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LIST OF SYMBOLS

1, ‘tension in yarn befor unwinding {(eN)
yarn Ltension {(oN)
N narmal reacbtion force between yarn and parckage surface (cN)
F friction force bebtween yarn and package surface (cN)
v coefliicient of friction belween yarn and package surface
r package radius (cm)
H package stroke (cm)

& angle of winding (degrees)

P angle of wnelinabion of the yarn elemenl between the package
surface and Lhe honzontal axis (degrees).

S unviowound yarn length on package surface [cm)

it yarn withdrawing speed (m/min)

C integration conatant.

ABSTRACT- lhe object From this work was to measure the yarn tension dur-
ing unwinding from cylinderical package with a winding speed eguivalent
to Lhe withdrawing speed for the knitting machine. The value of yarn
tension was measured under the effecl of the following parameters:

- Yarn withdrawing speed (%0, 100 and 200 m/min}.
- Package diameter (64, 112 and 148 mm).
- Using brake (brake for a flat knitting machine).

A theoritical model for the behaviour of yarn tension during yarn
slippage on the package surface was derived, and the effect of the slope
of the contact line between yarn and package surface on the value of
varn btension was calculated.

Experimentaly it was found that without using yarn brake by in-
creassing the withdrawal speed up tao 100 m/min the yarn tension decre-
ased and increased again by increasing the speed to 200 m/min, and
with using yarn brake Lhe yarn tension decreased with increasing the
withdrawal speed from 50 to 200 m/min.




T. 6& Shabin,A . and EL-Gaiar,M.N.

1. INTRODUCTION

The variation in yarn tension during kpilkting process has its 1n-
fluence on many things such as loop geometry, shade variation, or fabric
appearance, and stiteh density, also power consumption of the machine/é4/.
Ihe available literature on weft knitting shaows that the problem of ten-
siaon variation durtng unwinding from packages has nolt been examined in
details. IThe only available study of tension was examined by kpap!on
and others in the kniiting zone /1,2 and 3/.

Also il 1s evident from the literature Lhat nothing is mean-tioned
about the optimum dimensions of the package. Although from the ecano-
mical point of view the larger the dimensions of the package the wore
will be the saving of doffing and replacement of the package, and hence
increasing the efficiency of the machine. But the draw-back of this
w1ll be the control of yarn tension during the unwinding operation and
at the same time the practical problems associated with handling of lar-
ge packages. From the practical paint of view, it _was found that large
packages creat problems such as sloughing off yarn during unwinding,
which would be considered as waste.

By withdrewing the varn at low speeds the main value of yarn tens-
ion is due to friction between yarn and package surface {yarn to yarn
friction}, and with increasing the withdrawal speed (more than 100 m/
min] the main value of yarn tension may be due to balloon rotation.

The value of yarn tension during unwinding from the package fluc-
tuates between maximum and minimum consedient with the position of un-
winding point on the package and these values are affected by package
characteristic, yarn type and yarn withdrawal speed.

In this experimental work the effect of yarn speed and package
diameter on the value of yarn tension have been evamined.

2. Mathematicel Modelas

In this theoretical model the extreme case for the value of yarn
tension was considered by assuming the following canditions:

- The yarn slips on the package surface from package base Lo Lhe top.

- The angle of winding at the base of the package is zero, and the
direction of friction Force as shown in Fig.(1.c).

- The balancing of the forces on the yarn was considered at the begin-
ning of yarn movements because the coefficient of friction between
yarn and package surface is high at the beginning of yarn movement,
Fig. {(2) shows the behaviour of yarn tension due to yarn movement an
the package surface from the still position up to withdrawing the
yarn with constant speed.

By considering a package with a cylindrical shape as shown in
Fig.(1.a), the forces which are on the yarn element as as followes:

- yarn tension
as in Fig.(1.b)_ _
yarn tension = T (s + as) - T(s)
from Taylor series

d

35— (T

T(s + as) =~ T(s) ~



Hansoura Fnginesring Journal “MEJY ¥ol. 12, No.l,dype 19B7. T. 63

- friction farce
as in Fig.(1.b)
friction force = FN

- reaction force
the reaction force N 15 mormal to package surface.

—

(a) | {b) (c)

A- ¥Yalue of yarn tension at
beginning the varn movement.

B- Value of yarn tension by
withdrawing the yarn with
constant speed.

Fig. 2: Behaviour of yarn tension.

By analysing these forces in three directions; tangential to the

element, normal to the element and perpendicular to the package surface

and for sin dB = sin d¥ . 0, cos dB = cos dy ~ 1 and for unit length
it was found that:
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- 1n the tangential direction:-

-ag—-(T cos d¢ ) = pN sin ]

and—d;-:yN sin B (1)

- in the normal direction:

dg (T sin dy_] = uN cos B
and T, .gg =puN cos B8 L ’

- tn perpendicular direction:

d 2
45 {1 cosy sin dB) = N
T .2 .
and —— cas"y = N )

from equations (1) and (3)

g; ElT —%* cdszg sin J%r ..... (47
from equations (2) and (3)
d T -2 i
I—d-g-:p—rcosg-cus—g; ..... (5)
from equations (4) and {5)
by integration
In T + 1n cuez J%— = C
at ¥ = 0 T:T.n
and T =T sect L (6)

Plotted in Fig.(3) the values of yarn tension versus the angle ¥
as calculated from equation (6}, it is evident as the angle 9 incre-
ases the yarn tension increases.

