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ABSTRACT

The modal parameter of a carbon-fiber-reinforced plastic(CFRP) can be obtained through frequency

response functions.

It has been reported to vary with operational conditions,

temperature, spectral

loading patterns, as well as the direction of the carbon fibers. Previous studies have shown the sen-

sitivity of modal parameters to three parameters. For example, five specimens were used to conduct

a uniaxial excitation test by changing the direction of the carbon fibers. The effect of the spectral

loading pattern was only evident for the modal damping coefficient of CFRP specimens and two dif-

ferent spectrum patterns, random and harmonic, were applied for uniaxial excitation. In this study,

the mixed mode was considered to evaluate the sensitivity of modal parameters of CFRP specimens;

the uniaxial excitation condition used was the same as that in previous studies. The mixed mode of

excitation is also known as the sine-on-random(SOR) mode and is frequently applied in the military

as an advanced vibration test code. The modal parameters from the mixed mode were compared to

the results of the conventional single mode, random and harmonic, and the dynamic behavior of

CFRP specimens was evaluated under the mixed excitation condition.
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Fig. 1 Configurations of CFRP specimens (L: 150 mm,
W: 80 mm)

(b) Force

Fig.3 Uniaxial exciter with temperature chamber for
CFRP specimens

Table 1 Test profile for single excitation

Harmonic Random
# Frequency | Acceleration | Frequency |Acceleration
[Hz] [g] [Hz] [g*/Hz]
1 10 0.5 10 0.005
Fig.2 Uniaxial exciter with temperature chamber for
. 2 500 0.5 500 0.005
CFRP specimens
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Fig. 9 Frequency response function for specimen #4
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Fig. 10 Frequency response function for specimen #5
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Table 2 Variation of resonance frequencies for single modes[unit : Hz]

0 Harmonic Random
-8C 20C 50°C 80°C 105C -8C 20C 50C 80C 105°C
0° 236.0 247.0 246.5 250.5 252.0 235.5 246.5 246.0 249.5 253.0
30° 141.0 123.5 121.5 119.5 116.0 141.5 123.0 121.5 120.0 114.5
45° 100.0 97.0 93.5 91.0 90.0 99.0 96.0 94.0 91.5 91.5
60° 85.0 68.5 72.0 70.5 67.0 85.0 68.5 71.5 71.0 67.5
90° 77.0 73.0 73.0 64.5 63.0 76.5 73.5 66.0 64.0 64.5

Table 3 Variation of modal damping coefficient for single modes[unit : %]

0 Harmonic Random
8°C 20C 50C 80°C 105C 8°C 20 50°C 80°C 105C
0° L1 L1 0.9 11 0.9 1.6 1.2 0.9 1.0 0.9
30° 16.1 2.1 1.4 17 2.8 18.5 2.2 1.6 0.8 5.1
45° 2.6 6.6 24 2.0 33 2.4 6.1 2.4 2.1 2.4
60° 2.2 14.5 3.8 2.6 2.4 2.6 13.0 3.8 2.9 8.5
90° 2.8 1.8 2.0 27 27 2.7 2.0 24 3.1 5.7

Table 4 Variation of resonance frequencies for mixed modes[unit : Hz]

Harmonic Random
0 8°C 20C 50C 80°C 105C 8°C 20C 50°C 80°C 105°C
0° 236.0 | 2465 | 2465 | 2490 | 2550 | 2360 | 2465 | 2465 | 249.5 | 2545
30° 1410 | 1235 | 1230 | 1200 | 1145 | 1410 | 1235 | 1215 | 1200 | 1150
45° 98.5 97.0 93.5 91.0 89.0 98.5 96.5 93.5 91.0 89.5
60° 85.5 68.5 72.0 70.0 66.5 85.0 68.5 72.0 70.5 67.0
90° 77.0 73.0 66.0 64.5 62.5 76.5 73.5 66.0 - 62.5

Table 5 Variation of resonance frequencies for mixed modes[unit : %]

Harmonic Random
J 8C 20°C 50°C 80°C 105°C 8C 20°C 50C 80°C 105°C
0° 0.7 1.1 0.3 1.1 0.8 1.5 1.3 1.0 1.0 1.0
30° 11.2 2.0 1.8 1.3 5.9 15.9 2.2 1.2 1.7 5.6
45° 2.5 5.8 2.4 1.6 3.5 2.5 6.1 2.4 1.9 4.2
60° 2.7 13.2 3.5 2.5 6.8 2.6 15.2 3.9 3.0 10.4
90° 3.0 1.8 1.9 2.4 9.4 2.7 1.8 2.1 - 14.2
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