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Fig. 2 lllustration of the simplified model of hot nanoindentation
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Table 1 Materials’ properties used in this study

Properties Stainless steel Diamond Fused silica (473 K) Copper (473 K)
p/(kg-m~3) 7900014 3510[16] 220309 8960[18]
¢/(3-(kg-Ky'h) 510014 502[16] 753.74[17] 385[18]
E/GPa 206! 1050M1€l 75.0214 103.94
Y/GPa — — 5.79H 0.28M
v 0.3 0.07116] 0.17018 0.331
K/(W-(m-K)~1) 14014 2050[16] 1.561 388.124
@ 1.6x10°5014] 8x1077 [16] 5.5x107 1.65x10° 1
I/mm 5 [16] 0.4018] — —
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PEfEZE 7 W R PR RIDRE, Rl e n] A0 FA L S
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Fig. 4 Perfect and imperfect thermal contact
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unload respectively when indenting on fused silica and copper
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Fig. 6 lllustration of the finite element model of hot nanoindentation
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K It 4. LGt ARSI V8 St B 4 DA AR
& ZE IO AR R TP R, He Sk 34
2 1K B e e T 3 B £ AN B G ) 2 S B & A
J R LL LA o AT — 2l 4 g R K, #uk 3 o%
R bR — 5 G A BT E Y B, 4555
(7), S5 G il b 5 s e fk [ 4% B PE BEAL T-20
S JERFE. Wl 7(b) B, EARLE R, Bl t = 2 s, &
S ARE S R A A% W A% s TS Y () 4l Jg 1K
FE, 2 WA ) GRF 22 fl 1 1) 71 A L 45 W2 35 R T
P RIS . DAL, A7 R TSR I B (e 4 R B
WIS R IR 2L

3 &’

BT R A A A AR T Sk R iR

7 fih A A5 A DN 7 B R A ) ), AR SN 9 i
Fig. 7 Sk B PR RE Al 1 [R] ) B Sk o R R, R[]
=2 RBEMHSEE
Table 2 Materials’ properties used in FEM
Properties 7059 glass Fe Al Al7075 Al2024 TC4 AD3

o(kg-m3) 2760281 7874 2705 2800 2770 4420 3930
c(J-(kg-Ky1) 775 449 900 960 875 560 840
E/GPa 63 211 69 72 73 115 385
Y/MPa 2000 180.1 10 950l 81 120.5 2900

M 0.20 0.29 0.33 0.33 0.33 0.33 0.23
K/(W-(m-K)~1) 1.35 80.4 220 170 190 7.2 31
« 4.6x10°0028]  118x10° 2.36x10° 2.30x10° 2.30x10° 9.2x10°% 7.9x107

Note: Besides the marked referencéise value of the parameters in table 2 were cited from[B@f.

PR A AR T SKHEFE AL E I 1R 5 . R B
HrAHT R CEA A SR I8 A%, I ABUERU IS IR PR
o T AOHERA . WFFUACIL, T Skt PR 1] fA) B i A4
BELOXT s Sk T P il B 37 (1 S8 20 A1 A3 AN o] AL A
A, B A ICR, S BUR AR =
WRZE. ANFIRA R 1 0 R DN A g s Sk 2l ] )
A ABEAN R, 5 RS (10 742 I 52 B m] LA 3L

ANBCRG ZE . ASCHTIESE) 1000 nm R I
TR, X T Pufte R B ZE I Rln g, Bg B AT
HAE AU SRAT A AL R AR A1 7E 5 nys LA,
Ve T S IAPEZE IR, 72— MK A ]
CAORUEAAS I B K0 1 m] Sk, R T G200 48
FH 0 v 800 R A S 22 B PRI 2% 1 200 Ry ]
PE. Tl R A R, LA TN SRR A2 R hE
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i G B R AR e, Bt B2 AR AL, 2013 (Zhang Tai-
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THERMAL CONTACT-INDUCED DISPLACEMENT DRIFT IN
HIGH-TEMPERATURE NANOINDENTATION Y

Chen Ké Feng Yihui Peng Guangjian Zhang Taihu&?
* (State Key Laboratory of Nonlinear Mechanics, Institute of Mechanics, Chinese Academy of Sciences] B¥ifdg Ching
 (College of Mechanical Engineering, Zhejiang University of Technology, Hangah@@i 4, Chinj

Abstract Based on the analysis of heat transfer between indenter at room temperature and hot sample during their contac
this paper mainly studies the influence of thermal contact-induced expansion of the indenter holder on the displacemen
measurement in high-temperature instrumented nanoindentation. First of all, we derive an analytical solution of temper-
ature distribution of the holder from the basic theory of heat conduction by appropriately simplifying the analysis model
of hot nanoindentation, and use it to study the additional displacement caused by thermal expansion. Secondly, a finit
element model (FEM) is established to investigate the thermal expansion-induced drift in hot nanoindentation to verify
the analytical solution. It is found that the contact thermal properties between indenter and hot sample may significantly
affect the distribution of temperature in holder. The thermal contact conductance between indenter and test sample varie
from material to material, which can lead to the difference of several orders of magnitude of holder’s thermal expansion.
The research results may help to optimize the test program and improve the reliability of high-temperature instrumentec
nanoindentation.

Key words instrumented nanoindentation, high temperature, thermal contact conductance, thermal expansion, displace
ment drift
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