SOLID WIRE FOR GAS SHIELD ARC WELDING
OF HIGH STRENGTH STEEL

[Technical Field]
[0001]

The present disclosure relates to a solid wire for gas shield
arc welding of high-strength steel having tensile strength of 780
MPa <class, and particularly zrelates to a solid wire for the
welding of high-strength steel the welded portion of the metal
(hereinafter simply referred to as the weld metal) of which 1is
excellent in toughness at low temperature.

[Background]
[00C2]

In recent years, 780MPa class steel has been used in general
because the steel used in steel structures such as buildings,
bridge constructions and marine structures has been substituted
with high-strength steel to meet the increase in demand for
increasing the size and decreasing the weight of such structures.

[0003]

Gas shield arc welding, excellent in resistance i1in cracking
because of less amount of hydrogen and suitable for high
efficiency in welding, is often used for the welding of the 780
MPa class high-strength steel.

[0004]

As a high-strength solid wire, a solid wire doped with Ni, Cr and
Mo discleocsed in Reference 1, has been used for the welding of
high-strength steel by gas shield arc welding. However, a solid
wire disclosed in Reference 1 is suitable for TIG Lype welding but
is not suitable for MAG type welding which uses consumable
electrode because a sufficient strength and an excellent toughness
at low temperature ¢f the weld metal cannot be obtained.

[0005]

Reference 2 discloses a method toe improve the toughness by
making the microstructure of the weld metal fine-grained by
specifying contents and the ratio of the contents of acid-soluble
component and acid-insoluble component such as Al and Ti in
addition to the doping with Ni, Cr and Mo. However, even with the
help of the method disclosed in Reference 2, the toughness at low
temperature of the weld metal cannct be cbtained.



[000¢g]

Reference 3 discloses a wire to ensure the toughness and
strength of the weld metal even under the conditions of high
electrical current, high heat input and high inter-pass
temperature for the gas shield arc welding of 49C to 780 MPa class
high strength steel. However, the wire disclosed in Reference 3
cannot ensure the toughness at low temperature of the weld metal
when the wire is applied to the welding of 780 MPa class high
strength steel plate.

(00071

Reference 4 discloses a wire for gas shield arc welding for high
strength steel by which the weld metal with the strength of 1200
MPa or more 1is obtainable. However, the wire disclosed in
Reference 4 cannot ensure the toughness at low temperature since
the carbon equivalent (Ceq) of the wire 1is so high that the
tensile strength of the weld metal hecomes too high to ensure the
toughness of 1it.

[Patent — related references]

[0008]

[Reference 1] Japanese Published Unexamined Patent Application
No. Shou 57-159293

[Reference 2] Japanese Published Examined Patent Application
No. Sheou 60-057953

[Reference 3] Japanese Published Unexamined Patent Application
No. 2007-253163

[Reference 4] Japanese Published Unexamined Patent Application
No. 2006-110581

[Summary]
[The problem to ke solwved]

[0009]

The present disclosure, which is to solve the above mentioned
problem, 1is made to provide a solid wire for gas shield arc
welding for high-strength steel, the wire can provide a weld metal
having a suitable strength and an excellent and stabkle toughness
at low temperature in the welding cf 780 MPa class as well as an
excellent workability of the welding.

[Measures to solve the problem]
[0019]
A first aspect of the present disclosure 1s a so0lid wire for the
gas shield arc welding, said wire comprising by mass% to the whole
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wire: C: 0.02 to 0.10%, Si: 0.20 to 0.55%, Mn: 1.50 to 1.95%, Cu:
0.15 to 0.45%, Ni: 2.7 to 3.2%, Cr: 0.35 to 0.65%, Mo: 0.15 to
0.40%, Ti: 0.02 to 0.10%, wherein Pts defined by EQ(1l) is 0.73 to
0.95, Al: 0.010% or less, P: 0.020% or less, 8: 0.020% or less, N:
0.007% or less, ©: 0.010% or less, and the remnant is Fe and the
unavoidable impurities,
Pts = [C] + [S8i]/7 + [Mn]/5 + [Cul/7 + [Ni]/20
+ [Cr]/8 + [Mcl/2 + [Til]/5 vQ (1),

where [C}, [8i], [Mn], I[Cul, [Ni], ICr]l, I[Mecl], I[Ti] denote the
contents of the elements by mass%.

