) 32 % 3R Acta Phys. Sin. Vol. 74, No. 5 (2025) 057701

[ERFHE SH I E R Bisg
BRI 5254 1EgE”
B D R&& B

B R
1) (T BRI RRAT, 5 266000)
2) (B BRI 2 e A B S S A5 B I BE MR 588 48, BFH 236000)
3) (ERICH T A2 bRE T AR BE, i 430000)
4) (HBT K= WA A E, = 572024)

(2024 4F 9 J 30 A3]; 2024 4F 11 H 30 A UEMENR)

JEH A4 5 A F L (macro fiber composite, MFC) EL77 & B PE | 5 280 ME AR B RE S5 40 A5, B vZ i
Fiizs . MR, RAMZESRSESE. JR00, BT MFC 14 B BT 2R EF RN, X+ MFC 4254
5 ELERBA G 2 RGN YRR A TAR 43 8 7 TACFR PR AR AR S Y | B e B FNR 5 R AY D2 3 2
M B E) 22 X MFC B9 A BRI BRI E AT T s A8 AN 43 M. — J Tl ad S5 AR BT Y | 48 MIFC N R Y
B AT AL, O - B AR A R SRR 5T — O 1 E AT B RVRIR G AR Y X MEFC 9 52 45 49 il 47 5%
PRSI 1 F 25 A 0 2R, S MFC i R 242 IR e i =A% B iy 43 7 42 A B A 0, A 200l 77 MFC & RE T
A% IR A8 0 AR R e 7 ELAS SRR W, IR AL BgR PEBE L A T W iy 2UAZ A, SR B B2 5 m/s?, B
QIR L 80 mm I, TR BN MFC AR AL AR 19 W IR 67 Ha, iy U O 417 V. S0 24
FH, MFC 1R 253K 1 IR A0 3R 74 Hz, it Rk 3.59 V, 05 EiTE 45 R 5 MEC 1% 3R 25 T 25 2L A
¥, Bk, MEFC 14 Bas 1AM T4 B H A L 5 A5 R R AR, AL R HUE S 7.35 V/g. W UL, MFC 7E{ILH
PR B 5 BB R M, A 3 Fh oA BRSTAR R ] LUAA 2L MEC &8 48 1152 18R M BE, v MFC 1% %4
) B T 2 A1 T AR

XA RHBAAEE SR (MFC), {4k, MERETN, A FRICH
PACS: 77.84.Lf, 07.07.Df DOI: 10.7498/aps.74.20241379
CSTR: 32037.14.aps.74.20241379

ok, HA R SR LS R

- FIERFAE S 5 (481,
5 =

1999 4, EFEATR IR (NASA)L3 T 7220
JFEHEFYER S MK (macro fiber composite, MFC),
PR P LR 4 R G YRR LS S8 il S &
BA =IRGZZ45 M r08 e R, 118 1(a) Fios,
XSS 753 A T s L B s 41 48K 7 1) Y
HIASONE , TR TR T 22 4% [ S PR AL AN IR Bl RE T 1Y

B MFC 5 AR IR A LR, &R
MFC N #BE 24 (4546, B & 1 T AR A T AR R
PR AL dgg B, dgy RO dy U018 45 Hirp
dgs B MEC [R5 AL 7 1] Rt 0 A i 377 ) — B0 H.
PP A LF B 7 ), R T 2R 2 T [ ) R F
BN, PR T DAAE A B T ) R R B O, HAT L
A UR S AL BE, AN 1(b) BTR. dgy BT AR

* 5 BN REA R 5 H  2 ON A E S PSS (HEES: FMDI202407), B RHITE K A AR AA L&A E (it
HES: rexm?202402) FEFRIE HRFHEIESQUHOFR B H (HLHES: 524CXTD431) BBy,

t BIEVE#E. E-mail: 202401001 @fynu.edu.cn
1 BIE1E#E. E-mail: zhoujing@whut.edu.cn
© 2025 FEYIEZS Chinese Physical Society

http://wulixb.iphy.ac.cn

057701-1


http://doi.org/10.7498/aps.74.20241379
https://cstr.cn/32037.14.aps.74.20241379
mailto:202401001@fynu.edu.cn
mailto:202401001@fynu.edu.cn
mailto:zhoujing@whut.edu.cn
mailto:zhoujing@whut.edu.cn
http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 3R Acta Phys. Sin. Vol. 74, No. 5 (2025)

