DESCRIPTION

Title of the Invention:

METHOD FOR PRODUCING ARC-WELDED STRUCTURAL MEMBER

Technical Field
[0001]

The present invention relates to a method for producing
an arc-welded structural member excellent in liquid metal
embrittlement cracking resistance that is constituted by a hot
dip Zn-Al-Mg based alloy coated steel plate member as one or

both members to be welded.

Background Art
[0002]

A hot dip zinc type coated steel plate is being widely
used in various fields including a construction member and an
automobile body member due to the good corrosion resistance
thereof. In the hot dip zinc type coated steel plate, a hot
dip Zn-Al-Mg based alloy coated steel plate maintains the
excellent corrosion resistance thereof for a prolonged period
of time, and thus is 1n increasing demand as an alternate
material for an ordinary hot dip galvanized steel plate.
[0003]

As described in PTLs 1 and 2, the coated layer of the



hot dip Zn-Al-Mg based alloy coated steel plate has a metal
structure that contains a Zn/Al/Zn:Mg ternary eutectic system
as a matrix having dispersed therein a primary Al phase, or
a primary Al phase and a Zn phase, and the corrosion resistance
is enhanced with Al and Mg. Since a dense and stable corrosion
product containing Mg is uniformly formed on the surface of
the coated layer, the corrosion resistance of the coated layer
is drastically enhanced as compared to an ordinary hot dip
galvanized steel plate.

[0004]

In the fabrication of a construction member, an
automobile body member or the like with a hot dip Zn-Al1-Mg based
alloy coated steel plate, a gas—-shielded arc-welding method
is often employed. The hot dip Zn-Al1-Mg based alloy coated'
steel plate has a problem that on arc-welding thereof, liquid
metal embrittlement cracking is liable to occur as compared
toagalvanized steel plate. It hasbeennotedthat the problem
occurs due to the decrease of the liquidus temperature of the
coated layer caused by Mg contained (PTLs 3 and 4).

[0005]

On arc-welding a coated steel plate, the metal of the
coated layer is melted on the surface of the base steel (steel
plate to be coated) around the portion where the arc passes.
The alloy of the coated layer of the hot dip Z2n-Al-Mg based

alloy coated steel plate has a liquidus temperature that is



lower than the melting point of Zn (approximately 420°C) and
maintains themolten state for arelatively longperiodof time.
In an alloy of Zn-6% by mass Al-3% by mass Mg, for example,
the solidification temperature is approximately 335°C. 1In the
metal derived from the Zn-Al-Mg based alloy coated layer melted
on the surface of the base steel, the Al concentration is
decreased with the consumption of the Al component through the
reaction in the initial stage with Fe present underneath to
form an Fe-Al alloy layer, and the molten metal thus finally
has a composition that is close to a Zn-Mg binary system, but
the alloy of Zn-3% by mass Mg still has a solidification
temperature of 360°C, which is lower than the melting point
of Zn, 420%1 Accordingly, the 7Zn-Al1-Mg based alloy coated
steel plate has a prolonged period of time where the molten
metal of the coated layer melted on arc-welding remains on the
surface of the base steel while maintaining the liquid state,
compared to the galvanized steel plate.

[0006]

On exposing the surface of the base steel for a prolonged
period of time, which is suffering a tensile stress on cooling
immediately after arc-welding, to the molten coated metal, the
molten metal penetrates into the crystalline grain boundaries
of the base steel to become a factor causing liquid metal
embrittlement éracking. The liquid metal embrittlement

cracking thus occurring acts as a starting point of corrocsion



and thus deteriorates the corrosion resistance. The liquid
metal embrittlement crackingmay also cause problems including
deterioration of the strength and the fatigue characteristics.
[0007]

As a measure for suppressing the liquid metal
embrittlement cracking of the hot dip Zn-Al-Mg based alloy
coated steel plate on arc-welding, there has been a proposal
that the coated layer is removed by grinding before arc-welding.
PTL 4 discloses a method of providing liquid metal
embrittlement cracking resistance by using, as a base steel
for coating, a steel plate having ferrite crystalline grain
boundaries having been strengthened by the addition of boron.
PTL 5 discloses a method of suppressing liquid metal
embrittlement cracking in such a manner that Zn, Al and Mg are
oxidized on arc-welding by filling a flux containing TiO; and

FeO in the sheath of the welding wire.
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Summary of Invention
Technical Problem
[0009]

The method of removing the coated layer by grinding and
the method of using the special welding wire involve much
increase in cost. The method of using the boron-added steel
as the base steel for coating narrows the degree of freedom
in selection of the species of steel. Furthermore, even though
these methods are employed, there are cases where the liquid
metal embrittlement cracking is not sufficiently prevented
depending on the shape of the member and the welding condition,
and thus these methods may still not be a fundamental measure
for preventing the liquid metal embrittlement cracking of an
arc-welded structure of a Zn-Al-Mg based alloy coated steel
plate.

[0010]

In recent years, a high tensile strength steel plate
having a tensile strength of 590 MPa or more is being used as
a base steel for coating for reducing the weight of automobiles.
A hot dip Zn-Al-Mg based alloy coated steel plate using the
high tensile strength steel plate suffers an increased tensile
stress in the heat affected zone and thus is liable to suffer
liquid metal embrittlement cracking, which may restricts the

shapes of members and the purposes to be applied.



[0011]

In view of the circumstances, an object of the invention
is to provide excellent ligquid metal embrittlement cracking
resistance to an arc-welded structural member using a Zn-Al-Mg
based alloy coated steel plate member without restriction of
the species of steel for the base steel for coating and without

much increase in cost.

Solution to Problem
[0012]

According to the investigations made by the inventors,
it has been confirmed that such a phenomenon occurs that the
coated layer once disappears through evaporation in the
vicinity of the weld bead on gas-shielded arc-welding, but
after the arc passes, the metal of the ccated layer that is
in a molten state at the position somewhat apart from the bead
immediately spreads by wetting to the portion where the coated
layer has disappeared. It is considered that by preventing
the spread by wetting until completion of the cooling while
maintaining the state where the coated layer disappears
through evaporation, the penetration of the coated layer
component to the base steel in the vicinity of the weld bead
may be avoided, and thus the liquid metal embrittlement
cracking may be effectively prevented. As a result of the

detailed investigations made by the inventors, it has been



found that the spread by wetting in a Zn-Al-Mg based alloy
coated steel plate member may be remarkably suppressed by
decreasing the concentration of COz, which is generally mixed
in the shielding gas in an amount of approximately 20% by volume.
The allowable upper limit of the CO:2 concentration may be
controlled as a function of the welding heat input. It has
been also found that the allowable range for the upper limit
of the CO2 concentration may be enhanced in the case where a
Zn-Al1-Mg based alloy coated steel plate member has a small
thickness. The invention has been completed based on the
knowledge.

[0013]

The object may be achieved by a method for producing an
arc-welded structural member containing a step of joining
steel members by gas-shielded arc-welding to manufacture a
welded structural member, at least one of the members to be
joined being a hot dip Zn-Al-Mg based alloy coated steel plate
member, and the shielding gas being a gas that is based on an
Ar gas, a He gas or an Ar-He mixed gas and has a COz concentration
satisfying the following expression (2) in relation to a
welding heat input Q (J/cm) shown by the following expression
(1) :

Q= (I xV) /v (1)

0 < Ceoz £ 2900Q70-08 (2)

wherein I represents a welding current (A), V represents an



arc voltage (V), v represents a welding speed (cm/sec), and
Ccoz represents a COz concentration in the shielding gas (% by
volume) .

