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THE BEHAVIOUR OF THREADS OVER ROTATING ROLLS

M. Moustafa*

A study for threads entering or leaving rotating rolls with some inclination is pre-
sented. Ordinary non-linear equations representing the behaviour of threads were de-
duced. Numerical method was used for solving the equations. The results presented in
this work were obtained by using digital computer. The thread distribution and the

tension variation is presented.

Nomenclature

-

A = acceleration

\Y = speed of thread

v = peripheral speed of the roll
r, 0,2 cylindrical coordinates

- o o

us, U k = unit vectors in cylindrical coordinates
R radius of drum

T = tension

p = mass per unit length

n = coefficient of friction

1. Introduction

In textile industries, thread lines move at very high
speed (over 3000 meter/min) from spinning to wind
up. During the process, the thread passes over several
rolls that makes it change direction. The thread enters
and leaves the roll with some inclination. Obviously,
the location of the thread on the roll is not in one
plane, and Euler equation cannot be applied. For
this reason a different approach should be evaluated.

In spinning processes the speed of the thread line is
constant. However, when the thread is in contact with
a roll there are constraint forces which induce
acceleration. At the same time the forces affect the
physical properties of the thread. The purpose of this
work is to derive equations representing the behaviour
of the thread at the entrance and exit region of a

rotating roll, then to find their proper solution;
finally, to show how the thread is laid on the roll,
and how different factors affect the tension distribution
along the thread.

2. Equations of Motion:

2.1 Acceleration of a thread particle:

The acceleration of a thread particle moving with
a constant speed, in cylindrical coordinates, is given
by (See Appendix)

V2

A= m[ (2 @-D-—rRPP+P)—1z%

+ P20, + [ (F — i — 72)

+ 2F (£ + f)]ﬁ’e + [r (i —12)

+ oG- @]k M

where the dot means differentiation with respect to .
The acceleration of a particle moving on the circum-
ference of a roll is obtained by substituting into Eq.

(1) the following conditions:
r = R = constant

r =0

X = RO

r
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Thus

X _ V2 [ _ 1 + le N

(1427 R T+ 3L 4x
dx
- - Us » Ux -

-z'z" uy + 'k ] (93] K
where the dash means differentiation with respect to x.
2.1 Forces acting on an element
Consider a thread element as shown in Fig. 1. It is
subjected to tensions at both ends, the normal reaction
dN, and the friction force pdN. The direction of the Flo.
friction force depends upon the velocity of the thread -1 POSITION OF AN ELEMENT ON THE ROLL
relative to the roll, (see Fig. 2). The unit vector U
parallel to the friction force is

- 1

u = X

Jo ST+ - v+ vz
- - Ux
(vJ1+42*=V)yu, — Vz’k] 3) . T
U vl
v

- v
u, is a unit vector tangent to the roll and is normal Tan' 7’

to its axis. The component of the ten-

- - T
sion along u,, and k are — ﬁ
Tz'  respectively. The resultant of the

FIG. 2 DIRECTION OF THE FRICTION FORCE

an

TN+ J1 + 2 tension components are denoted by
dT,, dT,, and dT,and are given by:

T

dT, = - ﬁ dx
T Tz z" Z

(mz) dx = (\/ﬁsz a1+ ,z) 32dx

i, Tz Tz" v
dT, = (mz) dx = (Jl+z'2 +(l +29 2)dXx

@
X
2.3 Equations of motion
. FIG. 3 CHANGE OF COORDINATES

Applying Newton’s second law and making use of
Eqgs. (2), (3) and (4), then
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T dx P V2

J1+z? R Ry 1+27 ©)
T Tz z”

(77~ Gy ™
iN v /1422 - V
+ pdN —F—_—
JoS1+27 - V2 4+ V22

pv2 2% 2"
R R ©

T 2/ n T z” )
A a3y

Vz pv? z” i
—wN e — e v e O
From Egs. (5), (6), and (7) it can be shown that

n _ BZV 1 + 22
=R (w1522 —VR + V2272 ®)
A\

WT = pV) (V——)

- S+ 22 ©)
RJv/1+27 — VP + V2 22

Let 1 4+ 22 = y? then

. pv (2 = 1)

YT RIVE T Ay vy (10)
p(T—pV®) (Vy —v)

T’_

TRy AVEE DY - 2V vy (11)

3. Algorithm for the numerical solution

The inlet tension and the angle of inclination are
specified. The circumference of the roll is divided to
small intervals each oflength h. An interative scheme
[1] is used. The starter values are obtained by using
the formulas

Yl_l = Y; - hY”o
Y‘l = Yo + h Yo

L4

h ’ ’ hy
1 I I3 2Y"
Yo=Y, 4 m (Y, +16Y, +Y )+ K
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The values of Y_; and Y, can be iterated to any degree
of accuracy. Convergence is assured when h is less
than (3/F), F is the largest value of Y” in the region.

The main calculations are carried out by using

the formula
h,—. , 74 ’
Yn+l = Yn—l + T(Yn+l + 4Yn+ Yn—l)

The truncation error in the algorithm is in the

h® YO
90

order of

4. Results

The mathematical model was obtained for positive
roll and thread velocities as indicated in Fig. 2. This
situation represents the behaviour of the thread during

the exit region. The results were obtained for two
cases. In the first, the roll is pulling the thread and
its circumferencial speed is slightly larger than the
speed of the thread. In the second case, the speed of
the thread is slightly larger which represents the thread
pulling the roll.

At the beginning of the exit region, the slope of
the thread is zero which satisfies the differential equa-
tions. When the boundary conditions are taken at
this position the numerical results show no change in
the thread location which is trivial . Thus it is necess-
ary to transfer the coordinates as shown in Fig. 3
first, to overcome this difficulty, and second, because
the boundary conditions are always stated at the end

of the region.

