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Variable stiffness characteristic analysis of
a novel micro-nano probe with wire constraint suspension
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Abstract: To address the problem that the stiffness of the probe support mechanism cannot be changed
during the measurement process using a traditional micro-nano measuring device, a micro-nano probe
with variable stiffness was designed based on the constraint support of the suspension wire. A
piezoelectric device was employed to drive the compliant guide mechanism, which produces a
displacement. Thus, the axial tension of the suspension wire changed. Based on the principle of stress
stiffening, the transverse stiffness of the suspension wire was changed, and the overall stiffness of the
probe support mechanism was varied to obtain a novel micro-nano probe with variable stiffness
performance. Depending on the stiffness variation of the probe support mechanism during the
measurement process, the theoretical model of the Z-direction and the transverse stiffness of the
micro-nano probe were established in the rigid and flexible modes, respectively. Based on the finite

element simulation and the established theoretical stiffness model, the curve of the stiffness change of
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the probe versus the terminal force applied on the suspension wire was obtained. Comparing the

simulated and theoretical values of the probe stiffness, the average relative errors of the Z-direction

and transverse stillness ol the probe were observed to be 2. 41% and 4. 72%, respectively. This

indicates that the theoretical model had high accuracy. The research results laid a preliminary

theoretical foundation for variable stiffness control of this type of probe.

Key words: variable stiffness; suspending wire support; compliant mechanism; stress stiffening;

stiffness model
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Fig. 1 Structure of variable stiffness probe
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Tab. 2 Structure dimensional parameters of probe (mm)
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Fig. 10 Z-direction deformation of probe
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Fig. 11 Transverse-direction deformation of probe



108 et EE TR o 27 %
A F R/ MR () (K (16) . (28) K 3.5¢ Wi Ui
(35) K (36) FA BRIT 7 H AT 2 K Z 1w W B A0 — Bk

R 1 ) o A 2 s T O A 0 F R AR Rl £,
K12 IR,

2 500
Zln Hlip
2000}
2 1500f
< 1000 1 HE i
€1 o0ol
M - 3 Y.
11 {7 EL
500
o 1 2 3 4 5 6

Bl 12 Pk NIEERE F Ay AS At 42
Fig. 12 Curve of stiffness of probe with F

MG IR 12 W0 Sk W B2 B F A 728 Ak il 26 A X
(36) . T EAR BN K Z m) FAA ) 15 7% Bl Ak 22 K i
Z 0 F AR £, an &l 13 F0lE 14 s,

MR- M xR 22 4 2

S;:MXNO%, (37)

E:ansi, (38)
i=1

Hors SO AN R 22, o N O B, v W BRIB(E, S
g - S5 HE X i 22

7

—Zf T

—ZI # i

(Y] o L =3

Z-direction displacement/pum
b

0 i 2 3 3 5 6
FIN
P13 sk Z i EE FRAE {2k

Fig. 13 Curve of Zdirection displacement of probe with F

S % Uk

[1] HUANG Q, WU K, WANG C, et al.. Development
of an abbe error free micro coordinate measuring ma-
chine [J]. Applied Sciences, 2016, 6(4); 97.

[2] WA, Mmedn, 3, & MUK NN LZ5 S

0; . . \;\H\\k‘hﬁxﬁ“‘\a

=0 [ 2 3 4 5 6
FIN
P14 DSk R AR RE F ARy AE AL it £

Fig. 14 Curve of transverse-direction displacement of

Transverse-direction displacement/um
(3]

probe with F

RIE 37 A (38) 545 B Z [ FiA (]
4 477 L IR B R 3 M BE ) T 2 R iR 22 43 1
2.41%.4.72% . FRHBEELE R EHLE RN
PF B o B8 1 A ) 32 A TR LA 20 v 1 o 1

SEF I 7 WAk R B R e H 2k K 3 22 I
S B 77 A A RS o AR B 22 BT A7 1 il ) ok
TS 1o B EE o 8 T e 7 T Sk S BLAA (8 M L AR
708 A JBE DY ek 2 24 o S A R R B I Sk o AR )
S S PEHLA TE I ) AR o R EE Y AR 4K, 43 B ST
T WA PR SR I Sk Z 1) AR 1) Y R B
WL, LT R A A NI R B B, 5 A IR T
BT 45 AR L5 A M 4 R W A B 2 oK i %
736 NJEHE A Ik Z 0] FIAE 1] 64 F 2460 6 i3 22
SRR 2. 41% 4. 729, RIR 2 8 6 7E 5% LU
P9 B0 IE 1T A O A A EL A R A A M
R 22 S R AR W BE R gl Sk 5 T A
W3k 1 25 4 T8 X 38k A S ) Sk B 9 3P A R
hIZ LN Sk i AR R A A BEE T R IS
A

Bt ROt [T, 3 F 54, 2013,34(5): 401-405.
CHEN H, CHEN X H., WANG SH. et al.. The
parameters design and analysis of micro-nano CMM
Probe [J]. Acta Metrologica Sinica, 2013.34(5):
401-405. (in Chinese)

[3] FRBEIR, BRHT. E 3, 5. G400 AL Sk 5tk 2



5% 2

ZEOR I, S R TR A 22 24 RS S A I Sk 14728 T E R O3 B

409

(4]

(5]

L6]

L7]

L8]

(10]

[11]

WSEEEIE [T, ¥ #% 42, 2013, 21000):
2587-2593.

