55 38 55 5 10 % T B % # Vol. 38 No. 5
20254F 5 H Journal of Vibration Engineering May 2025

MR ERIRZEREFEHNZHELEHE
KN BEENERS

MR, EERY, KB, REXR, iR, FEF

(L TP R2AVM TS 122228, Wivl 77 3% 3152115 2. Wi VL R 2= W V048 S b il 1 4 R S A AR S 86 22, Wi budl 315474)

FOE: A SCHEN TR R A4 (MFC) B8l 22 M 45 0 (9 UL 16 6 6 ) Jy 2 A8 o 2 T I K MFC B8l 2 4540 i 32Kk 8h )
PR S R AL, IR 45 R e bR o xR S R LA EAT T SERR S 80hR 8, SEER I i T MFC 348l 32 M 45 44 76 R [R) i 4%
PR i 22 K 3h 71 W s 28 28 Ak s B, K KA 10 7K B0 7 40 A S BRI S5 B 7 R BELJE g 4k, 1545 S0 10 1 15 M R B L BB A
RBUBE R S BN A DL . IS5 SRR W KT R PESSH IR 5 0% M 2.5 Hz B K 3 HOK R [ A 45 % 3.1 Hz B, oK i 42
W DA 3.67 mm 38 % fw KAH 4.23 mm; A8 R 3, BT A2 7K 3 7 28 o i (A DA 86.16 mN i 3 3% Jin 3] 184.83 mN; i 24 #% % M 3% 4k £ 4%
KEF] 4.0 Hz i, H 1 32 7K 2 7y 3omws 19728 4k 0 3 3k, A8 A0 B A8 3k 15%. BT i (14 7K 2l 70 0 3k J7 12 DA % 592 38 485 31 O T ik B
B RE RS B AT R T B %

X WEFR SRS ; R B4, KT 24854, kzh Ji &
& 4% 5. 032; TB33 XHERFRERD: A XEHS: 1004-4523(2025) 05-0994-08
DOI: 10.16385/j.cnki.issn.1004-4523.2025.05.011

Hydrodynamic force measurement of oscillating flexible structure
actuated by macro fiber composite (MFC) in viscous fluids

YANG Mulin', LOU Jungiang"*, CHEN Tehuan', CHEN Hairong', WEI Yanding’, LI Guoping'
(1.Faculty of Mechanical Engineering and Mechanics, Ningbo University, Ningbo 315211, China;
2.Key Laboratory of Advanced Manufacturing Technology of Zhejiang Province, Zhejiang University, Hangzhou 315474, China)

Abstract: Flexible structures actuated by smart materials have been widely used in the fields of underwater bionic robotics, precision medical
machines, micro/nano devices, and so on. It is still a challenging task to acquire the hydrodynamic force exerted on the oscillating flexible
structure by the surrounding fluid. The fluid-structure coupled dynamic equation of the MFC-actuated flexible structure is established. A
cantilever-based measurement system for the hydrodynamic force is proposed, and the performance indexes are also proposed. The
characteristic parameters of the force measurement device are calibrated by experiments. Then, dynamic variations of the hydrodynamic forces
exerted on the MFC-actuated flexible structure at different actuation levels are acquired using the proposed system. The measured
hydrodynamic forces are decomposed into two components, namely, the added mass force and the hydrodynamic damping force. Moreover, the
inertia and drag coefficients in the form of Morrison’s expression are obtained. Experimental results show that the underwater oscillating
amplitude of the MFC-actuated structure increases from 3.67 mm to a maximum of 4.23 mm, as the excitation frequencies increase from 2.5 Hz
to the resonant frequency of 3.1 Hz. Accordingly, the measured hydrodynamic force exerted on the oscillating structure increases significantly
from 86.16 to 184.83 mN. However, the hydrodynamic force stays roughly unchanged, differing by no more than 15%. The proposed method
and measurement system may be helpful for the design and application of the underwater flexible structure actuated by MFC and other smart

materials.
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Tab.1 Dimension parameters of the flexible structure actuated

by MFC
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Fig. 1 Force condition of the underwater flexible structure
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Fig. 2 Overall schematic diagram of the hydrodynamic force

measurement structure
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Tab.2 Parameters of the transducer cantilever
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Fig.3 Calibration device
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Fig. 8 Experiment results at actuation frequency of 3.1 Hz
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Fig. 11 Hydrodynamic force components and oscillating

displacement curves of flexible structure
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2.8 1.210 11.506 3.6 1.084 9.510
2.9 1.277 12.514 3.7 1.038 9.177
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