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ABSTRACT

Failure of spot-weld joints in car body may cause noise, vibration, and safety problems.
Systematic procedures for estimating fatigue strength of general spot-weld joints are developed
in this paper. Fatigue test results for various spot-welded specimens are analysed using the
finite element method. It is found that the maximum principal strain at the nugget boundary
on the inner surface govemns the fatigue failure of spot-welded joints.
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Table 1 Material properties of SPCC, SPRC35

Mechanical properties
Young’'s | VYield | Ultimate .
Elongation|
Modulus | Strength | Strength (%)
(GN/m?) | (MN/m®) | (MN/m?) v
SPCC 192.9 154.6 276.4 53.6
SPRC35| 204.2 233.2 3352 40.1
125 40 125
a g
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(a) Tensile-Shear specimen
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(b) Cross-Tension specimen
Fig. 2 Spot-welded fatigue specimens

Table 2 Material properties of fatigue test
specimens( TS and CT)

Material (Specimen Type) Plate
Thickness
SPCC / SPCC (TS) 1.0 mm
SPCC / SPCC (CT) 1.4 mm
SPRC35 / SPRC35 (TS) | 1.0 mm
SPRC35 / SPRC35 (CT) | 1.4 mm

Nugget Diameter = 6.0 mm
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Fig. 3 Variation of normal stresses o ,0y at the
inside surface with the distance from the
nugget
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Table 3 Stresses and strains at the distance 0.5 mm
from the nugget

O xx Oyy & xx Ratio
(MN/m%) | (MN/mD)| (x10% | R

TS(1.0t) | 2880 8.05 136.8 1.00
CT(.4t) | 8375 3141 386.2 2.82
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(b) Transformed fatigue test results
Fig. 4 Fatigue test results for TS and CT
specimens(SPCC, SPRC35)
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Fig. 5 Various fatigue test specimens
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Table 4 Material and dimension

Young’'s | Poisson’s Plate
Modulus Ratio Thickness
(GN/m®) (mm)
1929 0.3 14
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=T i (d) 307 specimen
(a) Tensile Shear (TS double) specimen o, tange : 19.6~117.6 MNn®

0, range : 53.9~98.0 MN/m®

(e) 45° specimen
(b) Tensile Shear (TS single) specimen oy nge : 392~171.5 MNAv’
o) range : 382~117.6 MNm’

_ _ () 60° specimen
(¢) Cross Tension Shear (CT) specimen oy Tange - 52.9~2205 M/
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e NYel 12 49 84 28



(g) 607 specimen
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Fig, 6 Deformed shape and maximum tensile stress at
the nugget boundary
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Table 5 Strains( &) at inner surface nugget boundary
and their strain ratio(R)

Specimen Strain(ew) | Strain Ratio,
(141 | (»107%) R
A(TS double) 24.4 0.25
B(TS single) 976 1.00
Cicn 395.1 4,05
D(30° 3 540.0 553
E45° ) 778.3 797
F(60° ) 1004.3 10.29
G(90" ) 1343.4 13.76
mmglwmi_ 442.2 4.53J

Appiled load = 98 N

Table 6 Strains( ¢ ) at inner surface nuggel boundary
and their strain ratio(R)

Specimen Strain( e ) | Strain Ratio, |
00 | (X107 R
A(TS double) 34.0 0.25
B(TS single} 136.8 1.00
C(CT) 781.3 571
D@30° ) 1031.2 754
E45 ) 1501.5 10.98
JUG 1949.1 14.25
G(90" ) 2624.9 19.19
[H(U _tvpe) 8647 6.32

Appiled load = 98 N

Table 7 Strins( € ) al inner surface mugget boundary
and their strain ratio(R)

Specimen Strain{ £ ia) | Strain Ratio,
(08 1) (X107 R
A(TS double) 42.55 0.25
B(TS single) 170.7 1.00
C(Cch 1221.6 7.16
D(30° ) 1588.8 9.31
Ew@5® ) 23258 13.63
F(60™ ) 3028.5 17.74
GO0" ) 4092.8 23.98
H(U type) | 13489 7.90

Appiled load = 98 N
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(b) Transformed fatigue test results

Fig. 7 TFatigue test results for various specimens and
equivalent maximum loads

Fig. 7a)% 2% A2 AHe) g 524
4 B} BAAAL UEY YR AR A

Hed AH

o A= #9 a4

Efele] ZES 7o A9dFe 29 P
M0)E BY U7 2A o) FHol G4
%e A FZAYAL AgsuE A I,
LR FeF UFAEE WA AR B
@ 2Edd(end BAEGE Re BIeL

Table 8 Effect of plate thickness on strain

Plate Strain .
. . Ratio
Specimen | Thickness| (&) ®
(mm) (x10™®
B 14 976 1.00
(TS 1.0 136.8 1.40
single) 0.3 170.7 1.75
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