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Fatigue Analysis of Spot-welded Multi-Lap Joint of STS301L
Using the Maximum Stress
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Abstract : Since stainless steel sheets have good mechanical properties, weldability, appearance and corrosion
resistance, they are commonly used as one of the structural materials of the railroad cars or the commercial vehicles
which are manufactured by the spot welding. Among the many kinds of spot welded lap joints, it can be found that
multi-lap joints are employed in their body structure. But, fatigue strength of these joints is lower than that of base metal
due to high stress concentration at the nugget edge of spot weld and is considerably influenced by welding conditions as
well as the mechanical and geometrical factors. Thus, it is necessary to establish a reasonable and systematic design
criterion for the long life desigr. of the spot-welded body structures. In this paper, the stress distribution and
deformation around the spot-welded multi-lap joints subjected to tensile shear load was numerically analyzed. Also, the
AP-Nf curve was obtained by fatigue tests. Using these results, AP-Nf curves were rearranged in to the Ag-Nf relation
with the maximum stress at nugget edge of spot weld.

Key words : Tensile shear load(%17-4 ¢+3l5), Spot-welded multi-lap joint(t}F A3 HA&H o] S-A), Spot
welding(Cd &), Nugget(1q 71), Stress concentration(-2-2 2] %), Fatigue stregth(¥] 7} %), Maximum stress(3 ti)
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Nomenclature Subscripts
E : young's modulus (Mpa) AB,CDE : node point
FEM : finite element method
2L : lapped length of specimen (mm) L ME

AP : applied load range 2} A= T A(press) 7HEH TS vkt
g 2F34 §4 So FEAY oot
Aok 225, AEAke] TRE dubE e
F Z(side frame), H F Z(roof frame), u}=F

Z(under frame) ¥ G- Z(end frame)E T4 5

Omac Maximum principal stress (Mpa)
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o] glom, Z}zte] F2 & 9 W(skin plate) 7} 2 =]
o] FZA ZFAl(structural rigidity)S X AAFLZE
2 Azt

Tz B L BZ(fame)F 5& TAEE A
HAA= T2 F74 1.0 ~45mm A= 2H A=
ZHSTS30IL) BAE Zaj = 7h2s)A o aha) w7
AZS AgsbAr), #Hehd(closed section) Aol =
=3 lon, o]g& dAFete sFoEE
L7 7t2gF o] ALHa ) 53], A=A
A2 R 2P ol = ThFe FA Y A E2H &
34 o) o BAN A S0k 3 4
7+ Bt

a7, 338 ol thE Ao E HET A &7
ol A A= 2 A A &4 oAl vl
& (deformation) ¥} -2 ¥ A4}3}o] Atolg gk
ofz}, A 8579 2|
7] W&ol 1o o3t -2 7= (stress concen-
tration source)o] 0.2 A, BHE-3}=50 o] 3t M 27}
T (fatigue strength)7} & Al (parent metal)©] 2710} H]
s N "HojA A 1) 2T E(fatigue crack) 2] 2gto)
=31 9t o] wfEo] A S o) A= A
2hg A 9] A H adel H &35 AR
=d o8l 2HH e A% FA] gk

A, A=2F A T3 JrleE 28 Y
™ A A7) Z(long life design criterion)S & W 37

AeiM= 37 ol s A H &3 oAl i

kol A7 4 mmel ol

—_—

@ SALT L N ekn 2P =T B
ASl A Zastn AL AYolch BT, AR
A4 7 3EE 3 AHHE Re A

zol, 43} AAsh 5 &
#)) o] A (simulation) A] 5@,{—% aetati, 848 FRe
2T HrF 7| &S 7] b Aol A3
= 20) Akl m”’
mebA, B ATl A s Axe AEat Aol
4§ 2 DERY Y $4 ol eA B3 ke
) I EZF 9l o] ndg T35t 181, o5
o1k 5t (tensile shear load)& W= ZH$-oll
WE SelNE e, 1 29 E vEos
EAEE W0 EA, dFHFT A &H olSA
o] Z ol 1] & &)X (fatigue analysis)
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Fig. 13} 22 TS3(tensile shear type) 1 &4 o]
Al I-AdatFol #gskdE, A &4 A
(spot welded nugget)oll = ™ 1§ Zj‘,‘d-%’(m-plane shear
force)™ H 9] #3] &7l E(out-of-plane bending mo-
men)7h BEEF 02 4837 Hol, 0k She)
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29 U F9)e $HBE AYE S
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9% Tables 1, 22] STS301L #A4 2] v A3 A
£ o]SAol Uigt ARG KHo=E, fuH
A A &4 ol FelA Fig. 1(a)9] 2LF(2 sheets
lapped type)S 71 B2 A 2 3} 11, Fig. 1(b),(c)2] 3L7}
aLe] AlEH oA B A 2}st
At

a3, o] REES AR BAAZ 7oA e
dAg 2 dAdof 2 AsdEn A
A &@GAN A A A-g3ka e el FA, WAl
217, A3 wi4& 112]38}o] Table 33} o] theka}