[0011]

A second aspect of the present disclosure is the solid wire for
the gas shield arc welding described in the first aspect above,
wherein the solid wire has a lubrication oil of 0.3 to 1.0 g per
10 kg of the solid wire on the surface.

[The effect]
[C012]

The present disclosure provides a solid wire for gas shield arc
welding of high-strength steel, the wire is capable of keeping the
arc stable, ensuring 780 MPa class strength and providing a high
quality weld metal with a stable high toughness at low temperature
without defects.

[Brief Description of the Drawings]

[Fig.l] Fig.l shows an image c¢f steel plate toe be welded, where
the steel plate is 20 mm in thickness having a grecove with 20-
degree groove angle and 16 mm root gap backed by a backing.

[Fig.2] Fig.2 shows an image of specimen to be taken out from the
center part of the base in thickness direction including the weld
metal and the welded base plate.

[Cescription of the preferred embodiments]
[0013]

In corder to solve the problem mentioned above, the inventors
have studied carefully on the component coeomposition of the solid
wire for the gas shield arc welding which is capable of providing
a weld metal having a suitable strength and & stable high
toughness even at low temperature of =60°C in the welding of 780
MPa class high-strength steel as well as an excellent workability
of the welding.

[0014]
As a result, the inventors have found that having a suitable
amount of each component of C, 8i, Mn, Cu, Wi, Cr, Mo and Ti in
3



the solid wire are effective to o¢btain both suitable strength and
stable toughness at low temperature of the weld metal. The
inventors have also found that having a suitable amcunt of each
component of Si and Mn and a suitable amcunt of lubricating oil
supplied to the wire surface is effective to obtain an excellent
workability in the welding.

[0015]

The effect of the scolid wire for gas shield arc welding of high
strength steel of the present disclosure 1is derived from each
component composition or synergetic effect by the combination of
scme components. The reason for doping each of the compornents and
limiting the range cf them is described below. Hereinafter the
chemical components of the s0lid wire are expressed by mass% to

o fr

the whole solid wire and the “mass%” is simply represented as “%”

[0016]
[C:0.02 to 0.10%]

C is an element necessary to strengthen the weld metal by solid
solution hardening. However, the effect of sclid solution
hardening is not obtainable 1if the content of C 1s less than
0.02%. If the content of € is more than 0.10%, the welding crack
sensitivity in the weld metal increase. The preferable range of
the C content is 0.03 to 0.05%.

[0017]
[Si: 0.20 to 0.55%]

Si is added in order to decoxidize the weld metal. If the Si
content is less than 0.20%, the arc 1is not stable and the
toughness of the weld metal decreases because of the insufficient
deoxidizaticon. If the content of 8i 1s more than 0.55%, the
toughness at low temperature cannot be oktainable stably. The
preferable range of the Si content is 0.25 to 0.50%.

[0018]
[Mn: 1.50 to 1.95%]

Mn is added in order to deoxidize the weld metal as the same
effect of Si. However, toughness o¢f the weld metal cannot
sufficiently be preserved if the content of Mn is less than 1.50%.
If the content o©f Mn is more than 1.95%, the toughness at low
temperature cannot be obtained stably. The preferabkle range of the
of the Mn content is 1.50 to 1.80%. ‘

[0019]
[Cu: 0.15 to 0.45%]
Cu has the effect of strengthening by precipitation
4



strengthening and lowers the transformation temperature to
stabilise the toughness by making the weld metal structure fine-
grained. However, the toughness at low temperature cannot be
obtained stably 1if the Cu content is less than 0.15%. If the Cu
content is more than 0.45%, the toughness of weld metal
deteriorates because of the effect of embrittlement by
precipitation of Cu.The preferable range of the Cu content is 0.20
to 0.40%. If the surface ¢f the solid wire is plated with Cu for
rust prevention, the amocunt of the Cu plating is included in the
Cu content.

