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ARC WELDING METHOD FOR Zn PLATED STEEL SHEET AND ARC WELDED 

JOINT 

 

TECHNICAL FIELD 

[0001] 

 The present invention relates to arc welding of Zn 

(zinc)-based plated steel sheets.  In particular, the present 

invention relates to an arc welding method capable of reducing 

development of blowholes and the like to form a good welded 

joint.   

 

BACKGROUND ART 

[0002] 

 A Zn-based plated steel sheet in which a steel sheet is 

plated with Zn or a Zn alloy has excellent corrosion 

resistance, strength, workability, and the like, and also 

shows an aesthetically pleasing appearance.  For these reasons, 

it is widely used for automobiles, housing, home appliances, 

and the like.  In order to perform arc welding of Zn-based 

plated steel sheets, heat is applied while a welding wire is 

supplied between the Zn-based plated steel sheets which are 

materials to be welded.  Thereby, they are joined.  

Consequently, the Zn-based plated steel sheets as materials to 

be welded are exposed to heat generated by electric arc during 

arc welding of them.  Then, Zn vapor may be generated during 

welding because the boiling point of Zn (906ºC) in the plating 

layers is lower than that of Fe in the steel sheets.  The vapor 
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may enter into a welding section when it is in a molten state, 

and may be trapped after it is solidified to create cavities 

(blowholes) inside the welding section.  Further, the blowholes 

may form openings (pits) when they grow to reach the surface 

of the welding section.  Particularly in the case of lap fillet 

arc welding, Zn vapor generated from the overlaid portion of 

Zn-based plated steel sheets may tend to enter into a melted 

section, and ascend toward the surface of the melted section 

to form blowholes and pits inside the welding section.  

(Hereafter, the term "blowhole" encompasses the term "pit".) 

[0003] 

 Various methods have been proposed to reduce development 

of blowholes.  Provision of a space (gap) between welding 

members is effective.  For example, Patent Document 1 proposes 

a method in which a gap of about 0.5 mm is provided between 

overlaid members to be welded, thereby allowing a generated 

gas to escape to the opposite side of a welding section (see 

the left lower column on page 1).  Further, Patent Document 2 

proposes a method as a conventional example in which protruded 

portions are provided on at least either one of two base 

materials to form a gap around a welding section, thereby 

allowing a vaporized low-boiling point material to diffuse and 

escape to the outside through the gap (see Paragraph 0005).  

These methods are effective to reduce development of blowholes.  

Nonetheless, it is difficult to sufficiently reduce 

development of blowholes throughout the entire length of a 

weld bead.  In particular, the cooling rate of a weld metal is 
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larger in a region formed after the start of welding (starting 

end portion) and a region formed before the end of welding 

(terminal end portion) as compared with a central region 

formed between them, and thus development of blowholes is 

difficult to be reduced.  In view of the above, improvements 

have been demanded.   

[0004] 

 Patent Document 1: Japanese Unexamined Patent Application, 

Publication No. H07-246465 

 Patent Document 2: Japanese Unexamined Patent Application, 

Publication No. S62-179869 

 

DISCLOSURE OF THE INVENTION 

Problems to be Solved by the Invention 

[0005] 

 When blowholes are developed during arc welding of Zn-

based plated steel sheets, and the blowhole occupancy over the 

entire welding section increases, the joining area in the 

welding section is reduced, significantly affecting the 

joining strength of the welding section.  Further, formation of 

pits on the outer surface of the welding section will impair 

the appearance of the welding section.   

[0006] 

 Accordingly, an object of the present invention is to 

provide arc welding of Zn-based plated steel sheets in which 

the blowhole occupancy over the entire welding section is 

reduced by reducing development of blowholes in a starting end 
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portion and a terminal end portion, the starting end portion 

being a region formed after the start of welding, and the 

terminal end portion being a region formed before the end of 

welding.   

Means for Solving the Problems 

[0007] 

 After conducting extensive studies to achieve the above 

object, the present inventors found that discharge of a gas 

from a weld metal at a starting end portion and a terminal end 

portion of a welding section can be facilitated, and 

development of blowholes and pits can be reduced by providing 

an inter-sheet gap in a predetermined range; using welding 

conditions such as a welding speed, a welding heat input, a 

welding current, and a welding voltage in the starting end 

portion and in the terminal end portion, the welding 

conditions being different from those used in the central 

portion; and stopping electric arc at the terminal end portion 

when performing arc welding of Zn-based plated steel sheets.  

Then the present invention has been completed.  Specifically, 

the present invention can provide the following.   

[0008] 

 (1) The present invention can provide a method of arc-

welding Zn-based plated steel sheets, in which an inter-sheet 

gap in a range of 0.2 to 1.5 mm is provided, and welding is 

performed by moving a welding means along an overlaid portion 

of the steel sheets to be welded and joined, the method 

including:  a first step of moving the welding means at a first 
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welding speed from a welding start point, and applying a first 

welding heat input to perform welding; a second step of, after 

the first step, moving the welding means at a second welding 

speed, and applying a second welding heat input to perform 

welding; and a third step of, after the second step, stopping 

the movement of the welding means, and performing welding for 

0.1 to 2 seconds at a position where the welding means is 

stopped, in which the first step includes a welding section 

welded under conditions where the first welding speed is 

smaller than the second welding speed, and the first welding 

heat input is larger than the second welding heat input, and 

the third step includes performing welding at a welding 

current and a welding voltage lower than those used in the 

second step.   

