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INTRODUCTION

The crease recovery forces that show in hending fabrics depend upon the
deformation recovery forces of the yarns forming fabrics and the single fibers
forming yarn. Since yarns are twisted move or less, the relations between
the stress and the deformation of singles yarn should bhe studied viscoelasti-
cally. In bending fabrics made complicatedly of yarns, the study of the mutual
friction forces between fibers as well as the viscoelastical study is important.
The fiction forces in hending fabrics actually change along the longitudinal
direction of the wyarn, and the analysis in Kirchhoff’s) treatment is very
complicated and so the friction forces are not discussed in this paper,

THEOREM

Let us consider the case of the plain fabrics with a view to simplifying
the problem, of deformation and stress on the crease of fabrics.2 4, and 4,
are the cross sections so cut by a plane containing @;—a, and b,—b, respectively
as to be right angles to the fold that is bent with the 2-2 line of the weave
sturctural diagram as shown in Fig. 1. The shapes of A, and A, are made
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Fig 2-A. The cross sections cut by a plane
containing a¢—a; or by—bs to be
right angles at the hold line 2-2 (in

Fig 1. A plain fabric Fig 1), A, and 4,

structural diagram 2-B. Schematic diagram that the concave
(convex) is faced to the concave
(convex)
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Fig. 3-A. The shape of the hold.
3-B. Diagram that fabrics are bent at random and are stable.

alternatively on the 2-2 fold. But whenever the fabrics are folded at random
they are bent on the 1-1 line, because in Fig 2-B, and 2-B, the convex (concave)
is faced to the convex (concave), in Fig 3-B the convex is stable facing to
the concave and as the results the folded line seems not to be the 2-2 line
but to be the 1-1 line.

The shape of the fold is shown in Fig 3-A, and in fact the maximum
curvature of bent yarn is on the left side of aa, line. The cross sections of
the yarn, S;, S; and Sze-+-r , are compressed by side pressure on the fold and
thus become approximately elliptic.

When the fabrics are folded at the right angles to the warp or fill, the
fabrics are bent to the radius of curvature equal to the yarn diameter. The
actual curvature of single fibers forming yarn is much smaller than that of
yarn. Its value is determined by the radius of the singles fiber and the yarn
(or the number of fibers forming the yarn). As the yarn is twisted more or
less, the single yarn itself is deformed by bending and torsion, and is moved
from inside to outside as shown by aa’in Fig 4, so that the bending defor-
mation relaxes,

Then, the bending and torsional stresses on the twisted yarn are analyzed
in this paper. It is assumed that the cross section of bent yarn is circular
and not elliptic.

I. Bending Rigidity of Yarn
The bending equation for apparent central fiber of bent yarn as shown in Fig 5. is

b.’

(a)

¢

.
=

PFig 4. Diagram of the rela-
xation of fibers on the Fig 5.
bending deformation of
yarn.

Ideal cross section of yarn. .



No. 7 Mechanics on the Crease of Fabrics 3

1/p = Me/EI )

where g is the radius of curvature of apparent centeral fiber of hent yarn,
E young’s modulus, I moment of inertia and M. the bending moment of
apparent centnal fiber, :

Yp = y'ICL+ 35
and
Mc =Py

where P is the load and the Cartesian coordinate axes are taken in the
tangent and normal directions on the hending plane, and y’ and y” are the
first and second derivatives on z.
In the general case that the radius
of curvature of hent. varn and the
bending moment are shown by the
ahove equations, the calculation is
elliptic integral, “famous Lamb’s®
calculation”. The hending moment
on side fibers can be represented
in Fig. 6,4 where, M is the bending
moment on singles fiber, # the
radius of coil formed by singles
fiber in the vyarn, #ho,and B pitch

iWMsimﬁ cosf

and pitch angle of coil formed by iMsml‘Z' sinf
singles filament and ¢ the cylin-

drical coordinate from the bending Fig 6. Moment diagram of the side
plane to one point on singles fiber, . fiber in bending yarn.

Then, bending moment M; and
torsional moment My are shown as follows:
My = M{(cos? ¢ + sin® ¢ sin? p)1/2

My = M sin ¢ cos

The elastic strain energy dA stored in the differential element of length 4S
on singles fiber is

AA = My*/2EI-dS + Mq¥2G]-dS

where G and J are the modulus of rigidity and the polar moment of inertia
of the fiber cross section.

dS = 7/cosp-d¢

Introducing My and Ma into the strain energy dA stored in one pitch of coil,

A = M?r/cos ﬁgi“{cosﬁglv -+ sin® ¢ sin*B/2 T +- sin?® ¢ cos?p/2G j} ds

= nrM¥/cos 5{1 + sin?8/2ET + cos®8/2G j} @



4 Megumu SUZUKI No, 7
Here tan B = ho/2x¥
therefore,

A= hol¥Jdsin p{ 1 -+ sin®f/ET -+ cosﬁﬁ/zal} (3)