CHEN X H, CHEN H. WANG SH., et al..
sign of elastic structure parameters of probe in mi-
cro-nano CMM [J]. Opt. Precision Eng., 2013,
21(10): 2587-2593. (in Chinese)
WECKENMANN A, PEGGS G, HOFFMANN J.

Probing systems for dimensional micro-and nano-

De-

metrology [J]. Measurement Science & Technolo-
gys 2006, 17(3): 504-509.
KHALID A, PETER K. SIMON L. et al.. Per-
formance assement of a new variable stiffness pro-
bing system for micro-CMMs [J]. Sensors, 2016,
16(4): 492.
HE M., LIUR. LI Y. et al.. Tactile probing system
based on micro-fabricated capacitive sensor [ J]. Sensors
& Actuators A Physical. 2013, 194 128-134.
BONELLO P, BRENNAN M J. ELLIOTT S ], et
al.. Designs for an adaptive tuned vibration absorb-
er with variable shape stiffness element [J]. Pro-
ceedings Mathematical Physical & Engineering
Sciences, 2005, 461(2064):3955-3976.
CHALLA VR, PRASADM, SHIY, etal.. A vi-
bration energy harvesting device with bidirectional
resonance frequency tunability [J]. Smart Materi-
als & Structures, 2008, 17(1); 15010-15035.
FAN K C, CHENG F, PANW T, etal.. Analysis of
the contact probe mechanism for micro-coordinate
measuring machines [ J]. Optoelectronics Instrumenta-
tion & Data Processing, 2010, 46(4); 340-346.
ALBLALAIHID K, KINNELL P, LAWES S. Fab-
rication and characterisation of a novel smart suspen-
sion for micro-CMM probes [J]. Sensors & Actuators
A Physical, 2015, 232 368-375.
PE, K22 BHATRERENEEITE 00k
Wit [J] k3 #H % T £, 2018, 26 (6);
1430-1440.

EEREAN:

—
-,

&

Z{RMW (1982 —), B HRHAEF M
L B 2R 5 A S 0, 2004 4E 2007
ETHZBIT KRR G+ W+ o
f7,2014 4F + VTR R RG240,
FENF B 7 558 5 AU BT 55 40
%Y . E-mail:libkmail@126. com

L

v

[12]

[13]

[14]

[15]

[16]

[17]

(18]

AR s

HU J F. CHEN X X. Optimized design of a micro-
motion stage with zero stiffness [J]. Opt. Precision
Eng. . 2018. 26(6): 1430-1440. (in Chinese)
HOWELL L L, MAGLEBY S P, OLSEN B M.
Handbook of Compliant Mechanisms [M]., New
York: John Wiley &. Sons, 2013.

AR, M rE, AR T R 9 SR 1
FHZ BB (U] % %8, 2015, 23
(4): 1096-1104.

HUJF, XU G Y, HAO Y ZH. Multi-objective-
optimization of micro-manipulation stage based on
Opt.  Precision
Eng. . 2015, 23(4): 1096-1104. (in Chinese)
FhE IR, H N EBIRSPORE T &1 H b
il [D]. F b & X F . 2016,

SUN Y Q. Active Disturbance Rejection Control
for Piezo-driven Nanopositioning Stage [D]. Ji-

response surface method [ ] .

nan: Shandong University, 2016. (in Chinese)
PAE, FEE, R BT RE I THELAT
AR [J]. 5 4% 42, 2016,
24(1): 102-111.
LU Q. HUANG W Q, SUN M X. Optimization-
design of amplification machanism for level flexure
hinge based on compliance ratio [J]. Opt. Preci-
sion Eng. , 2016, 24(1):102-111. (in Chinese)
ALBLALAIHID K, LAWES S, KINNELL P.
Variable stiffness probing systems for micro-coor-
dinate measuring machines [J]. Precision Engi-
neering, 2016, 43 262-269.
AR, BT PR A 0 = A g K T Sk ik % T 1
¢ [D]. 4 e 4 0e Tk X5, 2015.
YU H J. Research on the Trigger Mechanism of a
3D Resonant Nano Probe [D]. Hefei: Hefei Uni-
versity of Technology, 2015. (in Chinese)
PRIL W. Development of high precision mechanical
probes for coordinate measuring machines [J]. Tech-

nische Universiteitndhoven, 2002, 25; 100-102.

BitiE (1972 —), Boam A s ML
+ L Bz A A I, 1993 4F L2001 4F
TRYHE T RKFRG =L B+ #A,
2007 4FE F A8 T olb K25 38 145 18 £ 2

———

W

A7 s TR B R EE AR ARG B
e K v A S 5E . E-mail: lloid
@163. com



