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Abstract. The present paper is aimed at developing methéddamping (decreasing) the amplitudes of random
mechanical vibrations of moving equipment by usihg approach suggested by the authors. In the igésor of
random vibrations, the theory of random processeapplied, the energy dissipation of mechanismdetermined.
Internal and constructional losses are analyzee. rbie of viscosity at the propagation of wave ggein certain
systems is specified. A level of random vibratiemevaluated. A concrete sample illustrating tHe af constructive
absorption of energy is analyzed. The paper pres@aitulation methods, which may be easily apdedhe creation

of a computer programme.
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INTRODUCTION Since those issues are quite extensive and are
related to special mechanical problems, we shatriog

At present, electronic equipment installed inourselves to giving the typical examples, illustrgtthe
moving objects (e.g. vehicles, etc.) are being pced role of the most important mechanisms of dissipatb
and widely used. Therefore, the fixing of indivilua random vibrations of electronic apparatus.
elements of sensing devices to the body of mechmemnis For description of inner losses in the substance,
strongly affects their performance and service life certain approaches exist in the mechanics. Mosndfie

For analysis of random vibrations of electroniccomponents, reflecting dissipation, are introdudeit
apparatus and in solving other technical problemieere the equation. This method may be best traced on the
the theory of random processes is applied, of kegxample of Navier-Stokes equations, used for viscou
importance is the installation of the mechanisms ofiquid small bodies, which are employed in the ciya
energy dissipation. It is known that heat conduistiv of the working substance in the devices.

plays an extremely important role during vibratiafishe Any excitation of a sufficiently small amount of
elements of the type of bars and plates. [1, 2] viscous liquid is described by the system of lifesdt

In the complex mechanical systems, alongsidalifferential equations [5].
inner losses in the material of the constructiortgpahe By applying a computer program, a vibration

so-called constructional losses are of special mapse. model with the smallest number of free vibratiorayrbe
Any part of the construction interacts with otheaartg  constructed by the considered statistical theoryhote
through the greater or lesser number of contactgnd provide for the effective damping of construcél
receiving or releasing the energy of vibrationsisithat vibrations.

interaction, characteristic of the complex systewisich In developing statistical models of mechanical
plays an important role in random vibrations aratieto  vibrations, small dimensions of the vibrating syste
the effect of constructional friction. On the exdenpf compared to the wave length are taken into coresiider.
random vibrations of the liquid-metal contact, the

classical case of viscous dissipation is examiBed].
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RANDOM VIBRATIONS ON THE BASIS OF
ENERGY DISSIPATION OF NATURAL
MECHANISMS

onto the edges of the wave field is an additional
condition, necessary for solving the system.

The solutions found may be used for investigating
the physical properties of wave fields in the visso

In the case of low viscosity in the capillary tube,media of capillary tubes — the sensitive elemefitthe

the solution of a dispersion equation for a symicair
wave may be searched in the formkdi=7zn+o,,

sensors and devices of automation. It is importéort,
example, to define the role of viscosity during the
propagation of wave energy in the indicated systems

where 8, is a small correction, conditioned by viscosity. From our investigations [6] it is well known that the

In the presence of the layer of liquid, laying be t

waveguide with solid walls at low frequencies the s

solid base and having the free upper surface, thealled zero normal wave, which is capable of cagyi

components of the tensor of tensioo§y and Cyx are
turning into zero:
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Fig. 1. '\I'he calculation diagram for the capillary with thegural
viscosity of the medium

energy along the waveguide to any big distances; ma
propagate. It is shown below that at the accounthg
viscosity, energy propagation deep into the capiltabe

of small section is impossible, as the correspandin
constant of wave propagation will be the complex
number. Let’'s go back to the problem of propagatiba
symmetrical wave in the waveguide with the solid
surface, studied in the works [6]. As it was showe
constant f wave propagatidmust satisfy the dispersion
equation

ctg;l\/kf - K _ \/ki _ kz\/ktz L2
ctg;l\/ktz - K K

Since we speak of a zero wave, having almost the
plane front for whichk,h £1;k; £1, it is possible to

replace tgg\/ki ~K? z%\/ki ~k* (due to the small

12
thickness of the capillarjp). Thus, k= |i ;7; ;
olv

instead of energy propagation we observe the didimc

i.e.

