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Abstract. Non uniformity of tension of flock printing material in the printing device decreases the
quality of printed images. In order to reduce this non uniformity of tension a method based on the
analysis of the shape of the first eigenmode of vibrations is proposed. Also when defect in the
flock printing material takes place, it is important to perform its diagnostics as soon as possible.
This is also performed from the distorted shape of the first eigenmode of vibrations obtained by
using time averaged projection moiré. For this purpose not only the first eigenmode is to be used,
but for some types of defects located in specific places of the sheet of flock printing material the
analysis of several first eigenmodes is required. It is assumed that a sheet of flock material is an
elastic layer with the elastic modulus and the density linearly varying in the thickness direction
and having zero values on the lower plane. The square sheet of flock material is analyzed. On the
upper plane of the lower and upper boundaries all the displacements are assumed equal to zero,
except on the upper plane of the upper boundary linear variation of the displacement in the
direction of the y axis is assumed. The first eigenmodes are determined and investigated.
Investigation of vibrations of flock material by taking the layer of glue and separate flocks into
account by using a two dimensional model is performed. This model is used for the determination
of parameters of the previous model. It is assumed that flock material consists from a number of
narrow two dimensional elastic strips and their upper parts are connected by an elastic layer. The
first eigenmodes are determined and investigated. Experimental investigations of the eigenmodes
of vibrations have been performed. The obtained experimental results show satisfactory agreement
with the numerical ones. The obtained results are used in the process of design of packages made
from flock material.

Keywords: measurement of non uniformity of tension, diagnostics of defects, printing device,
vibrations, sheet, flock material, eigenmodes, layer of glue, two dimensional elasticity,
experimental investigation, experimental setup.

1. Introduction

Flock printing materials [1-10] find wide applications in packaging of industrial products and
have superior qualities when compared to conventional paper or paperboard. Thus it is important
to investigate the printing process and behavior of flock printing materials in the printing devices
with the purpose of improvement of the quality of obtainable printouts.

In the printing device a tape of flock material experiences tension. Non uniformity of this
tension decreases the quality of printed images. Thus it is important to reduce this non uniformity
of tension. For this purpose a method based on the analysis of the shape of the first eigenmode of
vibrations is proposed. Also when defect in the flock printing material takes place, it is important
to perform its diagnostics as soon as possible. This is also performed from the distorted shape of
the first eigenmode of vibrations obtained by using time averaged projection moiré. For this
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purpose not only the first eigenmode is to be used, but for some types of defects located in specific
places of the sheet of flock printing material the analysis of several first eigenmodes is required.

The model for the analysis of vibrations of a sheet of flock material is proposed on the basis
of the models described in [11, 12]. It is assumed that a sheet of flock material is an elastic layer
with the elastic modulus and density linearly varying in the thickness direction and having zero
values on the lower plane. The square sheet of flock material is analyzed. On the upper plane of
the lower and upper boundaries all the displacements are assumed equal to zero, except on the
upper plane of the upper boundary linear variation of the displacement in the direction of the y
axis is assumed.

The first eigenmodes are determined and investigated.

Investigation of vibrations of flock material by taking the layer of glue and separate flocks into
account by using a two dimensional model is performed. This model is used for the determination
of parameters of the previous model. The model for the analysis of vibrations of flock material by
taking the layer of glue into account is based on the material presented in [11, 12].

It is assumed that flock material consists from a number of narrow two dimensional elastic
strips and their upper parts are connected by an elastic layer of glue. The first eigenmodes are
determined and investigated.

Experimental investigations of the eigenmodes of vibrations on a specially developed
experimental setup have been performed. The obtained experimental results show satisfactory
agreement with the numerical ones.

The obtained results are used in the process of design of packages made from flock material.

2. Model of a sheet of flock printing material

Further x, y and z denote the axes of the system of coordinates. The finite element has six
nodal degrees of freedom: the displacements of the lower plane of the sheet of flock material u,,
V1, wy in the directions of the axes of coordinates and the displacements of the upper plane of the
sheet of flock material u,, v,, w, in the directions of the axes of coordinates.

The mass matrix has the form:

H
plz H_[N]+[N] plz H12 [N]+
(M] f dxdy, (1)

H —
N1"pl,- H1g N]"'[N] Plz=n [N]

where p|,-y is the density of the material on the upper plane, H is the thickness of the sheet of
flock material and:

N, O 0 0 0 0 .. 00 0N 0 0 .
[N]=[0 N, O 0 0 O l [N] = 0 N, 0 .. )
0 0 N, 0 0O 000 0 0 N

where N; are the shape functions of the finite element. Here the following integrals were taken
into account:

H H

J‘zH—zzd _fZ<H_Z d—H fz H 3)
HH HY )uUH T H v

0 0

The stiffness matrix has the form:
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(BT [Dlau] 2 [B] + (BT [Dl,-y1 3 B +
HBIT D115 1B+ [B]ID1o-u] 518 +
HBIT Do) 35 [B] + [§]T (D] 5 [B] +
=[] g dxdy, (@)

