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PROBLEM ON THE DISTRIBUTION
OF THE HARMONIC TYPE RELAY WAVE

Abstract. In this paper, we study the class of flat problems on the effect of moving loads on the surface of a
laminated plate. The problems of this class are of great practical interest and in addition, can serve as a benchmark
for the development of certain numerical algorithms for solving dynamic problems.

Among various periodic and non-periodic motions of deformable medium, plane waves of simple harmonic
type, distributed along the surface of a body or half-plane, whose influence is limited by the vicinity of this surface,
are of great importance. Therefore, we consider the problem of the distribution of the relay wave.

Key words: stratified plates, live-load, waves of Relay, wave equalization.

The equation of motion of a half-plane material in potentials ¢, y is described by wave equations.
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where a and b are the distribution speed of the longitudinal and transverse wave, respectively.
We assume that the boundary of the half-plane z=0 is stress-free, i.¢.
0.=0,=0 (z2=0) 2

Let there be an elastic half-plane z <0.
Suppose that a flat harmonic wave propagates in the medium, 1.e. potentials ¢ u

the form of [1]

will be given in

(/)(x, E, Z) =0, (z)exp[l'( pr— qx)]; g//(x, z, Z) =¥, (z)exp[l'( pr— qx)], 3)
@, and ¥, satisfies the equations
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Considering oscillations dacaying with depth z — —0, there must be met condition
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But since the speeds a and b satisfy the inequality a > b , it suffices to fulfill one condition instead of
conditions (5)

L_p (6)
q

Therefore, solutions of equations (4), dacayed at infinity z — —0, have the form

®,(z) = Aexp(,/qz L. Z} ¥, (z)=B exp(,/qz - % : z} (7)
a

and for potentials ¢ u ¥ we get expressions

2 2
¢ = Aexp{i(pt - aq)+q’ —%Z}; v = Bexp{i(pt —gx) 4’ —‘Z—zz} (8)

where A and B are arbitrary constants of integration.
Putting solutions (7) into the boundary conditions (2), we obtain

Az—(ﬁj +2iB‘/1—(£j —0; —ZiA‘/l—(ﬁj +B 2—(£j = 0. 9)
gb qb qa qb

In order for the solution of the problem to be non-zero, it is necessary that the determinant of system
(9) be non-zero, i.e. to make the relation [2]

A e

The ratio (p / q) is called the propagation velocity of the relay surface wave.

2
Denoting & = L. and introducing the Poisson's ratio v/, from relation (10) we obtain the equation
qb
for the dimensionless velocity of the relay surface wave JE :

27V g 4 g, (11)
1-v 1-v

& -85 +85

Equation (11) has a single real positive root [1, 3,4].
If through z, u z, and designate the depth of penetration at which the amplitude of the voltage drops
in ¢ times due to the longitudinal and transverse wave, respectively, then for them we get the expression
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at the same time / = — - the wavelength. For example, with v = 0,5 we have
q
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Let the normal and tangential load intensity — F(x+ Dt) u —F,(x+Dt) be distributed on the
surface z = 0 with constant speed D i.c. when z =0 we have boundary conditions

o =—F(x+Dt), o_=—F(x+Dt) (12)

Initial conditions for such a problems are absent. [2, 47-50].
We introduce moving coordinates

x'=x+Dt; y =y,

and the strokes in the future for simplicity will be omitted. Then for potentials ¢ and y we get the
equations

0% D
ox* o0z’

3
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a’=(D/a) -1, p*=(D/b) —1. (13)
General solutions of equations (13) are d'Alembert method and have the form

olx.2)=,(x +az)+ ,(x —az).

w(x,2) =y + B2) (5 — ) (14

By virtue of the absence of reflected waves from the lower infinitely distant boundary of the function
¢, and , should go to zero and for ¢ and y/, from the boundary conditions (12) we obtain the
functional relations [5]

(5"~ i)-200) =~ 225 4 )

(15)
20010+ (5" - o) -2
From relations (15) we get
ott)=Z 2l 1)) 28 o
i) =2t i)~ - e
A =dap+ (B -1). (16)

Using dependencies (16) for stress values, we obtain the expression
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Ao, :—(,6’2—2a2+11(,82—1)F (x + az)+2 pF, (x+az)]><
><H(x+az)+ 2,6’[2aF (x+,Bz ( —l)F (x+,Bz)]H(x+,Bz

Ao, = —(,6’2 -1 (,6’2 - l)Fl(x +az)+2BF, (x + az)|H (x + az)-
~2p[2aF, (x+ pz)- (B2 ~1)F, (x + B2)H (x + B2) a”

Ao, :—2a( ) F (x + az)+2 BF, (x+az)]H(x+az)+
( = 1X20{F (x + ,Bz ( — l)F (x + ,Bz)]H (x + ,Bz

H(g)z{l’ gZO}’