[0014]

The hot dip Zn-Al-Mg based alloy coated steel plate
member referred herein is a member formed of a hot dip Zn-Al-Mg
based alloy coated steel plate or a member obtained by forming
the same as a raw material. The welding heat input Q may be,
for example, in a range of from 2,000 to 12,000 J/cm.
[0015]

In the case where the hot dip Zn-A1-Mg based alloy coated
steel plate member is formed of a base steel for coating having
a thickness of 2.6 mm or less (for example, from 1.0 to 2.6
mm), the following expression (3) may be applied instead of
the expression (2):

0 £ Ccoz £ 205070-32 (3)

In the case where the thickness of the plate is small
as in this case, the welding heat input Q may be preferably,
for example, in a range of from 2,000 to 4,500 J/cm.

[0016]

The hot dip Zn-Al-Mg based alloy coated steel plate
preferably has, for example, a coated layer that contains: from
1.0 to 22.0% of Al; from 0.05 to 10.0% of Mg; from O to 0.10%
of Ti; from 0 to 0.05% of B; from 0 to 2.0% of Si; from 0 to

2.5% of Fe; the balance of Zn; and unavoidable impurities, all



in terms of $ by mass. The coatingweight thereof is preferably

from 20 to 250 g/m? per one surface.

Advantégeous Effects of Invention
[0017]

According to the invention, excellent liquid metal
embrittlement cracking resistance may be stably imparted to
an arc-welded structure using a hot dip Zn-Al-Mg based alloy
coated steel plate, which is inherently liable to suffer liquid
metal embrittlement cracking, without any particular increase
in cost. The allowable upper limit of the CO, concentration
in the shielding gas is determined corresponding to the welding
heat input, and thus the advantages of the use of CO2 mixed
therein (for example, inhibition of oxidation in a vicinity
of a weld bead utilizing the reducing function of CO formed
with arc) may be maximally used. There is no particular
restriction in the species of steel of the base steel for
coating, and thus there is no necessity of the use of a steel
having a special element added for preventing molten metal
brittle cracking. The excellent liquid metal embrittlement
cracking resistance may be obtained even with a high tensile
strength steel plate. Furthermore, there is a high degree of
freedom in shape of members. Accordingly, the invention may
contribute to the spread of an arc-welded Zn-Al1-Mg based alloy

coated steel plate structural member in wide varieties of



fields including an arc-welded structural member for an
automobile body using a high tensile strength steel plate which

is expected to increase in demand.

Brief Description of Drawings

[0018]

[Fig. 1] The figure is a schematic cross sectional view
showing a torch and a base steel in gas-shielded welding.
[Fig. 2] The figure is a schematic cross sectional view
showing a welded part of a lap joint.

[Fig. 3] The figure is a schematic cross sectional view
showing a vicinity of a welded part of a hot dip Zn-A1-Mg based
alloy coated steel plate in arc-welding, in which the welded
part is at a high temperature immediately after an arc passes.
[Fig. 4] The figure is a schematic cross sectional view
showing an ordinary hot dip Zn-Al-Mg based alloy coated steel
plate arc~welded structural member, in which the welded part
is cooled from the state shown in Fig. 3.

[Fig. 5] The figure is a schematic cross sectional view
showing a hot dip Zn-Al-Mg based alloy coated steel plate
arc-welded structural member according to the invention, in
which the welded part is cooled from the state shown in Fig.
3.

[Fig. 6] The figure is a graph showing influence of a welding

heat input and a CO2 concentration in a shielding gas on a length
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of a portion of a Zn-Al-Mg based alloy coated steel plate

arc-welded structural member where a coated layer is

evaporated.
[Fig. 7] The figure is an illustration showing a welding
experiment method for investigating liquid metal

embrittlement cracking resistance.

[Fig. 8] The figure is a graph showing influence of a welding
heat input and a CO, concentration in a shielding gas on a length
of a portion of a Zn-Al-Mg based alloy coated steel plate
arc-welded structural member where a coated layer is

evaporated (with a small steel plate thickness).

Description of Embodiments

[0019]

Fig. 1 is a schematic cross sectional view showing a torch
and a base steel in gas—-shielded welding. A welding torch 31
proceeds in the direction shown by the arrow while forming an
arc 35 on a surface of a base steel 1. A shielding gas 34 is
blown from a circumference of an electrode 33 and a welding
wire 32, which are positioned at the center of the welding torch
31, and protects the arc 35 and the surface of the base steel
1 exposed to a high temperature from the air. A part of the
base steel 1 that has been melted through heat input from the
arc 35 is quickly solidified after the welding torch 31 passes

to form a weld bead 2 formed of a weld metal. The shielding
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gas 34 is necessarily a nonoxidizinggas. Ingeneral, anAr-CO;
mixed gas containing an inert gas, such as Ar, having CO2 added
in an amount of approximately 20% by volume is employed. It
is considered that CO2 in the shielding gas 34 is partially
dissociated to CO and 02 with the arc 35 in a plasma state,
and CO exhibits a reducing function, by which the weld bead
and the vicinity thereof are prevented from being oxidized.
Consequently, the reduction in corrosion resistance in the
welded part may be prevented thereby.

[0020]

Fig. 2 is a schematic cross sectional view showing a
welded part of a lap joint, for example. This type of a welded
joint by arc-welding is often used in a chassis of an automobile
and the like. The base steel 1 and another base steel 1/, which
are steel plate members, are disposed and lapped on each other,
and the base steel 1 and 1’ are joined by forming the weld bead
2 on the surface of the base steel 1 and the end surface of
the base steel 1’. The broken lines in the figure show the
position of the surface of the base steel 1 and the position
of the end surface of the base steel 1’ before welding. The
intersecting point of the surface of the base steel and the
weld bead is referred to as a toe of weld. 1In the figure, the
toe of weld of the base steel 1 is shown by the numeral 3.
[0021]

Figs. 3 to 5 are enlarged schematic cross sectional views

12



showing the structure of the portion corresponding to the
vicinity of the toe of weld 3 shown in Fig. 2.

Fig. 3 is a schematic cross sectional view showing a
vicinity of a welded part of a Zn-Al-Mg based alloy coated steel
plate in gas-shielded arc-welding, in which the welded part
is at a high temperature immediately after an arc passes. The
surface of the base steel 1 has been covered with a uniform
coated layer 7 through an Fe-Al based alloy layer 6 before
welding, but the metal of the coated layer disappears through
evaporation in a region near the toe of weld 3 (i.e., a coated
layer evaporated region 9) after the arc passes. 1In a region
with a larger distance from the toe of weld 3 than the coated
layer evaporated region 9, the original coated layer 7 ismelted
to form a Zn-Al-Mg molten metal 8 but does not reach the
disappearance through evaporation. In a region with a further
larger distance from the toe of weld 3, the original coated
layer 7 remains without melting. In Fig. 3, the thicknesses
of the Zn-Al-Mg molten metal 8 and the coated layer 7 are shown
with exaggeration.

