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A study on the Fatigue Life Prediction Method
of the Spot-welded Lap Joint
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ABSTRACT

For reasonable fatigue design and estimation of fatigue durability considered fatigue strength
and stiffness of the automotive body structure, many fatigue data must be insured according to
the shapes, materials, and welding conditions of the spot welded lap joints. However, because
it is actually difficult problem, there is need to establish a new method to be able to predict
its fatigue life without any additional fatigue tests. Therefore, In order to improve such
problems, in this study, the maximum stress function presenting the Ao, — AP relation was

defined from the relations between A¢ ., —N;, and A4P— N, . By using the fatigue data on

the IB type spot-welded lap joints previously obtained from the fatigue test results, fatigue life
of the spot-welded lap joint having a certain dimension was tried to predict without any
additional fatigue tests. And, its result was verified by 4P— N, curves.

Obtained conclusions are as follows, 1) a maximum stress function considered the relation of
the maximum principal stress, fatigue load, and the effects of geometrical factors of the IB
type spot-welded lap joint was suggested. 2) the fatigue life predicted by the maximum
principal stress function and the relation of 4o, — N, was well agreed with the fatigue life

obtained through the actual fatigue test result. 3) the fatigue life of the IB type spot-welded
lap joint having a certain dimension is able to be predicted without any additional fatigue tests
from the fatigue life prediction method by the maximum principal stress function.
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Fig. 1 The simulated model of the IB type spot
welded lap joint under tension-shear load

(u:  displacement of x  direction, Vv:

displacement of y direction, z: displacement of

z direction dn: nugget diameter)
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Table 1 Chemical composition of specimen (wt. %)
C|Si|Mn | P | S | Ni|Al| Fe
SPCC|0.12]0.01]0.0127|0.015[0.007]0.025]|0.045| Rem.
Table 2 Mechanical properties of specimen
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112 A=A ENSHE =2

4 3(principal stress) ¥ ¥ & Fig. 29| YEMY
o yzlde HoF-8-H(maximum principal
SUress, 0 ma ) A¥H Zopikgke] FAM o2 Y
AA-AGEe] 9t S ANY Wy whoggko
207 ~90° #HY oA dAsgen, YA
(nugget) & FHOEH F3F dAdXe 9%
SEo] YA EXFES ¢ F AT

Fig. 3€ Yz A ZA(dn)=6mn , ¥ FA(t)=1mn ,
o Z(W)=30mm, °l&ZH 9)=2.5° 2 HE&Hol&
Aol A, HEY WD AAFEE( 0 m )T

ol &Alel FAAol2L)e] BAE b Rolch
Fig. 391 23ol4 & whe} Zo], APQol:

ST YA 2= HAFEH e

Fig. 2 The maximum principal stress distribution on
the surface of the upper
(3-dimensional model, §=2.5° )

inner plate



HeHo|SAle] ANESLY o Z7 Yo B A7

W =30 mm

t=1

@ =25 "

{0 rmax), MPa
- 8 & 8 8 &8 & B & & ¥

Maximum principal stress

+ 5 2
Lapped length, (2£/2L,)

Fig. 3  Relation between maximum principal stress
and lapped length

am;
?
[ 1% W =30 mm
_zsz :z \ A =30mm
835 o=25 " |
€5 w N\ i
SR N z
%8 . \\
E © ~
x
© 20
= 0

0 05 1 15 2 25 3 35
Thickness, (t/t,)
Fig. 4 Relation between maximum principal stress

and plate thickness

79 o] ges & + Utk
Fig. 4= U218 %(dn)=6mm, AHZelQL)= 30
mm, % Z(W)=30mn, °]&ZH 6)=2.5" A 2%,
B UAD HAFLE(01ma) T F FAOS
#AZ vehd 74011:} B FA7) ghobA 9, u%
dolgA AR AFgeol 2ol A8

