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2 Introduction

This article is a continuation of the prob-
lems of the optimisation of the knitting
process on warp-knitting machines. In
the previous article, entitled ‘Optimisa-
tion of the knitting process on warp-knit-
ting machines in the aspect of the feeding
zone geometry’ [1], the behaviour of the
knitting process was analysed with re-
gard to the geometry of the feeding zone
on warp-knitting machines.

In this article the author focused on an
analysis of the knitting process with re-
gard to physical properties of the threads
modified and the vibration frequency of
the feeding system. The results of the
simulations presented are based on the
model of the dynamics of the knitting
process on warp-knitting machines, elab-
orated and verified empirically [2 - 5].

The mathematical model of the feeding
system, which is the basis of theoretical
considerations on the process, is described
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Abstract

Important factors determining the behaviour of the knitting process on warp knitting ma-
chines are the mechanical properties of warp threads. This is caused by the variety of the
properties of threads, ranging from “rigid” threads, such as steel, aramid, basalt, and
glass threads intended for technical products to “elastic” threads in the form of elastomers,
intended for linen and clothing products. Great differences in the rigidity and viscosity
of threads significantly influence the parameters of the knitting process. As a result of the
simulations performed, it was noted that there is a correlation between the elasticity, the
damping of the feeding system, the dynamic loads of threads, the vibration frequency of the
feeding system and the rheological parameters of threads. In conclusion, with an increase
in the rigidity of threads, the elasticity of the system and frequency of vibrations in the
system increase as well. The above-mentioned parameters of the process that are dependent
on the coefficient of thread damping change in an inversely proportional manner.
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by a linear differential equation of the
second order, in the following form [2]:

d’y , dy
m- +b, —+k_ y=
i S iy "
a
, ds'(¢
=aq, -{kp -8'(t)+b, #}
or in other form:
dzy dy 2
+2h—+w,y=
dr? a7 .
(1b)
a, , as '(t
= ;{kp -S'(e)+b, #}
where:
m  —point mass of the tension rail
reduced to one thread
b, — coefficient of system attenuation
k,. — coefficient of system elasticity
a; — coefficient describing the geom-
etry of the feeding system
h  —relative coefficient of system at-
tenuation

w, - frequency of free vibration of the
non-attenuated system

k, - coefficient of thread elasticity

b,  — coefficient of thread attenuation

S’(¢) — kinematic input function of the
feeding system.

The equations describing the deflection
of the tension rail y(¢) and the dynamic
forces in the threads P;(f) feeding the
knitting zone [1] are the solution of the
mathematical model. A computer pro-
gram simulating the knitting process
on warp-knitting machines, described
as a function of input parameters of the
process, was elaborated [6]. The aim of

research presented in this article was to
analyse the loads of threads and the fre-
quency of vibrations of the feeding sys-
tem with regard to mechanical properties
of threads treated as visco-elastic objects,
as described by the Kelvin-Voight model.

Analysis of the elasticity

and attenuation of the feeding
system with regard

to the character of changes

in the reduced rigidity,
attenuation coefficients

and optimisation of forces

in threads

Analysis of the feeding system’s
elasticity

The coefficient of system elasticity k.,
presented as the product of tension rail
displacement y in the equation of motion
(1) of the feeding system, determines the
component of the dynamic force — the
elasticity force.

Coefficient k4, described by formula
k, =k + a,.(cosﬂ —sin a)~ k,, )

(where kg — rigidity coefficient of tension
rail, reduced to one thread, i f— angles
of the thread ,,running-on” and ,,running-
of” the tension rail), is a function of the
rigidity coefficient of the tension rail
ks, the coefficient of thread elasticity &,
as well as the coefficient describing the
geometry of the system a; and the differ-
ence between angles o and f of trigono-
metric functions (cosf — sina).
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Figure 1. Dependence of the coefficient of system elasticity on the
elasticity of threads and tension rail springs (o. = 35° = 22° u =

0.2, 1; =400 mm, I, = 610 mm).
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Figure 2. Dependence of the coefficient of system elasticity on
angle a of the thread ,, running-on” the tension rail.
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Figure 3. Dependence of the coefficient of system elasticity on
angle f of the thread ,, running-of” the tension rail.

For constant parameters of the thread’s

feeding geometry, that is a¢;,(cos f—sina) =
=k = const., and assuming that the con-
ditions of forcing the threads are con-
stant, Equation 2 can be presented in the
following form:

koyi = ks + k- K, 3).

This dependence describes the linear
character of function: k,; = flky & kp).
The plane, which is a graphical presenta-
tion of dependence (2), is a net of cross-
ing parallel linear functions (Figure 1).

