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Static Strength of Composite Single-lap Joints Using I-fiber Stitching
Process with different Stitching Pattern and Angle

Sang-Hoon Song*, Joong-Tak Back*, Woo-Jin An*, Jin-Ho Choi*"

ABSTRACT: Laminated composite materials have excellent in-plane properties, but are vulnerable in thickness
directions, making it easy to delamination when bending and torsion loads are applied. Thickness directional
reinforcement methods of composite materials that delay delamination include Z-pinning, Stitching, Tufting, etc., and
typically Z-pinning and Stitching method are commonly used. The Z-pinning is reinforcement method by inserting
metal or carbon pin in the thickness direction of prepreg, and the conventional stitching process is a method of
reinforcing the mechanical properties in the thickness direction by intersecting the upper and lower fibers on the
preform. In this paper, I-fiber stitching method, which complement and improve weakness of Z-pinning and Stitching
method, was proposed, and the static strength of composite single-lap joints using I-fiber stitching process were
evaluated. The single-lap joints were fabricated by a co-curing method using an autoclave vacuum bag process. The
thickness of the composite adherend was fixed, and 5 types of specimens were manufactured with varying the
stitching pattern (5x5, 7x7) and angle (0°, 45°). From the test, the failure load of the specimen reinforced by the I-
fiber stitching process was increased by up to 143% compared to that of specimen without reinforcement.
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Table 1. Material properties of USN-125B

Property Symbol Value
Elastic modulus in Fiber-direction El 135.5 GPa
Elastic modulus in transvers direction|  E2, E3 9.6 GPa
Shear modulus in 1-2 and 1-3 plane | G12, G13 6.1 GPa
Shear modulus in 2-3 plane G23 3.5GPa
Poisson's ratio Vi Vi3 0298
V23 0.47
Nominal thickness t 0.12 mm

Table 2. Material properties of TANSOME H2550

Property Symbol Value
Elastic modulus in Fiber-direction El 250 GPa
Strength in Fiber-direction O, 5,516 MPa

Specimen ID Stitching pattern | Stitching angle (degree)

Ref_S j B

5x5_0 5x5 0
5x5_45 5x5 45

7x7_0 7x7 0
7% 7_45 7x 7 45

Bagging film Release film Vacuum port
Laminate
Breather \ ‘
Sealant Uppor mold \
Lower mold
Tool plate

Fig. 7. Schematics of autoclave vacuum bag process
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Fig. 9. Photo of tensile test
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Fig. 10. Load-displacement curve and fractured surface (Ref_S)
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Fig. 11. Load-displacement curve and fractured surface (stitch-
ing angle : 0°)
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