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Fig. 2. Dynamically equivalent model of the probe

vibrating trigger probe.

Horp, m 2R E, b2 R, kRN
e R KL, DR BN T A BE, w RISk
AT MIIR BN IR, Farive 9 IE B K R EF 4% ) )
AMIRAE R 73, Foum J900 SR 4R5H 5 4500 442 1 2 18]
FFAERIR AR J1, GOy kR B BT 32 7).
JrRE (1) AR, 2 ERE 5 I R T B B E O
ST R, AN IREN T Faive 5B Z 211
RIEAEM I Fou 5 G & 1K/ BT R,
B Farive = —(Foum + G), WIBLIS EREF B4R 300K
AN 32 B (R WA 5 m, JF B AR FFATAR (1
HE T I IR BPIR S, HE T HE 9% S B AT e A0 e ks 2L U
.8 T A B RO Sk R 3h S 8, R i S B
Farive = —(Fsum + G), LR G HTIRET T2
AR B B AR AL T A A

2.2 FEEANNERERSHESH

DS AR 55 0005 T RO B R B, 7 A R Aok
WAE 0 L ERAE B Ve L H .
ARPEKRIR T, ZEL A 1A im KT 21
TP FE B IS, B4 F 5 R rTE A s R DOt

41t RA1, cos O
Py = R (2)

D
1+ he — D

Forfr, AR K F7, D RRET RN & i 2
[AIFRIBE B, ROEIREHIERA A2, 0 R RE 5K
B,

VU7 DL -3 0 AR — R ) 2 1 BUE T Y
WAL IE R, 20 S IR T AR T, A L
Wi 3 Al Ay 12

F = (21327«)257}2’ 3)

Horb r NSRRI T SRS 2, H R I
Z NA)EAE B H- W 51 B8 K/ P M 5 2

PR 55 00 B 1) AR AT N B i E ) AT B
oy [13]

U?nR?
F3 = =0 DZ )
Horpreo & H B2 4, U AR R 8 AL,
PRI - T 2 8] R VUK 2R PE R 3 AT R
&R

(4)

Rr3he
= 36003 (5)
b, W BT R DL 2m, ¢ R E S LI,
PLEJTRER] LA Y, R AR 7 89 R/ M T
RO RN, XL A R AT & 2R T A k)

4

080603-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

Y18 Z R  Acta Phys. Sin.

Vol. 65, No. 8 (2016) 080603

% Hamaker 5 4 2 THI BRI B R IR B DL I 5 82
FliTHD ) A 4. O T SR Rz B AL () E M, FRATIAE
5 FAT BB S HOEBOh R H e T iR EXT R
EAEH I szm. A AR K kil 85 br
1 B B THREDRE P D A KA Bk B e Al =
T, A TE R B 17 R AR B 357 % 2 P i 3k R
MAF— RS IR S, TREH IR B4R 240 pm. W
AR AR S S 53 1 o 1014,
Rl NSRS B S HL

Table 1. Physical attributes of the probe and the
gauge block.
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LUEE 23 el

AR % /kg-m ™3 15700

MER V1% B /kg-m—3 19250
W E PR T RERE r/nm 100
K5 T A A 0/ () 85

KHIRIHTK FT v/T - m—2 0.07275

BT (2)—(5) 2R, FUT R, BAT7T LA
)0 Sk A S ) R T D, B 3 R,
P 3 AT B, B AI7E 10 wm HHE R A
0, 156 000 6 B A9/, 6 T 0 i g v
K, BB N T 10 nm 5 4R T E S
fir; PREHEBEIER T | pm HHERS, H2E SE T 60
RH ), (BT AW 0 & S e aN %, 4
F S, T AN TR AR A B
BB N7 5 ML, REAIZE 1 nm
I, SCAE P 2 RSB mN 4 56 480 I it
7EnN G, FF i LA, 24 BR B4R 7E um 4%
I, AT LA, R0k B, SRR A 2 [
B T FE 765 B 8 R MU0, 6728
K R F kB mN B, KR S B RS 2
BE.

57, 4IERR AR R4, FT 2
e A Ay A BIBRE ) G L+ HEE LT
b, SR TR 22 BB R IO B, B R L
PR IR, B0 2 T A Sk R i L
H R, WATTE B A b R L 0 A . 11 4
R, TEBLE 5 nm A, REFHFZ IR R )
f9 20 1, T ELBAA BB O, — % 2 He AR,
761 nm AL I3 540, FHBE AT L, 540k R
5Pk 2 B B AR R R, H R AN
e PR 2 R, 0 5 (R P S 7 2

EE.