[0009] 

 (2) The present invention can provide the method of arc-

welding Zn-based plated steel sheets according to (1), in 

which a starting end portion corresponding to a welding 

section after the first step is a region covering 10 to 40% of 

the entirety of a welding length, and a terminal end portion 

corresponding to a welding section after the third step is a 

region covering 10 to 20% of the entirety of the welding 

length.   

[0010] 

 (3) The present invention can provide the method of arc-

welding Zn-based plated steel sheets according to (1) or (2), 

in which the first step includes starting welding at one end 
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of the overlaid portion, and performing welding toward the 

other end, the welding heat input in the first step being more 

than 1.2 times of the welding heat input in the second step.   

[0011] 

 (4) The present invention can provide the method of arc-

welding Zn-based plated steel sheets according to (1) or (2), 

in which the first step includes performing welding at the 

welding start point located inwardly from the one end of the 

overlaid portion toward the end, and then turned around to 

perform welding from the end toward the other end, the welding 

toward the one end being performed at a welding speed smaller 

than the welding speed in the second step and with a welding 

heat input more than 1.2 times of the second welding heat 

input, and the welding toward the other end being performed at 

the same welding speed as the second welding speed.   

[0012] 

 (5) The present invention can provide the method of arc-

welding Zn-based plated steel sheets according to any one of 

(1) to (4), in which a blowhole occupancy over the entirety of 

the welding length is less than 30%.   

[0013] 

 (6) The present invention can provide the method of arc-

welding Zn-based plated steel sheets according to any one of 

(1) to (5), in which the Zn-based plated steel sheets each 

have a hot-dipped layer consisting of, by mass%, Al: 4.0 to 

22.0%, Mg: 0.05 to 10.0%, Ti: 0 to 0.10%, B: 0 to 0.05 %, Si: 

0 to 2.0%, Fe: 0 to 2.5%, and the remainder being Zn and 
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unavoidable impurities.   

[0014] 

 (7) The present invention can provide the arc welding 

method according to any one of (1) to (6), in which the Zn-

based plated steel sheets each have a plating deposition 

amount per side of 20 to 250 g/m2, and a sheet thickness of 1.6 

to 6.0 mm.   

[0015] 

 (8) The present invention can provide an arc welded joint 

formed by the arc welding method according to any one of (1) 

to (7), in which the blowhole occupancy over the entirety of 

the welding length is less than 30%.   

Effects of the Invention 

[0016] 

 According to the present invention, development of 

blowholes and pits in the starting end portion and the 

terminal end portion can be decreased to reduce the blowhole 

occupancy of the entire welding section when arc welding is 

performed with an inter-sheet gap provided between Zn-based 

plated steel sheets.  This can prevent a decrease in the 

welding strength, contributing to improved safety and 

reliability of a welding section.  Further, a welding section 

with good appearance can be obtained.   

 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] 

 Fig. 1 shows a schematic view of a T-shaped test piece 
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used in Example.  Fig. 1(a) is a perspective view and Fig. 1(b) 

is a front view.   

 Fig. 2 schematically shows a welding area.   

 Fig. 3 shows the relationship between the inter-sheet gap 

and the blowhole occupancy in Example.   

 Fig. 4 schematically shows a back-side bead formed at the 

back side of the welding section.   

 

PREFERRED MODE FOR CARRYING OUT THE INVENTION 

[0018] 

 Below, embodiments of the present invention will be 

described.  The present invention shall not be limited to these 

descriptions.   

[0019] 

(Inter-sheet gap) 

 In the method of arc-welding Zn-based plated steel sheets 

according to the present invention, the inter-sheet gap, which 

corresponds to a space between overlaid steel sheets, is 

preferably in the range of 0.2 mm or more and 1.5 mm or less.   

[0020] 

 In the arc welding of Zn-based plated steel sheets, a gas 

generated from Zn-based plating layers on the surfaces of the 

steel sheets due to a welding heat input as described above is 

responsible for development of blowholes in a welding section.  

Therefore, it is effective to provide a gap through which this 

generated gas is allowed to escape.  For example, the lap 

fillet welding method includes overlaying two steel sheets so 



9 

that an end of one steel sheet is laid over a surface of the 

other steel sheet, and performing fillet arc welding.  Multiple 

protrusions are provided along an edge of the one steel sheet, 

and that steel sheet is allowed to abut on the surface of the 

other steel sheet through the protrusions to form a gap sized 

correspondingly to the height of the protrusions.  When arc 

welding is performed while maintaining the above configuration, 

a generated gas is discharged from the side opposite to a weld 

metal through the gap, decreasing the ratio of a gas entering 

into the weld metal.  This can reduce development of blowholes.  

In the present invention, the gap between steel sheets 

described above is called an "inter-sheet gap".   

