
Vü669

DESCRIPTION

Title of fnvention
STATNLESS STBEL FLUX-CORED VüELDING WIRE FOR WELDING OF

ZTNC-COATED STEEL SHEET AND ARC WELDING METHOD OE Z]NC-

10

Technical Field
The present invention rel-ates to stainl-ess steel

flux-cored wel-ding wire for zinc-coated steel sheet
welding use which can secure corrosion resistance of the
wel-d zone even without touchup or other post treatment
and an arc wel-ding method of zinc-coated steel sheet
using the same, more particuJ-arly rel-ates to stainfess
steel flux-cored welding wire for zinc-coated steel sheet
welding use in which wel-d crackj-ng does not occur and the
weld work efficiency is good and an arc welding method of
zinc-coated steel sheet of the same.

Note that, the zinc-coated steel- sheet of the welded
material covered by the present invention includes zinc-
coated steel- sheet and zinc-based alloy coated steel
sheet.

Background Art
Zinc-coated steel- sheet is being broadly used in the

fields of construction, autcmobiles, etc. from the
viewpoint of improvement of the corrosion resistance of
structural- members. For improvement of the corrosion
resistance in conventional- structures, the method has

been used of wel-ding together non-plated members, then
dipping the assembly in a zlnc bath to make zinc deposit
on the surface of the steel material- and weld zone and

secure the corrosion resistance of the structure as a

who1e. However, with this method, since the plating is
performed after welding, the productivity is inferior.
AIso, a pÌating bath and other facilities become

necessary. This became a cause of increase of the
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WE 69 DESCRIPTION Title of Invention STAINLESS STEEL FLOX-CORED WELDING WIRE
FOR WELDING OF ZINC-COATED STEEL SHEET AND ARC WELDING METHOD OF
ZINC-. COATED  STEE:L. SHEET USING SAME Technical Field The present invention
relates to stainless steel. 10flux-cored welding wire for zinc-coated steel sheet welding use
which can secure corrosion resistance of the weld, zone even without touchup or other post
treatment and an arc welding method of zinc-coated steel sheet using the same, more
particularly relates to stainless 15 steel flux-cored welding wire for zinc-coated steel sheet
welding use in which weld cracking does not occur and the weld work efficiency is 000ri and
an arc welding method of zinc-coated steel sheet of the same. Note that, the zinc-coated
steel, sheet of the welded 20material covered by the present invention includes zinc- coated
steel sheet and zinc-based alley coated steel. sheet. Background Art Zinc--coated steel sheet
is being broadly used in the fields of construction, automobiles, etc_ from the viewpoint of
improvement of the corrosion resistance of structural members, For improvement of the
corrosion resistance in conventional strhctures, the method has 30been used of welding
together non-plated members, then dipping the assembly in a zinc bath to make zinc deposit
on the surface of the steel material and weld zone and secure the corrosion resistance of the
structure as a whole- However, with this method, since the plating is 35performed after
welding, the productivity is inferior. Also, a plating bath and other facilities become necessary.
This became a cause of increase of the  manufacturing costs,       To avoid this, the method of
producing a structure by welding together zinc-coated steel sheets which have been plated in
advance has come to be appaied. Further, recently, to better improve the corrosion resistance
of structural members, the practice has been to produce  welded structures by welding
together zinc-nased alloy coated steel sheets given. a Zn-Al-Mg -Si -based alloy plating or
other zinc-based alloy coating on the surface 10of the steel sheets so as to further raise the
corrosion resistance compared with general zinc -cceteal steel sheet for example, see PET 1),
As a unique problem when producing a welded structure by welding together zinc-coated
steel, sheets or. 15zinc-based allay coated steel sheets, it has been known in the past that
liquid metal embrittlement cracking due to not dip plating (below, referred to as "zinc
embrittlement cracking") easily occurs in the weld hetal and base metal heat affected. zone.
20Zinc embrittlement cracking is believed to be mainly due, to the zinc: plating components,
which remain in a molten state at the surface or the bane metal heat affected zone present
near the weld zone, penetrating to the crystal grain boundaries at. the weld. zone. Note that,
25the zinc plating which was present at the surface of the weld zone is dispersed away by the
welding, so it is believed thet this does not become the cause of weld embrittlement crabking.
On the other hand, for the welding of stainless 
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manufacturing costs.
To avoid this, the method of producing a structure

by weJ-ding together zinc-coated steel sheets which have

been plated in advance has come to be appJ-ied. Further,
recently, to better improve the corrosion resistance of
structural members, the practice has been to produce
welded structures by welding together zinc-based alloy
coated steel- sheets given a Zn-41-Mg-Si-based alloy
plating or other zinc-based alloy coatj-ng on the surface
of the steel sheets so as to further raise the corrosion
resistance compared with general zinc-coated steel- sheet
(for example, see PLT 1).

As a unique problem when producing a welded
structure by welding together zinc-coated steel sheets or
zinc-based al1oy coated steel sheets, it has been known

in the past that J-iquid metal embrittl-ement cracking due

to hot dip plating (below, referred to as "zínc
embrittlement crackJ-ng") easily occurs in the weld metal
and base metal heat affected zone.

Zínc embrittl-ement cracking is believed to be mainly
due to the zinc plating components, which remain ín a

molten state at the surface of the base metal heat
affected zone present near the wel-d zone, penetrating to
the crystal grain boundaries at the weld zone. Note that,
the zinc plating which was present at the surface of the
wel-d zone is dispersed away by the welding, so it is
believed that this does not become the cause of weld
embrittlement cracking.

On the other hand, for the welding of stainless
steel structures from which corrosion resistance was

demanded i-n the pastr âD alloy welding materj-al- of
stainl-ess steel- has been used. In this case, even with
weld metal of stainl-ess steel- components which is formed
at the joined parts of the stainless steel with itself or
stainless steel and carbon steelr âû excellent corrosion
resistance is obtained in the same \^/ay as the base
materj-al- part of stainl-ess steel-.
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30steel. structures from which corrosion resistance was demanded in the past, an alloy
welding material of stainless steel has been used. In this case, even with. weld metal of
stainless steel components which is formed at the joined parts of the stainless steel with itself.
or 35stainless steel and carbon steel, an excellent corrosion. resistance is obtained, in the
same way as the base material part of stainless steel_        However, according to the result,:
of confirmation tests by the inventors, to obtain a weld metal with a good corrosion resistance
when welding zinc-coated steel sheet, for example, it was confirmed that even if using SUS
309--based or 3U532 9--based stainless steel weldina material or other welding material, a
large number of zinc embrittlement cracks occur at the weld metal and therefore application
becomes difficult. As the method for solving the problem of the zinc 10embrittlement cracking
of weld metal, the inventors proposed to control the amounts of C, SI, Mn, Ni, and Cr obtain;
suitable area percentage of ferrite structures in the weld metal and tensile strength and
furthermore to control the amount of TiOg in the slag forming agent etc, 1.5in flux-cored
welding wire to suitable values to prevent zinc embrittlement cracking in the weld metal (see
PLT 2). However, when using this method to weld zinc-based alloy coated steel sheet,
depending on the welding 20conditions, zinc embrittlement cracking of the weld metal often
occurs. It was not possible to stably prevent this. Further., there were the problems that the
welded metal obtained by this method was low in ductility and further the arc stability in weld
work efficiency was low and the detachability was poor. To deal with this, the inventors
engaged in further in-depth research on welded joints bmeventing weld embrittlement
cracking and proposed the means of defining the weld metal components of the joint so as to
suppress 30zinc embrittlement cracking occurring at. the weld. metal (see PLT 3).
Furthermore, in that PT."2, they proposed the means of defining the alloy composition of the
welding wire so as to adjust the weld metal components of the joint to targeted ranges.
Citation :List Patent Literature  - PIT I-2LT 2 5PLT 3 Japanese Patent Publication (14) No,
2000-064061 Japanese Patent Publication (A) No. 2006-035293 Japanese Patent Publication
(A) No. 2007-118077  Summary of Invention Technical Problem 10As the zinc embrittlement
cracking which occurs at a. weld zone, cracking which occurs at the weld metal such as
shown in FIG. 3A and FIG. 38 and. cracking which occurs from the weld toe to the base metal
heat affected zone such as shown in FIG, 4A. and FIG, 48 may be mentioned as 15typical
examples. Among these" the inventors learned that zinc embrittlement cracking o the weld
metal such as shown in FIG. 3A and FIG, 3B can be suppressed by realizing weld material of
the component composition described. in PLT 3, 
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However, according to the resul-ts of confirmation
tests by the inventors, to obtain a wel-d metal with a

good corrosion resistance when wel-ding zinc-coated steel
sheet, for example, it was confirmed that even if using a

SUS309-based or SUS329-based stainl-ess steel welding
material or other welding materiaÌ, a J-arge number of
zinc embrittlement cracks occur at the weld metal and

therefore application becomes difficult.
As the method for solving the probl-em of the zinc

embrlttfement cracking of weld metal-, the inventors
proposed to control the amounts of C, Si, Mr, Ni, and Cr
obtain a suitable area percentage of ferrite structures
in the wefd metal- and tensil-e strength and furthermore to
controf the amount of TiO2 in the slag forming agent etc.
in flux-cored welding wire to suitabl-e vafues to prevent
zinc emb::ittl-ement cracking in the weld metal (see PLT

2).
However, when using this method to wefd zinc-based

alloy coated steel- sheet, depending on the weJ-ding

conditions, zínc embrittlement cracking of the wel-d metal
often occurs. It was not possible to stably prevent this.
Further, there were the problems that the wel-ded metal
obtained by this method was low in ductility and further
the arc stability in weld work efficiency was low and the
slag detachabiJ-ity was poor.

To deal with this, the inventors engaged in further
in-depth research on welded joints preventing weÌd
embrittl-ement crackj-ng and proposed the means of defining
the wel-d metal components of the joint so as to suppress
zinc embrittlement crackj-ng occurring at the weld metal
(see PLT 3). Furthermore, in that PLT/ they proposed the
means of defining the alloy composition of the welding
wire so as to adjust the weLd metal components of the
joint to targeted ranges.

Citation List
Patent Literature
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20However, for use as a welded joint, in addition to prevention of cracing, ductility of the weld
zone and other mechanical performance are demanded. In the invention described in PIT 3,
regarding the components of the welding material used, the ranges of C, Si, Mn, Ni, 25and Cr
are shown, but the suitable balance of components is not disclosed, There was the problem
that a. large amount of trouble was required for advanced study so as to select the welding
wire for satisfying the properties of the welded joint. 30On the other hand, for cracking which
occurs from the weld. toe to the base metal heat affected zone such as shown in FIG, 4A. and
FIG. 48, this does not he-come a problem in general welded joints, but, for example, cracking
sometimes occurs in girth welding where the 35residual stress at the time of welding is
considered high and in welding of sqrare steel pipe where the constraining. force of the weld
zone material becomes  _ high, This was a new problem, As the mechanism rif occurrence of
such cracking, as shown in FIG. 4A and FIG. 41-S, it is believed that cracking 6 is caused by
the zinc   present in a moitec state at the steel sheet surface penetrating- at the stress
concentration zone, that is, from the weld toe 4 to the base metal heat affected zone La , in
the cooling process after welding,        Note that, PLT 2 describes to prevent the zinc
embrittlement cracking of the base metal heat affected. 10zone by raising the ratio of the TiCp
in the slag components in the welding wire to 60% or more, but in that ALT, the total amount
pf the slag forming agent is a relatively low 5% or less with respect to the total Mass. of the
welding wire, due to the balance of formulation of lbthe slag forming agent, spatter often
occurs, etc. There is room for improvement of the weld work. efficiency. Further, cracking
sometimes occurred due to the welding conditions as well. Therefore, the present invention
has as its object 20the provision of stainless steel flux-cored welding wire for zinc-coated.
steel sheet welding use which prevents zinc embrittlement cracking and secures duct city of
the, weld metal in welding of zinc-coated steel sheet using a. stainless steel welding material
and, further, prevents zinc embrittlement cracking of the base metal heat affected zone and is
excellent in weld work efficiency as well and the proviion of an arc welding method of
zinc-coated steel sheet using the same, 30Solution to Problem       The inventors worked to
solve the above problem by engaging in various studies on the alloy composition of welding
wire., As a. result, they discovered that by setting suitable amounts of C, Si, Mn, Ni, and Cr in
the welding wire and increasing the total formula of the same, that is, the F value
(e3x[Cr%]4-4.5'/[3i%]-2,8x[Ni%]- 84/[C.%]-1,4x[Mh%]-19.8), it is possible to reduce zinc  6
embrittlement cracking and, furthermore, to secure ductility. FIG, 2 shows the relationship, for
welding of zinc-coated steel sheet, between the F value and the number of cracks (welding
conditions etc_ are same as 5later explained performance survey of welded joint),        This F
value is an indicator which shows the ease of precipitation of ferrite, but, as shown in FIG, 2, if
the F value becomes 30 or more, preferably 40 or more, the solidification is completed in the
ferrite single pnase 10 from the primary crystallization to room temperature, so it is believed
penetration of zinc to the grain boundary is difficult and cracking can be prevented.,
Further, the inventors studied the slag forming agent of welding wire for the prevention of the
zinc 15embrittlement cracking of the base metal heat affected zone, :e`..5 a result, they
discovered that by setting a suitable ratio of content. of Ti0,2 in the slag forming agent in the
welding wire and by making the total amount of the slag forming agents relatively larger,
cracking 20can be prevented_ That is, as shown in FIG. 5, it became clear that by covering
the weld metal 3 well by a solidified slag 8 of a suitable compnent composition, the molten
zinc 5 can be prevented from penetrating to the weld toe 4 and zinc embrittlement cracking of
the 25base metal heat affected zone can be prevented. 
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PLT 1