[0020]
(Ni: 2.7 to 3.2%]

Ni has the effects of making the structure fine-grained by
lowering the transformation temperature and strengthening the weld
metal by solid solution without deteriorating the toughness of the
weld metal. However, the effect of preventing the deterioration of
toughness is not sufficiently obtainable if the Ni content is less
thar 2.7%. If the Ni content 1s more than 3.2%, the toughness of
the weld metal 1s detericrated because of the embrittlement of
grain boundary.

[0021]
[Cr: 0.35 to 0.65%]

Cr has the effect of increasing the touchness of the weld metal
by making the structure fine-grained and by lowering the
transformation temperature. However, the effect of increasing the
toughness of the weld metal is not obtainable if the Cr content is
less than 0.35%. TIf the Cr content 1s more than 0.65%, the
toughness is deteriorated because the weld metal becomes hardened
more.

{0022]
[Mc: 0.15 to 0.40%]

Mo has the effect c¢f increasing the toughness of the weld metal
by making the weld metal structure fine-grained and by lowering
the transformation temperature. However, the effect of increasing
the toughness is not sufficiently obtainabkle if the Mo content is
less than (0.15%. If the Mo content 1s more than 0.40%, the
toughness at low temperature cannot be obtainable stably.

[0023]

[Ti: §.02 to 0.10%]

Ti has the effect of improving toughness of the weld metal by

reducing the amount of the oxygen in the weld metal and by acting

as a deoxidizing agent. Ti also has the effect of forming a fine-
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grained oxidation products of Ti in the weld metal, which also
improves the toughness of the weld metal. However, tfoughness at
low temperature cannot ke obtained stably if the Ti content is
less than 0.02%. If the Ti content is more than 0.10%, toughness
deteriorates because the content of the Ti existing as sclid
solution in the weld metal becomes too high.

[0024]

[Pts: 0.73 to 0.95%]

The coefficient of the EQ(l)defined below is derived by multiple
linear regression analysis with wvariables of the contents of C,
Mn, Cu, Ni, Cr, Mo and Ti as independent variables, the strength
and toughness of the weld metal as dependent wvariables, however,
the ceoefficient of [C] is set as 1 and the coefficients of the
other elements are calculated by the multiplie linear regression
analysis. The Pts, calculated by the EQ{l), is the estimated value
of the strength and toughness of the weld metal. If the Pts
calculated by EQ(l) is within the range of 0.73 to 0.95, the
contents of C, Mn, Cu, Ni, Cr, Mo and Ti is suitable to ensure
both the strength and toughness at low temperature of the weld
metal. However, the strength of the weld metal deteriorates if Pts
is less than 0.73. If Pts is more than 0.95, the strength of the
weld metal becomes toc high to get stable toughness at low
temperature.

Pts = [C] + [811/7 + [Mn]/5 + [Cul/7 + [Nil/20
+ [Cr]/8 + [Mol/2 + [Til/53 EQ(1).

Al is contained inevitably at steel making, however, the less the
Al content the better since Al forms non-metallic inclusion in the
weld metal to lower the toughness, and thus the Al content is
limited to less than 0.010%. S and P are the impurities that
deteriorate the toughness of the weld metal. The content of § and
P are preferably less than 0.020% respectively.

[0025]

N is an impurity and is inevitably ccntained. In order to improve
the toughness of the weld metal, stably decreasing the solid
solution of N is necessary. If the N content is more than 0.0070%,
the toughness of the weld metal detericrates.

Cioxygen) deteriorates the toughness of the weld metal by forming
non-metallic inclusion with $i and Mn and so on.

The content of O is preferably less than 0.010%.

