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Fatigue Life Prediction for Resistance Spot Weldment of Aluminum Alloy Sheet

Keon-Yik JANG*, Byung-Guk AHN** and Dong-Keon KIM**

*Department of Mechanics, Jeonju Technical College, Chonju 560-760, Korea
**Faculty of New Materials Engineering, Chonbuk National University, Chonju 561-756, Korea

Abstract

The [atiguc life is predicted on tensile-shear spot weldment made from Al-Mg alloy sheet with thickness of 0.8mm
using Mitchell's method and uniform material law by Bdumel and Secger based on local strain approach. The fatigue
propertics of critical HAZ vegion are estimated from the tensile property using simple hardness method. To predict the
fatiguc life of spot weldment, the local stresses and strains at the potential critical region are estimated by Neuber's
rule. The predicted fatigue life based on uniform material law using HAZ's material properties provides good results

within a factor of 3, conservatively.
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Table 1 The chemical compositions and mechanical
properties of base metal

(a) Chemical compositions (wt. %)

i e Cu | Mg | Cr Zn Ti Al

0.1110.12]0.18 | 4.56 | 0.04 | 0.01 | 0.01 | bal.

(b) Mechanical properties

Tensile Flongai Young's Poisson's
strength, 0y gmz%l)on modulus. F l‘af:{o v
(MPa) ’ (MPa) '
275.38 26 70,560 0.3

Table 2 The spot welding conditions and nugget

diameter
Welding |Electrode| Squeeze | Welding | Nugget
current force time time | diameter
(kA) (kg) (cycle) | (cyele) (mm)
22 252 4 6 55
235
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Fig. 1 The schematic diagram and dimensions of

spol. welded fatigue test specimen (L=100
mm, W=40mm, T~0.8mm, C=Nugget)
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Vicker's Hardness, H, (Load : 300g)

Nui{é:el HAZ

H(J'Allll‘llllllll||Il||l

Distance [rom nugget end, r (mm)

Fig. 2 Distribution of Vicker's hardnecss for 0.8t Al
alloy sheet spot weldment

oo [MPa=2.331 - (L252)" 11,
714, opE ABFEelR, ne WHASAG LA
A AFNES 0.2~0.3 429 & 2 'n g
HA Qo E dpdae 0.22 Agsnt 4 (1)
of gt FHE FviE FEE A8HT HAZ
e Bt ok 76.72A o]2NE Aozl g 4k
183.41MPa°]Qe™ Table 1(b)ol 28 wael
audkel Beled 34%%] kg Bt

REEEVERTEERT RN

4

Aty o g M2uHEs A (notch)t S Y FHe}
A AR FeolM dYEER o5 g ¥ 72
29 2o BAeHS 011%6}7 AeMe =53 o
Aol A HPE 21E A §le dnaE 4998
A8 (smooth cy]mdmal—spommen)01] H8A)7]3=
HEE Aol AF7] FZA9 (strain-controlled low
cycle fatigue test) S ZHE F23HE o Z3l= W
& (strain-life) ¥Whgeo] F o] fFT}H2). W
111_7:40] g—]_lo] oﬂ 'LQ ”]'711 5_—] [q] ;HEO] _r-?;t] q_ H:]E]

2 A gadydds dojxe g 2g A~
FoRRE A (2)¢ 2L WY L HYF ﬂ”ﬂ
(cyclic stress-strain Ieldtlonbhlp)}‘] 2 VR 42

Ach, Tgt 525 e BMEE o8t Faa) K
HEFol o3 e ozl b ] 3 2w
HE-1 DA (strain-life relationship)® Uehd

:"_.
ik,

B

Journal of KWS, Vol. 20, No. 2, April, 2002



drlE Gon AY 48459 svgn o 119
=L+ (2 ) er 0.6e,. c=—0.6 ©)
/‘;6 = /};G + A;ﬁ =%(2Nﬂ"+ e/ (2N)“(3) A7\M, o A= (true fracture strength),

er= AAH A (true fracture ductility)oP A%
o]7]A, Algella] B}, v go] 7ol i dlolEe

O'f" = j].&:. C}Eﬂ]

b — HE2ATAS

~(fatiguc strength coefficient),

*(fatigue strength exponent),
gs = 3294975 (fatigue ductility coefficient),
¢ = J2AdA)F(fatigue ductility exponent),
K= g2 A4 (cyclic strength cocfficient),
n’— e WEEA8] 4 (cyclic strain hardening
exponent) .