The tension distribution when the roll is pulling
the thread is shown in Fig. 8. For the case when the

thread is pulling the roll the tension distribution is

College of Eng. Univ. of Riyadh
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FIG. 4 LOCATION OF THREAD IN EXIT 20NE

shown in Fig. 9. For both cases the tension distribution
for a thread normal to the roll axis (represented by
Euler equation [2] is indicated for comparison. The
effect of the speed on the tension distribution is shown
in Figs. 10 and 11. Fig. 12 shows the effect of the
coefficient of friction upon the tension distribution.
The effect of mass per unit length on the value of
tension at the beginning of the exist zone is shown
in Fig. 13.

5. Discussion

The location of the thread on the roll is shown in
Fig. 4. This location is represented by Eq. (10), and
is affected by the thread and the roll circumferencial
speeds, the coefficient of friction, and the radius of
the roll. Since the speed of the thread and the cir-
cumferencial speed of the roll are nearly equal, the
term in Eq. (10) containing these speeds is approxi-
mately equal to one. This explains why the thread
distribution is not affected by the magnitude of the
velocities.

As the coefficient of friction increases, the exit
zone is reduced, and the location of the thread varies
as shown in Fig.5. The relation between the coefficient
of friction and the arc angle of the exit zone is illustrat-
ed in Fig . 6. The curve representing this relation
becomes less steep  with the coefTicient of friction.
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FIG. 8 TENSION DISTRIBUTION- ROLL IS PULLING THE THREAD

According to the results obtained the arc length
of the exit zone is directly proportional with the radius
of the roll, and the arc angle is constant. This can be
easily explained from Eq. (10). If the derivative of
the left hand side of Eq. (10) is made with respect
to 6 rather than with respect to x, the location of the
thread is not affected by the radius of the roll. This
means that arc angle of the zone is constant. At the
same time the arc length is proportional to the radius
of the roll.

As was mentioned in the previous section, positive
values of thread and roll circumferential velocities
represent the behavior of the thread in the exit zone.
For the inlet region, the velocities can be assumed
negative. In this situation, the behavior of the thread
is rather peculiar. Mathematically speaking, the slope
of the thread decreases with x as can be concluded
from Eq. (10). If the thread approaches the roll with
some.inclination, its location will be similar to curve
a b c, Fig. 7. However, after some point b, a thread
element cannot be in equilibrium under the effect
of tensions at both ends, and the friction force. The
element is accglerated in the direction of the resultant
until the thread finally becomes normal to the axis
of the roll at point d. The region b d cannot be re-
presented by Eqgs. (10), and (11) since the thread does
not have a uniform velocity.

The tension distribution in the thread in the exit
zone is shown in Figs. 8, and 9. When the thread is

2irae Bl ol JUl sl U1 abadl Lnhl oW1 Al
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normal to the axis of the roll the tension distribution
follows Euler equation i.e. decreases when the roll
is pulling the thread, Fig. 8, and increases when the
thread is pulling the roll, Fig. 9. During the exit
zone the tension increases in both cases but with a
small rate as illustrated. However, there is a subs-
tantial difference between the tension distribution
compared to that of a thread normal to the axis of
the roll. When the roll is pulling the thread, the rate

ABN
\%

as given by Eq. (11). This is true because v is larger
than V.

of change of tension becomes zero when z'=

The magnitude of the velocities affect the tension
distribution as shown in Figs. 10, and 11. When the
thread is pulling the roll, Fig. 11, the curves become
less steep as the speeds increase. This already can
be concluded from Eq.(11). On the other hand, when
the roll is pulling the thread, Fig. 10, the curves have

- /v .
minimum values at z’ = V——-l. The position of

the minimum tension depends upon the difference
between v, and V. In this work a difference of 0.1
m./sec was considered only for demonstration. Hence,
there is adistinct difference in the position where the
minimum tension occurs specially at small speeds. This
difference decreases as the speeds are increased.

Fig. 12 shows the effect of the coefficient of fric-
tion on the tension distribution when the roll is pulling
the thread. It is clear that as the coefficient of friction
increases, a sharp drop in tension results. However,
the minimum value of tension is the same for all values
of coefficient of friction.

The value of tension at the beginning of the exit
zone is proportional to the mass per unit length as
shown in Fig. 13. The change is very small. In the
analysis, the mass per unit length was considered
constant and not affected by the tension variation.
However, if an exact model is to be presented, the
variation in the mass per unit length due to the change
in tension will contribute a modification in the value
of tension by less than 0.001 9 which is negligible.

Axial location

Journal of Eng. Sci. Vol, 1, No. 2, June 1975
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APPENDIX

—_

The position vector, S, of a point in cylindrical
coordinates is

S = r—ﬁ: +zk
The velocity is given by
46 - dz -

a Y Tar K

- dr -
V= Eu, + r
.- - .. do
= (ru,+ru9+ zk)w
Where the dot means differentiation with respect to 8
: —~ do
V=Jyo?+o02+ 27 m
o _ v

dt P+t oz
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v
=(ru,+rue+rue——ru,+lk)\/i,z+rz+i2

[_ V(@ETF + i+ ZZ)] 9

+ Gy, + ru, + 2K
( + 2 + 22)2

0
v
JP+ PP+ 7

After rearranging the terms, therefore

V2
PR

A=
ﬁ@ﬂﬁ-o—raP4—fy-ﬁi+%f)]i

+ [rhi—if—ib-+2i(?+—?)]ﬁé

4+ [r (2 - fi)+‘r('r2—'fi)]¥]
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