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Abstract V-shaped beams have been widely used in atomic force microscope (AFM) and micro-nano mechanical sensing applica-
tions. The structure is usually used for sophisticated detection, sensing and performance characterization in viscous fluids, thus making
it complex to study the vibration characteristics of the structure by considering the fluid-structure interaction between the complicated
geometry and viscous fluids. It is of fundamental importance to investigate the vibration characteristics of V-shaped beams submerged
in viscous fluids owing to the fact that the vibration characteristics will directly affect the dynamic properties of the applications. In
this paper, an underwater vibration model is developed to depict the dynamic characteristics of V-shaped beams immersed in viscous
fluids by taking into account the fact that the cross-section and bending stiffness of the V-shaped beam are variable along the beam

axis. A complex hydrodynamic function in terms of the gap to width ratio and the frequency parameter is developed to describe the
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hydrodynamic loading where the complex hydrodynamic function is derived from the modified hydrodynamic function based on the

gap to width ratio in beam’s cross-section. Besides, the frequency response of V-shaped beams vibrating in viscous fluids is obtained

theoretically. Moreover, the experimental verifications on flexural vibrations of several V-shaped beams with different geometrical

sizes are carried out. It demonstrates that the experimental data is in good agreement with the theoretical results, thus validating the

modified expression of hydrodynamic function and the underwater dynamic model. Besides, the effect of different fluid viscosities, an-

gles of V-shaped beams and the scale of the geometry on the vibration characteristics of the coupling system is analyzed based on the

proposed fluid-structure interaction model.
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1 50.69

2 10.56

3 2.50

4 1.20

5 0

6 1.54

7 1.24

8 0.93




e WIS BRI T v R R M R S IR SR PRI 7 649

3 RWWIE AR T AR, o3 S R, AR LI
JU RS E IR K30y SRS Kbl g v o RAPLHELE 250
B R A R AT, AR T % IR T %A VRN L, 13

PO JUR R SF )V R EE Ry, JEE KIS R R BT 3 AR Vv R s bEf & E KA bR
TRFERE GRS LIV, B 7 iR vV BLEE R F o B8 s AT vV RLEE R i 5 s
K RBNSEEGAE B K. oA, G Fid %% IS R Nt e . B 8(a). B 8(b). & 8(c)

. anlpliﬁer

motion sliding lamp
analyzer able

miscroscope [~ | backdrop

N
D)

B\ j _ i
function power high speed e
generator | amplifier camera a
K7 S E

Fig.7 Experimental set up

high speed camera

(c)
25 25 25
— theoretical result
_ 20 . _ 20 __ 20
[©) » experim ental data [G) )
FRE PRE o 15
% % £
£ 10 210 £10
E E E
0 0 1]
S 1 5 30 1 5 30
frequency/Hz frequency/Hz frequency/Hz
(d) (e 6y
0 - - C L el 0
S _100 . S 100 =100
2] — theoretical result ] z
= = =)
e = experim ental data = =
—200 —200 —200
1 5 30 1 5 3 1 5 30
frequency/Hz frequency/Hz frequency/Hz
(9] (h) (@)

K8 A v RN S IR AT S SR 45 RN EL ]

Fig.8 Frequency response of V-shaped beams’ tip deflection in the in-air experiments



650 VAl 2

¥ i

2018 4 2 50 %

NV, V2, V3 ZESEyE, 18 8(d). &1 8(e). 1K 8(f)
A 8(g). K 8(h). 1 8() 737N 3 L Thsim 25
AT A A2 1) I W B A A TS H R S B 4
A1, PLE YR E E = 3.8 GPa, VI, V2, V3
FIRA BB R 7 n 23 50N 0.08, 0.09, 0.09. 3 41 V I
V1, V2, V3 I3k 2 fiis.

9 o N/K R VR B GREE R A0 AT 5 S
DA A 2R i 3 EE P T 9(a)s B 9(b). B 9(c)
AE 9(d). B 9e). K9 N VI, V2, V3 BT
i AR T 14D A0 2 e R W S A7 P pl P 9 R, SR
REAEIE KB 1108 5 1(B) SR A A 2 i [/ 5 52
0 2 B 22 SO, BB AT it 26 1 — P 1S iR A 2R B

K2 GV R,

T/, FRAIE T, REAE IERIKE) R T
SEBREL SRAFILAR BRI R AR S8 PR K,
BERE TSR A BB IRA R FEA. TR 08, y) Frfs
RIRLE R LI BRI & RIF, U W11%/K 30 776 2L
A UL Rt R Vv R R EER KK N IREN 1 L, AT
RAlE VB IEJA Bk 3h ) R UL & v BB
RV AL S RSN teAh, InlEl 9 Fror, BEE VR
B EAR /N, 3 ALV RS ) AU IR AT 7 i 7 U
IR, B LTS Eon v R R [ R & 30 1) %
R PRI 35 DL, B0 v RE R R R
2N 1R AT SR B RO

LAVIRE P& 7BEE S e

Table 2 Geometry and physical properties of the V-shaped beams

Type h/um L/mm [;/mm by/mm b/mm /() ps/(kg-m>) E/GPa n
V1 41.7 16 1.6 21.74 0.08
V2 95 50 33.3 10 1.0 10.29 1365.8 3.80 0.09
V3 21.4 6.5 0.65 6.69 0.09
14 8 8
12 — Refs.[33-34]
T 10 e experimental data [} 6 %) 6
E 3 = present : :
P El e :
£ 5 Z £
B £’ £’
0 souet® 0 0
08 1 2.5 3 D 08 1 2.5 5 75 08 1 25 5 45
frequency/Hz frequency/Hz frequency/Hz
(a) (d) (©)
0 0 0
— Refs.[33-34]
~ —30 .ll.".l;experimental data | g~ _s50 OWes 5 =50
~ 1 ~ ~
@—100 = presen § §
° o —100 o —100
2 -150 3 3
B 200 & 150 | -150
—250 —200 —200
0.8 1 2.5 5 7.5 0.8 1 2.5 5 [ 0.8 1 2.5 5 s
frequency/Hz frequency/Hz frequency/Hz
(d) (e)

K9 KTV BIBEEEH R ERAG J3HT 5 S IR 45 SN EL ]

Fig.9 Frequency response of V-shaped beams’ tip deflection in underwater experiments
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