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A Study on the CAD for Extension of Sweet Spot of the Tennis Racket

Jae Eung Oh, Ho Park, Ha Yoon Hong and Sung Ha Yum
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Abstract

The dynamic characteristics of a tennis racket were identified by experimental modal analysis
and the sweet spot due to these was calculated. A tennis racket was selected as a model refer-

ence and modal parameters of the racket were estimated from the transfer funcion measuerd by

experiment. The transfer function was reconstructed by the modified modal parameters on the

assumption that the racket was locally modified, for example,

a change in the material of the

frame and the attachment of a damping material to the grip. The change of the dynamic char-

acteristics, especially natural frequency and magnitude of the second and the third vibrational

modes, were evaluated from the reconstruted transfer function. The change of the sweet spot due to

the modified modal parameters was estimated and visualized through computer graphic simulation

by the criterion of the sweet spot measured before structural modification. The modal parameters

for improvement of the dynamic characteristics and the data for CAD were obtained.
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Fig. 2 Definitition of the sweet spot

Table 1 Elliptical equation of the sweet spot

Elliptical ‘ Definition

equation domain
Right ellipse (%)z%—(—g—)z:l , X>C
Left ellipse (%)ZJF(%)ZZ l X<C
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Table 2 The results of simulation due to increasing equivalent stiffness
Natural frequency (Hz) Sweet spot
Change &,
2nd mode | 3rd mode B(Cm) Al(Cm) A2(Cm) Sa(Cm?) | Sa/Ta(%)
0% 110 185 3.15 6.3 7.8 66. 77 12.73
+2% 111 187 3.35 6.5 8.0 76. 30 13.92
+4% »112 189 3.95 6.8 8.5 94.93 17.32
+6% 113 191 4.85 7.1 9.1 123.47 22.53
-+8% 114 192 6.05 6.7 8.5 144. 45 26. 36
+10% 115 194 7.55 6.6 8.3 176.71 32.25
+12% 116 196 9.45 6.5 8.1 216.72 39. 55
Sa ; Area of sweet spot(Cm?)
Ta ; Total area of gut(Cm?)
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Fig. 7 The change of sweet spot due to increasing equivalent stiffness
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Table 3 The results of simulation due to decreasing equivalent stiffness
Natural frequency (Hz) Sweet spot
Change &,
2nd mode | 3rd mode B(Cm) Al1(Cm) A2(Cm) Sa(Cm?) | Sa/Ta(%)
0% 110 185 3.15 6.3 7.8 66. 77 12.73
—2% 109 183 3.35 6.3 7.8 74.20 13.54
—4% 108 181 4.25 6.4 7.9 95. 47 17.42
—6% 107 179 6.25 6.5 8.1 143. 34 26. 16
—8% 106 178 12. 00 6.6 8.2 278.97 50.91
~10% 104 176 6.15 6.7 8.4 145. 87 26. 62
—12% 103 174 3.65 6.5 8.1 83.71 15.28
—14% 102 172 2.85 6.4 7.9 64. 02 11.68
Sa ; Area of sweet spot(Cm?)
Ta ; Total area of gut(Cm?)
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Table 4 The results of simulation due to decreasing equivalent stiffness and increasing equivalent damping

Change Natural frequency (Hz) Sweet spot
k. ¢ 2nd mode | 3rd mode | B(Cm) | A1(Cm) | A2(Cm) | SaCmy) |Sa/Ta(%)
0% 0% 110 185 3.15 6.3 7.8 66.77 12.73
—2% +2% 109 183 3.35 6.4 8.0 75.83 13.83
—4% +4% 108 181 4.35 6.6 8.3 101. 81 18.58
—6% +6% 107 179 6.35 6.8 8.6 153. 61 28. 03
—8% +8% 106 178 11.95 7.0 8.9 298. 46 54. 46
—10% +10% 104 176 6. 25 7.2 9.2 161. 00 29. 38
—12% +12% 103 174 3.95 7.1 9.1 100. 52 18. 34
—14% +14% 102 172 3.25 7.1 9.1 82.70 15.10
Sa ; Area of sweet spot(Cm?)
Ta ; Total area of gut(Cm?)
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Fig. 11 The change of sweet spot due to decreasing equvalent stiffness and increasing equivalent damping
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