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Welding Process Enhancing Electrodeposition-coating Performance for
Ultra High Tensile Strength Steel Sheet

Naohide FURUKAWA - Kazuya IKAI
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Abstract

In gas-shield arc-welded joints of ultra-high tensile-strength steel sheets, there is an issue of increased slag
generation, which inhibits electrodeposition coatability. To address this issue, a welding technology has been
developed to reduce the amount of slag generated and improve corrosion resistance after electrodeposition
coating. A welding process has been adopted in which the argon gas ratio in the shielding gas has been
increased to 95% (high-argon welding process). The welding consumable has been designed to increase the
strength of the welding joint by adding alloying elements that have low affinity with oxygen. In addition, the
productivity of welding consumables has also been taken into consideration, and practical application has been
sought using composite wires rather than the solid wires that are generally used in the automotive field. This
paper describes a welding technology that combines electrodeposition coatability and fatigue strength, realized

by a combination of the welding process and welding consumables.
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Table 1 Merits and demerits of composite wire against solid wire

Solid wire Composite wire
Typical cross section Q\ @: Metal
Metal Flux
Mild steel [e] o
Formability
High tensile steel o -]
) i A
Production Mild steel °
cost High tensile steel o -]
Deposition rate e} -]
Wire stiffness [e] A

[Judge standard] ©: Better - O:Standard - A :Poor - x:Bad
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Process of welding
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Process of electrodeposition coating

ng;/n'&onzogg/oggss » High-Argon(Ar) process Heat and
oAr-20%f 95%Ar-5%CO i i i
= Increasing slég amount due to i i Just after coating hardening After hardening
high ratio of active gas — (Flow)
\ E-coating w (
// ‘ B
é Steel sheet
// : High flow performance
~—  Low and small residual slag 9 . P aINCE,

thick e-coating layer
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Fig.1 Basic idea to improve corrosion resistance
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Table 2 Two approaches for slag reduction method

Welding process

High-Ar process

Shielding gas 95%Ar-5%C0,
Wire type Slag concentrating Slag deconcentrating
T S add. i add.
Gas flow rate 20 (£/min.)
Size of nozzle @19 (mm) ®13(mm)
Welding speed Normal Faster

Residual slag

Schematic drawing

Concentrate slag

Gas shield area
(Nozzle dia. q>19)

Minimize residual slag by slag coricertration

Acti\/e ox1d|zmg area
Residual slag

Gas shxalgl area
(Nozzle dia.: 13)

Creating harmless slag by active oxidizing
in the rear molten pool

Observation by HSV
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Table 3 Corrosion resistance performance of rap weld joint

Welding process Conventional MAG

High -Ar process

Shielding gas 100%CO, or 80%Ar-20%CO, 95%Ar-5%CO0,
Wire type Normal YGW12 Slag concentrating ‘ Slag deconcentrating
Base metal 440 MPa grade steel, 2.0 mmt

Bead appearance
after e-coating

Bead appearance
after 10 cycles of
corrosion test

Judge* 3

* [Judge standard] 5(Good) - 4(better) - 3(Standard) - 2(poor) - 1(Bad)
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Fz 4 980 MPa b SiBAIBE A 7 4 X O %EHE (mass%)

Table 4 Typical chemical composition of trial wires for 980 MPa
grade steel
Wire C Si Mn Cr Ti Ni, Mo Ceq.
Wire A 0.08 0.29 0.10 0.54
Wire B 0.09 0.14 0.13 0.14 0.55
Wire C 0.09 0.04 0.13 0.54
1.45 Add.
Wire D 0.08 0.29 0.10 0.54
Wire E 0.09 0.14 0.13 0.10 0.55
Wire F 0.09 0.04 0.13 0.54

[JIS/WES] Ceq.: C+Mn/6+Si/24+Ni/40+Cr/5+Mo/4+V/4
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Table 5 Welding condition for rap weld joint

Welding robot DAIHEN Almega AX-V6

DAIHEN Digital Pulse DP400R

Power source

Shielding gas 95%Ar-5%CO0,, 20 £/min
CTWD 15 mm
Nozzle inner dia. | 13 mm®
Torch angle 45°
Base metal 980MPa grade steel, thickness : 2 mm