Japanese Patent Publication (A) No. 2000-06406I
PLT 2

Japanese Patent Publ-ication (A) No. 2006-035293
PLT 3

Japanese Patent Publ-ication (A) No. 2007-II8011

Summary of Invention
Technical Problem

As the zinc embrittlement cracking which occurs at a

weld zone, cracking which occurs at the wel-d metal- such

as shown in FIG. 3A and FIG. 38 and cracking which occurs
from the weld toe to the base metal- heat affected zone

such as shown in FIG. 4A and FIG. 48 may be mentioned as

typical examples.
Among these, , the inventors fearned that zinc

embrittlement cracking o the wel-d metal- such as shown in
FIG. 3A and FIG. 38 can be suppressed by realizing wel-d

material of the component composition described in PLT 3.
However, for use as a welded joint, in addition to
prevention of cracking, ductil-ity of the weld zone and

other mechanical performance are demanded. In the
invention described in PLT 3, regarding the components of
the wel-ding mat.erial used, the ranges of C, Si, MD, Ni,
and Cr are shown, but the suitabl-e bal-ance of components
is not disclosed. There was the problem that a J-arge

amount of trouble was required for advanced study so as

to select the wel-ding wire for satisfying the properties
of the welded joint.

On the other hand, for cracking which occurs from
the weld toe to the base metal- heat affected zone such as

shown in FIG. 4A and FIG. 48, this does not become a
problem in general wel-ded joints, but, for example,
cracking sometimes occurs in girth welding where the
residual- stress at the time of welding is considered high
and in welding of square stee.l- pipe where the
constraining force of the wel-d zone material becomes
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The present invention was made based on the above discoveries and has as its gist the
following:        [1] A stainloss steel flux-cored welding wire for welding of a zinc-coated steel
sheet, the welding wire 30comprised of a stainless steel sheath in which flux Is
Characterized in that. total amount of elements which are included as metals or alloy
compositions in said sheath and flux are, by TraSS% with respect to a total mass of. the
welding wire, (2: 0.01 to C.05%, Si: 0.1 to 1,5%,  Mn: 0.5 to 3.0%, Si: 7.0 to 10.0%, and Cr:
26,0 to 30,0%, and a F value which is defined by the followind 5formula (1) is 30 to 50;
further, said flux comptises, as slag forfung agents, by mass% with respect to the total. IllaSs
of the wire,                     Ti02: 3.8 to 6.8%7 10Si02). 1.8 to 3.2%4 or less (including 0%), and
Al203: 0,5% or less (including 0%), and              a total amount of said slag forming agents
and other slag forming agents is 7,5 to 10.5%7 15furthermore, said Lir), satisfies, by mass%
with respect to the total amount of slag forming agents, Ti02: 50 to 65%,"             a balance of
said sheath and flux is He and unavoidable impurities, 20F value = 3x:Cr%14-4.5x1Si%1
-2,8x[Ni%]-84x;C%] -1,4x[Mn%]-19"3(I)             wherein. [Cr%], [Sill , [N1%], [CAI, and [Mm%]
respectively indicate totals of Or, Si, Ni, C, and Mn 25contained in the. sheath and wire in. the
welding wire with respect to the total mass of the wire,        [2] The stainless steel flux-cored
welding wire for welding of the zinc-coated steel sheet as set forth in 1 1 j further comprising
Si as a metal or. alloy 30composition, and a total amount contained in said sheath. and flux is,
by mass% with respect to a total mass of the welding wire, Si: 0,01 to 0.1%.            1.31 An
arc welding method of zinc-coated steel 35sheets characterized in that coating of the
zinc-based alloy coated steel sheets is zinc-based alloy coating  camprising, by mass%, Al: 2
to 19%, Mg: I to 10%, 
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high. This was a new problem. As the mechanism of
occurrence of such cracking, âs shor¡/n in FIG. 4A and FIG.
48, it is believed that cracking 6 is caused by the zinc
5 present in a mol-ten state at the steel- sheet surface
penetrating at the stress concentration zone, that is,
from the weld toe 4 to the base metal- heat affected zone

Ia, in the cooling process after welding.
Note that, PLT 2 describes to prevent the zinc

embrittfement cracking of the base metal- heat affected
zone by raising the ratio of the TiO2 in the slag
components in the welding wire to 603 or more, but in
that PLT, the total amount of the sJ-ag forming agent is a

relatively l-ow 5å or less with respect to the total- mass

of the welding wire, due to the balance of formulation of
the slag forming agent, spatter often occurs, etc. There
is room for i-mprovement of the weld work efficiency.
Further, cracking sometimes occurred due to the welding
conditions as wel-1.

Therefore, the present inventj-on has as its object
the provision of stainless steel- fl-ux-cored welding wire
for zinc-coated steel- sheet welding use which prevents
zinc embrittlement cracking and secures ductil-ity of the
wel-d metal in wel-ding of zinc-coated steel- sheet using a

stainfess steel welding material- and, further, prevents
zinc embrittlement cracking of the base metal- heat
affected zone and is excel-Ient in wel-d work efficiency as
wel-l- and the provision of an arc wel-ding method of zinc-
coated steeÌ sheet using the same.

Sol-ution to Problem
The inventors worked to sofve the above problem by

engaging in varj-ous studies on the alJ-oy composition of
weJ-dj.ng wire. As a result, they discovered that by
setting suitabl-e amounts of C, Si, Mû, Ni, and Cr in the
welding wire and increasing the total- formul-a of the
same, that is, the F value (:3x ICr%]+4.5x ISi%]-2.8x lNi%l-
B4x IC%] -1.4x [Mn?] -19.8) , it is possible to reduce zinc
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Si; 0.01. to 2% and a balance of Zn and unavoidable impurities;             the zinc-coated steel
sheets ccatd is arc welded, using the stainless steel flux-cored welding wire for welding of the
zinc-based alloy coated steel sheet as set forth in [1] or [2].        [4] An arc welding method of
zinc-coated steel sheet, characterized in that the steel sheet other than coating of the
zinc-coated steel sheet comprises, by mass%, n.1-.).01 to 0.2%, 15Si: 0.01 to 2,0%. Mn: 0.5
to 3.0%, "F.: 0,020% ones, S: 0.020% or less, Al: 0.001 to 0.55, 20Ti: 0.001 to 0.5%, ; 0.0003
to 0.004%, N: 0.0005 to 0,006% and a balance of Fe and unavoidable impurities; the
zinc-coated steel sheets coated is arc 25welded, using the stainless steel flux-cored welding
wire for zinc-coated. steel sheet as set forth in [1] or [2].        [5] The arc welding method of
zinc-coated steel sheet as set forth in [4], characterized in that the zinc-coated steel sheet
other than coating further 30comprises one or both of Nb and V, and the total amount of NI)
and V- being 0.01. to 0.20%. Advantageous Effect of Invention.               According to the
stainless steel flux-cored welding 35wire for zinc-coated steel sheet welding use and the arc:
welding method of a zinc-coated steel sheet using the same of the present invention, even
without touchup or  9 other post treatment, the corrosion resistance is good, no weld cracking
occurs, the ductility of the weld zone is good, further, the weld work efficiency is excellent, and
otherwise a high quality weld zone is obtained,        in particular, a pronounced effect is
exhibited in welding Zn -Al -Ni -based alloy plated steel sheet which. contains -Al and Mg as
alloy elements. As the Zn -Ai -mg - based alloy plated steel sheet, there are, for exaniole,
"Super Dymag" steel. sheet made by Nippon Steel Corporation which contains Al 11%, Mp
3%, and Si 0.2% and has a balance of mainly Zn, "ZAM&" steel sheet made by Nisshin Steel.
Co., Ltd_ which contains Al 7%. and Mg 3% and has a balance of mainly Zn, etc. Brief
Description of Drawings FIG. I is a. view showing the relationship between the botal amount of
slag and the content of TiO2 in regard to the cracking of the base metal heat affected zone
and weld work efficiency.       FIG. 2 is a view showing the relationship between the F value
and the number of cracks of the weld riital,       FIG. 3A. is a. view schematically showing, by a
perspective view, cracking which occurs at the weld metal FIG.. 36 is a view schematically
showinga cross- , by sectional view, cracking which occurs at the weld metal,       FIG, 4A is a
view schematically showing, by a perspective view, cracking which occurs at the base metal
heat affected zone..        FIG. 46 is a view schematically showing, by a cross-sectional view,
cracking which occurs at the base: metal heat affected zone.       FIG. 5 is a view
schematically showing, by a cross-sectional view, the state of preventing zinc 
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embrittlement cracking and, furthermore, to secure
ductility. FIG. 2 shows the rel-ationship, for welding of
zinc-coated steel sheet, between the F val-ue and the
number of cracks (wel-ding conditions etc. are same as

later explained performance survey of wel-ded joint).
This F value is an indicator which shows the ease of

precipitation of ferrite, but, âs shown in FIG. 2, if the
F val-ue becomes 30 or more, preferably 40 or more, the
sol-idification is completed in the ferrite single phase

from the primary crystal-l-izatj-on to room temperature, so

it is believed penetration of zinc to the grain boundary
is difficul-t and cracking can be prevented.

Further, the inventors studied the slag forming
agent of wel-ding wire for the prevention of the zinc
embrittlement cracking of the base metal- heat affected
zone. As a resul-t, they discovered that by setting a

suitable ratio of content of TiOz in the slag forming
agent in the wel-ding wire and by making the total- amount

of the slag forming agents re.latively larger, cracking.
can be prevented. That is, as shown in FIG. 5, it became

cfear that by covering the wefd metaf 3 well by a

solidified sJ-ag B of a suitabl-e component composition,
the molten zinc 5 can be prevented from penetrating to
the weld toe 4 and zinc embrittlement cracking of the
base metal heat affected zone can be prevented.