1035_ 3
F m 3
\s
\\
N\
Q 10%E N 3
E \
& .
£ -
= 10 \.\7\‘ 5
- — \.\ -
N
\s
N
L |
100E....l MR | M| -
109 10-8 10-7

PRERER 5 RTIEE D /m

K4 RimfEHAEMERE L
Fig. 4. The ratio of the theoretical surface force and

gravity of the stylus.

3 WRITHSEZRKIE

A1 R BT AT RN, PR B R I R T 4R
BHigzha] LAUE 1 52 4 AN tE A 05K 3h, Tk
FOFIRME 1 E AN Eh A K/ g (HEEE IR E )
R 52T, RIE M 71 Foum 22154 ] 20, 8
S IR BIR S 52 B Floum BRI, S EREH S 4500
T 1R B8 2 S O S T U R N, AT RE 6 S
Farive = — Faum, WL PREF AR 345 A i 32 21
R AE 5200, I REORIF A 4n IO HE T IR B IR
A&, ERENE SEBLWT FE M RO DN R TRl R B
WAL 34, FAT TR A 017 AR LT FEAS R
FAF N BRI AR ) KL S R B i N IR B
JE AR 2 (8] ) 20056 2, JF B I A 52 i sk
BRI TEIRAEIX — 5% A AT FEVE.

080603-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

Y18 Z R  Acta Phys. Sin.

Vol. 65, No. 8 (2016) 080603

3.1 % E1E M 1% Sk B N R 0 08 B
o

MRAEIR KL 3 J1 A, 2 f (1) m) %,
MIREHETE BT M RSN, SRR bR &R
Foum BIAARET I BIR 25 I BT 75 22 5 R 19 85 K BH
(BEI A T S 2 5 0 102 %, B 1A LA, 2
SEPUAA R SMINER SN 7 Farive = Fium, %IREH S/
FIERRHRBNMEAE A, W1F FTR:

Farive  Fsum
Amin = R (6)

B AT UL, 0 Sk R A 1 e /N iR M e R BTS2 1)
RIEAEH 2 M5 R0 3 REE R e,
B, ISk g5k — s, RIBEME R K A AR 1
T, PR K, T HOERIAER 77, kBT
MR A [F. R A7 AL, A5 T
FE PR M [F I SRS R, WSk e /DR -5 sk R
PR R, w5 R,

T T T T T T T
400 —[O— 2 nm B

- —O— 5 nm |
200 - / -
100 — /

w

(=}

(=)
T
|

H/MREIE A /nm
|

Fi2 R /pm
5 PRI 2 A1 5 nm B AHCTHE AR 0003k B % 5/
PR
Fig. 5. The minimum amplitude required to counter-
act the surface forces when 2 and 5 nm distance from

surface.

3.2 FREER 77X 3k ik 50 1& B 055 %
SEAD!

W3R 5 49k 0 A 2 11 DAAE X T B oo AlE7E — S 1Y

Mk [), 3K 5 8 0 A 2 TA) R RE A ) B B K7
3y 03]

Finp = | 5 mieb B2, @

Hr r AMEREAR, B SRR mq SRR

&2, Hmq = mima/(my +mz), my HIMERFIIZF)

B4 BB, mo BN TR &, Y me i KT

my I, mq ~ my. WEKAEPZT B3R5 ) A2 g iR
AR R v = wA, FIFY T B IEA X AL
83 P K T 51 RS I R B A ) SR PR AR, T
DASRAG L S5 A Al ok 2

B 30_% 1/2
Umax = 41 <4an§> : (8)
1 (6) A1 (8) ZURIAT A K By B KRB 1A Ny
_ 41E?k\/30%
fmax - M7 (9)

o, p BRI L, oy RIS 7
PR, Foum NRETPTS2 RTAE 72280, Uk B
ANIRIE S ER RS 2 B 96 &, i 6 Fis. | (8)
A(9) ZUAT LU HY, IR 3l I0 Sk 1 I 20 18 5 R B
T2 BERM L Ry I DA EHR PRI 2R, 852
RIAE I LR, RSB Sk AN F
Fici &Sk Z AL

14 §

12+

Ju
(=)

AR f/kHz
(=] oo

/

\.
2 \I\'
" 1 1 " 1 "
40 80 120 160 200
42 R/pm

K6 WSk K avriRahiss
Fig. 6. The maximum frequency with respect to sep-

aration distance.

3.3 TLW5IP

BT ERARC R, RAEH A& K
(D = 2 nm) F A B 9% 3000 2k 5 4 BE 2 HL
(R = 120 um), w] AAS 2 9K & mAF 1 i
s, WSk B 75 ) B R IR 30 2 80N S /IR Bl
310 nm, B KHRFHEZ 5.2 mm/s, & EIR3HFE
2.7 kHz. Kl Sk 2 e B E L G b, R 22
STOS HOE T & S SO T AL PTIAIPAS 5 5l
P 6 I B R SR Bl & LA S E 5 R R AR S A
PN ER IR /SR R Gl 7 FR.