The presented method of calculation may be usedf excitations close to the entrance of the capiltabe.

in the case when it is necessary to take into atcthe
losses, resulting from the heat conductivity. Thal f
system of linear equations has the form:

po%z —gradp+77Au+(.§+%nJ graddivu,

& Givu=0" 2a%Sy T, (1)
t o ot

op  ofés oT

L= poci| =+—|.

at poo(at 6tj

This result is also obtained for the capillary tafeound
form. The examples show that in each concrete ¢hse,
choice of the design diagram of the phenomenoniresju
a careful approach and justification.

Inner losses in the material of the solid bodies ar
also conditioned by friction and heat conductivifor
description of internal friction in the materialsiead of
Hooke’s law [7] the more complex correlation of #ied
is used

ller
Oik +a%+...=2ﬂ€ik +/15ik SN +

0

0
The appearance of new solutions in a Waveﬂa_eik +/wikaek RS

equation means the existence of such waves inetle r

liquid, the existence of which is connected witkrthal

The significant part of inner losses in the materia

processes, accompanying the compression and réoefac of the solid body is related to heat conductivior

of the medium. That type of waves is realized aribse
to the boundary of the wave field, as they turrb¢othe
quickly damped. Correspondingly, the number
boundary conditions increases. Setting of the hegitne

412

description of those losses, the temperature coemdn
introduced into Hooke’s law, i.e.

O =~y KT +2u €y + A0y €y

© VIBROMECHANIKA. JOURNAL OF VIBROENGINEERING 2008 SEPTEMBER VOLUME 10,ISSUE3, ISSN1392-8716



396.DAMPING OF SMALL ELECTRONIC EQUIPMENT VIBRATIONS D. GUZAS

where a is coefficient of linear expansion; K is the oT P 2T
module of comprehensive compression. O0——y—Z7Au= K—s-
The appearance of the unknown variable — ot ot 0z

temperature T must be accompanied by the corresppnd

additional equation of heat conductivity: By multiplying both parts of the equation byE and

integrating by thickness, we receive the following

- correlation:
C —
%+ P CVCV div%z KAST. .
a c
oM jL%Mt :h_E[_p_lJA@_
Herea, c,, ¢,, k — heat parameters of the material o h 12 (g o

(coefficient of temperature expansion, heat capaait The second member in this equation is received by
constant pressure and volume and correspondingly thntegrating in parts of the derivative from temyara.
coefficient of heat conductivity). _ The second component in the right part of that
At the boundary of the body under deformation,equation usually exceeds significantly the firstepn
alongside the ordinary boundary conditions for d§ita  therefore the connected system of equation of heat
variables, the additional boundary conditions forconductivity is reduced to the usual equation afdieg

temperature should be set. _with the correction on the losses:

For equipment and the parts of apparatus, it is
interesting to analyse the preset problem of 3 ) 3 )
thermoelasticity in the case of longitudinal anexiiral Eh +h_(cp C")(1+ V)ﬂ AAu+ph@:O
waves. At longitudinal vibrations we get the foliogy 12(1—1/2) 12 KCp ot ot2
system:

) ) In the work [3] the following coefficients of tempoy
ou_or_10ou damping of vibrationsd are given for longitudinal
ox? ox c?at?’ waves:

2
2
EJF ou_ Kﬂ 5 = ATypa’w? /18(:5

o Tt "ok
and for flexural waves
Here introduced is the designation

2(c 1
c 5=h_(_p_1ij)w2

y
Of special importance are mechanisms of energy

The more complex discussions are necessary falissipation, essential for non-linear processes. ditergy
introduction of the system in the case of flexuralconsumption for the change in the structure of the
vibrations. The equations of elasticity with the medium (in particular, for the accumulation of dges

temperature component are reduced to the form: in the medium [4], dissipative mechanisms,
accompanying the phenomena of the blow [3], are
Eh3 U AM; reflected in the most essential way at the levethaf
Sy AAU+ ph— +1—=01 random vibrations.
12(1_V ) -V From the work performed, it is necessary to note

that non-linear vibrations in their turn are accamed
where temperature moment;Ns determined by the drop by the transformation of frequencies, since the evav

in temperature: energy of high-frequency vibrations may be absorbed
more intensively at the expense of aforementiomeszht
, , Lh mechanisms.
2
Aza—era—z,MT =aE [ T(z)zdz
oxe oy h RANDOM VIBRATIONS OF THE ELASTIC
> PANEL AT RADIATION-RELATED ENERGY
LOSSES

While calculating the divergence of displacement For engineering supplements, the results of the

vector at the bending with the help of hypothesiplane . ! -

) o . approximated Rayleigh theory of radiation [8] mag b
sections, we reduce the additional equation (oft he"’hsed. According to that theory, the loading impedaior
conductivity) to the form:

the body, vibrating in the screen, makes the value:
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iorR* 8R®
+_

Z(-iw)= p/u=(—ia))2p0{— 2 3

}/nRz.

