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Nano-indentation test of visco-elastic materials

and the influence of contact geometry on indentation
HONG Lei', SU Yahui'. TIAN Jie?, HUANG Wenhao®

(1. College of Electrical Engineering and Automation, AHU, Hefei 230039, China;
2. Materials Science and Engineering Testing Center, USTC, Hefei 230026, China;

3. Precision Machinery and Precision Instrument Department, USTC, Hefei 230026, China)

Abstract: Instrumented nano-indentation was performed on polyvinyl chloride (PVC) material and finite
element method (FEM) calculation was used to simulate the nano-indentation experiment. The data of the
FEM calculation and nano-indentation experiment were compared. It was concluded that the method of
using FEM to simulate experiments of nano-indentation into visco-elastic materials is feasible. Four 2D
axisymmetric FEM modules of conical-indenters with different tip radii were built to interact with PVC.
The simulation results show that the measured hardness increases with the tip radius and decreases with
the depth of indention in nano-indentation of visco-elastic materials. Indenter dimension index was
employed to help establish two FEM modules classified by the difference between the indenter dimension
index and surface roughness. The simulation results indicate that the measured hardness is under or over

the proper value when the point of surface contact is at its maximum or minimum and that the deviation of
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hardness increases with that of roughness as well as the distance between the ripples.

Key words: visco-elasticity; nano-indentation; finite element method; tip radius; roughness
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Tab.1 Parameters of the nanoindentation experiments

file  Pux/pN A/nm?* hua/nm  E./MPa  H/MPa

1 498.560 85271 837.61 2 268.53  77.33 5. 847
2 498.561 83 322 123.51 2 247.18 78.136 5. 984
3 498.569 83 457 531.34 2 246.26 78.577  5.974
4 498.600 83 709 600.79 2 249.16 78.508  5.956
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Fig. 2 Sketch map of the FEM module
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Fig. 3 Sketch map of displacement vector sum
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Fig. 4 Load-depth curves of the nanoindentation

experiment and FEM simulation
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Conical FE3k 2T A A 70. 3°, 8% & A7 3L 56 2 $0T
P H.

B 6 4 il o 324 R 2 0,60,240 Al
960 nm HF £ 715 A3 2 00 0 B 0 —fk th & (9=
H/ Hy) .4 %% q 23 Bl & B (depth) 9 385 in i sk
ANCHEIL T B LA 9K I R B B o R B ) 1 2
RS 71N o ot 288 I AR 8 5 24 TR B 3k B BOKR I
W T A b 1 R 3R B U % MR A AR A
AR L4 SR T =1,

—a— R=0nm
—e— R=60 nm
6k —a— R=240 nm
—v— R=960 nm
T =1 100%
kS H,
3l
0 M L 1 " L " L 1 " " 1 n
0 1000 2000
depth / nm

Bl6 AR RGBWEEIT—Lhzk
Fig. 6  7n-Depth curves of different R values

AR pdepth 122 59 42 B7 , 71 80, D JE A VR E
TE L 48K I, 122 007 91 6, 0 45 B R SC 80 4 H
PR T A H, 950 L T B 2 R AV FE 1Y 3K
T Sk 4 Bl 5 0 42 1 5 0 3 R 55  HJEE T Ho s
@t T il — FEARJE R A, %4 R fY 7 35, B
I (B R A T 48 K {EL I 25 T B 3 — A 30
i B g (T

AL 427 T LA HE 2 4 A VR B AN Sk
s Ok 2 R T R Tk 2 SR B B L
SOBE R R S 15 M TR AR
I Sk 2 Bl 32 2 R G 22 0 5 SR B AR S
T 14220



436 T EAFHERKFFR

F 41 %

3 REHEEENRN

Y KA T 0 R Sk 5 R 2 T Y 42 A T AR — ik
FUA 05 TR B 2857 5 90 oK S5 2, T DA R 6 1 JE
U3 5 75 2 B R w0 0 g R0 fE e
BRI B, GO BE D R4S i K & R, Sk
FE A Rk 2 1 o UL A AN K R B B R SRR
Uit AR WA p R AE R Sk R F. e 7 iR .
DY p< DR, B, Al AR EMME N EA 0/
F R AL T (] 7 () s @ Y p~ D R, B L 30FE R 1T
NEA— MBI (B 7)) s @Y > DR,
I R RE 2 1 T L R S HH Y O W IR . R 0 T 220
(E 7Ce)).

