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Development of Welding Technologies for Automotive Chassis

A% % KITANI Yasushi JFE 2 F—v A F— VHISeRT B - SRS ELH3EE ERBE) - il (T2
MM JiE  MATSUDA Hiroshi JFE 2F—v ZF— VAT G - mENISEE FEAPEE GBR) - il (09
MR 53E MATSUSHITA Muneo  JFE 2 F—v R F— Ve 4G - EMZRE FAEMI8E GRE) « Ph.D.

A& f2{i YAMAMOTO Shunsuke JFE 25— v R F— VIHZeiT RIMUBIAZEES  FATMZEE GIRE)

L@ B ANDO Satoru JFE 2F— v 2F— VW9 REEFIZEE  BEME GERBE) - Bt (1)
il f%1F IKEDA Rinsei JFE 2 F—v 2R F—)VWISEHT G - sRENEEE - i (T9%)

EZE5

-
=1 HE

HEH S v > — B OTE T ICEER S N 79 S & T EEOM d 2 WISERERL 2 e T & 2 #iiask
B OWTHINT B, K CO2 R — Vv B 7 — 21, a8 — FIREESIPROUGE € 18R 7 7 D&%
WaH D, EOlitets & CEAERE FToBOK TSRS RE TS, IR T AT v KU
B3, HAMABRICET a1 e — PR 2 M ET 2 2ok D, Med T TR 2 K T & 72,
V= 7= A7)y FIEHEIE, @ - GIEROEET, HEQMTO - ¥ vy 7EHBEEHENT S 2

EEERS

WAEET, FAMTERED Y » ¥ — B~ DA PEIRE T X 5,

Abstract:

New welding technologies which can satisfy the requirements of high fatigue strength, high corrosion resistance
and high productivity for the welded joints of automotive chassis parts are introduced. Low CO3 gas shielding arc
welding was effective to improve the weld toe shape and to reduce the welding slag, which realized high corrosion
resistance and high fatigue strength of welded joint in corrosion environment. Plasma-arc hybridTM welding achieved
very high fatigue strength of welded joint by flattening weld toe shape in lap fillet welding. Laser-arc hybrid welding
with high speed and high productivity enabled to mitigate the sheet gap control accuracy and is expected to apply the

chassis parts with closed section structures.
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Photo 1 Cross-sectional macrostructures of lap-
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Photo 2 Change in weld part appearance during corrosion test
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Fig. 2 Change in average corrosion depth near weld toe

0.6
g é 0-5 Weld joint samples
EZ 04 (Ar-20%CO,) ®
S E \
EZ 03 Bare samples
S5 RN
52 02 .
S 2 Weld joint samples
=5 0l (Ar-5%C0,)

A A

0 20 40 60 80 100 120
Number of test cycles
M3 BRRIARKICHIIE2RABRRSOEL

Fig.3 Change in maximum corrosion depth during corrosion test
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Fig.4 Change in fatigue strength of welded joints before and after corrosion resistance test
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Fig.5 Electrodes setting of plasma-arc hybridTM welding
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Table 1 Welding conditions of plasma-arc hybridTM welding and conventional arc welding

Leading: Arc welding Trailing: Plasma arc welding D Travel | Heat
Mark Welfiing 0x  Shielding Polarity Current Voltage| 0p Dos Shielding Polarity Current Voltage [mrlil] speeq Input
wire [deg.] gas [A] [V] |[deg.] [mm] gas [A] [V] [mm/min]|[kJ/mm]
PAH [YGWI11 30 CO: EN 250 27 30 4 Ar EN 180 23 25 850 0.77
MAG|YGWI15 30 Ar-20%CO. EP 320 28 - - - - - - - 1200 0.45
CO> |YGWII 30 CO2 EP 220 20 - - - - - - - 600 0.44
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Photo 3 Macrostructures of cross-sections of welds
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Table 2 Weld toe shape for each welding process

Curvature Flank angle: | Stress concentration
radius: p [mm] 0 [deg.] factor: Ki
PAH 0.97 161 1.2
MAG 0.46 143 1.5
COz 0.41 125 1.7
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Fig. 6 Fatigue test specimen of welded joint

Eom i TE 5,
33 FSAR T\ KaiEckB
MFEHEER LR Y

L LR LIRS TERIL I 75 X<« 7— 24
7Yy FEVARERT, MAG VAHERT 5 & O CO» 7 — 2 TAHE
WHF2 5B 6 1R MEFRE By 2 mTL, v =2
PR U IR T AR 2 > TR R IR D 09 SRR % SN
L7c GuR LEO _LFRIE 200 /710l & C) #EREZBE 7 1I9R7,
PEITRIELL, CO2 7 — 2 1AH:, MAGIAHE, 79 R< - 7—
24 7Yy FERBOIRICE < 70, FEHR (200 JTIEILL
LA R ISHRE CHiRT 22, 79 X<-7—
24 7Yy KOVARE COp 7 — 2 VAT 190 MPa 124 L
TR 2150 375 MPa ¥ % -7z, LU EOFERD S, 79 X< -
TN T Yy KRB A L CAB e — KB R T
b3z 2vicdh, MFREITEEDOKEDN L2 H[HETH
5 DR T ET,

4, L—H « T7—=9\4 7)) v FiaE
L=« 7—ON\AT7)y FBEDA) v I

o U —EREICIE, TR O TR A TA R DS B e i R
EYMEN LMD 5 WIFSMEOWRTIRIRE G % &K
OB MEHSN T, 5%, LVERET2S vy —D
b Witk EB & O R R R 2 WAL S ¥ 5 X
S =—RIIH LT, SRR & 5 PR RS S o B
PHENCHEEEZLNS Y, BIMEREEG % TR 6 8
BT 5IC1E, ¥—2#EEAEH L VITEAMTFOIRET
VBT 2 H 555, B AL —IVE T — ZIEHETIITAA
BESDIHIL ol - BREROAEDINEECH Y, L—¥

=1 HE

4.1

JFE £ No. 41 (2018 4£2 H)



HBIE# > v o — TR O

1 000

500
400

300

Stress range (MPa)

200 |---

100 '
10* 10° 10° 10

Number of cycles to faiure

X7 BAERFORSEERER
Fig. 7 Fatigue test results of welded joints
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Beam incident angle =90 deg.
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Arc torch angle
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Fig. 8 Settings of laser-arc hybrid welding
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Table 3 Welding conditions of laser-arc hybrid welding

Lasrponer )35 (e i

Arc current (A) 80, 160, 240

Welding speed (m/min) |2.5

Shielding gas Ar-20%CO2

Welding wire JISZ 3312 YGW12 (dia.=0.9 mm)

MAG 7 — 27 DSBHET 2 18 Lic, ARESMHIIR 3 IRT
eBHEL, Y= FF vy 7EHOZIILE TL—FHIEB
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(a) Sheet gap =0 mm
Laser power =3.5 kW
Arc current =80 A

(b) Sheet gap =0.2 mm
Laser power = 3.5 kW
Arc current =160 A

(c) Sheet gap =0.4 mm
Laser power =3.5 kW
Arc current =160 A

(d) Sheet gap =0.6 mm
Laser power = 3.5 kW
Arc current = 160 A

(e) Sheet gap=0.8 mm
Laser power =4.0 kW
Arc current =160 A

(f) Sheet gap=1.0 mm
Laser power =4.0 kW
Arc current =240 A
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Photo 4 Cross-sectional macrostructures of laser-arc hybrid welds in typical welding conditions
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Fig. 9 Dimension of tensile shear test specimen
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Fig. 10 Tensile shear test results of laser-arc hybrid welded
lap joints
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