[0022]

Fig. 4 is a schematic cross sectional view showing an
ordinary Zn-Al-Mg based alloy coated steel plate arc-welded
structural member, in which the welded part is cooled from the
state shown in Fig. 3. 1In this case, the Zn-Al-Mg molten metal

(denoted by the numeral 8 in Fig. 3) spreads by wetting over



the coated layer evaporated region (denoted by the numeral 9
in Fig. 3) formed by disappearance of the coated layer in
welding, and the entire surface of the base steel 1 is covered
up to the toe of weld 3 with a Zn-Al-Mg alloy layer 5. The
portion of the Zn-Al-Mg alloy layer 5 that is formed through
solidification of the Zn-Al-Mg molten metal (denoted by the
numeral 8 in Fig. 3) is referred to as amolten metal solidified
region 10, and the portion of the Zn-Al-Mg based alloy layer
5 that 1s formed with the original‘coated layer 7 remaining
is referred to as a non-melted coated layer region 11. 1In the
ordinary Zn-Al-Mg based alloy coated steel plate arc-welded
structural member, the portion just next to the toe of weld
3 is generally the molten metal solidified region 10 as shown
in the figure. In this case, the Zn-Al1-Mg molten metal 8 has
a low liquidus temperature as described above, and thus the
portion of the surface of the base steel 1 to be the molten
metal solidified region 10 after cooling is in contact with
the Zn-Al-Mg based alloy molten metal for a relatively long
period of time in the cooling process after welding. The
portion of the base steel 1 that is close to the toe of weld
suffers a tensile stress on cooling after welding, and thus
the component of the Zn-Al-Mg molten metal is liable to
penetrate the crystalline grain boundaries thereof. The
component thus penetrating the grain boundaries may be a factor

causing liquid metal embrittlement cracking.
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[0023]

Fig. 5 is a schematic cross sectional view showing a
Zn-Al-Mg based alloy coated steel plate arc-welded structural
member according to the invention, in which the welded part
is cooled from the state shown in Fig. 3. In the invention,
the shielding gas used is a gas having a decreased CO2
concentration or a gas having no COz added. Accordingly, it
is considered that the surface of the base steel 1 in the coated
layer evaporated region (denoted by the numeral 9 in Fig. 3)
where the coated layer have disappeared on welding is oxidized
due to the weak reducing function of the shielding gas, and
thus quickly covered with a thin oxide film. It is thus
expected that the oxide film prevents wetting of the Zn-Al-Mg
based alloy molten metal (denoted by the numeral 8 in Fig. 3),
and thus the Zn-Al-Mg based alloy molten metal is prevented
from spreading by wetting. As a result, the coated layer
evaporated region 9 remains after cooling. Thus, the cooling
process is completed without contact between the surface of
the base steel 1 in the vicinity of the toe of weld 3 and the
Zn-Al-Mg based alloymolten metal, and thereby themolten metal
component is prevented from penetrating the base steel 1 in
the region. Consequently, excellent liquid metal
embrittlement cracking resistance may be provided
irrespective of the species of steel of the base steel 1. Even

in such a welding position that the height of the Zn-Al-Mg
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molten metal (denoted by the numeral 8 in Fig. 3) 1s above the
toe of weld 3, the Zn-Al-Mg based alloy molten metal is
effectively prevented from spreading by wetting, due to the
aforementioned wetting preventing effect.

[0024]

In the invention, a gas having a decreased CO2
concentration or a gas having no COz added is used as a shielding
gas, and thus the weld bead and the vicinity thereof are in
an atmosphere that is more oxidative than an ordinary shielding
gas. However, by using a hot dip Zn-Al-Mg based alloy coated
steel plate as a member to be joined, the corrosion resistance
is improved not only on the surface of the coated layer but
also in the vicinity of the welded part where the steel as the
base is exposed. Accordingly, the corrosion resistance for
a prolonged period of time is improved by the excellent
corrosion protecting function exhibited by the corrosion
product derived from the Zn-Al-Mg based alloy coating metal,
in addition to the corrosion protecting function of Zn, and
thus the deterioration of the corrosion resistance due to the
use of a gas having a decreased CO» concentration or a gas having
no CO, added may not be elicited in normal use.

[0025]

The distance between the coated layer evaporated region

9 remaining after cooling and the toe of weld 3 is referred

to as a coated layer evaporated region length in the present
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description, which is denoted by the symbol L in Fig. 5. It
has been confirmed that the ligquid metal embrittlement
cracking, which is a problemoccurring in a Zn-Al1-Mg based alloy
coated steel plate arc-welded structural member, almost occurs
in the close vicinity of the toe of weld 3, specifically the
region of less than 0.3 mm from the toe of weld. As a result
of the various investigations, the 1iquid metal embrittlement
cracking resistance may be largely enhanced when the coated
layer evaporated region length is 0.3 mm or more, and more
preferably 0.4 mm or more. In the case where the coated layer
evaporated region length is too large, there may be a problem
of deterioration of the corrosion resistance due to the absence
of the coated layer, and according to the investigations by
the inventors, it has been found that when the coated layer
evaporated region length is 2.0 mm or 1less, a sufficient
sacrificial corrosion protection may be obtained by the
surrounding Zn-Al-Mg based alloy coated layer, and thus there
may be no problem in deterioration of the corrosion resistance
in the region. The coated layer evaporated region length may
be controlled to the range of from 0.3 to 2.0 mm by controlling
the composition of the shielding gas as described later.
[0026]
Gas-shielded Arc-Welding Condition

In arc-welding according to the invention, it is

important to restrict the CO: concentration in the shielding
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gas corresponding to the welding heat input. COz contained
in the shielding gas is partially dissociated to CO and Oz on
contactingwith a plasma arc as described above, and the surface
of the base steel in the vicinity of the weld bead is activated
by the reducing function of CO. In ordinary gas-shielded
arc-welding, a shielding gas containing approximately 20% by
volume of CO2 is generally used for such purposes as oxidation
prevention of the weld bead and the vicinity thereof. 1In the
invention, however, the reducing function is suppressed or is
completely not utilized, thereby preventing the surface of the
base steel in the vicinity of the welded part, from which the
coated layer has disappeared through evaporation, from being
activated excessively, and thus the Zn-Al-Mg based alloy
molten metal present on the surrounding surface of the base
steel is prevented from spreading by wetting to the toe of weld.
As a result of the detailed investigations, in the case where
the CO: concentration in the shielding gas is restricted to
satisfy the expression (2), the wet spreading preventing
effect may be exhibited, and the coated layer evaporated region
length may be controlled to the range of from 0.3 to 2.0 mm.
[0027]

In the present description, there is disclosed a CO»
concentration controlling method in a shielding gas, in which
on producing a welded structural member by joining steel

members by gas—-shielded arc-welding with a shielding gas being
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based on an Ar gas, a He gas or an Ar-He mixed gas, at least
one of the members to be joined is a hot dip Zn-Al-Mg based
alloy coated steel plate member, and the COz concentration of
the shielding gas 1s controlled to satisfy the following
expression (2) in relation to a welding heat input Q (J/cm)
shown by the following expression (1):

(I x V) / v (1)

il

Q

0 £ Ceo2 £ 2900Q70-.68 (2)
wherein I represents a welding current (A), V represents an
arc voltage (V), v represents a welding speed (cm/sec), and
Cco2 represents a CO2 concentration in the shielding gas (% by
volume) .
[0028]

In the case where a hot dip Zn-Al-Mg based alloy coated
steel plate member using a base steel for coating having a
thickness of 2.6 mm or less is applied to at least one of the
members to be joined, the coated layer evaporated region length
may be controlled to the range of from 0.3 to 2.0 mm even by
applying the following expression (3) with a broader allowable
upper limit instead of the expression (2).
[0029]

In this case, there is disclosed a COz; concentration
controlling method in a shielding gas, in which on producing
a welded structural member by Joining steel members by

gas-shielded arc-welding with a shielding gas being based on
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an Ar gas, a He gas or an Ar-He mixed gas, at least one of the
members to be joined is a hot dip Zn-Al-Mg based alloy coated
steel plate member using a base steel for coating having a
thickness of 2.6 mm or less, and the CO; concentration of the
shielding gas 1is controlled to satisfy the following
expression (3) in relation to the welding heat input Q (J/cm)
shown by the expression (1):

0 £ Cco2 £ 205Q70.32 (3)
wherein Cco2 represents a CO; concentration in the shielding
gas (% by volume).