Al Al E & A Z8FA o)

d(simulation model)&

Table 1 Chemical composition of STS301L
C Si Mn P S Ni Cr N

6.0~ | 16.0~
0.03 | 1.00 | 2.00 | 0.045 | 0.03 30 | 180 0.2

Table 2 Mechanical property of specimen

Yield Tensile Elongation | Processing
Symbol | strength strength %) management
(MPa) (MPa)
LT | >2156| »5488| saqr | Sobuion
treatment
DLT >343 >686 >392 .
ST | 24116 | >7546| >343 Sklr?liﬁ’lass
HT >686 >931 >196




b

H

T
T
——

HH

T
T
1
1

o T @

c e
a,b,e,d: (v,w =0 Mx,Mz = 0)
c{nugget center) : (u,v,w = free Mx,Mz = 0)
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Fig. 1 FEM model for TS type specimen subject to tensile
shear load

2L, 3L, 4L A &4 ol &4 ¥ #o THoE
213t S-AMl(offset)?] S 37 s IS Z
3138 (method for fatigue testing for spot welded joint)
o SlASH] AAH 3L FLL2HY FUL
Ageiglon, 2 B $3) 435 Woel ok
Fge S8k shak 28w, 2 AR 39,
g-shel iHAE et AJHe] gl 7hea

B QAgetEol 47 S mme] 3 $HF-ol ALY

iS22 o238t STS30IL CiSXE HEH olSx|2 T =aj4

Table 3 Specimen types for FEM

Nugget
Lapped Lappefi type dia{ﬁiﬂ
sheets (plate thickness) (mm)
LT(4)}+LT(4) 10
aL LT(4)+*HT(4) 10
ST(2)+ST(2) 7
DLT(2)+ST(2) 7
ST(2)y+ST(2)+ST(2) 7
- DLT(2)+ST(1.5)+HT(4.5) 7
DLT2»+DLT(2)+ST(2) 7
DLT)}+ST(2)+ST(2) 7
oL DLTQ2)+DLT(2)*+ST(2)*+ST(2) 7
| LT(4)+HT(4.5)+ST(1.5)+DLT(2) 6

LT: Low tensile,
DLT: Deatlite tensile,

HT: High tensile
ST: Special tensile

o Agd" # AR Fadk MY Az
2 T3 Fig. 1(2)9] 2L8] 7 -9+ EAHA) AH3
t}. Table 3o vFebd nie} e 3714 A7 9] &4
A%EsdAe) $WA 848 Agshgon, v
12| 3 @3ate= A ool ) ¥H A- S 5
2P0 st Ue AT, U FAE o
A AR FAZ H =g st 281, &R W
718 A &3 oA of7| %= WH(heat gene-
ration)ol] €3+ & ¥(thermal strain)® A= 712
o &3} AA)H E(plastic strain) 0.2 A 9= Ao]
3 7|AH A-E Adch ', f3ha 34 Al
Uzl Eo| g 284 Al<(Young's mudulus)s2
NAH 4AE BA ) Felsfof Baiy, 117 4
7o) £ mme] F/do]7) wjFolf AA 2 HZlE-2] 7]
A% AAe ARR oz A4 245717t S o
Ak 1213 {FF8AsNA Al YRR FEAEA
42 A% BANAA AR AT 9
ol AAH SHELANE E 9] UL ¥l
o] 535 570 AT ANE Ao R, B AT
2A% 5711 TR AIG E4bS 8 Yl Hel 9
2 3te] A8ttt SAo) AHEE R AE 3R &
HA Q(solid element) A Z} o] & FAFH (A
2=, AA 4= 2081164, 1922), 3LH(1164, 1922),
4L3)(1164,1922)0] T
23 (modeling) 7} &4 AL FEZED
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391 2L, 3L R 4L¥ A|HY ST TN E=
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FeElot A S-3 ghe Ao ge & = Tk
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AUHA T, A2 | TS FANAE Be] B9
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Fig. 2 Stress distribution around the nugget edge on the inner
surface and deformed shape of 2L type joint (ST+ST)
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Fig. 3 Stress distribution around the nugget edge on the inner
surface and deformed shape of 3L type joint (DLT+
DLT+ST)

Fig. 4 Stress distribution around the nugget edge on the inner
surface and deformed shape of 4L type joint (DLT+
DLT+ST+ST)
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Fig. 5 relation for various spot-welded lap joint
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Fig. 6 Fatigue crack revealed around the nugget edge on the
outer surface of the specimen (P=931kgf, Nf =10,843
cycles, DLT)
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Fig. 7 Relationship between 4o and N of various specimens
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