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I Introduction

The study of the problem of the nonlinear
vibration of a rotating body driven by an
electricmotorcanbe foundinworks[1-3].
It was found that to avoid a gradual de-
crease in the angular speed to the critical
value, a nonlinear characteristic of sup-
ports was required. Stabilisation of the
angular speed of the shaft was achieved
by constraining its ends at the expense of
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Figure 1. Rotating rigid body on a resilient support and components of acceleration a of

the body centre of gravity.
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the significant axial force acting on the
bearings. In this paper an analysis of the
application of a textile structure element
for the design of resilient supports for a
rotating body is presented. The experi-
mental study of the behaviour of textiles
subjected to compressive forces can be
found in papers [4 - 6]. Computer simu-
lation of the compression behaviour of
fibre assemblies is presented in papers
[7, 8]. A mathematical model of a layer
of fibres was formulated in paper [9] and
studied in work [10].

B Equations of motion

The system considered is shown in Fig-
ure 1. The rotating rigid body support
contains a resilient element with a textile
structure having a force—compression re-
lationship as described in paper [9], and
shown here in the second and third equa-
tion of set (3). In Figure 1, Cy is the body
centre of gravity at rest, and the distance
between points 0 and Cy is the initial ec-
centricity (vg, wg). The transverse dis-
placement (v, w) of the body from point
Cp to C results from the inertia forces
causing the deflection of the support.

From Figure 1 we find the components
of body acceleration in form (1).
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Assuming that the result of all forces
acting on the body, together with inertia
forces, to be equal to zero, gives us a set
of equations describing its motion. The
summation of the moments of the forces
gives Equation 2, and that of the rectan-
gular components of the forces gives us
Equation 3. The force of gravity is not
included. Angle S is given by cosff = v/r
and sinf = w/r.
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In Equations 2, 3 B is the mass moment
of inertia of the body, m its mass, and %,
¢, L, H are material constants.

By substituting Equation 3 into Equa-
tion 2 and Equation 2 into Equation 3,
one obtains a set of differential Equa-
tions 4 (see page 98).

The motor torque M and its angular ve-
locity dor/dt is a result of the mutual inter-
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Figure 2. Cross-sections of the energy sur-
face E/E g versus v/L and versus w/L.

action of system elements and can be cal-
culated by the integration of Equation 5
together with Equation 4. In Equation 5
Qs the idle angular velocity, T the mo-
tor time constant and C denotes the stiff-
ness of the motor characteristic.
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We define an energy function
E = E(vyw) (6) by assuming that its partial
derivatives with respect to the displace-
ments are equal to the corresponding
components of the forces (OE/0Ov = F),
OE/ow = F,,) (7).

Numerical results
and discussion

Calculations were performed for mass
m = 5 kg, inertia B = 0.001 kgm?2, ec-
centricity vy = 0, wg = 0.001 m, motor
constants C = 1 kgm?2/s, £2= 100 rad/s,
T = 27/Q, material parameters H = 0.01
m, L=0.01 m, c =5 kg/m, k= 2m/25,
and initial conditions ¢t = 0, o = 0,
da/d=02,v=0,dv/dt=0,w=0,dw/dt=0,
M=0.

In Figure 2 the energy cross-section
planes are bound vertically by asymp-
totes at v/L = +1, w/L = 1, and horizon-
tally by lines at the energy minimum and
E/Ey= 3000, where Eq= k(vy2+ wg?)/2.

The energy surface shown in Figure 2
is hat shaped with a hyperbolic brim, as
opposed to the parabolic brim for a shaft
with constrained ends [1, 2]. Similar to
the shaft, the maximum on the energy
surface is surrounded by an inclined
concavity with a saddle and global mini-
mum. The global minimum represents
the state of stable rotation of the body.
The maximum and saddle represent the
states of unstable rotation of the body.
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Equation 4, 6, 7.
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Figure 3. Body angular velocity do/dt, motor torque M and displacement w versus the
number of body revolutions N, and the components (v,w) of the body displacement.
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The system when disturbed from any of

these t\qu unstable states goes to the en- INSTITUTE OF BIOPO LYMERS
ergy minimum. AND CHEMICAL FIBRES