)

Thus, it is possible to produce the following
equation of the movement of the plate, loaded it
medium:

qu . p0R2 @_}_ 8p0R qu

+DAAu=0

ph

op

2
the boundary conditionpoa—? =——
ot Oy
Thus, the amplitude of the pressure in each offole

[ 2

, @

plane waves will bep, :poa)zuo/ —z—kﬁ, and the
‘o

value of the vector Umov-Poyntind) is in the

may be used.

formU = pg / pycy , i-€.

-
r éw {
te.U =—OW4M(2) /2—2' kis’ .
Co éCo a

That equation is supplemented with the ordinary

boundary conditions, reflecting the excitation dfet
elastic element from the body of the article,

—imt O
u(R,t)zuoe ’wt,—uzo,(rzR)
or
The solution of the boundary condition,

reflecting the frequency properties of the systeray be
written in the form
} 3)

_ —iwt
u=uye {

where the wave number of flexural vibrations k is
determined now by the correlation

I (kR)Jo (kr)—Jo (KR)I, (kr)
I (KR) Ty (kR)~ Ty (KR) Ty (KR )

4

12( 1—v2)
Eh?

2
{(ph+0,82p0R)a)2+ia)3%}

(4)

Energy radiation means that the amplitude of free
vibrations g will decay slowly. The energy of the plate

W= rhvvzué /2 will actually diminish according to the
4p,0

phy-k2 +a* I c;

here it follows that ostensible part of the wavenber,
necessary for the evaluation of the level of random

vibrations, will maked/c =k,d/ w, wherec is the

velocity of wave propagation of the correspondiypgetin
the plate. At high frequencies it is possible tasider

a)z
that  k=k,|1+i4p,/ ph | = —k;
Co

A concrete example, illustrating the role of
constructional absorption of energy, is considetéuear
oscillatory models, constructions are given, i.easam
on the elastic sprin§g gets excited from the wall, onto
which the spring is fixed (see Figure 2). Enerdggrexd
up in such oscillatory circuit, will radiate partip the

. From

lawexp {25t} , wheres =

It is easy to note that the effect of the medium iform of flexural waves into the plate. It is showmat
expressed by the appearance of the connected mss dissipating links, which may be calculated, wilpagar in
the expense of the component &2 and, what is most the oscillatory circuit. In order to find a dissijma
important for the random vibrations, to the disipg  member in the equation of motion, the excitationthwf
which is expressed by the complex value of the wavelate under the action of the concentrated force

numberk. Now, with quite full justification it is poss_lble Foe_i"’t, applied at the beginning of coordinates, is
to pass over to the problem of random statlonaryt died
studied.

vibrations of the panel, radiating the energy, tmcecord
the spectrum of vibrations in the form

| 1y (KR) Jo (kr)— Jo (kR)I, (kr)
| o (kR) J (kR)— Jo (kR) Iy (kR)

2

Su(a),r)zso(a)) %
)
However, for the quite extended body elements of
construction, the character of energy dissipatioanges

essentially due to radiation. Let, for example, thate
make vibrations according to the

lawu = uye”" sink, x , where x, — wave number. On

both sides from the plate, the plane sound wavdls wi
emerge, for the determination of the amplitudes/oich

414

Fig. 2. Estimated model of constructional damping at the
account of excitation of flexural waves in the plat
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For obtaining an answer to the set task we searchThus, we find

for solution of an equation of the axiosymmetrical
vibrations of the plate 2
Alim kzDe_i“’ta]S—S =47 A phDe”™ . (10)
e
C

2 e—0
ror Orror Or ot
It is possible to write the solution obtained ineth
which is limited at zero and has the specificitysoth following form:
order that -
Fe™?
W(0t) =~ (11)
lim _DSB [ilira_a)}ds ZFOe*iwt. (7) 8 phD
-0 C. orror or

