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Design of elastic structure parameters of probe in micro-nano CMM
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Abstract: According to the isotropic requirements of micro-nano Coordinate Measuring Machines
(CMMs) for a probe, four kinds of elastic structure design schemes for the probe were proposed. A
three-dimensional stiffness model of elastic structure was established by mechanical analysis. The
stiffnesses of four elastic structures were simulated by using finite element analysis software ANSYS,
and the performance characteristics of the four structures were analyzed and discussed, In considera-
tion of a variety of factors like measuring stiffnesses, sensitivity and stable compact structures, a
cross shape structure was selected as the elastic structure of micro-nano CMM probe, and its structure
parameters were optimized and stiffness isotropic was designed. A high precision three-dimensional
micro displacement test platform was set, and the measuring range, linearity and displacement error
of the probe were tested and verified by experiments. Simulation and experiment results show that the
elastic structure of the probe meets the requirement of a measuring range of 40 pm>x40 pmX20 pm,
stiffness less than 0. 5 mN/um and stiffness isotropic, and its overall measurement error is less than

100 nm.
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Fig. 1 Structure of probe system
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Fig. 2 Schemes of probe structure
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Fig.3 Structure parameters and measuring force a-

long z axis
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Fig. 4 lateral force of probe
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Tab.1 Measuring stiffnesses of four structures and parameters
ZhE l;/mm w; /mm t;/mm ./ mm W,/ mMm ty,/mm U ENIEE/(mN - pm™ ")
O X FR & 13 2 0.1 13 1 2 0. 474
+FREE R 15 2 0.1 5 1 2 0. 309
7N ITE 25 ) 16 1 0.1 16 1 1.5 0.176
HIE 451 13 1 0.1 5.5 1 1.5 0.473
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Fig. 5 FEA analysis deformation results of cross structure

N T BRI Sk AE ey SV TP B A5 1 R 2 1E
- 1 AN ) 77 16 it 0 R /N AR ) 4 g L% I ER Y 52
o W 6 FroR  AE 2y F 1T P 4 ) B 157X I Bk
AN 1 Ny g @ A IR bR B AR it 2 A 2
RO AL B, BT 6 b AR IR A Bk O #A B
SOk B ) i 2 L R bR s 2. 1A% i RS

152 o 3 i 00 3k A S0 g B9 A T O A K
37 T £ 11 [0 2 1 o o4 I 2 A 000 S A A6 1)
F1%9 2% i) [ P o BT 6 3 W Sk A A 1) ) 45 1 ]
PE FCEE e R 22 AN id 10 nm/mN,

P 6 R i 4 A RS

Fig. 6 Lateral displacement of measuring stiffness simulation
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Fig. 7 Comparison of measuring stiffnesses in two

directions
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Fig. 9 Test results of linear and measuring range
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