[0026]
[Rate of Lubrication 0il supplied: 0.3 to 1.0g / 10kg of solid
wire]
Lubrication o0il supplied to the surface of the solid wire to
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cover the surface is not necessary, however, smooth wire feeding
promoted by the oll supply, especially in semi-autcomatic welding,
may keep the arc stable to reduce the amount of the sputter and it
may prevent the generation of defects in weld metal. However if
the rate of lubrication oil supplied to the surface of the wire
becomes less than 0.3 g per 10 kg of the wire fed, the smooth wire
feeding cannot be kept, which may cause an unstable arc and
increase of the amount of the sputter, and also may cause a slag-
inclusion defect easily. If the rate of lubrication oil supplied
to the surface of the wire becomes more than 1.0 g per 10 kg of
the wire fed, a slip between the fed wire and the wire feeding
roll is caused, which leads to unstable arc and increase of the
amount of the sputter. Furthermore, a bklowhole may be easily
formed in the weld metal portion. Accordingly, the amount of
lubrication o¢il covering the surface 1is preferably 0.3 to 1.0g /
10kg of the solid wire.

[C027]

As a lubrication ¢il, any of animal c¢il, vegetable o0il, mineral

0il and synthetic o0il can be used. As the animal o0il and vegetable
0il, palm oil, canola o0il, castor oil (ricinus ocil), pig oil, cow
oil, fish o0il and the 1like can be used. As the mineral oil,
machine oil, turbine o0il and spindle oil and the like can be used.
As the synthetic ¢il, hydrocarbon type oil, ester type oil,
polyglycol type o0il, polyphenol type o0il, silicone type oil,
Frollo-carbon type ©il can be used.
Furthermore, lubrication o0il(s) containing Sulfur that comprise
base o0il{s) having one or more of fat{s) and ester{s) and Sulfur
containing oil(s) having one or more of sulfurated-fat,
sulfurated-ester, sulfurated-fat acid and sulfurated-olefin can be
used.

[0028]

A gas mixture c¢f Ar and CO; is used as a shield gas, the
volumetric percentage of CO; in the mixture gas is 5 to 20 volume %
in order to reduce the 0O({oxygen) content in the weld metal. The
flow rate of the shield gas is preferably 20 tco 35 1/min in order
tc reduce the generation of defects and to avoid the interfusion
of Nitrogen gas from the air.

[Examples]
[00289]

The effect o©of the present disclosure is explained in detail by
the examples.

[0030C]



Solid wires for testing are prepared of which chemical
compositions are shown in TABLE 1, the diameter of the wires 1is
1.2mm, and the surface is covered with a palm oil. Steel plates of
780MPa class high-strength steel are prepared with the
spegification as shown in TABLE 2 and Fig.l where the thickness of
plate is 20 mm, the groove angle 1is 20 degrees and the root gap is
16 mm backed with a backing. In the test, Multi-layered welding is
carried out under the welding condition in TABLE 3 and the solid
wire for the welding is fed through a conduit cable of 6m in
length.

(0031]
TABLE 1
T Wire Chemical Components (masst)
y . ROL
p| V™ c | si [ M| P | s |cu|N|c M| T| oA N o ||
€
W1 0.05| 0.51 1.67 | 0007 0.008; 0.26| 295|041 022 0.06 | 0.0602 | 0.0037 | 0.0025| 0.81 | 0.33

E| W2 0.03| 026 1.78( 0.011| 0.007) 0.19( 2.77| 048 | 0.16 | 0.04 | 0.004 | 0.0041 | 0.0042 | 0.74 | 0.68
m| W3 0.04] 053 1.72 | 0.006 | 0.009 ) 029 3.03 | 0.63 | 0.19 ] 0.02 | 0.006 | 0.0056 | 0.0038 | 0.83 | 0.27
bl w4 0.07] 022 153 0.015] 0.011] 0.44| 3.11 ] 0.36 | 0.35| 0.08 | 0.002 | 0.0033 | 0.0071 | 0.86 | 0.85
21 ws 0.07] 045| 1.93| 0.009| 0.007 | 031 296 0.55| 029 | 0.05 | 0.004 | 0.0043 | 0.0034 ;| 094 0.46
?r: W6 008 | 034 1.55( 0.008| 0.006| 041 279 0.44| 0.38| 0.03 | 0.003 | 40,0054 | 0.0056 | 0.8%| 0.95
e | W7 005 049! 184 0.0i4| 0.012| 0.16] 3.16 | 0.54| 06.26 | 0.04 | 0.005 | 0.0035 | 0.0049 | 0.87 | 1.04
nt| W8 009 027, 1.62| 0011} 0.005| 027 285 0.53 | 0.30 | 0.06 | 0.007 | 0.0028 | 0.0034 | 0.80 | 0.74
s | W9 0.05| 041 176 | 0.007 | 0.007 | 0.8] 273 | 0.39| 0.18 | 0.09 | 0.002 | 0.0061 ; 0.0065| 0.78 | 0.38

w10 004 | 039| 166 0009 0006 031} 294 047 027 0.05| 0.004 | 0.0052 | 0.0052| 0.82| 059

