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Abstract

In this study we investigated the shear and forming behavior of chain stitched multi-axial warp

knitted fabric preform, so called non-crimp fabric (NCF). The picture frame test was performed to
characterize the shear behavior of NCF and also provide material properties for the numerical
simulation of its deformation behavior. The forming behavior of NCF with chain stitch were
investigated using hemispherical forming tools. The experimental results show that processing conditions
such as blank holder force (BHF) and preform shape are crucial to determining the forming behavior
of NCF. For instance, an asymmetric formed shape, which is due to the stitches introduced to NCF,
turns into a symmetric one as BHF increases. Furthermore the in-plane and out-of buckling (wrinkle),
the severance of which were quantified using image processing method, decreases significantly as BHF
increases.
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2.2. Picture-frame shear test
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Fig. 2. Schematic diagram of hemispherical forming
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2.4. Fiber angle change and node displacement
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3.1 Characterization of shear properties of NCF
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Fig. 3. Shear force versus shear angle of NCF with

chain stitch

3.2 Asymmetric fiber angle change of formed NCF
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Fig. 4. shear angle versus arc length of chain

stitched NCF

3.3 The effect of BHF on forming behavior
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Fig. 5. formed shapes of CS N according to BHF
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(b) BHF : 61.4kgf.

Fig. 7. In-plane and out-of buckling near equator of

(a) BHF : 0.5kgf

hemisphere

3.4 Quantitative characterization of wrinkle
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Table. 1. mean radius and SD(standard deviation)

of radius with BHF (unit : pixel)

& @ AAkel )
Fig. 8. Evaluation of wrinkle of NCF preform B o]

= s i st g el
using the image processing. AESAARle] ®Qoz FaEIS (R -
- 2005 - 065)

2k o1 &

(1) Woong-Ryeol Yu, Philip Harrison, and Andrew
Long, Composites : Part A, 36, 1079-1093,
2005

(2) R. C. Gonzalez and R. E. Woods, "Digital
Image Processing," Addison-Wesley Publishing
Company, New York, 1992.

® W e W W IO K0 A0 W W

Fig. 9. Circle detection using the Hough transform.
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