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A Study on the Fatigue Strength of the 3-D Reinforced
Composite Joints

Ji-Wan Kim*, Woo-Jin An*, Kyeong-Ho Seo*, Jin-Ho Choi"’

ABSTRACT: Composite lap joints have been extensively used due to their excellent properties and the demand for
light structures. However, due to the weak mechanical properties in the thickness direction, the lap joint is easily
fractured. various reinforcement methods that delay fracture by dispersing stress concentration have been applied to
overcome this problem, such as z-pinning and conventional stitching. 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. I-fiber stitching method is a promising technology that combines the advantages of both z-pinning and the
conventional stitching. In this paper, the static and fatigue strengths of the single-lap joints reinforced by the I-fiber
stitching process were evaluated. The single-lap joints were fabricated by a co-curing method using an autoclave
vacuum bag process and I-fiber reinforcing effects were evaluated according to adherend thickness and stitching angle.
From the experiments, the thinner the composite joint specimen, the higher the I-fiber reinforcement effect, and I-
fiber stitched single lap joints showed a 52% improvement in failure strength and 118% improvement in fatigue

strength.
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Fig. 1. Single-lap joint specimen configuration
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Fig. 2. I-fiber stitching process

Table 1. Material properties of TANSOME H2550

Property Symbol Value
Elastic modulus in Fiber-direction E, 250 GPa
Strength in Fiber-direction X 5,516 MPa
‘ 25 mm |
6 : Stitching

angle m

S Thickness | 00000000

3 —+| |+ 3125 mm
: -_’ -1 15 mm
2L AT i

........—*
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Fig. 3. Schematics of stitching pattern and angle

Table 2. Test matrix of composite joint specimen

Specimen Adherened Adherend Stitching
ID stacking sequence | thickness(t) angle
2_Un [0/45/90/-45] -
_ lmm (——
2.8 (8 ply) 45°
4_Un [0/45/90/-45] -
_ 2mm | —
4.8 (16 ply) 45°
8_Un [0/45/90/-45] s -
e — 4mm | ———
8.8 (32 ply) 45°

SF BFA/of|ZA] 2] Z g1 USN-125Bo] 1, Stitching& =
e FAAETAR(F)2] H2550 6K BFAd-g-01H, A
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Fig. 4. Autoclave vacuum bag process
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Fig. 5. Cure cycle of the composite joint specimen
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Fig. 6. Cross-section of stitched I-fiber (45 degree)
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Fig. 7. Tensile test of joint specimen
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Fig. 8. Typical load-displacement curves
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Fig. 9. Failure modes of tensile tests
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Fig. 10. Strengths of composite single lap joints
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