[0021] 

 An inter-sheet gap of less than 0.2 mm is too small as a 

space for discharging a generated gas within a time frame of 

welding, resulting in insufficient reduction of blowhole 

development.  When the gap is more than 1.5 mm, the proportion 

of a weld bead in the front side is decreased as the 

proportion of a back-side weld bead increases, the back-side 

weld bead being formed when a portion of the weld bead is 

outflowed into the back side through the gap.  This is not 

preferred in view of the joining strength.  Therefore, in the 

present invention, the gap is preferably 0.2 to 1.5 mm.  The 

gap is more preferably 0.5 to 1.2 mm, even more preferably 0.7 

to 1.0 mm.   

[0022] 

(Welding conditions) 
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 The arc welding method according to the present invention, 

in which a welding means is moved along an overlaid portion of 

the steel sheets to be welded and joined, the method 

including: (i) a first step of moving the welding means at a 

first welding speed from a welding start point, and applying a 

first welding heat input to perform welding; (ii) a second 

step of, after the first step, moving the welding means at a 

second welding speed, and applying a second welding heat input 

to perform welding; and (iii) a third step of, after the 

second step, stopping the welding means, and performing 

welding for 0.1 to 2 seconds at a position where the welding 

means is stopped.  Further, the first step includes a welding 

section welded under conditions where the first welding speed 

is smaller than the second welding speed, and the first 

welding heat input is larger than the second welding heat 

input, and the third step includes performing welding at a 

welding current and a welding voltage lower than those used in 

the second step.   

[0023] 

 The overlaid portion of the steel sheets in the arc 

welding method according to the present invention is subjected 

to the first step, the second step, and the third step in this 

order along a welding line (hereinafter, referred to as "the 

first step", "the second step" and "the third step") to form a 

welding section.  With regard to regions of the above welding 

section, hereafter as used herein, a region of the welding 

section obtained after the first step refers to a "starting 
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end portion", and a region of the welding section obtained 

after the third step refers to a "terminal end portion".  

Further, a region of the welding section sandwiched between 

the above starting end portion and the above terminating end 

refers to a "central portion".  As understood from the welding 

process, the above terminal end portion corresponds to a 

region formed as a welding section by performing welding 

according to the third step after performing welding according 

to the second step.  Each of these regions can be identified by 

their welding lengths.  As shown schematically in Fig. 2, the 

overlaid portion where welding members 1 and 2 are welded can 

be divided into a starting end portion 5, a central portion 6, 

and a terminal end portion 7 located between the welding start 

point and the welding end point.   

[0024] 

 When welding is performed under the same conditions 

throughout the entire welding length, the temperature of the 

welding members immediately after the start of welding is 

still on the increase in the starting end portion, and heat 

supply is ended in the terminal end portion.  In either case, a 

melted weld metal is more easily solidified as compared with 

that in the central portion.  As described above, the cooling 

speed of a weld metal is fast in the starting end portion and 

the terminal end portion, and thus a melted metal solidifies 

before Zn vapor is discharged, resulting in increased 

development of blowholes and pits.  Therefore, in the first 

step of forming the starting end portion after the start of 
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welding, the first welding speed is decreased as compared with 

the speed in the subsequent second step to increase the first 

welding heat input.  This is effective for slowing down 

solidification to reduce development of blowholes.  Further, a 

welding section in which welding is performed at the first 

welding speed with the first welding heat input is preferably 

included, the first welding speed being smaller than the 

second welding speed and less than the second welding speed, 

and the first welding heat input being larger than the second 

welding heat input.  The welding heat input is computed by the 

following formula.   

[0025] 

 Welding heat input [J/cm] = (welding current [A] x 

voltage [V] x 60) / welding speed [cm/min] 

[0026] 

 A time for the weld metal to solidify may be increased by 

increasing the welding heat input, and thus a gas generated 

during welding can be discharged from the melted metal to 

reduce the amount of the gas remaining in the melted portion, 

and thus reduce development of blowholes and pits.  According 

to the present invention, a portion where welding is performed 

at the first welding speed, the first welding speed being less 

than the second welding speed, is required for the first step.  

However, an excessively slow first welding speed is not 

preferred in view of working efficiency.  The first welding 

speed is preferably 0.2 to 0.35 m/min, more preferably 0.2 to 

0.3 m/min.  Further, the first welding heat input in the first 
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step is preferably more than 1.2 times of the second welding 

heat input in the second step.  It is more preferably, more 

than 1.3 times, but preferably less than 2.0 times.  This is 

because an excessive gas may be generated when it is too 

large.  For example, the first welding heat input may be 6350 

to 9000 J/cm.   

[0027] 

 According to the present invention, welding is performed 

at the second welding speed in the second step, the second 

welding speed being larger than the first welding speed.  

Considering the length of a weld bead and working efficiency, 

it is preferably 0.35 to 0.50 m/min.  Further, welding is 

performed at the second welding heat input, the second welding 

heat being smaller than the first welding heat input.  For 

example, the second welding heat input may be 4220 to 6030 

J/cm.   

