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Basic study to obtain the vibration characteristics of 3D hyper-
elastic square cylinder based on the wind tunnel test

Part]l Free vibration test and revaluation of the result of wind
tunnel test
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Table1 Specifications of the experimental models

Name of model 116Y 116B
Material Soft Urethane ~ Hard Urethane

Breadth B [m] 0.08 0.08
Depth D [m] 0.08 0.08

Height H [m] 0.48 0.48
Density p [kg/m3] 15.8 49.1

Natural frequency f1 [Hz]* 3.4 4.0

Damping ratio / * 0.085 0.100
Mass-damping parameter §** 0.37 1.34

*Values based on the free vibration tests in Reference 7)
**Values based on the assumption of locking mode

b

I .
Chlo4 Chlo1 Ch.09 Laser
L 24 Displacement — -
4 N o Sensor V
. Chfos Ch.10 / Back
24
H -4 ° . .
7 Chl06  Ch|02 Ch.11 '--->
6 D| side
1 | . .ﬂ
Chj07 Ch.12
%
- L] L] L] /
Cho8 Cchjo3  fix [ cChi3
%
5% 4 Top view
D B
Side view Back view
Fig.1 Experimental apparatus
I X, y[mm
y [mm] —an — Chaol Ch.09
60 . — ChoO4 --- y=15
30 — Ch.03 ﬁ j}
0 t[S] 0 !ﬂ VJ—VWW
-30
-60

(a) Early time (b) Late time

Fig.2 Free vibration waveform of 116Y
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Fig.3 Plots of natural frequency and damping ratio derived from free vibration wave

Table2 Summary of statistical results for each amplitude range

116Y 116B
[ a " ; y [ - " ;
Avg.[Hz] C.V. Avg. C.V. Avg.[Hz] C.V. Avg. C.V.
y<24 3.57 5.46% | 0.022  75.92% | 0.071 y<24 5.06 2.34% | 0.032 39.86% | 0.319

24=y <48 3.55 4.77% | 0.033  59.46% | 0.106 24=y<36 5.04 2.51% | 0.045 44.50% | 0.450
48 =y <172 3.55 3.94% | 0.039 36.08% | 0.127 3.6=y<48 5.01 2.91% | 0.047 41.75% | 0.468
72=y<96 3.56 3.33% | 0.042 28.69% | 0.136 48=y<6.0 5.03 347% | 0.052 28.15% | 0.525
9.6 =y <120 3.57 3.01% | 0.045 24.31% | 0.144 6.0=y<72 5.01 2.20% | 0.052  22.59%| 0.522
120 =y <144 3.56 2.40% | 0.044 26.20% | 0.141 72 =y <84 5.01 2.03% | 0.049 26.15% | 0.491
144 =y<168 3.55 2.07% | 0.043 18.66% | 0.140 84=y<96 4.99 1.98% | 0.051 22.66% | 0.508
16.8 =y <192 3.55 2.03% | 0.045 17.03% | 0.143 9.6 =y<10.8 4.99 1.53% | 0.048 22.21%| 0.482
192 =y <21.6 3.54 1.66% | 0.044 18.98% | 0.140 10.8 =y <12.0 4.99 1.78% | 0.051  16.97% | 0.508
21.6 =y <24.0 3.52 1.80% | 0.045 11.73%| 0.144 120=y <132 4.99 1.72% | 0.053  15.89% | 0.532
24.0 =y <264 3.53 1.97% | 0.049 14.09% | 0.157 132=y<144 4.97 1.51% | 0.052 17.48%| 0.525
26.4 =y <288 3.52 1.70% | 0.051 13.41%] 0.162
28.8 =y <312 3.51 1.31% | 0.049 8.18% | 0.158 15.6 =y <16.8 4.99 1.41% | 0.053  14.09% | 0.527
31.2 =y <336 3.52 1.43% | 0.051 8.12% | 0.163 16.8 = y < 18.0 4.98 1.47% | 0.053 9.35% | 0.529
33.6 =y <36.0 3.51 1.12% | 0.052 7.03% | 0.168
36.0 < y < 38.4 3.49 1.10% 0.052 6.97% | 0.168 *Red letter illlciigtalc lhal.is the zone including the maximum value of
384 =y <40.8 350 105% | 0053  2.73% | 0.171 standard deviation of wind tunnel test.
432 =y <456 3.49 0.84% | 0.056 4.75% | 0.179 *Values of ¢ are derived from assumption of 1st bending mode.
40.8 =y <43.2 3.48 0.91% | 0.055 7.38% | 0.178
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