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An Estimative Model of Spot Weld Failure—1. Failure Criteria

ABSTRACT

A good grasp of the failure mechanisms of resistance spot weld, widely used in joining the
auto—panels, is essential to the structural/crashworthy analyses and integrity assessment of
the whole auto-body. In this study, we provide an estimative model describing the failure
behavior of resistance spot weld, and apply the model to the finite element analysis of
crashworthiness. First, in “Part 1—Failure Criteria”, to be used for the finite element analvsis
of spot-welded structural panels of an auto-body, (i) a methodology for quantifving the spot
weld fallure and the accompanying fallure critenia are presented, and (i1) the coefficients of
the fallure equation are determined by a minimum number of appropriate experimental tests.
To achieve these, we derive the functional form of the failure envelop by limit analysis, and
correlate it with the form in PAM-CRASH'™ code, and also investigate the effect of the
tfailure coetficients on the faillure envelop form. An estimative model obtained in this Part 1
as spot weld fallure cnitenia i1s applied to the macroscopic finite element analysis of auto-
body structural panels using PAM-CRASH'" code in Part 2.

T8/]1%8°] : Spot Welding(3-83), Failure Criterion(3&71), Finite Element Analysis(f-3
£48)4), Limit Analysis(=3%ts)]4))
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1.4 3.3 1.32 3.8 1.38 3.8 1.40

48

olehr, ojRd, MUTE

T




30
&

Load(kN)

0 2 4 O 3

9 278 A A9 FY
ﬁn] wr***?}ﬂ?]“ Z«]'Z} ].O"“:I' 14mm"t_.

ez W97 HelHo U

NA-AT Ao M= Huisks EAAA L] 3H
Zto] HptZ7 Al Ao TaT Mol
ol2idt AV FHE] A AH-HG AlHA
HdstlsAlHo A MTSS HAAA 1 AlH9

PAZES 2459 1 A% $747 1.0mm
ol ol Bat 25°, FA7F 14mm 5ol
= B 20°9] 3]Mzto] PojFch okgH AWY
ShChORe QAR &4 ATAYe) 27 ¥z
sheko] AZElE 17 ARRolN F wae) g

7} A|RFEO], diglE o w Feld F 3 uAje
AR} FfHo] Eo] A+ HE7t AFEHUY w
dbA] Fig.12el B ZAAdy Hugudls § o
AH7E Ad] RoiAA F2|H77HA] AL e
il 3lAo]| Ao zic)

3.4 UCERAN 2| 23

ol A 1Al HEHAHE h3 A|YH L F3E}
o} Fatedal Adh AYHET Aol w4
2ol Hd AF-AY 32 2 2Rz} ol
—3— o] &3t 24480 ded HA2UHY ATE

3= AxE #4358 PAM-CRASH™ “ﬂﬂ st
':Jrf»’t- HAxoll A ALLE= A AleEE 2
Ast 4= i} o]g A Jojzl z} *llﬂ-rvﬂ@r *lﬂi

HE LT g opdzH AlgtEe] Table 5
o AHejxo] ),

Aol el A r»}rx] A&z utgh Qofy I Ty SeAsREe s FHAE Huz
T s2-ug] TATDo| Fig12¢] veht gk &1 249 g Figl3dld 2 4 Qo sy
- A]ﬂwwz AYEEe) Zrle] wet F & A FAL F42 wY 2L FAE A
A Wyle] g Fel FW Agshe AYE B AU A AYEES E5F ¥ e
ATAT 1 ABHE GEAN AINY QY e, o)) AR PPUhe e o
o] 71oo] Ma] ASS o & Uk Table 491 ©o] oAl dohke R, F YEHY sl
7} W& wo] ols) AmsEat o shegel W sk dEel 1% AN oulwith olu s
Table 4 SIZ-Mch AlBA| HESTo W XisE 2 4SS
0.5mm/s Smim/s 50mm/s
m(zement max. ln:)ad displacement | max. load | displacement | max. load
(mm) (mm) (kIN) (mm) (kN) (mm) (KN)
1.0 3.3 6.93 3.4 1.14 3.9 1.21
1.4 1.8 0.11 2.2 9.62 2.4 1.04
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