[0028] 

 In the first and second steps, welding conditions such as 

the welding current and the welding voltage can suitably be 

selected depending on welding members, plating layers and 

materials thereof, product shapes, and the like.  For example, 

the welding current may be 140 to 180 A, and the welding 

voltage may be 20 to 24 V.   

[0029] 

 Further, according to the present invention, the third 

step preferably includes stopping the welding means and 

performing welding for 0.1 to 2 seconds at a position where 
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the welding means is stopped under welding conditions where 

the welding current and the welding voltage are lower than 

those in the second step.  The welding current may be 90 to 120 

A, and the welding voltage may be 15 to 18 V.  In the third 

step, welding is continued without moving the welding means.  

This can slow down solidification of the weld metal as 

compared with a case where the welding means is moved, 

securing a time to allow Zn vapor to be discharged.  Therefore, 

this is effective for reducing blowholes.  When the welding 

time in the third step is too short, a sufficient effect may 

not be obtained.  When the weld time is longer, weld beads may 

be formed more than required.  This is not preferred in view of 

working efficiency.  Therefore, the weld time is preferably 0.1 

to 2 seconds.  As used herein, the welding according to the 

third step may be referred to as the "crater treatment".   

[0030] 

 According to the present invention, the starting end 

portion, which corresponds to a welding section obtained after 

the first step, is preferably a region which accounts for 10 

to 40% of the entire welding length, and the terminal end 

portion, which corresponds to a welding section obtained after 

the third step, is preferably a region which accounts for 10 

to 20% of the entire welding length.  When the starting end 

portion and the terminal end portion account for less than 

10%, less regions can contribute to reduction of blowholes, 

resulting insufficient reduction of blowholes over the entire 

welding length.  When the starting end portion accounts for 
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more than 40%, a time required for welding operation is long.  

This is not preferred in view of working efficiency.  When the 

terminal end portion accounts for more than 20%, weld beads 

are formed more than required.  This is not preferred also in 

view of working efficiency.  In particular, the welding length 

of the terminal end portion is preferably such that it is 

formed in the range of less than 10 mm from the terminal end.  

Once the starting end portion of a predetermined length is 

formed in the first step, welding conditions may be changed to 

start the second step.  Further, the movement of the welding 

means is stopped after the second step, and welding conditions 

is changed to start the third step.  Welding may be ended once 

the terminal end portion of a predetermined length is formed.   

[0031] 

 According to the present invention, a welding process may 

be used in which welding is started at one end of an overlaid 

portion, and welding is then allowed to move toward the other 

end in one direction as shown in Fig. 2(a).  This is effective 

for reducing blowholes because a time for a weld metal to 

solidify is increased due to an increased welding heat input.  

Therefore, the welding heat input in the first step is 

preferably more than 1.2 times of the welding heat input in 

the second step.   

[0032] 

 Further, in the present invention, the welding start 

point may be located at a position inwardly away from one end 

of the overlaid portion, as shown in Fig. 2(b).  In that case, 
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welding is performed by moving a welding means from the 

welding start point toward the end, and then the welding means 

is turned around to perform welding from the end toward the 

other end (hereinafter, such a welding process may be referred 

to as the "reverse welding process").  The welding toward the 

one end is preferably performed at the welding speed less than 

that in the second step with the welding heat input more than 

1.2 times of the second welding heat input.  The welding toward 

the other end, after which the second step is performed, may 

be performed under conditions of the same welding speed and 

the welding heat input as the second step.   

[0033] 

(Blowhole occupancy) 

 According to the present invention, development of 

blowholes and pits in a welding section can be reduced.  The 

development can be evaluated using the blowhole occupancy (%) 

computed by the following formula as a measure for the 

development.  It is noted that the length of a pit is included 

in the length of a blowhole when computing the blowhole 

occupancy (%).   

[0034] 

 Blowhole occupancy (%) = (Total length of blowholes) / 

(Length of weld bead) x 100 

[0035] 

 The above blowhole occupancy is preferably less than 30% 

in each region of the starting end portion, the central 

portion, or the terminal end portion.  It is more preferably 
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less than 15%, and even more preferably less than 10%.  

Similarly, the blowhole occupancy over the entire welding 

length is also preferably less than 30%, more preferably less 

than 15%, less than 10%, and even more preferably less than 8%.  

A smaller blowhole occupancy can contribute more to improved 

welding strength and prevention of impaired appearance.   

[0036] 

(Zn-based plated steel sheet) 

 In the present invention, there is no particular 

limitation for the plating composition of a Zn-based plated 

steel sheet, but Zn-Fe, Zn-Al, Zn-Al-Mg, and Zn-Al-Mg-Si based 

materials may be used.  Preferred is a Zn-based plated steel 

sheet having a hot-dipped layer consisting of, by mass%, Al: 

4.0 to 22.0%, Mg: 0.05 to 10.0%, Ti: 0 to 0.10%, B: 0 to 0.05%, 

Si: 0 to 2.0%, Fe: 0 to 2.5%, and the remainder being Zn and 

unavoidable impurities.   

