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Fig. 2.1 Schematic diagram of plain weave fabric structure
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Fig. 2. 2 Schematic of crimp level of fibers
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Fig. 2.3 Schematic of experimental setup

Point contact clamp
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Fig. 2.4 Schematic of tension generator
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v,: Poisson’s ratio

n: number of fibers in warp/weft direction
a, f: warp/weft weave angle

Px, Dy: Warp/weft fiber-spacing

Fig. 3.3 Schematic illustration of straight—line model
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Friction-induced shear wrinkles
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Fig. 3.8 Experimental images of friction—induced shear wrinkles
45° with respect to tension direction (a) 45° (b) 90°
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Clamping method

Experiment result
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Perpendicular Clamping

Concept diagram Result

Radial Clamping

Concept diagram Result

Fig. 4.1 Concept diagram and experimental image compare to
perpendicular and radial clamping
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Fig. 4.2 3D CAD design of tension exerting device
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200 mm

Fig. 4.3 Experimental images of sleeve pattern sewing test (1)
tension exerting device (2) acrylic template
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smmmmm: tension exerting device

“mmmms: acrylic template

(A)

(B)

Fig. 4.4 Photograph of experimental images after line detecting
image processing (red) tension exerting device (green) acrylic
template

32



5. 4

ol

J)

mj

=
;&
<jo
0

B

F5o] WAyl

ol

4

o] 77 u)

] i
= —

ol F I U= Al A

R

oy
at

N
™

Ly

fi%e)
O
i

ofpy

)

4
y

at

N

ol
N}
Ho

ol

= AAsEAH.

3 4 sk gy

A (radial) &9

K

ol

o, o]F Abe]e] BA| AE3le] 7]o]E 4 9

o

#g el 3l
7] el o

33



T3 3

(I)Robert G. Dean and Robert A. Dalrymple, “Water wave
mechanics for engineers and scientists” , World Scientific

Publishing Co Inc (1991)

(2)D Binks and W van de Water, “Nonlinear pattern formation of
Faraday waves” , Physical Review Letters 78, 4043—4046

(1997)

(3)MT Westra et al., “Patterns of Faraday waves” , J. Fluid Mech

496, 1-32 (2003)

(4)M. Kharbedia et al.,” Moulding hydrodynamic 2D—crystals upon
parametric Faraday waves in shear—functionalized water

surfaces” , Nature Communications 12, 1130 (2021)
(5) W. Zhang, J. Vinals, “Pattern formation in weakly damped
parametric surface waves driven by two frequency components’ |,

J. Fluid Mech 341, 225-244 (1997)

(6)E. Cerda, K. Ravi—Chandar, and L. Mahadevan, “Wrinkling of an

elastic sheet under tension” , Nature 419, 579—580 (2002)

(7)W. Wong, and S. Pellegrino, “Wrinkled membranes Part 1:

34 A ‘._, ‘_]l



Experiments” , Journal of Mechanics of Materials and Structures

1, 3—25 (2006)

(8)A. Kabla,and L. Mahadevan, “Nonlinear mechanics of soft

fibrous networks” , J. R. Soc. Interface 4, 99—106 (2007)

(9)P. Boisse et al., “The bias—extension test for the analysis of
in—plane shear properties of textile composite reinforcement and

prepregs’ Int J Mater Form 10, 473—492 (2012)

(10)  W. Lee et al.,, “Bias—extension of woven composite fabric” ,

Int J Mater Form Suppl 1, 895—898 (2008)

(11) N. Gokarneshan et al., “Design of 3D textile preform as
composite  materials for advanced @ aircraft structure” |,
International Journal of Research in Engineering and Science 9,

52-60 (2021)

(12) B. Bridgens et al., “Inter—laboratory comparison of biaxial
tests for architectural textiles” , Journal of the Textile Institute

103, 706—718 (2012)

(13) Paul V. Cavallaro et al., “Decrimping Behavior of Uncoated
Plain—woven Fabrics Subjected to Combined Biaxial Tension and

Shear Stresses” Textile Research Journal 77, 403—416 (2007)

35 "-:l:" I "Nl-.|- 1_-li [£ 5



(14) G. A. V. Leaf and K. H. Kandil, “1—The initial load—
extension behavior of plain—woven fabrics” , Journal of the

Textile Institute 71, 1—=7 (1980)

(15) A. G. Prodromou, J. Chen,” On the relationship between
shear angle and wrinkling of textile composite preforms” ,

Compos. Part A 28, 491-503 (1997)

36 - H kl 1_'.]| [



Abstract

Minimizing wrinkles on woven
fabric using point—contact clamps

Seokyoung You
Department of Mechanical Engineering

The Graduate School

Seoul National University

Wrinkles, which are out—of—plane deformations that occur in
fabric, can be observed not only in clothing but also in the garment
manufacturing process classified as defects. In this study, the
wrinkling mechanism of plain weave fabrics and the clamping
method are explored to minimize wrinkles to prevent significant
errors of production quality in garment sewing process. In fabrics
composed of non—extensible fibers, wrinkles occur due to the
weave structure, which is networking between fibers, and the crimp
structure of a single fiber. We analyze the wrinkling theory using a
point contact clamp to apply a tensile force to an arbitrary shape
fabric. First, like elastic sheets, when wrinkles occur due to the
Poisson effect, compression occurs by the exchange of the fiber
crimp level, not the elongation of the fiber as we known, and it
appears in a wide range of shapes. Second, when the fiber is
deformed into an arc shape due to friction force, shear deformation

occurs near clamp boundary 45° with respect to tension direction
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after locking angle. To minimize wrinkles in plain weave fabric, we
declare radial clamping extension based on wrinkling mechanism
and extension experiments. Also, we design a fabric tension
exerting device using our theory and this device can contribute to

the automation of the labor—intensive garment industry.

Keywords: Woven fabric, Biaxial extension, Wrinkling, Point—
contact, Crimp level
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