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Topology optimization design method of metal powder particle
damping composite rudder structure

LI Haidong', ~ SHIXiaoming', ~ ZHANG Heng’

(1. Shanghai Electro—Mechanical Engineering Institute, Shanghai 201109, China; 2. School of Mechanical Engineering,
University of Shanghai for Science and Technology, Shanghai 200093, China)

Abstract: The mechanical characteristics of the rudder structure have a critical impact on the flight
performance of the aircraft, and these characteristics are governed by the structure’ s geometric

configuration. A topology optimization method for designing the metal powder particle damping
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composite rudder structure was proposed. The load-bearing function was satisfied by optimizing the
stiffeners of the rudder structure and the vibration suppression was achieved by optimizing the position
distribution of the powder particle dampers. The internal stiffener distribution of the rudder structure
was determined via the adaptive growth method, while the equivalent performance of the powder
particle damper was evaluated using the homogenization method. Based on the homogenized
parameters, the position distribution of the powder particle dampers within the rudder was optimized to
realize a collaborative design that concurrently addressed both load-bearing and vibration suppression
functions. The simulation results show that, compared to the original rudder structure, the static
mechanical performance of the optimized metal powder particle damping composite rudder structure is
improved by 10.35%, the first natural frequency is increased by 22.10%, the frequency response at the
first natural frequency is reduced by 22.88%, and the flutter speed is increased by more than 10% when
the Mach number is 4, 5, 6. The proposed design method provides a new solution for the design of
lightweight, high-rigidity structures with vibration suppression functions.
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Fig.1 Design process of the powder particle damping composite rudder structure
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Fig.8 Position of the powder particle damper after optimized design and the iteration curve of the optimization process
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Tab.1 Damping coefficients of powder particle dampers for each unit

G BUEREI0°N-smm) || 45 BUERE/10°(N-smm )
1 5.94 6 3.19
2 10.13 7 2.90
3 5.51 8 2.20
4 532 9 3.82
5 3.37 10 7.51

gie BUERABI0 Nsmm ) || 45 BUZRE/10°N-smm )
11 2.11 16 5.63
12 3.77 17 5.58
13 5.31 18 4.39
14 3.08 19 4.40
15 3.64 20 4.39
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Fig.9 Optimized rudder structure for engineering design
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Fig.11 Static analysis results of rudder surface before and after optimization

AR TE /mm
61.252
54.446

47.641
40.835
34.029
27.223
20.417 ‘

13.612
6.805 8

0 1Hr (41.36 Hz)

AR /mm

84.843
3% ( 86.00 Hz )

75.416
65.989
56.562
47.135
37.708
28.281
18.854
9.427

0

HASIE /mm
62.718

55.750

48.781
41.812
34.844
27.875
20.906
13.937

6.968 7

0 201 (42.60 Hz )

»

4%y (291.05 Hz)

AR /mm

166.01
147.57
129.21
56.562
47.135
37.708
28.281
18.854
9.427
0

(a) JR AR T 454 1 ~4 B B 2

I /mm
71.009
63.119

55.229
47.339
39.449 N
31.559
23.670
15.780

7.8899

0 1B (50.50 Hz )
BRI /mm
100.36

89.206
78.055
66.905
55.754
44.603
33452

22.302
11.151
0

3% ( 97.78 Hz)

AR /mm

81.600

72.534

63.467

34.400

45.334

36.267

27.200

18.133

9.066 7
0

I fmm

205.68
182 82
159.97 -
137.12
114.26
91.412
68.559
45.706

2 (55.31Hz)

22.853
0

4y (342.65Hz)

(b) AR IS5 1 ~4 B A
12 RACBIEREEE 4 HriEsIRE

Fig.12 First four-order modal vibration modes of the rudder structure before and after optimization
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Tab.2 Comparison of the first four-order natural frequencies 14 | /:i E
of the rudder structure before and after optimization 12 fefestr

R4 JERY T/ Hz HRALSE I /Hz AL/ %
1 41.36 50.50 22.10
28y 42.60 55.31 29.83
k] i1y 86.00 97.78 13.70
4 291.05 342.65 17.73
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Fig.13 Rudder amplitude-frequency response analysis results
before and after optimization
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Tab.3 Comparison of the rudder flutter performance before
and after optimization

DbRg  BEEEms ) EEEms ) A%
4 1013.8 1124.0 10.9
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6 1217.1 1417.2 16.4
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Fig.14 Rudder flutter results before and after optimization at Mach number 5
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