AT & T IS AE 2 5 17 L5 S AR 3)
AT, HE RN YA B2 il ZIAHEE 5 nm
RERE A S i T A 1 A A PR B T

080603-4


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I % R Acta Phys. Sin.

Vol. 65, No. 8 (2016) 080603

FEA AR, RERTER NS k/s, RENEN0.5s
FEA, MRS FE S FioR. B8 (a) ARSI,
PREF R A R Hee i 8 F5 28 (0 Bk  fan t, rb i
2 g P A B ORI I {E L 0.8 mV. & 8 (b) J2
Mk LL100 Hz FIAFE A1 600 nm KR IEIR B, 45
Sl RO ) TR R v A B i (B, R PR
HL I 46 5 | JES PRI 75 P R R 7 W V(R 0.4 mV, &4
NERAS IS 50%. P9 UL [R5 L ISk R GuAH
[F], AT DA A R 75 7T [ B AT I 3 Sk AT Ak

RISk

worl

_Jf

PI@Eh#Efl&

K7 LRSI E

Fig. 7. Main experimental apparatus.

—2.431000
(a)
{—2.431250
{—-2.431500 >
Iy
o —2.431750 ¥
3 =
¥ {—2.432000 2
V Bk - 4 —2.432250
w w —2.432500
27194 28000 28500 29000 29607
Sampling
—2.431750
(®) 1 —2.432000
: >
~
1 -2.432250 g
[
1 —2.432500 3
=
| —2.432750
: : : w —2.433000
20504 21000 215000 22000 22500 23289
Sampling

K8  (a) FHASTIKbE B L AR P ORI 5 (b) RS0
SRt T 0 e A e e

Fig. 8. (a) The output of the non-vibrating probe
when separating from the gauge block; (b) the output

of the vibrating probe when separating from gauge
block.

Wk ) RGP R AR AL R AR B, 5
W P K — R E T ARG . Sk AR R

el & 5, G LU 2 fP SR R, [
TN Sk (e L, 15 B RO 2 & 9 R,
AR 2 M RBEN1.66 V/um. R EXHR
GEINE P KT, RTH AR ARSI Sk IR e DL Ak A o
73790.3 nm, FEANSk S 1T

—1.88 . . T T
—u— JREHE
—1.90f - — PEL SR
> —1.92F g
~
=S|
=
—1.94} g
—1.96 g
—1.98

1.‘24 1.‘25 1.‘26 1.‘27 1.‘28 1.‘29
{ii#% /pm
B9 sk 2 ) R G 2k

Fig. 9. The vertical direction sensitivity of probe.

4 %

N T N R RURE N I 2 T AR Y 0 % = 4
IREN Y CMM A K T SEAE I, 257 1
ISk B 1] R AR SR R Gedt o A R
T F IR /INRTR B, 4 R 1 70 5 3R A
DR T B) B TB) R OR 2%, JF I SLARETHR T 2R 1 /15
Wi BT 5 (1 B AR IR Zh 28 /MRS E A 55K fe v
AR, 12051k IR T2 T FBG 9K =4k
U/ BaW/IPREIE 2 45 47 s A PRM gV € RE S S
I S Tt DL 3 10 9 20 4003 AR 32 mT DA ik /)~ 28 T £
AT 5200, Tk 2 7 RN 1.66 V/um, 733
JIAiE 0.3 nm. BEAE I S AN SEIG R S 4 SR,
PEREFEARIEL RS it — 2D S AR .

SE

[1] Huang Q X, Yu H J, Huang S, Qian J Z 2013 China
Mechanical Engineering 24 1264 (in Chinese) [# iR,
AELE, WD, R84 2013 HEMLI TR 24 1264]

[2] Zhang X J, Meng Y G, Wen S Z 2004 Acta Phys. Sin.
53 728 (in Chinese) [{KIAE, & F N, iR 2004 P52
ik 53 728]

[3] Richard K L, James C, Claudiu G, Christopher W J,
Lakshmi N, Sun W J, Matthew T, Andrew Y 2012 Meas.
Sci. Technol. 23 074002

[4] Bos E J C 2011 Precision Engineering 35 228

080603-5


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1088/0957-0233/23/7/074002
http://dx.doi.org/10.1088/0957-0233/23/7/074002
http://dx.doi.org/10.1016/j.precisioneng.2010.09.010

) I % R Acta Phys. Sin.