[0030]

The CO2 concentration in the shielding gas may be
controlled to a range that satisfies the expression (2) or,
depending on the thickness condition, the expression (3), and
it is more effective to ensure a CO2 concentration of 5% by
volume or more from the standpoint of stabilizing the arc. The
stabilization of the arc is advantageous in increase of the
melt depth. Specifically, the following expression (2)’ may
be applied instead of the expression (2), and the following

expression (3)’ may be applied instead of the expression (3):

5.0

IA

Ceoz < 2900Q~0-68 (2)7

5.0 £ Ceo2 £ 205070-32 (3)'

In the case where a hot dip Zn-Al-Mg based alloy coated
steel plate member using a base steel for coating having a

thickness of 2.6 mm or less is applied to at least one of the
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members to be Jjoined, in particular, a CO: concentration
controlling method in a shielding gas, 1in which the CO:
concentration of the shielding gas is controlled to satisfy
the following expression (4) in relation to the welding heat
input Q (J/cm) shown by the expression (1), may be applied,
and thereby the Zn-Al-Mg molten metal may be prevented from
spreading by wetting to the toe of weld while exhibiting
maximally the arc stabilization function of CO:.

2900Q70-88 < Ceop £ 205Q70-32 (4)

The base gas of the shielding gas may be an Ar gas as
in an ordinary shielding gas. A He gas or an Ar-He mixed gas
may also be used. The purity of the base gas may be equivalent
to an ordinary shielding gas.

[0031]

The welding heat input may be determined to a suitable
value depending on the thickness and the like. When the
welding heat input is too small, there may be cases where the
weld bead becomes discontinuous due to insufficient melting.
When the welding heat input is too large, on the other hand,
sputtering is 1liable to occur. The suitable wvalue of the
welding heat input may be generally found within a range of
from 2,000 to 12,000 J/cm. However, in the case where a hot
dip Zn-Al-Mg based alloy coated steel plate member using a base
steel for coating having a thickness of 2.6 mm or less as at

least one of the members to be joined is applied, the welding
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heat input is preferably in a range of from 2,000 to 4,500 J/cm.
As for the other welding conditions, for example, the shielding
gas flow rate may be controlled to a range of from 10 to 30
L/min. An ordinary welding equipment may be used.

[0032]

An example of an experiment for investigating the
relationship between the welding heat input and the CO2
concentration in the shielding gas and the coated layer
evaporated region length will be shown below.

Experimental Example 1

A hot dip n Zn-A1-Mg based alloy coated steel plate shown
in Table 1 was placed horizontally, and a weld bead was formed
on the surface of the steel plate (bead-on-plate) with an arc
generated from a welding torch moving horizontally. The
welding conditions are shown in Table 1. The vertical cross
section of the base steel including the weld bead and the
vicinity thereof perpendicular to the direction of the bead
was subjected to mirror polishing and etching with a Nital
solution having a nitric acid concentration of 0.2% by volume,
and then observed with a scanning electron microscope. The
vicinity of the toe of weld was observed, and thereby the coated
layer evaporated region length denoted by the symbol L, in Fig.
5 was measured.

[0033]

[Table 1]
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Table 1

Hot dip Zn-Al-Mg
based alloy coated

Composition of coated layer

Al: 8.1% by mass; Mg: 3.1% by mass; Zn: balance

Species of base steel for coating

low carbon Al killed steel

Size

thickness: 3.2, width: 100, length: 150 (mm)

steel plate Coating weight 90 g/m2 per one surface
Welding wire YGW12, diameter: 1.2 mm
Composition of shielding gas Ar, COy, Ar-CO;y 2-17% by volume
Flow rate of shielding gas 20 Limin
Welding current 7510 300 A
Arc voltage 121030V
Welding speed 0.4 m/min
Bead length 100 mm
[0034]

The results are shown in Fig. 6. In Fig. 6, the case
where the coated layer evaporated region length is 0.3 mm or
more is plotted as “0”, and the case where it is less than 0.3
mm is plotted as “X”. The curve where the welding heat input
Q (J/cm) and the CO; concentration in the shielding gas Ccoz
(% by volume) have the relationship Ccoz = 29000Q70-68 clearly
determines whether or not the coated layer evaporated region
length is 0.3 mm or more. The liquid metal embrittlement
cracking, which i1s a problem occurring in an arc-welded
structural member using a Zn-Al-Mg based alloy coated steel
plate, almost occurs in the region of less than 0.3 mm from
the toe of weld as described above, and thus the liquid metal
embrittlement cracking resistance may be largely enhanced by
controlling the CO» concentration in the shielding gas not to
exceed the curve in relation to the welding heat input. The
CO2 concentration in the shielding gas is more preferably 5.0%

by volume or more from the standpoint of stabilizing the arc
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as described above,

and even in this case, the welding heat

input Q may be determined within a wide range, for example,

of from 2,000 to 11,500 J/cm, which may be applied to a wide

range of thickness.

[0035]

Experimental Example 2

A hot dip Zn-Al-Mg based alloy coated steel plate

(thickness of base steel for coating: 2.6 mm) shown in Table

1-2 was placed horizontally, and a weld bead was formed on the

surface of the steel plate (bead-on-plate) with an arc

generated from a welding torch moving horizontally. The

welding conditions are shown in Table 1-2. In the same manner

as in Experimental Example 1, the vicinity of the toe of weld

as observed,

and thereby the coated layer evaporated region

length denoted by the symbol L in Fig. 5 was measured.

