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Electrodeposition Coating Property and Gap Resistance of Welds by

Welding Wire with Reduced Slag

Akio UENAKA and Masakazu YAMASHITA

Synopsis

In the welding of automobile undercarriage parts, in addition to ensuring electrodeposition coating properties, gap
resistance in welding with large gaps is an issue. The form and electrical properties of the welding slag can be changed, so

that the electrodeposition coating film can be formed even if the slag remains in the weld joint. The amount of deoxidizing

elements added to the welding wire was adjusted so that gap resistance could be ensured even in welds with large gaps. The
Si of the welding wire was small, and the oxide-forming elements Ti and Al were added as substitutes, and W was added

to improve the viscosity. In this welding wire, the entire surface of the weld bead had a slightly dark brown hue, and the
electrodeposition coating was formed on almost the entire surface. The electrical resistance is low, like a base sheet, and the

slag is thin at about 10 um. The gap resistance is as good as that of general-purpose welding wire, although bead formation

defects are likely to occur in low-Si wires without W. The mechanical properties of the weld metal are generally the same as

those of general-purpose welding wires, and they are good.
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Fig. 1. Equilibrium phase diagram of oxides (1600 °C).
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Fig. 2. Effect of element on viscosity (1600 °C).
.—l—l -,
3. EBRAFE
3. 1 HEM

RFBFETHCZEET A4 Y B L OB OLFER- D
— % Table 1 \Z7"3. BT 1YL, ¢1.2 T THE
MLENCudb> EfMNEDV) v FU ALY 3T
HEH. 121 HBHAOBEHT7AY L LT, 490 MPa
WEFET A Y (JIS 23312 G 49 A2M16) Z W72, F%
DO2OIXMESIiDBEFE T AYTTI & AlZHRML 7.
IR OB BEEMEIZOWTIE, 490 MPa s T 4
YA SI-W IRINEE Y 4 Yl L2z s
WL, WORMSY, L THELAZ. BEGEHR e
LC, 440 MPa 2\ LMK (SAPH440) % HlW7-.




BAFER > 27 7 ZARIE L 7T A YIS & B EER O BEAEREMES L 4G 35

Table 1. Chemical composition of welding wire and base sheet.

(mass%)
Material C Si Mn P S Ti Al w (0]

490 MPa wire | 0.04 | 053 | 1.82 | 0.010 | 0.002 | <0.01 | <0.005 | <0.01 | 0.004

W\‘fv'i?ieng Low Si wire 005 | 005 | 1.78 | 0.007 | 0.007 | 0.1 | 0.021 | <0.01 | 0.001

Low Si- W wire| 0.05 | 0.05 | 1.76 | 0.006 | 0.008 | 0.1 | 0.021 | Add. | 0.001

Base sheet | 240 MPaSteel | o5 | 000 | 139 | 0.014 | 0.005 | <0.01 |<0.005 | <0.01 | 0.002
(SAPH440)
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Fig. 3. Schematic diagrams of welding situation.

Table 2. Welding conditions.

Welding method Pulse MAG

Shielding gas 80%Ar-20%CO0,

Welding current 200 A

Arc voltage 24V

Welding speed 100 cm/min

Contact tip to work distance |15 mm

Rotation angle [Torch] 45°

Travel angle Perpendicular
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Fig. 4. Appearance of weld bead (as welded, after

electrodeposition coating).
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Fig. 7. Raman spectroscopy given by (a) Slag (490 MPa
wire) and (b) Dark brown hue (Low Si - W wire).
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Fig. 9. Gap resistance of lap joint given by (a) 490 MPa
wire, (b) Low Si wire and (c) Low Si - W wire.
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Table 3. Mechanical properties of deposited metal.

Fig. 8. Examples of bead appearance and cross section
of welds.

Tensile property [@RT]

Proof | Tensile
strength | strength
(MPa) | (MPa)

Absorbed

Elongation |€nergy (J)
(%) |[@-207C]

490 MPa wire 480 579 29 165

Low Si- W wire| 486 557 31 138
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Table 4. Chemical composition of deposited metal.
(mass%)

C|Si|{|M| P| S|T|A|W|O

490 MPa
wire

Low Si -
W wire

0.06|0.33|1.530.010|0.002{<0.01|<0.005{<0.01{0.03

0.07{0.05|1.50{0.008|0.007|0.04 |0.007 |Add. | 0.04

5. #& &

BEMRTIZA T 7 2BRAE L CLEEEROEHE AT
& SOHICHMAKE REET OB R 5
BoAY (KSi-W M) 5L, WToZ L2l
MR o7z,

(1) #ELY— FRESREPCHEBEtORMTHY, &
HHREIZIZITEH ORI TS,

(2) M & FREORWESEKITH 5.

(3) AT 713K 10 ym & <, BRALY OFHIREED T
A & FIRRIC, SiFRILPIZRED bz v

(4) ZUBYEIE, 490 MPafliB#: 7 A ¥ L ABRICRIFCTH
D, WIRINZ X 2UERN RO 5D,

(5) WEHEEEOREMBIETEIZ, 490 MPaflis T A v &
BBURESETRIFTH A,

(3 #h)

1) BN, BwEE], EkE B HSESEER,
409(2017), 90.

2) /NTUESF, EEVHILE, IARIARE, FOARER: EEEN,
71(2023), 2, 47.

3) AR, SRS, W, HRIE, RS
BT, 36(2018), 1, 77.

4) BfEELRE, WEIEA, EHEAN, MALE, HESH:
H BT S sCsE, 28(1997), 2, 143.

5) MAEEIETE, AHEKW, RERET: ERESSERS
FEME, 105(2019), 220.

6) WEE T, fHgkt, HHME], AR, RS,
BRHEPTAR: 7 H $kidk, 393(2012), 83.

7) ARFEG, FRU, R AR, 72(2024), 2,
52.

8) A3, KiliZ:: BRALY B L O T LY,
48(1980), 6, 335

9) MATIHER, J-F Lei: BREXWLEE A, 114(1994),
12, 886. /

10) PRIFAL: £k 50, 78(1992), 3, 399, ARG R A