Since the angle ¥ is a function of the package stroke it is better
to draw the yarn from packages of short stroke than from packages of
tong stroke. This type of curve will be common for any package under
various pre-yarn tension, the only difference will be in the value of
tension resulted.

3. EXPERIMENTAL
Apparatus Used Fig.(4)
The apparatus used is composed of three units:
a) Drawing unit, which draws the yarn from the package at speed ranging

. between 50 and 200 m/min.
it e -‘E;_'!rg. '.iu"}.*"{'pfw &‘&iﬂmfﬂ et N e Tt L i
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Fig. 3: Theoretical relationship between
yarn tension and angley .

b) Measuring,magnification and recording units, which measure the yarn
tension during unwinding, then record it on X-Y recorder.

c] Package support, the package 1s supported vertically and the yarn is
drawn overhead through guides, then laid horizontally to the drawing
unit, through the yarn brake (in case of using yarn brake) and measu-
ring head.

The arrangement has been calibrated in cN-units by using dead wel-
ghts.
.

1- package

2~ yarn brake

3~ measuring head

4~ drawing unit

5~ amplifier

6~ charkt recorder

without using brake

-=-=<-== with using brake

Fig. 4: Arrangement of apparatus.
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4, RESULTS

Typical Traces of Yarn Tension:

Shown in Figs. (5,6,7,8,9 and 10) typical Lraces of tension vari-
ation of different package diameter at various yarn speeds.

5. GENERAL DISCUSSION
Without Using Yarn Brake:

For various package diameters, it was found thab by increasing
the withdrawal speed from 50 to-100 m/min, the yarn tension decreased,
due to thalt at slow speed the static friction (yarn te yarn)} is high
because the yarn is rubbing the surface of the package: And when the o
withdrawal speed increases from 100 Lo 200 m/min, the yarn tension in-
creases, this could be attributed to the Formation of @ balleon at
these speeds. This will lead to the reduction of yarn to yarn contact
and the effect of balloon will take place.

With respect to the effect of package diameter on yarn tensian
value at slow speed (50 m/min) it was found Lhat the yarn tension in-
crease when the package diameter is large, because the angle of wrap-
ping is large (See Fig. 11}). Alsc at 100 and 200 m/min and for package
diameter D = 15 and 11 Cm the value of yarn tension decreases with the
decrease in package diameter. Below 10 Cm package diameter the value
of yarn tension incresses with the increase in yarn withdrawal speed.

With Using Yarn Brake:

In the case of using yarn brake, generally the value of yarn
tension increases compared with the case in which yarn brake is not
used. :

With respect to the effect of yarn speed in this case it was
found that for all package diameters the value of yarn tension decre-
ases with the increase in yarn withdrawal speed because the yarn brake
is cansidered as a self balancing brake.

But with respect to the effect package diameter the value of yarn
tension at constant withdrawal speed increases with the decrease of
package diameter (for all withdrawal speeds used).

Fiﬁ.l11E”Angle of yarn ﬁrappihg on package edge.

Jhﬁv?iﬂﬁﬂéﬁﬁﬁéﬁﬂaiﬁéﬁnhétm. - ARG
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Fackage characteristic:
angle of winding = 1%,

Fig.

tacrylye, Nm 28/2)
alroke = 140 my, diameter D
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= 150mm., conical %15
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Typical traces of yarn tension (without using yarn brake),
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Fig. 6: Typical traces of yarn tension (using yarn brake).
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Package characterlstlg; {acrylic, Nm 28/2)
angle of winding = 15°, stroke = 140 mm, diameter D = 110 mm, conical 9715 ,
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Fig. 7: Typical traces of yarn tension {without using yarn brake}.
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Fig. 8: lypical traces of yarn tension (using yarn brake).
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Package characteristic: (acrylic, Nm 78/2} _ o
anyle nf winding = 150, stroke = 140 mm, diameter D = 65 mm, conical 9 15 .
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Fig, 9 : Typical traces of yarn tension { without using yarn brake )
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¥ig. 10: Typical traces of yarn tension (using yarn brake).
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&. CONCLUSIONS & RECOMMENDATIONS

l- The package diameter should not exceed 20 cm because with larger
package diameter the yarn will slough-off during withdrawal from
the package.

2- It is preferable to use a package with short stroke because the
amplitude of yarn tension Fluctuates proportionally to the len-
gth of package slroke.

3- The rore diameter of the package should nolt less than a certain
limit (D = 8 cm), because by withdrawing the yarn at high speed
(V = 200 m/min), the tension level is high.

4- For knitbing process package of conical shape is preferable
because the wrapping angle between the yarn and the package
top-edge is small, since this will lead to a reduction in yarn
tension.

- The angle of winding should be as small as ggggible {but not te
the value that would affect the stabilily of yarn layers within
the package) because the rate of yarn tension fluctuation is
proportional to the angle of winding.
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