Wil 0.01 [ 031 169 0006 | 0.005| 0726|282 041 | 0.22 | 0.0 | 0.003 | 0.0047 | 0.0048 | 0.73 1 0.64

wi2 0.11]| 0.43 175 0013 | ¢.0f1| 0.8 | 279 | 0.72 | 0.24 | 0.04 | 0.006 | 0.0039 | 0.0047 | 0.90 | 0.48

W13 003 016 165¢ 0011 0.010| 031 | 2.84| 039 0.25] 0.05, 0.008 [ 0.0027 | 0.0033 | 0.75 | 091
Cl wisa 006 062 1.75] 0.015| 0.009| 0.29] 297 | 0.46| 0.31 | 0.03 | 0.005| 0.0052 | 0.0054 | 0.91 | 0.22
; W15 005 036| 1.44| 0011 ( 0.007 | 025|294 041 ( 0.21] 0.04 | 0.002 | 0.0037 | 0.0081 | 0.74 | 0.42
p Wwile 004 039, 203{ 0009 0.011| 031|300} 051 0.33| 0.03| 0.606 | 0.0045| 0.0061 | 093 | L18
a | W17 0031 022, 165, 0.008| 0.012| 0.11 | 2.88| 0.39| 0.18 | 0.05| 0.008 | 0.0062 | 0.0047{ 0.70 | 0.55
r | W18 005, 042; 1.77) 0015 0.006 | 0.51| 2.99| 0.55] 0.22 1 0.06 | 0.003 | 0.0031 | 0.0063 | 0.88 | 0.64
a| wi9 004, 038 174| 0.013] 0.014| 0.21] 2.62| 0.39] 0.21 | 0.04 | 0.004 | 0.0044 | 0.0055| 0.77 | 0.39
F W20 0061 037| 191 0007 0.004| 031 328 045 0.27] 0.05] 0.002 | 0.0029| 0.0073 | 0.90 | 0.52
" w2l 0.04 1 031 1.68 [ 0.012} 0007 0.28] 279 | 0.29 | 0.25( 0.03 | 0.008 | 0.0037 | 0.0049 | 0.77 | 0.61
Z w22 005 036 L71 0.014 1 0012 0.33] 296 | 0.49 | 0.11 [ 0.04 | 0.005 ] 0.0048 |} 0.0055 | 0.76 | 0.87

W23 003 | 042 1.34 [ 0.016 [ 0.013 ] 035] 2924 0.3%| 047 | 0.03| 0.003; 0.0064 | 0.0064 | 0.94 } 0.69

W24 0.04| 038 1.68 | 0.008 [ 0007 0.26| 3.09] 0.45| 0.19! 0.12 | 0.006 | 0.0028 | 0.0037 | 0.80 | 0.52

W25 0.08| 041 1.87 | 0.011 [ 0.009 | 0.34] 3.02| 0.58: 036 | 0.05] 0.007 | 0.0044 | 0.0084 | 0.97 | 0.84

*1) ROL: Rate of Lubrication 0Oil supplied te the surface of solid wire fed (g of
0i1/10 kg of solid wire)

The lines under the components of comparison example in TABLE 1
show that the underlined components are outside the range of the
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disclosure. The underlined ROL wvalue in the example of W3 and W/
shows that the amount of lubricaticn o0il on the surface of the
wire is outside the range of 0.3 to 1.0g / 10 kg of sclid wire.

