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FEATURE : Progress of Technology in 100-year History of Kobe Steel
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Development of Solid Wire for Arc Welding
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Solid wire is the most popular welding material and accounts for about 4500 of the all the welding wire used.
Solid wire is used in automatic welding robots and is highly efficient and the weld metal is excellent quality.
Kobe Steel developed an epoch-making high potential non-copper-coated solid wire called SE wire which is
especially suited to the automobile industry. In addition, development trends for solid wire for steel
structures, for super high strength steels, and for heat-resistant low alloy steels are introduced.
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Fig. 1 Transition of ratio of welding material in Japan
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Table 1 Merits of solid wire

Superior point Effect

Required industry

(1) High depositing rate High efficiency

Steel structure, Construction machinery

(2) Deep penetration Low penetration defect

Steel structure

(3) Good arc stability at low

O current range lower plate

Improvement resistance to burn through of the

Automobile

(4) Low slag generation

Decrease/unnecessary of cleaning process

Automobile, Steel structure,
Construction machinery (robot welding)

(5) Low impurities composition

Improvement toughness and hot crack resistance

Pressure vessel, Engineering works,
Steel structure

(6) Low hydrogen

Improvement hydrogen crack resistance

Pressure vessel, Engineering works

(7) Good wire straightness

Automatic welding using the robot

Automobile

(8) Low price Low cost production

All industry

“SE” wire Conventional
copper-coated wire

»
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Photo 1 Wire appearance of SE-wire and conventional copper-coated
wire
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Photo 2 Example of copper rust in wire feeding system
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Fig. 2 Example of wire feedability of SE-wire
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Fig. 3 Example of improvement with arc start error by SE-wire
(Survey by an automobile assembly fabricator)
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Photo 3“ ARCMAN?" steel structure robot welding system of Kobe
Steel
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Fig. 4 Relationship between mechanical properties of weld metal
and heat input, interpass temperature of MG-55R
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Photo 4 Comparison with slag detouchability of MG-55R and
conventional wire
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Fig. 5 Relationship between wire and remained slag content
(Remained O generated O natural detouched)

OsioMnOTiOOOOO0OO0OO0O0O00O0O00000000
000o00o0o0o0oooooon yewisd540MPa 0 OO
gobooobooooooooooooooooooon
goboooooycwilio4ooMPaO OO DOOOODOO
gboboooboooooooooboocOooobooOoooo
gobooooooobOoooooooooocboOoOoon
gbobooobooooooooobOocOoOoooOoooon
gbobooobooooooooobOocOooooOoooo
oboooboooooooooobooOooobooOooono
gobooobooooooooobooooobooooono
gobooobooooooooobooooobooooono
gbobooooboooooooooboooooooooo
goboooo4mobooooobbooobooooobon
obobooboo4moooboooboboooobooso
goboooboooooooooboooobooboooDo
oobDooooooooond 19mmO0 25mmO 0O 300
ooooooooobooboboooooooDbOooon
gobooooooooooooboooooogn
gboboooooooboooooooooooooon
gobooobooooooooooooooooooon
goboooboooooo MehsrRO0000

58 RsD KOBE STEEL ENGINEERING REPORTS/Vol. 55 No. 200 Sep. 20050



s0000000000000000000
0 MIX-1PS[TT] MIX-1TS[TT] SEA-1TS°"

coooooobobooobooooboooooos30on
cooOooocoobooboooboooboOooboooonoo 2
coobooooboobooobooooooooooboooon
cooboooooboboooboooobooooooboooon
cooooooobooooboooooooooooboooon
coooboooobooooboooooooooooboooon
cooobooooobobooooboooooooooooboooon
o0
ooooooooooooooooooooobooboooon
ooooooooooooooooooooooboooon
oooooooooboooboooooooooooboooon
OO0O0o0O0o00oO0O0oOoooOo0oooopooooOog 70AD
0460A00000 HzOOOOOOOOOOOOOOO
coooboooobobooobooooooooooboooon
coooboodooboooobooooboooOoooboOooon
cooobooooboooobooooboooOoooboOooon
cooooooooogd
cooboooobOebOOOOObOOOOOOOOOOOO
coooooobobooobooooooOoOoOoooboooon
cooboooobooboooboooooooooooboooon
cooooooboobooobooooooooooboooon
cbooobOoooOoooooobooooboooboboooon
cooooooobooooboooooboooooooboooon
chOooooooboooooooboooongdMIX-
wpSsi0ooooobooooooooonoooooon

