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(a) Sketch of tension fatigue specimens

(b) Fatigue specimen of stitched laminate
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Fig.1 Tension fatigue specimens
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Table 1 Dimensions of specimens

Specimen L/mm D/mm W/mm H/mm 6/(°)
T1 230 50 25.4 2 15
T2 230 50 38 2 15
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Table 2 Tensile strength and fatigue stress of each

specimen
. Stitching Tensile Fatigue
Specimen .
direction strength/MPa stress/MPa
T1 0° 375.92 300.76
T2 — 385.92 308.74
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(a) Specimen T1
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Fig.2 C-scan damage of specimens after 1.5x10% cycles
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(b) & T2
(b) Specimen T2
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Fig.2 C-scan damage of specimens after 1.5x10* cycles

(continued)
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(a) Specimen T1
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(b) Specimen T2
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Fig.3 C-scan damage of specimens after 9x10% cycles
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Fig.4 Inplane normal stress and interlaminar shear stress

distribution of laminates
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TENSILE FATIGUE DAMAGE AND ITS MECHANISM OF STITCHED
COMPOSITE LAMINATES V

Cheng Xiaoquan®) Yang Kun Hu Renwei Zou Jian

(School of Aeronautical Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract Stitched laminate is a new kind of composite structure to improve the interface strength of composite.
But the in-plane properties of the laminate may reduce because there are local fiber bending in the laminate
plane and in the thickness direction, and the damage induced by the stitching threads. A lot of researches
have been carried out on the properties of laminates to push this material into engineering applications, such as
in-plane tension and compression, compression after impact, hygrothermal properties, etc. But few studies have
been performed on stitched composite fatigue properties. The aim of this paper is to comprehend the fatigue
damage development and mechanism of stitched laminates under tensile loads. The material of the laminates
was uni-weave T300/QY9512 stitched in 0° direction. Un-stitched laminates were studied for comparison with
the stitched laminates.

Experimental study was carried out on the fatigue performance of stitched and non-stitched composite
laminate. The finite element models were established to obtain the stress or strain distributions in the lami-
nates. The mechanism of tensile fatigue damage origination and propagation of stitched laminates was analyzed.
The results show that the tensile fatigue damage origination and propagation mechanisms of laminates have
been changed by stitching. The stress concentration of in-plane stress o, and interlaminar shear stress near the
stitching node plays an important role in damage origination and propagation. Stress concentration of inter-
laminar stress at the free sides has effect on fatigue performance of stitched laminates. The stress concentration
of interlaminar stress at the free sides is the main reason that causes fatigue damage and its propagation of

non-stitched laminates.

Key words composite laminates, stitching, tensile fatigue, damage, mechanism
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