[0037] 

 Al is effective for improving corrosion resistance of a 

plated steel sheet, and is an element which can reduce 

formation of Mg oxide-based dross in a plating bath.  These 

effects may not be sufficiently obtained when the content is 

less than 4.0%.  On the other hand, when the content of Al is 

increased, a fragile Fe-Al alloy layer tends to grow on a base 

material of a plating layer.  This may be a factor of causing 

decreased plating adhesiveness.  Therefore, the content of Al 

is preferably 4.0 to 22.0%.   

[0038] 
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 Mg can show an effect for uniformly creating a corrosion 

product on the surface of a plating layer to significantly 

enhance corrosion resistance of a plated steel sheet.  This 

effect may not be sufficiently obtained when the content is 

less than 0.05%.  On the other hand, when the content of Mg in 

a plating bath is increased, formation of Mg oxide-based dross 

tends to be promoted.  This may be a factor of causing a 

decreased quality of a plating layer.  Therefore, the content 

of Mg is preferably 0.05 to 10.0%.   

[0039] 

 Advantageously, inclusion of Ti and B in a hot-dipping 

bath can increase the degree of freedom of manufacturing 

conditions upon hot-dipping.  For this reason, one or two kinds 

of Ti and B may be added, as necessary.  The added amounts of 

0.0005% or more for Ti, and 0.0001% or more for B are 

effective.  However, when the contents of Ti and B in a plating 

layer are too large, the surface of the plating layer may show 

poor appearance due to formation of deposits.  Therefore, Ti: 

0.10% or less and B: 0.05% or less are preferably used when 

these elements are added.   

[0040] 

 Inclusion of Si in a hot-dipping bath can prevent 

excessive growth of an Fe-Al alloy layer generated at the 

interface between the original surface of the plated sheet and 

the plating layer.  This is advantageous for improving the 

processability of a hot-dipped Zn-Al-Mg based plated steel 

sheet.  Therefore, Si may be contained, as necessary.  In that 
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case, an Si content of 0.005% or more is more effective.  

However, an excessive content of Si may be a factor for 

increasing the amount of dross in a hot-dipping bath.  

Therefore, the content of Si is preferably 2.0% or less.   

[0041] 

 A hot-dipping bath may be easily contaminated by Fe 

because a steel sheet is immersed into and passed through the 

bath.  The content of Fe in a Zn-Al-Mg based plating layer is 

preferably 2.5% or less.   

[0042] 

 There is no particular limitation for the plating 

deposition amount and the sheet thickness of the Zn-based 

plated steel sheet used in the present invention.  The plating 

deposition amount per side is preferably 20 to 250 g/m2.  A 

small plating deposition amount is disadvantageous for 

maintaining corrosion resistance and sacrificial protection 

effects of a plated side for a long period of time.  On the 

other hand, an increased plating deposition amount tends to 

increase a gas yield, resulting in promoted development of 

blowholes during welding.  Therefore, the plating deposition 

amount per side is preferably 20 g/m2 or more and 250 g/m2 or 

less.   

[0043] 

 Depending on uses, various steel types can be used for 

the Zn-based plated steel sheets used in the present invention.  

A high-tensile steel sheet can also be used.  The sheet 

thickness of a steel sheet can be 1.6 to 6.0 mm.   
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[0044] 

 For the welded joint produced by the arc welding method 

according to the present invention, the blowhole occupancy 

over the entire welding length is preferably less than 30%.  

Good effects can be obtained in view of the welding strength 

and appearance.   

[0045] 

 The present invention is preferably applied to the fillet 

arc welding method, and the gas shielded arc welding such as 

the MAG method and the MIG method can be used.  With regard to 

welded joints, the present invention can be applied to lap 

joints where multiple sheet members are partly overlaid, T-

shaped joints where an end surface of one sheet member is 

placed on a surface of the other sheet member in a 

substantially perpendicular manner, crucially-shaped cruciform 

joints, corner joints where base materials are maintained in a 

substantially right-angled L-shape, and the like.   

 

EXAMPLES 

[0046] 

 Below, the present invention will be described in more 

detail based on Examples, but the present invention shall not 

be limited to these descriptions.   

[0047] 

<Test Example 1> 

 A groove-shaped steel (30 mm x 60 mm) made of a Zn-Al-Mg 

based plated steel sheet with a sheet thickness of 2.3 mm was 
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used to prepare welding members 1 and 2 as shown in Fig. 1(a).  

The Zn-Al-Mg based plated steel sheet used here has a hot-

dipped layer in a deposition amount of 90g/m2, the hot-dipped 

layer having a composition consisting of, by mass%, Al 6.2%, 

Mg 2.9%, Ti 0.05%, B 0.01%, Si 0.02%, Fe 0.8%, and the 

remainder being Zn.   

[0048] 

 As shown in Fig. 1(b), two protrusions 3 were provided on 

an edge portion of a first welding member 1 by partially 

press-compressing and projecting a side which is to abut on 

the second welding member 2 in the direction of the sheet 

thickness using a pressing device for making protrusions.  The 

first welding member 1 was placed on a planar portion of the 

second welding member 2 such that they were assembled in a T-

shape to obtain an assembly body 8.  The welding members 1 and 

2, which were brought into contact with each other through the 

protrusions 3, had a gap corresponding to the height of the 

protrusions.  Then, this assembly body was subjected to CO2 

shielded arc welding to produce a T-shaped joint.  The 

dimension of the above T-shaped assembly body 8 is shown in 

Fig. 1(b).  The protrusions 3 were each provided at a position 

of 10 mm from the corresponding end of the welding member 1.  

