424. Sound-insulation of ellipsoidal shells

D. Guzag, R. Suky$

! Sjauliai University

Vilniaus st. 141, Lt — 76285 Siauliai, Lithuania
2 Vilnius Gediminas Technical University
Sauletekio av. 11, Vilnius, Lithuania

e-mail: danidlius.guzas@fondai.com

(Received: 08 November; accepted: 02 December)

Abstract In the introduction of this paper, the importané¢he work in the period of the development of negquipment
and technology is formulated when optimum constonst are sought not only in terms of resistancéromess but also
imparting additional properties to them. One of there important properties of the constructionseurdevelopment is
acoustical ones, i.e. constructions that may tagedo a maximum the sound (noise) entering the@mwent.

The work deals with an analysis of sound insulapooperties of ellipsoidal shells, comparing theiththe same
properties of other forms. Examples for the usthefshells of such forms and their efficiency ia #nvironmental noise
reduction are provided.
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Introduction Theory

With the rapid development of technologies and apeint We will study the sound insulation of the cylindiic
of a new stage, with their use for means of trarispapd shell, which according to the line of directiorelipsis (see
industry, constructors face the specified requimrgien Fig. 1).
respect of consumers. One of such requirementdas t
characteristic of noise excited by the means (dgvic y2 y2
according to which it is possible to calculate teeel of — +=5 =1 )
noise to be radiated into the environment. A~ B
In this paper, we present the sound insulation _ .
qualities of the ellipsoidal shell (body), withinhigh the nstead of the system of coordinates (x, y, z)dongside
sound propagates, i.e. the efficiency of the sfibl body with _|t) we shall consider the e_Illpt_lcaI system of
of the aggregate) by reducing the level of souk@ordinates ¢,7,2 ), where the cylindrical surface (1)
propagating into the environment. would be with the coordinate surface. Transfer he t
In the published works [1, 2, 3], the sound indatat elliptical coordinates is realized by means of filiiowing
of cylindrical and semi-cylindrical shells was istigated. transformation
In the papers, it is shown that calculated soursdilation
efficiency of those constructions is obtained witbeir =g & 7, y? =a2(02 _1X1_72), @)
form is geometrically regular. — 7
Here it was noticed that with the change oF o
cylindricity (incorrect form of cylinder), the sodn
insulation values and the process of sound trarisfeugh T
walls are also subject to change. Therefore, ioissible to following limits
draw a conclusion that in applying the forms of lkhe
surfaces other than cylindrical ones in the comsibns, the 1< o <00, —1<7<+1, —00<Z2<+00. (3)
ways of solution of other type should be applied.
In this paper we study the sound insulation thedry Coordinate surfaces form the system of confocapssbs
the ellipsoidal shell. and hyperbolas

where coordinates, 7, Z, and get changed within the
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2 2 NG 2 Hence
+ =1; + =1 (o = Const forms the elliptical cylinde
a’c? aZ(O'Z —1) a’r?  a’ (rz —1) 2 2
X (act)®
:( 7 =Const forms the hyperbolic cylinder) - =7

X*+y?  (ac)

YA coordinater corresponds to the cosine of the polar angle
& T = COS
N & =const &/}9 - 14
///ﬁ\\\ A problem on deformations of an arbitrary curvikine
\ (shallow) shell in arbitrary curvilinear coordinate; and
/ |\ / ‘ \ ap is related, according to the fundamental works of
\\ ] \ \ / . Goldenveizer [4], with the following system of etjoas
N/ \
~./ \_—"
/ 7\’_/—//\\

) Eh’
AAAU-AY =27, Au s aaw=0 M
15(1— v ' Eh

Fig. 1. The system of coordinates of the shell surfacalifsoidal
form (o0,7,2) Here u is shell deflection,'¥ is the function, reflecting

the plane stressed condition, z is normal to thdase

Now it is possible to require that the surfacehw t external loading, E,v,hparameters (Young’'s modulus,
given elliptical cylinder (1) be one of the coorali@ pojsson’s ratio, thickness). Differential operators and
surfaces in the system of coordinateso(7,2). This A, are written by means of coefficients;, AA,, Ry, Ry,

means that such coordinate, must exist where two and R, reflecting the geometry of shells, in the follogi

form:
surfaces
x> y? and 8A25+5i5+
P-’-?:l A = oa; AR,, 0oy  Oa, R, 0y 1
=
Ky, @ b2 22,0 A D AR
a’c? a’lol-1 ooy R, 0a, oa, AR, 0a,

coincide. This is possible if

A? = a’cZ, B?=a(o2-1). A:{ 0”0, 0AD } L ®
oo, A 0oy Oa, A, O, | AA

In other words, the elliptical system of coordirsate _ o
must be such that Thus, for the formulation of the problem, it is

necessary, primarily, to identify all metrical cheknts,
included in this equation as applicable to theptdal

system of coordinates, where we present the probtetme
a=JA*-B?, o,=AINA’-B*. (5) given stage in the process of progression to thseiltre