[0032]
TABLE 2
thickness Chemical Components (mass%o)
(mm) C Si Mn P S Ni Cr Mo
20 0.12 0.25 1.12 0.009 0.002 0.04 0.76 0.17
[0033]
TABLE 3
Welding Condition
Pre-heating Interpass
Cl(lf)mt V(E{t;;ge (cif/iggin) Shield Gas Temperature Temperature
(°C) (°C)
Ar+10% CO,
300 30 30 flow rate: 100 150
25 (l/min)
[0034]

For the total evaluation of the tested wires, a stability of arc
at welding 1is examined, defect detection by X-ray permeation btest
as in JIS Z 3106 1is carried out and mechanical property of the
weld metal is measured. As for the mechanical property of the weld
metal, the specimens as shown in Fig.2, which are taken out from
the center part of the base in the thickness direction including
the weld metal and the welded base plate so that in the thickness
direction, the center o¢f the specimen to be faken out is
ceincident with the center at the depth of 1/2 thickness of the
base plate acccording to JIS 72 2241 10 and Charpy specimen as in
JIS Z 2242 V notch specimen, are used. As for the stability of
arc, "stabkle” or “slightly unstable” is graded as “good”. As for
the defect detection by X-ray permeation test, “No defect” is
graded as “good”.

[0035]

As for the tensile strength, the tensile strength of 800 to 920
MPa 1is graded as “good”. As for the toughness, Absorbed Energy of
5 of Charpy impact tests for every example 1is evaluated. The
average of the Absorbed Energy 1s graded “good” 1if the averagse of
the Absorbed Energy is 89 J or more, the minimum of the Absorbed
Energy 1is graded “good” if the minimum cf the Absorbed Energy is
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70J or more. As for total evaluation, 1f the stability of arc, X-
ray permeation test, tftensile strength, average and minimum of
Absorbed Energy are all “good”, total evaluation is “passable”
represented by small circles (symbol: o}. On the other hand, total
evaluation is “failure” represented by crosses (symbol: X) 1f any
one o©f the stability o¢f arc, X-ray permeation test, Tensile
strength, average and minimum of Absorbed Energy is “not good”.
The results of the evaluation are shown in TABLE 4.

[003¢]
TABLE 4
. N X-ray- Tensile Absorbed Energy Total
type Wire | Stability of Arc | Permeation Strength )] Bvaluation
Test Result (MPa) Average | Minimum
W1 Stable No defect 858 104 98
W2 Stable No defect 812 127 106
W3 Sﬁiﬁgﬂ No defect 866 108 92 0
W4 Stable No defect 882 95 90
Embodiments W5 Stable No defect 915 89 78
W6 Stable No defect 901 92 81
W7 Sil‘f:;gf; No defect 892 98 81 0
W8 Stable No defect 883 103 98 0
W9 Stable No defect 835 108 93 o
W10 Stable No defect 859 113 98 0
Wit Stable No defect 781 91 67 X
W12 Stable Crater 925 67 56 X
W13 | Arc Unstable No defect 819 81 58 X
Arc Unstable Sla
Wid Much Sputter Inclu;im1 o1 o3 3 X
W15 | Arc Unstable No defect 812 85 61 X
W16 ﬁfﬁgﬁg:’; Blowhole 918 03 52 X
comparative W17 Stable No defect 779 103 64 X
W18 Stable Crater 892 73 53 X
W19 Stable No defect 825 78 58 X
W20 Stable No defect 902 72 54 X
W21 Stable No defect 828 80 55 X
W22 Stable No defect 817 84 65 X
W23 Stable No defect 916 96 46 X
w24 Stable No defect 843 82 56 X
W25 Stable No defect 955 92 47 X
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[C037]

Wires Wl to W10 are the examples of the present disclosure and
wires 11 to W25 are the comparable examples. The total evaluation
of the wires W1l to W2, W4 to W6 and W8 to W10, examples of the
present disclosure, are graded as passable(o) because the
stability of arc, X-ray permeation test, tensile strength, average
and minimum of Absorbed Energy are all “good”, a wvery good result,
where the c¢ontents of ¢, S8i, Mn, Cu, Ni, Cr, Mo and Ti are
suitable and the rate of supplying lubrication c¢il to the surface
of the solid wire is adequate.