The height of a protrusion can be increased by increasing the 

rate (compression rate) of press-compression using a pressing 

device for making protrusions.   

[0049] 

 Welding conditions were as follows: welding current: 160 
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A, arc voltage: 22.0 V, welding speed: 0.4 m/min, and torch 

angle: 45º, and the length of a weld bead was 52 mm.  Carbon 

dioxide gas as a shielding gas was supplied at a flow rate of 

20 l/min.  A commercially available product (MG-50T, Kobe Steel 

Ltd.) with a diameter of 1.2 mm corresponding to YGW12 of JIS 

Z3212 was used as a weld wire.  Welding was started at one end 

of the overlaid portion, and the welding wire was moved toward 

the other end in one direction to perform welding.   

[0050] 

(Measuring and evaluating blowhole occupancy) 

 In order to investigate the effect of the inter-sheet gap, 

assembly bodies with a protrusion height of 0.5 mm, 0.7 mm, 1 

mm, 1.2 mm, and 1.5 mm were produced.  For the same protrusion 

height, 3 test pieces (n = 3) were prepared.  Further, 3 test 

pieces (n = 3) for a T-shaped joint without having a 

protrusion were also prepared.  These test pieces were arc-

welded under the welding conditions as described above to 

produce T-shaped joint test pieces.  Then, the blowhole 

occupancies in these T-shaped joints were measured and 

evaluated.  An X-ray transmission image taken through the 

surface of a welding section was observed, and the blowhole 

occupancy (%) was computed by the following formula 1.  It is 

noted that the length of a pit is included in the length of a 

blowhole when computing the blowhole occupancy (%).   

[0051] 

 Formula 1: Blowhole occupancy (%) = (Total length of 

blowholes) / (Length of weld bead) x 100 
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[0052] 

 Measurement results are shown in Figs. 3(a) and 3(b).  

Fig. 3(a) shows the maximum and minimum values of 3 test 

pieces (n = 3) obtained by computing the blowhole occupancies 

over the entire length of the welding section.  Moreover, in 

the entire welding length of about 52 mm, regions about 10 mm 

in length from the corresponding end of the welding section 

were each designated as the starting end portion or the 

terminal end portion, and a region with a length of about 32 

mm sandwiched between the starting end portion and the 

terminal end portion was designated as the central portion.  

The blowhole occupancy in each region was measured, and the 

mean values computed for each region of the starting end 

portion, the central portion, and the terminal end portion are 

shown in Fig. 3(b).   

[0053] 

 As shown in Fig. 3(a), the test pieces with no protrusion 

(the gas size was 0 mm) showed a blowhole occupancy of more 

than 30%.  In contrast, the test pieces with protrusions showed 

a mean value of blowhole occupancies of 15% or less, and 10% 

or less when the gap size was 1.5 mm, yielding good welding 

structures.   

[0054] 

 However, when each region of the welding section is 

examined for each welding area, almost no blowhole is 

developed in the central portion while the blowhole 

occupancies in the starting end portion or the terminal end 
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portion are more than 30% for some occasions as shown in Fig. 

3(b).  No blowhole is developed in the starting end portion 

when the size of the gap is 1.2 mm or more.  In contrast, 

blowholes are developed in the terminal end portion regardless 

of the size of the gap.  As described above, even if the mean 

value for the entire length of a weld bead is low, blowholes 

may tend to be developed in the starting end portion and the 

terminal end portion unlike in the central portion.   

[0055] 

 Further, when the size of a gap is large, for example, 

1.5 mm, the mean value of blowhole occupancies is decreased to 

10% or less as shown in Fig. 3(a).  Meanwhile, as shown in Fig. 

4, a part of the weld bead formed in the front side of the 

welding section passes through the gap to reach the back side, 

and forms a back bead.  In particular when the size of the gap 

is more than 1.2 mm, the back bead is significantly formed.  

Accordingly the amount of the bead in the front side is 

decreased, resulting in a thin bead.  This may impair the 

welding strength and appearance.  As described above, 

increasing the size of a gap alone cannot sufficiently reduce 

development of blowholes.  Conditions suitable for reducing 

development of blowholes in the starting end portion and the 

terminal end portion need to be found.   

[0056] 

<Test Example 2> 

 Even though an inter-sheet gap is provided, as the 

cooling speed is fast, a melted metal appears to solidify 
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before a generated gas is discharged from a weld metal, 

resulting in development of blowholes in the starting end 

portion and the terminal end portion.  Therefore, welding 

conditions were studied for reducing development of blowholes 

by extending a melting time of a weld metal in the starting 

end portion and the terminal end portion in order to secure a 

time for a gas to be discharged.   