Comparing components (v,w) of the body

displacement shown in Figure 3 with the LABORATORY OF METROLOGY

energy surface shown in Figure 2, one
can see that components (v,w) represent

the motion on the energy surface. A simi- The Laboratory is active in testing fibres, yarns, textiles and medical
lar observation was described in paper [1] products. The usability and physico-mechanical properties of textiles and
for a shaft with axially constrained ends. medical products are tested in accordance with European EN, International
ISO and Polish PN standards. i,
S
B Conclusions Tests within the accreditation procedure: 2
o ) ) linear density of fibres and yarns
1. A resilient support with a hyperbolic mass per unit area using small samples
characteristic stabilise the angular ve- elasticity of yarns
locity of a rotating body that is driven breaking force and elongation of fibres, yarns and medical PCA
by a motor, making the critical speed products
non-existent. loop tenacity of fibres and yarns
2. Textile structures can find application benc!ing length and specific flexural rigidity of textile and
as elements of resilient supports, on medical products
condition that their fatigue strength Other tests:
be sufficient. for fibres
diameter of fibres
References gtaple Iength and |t§ distribution of fibres
linear shrinkage of fibres
1. Zajaczkowski J. Stability of rotation of elasticity and initial modulus of drawn fibres
a motor driven shaft above the critical crimp index
speed. Journal of Sound and vibration.
1998; 209: 857-865. for yarn
2. Zajaczkowski J: Komputerowe Mod- yarn twist
elowanie Maszyn Wiokienniczych, PAN, contractility of multifilament yarns
2004. .
3. Zajaczkowski J. Machine Mechanics, for textiles . .
Technical University of Lodz, Depart- mass per unit area using small samples
ment of Textle Machine Mechanics, thickness
2012. tenacity
4. Taylor PM, Pollet DM. Static low-load lat- for films
eral compression of fabrics. Textile Re- thick hanical . thod
search Journal 2002; 72, 11: 983-990. Ickness-mechanical scanning method
5. Matsudaira M, Hong Q. Features and mechanical properties under static tension
characteristic values of fabric compres- for medical products

sional curves. International Journal of

' - determination of the compressive strength of skull bones
Clothing Science and Technology 1994;

determination of breaking strength and elongation at break

6, 2/3: 37-43. . f

6. Carnaby GA, Pan N. Theory of the com- suture r_etentlon strength qf medlpal products _
pression hysteresis of fibrous assem- perforation strength and dislocation at perforation
blies. Textile Res. J. 1989; 59: 275-84.

7. Beil NB, Roberts Jr WW. Modelling and The Laboratory of Metrology carries out analyses for:
computer simulation of the compres- research and development work
sional behaviour of fiber assembilies, consultancy and expertise
Part Il: hysteresis, crimp, and orienta-
tion effects. Textile Res. J. 2002b; 72, 5: Main equipment:
375-82.

; . ) . Instron Tensile testing machines
8. Zajaczkowski J. Modelling of dynamical Electrical Capacitance Tester for the determination of linear density un-
properties of textiles under compres-
sion. Fibres & Textiles in Eastern Europe evenness - Uster Type C
2000; 8, 1(28): 57-58. Lanameter
9. Zajaczkowski J. Impact of an object on
a layer of fibres submerged in a fluid. F/-
BRES & TEXTILES in Eastern Europe

2010; 18, 6 (83): 60-62. Contact:

10. Zajaczkowski J. Chaotic vibrations of an
object supported on a layer of fibres. FI- INSTITUTE OF BIOPOLYMERS AND CHEMICAL FIBRES
BRES & TEXTILES in Eastern Europe ul. M. Sktodowskiej-Curie 19/27, 90-570 £6dz, Poland
2012; 20, 6A(95): 75-77. Beata Patys M.Sc. Eng.

tel. (+48 42) 638 03 41, e-mail: metrologia@ibwch.lodz.pl
Received 30.01.2012 Reviewed 02.04.2012

FIBRES & TEXTILES in Eastern Europe 2013, Vol. 21, No. 1(97)



