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1 [ntroduction

Welding and joining technologies are playing impor-
tant roles in all steel using industries and have been
advanced responding to various changes in the social
environment and market requirements.

The last ten years was a decade of violent changes for
the Japanese economy and we experienced both the so-
called Hetsei-1zanagi boom supported by a sharp rise in
land prices and the long depression caused by the col-
lapse of the bubble ceconomy which was swollen by the
boom. This also meant a large change in the environ-
ment for the steel industry as a basic industry in Japan
as well as for the welding technology as a processing
technology for steel. At this time, it may be necessary to
review this period of violent changes and to think of the
direction to which our studies on welding should be
advanced trom here looking toward the 21st century. In
this paper. we summarize the last ten years’ major
progress In the studies of the welding technologies in
Kawasuki Steel.

2 Research Activities in Welding Technology

2.1 Welding Matcrials

The shipping trends of welding materials for Japan"
are shown in Fig. 1. The total shipping quantity dropped
to less than 300000ty in 1987 during that period’s
* Originatly published in Kewasaki Steel Gifio, 31019991, 6063
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Fig. 1| Shipping trends of welding materials in

Japan, including export

depression due to the appreciated yen and it recorded
about 420000ty in 1991 hy being supported by the
Heisei-boom. However, the steel industry then turned
around and reduced production after the collapse of the
bubble. Although the total shipped quantity has been
maintained at about 350 000 t/y since 1993, severer con-
ditions are forecast for the future. If we analyze the
trends for each kind of welding materials, it can be scen
that sohid wires (GMAW) rapidly formed a large market
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in the first half of these ten vears. In the background of
this rapid change. it can be pointed out that gas metal
arc welding using solid wires was the most suitable
welding method for automation and robotization for the
purpose of labor saving and de-skilling, On the other
hand, shipments of covered arc weiding rods (SMAW)
constantly decreased and that of flux cored wires (FCW}
remarkably increased instead and 1s expected to continue
this trend. The shipped quantity of submerged arc weld-
ing wires and fux (SAW} is the least and has kept nearly
constant in these 15 years.

Under such circumstances, we positively engaged in
R&D for welding materials with “high efficiency and
hugh quality” as the keywords in order to meet the social
requirements.

If a large amount of welding spatter is generated in
the automation and robotization of gas metal arc weld-
ing, gas shielding is impeded by the spatters stuck onto
the gas shielding nozzle and the quality of welding is
impaired. In order to cope with such inconvenience in
adopting automation, we energetically carried out devel-
oprnent for reducing spattering. In order to reduce spat-
tering in CO, arc welding, suppressing the increased
voltage gradient due to contraction of the are is an
important point in development. Accordingly, we found
out that by adding chemical elements with low 1oniza-
tion energy to wires, the increase of the voltage gradient
due to thermal :onization of CO, can be mitigated and
the localized concentration of the arc can be also
reduced. Based on thus idea, we have developed the new
solid wire for CO- arc welding (K C-50-DH) which have
successfully reduced spattering in welding. A compari-
son of the quantity of spattering in CO, arc welding
between conventional and the newly developed wire 13
shown in Fig, 2.

Responding to the need to reduce spattering for a fur-
ther improvement of quality also in MAG welding, we
developed low spatter wire (KM-508)} for pulse MAG
welding. Reduction of spattering was achieved by
adjusting the droplet viscosity resulting in stable detach-
ing of droplets from wires when applying pulses.

[n the casc of developing flux cored wires (FCW), sta-
ble feedability of wires becomes an important point as in
the case of solid wires. Therefore, we positvely made
studies on the surface characteristics of wires as well as
on the lubrication and developed FCW which have both
excellent welding workability and superior feedability,
Attaching importance te the environmental problems in
welding n recent years, further low fume FCW are in
the process of developing. Furthermore, with respect to
FCW for primer coated steel plates which are widely
used in shipbuilding and bridge construction, we devel-
oped the new FCW for this specific use (FG-30P). In
order to suppress the generation of pits and wormholes
due to the formation of primer gas and zinc gas caused
by the heat of welding, the wires of this type are
designed not to allow any bubbles to remain in the weld
metal by adjusting the solid/liquid ratio at the solidifica-
tton of welding slag. Many high-rise buildings were
built during these 10 years, especially in the second half
of the 1980% and in the first half of the 1990%. This
trend made it necessary to enhance the efficiency of fab-
ricating various structural members, such as box
columns and weld-built H shaped stecl with heavy
plates. For the purpose of meeting such requirements,
we actively developed a submerged arc welding (SAW)
procedure for deep penetration with high heat input as
well as a kind of iron powder added bhonded flux.
Through X-ray fluoroscopic direct observation of the
behavior of the molten pool in high heat input SAW, it
was made clear that in order to achieve deep penetration,
i is important to limit the volume of molten metal flow-
ing in just below the arc of the leading electrode by
reducing welding current of the trailing electrode, On
the basis of this knowledge, two-electrode SAW
method” was established for the welding of corner joints
of 60 mm thick box columns. Furthermore, the above-
mentioned one-pass welding for 60 mm thick plates was
made possible even with a low output power source up
to 2000 A by adopting 5.1 mm diameter thin wires for
the leading electrode because of deep penetration due to
high current density.” In addition to the above, we
developed a three-clectrode one-pass SAW method tor
80 mm thick heavy plates by optimizing various factors
such as groove configuration and distance between elec-
trodes. An cxample of cross-sectional macrostructure of
the weld obtained by this method 1s shown in Photo 1.V