_ . . identifying coordinatec,C with coordinate z, ando,
Finally, we shall notify that coordinategzr and 7 have coordinate 7 with elliptical coordinate .

the fully concrete physical meaning. A problem on the combined vibrations of the

Since ato >>1 we have elliptical shell and the surroundings may be comsid
exactly in the elliptical coordinates with the Matln's

X2 :(am')z, y? :(aa)z(l— TZ), (6) functions and Mathieu functions of third class,leeting

the outgoing waves in the elliptical coordinatesyhaver,
such approach is of low productivity, as the Matfse
functions are extremely insignificantly studied the
mathematical literature and its is difficult to aore the
numerical results at a given stage. Therefore éxjsedient
2 22 o to apply the theory_of shallow shells (_usmg _thm«a_o_logy
X“+y*=za'c’,o=rla of L. A. Goldenveizer [4]), which differs insignifantly

a conclusion may be drawn that coordinate is in the
essence a dimensionless polar radius, since
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from the circular cylinder, for which this theorgs shown density, E - is Young’s modulus; Rnd R - are sound

from practice, leads to good results [5, 6]. pressures, forming the drop of pressures on batbssof
For formulation of an equation of movement of anthe shell surfaces

shell, it is necessary to select the metrical doiefits, (P, inside the shell, P outside the shell), operatots and

reflecting the geometrical properties of curvilineaedial A; essence

surface of that shell. Primarily, it is necessarykhow the

expression of the so-called first square form. The 1 (5 0 10 15 14
differential of the arc dl on the surface of thigptical shell A= Az Az& %Ea 1=—?' (14)
is given in the following square form Ry, 02

PN Pressure is determined from the wave equation, hwhic
(d) = az(l"J(dr) +(dz)?*- ©) coordinates ¢, 7,2 ) have the form

—7T
[z .0 2 0P
If to identify coordinate z with coordinater; , used in 1 o -1 Ve ‘1L+ P 10%P (15)
Goldenveizer's theory of shells, coordinate will be a2(52_;?) \/— ﬁop "o :?garz
coordinate a,, and coefficients of that square form would
be
Tz On the surface of the shell and radiator, locatedhie
A 1 A2 a’ . (10) centre of the system, the boundary conditions are
1— formulated

Now it is necessary to find radiuses of curvatufethe op avo?—-12 az 16
shell. Only curvature of ellipsis will be differefrom zero ~_5 =~ 75— 1 6 7 ’(npUU o) (16)
and since o -

where ¢ is sound velocity, po is density of the
surroundings,

o, and o, coordinates (corresponding to radial
coordinates in the polar system of coordinates)thef

the radius, written by means of shell parametetspduced radiator and of the shell,_ Vv - is preset functidascribing
above, i.e. at the movement of the radiator.

Further the sound insulation will be
calculated for the traveling wave

3
R, - (B“x2 + A“yz)2 (11)
2 A4B4

A" =(ac,)",B* =a*(c2-1),

=(aoyr)’,y* = az(ag —1X1— 72) u= u(z-)ei”f"”‘
_ ikz—i ot
will have the following form ¥ ="(r)e o
. P2 — PZ(T,G)elkZ_th (17)
2 2 )2 P=P ikz—i oot
R22 :ﬂ{l_r_z} , (12) 1 1 T’G_zze_ t
| KZ—I
1l o v, = V,(7)e
in addition, it is necessary to write In this case we obtain the following system of eupuns

and boundary conditions

Ri=R,=m

Eh® K>y
AAU + =phw2u=P1r,O' -Blr,o

Thus all initial parameters for writing of an egoat of a 11-0?) Ry, (r.00)-R(r.0)
shallow shell will be found. ALY = k’Eh