7 REAREEMRERTEE
Fig. 7 Sketch map of different surface

contact morphologies

EEXTE 7 Ca) o (b) PR RS A7, R B JT 45
FLI 7 A B AR B 5 Y 56 &R il 2k 4 e
5% 2 MRS JBE LR A T J3E X6 8 K T JR A 38 00+ 5
14 5% ).
3.1 p= D.R, BHEKEEZME

AR S B T #4174 R ooy 21, 15 2] 4n &
8 R Y yrdepth M4k . D4 S AT M6 (Y M )5
JE B B D0 A5 4 65 B D K, >4 R Sk DA 3R T i
B 5 e AR, B 0 A5 B9 AT R E R /D s © 24 3 fh
JUTE 2R 18T 1B Ak B, 3% 167 %8 B J K R, =400 nm
ST I A5 0 B8 BE (B L R, = 200 nm JIT 90 45 %) 08 BE (E
TR T Y 2 ik 2 A5 2% 1T o AR Ak B TR R R
{E R, =200 nm il #5 A 8 FE{ tb R, =400 nm fF
W45 1 B B R @ Bl & 2R I SC I AL B D Ay AN Wy
B, i 2 22 1] S HORR B 4 R R BE I A 1R 25
XK.

UL AT DU, 2 1H S0 A B D 2% 11§ 5 i K

6
—=— R,=200 nm/"|ffi]
—e— R,=200 nm/"{fi]
—&— R,=400 nm|Y] i
—v— R,=400 nm " [fi
4+ —— R,=0 nmF[fi
£
T
2 L
0 1 1 L
0 1000 2000
depth / nm
(a) 4=5D
6 —_
—=— R,=200 nm["] fi]
—e— R,=200 nm/" {fi]
—A— R, =400 nmV i
—v— R,=400 nm" /i
4t —&— R,=0 nmF[fi
£
=
2 L
0 Il 1 L
0 1000 2000
depth / nm
(b) u=3D

—=— R,=200 nm/["| ]
6 —e— R,=200 nm" ]
—A— R,=400 nm["1{fij
—v— R,=400 nm ™
—&— R,=0 nm*F* [

o 4
T
=
2 L
0 1 1 Il
0 1000 2000
depth / nm
(c)u=D

8 AE DRKBAMEER—{Lihsk
Fig.8  7-depth curves of different D values

=B R, DA Sk AR A 2 fih DX R 550 % 40 oK
IR A W R
3.2 ;<< DR, R E 2

TE R IR S5 v AR R T 5 /K P T AR TE — 2 1Y
11 B 22 2 A T ME S0 B8 UL )8R 38 R R Sk 5 A



Fb 1 b A A 28 KRR M K A B iR OE R0 % va 437

Wz 6] 64 A0 B A AT S T s 9 B R Y 2D
ol Xk PR RL L I AT AT FROTOS L

/

B=5°110°

1 /1

/

| N |

a=5°10°

9 AEKER2AFEE

Fig. 9 2D sectional maps of different gradient values

U7 FLAT B A9 B8 B 0 — kit 2 an &1 10 TR .5 4%
2R EAE rdepth AR fLALAE (0 B ELASAR ™ 8. Y
J 3k A I A 76 7] — VR BE R 3B 0=10° 1L 0=
5 p HER L 0=10"[ nala T 2. 81, 0=5"WF n1a
T 173 BIERE H 53 5k SEBR R Ho 1Y 2. 81 4%
FLL 73 4% 24 e Sk AW TS B 7E [A) — He AR BE
THIE 0=10"t 0=5"1 n B/, 0=5"1F n #Em T
0. 73,1 0=10°Wf 7 #n T 0. 48, MHF H 43%1% H,
(R 73 %6 F 48 Y6 IR R {H 15 22 R MR BE 60 (4 3 iy
B ARYE Y E 0=2R,/D. L MR ZE MBS D,
R, B K.

