetration depth through controlling of a gas supply
amount and in Japanese Patent Laid-open Publication No. HEI
7-227673 1in which it 1is attempted to increase operational
efficiency through an improvement of gas supply density.

In another aspect, further attempts have been
made from the view point of a wire to be applied. For
example, there has been proposed a method in which a
plurality of wires are simultaneously fed to perform deep
welding penetration under high voltage or a method in which
the welding wire is heated through current conduction to
facilitate the fusing of the wire and hence to increase the
welding penetration. However, as mentioned, in these prior

art methods, the attempts have been carried out only in a

2
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view point of increasing the wire welding penetration, and

these methods have been carried out separately.

In order to connect or join a 1large structure
such as construction of a large building such as power
plant and/or to connect or join a structure having a large
thickness such as duct jointi_ng, it 1is required for the
application of the TIG welding to improve welding stabllity
with no welding defect, welding speed, fusing speed of the
wire or the like. However, in the welding working site of
the construction of the power plant, fdr example, 1t 1is
needed to carry out the welding in an entire directional
welding attitude or position of a welding apparatus such as
normal downward welding attitude, standing vertical welding
attitude welding or wupward welding attitude. However, in
the standing attitude welding or upward attitude welding of
the welding apparatus, the surface of the molten pool in
the TIG welding is directed horizontally or downward, and
accordingly, there may occur a case that a balance of force
acting to the molten pool cannot be kept correctly and the
molten pool may drop down even in the method of increasing
the welding penetration amount of the welding wire in the
prior art as mentioned above. Therefore, in the case where
the entire attitude welding working of the welding
apparatus is requireq, it 1is difficult to apply the
conventional welding technologies as they are, and as a

result in the conventional usual TIG welding method, the
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welding is performed with a fusing speed of only 10 to 20
g/min for the welding of steel material. That 1s, 1in the
conventional TIG welding method, although a welded portion
with high quality could be obtained, the fusing efficiency
was considerably low, so that the application of such TIG
welding had a limit in the practical use for the welding ot

large structures or structures having a large thickness.

SUMMARY OF THE INVENTION

The present invention seeks to substantially
eliminate effects or drawbacks encountered in the prior art
mentioned above and to provide a TIG welding method and
apparatus capable' of remarkably improving the fusing
efficiency with improved stability being mailntained even 1n
the vertically standing attitude welding or upward welding
attitude of the welding apparatus with an 1improved
operational efficiency in the practical application
thereof.

In the conventional welding method, it has been
mainly intended to increase the size of the molten pool
through the feeding of a plurality of wires or the heating
of the wire. However, 1in such conventional method, 1t was
impossible to sufficiently deal with the problems of drop-

down of molten material at the time of vertical or
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upward attitude welding of the welding apparatus in which
the molten pool cannot be kept in its balanced condition.
Such defect will be prevented from causing if the molten
pool could be rapidly cooled to increase the surface
tension thereof. This will be achieved by utilizing a
latent heat of the wire itself or in combination of the
improvement of the fusing capacity 1in the double shield

TIG welding.

. The present invention was conceived basically in
consideration of these matters. .

According to the present invention, in one aspect
there is provided a TIG welding method in which inner and
outer double gas shields are formed coaxially around a
tungsten electrode to generate an arc and a plurality of
wires as filler material are continuously fed to the arc
generating portion to perform a TIG welding operation,
wherein at least one of the wires is fed under a heated

condition as a heated hot wire and at 1least one of other

wires 1is fed under a non-heated condition as a cold wire

for cooling a molten pool.

In a preferred example, the hot wire is composed

of a solid wire and the cold wire is composed of a twisted

filament wire. When a U-shaped groove welding is carried

to be welded and a root face thickness h of the material is
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set to a value more than 2.4 and less than 5.3 in which

the length L is set to a value more than 6 mm and less than

8 mm and a groove angle is set to a value more than 2° and

less than 8°.

The TIG welding method is applied to an entire
attitude 1we1ding, including vertical attitude welding and
upward attitude welding, of a TIG welding apparatus.