Vol. 65, No. 8 (2016) 080603

Danzebrink H U, Dai G, Pohlenz F, Dziomba T, Biite-
fisch S, Fligge J, Bosse H 2012 [EEE Instrumentation
& Measurement Technology Conference Graz, Austria,
May 13-16, 2012 p898

Michihatam, Takayay, Hayashi T 2008 Annals of the
CIRP 57 493

Guo S, Xiong X M, Xu Z L, Sheng P, Tong P 2014 Chin.
Phys. B 23 116802

Duan F L, Wang G J, Qiu H B 2012 Acta Phys. Sin. 61
046801 (in Chinese) [BF5#i, £Jaik, it 2012 #Bi%:
61 046801]

James D C, Richard K L 2013 Precision Engineering 37
491

Sergio S, Ibert V, Tewfics, Neil H T, Matteo C 2011
Nanotechnology 22 465705

(1]

[14]

080603-6

Liu S S, Zhang C H, Liu J M 2010 Acta Phys. Sin. 59
6902 (in Chinese) [XI/E K, sREIME, XI5 2010 PHEER
59 6902]

Lambert, Pierre 2007 Capillary Forces in Microassembly
(New York: Springer) pp163-174

Jacob N, Israelachvili 2011 Intermolecularand Surface
Forces Third Edition (California:
ppl07-132

Academic Press)

Sitti M, Hashimoto H 1999 IEEE/ASME International
Conference on Advanced Intelligent Mechatronics At-
lanta, USA, September 19-23, 1999 p13

Pril W O 2002 Ph. D. Dissertation (Eindhoven: Eind-
hoven University of Technology)


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1016/j.cirp.2008.03.016
http://dx.doi.org/10.1016/j.cirp.2008.03.016
http://dx.doi.org/10.1088/1674-1056/23/11/116802
http://dx.doi.org/10.1088/1674-1056/23/11/116802
http://wulixb.iphy.ac.cn//CN/abstract/abstract45439.shtml
http://wulixb.iphy.ac.cn//CN/abstract/abstract45439.shtml
http://dx.doi.org/10.1016/j.precisioneng.2012.12.008
http://dx.doi.org/10.1016/j.precisioneng.2012.12.008
http://dx.doi.org/10.1088/0957-4484/22/46/465705
http://dx.doi.org/10.1088/0957-4484/22/46/465705
http://wulixb.iphy.ac.cn//CN/abstract/abstract16247.shtml
http://wulixb.iphy.ac.cn//CN/abstract/abstract16247.shtml

32 % R  Acta Phys. Sin. Vol. 65, No. 8 (2016) 080603

Nano surface interaction and model of vibrating probe*

Chen Li-Juan' Chen Xiao-Huai Liu Fang-Fang Wang Jing-Fan

(School of Instrument Science and Opto-electronic Engineering, Hefei University of Technology, Hefei 230009, China)

( Received 31 December 2015; revised manuscript received 15 January 2016 )

Abstract

The high precision measurement has been a focus in the field of manufacturing and microelectronics in this year.
The micro/nano probe for coordinate measuring machine (CMM) acts as a key characteristic because it can measure
the high-aspect-ratio components with high precision. Various micro/nano-CMM probes with different principles and
different structures have been developed in the last decade. However, most of these studies focused on the sensing
principle and measurement methods. There is little research on the behavior of the surface interaction between the
probe tip and the workpiece. And the measurement accuracy and reliability of the current probe, especially those of the
low stiffness probe, are limited by interaction forces including capillary force, van der Waals force, electrostatic force and
Casimir force. Therefore, it becomes a challenge to reduce the effect of the surface interaction forces for the Micro/nano
CMM probe. A new trigger probe based on the vibrating principle is analyzed and an optimal method for the appropriate
vibrating parameters is presented in this paper.

The structure and principle of the probe are briefly described in the first part. In this system, a tungsten stylus with
a tip-ball is fixed to the floating plate, which is supported by four L-shape high-elasticity leaf springs. The fiber Bargg
grating (FBG) sensors are used in the probe for micro-CMM due to their superiority in ¢ of small size, high sensitivity,
large linear measuring range, immunity to electromagnetic interference, and low cost. One end of FBG is attached to a
floating plate, and the other end to a retention plate which is connected with the piezoelectric ceramic actuator (PZT).
The probe is driven by the PZT vibrating. Assuming that the driving forces can offset the surface interaction forces,
then the probe can be described as a forced vibration model of the spring oscillator. Therefore, the equivalent model of
the probe is set up.

In the second part, a relationship between the vibration parameters of the probe and the surface interaction can
be confirmed. Through theoretical analysis and numerical simulation, the appropriate vibrating parameters including
resonance amplitude, velocity and frequency of the probe are designed, which can offset the surface interaction forces.

In the third part, a probe is designed based on the above theories and an experimental system is set up to verify its
rationality. The results show that the resonant micro/nano probe after optimizing its parameters can effectively reduce

the influence of surface forces and improve the measurement accuracy.

Keywords: nano surface interaction forces, harmonic vibration, contact measurement, three-dimensional

vibrating probe
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