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Abstract: Creep through nanoindentations has attracted increasing research attention in recent years. Many studies related
to indentation creep tests, however, have simply focused on the characteristics of steady-state creep, and there exist wide
discrepancies between the uniaxial test and the indentation test. In this study, we performed a computational simulation of
spherical indentations, and we proposed a method for evaluating the creep properties considering transient creep. We
investigated the material behavior with variation of creep properties and expressed it using regression equations for
normalized variables. We finally developed a program to evaluate the creep properties considering transient creep. By
using the proposed method, we successfully obtained creep exponents with an average error less than 1.1 and creep
coefficients with an average error less than 2.3 from the load-depth curve.

- JlEMY - 1. M2
VRt DEIEEES RS A 5 B APl glo] o] K
B el A EAT ARBAYGIE el B A H2 )
C,K: Holag| 25 neie A=x AF 7o) gk Aol AEEWA RS AP
R wrolaA Hlth 1% 2 AN A L 18
e ABAQ APPe wEep) vl 2 5] glon,
£ 1 AEE MFESE tezv)e) vzAge] iR Hgslels @Ak
¢ - WMPESHES A9Z AR 5 et olel waARE A AlFe] 93 Wl
v BT AEGET fagee v A7E T glon, WA A EEe Aelse $ra

1 Corresponding Author, hylee@sogang.ac.kr gdg] Kola 9= Al?
© 2013 The Korean Society of Mechanical Engineers A2 n) A 2B A A

)
13




=2
=
o
iy

>,
o
o|\
N
=
ol
Rl
=2
30,
o
)
o

e &
o
inss
Hu
)
B
>
o
rlo
aY)
e
e [
ox W4T
2

Ach
(&l
> oH'[

L

T

bl
EEEeL YA ol Apolel AM¥
o] #oltt 18y v AU AHA
Fﬂl
A

_L,ONF
wm_m

A A2FA 7EY 7Ed dAe ©
Holeded 9g&F
o]Fo] A
% AgZEAT
. Lucas ¢} Oliver®
PR A R
=3 A5 m I} FASE s dEAE e
Aoy, AZIZAFT 4 9 B Alo]d]
Fol7b 9192 HITh EE Ogbonna 50 & 7]
JF7 el Holay el gEgs  FAska
Hl F2Znks aeshy] wistel| =8 xE 5
= HojHErteke AEdFo] dS AH .
e o] &3t AT ZAIHLE TdFA| e 13
WHo R wAaAge AP EAS I
Fdo] ot a8y 7E 4y AFES
EAQNES o] &3t Q7] wwdd 9
Ha < 2
) O]oﬂ AT = iy IFPAE fek
Sﬂﬁoﬂ 71z Holag2E 1yt A=
U"éﬁﬂ'm*o‘ A Aletazr gt olE fa -4
ab*]_ olo] i‘j/]_L}\]‘GqOE i‘:q:i

-0,
v
A olo
u
L)
K
>
il
9‘L
ES
2
N\
o
o i
rir
olo
L)
fo @ A 2 yd @ B o

ae rir 2 et © 8 o )y B ol af a2 2 (U
ol 24 il 0 ox o oft ¢
&
[0}
L~

], 2ol e N'
RCAp 24 -l> O"E Flo
o 9 i o
rlr A > iy
M et

x°,

J

oz
> %

H-l

(8~1

Fo o (U ot > r

l~>XLE0¥

O
o
W d
_YE
L

1

Aimel Ao EAAT of EHE 90
Ze)x B4R 2209 4Ror 44E B4

hins

|

2. de|Z elA el Fote sy

2.1 2 yeAlgel RE2any

(ABAQUS 2010) s ‘?J%ZPS’Jr B Atole FmpEE
7hRskar v Y PN e AT aA el
AHEE 2t 4431 S 84 CAX4 o), d4] 9
T JFgFS TA Zv F-919 AAM= MPC (Multi-
Point Constraints) & AFH&-3ITh EAl= 2F 16500 71| <]
A3} 15800 709] 444 FHHLAE
%chx].: z]ﬁ 1lumg] 7&—;21]; 7]. i&q oLo]x].ﬂ,
BAle] 5 E gkt BAE BT 45 24w

)
g
&

H7t 2RO oR Qo FAgZ EAS Hrhgh

2 A,

L olgY

Fig. 1 FE mesh for creep indentation analysis
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Table 1 Material parameters used in finite element analysis

Material property Values used in FEA
m 1,2,5,10
n 2,3,5,10, 0
1 N
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Table2 Comparison of computed creep properties obtained

from equivalent stress—strain curve to those given
for CRD, CLH tensile test and CRD indentation test
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Test Computed | Computed Computed
method 1/m K C
CLH tensile 0.198 0.0334 0.0889
CRD tensile 0.198 0.0336 0.0891
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Table 3 Comparison of computed creep properties to
those given with variation n

C Computed Computed
Computed
Um | 1/n | (GPa™ 1/m x C
| Assumption ofmi |‘— SCC-I) (Error %) (EITOr %)
I
1 1 0 1 1.006 (0.6) 0.964 (2'392;‘
. i . i i
Computatlon of; . Computation of &, i 0.1 0.529 1.007 (0.7) 0483 235;)2
g'=f<(h/Dmin’) o L 1.0 03'14
y/":f'/’(h/D, m,»,n,-) 02 0307 | 0.995(0.5) | 0258 0.3)
l 033 | 0.165 | 1.002(1.6) | 0.099 (zblgf
Computation of &' Computation of O !
i O 0 1 0.497 (0.6) 1.036 1036
e=E1t, o'=P/(D y") (3.6)
| 01 | 0307 | 050102 | 0250 (26325
0.5 '
1 — 0.2 0.126 | 0.506(1.2) | 6.07x107 0'2153
Computation of K ™+ m™*! 2.8)
. L 2
g " i=i+] 0.33 | 5.14x10% | 0.509 (1.8) | 9.73x10? 5'061X710
- (gi+l)l/n )
l 0 1 0.200 (0.1) 1.003 1('00(3))3
R i+1 -2
Computation of ~ C*" 0.1 | 873x10% | 0201 (0.7) | 3.17x102 | 373%10
L e 02 0.2)
i i i TR m -2
Cl= K T = 02 | 224x10% | 0.198(0.8) | 9.98x10* | 223*10
m+n (0.1)
3 s | 6.97x10°
T 033 | 7.22x10° | 0.196 (1.8) | 9.08x10 3.6)
Computation of error 0921
i 0 1 0.101 (1.1 0.921 '
e:Max[C +1—[C ’m H—im J (1.1) (7.8)
m -2
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0.1 '
1ol No -3
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