According to the above aspect of the present
invention, the wires to be fed are classified into hot wire
and cold wire, in which the hot wire -1s fed under the
heated condition and the cold wire is fed under the
non-heated condition. Accordingly, the hot wire is
increased in 1its fusing speed by the thermal pinch effect
and the heating process through the double shield gas
supplying, and hence, the molten pool tends to be increased
iln its size. However, according to the present invention,
the cold wire is simultaneously fed to cool the molten pool
to thereby prevent it from increasing in size. Therefore,
the dimension or size of the molten pool can be kept
properly even if the fusing speed of the hot wire is
increased. According to such control of the molten pool
size, the molten pool size can be also kept properly small
even 1in the vertical or upward attitude welding operation
of the welding apparatus without drop-down of the molten

pool with the high fusing speed being kept. Thus, the

stable welding operation can be realized with no welding

6



CA 02240219 1998-08-26

large surface area, so that the melting Performance is

increased, facilitating the cooling effect of the molten

comparison with 'the twisted wire.

Further, concerning the setting of the ratio L/h,
the root parallel length L, the root face thickness h and

the groove angle to the values mentioned above, the

the rear surface side of the groove, providing an instable

welding condition. In the case of the 1large root Fface

thickness h, it isg difficult to obtain a stable melt



10

15

20

25

CA 02240219 2001-04-17

provide a suspended state, and on the contrary, in the case
of the small thickness h, the rear surface side thereof may
be melt down. However, these drawbacks or defects can be
improved by setting the above wvalues to those of the
present invention mentioned above 1in the case where the
heat input at the welding for forming the first layer 1s
set to 2250 to 2700 J/cm. The U-shaped groove welding 1is
effected for the purpose of achieving the effective welding
with reduced number of welding paths of the welding
apparatus, and in the case of the large groove angle, the
path number is increased 1in the formation of the upper
welded layers and in the case of the small groove angle,
welding defect is liable to cause at corner portions in the
respective welding paths of the welding apparatus. Such
problems can be solved by the groove angle of the present
invention mentioned above.

In the case of the vertical and upward welding
attitude of the welding apparatus, according to the present
invention, the stable and sufficient welding condition can
be realized with the proper molten pool condition beilng
kept and with no drop-down of the molten material.

In another aspect of the present invention, there
is provided a TIG welding apparatus comprising:

a welding current supply means for supplying an
electric current for carrying out a welding;

a shield gas supply means for supplying two types
of gasses;

a tungsten electrode connected to the welding
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current supply means;

a welding torch disposed coaxially around the
tungsten electrode and provided with 1inner and outer gas
shields each having a gas jetting nozzle through which a
respective one of said two types of gases 1s jetted;

a plurality of wires to be fed to a portion at
which the gases are jetted through the gas jetting nozzles,
said plurality of wires including at least one cold wire;

a wire feeding means for continuously feeding the
plurality of wires to the portion at which a welding arc 1is
generated by means of the jetted gases; and

a heating means connected to said plurality of
wires other than said at least one cold wire, for heating
said plurality of wires connected to saild heating means.

In a preferred example 1n this aspect, the at
least one wire is composed of a cold wire under non-heated
condition. The wires are two types of wires 1ncluding one
hot wire under the heated condition by the heating means
and one cold wire under the non-heated condition. The hot
wire 1is composed of a solid wire and the cold wire 1s
composed of a twisted filament wire. The gas jetting
nozzle of the outer gas shield has an inwardly tapered end
portion so as to jet the shield gas in a converged fashion.

According to the welding apparatus of the
structure mentioned  above, substantially the same

advantageous effects and functions as those mentioned above
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with reference to the TIG welding method of the present

invention can be attained.

shield gases, a tungsten electrode connected to the welding
current supply means, a welding torch disposed coaxially
around the tungsten electrode and provided with inner and
outer double gas shields having gas jetting nozzles through
which the gases are jetted, a Plurality of wires to be fed
to a portion at which the gases are jetted through the gas
jetting nozzles, a wire feeding means, and a heating means
connected to the wires except at least one wire for heating
the wires, and the TIG welding method comprises the steps
of:

supplying shield gases into the inner and outer

gas shields and jetting the shield gases through the

generated:

feeding continuously wires except at 1least one

wire under a condition heated by the heating means to the

portion as hot wires through the wire feeding means: and
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the feeding of the hot wires.

