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Fatigue Strength Evaluation on the IB-Type Spot-welded Lap Joint of 304 Stainless Steel

Part 1 : Maximum Principal Stress
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Abstract

Stainless steel sheets are commonly used for vehicles such as the bus and the train. These are mainly
fabricated by spot-welding. By the way, its fatigue strength is lower than base metal due to high stress
concentration at the nugget edge of the spot-welding point. Especially, it is influenced by welding conditions
as well as geometrical factors of spot welded joint. Therefore, it is not too much to say that structural rigidity
and strength of spot-welded structures is decided by fatigue strength of spot welded lap joint. Thus, it is
necessary to establish a reasonable and systematic long life design criterion for the spot-welded structure. In
this study, numerical stress analysis was performed by using 3-dimensional finite element model on IB-type
spot-welded lap joint of 304 stainless steel sheet under tension-shear load. Fatigue tests were also conducted
on them having various thickness. joint angle, lapped length, and width of the plate. From the results, it
was found that fatigue strength of IB-type spot-welded lap joints was influenced by its geometrical factors,
however, could be systematically rearranged by maximum principal stress(oi..) at the nugget edge of the
spot-welding point.
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Fig. 2 Applied forces on the nugget.

R

2 dAFodM e B FHOZ A3 offsete] Fdk
223t7] 3l AAHQ 33 #FF8shdN 2y
gt om, A" 84E 8-node solid 84
132, 8488 333 74212 Fig. 3% 2t &
3], Yo A e] Hoi-g5 < ‘?—-_“EH g w3 &
g UEE ‘—17“’} H«] 845 Fo AEsiA &
Q—g—].oﬂ 1, A
73 6mm-4 ‘—17/\”?—‘_ P—F‘é 3_/,:% ALt on, T4

K=
=
Lo
=

o]

*—1 938 47 299 ol2is
EE 29 Fds&tA sttt
HaRde] JEHLE o2 (f)= 2.5 T Z
(W)= 30.0mm, AF Zel(2L)= 30.0m, 4 - 3 @

w = o on side AB and CD
uvw =0atE

Fig. 3 3-dimensional FEM analysis mode].

Journal of KWS, Vol. 17, No. 6, December, 1999




304 2@l ~ Wt [BY He3ol e B2 H7t

27

Aol FA (t)=1.0mo] 2, AHAEE HZ AEAF 2
g0 wol o] &E 1 e LAHVOEA AH]I
g 279 SUS304 B EA, 3etd ¥ 71AH
AL Tables 1, 29 2o} £ A& AlA 4 -
3 BAjo o] &7Hg)S 1.25° .25 5.02 752 W
FAA YRS S0 e o] 4] FIFE 2A
91, o gl & E H Aol 2 #FA 59 7l
5+8tA sk AV T

Ae A mdol thall Fig. 13 Zo] AlHe] FA
Z wgor AA-HudFE it TR,
8A2FE 19760z, ¥ 2P EMRC/
NISA II Ver 7.0 & AH&3ic}.
2.2 sz T}

Fig. 4 ‘:17)1 A7 (d,) =6.0m, A3 Zo](2L)
=30.0mm, ¥ F(W)=30.0mn, & FA(t)=1+1mm,
o] 27(#)=2.5"2 IBE FE&LHoZA F
(P) 294 N (6=9.8N/mm’) < 7}l& <] HAAA

ol 353 EX oA, HEFHE AFW H
LHEE’MW 2 23o] WAty ASFE & F U

of 3-

distribution
dimensional FEM analysis model.

Fig. 4 Principal stress

—~ "

Fig. 5 Side view of deformation by in-plane load.

