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Abstract 

The 3D woven composites, first developed in 
1960s, have been paid more and more attention 
due to their high delamination resistance, fracture 
toughness, damage tolerance and shape 
designability comparing with laminates and 2D 
woven composites[1]. The fatigue damage 
evolution study on 3D woven carbon-fiber 
reinforced composites has been a challenge to 
research community. In this paper, a multi-scale 
method is proposed to investigate the 
tension-tension fatigue damage evolution of 3D 
woven carbon/epoxy composite. Axial stiffness 
degradation and surface temperature rise is used 
to characterize the macroscopic fatigue damage. In 
addition, the synchrotron radiation computer 
tomography (SRCT), an advanced detection 
technology for carbon-fiber reinforced 
composites[2, 3], is used to detect the internal 
fatigue damage evolution. The SRCT detection 
system is shown as Fig.1. According to the stiffness 
and surface temperature results, a similar law of 
damage evolution is found. To study the damage 
types at different stages of stiffness degradation, 
three samples are subjected to different numbers of 
cycles before detecting by SRCT. With this method, 
the 3D crack initiation and propagation can be 
recorded by the SRCT scanner. According to the 
observation results, the interface debonding and 
transverse crack in the yarns are the main damage 
types before final fatigue failure. Based on the 
multi-scale results, the fatigue damage mechanism 
is analyzed in depth. 

Fig.1 SRCT detection system 
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