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VIBRATTON MONITORING OF THE RING SPINNIG
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INTRODUCTION.

In the ring spinning process the yarn has two basic types of
motion: & rotation upon the spindle axis and a lengitudinal
displacement controlled by the roller draft system. Due to the ¥arm
rotation results the varn baloon which shape depends on the ring
spinning parameters [l]l: yarn linear density p; traveller
rotational speed @; traveller mass m; ring-traveller friction
coefficient p; ring radius R; ring bar position 1; and spindle
winding radius r. .

fne of the most important parameters of the ring spinning is
the varn tension T. It must be parmanently controlled, since any
increase of its value above a certain limit is the cause of an end-
down. In order to measure this parameter, a gspecial piezoelectric
force transducer has been designed and realized.
The dependence of the ¥yarn tension on the above mentioned
parameters can be obtained from the mathematical model of the varn

baloon shape.

MATHEMATICAL MODEL.
The yarn tension at the wyarn-pig tail contact point (see

fig.1) is given by

T, = yVa+Hs (1)

where the wertical and horizontal tenscion components can be
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expressed as

1 ipad
Ve = [paViey” doce BEDT (2)

H, = jl;lmipw'1+y! dx

The function yvi(x) describing the vyarn baloon shape at a given
moment of time satisfies the following integro-differential
pguation [2]

1 2od
y'if pafiey® dx + HIOR ) — pgyfiy™ + wlpwisy™ = 0 @)

with the boundary conditions

y(0) =0, y(l) =K {4)

Since p=pix.t), 1=1(t) and r=r(t) are slowly varving functions of
time as compared with the yvarn rotational motion, in equation (3}
the time t can be considered as a parameter.

once the solution of the boundary problem (3), {4} 15
determined, one can easily obtain from {1} and (2) the yarn tension

as function of the ring spinning parameters:

TD - T“{Prm!m! IJ'J"r}

While the spindle winding radius r(t) and the ring bar displacement
1({t} are deterministic functions of time, the variation ol the yarn
linear density is practically random.

Therefore the yarn tension T{| will be also a random function of
Lime.

Generally, the function pi(x.t) can be assumed to have the form

plx E) = porpy(t) sT md Lx-v(E-ty)] (5)

where p, is the imposed varn linear demsity (which must be kept as
constant as possible), p,(t) represents the random variation of the
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linear density (which dispersion must be as small as possible), oy
are small additional fault masses carried on by the varn (neps, for
example), v is the velocity of the longitudinal motion, and L, are
the time moments at which the masses m; Dass through the pig tail.

The integro-differential egquation (3) was solved approximately
by an iterative method, trying to find a solution of the parabolic

form

yix) = R_‘I—‘E"lxhbx (6)

which satisfies the boundary condition (4). This approximaton wWas

used only to evaluate the elementary arc length de = yi+y™dxy in
equation (3). Thus, (3} becomes an ordinary second order
differential equation which can be solved by standard methodes. For
an initial wvalue of the coefficient b the iterative process is
continued until the desired accuracy is obtained.

In fig. 2. there are given the shapes of the varn baloon and
the correspoding yarn tension values for the shown values of the
remaining parameters. As one can see, the yvarn tension resulted

proportional to the yvarn linear density.

EXPERIMENTAL RESULTS.

Refering to fig. 1. one can see that tLhe transducer was
mounted between the ring frame and the pig tail using a mechanical
filter {(rubber} in order to reduce the vibration transmissibility.
The force measured by the transducer is the modulus of the Oy
projection of the temsion forces resultant at the varn - pilg tail
contact point. Therefore, the output signal of the transducer is an
amplitude randomly modulated harmonic function of t:

F{t) = F,(t)ain{wt+q) {1

whersa

F,(t) = T,{t) (siney-=inp), tgm, = yi'{o) = b {8)

The linear density p is directly related to the varn metric
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count [1]: H.FLtmﬁIH{g}-lfp and, as obtained from the mathematical
model, the yarn tension will be also a function of this parameter.
Therefore, the r.m.s. value of the transducer output is a measurs
of the yarn metric count and the r.m.5. value of its envelope is a
measure of the metric count constancy. In fig. 3,4 are plotted the
mean square spectra of the transducer output gignals corresponding
to different values of metric count and traveller speed. Fig. 5
shows the envelope spectrum of the piezoelectric transducer oulput
obtained on the ring frame and the output spectrum of a special
capacitive transducer ueed in the textile factory laboratories for

metric count constancy meagsuraement .

CONCLUSTONS .

The piezoelectric force trangducer and the mathematical model
presented in this paper enable a permanent control of the yarn
tension and of the metric count constancy during the ring spinning
process. The method can be also used to study the influence of the
variation of the ring spinning parameters on the ¥Yarn tension
avolution. The transducer output can he used as a fesd-back signal
for an automatization loop of the roller draft system in order to
keep the varn tension or the metric count within the allowed range.
As a by-product, the lack of the transducer output will promptly

point out any end down.
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