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Optimal Design of Ossicular Silencer

Based on Response Surface Methodology

CHENG Junsheng', YU Hao
(State Key Laboratory of Advanced Design and Manufacturing for Vehicle Body, Hunan University,Changsha 410082,China)

Abstract; In order to improve the performance and reduce mass of an ossicular silencer, the average
transmission losses (TL) in the low frequency range and the broadband were chosen as optimization goals,
several structural parameters (width of the main duct,depth of the enclosed cavity, and length of the en-
closed cavity) were chosen as optimization variables, and the mass of the silencer was taken as the con-
strain condition. The finite element model was also established for the silencer, sample points were ob-
tained by central composite design (CCD), the quadratic polynomial model was constructed based on re-
sponse surface methodology (RSM), and the fitting accuracy was tested. Response surface methodology
combined with genetic algorithm 1T (NSGA-II) was applied to optimize the structural parameters of the si-
lencer. The optimized ossicular silencer shows better performance and lighter weight. The optimization re-
sults indicate that the structural parameters of the silencer are optimized by combining the response surface
methodology with genetic algorithm.
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Fig. 1 The geometric model of the ossicular silencer
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Fig. 2 Finite element model of the ossicular silencer
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Fig. 3 Central composite designs for n=2 and n=3
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Tab.1 Experiment results based on CCD
N he h L. TL, TL,
FEA /mm /mm /mm /dB /dB
1 45.00 48.00 225.00 11.435 6 15.971 3
2 45.00 48.00 275.00 15.501 3 13.505 5
3 45.00 52.00 225.00 10.875 1 15.968 1
4 45.00 52.00 275.00 16. 040 6 13.938 7
5 55.00 48.00 225.00 9.218 5 14.224 6
6 55.00 48.00 275.00 12.312 2 12.398 4
7 55.00 52.00 225.00 7.905 6 14.203 9
8 55.00 52.00 275.00 12.019 0 12,467 5
9 50.00 50. 00 250. 00 12.729 5 14.117 7
10 58. 41 50. 00 250.00 10. 330 9 12.893 4
11 41.59 50. 00 250. 00 16. 826 2 15.506 6
12 50.00 53.36 250. 00 12.228 9 14.333 6
13 50.00 46. 64 250. 00 13.711 5 14.356 3
14 50. 00 50. 00 292. 04 13.959 1 12,4317
15 50.00 50. 00 207.96 8.089 4 15.238 8
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Tab.2 The initial values and the range
of the design variables mm
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TL, = 80.353 26 — 0. 219 41h. —
1.800 58h — 0. 060 91L, —
4.77 X 10 *h.h +9.326 X 10 ‘L. +
1.315 5 X 10 AL, +7.122 1 X 10"h! +
0.017 263h* —1.778 45 X 10 ‘L?  (11)
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Tab.3 The coefficient and the adjusted coefficient
of determination of the response surface model

W i HE AR R i A e R AR Rz
TL, 0.979 4 0.942'3
TL, 0.993 4 0.981 6
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Tab. 4 The initial and optimal values

of the design variables mm
fi h h I
WG 50.0 51.0 266. 0
et 50.8 45.0 257.9
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Tab.5 The initial and optimal values of the objective
function and the constraint function

el TL:/dB TL./dB m/g
¥ iH1E 13.397 0 13.343 6 1684.3
A 15.286 2 14.619 1 1593.2
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Fig. 4 The transmission loss of the silencer
before and after optimization
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Tab. 6 Value comparison of the objective functions

1 TL,/dB TLy/dB
LA 15.286 2 14.619 1
G B 15.150 3 14.434 3
WE/ % 0.90 1.28
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