Fig. 5& Fig. 49 #& $HEXE 2 2d9
Ao g FHEE Ueld Aelt}. Fig. 5% 2
o], E&Ho|gME - 3 HHe FAY Ho=
A3 offsete] GaFol ofa] HFgMP o] LAY}
A, o] &7 gl osiA |l HEFP o] HAYst
, ‘Ezﬂ AA-AdetFol oajr] & & ek Hy

ol op/|H I S-S AT F UAT. wEhA,
P Aestgol IBE 4 HEHol e 7R
, AEH U e o] e BTl 2% ¥y
o] 2% gsiM FL SEIFTO] YAHE AR

5:) r3 r& R

(o]

RBEZPEEE F178 HOU. 19994 12H

1-PRECPL, GTRESS

1B 1 - 2ame2’
Rure: AT TIRGT

ar. 73

M .
Lo P

&
LA 13
a3
3T
n xm
14,07
w4y

-

[T I
LR IR

Fig. 6 Maximum principal stress distribution on
the inner surface of the upper plate.
(W=30m, 0=25" t=1+1mm)

#oEn

Fig. 62 Y72l A73(d,)=6.0m, F3 Zol(2L)
=30.0mm, ¥ F(W)=30.0mm, ¥ FA(t)=1+ Lmm,
o] &7} («9)=2.5°°J IBE HE&HZA &5
(P)=294 N< 710& o, W EH ol Jehd @%’ﬁ
99 F¢8 BEXAFE 5-88 A= Yed
ojt}, 4 - & He YEHdE T2 3 o] EH

AHoz X3, ATl TS E HHE Al
Aolgarel FAMCZRE AF-Ad e o3 3
B W g Bgos 0~ 90749 BolA B
< & 4 5lgnh aeln, YRS 2402 23

HE 93y 39 WAl pEam, o
% Agge FEGGo] Aol

ok oo v o2 2 E
ol
o B e
: a8
- 9

dedl, ol Y A 315slolA A|He] o]
=7 295 HlEd s AU EY Wyo] AR
7] EQ ez AAdy, E HEH U i
UM e o] &Zol AAFE WU HEJRWES} F
7yate] o] FlE e AdE BEH.

Fig. 7& Y2 A7 (d.) =6. AA 4ol (2L)

36 83
1273

izt S
2482
20 43
L6 30
R
N1

3.5

1208

A DN A
v oensn
aom,

Fig. 7 Maximum principal stress distribution on
the inner surface of the upper plate.
(W=30mm, #=2.5", t=1+3mn)

382




28

EEH - AN M FE

=0.0mn, ¥ Z(W)=30.0mn, I FAI(t) =1+ 3mm,
ol 57t (6)=2.5"% IBE HE&Ho|SAA 35
(P)=294N& 7H& o HEH Aol vehd 3 &3

799 733 TP ehd Aolch. Fig. 69
Mal 4RE e $HELEE Holm gou}, RaE

YRR ol ol g} WS, Z
WolE g2o] ¥4 Yehtz gtk ol o B3t F
el Aol 2 Qe Fi

2.3 Z|FS=0l| Chet 7|5kety QlAtel JE

Fig. 82 &4 YA A4 (d.)=6.0m, FHZo]
(2L)=30.0mm, ¥ Z(W)=30.0mn, o]SZ(f)=
2.5 % &% (P)=294N ¢ o, yEH WAS HF
28 (01T & FA(1)Y BAE Jepd Aol &
FA7F A9 AW HE4E UAD HAFeE e F
3] ZAdhed, ole B 7 (t)7F F7HEel @t Fig.
29 ALHR BstE: FoM HYFIRWHE 9
g wo] F3Wdel a9 WS g AHdlo
AR 7] Y& Aoz dghe

120

100

’

80

80 \0\
40 Ra—
20

Maximum prin cipal stress, MPa

1 15 2 25 3
Thickness, nm
Fig. 8 Relation between maximum principal stress

and plate thickness.
(W=230mm, 2L=30mm, =2.5", dn=6mn)

120

100
P

80 \\‘\‘\.——‘“‘

60

40

20

1 1 | 1 i 1

0
30 40 50 60 70 80 90 100
Width, mm

Maximum prin cipal stress, MPa

. 9 Relation between maximum principal stress
and plate width.
(t=1+1mm, 2L=230mm, §=2.5", dn=6mmn)