The present invention was made based on the above

discoveries and has as its gist the following:
t1l A stainless steel fl-ux-cored wel-ding wire for

welding of a zinc-coated steel sheet, the welding wire
comprised of a stainl-ess steel sheath in which flux is
filled,

Characterized in that total- amount of el-ements which
are included as metal-s or alloy compositj-ons in said
sheath and flux are, by mass% with respect to a totaf
mass of the wel-ding wire,

C: 0.01 to 0.05%,

Si:0.1 to I.52,
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embrittleent cracking of the base metal heat affecteb zone by solidified slag covering the weld
zone. FTC-, 6 is a view schematically showing, by a  perspective view, the method of
evaluation of zinc embrittlement cracking of the base metal heat affected zone. 5Description
of Embodiments        The inventors engaged in an intensive study of means for suppressing
zinc plating cracking of the weld metal and securing ductility of the weld metal. for stainless
steel-based welding material, for zinc-coated steel sheet 10which enables improvement of the
corrosio.n resistance of the weld zohe and, furthermore, for suppressing the occurrence of
zinc emhrittlement cracking of the base metal heat affected zone and improving the weld
work. efficiency, 15Note that, in the present invention, the "zinc- coated steel sheet" means
not only a simple zinc-coated steel, sheet, but also any plated steel sheet plated on its surface
by, among zinc plating, an Zn-Al-based alloy plating, Zn-Al-Mg -based alloy piting, or. Zr, -Al
-Mg -Si - 20based alloy plating to which Al, Mg, Si, etc. are added for improving the corrosion
resistace"        First, the means for suppressing zinc embrittlement cracking of the weld metal
and securing ductility of the weld metal will be explained. According to the results of
25experiments, the inventors confirmed that by keeping the amount of ferrite in the weld metal
suitable, it is posvible to both suppress zinc embrittlement cracking of the weld metal and
secure ductility, Further, they discovered that the ease of precipitation of ferrite at 30the time
of solidification of the weld metal can be represented by the F value defined by the following
formula (1) based mainly on the ferrite forming elements of Si and Cr in the weld metal and
the austendte fornting elements of C, Mn, and Ni: 35F value - 3x[Or%]4,Sx[Si%i
-2.8x[Ni%]-84x[C%]  -1.4x[MnA]-19.53(1)       where the [Cr%], [Sill, [Nil], [CI], and M"C
respectively indicate totals of Cr, Si, Ni, C., and Xn. contained in the sheath and wire in the
wedding wire with respect to the total mass of the wire.       FIG. 2 shows the relationship
between the F value of flux-cored welding wire used when welding zinc-coated steel sheets
and the number of zinc embrittlement cracks (welding conditions etc. same as performance
survey of 10welded ioint of examples explained lateri. When the F value of the flux-cored
welding wire is less than 30, solidification ends with the primary crystal solidified phase of the
weld metal being austenite alone or the solidification ends with the 5primary crystal solidified
phase being ferrite, but in the middle of solidification, austeniPe precipitating and resulting in
the two onapes of fez rite and austenite. At this time, the austenite phase solidifies in the form
of columnar crystals, so at the time of welding, Sr. and 20other low melting point components
derived from the zinc plating pehetrnte to the austenite grain bonndaries making the weld
metal more susceptible to zinc embrittlement cracking. On the other hand, it was learned that
when the F value of the fluxx-cbred welding wire is 2530 or more, the weld metal precipitates
as primary crystals as ferrite and the solidification is completed in the ferrite sine-le phase, so
the finer ferrite phase resulting from the solidified equiaxial crystals makes penetration of zinc
and other low melting point 30components to the crystal grain boundaries at the time of
welding difficult, and zinc embrittlement cracking of the weld metal is reduced. Furthermore, it
became clear that when the Evalue is 40 or more, the amount of austenitp which precipitates
in the cooling process after 35solidification of the weld metal, becomes smaller and the effect
of suppression of zinc embrittlempnt cracking 'becomes more pronounced. 
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Mn: 0.5 to 3.0%,

Ni: 7.0 to 10.0%, and

Cr: 26.0 to 30.0?, and

a F val-ue which is defined by the folJ-owing
formula (1) is 30 to 50;

further, said fl-ux comprises, as slag forning
agents, by masså with respect to the total mass of the
wi-re,

TiO2:3.8 to 6.82,
SiO2: 1. I to 3.2%,

ZrOzz 1.3% or less (incJ-uding 0e"), and

41203: 0 . 5% or l-ess (including 0% ) , and

a total- amount of said slag forming agents and
other slag forming agents is 7.5 to 10.5å;

furthermore, said TiO2 satisfies, by mass? with
respect to the total amount of slag forming agents,

TiO2: 50 to 659ø;

a bal-ance of said sheath and flux is Fe and

unavoj-dable impurities .

F val_ue : 3x [Cr? ] +4 . 5x tSiå l
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-2.8x tNi%l -84x IC?]

-L.4x [Mn%] -19.8 (1)

wherein ICr%], ISi%], tNiU L lCZl , and [Mn?]
respectively indicate total-s of Cr, Si, Ni, C, and Mn

25 contained in the sheath and wire in the welding wire with
respect to the total mass of the wire.

l2l The stainl-ess steel fl-ux-cored welding wi_re for
welding of the zinc-coated steel sheet as set forth in
[1], further comprj-sing Bi as a metal or alloy
composition, and a total- amount contained in said sheath
and fl-ux is, by masså with respect to a total- mass of the
welding wire,

Bi: 0.01 to 0.1%.

t3:l An arc welding method of zínc-coated steel
sheets characterized in that coating of the zinc-based
aJ-1oy coated steel- sheets is zinc-based aIloy coating

30

35

Based on these findings, in the present invention, as explained later, the contents of C, Si,
Mn, Ni, and Cr in the flux--cored welding wire are made suitable values  nr1 to suppress zinc
embrittlement cracking of the weid metal, the F value of the welding wire, defined bv the
above formula (1), is made 30 or more, preferably 40 or more.       From the viewpoint of the
suppression of zinc emhfittlement cracking, preferably the higher the F value 10of the welding
wife the better. However, if the F value of the wire exceeds 50, the weld metal finishes
solidifying in the ferrite single phase, then the precipitation of austenite is extremely reduced
in. the cooling process down to room temperature, so the amount 15of ferrite in the weld
metal at room tempexature becomes greater. T0 secure the ductility of the weld metal, that is,
the elongation, predetermined precipitation of austenite is necessary, An excessive increase
in the E value is not preferable. Therefore, in the present 20invention, the weld metal structure
at. room temperature is made a suitable two-phase structure of ferrite and austenite so as to
suppress zinc embrittlement cracking of the weld metal and the upper limit of the F value of
the wire is made 50 to sufficiently secure ductility of the weld metal.       Next, the inventors
engaged in an intensive study of means for preventing the zinc embrittlement cracking of the
base metal heat affected zone and improvement of the weld work. efficiency. As a result, they
discovered that 30for preventing the zinc embrittiement cracking of the base metal heat
affected zone, as shown in FIG. 5, it is important to use the solidified slag 8 which covers the
weld. metal 3 so as to prevent penetration of molten zinc 5 to the weld toe 4 and important to
optimize the component composition of the slag forming agents for improvement of the weld
work efficiency. The present invention, based on these findings, has  as its technical ideas
that  (a) by raising the content of TiO2 in the slag forning agents and forming solidified slag
with a relatively high melting point and by relatively increasing the total 5amount of the slag
forming agents, the weld metal can be surrounded well in the high temperature state and
penetration of. molten zinc to the weld toe can be prevented and  (b) by defining the upper
limit of the content of TiO2 in 10the slag forming agents and stabilizing the properties of
movement or molten drops from the front end of the welding wire to the steel sheet base
material, spatter can be reduced and the weld work efficiency is improved. Below, the means
for preventing the zinc. 15embrittiement cracking of the base metal heat affected zone will be
explained. Note that, in a usual butt welded joint or fillet welded joint, reproduction of zinc
embrittlement cracking of the base metal heat affected zone is not necessarily easy, so a
special weld test 20piece, le used for evaluation, That is, as shewnFIG. 6, a plate steel sheet
1 to be evaluated is set on a thick-qauge steel. material 9 of a thickness of 9 TM and its four
sides are fillet welded to it so as to raise the constraining force of the plated steel. sheet.
25Furthermore, a round steel bar 2 was placed on the plated steel sheet 1 and weldee, at its
girth by fillet welding to set conditions for a. higher shrinkage stress at the time at welding,
After the completion of the welding., the cross-section 1 of the crater part at the weld bead
(toe) 30was observed to evaluate the state of occurrence of zinc embrittlement cracking of the
base metal heat affected zone. FIG. 1 shows the results of investigation of the state of
occurrence of the zinc embrittlement cracking of 35the base metal heat affected zone using
welding wire 
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compr j-sing, by masså,

Al-: 2 lo L9%,

Mg: 1 to 10?,

51: 0. 01 to 2eo and

a bal-ance of Zn and unavoidab1e impurities;
the zinc-coated steel sheets coated is arc

welded, using the stainl-ess steel flux-cored weldj-ng wire
for welding of the zinc-based a1loy coated steel- sheet as

set forth in t1l or l2l.
t4l An arc weJ-ding method of zj-nc-coated steel

sheet, characterized in that the steel sheet other than
coating of the zinc-coated steel- sheet comprises, by
masså,

C: 0.01 to 0.2%,
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Si: 0. 0f to 2.02,
Mn:0.5 to 3.0%,

P: 0.0202 or less,
S: 0. 020? or J-ess,

25

a bal-ance of Fe and unavoidable impurities,'
the zinc-coated steel- sheets coated 1s arc

welded, using the stainl-ess steel flux-cored wel-ding wire
for zinc-coated steel sheet as set forth in t1l or l2l.

t5l The arc wel-ding method of zinc-coated steel-
sheet as set forth in 14), characterized in that the
zinc-coated steel- sheet other than coating further
comprises one or both of Nb and V, and the total amount

of Nb and V being 0.01 to 0.202.

Advantageous Bffect of Invention
According to the stainl-ess steel fl-ux-cored weJ_ding

wire for zinc-coated steel- sheet weJ-ding use and the arc
weJ-ding method of a zinc-coated steel- sheet using the
same of the present invention, even without touchup or

Al-: 0.001 to 0.5%,

Ti: 0.001 to 0. 5?,

B: 0.0003 to 0.004å,
N: 0. 0005 to 0. 006% and
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having Tic)-2, Si02, and Gra?, as main components of the slag material. It is learned that by
making the ratio of TiO2  14 -- 50% or more and making the total amount. of slag 7,5% or
more, it. is possible to prevent zing embrittlement cracking. The mechanism of prevention of
the zinc embrittlement cragkinb of the base metal heat affected zone is considered to be the
slag 8 solidified after welding becomind a barrier and preventing the penetration of the molten
zinc 5 to the base metal heat affected zone La (weld toe 4). For this reason, it is believed that
by increasing the ratio of TiO2 and raising the melting point 0 of the slag. --terial, a strong
barrier results. Further, it is believed that by increasing the total amount of the slag material, it
becomes possible to sheath the weld toe thickly (greatly) by slag and that this is effective for
suppressing penetration of the molten zinc. 15On. the other hand, regarding the weld work
efficiency, it is learned that if the. ratio of content of the 11.02 is over 65%, spatter frequently
occurs. It is believed that. an inctease in. the amount of addition of TiCi2 results in the melting
point of the slab material 20becoming too high, so it becomes hard for the molten slag to
separate from the tip of the welding wire and as a result the property of movement of the
molten drops becomes unstable and spatter increases. For this reason, from the viewpoint of
the 25prevention of the zinc embrittlement cracking of the base metal heat affected zone, it is
effective to make the content or TiO2 with respect. to the total amount. of the slag. forming
agent 50% or MOTe, but from the viewpoint of the suppression of spatter, the content. of TiO2
has to be 30restricted to 65% or less. The above were the reasons for limitation of the F value
for preventing zinc embrittlement cracking and securing ductility of the weld metal and the
reasons for limitation of the total amount of the slag forming agents 35in the welding wire and
the ratio of content of TiO2 for prevention of zinc embrittlement cracking of the base metal
heat affected zone and suppressiob of spatter,  15 - Furthermore, to maintain the properties of
the weld metal and various aspects of weld work efficiency well, it is necessary to limit the
components added in the flux-cored welding wire as metal or alloy and the slag forming
agents as follows. Note that, in the following explanations n%u means "mass%" unless
particularly explained otherwise_           First, the reasons for addition of the components of Si,
Mn, Ni, and. Cr forming the alloy composition of the 10weld metal will be explained,      Cis
harmful to the corrosion resistance, but is added in 0,01% or more for the purposes of
securing the strength of the weld metal and stabilizing the aro state at the time of welding. On
the other hand, if adding over 150,05%, a large number of carbides precipitate, so the
ductility. of the weld metal falls. Therefore, the C included as a metal or alloy in the flux-cored
welding wire has to be made 0.01 to 0,05%. Si is added in 0.1% or more for the purpose of
20improving the slag detachability. On the other- hand, if adding- over I. 5%, low melting
point. Si02 -based oxides preciptateg so the ductility. of the weld metal falls, Therefore, the S
included as a metal or alloy in the flux-cored welding wire has to rem-'de 0.1 to 1.5%. 25Mn is
added In 0,5% or more for the purpose of stabilizing- the anstenite phase in the weld metal
structure at room temperature and obtain ductility of the weld metal. On the other hand, if
adding over 3.0%, the slag detachability becomes poor, 'Therefore, the Mn 30included as a
metal Of alloy in the flux-cored welding- wire has to he made 0,5 to 3,0%.       Ni is an
austenite forming. element, It has to be added in 7.0% or more for the purpose of stabilising
the austenite phase in the weld metal structure at room 



9-

other post treatment, the corrosj-on resistance is good,

no weld cracking occurs, the ductility of the wel-d zone

is good, further, the wel-d work efficierrcy is exceJ-J-ent,

and otherwise a high quality wel-d zone is obtaj-ned.
fn particular, a pronounced effect is exhibited in

welding Zn-41-Mg-based al-loy plated steel- sheet which
contains AI and Mg as alJ-oy elements. As the Zn-Al-Mg-
based al1oy plated steel- sheet, there are, for example,

"Super Dyma@" steel- sheet made by Nippon Steef
Corporation which contains Al- l.I%, Mg 3%, and Si 0.2% and

has a balance of mainly Zrt, "ZAM@" steel sheet made by
Nisshin Steel Co., Ltd. which contains Al- 7Z and Mg 3å

and has a bal-ance of mainly Zrt, etc.

