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Fatigue Strength of Laser Welded Joints

Seok Jae Chu, In Seop Shin
School of Mechanical and Automotive Engineering

<ABSTRACT>

Spot-welded joints have been widely used in passenger car industry. Recently, some
spot-welded joints are replaced by laser-weld joints and such applications are
increasing. Laser-welded joints are superior to spot-weld joints in production speed,
accuracy of the product and production of light-weight structure.

In this paper, both the static strength and fatigue strength of laser-welded joints are
compared to those of spot-welded joints experimentally and analytically.
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The influence of change in welding conditions on the static strength are investigated
from the results of tensile tests. The equation to predict the static strength can be
constructed from the above influence factors.

From the finite element solution, the maximum strains at the edge of the weld on
surface of the specimens are calculated. The fatigue strength is inversely proportional
to the maximum strain during the load cycle.
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Fig. 1 Construction of laser welded specimens
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Table 1 Variation of welding conditions

Specimen ;:I::::r Travelling Speed g?:sl:; Gap b;;::::n the
Type kW] (mm/s] [mm] [mm]
¥ | ——y | ¥— Y
Al10 0 2 4 10 50 100 {-4 -2 0100 02 0.5
A220 —¥— |} x>y [F——F | ¥F—F Y
0 2 4 {0 50 100 |-4 -2 0]00 02 0.5
-y -y Y | Y
B331 0 2 4 10 5 1001-4 -2 0][00 02 05
_t (- (T | ¥
B32 1o 2 4]0 50 100|-4 -z O0foo o2 05
Ba42 — | (¥ (¥ Y
0 2 4 10 50 100 {-4 -2 0]00 02 05
—r (T | Y
€331 - 0 2 4 10 50 100 |4 -2 000 02 0.5
C442 —t | Y | — Y | ¥—i Y
0 2 4 10 50 100 |-4 -2 0]00 02 05
: Y |} ryy 4 | —t+—T | 7
D331 0 2 4 10 5 100 -4 -2 000 02 0.5
D232 —_ |y T |
0 2 4]0 5 100]-4 -2 0|oo 02 05

* 1(SPCC, SPCEN} 2(RCNCEN, SGACEN) 3(SPRC} 4(SGARC)

4 71A $HZPL EZHoz L3 F, o= 1 71 £ 2AY vHUL o U
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Ath All0 AlHE(@2 #H, SPCC+SPCC) W Z ¢ ol 1 71x £-HzATW 97dS o
A= F4EE Fig. 3o asjugtr 29 -’,‘:ngx%_,] AR dge Zie e s
YL 2 A 2t %5 HAF S FHxH0) Ay AF AP EY
& #H3 Aol

Al10 A9 A He- FZEY FFAY nHAS W o= 172 848 271 F &
g F7H20 —27 kW), °ol$E£E F7HE0 —80 mm/s)9 €A 2 AR =7 Bo] ZF71s
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Fig. 3 Effects of welding conditions on the static strength
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Fig. 4 Comparison between the predicted strength and the measured strength (static)
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Fig. 5 Average effects of welding conditions on the static strength
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Fig. 6 Spot welded specimen and laser welded specimen before and after fatigue test
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(a) Spot welded specimen (a) Laser welded specimen

Fig. 7 Distribution of maximum principal stresses
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Table 2 Comparison of principal strains from finite element results

Coursemesh
Spot Laser

ollkgt/mm’l | 4714 | 2511
Oylkgf/mm?l | 1.369 0.442

£[x10° | 209917 | 116.020

&1 taser &(spot) 0553

Fine mesh
Spot Laser

o\lket/mm’) | 5163 | 2788

Oolkgf/mm®] | 1428 0.500
€,[x10° | 230956 | 128683

0557

&1 (laser)/ & (spot)

LHE 22 84%e JAF Z(coarse mesh)¥ £FF Z(fine mesh) 2 7IHE ALE
o] 8499 Jage A3 AT Table 294 Be ANPE F 2EHALS 2479 4
S wAT HLHF FolX & g 2EHAY vlE A YAsGT) o] HE o]
o gAY 2985 48 Bk,

_61_



10 FAA, A4

500 — 0010
1. ¢ 1] Laser weided
A110-76 0009
w0l A110-77 0o
= 00073
5 I E
=, 300 ‘E 0.006
8 goms
Q
S 2 oms
; S o]
3 0 § oo}
§o.oo1 '
o ; 0,000
10’ 10* 10° 1¢* 10 10’ 1* 10 1 10

Number of cycles Nurmber of cydes

(a) Load amplitude - fatigue life data (b) Maximum principal strain - fatigue life data

Fig. 8 Comparison of fatigue test results
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