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Table 2 Variation of modal parameters and preload after fatigue test

2

Resonance frequency

Damping ratio

. Preload _
Specimen coac o Variation/  Change rate/ $r/% Variation/ Change rate/ b,/ %
relaxation/ % ) ,
Hz (1073Hz + h 1072 (107*h™1)
As 2.535 0.074 —9.440 42.903 0.134 1.251 44. 851
Ay 1.179 0. 048 —4. 890 82.822 0. 180 1. 248 53.610
As 1. 059 0. 046 —4.560 88. 816 0.109 1. 325 65. 687
Ao 0. 050 —4.050 0.142 1.502
Bs 3.913 0.103 —9.040 53.208 0.184 1. 816 30. 879
B, 3.471 0.098 —38.270 58.162 0. 085 0. 802 49.229
Bs 2.958 0.058 —6.370 75.510 0. 065 0.669 54. 325
By 0. 059 —4. 810 0.143 1. 415
Cs 7.756 0.097 —9.570 62.591 0.114 0.626 36. 851
C, 5.058 0. 089 —7.840 76.403 0.068 0.712 52.230
Cs 3.413 0.078 —6. 640 90. 211 0.041 0. 240 54.001
Co 0.067 —5.990 0. 147 1.324
7
Fig. 7 Preload relaxation time-dependent curves of composite joints under different initial preloads
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Fig. 8 Variation curves of strain frequency spectrum for B type joints
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Fig. 9 Resonance frequency time-dependent evolution curves Fig. 10 Damping ratio time-dependent evolution curves
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Fig. 11 Slip on connection interface of composite joints
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Preload relaxation characteristics in composite bolted joints based on vibration fatigue test

ZHANG Zhen' ?, XIAO Yi"*, LIU Yanqing', SU Zhongqing®
(1. School of Aerospace Engineering and Applied Mechanics, Tongji University, Shanghai 200092, China;
2. Department of Mechanical Engineering, The Hong Kong Polytechnic University, Hong Kong, China)

Abstract; The time-dependent behavior and the affecting factors of preload relaxation in carbon/epoxy composite
bolted joint have been studied, through a forced bending vibration test included various initial preloads and excitation
frequencies. Analysis method and test method, based on modal parameters (resonance frequency and damping rati-
0), were utilized to characterize the dynamic property of bolted joints. It is observed that the loss degree of preload
will increase with decreasing initial preload, and it will increase with the exciting frequency increasing, over a period
of 10 h vibration fatigue process. Vibration fatigue damages would result in stiffness decay and damping increase in
structural joints; the relaxation in composite bolted joints can be attributed to the conjunct mechanisms between vis-
coelastic behavior of materials and interface friction of which about 50% of relaxation is due to viscoelastic effect of
composites.

composite structures; bolted joints; preload relaxation; vibration fatigue; damping ratio; long-term du-
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