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5.2. TEXTILE AND POLYMERIC MATERIALS

5.2.1 DYNAMICS OF ULTRASONIC OF TECHNOLOGICAL SYSNES
Paraska G, Aly-Yafd Nasr, Rubanka M, Misiats \A

Working process of ultrasonic technological machihe?] carried out by
a working organ, which except for shape-generatnogon of serve in relation
to the processed good the high-frequency (to theasdund) vibrations of
certain direction, frequency and intensity are reggh Ultrasonic technological
machines behave to the general class of oscillamiachines, however they are
distinguished in a separate group on next princgasons.

The first is determined by the educed numerous rexpats by the
fundamental features of conduct of materials andrenments in the ultrasonic
field. These features show up in the radical chaofjdooked after in the
experiment of their descriptions of resilient- pi@sand reologik properties. So,
for example, a dry friction in the area of contatttwo surfaces under act of
ultrasonic vibration will grow into viscid. At cutig of materials a knife which
get ultrasonic vibrations is the substantial disivmg of cutting [3].

The second reason is conditioned by the specifimooktruction of basic
elements of machine, which are cored shake by mgstmade, as a rule, from
heterogeneous areas and that work in the mode wéguades. On this account
at description of vibrations separate elementsdastgned by the systems with
the up-diffused parameters and described by diffexreequalizations with the
derivatives of part. As such oscillating systemssendnigh good quality,
ultrasonic machines can effectively work only ire tresonance modes which
allow to get sufficient for realization of techngloal process of amplitude of
vibrations of working organ.

Two types of nonlinear effects take place duringrkwof ultrasonic
technological machine. The first is related to mmentioned higher looked after
change of descriptions of material in the ultrasdigld. These nonlinear effects
got explanation by means of nonlinear dynamic desons of these
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technological processes. The second type of namlimdfects is related to
reverse influence of technological process on dyoadescriptions of the
oscillating system. These effects appear as atresabnsideration of dynamics
of the system which works on the nonlinear techgicll loading. As a result
the basic parameters of process, putting in thalleidpeed his flowing, which
characterize the productivity of machine, betput-input ratio and efficiency
succeeds to be bound to the basic parameters diimeac

On rice. 1 two generalized charts of ultrasonititedogical machines are
shown. Here 1 is some ultrasonic oscillating systeaorking organ 2 which co-
operates with the technological loading 3, thatgiesa working process. Charts
differ in the method of serve of the system. Inhart on Fig. 1, and a serve is
carried out with permanent speedrom the occasion of serve. Such serve will
name a kinematics.
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Fig. 1. Generalized charts of ultrasonic technologal machines

In a chart on Fig. 1, a serve is carried out bymaerent forceP. Such
serve will name power. In the end methods diffethat in first case the force
of serve created by an occasion, and in the seisomitidle speed of process
depend on the parameters of vibrations and dyndescription of process.

The oscillating system is considered linear witle tknown dynamic
descriptions. The technological loading is creaed result of co-operating of
working organ with the processed good. Force obperation will present as

power dynamic descriptionf =f(u,u) of working process which binds
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operating on good force dfto moving u and speedi of working organ.
Examining motions of working organ of kind

u(t) = vt+u’(t) = vt+ 2exp( wt), (1)

wherev is middle speedu®(t) - periodic to composition of process, -

complex amplitude of vibrations of working organ.
Will conduct the harmonious linearizing of nonlingscription:

fi(w.g)=Pua)+[Kva+ @lvalb

Here P(v,a) is a permanent constituent of force of co-openatod
instrument with good. Coefficientsk(v,a) and b(v,a) the equivalent

characterize resilient and dissipative constituertthe nonlinear loading and
determine influence of technological process ondyr@amics of the oscillating
system.

The coefficients of linearizing are calculated omfulas:

P(v, &) =%£ flu(f),u )] d, (2)

k(v, @) =T—2a] fl u(9), U ) |coswtdt;
"2 . (3)
b(v, 8) = _Wai fl u(9), U ) |sinewtdt

A formula (2) gives connection of permanent commbrferce P of co-
operation and speed wprocess depending on the parameters of vibrations.

At any method of serve the effect of influencehe ultrasound is arrived
at the values of speed of serve aw and force of servé® < D. These results
comport with data of experiments. The most effdatlexline of static force of
cutting is arrived at treatment of hardly-plastiaterial k, — .
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Will consider the dynamics of ultrasonic technotajimachine now. Let
the vibrations of working organ of machine in ddfanf the technological

loading be knownu' (t) = a (w)exp(jat), wherea (w) is complex amplitude of

vibrations on idling. Then oscillation in an opéngt condition will describe
next equalization:

uy=u()-Lp f(ud, (p=0/at) (4)

where L(p) is an operator of dynamic pliability of the systanthe point

of action of loading;
Taking into account character of these motions €Dpducting the
harmonious linearizing (3) and consideripg= jw, for complex amplitude of

vibrations of working organ on-loading will get:

T . R— (5)
W( jw) +k(v, @+ wh(v g
where W(jw)=L"(jw) - dynamic inflexibility is known;

F(w) =a (w)W( jw) - the force over of excitation of the system bifuiLip the

working organ.
Coefficientsk andb it is possible to present in a kind:

k(v,a)=%K(i) . b(v,a)=2 i) ®)

v\ aw v\ aw

In any case equalization for being of amplituderibfations of working
organ comfortably to present in a kind:

. WIF () ‘ | -

(U (@) + k(v aw) + [ V(@) + wb( v av)]

whereU (w) = ReW (jw), V )= ImW (jw).

At most resonance curve coincides with the intérseof skeletal curve
lines of maximum amplitudes, equalizations of wHmbk like, :
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U(w)+k(v,aw) =0,

i (w)

YOV (@) + ab(v )

On the set force P there is a corresponding value of size
(v/ aw) = G, .which gives the corresponding values of sikes K, andB =B, .

Now formula (6) for the coefficients of linearizigsume an air :

D

k(a)=——K,;
() C.ma
> (8)
b(a)= :
(=g ®
and equalization (7) for amplitude of vibrationsaadrking organ:
a-| alC) | (9)

U () +k(a) + j[V(e) + cob( ) ]|

There is a dramatic change of type of resonanceecat exceeding of
critical value of force of serve. Thus an outputtba resonance mode can be
carried out or tightening of vibrations from anai@gher frequencies, or by a
hard start, revealing to the system additional gge€ontinuous striolas are
show skeletal curves and that rounds resonanceatadegs.

From the brought general picture over of changegain-frequency
characteristics those difficulties which must beermame at excitation of the
resonance modes by an external action are obviexectly these difficulties
and ununderstanding of physical picture of procgssfich take place, and are
the basic obstacle of practical deployment of atirac technological machines.
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