In this case the equation of the movement of thesma

. " _ adjacent to the plate, will be
This condition physically means that the sum of the
dissecting forces in the plate on the circuit ¢ thrcle, ﬂ+a)2 (w—w )2_8 phD d_W
laid around the concentrated force, equals thatefoif di? 0 0 m  dr
the radius of the circuit is sufficiently small. &solution

of such a type is called the Green’s function [3]. , This equation equivalent to the equation of the
Alongside the indicated condition, the Green'sy,g ement of the oscillator with viscous friction is

function must satisfy the conditions at infinitythir — i gicated in the work, i.e. all statistical chasatics of
o, i.e. c_ondmons of the absence of_the sourcésfiaity. which have already been found [1]. At the spectral
For deriving of the necessary solution, we shaltesmhe approach we have the following formula for spectral

equation of the plate movement for the case of thgensity of the intensity of the fixed vibrations:
established harmonious vibrations with frequeagy

(12)

10,010,060 gy, g 4y (@)
ror Orror Or o Sy (@)= 20 (13)
0] 8h? pcw
4 _ 2 — | -1| +| —=——=
where k™ = phow” / D. @ J2ma?
Of the four independent solutions, only two 0
Hankel's functions of the first class from the reald
purely putative arguments satisfy the conditions at
infinity. ( i )’/ZIF
) z ? =]
4 e A =5/,

&
=
XA
S
SN—"
IR
m
2
(3
A~
=
S
|
Ne—
n

Since atr — 0 both those functions have the logarithmic
specificity, their difference should be taken as th
solution. That solution will be restricted

M =2/,

] A=y

w(r,t)=Ae*"wf[Hg)(kr)—HgD(ikr)} ©) @ g BF N2 I 2D 2é w
7}

The constant of integratiod we shall find from the Fig. 3. The resonant characteristic of the linear vibyatoodel

condition (7). Performing the operations of diffetiation at different values of the decrement of the comsinal
and making use of (7), we shall obtain dissipation
. . . —iot T —iot, o ) )
w(O,t)zza)A[lnkr—lnzkr:le m} =—Ea)Ae “ It is interesting that the decrement of attenuation
in the system is defined by the fully elastic pmties of
o016 ra_w zi[kZ nkr+k%1n ikr]Ae‘i“’t ) the plate. Fig. 3. presents the relation charagiteyithe
orror oOr Or
415
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l 2 2 2
szv(w) w ’ 8h? pcaw
A A e S L i 14
[ J {Jﬁmg o

1 N
2

S0 (a))

transmission qualities of the system at differepanings

2
of the coefficient uaw, :Mmg

V12mof
coinciding with the logarithmic decrement of attation.
For stationary vibrations it is also possible tdirte the
function of correlation for the response of theeén
oscillator

with accuracy up to,

Non-stationary vibrations may be studied in the
closed manner only for the case of delta-corredativ
process of excitation

M {wp () Wo(t2)} = Q5(ty-t).

In this case as shown in the Markov's processeswé]
obtain the following statistical characteristicsr fthe
intensity of vibrations [3]:

a\,z\,:%wg{%(l— e‘”t)—i—f(ysinz ot + o sin &)t)}

(16)

Ry(t)= where @ = (cog —u?l 4)E , which exhausts the whole of
_ ) 52 statistics for the normal process.
Q 52 20sinlag —7|r|
e cos,|wi -+ (15)
2000 2 4 52
2
wy +—
4
MODELS OF EVALUATION OF DISSIPATION COEFFICIENTS IN  THE APPARATUS PARTS
Mechanical model, temporary The corresponding complex
Apparatus elements damping factor Young’s modulusE for calculation
of structures
yh2w2 . 0
1.1. 5= E=Ey(1+in), E=Ey L=,
Parts of electronic devices flexurally| 24a t
ibrati 2 2
4 IR i S 4
a thermal diffusivity, 7 12a 12a
o angular (circular) frequency where y=-1+cp o,
Cp andc, — thermal capacities
1.2. Longitudinally vibrating bar E= E0(1+in),

A heat capacity,
p density,

a coefficient of linear expansion,

wheren=25/w, or = Eo(lﬁ-pgj,

T temperature T-002
where p= %
Qcp

1.3. c?=p/Rp
Molten metal element

1M viscosity,

[ coefficient of surface tension,

R drop radius
1.4. Constructional losses in the E=EF (1+ iﬂ)y

chassis

wheren =0,02+ 0,0¢

416
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