[0036]

[Table 1-2]

Table 1-2

Hot dip Zn-Al-Mg
based alloy coated

Composition of coated layer

Al: 6.1% by mass; Mg: 3.1% by mass; Zn: balance

Species of base steel for coating

low carbon Al killed steel

Size

thickness: 2.6, width: 100, length: 150 (mm)

steel plate Coating weight 90 g/m? per one surface
Welding wire , YGW12, diameter: 1.2 mm
Composition of shielding gas Ar, COy, Ar-CO7 2-17% by volume
Flow rate of shielding gas 20 L/min
Welding current 7510 300 A
Arc voltage 121030V
Welding speed 0.4 m/min
Bead length 100 mm
[0037]
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The results are shown in Fig. 8. 1In Fig. 8, the case
where the coated layer evaporated region length is 0.3 mm or
more is plotted as “0O”, and the case where it is less than 0.3
mm is plotted as “X”. The curve where the welding heat input
QO (J/cm) and the COz concentration in the shielding gas Ccoo
(% by volume) have the relationship Cco2 = 205070-32 clearly
determines whether or not the coated layer evaporated region
length is 0.3 mm or more. Thus, in the case where a Zn-Al-Mg
based alloy coated steel plate using a base steel for coating
having a thickness of 2.6 mm or less is applied, the allowable
upper limit of the CO, concentration in the shielding gas is
largely broadened as compared to the case in Fig. 6, which is
an example where the thickness is 3.2 mm. It is considered
that with a smaller thickness, the cooling speed after welding
is increased to facilitate solidification of the metal of the
coated layer, which has been in a molten state after an arc
passes, before spreading by wetting to the coated layer
evaporated region, and the allowable upper limit of the CO:
concentration based on a coated layer evaporated region length
of 0.3 mm may change largely at the point where the thickness
of the base steel for coating (corresponding to the base steel
1 in Fig. 5) is around 3 mm.

[0038]
Hot dip Zn-Al1-Mg Based Alloy Coated Steel Plate Member

In the invention, at least one of the members to be joined
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by arc-welding is a hot dip Zn-Al-Mg based alloy coated steel
plate member.

The base steel for coating of the hot dip Zn-Al-Mg based
alloy coated steel plate member may be various species of steel
depending on purposes. A high tensile strength steel plate
may be used therefor. In the case where the expression (2)
is applied, the thickness of the base steel for coating may
be from 1.0 to 6.0 mm, and may be controlled within a range
of from 2.0 to 5.0 mm. When the thickness of the base steel
for coating is 2.6 mm or less (for example, from 1.0 to 2.6
mm) , the expression (3) may be applied instead of the expression
(2).

[0039]

Specific examples of the composition of the coated layer
of the hot dip Zn-Al-Mg based alloy coated steel plate include
from 1.0 to 22.0% by mass of Al; from 0.05 to 10.0% by mass
of Mg; from 0 to 0.10% by mass of Ti; from 0 to 0.05% by mass
of B; from 0 to 2.0% by mass of Si; from O to 2.5% by mass of
Fe; the balance of 7Zn; and unavoidable impurities. The
composition of the coated layer substantially reflects the
composition of the hot dip coating bath. The method for hot
dip coating is not particularly limited, and in general, the
use of an in-line annealing hot dip coating equipment is
advantageous in cost. The component elements of the coated

layer will be described below. The percentage for the
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component element of the coated layer means the percentage by
mass unless otherwise indicated.
[0040]

Al is effective for enhancing the corrosion resistance
of the coated steel plate, and suppresses the formation of a
Mg based oxide dross in the hot dip coating bath. For
exhibiting the functions sufficiently, an Al content of 1.0%
or more 1s preferably ensured, and an Al content of 4.0% or
more is more preferably ensured. When the Al content is too
large, on the other hand, a brittle Fe-Al alloy layer is liable
to grow as an underlayer of the coated layer, and the excessive
growth of the Fe-Al alloy layer may be a factor causing
deterioration of the coating adhesion. As a result of the
various investigations, the Al content is preferably 22.0% or
less, and may be more preferably controlled to 15.0% or less,
and further preferably 10.0% or less.

[0041]

Mg forms a uniform corrosion product on the surface of
the coated layer and largely enhances the corrosion resistance
of the coated steel plate. The Mg content is preferably 0.05%
or more, and more preferably 1.0% or more. When the Mg content
in the coating bath is too large, on the other hand, a Mg based
oxide dross is liable to be formed, whichmay be a factor causing
deterioration of the quality of the coated layer. The Mg

content is preferably in a range of 10.0% or less.
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[0042]

When the hot dip coating bath contains Ti and B, such
an advantage 1s obtained that the degree of freedom in
production conditions on hot dip coating. Accordingly, one
or both of Ti and B may be added depending on necessity. The
addition amounts thereof may be effectively 0.0005% or more
for Ti and 0.0001% or more for B. When the contents of Ti and
B in the coated layer are too large, they may be a factor of
causing appearance failure of the surface of the coated layer
due to deposited products formed thereby. In the case where
these elements are added, the contents thereof are preferably
0.10% or less for Ti and 0.05% or less for B.

[0043]

When the hot dip coating bath contains Si, such an
advantage is obtained that the excessive growth of the Fe-Al
alloy layer formed at the interface between the surface of the
base steel for coating and the coated layer may be suppressed,
which 1is thus advantageous for improvement of the
processability of the hot dip Zn-A1-Mg based alloy coated steel
plate. Accordingly, 3i may be added depending on necessity.
In this case, the Si content is preferably 0.005% or more. Too
large Si content may be a factor increasing the dross amount
in the hot dip coating bath, and therefore the Si content is
preferably 2.0% or less.

[0044]
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The hot dip coating bath is liable to contain Fe since
steel plates are dipped and passed therein repeatedly. The
Fe content in the Zn-Al-Mg based alloy coating layer is
preferably 2.5% or less.

[0045]

When the coating weight of the hot dip Zn-Al-Mg based
alloy coated steel plate member 1s too small, 1t 1is
disadvantageous for maintaining the corrosion resistance and
the sacrificial corrosion protection of the coated surface for
a prolonged period of time. As a result of the wvarious
investigations, in the case where the coated layer evaporated
region formed in the vicinity of the toe of weld is left
according to the invention, it is effective that the coating
welght of Zn-Al-Mg is from 20 g/m? or more per one surface.
When the coating weight is too large, on the other hand, blow
holes are liable to occur on welding. The formation of blow
holes deteriorates the weld strength. Accordingly, the
coating weight is preferably 250 g/m? or less per one surface.
[0046]

Opposite Member for Welding

The opposite member to be joined to the hot dip Zn-Al-Mg
based alloy coated steel plate member by arc-welding may be
a hot dip Zn-Al-Mg based alloy coated steel plate member similar

to the above and may be other kinds of steel.
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Example
[0047]
Example 1

A cold-rolled steel strip having the composition shown
in Table 2 below and having a thickness of 3.2 mm and a width
of 1,000 mm was used as a base steel for coating and subjected
to a hot dip coating line to produce hot dip Zn-Al-Mg based
alloy coated steel plates having various coated layer
compositions. The hot dip Zn-Al-Mg based alloy coated steel
plates were subjected to gas-shielded arc-welding according
to the test method shown later, and the influence of the
composition of the shielding gas on the liquid metal
embrittlement cracking property was investigated. The
composition of the coating layer, the coating weight and the
composition of the shielding gas are shown in Table 4. The
shielding gases applied to examples of the invention had a
composition containing from 0 to 16% by volume of CO; and the
balance of at least one of Ar and He (which were the same as

in Examples 2 and 3).