[0057] 

 T-shaped assembly bodies with an inter-sheet gap of 1 mm 

were prepared according to a similar procedure as used in Test 

Example 1.  Then, arc welding was performed with varied welding 

conditions to produce T-shaped joint test pieces.   

[0058] 

 As shown in Fig. 2(a), welding was performed by moving a 

welding means in one direction.  Welding was started at a 

position (weld starting point) which was about 4 mm away from 

one end of a portion where welding members 1 and 2 abut each 

other.  Welding was performed by allowing a weld wire to move 

toward the other end in one direction.  After reaching the 

vicinity of the welding end point at the other end, the 

movement of the weld wire was stopped, but welding was 

continued for a predetermined period of time at a position 

where the weld wire was stopped.  Then welding was terminated.  

The starting end of the welding section corresponds to the 

welding start point, and the terminal end of the welding 

section corresponds to the welding end point.  The starting end 

portion and the terminal end portion are each a region with a 
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length of about 10 mm from the corresponding end of the 

welding section, and the central portion sandwiched between 

the starting end portion and the terminal end portion is a 

region with a length of about 32 mm.   

[0059] 

 In the first step of forming the starting end portion, 

welding was performed at a speed slower than the welding speed 

in the second step of forming the central portion.  In the 

third step of forming the terminal end portion, welding was 

performed under conditions where the welding current, the 

welding voltage, and the welding speed were smaller than those 

in the second step.  The resulting T-shaped joint test pieces 

were measured for blowhole occupancies.  Welding conditions and 

measurement results are shown in Table 1.   
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[0060] 

[Table 1] 
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[0061] 

 In Comparative Example 1, the conventional method was 

used in which welding was performed under the same conditions 

of a welded welding current, a welding voltage, and a welding 

speed throughout the entire welding length as shown in Table 1, 

and one of those test pieces with an inter-sheet gap of 1 mm 

from Test Example 1 as shown in Fig. 3(b) was used.  The 

blowhole occupancy of Comparative Example 1 was not developed 

in the central portion as in the case of Fig. 3(b) while it 

showed values of 23% and 38% in the starting end portion and 

the terminal end portion, respectively, as shown in Table 1.  

Both of the values were considered to be large.  Further, the 

blowhole occupancy over the entire length of the welding 

section was 12%.   

[0062] 

 In contrast, in the present examples 1 to 3, welding was 

performed in the starting end portion a welding speed slower 

than that in the central portion and with a welding heat input 

1.2 times of that in the central portion.  In the central 

portion, welding was performed under similar conditions as 

Comparative Example 1.  In the terminal end portion, the 

welding current, the welding voltage, and the welding speed 

were smaller than those in the central portion, and welding 

was continued for 1.0 second at a position where the movement 

of a welding wire was stopped to perform crater treatment.  The 

blowhole occupancies of the present examples 1 to 3 showed 

values as small as 0 to 18% in the starting end portion, as 
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small as 15 to 18% in the terminal end portion, and as small 

as 7% or less in the terminal end portion.  The welding 

conditions used in the starting end portion and the terminal 

end portion as described above enabled an extended 

solidification time of a weld metal to increase a time for a 

generated gas to be discharged.  This reduced a proportion of 

the gas remaining in a melted section.  Thus, the method 

according to the present invention was able to be demonstrated 

as effective for reducing development of blowholes throughout 

the entire length of a weld bead.   

[0063] 

 As seen from the results described above, the combination 

of the approach of performing welding in the starting end 

portion at a low speed with a high heat input and the approach 

of performing crater treatment in the terminal end portion was 

able to significantly reduce the blowhole occupancy over the 

entire welding length, and showed the outstanding functional 

effects.   

[0064] 

<Test Example 3> 

 T-shaped assembly bodies with an inter-sheet gap of 1 mm 

were prepared according to a similar procedure as used in Test 

Example 1.  Then, arc welding was performed according to a 

similar procedure as used in Test Example 2 to produce T-

shaped joint test pieces except that the welding conditions in 

the first step of forming the starting end portion were 

changed.   
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[0065] 

 As shown in Fig. 2(b), welding was performed according to 

the reverse welding process.  A position located 10 mm inwardly 

away from one end of the overlaid portion to be welded was 

selected as the welding start point.  Welding was started at 

the welding start point as the starting point, and welding was 

performed by allowing a welding wire to move toward the one 

end in one direction.  Then, the welding wire was turned around 

and moved toward the other end to perform welding.  As in Test 

Example 1, after reaching the vicinity of the welding end 

point, the movement of the weld wire was stopped, but welding 

was continued for a predetermined period of time at a position 

where the weld wire was stopped.  Then welding was terminated.  

The terminal end of the welding section corresponds to the 

welding end point.  The starting end portion and the terminal 

end portion are each a region with a length of about 10 mm 

from the corresponding end of the welding section, and the 

central portion sandwiched between the starting end portion 

and the terminal end portion is a region with a length of 

about 32 mm.   