HBI D1y} T3 81+ [B] [01oou1 5 [B] + (817Dl 5 (] +

HET (Mg len] f’—z[é] +[a)" [Mo|2=H1—[é] +

+[G_]T[MO'|Z=H]1 + [G] [M |z H] [G]

where:
r 0 0 0 0O 0 O
0 0 0 0O 0 O ]
10 0 -N; 0 0 M |
Bl1=l o 0o o o o o .} ®)
0O -N, 0 0 N, 0 J
_N1 0 0 Nl O 0
N, ] aN;
— 0 0O 0 0 O 0 0 0 — O 0
ox 0x
0 — 0 0 0 O 0o 00 0 — ©0
dy dy
0 0 0O 0 0 0 .. 0 0 0 O 0 0
Bl =10N; ON Bl — dN; ON
(Bl=12N 0N g o p[Bl=fg o o 22 9N o ©)
dy 0x dy 0x
0 0O — 0 0 0 .. 00 0 O 0 —
dy dy
aNl aNl
0 0O — 0 0 0 .. 0o 0 0 O 0 —
dx 8 L dx
i N, A
B 0 0 Fr 0 0 0 .. _ 0 0 0 0O Fr
[G] = oN, , 6] = aN, | ()
0O — 0 0 0 .. 0 0 00 0 —
dy dy
i 4 2 2
Klz:H +§G|Z=H Klz:H _§G|Z=H Klz:H _§G|Z=H 0 0 0
2 4 2
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2 2 4
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0 0 0 G|y=n 0 0
Glz:H
0 0 0 0 12
Glz:H
0 0 0 0 0 17 |
Oy | = Ty |,
[MO'|Z=H] = le_H xylZ_H (9)

Txylz:H Uylz:H '
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Elz=H Elz=H
3(1-2v)’ 2(1+v)’
plane, v is the Poisson’s ratio and the stresses on the upper plane are determined from the static
problem:

where E|,—y is the modulus of elasticity on the upper

where Klz:H = |z =H =

Ox |z:H
Uy |z=H

Pt | = (D1, (5 181+ 5181 + 5 [5]) (5), (10)

Txylz H
Tyzlz H

thle H)

where {6} is the solution of the static problem. Here the following integrals were taken into
account:

H H
f21 _1 le

HH _6' HH
0 0

3. Results of analysis of vibrations of a sheet of flock printing material

H

dz = f d _ 1 (11)

2=y YT
0

mm

The square sheet of flock material is analyzed. Length and width of the structure are equal to
0.2 m. The following parameters are assumed: modulus of elasticity on the upper plane

E|,—y =6 10® Pa, Poisson’s ratio v = 0.3, density of the material on the upper plane
Plo—n = 785:%, thickness H = 0.04 m.

On the upper plane of the lower and upper boundaries all the displacements are assumed equal
to zero, except on the upper plane of the upper boundary linear variation of the displacement v is
assumed with v = 0 on the left side of the boundary and v = a on the right side of the boundary.

Contour plots of the transverse displacement for the upper plane for the first eigenmodes when
a = 0 m are presented in Fig. 1. Contour plots of the transverse displacement for the upper plane
for the first eigenmode for various values of a are presented in Fig. 2. Contour plots of the
transverse displacement for the upper plane for the second eigenmode for various values of a are
presented in Fig. 3.

|

a) b) c) d) €)

|

—

[

E @ @) ([

g
Fig. 1. Contour plots of the transverse displacement for the upper plane
for the a) first eigenmode, b) second eigenmode, ..., j) tenth eigenmode when a = 0 m
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a) b) <) d) e)
Fig. 2. Contour plots of the transverse displacement for the upper plane for the first eigenmode
for various values of a: a) a =—-0.02m,b)a =-0.01lm,c)a =0m,d)a =0.0l m,e) a =0.02 m

(N (A
( ( ( < ( g/ ([
N k<? \\ Q\< \\\\M
a) S o) d) ©)

Fig. 3. Contour plots of the transverse displacement for the upper plane for the second eigenmode
for various values of a: a) a =-0.02m,b)a =-0.01lm,c)a =0m,d)a =0.0l m,e) a =0.02 m

4. Two dimensional detailed model of flock printing material

Investigation of vibrations of flock printing material by taking the layer of glue and separate
flocks into account by using a two dimensional model is performed. This model is used for the
determination of physical parameters of the previous model. The determination of E|,_, and
p|z=p of the previous model can be performed from the conditions of approximate coincidence of
the first eigenfrequencies of special problems with the results obtained by using this model.

Usual expressions of the mass and stiffness matrixes of the plane strain problem are assumed
for the flock printing material and for the elastic layer of glue.

Length of the structure is equal to 0.2 m and thickness of the structure is equal to 0.08 m. The
following parameters of flock material are assumed: modulus of elasticity E = 6-10° Pa,
Poisson’s ratio v = 0.3, density of the material p = 785 %.

