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Abstract

Macro Fiber Composite (MFC), developed by NASA’s Langley Research Center, is a piezoelectric ma-
terial characterized by its small size, flexibility, and strong electromechanical performance. These
features enable its extensive use in sensing, actuation, energy harvesting, and MEMS applications.
When employed as an actuator in vibration control, MFC can significantly modify the dynamic be-
havior of the host structure, making it essential to understand the vibration characteristics of beams
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with bonded MFC layers. However, studies focusing on how the geometric and placement parame-
ters of MFC influence the natural frequencies of MFC-clamped beam systems remain limited. In this
work, the governing equations of a clamped beam with surface-bonded MFC are formulated using
Hamilton’s principle and discretized with the Galerkin method to obtain the system’s natural char-
acteristics. The effects of MFC dimensions and bonding location on the vibration response are sys-
tematically analyzed, and numerical simulations together with experiments are conducted to vali-
date the proposed theoretical model.
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Figure 1. MFC-beam structure schematic diagram
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Figure 2. MFC-solid beam structure experimental setup
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Table 1. Comparison of first-order natural frequency results of MFC-fixed beam structures with different beam lengths L
F# 1. TEFRK L B MFC-E X R — M E B E RIS

Length/mm Theoretical Result/Hz FEM/Hz eFEM Experiment/Hz EEXP
340 83.38 83.00 —0.46% 80.95 —2.91%
360 74.46 73.85 —0.82% 71.56 -3.89%
380 66.89 66.39 -0.75% 64.19 —4.36%
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Figure 3. Schematic diagram of MFC-fixed support beam structure
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Figure 4. The relationship between the first-order natural frequencies of the MFC’s relative width ratio Ra when the MFC is
located in different positions
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Figure 5. Relationship between first-order natural frequencies and MFC’s relative width ratio R, when the MFC at different
positions
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Figure 6. The relationship between the first natural frequency of MFC structures with different thicknesses and the variation
of the bonding position

6. TNEIEE MFC ) — N BB MRS ERTH LR

3 — LIS UE M B B — B [ A A 50, L 340 mm BRI, S0 Sl d i S Pl LR L A
iE, SENERIN LN 2 Pron, AT DOWEER) SIS IR S IR A R S B, Bl BUE B G A B
MekAs, — BB SRR R R R T A

Table 2. Comparison of the first natural frequency results of MFC-supported beam structures with different MFC bonding posi-
tions

F 2. F[E] MFC IEBL B #Y MFC-[E ST RESHMIN— I E B INELE RIS

Zp Theoretical Result/Hz Experiment/Hz Error
0.3 83.39 82.86 —0.64%
0.4 82.82 80.02 —-3.50%
0.5 82.68 78.74 —5.00%
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Figure 7. The first mode shape variation of the structure when MFC is located at different positions
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