= 2l oMie] HAZE ;Z-Z.JFﬂp}Q]-
e £l 0]-7]5101 igtdoe] WAEE
oA RA 2Alg 71AA 549 sS4 gro] chit
o} wipd e HEHY oS Al ol dAY
Ao] wfg AHA 5H4-& sl Fojopit AHA 9l
= WS 4uE gRd 4 gk ooy R A
ol 2gxle dhel A Al WEHE-TH WE
oyl el i Al WiEAl Bag AR
& 47] 9%t AlEEe] EElEo] A 6
dlojele] fE7F Brleg d3lo|th

ghA dag5el a2l &xzd, 84, d7l
AE, AF-eH, Al 59 o Aapt G 1A
‘}lB-L]r, dhe] Ao slidAdmiz WlAR E

$443 4ﬂﬂlﬂﬂ oty A gep
wrebA] B dAFeAs A AlEe] A ARy
SR ERE ) ]%‘% el $EE oS WS
olgatyon, &4 ofg zFE&Ye| 4
21 gsket & 3 dA HPH (method A) 2 ;
1y 3 2aAlek HAZS 4=, GU_n—rH o7 o
% A= Mitchell o) WA (413 FEAA
H{method of universal slopes)ell &3 &/ 3 c&

A% sk Kikugawa, HiA (5)]=

_II}J
i

of i

-I'L
Z
r"_‘_'c_‘
=

Manson' 9] WA
—,1-0]1 Sl Qﬂ%“’ﬂ

o] %}04 I REGAE o] g-a3ict.
o =0 =0+ 345( MPa), bﬂ——élog(%) (4)

NEHGIREEE 2046 B2, 20029 47

guzt olggrR X A SAEY technical
report 0!] 28 AR RS BARE fxsio A
et

g K n'2 4 (2)9 i SY-HEE A
o} A (3)9 HEE-TH AAZRYE 4 (6)3 2ol
Qlofzict”

o/
K = 'T.
(f)

n =b/c (6)

olo] Fdld didARe HAREHHS A7) fg
F x99 (method B)o.2A &4Fv)Ed ety &
ol thated oy 4 (7)F 2] Biaumel ¥ Seegerell
olal 7|QHE Uniform material law”™ 7} o] 54},

& =167+ FLN) 40,35 - (2N
)

olige] AAE AX Lo EAHEEE oldsid A
fh5e gZge] dFEen, o BHAEH &
A b E] (mean stress damage parameter) A
FR7 olgsa dE A (8)9 Morrow 27 4|

9)¢] SWT(Smith, Watson, Topper) *%o] #].&
hl }. old method AE T8 doldl SHUES 4
(83 (9o 22 A8% 4 9lev, method B9
Asele 4 ()Y e 3 iR oA

[ 1.67 . O'(/]
e o/ R, 1L Qe B A &2 A4 b,

TA8HA At

2 A%

ef . ¢ HFEo] FHldEAE

?Z(W_MQMﬁmﬂMV ®
O * %E (Jj (2N + 0/ - &/ (2NP"7¢ (9)

g7\ ag/2e HEE AF
Omax & HW-8-8 (maximum stress).

H (mean stress), Na= =g},
A718] F71A] whel wieh 57g, A%E BAel HAZS
BhE 23 s EA70ceyelic stressstrain propetty) ¥

“(strain amplitude),

o E E eI
Ome ME}_\T(._Q

237



120

Y-t R-A ¥

25X (fatigue property)3FE-2 Table 3o &3}

Atk o714 2Ae] Af-ole Table 1(0)Y] opER
H, HAZS| Zfdly HlA2 Axgesiy s34
oyFAE '—rﬁ- )ﬂ&:—"éﬁl“ol H7hAn,