following descriptions made with reference to the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

Fig. 1 is a diagramatic view showing a TIG

invention:

Fig. 2 1is a schematic view showing an entire

arrangement of the TIG welding apparatus of Fig. 1:

Fig. 3 1is an 1llustration showing a welding

groove shape in the above embodiment:

Fig. 4 1is a view showing a welding condition in

the above embodiment:

Fig. 5 1s a view showing a welding path in the

above embodiment: and
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will be described hereunder with reference to the

accompanying drawings.

Fig. 1 shows an essential structure (welding
torch) of the TIG welding apparatus of the present

invention and Fig. 2 shows the entire structure thereof.

With reference to Fig. 2, the TIG welding

apparatus of the present invention comprises a rail

movable on the rail assembly 2 through wheels, not shown. A
welding torch 4 having a double gas shield structure for

the TIG welding is disposed on the travelling bogie 3. A

pair of wire feeding devices 7 and 8 for feeding wires §

and 6 as filler material are arranged at front and rear

the welding torch advancing direction 1is heated by

double gas shield. A welding control device 15 is also

provided for controlling the travelling of the travelling

12
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controllings, gas supplying and power supplying are

performed by means of or by way of cable means including

hoses, wirings, ducts or the like.

As shown in Fig. 1, the welding torch 4 is

cups 18 and 19 constitute a double-gas-shield structure

Jetting nozzles 20 and 21. The outer jig jetting nozzle has

a inwardly tapered shape so as to converge the outer shield

gas to be jetted.

A center gas 22, as an inner shield gas, such as

argon gas, helium gas, hydrogen gas or mixture gas thereof

ls supplied inside the inner shield cup 18, in which the

tungsten electrode 17 is centrally arranged, and an outer

jetting nozzles 20 and 21, respectively, so as to form a

TIG arc 24. The Jjetted gasses are converged by obliquely

inwardly supplying the outer shield gas 23.

13
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Two wires 5 and 6 are inserted to the TIG arc

portion 24. One of the wires 5 is a solid wire and is
inserted by the wire' feeding device 7 from the front
portion of the welding torch 4. The wire 5§ is heated by the
wire heating device 9 as a hot wire. The other one of the

wires 6 1is a twisted wire and s inserted by the wire

feeding device 8 from the rear portion of the welding torch

4. This wire 6 is a cold wire not heated.

1 to be weldeq, Fig. 4 shows the condition of the welding

the welding apparatus from the initial welded layer to the
final welded layer.

Although, in the test performed, the TIG welding

was executed to various kinds of carbon steels and

14
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stainless steels, there 1is described hereunder g case
wherein SUS 316 plate (plate thickness of 40mm) was used as

the material 1 to be welded, the wires 5 and 6 having the

and less than 5.3. The groove angle (bevel angle)g was
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the converged TIG arc 24 was formed by flowing the center

gas 22 such as argon, helium or hydrogen gas, or mixture

gas thereof inside the inner shield cup 18 and a high heat

-,

input condition was created by the converged arc 24. The

heat input amount was 2250 to 2700 J/cnm.

the other wire feeding device 8, the molten pool 27 was
cooled, and accordingly, in the case of the upward or

vertical welding attitude of the welding apparatus, the

molten material did not drop down.

As the result of such welding processes, when the

downward attitude welding was performed, a high fusing

Further, when the vertical and upward attitude

welding were performed, a high fusing efficiency of the
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40 g/min were obtained with the welding current (average

current) of 260 to 300 A (ampere).

For the sake of comparison, an identical test was

carried out by a conventional TIG welding method using only
one wire. As a result of such test, only a low fusing speed
of 10 to 15 g/min was obtained in each of the downward,
vertical and wupward attitude weldings of the welding
apparatus, thus providing a 1low fusing efficiency through
the conventional TIG welding method. That is, according to

the described embodiment of the present invention, the
fusing speed more than two times of that obtained by the

conventional method could be achieved, and hence, the

through the vertical attitude welding of the welding

apparatus.