[0038]

Total evaluation of wires W3 and W7 are described as follows. As
for wire W3, the rate of supplying the lubrication o©il to the
surface of the solid wire is lower than the minimum of the oil
rate range. As for wire W7, Lhe rate of supplying the lubricaticn
0il to the surface of the sclid wire is higher than the maximum of
the o0il rate range, therefore the arc is “slightly unstable”, but
any practical problem does not occur as a result. No defect is
detected by the X-ray permeation test, tensile strength is within
the targeted range, and average and minimum of Absorkbed Energy are
within the targeted range. Accordingly, the total evaluation 1is
graded passable(o}.

[0039]

Total evaluation of wire W1l is explained. As for Wll, tensile
strength of weld metal, which is 781 MPa (less than 800 MPa), 1is
“not good” because C content is lower than the minimum of the C
range. Absorbed FEnergy for Wll, where the minimum Abscrbed Energy

is 67J {(less than 70J), is “not good” bhecause Ti content is lower
than the minimum of the Ti range. Total evaluation of wire W1l is
“failure”.

00407

Total evaluation of wire W12 is explainecd. As for W12, X-ray
permeation test, where cracks in the crater portion are detected,
is “not good” because C content is higher than the maximum cf the
C range. Absorbed Energy for W12, where the average of the
Absorbed Energy is 67J {less than 89J) and the minimum of the
Absorbed Energy 1s 56J (less than 70J), 1s "not good” because Cr
content 1s lower than the minimum o©f the Cr range. Total
evaluation of wire W12 is “failure”.
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[0041]

Total evaluation of wire W13 1s explained. As for W13, arc
stability, where the arc is not stable, is “not good” because Si
content is lower than the minimum of the S$i range. Absorbed Energy
for W13, where the average of the Absorbed Energy is 81J (less
than 89J) and the minimum of the Absorbed Energy is 58J (less than
700}, 1s “not good”. Total evaluation of wire W13 is “failure”.

[0042]

Total evaluation of wire Wld 1is explained. As for W14, arc
stability, where the arc is not stable and much sputtering is
generated, is “not good” Dbecause the rate of supplying the
lubrication 0il to the surface of the sclid wire is lower than the
minimam of the o0il rate range. X-ray permeation test, where the
defect by slag inclusion is detected, is “not good”. Furthermore,
Absorbed Energy for W14, where the minimum of the Absorbed Energy
is 48J (less than 70J), is “not good” because Si content is higher
than the maximum of the Si range. Total evaluation of wire W14 1is
“failure”.

[0043]

Total evaluation of wire W13 1is explained. As for Wlh, arc
stability, where the arc is not stable, 1s “not good” hecause Mn
content is lower than the minimum of the Mn range. Absorbed Energy
for Wl5, where the average of the Absorbed Energy i1is 85J {less
than 89J) and the minimum of the Absorbed Energy is 61J {(less than
70J), is “not good”. Total evaluation of wire W15 is “failure”.

r0044]

Total evaluation of wire W16 1s explained. As for Wile, arc
stakility, where the arc 1is notf stable and much sputtering is
generated, 1s “not good” bkecause the rate of suppiying the
lubrication oil to the surface of the solid wire 1s higher than
the maximum of the o0il rate range . X-ray permeation test, where
the blowhole is detected, is “not good”. Absorbed Energy for W16,
where the minimum of the Absorbed Energy is 52J {less than 70J),
is “"not good” because Mn content is higher than the maximum of the
Mn range. Total evaluaticn of wire W16 is “failure”.

[0045]

Total evaluation of wire W17 1is explained. As for W17, strength
of the weld metal, which is 779 MPa (less than 800 MPa), is “not
good” because Pits 1is lower than the minimum o©of the Pts range.
Absorbed Energy for W17, where the minimum of the Absorbed Energy
is 64J (less than 70J), 1s “not good” because Cu centent is lower
than the minimum of the Cu range. Total evaluation of wire W17 is

12



“failure”.

