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Development and Reliability of Micro-Scale Indentation Testing Equipment
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Abstract: Based on the Oliver-Pharr method and the fracture toughness test method, a micro-scale
indentation testing equipment was successfully developed. Its mechanical reliability was verified by the finite element
method, and the mechanical property parameters of the high-purity aluminum and zirconia ceramics were tested by
the equipment to verify the test performance of the equipment. The results show that the developed micro-scale
indentation testing equipment had stable structure, reasonable design, good closed-loop control stability and low
noise level, and met the test requirements. The hardness, elastic modulus and fracture toughness of high-purity
aluminum and zirconia ceramics measured by this equipment under different indentation loads were consistent with

the results obtained by standard indentation equipment, and the relative error was smaller than 7% , which proved

the accuracy of the test results of the equipment.
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Fig.1 Load-displacement curve by indentation test
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Fig.2 Overall structure diagram of micro-scale indentation

testing equipment
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Table 1 Parameters of materials for modal analysis
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Fig.3 Whole modal analysis results of indentation testing equipment: (a) first-order mode; (b) second-order mode; (c) third-order mode;

(d) fourth-order mode; (e) fifth-order mode and (f) sixth-order mode
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Fig.4 Working principle diagram of control system of indentation testing equipment
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Fig.5 Closed loop control results of indentation testing equipment: (a) load-time curve and (b) displacement-time curve
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Fig.6 Noise images of sensor of indentation testing equipment: (a) load noise image and (b) displacement noise image
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Fig.7 Load-displacement curves of high purity aluminum under

different applied load
A B B AR S — o AU R B B B R, B

v ) S B D S8 A | R 0 T T A R L A R R
92

AR v W BB L Tz N T A R | BT A i

SR, SR AR 14 i 0 3 8 %o 4 A A Pl o R

T 53 B A 10,30,50 N A 2y 247 MK, 10 s A Ak

B P B AR DN 1 AR o R AT R . 8 T

PLF 72 50 N YR A BAT T 48 A 3 B & 1Y TR AR

FEIFAR K AN 13.25 pem, 56 BH 204 6} 14 168 32 A 5

AR BT T B TR IR R R AT 8.7 pom, Bd B

SR AR i A

x2 BHBEHNARHERSH
Table 2 Mechanical test results of high purity aluminum
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Fig.8 Load-displacement curves of zirconia ceramics under

different applied load

XA [ B Af 1) IR TR 35 a0 A7 WL 45, T et R 2
SR DT AL B R W . 9
LA W FEER T 10 N B BAesE g e gl
MG ALK JE R 18 pm, iy 50 NI, H
FH R K EEF] 81.5 pm.,



YL EHH

MATERIALS FOR MECHANICAL ENGINEERING

1B RLHF . BORREER M XX E AR R H T S

18 um

44 pm

69 g

(a) 10N

(b) 30N

84 um

9
102 um 79 um

(¢c)50N

B9 FEEMESBFTALBEBEERESR

Fig.9 Indentation morphology of zirconia ceramics under different applied load
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Table 3 Mechanical property parameters of zirconia

ceramics under different applied loads
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