Equations of a shell have the form [4]: R,

Eh3 azu A o' -7 ){\/ 1 Vo- 712—P+\/1— \/lfz'2 %}‘F
AU-AY + ph—-=(P-PR,), Uu+—,

120107 WeogE=R-R) ST, +[*—k2)'P=o,
AAY =0, (13) ’
where u - is deflection, Y -is function, reflecting oP Vo?-1 , P o'-1 (18)

- . = - = = 2
the plane stressed state in the shell, h - is tGiS, p - IS do ave?_r2 " oo alg?_z 070
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The approximated method by means of the theory of 1, Lo, 15 ) 22
variable rigidity. A= (ot ~coS ) 2 (o7 ~cos p) - (ka) (22)

If the length of a sound wave radiated by the s’lselland’ consequently, the equation of the shell mowerise

considerable as compared to the eccentricity ofstell, yoq,ced to the following integro-differential eqoatwith
the elliptical shell of the sound field is fullyedtical with iha variable coefficient

the shell of variable rigidity. On the other hatitg circular
shell (including also of variable rigidity) formeHollowing

g Y | Eh3 2 +
fields inside the shell HZIJ?)AAU n g\y — pho’u = J.Gn((ﬂ — oMo, )do, +
2 -z
P= TGM((”_ ¢l’r)v(¢1)d¢l + TGlz(Cf’_ ¢lr)‘1(¢1)d¢l, (19) 't ¢
x bt + _[Glz((P - (Pl)u((ﬂl)d(Pl - _[G((P - (Pl)u((ﬂl)d(pl’
where
2
. KEN, _ paw - (23)
6, =2 Feren) 2
2”\%;"(2 o We shall determine the sound insulation of the wall
— L@ [o7 — Lo [ of the ellipsoid through the relation of amplitudg#fssound
Hﬁ”[\/cﬁszf Ha {\/CT’I(ZR]’HS\Z{ CT’erJH" (, CT’kZR] pressures £ P, in the media inside and outside the shell:
SO oz, )0 [ B PO R PO 2
Hn{\/c—g—kRHn[\/g—k a]—Hn[g—k a]Hn[g—k R] Rns=10|g§ : (24)
2
G o P ie‘“(*”“’l) Sound pressures; Pand B are given in formulas (19 and
v 5 20).
2”\?57'( Substituting here those values from equations (19,
of [ L ol [0 of [@ 0o [@ 20), we shall get the sound insulation of the walfs
Hn {\/?—I( f]Hn [\/g—k a]—Hn [\/g—k f]Hn{ Tg—k a] e|||p50|d
O 7 L 1o [0 L) 2O [0 O [0, In Fig. 2 the diagrams of estimated values of sound
Ho {\/g‘k a]”“ [\/g"‘ R]‘H" [\/?;"‘ a]”“{ @ K R] insulation of walls of different metal articles idB

dependence on frequency are provided.
and outside the shell

Rins
+7 100——
R = [Glp-p.rulp)dp, (20)
il so—L
1
where ol /%
Glo-o,r)= ol
2
w
. HY P K2r ol
Po? 0 gnlo-e1)
2 ~ .0 2 ‘ ‘ { ‘
2”\/a(:§_k2 n= H. %—kZR o i 2 4 8 —
G

Fig. 2. Estimated values of sound insulation of the wadlthe

) . . metal article, 3 mm in thickness: 1 — plates; 2f-cgindrical
For the shallow shell, the coordinate may be identified shell: 3 - of ellipsoidal shell

with cosine of the polar angle .In this case
After comparing the received diagrams, we see that

) 1 sound insulation of the ellipsoidal shell reachpsta 55 d
A= a(CTo -cos (/’F Ising, and 20 dB at low frequencies, but is about 10 dielothan
sound insulation of the cylindrical shell. At high
3 frequencies, sound insulation of the indicated ckugi
R, = a(a§ -cos (0)2 logyJog -1 (21)  becomes the same.
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Conclusions

1.The process of calculation of sound insulationtlod
walls of ellipsoidal shells, if compared to theadhtion of
sound insulation of plates, is complicated.

2.With the use of a computer program, after perforoe of
concrete calculations of sound insulation of tHgsdbidal

shell and comparing them with sound insulation lo¢ t[3]

shells of other forms, it is possible to state:that

e sound insulation of an ellipsoidal shell at low

frequencies is considerably higher than that ofplag¢es of
the same thickness and reaches up to 55 dB;
* a characteristic of wall insulation in the ellipdai shell

is equal to that of cylindrical shell, but the sdunsulation [6]

of a shell is byl0 dB higher due to the wall rigydi
dependent on the form a shell.
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