[0046]

Total evaluation of wire Wi8 is explained. As for W18, X-ray
permeation test, where a crack in the crater portion is detected,
is “not good” because Cu content is higher than the maximum of the
Cu range. Absorbed Energy for W18, where the average of the
Absorbed Energy is 73J (less than 89J) and the minimum of the
Absorbed Energy is 53J (less than 70J), 1is ™not goocd” . Total
evaluation of wire Wi8 is “failure”.

[0047]

Teotal evaluation of wire W19 is explained. As for W19, Absorbed
Energy for W19, where the average of the Absorbed Energy is 78J
{(less than 89J) and the minimum of the Absorbed Energy 1is 58J
(less than 70J), is “not good” because Ni content is lower than
the minimum of the Ni range.

[0048]

Total evaluation of wire W20 is explained. As for W20, Absorbed
Energy for W20, where the average of the Absorbed Energy is 72J
(less than 89J) and the minimum of the Absorbed Energy 1s 547
(less than 70J), 1is “not good” hkecause Ni content 1s higher than
the maximum of the Ni range. Total evaluation of wire W20 is
“failure”.

[0049]

Total evaluation of wire W21 is explained. As for W21, Absorbed
Energy for W21, where the average of the Absorbed Energy is 80J
(less than 89J) and the minimum of the Abscrbed Energy is 55J
(less than 70J), is “not good” because Cr content 1is lower than
the minimum of the Cr range. Total evaluation of wire W21 1is
“failure”.

[0050]

Total evaluaticon of wire W22 is explained. As for W22, Absorbed
Energy for W22, where the average of the Absorbed Energy is 84J
(less than 89J) and the minimum of the Absorbed Energy is 65J
(less than 70J), is “not good” because Mo content is lower than
the minimum of the Mo range. Total evaluation of wire W22 1is
“failure”.

[0051]
Total evaluation of wire W23 is explained. As for W23, Absorbed
Energy for W23, where the minimum of the Absorbed Energy is 46J
13



(less than 70J), is ™“not goocd” because Mo content is higher than
the maximum of the Mo range. Total evaluation of wire W23 is
“failure”,

{0052]

Total evaluation of wire W24 is explained. As for W24, Absorbed
Energy for W24, where the average of the Absorbed Energy is 82J
(less than 89J) and the minimum of the Absorbed Energy is 56J
(less than 70J), is “not good” because Ti content is higher than
the maximum of the Ti range.

Total evaluation of wire W24 is “failure”.

[0053]

Total evaluation of wire W2bh 1is explained. As for W25, the
strength of the weld metal, which is 955 MPa (more than 920 MPa),
is ™ not good” because Pts is higher than the maximum of the Pts
range. Absorbed Energy for W25, where the minimum of the Absorbed
Energy is 47J {less than 70J), is ™ not good”,

Total evaluation of wire W25 is “failure”.

[0054]
[Explanation of Numerical Reference]
1 steel plate
2 backing
3 welding bead
4 specimen
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[CLATMS |

What is claim 1is

1. The solid wire for the gas shield arc welding,

saild wire comprising by mass$% to the whecle wire
C: 0.02 to 0.10%,

Si: 0.20 to 0.55%,
Mn: 1.530 to 1.95%,
Cu: 0.15 to 0.45%,
Ni: 2.7 to 3.2%,

Cr: 0.35 to 0.65%,
Mo: 0.15 to 0.40%,

Ti: 0.02 to 0.10%,
wherein Pts defined by EQ(1l) is 0.73 te 0.85,

Al: 0.010% or less,

P: 0.020% or less,

S5: 0.020% or less,

N: ¢.007% or less,

¢: 0.010% or less, and
the remnant is Fe and the unavoidable impurities,
Pts = [C] + [81i]1/7 + [Mnl/5 + [Cul/7 + [Ni]/20

+ [Cr]l/8 + [Mol/2 + [Ti]/5 EQ({1),

where [C], [Si], [Mn], [Cul, [Ni], [(Cr]l, [Mo], [Ti] denote the c
ontents of the elements in mass%.
2. The solid wire for the gas shield arc welding of claim 1,
wherein the solid wire has a lubrication oil of 0.3 to 1.0 g pe
r 10 kg of the solid wire on its surface.
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