[0048]

[Table 2]

Table 2

Chemical composition (% by mass)
Steel ¢ S [ M | A T [ b Note

A 0.22 0.006 0.8 0.04 - - 490 MPa class high tensile strength steel
B 0N 0.10 1.8 0.04 - - 590 MPa class high tensile strength steel
C 0.1 04 2.0 04 0.04 0.02 | 980 MPa class high tensile strength steel
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[0049]
Test Method for Liquid Metal Embrittlement Cracking Property
As shown in Fig. 7, a steel rod as a boss (protrusion)
15 having a diameter of 20 mm and a length of 25 mm was set
up vertically on the center of a test specimen 14 (hot dip
Zn-Al-Mg based alloy coated steel plate member) having a
dimension of 100 mm x 75 mm, and the test specimen 14 and the
boss 15 were joined by gas-shielded arc-welding under the
welding conditions shown 1in Table 3. Specifically, the
welding was performed from a welding starting point S in the
clockwise direction, and after going round the boss 15, the
welding was further performed through the welding starting
point S with the weld beads overlapping, up to a welding end ’
point E to form an overlapping portiocn 17 of a weld bead 16.
The test specimen 14 was bound to a flat plate on welding. The
test experimentally replicates a situation where weld cracking

is liable to occur.

[0050]
[Table 3]
Table 3
Welding wire YGW12, diameter: 1.2 mm
Composition of shielding gas Invention:base gas: Ar, He, Ar-He mixed gas,
€Oz 0-16% by volume
Comparison: Ar-CO 5.5 to 20.0% by volume
Flow rate of shielding gas 20 L/min
Welding current 100 to 250 A
Arc voltage 141032V
Welding speed 0.4 m/min
Welding heat input 2,100 t0 12,000 J/cm
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[0051]

After welding, a cross sectional surface 20 passing
through the center axis of the boss 15 and the overlapping
portion 17 of the weld bead was observed with a scanning
electron microscope for the portion of the test specimen 14
in the vicinity of the overlapping portion 17 of the weld bead,
thereby measuring the depth of the deepest crack (i.e., the
maximum crack depth) observed in the test specimen 14. The
crack was determined as liquid metal embrittlement cracking.
The results are shown in Table 4.

[0052]

[Table 4]
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Table 4 (Plate Thickness: 3.2 mm)

Composition of Zn-Al-Mg based alloy coated layer . Composition of Welding Maximum
(balance: Zn) coating shielding gas heat input | 2000 x | crack Not
No. | Steel (% by mass) We'ggt {% by volume) Q Qo | depth oe
(g/m?) (Jiom) (mm)
Al ] Mg | Si Ti B Fe Ar He | CO,

1 A 41 ] 005 | - ] ; } 42 1000 ] 00 | 00 | 2100 | 1597 0

2 B 62 | 29 | 05 | 005 | 002 | - 92 420 | 500 | 80 | 2100 | 1507 0

3 C | 212 | 96 | 05 | 003 | 001 | 07 195 00 | 840 | 160 [ 2100 | 1597 0

7 A 41 | 005 | 03 - - 05 44 00 | 1000 | 00 | 3100 | 12.25 0

5 B 62 | 29 | 15 - - 0.4 2 470 | 470 | 60 | 3100 | 12.95 0

6 c 212 | 96 - ; - 0.5 195 00 | 885 | 115 | 3100 | 1225 0

7 A 45 | 14 | 05 ; ; } 35 1000 | 00 | 00 | 6000 | 7.82 0

8 A 61 | 3d - . - } 88 765 | 200 | 35 | 6000 | 7.82 0

9 B | 145 | 7.7 - } - 12 129 496 | 452 | 52 | 6000 | 7.82 0

0] ¢ | 178 | 81 | 03 ; ; 16 165 00 | 930 | 70 | 6000 | 7.82 0

M| C | 216 ] 92 | 05 - - ; 240 945 | 00 | 55 | 6000 | 7.82 0 Invention
12 | A 45 | 14 | 05 T 1004 {08 35 750 | 250 | 00 | 8000 | 643 0

B3] A 61 | a1 | 05 | 004 | 0.01 - 88 445 | 500 | 55 | 8000 | 643 0

4 B [100 | 29 | 02 - - - 91 940 | 00 | 60 | 8000 | 643 0

15 B | 145 | 77 | 13 ; ; 20 129 198 | 752 | 50 | 9000 | 594 0

6 | ¢ | 78 | 81 |18 ; ; 23 165 00 | 945 | 55 | 9000 | 5.94 0

171 C | 216 | 92 | 05 } - 03 240 740 | 260 | 00 | 10000 | 553 0

181 A 44 | 007 [ 07 - - 05 41 948 | 00 | 52 | 10000 | 553 0

9] B 60 | 34 | 07 | 008 [002 | - 62 670 | 330 | 00 | 12000 | 4.88 0

20 C | 155 | 50 - 005 | - } 115 200 | 780 | 20 | 12000 | 4.88 0

211 C | 213 | o1 - ; - - 189 00 | 954 | 46 | 12000 | 488 0

2 | A 42 1 16 - - - ; 34 800 | 00 | 200 | 2100 | 1597 | 05

2 | B 62 | 29 - - - 0.5 92 00 | 860 | 140 | 3100 | 1225 | 20

24 C | 205 | 95 - - - 0.4 180 440 | 440 | 120 | 4000 | 1030 | 32

2% | A 45 | 14 - - . 0.5 45 870 | 00 | 130 | 4000 | 1030 | 09

2% | B | 112 | 29 | 13 - - - 62 450 | 460 | 90 | 6000 | 7.82 15

27 | C | 210 | 99 - 005 | 001 | 05 240 00 | 800 | 200 | 6000 | 7.82 32 | oo
28| A | 44 | 12 | 05 . ; } 60 820 | 100 | 80 | 8000 | 643 | 07 omparison
29 | A 63 | 30 | 06 | 005 | 001 } 89 500 | 420 | 80 | 8500 | 647 20

30| C | 175 | 71 - - - } 160 00 | 925 | 75 | 10000 | 553 32

31| A 55 | 09 - } - - 76 930 | 00 | 7.0 | 11000 | 518 13
32 B | 101 69 | 18 B } - 155 935 | 00 | 65 | 11500 | 5.02 32
3B C | 216 | 83 - } - ; 234 00 | 945 | 55 | 12000 | 488 32
34 | A 11 ] 005 | - - - - 35 1000 | 00 | 00 | 2100 | 1597 0
3B | A 12 | 005 | 03 - - 05 45 750 | 258 | 00 | 3100 | 1225 0
% | B 10 | 10 - - } - 64 950 | 00 | 50 | 4000 | 1030 0 Invention
37 | B 11 | 10 | 04 - o005 | 04 76 650 | 290 | 60 | 6000 | 7.82 [
3% | C 12 | 05 | 01 | 003 | 005 | 002 9% 948 | 00 | 52 | 8000 | 643 0
] A 12 | 006 | - - - - 34 800 | 00 [ 200 [ 2100 | 1597 | 07
0 | B 13 | 05 | 0 - - - 47 860 | 00 | 140 | 4000 | 1030 | 12 | Comparison
1 C 10 | 12 [ 02 o002 | - | oo 78 500 | 410 | 9.0 | 10000 | 553 23

[0053]

As shown in Table 4, liquid metal embrittlement cracking
was observed in the specimens of comparative examples where
the CO2 concentration in the shielding gas exceeded the range
of the invention. In all these specimens, the coated layer

evaporated region length L (see Fig. 3) in the test specimen
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14 was less than 0.3 mm, and the deepest liquid metal
embrittlement cracking was formed at the position within a
distance of 0.3 mm or less from the toe of weld in substantially
all the specimens. In the specimens of examples of the
invention with a COz concentration in the shielding gas
restricted to a range satisfying the expression (2), on the
other hand, no 1ligquid metal embrittlement cracking was
observed. The coated layer evaporated region lengths L in the
specimens of the invention were all 0.3 mm or more.
[0054]
Example 2