On the other hand, the work W done outward by hending moment M on one
pitch is

W = Mho/2p 4
From the equations (2) and (4) or (3) and (4)
Up = Mat]hp-cos p{1 + sin*f/EI + cos* ﬁ/zcl} (5a)
= M/2+cos ,8{1 + sin/EI - cos® ﬁ/zcl} (5b)
Therefore, a reciprocal of bending rigidity of one coil in fiber, /By, is
1/Bs = wr/ho-cos f {1 + sin®g/EI w1-cosﬂ/a/2c;1} (6a)
— 1/2sin f {1 4 sin/EI -+ cos”ﬁ/ZGl} (6b)

Acording to the equation (6b), Bs is given by pitch angle, bending rigidity
EI, and torsional rigidity GI. The bending rigidity, B, of yarn having »
fibers around the apparent central fiber is given by the equations (1), (6a)
and the following equation (7)

B =nBs + EI N
Generally the bending rigidity of yarn having side filament-layers, is
represented : ~——
== ZlBl -+ ZQBZ - Zng e SRR =+ Zan -+ EI (;8)

where z;, 2, o zn are the number of fibers and By, By, -« By, are the bending
rigidity of each layer
11, Stresses on Bent Yarn,
The bending moment M on the yarn bent at the radius of curvature Ry
is
M = pM; + M; ©))

where M, and M, are the bending moment on apparent centeral fiber and side
fiber, and p is the number of side fibers. Then,

M, = EI/Ry (10)
Ms = Bs/ Py an

where EI and Bs are the bending rigidity of apparent centeral fiber and side
fiber, and Bs is given by the equation (6b)
(1) bending stress on apparvent centeral fiber.
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The bending stress on apparent central fiber o, is shown:——
o = M/ Z = 32[nd® M, a2

where Z is the coefficient of cross section, and since the cross section of
singles fiber is not always circular, the diameter d is calculated by changing
the cross section area of singles yarn to that of circle.® Then, the cross
section area of singles fiber =mj/p, where m is the mass per unit length and
measured by the cantilever type microbalance, and p is the apparent density
of the fiber.

(2) Maximum and minimum of the bending and the torsional moments.

If bending moment on singles fiber with vector M is M, the bending
moment M, and the torsional moment My are represented respectively: ——

My = Msa/Cos% -+ sin®p sinp (13)
My = My sin+cos B (14)

Table 1. Maximum and Minimum of the bendig and the torsional moments.

R RN S R S SN N
max of Mp ¢=0, = (Myp)ymax=»M;
min of My ¢=n/2, 3r/2 (Mp) min=M;sin
max of My p=m/2 (Ma)max=Mscos j
min of My =3m/2 (Mg Ymin=M; cos

The maximum and minimum of My and Mq as to ¢ are shown in Table 1.
(3) tending and torsional stresses om side fiber,

The bending and the torsional stresses for the equations (13)and (14) are
shown as follows:

os=Mp/Z=32/7d%« Ms./ cos2) + sin’d sinp (s)
75 = Ma/Zo = 16/xd® Msin ¢ cos B (16)

where Z and Z, are the coefficient of cross section and the polar coefficient
of cross section.

NUMERICAL EXAMPLES

The bending stress s, the torsional stress s on the side fiber and bending
stress o on the apparent central fiber are determined by the equations (15),
(16) and (12) respectively.

Introducing the equations (11), (12), (6b) and tang = hef2z7 into the
equations (15) and (16),

oc = EI/RZ an
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(18)

as=1/RZ ho/2x7+1/ A/ TF ho/z”’)g[{

1/RZo+ho/2n7+1/,/ o Y e ]
Tsw= 0 o/ &t L4-Chol2mr) ( hg/27r7’)‘“' 5 wwﬁl.m"l o
{1”’1:1:'(71';/‘2%759}/ El+{g i/ 2

(199

Therefore, the bending stress os, the torsional stress ts on the side fiber in
the warp and fill and the bending stress o, on apparent centeral fiber are
shown in Fig 7, 8 and 9, where the young’s modulus £ is about 400 kg/mm?,

Ty . (hmmm?)

Fig 7. Diagram of the bending stress osp and the torsional
stress rsw on the warp side fiber.
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PFig 8. Diagram of the bending stress ssr and the torional stress
sy on the fill side fiber.