32 =53y A ZRHYES HI}

ARl dEE e VAV FREe IRsne
WA R g2 ARge)ale] A9l gHoli}
MY A 99e dey rr}d‘rﬂ olF TEEY
MEpYE A4 U e delMe 2E4, e
AR B 58 B ARl FRLE 2RAEF
B WA #r)stedof gt

HEURY 28 F2AoR g Frie) 977
Eoll JEE vlae WF W7l Avbkte) Rgy o
=P ES A WHoR Hrele Aol o7

TLALE

9} 22 B4 )ﬂ““% l b'ﬂ °“‘°] QE'EM F okl A] =
THES AEY A5 A Bo] HEsa 9o Al
A ol 45t ol m g

A E e ALY ol (nominal stress
hystory)+r 3 9 2353 B9 (nominal stress
range), Sy FAWEE ¢ (nominal strain
range), Je(~dSy/E)7F @AEA e b

Neuber Ha & o]59] BAE 4
o o)714 B o
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E

#(nominal stress, Sy}, HdQialMe =a)
1ozl & 714 (maximum equivalent stress,
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Table 3 The cyclic slress—sirain and fatigue properties
of Al alloy sheet spot weldment

af / K’

L'ype (MPa) b &y c (MPa) n K,

Method | B-M|620.38]-0.1089| 0.4 | 0.6]732.7]0.1816

8.05
A

HAZI528.351 01268 0.4 | 0.6]641.22/ 0.2113

Mothod | B.M| 459.88| -0.095 | 0.35 |-0.69|581.41| 0.1377 | .
- 8.0%

B lnaz 3()6 29] -0.095 | 0.35 |-0.69|353.93| 0.1377

e andd g, 39 Jehhdu}h, feted 84
Z2 TP 48 ANSYS/T o850 334 solid
947 ALEu}. WA A 5 ’Smm A 0.8mm
9] {7lL E@b}"— Aboe e z;] 2 yolume A4
Is= T LAY sl 5244 4 sl
HZlR] disle] A% dAgislo] AR wE s}
ojwf HAHE 20,3067, L4hFE 6,784714h

4] (10)9-] Neuber hyperbola )3} 4] (2)9] Q=
Q~t';3...H16‘J"='5 :.T'_)\'].A]OH "-‘.}_ﬂ 1:3’_% -1_\_] (ll)j]. 7‘_:1-01 =
&4 (o) THEGE(s)o] dojxg, 2 (10)9]
Neuber hyperbola 43 2 (12)9] hysteresis 4
Homwe o5t oo WH 3 As, Aol 1S A

(13)= 714'0] ‘]—{1_017‘&_]1:}.

o[ ()] el
deo gy (g)" .
G >”" S

IFig. 3 3-dimensional finite clement model
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2toll whth @A) AAsk= 5{” .y} F-EE
S Hrksla 2L A3 Table 49 Table 5oll %3}
act. ol#E A¥Ee 24w ool 4 (’)F
(9ol A == HAZS 444 24% zm —-yeqﬁ} A
92 38, Ag¥le] 2d2 Fat Blm, PFEHD.
Table 4% 4FF 3 1Y vA) ‘;-; HAZ]
ANAE EAE method A9 7H7F AH8AA B7ke A

§ARO) AR AN FFUYBRSL $5F Ao,
Zpwggel Al wANTh HAZS AASHE
a8 2k W A et 3R-guel F%o]

Table 4 Local stresses and local strains of Al alloy
sheet spot weldment from method A
based on Neuber's rule

(a) Using basc metal material property

29 AAEALS ol &t A7 ¥ =A vyt

olgg A8k Table 59 method BE 2-&4]7]
*?—Oﬂﬁ‘- TYsh Jeldel w3k vk on R
£9 2% method Aell ¥[3Fd method BE A&
obv: Z-tellA o FA vepset, Z5-3H e 7o
= method BY 57 | wohv}. £ 7oA m=
7 A FAomA HEH 2 (8)7 (9dH & F 3
T v} o] d AN E FRHYE JNE Y SR
el A7le AA #AeEnzE AL e olF %
E9] Aol o] fdE el & YIS WA

e A4E F ik

oft oil __‘_'. FIF

]

Table 5 Local stresses and local strains of Al alloy
sheet spot weldment from method T3 based
on Neuber's rule