With reference to Fig. 6, in the case of the TIG

welding wusing only the hot wire 5, a welding condition

having stable quality with no welding defect appeared in

speed of more than 40 mm/min as shown with ® . According

to this fact, it will be found that when only the hot wire

17
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> 1is wused, the stable welding area resides in the high
welding speed and high fusing speed area. On the other
hand, in the case of the TIG welding using only the cold
wire 6, a welding condition having stable quality appeared
in the area of welding speed of 40 to 80 mm/min and fusing
speed of 25 to 30 mm/min as shown with (O. According to
this fact, it will be found that when only the cold wire 6

s wused, the stable welding area resides 1in the high

welding speed and high fusing speed area. Furthermore, in a

further test in which only the cold wife 6 was used with

the 1increased fusing speed of 25 to 40 mm/min, welded

portions become defective in quality as shown with A .
According to the test results shown in Fig. 6, it

will be evidenced that the following improved welding

functions and effects can be achieved according to the

present invention.

That 1is, according to the double gas shield TIG

welding, the arc 24 is converged due to the thermal pinch
effect by increasing the flow velocity of the center gas

22, and hence, the welding heat input having high energy
density can . be obtained. As a result, the welding
penetration depth becomes large in comparison with that
obtained by the conventional TIG welding carried out with
the same arc current. In the conventional TIG welding,

because of the limit of the welding penetration depth, as

the wire feeding speed 1is increased, an inserted front end

18
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portion of the wire, which has not been completely fused,
abuts against the bottom portion (solid portion) of the
molten pool, thus providing an instable welded condition.

On the contrary, according to the double gas
shield TIG welding, the welding penetration depth can be
made large, so that the stable welded condition can be
created even if the wire 1is fed at an increased wire
feeding speed. However, in the case of the high welding
penetration being achieved by the double shield TIG
welding, there is a 1limit to the wife feeding speed.
According to the present invention, the wire 5 is heated by
the current conduction as the hot wire to thereby increase
the fusing speed of the wire 5§ itself, and therefore, it
becomes possible to further increase the wire feeding speed.

Further, when it 1is intended to improve the
fusing speed by the current conduction heating in the
double gas shield TIG welding process, there will be raised
@ problem of the welding attitudes of the welding
apparatus. That 1s, in the case of the downward attitude
of the welding apparatus, the stable welding condition can
be achieved even in the increased molten pool formed by the
improved fusing speed. However, in the case of the vertical
or upward attitude welding of the welding apparatus, when
the fusing speed is increased, -there may cause a case where
@ good force balance acting to the molten pool 1is not kept

and the stable welding condition cannot be achieved.

19
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On the contrary, according to the present
invention, the hot wire 5 and the cold wire 6 are fed, the
molten pool 27, which tends to be increased by the current
conduction heating to the hot wire 5, is cooled and hence
reduced by the insertion of the cold wire 6. Therefore, the
dimension or size of the molten pool 27 can be made small
even in the increased fusing speed in comparison with the

case of only the hot wire 5 being inserted.

As‘ mentioned above and evidenced through the
test experiments, in the present :ln'ventibn, the double gas
shield TIG welding process is carried out by feeding and
inserting the hot wire 5 together with the cold wire 6.
According to such present invention, the molten pool can be
kept in 1its size even in the increased fusing speed in the
entire wélding attitude of the welding apparatus including
the vertical and upward welding attitudes, thereby
preventing the molten material from dropping down and hence

achieving the stable welding condition with high fusing

efficiency.

Furthermore, since the cold wire 6 is composed of

twisted filament wire, the entire surface area thereof can
be increased in the case of using the solid wire, improving

the melting efficiency. Moreover, the twisted wire has a
superior 1linearly advancing property, so that the cold wire
can be more stably fed and inserted and the welding result

with the stable high fusing efficiency can be hence

20
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realized.

