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B Introduction

The behaviour of fibre assemblies under
compression has been studied in works
[1 - 3]. In work [4] the author proposed
a mathematical model of a layer of fibres
submerged in a fluid. The properties of
the layer were assumed to be determined
by the bending elasticity of fibres and the
resistance to fluid flow that is squeezed
out of the layer. In paper [5] it was shown
that the textile layer significantly restricts
the amplitude of vibration of a supported
mass. The application of textile items in
supports of rotating bodies was studied
in paper [6]. The stability of rotation of a
disc carrying a mass supported with a cu-
bic spring and moving along its diameter
was investigated in works [7, 8]. In this
paper, the behaviour of a mass moving
along the groove of a rotating rod con-
taining a textile element is studied. The
paper is a continuation of works [6, 7].

B Equations of motion

The system, shown in Figure 1, consists
a rotating bar with a moment of inertia of
B driven by motor torque M, a slider of
mass m that can move along the bar in a
groove and a textile resilient support. w
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denotes the coordinate of the slider along
the bar and wy the static eccentricity.

The sum of projections of forces on the
w-axis, that of the moments of forces
with respect the axis of rotation and the
equation of motor torque have form of
the set of Equation 1.
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Here, « is the angle of rotation of the bar,
(T, C, Q) the motor constants, and (k, L, c,

H) are the resilient element material con-
stants, as defined in work [5].

With the non-linear elastic force and neg-
ative centrifugal force (2) we can associ-
ate energy function (3).
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Numerical results
and discussion

The set of Equations 1 was numeri-
cally integrated using the Runge-Kut-
ta method for mass m = 5 kg, inertia
B=0.001kgm?2, eccentricity wy=0.001m,
motor idle speed 2 = 100 rad/s, motor

Figure 1. Mass moving along the rotating bar in a groove.
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Figure 2. Radial velocity of mass dw/dt inm/s versus its displacement w:(a) for (¢ = 0, C = 0) and various initial conditions; (c) for
(C =1 kgm?/s, ¢ = 0.05 kg/m, w(0) = 0, dw/dt = 0.7); (d) for (C = 1 kgm?/s, ¢ = 0.05 kg/m, w(0) = 0, dw/dt = 0.75); (b) energy E in Nm

for(c=0,C=0).
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Figure 3. Angular velocity of rotating disc da/dt versus the angle of revolution o in rad for (a) a linear spring of stiffness k and (b) for

layer of fibres of stiffness k/(1 - w/L)3.

time constant 7' = 2m/(2, material pa-
rameters / = 0.01 m, L = 0.01 m, and
k= 2m/25=2000. The initial conditions
were taken as follows: a =0, da/df = Q,
M= C(Q- do/dt) and various values of w
and dw/dt. In Figure 2 the radial veloc-
ity dw/dt of mass and energy E versus thr
mass displacement w are shown. Figures
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2.a and 2.b show the results for a freely
rotating system (C = 0) without damping
(¢ =0), and Figures 2.c and 2.d show the
results for the motor characteristic slope
C =1 kgm?/s and damping coefficient of
the material ¢ = 0.05 kg/m. The energy
plot shown in Figure 2.b is bounded by
vertical asymptotes at w/L==*1. The an-

gular velocity do/dr of the rotating disc
versus the angle of revolution ¢ is shown
in Figure 3, (a) for a linear spring of
stiffness k£ and (b) for a layer of fibres of
stiffness k/(1-w/L)3. It can be seen that
the angular velocity could be maintained
for a nonlinear restoring force, while it
was not the case for a linear spring.
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The behaviour of the nonlinear system
can be understood by looking at the en-
ergy curve in Figure 2.b. The energy
E has three extreme points that repre-
sent the state of equilibrium. There is
one maximum and two minimums, one
deeper than the other. The maximum rep-
resents an unstable state of equilibrium.
The deeper minimum represents a stable
equilibrium state. The other minimum is
metastable, that is stable for sufficiently
small disturbances. If, however,the dis-
turbance goes over the maximum, then
the point will move to the deeper mini-
mum. The corresponding trajectories in
the phase space are shown in Figure 2.a,
where we see three types of closed curves
representing periodic orbits, and two not
closed homoclinic orbits. The behaviour
of the system subjected to a damping
force and driven by an electric motor is
shown in Figures 2.a and 2.b. It can be
seen that the system when starting from a
slightly different initial condition moves
toward one of two attracting points as-
sociated with energy minimums. The
results shown in Figure 2 resemble the
behaviour of the solutions of Duffing’s
equation.

M Conclusions

1. As opposed to a linearly elastic
spring, the fibrous element limits the
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mass motion, which stabilizes the ro-
tation of the system, not allowing for a
decrease in the rotational speed of the
driving motor.

2. The rotating system containing a tex-
tile element that can moves along its
diameter exhibits three states of equi-
librium: metastable, unstable and sta-
ble.

3. Restricting the motion on the rotating
plane [6] to that along the line on the
rotating body changed the unstable
saddle to a meta-stable attractor.

4. The model of textiles under compres-
sion analysed can be applied for stud-
ying the behaviour of fabric handling
by manipulators [9, 10].
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Since 02.07.1996 the Laboratory has had the accreditation certificate of the Polish Centre for Accreditation No AB 065.

The accreditation includes tests of more than 70 properties and factors carried out for:

pulps, = tissue, paper & board,

industry.

cores,

transport packaging,

auxiliary agents, waste, wastewater and process water in the pulp and paper

The Laboratory offers services within the scope of testing the following: raw -materials, intermediate and final paper products, as well as training

activities.

Properties tested:

general (dimensions, squareness, grammage, thickness, fibre furnish analysis, etc.),

chemical (pH, ash content, formaldehyde, metals, kappa number, etc.),

surface (smoothness, roughness, degree of dusting, sizing and picking of a surface),

absorption, permeability (air permeability, grease permeability, water absorption, oil absorption) and deformation,

optical (brightness ISO, whitness CIE, opacity, colour),

tensile, bursting, tearing, and bending strength, etc.,
compression strength of corrugated containers, vertical impact testing by dropping, horizontal impact testing, vibration testing, testing corrugated

containers for signs ,B” and ,UN".

The equipment consists:

micrometers (thickness), tensile testing machines (Alwetron), Mullens (bursting strength), ElImendorf (tearing resistance), Bekk, Bendtsen, PPS
(smoothness/roughness), Gurley, Bendtsen, Schopper (air permeance), Cobb (water absorptiveness), etc.,
crush tester (RCT, CMT, CCT, ECT, FCT), SCT, Taber and Lorentzen&Wettre (bending 2-point method) Lorentzen&Wettre (bending 4-point metod and
stiffness rezonanse method), Scott-Bond (internal bond strength), etc.,
IGT (printing properties) and L&W Elrepho (optical properties), ect.,
power-driven press, fall apparatus, incline plane tester, vibration table (specialized equipment for testing strength transport packages),
atomic absorption spectrmeter for the determination of trace element content, pH-meter, spectrophotometer UV-Vis.
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