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Fig. 1  Schematic plot of the homogenization of

the truss-cored metal sandwich plate
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lg.2 Schematic plot of the shear angles of homogenized sandwich plate
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Fig.3 A unit cell of pyramidal truss-cored metal sandwich plate

and the mesh of the plate in finite element method
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x1 eFEIIEZILERBROIRSHREZ
S5ARTIHEEAIRAELER (BRI He)
Table 1  Results of the natural frequencies of a pyramidal

truss-cored metal sandwich plate by MSR and FEM

mode 1 2 3 4 5 6

FEM  101.47 179.47 266.53 292.40 326.10 415.90
MSR  101.72 183.36 273.36 300.99 337.99 434.71
Error(% ) 0.25 2.17 2.56 2.94 3.65 4.52

x2 NMEFELSEZSILSBREWSHERIEZE
S5ERTHEEBIRFNINELER (LML Hz)
Table 2 Results of the natural frequencies of a tetragonal

truss-cored metal sandwich plate by MSR and FEM

mode 1 2 3 4 5 6

FEM  120.26 192.98 296.41 314.60 364.81 415.35
MSR  120.94 195.92 301.79 320.82 374.56 424.07
Error(% ) 0.57 1.52 1.81 1.98 2.67 2.10

3 kagome BY A S FL & B RS RN B
S5ERTHEBBIRINELER (8L Hz)
Table 3 Results of the natural frequencies of a kagomé

truss-cored metal sandwich plate by MSR and FEM

mode 1 2 3 4 5 6

FEM  74.01 110.91 146.25 157.37 168.66 201.67
MSR  75.61 107.04 146.17 152.87 171.44 188.24
Error(% ) 2.17 -3.49  0.05 -2.86 1.65 -6.66

x4 A RESEZSILEBREWS BRI EE
S5FRTIHEMGEGIRAEE R (AL He)
Table 4  Results of the natural frequencies of a 4-rod

truss-cored metal sandwich plate by MSR and FEM

mode 1 2 3 4 5 6

FEM  62.41 94.51 124.55 133.23 144.38 172.75
MSR  63.22 95.34 125.34 133.94 145.16 173.38
Error(% ) 1.30 0.88 0.63 0.53 0.54 0.37
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Fig.4 The influence of h, and b on the first natural frequency
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Table 5 Optimized first natural frequencies of

the truss-cored metal sandwich plates

Truss type b/mm h./mm O e/ Hz w,/Hz
Pyramid 3.20 97.60 381.22 101.47
Tetrahedral 3.28 101.00 223.13 120.26
Kagomé 5.36 95.00 179.99 74.01
4-rod truss 4.28 53.60 94.91 62.41
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VIBRATION CHARACTERISTICS AND OPTIMIZATION OF
TRUSS-CORED METAL SANDWICH PLATES "

Li Tuo Jiang Jun
(MOE Key Laboratory of Strength and Vibration ,Xi’ an Jiaotong University ,Xi’ an 710049, China)

Abstract The space grid homogenization theory used in space grids design was adopted to homogenize the truss-
cored metal sandwich plates. The bending stiffness and equivalent shear stiffness of the homogenized plates were
obtained by using Reissner sandwich theory and the space grid homogenization method respectively. The formulae
of the natural frequencies of four typical truss-cored metal sandwich plates were then derived by using the Method
of Split Rigidities ( MSR). The frequencies of truss-cored metal sandwich plates obtained by the formulae are in
good agreement with those by finite element method. Moreover, the influence of structure parameter of the unit cell
on the natural frequencies was analyzed. Optimization with the goal of a maximal first natural frequency was per-
formed by optimizing the height of truss core and the cross-sectional area of the truss. The truss-cored metal sand-

wich plates after optimization have a much higher first frequency compared with the original design.

Key words truss-cored metal sandwich plate, vibration characteristics, homogenization, Method of Split

Rigidities, optimization
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