Still furthermore, in the U-shaped groove welding
through the full penetration operation, the ratio L/h
(length L of the parallel root portion 26 / root face
thickness h) 1is set to a value more than 2.4 and less than
5.3, the length of the root parallel portion is set to more
than 6tmm and less than 8mm, and the bevel angle (groove
angle) is set to less than 8°, so that the stable welding

penetration and stable bead shape can be obtained with the
heat input amount of 2250 to 2700 J/cm.

It 1s to be noted that the present invention is

not limited to the described embodiment and many other

changes and modifications may be made without departing

from the scopes of the appended claims.

For example, in the described embodiment, <the

case 1in which only one hot wire 5 and one cold wire 6 are

used as a preferred example, a Plurality of hot wires 5 and

cold wires 6 may be used as occasion demands.

21
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A TIG welding method in which 1nner and outer
double gas shields are formed coaxially around a tungsten
electrode to generate an arc and a plurality of wires as
filler material are continuously fed to the arc generating
portion to perform a TIG welding operation, wherein at
least one of the wires is fed under a heated condition as
a hot wire and at least one of other wires 1s fed under a
non-heated condition as a cold wire for cooling a molten

pool.

2. A TIG welding method according to claim 1,
wherein the hot wire is composed of a solid wire and the

cold wire is composed of a twisted filament wire.

3. A TIG welding method according to claim 1,
wherelin a materiél to be welded is formed with a U-shaped
groove having a ratio L/h of a length L of a root parallel
portion of the material to be welded and a root face
thickness h of the material is set to a value more than 2.4
and less than 5.3 and wherein the length L 1s set to a
value more than 7 mm and less than 8 mm and a groove angle

is set to a value more than 2° and less than 8°.

4. A TIG welding method according to claim 1,
wherein the TIG welding method 1is applied 1n all

directional positions of a TIG welding apparatus including

22
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normal downward welding standing, vertical welding, and

upward welding.

5. A TIG welding apparatus comprising:

a welding current supply means for supplyling an
electric current for carrying out a welding;

a shield gas supply means for supplying two types
of gasses;

a tungsten electrode connected to the welding
current supply means;

a welding torch disposed coaxially around the
tungsten electrode and provided with 1inner and outer gas
shields each having a gas jetting nozzle through which a
respective one of said two types of gases 1s Jetted;

a plurality of wires to be fed to a portion at
which the gases are jetted through the gas jetting nozzles,
said plurality of wires including at least one cold wire;

a wire feeding means for continuously feeding the
plurality of wires to the portion at which a welding arc 1is
generated by means of the jetted gases; and

a heating means connected to said plurality of
wires other than said at least one cold wire, for heating

said plurality of wires connected to said heating means.

6. A TIG welding apparatus according to claim 5,
wherein said wires are two wires including one hot wire
under the heated condition by the heating means and one

cold wire under the non-heated condition.

23
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7. A TIG welding apparatus according to claim 6,
wherein said hot wire is composed of a solid wire and said

cold wire is composed of a twisted filament wire.

8. A TIG welding apparatus according to claim 5,
wherein said gas jetting nozzle of the outer gas shield has
an inwardly tapered end portion so as to jet the shield gas

in a converged fashion.

9. A TIG welding method which 1s carried out by a
welding apparatus comprising a welding current supply means
for supplying an electric current, a shield gas supply
means for supplying shield gases, a tungsten electrode
connected to the welding current supply means, a welding
torch disposed coaxially around the tungsten electrode and
provided with inner and outer double gas shields having gas
jetting nozzles through which the gases are Jetted, a
plurality of wires to be fed to a portion at which the
gases are jetted through the gas jetting nozzles, a wire
feeding means, and a heating means connected to the wires,
except at least one wire, for heating the wires, said TIG
welding method comprising the steps of:

supplying shield gases 1nto the inner and outer gas
shields and jetting the shield gases through the jetting
nozzles to a portion at which a welding arc 1s generated;

feeding continuously wires, except at least one wire,
under a condition heated by the heating means to said

portion as hot wires through the wire feeding means; and

24



CA 02240219 2001-04-17

feeding continuously said at least one wire under a
condition not heated to said portion as cold wire through

the wire feeding means substantially at the same time of

the feeding of the hot wires.

25
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