Brief Description of Drawings
FIG. 1 is a view showing the relationship between

the total amount of slag and the content of TiOz in regard
to the crackj-ng of the base metal- heat affected zone and

weld work efficiency.
FIG. 2 Ls a view showing the rel-ationship between

the F val-ue and the number of cracks of the wel-d metal-.
FIG. 3A is a view schematical-ly showing, by a

perspective view, cracking which occurs at the weld
metal-.

FIG. 38 is a view schematically showing, by a cross-
sectional view, cracking whj-ch occurs at the wel-d metal-.

FfG. 4A is a view schematically showing, by a

perspective view, cracking which occurs at the base metal_

heat affected zone.
FIG. 48 is a view schematically showing, by a cross-

sectj-onal view, cracking which occurs at the base metal-

heat affected zone.
FIG. 5 is a view schematically showing, by a cross-

sectional- view, the state of preventing zinc
embrittl-ement cracking of the base metal heat affected
zone by solidif ied sJ-ag coveri-ng the weld zone.

FIG. 6 is a view schematically showing, by a
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35tem.pereture and obtaining the ductility of the weld metal. On the other hand, if adding over
10.0%, it promotes the segregation of P, S, and other trace  components harmful to cracking
resistance and results in further susceptibility- to zinc etittlement cracking. Therefore, the Ni
which is included in the flax-cored welding wire as a metal or alloy has to be made 7.0 to
10.0%, preferably 0,0 to 10.0%, Cr is an element which contributes to the  improvement of the
corrosion resistance of the weld metal, Further, Cris a ferrite forming element, It makes the
weld metal a ferrite single phase when solidification 10is completed and contributes to
suppression of zinc embrittlement cracking of the weld metal i:n the present invention, the
content of Cr is made 26.0% cr more so as to sufficiently obtain corrosion resistance of the
weld metal_ Usually, if the weld metal of stainless steel 15contains about 13.0% of Cr, a good
corrosion resistance is obtained, but the present Invention considers application to
zinc-coated steel sheet not containing Cr and the ability to obtain an amount of Cr of the weld
metal of about. 13% even if the base material is diluted 20about 50%. Therefore 26.0% or
more of Cr becomes required. On the other hand, if adding over 30.0%, precipitation of
C.r23C6 or other carbides or the g-phase becomes easier and ductility can no longer be
obtained. Therefore, the Cr which is included in the flux-cored 25welding wire as metal or
alloy has to be made 26,0 to       The contents of the components of C, Si, Mn, Ni, and Cr
which are incauded in the above flux-cored welding wire as metal. or alloy (totals of mass%
with respect to 30the total mass of the welding wire), as explained above, are set so that the F
value, defined. by the above formula (I), becomes 30 to 50 in range so as to suppress zinc
embr-ittlement cracking of the weld metal and secure ductility of the weld metal well.
isFurthermore, for improving the detachability of the solidified slag, it is possible to and Bi in
an amount of 0.01% or more with respect to the total mass of the wire.  " In particular., the
weld zone of the plated steel sheet has to be sufficiently. cleaned of solidified slag from the
viewpoint of the improvement of the appearance., so theelag detachability becomes
important, However, if the 5amount of addition of Si exceeds 0,1%, it becomes a cause of
segregation of Bi at the time of solidification. of the weld metal and resultant hot cracks.
Therefore, the amount of addition of Si to the total mass of the wire was made 0.1% or less.
10Note that, in addition to the components defined in  the present invention, it is also possible
to combine and add, as other components, Mb, Cu, V, Nb, N, and other alloy agents for the
purpose of adjusting the 0.2% yield strength, tensile strenpth, ductility (total elongation), 1 L;
O'C Charpy. impact absorption energy, and other mechanical. performance of the weld metal,
adjusting the slag. detachability, etc,       However, N causes deterioration of the ductility, so it
is preferably made less than 0,05%. Further, it la zualso possible to suitably add and adjust
Al, Mg, Ti" and other deoxidizing agents for the purpose of deoxidation of the weld zone,
Next, the reasons for addition and the reasons for limitation of the components of the slag
forming agents 25Ti0.2" Si02" 5r02, and Al203 will be explained-             is the most important
slag forming agent for prevemting the zinc embrittlement cracking of the base metal heat
affected zone. To obtain slag with a good sheathabilitv, 3,8% or more is necessary, On the
other 30hand, if adding over 6,8%, the weld bead shape becomes uneven and the spatter
increases. Therefore, the TiO2 which is included in the flux of the flux-cored welding wire as a
slag forming agent has to be made 3,8 to 5.8%. Further, if referring further to the slag
sheathebility of Ti02" by adding a suitable amount together with the later explained Si02, it
becomee possible to obtain a sheathed state of the slag giving a suitable thickness to  the
toe- This effectively acts to prevent penetration of molten zinc to the toe. 



perspective view, the method of evaluation of zinc
embrittlemenL cracking of the base metal- heat affected
zone.

Description of Embodj-ments

The inventors engaged in an intensive study of means

for suppressing zinc plating cracking of the weld metal
and securing ductility of the wel-d metal- for stainless
steel-based we.Iding material- for zinc-coated steel sheet
which enables improvement of the corrosion resistance of
the wel-d zone and, furthermore, for suppressing the
occurrence of zinc embrittl-ement cracking of the base

metal- heat affected zone and improving the wel-d work
efficiency.

Note that, in the present invention, the "zinc-
coated steel sheet" means not only a simple zinc-coated
steel sheet, but al-so any plated steel- sheet plated on

its surface by, among zinc plating, an Zn-Al-based alloy
plating, Zn-AJ--Mg-based alloy plating, or Zn-AI-Mg-Si-
based alloy plating to which 41, Mg, Si, etc. are added

for improving the corrosion resistance.
First, the means for suppressing zinc embrittlement

cracking of the weld metal and securing ductil-ity of the
wel-d metal wilÌ be expl-ained. Accordj-ng to the resul-ts of
experiments, the inventors confirmed that by keeping the
amount of ferrite in the weld metal suitable, it is
possible to both suppress zinc embrittlement cracking of
the wel-d metal- and secure ductility. Further, they
discovered that the ease of precipitation of ferrite at
the time of sol-idification of the weld metal- can be

represented by the F val-ue defined by the following
f ormul-a (1) based mainly on the f errite f orming el-ements

of Si and Cr in the weÌd metal and the austenite forming
elements of C, Mn, and Ni:

F value : 3x [Cr%] +4.5x tSi%l

-2.8x tNi%l-84x IC%]
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3102 is added in 1.8% or More for improving the slag heand obtaining a smooth weld bead
shape. On 5the other hand, if adding over 3,8%, the spatter increases. Therefore, the 0102
which is included in the flux of the flux-cored welding wire as the slag forming agent is
preferably 1,8 to 3.8%. Further, if referrino further to the slag detachability of Si02, it. is added
for 10the purpose of improving the slag detachability of the weld bead as a whole regardless
of. fizing the zinc.       ZrO2 can he added in accordance with need for the purpose of
obtaining a good slag detachability even if zinc sticks to the slag of the weld toe. HOMC'Ver,
even if adding over 1,3%, the spatter increases or the weld bead shape becomes uneven.
Therefore, the Zn02 which is included in the flux of the flux-cored welding wire as the slag
forming agent is preferably 1.5% or less. Al20.3 suppresses zinc embrittlement cracking and,
20further, can Me added in accordance with need for the purpose of improving the arc stability
even in an arc atmosphere contaminated by zinc vapor. However, if added over 0,5%, the
slag detachability is lowered. Therefore, as the slag forming agent in the flux of the flux
--cored 25welding wire, Al20.2 is preferably. made 0.5% or less. As other slag forming agents
other than the TiO,, 13102" 7....r02, and Al203, potassium silicate, sodium silicate, and other
fixing agents which are added when produ.cing bond flux in the process of production of
welding wire, 30Na20, K20, CaCO2, EaCco., and other metal oxides or metal. carbonates
which are mainly used as arc stabilizers, and AlF12" NaF, K227,,cFE, LiF, and other fluorides
and Fe0, Fe203, and other iron oxides etc. which are mainly used for adjustiua. the slag
viscosity and securing slag detachability may be suitably. added,       However, if the total
amount of the slag forming agent is over 10.5%, the amount of spatter caused  increases at
the time of welding. Therefore, the total amount of the slag forming agents of the flux-cored
welding wire is made 10,5A. or less.       The method of prodhction of the stainless steel
flux-cored welding wire for zinc-coated steel sheet welding use of the present invention is not
particularly limited. It is possible to produce it by a usually known method of production of a
flux-cored welding wire. For example, steel strip (sheath) comprised of a ustenitic stainless
steal containing the metal or alloy was formee into a U -shape, then was filled with a filling flux
obtained by mixing, stirring, and drying the metal or alloy and the slag forming agent in the
U-shaped groove, then the steel strip (sheath) was further shaped. 15into a tube which
continued to he drawn until the desired wire diameter.       At this time, it is also possible to
weld the seems of the sheath formed into the tube shape to obtain a seamless type,
flux-cored welding wire. 20Further, as a method other than the above, when using a pipe
formed into a. tube in advance as the sheath, the pipe is filled with flux: while making it vibrate
and is drawn until a predetermined wire diameter. The zinc-coated. steel sheet. of the welded
material 25which is covered by the present invention includes not only a general molten
zinc-coated steel sheet based. on JIS 03302, but also a molten zinc-5% aluminum alloy plated
steel sheet based. on JIS G 3317, molten 55% aluminum-zinc alloy plated steel sheet based
on 0I3 30.3321, Sn.-113A1-396M-0,2%Si plated steel sheet (Super Zn-7%A.1-3126.Mg plated
steellAM(r)) and other zind -based alloy coated steel sheets.       Note that, the zinc
embrittlement cracking of the base metal heat affected zone which occurs when using a
stainless steel-based welding material particularly easily occurs when the plating cdmpdnents
include Mg. For this reason, when welding the plated steel sheet 
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-1.4x[Mnå]-19.8 (1)

where the [Crå] , [Si?] , tNiål , ICZ) , and [Mn8]
respectively indicate totals of Cr, Si, Nj-, C, and Mn

contained in the sheath and wj-re in the wel-ding wire with
respect to the total- mass of the wire.

FIG. 2 shows the relationship between the F val-ue of
ffux-cored welding wire used when welding zinc-coated
steel sheets and the number of zinc embrittl-ement cracks
(wel-ding conditions etc. same as performance survey of
wel-ded joint of exampj-es explained later) .