A cold~rolled steel strip having the composition shown
in Table 2 and having a thickness of 4.5 mm was used as a base
steel for coating and subjected to a hot dip coating line to
produce hot dip Zn-Al-Mg based alloy coated steel plates having
various coated layer compositions. The hot dip Zn-Al-Mg based
alloy coated steel plates were investigated for the influence
of the composition of the shielding gas on the liquid metal
embrittlement cracking property in the same evaluation method
as in Example 1. The results are shown in Table 5. The
composition of the coating layer, the coating weight and the
composition of the shielding gas are shown in Table 5. The
shielding gases applied to examples of the invention had a
composition containing from 0 to 7% by volume of COz and the

balance of at least one of Ar and He.
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[0055]
[Table 5]

Table 5 (Plate Thickness: 4.5 mm)

Composition of Zn-Al-Mg based alloy coated layer coating Compqsition of Welding Maximum
N Steel (baiance: Zn) weiaht shielding gas . heat 2900 x crack Note
0. e (% by mass) 92 (% by volume) input Q 068 depth
(g/m) (Jiom) (mm)
Al Mg Si Ti B Fe Ar He CO;

51 A 45 1.1 0.5 - - - 35 100.0 0.0 0.0 6000 7.82 0

52 A 6.1 3.1 - - - - 88 76.5 200 3.5 6000 7.82 0

53 B 145 77 - - - 1.2 129 496 | 452 5.2 6000 7.82 0

54 C 17.8 8.1 0.3 - - 1.6 165 0.0 93.0 7.0 6000 7.82 0

55 C 216 9.2 0.5 - - - 240 94.5 0.0 55 6000 7.82 0

56 A 45 1.1 0.5 - 0.04 0.6 35 75.0 250 0.0 8000 6.43 0

57 A 6.1 31 0.5 004 | 001 - 88 445 50.0 55 8000 6.43 0

58 B 10.9 29 0.2 - - - AN 94.0 0.0 6.0 8000 6.43 0

59 B 145 7.7 1.3 - - 20 129 19.8 752 5.0 9000 5.94 0 invention
60 C 17.8 8.1 1.9 - - 23 165 0.0 945 55 9000 594 0

61 C 216 9.2 05 - - 0.3 240 74.0 26.0 0.0 10000 5.53 0

62 A 44 0.07 07 - - 05 4 94.8 0.0 5.2 10000 5.53 0

63 B 6.0 3.1 07 0.09 | 0.02 - 62 67.0 33.0 0.0 12000 4.88 0

64 C 15.5 5.0 - 0.05 - - 115 20.0 78.0 20 12000 4.88 0

65 C 213 9.1 - - - - 189 0.0 954 4.6 12000 4.88 0

66 B 11 1.0 0.1 - 0.05 0.4 76 65.0 29.0 6.0 6000 7.82 0

67 C 1.2 0.5 0.1 003 | 005 | 0.02 95 94.8 0.0 52 8000 6.43 0

[00506]

The hot dip Zn-Al-Mg based alloy coated steel plates
using a base steel for coating having a thickness of 4.5 mm
were also prevented from suffering liguid metal embrittlement
cracking by restricting the COz concentration in the shielding
gas to a range satisfying the expression (2).
[0057]
Example 3

A cold-rolled steel strip having the composition shown
in Table 2 and having a thickness of 6.0 mm was used as a base
steel for coating and subjected to a hot dip coating line to
produce hot dip Zn-Al-Mg based alloy coated steel plates having

various coated layer compositions. The hot dip Zn-Al~-Mg based

35




alloy coated steel plates were investigated for the influence
of the composition of the shielding gas on the liquid metal
embrittlement cracking property in the same evaluation method
as in Example 1. The results are shown in Table 6. The
composition of the coating layer, the coating weight and the
composition of the shielding gas are shown in Table 6. The
shielding gases applied to examples of the invention had a
composition containing from 0 to 6% by volume of COz and the
balance of at least one of Ar and He.

[0058]

[Table 6]

Table 6 (Plate Thickness: 6.0 mm)

Composition of Zn-Al-Mg based alloy coated layer coating Composition of Welding Maximum
No. | Steel (balance: Zn) weight shielding gas heat | 2900 x crack
. (% by mass) (g/?) (% by volume) input @ Qoss depth
(Jfem) {mm)
Al Mg Si Ti B Fe Ar He | COx
71 A 45 1.1 0.5 - 0.04 0.6 35 750 | 250 | 0.0 8000 6.43 0
72 A 6.1 31 05 0.04 | 0.01 - 88 445 | 500 | 55 8000 6.43 0
73 B 10.9 29 0.2 - - - 91 94.0 | 0.0 | 60 8000 6.43 0
74 B 14.5 77 1.3 - - 20 129 198 | 752 | 50 9000 594 0
75 C 17.8 8.1 1.9 - - 23 165 00 | 945 | 55 9000 5.94 0
76 C 216 9.2 0.5 - - 0.3 240 740 | 260 | 0.0 10000 5.53 0 invention
77 A 44 0.07 07 - - 05 4 948 | 00 | 52 10000 5.53 0
78 B 6.0 3.1 0.7 0.09 | 0.02 - 62 67.0 | 330 | 0.0 12000 4.88 0
79 C 165 5.0 - 0.05 - - 115 200 | 780 | 20 12000 4.88 0
80 C 213 9.1 - - - - 189 00 | 954 | 46 12000 4.88 0
81 c 1.2 05 0.1 003 | 0.05 | 0.02 95 948 | 00 | 52 8000 6.43 0
[0059]

The hot dip Zn-Al-Mg based alloy coated steel plates
using a base steel for coating having a thickness of 6.0 mm
were also prevented from suffering ligquid metal embrittlement
cracking by restricting the CO2 concentration in the shielding

gas to a range satisfying the expression (2).
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[0060]
Example 4

A cold-rolled steel strip having the composition shown
in Table 2 and having a thickness of 2.6 mm was used as a base
steel for coating and subjected to a hot dip coating line to
produce hot dip Zn-Al1-Mg based alloy coated steel plates having
various coated layer compositions. The hot dip Zn-Al-Mg based
alloy coated steel plates were investigated for the influence
of the composition of the shielding gas on the liquid metal
embrittlement cracking property in the same evaluation method
as in Example 1. The results are shown in Table 7. The
composition of the coating layer, the coating weight and the
composition of the shielding gas are shown in Table 7. The
shielding gases applied to examples of the invention had a
composition containing from 0 to 17% by volume of COz and the
balance of at least one of Ar and He.
[0061]

[Table 7]
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Table 7 (Plate Thickness: 2.6 mm)