2.2 Welding Technologies for Steel Sheet

Since the latter half of the 1980, surface coating of
thin steel sheets for autormobile use rapidly became com-
mon for the protection of car bodies from corrosion and
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Cross sectional macrostructure of the 3-
electrodes, | pass submerged arc welding
for heavy section plate of 80 mm in thick-
ness

Photo 1

problems related to weldability of coated steel shects
have arisen accordingly.

If zinc coated steel sheets are lapped and arc welded,
zine in the clearance between the lapped sheets is vapor-
ized by the heat of welding and blows out in the weld
metal, thus forming blowholes by being trapped in solid-
ifying weld metal. In order to prevent this phenomenon,
it is necessary to suppress the generation of zing gas.
Therefore, we developed a method to prevent vaporiza-
tion of zinc by applying FeP, beforehand over the sheets
in the vicinity of the weld portion in the clearance of the
lapping sheets so that the FeP, reacts with Zn due to the
welding heat.”

Furthermore, if zinc coated steel sheets are resistance
spot welded consecutively for many times, zinc on the
sheet surface diffuses into the welding electrode and
forms a hard brittle Cu-Zn alloy layer, and thus the elcc-
trode 15 heavily worn. The welding current density is
also lowered resulting in weld nuggets not being formed.
We tackled this problem from the raw material side and
analyzed the above mentioned electrode wear phenome-
non® and clarified the relationship between the configu-
ration of the electrode face and nugget formability.”
Through such efforts, we developed galvanncaled zinc
coated stcel sheet which has a superior weldability for
the continuous spot welding because of its characteristic
of forming a stable tip on the electrode face.™

For the purpose of reducing the weight of car bodices
or of using proper materials at the proper places, car
manufacturers have developed and practically applied
the tailored blanking process, some shects with different
functions and thicknesses were jointed together in one
sheet by laser welding, ete. before blanking. Paralicl
with this development, we studied on laser welding pro-
cedures for steel sheets of different sirengths, thick-
nesses, etc. and the press formability of the laser welded
joints of these sheets.”'” An example of a laser welded
joint of different thick steels is shown in Photo 2.
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Photo 2 Example of the laser welded joint of the
sheets of different thickness, i.e., 0.7 and
l.4mm in thickness, welding condition;

4.6 kW, 4 m/min

2.3 Welding Technologies for Thick Plate and
Steel Pipe

[n the field of welding for thick plate, this ten year
span was also a decade of returning to heavy, thick, long
and large structures as represented by superhigh-rise
buildings, long large bridges, ete. For the application of
super high heat input SAW and electro-slag welding to
extremely thick steel plates, we energetically studied the
improvement of mechanical characteristics of weld met-
als and the heat affected zone.'' '" Furthermore, the
needs for further high tensie strength and high alloys
for the purpose of excellent corrosion resistance were
materialized. We advanced our studies on the produc-
tion of AP[ X8} and X100 grade stecl UOE pipes and
duplex stainless steel UOE pipes by means of SAW as
well as the application of HT980 steel to penstocks for
pump-up power stations. For welding of HT980 steel,
our studies focussed on developing welding methods
and welding materials which do not generate hydrogen
cracking even at fow preheating temperature while
maintaining high strength and sufficient toughness of the
weld metal. Even for shielded metal arc welding which
contains the large amount of diffusible hydrogen and has
a high cold cracking susceptibility, we solved the above
mentioned difficult problems by optimizing the carben
and carbon equivalent contents of weld metals, Thus,
low preheating temperature of 75°C have achieved for
preventing the cold cracking in HT980 steel.'™

A remarkable factor in the ficld of thick plate welding
is that the beam power of CO, laser welding machines
was dramatically increased in the period from the 1980%
to the 1990% and 45 kW class welding machines which
are fully applicable also to thick plates have been made
commercially available. Aiming at the application of
welded jomnts by high power laser beam to various struc-
tures, we cartied-out basic studies on the metallurgical
performance of faser weld metals including cooling
characteristics, chemical composition, microstructures
and toughness. ‘>
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3 Closing Remarks

Major studies on welding m these ten years made by
Kawasaki Steel were reviewed in this paper. As men-
tioned in the beginning, progress in welding technolo-
gies 18 always closely related to the social environment
and market requirements and the welding technologies
were the keys which determined the commercialization
of steel materials. We believe that this trend will not
change in the next century as well and weldieg and join-
ing technologies covering a wider areca will become
important in erder to deal with new materials which are
expected to be more diverstfied and unproved.
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