In view of the diversified structure of
warp-knitting machines, the character

and the values of elasticity k,; should
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be considered in the aspect of the vari-
ation of the coefficient describing the
geometry of feeding system «; and an-
gles o & B. Figures 2 and 3 present
graphs describing the dependencies of
ks of function o and B. The field de-
scribing function k,,; = fla and S ) for
(u and ;) = const has a decreasing char-
acter within the range of a decreasing
angle a from -60 to +50°, while above
50° a slightly increasing tendency can
be observed. As results from the graph
k.1 = f(a) for B = const presented (Fig-
ure 2), a decrease in the value of coef-
ficient k,,| reliably describes a function
of a polynomial of the third degree, de-
pending on angle o, with correlation co-

s Linear (bzr1)

bzr3
Linear (bzr3)

—— bzr2
Linear (bzr2)

of the coefficient of system attenuation on

the coefficient of thread damping.

efficients of boundary curves R2 >0.998.
Variation £, = f(f) (Figure 3) takes val-
ues symmetrical to OY (for f=0), and it
can be described by a parabolic equation
in the form of k,,; = —af82 — bB + c, al-
though in reality it is a complex function
describing the dependencies of trigono-
metric functions sinus and cosine, the
power function and exponential function.
The character of these changes is deter-
mined by that of changes in coefficient
a; and the following term (cosf — sina).

Summing up the analysis of k,,; men-
tioned above, it can be stated that the
coefficient of system elasticity depends
in a linear manner (increasing) on the in-
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Figure 5. Dependence of the relative coefficient of attenuation on

the coefficient of system attenuation.

creasing values of the rigidity of the ten-
sion rail springs k; and on the elasticity of
the thread &, as well as on the parameters
of the feeding system geometry.

Analysis of the damping of the feeding
system

Coefficient b, is a coefficient of the lin-
ear dependence of the viscose damping
force on the speed of tension rail disloca-
tions of the feeding system: b,, = dy/dt.
Coefficient b, describes the following
dependence:

b= by(cosf—sina) a; (4).
In the simplified form

boi=ki- bp, %)

and for a constant geometry of feeding

k; = aj(cosP — sina) = const.

The linear character of function b,,; =
= fiby) is presented in Figure 4, from
which it results that the only (assumed)
factor defining the damping of the feed-
ing system from the point of view of the
visco-elastic properties of the thread is
the coefficient of thread attenuation b,,.

Equation 5 is also determined by the
values of coefficient k;, which depends
on the parameters of the feeding system
geometry k; = f(l1, I, u, o, B), where:
[} — length of thread from the tension rail
to the guide bar, [, — length of thread from
the warp beam to the tension rail, - co-
efficient of friction between the tension
rail and thread. The character of function:
b.,; = fla, P) is identical to the following
dependence: k,,; = fla, B). The depend-
ence k., = fla, ) can be referred to the
quality analysis of function: b,, = f(c, ).
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m=0.25g
Linear (m = 0.25 g)

elasticity.

The relative coefficient of system attenu-
ation h; is described by the ratio of the
coefficient of system attenuation b, to
the mass of the tension rail reduced to
one thread m:

h; = b,,;/2m, (6).
The dependence of %; on coefficient
b,,; is determined by an increasing lin-
ear function in the following form:
h; =k - by, in which proportionality fac-
tor k= 1/2m, (Figure 5). The damping of
feeding system /; decreases with an in-
crease in the mass of tension rail 2m. The
dependence of the coefficient of system
attenuation /; on the coefficient of thread
attenuation b, is also described by a line-
ar function. Coefficient h; increases along
with an increase in the viscose damping
of thread b,

Analysis of dynamic loads of threads
with respect to their mechanical
parameters

Computer simulation of the knitting
process was performed to enable varia-
tion analysis of forces in threads consid-
ering the function of mechanical param-
eters of threads, that is the coefficient of
elasticity and attenuation kj, and b,
Calculations were performed for input
data with reference to the K2 (E20) warp-
knitting machine made by K. Mayer.

Figures 6 and 7 present the dependen-
cies of Pp= flk, and by,), from which it
results that extreme forces in threads in-
crease with their increasing elasticity and
decreasing viscose damping.

This character of variation in forces re-
lates to literature data [7, 8], which indi-
cates that in the case of processing of the
elastomer threads joined, textured, and
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Figure 6. Dependence of force P, on the coefficient of thread

characterised by low values of rigidity
and high values of attenuation, the knit-
ting process is performed at low values
of forces in the threads and low values of
thread breakage.

For ‘rigid’ threads, such as synthetic
monofilaments PA & PE, steel monofila-
ments, aramid and glass threads, there
are high values of forces in the feeding
zone, two or three times bigger than the
average values, being within the range
from 20 to 40 cN and even more, which
are the cause of frequent breakings. And
in the case of threads of high values of
tensile strength, damage to loop form-
ing elements of the machine also occurs
(breaking or permanent deformations).

The dependencies presented in Figures 6
and 7 confirm the correctness of the mod-
el while calculating the effect of forces
acting at assumed mechanical (rheologi-
cal) parameters.

It should be noted that parameters k, and
by, are the basic factors in the technologi-
cal aspect of the knitting process, signifi-
cantly influencing the quantity character
of dynamic loads of threads.

