Ha4% 100 &/ L F O M Vol. 44 No. 10
2023 4F 10 H Chinese Journal of Scientific Instrument Oct. 2023

DOI: 10. 19650/]j. cnki. ¢jsi. J2310985

MENEHXEETHRERMESNF TSR

ﬁ']}é‘}“l,%')%?ﬁkl,i ‘7‘]&2,3,4’@%7{:—*{55’%@1
(1 ET A RE=AURE TRE2EEE M 2211165 2. HARERFRAAMY R A Rl B B B Sz L fiAh e dbad 1007305
3. HABERL KBRS A A F I E AL E Jba 1007305 4. LT A T TR AR .o
Jbst 1007305 5. BEsci R2APRah  opdy MR OESR T BV 200240)

ARG IR AT A R AR T BN R X IR Oy T AR R A ME R AR A 22 R R REA R R S 2R (H A
AEVHS (A R, B T — 3R sl 5 100 6 5 R SH DTG ) 4 e T vl 2 1 10 o i R FRLVE Bl . 108, 45 A N 54, i
T T YESh R IBUARAL 258 T 2 W R T 5 R X i sk O AR #4732 F1 43 BT , R AR FBERE X S sk O IR AT Ak i, A3k
PSR4 SRS ORI B R A T R AR B85 - N ARG ) = b7 T s s S O AR S TR f B e RO Bl 27
W HAMEPERE AR I, B 58 TIZ B2 40 e IR M T RT s T ARSI A REL, 35 8 T ORI E & , X K
FESH AR B FR AT T, R 2s R B, BTt R 7 PR = P v A sh 2 1 A8 (B 18 B8 i s TRy ml 4, HLELA T4
B 95 (100~ 10 000 Hz) (VS ER (THD < 0. 29% ) ML o 2k FAE sl #5305 T [ 4 SR i T g Bt s kb, SR & T o
EEiiol) SEPNE Yt sy

FKgEE . N LT B G BR ; ERESh & At Wi A

FE S ES: THT89 XERERIRAE, A BERREZERSERE; 460.2

Design and optimization of a preload controlled round-window
stimulating piezoelectric actuator

Liu Houguang' ,Kou Yinxin', Wang Jie”* Rao Zhushi’ ,Cao Guohua'

(1. School of Mechatronic Engineering, China University of Mining and Technology, Xuzhou 221116, China; 2. Depariment of
Otolaryngology-Head and Neck Surgery, Beijing Tongren Hospital, Capital Medical University, Beiing 100730, China;
3. Key Laboratory of Otolaryngology-Head and Neck Surgery, Ministry of Education, Capital Medical University,
Beijing 100730, China; 4. Betjing Engineering Research Center of Audiology Technology, Beijing 100730, China;
5. Institute of Vibration Shock & Noise, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract ; The clinically used middle-ear implant for round-window stimulation is not designed specifically for this excitation method, and
there are problems such as large individual differences in postoperative performance, unstable performance, and gain value that cannot
reach the theoretical value. To address these issues, a round-window stimulating type piezoelectric actuator that matches the size of the
round-window membrane and can monitor the preload acting on the round-window membrane is designed. Firstly, combined with the
anatomical structure of the human ear, the mechanical structure and macroscopic dimensions of the actuator are designed. Then, the
force analysis of the flextensional amplifier is carried out, and the particle swarm algorithm is used to optimize the design of the
flextensional amplifier to obtain the optimal output displacement magnification. After that, a piezoelectric actuator-human ear coupling
mechanics model is formulated, the influence of the cross-sectional area of the support spring and the number of piezoelectric stack layers
on the performance of the actuator’s hearing loss compensation is analyzed, and the cross-sectional area of the support spring and the
number of piezoelectric stack layers are ascertained. Finally, the prototype of the piezoelectric actuator is manufactured according to the

determined design size. A laser vibration test bench is established to test the dynamic characteristics of the piezoelectric actuator. The
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experimental results show that the designed round-window stimulating type piezoelectric actuator can monitor the preload acting on the

round-window membrane. It has the advantages of wide operating frequency band (100~ 10 000 Hz) and low harmonic distortion ( THD

<0.29% ). The designed piezoelectric actuator is suitable for the hearing loss compensation of the round-window stimulation, which

provides a new solution for the clinical treatment of mixed hearing loss.

Keywords : middle ear implant; round-window stimulation; piezoelectric actuator; optimization design; hearing compensation
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Fig. 1 Working principle diagram of the round-window

stimulating artificial middle ear
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Fig.2 Mechanical structure of the round-window stimulating

piezoelectric actuator
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Fig.3 Schematic diagram of the structure of the

flextensional amplifier
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Fig. 4 The stress diagram of the flextensional amplifier
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Fig.6  Force diagram of the side wall of the flextensional amplifier
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