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Abstract

The laser welding in the automotive industrics has been used widely for the butt joint of blank sheets rather than
the lap joint of automotive body panels. But as a substitute for the spot welding of automotive body panels, the so
called three dimensional laser welding will be important for the body panel engineers. Specially the laser welding of
body paneis with a smooth weld line is applied increasingly, for example, to the side panels.

So far, some criteria of the laser weld quality was suggested by in-house regulations or national standards from
experiences and/or rule of thumbs. In the manufacturing places, a go or no-go criterion is adopted because of the
simplicity or a lack of rational criteria. It is true specially for the selection of the process parameters, which gives the
basic causes for the good quality of laser welds.

In this study, the effects of joint combination, gap and welding speed on the lap joint CO, laser welding of two
mild steel sheets with different thicknesses are obtained through a 2X3 X7 factorial experiment. The results of the
weld quality are statistically analysed using analysis of variance (ANOVA) and compared between two characteristic
zones, which are separated by the type of sectional shapes and the level of input energy per volume. The thickness
combinations are 0.8mm/1.2mm, 1.2mm/0.8mm of mild steel sheets. The welding speed covers from the deep
penetration to the partial penetration. The gap size has three levels of no-gap, 0.16mm, and 0.26mm. The bead width,
penetration depth and input energy per volume are measured and used as the weld quality criteria.

(Received March 6, 2002)

Key Words : Different gauge lap joint, CO, laser welding, Analysis of variance(ANOVA), Joint combination effect,
Gap effect, Welding speed effect, Automotive steel sheets
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Table 1 Chemical composition of mild steel used

(wt.%)
C Mn P Si S S-Al
{0.0025 | €0.15 [ €0.013| €0.02 |0.013| 0.035

Table 2 Mechanical properties of mild steel used

Young's | Poisson’s | Uniform Tensile
modulus ratio elongation | strength
210GPa 0.3 40% 299MPa
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Table 3 Experimental number of lap joint welding

conditions

Combination Cl c2

o2 161 | G2| G3 | Gl | G2 | G3
2.7 1 8 | 1651 22| 29 | 36
3.0 2 9 | 16| 23| 30 | 37
3.3 3 (1017 ] 24| 31 | 38
3.6 4 |11 | 18| 25| 32 | 39
3.9 5 1121 19| 26 | 33 | 40
4.2 6 | 1320 27 | 34 | 41
4.5 7114121 28| 35| 42
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Fig. 1 Sectional geometry due to thickness com-
bination, welding speed and gap

Journal of KWS, Vol. 20, No. 3, June. 2002



SR Bk g o]FFA HX7) CO; oA

r-{rr.

S e A 125

I 3.6m/min FEAAE 8271 #EE® 3.9m/min
o] o= S30] BT}

3.1.2 é@” H =&
H=Z2 thol Foko APAoz ks Hh= =
*éilOlE‘r. AEHIEE, AYPRH| =L 9 517y

AR Zr)e 09 T 2okl AjolE A wieds
H olg AR = HA| sae AgEE F=
AgHe] AdEd F93 43S =

Cl =39 AFE vj=Zo] L&zl AAA
2 H3E Fig. 20 Ay} @ &
F =2 wAdAd wet 1. 1mmelA 1.4m
olof| A e Zasitt £44 % 3.6m/min O]—?—Oﬂ
B4E 378 2ol 14mmFE oA ArE 7
o A v=Fo] Wgle gold dFe v wek
of stel dXBiH A F 2oz JYE 4 U}
%, @9 2ol S19] A% 253 g 29o] S2,

S3, 3491 AS-9] aFelt},

3.1.3 &7o]

Fig. 39 &92ole ¢H4delME 5 B4 FA 2
QA 2mm7t Hn BFREUciME HA Q1 FHoA R
B $9¥ zo|g Y o] o HIE EHe] a3

d gholth. Fig.

3ollA C2zjtel £9ddo)e WalE *-J HEWH GlolA]

1.8

1.6

T 14
E s —+—CIG1
B CIG2

£ 10 |
S i C1G3
E 08 F

0.6

0.4 L :

2.0 3.0 40 5.0

Speed (m/min)

Fig. 2 Interface bead width of combination C1
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Fig. 3 Penetration depth of combination C1
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Fig. 4 Input energy per volume of combination C1

Table 4 Welding zones characterized by sectional
features and input energy per volume

Speed V1 V2 V3 V4 V5
L L J 1 |
o
Type of ) é ' @

Penetration < Pl
Ev < EV1 >< EV2 >

Zone Z1

Border line T1
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Table 5 Border lines due to combination and gap

T1 T2 T3
ClG1 | 3.6=(3.9 | 3.%K.=42 <42
Cl1G2 | 3.6=.<3.9 3.9 3.9<.4.2
Cl1G3 | 3.95.4.2 - 4.2
C2G1 | 3.6<(3.9 | 3.9(.=4.2 | 4.2<.(45
C2G2 | 3.6=.(3.9 - 3.9=.4.2
C2G3 | 3.6<.<3.9 - 3.9
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Table 6 Significant factors influencing characteristics
of weld quality in each zone

Zone Z1 Zone 74
rank wi Ev wi P Ev
1st | C(51) | VI(20) | C(12) | V1(39) | G1(22)
GlI(12) | VI(7)
2nd | GI(17) aa(5.1) | Va(1.2) Gl(13) | VI(8.7)
3rd | VI(1.3) | C(1.4) C(1.3)
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