When the F value of the fl-ux-cored welding wì-re is
l-ess than 30, solidification ends with the primary
crystaJ- solidified phase of the wel-d metal- being
austenite alone or the sol-idification ends with the
primary crystal solidified phase being ferrite, but ín
the middl-e of sol-idification, austenite precipitating and
resulting in the two phases of ferrite and austenite. At
this time, the austenite phase soÌidifies in the form of
cofumnar crystal-s, so at the time of weJ-ding, Zn and

other low melting point components derived from the zinc
plating penetrate to the austenite graj-n boundaries
making the weld metal- more susceptibJ-e to zinc
embrittl-ement cracking. On the other hand, it was l-earned
that when the F val-ue of the fl-ux-cored wel-ding wire is
30 or more, the weld metal- precipitates as primary
crystals as ferrite and the sol-idification is completed
in the ferrite singJ-e phase, so the finer ferríte phase

resulting from the solidified equiaxial- crystals makes

penetration of zinc and other l-ow melting point
components to the crystal grain boundaries at the time
of welding difficul-t, and zinc embrittl-ement cracking of
the wel-d metal- is reduced. Furthermore, iL became cl-ear
that when the F value is 40 or more, the amount of
austenite which precipitates in the cooJ_ing process after
solidification of the wel-d metal becomes smal-Ier and the
effect of suppression of zinc embrittl-ement cracking
becomes more pronounced.
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containing Mb CZn -1196A1 -3%Mg -0,2%Si plated steel, sheet) anb Sn-7%A113%Mg plated
steel sheet) by the stainless steel. flux-cored weidini wire of the present invention, the effect of
suppression of the zinc embrittlement cracking of the base metal heat affected zone becomes
pronounced,.       As the Zn-A1.-Mg -Si -based alloy plated. steel sheet, it is possible to
effectively apply a. zinc-based alloy coated steel sheet containing, by mass%, Ali 2 to 19%,
10Mg: I to 10%, and Si: 0,01 to 2% and having a balance of En and unavoidable impurities,
Explaining the zinc-based alloy coating. components, Mg is included in Ito 10% for the
purpose of improving the corrosion resistance of the plating layer. This is 15because if less
than 1%, the effect of improvembnt of the corrosion resistance is insufficient, while if over
10%, the plating layer becomes brittle and the adhesion falls, Al keeps the addition of Mg from
causing the plating layer. to become brittle and improves the corrosion 20resistance, so is
included in 2 to 19%" If less than 2%, the effect due to addition becomes insufficient, the
plating layer becomes brittle, and the adhesion falis, while if over 19%, the effect of
improvement of the corrosion resistance becomes saturated and simultaneously 25the Al and
the Fe in the steel sheet react to cause a drop in adhesion_ Si keeps the Al and the Fe in the
steel sheet from reacting, the plating layer from becoming :brittle, and the adhesion from
faLlbig" so 0,01 to 2% is Included. This is because if less than 0.01%, the effect 30is not
sufficient and the adhesion. falls. If over 2%, not only. does the effect of improvement of the
adhesion become saturated, but also the plating layer itself becomes brittle, Furthermore, as
the zinc-based alley coating components, to improve the corrosion resistance after painting,
one or more elements of Ca, Ee, Ti, Cu, Ni, Co, Cr, and Mn may be addbd, Further, as the
zinc coated steel sheet of the  2.1 welded material which is covered by the present invention,
use of a. zinc-coated steel sheet with a tensile strength of the plating base sheet of the 270
MPa" to 590 N2a class and defining the steel sheet. components of the plating base sheet as
follows is preferable since the effect of suppression of the zinc embrittlemeht cracking of the
base metal heat affected zone becomes mete pronounced. C is added in 0.01% or more for
improvement of the 10herdenability of the weld heat. affected zone (below, also referred to as
uflAS") and therefore suppressing zinc embrittlement cracking of the HAZ. On the other hand,
excessive addition leads to a drop in bendebility and an increase in delayed cracking due to
hardening of the HAS 15and easier zinc emhrittlement cracking. For this reason, the upper
limit is made 0.2%.       Si is added in 0. 01% or more for deoxidation of the steel sheet. On
the other hand, excessive addition leads to an excessive increase in oxide scale at the time of
20hot roiling and a. crop in ductility, so the tippet limit. is made 2.0%.       Mn is added in 0.5%
or more to immobilize the unavoidable impurity S as Mn5 and to improve the hardenability of
the HAS. On the other hand, excessive addition leads to a drop in bendability and an increase
in delayed cracking, so the upper limit is made 3..0%.       P is an impurity element. To prevent
a drop in workability of the steel sheet, the upper limit is made 0,020%., 30S is an impurity
element, To prevent bib temperature cracking of the weld metal and a drop in workability at
the time of hot rolling, the upper limit is mede 0.020%,      Al has to he added. in 0.001% or
more as a deexidizing element of steel, but if excessively added, coarse nonmetallic
inclusions are formed and the toughness and other. performance of the steel material are
lowered, 80 the upper limit value was made 0.5%,       Ti immobilizes the N in the steel as
nitrides and has the effect of preventing the precipitation of al, so is added in 0,001% or more.
On the other hand, excessive 5addition leans to a. rise in the coat of alloy addition, 
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Based on these findings, in the present invention,
as explained l-ater, the contents of C, Si, MD, Ni, and Cr
in the fl-ux-cored welding wire are made suitable values
and, to suppress zinc embrittl-ement cracking of the weld
metal-, the F val-ue of the welding wire, defined by the
above formul-a (1), is made 30 or more, preferably 40 or
more.

From the viewpoint of the suppression of zinc
embrittlement crackíng, preferably the higher the F value
of the welding wire the better. However, if the F value
of the wire exceeds 50, the weld metaÌ finishes
solidifying in the ferrite single phase, then the
precipitation of austenite is extremely reduced in the
cooling process down to room temperature, so the amount
of ferrj-te in the weld metal- at room temperature becomes
greater. To secure the ductility of the wel-d metal_, that
is, the eJ-ongation, predetermined precipitation of
austenite is necessary. An excessive increase in the F

value is not preferabl-e. Therefore, in the present
invention, the wefd metal structure at room temperature
is made a suitable two-phase structure of ferrite and

austenite so as to suppress zinc embrittl-ement cracking
of the wel-d metal- and the upper l_imit of the F val_ue of
the wire is made 50 to sufficientJ-y secure ductility of
the wel-d metal-.

Next, the inventors engaged in an intensive study of
means for preventing the zinc embrittlement cracking of
t.he base metal heat affected zone and improvement of the
wel-d work effj-ciency. As a result, they discovered that
for preventing the zinc embrittlement cracking of the
base metal heat affected zone, âs shown in FfG. 5, it is
important to use the sol-idified slag B which covers the
weld metal- 3 so as to prevent penetratj_on of mol_ten zinc
5 to the weld toe 4 and important to optimize the
component composition of the slag forming agents for
improvement of the weld work efficiency.

The present invention, based on these findings, has
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so 0.5% is made the upper limit.        B is added. in 0,0003% or more to obtain a reduction in
interfacial energy of the crystal grain boundaries of the RAZ and resultant effect of
suppression of zinc 10embrittlement cracking. On the other hand, excessive addition invites a
drop in toughness of the weld zone, zinc easily penetrates to the crystal grain boundaries of.
the weld heat affected zone, and, conversely, zinc embrittlement cracking easily occurs, so
the upper limit 15is made 0.004%.       N is added in 0,0005% or more to make B precipdtate
as EN or another nitride. On the other hand, it-lowers the effect. of B in suppressing zinc
embrittlement cracking, so the upper limit is made 0,006%, 20Furthermore, the zinc-coated
steel sheet may have Nb and V added to it. Each element, by addition, has the action of
securing the strength of the steel material and immobilizing N as carbides and securing an
amount of solid solution B effective for suppressing molten. metal 25embrittlement, If the total
amount of Nb and V is 0,01% or more, the effect becomes pronounced. However, excessive
addition of a total amount of over 0,20 mass% invites a rise in the manufactnring costs of
course and degrades the toughness of the steel material, For this 30reason, the upper limit of
the content was made 0.20%, Examples       Below, examples will be used to explain the
present. invention in detail. 35(Example I)       First, to confirm the effect, of suppression of
zinc embrittlemeut cracking, the inventors investigated. the  effects of the welding material
and the type of the plating.       In the at sinless steel flux-cored welding wires containing. the
alloy compositions shown in Table 1, 5stainless steel flux-cored welding wires with slag
forming agents of the compositions shown in Table 1 and Table 3 were prepared,. The
asterisks (*) in Table I and Table 3 indicate contents of the extent of unavoidable impurities.
The wire diameter was made 1,2 MI. For the  IS zinc-coated steel sheet, zinc -based alloy
coated steel sheets comprised of plating base sheets of steel sheets of a sheet thickness of 5
mm and a tensile strength of the 400 i:6a class which were coated with three types of plating
shown in A to C were used 15A: molten zinc-coated steel sheet based on 015 C 2.?02
13: molten zinc-5% aluminum alloy plated steel sheet based on. JTS G 3317 C.: Zn.-11%Al
-3%Mg -0.2%Si plated steel sheet 20Note that for the steel sheet components of the plating
base sheet., a steel, sheet of C=008%, Si =0.02%, 14n-d.1%., P-0.015%, S-0.007%, Al
=0.02%, 5=0.0015%, N-0,003, and Ti-0.01% was used. For the welded metal performance, a
tensile test 23based on JTS 1 3323 and an impact test. based on JTS Z 3111 were
performed. The zinc embrittlement cracking of the weld metal and the zinc ambrittlement
cracking of the base metal heat affected zone were evaluated using a visible dye penetrant
test., Note that, for the welded 30test piece for evaluation of crackir, as explained above, a
welded test piece shown in FIG. 6 was used and was welded by a welding current of 160 to
20021 and a shield gas of. CO. The weld work efficiency was judged by a functional
evaluation at the time of preparing the welded test piece. These results are shown together in
Table 2 and Tarde 4, In Table 2 and Table 4, the "Good in the row of  "Spatter" indicates that
no spatter occurred and the work efficiency was good, while "Poor" indicates that a lot of
spatter occurred and the work efficiebey was poor... "Good" in the row of "Slag detachability"
indicates that the  slag detachability was good, "Fair" indicates that the slag detachability was
somewhat inferior, and "Poor' indicates that the slag detachability was poor.. "Good" in the
row of "Bead appearance" indicates that the bead appearance was good, while "Poor"
indicates that the bead 10shape was uneven or the bead appearance was otherwise poor.
The "Good" of the overall evaluation indicates a good evaluation, while the 'Poor" indicates
the evaluation could not be said to be good. 
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as its t.echnical- ideas that:
(a) by raising the content of TiO2 in the slag forming
agents and forming solidified slag with a rel-atively high
melting point and by relatively increasing the total
amount of the slag forming agents, the weld metal can be

surrounded wel-l in the high temperature state and
penetration of molten zinc to the weld toe can be
prevented and
(b) by defining the upper l-imit of the content of TiOz in
the slag forming agents and stabilizing the properties of
movement of molten drops from the front end of the
weJ-ding wire to the steel- sheet base material-, spatt.er
can be reduced and the weld work efficiency is improved.

Below, the means for preventing the zinc
embrittlement cracking of the base metal- heat affected
zone wil-l be explained. Note that, in a usual- butt wel-ded
joint or fillet wel-ded joint, reproduction of zinc
embrittl-ement cracking of the base metal- heat affected
zone is not necessarily easy, so a special weld test
piece is used for evaluation. That is, as shown in FIG.

6, a plate steel sheet L to be eval-uated is set on a

thick-gauge steel material- 9 of a thickness of 9 mm and
its four sides are fill-et welded to it so as to raise the
constraining force of the pJ-ated steel- sheet.
Furthermore, a round steel- bar 2 was pl-aced on the plated
steel sheet I and welded at its girth by fil-l-et welding
to set conditions for a higher shrinkage stress at the
time of welding. After the compJ-etion of the welding, the
cross-section 1 of the crater part of the wel-d bead (toe)
\^Ias observed to evaluate the state of occurrence of zinc
embrittlement cracking of the base metal heat affected
zone.