Current (Voltage) | 240 A (24.5V)

Welding speed 110 cm/min

200 mm
o
Welding direction o
_— 3|~
3o
3
i :

No forehand/bac.khand angle

15 mm

/

e
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Fig.2 Wire aiming position when rap weld joint done
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Table 6 Plate bending fatigue test condition
Test temperature RT o i o)
H =]
Stress ratio R=0 Isating fatigue test | o
ress rati (pulsating fatigus ) o | o
Frequency 25 Hz %0
1 )
Number of cycles to failure 2x108 cycles or 45 45

10% less than initial torque

Shape of test piece
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Table 7 Bead appearance after welding and after e-coating

Wire A
Si: 0.29 (mass%)

Sil:

Wire C
0.04 (mass%

Wire B
0.14 (mass%) Si 1

Slag amount

After
welding

After
e-coating

Wire D
Si : 0.29 (mass%)

Ti: 0.10
(mass%)

Si:

Wire F
0.04 (mass%

Wire E
0.14 (mass%) Si i

Slag amount

After
welding

After
e-coating
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Fig.4 No e-coated area
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Fig.5 Percentage of slag elements taken from upper side in the
welding bead

Wire F

Ti in wire (mass%)

Si in wire (mass%)
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Table 8 Phase analyzed results at cross sectional slag

Wire Wire A | Wire B | Wire C Wire D I l Wire F
Ti in wire (mass%) 0.14
Si in wire (mass%) 0.29 0.14 0.04 0.29

10 pm
Composition

image

| Slag

10 pm

Mapping image

.

Mn-Ti-Si

T Mn-Ti-Si % e
Mn-Ti " Mn-Ti-Si

Slr?;;sgomponent Fe-Mn-Ti Mh-Tl Mn-Ti
P ers s Fe-Mn-Ti

o Mn-Ti-Si

sl Mn-Ti-Si Mn-Ti
S Mn-Ti )

Fe-Mn-Ti “
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® Conventional wire x 440 MPa grade steel

= Conventional wire x 980 MPa grade steel
400

A WireB x 980 MPa grade steel

= N A *Conventional wire: G43A2M 16
[ (] Ik

n X
s 350 %
=) o A
£ 300 o 3
2
P o m
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] F .
[
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200 H @

150 - -
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Fig.6 Fatigue strength of rap fillet weld joint

%9 A YBIIBU BT O CCT FHilliRk R
Table 9 CCT results of weld joint prepared with WireB

Welding process

High-Ar process

Wire type

Conventional wire for high tensile steel
(Slag concentrating)

WireB for ultra-high tensile steel
(Slag deconcentrating)

Base metal

440MPa grade steel, 2.0 mmt

980MPa grade steel, 2.0 mmt

After welding

After e-coating

After 30 cycle of CCT

After 50 cycle of CCT N/A

*Conventional wire: G43A2M 16

®10 HLIARERRTOWIN~ 7 0 Blg

Table 10 Cross section of rap fillet weld joint

Conventional wire x 440 MPa grade steel | Conventional wire x 980 MPa grade steel

WireB x 980 MPa grade steel

Frank angle (deg.) 150

Toe radius (mm) 2.0

*Conventional wire: G43A2M 16
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500

Weld metal HAZ Base metal
e

Measure area

—e—Conventional wire x 440 MPa grade steel

—-m-Conventional wire x 980 MPa grade steel

—A—WireB x 980 MPa grade steel

*Conventional wire: G43A2M 16

) eld metal HAZ Base metal
8 400
@
5 LY ZAIII!!.I.
S 300 v %“’N ,K;j RO =
%) s
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© 200 08 00y 0% N N
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0 i
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Distance from F.L. (mm)

7 HESETMLEROC Y 7 — AWM S

Fig.7 Vickers hardness around lower side weld toe

Rap weld joint
-

After welding 100 mm

¥

After e-coating

~——  Butt weld joint — T crossed fillet weld joint

—
R X0 = -

m

B8 AIETT7 7 — 2 & BUEEESICH 5 Y — FAMB

Fig.8 Trial Lower Control Arm and bead appearance at unique welding position
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