0, ¢<0
and for shift # and w accordingly

Sy |

u:— DA ( —l)FS(x+az)+2,BF4(x+az)]H(x+az)+

[2aF (x + ,Bz ( — l)F (x + ,Bz)]H (x + ,Bz

L +1

w:—ap X [(,6’2—l)F3(x+az)+2,BF4(x+az)]><

><H(x+0{z) IBD [20(F(x+,6’z ( —l)F x+,Bz]H(x+,Bz) (18)
o)

where F3 IF df; F4(x):IF2(§)d§.
0
Letit be [, =0 and consider the stress 0, on the boundary z = 0. We obtain
o, =F©,D,)F(x), D,=D/a,

Al(V:Do)_Az(VaDO)B(VaDo).
Al(VaDo)_Az(VaDo)

A =(1-2v) (D2 ~1)1-v)-(1-2v);

where /¥ (v, DO) =

4, =[D2(1-v)-(-20)

=[D3 (=)~ (2 ~1)a-2v)]
Let an elastic layer 0>z > —h |x| < o0 lie on the half-space z < —h, over the surface of which the

normal load is distributed, i.e. when z =0 we have boundary conditions

% =—F(x+ Dr), o =0. (19)

Xz
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The sizes and parameters of the layer will be denoted by the index "0", and the half-space - by the
index "1".
At the contact boundary z = —/, you can set the conditions: hard contact

ol'=alls ol=als uy=u; wo=w; (20)

zz Xz Xz 2

perfect contact
oV =cl. cV=gV=0, w,=w; 1)

zz zz % xz Xz

Can be set other conditions for z =~/ .

In moving coordinates, solutions of equations for potentials in a layer and a half-plane have the form
[3, 171-176].

00, 00, _o g0V, OV, _,

ot oz T oz’ ’

y_xtDt Y. P . 4
[x = T: y = Z: QO = h_ga V/O :h_;)} (22)

Putting (22) into the boundary conditions (20), we obtain a system of functional equations which
using in expressions for displacements # , W, and stresses 0, we obtain the solution of the problem.
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TAPMOHHUKAJIBIK TUNTEI'T PEJIE TOJKBIHIAPBIHBIH TAPAJIYBI JKAWIBI ECEIT

Annoramus. XKyMpICcTa KaTHAPIBI IIACTHHKAJIAPABIH OCTIHC KO3FAIMAIIBI )KYKTCMEIICPIiH 9Cepi Typasl Oip-
HCIIIC KA3BIK ¢CenTep KIackl sepitTenedi. OCH THOTSC TUHAMHKATIBIK CCCITEP MPOOIeMaIapsl AU CMOCCTICICPIl
HICHIyTe APHAIFAH OCNTIil CAHIBIK ANTOPUTMACPAL JAMBITY ABIH HETI3ri OarbIThl 00JIA aXybIMEH KbI3BIFYIIBLIBIK TY-
aspagsl. Jle(hopManusIIaHATHIH OPTAHBIH, OPTYPIL MEPHOATHI YKOHE IPEHOATTHI EMEC KO3FAJIBICTAPBIHBIH APACHIHAA
MICKTEJTCH ICHCHIH OCTIHE HEMECE KAPTHI KA3BIKTHIKKA TAPAUTHIH KapanaibIM rapMOHHKAJBIK YATIACTI JKa3bIK TOM-
KpIHAAp ocep ereai. COHOBIKTAH 1a Penel TOMKBIHBIHBIH TAPAIybIH 3ePTTEHTIH OOJaMBI3.

Tyiiin ce3aep: KaTmapis MIACTHHKANAP, KO3FAIMAbI XKYKTeMe, Penell TOIKBIHAAPSI, TOIKBIHAAP TCHIIEY 1.
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3AJTAYA O PACITIPOCTPAHEHHH BOJIHBI PEJIEA TAPMOHHYECKOI'O THITA

AnHoTtamusi. B paboTe mccimemyeM Kiace IDIOCKHX 33/1a9 O BO3IACHCTBHY IOJBH)KHBIX HATPY30K HA MOBEPX-
HOCTb CIIOMCTOH IUIACTHHKH. 33/1a4M JAHHOTO KJIACCA MPEACTABILIIOT OOIBIION IMPHKIATHOM HHTEPEC M, KPOME TOTO,
MOTYT CJIYKHUTBH J3TAJTOHOM IJIA pa3pa6on<n TCX HWJIA WHBIX YHUCJIICHHBIX AJITOPUTMOB AT PCIUCHUA JUHAMHYICCKHX
3aga4. Cpeau pa3IMIHBIX NEPHOANICCKUX U HEMCPHOIMICCKUX JBIKCHUH 1e(DOPMUPYEMBIX CPEJl BAXKHOE 3HAUCHHC
HMCIOT IUIOCKHE BOJHBI IPOCTOTO TAPMOHMUYECKOTO THIIA, PACIPOCTPAHSIOIINECS MO MOBEPXHOCTH TEIA WM ITOJIY-
IUTOCKOCTH, BIMSIHHE KOTOPBIX OTPAHHYHMBACTCSI OKPECTHOCTHIO 3TOH MOBEPXHOCTH. [103TOMY paccMOTpHM 3a7a4uy O
pacnpocTpaHeHuH BOJIHBI Penest.
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