FIG. 1 shows the results of investígation of the
state of occurrence of the zínc embrittl-ement cracking of
the base metal heat affected zone using welding wj-re

having TíO2, SiO2, and ZrOz as main components of the sJ-ag

material. It is learned that by making the ratio of TiO2
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Wire Nos. 1 to 7 of Table I are invention exampic Itwhile Wire Nos. 8 to 14 of Table 3 are
comparative examples. Further, Table 2 shows examples using the welding wire of the
present invention, while Table 4 shows examples using welding wire of the comparative
examples. Note that, Table 2 and Table 4 also show the 20types of the plating of the steel
sheet used.       Wire Nos. I to 7 of the present invention were suitable in F value, 1102" Si02,
Zr07., Al203, total amount of slag forming agents, and ratio of TiO2 to total amount of slag
forming agents, so cracking did net Occur in 25either the weld. metal or base metal neat
affected zone and the work efficiency at the time of welding became good as a result_       On
the other hand, Wire No. 8 in the comparative examples was low in the ratio of content. of
TiO2 with 30respect to the total of the siag forming agents, so cracking occurred in the base
metal heat. affected zone.       Wire No. S was low in the total amount of the slag forming
agents and was also low in the ratio of content of 1102" so cracking occurred in the base
metal heat 35.affected zone.      Wire Nos. 10 and 11 were low in total amount of the slag
forming agents, so cracking occurred in the base  metal heat affected zone. Further, they-
were low in content of Si02, so the detachability tended to be somewhat inferior.       Wire No.
12 was high in content of Tia2 and was high in ratio of content of T.111",, to the slag forming
agent total, so spatter frequently occurred and the bead shape tended to become uneven,
Wire No. 13 was large in total amount of slag -forming agents, so spatter frequent I','
occurred. Further, it was large in F value, so was low in -value of. the elongation of the welded
metal. (underlined value of Table ,      Wire No. 1.4 was low in content of 2102 and was high in
content of LLD, with respect to the total of the slag 15forming agent, so was poor in slag
detachability and, further, had frequent. spatter. Furthermore, it was small in F value, so
cracking occurred in the weld. metal, (Example 2) Next, the inventors evaluated the effects of
the zncomponents of the plating- base sheet on the zinc embrittlement cracking of the weld
heat affected zone of the steel, sheet of the plating base sheet. The plating base sheet used
is a. steel material of the tensile strength of the 270 M2a class to 590 MPa class, The
25component composition is shown in Table 5, The underlines in Table 5 show values outside
of the range of the present inventich, The plating components were made the plating of
Example 1 of 0: Zn--'ll%Al.-- 3%V------0. 2%Si, The welding wire was the Wire No, 1 of
Example I. 30For the welding test piece for evaluation of cracking, as explained above, the
welding test piece shown in FIG. 6 was used., This was welded by a welding current of 160 to
200A and a shield gas of 002. For evaluation of the zinc ambrittlemeht cracking of the base
metal heat affected zone, a visible dye penetrant test was used_ Note that, the sheet
thickness was made a thin. 2.3 om and the evaluation was performed in a state  26 -
facilitating zinc. embrittlement cracking,        The Plating Base Sheet Nos. 15 to 18 of Table 5
are invehtion examples, while the Plating. Base Sheet Nos, 19 to 23 of Table 5 are
comparative examples.        When using the plating base sheets of Nos. 15 to 18 of the
present invention, cracking did not occur at either the weld metal or base metal heat affected
zone. 
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50% or rnore and making the total- amount of slag 1.5% or
more, 1t is possible to prevent zinc embrittlement
cracking. The mechanism of prevention of the zinc
embrittlement cracking of the base metal- heat affected
zone is considered to be the slag I solidified after
welding becomj-ng a barrier and preventing the penetration
of the mol-ten zinc 5 to the base metal heat affected zone
1a (weld toe 4) . For this reason, it is believed that by
increasing the ratj-o of TiO2 and raising the meJ-ting point
of the slag material-, a strong barrier resul-ts. Further,
it is bel-1eved that by j-ncreasing the total- amount of the
slag materiaf, it becomes possibJ-e to sheath the weld toe
thickly (greatly) by slag and that this is effective for
suppressing penetration of the mol-ten zínc.

On the other hand, regarding the wel-d work
efficiency, it is learned that if the ratio of content of
the TiO2 is over 65eo, spatter frequently occurs. It is
believed that an increase in the amount of addition of
TiO2 results in the meJ-ting point of the slag material-
becoming too high, so it becomes hard for the molten slag
to separate from the tip of the welding wire and as a

resuft the property of movement of the molten drops
becomes unstable and spatter increases.

For this reason, from the viewpoint of the
prevention of the zínc embrittlement cracking of the base
metaf heat affected zone, it is effective to make the
content of TiO2 with respect to the total- amount of the
slag forming agent 503 or more, but from the viewpoint of
the suppression of spatter, the content of TiO2 has to be

restricted to 652 or l-ess.
The above \^/ere the reasons for l-imitation of the F

value for preventing zinc embrittl-ement crackj-ng and

securing ductil-ity of the wel-d metaL and the reasons for
limitation of the total- amount of the slag forming agents
in the welding wire and the ratio of content of TiO2 for
prevention of zinc embrittl-ement cracking of the base
metal- heat affected zone and suppression of spatter.
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On the other hand, when using the plating base sheet of No. 19 of the comparative examples,
since the content 10of B was low, cracking occurred in the base metal heat affected zone.
When using the plating base sheet of No, 20 of the comparative examples, since the content
of B was excessive, cracking occurred at the base metal. heat affected. zone.       When using
the plating base sheet of No., 21 of the comparative examples, since the content of Mn was
small, the 'base metal heat affected zone fell in hardenabilitv and therefore cracking occurred
due to the increase in 20heat stress of the weld toe.       When using the plating- base sheet of
No, 22 of. the comparative examples, since the content of. Ti was small and the precipitation
of BN increased, cracking occurred at the base metal heat affected zone. 25When using the
plating base sheet. of No, 23 or the comparative examples, since the content of C was
excessive, cracking occurred at the base metal heat affected zone and there was a concern of
delayed fracture due to hardening of the weld zone.  Mass% ofMas 3 :f3. ZNICCherni cal
componnts of componentof fined LIDz. to tc._;.tc.:i  wIre of :::ftleath 1>F., 0 Hz: tt  Table 2
Ware 110. oe of niatind       2 o  604 5V7 60  812  
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Furthermore, to maintain the properties of the wel_d metal
and various aspects of weld work efficiency well, it is
necessary to limit the components added in the fl_ux-cored
welding wire as metal- or alloy and the slag forming
agents as fol-lows. Note that, in the following
explanation, 'rå" means "masså" unless particularJ-y
expJ-ained otherwise.

First, the reasons for addition of the components of
Si, Mñ, Ni, and Cr forming the a1loy composition of the
wel-d metal- wil-1 be explained.

C is harmful to the corrosion resistance, but is
added in 0.01å or more for the purposes of securing the
strength of the wel-d metal and stabil_izing the arc state
at the time of weldì-ng. On the other hand, if adding over
0.05%, a J-arge number of carbides precipitate, so the
ductil-ity of the wel-d metal fal_ls. Therefore, the C

incl-uded as a metal- or all-oy in the flux-cored welding
wire has to be made 0.01 to 0.058.

Si is added in 0.1% or more for the purpose of
improving the slag detachability. On the other hand, if
adding over 1.5?, low melting point SiOz-based oxides
precipitate, so the ductility of the wel_d metal falls.
Therefore, the S included as a metal or alloy in the
flux-cored wel-ding wire has to be made 0. 1 to 1.5?.

Mn is added in 0.5å or more for the purpose of
stabil-izing the austenite phase in the wel_d metal_

structure at room temperature and obtain ductiJ-ity of the
wel-d metal-. On the other hand, if adding over 3.0%, the
slag detachabiJ-ity becomes poor. Therefore, the Mn

incl-uded as a metal or al-Ioy in the fl_ux-cored welding
wire has to be made 0.5 to 3.0?.

Ni is an austenite forming el-ement. It has to be

added in 1.0% or more for the purpose of stabil-izing the
austenite phase in the wel_d metal_ structure at room
temperature and obtaining the ductility of the weld
metal-. On the other hand, if adding over 10.0U, it
promotes the segregation of P, S, and other trace
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components harmful to cracking reslstance and results in
further susceptibiJ-ity to zinc embrittlement cracking.
Therefore, the Ni which is included in the fl-ux-cored
welding wire as a metal- or alloy has to be made 7.0 to
10.03, preferably 8.0 to 10.0%.

Cr is an el-ement which contributes to the
improvement of the corrosion resistance of the weld
metal. Further, Cr is a ferrite forming element. It makes

the wel-d metal a ferrite singJ-e phase when solidification
is completed and contributes to suppression of zínc
embrittlement cracking of the weld metal-. fn the present
invention, the content of Cr is made 26.02 or more so as

to sufficientl-y obtain corrosj-on resistance of the weld
metal. UsuaIly, if the weld metal- of stain.l-ess steel-
contains about 13.0å of Cr, a good corrosion resistance
is obtained, but the present invention considers
application to zinc-coated steel- sheet not containing Cr
and the ability to obtain an amount of Cr of the weld
metal- of about 13å even if the base material- is dil-uted
about 50%. Therefore, 26.0e" or more of Cr becomes

required. On the other hand, if adding over 30.0å,

precipitation of Cr23C6 or other carbides or the o'-phase

becomes easier and ductility can no longer be obtained.
Therefore, the Cr which is included in the fl-ux-cored
welding wire as metal- or alloy has to be made 26.0 to
30.0?.

The contents of the components of C, Si, Mû, Ni, and

Cr which are incl-uded in the above fl-ux-cored weJ-ding

wire as metal- or al-loy (total-s of mass% with respect to
the total mass of the welding wire), as explained above,
are set so that the F val-ue, defined by the above formul-a
(1), becomes 30 to 50 in range so as to suppress zinc
embrittl-ement cracking of the wefd metal- and secure
ductil-ity of the wel-d metal welf .

Furthermore, for improving the detachability of the
sol-idified slag, it is possible to add Bi j-n an amount of
0.01% or more with respect to the total mass of the wire.
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In particul-ar, the weld zone of the plated steef sheet
has to be sufficiently cleaned of sol-idj.fied slag from
the viewpoint of the improvement of the appearancef so

the slag detachability becomes important. However, if t.he

amount of addition of Bi exceeds 0.1%, it becomes a cause
of segregation of Bi at the time of sol-idification of the
weld metal and resultant hot cracks. Therefore, the
amount of addition of Bi to the total mass of the wire
was made 0. 1? or l-ess.

Note that, in addition to the components defined in
the present inventj-on, it is afso possible to combine and
add, as other components, Mo, Cu, V, Nb, N, and other
alloy agents for the purpose of adjusting the 0.22 yield
strength, tensile strength, ductility (total eJ-ongation),

0"C Charpy impact absorption energy, and other mechanical-
performance of the wel-d metal-, adjusting the sJ-ag

detachability, etc.
However, N causes deteri-oration of the ductility, so

it is preferably made less than 0.05%. Further, it is
al-so possible to suitably add and adjust 41, Mg, Ti, and
other deoxidizing agents for the purpose of deoxidation
of the weld zone.

Next, the reasons for addition and the reasons for
l-imitation of the components of the slag forming agents
TíO2, SiOz, ZrO2, and 41203 wilJ- be explained.

TiO2 is the most important slag forming agent for
preventing the zinc embrittl-ement crackJ-ng of the base
metal- heat affected zone. To obtain slag with a good

sheathability, 3.8å or more is necessary. On the other
hand, if adding over 6.82, the wel-d bead shape becomes

uneven and the spatter increases. Therefore, the Ti02
which is included in the fl-ux of the flux-cored welding
wire as a slag forming agent has to be made 3.8 to 6.8å.
Further, if referri-ng further to the slag sheathability
of TiO2, by adding a suitabl-e amount together with the
l-ater explained SiO2, it becomes possible to obtain a

sheathed state of the slag giving a suitabl-e thickness to
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the toe. This effectively acts to prevent penetration of
mol-ten zinc to the toe.

SiO2 is added in 1.8å or more for improving the sJ-ag

detachabillty and obtaining a smooth wel-d bead shape. On

the other hand, if adding over 3.82, the spatter
increases. Therefore, the SiO2 which is incl-uded in the
fl-ux of the flux-cored welding wi-re as the slag forroing
agent is preferably 1.8 to 3.83. Further, if referring
further to the slag detachability of SiO2, it is added for
the purpose of J-mproving the slag detachabiJ-ity of the
wel-d bead as a whol-e regardÌess of fixing the zinc.

ZrO2 can be added in accordance with need for the
purpose of obtaining a good slag detachabiJ_ity even if
zínc sticks to the slag of the wefd toe. However, even if
adding over 1.3%, the spatter increases or the weld bead
shape becomes uneven. Therefore, the ZrO2 which is
incl-uded in the flux of the flux-cored welding wire as
the slag forming agent is preferably 1.5% or less.

41203 suppresses zínc embrittl-ement cracking and,
further, can be added in accordance with need for the
purpose of improving the arc stabil-ity even in an arc
atmosphere contaminated by zinc vapor. However, if added
over 0.5å, the slag detachability is lowered. Therefore,
as the slag forming agent in the flux of the flux-cored
weJ-ding wire, 41203 is preferably made 0.5% or l_ess.

As other slag forming agents other than the TiO2,
SiO2, ZrO2, and 41203, potassium sil-icate, sodi-um silicate,
and other fixing agents which are added when producing
bond fl-ux in the process of production of welding wì.re,
Na2O, KzO, CaCO3, BaCO3, and other metal_ oxides or metal_

carbonates which are mainJ_y used as arc stabil_i zers, and
AlF3, NaF, K2ZrF6, LiF, and other fl-uorides and FeO, Fe2O3,

and other iron oxides etc. which are maínly used for
adjusting the slag viscosity and securíng slag
detachabiJ-ity may be suitably added.