3
o

383

Fig. 9 ¥&3 YA A% (d.)=6.0m, AIZ0]
(2L)=30.0mn, & 7 (t)=1.0mm, ©]-&Z(8) =2.5
Q1 Al # Z(W)E 30mo A 100mm7FA] 10mm T
A= AAA, HUF3EH) U & Fo] 43S 1}
il Aolth, agolM et Zol & Z(W)o] Frtds
5 HQF&g L Hak ghdh A L 3x go
o, 80m o]} W HFSHe A Wi} gle
< ¢ F U

Fig. 102 A&4 YA A7 (d.)=6.0m, & %7
(t)=1mm, B Z(W)=30mn, ©]-&7H0) =259 A|H
o] HA Aol& 20, 30, 40¥ 50mEZE WIAAH BA
dol(2L) el & HuF-gHe J&& vehd Ao
2, AH "ol7t Fktldx HUFSE 2 Ao W3

o] (2L)=30.0m, & Z(W)=30.0m, & 7
(t)=1.0mm, 2 3Z5(P)=9.81MPa¥ o, HIEHA
Ad HAFEH (01.) T 0] 5ZH0)Y BAE e
A Zolt}, o] F7zto]l Frtgte] wtA HoF$E L

=
, AA-AGEES BE IBY HEHo S

—
[S>)
<

60

40

20

Maximum prin cipal stress, MPa

0

20 30 40 50
Lapped length, mm
Fig. 10 Relation between maximum principal

stress and lapped length of plate.
(W=30mm, t=1+1m, 6=2.5" dn=6nn)

120
100 —

————

80

60

40

20

Maximum prin cipal stress, MPa

0 . \ L L
1.25 2.5 3.75 5 6.25 7.5
Joint angle.degree

Fig. 11 Relation between maximum principal
stress and joint angle of plate.
(W=30mn, 2L=30mm, t=1+1mm, dn==6nm)

Journal of KWS, Vol. 17, No. 6, December, 1999




304 28Qe) 2~ 9w [BY A e&HolEAe A2 Frt

Aol HatE UAHeINY $HPFe g rlskey
AAE e B TSt o gAe alH WA o
g yeln ee ¢ 4 9t

.M E

o] 4e) o] 7kA| 71etEA < AxpE] BE S
A ARE A F2E AA HE&7] HMe d=
ZE Bt Ao, B AFdME 715
AAEL e IBE HE&H oS g J2Ad
< Bslo, ]85 M2AEE Frtetid.

31 AlH 2 MEEX

B2 Jd7d AMeE AEE ey Jeate] 334
208 wol] AHgH 1 e LAHUCEA 2HIE
2739 SUS 304 #Ajol™, A|lHEAE Fig. 1% 2
o} AH o) 348t A EH 7]AH JAL Tables 1, 2
o} 23, ANEARE At HEF2ALE Table 39
RWMA(10)el4 BF3tn Je e Qe 270 &
HzAL 71Foz2 $43NT AMedE HE37)9 A
F 27 6mz A3, T A Alold o4k
' 1.25°,25°% 5.0°1dh, zela, & & 30, 50
mol®], ¥ FAE 1+1, 142, 1+3me] 3ZFF= 8}
o, IBE F&Hol&Ae W27z i A|He 7]
s18hd Qg9 JFE Hotaz st

Table 1 Chemical composition of specimen. (Wt, %)

C Cr Ni Mn Si P S

0.08 | 18.0 | 8.0 2.0 1.0 [0.045) 0.03

Table 2 Mechanical properties of specimen

Tensile Strength Yield Strength

568MPa 275MPa

Table 3 Welding condition of specimen. (RWMA

Class-C)
Welding Conditions Value
electrode force (F) 6.25 kN
current (I) 7 kKA
welding time (cycles) 6 Cycles
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