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Abstract. The model for the analysis of vibrations of a tap¢he printing device is presented. It is assurthed a tape
performs transverse vibrations with additional fséés due to static longitudinal tension. The fiegjenmodes are
determined. It is shown that the eigenmodes ofatt@yzed tape are influenced by the static longitldtension. The
obtained results are used in the process of desitire elements of the printing device.
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Introduction

The analysis of dynamics of a printer tape andhef t
tapes used for the transmission of motion betwegious
elements of the printing device is important in thesign
of printing devices.

The model for the analysis of vibrations of a tapthe
printing device is proposed on the basis of the etoibr
the analysis of beam bending described in [1, PJis|
assumed that a tape performs transverse vibratiotis
additional stiffness due to its static longituditeshsion.

Thus the analysis consists of two stages:

1) the static problem of longitudinal motion of a bar
assuming the longitudinal displacements at the efidise
analyzed tape to be given is solved;

2) the transverse vibrations of the investigated @pef
a beam with additional stiffness due to the stagitsion
determined in the previous stage of analysis astyaad
(the first eigenmodes are determined).

The obtained results are used in the process afrdes

of the elements of the printing device.

10

Model for the analysis of vibrations of the tape

Furtherx, y and z denote the axes of the orthogonal
Cartesian system of coordinates. First the statiblpm of
longitudinal motion of a bar is analyzed. The elatigas
one nodal degree of freedom: the displacememn the
direction of thex axis. The stiffness matrix has the form:

k1= (8] | =+ [elex

E
1-v?

@)

where E is the modulus of elasticity; is the Poisson’s
ratio, h is the thickness of the tape and:

[B]{le }

dx
whereN; are the shape functions of the finite element.
It is assumed that the longitudinal displacementha
ends of the analyzed tape are given and they peothe

)
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loading vector £}. Thus the vector of displacements}{ The i-th eigenfrequencyw; and the corresponding
is determined by solving the system of linear atgeb eigenmode §} are determined from:

equations: ([IZ]— o? [,W]){@ t={o}. (11)

[K]is}=1{F} (3)

In the second stage of the analysis the eigenprobfe  Results of analysis of vibrations of the tape
transverse vibrations of the beam with additioridfingss

due to the static Iongitudinal tension is solvetie heam For the static pr0b|em of |0ngitudina| motion obar
bending element has two nodal degrees of freedbm: t the following boundary conditions are assumedhatleft
displacementw in the direction of thez axis and the end it is assumed that the longitudinal displacenien
rotation @y about they axis. The displacemem in the equa| to zero, while at the right end it is assurtede

direction of thex axis is expressed asz0, . given a prescribed positive value. For the problem
The mass matrix has the form: transverse vibrations at both ends both generalized
displacements are assumed equal to zero.
oh 0 The first eigenmode without longitudinal tension is
v T 3 presented in Fig. 1a and with longitudinal tensiorFig.
[M ]: .“N] 0 h_ [N]dx' ) 1b, the second eigenmode without longitudinal @mss
12 presented in Fig. 2a and with longitudinal tensiorFig.

2b, ..., the tenth eigenmode without longitudinalsien is

wherep is the density of the material of the tape and: presented in Fig. 10a and with longitudinal tendioifrig.

10b.
N o ..
Nl=| * .
- o ]
The stiffness matrix has the form:
— E hd
B
el 212}[ s} \
\
<l |
K- [W e }[ B+ | @
+[6]'[M]c]
a)
where
— dN
B(=|0 Lo
B8] [ - } ™
A dN
[B:[dxl N, } (8)
dN
G|= L0 .|
G] [ ™ } © |
b)
M]-| - Exh el @0 o g sy Vi ngin) i
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a) a) /
b) b)
Fig. 2. The second eigenmode: a) without longitudinal msb) ~ Fig- 4. The fourth eigenmode: a) without longitudinal temsib)
with longitudinal tension with longitudinal tension
a) a)
b) b)
Fig. 3. The third eigenmode: a) without longitudinal temsib) ~ Fig. 5. The fifth eigenmode: a) without longitudinal temsid)
with longitudinal tension with longitudinal tension
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a) a)

b) b)

Fig. 6. The sixth eigenmode: a) without longitudinal temsib)  Fig. 8. The eighth eigenmode: a) without longitudinal tensib)
with longitudinal tension with longitudinal tension

a) a)

b) b)

Fig. 7. The seventh eigenmode: a) without longitudinal items  Fig. 9. The ninth eigenmode: a) without longitudinal tensib)
b) with longitudinal tension with longitudinal tension
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b)

Fig. 10. The tenth eigenmode: a) without longitudinal tensio)
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with longitudinal tension
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From the presented results it is seen that in thkehn
eigenmodes the peak nearest to the ends of the ineidue

problem without longitudinal tension is greater rthidne
other peaks. On the basis of this fact one canguatmput
the tension of the tape from the shape of the spmeding
eigenmode.

Conclusions

The proposed model for the analysis of vibratioha o
tape in the printing device is based on the assompiat
a tape performs transverse vibrations as a bearmdav
additional stiffness due to its static longitudinahsion.
The static problem of longitudinal motion of a by
assuming the displacements at the ends of the zsthly
tape to be given is solved. Then the transversatiins of
the investigated tape as of a beam with additistithess
due to the static tension determined previously are
analyzed.

From the presented results it is seen that in thlkehn
eigenmodes the peak nearest to the ends of theartape
problem without longitudinal tension is greater rthidne
other peaks. On the basis of this fact it is pdedib judge
about the tension of the tape from the shape of the
corresponding eigenmode.

The obtained results are used in the process afries
of the elements of the printing device.
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