However, if the total amount of the slag forming
agent is over 10.5%, the amount of spatter caused
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increases at the time of welding. Therefore, the total-
amount of the slag forming agents of the flux-cored
weldlng wire is made 10.53 or l-ess.

The method of production of the stainl-ess steel
flux-cored welding wire for zinc-coated steel sheet
welding use of the present invention is not particularly
limited. ft is possible to produce it by a usually known

method of production of a fl-ux-cored welding wire.
For example, steel strip (sheath) comprised of

austenitic stainl-ess steel containing the metal or al1oy
hlas formed into a U-shape, then was fj-lled with a filJ-ing
fl-ux obtained by mixing, stirring, and drying the metal
or al-J-oy and the sJ-ag forming agent in the U-shaped
groove, then the steel strip (sheath) was further shaped
into a tube which continued to be drawn until- the desired
wire diameter.

At this time, it is al-so possible to weld the seams

of the sheath formed into the tube shape to obtain a

seaml-ess type f f ux-cored wel-ding wire.
Further¡ âs a method other than the above, when

using a pipe formed into a tube in advance as the sheath,
the pipe is filled with flux whil-e making it vibrate and

is drawn until a predetermined wire diameter.
The zinc-coated steel- sheet of the welded material-

which is covered by the present invention incl-udes not
only a general- moften zinc-coated steel sheet based on

JIS G 3302, but also a moften zinc-S% afuminum alloy
plated stee1 sheet based on JIS G 3317, molten 55å

al-uminum-zínc al-loy plated steel sheet based on JIS G

332I, Zn-11?41-3åMg-0.2ZSi plated steel- sheet (Super

Dyma@) , Zn-7 ?41-3?Mg pJ-ated steel sheet (ZAM@) , and other
zinc-based aJ-1oy coated steel- sheets.

Note that, the zinc embrittlement cracking of the
base metal heat affected zone which occurs when usj-ng a

stainl-ess steel--based welding material- particuJ-arJ-y
easily occurs when the pJ-ating components include Mg. For
this reason, when welding the plated steel- sheet
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containing Mg (Zn-L1å41-3%Mq-0.zåSi plated steel sheet)
and Zn-'lå41-3%Mg plated steel- sheet) by the stainless
steel fl-ux-cored wel-ding wi-re of the present invention,
the effect of suppression of the zínc embrittlement
cracking of the base metal heat affected zone becomes

pronounced.
As the Zn-41-Mg-Si-based aIJ-oy plated steel sheet,

it is possible to effectively appJ-y a zinc-based al-loy
coated steel- sheet containing, by mass% , AI: 2 to 19%,

Mg: 1to 702, and Si: 0.01 to 2% and having a bal-ance of
Zn and unavoidabl-e impurities.

Bxplaining the zinc-based a1loy coating components,
Mg i-s incl-uded in 1 to 10? for the purpose of improving
the corrosion resistance of the plating 1ayer. This is
because if l-ess than l%, the effect of improvement of the
corrosion resistance is insufficient, while if over 108,
the plating layer becomes brlttle and the adhesion fal-ls.
Al- keeps the addition of Mg from causing the plating
layer to become brittle and improves the corrosion
resistance, so is included in 2 Lo I9Z. If l-ess than 2*-
the effect due to addition becomes insufficient, the
plating layer becomes brittle, and the adhesion falJ-s,
whil-e if over 792, the ef fect of j-mprovement of the
corrosion resistance becomes saturated and simultaneously
the Af and the Fe in the steel- sheet react to cause a

drop in adhesion. Si keeps the Al and the Fe in the steel_
sheet from reacting, the plating layer from becoming
brittÌe, and the adhesion from falling, so 0.01 to 2eo is
included. This is because if l-ess than 0.013, the effect
is not sufficient and the adhesion fal-Is. Tf over 2ro, not
onJ-y does the effect of improvement of the adhesion
become saturated, but al-so the plating layer itseÌf
becomes brittl-e. Furthermore, âs the zinc-based alloy
coating components, to improve the corrosion resistance
after painting, one or more elements of Ca, Be, Ti, Cu,

Ni, Co, Cr, and Mn may be added.
Further, âs the zinc-coated steel sheet of the
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wel-ded material which 1s covered by the present
invention, use of a zj-nc-coated steel sheet with a

tensil-e strength of the plating base sheet of the 210 Mpa

to 590 MPa cl-ass and defining the stee.l- sheet components
of the plating base sheet as foll-ows is preferable since
the effect of suppression of the zinc embrittl-ement
cracking of the base metal- heat affected zone becomes

more pronounced.
C is added in 0.01% or more for improvement of the

hardenability of the wel-d heat affected zone (below, also
referred to as "HAZ") and therefore suppressing zinc
embrittl-ement crackj-ng of the HAZ. On the other hand,
excessj-ve addition leads to a drop in bendability and an
increase in delayed cracking due to hardening of the HAZ

and easier zínc embrittlement cracking. For this reason,
the upper l-imit is made 0.22.

Si is added in 0.01% or more for deoxidation of the
steel sheet. On the other hand, excessive addition leads
to an excessi-ve increase in oxide scal-e at the time of
hot rolJ-ing and a drop in ductility, so the upper fimit
is made 2.02.

Mn is added in 0.5% or more to immobil-ize the
unavoidable impurity S as MnS and to improve the
hardenability of the HAZ. On the other hand, excessive
addition leads to a drop in bendability and an increase
in delayed cracking, so the upper limit is made 3.0?.

P is an impurity el-ement. To prevent a drop in
workability of the steel sheet, the upper limit is made

0. 020?.

S ís an impurity element. To prevent high
temperature cracking of the weld metal and a drop in
workability at the time of hot rolJ-ing, the upper l_imit
is made 0.0202.

Af has to be added in 0.001% or more as a

deoxidizing element of stee1, but if excessiveJ_y added,
coarse nonmetal-l-ic incl-usions are formed and the
toughness and other performance of the steel_ material are
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J-owered, so the upper limit value was made 0. 5%.

Ti immobilizes the N in the steel as nitrldes and

has the effect of preventing the precipitation of BN, so

is added in 0.001å or more. On the other hand, excessive
addition leads to a ri-se in the cost of alJ-oy addition,
so 0.5å is made the upper limit.

B is added in 0.0003% or more to obtain a reduction
in interfacial energy of the crystal grain boundaries of
the HAZ and resul-tant effect of suppression of zinc
embrittl-ement cracking. On the other hand, excessive
addition invites a drop in toughness of,the weld zonel
zinc easily penetrates to the crystal- grain boundaries of
the weld heat affected zone, and, converseÌy, zinc
embrittlement cracking easily occursr so the upper l1mit
is made 0.004?.

N is added in 0.0005å or more to make B precipitate
as BN or another nitride. On the other hand, it lowers
the effect of B in suppressing zínc embrj-ttl-ement
cracking, so the upper limit is made 0.006%.

Furthermore, the zinc-coated steel- sheet may have Nb

and V added to it. Each el-ement, by addition, has the
action of securing the strength of the steel material and
immobil-izing N as carbides and securing an amount of
solid sol-ution B effective for suppressing molten metal
embrittlement. If the total- amount of Nb and V is 0.01å
or more, the effect becomes pronounced. However,
excessive addition of a total- amount of over 0.20 masså

invites a rise in the manufacturj-ng costs of course and

degrades the toughness of the steel material-. For this
reason, the upper l-imit of the content was made 0 .202.
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Bxamples

BeJ-ow, examples will- be used to
invention in detail,.

35 (ExampJ-e 1)

First, to confirm the effect of
embrittl-ement cracking, the inventors

explain the present

suppression of zinc
investigated the
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effects of the welding material_ and the type of the
plating.

fn the stainl-ess steel fl_ux-cored wel-ding wires
containing the alJ-oy compositions shown in Table I,
stainfess steel- fl-ux-cored wel-ding wires with slag
forming agents of the compositions shown in Tabl-e 1 and
Tabl-e 3 were prepared. The asterisks (*) in Table 1 and
Tabl-e 3 indicate contents of the extent of unavoidabl_e
impurities. The wire diameter was made 1.2 mm. For the
zinc-coated steel- sheet, zinc-based alloy coated steel_
sheets comprj-sed of plating base sheets of steel_ sheets
of a sheet thickness of 5 mm and a tensil-e strength of
the 400 MPa class which h/ere coated with three types of
plating shown in A to C were used.

A: molten zinc-coated steef sheet based on JIS G

3302

B: molten zinc-S% al-umj-num alloy pJ_ated steel sheet
based on JIS G 3317

C: Zn-L1%Al-3åMg-0.2åSi plated steel_ sheet
Note that, for the steel- sheet components of the

plating base sheet, a steel- sheet of C:0.08%, Si:0.02%,
Mn:1 . 1%, P:0 . 015?, S:0 . 007%, Al:0 .022 , B:0 . 0015?,
N:0.003, and Ti:O.01å was used.

For the welded metal_ performance, a tensife test
based on JIS Z 3323 and an impact test based on JIS Z

3111 \^rere performed. The zinc embrittlement cracking of
the wel-d metal- and the zinc embrittl_ement cracking of the
base metal- heat affected zone h/ere evaluated using a

visibl-e dye penetrant test. Note that, for the welded
test piece for eval-uation of cracking, âs explained
above, a welded test piece shown in FIG. 6 was used and
I^/as welded by a welding current of 160 to 2004 and a

shieJ-d gas of COz. The wel-d work efficiency vüas judged by
a functional- eval-uation at the time of preparing the
we1ded test piece. These resul_ts are shown together in
Tabl-e 2 and Tabl-e 4.

fn Table 2 and Table 4, the "Good" in the row of
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"Spatter" indicates that no spatter occurred and the work
efficiency was good, whil-e "Poor" indicates that a lot of
spatter occurred and the work efficiency was poor. "Good"
in the row of "SJ-ag detachability" indicates that the
slag detachability was good, "Fair" indicates that the
sJ-ag detachability was somewhat inferior, ancl "Poor"
indicates that the slag detachability \^ias poor. "Good" in
the row of "Bead appearance" indicates that the bead

appearance \^/as good, while "Poor" indicates that the bead
shape was uneven or the bead appearance was otherwise
poor. The "Good" of the overall- evafuation indicates a

good evaluation, whil-e the "Poor" indicates the
evaluation coul-d not be said to be good.

Wire Nos. 1 to I of Table 1 are invention exampJ-es,

while Vüire Nos. B to L4 of Tabl-e 3 are comparative
examples. Further, Tabl-e 2 shows examples using the
welding wire of the present invention, whil-e Tabl-e 4

shows examples using welding wire of the comparative
examples. Note that, Table 2 and Tabl-e 4 afso show the
types of the plating of the steel sheet used.

Wj-re Nos. 1 to I of the present invention were
suitabf e in F val-ue , TiO2, SiO2 , ZrO2, AI2O3, total amount

of slag forming agents, and ratio of TiO2 to total- amount

of slag forming agentsr so cracking did not occur in
either the wel-d metal or base meta] heat affected zone
and the work efficiency at the time of wel-ding became

good as a resul-t.
On the other hand, I¡lire No. B in the comparative

examples r^ras l-ow in the ratio of content of TiO2 with
respect to the total- of the slag forming aqentsr so

cracking occurred in the base metal- heat affected zone.
Vüire No. 9 was l-ow in the total- amount of the slag

forming agents and was al-so low in the ratio of content
of TiO2, so cracking occurred in the base metal- heat
affected zone.

Vüi-re Nos. 10 and 11 were l-ow in total amount of the
sJ-ag forming agents, so cracking occurred in the base
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metal- heat affected zone. Further, they were l-ow in
content of SiO2, so the detachability tended to be

somewhat inferior.
Wire No. 12 was high in content of TiOz and was high

in ratio of content of TiO2 to the slag forming agent
totalr so spatter frequently occurred and the bead shape
tended to become uneven.