(a) Using base metal material property

M;;{JM? Local strain, Loga(ll\fg:)ss' Nf::)’in/&\l/{gl Local strain, LO(:(IIV?[L};)M

sotabn | emx | 2c2 | Gua | om Juess | e | Ae/2 | O | O

45.9/4.50 | 0.00734 | 0.00247 | 263.80 | 105.00 45.9/1.59 | 0.00775 | 0.00244 | 250.13 | 89.57
42.9/4.29 | 0.00662 | 0.00228 | 255.16 | 105.37 12.9/4.29 | 0.00693 | 0.00226 | 243.69 | 92.19
39.8/3.98 | 0.00593 | 0.00210 | 245.75 | 105.42 39.8/3.98 | 0.00615 0.00208 | 236.55 | 94.72 |
136.8/3.68 | 0.00527 | 0.00193 | 235.53 | 104.98 36.8/3.68 | 0.00543 | 0.00191 | 228.63 | 96.88
33.7/3.37 | 0.00465 | 0.00175 | 224.20 | 103.83 33.7/3.37 | 0.00475 | 0.00174 | 229.62 | 98.35
30.6/3.06 | 0.00407 | 0.00159 | 211.60 | 101.69 30.6/3.06 | 0.00412 | 0.00158 | 209.25 | 98.72
27_6?2'.'75" 0.00353 | 0.00142 | 197.56 | 98.27 27.6/2.76 | 0.00354 | 0.00142 | 197.16 | 97.48
24.5/2.45 | 0.00303 | 0.00126 | 181.62 | 93.18 24.5/2.45 | 0.00302 | 0.00126 | 182.68 | 94.00
| 21.4/2.14 | 0.00258 | 0.00110 | 163.60 | 86.12 91.4/2.14 | 0.00255 | 0.00110 | 165.34 | 87.73
20.1/2.01 | 0.00239 | 0.00103 | 154.92 | 82.32 | 20.1/2.01 | 0.00236 | 0.00103 | 156.68 | 84.00

(b) Using HAYZ material property

(b) Using HAZ material property

NI:ofn/llr\gln Local strain, & Lozi(ll\;}f;’)bb i l\/ﬁloxm/l 11\1/{;? Local strain, & LO({;‘?NT}};’)%
ot | Em | A2 | O | 0w S0P | Eme | Ae2 | Om | Om
| 45.9/4.50 | 0.00895 | 0.00278 | 216.58 | 75.36 45.9/4.59 | 0.01063 | 0.00289 | 182.20 | 46.26
42.9/4.29 | 0.00804 | 0.00254 | 209.92 | 75.06 12.9/4.29 | 0.00946 | 0.00261 | 178.48 | 4721
39.8/3.98 | 0.00718 | 0.00230 | 202.78 | 74.77 30.8/3.98 | 0.00834 | 0.00234 | 174.45 | 48.44
36.8/3.68 | 0.00636 | 0.00208 | 195.19 | 74.44 36.8/3.68 | 0.00730 | 0.00209 | 170.09 | 4999 |
33.7/3.37 | 0.00558 | 0.00187 | 186.93 | 74.02 33.7/3.37 | 0.00631 | 0.00186 | 165.27 | 51.94
| 30.6/3.06 | 0.00484 | 0.00167 | 177.93 | 73.41 30.6/3.06 | 0.00539 | 0.00165 | 159.90 | 54.26
27.6/2.76 | 0.00415 | 0.00148 | 168.09 | 72.45 27.6/2.76 | 0.00454 | 0.00146 | 153.85 | 56.86
24.5/2.45 | 0.00351 | 0.00180 | 157.05 | 70.90 24.5/2.45 | 0.00376 | 0.00128 | 146.78 | 59.39
| 21.4/2.14 | 0.00292 ] 0.00112 | 144.59 | 68.42 21.4/2.14 | 0.00305 | 0.00111 | 138.33 | 61.24
20.1/2.01 | 0.00267 | 0.00105 | 138.50 | 66.89 20.1/2.01 | 0.00276 | 0.00104 | 133.96 | 61.61
KL $20% H2%, 20027 4H 939
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