Fig 9. Diagram of the stress o on the apparent central fiber
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the modulus of rigidity G about 80 kg/mm?® in acetate fiber, the length of
one pitch /4o 0.74 mm (warp), 1.00 mm (fill), the diametir of singles fiber d
0.01 mm, the coil radius formed by the side fiber 7 0.065 mm, and the radii
of curvature in bending R 0.3, 0.5, 1.0 and 3.0 mm.

DISCUSSION

Acetate yarn, 5075, has about 110 fibers. As T.Nakajima® reported on
cotton yarn that yarn count was not always proportional to the number of
fibers and about 50 percent of the cross section area of the varn was fibers
and the rest was space it can be considered that acetate yarn has much
spaces. Then it is assumed that the cross section is circular by bhending and
not elliptic. The young’s modulus E and the modulus of rigidity G are
Sakurada’s? and Meredith’s® results, The diameter of singles fiber is
calculated by Posselt’s® method or the relation between the yarn length
(46080m), the yarn weight (453.6g) and the specific weight (1.32). Consequently
it is aboutl.0x10~2mm and the diameter of 50’¢ yarn is about 1,.3x10-! mm.
The twist in turns per inch 7' is shown by the next relation,

T=F./N
where N is the yarn count and F is constant determined by yarn kinds.
Ordinarily, the constant F is taken as follows®9:—-

F=4,85 (warp), 3.5 (fill)

As the results, the coil length is shown in Table 2. In the case of the usual
twist, Z twist or S twist, the coil length ko of 50’ yarn is from 0,5mm to
1.5mm in the warp or fill,

The bending stress on the

Table 2. Note on the warp and fill warp is ]arger than that -on

of acetate yarn. the fill, and the torsional stress

warp £l is reverse, because the constant

Fof the warp yarn is larger

] F 4.75 8.50 than that of the fill. The

T /mm) 1.36 1.00 smaller the radius of curvature

ho(mm) 0.74 1.00 of bending, the larger their
B 60°58’ 67°45/ stresses are,

The bending stress os on
the side fiber represents compressive (tensile) stress from ¢=0° to 180° and
tensile {(compressive) stress from 180° to 360°, The torsional stress is maximum
at ¢=00° and 270° and minimum at 0° and 180°, and on the contrary the
bending stress is maximum at 0° and 180°, and minimum at 90° and 270°.

When singles yarn has specially obvious central axis for the example of
50’s, the force P on the cross section of the yarn is :

P = 109x(d/2)%( 7)) + n(d[2)a¢ 20)
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where (75) is the resultant stress and d is the diameter of singles fiber.
Ts

As the yarn axis is not always obvious, however the above equation (20)
is represented approximately as follows:

Pf:llox(d/Z)%‘;:) (21>

In many cases, the yarn axis does not exist in the center and shows a sine
curve by the torsional force. This is explained by the X-ray photographs!® of
the twisted cord with steel wire in the center and polyvinylchrolide cord
around it. The yarn axis, therefore, need not be considered and the bending
force on the singles yvarn is shown by the equation (21).

CONCLUSION

The crease recovery force of fabrics depends upon the deformation recovery
forces of single fibers forming yarns in fabrics. Since yarns are twisted more
or less, hoth deformations of “bending” and “torsion” should be studied
viscoelastically to the elastic limit in the small deformation and the plastic
region in the large deformation, bhut the construction of fabrics is very
complicated and so the study of the mutual friction forces between fibers as
well as the viscoelastical study of the crease is important. The calculation,
therefore, is very complicated and so the frction forces are not discussed in
this paper, because the friction forces change along the longitudinal-direction
of the yarn. It is also assumed that yarn has the circular form in bending
with a view to simplifying the calculations. When the warp (fill) is bent at
the axis of the fill (warp), the bending stress on apparent central fiber, and
the bending and the torsional stress on the side fiber in an example of acetate
yarn 50’s are discussed in this paper.

On the basis of this research several important conclusion can be reached:

(1) The bending stress on the warp is larger than that on the fill and
the torsional stress is reverse, because the twist factor of the warp is larger
than that of the fill. The smaller the radius of curvature in bending, the
larger their stresses are, '

(2) The bending stress os on the side fiber represents compressive (tensile)
stress from ¢==0° to 180° and tensile (compressive) stress from ¢=180° to
360°. The torsional stress is maximum at ¢=90° and 270° and minimum at
0° and 180°, and on the contrary the hending stress is maxmum at 0° and
180° and minimum at 90° and 270°.

(3) As the yarn axis does not exist in the center by X-ray photographs,
the bending loads on yarn with m fibers is:

P = mncd/zyﬂc‘;j)

where F’ is the bending loads, m the number of fibers, d the diameter of

singles fiber and (‘;z) the resultant stress of the bending stress and the
torsional stress.
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