057701

PRI HET MFC Ry AR 12 i —Fp TAERC dyg
R MFC VB WAL A TIPS L K . RTA
TGN 2 4535 B EZIMEH]. Discalea 45 14
FF MFC #5857 IR AMUHLILSE B 36 3% 2 ab 5
A MRS ERRAS B W, 3T BRI/ M X i
AR M AT T BUERTIT, BF98 T 2 A MRS R
)20 3R 2 B AN A BRGS0
W, AFFEUER T MFC B R0 R, v T
PLER W R 45, Konka 55 191 X MFC #4% BAs
RENEAT T RGMERFST, 12 T MFC fE M A%
SRR BT REHE A, A FE T LIS 20 &2 & R in 2k
0 R 9 57 5. R T ik Ak MFC
1R IR PR ET - IR A 52 A MRHZ FEARRE & b 1
TR LA, BFFEAIE T MFC RERS A 2L I
BIUBR, 77 0228 B AE Ak, i AU g A H H 22
(B FEFEZEPE R, Pearson 48 M0 $EH T MFC &%
TR IR 3, RS MEC RS AR ZS it R
& & #RHE Hr E, 78 100, 300 F1 500 kHz #i %
T L PSS AT ARSI 2 A5 A Ak 28 v o e R B
W K5 (AR), 38T LR R ik bz e i ik — 25
ARG, AN, MFC (1% I8 g 18 45 00 357 Hi 7
FHTICLR A4 S5 5545 40 17 19,
(a) /—Polyimide
—//‘ Feomposite”

=——Interdigitated
electrodes

(b) —
LN I',': PZT
o +* | FM Cu
F- i Epoxy
5

— -
1(2) 'I ' “___ '1‘_ m_. 4 X - Kapton layer
1 [ =1 A I- 1\/
3(L)

2(T)

BT (a) BIEHRET AL SRS, (b) KRS H
BT AR
Fig. 1. (a) Macro fiber composite structure; (b) working

mode of macro fiber composite.
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Fig. 2. MFC Model diagram of theoretical analysis.
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Fig. 3. Representative volume element modeling of MFC: (a) RVE modeling diagram; (b) dimension parameter of RVE.
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Table 1. Dimension parameter of RVE of MFC.
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Table 2.  Material parameters of piezoelectric ceramic.
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Table 3.  Material parameters of epoxy resin and interdi-

gital electrode.
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Fig. 4. Electric field distribution of MFC.
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Fig. 5. (a) Direct model of MFC; (b) mixed model of MFC.
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Fig. 8. Sensing performance of MFC resonant sensor: (a) In-

fluence of acceleration load on output voltage; (b) influence

of substrate length on output voltage.
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Abstract

Macro fiber composite (MFC) is extensively utilized in aviation, aerospace, civilian, and military domains

due to its high piezoelectricity, flexibility, and minimal loss. Nevertheless, existing research on MFC sensors has

focused on material applications, with a conspicuous lack of systematic investigation into the simulation and

modeling of MFC sensor devices. In this study, three models, namely, a representative volume element (RVE)

model, a direct model, and a Hybrid model are established to analyze the finite element models of MFC,

covering the scales from micro to macro. On the one hand, the equivalent RVE model contributes to an

057701-9
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understanding of the internal electric field distribution in MFC, thereby establishing a theoretical foundation for
force-electric coupling. On the other hand, the application of the direct model and hybrid model accords with
the boundary conditions in MFC applications, which lays a theoretical foundation for the stress sensing and
resonance sensing mechanisms of MFC. These models constitute effective tools for predicting the sensing
performance of MFC smart element sensors. The simulation outcomes indicate that resonant sensors exhibit
significantly superior performance compared with patch sensors. Under the conditions where the excitation
acceleration is 5 m/s? and the cantilever substrate length is 80 mm, the simulated resonant frequency of the
MFC resonant sensor is 67 Hz, with an output voltage of 4.17 V. Experimental results confirm these findings. It
is reported that the resonant frequency is 74 Hz and the output voltage is 3.59 V for the MFC sensor. The
remarkable consistency between the simulation results and experimental data of the MFC sensor deserves to be
emphasized. In addition, the MFC sensor shows excellent sensing sensitivity at low frequencies, with a
sensitivity of 7.35 V/g. Obviously, MFC shows remarkable sensing characteristics at low-frequency resonance.
The three finite element models established in this work can well predict the sensing performance of MFC
sensors, thus ensuring reliable prediction of the performance of such sensors.
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