[0066] 

 In the first step according to this reverse welding 

process, reciprocal welding was performed for the starting end 

portion, but after turning around at the one end, welding was 

performed under the same welding conditions as used in the 

second step of forming the central portion (the welding 

current: 160 A, the welding voltage: 22.0 V, the welding speed: 
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0.4 m/min, the welding heat input: 5280 J/cm).  In the first 

step, the welding process toward the one end was performed at 

a welding speed lower than that in the welding process toward 

the other end after the turnaround.  In the second step of 

forming the central portion and the third step of forming the 

terminal end portion, welding was performed under the same 

conditions as used in Test Example 2.  The resulting T-shaped 

joint test pieces were measured for blowhole occupancies.  The 

welding conditions and measurement results in the starting end 

portion are shown in Table 2.   
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[0067] 

[Table 2] 
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[0068]  

 In Table 2, the "first half" represents the welding 

process toward the one end in the first step, and the "second 

half" represents the welding process toward the other end 

after the turnaround.  As shown in Table 2, in the present 

example 4, welding in the first half of the first step was 

performed under conditions where the welding speed was slower 

than that in the second step, and the welding heat input was 

larger than that in the second step.  Specifically, the welding 

heat input was more than 1.2 times of that of 5280 (J/cm) in 

the central portion.  The blowhole occupancy of the starting 

end portion was as good as 9%.  In contrast, the welding heat 

inputs in the first step for Comparative Examples 2 to 4 were 

less than 1.2 times of those in the second step, and the 

blowhole occupancies were as poor as 28% to 44%.  Further, the 

blowhole occupancy over the entire length of the welding 

section including the blowhole occupancies of the central 

portion and the terminal end portion was 6% for the present 

example 4, which was better than those of Comparative Examples 

2 to 4.  Thus, the method according to the present invention 

was able to be demonstrated as effective for reducing 

development of blowholes even when the reverse welding process 

is used.   

 

EXPLANATION OF REFERENCE NUMERALS 

[0069] 

 1  First welding member 
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 2  Second welding member 

 3  Protrusion 

 4  Inter-sheet gap 

 5  Starting end portion 

 6  Central portion 

 7  Terminal end portion 

 8  Assembly body 
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CLAIMS 

 

1. The method of arc-welding Zn-based plated steel sheets, 

 in which an inter-sheet gap in a range of 0.2 to 1.5 mm 

is provided, and 

 welding is performed by moving a welding means along an 

overlaid portion of the steel sheets to be welded and joined, 

the method comprising: 

 a first step of moving the welding means at a first 

welding speed from a welding start point, and applying a first 

welding heat input to perform welding, 

 a second step of, after the first step, moving the 

welding means at a second welding speed, and applying a second 

welding heat input to perform welding and 

 a third step of, after the second step, stopping the 

movement of the welding means, and performing welding for 0.1 

to 2 seconds at a position where the welding means is stopped 

and 

 wherein the first step includes a welding section welded 

under conditions where the first welding speed is smaller than 

the second welding speed, and the first welding heat input is 

larger than the second welding heat input, and 

 the third step includes performing welding at a welding 

current and a welding voltage lower than those used in the 

second step.   

 

2. The method of arc-welding Zn-based plated steel sheets 
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according to claim 1, wherein a starting end portion 

corresponding to a welding section after the first step is a 

region covering 10 to 40% of the entirety of a welding length, 

and a terminal end portion corresponding to a welding section 

after the third step is a region covering 10 to 20% of the 

entirety of the welding length.   

 

3. The method of arc-welding Zn-based plated steel sheets 

according to claim 1 or 2, wherein the first step includes 

starting welding at one end of the overlaid portion, and 

performing welding toward the other end, the welding heat 

input in the first step being more than 1.2 times of the 

welding heat input in the second step.   

 

4. The method of arc-welding Zn-based plated steel sheets 

according to claim 1 or 2, wherein the first step includes 

performing welding at the welding start point located inwardly 

from the one end of the overlaid portion toward the end, and 

then turned around to perform welding from the end toward the 

other end, 

 the welding toward the one end being performed at a 

welding speed smaller the welding speed in the second step and 

with a welding heat input more than 1.2 times of the second 

welding heat input, and 

 the welding toward the other end being performed at the 

same welding speed as the second welding speed.   
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5. The method of arc-welding Zn-based plated steel sheets 

according to any one of claims 1 to 4, wherein a blowhole 

occupancy over the entirety of the welding length is less than 

30%.   

 

6. The method of arc-welding Zn-based plated steel sheets 

according to any one of claims 1 to 5, wherein the Zn-based 

plated steel sheets each have a hot-dipped layer consisting 

of, by mass%, Al: 4.0 to 22.0%, Mg: 0.05 to 10.0%, Ti: 0 to 

0.10%, B: 0 to 0.05 %, Si: 0 to 2.0%, Fe: 0 to 2.5%, and the 

remainder being Zn and unavoidable impurities.   

 

7. The arc welding method according to any one of claims 1 

to 6, wherein the Zn-based plated steel sheets each have a 

plating deposition amount per side of 20 to 250 g/m2, and a 

sheet thickness of 1.6 to 6.0 mm.   

 

8. An arc welded joint formed by the arc welding method 

according to any one of claims 1 to 7, wherein the blowhole 

occupancy over the entirety of the welding length is less than 

30%.   