Z(W)=30mm rJ. o, & 7 t=2.5m °o]’Fo|H,
xé%’ﬂ"l%iﬂ«] HHE‘:E Yl g A o] &3 F
th3k ggko] Ae] AAEE ¢ F Utk oA
o FA7L %E"WL A7 6mnQl HEH A
3l 2EEEUE, Hdgdd, ¥H9sd

gh[10]el o A F919 MPFrtE YA
o gEYZo| Z7kska, @ FA7k AN, B
A 2 E(moment  of inertla)g} &3 724
(bending rigidity)e] Z7F2 £3HH Folo Wy
of HuHoz TolPoz Yt SHAFE

2L =30 mm

t=1mm

© =25 °

(0 1max), MPa
5]

Maximum principal stress

1 1.2 1.4 16 18 2

Width, (W/W,)

Fig. 5  Relation between maximum principal stress
and plate width

2 |

8 180 i

& © 180 !

_8 % 140 I

g% = ——

8 g / |
€ )|

£ £ w0 W =30 mm i

s5b @ !

g ~ © 2L =30 mm

— t=1mm

= 2

= 5 j

08 1 15 2 25 3
Joint Angle, (©/0,)

Fig. 6  Relation between maximum principal stress
and joint angle

} | W& 2 Rez waHEc
. 55 YA A (dn)=6mmn, 4272 ](2L)=30
]9‘—}(9) 25° 9 o, WEH HAg Hd
'G'E':‘(Ulmax)"’}‘ % FHW)e #AE yeid A
ojth. & FA ()=1mnol| thsted & F(W)o] 57}
stoigte gAY HEH YZlidelA Y
ST N FF2 o 5S¢ 5 At
oo, B Fo] FUhslH W EUE.]
o Hew ol @iﬁﬁi’i Aol &
Ao Yzlcke] dAdste HdFde A A
o2 oiEy, Hoz wuEd HulgdE
Ao X3ol % AP L B F71sle
AdEozy AdHor HRETY HEHo] S
A UAGS HHFLE( 00l HE FEFo]

Hagr] Wi Aoz Alsdrh
Fig. 62 Y712 7(dn)=6mnn, 737 0](2L)=30

H[8H 3=, 2000 113



mm, & FH(W)=30mE o, HEH |zld HogF
SH( 0 1ma )OI 0)9] BAE HEPE A

ojt}. o] &k f)o] AAFE UEH Urde &
HFSH( 01 )2 A AGHOE2 Z7M31E

Age dein 982 ¢ 4 At 3 o)

S8 o0l B W AARIFOL
2H oplgs A FYel @ HHuGol A
7) wRol, ol olgzte] AAFE HEA
oA WABE EE gAFC] oplE 4
A& «Iﬂloh— Stk olabsl Aeety a4 2

_4.4

g A F2E A F837] daMe H2
7o) tﬂﬂ 71813H QAtge] 9S HEY
ezt Q7] i, B dFoME olF UxE
n#ste] ALe IBY I A4 A" o
N2} Eg Frietsch

3. 828032 =22 "I}

3.1 AlH 2 AlEErH

W27 % dolHe o 7Hx 7)5ets P4g
7HAE IBY HEHRAE o R HI2AY
S Fyste] gs5signt ARARE AHEA A
Atz oR gol] AMRHIL Qe WidddH
(SPCC)o2A, sletd iR 744 44de
Tables 1, 29} 2tk H8HE& F717k 2dA
HEH7 (A AEH 10kVA, 60Hz)t 27 6mne
AT HA 1 Fsth

SH2AL v AFEH7) ARG AM A

A3 gl= Table 3(RWMA class C ')&7)&
o2 3o MdAs, SHH 37 oF

Table 3  Welding conditions of  specimen
(RWMA class-C)
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t: thickness of specimen

t,: thickness of standard specimen (1mm)
W: width of specimen

W,: width of standard specimen (30mm)
L: lapped of specimen

L,: lapped of standard specimen (15mm)
g: angle of specimen

8,: angle of standard specimen (2.5° )
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