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An Indentation Method Based on FEA for Equi-Biaxial Residual Stress Evaluation

Jin Haeng Lee and Hyungyil Lee

Key Words :

Abstract

An indentation method to determine equi-biaxial residual stress is proposed by examining the data from the
incremental plasticity theory based finite element analyses. We first select optimal normalized-parameters, which
are minimally affected by indentation depth and material properties. Numerical linear regressions of obtained data
exhibit that maximum load and contact area of imprint are the main parameters measuring the residual stress. The

proposed indentation approach provides a substantial enhancement in accuracy compared with the prior methods.

IEMY

A BEAEF
E : 9%
ho: 71FEA g Yo
B AA BE GYH
n o RYEAFAF
P . 43T
R : YA At
& : HEWHYE
o, AEZE
op: AF3H

1. M E

o7 Wl AR B BAE IS Fa
@A ARG FAYLR Xy FAA

t oAy Anta Az
E-mail : hylee@sogang.ac.kr
TEL : (02)705-8636  FAX :(02)712-0799

drilling, layer removal, 21Z'H Zo] 1t} 02 v}

olgld FAREL A ALY # U4, B,

AHAH 8, HolA, Mgt FAbd w2 AL
MY S0z s W AR Aol A b5
stk wEla] mo) folgh HE A@IHol 8F
Ha lon, olzjdt it FAANEIE o83
A77t FU)E oz A Fo Ut duA
ulok 9 3R 2o EAFH7L olfFHE=
N@HozE Adel bsaha
EA4s

Of
[

—_—
—_

tlo ¢

= oo =7} A+
F3HS =M LE]'E Vickers A=k
WEe #Ests Aotk Tsui 573 Bolshakov
= e g T A=, HFE
" . 3

2
FA gon, v Az pilingupIE LR BAE
] Suresh® Giannakopoulos"+=
7}Aste, Vickers @A EHo=E EW
%7}( qui-biaxial) FFE H LGWUHE
& AAEIGh olo] ol g3 §Ve FHIARF
He-s8y AAGH LR vy, ofF WAk

oo ofo [LM



fraasalol 2w 5/ Aied Hb Aol 43
gol AW dEdo] UPLEH Jeg v HAAFOITHFig. 1). Suresh® Giannakopoulos” & <l
A2 7b4eko) Suresh®} Giannakopoulose] ¥ % WFE) A% sFel W BFLYA
e FAE deles ANHA AR SEo) ol 27] uEel IRYel A3

aeu BRSE 248 9@ 99 J1E 4Y ¢ neH Ygou, qF IFLUA e By
ATEL vpAS, gdol, ABEAN WUy IFSH 93 s o] ko] e o
249 AFLel F= Gl deElME Bl 2 VDT £ (= sinm)E EDSHATHFig. 2. 22} o]
{opabAl ekskrh webd ojF AFEo] AAF 9 Zo] QAE YEIJFLHEL Yol 1T o
HHEL dAFo) Algd PE ES ARES @ E2YF olf) EA8A ¥erh 53] o] 4%t
H-E HgAollA o EHE Fric) ojo] B dFo g f= sina7t obd cosa’} EFFEI, o] ¢ HEW
MNe FEAGO)Z wWE ey AUAY #3 A A4 TS AlcosaR AlLEE ook 817] W0l cosadhe
L4 7x8] A S 3HFE 2 AF Al mebA - ekt FAgle] 4 (1)
Mg Eo] EAE W, ¥} HEo IHITHE H7} & AH&Eladok Eok Vickers YA A9 =220
719E& AAERA F o]E Y3 WA A T3 u} Suresh?} Giannakopoulos®] &AHgH&= oF
o7 EAR 92 ¢4dzloly A4S Hirw W= 0375 AR FHu, olg3] S| A& FAE
AU FES AAGH, o] AAWTFEL FAstY 06673 =0 B 3o w2 jo] "l A Atar
AFSEHE ol e EEIY 198 Xray 323 RINFE Sl P2 Ay

wutke] 2F-3-8 SAXZRY o] FAAFTL 10]
& 23
2. 7|& TR3SHYI golE

21 7|Z D™yl yelolg 1A 1 l l l l l/PAppﬁednm

Suresh®} Giannakopoulos™-& Z+7-2-& 3}t A#Ql o] contact load
ZEge BUdThs 3 o83 ¥R d3e Vb ]| opd el
AMAEAH 25 FE5IF AF 2 YF 5} tir e

it
i)
o)
=
_Orl_l‘
2 o
£

P=P+o,4 )

Compressive residual stress

P
g A
PO
oA
P - .
Virgin material
Tensile residual stress

hl

Fig. 1 Load-depth curves for various residual stresses

Elastoplastically
deforming region

(a) Tensile residual stress

P Applied normal
contact load

Contact area

%%k Agf, s

Vi

Elastoplastically
deforming region

= R R
O—R Qr,o O:v,o

(b) Compressive residual stress

Fig. 2 Schematic of the role of (a) tensile and (b) compressive
residual stress at surface