3.3 ZERAW

0 T BRI 9 K AR S0 v 02 il R AR A
S X k45 R 8 G A U L A R 3% T R RS R —
AT SE R R 2R B R I S (E iR 22 BEE S8 D

—a— q=0°"F1fl]
6L —e— g=5°M][f
—a— g=10°["1{f
—v—a=5°"4]f
—— g=10°/"4]f

=] 4r
RS
=S
2L
0 " " L i i i i 1 i L i
0 1000 2000
depth / nm

10 FREEESEIRREE T — L i 2

Fig. 10 7n-depth curves of different gradient values

R, BYHEINTHE K % F g~ DL R, B8 i 45 =
AR BE T LA R0 R AR 52 36 152 22 , T % T <DL R,
B, B2 5 e TR BE O BB 5 D /N I o % 2. BT LA L R
YRR R T4 R 3R T SO 8 T T Y
DX It 77 S5 6 o S b B

4 it

A BROCE AT TE R LA RE I 8 K TR IR 58
56 m AR D 5 56 Hh DR I Sk 2 v i SRS AR R OXE LA
LA R #r R TH R, . D 2 2 800 LUBR E B9 A 2. 45
SR 2 B A R 0N A 2 1 AR 52 1 B2 i 512 36 246
AP B R RN

CIOTEATREE g JU A9 A, 88 52 {6 fi 22 Bl R
FRY HE A0 T 498 A 24 e AR B 38 B RO I ORI
2 7 38 - A28 ) 2 0 FE AR AT LA 205

CIUD 4R T S50 00 B8 138 0 S #9532 o, S 2 (L
w26 D, R, 3G g 3 K %t F g~ D, R, i}, i
i PR A TR BE AR A R 22 X T o< DL R,
I B e T A T B A RE 68 I I 52 6 1R 22

£ 22 L HEK (References)

[ 1] Oliver W C, Pharr G M. An improved technique for
determining hardness and elastic modulus using load
and displacement sensing indentation experiments [ ] ].
J Mater Res, 1992, 7(6) .1 564-1 583.

[ 2 ] Zhang Taihua. Factors influencing nanoindentation test
data[ J]. Journal of experimental mechanics, 2004,
19(4) :437-442.

TR, S 4K T AR SE R py R R LT ], 238 )2,
2004, 19 (4) :437-442.
[ 3] Walte C, Antretter T, Daniel R, et al. Finite element



438 PEMFHRKE R %41 %
simulation of the effect of surface roughness on Experimental Mechanics, 2007, 47(1) :87-91.
nanoindentation of thin films with spherical indenters [10]Lin I K, Ou K S, Liao Y M, et al. Viscoelastic

L4]

[5]

L6]

L7]

[8]

L9]

[]7]. Surface & Coatings Technology, 2007, 202.
1 103-1 107.

Kim J Y, Kang S K, Lee J J, et al.
surface-roughness on indentation size effect[]J]. Acta
Materialia, 2007, 55: 3 555-3 652.
Li M, Chen W M, Cheng Y T,

of contact

Influence of

et al. Influence
behavior in

315-

geometry on  hardness
nano-indentation[J].  Vacuum, 2009, 84 (2):
320.

Cheng L. Xia X. Yu W. et al

indentation of viscoelastic material [ ] J.

Flat-punch
Journal of
Polymer Science: Part B: Polymer Physics, 2000,
38(1):10-22.

Vanlandingham M R, Chang N K, Dzalv P L, et al.
Viscoelastic using

characterization of  polymers

instrumented indentation: 1. Quasi-static testing[ ] ].
Journal of Polymer Science: Part B: Polymer Physics.
2005, 43(14):1 794-1 811.

Lu H, Wang B, Ma J, et al. Measurement of creep
compliance of solid polymers by nanoindentation[ ] ].
Mechanics of Time-Dependent Materials, 2003, 7.
189-207.

Huang G, Lu H. Measurements of two independent
nanoindentation [ J J.

viscoelastic  functions by

characterization and modeling of polymer transducers

LJ 1
Microelectromechanical Systems, 2009, 18(5):1 087-
1 099.

[11] Fischer-Cripps A C. Nanoindentation M]. New York:
Spring-Verlag, 2002.

[12] Ehrenstein G W. Polymeric Materials:
Properties, Applications [ M .

for  biological  applications Journal  of

Structure,

Cincinnati: Hanser
Gardner Publications. 2001:129-131.

[13] Su Yahui, Guo Rui, Dong Lei, et al. Calculating the
elastic modulus of single voxels

LT
Engineering,2006,04(2) :107-110.
TRNE LB E L S A IR C B R O X
I F R SR (T ], 9K H R SR % TR, 2006,
04(2):107-110.

[14] Bhushan B. Introduction to Tribology [ M ].
York: John Wiley & Sons Inc, 2002.

[15] Su Yahui. The research of femtosecond laser-induced

by finite element

analysis Nanotechnology and  Precision

New

polymerization micromechanics [D]. Hefei: University
of Science and Technology of China, 2007.

TRWAE, CRPEOG R T Al s 2w sE (D] &
E « v E R E AR R, 2007,