Composition of Zn-Al-Mg based alloy coated layer coating Compqsition of Welding Maximum
No Steel (balance: Zn) weight shielding gas heat 205 x crack Note
) (% by mass) e (% by volume) inputQ | Qo depth
(g/m?) (Jem) (mm)
Al Mg Si Ti B Fe Ar He COx
91 A 4.1 0.05 - - - - 44 1000 | 0.0 0.0 2100 17.73 0
92 B 6.2 29 0.5 005 | 0.02 - 92 330 | 500 17.0 2100 1773 0
93 C 212 9.6 05 0.03 | 0.01 07 195 0.0 83.0 170 2100 17.73 0
94 A 41 0.05 0.3 - - 0.5 44 0.0 100.0 0.0 3100 15.65 0
95 B 6.2 29 1.5 - - 04 92 400 | 470 13.0 3100 15.65 0
96 C 212 9.6 - - - 05 195 0.0 85.0 15.0 3100 15.65 0
97 A 45 1.1 05 - - - 35 1000 | 0.0 0.0 4500 13.89 0 tnvention
98 A 6.1 31 - - - - 88 700 | 200 10.0 4500 13.89 0
99 B 145 7.7 - - - 1.2 129 448 | 452 10.0 4500 13.89 0
100 C 178 8.1 03 - - 16 165 0.0 90.0 10.0 4500 13.89 0
101 A 1.1 0.05 - - - - 35 100.0 | 0.0 0.0 2100 17.73 0
102 A 1.2 0.05 0.3 - - 0.5 45 60.0 25.0 15.0 3100 15.65 0
103 B 1.0 1.0 - - - - 64 88.0 0.0 12.0 4000 1442 0
[0062]

In the case where the hot dip Zn-A1-Mg based alloy coated
steel plates using a base steel for coating having a thickness
of 2.6 mm were used, it was confirmed that liguid metal
embrittlement cracking was prevented in a range of the
allowable upper limit satisfying the expression (3), which was
broader than the expression (2).

[0063]
Example 5

A cold-rolled steel strip having the composition shown
in Table 2 and having a thickness of 1.6 mm was used as a base
steel for coating and subjected to a hot dip ccating line to
produce hot dip Zn-Al-Mg based alloy coated steel plates having
various coated layer compositions. The hot dip Zn-Al-Mg based
alloy coated steel plates were investigated for the influence
of the composition of the shielding gas on the liquid metal

embrittlement cracking property in the same evaluation method
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as in Example 1. The results are shown in Table 8. The
composition of the coating layer, the coating weight and the
composition of the shielding gas are shown in Table 8. The
shielding gases applied to examples of the invention had a
composition containing from O to 17% by volume of COz and the
balance of at least one of Ar and He.

[0064]

[Table 8]

Table 8 (Plate Thickness: 1.6 mm)

Composition of Zn-Al-Mg based alloy coated layer coating Compqsition of Welding Maximum
No Steel (balance: Zn) weight shielding gas A heat 205 x crack Note
. {% by mass) (g/m?) (% by volume) inputQ | Qo depth
(Jfem) (mm)
Al Mg Si Ti B Fe Ar He CO,
111 A 41 0.05 - - - - 44 100.0 0.0 0.0 2100 17.73 0
112 B 6.2 29 05 0.05 | 0.02 - 92 33.0 50.0 17.0 2100 17.73 0
113 C 2.2 9.6 0.5 003 | 0.0 0.7 195 0.0 83.0 17.0 2100 17.73 0
114 A 41 0.05 0.3 - - 0.5 44 0.0 100.0 0.0 3100 15.65 0
115 B 6.2 29 1.5 - - 04 92 40.0 470 13.0 3100 15.65 0
116 C 212 9.6 - - - 0.5 195 0.0 85.0 15.0 3100 15.65 0
17 A 45 1.1 05 - - - 35 100.0 0.0 0.0 4500 13.89 0 Invention
118 A 6.1 31 - - - - 88 70.0 20.0 10.0 4500 13.89 0
119 B 145 7.7 - - - 1.2 129 44.8 452 10.0 4500 13.89 0
120 C 17.8 8.1 0.3 - - 1.6 165 0.0 90.0 10.0 4500 13.89 0
121 A 1.1 0.05 - - - - 35 100.0 0.0 0.0 2100 17.73 0
122 A 1.2 0.05 0.3 - - 05 45 60.0 250 15.0 3100 15.65 0
123 B 1.0 1.0 - - - - - 64 88.0 0.0 12.0 4000 1442 0
[0065]

In the case where the hot dip Zn-A1-Mg based alloy coated
steel plates using a base steel for coating having a thickness
of 1.6 mm were used, 1t was confirmed that liquid metal
embrittlement cracking was prevented in a range satisfying the
expression (3).

[0066]
Reference Sign List

1, 17 base steel
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11

14

15

16

17

31

32

33

34

35

weld bead

toe of weld

Zn-Al-Mg based alloy layer
Fe-Al based alloy layer

coated layer

Zn-Al-Mg based molten metal
coated layer evaporated region
molten metal solidified region
non-melted coated layer region
test specimen

boss

weld bead

overlapping portion of weld bead

welding torch
welding wire
electrode
shielding gas

arc
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SCOPE OF CLAIM
[Claim 1]

A method for producing an arc-welded structural member
comprising a step of joining steel members by gas-shielded
arc-welding to manufacture a welded structural member, at
least one of the members to be joined being a hot dip Zn-Al-Mg
based alloy coated steel plate member, and a shielding gas being
a gas that is based on an Ar gas, a He gas or an Ar-He mixed
gas and has a COz; concentration satisfying the following
expression (2) in relation to a welding heat input Q (J/cm)
shown by the following expression (1):

Q=(I xV) /v (1)

0

IA

Ccoz < 2900Q0-68 (2)

wherein I represents a welding current (A), V represents an
arc voltage (V), v represents a welding speed (cm/sec), and
Cecoz represents a CO» concentration in the shielding gas (% by
volume) .

[Claim 2]

The method for producing an arc-welded structural member
according to claim 1, wherein the welding heat input Q is in
a range of from 2,000 to 12,000 J/cm.

[Claim 3]

A method for producing an arc-welded structural member

comprising a step of joining steel members by gas-shielded

arc-welding to manufacture a welded structural member, at

41



least one of the members to be joined being a hot dip Zn-Al-Mg
based alloy coated steel plate member using a base steel for
coating having a thickness of 2.6 mm or less, and a shielding
gas being a gas that is based on an Ar gas, a He gas or an Ar-He
mixed gas and has a COz2 concentration satisfying the following
expression (3) in relation to a welding heat input Q (J/cm)
shown by the following expression (1):
Q= (I xV) /v (1)

0

7AN

Ccoz < 205070.32 - (3)

wherein I represents a welding current (A), V represents an
arc voltage (V), v represents a welding speed (cm/sec), and
Ceco2 represents a COz concentration in the shielding gas (% by
volume) .

[Claim 4]

The method for producing an arc-welded structural member
according to claim 3, wherein the welding heat input Q is in
a range of from 2,000 to 4,500 J/cm.

[Claim 5]

The method for producing an arc-welded structural member
according to any one of claims 1 to 4, wherein the hot dip
Zn-Al-Mg based alloy coated steel plate has a coated layer that
contains: from 1.0 to 22.0% of Al; from 0.05 to 10.0% of Mg;
from 0 to 0.10% of Ti; from O to 0.05% of B; from 0 to 2.0%
of Si; from 0 to 2.5% of Fe; the balance of Zn; and unavoidable

Q

impurities, all in terms of % by mass.
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[Claim 6]

The method for producing an arc-welded structural member
according to any one of claims 1 to 5, wherein the hot dip
Zn-Al-Mg based alloy coated steel plate has a coating weight

of from 20 to 250 g/m? per one surface.
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