Wire No. 13 \^ras large in total amount of slag
forming agents, so spatter frequently occurred. Further,
it \^/as J-arge in F value, so r^ias low in val-ue of the
eJ-ongation of the wel-ded metal (underlined value of Tabl_e

4).
Vrlire No. L4 was Ìow in content of SiOz and was high

in content of TiO2 with respect to the total- of the slag
forming agent, so \4ras poor in slag detachablJ_ity and,
further, had frequent spatter. Furthermore, it was smal_l_

in F valuer so cracking occurred in the wel-d metaf.
(Example 2)

Next, the inventors evaluated the effects of the
components of the plating base sheet on the zinc
embrittl-ement cracking of the wefd heat affected zone of
the steel- sheet of the plating base sheet. The pJ-ating
base sheet used is a steel- material- of the tensile
strength of the 210 MPa class to 590 Mpa cl_ass. The

component composj-tion is shown in Table 5. The underlines
in Tabl-e 5 show val-ues outside of the range of the
present invention. The pJ-ating components r¡/ere made the
plating of Bxample 1 of C: Zn-713Ä,I-3?Mg-0.2%Si. The

welding wire was the Vüire No. 1 of Example 1.
For the welding test piece for eval_uation of

cracking, âs explained above, the weJ_ding test piece
shown in FIG. 6 was used. This h/as welded by a weJ-ding
current of 160 to 2004 and a shield gas of CO2. For
eval-uation of the zínc embrittlement cracking of the base
metaf heat affected zone, a visibJ_e dye penetrant test
\^/as used. Note that, the sheet thickness was made a thin
2.3 mm and the eval-uation h/as performed in a state
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facilitating zinc embrittlement cracking.
The Plating Base Sheet Nos. 15 to 18 of Tabl-e 5 are

invention exampJ-es, while the Plating Base Sheet Nos. 19

to 23 of Tabl-e 5 are comparative examples.
When using the plating base sheets of Nos. 15 to 18

of the present invention, cracking did not occur at
either the wel-d metal or base metal- heat af fected zone.

On the other hand, when using the pJ-ating base sheet
of No. L9 of the comparative examples, since the content
of B t¡as Iow, cracking occurred in the base metal- heat
affected zone.

When using the pJ-ating base sheet of No. 20 of the
comparatj-ve examples, since the content of B was

excessj-ve, cracking occurred at the base metal- heat
affected zone.

When using the plating base sheet of No. 21 of the
comparative exampJ-es, since the content of Mn was small,
the base metal heat affected zone fell- in hardenability
and therefore cracking occurred due to the j-ncrease in
heat stress of the wel-d toe.

Vühen using the pJ-ating base sheet of No. 22 of the
comparative examples, since the content of Ti was smal-l

and the precipitation of BN increased, cracking occurred
at the base metal heat affected zone.

Vühen using the plating base sheet of No. 23 of the
comparative exampJ-es, since the content of C was

excessive, cracking occurred at the base metal heat
affected zone and there r^ras a concern of delayed fracture
due to hardening of the weld zone.
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Tab1e 5 Chemicaf com onents (masst)
Tensil-e strengthc Si Mn P s A] B N Ti Others

Inv. ex

15 0.08 0 .02 1.10 0.015 0.007 0.022 0.001s 0. 003 0.010 430 MPa
L6 0. 15 0.02 0.70 0.01s 0.007 0 .020 0.0020 0. 003 0.010 450 MPa
L7 0. 05 0.01 0.50 0.015 0.007 0.020 0.0020 0.002 0.006 340 MPa
18 0.0s 0 .02 1.50 0.014 0.007 0 .02! 0.001s 0.003 0.0r2 Nb:O.02, V:0.02 620 MPa

omp. ex

I9 0.08 0 .02 7.20 0.015 0.007 0.020 0.0001 0.004 0.010 420 MPa
20 0.15 0 .02 0.70 0.015 0. 007 0.o21- 0.0045 0.003 0.010 470 MPa
27 0. 03 0.01 0.19 0.017 0. 007 0.010 0.0015 0. 003 0.0r2 310 MPa
22 0.08 0 .02 0.70 0.014 0. 007 0.011 0.0015 0.003 0. 0005 440 MPa
23 0 .25 o -02 l_. 10 0.014 0.007 0 .02r 0.0020 0. 003 0.011 670 MPa

I

UJ
P

I

0.0020 0.002 0,006   340 MPa    10U05 0.02 1,50 0.014 0.007 0.021 0.0015.0.003  0,012 Nb -0,02,V=0,02 620 MPa  12 0.08 0,C:2.0  0,015
0.00710.020 0.01301H0.004  0,010  420 MPa  20 0,15 0.02 0,70 0.015 0,007 0.021 



Reference Signs List
7 zinc-coated steel sheet
1a base metal heat affected
2 standing sheet (unplated
sheet) or round steel bar
3 weld metal
4 weld toe

10

5 zinc plating (molten zinc)
6 zinc embrittlement cracking of base metal- heat
affected zone

7 zinc embrittlement cracking of weld metal zone
I solidified slag covering weld met.a1

9 steel sheet for constraining zinc-coated steel sheet
10 weld bead for constraining zinc-coated steel- sheet
11 observed cross-section of zlnc emlcrittlement
cracking occurring at base metal heat affected zone

32

15

(base sheet)
zone

steel sheet or plated steel

, 0,0045 0.003 0,01,0  470 MPa 1..10m10.cm.  0,03 O. Oa 0.19  0.017 0,007 0.010 0,0015
0,003 0.012              310 M2a  22 0,050,02 ' 0.014 0.007 0,01:1H 0.0015 0,003 0.0005  
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CLAIMS

Cl-aim I
A stainl-ess steel flux-cored wel-ding wire for

weJ-ding of a zinc-coated steel- sheet, the welding wire
comprised of a staj-nl-ess steel sheath in which fl-ux is
f i1J-ed,

characterized in that total- amount of el-ements which
are included as metal-s or alloy compositions in said
sheath and flux are, by masså with respect to a total-
mass of the welding wire,

C: 0.01 to 0.05?,
Si: 0. 1 to 1.5å,
Mn: 0.5 to 3.0%,

Ni: 7.0 to l-0.0%, and

Cr: 26.0 to 30.0å, and

a F value which is defined by the following formul-a
(1) is 30 to 50;

further, said flux comprises, as slag forming
agents, by mass% with respect to the total- mass of the
wire,

TiO2: 3. I to 6.82,
SiO2: 1. I to 3.22,
ZrO2: 1.3å or less (including 0å), and

AJ-2O3: 0. 5å or less (including 0å ) , and
a total- amount of said slag forming agents and other

sJ-ag forming agents is 1.5 to 10.58;
furthermore, said TiO2 satisfj-es, by masst with

respect to the total amount of slag forming agents,
TiO2: 50 to 65%;

a bal-ance of said sheath and flux is Fe and
unavoidable impurities .

F val_ue : 3x [Cr? ] +4 . 5x I Si? l

-2.8x tNi%l -84x IC%]

-I.4x [Mn%] -19.8 (1)

wherein [Crå] , ISiå] , tNi%l , lC%l , and [Mn?]
respectively indicate total-s of Cr, Si, Ni, C, and Mn

10

15

20

25

30
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440 MPa  23 0.250,02 1.10 0,01410,007  0.0020 0.003 0,011  670 MPa  Reference Signs List
izinc-coated steel sheet. (base sheet) Iabase metal heat affected zone 2standing sheet
(unplated steel sheet or plated steel 5sheet.) or round steel bar ,weld metal 4weld toe 5zinc
plating (molten zinc) 6zinc embrittlament cracking of base metal beat 10affected. zone , (zinc
embrittlement cracking of weld metal zone osolidified slag covering weld metal 9steel sheet
for constraining zinc-coated steel sheet 10weld bead for constraining zinc-coated steel sheet
1511.observed cross-section of zinc embrittlement cracking occurring at base metal heat
affected zone  33 - Claim 1          A stainless steel flux-cored welding wire for welding of a
zinc-coated steel sheet, the welding wire 5comprised of a stainless steel sheath in which flux
is       characterized in that total amount of elements which are included, as metals or alloy
compositions in said sheath and flux are, by mass% with respect: to a total 10mass of the
welding wire, C.: 0,01 to 0,05%, Si: 0,1 to 1.5%, 
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contained in the sheath and wire in the welding wj-re with
respect to the total- mass of the wire.
Claim 2

Tl" stainl-ess steel- flux-cored welding wire for
welding of the zinc-coated steel- sheet as set forth in
claì-m 1, further comprising Bl as a metal- or alJ-oy
composition, and a total- amount contained in said sheath
and flux is, by mass? with respect to a total mass of the
welding wire,

Bi: 0.01 to 0.1å.
Claim 3

An arc welding method of zinc-coated steel- sheets,
characterized in that coating of the zinc-coated steel
sheet is zinc-based aJ-Ioy coating comprising, by masså,

A1: 2 Lo 1-9eo,

Mg: 1 to I0Z,
Si: 0. 01 to 2eo and

a balance of Zn and unavoidable impurities;
the zinc-coated steel- sheet coated is arc welded,

using the stainl-ess steel flux-cored welding wire for
welding of the zinc-coated steel- sheet as set forth j_n

claim l- or 2.
Claim 4

An arc welding method of zinc-coated steel sheet,
characterízed in that the steel- sheet other than coating
of the zinc-coated steel- sheet comprises, by mass8,

10
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C: 0.01 to 0.22,
Si: 0.01 to 2.02,
Mn: 0.5 to 3.0U,
P: 0.0202 or less,

35

S: 0.0202 or less,
Al-: 0.001 to 0.5U,
Ti: 0.001- to 0.5?,
B: 0.0003 to 0.004%,

N: 0.0005 to 0.0068, and

a balance of Fe and unavoidable impurities;
the zínc-coated steel- sheet coated is arc welded,

Mn: 0,5 to 3,0%, 7.0 to 10,0%, and 15Cr: 26.0 to 30,0%, and      a F value which is defined by
the following formula (.) is 30 to 50;           further, said flux comprises, as slag forming agents,
by mass% with respect to the total mass of the 20wire, TiC)2: 3,8 to 6.8%.. 5i02; 1,6 to 3.2%,
Zr02: 1.3% or leas (including 0%), and Al203: 0,5% or less (including 0%), and 25a total
amount of said slag forming agents and other slab forming agents is 7.5 to 10,5%;
furthermore, said. TiO2 satisfies, by mass with respect to the total amount of slag forming
agents, Ti02: 50 to 65%; 30a balance of said sheath and flux is Fe and unavoidable
impurities. F value =, 3x[er%]+4.5x[61%; -2.6x[Iii%]-64x[C%] -1-4x[Mn%]-19.8 ... (1) wherein
[Cr%], [Sit], [Nit], [0%], and [WA] respectively indicate totals of Cr, Si, Ni., C, and Mn  34 -
contained in the sheath and wire in the welding wire with respect to the total mass of the wire,
Claim 2 The stainless steel flux-cored welding wire for 5welding of the zinc-coated steel sheet
as set. forth in claim 1, further comprising Ei as a metal or alloy composition, and a total
amount contained in said sheath and flux is, by mass% with respect to a total mass of the
welding wire, 10al: 0.01 to 0.1%. Claim 3      An axe. welding method of zinc-coated steel
sheets, characterized in that coating of the zinc-coated steel sheet is zinc-based alloy coating
comprising, by mass%, 15Al: 2 to 19%, Mor, 1 to 10%, Si: 0.01 to 2% and. a balance of Zn
and unavoidable impurities; the zinc-coated steel sheet coated is arc welded, 20using the
stainless steel flux-cored. welding wire for welding of the zinc-coated steel sheet as set. forth
in claim 1 or 2. Claim 4 An arc welding method of zinc-coated steel sheet, 25characterized in
that the steel sheet other than coating 
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using the stainl-ess steel- fl-ux-cored welding wire for
welding of zinc-coated steel sheet as set forth in cl-aim
1 or 2.

Cl-aim 5

The arc wel-di-ng method of zinc-coated steel sheet as
set forth j-n claim 4, characterized in that the zinc-
coated steel sheet other than the coating further
comprises one or both of Nb and V, and the total amount
of Nb and V is 0.01 to 0.202.

of the zinc-coated steel sheet comprises, by mass%, C: 0.01 to 0.2%, Si.: 0.01 to 2.0%, Mn:
0.5 to 3.0%, 30 P: 0.020%. or less4 S.: 0.020% or less, Al: 0,001 to 0.5%, Ti: 0.001 to 0.5%,
8: 0.0003 to 0.004%, 350.0005 to 0,006%4 and a balance of re and unavoidable impurities;
the zinc-coated steel sheet coated is arc welded,  using the stainless steel flux-cored welding
wire for welding' of zinc-coated steel sheet as set forth in claim 1 Or 2. Claim 5       The arc
welding method of zinc-coated steel sheet as set forth in claim 4, characterized in that the zinc
- coated steel sheet other than the coating further comprises one or 'moth of Nb and V, and
the 'total amount of Nio and V is 0.01 to 0.20%. 


