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Dynamic characteristics and mechanisms of table tennis blades with the inclusion of

special fiber laminates
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Abstract: Several series of special fiber laminates with different performance were designed and fabricated by
chemical vapor deposition method. The dynamic responses of table tennis blades were found adjustable with the
inclusion of different fiber laminates. The dynamic characteristics and mechanisms of the blades were analyzed and
measured by finite element method (FEM) and non-contact mode measurement method. The first and second or-
der frequencies of the blades can be adjusted in the range of 115-127 Hz, and 179-198 Hz, respectively, which cover
the performances of most popular market products. The FEM and non-contact mode measurement method are
both proved to be feasible on designing and studying the characteristics of table tennis blades.

Keywords: table tennis blades; special fiber laminate; chemical vapor deposition; dynamic characteristics; non-

contact mode measurement
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Fig.1 Schematic structure of a table tennis blade
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Table1 Fiber lamination parameters of blade samples

i i Thickness of fiber
Sample Fiber coating A
lamination/mm
SO None 0.18-0.19
S1 Low texture carbon 0.18-0.20
S2 High texture carbon 0.19-0.22
S3 Nitrogen ceramic 0.20-0.22
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Fig.2 Micromorphology of the coatings on carbon fibers: (a) Low texture carbon coating; (b) Nitrogen ceramic coating
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Fig.3 Finite element model of a table tennis blade
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Table 2 Material parameters of blades for finite element analysis

Elastic modulus/GPa Poisson's ratio Shear modulus/GPa
Materials Density/(g-cm™)

E, E, E, V12 Vi3 Va3 G, Gi3 Gy
Koto 0.59 1.12 0.67 1.17 0.33 0.39 0.23 0.71 0.89 0.23
Ayous 0.224 6.27 0.13 0.29 0.39 0.23 0.36 0.20 0.31 0.03
Fiber in SO 1.69 107 107 20 0.33 0.33 0.33 25 25 5
Fiber in S1 1.58 92 92 14 0.31 0.31 0.28 23 23 4
Fiber in S2 1.55 85 107 12 0.30 0.30 0.25 18 18 3
Fiber in S3 1.67 97 97 18 0.23 0.23 0.21 21 21 4
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Fig.4 Non-contact mode measurement equipment
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Fig.5 Typical vibration modes of a blade acquired by finite element

method: (a) First order mode; (b) Second order mode;

(c) Third order mode
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Fig. 6 First and second order modes of S1 blade acquired by non-
contact mode measurement: (a) First order mode;

(b) Second order mode
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Fig. 7 First and second order modes of the VISCARIA blade acquired by

¢ () —BTBEEs;

non-contact mode measurement: (a) First order mode;

(b) Second order mode
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Fig. 8 First and second order modes of the Lin Gaoyuan ALC blade
acquired by non-contact mode measurement: (a) First order mode;

(b) Second order mode
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Fig.9 First and second order modes of the Cyber Shape Carbon blade
acquired by non-contact mode measurement: (a) First order mode;

(b) Second order mode
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Table 3 First and second order frequency of various blades

First-order frequency/Hz

Second-order frequency/Hz

No. Sample
Calculation Experiment Calculation Experiment

1 SO 129.1 127.3 195.2 187.0
2 S1 123.0 121.7 188.0 179.8
3 S2 118.3 115.5 185.3 179.1
4 S3 125.4 123.3 205.6 198.0
5 VISCARIA —_ 123.8 — 183.3
6 Lin Gaoyuan ALC — 122.1 — 179.7
7 Offensive Wood NCT — 104.8 — 182.0
8 Cyber Shape Carbon — 112.8 — 179.5
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Fig. 10 Microstructure morphologies of the coatings on the fibers in sample: (a) S1; (b) S2; (c) S3
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