High frequency pulse-wave Frequency| ! | Tyl ‘
i
- . |! i l
: . o
Droplet size become smaller Q High
- : i : AV
Continuous Arc length can b
droplet transfer be shorter :J ' | ‘ '
B — =Y
Cooling rate of molten Low I e
pool become stable AV

Spatter size Improve of unti- Suitable welding
become  humping characteristic condition area
smaller at high speed welding expand

06 DO00OODOOOobOOoOooOobDO
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Table 2 Chemical compositions of deposit metal and characteristics of weld metal

C Si Mn P S Ni Cr Mo (0]
Deposit metal
0.06 0.34 1.34 0.005 0.003 2.60 0.46 0.75 0.016
i Charpy notch toughness 7!
Tensile cToD Ut Crack arrest
strengthD 1 Absorbed Ductile-brittle preheating temp,[ 2
Weld metal (MPa) energy transition temp. (mm, 007) @)
(3, 0200) @)
0.17 (3 m)
1019 111 0060 0.18 (5 m) 050
Target 0 950 0100 (00 ) 0045 0ol 0100

0 10 Shielding gadJAr950 00 CO,50 OHeat inpuf]1.3kJ/mm, Base metal1950MPa-class 50mm thickness

0 20 Window type restraint weld cracking test
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Table 3 Chemical compositions and mechanical properties of MGS-12CRS weld metal

Chemical compositions of deposit metal

Mechanical properties
(PWHT 7400 x 8h SR)

c Si Mn P s Cu Ni |o2nps| Ts El. Ew | CRT”
0.07 031 093 | 0005 | 0004 | 001 050 | (MPa) | (MPa) | (O) @ (h)
cr Mo Co v Nb w N

619 745 27 47 1670
954 | 040 | 150 | 020 | 004 | 160 | 0.04

gboooooobooboboboboooooogooo
goooobooooooMmes-100o0bobooooog
gboooooobooboboboboooooogoog
gboobobobobooboooobooog Mes-1000d
gbooooooboobo20b0oboooooogoog
gb 2ppmO0000000OOCOCOOOOODODOO
gobgooboobbooboo
gobooboobbobobooboobbooboo
gobooboobboobooboobbooboo
gobooboobbobobooboobobooboo
gobooboobboboboobboobobooboo
gobooboobboobooboobobooboo
gboooooooobgobooboo

7000000000000000000 00
0 MGS-12CRSO ™

cooboooobooooooooooOooOooobooboOooon
cooobobooobooooooooOooOoOoOooobooboOooon
coobobooobooooooooooOooOooobooboooon
coooboocooobooooooooooOoOoooobooboooon
cooooooobooooooooo

coboboobOooobocoboocoooooobooonoen
l0Ccr000000O000C0DOOOO0ODOOOO0O0OO0
CooO0ooooooobDobobOobonO MGS-12CRS
ooobooooboooooobooooobooooobboooon
oooobooooobooooooooooooooboboooon
ooobooooboooooobooooobooooboboooon

(O )Creep rupture time (Test conditioril650C] for 98MPa)

g0oDOoO00oDoOoOoOoDoo crOMoOVONDOWODO
g0bDOo00obOOoO0oOoooodcod NODOOS -0O0O
goobobobooooooooboobobobooo
goboogoo

ob 30 MGs-12cRSO 00 obooboonoooooo
goboobobbooobbooooobobooobobood
gogboooobooboobbooboobboobdg
gogboobooobooboboobooobo

godoooobooboobobooboobobooobg
gobooooboobooobobooboobboobg
gooooobooboooboboobooboboobg
goboboboboooooooboobobobooboo
goboboboboooooooboobobobooboo

gobobobobooooogooo

O

ooooooo

10 00000R&D OO OOOOOVol50, No.20 20000 p.15.

20 0O00O00OO0O0OR&DO OO OO O OVol52, No.10 20000 p.60.

30 000000000 00000 00000 No.4150 20040
p.1.

40 000000000 OO0OO0OO0O0 00000 No.3680 20000
p.1.

50 0000000R&D 000D OOOVol.54, No.Z1 20040 p.29.

60 00000000000 2000 50020040 p.36.

70 0000000R&DODOODOODOOVol54, No.Z1 20040 p.34.

60 R:D KOBE STEEL ENGINEERING REPORTS/Vol. 55 No. 200 Sep. 20050