Analysis of the vibration
frequency of the feeding
system

In the mathematical model elaborated, the
free vibration frequency of the feeding
system is determined by two quantities:
wp as the free vibration frequency ofthe
non-attenuated system, being a square
root of a fraction of the coefficient of
system elasticity k., referring to the
reduced mass of the tension rail m:

g = (kz/m)” (N;
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o as the free vibration frequency of
the attenuated system, being a square
root of the difference in the squares of
frequency ®g and relative coefficient
of attenuation A:

o= (wp? —h2)” (8).

Both frequencies @ and @, are deter-
mined by the same input parameters of
the process, such as the rigidity of the
tension rail spring &, the coefficient of
thread elasticity &, and the coefficient of
thread attenuation b,. For the geometry
of the system and mass of the tension rail
given:

1

1
,,; =[le +a[(cosﬁ’—sina)-kp]§ m 2 (9)

o, = [km. /mf(bm/zm)zﬁ _
:{k_\. +al(cosﬂ—Sina).kp + (10)

1

2 . 213

-b, ~.[(cos.ﬂ —sina)-a,/2m] }2
The free vibration frequency of the non-
attenuated system @ increases with in-
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creasing values of thread elasticity £,
(system elasticity k,,) and rigidity of the
tension rail spring &y according to power
function y = ax”> with different values of
coefficient a = (1/m)"2.

Figures 8 and 9 present the character of
function w = flk) and w¢ = flkz. ).

In Figure 9, within the whole range of
k;- 0.0075 — 0.8421 ¢cN mm-1, the graph
is of the character of a power function,
while in the real range (physically real)
for k,, it is from 2000 to 15000 cN. The
dependence wg = flk,) or woy = flkz.1)
can be described by the linear regression
equation y = 0.87x + 1.6 for R? = 0.9966
or power equation y = 1.727x9-572 for the
coefficient of regression RZ = 0.9972

According to Equation 10, the free vi-
bration frequency of the attenuated
system @ is a function whose values
increase with an increase in the elastic-

ity of threads k, (coefficient of system
elasticity k,,) according to the linear or
power function (depending on the range
of the independent variable of regression
assumed) for a different b,, and also a
function whose values decrease with in-
creasing values of thread attenuation b,
(coefficient of system attenuation b,,),
described mathematically by equations
of polynomial regression of the third de-
gree for R? < 0.996. The dependencies
mentioned above are presented in Fig-
ure 10. In the case of the frequencies @
and o analysed, it should be noted that
the frequencies of the vibration of the
un-attenuated system are determined by
the parameters of thread elasticity and
tension rail rigidity, whereas in the case
of vibration frequencies of the attenuated
system, an additional factor determining
this frequency is the viscose damping of
the thread b),.
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@ Conclusions

Simulation tests of the knitting proc-
ess were performed on warp-knitting
machines in the aspect of the optimi-
sation of this process, using an analy-
sis of the dependencies of forces in the
threads on their mechanical proper-
ties. The analysis also described par-
ticular correlations of the free vibra-
tion frequency of the feeding system
on the parameters of threads. The tests
were performed in a “technological”
aspect, that is investigating the rela-
tions of changes in the parameters of
the knitting process on warp-knitting
machines depending on the rheologi-
cal properties of the threads modified,
often ignoring research problems of
the knitting process in the aspect of
structural properties of machines pre-
sented in literature.
From the tests on the knitting process
performed, it results that:
The elasticity coefficient of the
feeding system determining the dy-
namic component (elasticity force)
of mechanical vibrations increases
linearly depending on the increase
in rigidity of tension rail springs
and the elasticity of threads. The
coefficient also depends on the pa-
rameters of the feeding system ge-
ometry.
Attenuation of the feeding system
using the threads of the knitting
zone increases in a linear manner
along with the viscosity coefficient
of the threads, with the intensity of
the increase depending on the mass
of the tension rail and the param-
eters of the geometry of the feeding
zone.
The free angular frequency of the
feeding system increases (with
high probability) in a linear man-
ner with the elasticity of the thread
and elasticity of the system, and
decreases (polynomial of the third
degree with R2 <0.996) with an in-
crease in the coefficient of thread
attenuation.
The dependencies of forces in
threads determined by their me-
chanical parameters indicate a
correct reaction of the model in
the aspect of a cause-effect analy-
sis. Forces in the threads increase
with an increase in the coefficient
of thread elasticity, whereas with
an increase in the coefficient of the
viscose damping of the thread, the
forces decrease, which confirms
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the industrial practice of process-
ing “rigid” threads, such as syn-
thetic monofilaments, steel threads,
glass and aramid threads, as well
as “elastic” threads of the textured
and elastomeric type.
The results obtained can be useful in
the optimisation of the knitting proc-
ess in the aspect of selecting mechani-
cal parameters of threads with addi-
tional conditions, which can provide
correct (minimum) loads of threads
and lead to a state in which the fre-
quencies of attenuated vibrations of
the tension rail system will be out of
the resonance range.
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