44 o] 7 & .
3. UIAEel RERLHA
3.1 UUAEH SEHQADY

=
Fig. 32 Berkovich ¢tgJ#tell 23k A&
JehlE fEsaEdolth s FPa
2 T B4 AEE AMESt diRE &
*ﬂ%‘a Axgn. 5 gadol BF Fd
d& uesle 423 FUA 24 CAX4(ABAQUS
Library, 2003)'"& AM&-@th 883 CAX8 84+
FUHAFAAM Y FEUPEC BASHI AL
dol & dyeAE o] A7l Qe 48H A E
Aagct ol BIEFIF F AF Fe AL
wosin AUy sA FEI A F I=F
okQlats Edol ddzolo 0.0625% 719 T4
245 ARG 843717 vt e ZAAdE divl
MPC(Multi-Point  Constraints, ABAQUS Library,
2003)'7} zHHEEHA ARG Hu, o] A4 MPC EAH

lo o

o) g3} WP ol FAHA Be wHol dnk

of el FYHFH =AY 3’\37] Mol
e Atteld 84E AHEstgoen, HEF-AA
FE3] 2ol fAoME MPC E%‘%‘z_ 8t
2A9 fsteimde ok 18000702 44 FUhA
2252 FHAG FUAs 2AY FEEAE
AAA9 BAF TF FHEF QAW (Contact Surface,
ABAQUS Library, 2003)""2 w3t} <t9dzkeh
TAY dAES AHEL dAZA 2T WY
—t#a T&at] FoA 23S wEA L, ZA
YA SAFHAN F, dYAE 5}7(}»\17_11:},
%‘O\JX}E FAZ R
|41 Berkovich & yztet 4
PR ol F U=
IEE 703°2 AAFA
A9} A1-4-% blunting t:‘i’b“)ﬂ s g
4dA 9] rounding WHE R° 38t
stk wiFo] Aal uAES =AREH] 9
rounding AEol| W& Y - FHe
AHE Fa7) Qi

Fig. 4= £ 7oA A2 Riced} Rosengren'”2]
piecewise power law 4] (3)& o] &%t w3 A 5k A
289 $U.UAYE VAT oz

2

2 m
=2
oN,
3!

N
B2 o
(o rr fo 1o ro n2

Jd
o X ml

¢

I}

2

X

st

L
2 2
=

il

—_— for o <o,
o,

& 3)
ag

for c20,; l<n<ow

g,
f
o
x

714 g BERE, g (= o/ TEVY
A g A3} R ol ) Table 12 d Aol AFEH
2 1 ghes vERL gt
At FEAe BAA HYE
Q

L. T
2 X353

T

“
X2 e

g

Lo
o
>
g
1o 0l0
Ho
=
LﬂJ FO ]
::
=
_Z
ki
>
o]o
= J
s o
U o
N
N
o

}*‘lo}‘ P)r, x7]
(Initial Condition, ABAQUS Keyword Manual, 2003)""
ol ggt WL AT 27&2AE o] 8F 4
z7] AFSHAE Zdo e YFo = FoAg
o] %M AHSER ] HaAME %ﬁl&La
oF ghch

ERy )
o mlo Yoo N

_EL

Fig. 3 FE model for Berkovich indentation with rounded tip

2.0

linear elastic (n = 1)

1.5
bo L;—- n=10
< 1.0 :
b /
0.5

0.0

elastic-perfectly plastic (n= )

0 2 4 6 8 10

Fig. 4 Rice and Rosengren piecewise power law type
hardening materials

Table 1 Material properties for FE analyses
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Table 2 Predicted residual stresses obtained from Eq. (11)

£ =0001,n=3 £&=0.001,n=10
O'R/O'o i ;
6,=200MPa Predicted Error (%) Predicted Error (%)
ox/ o, opl oy
-1.5 -1.83 22 -1.33 12
-1.0 -1.07 7.2 -0.516 48
-0.5 -0.712 42 -0.349 30
0.5 0.355 29 0.512 2.4
1.0 1.01 1.3 0.996 0.4
1.5 1.33 12 1.04 31
£=0.002,n=3 £&=0.002,n=10
ox/ G, _ _
0,=400MPa Predicted Error (%) Predicted Error (%)
or/ o, Or/ G,
-1.5 -1.51 0.5 -1.36 9.3
-1.0 -1.02 1.9 -0.753 25
-0.5 -0.511 23 -0.464 7.2
0.5 0.498 0.3 0.599 20
1.0 1.21 21 1.26 26
1.5 1.61 7.6 1.30 13
0l 0, & = 0.004,n=3 & = 0.004,n=10
0,=800MPa Predicted Error (%) Predicted Error (%)
orl ox/ o,
-1.5 -1.20 20 -1.24 17
-1.0 -0.774 23 -0.754 25
-0.5 -0.383 23 -0.394 21
0.5 0.379 24 0.601 20
1.0 1.29 29 1.24 24
1.5 1.62 8.1 1.43 45
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