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The influence of non-linearity in resilient characteristics on oscillation processes in machines drives working in
continuous shock action for the purpose to improve its reliabilitv and service life was considered. The condition of

vibrations diminishing in a drive is shown.
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The drive composed of electric motor, fly-wheel,
reduction gear and two couplings with non-linear
characteristics is considered. The drive is designed to work
together with presses and casting-breakers in cvclic duty.
The presence of periodic disturbances of resistance forces
is the design feature of this kind of the drive. Loads in the
drive are of shock character. The moment of useful
resistance forces brought to incoming shaft of a working
machine exceeds several times the rated drive (nominal)
forces moment brought to the same shaft (for press — 2—
4 times, for casting — breakers — 10-15 times, fig. 1, a).
Disturbances spectrum is of a continuous nature in a wide
range of frequencies (fig. 1, ).

As a consequence with continuous machine operation
the possibility of resonance arises. Damping of such
vibrations is usually achieved through dissipation of energy

that results in its losses as well as in high wear out of
resilient elements and decrease in reliability and service
life of a drive. Introduction of non-linearity results in
connection of natural vibration frequency and amplitude
and this may influence on origination of resonance
phenomena.

General view of a drive and its kinematical scheme
together with working machine are shown in fig. 2. Here,
J, ismoment of inertia of a fly-wheel,.J, is brought to output
shaft the inertia moment of revolving parts of reduction
gear, J, is moment of inertia of moving parts of working
machine brought to the incoming shaft; ¢, ¢, are rigidity
coefficients of resilient couplings; k,, k, are energy
dissipation coefficients in the couplings resilient elements;
U,, 1s a gear ratio of a reduction gear.
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Fig. 2. General view of a drive and working machine
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For non-linear elements the power relationship of the
torsion moment and angular deformation is taken.
Generalized coordinates are: ¢ is the angle of rotation of
motor shaft, yq,ys are angles of deformation of
couplings. Afly-wheel with high inertia moment on a drive
shaft enables to overcome peak loadings with a low value
of vibration factor. In this case it is possible to accept
dy /dt = my = const and to describe the drive vibrations
with two equations

Y+ ayl +boy oy rdapyre=0,
Yo+ ol + g W+ hpn+ ko + 1p3) =0
@3 = (@ W)/ Uy~ (1

where e, [(p3), (3 are disturbances from the engine,

working machine and angle of incoming shaft rotation of
working machine, and factors of equations are connected
with system parameters like a following ratios:
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The solution of this problem on the whole is of great
complexaty. That is why features of machines class being
examined are used. They include stationary areas of
loading. First area where power disturbances of the engine
act upon M = const and the second one where disturbances
of an engine A{_= const and working machine A4 __= const
act upon. Initial disturbances of every area are caused by
the transient features between the areas. Presence of these
disturbances only within the limits of every area allows to
consider this problem as a piece-stationary one. On the
other hand, the existent of continuous nature disturbances
and relation of self-disturbances to frequency and
amplitude allow to influence upon the resonance.

The solution of the first problem includes the search
of stationary points in every area and estimation of their
stability. The computation of stationary points of
coordinates 1s realized with equations of motion (1) on
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Yy =0, Y =0, 4y =0,y =0

provision of conditions, e =0, [ =0 (on the first area),

every area with

and e =0, [ # 0 (onthe second area).

Stability of stationary points has been estimated by the
Rauth-Hurwitz criterion. Then the Hurwitz determinants
for linearized system being considered by the method of a
harmonic linearization have the form:
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where y;, y, are the stationary points.

For stability of stationary points it is necessary that
that Hurwitz determinants b3, 132, brbo and R be more than
ZE10.

With chosen parameters of working machine and a
drive, that provide the stability of stationary points,

Jy=w,0,=0,25 fcgmz,J3 =01 Kgm2,01 = 4-104Nm/rad,
¢y =3,1410°Nm/rad, Uy =157, ky =1 Nms/rad,
kz = 20 Nms/rad, MM = 40 Nm, Mconp =3140 Nm R

through numerical methods the solution for disturbed
motion was obtained. Results of the solution, the angles of
deformation in couplings and loads in a working machine
are shown in fig. 3.

Computations have proved that including of non-
linearity into the system and provision of stability for
stationary points enables to obtain little vibrations in drives
of machines being considered. Fig. 4 shows the alteration
in vibrations at transition to operating loading regime (4,)
and an idle operation duty (4,) with respect to degree (1)
of polynomial of non-linearity of resilient elements. So,
when changing the linear system for cubic one the non-
linear vibration amplitude decreases for an order. This 1s
related as to the shifting of vibration frequency at the
increase of amplitude in areas of high frequencies where
the energy of disturbance spectrum 1s significantly lower,
as well as with progressive dissipation of vibration energy
in area of high frequencies, and with positive effect of
transient processes on the rate of amplitude growth at
origination of the resonance.
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Fig. 3. Dynamics of a system with non-linear elements: angle of deformation in couplings () and change of forees in working
machine (h) with present of vibrations
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Fig. 4. Relation of amplitude vibrations to polynomial degree
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