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Nomenclature

F - Tension and elastic torque in the
two-strand yarn below the conver-
gence point;

M - Elastic torque in the two-strand yarn
below the convergence point;

p - Density of the spun yarn;

u - Velocity of the spun yarn;

F; - Tension of the i-th substrand above
the convergence point;

M;- Elastic torque of the i-th substrand
above the convergence point;

p; - Density of the i-th substrand above
the convergence point;

u; - Velocity of the i-th substrand above
the convergence point;

R; - Radius of the i-th substrand above
the convergence point;

0; - Angles between the i-th substrand
and twist point axis,

F’ - Tension of the virtual intermediate
substrand;

M- Elastic torque of the virtual interme-
diate substrand;

o - Angles between the virtual interme-
diate substrand and twist point axis;

o - Density of the virtual intermediate

substrand;

u’ - Velocity of the virtual intermediate
substrand;

R’ - Radius of the virtual intermediate
substrand;

n - Number of substrands.
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Abstract

A theoretical model for the three-strand yarn spinning system is obtained by using the
analysis method for the two-strand case presented by He et al. and setting a series of virtual
intermediate variables. Then the convergence point of the three-strand yarn spinning is
obtained by eliminating the intermediate variables.
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I Introduction

The convergence point of multiple-strand
yarn spinning plays an important role in
controlling the stability of the spinning
procedure and quality of spun yarns [1].
Therefore research on the convergence
point of the multi-strand yarn spinning,
especially the two-strand yarn spinning
(Sirospun), has been attracting increas-
ing attention and many interesting results
have been established [2 - 5].

Two-strand yarn spinning (Sirospun
yarns) is conducted on a conventional
ring frame by feeding two rovings simul-
taneously and has been widely used in the
worsted industry. For convergence point
analysis of the two-strand case, Emma-
nuel and Plate established a theoretical
model considering the force balance and
two equations obtained about the three
variables f (tension), ¢ (angle with the
twist point axis), and m (elastic torque)
[6]. Hence the model could not be solved
since the numbers of independent equa-
tions are less than those of the independ-
ent variables, i.e., one additional equation
is needed to match the number of inde-
pendent variables. In order to make the
system closed, an experimental procedure
was adopted by Miao et al. [7]. Then to
overcome this difficulty, He et al. consid-
ered the system as self-contained [8] and
provide an adequate number of equations
by assuming the system obeys the basic
laws of mechanics, including force bal-
ance, mass conservation and energy con-
servation. Then the convergence point of
two-strand yarn spinning was determined
by solving these equations [9].

Three-strand yarn spinning can be de-
signed for smart fabric, having many ad-
vantages over two-strand spinning yarn.
three-strand yarn can be prepared in a
single processing step, and far-reaching
implications are emerging for its use in
applications including intelligent tex-

tiles and multi-functional materials [1].
In this paper, a theoretical model of
the three-strand yarn spinning system
is given. Using the analysis method of
the two-strand case presented by He et
al. [10], a series of virtual intermediate
variables are set. Then the convergence
point of three-strand yarn spinning is
obtained by eliminating the intermediate
variables.

B Model and convergence point

The system in Figure I should also obey
the basic laws of mechanics: force bal-
ance, momentum equation, mass conset-
vation, and energy conservation, just as
in the two-strand case presented by He
et al. [7]. However, if we use the analysis
method of the two-strand case directly,
seven equations can be obtained about
nine variables, hence the model could
not be solved either. To overcome this
difficulty, a virtual intermediate process
is assumed and a series of virtual inter-
mediate variables are set as shown in
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Figure 1. One kind of asymmetric three-
strand yarn spinning.
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Figure 2. One kind of asymmetric three-
strand yarn spinning with virtual interme-
diate process.

Figure 2. The governing equations for
the system shown in Figure 2 can be
written as follows:
1. Force balance

F, cosa, + F,cosa, = F'cosa’
. . . 1
Fsing, = F,sina, + F'sina’ (1
M, cosa,+M,cosa, + R F sina, +
+R,F,sina, =M'cosa’+R'F'sina’
F'cosa, + Fycosa, = F
F,sina, = F'sina’
M cosa; +M,cosay +.
+M'cosa’+R'F'sina’ =M 2

2. Momentum equation
plulirRlzu1 cosa, + pzuzﬂ'Rzzu2 cosa, =
= p'u'7R"u’ cosa’

7Ry sin oy = )

2 . 5.
= pyu, R, u, sina, + p'u' 7R "u'sina’

2
PR Uy cos a, + p'u' iR u' cosa’ =

= punR’u
(4)

2.

2 . .
PR, uy siney = pu' 2R "u'sin o'

3. Mass conservation
R pu, + 7R, pyu, = 7R p'u’ (5)

R, pyuty + 7R p'u’ = 7R pu (6)
4. Energy conservation
%p}uﬁR}Z%2 + % p3u37rR32a)32R32 +

1 (A 2,12 1 ot 12 12 pr2
+—pu'7R U +— pu'7R"" @' R
27 27 (N

= %pu/rRzu2 +%pu7rR2a)2R2
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=—pu'nR"u
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Solving the above Equations 1, 3, 5 and 7,
we get

' R|2p|“| + Rzzpz”z

u'=——— ©
erp/
2 2
N a’+a, —a
cos(oz2 +a ): ;
2a'a,
2 2
N a”+a —a,
cos(Ol1 -« ): -
2a'a,
a
F=p
a
a
F,=—F'
!
a

Solving the above Equations 2, 4, 6 and 8,
we get

R pyuy + R p'u’

u=
R’p
2 12 2
+ -
cos(a’)= 279 =% - %
2aa
a*+a, —a”
cos(ay)=————— (10)
2a
Fr=%F
a
F=%F
a
where

2,2 2,2
a, =pu, R ,a, = pu,” R,

a, = psuy'R,’,a' = puR?,a= pu’R*
Therefore, eliminating the intermediate

variables from equations (9) and (10), we
have

_ Rlzplul +Rzzpz”z + Rzzpz"‘s

u

R’p
a
F=%F ()
F=2F
a
F=5F
a

We can also get cos(a) and cos(op) by
eliminating the intermediate variable o’
from Equations 9 and 10, but the expres-
sions of cos(¢;) contains ¢ in this case.
For expression @’ = p’u2R 2, we know
that the velocity u” is equal to u for the ac-
tual three-strand spinning system, shown
in Figure 1, but the density p’ and radius
R’ of the virtual intermediate strand are

difficult to obtain or are even impossible.
This need further study in the future.

Based on the analysis above, we obtain
the following result for the multiple-
strand spinning system :

ZRizpiui

u= i=1
R’p

F=%F

a

‘ (12)
F,=22F
*a
F=%F

a

252
where a, = p;u; R, .

@ Conclusion

A new theoretical model for the three-
strand yarn spinning system has been
proposed and corresponding convergence
point has been obtained by eliminating
the intermediate variables. Furthermore
the convergence point of the multiple-
strand spinning system has been present-
ed, which lays a foundation for practical
system design. The present study reveals
that the tension on the convergence point
of each strand F; depended only on the
flow characters of each strand and its re-
sultant yarn for the multiple-strand spin-
ning system. But the expressions of the
angle ¢; and elastic torque M; of each
strand at the convergence point need fur-
ther study. However, experimental verifi-
cation is not given to validate the model
in the paper at present. Such experimen-
tal work is under way and the results will
be reported in the future.
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