32 strips representing elastic flock material are taken into account. The upper layer which is
one fourth of the thickness of the structure represents the layer of glue and thus consists of elastic
finite elements. It is assumed that the thickness of elastic element representing a separate flock is
equal to the interval between adjacent flocks. On the upper boundary the displacements of the first
and the last nodes are assumed equal to zero.

Fig. 4. The first eigenmode
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The first eigenmode is presented in Fig. 4, the second eigenmode is presented in Fig. 5 and the
third eigenmode is presented in Fig. 6.

IR

Fig. 5. The second eigenmode

LOnmnnnnnnnnn

Fig. 6. The third eige_nmode

j—

5. Experimental measurement of non uniformity of tension and diagnostics of defects of a
sheet of flock printing material

In the printing device a tape of flock material experiences tension. Non uniformity of this
tension decreases the quality of printed images. Thus it is important to reduce this non uniformity
of tension. For this purpose a method based on the analysis of the shape of the first eigenmode of
vibrations is proposed. While observing the first eigenmode using the experimental method of
time averaged projection moiré¢ it is possible to determine the similarity of the obtained image to
the images presented in Fig. 2. When the deviation of the shape of the first eigenmode is not too
big (between the images presented in Fig. 2b and Fig. 2d) the non uniformity of tension is
considered acceptable. But when the deviation of the first eigenmode becomes substantial (similar
to Fig. 2a or Fig. 2e), then the operator of the printing machine has to stop the printing process
immediately and perform the necessary adjustments. Also when defect in the flock printing
material takes place, it is important to perform its diagnostics as soon as possible. This is also
performed from the distorted shape of the first eigenmode of vibrations obtained by using time
averaged projection moiré. For this purpose not only the first eigenmode is to be used, but for
some types of defects located in specific places of the sheet of flock printing material the analysis
of several first eigenmodes is required.

Experimental investigations of the eigenmodes of vibrations on a specially developed
experimental setup have been performed. The obtained experimental results show satisfactory
agreement with the numerical ones. The fourth eigenmode is presented in Fig. 7.

A schematic representation of a sheet of flock printing material with defect — tear is shown in
Fig. 8.

The second eigenmode of vibrations obtained in the process of experimental investigations is
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presented in Fig. 9.
From the results obtained in the process of experimental investigations it is determined that
the defects are identified and their size can be approximately measured by using this technique.

F

e — : :
bt e . VI

" ]
Fig. 7. Experimental fourth eigénméde of vibrations: frequency of vibrations 420 Hz, ampli.tudé 3:10°m

X A XS
Fig. 8. Sheet of flock printing material with defect — tear:
1 — sheet of flock printing material, 2 — defect — tear

E -;_ sEEFEEA S EE
Fig. 9. Experimental second eigenmode o
(frequency of excitation 160+170 Hz)

6. Conclusions

In the printing device a tape of flock material experiences tension. Non uniformity of this
tension decreases the quality of printed images. A method based on the analysis of the shape of
the first eigenmode of vibrations is proposed. While observing the first eigenmode using the
experimental method of time averaged projection moir¢ it is possible to determine the similarity
of the obtained image to the images obtained numerically and presented in the paper. When the
deviation of the first eigenmode becomes substantial, then the operator of the printing machine
has to stop the printing process and perform the necessary adjustments.
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When defect in the flock printing material takes place, it is important to perform its diagnostics
as soon as possible. This is performed from the distorted shape of the first eigenmode of vibrations
obtained by using time averaged projection moiré. For this purpose not only the first eigenmode
is to be used, but for some types of defects located in specific places of the sheet of flock printing
material the analysis of several first eigenmodes is required.

The square sheet of flock material is analyzed. On the upper plane of the lower and upper
boundaries all the displacements are assumed equal to zero, except on the upper plane of the upper
boundary linear variation of the displacement in the direction of the y axis is assumed.

Contour plots of the transverse displacement for the upper plane for the first eigenmodes are
obtained and analyzed.

Investigation of vibrations of flock printing material by taking the layer of glue and separate
flocks into account by using a two dimensional model is performed. This model is used for the
determination of physical parameters of the previous model. 32 strips representing elastic flock
material are taken into account. The upper layer which is one fourth of the thickness of the
structure represents the layer of glue and thus consists of elastic finite elements. It is assumed that
the thickness of elastic element representing a separate flock is equal to the interval between
adjacent flocks. On the upper boundary the displacements of the first and the last nodes are
assumed equal to zero.

The first eigenmodes are determined and investigated.

The proposed approach enables to investigate the interaction of elastic elements of the flock
material through the elastic layer of glue interconnecting them.

Experimental investigations of the eigenmodes of vibrations on a specially developed
experimental setup have been performed. The obtained experimental results show satisfactory
agreement with the numerical ones.

The obtained results are used in the process of design of packages made from flock material.
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